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THE DETERMINATION OF THE STRENGTH 
OF THE INTERATOMIC ROND AND THE LATTICE 

DISTORTION IN THE CASE OF SOME Al- 
OR Ti-CONTAINING COMPOUNDS OF HIGH MELTING 

POINT AND THEIR SOLID SOLUTIONS*

J .  S. U M A N SK IJ and S. M. N IK O L A E V A
M EM BER OF TH E  ACADEMY O F SCIENCES DOCTOR OF TH E  TEC H N IC A L SCIENCES

OF T H E  USSR

[M anuscrip t received  O ctober 10, 1955]

The strength o f the interatom ic bond in crystals is one of the m ost im portant 
factors, determining the resistance o f  m etals and alloys to deform ation and 
fracture, especially at high tem peratures.

The resistance o f solid solutions to  plastic deformation depends at th e  same 
tim e largely upon the static distortion o f the crystal lattice, originated as a result 
o f the formation o f these phases. The lattice  distortion renders alw ays more 
difficult the plastic deformation, on account o f  the rise in the hardness o f the 
m aterial.

The effect of the lattice distortion predom inates in  the m ajority o f  the 
alloys and the hardness o f solid solutions —  based on pure m etals as well, as 
based on m etallic compounds —  is therefore alm ost w ithout exceptions higher 
than  that of the basic phase. To th is fact it  was already called atten tion  by  
K u r n a k o w  [ 1 ].

It is to be expected, however, th a t in all cases, when the form ation o f the 
solid solution gives rise to a profound reduction in the strength o f th e  inter
atom ic bond, this effect masks th e  influence o f the lattice distortion and the 
hardness of the alloy will be correspondingly lower. This characteristic is to be 
expected  in the case o f the solid solutions o f th e  very stable m etallic com pounds. 
In the work described an attem pt is m ade to  prove th is assum ption.

The strength o f the interatom ic bond m ay be described, as it  is known, 
b y  th e  characteristic tem perature, because the strength of the interatom ic bond 
is directly related w ith the square o f  the characteristic tem perature, as given by

f = m 0 2 (1)

where : m —  is the m ass of the atom .
The determ ination o f the characteristic tem perature o f brittle materials 

m ay be best effected by measuring the variations in the X -ray interferences, as

* D elivered a t  th e  In te rn a tio n a l Congress o f L ig h t M etals, B u d ap est, S ep tem b er 28 — 30, 
1955, a rranged  by  th e  H u n g arian  A cadem y o f Siences. — T he te x t  ap p eared  in  H u n g arian  
in  th e  K ohászati L ap o k , 88 (1955), 530 — 533.

1*
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in  th ese  cases the m easurem ent of the modulus o f  elasticity  is connected with  
great experimental difficulties.

The purpose of the experim ents herein described was :
1 . the determ ination o f  the characteristic tem perature o f the m etallic  

com pounds, type NiAl (i. e. CoAl and NiAl) and TiC —  com pounds, w hich are 
v e r y  stab le, brittle and have a high melting point —  as well as solid solutions, 
b ased  on the same com pounds ;

2 . comparison betw een  th e  static and dynam ic lattice distortion in solid 
so lu tion s o f substitutional ty p e  (for instance solutions o f Co or N i in CoAl, resp., 
N iA l) and in solid solutions o f  defective type (for instance solution of AI in CoAl 
or N iA l, resp., TiC, not sa tu rated  with C).

T he alloys Co— Al, N i— A l and Ti—C were chosen, besides o f their great 
p ractica l value, as bonding agents and basic phases o f the high tem perature 
a lloys, because it was hoped, th a t in the case o f  th ese alloys it could be shown  
th e  variation of the bonding forces and the am ount o f  the static lattice distortion  
w ith  alteration in the typ e o f  th e  solid solution, b y  varying the concentration of 
th e  com ponents, as well as th e  effect of both factors on the hardness o f these  
com pounds.

T w o alloys of type Co— A1 (containing 50, resp. 55 atom ic per cent Co), 
th ree  alloys of type Ni— Al (containing 45,5, 50, resp. 60 atom ic per cent Ni) 
and tw o  alloys of type Ti— C (30, resp., 50 atom ic per cent C) were selected  for 
in vestigation .

T he alloys type Co— A1 and Ni—Al were produced b y  sintering in a vacuum  
furnace typeT V V -2,in  vacuo, resp., under protecting inert atmosphere o f argon.

T he TiC of sto ichiom etric composition w as produced b y  carburizing 
m eta llic  titanium  in vacuo.

The unsaturated Ti— C alloy was produced b y  chem ical separation from  
ca st titan ium  ingots, m elted in  graphite crucibles, under protective atm osphere 
o f  argon.

T he characteristic tem peratures of the above alloys were determ ined by  
th e  m easurem ent o f th e  rela tive  intensities o f X -ray  interferences, at several 
tem peratures. This m ethod w as already succesfully adopted to this purpose la tely  
b y  G. V . K u r d u m o w , Y. I .  I w e r o n o w a  and their  co-workers [2  and 3 ] . The 
X -ra y  micrographs were tak en  at three different tem peratures : 110, 295 and 
4 73° K , using Mo-radiation.

T he specimens for th e  X -ra y  investigation were prepared by crushing the  
sin tered  briquettes in  m etallic  mortars. The powders were thereafter annealed  
in  vacu o , in sealed fused silica tubes, at a tem perature o f 750—900°C for 1 hour, 
to  rem ove the residual stresses o f  P- and S- order, actually  controlling the attenua
tio n  o f  th e  same stresses.

E ach  specimen was in vestigated  at different tem peratures, by taking 3 to 8 
X -ra y  micrographs.
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Each X-ray micrograph was evaluated v isually , using a MF-4 ty p e  micro
photom eter.

The evaluation is based on the comparison o f the relative in ten sities o f  the  
(200)aand (510)n lines in the micrographs o f th e  Co— A1 and Ni— Al a lloys, resp., 
those of the (400)„ and (842)„ lines in  the case o f the Ti— C alloys.

The characteristic tem perature is given by

where :

Ф ( в 1 7 \ ,  T 2)
1

Ф
0

T i
ф

0

T 2
0 Q \T X o r .

В
m • a2 ■ A

3 • h2 ( I l 2 - l 2)

Ф —  is the Debye-function,

( 2)

y 1 and у 2 —  are the relative in tensities o f one of the sam e pair o f (/q 
fcjij) and (A2k2Z2) lines at tw o different temperatures, T x, resp., T2, 

m —  is the reduced mass o f  the alloy, 
h —  is P lanck’s constant and  
к —  is Boltzm ann’s constant.
From these, y ± and y 2 are determ ined b y  experiments.
The characteristic tem peratures were obtained graphically, b y  p lo ttin g  the  

calculated values o f function W ( 0 ,  Tv  T2).
The characteristic tem peratures resulting from these experim ents in two  

different tem perature intervals (110— 295 °K , resp. 295—473 °K ) were con
forming each other to  a sufficient degree ; th e  final characteristic tem peratures 
were selected therefore as the arithm etic m ean o f the 0  values o f th e  tw o tem pe
rature intervals.

The interatom ic bonding forces were com puted for the alloys investigated  
as m ■ 0 2.

Table 1 contains the characteristic tem peratures and the m • 0 2 values of 
th e  investigated alloys.

The mean square deviation o f the atom s from their positions in  equi
librium  at a tem perature of 110, 295, resp., 473 °K was com puted from the  
formula

9 • h2
Ф

0

T 1
_L_ .

4 • л 2 ■ m • к ■ 0 L в  i t 4

The difference (Jj\  —  Uo), which characterizes the variation of th e  deviation  of
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Table 1

Alloy 0  =K m  • ©2 • 1018 g • К 2

Co —A l— 50 540 17,9
Co —A l— 55 480 14,7

Ni —A l—45 420 10,5

N i - A l — 50 500 15,6

Ni —A l— 60 450 13,4

T i - C - 5 0 1130 40,7

T i - C - 3 0 840 29,6

th e  atom s from their p osition  in  equilibrium, w hen going from a tem perature 7 \  
to  another temperature T 2, is given by

t / f  -  щ  =
ln YllYi

Е Ц ' 4
(4)

w ith o u t the need for com puting  the characteristic tem perature.
Table 2 shows the root-m ean-square values computed for the tem p e

ratu res 110, 295 and 473 °K  ; the differences ( U l — U^), computed for the  
tem perature intervals 110— 295 °K resp. 295— 473 °K.

Table 2

Alloy (Urns—U?io) (U?73— 0 fUd)llo 
A* A2 A

(Уи^Огэб
A

(Уй ) 473
A

(V u C )
A

HV
kg/mm2

Co — A l—50 0,0058 0,0072 0,083 0,112 0,141 _ 530

c o - A i - 5 5 0,0074 0,0089 0,089 0,125 0,155 — 470

N i — A l—45 0,0105 0,0118 0,097 0,141 0,176 0,099 400

N i — A l —52 0,0071 0,0079 0,085 0,122 0,151 — 520

N i—A l —60 0,0085 0,0097 0,091 0,150 0,162 0,077 370

T i - C - 5 0 0,0018 0,0025 0,073 0,085 0,098 — 2850

T i  — C — 30 0,0029 0,0043 0,076 0,094 0,112 0,116 1950

N i—A l —50 — — — — — — 540

N i — Al — 55 — — - — - — 440

T he static lattice d istortions of solid solutions were determined for the case 
o f  th e  compounds NiAl and  TiC.

'As a basis for com parison, i. e. alloys w ithout a n y  crystal lattice distortion  
w ere chosen the specim ens o f  the compounds N iA l and TiC of stoichiom etric 
com position .
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As to exclude the influence of extin ction  on the intensity o f th e  first lines of 
specim ens of relatively large grain-size, the X -ray micrographs were tak en  with 
a reference material (Al).

The com putations were made on th e  basis o f comparison o f  th e  (222) a 
lines o f  the Ni— AI alloys and the (422)a line o f the reference m aterial, resp. the  
(511)„ fine o f TiC and the (422)u fine o f  th e  reference material, both for th e  alloys 
w ithout or with lattice distortion.

The intensities obtained were corrected, considering the fact, th a t the 
intensity-factors for the different alloys investigated , having lattice  distortion, 
were different from those of the alloys w ithout lattice distortion.

The values of are also fisted  in Table 2.
The results o f the X-ray in v estiga tion  were compared w ith  th e  micro

hardness values o f the investigated alloys (see Table 2 ; the m icrohardness Values 
o f the Ti— C alloys w ith  different carbon-content were taken from  [4] ) .

The characteristic tem perature o f  alloy Co— Al-50 —  containing 50 atomic 
per cent Co —  is higher, than that o f  an alloy, containing 55 atom ic per cent Co : 
540 resp. 480 °K. The characteristic tem perature o f an alloy Ni— AI, not differing 
m uch from the stoichiom etric com position and containing 52 atom ic per cent Ni, 
is higher, than th at o f both alloys in  th e  N i— AI system , which are near to the 
phase-boundaries o f  the single /1-phase portion of the binary diagram  : an alloy 
w ith  the greatest N i-content (60 atom ic per cent Ni) and an alloy w ith  th e  greatest 
A l-content (54,5 atom ic per cent A l). The characteristic tem peratures are in the 
given order as 500, 450 and 420 °K . The characteristic tem perature o f alloy 
T i— C-50, containing 49 atomic per cent C is considerably higher th an  that of 
alloy T i— C-30, containing about 32 atom ic per cent C ; the va lu es are 1130, 
resp ., 840 °K.
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The data obtained for the alteration o f th e  characteristic tem perature o f  
solid solutions, as a function  o f concentration are in good agreement w ith  th e  
results [ 5] ,  obtained for th e  coefficient of diffusion o f Co in alloys of the system  
Co— Al (Fig. 1).

The calculated values o f  the mean square deviation  of the atoms at three  
different tem peratures show , th a t these deviations show a much steeper rise w ith  
th e  tem perature for th e  alloys w ith a com position near the phase boundary, than  
for those near to the stoichiom etric composition.

The calculated values o f  the static lattice distortion  of the solid solutions 
o f  th e  compounds Ni— Al show, that the value for an alloy with an excess A l-con-

[•0,24

- 0,20

0,0k

0

ten t is greater, than th at for an alloy with an excess N i-content (0,099 A , resp., 
0,077 A ). Our results seem  to  conform with the assum ption, that the lattice  
distortion in solid solutions o f  the defective typ e is m uch greater, than th at o f  
th e  substitutional solid solutions, on account of th e  vacancies of the defectuous 
structure.

The static lattice d istortion  of the unsaturated Ti— C alloy is very consider
able (0,116 A).

W hen plotting the microhardness against th e  com position of the N i— Al 
alloys, one can find a m axim um , corresponding to  th e  alloy with 50 atom ic per 
cent N i (H V  equals 540 k g /m m 2). The microhardness values of the other tw o  
alloys, having an excess N i-content (60 atom ic per cent Ni) or an excess Al- 
content (54,5 atomic per cent Al) are smaller, th an  th a t of the stoichiom etric 
com position : 370, resp., 400 kg/m m 2. The m icrohardness value of the Co— Al 
alloy, containing 50 atom ic per cent Co is greater, th an  th at of the Co— Al alloy  
■with an excess Co-content o f  55 atom ic per cent (530, resp., 470 kg/m m 2).
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The microhardness value of the Ti— C alloys varies linearly w ith  the  
C-content, as already shown by investigations o f A. E. K o w a l s k ij  and T. G. 
M a k a r e n k o  [ 4 ] and reaches its greatest value at the stoichiom etric, i. e. ideal, 
TiC com position.

On the basis of the above results, one m ay deduct the following conclusions :
1. The solution o f either nickel (or cobalt), or aluminium in th e  m etallic  

com pounds NiAl or CoAl results in decrease o f  the characteristic tem perature 
(and as the consequence o f it, in the reduction o f the interatomic bonding forces), 
the increase of the static lattice distortion and the reduction of the m icrohardness 
of the alloys. These effects are more pronounced in the case of defective solid 
solutions, than in the case o f the substitutional solid solutions (Fig. 1 and 2).

2. The interatom ic bonding forces o f the crystal lattice o f TiC, containing  
about 50 atom ic per cent C are very considerable. I f  the alloy is not saturated in 
respect to  the C-content, this results in the decrease of the characteristic tem pe
rature (and as the consequence o f it, in the reduction of interatom ic bonding  
forces), the increase of the static lattice distortion and the reducrion o f th e  m icro
hardness o f the alloys.

3. W hen comparing the trend in the variation of the static lattice distortion 
and  the values of the microhardness, we find, th a t the chemical d istortions do not 
alter considerably —  at least in the case o f the alloys herein investigated  the 
resistance to plastic deformation, due to the fact, th at the effect o f  th e  chem ical 
distortions is to  a great extent masked by the influence of the interatom ic  
bonding forces.

4. W hen comparing the microhardness values of the alloys w ith  an excess 
Al- or N i-content, w ith the corresponding static distortion values, we m ay con
clude, that the crystal lattice distortion o f the defective solid solutions exerts a 
much greater effect on the microhardness value o f  the alloy, than th e  distortions 
resulting from the simple substitution of atom s in the crystal la ttice  o f  sub
stitutional solid solutions.
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SUM M ARY

T h e  au tho rs a tte m p te d  th e  d e te rm in a tio n  of th e  c h a ra c te ris tic  tem p era tu re  o f th e  very  
s ta b le  m eta llic  com pounds CoAl, N iA l and TiC, h av in g  a h ig h  m elting  po in t, as w ell as th a t  
o f  th e ir  solid solutions ; th e  com parison  betw een  th e  s ta tic  an d  dynam ic la ttic e  d is to rtio n  
o f  su b s titu tio n a l and d e fec tiv e  solid solutions. T he c h a ra c te ris tic  tem p era tu res  o f  th e  above 
a lloys w ere de term ined  b y  th e  m eth o d  of m essuring  th e  re la tiv e  in tensities o f X -ra y  in te r 
fe rences a t  110, 295 an d  473 °K . T h e  la ttice  d is to rtio n  w as d e te rm in ed  b y  X -ray  m icrographs. 
T h e  m icrohardness o f th e  a lloys w as de term ined  too.

T h e  au tho rs cam e to  th e  follow ing conclusions :
a) w hen com paring  th e  tre n d  in  th e  v a ria tio n  o f th e  s ta tic  la ttice  d is to rtio n  an d  th e  

v a lu es o f  m icrohardness we f in d , th a t  th e  chem ical d is to rtio n s  do no t a lte r  considerab ly  th e  
re sis tan ce  o f the  in v es tig a te d  alloys to  p lastic  d e fo rm a tio n , because  th is effect is to  a g re a t 
e x cen t m ask ed  by  th e  in flu en ce  o f th e  in te ra to m ic  b o n d in g  force.

b) w hen com paring  th e  m icrohardness values o f  th e  alloys w ith  th e  s ta tic  d is to rtio n  
v a lu es w e fin d , th a t  th e  la t t ic e  d is to rtio n  of th e  defective  so lid  solu tions exerts a m u ch  g rea te r 
e ffec t on  th e  m icrohardness o f  th e  alloy, th a n  th e  d is to rtio n s  resu lting  from  th e  sim ple  su b 
s ti tu t io n  of atom s in  a su b s ti tu tio n a l solid solution.

B E ST IM M U N G  D E R  B IN D U N G S F E S T IG K E IT  Z W IS C H E N  D E N  ATO M EN  U N D  D E R  
G IT T E R V E R Z E R R U N G  B E I  E IN IG E N  Al- UN D  T i-H A L T IG E N  M E T A L LISC H E N  V E R 
B IN D U N G E N  M IT H O H E M  SC H M E L Z PU N K T  S O W IE  IN  D E R E N  FE ST E N  L Ö SU N G E N

J .  S. UMANSKI M itglied der A kadem ie, und S. M. N IK O L A JE W A  D oktor der tcchn. Wiss.

ZUSAM M ENFASSUNG

D ie V erfasser v e rsu ch en , die charak teristische  T e m p e ra tu r  de r sehr h a rte n  u n d  einen 
h ohen  Schm elzpunk t aufw eisenden  m etallischen  CoAl-, N iA l- u n d  T iC -V erbindungen u n d  ih re r  
fe sten  L ösungen  zu b es tim m en , in d em  sie diese m it de r s ta tisc h e n  u n d  dynam ischen V erzerrung  
des K ris ta llg itte rs  der e in fachen  festen  S u b stitituonslösungen  sowie der festen  S u b s titu tio n s
lösungen  m it unbese tz ten  K ris ta lls te llen  vergleichen. Z ur B estim m ung  der ch arak te ris tisch en  
T e m p e ra tu r  m essen sie d ie  re la tiv e  In te n s itä t  der R ö n tg en s trah len in te rfe ren z  bei 110, 295 
u n d  473° K . D ie V erzerrung des K ris ta llg itte rs  w ird  a u f  G ru n d  von  R ö n tgenaufnahm en  e rm itte lt . 
A usserdem  u n tersuchen  sie a u ch  die M ikrohärte d ieser L egierungen .

A u f G rund ih rer U n tersuchungsergebnisse  gelangen  die V erfasser zu fo lgenden F e s t
s te llu n g en  :

a )  B eim  V ergleich zw ischen  de r sta tischen  G itte rv e rze rru n g en  und dem  C h a rak te r der 
V e rän d e ru n g  der M ikrohärte  is t  zu sehen, dass die chem ische V erzerrung  in  den u n te rsu c h te n  
L eg ieru n g en  n ich t in  g este ig ertem  A usm ass den W id e rstan d  gegen  die bildsam e F o rm än d eru n g  
e rh ö h t, d a  diese W irkung  v o n  de r W irkung  de r B indung  zw ischen  den A tom en s ta rk  ü b e r
s c h a tte t  w ird .

b) B eim  Vergleich zw ischen  de r M ikrohärte de r L eg ieru n g en  u n d  den s ta tisch en  G itte r
v e rze rru n g en  is t e rsich tlich , d ass die G itte rverzerrung  d e r festen  S ubstitu tionslösungen  m it 
u n b e se tz te n  G itte rste llen  e ine  grössere  W irkung a u f  d ie M ik ro h ä rte  der L egierung a u sü b t als 
je n e  V erzerrung  des K ris ta llg itte rs  de r einfachen festen  S u b s titu tionslösungen , die infolge des 
A to m au stau sch es e n ts teh t.

D É T E R M IN A T IO N  D E  LA F E R M E T É  D E S L IE N S  IN T E R A T O M IQ U E S 
E T  D E  LA  D É FO R M A T IO N  D U  R É SE A U  DANS Q U E L Q U E S  COM POSÉS D ’ALU M IN IU M  

E T  D E  T IT A N E  E T  L E U R S  SO L U T IO N S SO LID ES

J .  S. UMANSKI m em bre de l’Académie, et S. M. N IK O LA Y EV A , docteur des sc. techn.

L ’é tu d e  se propose de d é te rm in e r  la  tem p éra tu re  c a ra c té ris tiq u e  des composés m éta lliq u es 
d e  CoAl, N iA l e t TiC trè s  d u rs  e t  d ’u n  po in t de fusion é levé, e t  de  leurs solutions solides, en 
c o m p ara iso n  avec la  d é fo rm a tio n  s ta tiq u e  e t d y n am iq u e  d u  réseau  cris ta llin  des so lu tions 
so lides de su b s titu tio n  sim ple  ou  d ’une  su b s titu tio n  av ec  des p o in ts  de réseau  non sa tu rés . 
P o u r la  d é te rm in a tio n  de la  te m p é ra tu re  carac té ris tiq u e , la  m éth o d e  de m esure de l ’in te n sité
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re la tiv e  de l ’in terférence de rayons x  a é té  app liquée  avec m esurage à 110, 295 e t  473 °K . La 
d é fo rm a tio n  du réseau c ris ta llin  à été  d é term inée  à la  base de rad iog ram m es. L a  m icro-dureté  
des a lliages a aussi é té  déterm inée.

L es recherches o n t  ab o u ti aux  co n sta ta tio n s  su iv an tes  :
a)  L a com paraison  e n tre  la v a ria tio n  des d é fo rm ations s ta tiq u e s  du  ré seau  e t la  m icro

d u re té , dém ontre  que d an s les alliages é tud iés, la  dé fo rm atio n  ch im ique n ’au g m en te  pas, dans 
u n e  g ran d e  m esure, la  ré sis tan ce  à la  dé fo rm atio n  p las tiq u e , c e t e ffe t é ta n t  fo r tem en t couvert 
p a r  l ’influence des liens in te ra to m iq u es.

b) La com paraison  e n tre  la m ic ro -dureté  des alliages e t les d é fo rm ations s ta tiq u e s  du 
ré seau  dém ontre  que la  défo rm ation  du  réseau  de  so lu tions solides au x  p o in ts de réseau  non 
sa tu ré s  a une plus g ran d e  in fluence su r la  m icro -d u re té , que n’en a la  d é fo rm ation  du  réseau 
c ris ta llin  des solutions de su b s titu tio n  sim ple  causée p a r  l’échange d ’atom es.

ОПРЕДЕЛЕНИЕ ПРОЧНОСТИ МЕЖАТОМНОЙ СВЯЗИ И ИСКАЖЕНИЙ РЕШЕТКИ 
В НЕКОТОРЫХ ТУГОПЛАВКИХ СОЕДИНЕНИЯХ ЛЕГКИХ МЕТАЛЛОВ 

И ТВЕРДЫХ РАСТВОРАХ НА ИХ ОСНОВЕ
Академик Я. С. УМАНСКИЙ и д-р техн. наук С. М. НИКОЛАЕВА

РЕЗЮМЕ

Авторы ставили своей целью определение характеристической температуры высоко
прочных хрупких тугоплавких металлических соединений CoAl, FiAL и TiC и твердых 
растворов на их основе, а также сравнительная оценка величин статических и динами
ческих искажений в кристаллической решетке этих твердых растворов, образующихся 
по типу замещения и по типу вычитания. Для определения характеристических темпера
тур применялся метод измерения относительных интенсивностей рентгеновских интер
ференций при разных температурах : 110, 295 и 473 °К. Величина искажений в кристал
лических решетках определялась на базе рентгенографического исследования. Опреде
лили также микротвердость изученных фаз.

Авторы сделали следующие выводы на основании полученных результатов :
а) Из сопоставления характера изменения статических искажений и величин 

микротвердости можно заключить, что химические искажения в случае исследуемых 
сплавов не могут сильно увеличить сопротивление пластической деформации, поскольку 
влияние химических искажений резко перекрывается влиянием межатомных связей.

б) Из уравнения величин микротвердости сплавов с величиной статических иска
жений можно заключить, что искажения кристаллической решетки в твердом растворе 
вычитания, оказывают большее влияние на величину микротвердости сплава, чем иска
жения, обусловленные замещением атомов в кристаллической решетке твердого раствора 
замещения.





NOMOGRAPHIC SOLUTION OF WEIGHT AND ATOMIC 
(MOL) RATIOS IN MULTICOMPONENT SYSTEMS

F . B Á R T F A I and  A. B A LO G H
H A R D  M ETALS IN D U STR Y  E N T E R P R IS E . B U D A PEST 

[M anuscrip t received M ay 3, 1956]

Several papers have dealt w ith the nomographic solution o f weight and 
atom ic (mol) ratios [1, 2, 3]. One of the co-authors o f this paper [4] first presented 
a solution for trinary system s ; later he elaborated the sam e m ethod for binary 
system s, too [5].

Some difficulty w as caused in the m ethod to be presented in  this paper 
thereby that the scales had to  be drawn in advance for a given system .

The solution presented in th is paper is a general one (suitable for 
n-com ponent system s), and its nomogram scale does not depend on the 
(га-com ponent system ) chosen.

The theoretical explanation is presented first for a trinary system .
N otations used : X / (i — 1, 2, 3) =  weight % ; a,- ( i =  1,2,3) atomic

(m ol) weight and £ (i =  1, 2, 3) atom ic (mol)% .
W e may write for instance :

* 3

*i_ хг_ . x^ X1 *2

«1 «2 «3 a l ° 2 _ j_  J
* 3

a 3

From  this follows b y  minor transformation

*1 *2

gl » 08 = f r  - 1l = / (f») (!)
Ü ». U s  l
a3

I f  atom ic (mol) per cents are known, we m ay write :
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w hence
- t .  +  a s t ,  / 1 _ Л = / Ы  (2)

O3 Ç3 1*з /

T his is essentially the re la tion  satisfying equation (1).
F or the solution of the a lignm ent chart (nomogram) som e straight lines 

are required, namely

у — X =  0, у —X— b = 0 ,  y  +  1 =  0 and x  +  у — 5 |^2 =  0.

T hese are drawn in Fig. 1 separately  to  facilitate the illustration o f the function
ing  o f  th e  chart by referring to  it  later.

From  Fig. 2 the solution o f  equation (1) can now be read off. That is to  say

0  A' — Xl A B  = ! /«  l

0  A " =  *2 A C  = ! /«  2

O A m =  x3 A D  = !/«  3

0  A =  1

On th e basis of similar tr ian g les, however

A 1 B 1 =  xl la1 

A u С' =  х2/а2 

and A lu D l =  x3/a3

A ' B 1 =  О B u — B ,v B ,u after projection on the angle bisector, from this  
follows th a t  the equation of th e  lin e  passing through points J3IV c 11

У — x  — —  =  0 (3)
ai

(nam ely  th e  general equation o f  th e  line is y = m x  -j- b, considering th at our 
straight lin e  is parallel to the angle b ise c to r ,y = m x  -j- b thus m =  l ,a n d 6 =  O B >V =

=  A 1 B l — aq/tq.) Since A u C 1 =  OCu —  , these values o f л: substituted  into

equation (3) and this solved for y ,  w e have :

у  =  Cu cUI =  X +  ^ -  =  ^ ~  +
«  1 Й2 a 3

(4)
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F u rth er—— =  A ,n 1)' =  0D U anil since с" с111 =  D n D n from th is follows
ети ее. «з
that .. „

Fig. 2
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T herew ith  the left side o f equation (1) has been established as a tg  function. The 
se t  o f  va lu es of the tg  function  are identical to  th a t o f  f  ( f3). Therefore the values 
of th e  independent variable £3 can be written in  advance. In Fig. 2 th is has 
been so lved  by using the portion G F  between the axes o f  straight line x  +  y — a — 
=  0, perpendicular to the angle bisector, as scale f 3. Since the same scale w ill be 
applied  in  the entire nom ogram  the value of “ a” has been taken for 5 ^ 2  ■

E xam ples  :
a )  L et the trinary system  be 20% N a20 ,  45%  A120 3 and 35% S i0 2. The 

mol % o f  SiO, is sought. The solution can be read o ff  from Fig. 3.
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b) As an exam ple for equation (2) th e  following composition is chosen :
23,9%  N a20 ,  32,8%  А1г0 3 and 43,3%  SiOa. The weight % of S i0 2 is sought.

%

The solution can be read off from Fig. 4 . A  divergence from the previous 
exam ple subsists not only in  values laid off on line у  -(-1  =  0 (a,- and not l /а,- !!!) 
but also in  th a t instead o f the line я г - ) - у = 5 | / 2  =  0 a system o f a bunch of 
rays has been applied for reading off x3.

2  Acta Technica X V III/1— 2.
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Supplement and generalization

T he solution of equations (1) and (2) has been attained by the so-called double  
chart. S ince the values of equations (1) and (2) do not change if  on their le ft sides  
num erators and denominators are m ultiplied b y  th e  same number, therefore the  
scale la id  o ff on line y  -(- 1 =  0 is arbitrary.

In  F ig . 3 the factor of scale £ can be varied with the choice o f  “ a” (in 
the fig . a =  5 ]/2). For instance taking a =  10 |/2 the scale will be double 
o f th a t show n in the figure.

In  th e  solution of Fig. 3 scales have to  be la id  off only on lines y  -|- 1 =  0, 
— y  and X  +  У —  5 1/2 =  0 and, for instance, th e  scale factor m ay be chosen  
equal for all three.

T he advantage of the solution is that all scales are linear.
T he procedure can be applied to  any binary, trinary or re-component sy s

tem  (elem ents, oxides, com pounds). (To any n-class combination :) N am ely  
equation 1 can be written in th e  following general form :

T hat is , it  holds for a binary system  o f n =  2, b u t, e. g. for alniko, too (n =  6).
The authors gratefully acknowledge the helpful criticism of Prof. Dr. B . 

L á m y i  and o f Prof. Dr. J .  M i k a  relative to th is paper.

n — 1 X,-

= 1 O;

x n

an
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SU M M A RY

T he know n n o m ograph ic  so lu tion  o f  w eigh t a n d  m ol (a tom ic) pe r cen t ra tio s  o f  b in a ry  
sy s tem s has been e x te n d ed  b y  one o f th e  a u th o rs  to  tr in a ry  system s, too. T he g en era liza tio n  
o f  th e  so lu tion  fo r re-com ponent system s w ith  lin ea r scales is p resen ted  on  th e  basis o f  sim ple 
geom etric  re la tio n sh ip s , such  as sim ilitude o f triang les , p ro jec tio n  on  th e  angle b isec to r. N om o- 
g rap h ica lly  th e  so lu tio n  holds for th e  follow ing ty p e  o f  eq uation  :

1 re—I 
X ’

ar x n 1 =  1
ai Xi

F rom  a d v an tag e s  o f  th e  double-m em ber c h a rt are  p o in ted  o u t  : scales are  lin e a r, p re 
cision  o f  read ing  can  be boosted , com m on scale fa c to r  can  also be used.

N O M O G R A PH ISC H E  D A R ST E L L U N G  D E S ZU SA M M EN H A N G ES Z W IS C H E N  
G E W IC H T S - U N D  M O L P R O Z E N T E N  IN  M E H R S T O FF -SY S T E M E N

F. B Á R TFA I und A. BALOGH

ZUSA M M ENFASSUN G

Die fü r d en  Z usam m enhang  zw ischen G ew ichts- u n d  M olprozenten von  b in ä re n  Sy
stem en  bek an n te  nom ograph ische  D arste llung  w urde d u rch  einen der V erfasser au ch  a u f  te rn ä re  
System e au sg edehn t. I n  de r vorliegenden A rb e it w ird  d ie V erallgem einerung d e r L ösung  
a u f  S ystem e m it re K o m p o n en ten  im  linearen  M assstab , a u f  G rund  von  einfachen geo m etrisch en  
B eziehungen  —  E ig en sch aften  ähn licher D reiecke, P ro je k tio n  a n  der W in k e lh alb ie ren d en  —  
e rö rte r t. N om ographisch  h a t  die Lösung fü r fo lgenden G leichungstyp G ültigke it :

1 re—1 
X'

<ln x n ’
1 =  1

a, xi

V on den V o rte ilen  de r Lösung durch  D o p pclta fe ln  sei hervorgehoben : die Skalen  sind  
linear, ih re  A blesungsgenauigkeit k ann  e rh ö h t w erden, u n d  es lassen sich auch Skalen  m it  dem  
gleichen M assstab v erw enden .

SO L U T IO N  N O M O G R A PH IQ U E  D E S R E L A T IO N S  D E  PO U R C E N T A G E S P O N D É R A U X  
E T  M O L É C U L A IR E S E N  SY STÈM ES À P L U S IE U R S  C ON STITU ANTS

F. B Á R TFA I et A. BALOGH

R É SU M É

L a  solu tion  nom o g rap h iq u e  des re la tio n s de pourcen tag es p o ndéraux  e t m o lécu la ires 
des systèm es b in a ires  a  é té  é tendue  p a r l ’un des a u te u rs  a u x  systèm es tern a ires. L ’é tu d e  t r a i t e  
de la  généra lisa tion  d e  la  so lu tion  pour les systèm es à ra c o n stitu an ts , au x  échelles l in éa ire s , 
à  la  base  de re la tio n s  géom étriques sim ples — sim ilitu d e  de triang les , p ro jec tio n  su r  la  
b isectrice  angula ire . D an s le  g raph ique , la  so lu tion  e st v a lab le  p o u r le ty p e  d ’éq u atio n  su iv a n t  :

1
an x n

n —1
V  a/ x1 

i=l

D es av an tag es  de  la  so lu tion  au  doub le-g rap h iq u e  m entionnons que les échelles so n t 
lin éa ires, la  précision  de la  lec tu re  p e u t ê tre  aug m en tée  e t  des échelles de p ro p o rtio n s id e n t i 
ques p e u v en t ê tre  u tilisées .

2 *
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НОМОГРАФИЧЕСКОЕ РЕШЕНИЕ ВЕСОВОЙ И АТОМНОЙ (МОЛЯРНОЙ) 
ПРОЦЕНТНОЙ ЗАВИСИМОСТИ В СЛУЧАЕ МНОГОКОМПОНЕНТНЫХ СИСТЕМ

Номографическое решение, известное для весовой и молярной процентной зависи
мости двухкомпонентных систем, распространено одним из авторов также на трехком
понентные системы. Обобщение решения для н-компонентных систем трактуется линей
ными шкалами, на основе простых геометрических зависимостей — свойств подобных 
треугольников, зеркальное отображение на биссектрисе. Номографически решение дей
ствительно для следующего вида уравнений :

Среди положительных сторон решения следует подчеркнуть : линейность шкал,
возможность повышения точности их отсчета; можно использовать также шкалы с общим 
масштабом.

Ф. БАРТФАИ и А. БАЛО Г

РЕЗЮМЕ



BEITRÄGE ZUR BERECHNUNG DER ZUUÄSSIGEN 
BODENPRESSUNG UND DER UNTER DEN GRÜNDUNGS

KÖRPERN AUFTRETENDEN SPANNUNGEN

L. V A R G A
L E H R S T U H L  F Ü R  BO D EN M ECH A N IK , T IE F - UND E R D B A U , BAU- UND V E R K E H R ST E C H N IS C H E

U N IV ERSITÄ T, B U D A PE ST

[E ingegangen  am  11. M ai 1956]

I. Über die zufolge der Vergrösserung der plastischen Bereiche 
zulässige Bodenpressung

Der Zweck dieser kurzen Studie ist zu bew eisen, dass die au f Grund der 
Vergrösserung der plastischen Bereiche aufgestellten  Theorien der zulässigen  
Bodenpressung au f einem einzigen Grundprinzip beruhen; es gibt nur eine einzige 
Grundformel und die Formeln der jeweiligen Verfasser unterscheiden sich nur 
insofern voneinander, dass jeder die eine darin vorkommende Grösse subjektiv  
bis zu einem gewissen Grad anders bew ertet.

W as die sog. F r ö h l ic h -, Ma s s l o w - und jAROPOLSKijschen Form eln  
anlangt, so kann obiges —  der gleichen Ausgangsbedingen wegen —  direkt 
eingesehen werden, obgleich die allgemein bekannte Form der FRÖHLiCHschen 
Form el die nahe Verwandtschaft mit den beiden anderen bis zu einem  gewissen  
Grad verdeckt. D azu im  Gegensatz hält m an die jÁKYsehe Formel für eine an
dere Theorie, was in  der von den anderen abweichenden langwierigen A bleitung  
und der sich unterscheidenden, andersgestalteten Art der Aufstellung begründet 
is t . D ie gewohnte Form deckt auch einen W iderspruch der JÁKYschen Theorie, 
au f den noch an geeigneter Stelle hingewiesen werden wil'd.

Es ist bekannt, dass m it der Erhöhung der Bodenbelastung von  den E ck
punkten des Gründungskörpers sog. Bruchzonen ausgehen (siehe Abb. 1), 
au f Grund deren Ausbreitung die für den B oden  zulässige Spannung festgestellt 
werden kann. Hier auf die im  allgem einen bekannte Ableitung detailliert ein
zugehen ist überflüssig, lediglich erinnernd sei sie skizziert.

Stellt man die Spannungen mit Hilfe des MoHRschen Kreises dar, so können  
daraus die Bedingungen der plastischen D eform ation durch die G leichung

sin cp = °1 — °2 

°1 +  °2
( 1 )

abgeleitet werden.
cp =  der innere Reibungswinkel des B odens,
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9=  die am untersuchten Punkt w irkende erste und zweite H au p t
spannung (Abb. 2).

W ird bei Voraussetzung gleichmässiger K ontaktdruckverteilung der W ert 
dieser H auptspannungen aus dem bekannten MiCHELLschen Zusam m enhang  
b erechnet, wird ferner die Entlastungsw irkung der Erdverdrängung berück
sich tig t und werden die Spannungen des E igengew ichtes als hydrostatische  
Lösung aufgefasst, so wird

Ox =  ——  -° -  - (2 e +  sin 2 e) (z -j- t) y  (2)
71
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<Ji =  - -----—  (2 e  — s i n2e )  +  (z +  t ) y ,  (3)
71

~wo natürlich
t =  t0 . (4)

Die Kohäsion kann so berücksichtigt werden, dass man die Gründungstiefe 
durch einen fik tiven  W ert einsetzt. D ieser Wert* ist :

H  =  t +  — - -  - .  (5)
y t g ?

Werden die W erte von (2), (3) und (5) in den Zusam m enhang (1) eingesetzt, 
so bekom m t man die Gleichung für die Grenzlinien der p lastischen Zone

z  =
л  y

sin 2 e 

sin w
-  2s

ytgro
(6)

d. h. bei gegebener Belastung und gegebenen bodenphysikalischen Kennwerten 
is t z =  / ( e ) .  Der tiefste Punkt der plastischen Zone ist dort, wo

dz q to y 2 cos 2 e

de л у sin (p
( 7 )

w obei sich 2 e == 90° —  <p
ergibt. Die Punkte Z max liegen also auf einem  Kreis, bei dem

2 e =  90 °— cp 
ist.

Wird das Ergebnis von (7) in den Zusammenhang (6) e ingesetzt und geord
n et, so bekommt man schliesslich

n y Zmax +  * +
У tgç>

toY-
c o t g  cp —  2  +  <p

( 8 )

D ieses ist die Grundgleichung, die die Basis jeder weiteren Form el ist.

siehe K ezdi : B odenm echanik  I. Seite 526.



2 4 L . VARGA

N ach  F r ö h l ic h  darf die zulässige Bodenpressung nur so gross sein, dass in  
kein em  Punkt des Bodens p lastisch e Deformation en tsteh t, d. h. also Zmax =  0. 
D ie v o n  ihm  angegebene Form el lau tet :

co tg ( p + t p — n/z _  1 ^
cotg ÇJ+ÇJ — Tï/a J

Schreibt man im Zähler d es ersten Gliedes für den W ert +  тг/2 =  л — л /2  
und bringt man sämtliche G lieder au f einen gem einsam en Nenner, so bekom m t 
obige Form el nach einigen Ä nderungen folgende Form  :

cotg 95 +

8 _ „ [ , у +  С. со Ч А  + ,ау(10)
c o tg  Cp Cp —  п\ъ

Ü brigens bekommt man dieses Ergebnis direkt aus der Form el (8), wenn m an  
Zmax =  0 einsetzt. Ma s s l o w  h ä lt die Pressung für zulässig, bei der sich die 
B ruchzone noch nicht bis u nter den Gründungskörper erstreckt (die B oden
m enge unter dem Fundam ent befindet sich also noch im  Zustand elastischer 
Form  Veränderung). N ach ihm  soll also der Punkt Zmax senkrecht unter den  
K an ten  des Gründungskörpers liegen. Dieses veranschaulicht die linke Seite der 
Abb. 3. D ie Formel lautet also :

л [ 2 Ь у  t g q > +  t y +  C ■ cotg<p]
9 = --------------- 7-------;----------- :--------------- Н о  У-  (11)

c o tg  93 +  93 — 71/2

N ach  J a r o p o l s k ij  is t es dagegen zu lässig , w enn die Bruchzonen unter  
dem  Gründungskörper sich gerade berühren (Abb. 3. rechte Seite). Somit is t

2 b r t g ( 4 5 ° ; </2) +  t y  : G - cot g 9.

c o tg  93 +  93 — л /2
+  fo У •

( 12)

D ie grosse Ähnlichkeit der Formeln (10), (11) und (12) ist augenfällig. 
In teressan t ist zu beachten, dass obwohl sich in der Jaropolskijschen Formel nur 
das eine Glied ändert, es in  dem  hier skizzierten Fall au f einen doppelten W ert 
angew achsen ist ; dieser U nterschied  hat immerhin eine derartig schnelle Zu
nahm e der Bruchzone zur Folge, dass bei der Anwendung dieser Theorie die gröss
te  V orsicht geboten ist.

Verfasser bemerkt, dass die sog. SciiELjAPiNsche Form el keine neue  
V oraussetzung sondern nur eine neue Bezeichnung bein h altet. Nach E insetzen  
der entsprechenden W erte kann  seine Formel auf die unter (12) angegebene 
zurückgeführt werden.
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Jak y geht bei der Ableitung seiner Form el ebenfalls von den Formeln 
(2) und (3) aus, er vernachlässigt aber die Wirkung der Eigengeivichtsspannungen 
bzw . die zweiten Glieder der Ausgangsformeln bleiben weg.

Wie bekannt, le ite t er folgendes Ergebnis ab :

1 — sin cp

cos cp sin cp
<*ny +  U>y.

(13)

Abb. 3

Man setze hier folgende Elem entarzusam m enhänge ein :

und

so ist

Ony =  2 • c • tg  (45° +  cp/z)

tg  (45° +  ç>/a) —
cos cp 

1 — sing?

cos cp
(1 — sin cp) 2 • C

n  1 — sin cp ,
g Tjj--------П  + , 0 > '-

cos cp — I—-----Cp J sin cp

Werden Zähler und Nenner obigen Bruches durch sin cp geteilt und verein
facht man, so ergibt sich folgendes Endresultat

n  • C • cotg cp
cotg cp +  cp — л /2

+  to y  • (14)
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M an sieht also, die JÁKYsche Formel nimmt die gleiche Form an, wie die an
deren. Eigentlich entspricht obiger Ausdruck dem  unter (10) angegebenen, 
jedoch  führt Jáky n icht nur stillschweigend die Bedingung Zraax =  0 ein, son
dern wie schon erwähnt, vernachlässigt er auch die Eigengewichtsspannungen, 
w eshalb im  Zähler der Form el (14) das Glied t • y  feh lt. D ies ist aber ein W ider
spruch, weil so einerseits t =  0 ist, andererseits jedoch mit der Bedingung  
t0 9  ̂ 0 gearbeitet wird, w ährend die Gleichheit (4) schon eine selbstverständliche 
Forderung bedingt.

D am it hat der V erfasser die in der E in leitung aufgestellte Behauptung  
bew iesen .

E s muss noch erw ähnt werden, dass die Jákysche Formel übertrieben vor
sich tige Bedingungen ste llt, was zu unwirtschaftlichen Messungen führt, b e
sonders dann, wenn m an in  die Formel (13) den von ihm  vorgeschlagenen Wert 
o'ny einsetzt, der nur einen Bruchteil der D ruckfestigkeit ausm acht. Für die 
P raxis ist die Formel (11), deren Um fangsbedingungen noch mit realer Bestim m t
heit festgestellt sind, am  b esten  zu gebrauchen.

Schliesslich sei noch  au f die Parallele verw iesen, die zwischen der E n t
w icklung der für kohäsionslose Böden abgeleiteten  Bruchtheorie und der für 
bindige Böden abgeleiteten  Form veränderungstheorie besteht. Von der nur einen  
F aktor berücksichtigenden Rankineformel ausgehend über die Prandtische Theorie 
bis zu  den die W irkungen der Breite in Betracht ziehenden neuesten Ergebnissen  
is t  eine ähnliche E ntw icklung zu bemerken wie beim  Vergleich der Formeln (14), 
(10) und (11). Es ist deshalb nicht unbegründet, dass die neuesten ungarischen 
Vorschriften gleicherweise erlauben, die W irkung der Breite in Betracht zu zie
hen. B ei gewissem vorteilhaftem  Bodenzustand ist dies unbedingt zulässig, wie 
das auch die neuesten ungarischen Grundbauvorschriften vorsehen.

ZUSAM M ENFASSUNG

D ie a u f  der A u sd eh n u n g  d e r Zone p lastischer D e fo rm a tio n  beruhenden  T heorien  können  
n a ch  d e n  E rgebnissen  d ieser S tu d ie  a u f  eine gem einsam e B asis  zu rü ck g efü h rt w erden  [Z usam 
m en h a n g  (8)]. D er im  S c h rif ttu m  als JÁKYsche F orm el b e k a n n te  u n d  a u f  G rund  an d ere r V oraus
se tzu n g e n  abgeleitete  Z u sam m en h an g  [Form el (13)] is t  a u ch  n u r  eine V arian te  dieses allge
m ein en  Z usam m enhanges, b irg t  a b e r einen inneren  W id e rsp ru c h  in  sich. Die sogen. S c h e l j a p in - 
fo rm el fü h r t  keine neuen  B ed in g u n g en  ein und  sie k a n n  n a c h  A bstim m en der en tsp rech en d en  
B eze ichnungen  au f den Z u sam m en h an g  (12) z u rü ck g e fü h rt w erden.

D e r V erfasser v e rw eist d a ra u f , dass in  den zu r B e rech n u n g  der B elastung  v o n  K o h ä 
s io n sb ö d en  dienenden F o rm e ln  d ie  A bm essung b, also d ie B re ite  des G ründungskörpers eine 
R olle  sp ie lt. D ieser günstige  E ffek t w ird  auch  schon v o n  d en  n eu esten  ungarischen  V orsch riften  

.b erü ck sich tig t.
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C O N T R IB U T IO N S TO T H E  CO M PU TA TIO N  O F  T H E  P E R M IS S IB L E  SO IL  PR E S SU R E  
A N D  O F  ST R E SSE S A R ISIN G  U N D E R  FO U N D A T IO N S

I. T H E  T H E O R IE S  B A SED  ON T H E  E X T E N S IO N  O F  T H E  D O M A IN  O F  PLASTIC
D E FO R M A T IO N

L. VARGA

SUM M ARY

T he theories based  o n  th e  extension  o f th e  do m ain  o f  p las tic  d e fo rm atio n  can be traced  
b ack , according to ev idence p ro d u ced  in  th e  p ap er, to  a  com m on basis (R e la tio n  8). The 
fo rm u la  know n in  l ite ra tu re  u n d e r J á k y ' s nam e, deduced  on th e  basis o f  o th e r  suppositions, 
(F o rm u la  13) is also o n ly  a  v a r ia n t  o f  th is  general re la tio n sh ip , b u t  i t  includes a h id d en  inner 
co n trad ic tio n . T he so-called  Shelyapin  form ula does n o t  in tro d u ce  a  new  supposition , after 
tu n in g  togeth e r th e  correspond ing  n o ta tio n s i t  can  be b ro u g h t back  to  th e  re la tio n  u n d e r 12.

T he p ap er d em o n s tra te s  th a t  in  form ulas serv ing  for th e  ca lcu la tio n  o f th e  bearing 
c a p a c ity  o f solid soils to o , th e  d im ension b, o r th e  w id th  o f th e  fo u n d a tio n  b o d y  h as been assigned 
a  p a r t.  This fav o u rab le  effect has a lready  been ta k e n  acco u n t o f b y  th e  m o st recen t H ung. Code.

C O N T R IB U T IO N  A U  CALCUL D E S PR E SSIO N S A D M ISSIB LES SU R  L ES SOLS ET  
D ES T EN SIO N S SE  PR O D U ISA N T  SOUS L E S  MASSIFS D E  FO N D A T IO N

I. LES T H E O R IE S  B A SÉES SU R L ’ÉL A R G ISS E M E N T  D E  LA ZO N E D E  LA 
D É FO R M A T IO N  PL A S T IQ U E

L. VARGA

R ÉSU M É

Les d ifférentes th éo ries  de déform ation  — plus e x ac te m en t les th éo ries basées sur l ’élargis
se m e n t de la  zone de  la  d é fo rm ation  p lastique  — p e u v e n t ê tre  ram enées selon ce tte  é tude sur 
u n e  base  com m une (fo rm ule  8). L a re la tio n  (13), connue  dans la  l i t té ra tu re  com m e form ule 
d e  J á k y  e t qu i repose su r d ’au tres  hypothèses connues, n ’est égalem en t q u ’u n e  v a rian te  de 
c e t te  re la tio n  générale , m ais elle recèle une co n trad ic tio n  in te rn e . L a  form ule  d ite  de Scheliapine 
n ’in tro d u it  pas de nouvelles conditions e t p eu t, ap rès  é tab lissem en t des n o ta tio n s  correspon
d a n te s , ê tre  ram enée  à la  re la tio n  (12).

L ’a u teu r signale  que  dans les form ules se rv a n t au  calcul de la  c ap a c ité  de charge des 
sols de cohésion, la  d im ension  b, c ’est à  d ire la la rg eu r d u  m assif de fo n d a tio n  a égalem ent ob tenu  
un  rô le. C ette effet fav o rab le  a été  déjà  prise  en  co n sid éra tio n  p a r  les nouvelles Règles 
H ongroises.

К РАСЧЕТУ ДОПУСКАЕМЫХ НАГРУЗОК ГРУНТОВ И ВОЗНИКАЮЩИХ 
ПОД ОСНОВАНИЯМИ НАПРЯЖЕНИЙ

I. О ТЕОРИИ ДЕФОРМАЦИИ
Л . В А Р Г А

РЕЗЮМЕ

Различные теории деформации — или точнее : теории, основывающиеся на рас
пространении диапазона пластичных деформаций — согласно результатам работы 
можно свести к идентичной общей основе (зависимость 8). Также зависимость (формула 
13), выведенная на основе других предположений и известная в литературе в качестве 
формулы Яки, представляет собою только один из вариантов общей зависимости, однако 
имеет скрытое внутреннее противоречие. Так называемая формула Шельяпина не вво
дит новое предположение и после согласования соответствующих обозначений может 
быть сведена к зависимости 12.

Автор указывает, что и в формулах, служащих для вычисления устойчивости под 
нагрузкой кохезионных грунтов, определенную роль играет размер в, т. е. ширина осно
вания. Этот благоприятный предел уже учитывается новейшими нормами, изданными 
в Советском Союзе.





BEITRÄGE ZUR BERECHNUNG DER ZULÄSSIGEN 
BODENPRESSUNG UND DER UNTER DEN GRÜNDUNGS

KÖRPERN AUFTRETENDEN SPANNUNGEN

L. V A R G A
L E H R S T U H L  FÜ R  B O D E N M EC H A N IK ,TIE F- UND E R D B A U , BAU- U N D  V ER K EH R ST EC H N ISC H E U N IV ER SITÄ T,

B U D A P E S T

[E ingegangen a m  25. M ai 1956]

II. Annäherungsrechnungen zur Spannungsbestiniinung 
unter geschlossenen Gründungskörpern

W ie bekannt, sind für die Berechnung der unter rechtwinkligen Viereck
fundam enten entstehenden Spannungen die St e in b r e n n e r - und N e e w m a r k - 
schen Formeln bzw. Nomogramme und Tabellen gebräuchlich. L etztere haben 
sich deshalb als nötig  erwiesen, weil die Endresultate der theoretisch  richtigen  
A bleitungen zu so kom plizierten A usdrücken führten, dass sie für die Zwecke 
der direkten Berechnung reichlich schw erfällig sind.

D as Ziel vorliegender kurzer A rbeit ist, eine einfachere und für die Errech
nungsarbeit praktische Formel vorzuführen, die —- eben wegen der im  Interesse 
der Einfachheit notwendigen Vernachlässigung — wohl kein exaktes, aber vom  
Standpunkt der praktischen Berechnung durchaus befriedigend genaues Resultat 
gibt.

*

Der in der Abbildung gezeigte rechteckige Gründungskörper überträgt auf 
den Boden einen gleichm ässig verteilten  K ontaktdruck p 0 und es sei untersucht, 
wie grosse Spannung az in einem P u n k t P  unter dem Eckpunkt en tsteh t.

Vorerst betrachte man ein F lächenelem ent und drücke die W irkung der 
hier angreifenden K raft, die als konzentrische Belastung angesehen wird, durch 
die BoussiNESQsche Formel aus und nach doppeltem  Integrieren erhält man das 
gesuchte Endresultat.

D ie Grösse des Flächenelem entes ist

also ist die Kraft

d F  =  d X • d y

d P  =  p 0 d y - d x

die unter ihrer Einwirkung entstehende Vertikalspannung ist
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3 po d y  ■ d  Xa a ,  =  — -— —  cosJ g
2 л г* (1)

wo ausser den obigen
g =  der W inkel zw ischen der Senkrechten des Flächenelem entes und dem  

Radius ry,
ry =  die Länge des Radiusvektors des betrachteten  Punktes.

Ferner :

r =
У cos xp

wo r die Länge des Strahles is t , der den betrachteten  Punkt P  mit dem  auf der 
Abbildung ersichtlichen P un k t Л  verbindet.

D ie Abbildung zeigt, dass

y  =  r ■ tgy>

d. h.

Ferner :

c

In ähnlicher Weise : 

und hieraus

d y T =  -
d xp cos2 xp cos xp

d y  =
Г у  dxp r ■ dxp

(2)
cos xp cos2 xp

Z r ■ COS i?
r

cos xp

=  cos $  • cos xp .

tg tf

d X =  — Z—  d & =  — - —  d & . 
cos2 & cos d

(3)

W erden die daraus gew onnenen Zusammenhänge in die Formel (1) e ingesetzt

e ß

Oy =
3 p 0 Ç Ç r ■ dxp cos2xp 3

2 7Г c o s ^  xp
c o s 0 xp c o s3 d  ■ r ■ d &

cos &

und nach Durchführung der m öglichen Kürzungen

£ ß

3 Poaz =  - ~  J I cos3 xp ■ cos2 & dxp d  & . (4)
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Da P (y’)'i kann die eine Integration ohne weiteres durchgeführt werden r

1 . 3sin xp---- — sm d wcos3 w dw  =
) 3

=  sin e -------sin3 e .
3

v=o

Der W inkel e kann abermals w ie folgt ausgedrückt werden :

a a
tg  e =  —  — •— cos P — tg  a • cos P 

т z
d. h.

* = / ( * ) ■

(5)

(6)

Die Integration nach dem  W inkel P sollte also mit Berücksichtigung des 
Zusam m enhanges (6) durchgeführt werden, wodurch man am E nde der sehr 
kom plizierten und schweren A bleitung die schon bekannte kom plizierte Formel 
bekäm e. A u s Einfachheitsgründen bestimme man , dass in den Berechnungen

(7)a >  b

ist und annähernd setze man voraus, dass von der Gleichheit (6) abiveichend

tg  e =  tg  a  . (8)
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Im  ersten Augenblick erscheint die Vernachlässigung gewagt, der Ver
fasser w ird jedoch bew eisen, dass der aus ihr entspringende grösste Fehler prak
tisch  vernachlässigt werden kann.

N ach  Zugrundelegen der Bedingung (8) erhält die Formel folgende G estalt :

wo

az = Po 
2 л

ß

[3 sin a  — sin3 a] j cos2 P d P . 

о

ß

I cos2 û d & 

о

—  ïï —  sin 2 û
2 4

2 /5 -(— sin 2 ß

(9)

und w ird dies in die G leichung (9) eingesetzt, so bekom m t man folgende E n d 
form el :

erZ -- Po
[3 sin a — sin3 cc] [2 ß  -)- sin 2 ß] 

8 л ( 10)

wo

und

a
a =  arctg—- 

z

ß =  arctg —  .
z

( И )

( 12)

M an prüfe, welche U m fangsbedingungen die Formel (10) restlos erfüllt :

© 0 d. h. a =  ß  90°

dann
a z _

Po
[— 1] [я +  ° ] =  0,25  

8 л

CD Z  - >  O O d. h. a — ß —>■ 0°

dann
<T2

Po

(0 _  0) (0 +  0) 0 

8 л

© a —>- oo und b -/- 0 , оо

dann a —> 90°

Ог (3 -  1) (2 ß  +  sin 2 ß )

Po 8 л

(13)

(14)

(15)
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Da die Form el für einen Eckpunkt gültig  ist, muss obiges Ergebnis doppelt 
genommen werden, wenn man wünscht, dass der Zusammenhang (15) die Span
nung unter der K ante eines unendlich langen Fundam entes (Streifenfundam ent) 
bezeichnen soll. Sucht man die Spannung in der Achse des Streifenfundam entes, 
so muss obiger W ert vierfach genommen w erden, also :

— — [2/9 +  s in 2 /3 ] . (16)
Po n

Man sieht, dass die Werte von (13) und (14) mit den Ergebnissen der 
diesbezüglichen exakten Theorie gleichwertig sind und die Form el (16) mit 
dem bekannten MiCHELLschen Zusam m enhang für die Achse übereinstim m t.

Bem erkt sei, dass die Prüfung der F älle b —*■ o o ,  a =2= 0 und а o o  der 
(7) Ungleichheit wegen nicht durchgeführt w erden kann. (Die Vernachlässigung  
in der Gleichheit (8) wäre dann schon spürbar gross.)

Schliesslich sei ein allgemeiner Fall untersucht. Es ist leicht einzusehen, 
dass der in der Vernachlässigung wurzelnde Fehler dann am grössten ist, wenn  
а =  b, wenn also von einem quadratischen Fundam ent die Rede ist und wenn  
der zu betrachtende Punkt z ^  а =  b t ie f  lieg t. Zum Vergleich sind in der nach
stehenden Tabelle sowohl die genauen STEiNBRENNERschen Werte ivie auch die 
aus der Formel (10) berechneten Annäherungswerte zu finden.

"z IP о

z S t e i n b r e n n e r Formel (10)
b a : b =  1 a : b = 3 a :b  =  1 a : b =  3

0,25 0,2473 0,2484 0,2485 0,2485
0,5 0,2325 0,2397 0,2359 0,2395
0,75 0,2060 0,2254 0,2110 0,2235

1,0 0,1752 0,2034 0,1807 0,2040

1,5 0,1210 0,1638 0,1241 0,1640
2 0,0840 0,1316 0,0861 0,1325
3 0,0447 0,0860 0,0455 0,0876
4 0,0270 0,0604 0,0275 0,0608
6 0,0127 0,0323 0,0128 0,0326
8 0,0073 0,0195 0,0073 0,0198

10 0,0048 0,0129 0,0048 0t,0132

Man sieht, dass die grösste Abweichung wirklich im Fall a : b =  1 und 
z  r̂ j a erscheint und dass auch die grösste D ifferenz nicht mehr als 0,005 beträgt. 
Bei einem anderen Verhältnis ajb oder im Falle anderer Tiefe ist die A bweichiing 3

3 A rt a Tcchnica X V III /1 — 2.
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noch geringer. (Bemerkt sei, der Verfasser hat die in obiger Tabelle für die Form el 
(10) genannten  Werte m it dem  Rechenschieber errechnet und so kann auch 
die G enauigkeit der praktischen Berechnung erkannt werden.) D agegen sind  
die vergleichenden W erte nicht aus dem Diagram m  gelesen, sondern sie sind  
ebenfalls Rechnungsprodukte. B ei B enutzung von  Diagrammen ist eine Ge
nau igkeit von vier D ezim alstellen auch nicht zu erwarten.

D as bisher gesagte zusam m engefasst kann festgestellt werden, dass die 
A nnäherungsform el (10) fü r  jeden in der P raxis vorkommenden Fall Werte von 
befriedigender Genauigkeit b ietet. In einer einzigen Relation ergibt sich eine 
A bw eichung von 5/1000 Grössenordnung, die aber unwesentlich ist, w enn man 
sie m it den grundlegenden Ausgangsvernachlässigungen der Theorien oder 
z. B . m it den aus den U nsicherheiten der Berechnungsm ethoden von Setzungen  
sich ergebenden Fehlerquellen vergleicht. D agegen gelangt man um den Preis 
der ganz unerheblichen Vernachlässigung zu einer solchen Formel, die für 
die praktische Rechnung —  besonders wienn diese m it dem Rechenschieber ge
sch ieht —  durchaus genügt und die sich dem G edächtnis verhältnism ässig leicht 
einfügt. So wird die Anwendung der bekannten schwerfälligen Formeln über
flü ssig , die auch den N achteil haben, dass zu ihrem  praktischen Gebrauch ein  
H andbuch oder Lehrbuch m it den unentbehrlichen Nomogrammen unerlässlich  
ist. U n d  ausserdem : muss man die Spannung in  Punkten suchen, fü r  die im  
Nom ogram m  die a : b- und zjb- Verhältniszahlen nicht zu finden sind , muss man 
also » nach dem Augenmass« interpolieren, so ist die m it der Formel (10) erreichbare 
Genauigkeit offenbar grösser als die Genauigkeit der Ablesung.

Schliesslich ist es nicht uninteressant, dass durch die beschriebene B erech
nungsm ethode auch die M öglichkeit gegeben ist, die Spannung crz in einem  
beliebigen P unkt unter einer Kreisscheibe zu berechnen.

E s ist bekannt, dass die Form el der Spannung <j2 nur für A chsenpunkte in 
geschlossener Form ausgedrückt werden kann. Für Punkte beliebiger Lage, 
besonders aber für Punkte, die sich unter der K reisscheibe befinden, können in  
einigen beschränkten Fällen nur Tabellen verw endet bzw. kann das bekannte  
N ew m arksche Verfahren benutzt werden.

A u f Grund von Verfassers Untersuchungen lassen sich die Ansprüche der 
P raxis innerhalb einer Fehlergrenze von 0,02 bis 0,03 Grössenordnung noch  
vo llstän d ig  befriedigen, wenn man die betrachtete Kreisscheibe durch ein 
Quadrat von gleicher Fläche ersetzt. Eine Seite dieses Quadrates beträgt dann

a =  r ■ j/я; — 1,77 • r . (17)

D as vorgeschlagene Verfahren hat den Vorteil, dass auch in solchen Fällen  
die Spannung bestimmt werden kann, fü r  die die ausgearbeiteten Tabellen keine 
Werte enthalten und die Interpolation zwischen den zur Verfügung stehenden Werten
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zu grösseren Fehlern führen würde. D ie G enauigkeit der so durchgeführten Berech  
nung erreicht das, was das Newmarksehe Verfahren b ietet, weil bei letzterem  da  
Ablesen von T eilflächen mit gewissen U nsicherheiten verbunden ist.

S C H R IFT T U M

D r . Sz é c h y  K áro ly  : A lapozás I.
(D r. K arl Sz é c h y  : F u n d ie ru n g  I). K özlekedési K iad ó  (Y erkehrsverlag) 1952.

ZU SA M M EN FA SSU N G

Bei de r B erechnung  von  Spannungen , die u n te r  G ründungskörpern  re ch tec k ig e r Form  
en ts teh en , is t die A nw endung  des STEiNBRENNERschen G raph ikons gebräuchlich , w eil d ie  m a th e 
m atisch  genaue F o rm el fü r  die Zwecke de r d ire k te n  B erechnung  re ichlich  schw erfällig  ist. 
D er V erfasser bew eist, dass du rch  E in fü h ru n g  des Z usam m enhanges (8) eine v ie l ein fachere  
u n d  fü r R ech n u n g en  m it dem  R echensch ieber geeignetere  E ndform el abgele ite t w e rd en  k an n  
(Form el 10). D er so begangene F eh ler ü b e rsch re ite t n ic h t  den  W ert von Aaz/p  =  5 /1000 , was 
die A nsprüche de r P ra x is  vollkom m en b efried ig t, im  G egenteil, da  m an  beim  G ra p h ik o n  in te r 
polieren  m üsste , g ib t die B erechnung m it de r F o rm e l genauere  E rgebnisse. A u sse rd em  w ird 
m it der A nw endung  der Form el (10) de r G eb rau ch  des G raphikons ganz ü b erflü ssig .

D er V erfasser verw eist ferner d a rau f, dass fü r  S p annungen , die an  belieb igen  P u n k te n  
u n te r  einer K reisscheibe en ts teh en , m it g u te r  A n n äh eru n g  innerhalb  von  2— 3 %  Feh lern  
gerechnet w erden  k a n n , w enn m an  den K re is  d u rch  e in  Q u ad ra t von gleicher F läch e  erse tz t.

C O N T R IB U T IO N S TO T H E  CO M PU TA TIO N  O F  T H E  P E R M IS SIB L E  SO IL  P R E S S U R E  
A N D  O F  STR ESSES A R IS IN G  U N D E R  FO U N D A TIO N S

II . A P P R O X IM A T E  CALCULATION S O F  S T R E S S E S  U N D E R  ISO L A T E D  FO O T IN G S

L. VARGA

SU M M A RY

F o r th e  ca lcu la tio n  o f rec tan g u la r foo tings th e  ap p lica tio n  o f th e  S te in b re n n er fo rm ula  
is ro u tin e , because  th e  m ath em atica lly  precise  fo rm u la  is cum bersom e fo r d ire c t ca lcu la tion . 
T he p a p e r d em o n s tra tes  th a t  w ith  th e  in tro d u c tio n  o f  th e  approx im ate  re la tio n  8 a m uch  
sim pler fo rm ula , m ore  su itab le  fo r slide ru le  c o m p u ta tio n  can be deduced (F o rm u la  10). T he 
erro r th u s  co m m itted  does n o t  exceed th e  v a lu e  o f  Ааг/ p 0 =  5/1000, w hich fully  sa tis f ie s  p rac tica l 
requ irem en ts. M oreover, i f  in te rp o la tio n  is n ecessary  in  th e  g raph , calcu la tion  b y  th e  fo rm ula  
gives a  m ore a cc u ra te  resu lt. Besides th is , th e  u se  o f  fo rm ula  10 m akes th e  ap p lica tio n  
o f  th e  g raphic e n tire ly  superfluous.

T he p a p e r  d em o n s tra tes  m oreover, t h a t  th e  s tre ss  arising a t  an  a rb itra ry  p lace  u n d e r 
a  c ircu lar slab  can  be com puted  w ith  good a p p ro x im a tio n  —  a to lerance o f  2— 3 %  —  if  th e  
c irc le  is su b s ti tu te d  b y  a square  o f  eq u iv a len t surface .

3 *
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C O N T R IB U T IO N  AU CA LC U L D E S  PR E SSIO N S A D M ISS IB L E S SU R  L E S  SO LS E T
D E S  TEN SIO N S SE  P R O D U IS A N T  SOUS L E S  M ASSIFS D E  FO N D A T IO N

I L  C A L C U L S A PPR O C H A N T S D E S  T EN SIO N S S E  P R O D U IS A N T  SOUS D E S M A SSIFS
D E  FO N D A TIO N  CLOS

L. VARGA

R É SU M É

L es  tensions qu i se p ro d u ise n t sous les m assifs de fo n d a tio n  rectangu la ires so n t gén é
r a le m e n t  calculées à l ’aide d u  g ra p h iq u e  de S te in b re n n er, la  fo rm ule  exacte au  p o in t d e  vue  
m a th é m a tiq u e  é ta n t tro p  e n c o m b ra n te  p o u r le  calcu l d irec te . L ’au te u r dém ontre  q u e  p a r  
l ’in tro d u c t io n  de la  re la tio n  (8), o n  o b tie n t une  fo rm u le  f in a le  beaucoup plus sim ple  e t  se 
p r ê ta n t  m ie u x  au  calcul p a r  la  règ le  à  calcul (form ule 10). L ’e rre u r ainsi com m ise ne  dépasse  
p a s  la  v a le u r  de A oz/p  =  5/1000 ce qu i sa tis fa it e n tiè re m e n t a u x  exigences de la  p ra tiq u e ,  
d e  p lu s , v u  que dans le g ra p h iq u e  on  d e v ra it re co u rir à  u n e  in te rp o la tio n , le calcu l p a r  la 
fo rm u le  fo u rn it  des ré su lta ts  p lu s  ex ac tes . D ’ailleurs l ’a p p lic a tio n  de la form ule (10) é lim ine  
la  n é cé ss ité  de  l ’u tilisa tio n  d u  g rap h iq u e .

L ’a u te u r  ind ique en o u tre  q u ’un e  tension  se p ro d u isa n t  d an s un  p o in t quelconque  sous 
u n  d isq u e  c ircu la ire  p e u t ê tre  calcu lée  avec une  b onne  a p p ro x im a tio n  — une e rre u r de  2 à 
3 %  — e n  rem p laçan t le cerc le  p a r  u n  carré  de la  m êm e surface.

К  Р А С Ч Е Т У  Д О П У С К А Е М Ы Х  Н А Г Р У З О К  Г Р У Н Т О В  
И В О З Н И К А Ю Щ И Х  П О Д  О С Н О В А Н И Я М И  Н А П Р Я Ж Е Н И Й

II . П Р И Б Л И Ж Е Н Н Ы Е  Р А С Ч Е Т Ы  Д Л Я  В Ы Ч И С Л Е Н И Я  Н А П Р Я Ж Е Н И Я  
П О Д  З А М К Н У Т Ы М И  О С Н О В А Н И Я М И

Л . В А Р Г А

РЕ ЗЮ М Е

Д ля вычисления напряжений, возникающих под прямоугольными четырехуголь
ными основаниями, обычно используется график Штейнбреннера, так как использование 
для непосредственных расчетов математически точной формулы является очень затруд
нительным. Автор показывает, что введением приближенной зависимости 8 можно вы
вести более простую формулу, пригодную для производства вычислений при помощи 
счетной линейки (формула 10). Получающаяся при этом погрешность не превышает 
5/1000 , что полностью удовлетворяет практическим требованиям, более того, в тех 
случаях, когда необходимо при пользовании графиком производить интерполяцию, вы
числения при помощи формулы дают более точные результаты. В случае использования 
формулы 10 можно полностью избежать пользования графиком.

Кроме того указывается, что напряжение, образующееся в любом месте под кру
гом, может быть вычислено с хорошим приближением при погрешности порядка 2—3%, 
если вместо круга вычисление производить для квадрата идентичной площади.
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In the technical literature, the testing o f  sized rovings has only been known  
since 1952.

In an article discussing “ The Evaluation o f T extile Sizes” in the Septem ber 
1952 issue of the T extile Research Journal, K in g , W e i l , Co n d o  and R u t h e r f o r d  
stated  that the testing  of sized yarn gives no adequate inform ation concerning 
the effect of sizing on loose, untw isted, “ slubby” portions o f the yarn, and such 
effect could be better determ ined by testing sized roving. In the yarn, slubby 
sections are com paratively rare, and therefore their exam ination is rather 
cumbersome. H owever, as there is a sim ilarity betw een the slubby parts o f the  
yarn and the roving, the m ethod derives conclusions applicable to  the slubs 
b y  exam ining th e  effect o f sizing on the roving.

R. Sc h u tz  and S. Ma r g u ie r  report on their experim ents w ith sized ro
vings in the Decem ber 1953 issue o f the Bulletin  de l’Institut T extile de France.

This paper reports on a new  m ethod of testin g  sized rovings, more sensitive  
than  the ones known so far, and which is therefore more appropriate both  for 
th e  theoretical and practical exam ination o f th e  efficacy of sizing. Our exam ina
tions also revealed correlations betw een the exten t of size uptake, its character 
and the abrasion-resistance o f the roving.

Purpose o f  testing sized rovings

At first, the sizing o f rovings was m erely in tended to  observe the effect of 
sizing on the slubby parts o f th e  yarn. Later, however, the m ethod proved fit  
for the general exam ination o f sizing.

The breaking strength o f drafted cotton rovings used for the tests  am ounts 
to  not more than  6— 12 g, and owing to the loose structure, its abrasion-resistance 
is below the m easurable level. A gainst th is, th e  breaking strength o f the sized  
roving reaches 2— 3 kg, and its  resistance to  abrasion is considerable. Comparing 
the properties o f  the sized yarn w ith those o f  the sized roving, the following  
were observed :
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Sizing  generally increases th e  breaking strength of the yarn b y  10 to  30 
percent, while the breaking strength  o f the roving is increased by several thousand  
p ercents b y  sizing. Obviously, th e  effect of sizing is more clearly apparent on 
th e  rov in g  than on the yarn.

G oing one step further, we m ight state  that exam ination o f th e  size 
f ilm ’s properties yielded a picture th at was even more characteristic o f th e  size 
th an  th e  one observed on sized rovings. The preparation o f the film  and the 
ex ecu tio n  o f the tests is, how ever, slow and cumbrous. The thickness o f  th e  film  
cannot b e accurately determ ined. B esides, the m ethod requires laboratory work, 
w hich  n ever fully corresponds to  actual working conditions. Abrasion resistance 
te s ts  o f  th e  film  have not y et been worked out.

H en ce, the purpose o f our exam inations was to  observe the size uptake, 
breaking strength, elongation and abrasion resistance of the sized roving, and 
to  d eterm ine under the m icroscope, the effect o f the sizing factors, wherefrom  
th e  q u a lity  of sizing m ay be judged.

In  our experiments, the following factors were exam ined w ith regard to  
the q u a lity  of sizing :

1. The effect o f starch concentration.
2. The effect of size tem perature (determ ination o f the notion o f super

fic ia l and  useful size uptake).
3. The effect of repeated sizing.
T h e following statem ents m ay be derived from our experim ents :
a )  A  correlation exists betw een the abrasion resistance of the roving and 

its size  uptake.
b)  The increase of abrasion resistance is not proportionate to  th e  size 

up tak e, b u t depends on its character, according to  the two peaks o f the size 
uptake diagram  : in this context, we m ay distinguish between the so-called super
fic ia l and  useful size uptake.

c)  The increase o f abrasion resistance is essentially  proportionate w ith  
th e  increase of the useful size uptake.

d )  Useful size uptake is a function of the size viscosity.
e)  A n  effective m ethod o f increasing useful size uptake is th e  repeated  

sizing o f  the roving ; this m arkedly im proves resistance to abrasion.
f )  Repeated sizing produces increased size uptake, not only w ith  starch  

sizes, b u t also with flour sizes.

Method o f sizing and testing rovings

R ovings were sized w ithout changing actual working conditions. Before 
entering  th e  size box, we tw isted  the roving to  one of the warp threads, conducted  
it th rou gh  the box and passed it  betw een the squeeze rolls together w ith  the warp 
thread.
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It passed through the drying cham ber w ith the warp, and on emerging 
from  it dry, it was reeled by hand at the rate at which it was fed into the sizing 
m achine.

Twin-cylinder Sucker, TDC, 11-reel sizing machines were used for the 
te sts . The circum stances were fu lly  corresponding to operating conditions 
(tem perature, size com position, m achine speed, etc.). 40— 50 m o f roving were 
sized in each batch.

Breaking tests  o f  the untreated rovings were performed on a Schopper 
pendulum -type yarn tester.

For breaking te s ts  of the sized rovings, a Schopper F. 100 motor-driven  
te ster  w ith diagram recorder was used.

Abrasion-resistance tests were m ade on an abrader at the Departm ent 
o f T extile Technology o f the Budapest T echnical U niversity, constructed by  
KÓCZY*. 50 to 100 g pre-loading was applied to  each yarn.

Separate test were made with three rovings, each of which had been sized 
differently, to exam ine the results, variation and reproducibility o f the abrasion 
te s t  results.

Roving No. 1 : sized with high starch concentration.
Roving No. 2 : sized with low starch concentration.
Roving No. 3 : repeatedly sized with low  starch concentration.
Thirty specim ens of each roving were subjected to abrasion (in 9 series of  

test), and the follow ing results were obtained :

No. 1

R o v i n g  

No. 2 No. 3

M ean value o f w earin g  tests ................. 81,0 15,6 112,0

S tan d ard  d e v ia tio n  ...................................... 30,3 5,12 33,8

Coefficient o f v a r ia tio n  ............................ 38,0 32,8 30,2

E rro r of th e  m ean  v a lu e ....................... * 6,7 1,4 7,5

A ctual m ean v a lu e  ..................................... 8 1 ,0 ± 6 ,7 1 5 ,6 ± 1 ,3 8 1 1 2 ,0 ± 7 ,5

* w ith  96,6 p e r c e n t sta tis tica l p ro b ab ility .

It Avili be seen from the above test results that their variation amounts 
to  30— 40 percent. In  spite of that, taking into account the errors o f the mean 
value, the calculated m ean values are w ell-defined, the abrader results have ade
quately  dem onstrated the resistance o f the three differently sized rovings.

The diagram o f  the abrasion is shown in  Fig. 1. The curve showing the 
resistance of the various yarns has been substituted  by a characteristic straigth  
line.

* K oczy  : Az irezés h a tá sá t v izsgáló k o p ta tó  m űszer (A cadem ic re p o rt, 1952) and 
K e l e n  : Az irezés tu d o m á n y o s a lap ja i (M agyar T ex tiltech n ik a , O ct. 1952).
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N um ber o f  abrasion s ( f o g )

Fig. 1

Test No. 1

T he effect of size m ixtures o f  various concentration was exam ined. T echnic
al specifications of the rovings used are tabled below.

Technical data o f  the components

C otton quality

I  CA 0  HA
(90 per cent) (10 per cent)

F ib re  count N m  ........................................... 5300 5300

F ib re  b reak ing  s tre n g th , g ..................... 4,6 4,9
M odal len g th  m m ......................................... 29,0 28,7

F ib re  b reak ing  len g th , k m ........................ 24,4 25,2

Technical data o f  the roving

R oving  tw is t /m  ............................  80
C ount o f ro v in g  N m  .................4,8 —5,0

S ize s  used fo r  the tests

Chemicals
B ath 

No. 9
B ath 
No. 3

B ath 
No. 1

M aize s ta rch , k g ................. 37,5 32,0 25,0

F lo u r sw eepings, kg . . . . 5,0 - -
U niversol* , kg ................... 2,2 1,6 1,2

G lycerine, kg ...................... 0,5 0,5 0,5

* 36 — 40 p. c. f a t ty  a c id  
6 —10 mg N aO H /g  

50 — 55 p. c. m o is tu re  c o n te n ts
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Method o f  size preparation

Add the starch, flour sweepings and the Universol in to  400 It water o f  
about 25— 30 °C tem perature. H eat w ith direct steam  while stirring. Boil for 
5 m inutes, and add the glycerine after the s iie  is cooked. The m ixture yields 
500 It o f  size.

The size should have a tem perature of 85 °C. The sized rovings were tested  
for abrasion resistance and broken. A basic load o f 100 g per roving was used 
for testin g  abrasion resistance.

The diagrams o f abrasion-resistance tests  plotted (Fig. 2) clearly show  
th at the roving sized in  bath N o. 9 is more resistant than the ones sized in baths 
3 and 1. The differences in the breaking strength do not adequately  express 
differences in abrasion resistance.

In  Fig. 2, the logarithm s o f the abrasion numbers were em ployed. The 
abrasion curves m ay, w ith slight correction, be substituted  b y  characteristic 
straight lines.

Comparative data

Breaking strength
g

A verage of the 
num bers of 
abrasions

U nsized r o v in g ............................................... 12,1 0

Sized in  b a th  No. 3. ................................. 2120,0 166,2

Sized in  b a th  No. 9 ...................................... 2200,0 213,2

Sized in  b a th  No. 1...................................... 2063,0 148,8
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T he behaviour o f slubs in  th e  yarn during w eaving —  which is o f crucial 
im portance for weaving —  can be concluded from th e breaking length  of 
th e  sized  roving.

N u m ber o f  abrasions d o g )  

F ig. 3

T he breaking strength  o f  cotton warp yarn processed with the usual 
sp inn ing  method is about 11 k m ; sizing increases it  b y  about 20 percent, bringing 
th e  breaking length up to  13,2 km .

From  an analysis o f  th e  breaking length o f  sized rovings, the following 
com parative data have been  obta ined  :

Count No. 
Nm

R o v i n g

Breaking
streng th

g

Breaking
length

km

R o v in g  sized in b a th  N o. 3 ..................... 4,9 2120 10,4

R o v in g  sized in b a th  N o. 9 ..................... 4,8 2200 10,6
R o v in g  sized in  b a th  N o. 1 ..................... 4,8 2063 9,9

T hese data show th a t a lthough  the roving is substantially  reinforced by  
sizing , it  does not reach th e  breaking length o f th e  average yarn, though it 
c lose ly  approaches that o f  an  untreated  yarn.

B a th  No. 9 seem ed to  h ave the most propitious effect, both from the 
poin t o f  breaking strength an d  o f abrasion resistance.

T he higher efficacy can b e  attributed only to  th e  higher starch concentra
tion  o f  b a th  No. 9. H igher concentration entails greater size pickup, which in



turn is responsible for the increased abrasion resistance. In the follow ing, we shall, 
however, dem onstrate th at the notion o f size pickup itse lf requires elucidation, 
and that we m ust discrim inate betw een various kinds o f size pickup in  th e  func
tion  of the viscosity  even where their concentration percentages are equal.

Accordingly, abrasion-resistance also varies under the effect o f  the various 
kinds o f size pickup.

E xam ining the adhesive effect o f sizes*, the following average values 
were obtained :

B ath N o. 9 r9 =  13,5 kg/cm 2.
B ath N o. 3 r3 =  12,1 kg/cm 2.
B ath N o. 1 rx =  11,6 kg/cm 2.

T ests concerning the shearing strength o f the adhesion confirm ed th e  above 
findings.

Test No. 1 proved that —  w ithin  the lim its of the test —  th e size bath 
of higher concentration increases the breaking strength and abrasion-resistance, 
providing the conditions of sizing otherwise unchanged.
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Test No. 2

In this experim ent, the effect o f  uniform ly prepared sizes w as observed 
in  the function of diverse sizing tem peratures.

Size com position and cooking specifications were as in te s t  N o. 1. The 
sizing paste was cooled to  65 °C, and the roving was sized once m ore. The results 
o f  the tw o exposures are compared in  F ig. 4. B y  comparing th e  resu ltant data 
and the diagrams, it w ill be seen th a t the roving treated at 85 °C was more 
resistant to  abrasion ; besides, such a comparison will dem onstrate th e  high 
susceptib ility  of our test.

C omparative data

Breaking Average of
streng th th e  num bers of

8 abrasions

Sized a t  85 °C ................ 2200 512,6

Sized a t 65 °C ................. 1800 209,6

Factor of 
breaking 
strength  
increase

182

149

During the continued tests , size tem perature was gradually raised by 
steam  regulation.

The com parative results o f th e  tests  y ielded the following data  :

K elen : Irf ilm ek  v izsgálata . M agyar T ex tiltech n ik a . M ay 1955.
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Sizing
tem perature

°C

B reaking
streng th

g .

A verage of 
abrasions

Factor of 
breaking 
strength 
increase

64 1795 160,9 148

66 2050 160,0 169

74 1918 204,2 158

8 6 1904 378,8 157

93 1880 292,6 155

97 1870 245,4 154

99 1872 228,0 154

Abrasion-resistance o f  th e  rovings is shown b y  Figs. 4 and 5. According  
to  F ig . 5, abrasion-resistance increases with th e  rising tem perature, up to  86 °C, 
w hereafter it declines again.

0 - 5  6  7 8 9 1 0 *  7 3  0  5  6  7 8 9 Ю 3 7
N u m ber o f  abrasions

Fig.  4

T he curve of the b reak ing  strength first rises to  decline afterwards. The 
increase in  abrasion-resistance m ust be attributed to  th e  formation of a thicker 
p rotective  film . This film  is form ed by the fibres and th e  size m ixture, hence its  
th ick n ess is nearly proportionate with the add-on o f size. Abrasion-resistance is 
on ly  increased by the q u an tity  o f  starch penetrated betw een  the fibres, whereas 
th e  size adhering to the yarn  surface readily wears o ff w hen exposed to abrasion. 
The variation  of the breaking strength appears to  be a function of the size 
u p tak e.

I f  th e  roving is sim ply dipped into size w ith ou t being passed through  
th e  squeeze rolls, the size w ill n o t penetrate betw een  th e  fibres of the roving,
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b u t w ill be deposited on the surface. A gainst this, when th e  sized  roving is 
passed through the squeeze rolls, the size m ixture will penetrate in to  the roving 
and som e of the fibres w ill stick together. These fibres will not slip on breaking 
th e  roving, but will resist the breaking force. The roving will on ly  break i f  the 
roving is subjected to  a force of such m agnitude that will tear apart the fibres 
stuck  together, and w ill overcome the friction of the contacting fibres, causing 
th em  to  slip apart.

The greatest portion o f the dry substance of the sizing solution  consists 
o f  starch. The v iscosity  of starch sizes is proportional to the tem perature, the 
concentration and the degree of breaking up. In our experim ent, th e  concentra
tion  and the degree of breaking up are practically constant, so th a t viscosity  
is  a function of the tem perature alone.

The rovings sized at 64 and 66 °C were immersed into size o f high viscosity. 
The size did not fully penetrate into the roving, on m iscroscopic inspection, 
ca v ities  were observed which were not filled  with starch.

The microscopic aspect of yarns sized betw een 74 and 94 °C showed that 
b y  decreasing viscosity , the penetration o f size betw een the individual fibres 
increases.

The analysis o f size uptake yielded the following data :

S izin g  temperature °C Percentage o f size p icku p

58 22,8

65 21,0

71 19,8

78 19,1

85 24,0

91 23,1

Plotting the above data into diagram 5, the curve of the size uptake will 
b e seen  first to decline and then to  rise again. The curve has tw o peaks : the first 
is a result of the v iscosity  of the size bath  (at 58 °C), the second is situated  at 
about 85— 90 °C. The character of the tw o peaks is, however, en tirely  different. 
W here the high size uptake is due to  high viscosity , a portion o f th e  size is depo
sited  on the surface, while the lower v iscosity  at about 85 °C perm its o f  the penet
ration  o f the starch.

The second peak of the size pick-up curve nearly coincides w ith  the m axi
m um  value of the abrasion resistance. This indicates that the size penetrated into 
th e  internal layers of the roving, and sticking the fibres together, has a beneficial 
effect on abrasion resistance, while the size that is not bound b y  the fibres 
wears off sooner when exposed to  abrasion.

In  Fig. 5, size uptake at about 85 °C is expressed by point I ; it  shall be 
•called the useful size uptake.
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On penetrating b etw een  th e  fibres, the size m akes them  stick together and 
form s w ith  them  a protective layer that resists abrasion. This layer is hard to  
be abolished, because th e  starch  wears off but slow ly betw een  the fibres.

Size uptake at about 60 °C is shown by point II  in Fig. 5 ; let us call it 
superfic ia l size uptake.

A verage
a brasion s

T he superficial size u p tak e also forms a coat w hich resists abrasion. This 
p rotective  coat, however, lack s stability  and the starch crumbles off readily. 
This statem ent holds good also for the process o f  yarn  sizing, as is proved by  
th e  crum bling off o f the size in  the weave room, in  consequence of inadequately  
broken  up starch or cold sizing . The effect of both  is th e  same : an increase of 
v isco sity .

Test No. 3

R epeated sizing o f rovings

In  our experiment, w e endeavoured to produce a more resistive protective  
coat b y  repeated sizing. Our purpose was to assure a higher size pickup. Previous 
te s ts  unanim ously evidenced th a t resistance to  abrasion was proportional to  the  
q u a n tity  of starch penetrated  in to  the roving.

Microscopic sections o f  th e  rovings showed th a t th e  starch film  was deposi
te d  betw een  the outer fibres. Consequently, it  could be assumed that the film  
form ed on the first sizing m ight im pede subsequent starch uptake. Still, it seem ed  
probable that size uptake w ould  increase as a result o f  repeated sizing.

Experim ental observation  showed that an increase in the size uptake did 
not invariably set in upon repeated  sizing, but was on ly  discerned in a marked
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degree where the rovings were dried betw een subsequent sizing processes. W here 
th is was done, the add-on of size was significant, and was accompanied b y  a mark
ed rise in abrasion-resistance. The latter observation confirmed our experience 
th a t resistance o f abrasion is proportional to the quantity of the starch penetra
ted  into the yarn.

;
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4 5 6 789 /02 2 3 6 5  6 7  8 9 103 2 3  6 5 6 7
N u m ber o f  a b ra sio n s (  f og )

F ig. 7

Roving a)  was sized as described above (bath No. 9) ; roving b)  w as dipped  
again into the size box  after a first im m ersion, and was passed on in to  the drying  
cham ber after a second im m ersion and squeezing (Fig. 6). R oving c )  was first 
sized in  exactly the same m anner as roving a ) ,  except that after drying it  was 
sized once more.

The efficacy o f  sizing by the three m ethods is shown in the follow ing tab le, 
as well as in diagram 7.
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Comparative data

Roving
Breaking
strength

g

A verage num ber 
o f abrasions

Factor of increase 
in breaking strength

a)  ........................... 2085 337,9 172

b) ........................... 2056 350,3 170

c)  ........................... 3085 2549,0 254

Diagram  7 shows the striking rise of the abrasion-resistance o f  roving c)  
th a t  has been repeatedly sized, whereas the abrasion-resistance of rovings a)  
and b) is about equal.

There is also a sign ificant rise in the breaking strength of the re-sized 
roving.

Through repeated sizing, the breaking length  o f  the roving may be increased  
to  such ex ten t that its  value reaches even th a t o f  th e  yarn.

Assum ing th at th e  slubby portions o f the warp yarn have a character si
milar to  that of the roving, the breaking strength o f these portions w ill presu
m ably be substantially increased by repeated sizing.

The comparison o f the behaviour of rovings b) and c) yields a remarkable 
result. In  both processes, the roving is passed tw ice through the size box. R oving
b)  is  d e liv e re d  b a c k  in to  th e  b o x  w hile  s ti l l  d a m p , ro v in g  c) is d r ie d  b e fo re  
b e in g  im m e rse d  a g a in  in to  th e  V at. R e-s iz ing  w as  e f fe c tu a l  on ly  w ith  th e  m e th o d
c )  , from which we concluded th at moisture contents m ust first be rem oved from  
the roving by drying, to  perm it of the penetration o f the fresh size.

Test No. 4

Repeated sizing with various size mixtures

The photomicrograph o f sized rovings shows numerous cavities among 
the fibres o f the roving sized once.* The cause o f th is is inadequate size uptake, 
as a result o f which the starch did not im pregnate th e  roving. R oving b)  also 
shows dark, cavernulous fie lds. Also, it is rem arkable that the roving forms no 
“ closed” unity . In analysing th e  effect o f sizing, N e u m a n  referred to the com pact
ing effect o f sizing on th e  yarn. R u f f  and R a m s t a h l e  also used the term  “ closed” , 
which is an essential point in the subjective stu d y  o f sizing. Roving c) satisfies 
also th a t requirement : it seem s to be com pletely saturated with size m ixture.

For an exam ple, we refer to photomicrographs Nos 8 —11, which  
•confirm th at repeated sizing increases the size uptake and abrasion-resistance

T h e  d ark  p a tch es in d ic a te  s ta rch  sta ined  w ith  iod ine .
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Fig. 8. Sized w ith  b ro k en  rice flour

Fig. 9. Sized re p ea te d ly  w ith  b roken  rice flour

4  Acta Teohnica X V III/1— 2.
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Fig. 10. Sized w ith  m aize  s ta rc h

Fig. 11. Sized repeated ly  w ith  m aize  s ta rch
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o f the roving even where the size baths have been composed from various in 
gredients.

Ttvice sized rovings show invariably a m ore com pact structure.
This experim ent proved that repeated sizing entailed an increase in th e  

size uptake irrespective of the kind of basic ingredients used for the size m ixture.
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SU M M A RY

F o u r series o f  experim en ts  w ith  sized rovings p ro v ed  th a t  resistance to  ab ras io n  was 
a  sensitive  in d ex  o f  th e  e fficacy  o f sizing. In  sp ite  o f  th e  30— 40 per cen t coefficient o f  v a ria tio n  
th e  average  v a lu es are  w ell-defined, and  y ield  ad eq u a te  s ta tis t ic a l  safety . T he s ta te m e n ts  deriv ed  
w ere o f  a k in d  th a t  hav e  n o t been d em onstrab le  as y e t  b y  th e  ex am ination  o f  sized y a rn s . 
T he conclusions deriv ing  from  th e  ex p erim en ta l re su lts  a re  sum m arized  in  th e  follow ing.

1. T he sizing o f  rov ings confirm ed th a t  size m ix tu re s  p rep ared  w ith  h igher s ta rc h  con
c e n tra tio n  re su lt in  h igher size u p tak e , o th e r  sizing c ircum stances being  equal. A p p ro p ria te  
v isco sity  assures g re a te r  resistance  to  ab rasio n  an d  g en era lly  a h igher b reak ing  s tre n g th .

2. E x am in in g  size u p tak e  in  th e  fu n c tio n  o f th e  size tem p e ra tu re , th e  d iag ram  p lo tte d  
will show  tw o p eak s : th e  f ir s t  is due to h igh  v iscosity , a n d  th e  second to  th e  ad eq u a te ly  reduced  
v iscosity .

3. T he n a tu re  o f  th e  size u p tak e  observed  a t  th e  tw o peaks is th o ro u g h ly  d ifferen t.
A sig n ifican t p o rtio n  o f th e  m ax im um  size u p ta k e  due to  h igh v iscosity  is d ep osited

on  th e  surface o f  th e  rov ing , while p a r t  o f  th e  easy-flow ing size will read ily  p e n e tra te  in to  
th e  roving. T h e  fo rm er size u p tak e  is called  “ su p erfic ia l”  size u p tak e , th e  la t te r  “ u se fu l”  
size u p tak e .

I t  has been  d e m o n s tra ted  th a t  th e  rov ings’ re sis tan ce  to  abrasion  and th e ir  b reak in g  
s tre n g th  is su b s ta n tia lly  h igher a fte r usefu l th a n  a f te r  superficial size u p tak e .

4. B y  ra is in g  th e  tem p era tu re , v iscosity  is fu r th e r  dim inished. The size p e n e tra 
te s  also in th is  case in to  th e  in te rn a l layers o f  th e  ro v in g , b u t  w hen passed  th ro u g h  th e  
squeeze rolls, th e  low  v iscosity  s ta rch  is read ily  rem o v ed  to g e th e r w ith  th e  m oistu re .

5. T he ab rasion -resistance  o f  rovings can  be su b s ta n tia lly  increased  by  re p ea te d  sizing. 
(B y  rep ea ted  sizing, th e  process o f d ry ing  th e  sa tu ra te d  rov ings, and  th e re a fte r  o f  sizing  an d  
d ry in g  th em  ag ain  is m ea n t.)

6. R ep ea ted  sizing o f  dam p rovings sa tu ra te d  w ith  size does n o t influence e ith e r  th e  
rov ings’ re sis tan ce  to  ab rasion  or th e ir  b reak ing  s tre n g th . B efore rep ea ted  sizing, a ll u n n e 
cessary  m o is tu re  m u s t be rem oved  from  th e  rovings.

7. T he ro v in g ’s size u p ta k e  increases upon  re p e a te d  sizing. Subsequen t sizings will 
increase  th e  size u p tak e , w hich produces a fu rth e r in crease  in  th e  resistance to  ab ras io n  and  
in  th e  b reak ing  s tren g th .

8. T he e ffec t o f  rep ea ted  sizing consisting  in  a  h igher size u p tak e  m ay  be in v a riab ly  
d e m o n s tra ted  w ith  s ta rch es m ade of d iffe ren t basic m ate ria ls .

4*
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U N T E R SU C H U N G  D E S  S C H L IC H T E F F E K T E S  A N  G E S C H L IC H T E T E N  '  
B A U M W O L L V O R G A R N E N

M. Z IL A H I, D oktor der techn. W iss., u nd  I. K ELE N

ZUSA M M ENFASSUN G

V ie r V ersuchsreihen m it gesch lich te ten  V orgarnen  h aben  b estä tig t, dass d e r E in flu ss  
des S c h lich ten s  a u f  die Scheuerfestigke it von  V orgarnen  m it grosser V erlässlichkeit n achge
w iesen  w erd en  kann . O bw ohl d ie V a ria tionskoeffiz ien t 30 —40%  b e trä g t, sondern  sich  die 
S ch eu eru n g s-D u rch sch n ittsw erte  v o n e in an d er gu t a b , u n d  ih re  s ta tistische  S icherhe it i s t  e n t
sp re ch e n d . D ie V erfasser sind  zu  solchen F ests te llu n g en  ge lang t, die an  gesch lich te ten  G arnen 
b ish e r  n ic h t  nachgew iesen w erden k o n n ten . Die Schlussfo lgerungen können  aus den V ersuchen 
w ie fo lg t zusam m engefasst w erden  :

1. D as Schlichten von  V o rgarnen  h a t  bew iesen, dass bei sonst u n v e rän d e rten  B ed in g u n 
gen  e in e  m it grösserer S tä rk ek o n zen tra tio n  zu b ere ite te  S ch lich tflo tte  grösserte  A ufnahm e von 
S c h lic h tsu b s ta n z  erg ib t. W enn d as Sch lich ten  m it en tsp rech en d er V iskositä t vorgenom m en 
w ird , so k o m m t dies in grösserer S cheuerfestigkeit u n d  im  allgem einen in  grösserer R eissfestig
k e it  z u m  A usdruck .

2. W en n  die S ch lich tsu b stan zau fn ah m e in  d e r  F u n k tio n  der T em p era tu r u n te rsu c h t 
w ird , ze igen  sich im  Schaubild  zw ei M axim a. Das e rste  M axim um  w ird  von hoher V isk o sitä t, 
d a s  a n d e re  M axim um  von  en tsp rech en d  h e rab g ese tz te r V iskositä t hervorgerufen .

3. D ie b eo bach te ten  S ch lich teau fnahm e bei d en  zwei H öchstw erten  sind  von  gänzlich  
v e rsch ie d en e n  C harak ter.

E in  bedeu ten d er Teil de r zufolge hoher V isk o sitä t en ts tan d en en  m ax im alen  S ch lich te
a u fn a h m e  se tz t sich an  de r O berfläche  des G arnes ab . D ie dünnflüssige S ch lich tflo tte  e rm öglicht 
e in  te ilw e ises  E indringen  de r S ch lich tsu b stan z. Die e rs te  A rt de r Schlichteaufnahm e w ird  »O ber
fläc h en a u fn ah m e « , die zw eite  »n ü tzlich e«  S ch lich teau fn ah m e genann t.

E s  k a n n  festgeste llt w erden , dass im  Falle de r « n ü tzlichen»  Schlich teau fnahm e, d ie e n t
s te h e n d e  Z unahm e der V erschleiss- u n d  Z ugfestigkeit w esen tlich  grösser is t, als d ie e n tsp re 
c h e n d e n  W erte  bei der » O b erflächenaufnahm e«  der S ch lich tsubstanz.

4. D ie Steigerung de r T em p era tu r  v e rrin g e rt w e ite r  d ie V iskosität. A uch in d iesem  Fall 
d r in g t  d ie  Sch lich tflo tte  in  die in n ere n  Schichten  des V orgarns ein, jedoch  w ird eine S ch lich t
f lo t te  m it  geringerer V iskositä t m it  de r Ü bersch u ssfeu ch tig k e it zusam m en, durch  d ie Q ue tsch 
w a lzen  le ic h t en tfern t.

5. D u rch  w iederholtes Sch lich ten  kan n  die S cheuerfestigkeit de r V orgarne bed eu ten d  
g e s te ig e r t  w erden (u n ter w ied erh o ltem  Schlichten  v e rs teh e n  w ir einen V organg, be i w elchem  
d as  V o rg a rn  n ach  S ä ttigung  g e tro c k n e t u n d  dan n  n o chm als gesch lich te t und  g e tro ck n e t w ird).

6. D as w iederholte  S ch lich ten  de r m it S ch lich tsu b stan z  g esä ttig ten  nassen  V orgarne 
b r in g t  k e in e  V eränderung  de r Scheuerfestigke it no ch  d e r R eissfestigkeit der V orgarne. Vor 
W ied e rh o lu n g  des Schlichtens m üssen  die V orgarne von  ih rem  überflüssigen  W assergehalt 
b e f re i t  w e rd en .

7. B ei w iederholtem  S ch lich ten  s te ig t die S ch lich teau fnahm e des V orgarns. B ei w eite rer 
W ie d e rh o lu n g  des Schlichtens w ird  d ie S ch lich tsu b stan zau fn ah m e noch höher, w as m it  einer 
w e ite re n  S te igerung  der Scheuerfestigke it u n d  R eissfestigke it des V orgarns v e rb u n d en  is t.

8. D ie e rhöhte  W irk u n g  d e r w iederho lten  S ch lich tsu b stan zau fn ah m e k an n  be im  Schlich
te n  m it  S tä rk en  von versch iedenem  U rsp rung  in g leicher W eise nachgew iesen w erden.

R E C H E R C H E S  SU R L ’E F F E T  D E  L ’EN C O LLA G E D E S  M ÈC H ES D E  COTON E N C O L L É E S

M. ZIL A H I, docteur des sciences techniques e t I . K ELEN

R É SU M É

Q u a tre  séries d ’essais avec des m èches encollées o n t confirm é que l ’influence de  l ’encollage 
su r  la  ré s is ta n c e  au fro tte m en t e t  la  ré sistan ce  dynarnom etrique  des m èches p e u t  ê tre  
d é m o n tré  n e tte m e n t. M algré u n e  d ispersion  de 30 — 4 0 % , les m oyennes son t b ien  séparées, 
l ’u n e  de  l’a u tre , e t leu r sû re té  s ta tis t iq u e  est su ff isa n te . Les au teu rs  so n t a rriv é s  à  des
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conclusions lesquelles n ’o n t  pas encore p u  ê tre  d é m o n trée s  sur des fils encollés. L es conclusions 
q u i  p e u v e n t ê tre  d é d u its  des essais o n t é té  g roupées com m e su it :

1. L ’encollage des m èches aussi a d é m o n tré  q u e , to u te s  au tres c irco n stan ces égales, 
les colles à  p lus fo rte  te n e u r  en  am idon  cau sen t u n e  a b so rp tio n  plus élevée de  la  colle. E n  u tili
s a n t  une  viscosité  ap p ro p rié e  de la  colle, ceci c o n d u it  à  une  résistance p lu s é levée à  l ’usure 
e t d ’h a b itu d e  à u n e  ré s is tan ce  dynam om etrique p lu s  élevée.

2. E n  e x a m in a n t l ’a b so rp tio n  de  la  colle e n  fo n c tio n  de sa tem p é ra tu re , n o u s  tro u v o n s  
d eu x  m ax im a  su r la  co urbe  re p ré se n ta n t le phén o m èn e. L e prem ier m ax im um  e s t  causé  p a r 
la  v iscosité  élevée, le  d eux ièm e m ax im um  p a r  la  v isco sité  dû m en t dim inuée.

3. Q u an t a u  c a ra c tè re  du  dépô t de la  co lle , les deux  m axim a so n t d ’u n  ca rac tè re  
to ta le m e n t d ifféren t.

U n  p o u rcen tag e  im p o r ta n t  de la  colle ab so rb ée  a u  p rem ier m ax im um , dû  à  la  v iscosité  
élevée, se p lace su r la  su rface  de la m èche. L a colle f lu id e  cep en d an t pénètre  en p a r tie  à  l ’in té rieu r 
de la  m èche. Le p re m ie r genre  du  depo t est n o m m é  d ép ô t «superficielle», le d eu x ièm e  genre, 
«dépôt u tile» .

On co n sta te  que  la  résistance  au  fro tte m e n t dynam om etrique dûes au  d é p ô t «utile»  
so n t beaucoup  p lu s élevées que  celles dûes au  d é p ô t superficielle.

4. Si l ’au g m e n ta tio n  de la  tem p éra tu re  c o n tin u e , la  v iscosité d im inue en co re . D ans 
ce cas aussi, la  colle p é n è tre  dans les couches in té r ie u re s  de la  m èche, m ais sous l ’action  
des ro u leau x  de p ressio n  la  colle flu id e  est fac ilem en t chassée ensem ble avec l ’h u m id ité .

5. P a r  u n  encollage ré p é té , la  résistance  à l ’u su re  des m èches p e u t ê tre  a u g m e n tée  con
sid érab lem en t. (N ous appelons collage rép é té  le p ro céd é  p a r  lequel les m èches so n t séchées après 
s a tu ra tio n , ce qu i e s t  su iv i p a r  u n  nouveau  encollage e t  u n  séchage.)

6. L ’encollage ré p é té  de  m èches hum ides sa tu ré e s  de colle ne change n i la  ré s is tan c e  à  
l’usu re , n i la  ré sis tan ce  à  la  tra c tio n  des m èches. A v a n t  la  ré p é titio n  de l ’encollage il f a u t  lib é rer 
les m èches de leu r te n e u r  en  eau  superflue.

7. A u cours d u  deuxièm e encollage, l’ab so rp tio n  de colle a augm entée . P a r  des rép é
titio n s  suivies de d e p o t de  colle au g m en tera  en co re , ce qu i v a  ensem ble avec  u n e  au g m en 
ta t io n  de la  ré sistan ce  au  fro ttem en t, e t la résis tan ce  dynam om etrique de la  m èche.

8. L ’au g m en ta tio n  d u  dépôt de colle dûe a u x  répé titio n s du l’encollage p e u t ê tre  
d ém o n trée  au  dép ô t de l’encollages avec des am id o n s d ’origine d ifférente.

ИССЛЕДОВАНИЕ ШЛИХТОВАНИЯ 
НА ШЛИХТОВАННОЙ ХЛОПЧАТОБУМАЖНОЙ РОВНИЦЕ

Д-р. техн. наук М. ЗИ Л А Х И  и И. К ЕЛ ЕН

РЕЗЮМЕ

Четыре серии опытов с шлихтованной ровницей доказали, что влияние шлихто
вания чувствительно отражается прочностью истирания ровницы. Несмотря на имею
щиеся 30—40% отклонения легко отделяются друг от друга средние значения, их статисти
ческая надежность удовлетворительна. Сделаны такие заключения, которые нельзя было 
установить до сих пор при исследовании шлихтованных ровниц. Выводы, которые можно 
сделать на основе опытных данных, можно сгруппировать следующим образом.

1. Шлихтование ровницы также подтверждает, что в случае приготовления шлихты 
с более высокой концентрацией крахмала при неизменных прочих условиях шлихтования 
получается больший расход шлихты. Выполняя шлихтование при соответствующей вяз
кости, получается более высокое сопротивление истиранию и обычно более высокое 
сопротивление разрыву.

2. Исследуя расход шлихты в функции температуры шлихты, на кривой, отобра
жающей происходящие процессы, можно установить два максимума. Первый максимум 
вызывается высокой вязкостью, а второй максимум — соответствующим образом снижен
ной вязкостью.

3. Характер расхода шлихты, наблюдаемый в точках указанных двух максиму
мов, является совершенно отличным для этих максимумов.

Максимум расхода шлихты, наблюдаемый вследствие высокой вязкости, в значи
тельной части распределяется на поверхности ровницы. Жидкотекучая же шлихта делает
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возможным частичное проникновение шлихты в ровницу. Предыдущий расход шлихты 
называется поверхностным расходом шлихты, а последний — полезным расходом шлихты.

Установлено, что сопротивление истиранию и сопротивление разрыву ровницы 
в случае полезного расхода шлихты значительно превышает эти же показатели, получаю
щиеся при поверхностном расходе шлихты.

4. Дальнейшее повышение температуры дает в результате дальнейшее снижение 
вязкости. Шлихта и в этом случае проникает во внутренние слои ровницы, но вследствие 
действия пресс-цилиндров шлихта сниженной вязкости легко удаляется совместно с 
выпрессованной влагой. Кроме того на место прессования пресс-цилиндрами уносится 
меньшее количество шлихты сниженной вязкости.

5. Повторным шлихтованием можно добиться значительного увеличения сопро
тивления истиранию ровницы. (Под повторным шлихтованием подразумевается про
цесс, при котором ровница подвергается сушке после насыщения, затем вновь шлихтуется 
и сушится.)

6. Повторное шлихтование влажной ровницы, насыщенной шлихтой, не дает 
изменения ни в отношении сопротивления истиранию, ни в отношении сопротивления 
разрыву ровницы. Ровницу перед повторным шлихтованием следует освободить от из
лишка влаги.

7. В процессе повторного шлихтования расход шлихты в случае ровницы возрас
тает. В случае дальнейшего повторения шлихтования расход шлихты увеличивается еще 
больше, что, конечно, связано с дальнейшим ростом сопротивления истиранию и сопро
тивления разрыву ровницы.

8. Эффект увеличения расхода шлихты при повторном шлихтовании можно по
казать одинаково для шлихтования с различными по происхождению крахмалами.



ON THE NON-LINEAR ELASTICITY LAW
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[M anuscrip t received 10 th  Ju ly , 1956]

Suppositions

The present paper refers to  an elastic body the material o f  which is conti
nuous, homogeneous and isotropic. As to  the relation between stress and strain, 
in stead  o f the linear elasticity  law  (H ooke’s law ), a non-linear e la stic ity  law will 
be supposed. Concerning this law, we suppose the following :

1. The strain com ponents are b iunivocal functions of the stress com ponents.
2. The strain com ponents depend only on the stress com ponents, and are 

independent of the chronological order according to which the stress components 
v a ry  from zero to their final values.

3. The principal directions o f  strain coincide with those o f  stress, and the  
equations

el =  H  (<Ti, <t2> ° з) , I

t a =  H  (oz, a3, Ui) , j (a)

£ 3  = H  (<*3, a u  or2) j

express the relation betw een the strain com ponents and stress com ponents. 
Я ( ,  , )  is the sym bol for the function o f three variables which characterizes the  
elastic  behaviour of the material.

4. The funtion H  is o f this kind :
a) It corresponds to  the suppositions 1 and 2.
b) It is sym m etrical with respect to the second and third variables, that is

H  (ffi, <x2, 0 3 ) =  H  (crb <r3, ff2) . I

c) The small increasing (decreasing) o f any stress produces a lengthening  
(shortening) in its own direction, and a shortening (lengthening) perpendicularly  
to  its  direction.

d) The small increasing (decreasing) o f  any principal stress produces an 
increasing (decreasing) o f  the specific volum e.
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In  th e  present paper w e do not criticize our suppositions. Of course in  
th e  case o f  homogeneous lin ear function H , our e la stic ity  law  is identical w ith  
the H ook e’s law.

Inferences

W e w ant now to  deduce a few  inferences from  th e  above suppositions. 
F irstly , le t  us consider th e  stra in  energy stored in th e  elastic body, when the 
principal stresses increase from  zero to their final va lu es eq, cr2, cr3. The in ter
m ediate values of the principal stresses will be denoted b y  a \, a2, cr3. By со тр и -  
t in g th e  work done by the stresses acting on the surfaces o f  an elementary rectan
gular prism , we obtain th a t th e  strain energy per u n it volum e is*

F ig. 1

A /
j  { [H i  a i-> a ’z )  ° i  +  H 3  {p 'v  o'3,  a [ )  cr' +  H 2 (cr', cr', cr2) cr3] da[ +
0

+  [H z (a'v  cr', az) cr' +  H x (a'2, cr', a'x) cr' +  H 3 (cr', ax, cr') cr3] der' +

+  [Я 3 (ov  o ', o') o' - f  H 2 (o ', o', a'x) o' +  H x (o ', o ', o') o3] do'} .

The variation of o'x, cr2, a'3 is shown in  F ig. 1. According to  
supposition  2, the state o f strain  depends only on th e  final state of stress. In 
consequence of this, the fin a l strain energy depends also on the final state of 
stress on ly. Hence, the va lue o f  the integral m ust be independent of the path  
jo in ing  th e  point 0  with th e  p o in t A . Thus, if  the expressions in square brackets 
will be denoted by S l5 S „  S 3, th en  we have

соCD 3 S2 Э S x 3 S3 3 s 2 3 S3------ = ------  =zr ------ ,
3 a2

VCO 0 cr3

VCO 9 0-3

V ClЪCO

* T h e  sym bols H v  H 2, H 3 s ig n ify  th e  d ifferen tia l q u o tie n ts  o f  th e  function  H  w ith  re sp ec t 
to  th e  f i r s t ,  second, th ird  v a r ia b le s . T hus, f. ex.

Н /  . f  /  f v  3 Tr J f  /  Г.
3 \°2-> a 3 ’ ° l )  =  _ / H  (<T2, <73 , CTj) .дог



ON T H E  NON-LINEAH ELASTICITY  LAW 5 7

After performing the differentiations, we get to  the et]

H 2 (au a2, a3) = Я 3 (<т2, a3, a i ) , j

Ho (a2, a3, o t) = H 3 {a3, Oi, a2) ,

Ho (a3, Oi, a2) - Я 3 («ti, 02, 03) . )

As a consequence of I and II, we obtain

Я  о (ub гт2, 03) =  Я 2 (<T2, Oi, a3) ,

Я з (сть ог2, а3) =  Я 3 (<т3, 0 2, 0 i ) ,

te,
Fig. 2

II

III

It follows from supposition 4c that

Hi  >  0 ,  Я 2 <  0 ,  Я я <  0.  IV

Using supposition 4d, let us consider the volum e of the elem ental prism, 
which will be produced by the small variation of cr\. For sim plicity’s 
sake, le t the length  o f edge of the elem ental rectangular prism (in unstrained  
state) be equal to unit. On the Fig. 2, A BCD  is the unstrained sta te , A 'B 'C 'D ' 
is the state produced by the principal stresses erv  cr2, cr3 and A " B "C "D "  is 
the sta te  produced by the principal stresses crl -f- derj, o"2, <r3. The changes of 
the lengths

D' C' =  1 +  Я  (<т,, ff2, a3) , В ’ С  =  1 -f- Я  (ст2, (т3, Oi) , . . .

produced by der 15 are

H i (<Ji, <r2, <r3) da I , Я 3 (o2, a3, Oi) d Oi, . . .
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Thus, th e  change o f the volum e, shaded in F ig. 2, is

{H  1 (aU ° 2 > аз) [1 +  H  (<T2, ^l)] • [ l  +  H  (u3, Oi, Oo)] —

+  Я 3 (сх2, ст3, Új) [1 +  H  (в3, в ъ e2)] • [ l  +  H ( a b a2,a 3)\

+  Ho (e3, (Tj, e 2) [1 "t" H  (o1, e2, cr3)] ■ [ l  — Я  (e2, <t3, cfi)]} dal .

The expression standing here in  arched brackets is, b y  virtue of supposition 4d, 
positive. Introducing the notations D'C' =  sx, B'C' =  s2, . . .  we have

H 1 (в i, e2, e3) s2 s3 -f- H 3 (cr2, er3, Ui) s3 -j- Ho (<r3, Ui Go) .Si s2 0 .

It w ill be supposed th a t th e  deformation o f th e  body is small. Therefore 
sx =  s2 =  s3 =  1 can be w ritten , and so we have

H i (eu  <t2, e 3) +  H 3 (a2, a3, вх) +  Я ,  (ст3 аъ <т2) >  0 . V

B y  m eans of suppositions 4c and 4d, we shall prove now that the increasing  
(decreasing) of a principal stress produces an increasing (decreasing) o f th e  sur
face elem ent parallel w ith it . In the case o f positive (negative) derv  we have  
d(sv  or2  s3) >  0 ( <  0), th a t is Sj s3 ds2 -|- s2 d(sx s3) >  0 ( <  0). But we have  
ds2 <  0 ( >  0) and therefore s2 d(s1 s3) > 0  ( <  0), that is, d(s1 s3) >  0. This 
property o f the function H  is expressed by the formulas

Я  ! К  a 2 > аз) +  Ho (u3, a x, er2) si )> 0 ,

H  i (ffi, e2, a3) s2 -f- H 3 (во, o3, e x) s i 0 .

Since w e have supposed th at the deformation o f th e  body is small, we write 
also here Sj =  s2 =  s3 =  1 and in  this manner we obtain

H x (въ  cr2, er3) -f- Ho (a3, ox, e 2) 0 ,

H i  (ffi, ct2, a3) -f- H 3 (a2, e 3, cTi) >  0 .

These tw o  formulas can be deduced also im m ediately from IV and Y.
I t  can be easily deduced from II, IV and Y  th a t the matrix

H i  ( e x, e 2, a 3) H 3 ( e 2, a 3 ffi) H 2 ( e 3, e x, a 2)

Н 2 (въ в2, в 3) H i ( a 2, a 3/ a i )  Н 3 (в3, в и в 2)

H 3 (<ть в 2, a 3) Н о  (в2, e3, <Ti) H i  (e3, ffi, e 2)

is sym m etrical and positive definite not only for statica lly  possible <t v  cr2, cr3, 
hut also for any ar2, <r3 (property VI). The deduction  can be performed f. ex.



ON T H E  N O N -LIN EA R  ELASTICITY LAW 5 9

in this manner : the m atrix will be considered as a determ inant, we add the second 
and third columns to the first colum n, and after that we expand the determinant 
in the terms of the first colum n.

Of course, our exposition doesn’t exclude that the function possesses, 
in addition to properties I. II. . . ., VI. also other properties. Thus, f. ex. the 
property

H  (0.0,0) =  0 VII

is evident.

Applications

1. As an application o f property V I, let the proof o f the theorem  of the 
minim um  com plem entary strain energy be m entioned. The complementary 
strain energy is

I { Я  («Ti, a2, <т3) a x -\- H  (o2, o3, ax) a2 +  H  (ег3, аъ  «т2) a3
[V/

A
- j  \ ( H X « ,« т ' ,  <r3) a[  +  Н л («г', (t3, a[) «г' +  Я 2 (a3, a[, «r') a3) da[  +

Ô
+  (Я2 («Tp er', er3) 4- H x (er*, er', erj) o 2 +  H 3 (a 3, o { ,  <r') a 3)  d a ' ,  +

+  ( Я 3 (rrj. «TÓ, a'3) a[ +  Я-. («70, «т3, a j) а!, +  H x (а’3, «г', er') а3) d o 3\ }  dl  ' (b)

Avhere F i s  the volum e. We consider the Aariations o f this expression, produced 
b y  «кгр Ыг2, ôcr3. The first variation is

\  { H  (<ть cr.i, a3) dax +  H  ((t2, a3, <t,) bax +  H  (er3, «ть ст2) ö e 3} d V  . (с)
(V)

It m ay be shown that in consequence o f the equilibrium and boundary conditions, 
th e  value of (c) is zero. The second variation is

\  { [Hx («Ti, (T2. or») d<Ti +  H 3 («To, o3, ax) ôo2 +  Я 2 («т3, «ть «т2) óo3] ôax
(V)

-f- [Я 2 (<Ti, <т2, a‘j) +  H 1 (or2, (T3, a x) «5(T2 4- H 3 (cr3, «Ti, ct2) dcr3] Ôa2 

+  [H3 ((Tl, (T2, ff3)  diT! 4 “ H  о ((То, (T3, (T!) 0(To 4 "  Я 1 ((T3, (Ti, (То) Ó(T3 ] 0(T3} «Л

The value of this expression is, in consequence o f the property V I, positive. 
And, what is more, the expression standing here in arched brackets is positive 
not only for the statically  possible ôcr,, ôcr2, (kr3, but also for any Ô04 , (kr2, ó«r3 
(property VIII). This ascertainm ent will be employed in the Appendix.

2. Let us consider now' the expression (b) by means o f which the comple
m entary strain energy was defined. The value of this expression depends on 
(Tp cr2, cr3. We want to prove that the value of expression (b) is positive, not only
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for sta tica lly  possible cr15 cr2, <r3, but also for any oq, er2, cr3 (merely for crj  =  
=  cr2 =  cr3 =  0, the value o f  expression (b) becom es zero). To carry out the  
proof, in stead  of <rv  cr2, cr3, th e  param eter À will be introduced, by substituting  
<t 1 =  kx À, cr2 =  fc2 À, cr3 =  fc3 À, (Aq, fc2, are constant) into expression (b). 
A fter th is  substitution the value e o f expression (b) w ill depend on л only. We 
can ea sily  imagine the graph e =  e (À) (Fig. 3). It is, b y  virtue of property V III, 
con cave. In  consequence o f V II, we have e(0) =  0. From (c) and V II, we have 
also [de/'dX ]^=0 =  0. From th ese , th e  inequality e >  0 appears.

3 . P . Csonka  in his paper (A cta Technica A cadem iae Scientiarum Hunga- 
ricae, tom u s X V III, in print) has dealt with the case where the strain compo-

F i g .  3

n en ts ex, ey, ez depend on th e  norm al stresses <rx, cry, crz, the strain com ponents 
Уху-, Y y z i  V z x  depend only on th e  shearing stresses r xy, r yz, r zx. He points out 
th a t in  th is  case the elastic ity  equations have the form

Ex =  —7 г +  F  (ax +  ay +  az) ,

e y  — a y  +  F  (<7X +  Oy -f- О 2 ) 1
Z ( 7

e z —  ■ ° z  +  F  ( a x  +  о  y  <тг) ,
Z Lr

Уху —  ■ Txy 5

Ууг —  т уг î
VT

Y z x  =  —  тгх

(rf)

where G is constant. By applying the above proved properties of the function H , 
le t us d iscuss the following question  : to what restrictions is the function F  
subjected .

I f  th e  coordinate axes, x, y ,  z are taken in the directions of the principal 
axes, th e  equations (d) becom e
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el —
1

2 G

1
2 G

1

„ +  F К  +  »2 +  <73) »

02 -f- F  (ffj -)- 02 +  03) ,

e 3 =  -  <h> +  F  ( 0 !  +  0 2 +  0 3)  ,
2 (/

0 = 0 ,

0 = 0 .

0 = 0 .
]

Thus in the case dealt w ith by P . Cs o n k a , we have H  (cr„ <r2, 0"3) =  ~ ax -j-
2 G

-f- F(o_1 -)- 0-g -f- crs). We see already that this function possesses the properties 
I, II, III . From property IV

1 +  F ' > 0 ,  F ' < 0
2 G

that is

follows.* From property V

that is

1

2 G
F ' <  0

1
2 G

3 F ' > 0

1
6C

F'

follows. Summarizing the inequalities, we see that the function F  m ust satisfy  
the inequality

I
6 G

F ' <  0 . («*)

A P P E N D IX

So far our exposition has concerned equations (a! that is the elasticity  
equations, which are expanded in the strain components. Now, let us consider the 
equations

01 =■ h (eb e 2, £3) , I

02 =  Л (e2, e3, £i) , (f)

o -л =  h  (s3, Ci, f 2) ,

* The sym bol F ' signifies here th e  d iffe ren tia l quo tien t. Thus, th e  d iffe ren tia l quo tien t 
o f th e  fu n c tio n  F («), w ith  respect to  a , is d en o ted  hv  F '(a ) .
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th at is , th e  equations expanded in the stress components.  W e Avant to deduce some 
properties of the function A. For this purpose we shall use only the above proved  
roperties o f the function H , thus Ave shall not m ake further suppositions.

From (a), (f) and I

h (£x? £2> £з) -  h (ei, £3, £2) IX

follow s. B y  applying the rule for the differentiation o f the function of several 
A 'ariables, Ave ob ta in  from  (a)

hi (£1, £25 £3) =
H i  ( o 2, o3, ox) 

H i  (o3, 01,  Oi)

H 2 (o2, a 3. Ox)

Hi  (03, Ox, o2)
: 0  ,

hi  (£x, £25 £3) =  —
H i  (<7x, a 2, Oi)  

H i  (03, oy ffi)

Я 3 (о ь о2, o3) 

Ях (o3, Ox,o2)
: l> -

A3 (£25 £35 £1) =  -
Я3 (o2, a 3 . Oi)

H 2 (O3, tTx, (7,)
H 2 (o2, 03, o,) 

Я , (03 Ox,o2)
: Ü  .

Ях ( а ъ  o2, a 3) Я 2 (Oj, 02, O3) Я 3 (Ox, o2, <?з)

D  =  H i  ( a 2, o3, o,) Я , (cr2, O3, Ox) Я 2 (о2, 03, oj)

H 2 (o3, a u  o2) Н 3 (03, Ux- сто) Ях (o3. oj, o2)

From th is  and from the properties of the function H , it can be seen that

h-2 (Fь  e 2,  £ 3 )  =  h3 ( e 2 , £3, £1) ,

hi  (f2, E3t £i) == hi  (£3, fix, £2) ,

hi  (£.3/ £'1 ? £ 2 )  =  hi  (fix, £2, £ 3 )  1

hi (fix, £2, £3) =  h2 (f2, £1, £3) ,

hi (Fi, £21 £3) — h3 (f3, £0, £x) ,

X

X I

Ax >  0 , h-i >  0 , A3 0 . X II

W e have already proved above that the second variation of the com plem ent
ary strain  is positive. I f  the function A is used, the com plem entary strain energy  
Avili be

j { A (fix, £2, £3) £1 -f- A (£2, £3, £1) £ 0  — h (£3 £1, £2) £3
(V)

-  j [A (£', £2, £3) Ó£]' -г A (f2, £3, £j) 0£2 — A (£3, £' £2) <Ц]} dV .
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The second variation of this is

\ { [Ai (£ь £3) Afi +  A3 (£2, £3? £i) Afi3 +  A2 ( £ 3 ,  f i j ,  £2) d£3] dfi!
(V)

-f- [A3 (ci» £’2? £3) êi “T At (fi2; s3, £'x) ^e2 ' A3 (£3, Si, £g) ÔE3  J ôe%

+  [A3 (c i ,  £3, £3) Afi +  Ao ( t 'i ,  £3, £ j)  ô e2 T  A) (£3, £1, £2) ] d c 3} d \  .

The expression standing here in arched brackets is positive for any ôe15 ôe2, ôe3. 
To justify  this statem ent, it is sufficient to m ention on the one hand ascertain
m ent V III, on the other hand the fact that by virtue of (a) and (f) to  any system  
Ô£j, ôe2, ôe3 belongs a certain system  ôctj, ôcr„, ôcr3. From the statem ent and from 
X  it follows that the matrix

Al (£1, £г> £3) A3 (£2, £3, £1) Ао(£з, £i , £2)

ho (f 1, £'2, £3) Aj (í'2, £3, 61) Аз(е3, £1, £2)

A3 (£ь e2i £3) h2 (s2, £3, £1) A] (f:3, fij, £2)

is sym m etrical and positive definite not only for geometrically possible £j, £2, e3, 
but also for any ev  c2, e3 (property X III). Finally, we mention th at the property

h (0,0,0) =  0 XIV

is evident.

SU M M A RY

T he e lastic ity  law  o f an  e lastic  m a te ria l, w hich  does n o t obey th e  H o o k e ’s law , will he 
w r i t te n  in th e  form  ег = H  (о 1щ о2, гт3), e2 H  (o 2, o3, Oj), e3 =  I I  (<73, o 2), th a t  is
(Tj =  h (el2 e2, £3), <72 =  h  (e2, e3, e1), <r3 — h (e3, е19 e2). S ta rtin g  from  p lau sib le  suppositions, 
th e  a u th o r deduces som e p roperties o f  th e  fu n c tio n s H  an d  h. P roperties V I a n d  X I I I  express

a n d  th e  m atrix

b o th  th e  m atrix

d e jd a l de jôcTj de^fddy

де31даг

9«i /3<t3 d e jd a 3 де31дОз

9ff1/8 e ; d a j d r . 9ff3/9«i

dal/d s2 9<t2/0 c2 9<t3/9e2

да^дез 9(T2/9 f3 9(t3/9£3

a re  sym m etrical and positive defin ite.
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Ü B E R  D A S N IC H T -L IN E A R E  E L A ST IZ IT Ä T SG E S E T Z

J .  BARTA
D o k to r der technischen W issenschaften

ZUSAM M ENFASSUNG

D as E lastiz itä tsgese tz  des S toffes, der dem H o okeschen  G esetze n ich t gehorch t, sch re ib t 
s ic h  in  d e r Form  ex — H  (<rx, a 2, a 3), e2 =  H  (cr2, a3, a t ), e3 =  H  (a3, ax, <r2), d. h. o, =  h (e,, 
£ 2, ез). ° 3 — h (e3, Cg, e,), o3 ~ h  (a 3, n1, cr2). A usgehend  v o n  p lausib len  V oraussetzungen , 
l e i t e t  d e r  Verfasser einige E ig e n sc h a fte n  der F u n k tio n en  H  u n d  h  her. Diese E ig en sch aften  
s in d  m it  N um m ern  I, I I ,  . . . , X IV  bezeichnet. Die E ig e n sc h a fte n  V I u n d  X I I I  sagen fo lgendes 
a u s  : sow ohl die M atrix

d e jd v i  Э^/Эстх Эс3/9 ax

S C j/Ö ö g 9e2/9cr2 9e3/9cr2
ЭСд/ЭСТд d e jd a 3 9e3/9  a3

a ls  a u c h  die M atrix

Öffj/ÖCj d a jd e l д в з /dt'i

d a 1/d e2 d a jd e 2 da 3/d e2

0(Tj/8c3 doJde3 9°*з/9 £з

i s t  sy m m etrisch  u n d  p o sitiv  d e f in it.

SU R  LA L O I N O N -L IN É A IR E  D E  L ’É L A S T IC IT É

J . В АКТА
D octeur des sc. techn.

RÉSUM É

L a  loi d’élasticité  des m a té r ia u x  qui n ’obéissen t p a s  à la loi de Hooke, sera écrite  
so u s la  fo rm e e1 =  H  (cs^ o2, <73), e2 H  (tf2, ff3, tfj), £3 H  (tf3, a x, <x2), c’est-à-d ire  ax =  
h ( f  j ,  e2, £3), a2 =  /1 (e2, £3, £j), cr3 =  fi (e3, ev  £2). En p a r ta n t  de  su p p o sitio n s plausibles, l’a u te u r  
d é d u it  quelques p ropriétés des fo n c tio n s  H  et h. Les p ro p rié té s  d éd u ites  son t num éro tées p a r  
I .  I I ,  . . X IV . Les p ro p rié tés  V I e t  X I I I  disent : la m a trice

de1/d a 1 de2/do1 9e3/9(T]

Scj/dffg d e jd n 2 9£3/9<t2

de1!d n 3 d e jd a 3 d£3/d a 3

co m m e  la  m atrice

d<f1/d e 1 d a j d t l ,da3/del

da 1/d e 2 9<r2/9e2 9<r3/9 e 2

d a jd e 3 0cr2/ 9f3 'да3/д е3

e s t  sy m é tr iq u e  e t définie p o sitive .
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О НЕЛИНЕЙНЫХ ЗАКОНАХ ЭЛАСТИЧНОСТИ
Д-р техн. наук Й. БА РТА

РЕЗЮМЕ

Закон эластичности материалов, не удовлетворяющий закон Гука, имеет вид

е ,  =  Я  ( o l t  <т2 ,  с т 3 ) ,  е2 =  Я  ( < т 2 ,  <т3 ,  о у ) ,  £ 3  =  Я  (ог3, а г ,  а „ ) ,

т. е. O i  =  h  (s„ в 2 ,  E S ) ,  f f 2  = ( е 2 ,  е 3 ,  e j ) ,  a 3 =  h ( a 3, a t ,  a 2) .

Исходя из вероятного предположения, автор выводит некоторые свойства функций Н  
и h. Эти свойства обозначаются римскими цифрами I, II, . . . ,  XIV. Свойства VI и XIII 
выражают : как матрица

9£i/90i дег/да1 de3jdal
de1/d<J2 Эе2/Э <т2 де3/дв2

dejda3 Эе2/Э  а3 Эе3/Э сг3

так и матрица

Зох/3£х Э ^ / З ё !  да31де1
d(r1jdí., Эог/Эе2 Э<73/Э е2

Э ^ / З е з  Э<г2/Э е3 да3/де3

симметрично и положительно дефинитны.

5 Acta Technica XV1H/I_2.





ON THE MINIMUM WEIGHT 
OF CERTAIN REDUNDANT STRUCTURES

J .  B A R T A
D. ENG. SC.

BU ILD IN G  RESEA RCH  IN ST IT U T E , BUDAPEST 

[M anuscrip t received l i s t  J u ly  1956]

The present paper refers to the designing of a pin-jointed p lane or space 
structure of n bars involving h redundancies. The geometry (network) and 
loading system  (external forces) are given. The required cross-sectional area 
A j  for thej'th  bar is prescribed by a function

A j  =  A i  (F j) » 0  =  1 , . . . ,  n) . (1)

Fj is th e  force in the j th bar. The positive value of Fj denotes a ten sile  force. 
The negative value of Fj  denotes a compressive force. Let the function  (1) have 
the following properties :

a) It is continuous. 
ß) It vanishes for Fj =  0. 
y) It is positive for Fj - 0.
d) It is m onotonously increasing, i f  ] Fj is monotonously increasing.
e) It is not concave (seen from above), excepting the origin (F ig . 1).
It is obvious that by proper selection o f the cross-sectional areas the 

w eight o f structure can be made a m inim um . The object of the present paper 
is to  prove the following theorem : by  rem oving h properly chosen redundant 
bars from the given network, it is possible to  obtain such a statically  determ inate 
structure, which yields the least weight o f  structure.

G . S v e d , in his paper [1 ] ,  dealing w ith the same theorem, restricts him self 
to  the particular case, where the prescribed function Aj =  Aj  (Fj)  consists of 
tw o straight lines (Fig. 2). The proving m ethod of the present paper differs 
essentia lly  from that of G . S v e d .

Explanatory example

The network and the loading forces o f a cantilevered pin-jointed structure 
are given in  Fig. 3. The structure consists o f eight bars numbered b y  j  =  1, ..., 8. 
For all bars, the specific weight

p =  0,01 , •

5*
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the allowable tensile stress
a , j = 3  (2)

and th e  allowable com pressive stress

3 — 0 0 2  — for <  100 . (3)
i j i j

G  C j  -- 10 000 

Í — |2
for l>- >  100

i j

(4)

are prescribed, ij is the radius o f  gyration, /, is the len gth  o f the /t li bar. —- is
4

th e  slenderness ratio. Let the cross-sections be circles. Our task is to design the  
circular cross-sectional areas so th at the weight o f structure should be a m inim um . 

In  order to accom plish th e  task  we apply th e  formulas

A J =  ЛГЬ  4ii =  Tjl 2

referring to  the circle, and th e  formulas

A j a t j ,

AjOcj .

(5)

(6 ) 

(")

B y using  formulas (2), (3), (4), "(5), (6), (7) we easily  fin d  the following values :
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ri A j ‘ j lJ W j °V ac j F

3,0 28,3 1,5 200 133,3 3 0,563 84,9 15,9
4,0 50,3 2,0 200 100,0 3 1,000 150,9 — 50,3
5,0 78,5 2,5 200 80,0 3 1,400 235 -  110,0
6,0 113,1 3,0 200 66,6 3 1,668 339 -  188,5
7,0 153,9 3,5 200 57,2 3 1,856 461 - 286
8,0 201 4,0 200 50,0 3 2,00 603 402
9,0 281 4,5 200 44,5 3 2,11 852 599

3,0 28,3 1,5 283 188,8 3 0,281 84,9 -  7,93
4,0 50,3 2,0 283 141,4 3 0,501 150,9 - 25,2
5,0 78,5 2,5 283 113,1 3 0,781 235 61,3
6,0 113,1 3,0 283 93,3 3 1,134 339 128,3
7,0 153,9 3,5 283 80,7 3 1,386 462 213
8,0 201 4,0 283 70,7 3 1,586 603 -  320
9,0 1 284 ; l't,5 283 62,8 3 1,744 852 - 494

The values A } and Fj  obtained here, are p lotted in Fig. 4.

Fig. 4
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A s w e see, these diagrams possess the properties a, ß, y, ô, e. Consequently, 
the theorem  above form ulated holds now. B y  virtue of the theorem, we m ay  
consider, instead of the given statically indeterm inate system , the statica lly  
d eterm inate system s only. Thus we have to  scrutinize all the statically  deter
m in ate  system s (Fig. 5) which arise when tw o redundant bars are rem oved from  
the g iven  network. These system s are numbered from I to X II. A very sim ple  
equilibrium  consideration yields the forces F  f o f  each statically determ inate  
sy stem . These values are the following :

I И h i IV V VI V II V III IX X XI X II
í ’l — — — — 100 100 - 1 8 5 — 385 — 100 - 1 0 0 100 100 — 285

A — 185 - 3 8 5 — — - — 85 -2 8 5 285 - 4 8 5 -  100

F з — to o -1 0 0 - 1 0 0 - 200 85 285 — — -200 - 2 0 0 185

F 4 to o 100 100 100 100 100 100 100 100 100 100 100

F 5 141 141 141 283 403 686 283 283 - — 544

F e 131 — 403 60 201 - 1 4 1 — 261 — . 544 —

F - 2 7 2  --  403 — - 2 0 1 - 3 4 3  - 1 4 1 — - 2 6 1 — -544 — —

- 1 4 1 -1 4 1 - 1 4 1 — 141 - 1 4 1  - 1 4 1 - 1 4 1 - 1 4 1 - 1 4 1 141 - 1 4 1 - 1 4 1

The required cross-sectional areas y í; belonging to  these values, are to he taken  
from  J ig . 4 , and so we find :

I II III IV V  VI V II V I I I IX X X I X I I

A — — — 74 33 112 194 74 74 33 33 153

A — 62 194 — — - — 28 153 95 235 74

A 74 74 74 — 118 28 95 — - 118 118 62

A 33 33 33 33 33 33 33 33 33 33 33 33

A 47 47 47 94 -  134 229 94 94 — — 181

A 44 — 134 20 67 119 — 87 — 181 —

A 180 :241 — 147 213 119 175 — 306 — —

A 119 119 119 119 119 119 119 119 119 119 119 119

B y  using the given values Qj and lj we obtain :

I I I h i IV V VI V II \  in I X X XI X I I

е Л А — — 148 66 224 388 148 148 66 66 306

i?2^2^2 — 124 388 — — - — 56 306 190 270 148

£?3^3^3 148 148 148 — 226 56 190 — - 226 226 124

04*4 A 66 66 66 66 66 66 66 66 66 66 66 66

t ó A 133 133 133 266 379 648 266 266 - — 512

06*6^6 124 - 379 57 190 337 — 246 — 512 —

07*7 ./i7 509 682 - 416 602 337 — 495 - 865 — —

08*8 A 337 337 337 337 337 337 337 337 337 337 337 337

1317 1490 1451 1290 1487 1399 1966 1368 1369 1750 1477 1493
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We see that the statically  determ inate system  IV yields the least sum . From  
these and from the theorem we conclude th a t by removing the bars 2 and 3 
from the given network, the least weight o f  structure will be obtained.



7 2 J .  BARTA

The proof of the theorem

L et us imagine that a pin-jointed structure o f n bars involving h redundan
cies is  to  be designed (in F ig. 3, for instance, we have n =  8 and h =  2). The 
n etw ork  and the loading forces are given. The allowable forces of the bars are 
prescribed by means of form ulas (1). We denote the weight of structure b y  W.

I f  th e  structure is so designed that the loading forces produce the forces 
F V . . . , F n in the ba 's, then we have the relation

IF >  oi /i A 1 ( F j) -)- . . .  +  Qn ln A n (F , ,). (8)

. . . ,  Qn are the specific w eights of the bars. Zl5 . . ., ln are the lengths o f the  
bars. T he weight of end-connections are disregarded throughout the present 
paper.

L et the n bars be divided into three groups and numbered in the follow ing  
m anner.*  The bars numbered b y  1, . . . ,  h, h -j- 1, . . . ,  к are members the forces 
o f  w hich  are statically indeterm inate. The bars numbered by

1 , , h

are th e  mem bers which w ill be chosen as redundant members. These bars form  
th e  f ir s t  group. Of course, th is choice is more or less arbitrary.** The bars n um 
bered b y

h -j- 1 ,  . . .  , к

form  th e  second group. The bars numbered b y

к +  1 , . . .  , n

are th e  m em bers the forces of which are statically  determ inate. These bars form  
the th ird  group.*** Thus, in stead  of (8), we write

IF >  gi h Ax  ( F x) -)- . . .  -j- oh lh A h ( F ,,)

+  Sh+ih+i  A/,+i  (F h+1) -)- . . .  +  д/elk A k (F k)

+  Qk+1 h +1 A k+1 (F k+i) -j- . . .  +  Qn /„ A n (Fn) . (9)

A  well-known relation betw een the values F x, . . . ,  F h and F k+1, . . . ,  F k 
is expressed  b y  the linear equations

* T h is  div id ing  in to  groups a n d  th is  nu m b erin g  serve  on ly  for th e  p roving.
** I n  F ig . 3, for in stan ce , w here  th e  num bering  sy s tem  serv ing  for proving, is n o t a p p lie d , 

tw e lv e  su c h  choices are possible, n a m e ly  12, 16, 17, 23, 25, 26, 27, 36, 37, 56, 57, 67.
*** I n  F ig . 3, for in stan ce , th e  th ird  group  consists o f tw o  bars, nam ely 4 an d  8.
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F  h+1 — с(л+1) 1 F i  +  • • • +  c(/i+i)/i F I, -f- F  (л ;-i)o

F  /; =  с,,! F 1 -f- . . .  +  си  F  I, +  F  k0

( 10)

where the coefficients C(ft + 1)i, . . . , c k/, and the terms -F(/l + 1)o- •••■> Fk0 are 
constants. These equations are a consequence of the equilibrium condition. 
From the point o f view  of the equilibrium, the values F-,, . .  ., F h can be arbitra
rily chosen. But, after that, the values F h + 1, . . ., Fk are to be taken in to  account 
according to equations (10). From the point of view  of the strain, th e  values 
F i, . . ., F h can’t  be arbitrarily chosen, because they must satisfy the strain 
condition.* For the tim e being, we shall neglect the strain condition.

Thus, for the tim e being, Fv  F h m ay be freely chosen, and F /i+1, . . . ,  F k
are to be taken into account according to equations (10). Therefore, th e  right 
side of relation (9) can be regarded as a function of F ls . . ., F n, and we require 
th at jFj, . . ., F,, should m ake the right side of relation (9) a minimum (minimum  
requirement R).

Let us suppose now th at the proportion of the values F v  . . . ,  F ft satis
fying the requirement R, are already known. H ence, we may write

F i = / i  A, . . .  , F/, =  /;, A ,

w h e r e /j , are constants, À is a parameter. Introducing th ese into (10)
we obtain

F/,+1 =  Cft+i Я -f- F(ft+1)0 ,

F  ft — Cft Я - f  Ffto ,

where C/,+1, . .  Ck are also constants. Consequently, the right side o f relation  
(9) becomes

!?i h  Л i ( f i  Я) +  . . .  +  P/; 1ft A h (fi. A)

+  Qh+1 l/i+i 4̂/H-i (Cft+i Я +  F (ft+i)o) +  . . .  +  Qu I/,- A k (Cft A -f- F l;0)

+  Pft+l lft+1 ^ft + l ( F k + 1) +  . . .  +  Qn h i  A n ( F n )  . (11)

W e see here th at the argum ents of the functions A v  . . . ,  A n depend linearly 
on À, or else, th ey  are constants. Let us consider the variation o f the value of 
expression (11). B y th is consideration, we m ay obviously disregard the parti
cular case, where the value o f expression does not depend on À. I f  A is very great 
(-)- oo) or very small (— oo), then the value o f the expression is very great. It

* F o r an  e lastic  s tru c tu re , w hich obeyes H o o k e’s law  th e  th eo ry  o f  e la s tic ity  [2] 
y ields th e  s tra in  condition .
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follow s thus from the continu ity  of the functions A v  . . . ,  A n that for a certain 
value o f A, the value o f expression becom es m inim um . In order to find this 
va lu e o f A, the following procedure may be applied. A will be continuously in
creased starting fro m — oo and going towards -}- со, Meanwhile, the value of 
expression (11) will vary continuously, and A will assum e all its particular values 
Аг, . . ., Am for which the value of one or more term s of expression (11) vanishes. 
Let us consider two such values A„, which follow  one after the other im m e
d ia te ly . W hen the value o f A varies from A„ to Àv i  then the value o f each func
tion  Aj  in expression (11) varies according to  an arc v, (v +  1) shown in Fig. 6.

On the other hand, i f  the value of the function Aj  varied, instead of the 
arc v  (y  -f- 1), according to  th e  chord v (y +  1), th en  the value of expression (11) 
as a function of A will vary linearly, and in this case, in the interval (Av, Av.: i), 
expression (11) will assum e its  least value either for Av or for A„ i. Since the arc

has greater (or at least not lesser) ordinates than the chord, we see that the value 
of expression (11) becom es minim um  for one of th e  values A1? . . . .  Am. Let this 
be denoted by A/;.

I f  th e  terms £1Ii M1( / 1 A), . . ., QhlhA k( f k A) are those which vanish for Ap, 
then we have Â, — 0, that is

F i  =  . . .  =  F h =  0

and w ith  this, requirement R is already fulfilled.
I f  one (or more) o f th e  terms Ç h + i h - i  t (C /i-i A -|- F(/1+1)0) • 

qi lk A k (Ck A -\- Fk0) are those which vanish for A/ , then  the proof can be con
tin u ed  as follows. Let be, for instance h,+i A h+i (Ck+i  A -f- F(/i+i)o) that
term  w hich vanishes for A . N ow  we have F k + i =  0. Thus wre have found a bar 
the force o f which is zero. The force of this bar w ill be denoted from now on by F 
and according to this labelling we number over all th e  bars. After this we repeat 
the w hole above train o f thought, and so we still find another bar, the force 
of w hich is zero. Thus, we have already two bars, th e  forces of which are zero. 
These forces will be denoted from now on by and F 2, and according to this 
labelling, all the bars w ill be numbered over again, and so on. In this m anner we 
get to

F I =  . . . =  F  I, 0 .
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W ith this, we have dem onstrated that the requirement R can alw ays be fulfilled 
b y  a properly chosen statically  determ inate structure.

Up to th is point we have neglected the strain condition. To supply this 
lack  it is sufficient to  m ention that the strain condition is fu lfilled  b y  the result

F i =  . . .  =  Fh =  0 (12)

ju s t  obtained. Indeed, if  we choose A l =  . . .  =  A h =  0, then  a statically de
term inate structure remains, and the forces Fh +i , • • Fk can be computed by 
formulas (10) and (12). This system  satisfies both the equilibrium  condition and 
the strain condition, and —-■ as has been pointed out — m akes the weight of 
structure a minimum.

Fig. 7 Fig. 8 Fig. 9

R e m a r k s

I — R ela tion  (8) co n ta in s b o th  th e  eq u ality  sign and  the  in e q u a lity  sign, and therefore 
th e  theorem  p roved  in  th e  p resen t p aper, doesn’t  disclaim  th e  p o ss ib ility  o f  such particu la r 
cases where n o t on ly  a s ta tic a lly  d e te rm in a te  s tru c tu re , b u t also one o r  m ore  s ta tica lly  in deter
m in a te  s tru c tu re s  y ield th e  least w eigh t o f s tru c tu re . T he following ex am p le  (Fig. 7) shows 
such  a case. T h e  re d u n d a n t s tru c tu re  consists o f  six bars. T h e  lo ad  consists o f a given 
force. T he allow able tensile  stress is Gtj 3. T he shape of th e  g iv en  n e tw o rk  is a hanging 
reg u la r  p y ram id  (F ig. 7). I t  is easy  to see th a t  b o th  th e  s ta tica lly  d e te rm in a te  stru c tu re  (Fig. 
9) and th e  s ta tic a lly  in d e te rm in a te  s tru c tu re s  (F ig. 7 and  8) yield th e  le a s t w eigh t o f s tru c tu re .

I I  —  I t  is in te res tin g  to  no te  th a t  th e  p roof carried o u t in  th e  p re se n t paper, doesn’t  
specify th e  law  w hich expresses th e  re la tio n  betw een stress and  s tra in . F o r  th is  reason, th e  
theo rem  dea lt w ith  in  th e  p resen t pap er, is valid  no t only for th e  case o f  th e  H ooke’s law , 
b u t  also for th e  case o f  an y  stress-s tra in  law.

R E F E R E N C E S

1. G. S ved  : T he m inim um  w eigh t o f c e rta in  red u n d an t s tru c tu re s . A u s tra lia n  Jo u rn a l o f
A pplied Science, vol. 5, p. 1, (1954).

2. See f. ex. : T imoshenko—Goodier, T h eo ry  of elasticity . —  S. T imoshenko : S treng th
of m ateria ls . —  T imoshenko-Young : T h eo ry  of s tru c tu re s .
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SUMMARY

T h e  v a r ia tio n  of w eight o f  a  p in - jo in te d  s truc tu re  o f n  b a rs  invo lv ing  h red u n d an c ie s  
is in v e s tig a te d . The netw ork  a n d  a f ix e d  lo ad  system  are g iven . F o r  each  bar, th e  requ ired  
c ro ss-sec tio n a l a rea  A j is p rescribed  a s  a  well-defined fu n c tio n  o f  th e  force F j (Fig. 1). T he 
fo llow ing  th eo re m  will be p roved  : th e r e  is a  com bination on  n — h  b a rs  w hich form s a  s ta tic 
a lly  d e te rm in a te  struc tu re  an d  m iu im izes  th e  weight o f s tru c tu re . I n  th e  p a rticu la r  case, w here 
th e  re q u ire d  cross-sectional a rea  is p re sc r ib e d  according to  F ig . 2, th e  theo rem  was a lread y  
d iscu ssed  b y  G. Sv e d .

Ü B E R  D A S K L E IN S T E  G E W IC H T  V O N  STATISCH U N B E S T IM M T E N  F A C H W E R K E N

J .  BARTA
D o k to r der techn. Wiss.

ZUSA M M ENFASSUN G

D e r V erfasser u n tersuch t die G ew ich tsänderung  eines F a c h w erk s  bestehend  aus n  du rch  
G elenke v e rb u n d en e n  S täben m it h  Ü b erzäh lig en . Das N etzw erk  u n d  eine ständ ige B e lastu n g  
is t  v o rg eg eb en . Die notwendige Q u e rsch n itts f läch e  A j  eines jeden S ta b es  is t  als eine F u n k tio n  
de r K r a f t  F j  festgelegt (Abb. 1). D e r fo lg en d e  Satz w ird bew iesen : es g ib t eine solche K o m 
b in a tio n  v o n  n — h S täben, die ein  s ta tis c h  bestim m tes F achw erk  b ild e t u n d  dabei das Gew icht 
des F a c h w e rk s  zu einem M inim um  m a c h t.  Im  Spezialfall, wo die n o tw en d ig e  Q uerschnittsfläche 
la u t A b b . 2 festgelegt ist, w urde d e r  S a tz  schon von G. Sv e d  b e h an d e lt.

S U R  L E  PO ID S  MINIMUM D E  C E R T A IN E S  C O N STR U C TIO N S SU R A B O N D A N TE S

J .  BARTA
D o cteu r des sc. techn.

R É SU M É

L ’a u te u r  é tud ie  la  v a ria tio n  d u  p o id s  d ’une stru c tu re  a rticu lée  c o n s is ta n t de n barres avec 
h l ia iso n s  su rab o n d an tes . Le ré sea u  e t  u n e  surcharge fix e  so n t d o nnés. P o u r chacune des 
b a rre s , l ’a ire  nécessaire A j  d e là  sec tio n  e s t  spécifiée comm e u n e  fo n c tio n  b ien  déterm inée de 
la  force F j  (F ig . 1). Le théorèm e s u iv a n t  e s t prouvé : il y  a u n e  com binaison  de n —h  b a r 
res q u i fo rm e  u n e  s truc tu re  s ta tiq u e m e n t d é term inée  e t en m êm e te m p s  re n d  m inim um  le poids 
de la  s t r u c tu r e .  D ans le cas spécial où  l ’a ire  nécessaire de la section  e s t spécifiée selon F ig . 2, le 
m êm e th é o rè m e  fu t  déjà exposé p a r  G. S v e d .

О НАИМЕНЬШЕМ ВЕСЕ ОПРЕДЕЛЕННЫХ КОНСТРУКЦИЙ С НЕОПРЕДЕЛЕН
НЫМИ ШАРНИРНЫМИ СОЕДИНЕНИЯМИ

Д -р техн . наук Й. БАРТА

РЕЗЮМЕ

Автор исследует изменение веса шарнирной конструкции, состоящей из п  стерж
ней, соединенных с h статически неопределимыми шарнирами. Даны схема и одна не
подвижная нагрузка. Необходимая площадь сечения А/  каждого стержня дана в функции 
силы Fj (рис. 1). Доказывается теорема : существует такая комбинация стержней n-h, 
которая представляет собою статически определенную конструкцию и при этом вес 
конструкции имеет минимум. В частном случае, когда необходимая площадь сечения 
определена соглано рис. 2, эта теорема уже была доказана Г. Сведом.



DIE BERECHNUNG DES MITTLEREN VERFORMUNGS- 
WIDERSTANDES BZW. DES WALZDRUCKES BEIM WARM- 

UND KALTWALZEN VON QUADRATISCHEN 
STANGEN- UND BLECHFÖRMIGEN KÖRPERN*

Prof. Dr. A. G E L E JI
O. M ITCL. D. UNG. A KA D EM IE D E R  W ISSEN SCH A FTEN , B U D A PEST 

[E ingegangeii am  17. J a n u a r  1957]

Zur E rm ittlung des Walzdruckes und der W alzarbeit ist die Kenntnis des 
mittleren Verformungswiderstandes unbedingt notwendig. Zur Berechnung des 
mittleren Verformungswiderstandes wurden von verschiedenen Forschern zahl
reiche Formeln und Rechnungsm etlioden ausgearbeitet, die wiederum von an
deren Autoren überprüft und den Versuchsersergebnissen gegenübergestellt 
wurden. In letzterer Zeit wurden solche kritische Gegenüberstellungen von Z. 
W u s a t o w sk i und S. B a la  [ 1 ] ,  sowie von K . H . L u cas  und O. E m ic k e  [ 2 ]  
durchgeführt. D iese Forscher haben sich auch m it der Formel von A. G e l e j i  
eingehend befasst. Mit Anwendung von neuem  und reicherem Versuchsmaterial 
hat nun der Verfasser die erwähnte Formel, bzw. sein Rechnungsverfahren w eiter
entwickelt. D ie folgenden Ausführungen enthalten  die diesbezüglichen neuen  
Ergebnisse.

Den A usgangspunkt bildet eine Formel, die vom Verfasser bereits im Jahre 
1942 auf Grund theoretischer und experim enteller Überlegungen aufgestellt 
wurde, u. zw. zur Berechnung des m ittleren Verformungswiderstandes beim  
W alzen von Stücken m it quadratischem Querschnitt, d. h. von Stangen und  
Blechen [ 3 ] :

In dieser Form el bedeuten :
kf die m ittlere Verformungsfestigkeit defe gew alzten W erkstoffes im W alz

spalt, fx den m ittleren Reibungskoeffizienten längs der gedrückten Flächen, 
1ц die gedrückte Bogenlänge. A wurde bisher der Stärke des aus dem W alzspalt 
auslaufenden W alzgutes A2 gleichgesetzt und m it hx die Stärke des einlaufenden

h\ 4" Ац
W alzgutes bezeichnet, es ist aber richtiger wenn Л dem Quotienten

gleichgesetzt wird ; v bedeutet die W alzgeschwindigkeit. Der Exponent n wird 
praktisch gleich 4 gesetzt. Der K oeffizient C wurde in erster Annäherung im  
Mittel mit 5,5 angenom m en. Nach genauer Überprüfung erwies es sich, wie wir

* S tark  e rg än z te r  T ex t des am V I I I .  B erg- u n d  H ü tten m än n isch en  Tag 1956 zu 
Freiberg/Sa g eh alten en  V ortrages.
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nachstehend  sehen werden, dass der K oeffizient C nicht als K onstante angenom -
л  ld

men werden kann, sondern von dem Quotienten abhängig ist.
h

Der Einspannbogen kann beim  W armwalzen mit der einfachen Formel

län =  Yr ■ (% — Ло) =  f r  • Л h (2)

W arm festigkeit d er Stähle

Bild 1

berechnet werden, da hier die A bflachung der W alzen unberücksichtigt bleiben  
darf. In  dieser Formel bezeichnet r den Halbmesser der W alzen. In Formel 1 
kann beim  W armwalzen die V erform ungsfestigkeit kf der W arm festigkeit des 
W erkstoffes bei W alztemperatur gleichgesetzt werden ; beim  K altw alzen kann 
die V erform ungsfestigkeit gleich der Fliessgrenze angenommen werden, welch  
letztere b ei praktischen Berechnungen durch die Fliessgrenze er0,2 ersetzt werden 
darf.

D ie W arm festigkeit kf von unlegierten K ohlenstoffstählen (D IN  1611 u. 
1661 m it C <  0,6% , Si <  0,5% und Mn <  0,8% ) muss aus Bild 1 entnom m en  
werden.

In  der Literatur pflegt man die W arm festigkeit von Stählen höheren K oh
len-, M angan- und Chromgehaltes m it einer Formel von E k e l u n d  zu berechnen :

k , =
M _ +  C +  M n  +  0,3 • Cr

100
(1400—t) [kg/m m 2] . (3)

In  d iese Formel sind einzusetzen : die W alztemperatur in °C, der K ohlen
stoffgehalt C, der Mangangehalt Mn, und der Chromgehalt Cr in Prozenten.
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Zur Berechnung der W armfestigkeit von unlegierten K ohlenstoffstählen  
wird oft diese EKELUiNDsche Formel verwendet. D as ist aber falsch, da die E k e l u n d - 
sche Formel dazu nicht geeignet ist. Diese Form el ergibt nämlich bei unlegierten  
Kohlenstoffstählen zu hohe Werte. Übrigens gibt jede bekannte Form el für die 
W arm festigkeit von Stählen nur Orientierungswerte. Zur genauen Berechnung  
des W alzdruckes bzw. des Verformungswiderstandes müssen durch Versuche 
erm ittelte W arm festigkeiten verwendet werden.

Zur Erm ittlung des R eibungskoeffizienten beim  Warmwalzen von Stählen  
pflegt man in der Literatur ebenfalls eine EKELUNDsche Formel zu verwenden, 
wonach die Reibungszahl über 700° C bei Stahlwalzen

ц  =  1,05 — 0,0005 • t, (4)

bei Hartgusswalzen

ft =  0,8 - (1,05 — 0,0005 • f) (5)

beträgt. In beiden Formeln bedeutet t die W alzguttemperatur.
Der Reibungskoeffizient ist jedoch von der W alzgeschwindigkeit abhängig. 

Schon die Versuche von W . T a f e l  über den Einfluss der Reibungszahl und der 
W alzgeschwindigkeit auf die Grösse des Greifwinkels haben dahin gedeutet, 
dass die Reibungszahl beim Walzen m it steigender W alzgeschwindigkeit sich 
verkleinert [4] .  D ieser Um stand ist in diesen Formeln nicht berücksichtigt 
worden.

A uf Grund sehr vieler Versuchsdaten kann die Reibungszahl bei Warm
walzung durch folgende Formeln angegeben werden : 
bei Stahlwalzen

ft =. 1,05 — 0,0005 • t — 0,056 • V, (6)

bei Hartgusswalzen

fi == 0,94 — 0,0005 • t — 0,056 • v , (7)

bei geschliffenen Stahl- oder Hartgusswalzen

fi = . 0,82 -  0,0005 • t -  0,056 v .  (8)

In diesen Form eln bedeutet v [m /sec ] die W alzgeschwindigkeit und t [°C]  
die W alzguttem peratur. Die Formeln sind unter einer W alzgeschwindigkeit 
von 5 m /sec und über einer W alztem peratur von 700° C gültig. N ach Beobach
tungen des Verfassers ändert sich die Reibungszahl über einer W alzgeschwindig
keit von 5 m /sec kaum [5] .

In der Verformungswiderstandsformel von G e l e j i  wurde der K oeffizient 
C in erster Annäherung als Konstante und zwar zu 5,5 angenommen. Doch hat der
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Verfasser diesen K oeffizienten neuerdings einer gründlichen Untersuchung unter-
ld

zogen und gefunden, dass der K oeffizient C  eine Funktion des Q uotienten
h

is t . D ie  Untersuchungen haben  folgendes gezeigt : wenn grösser ist als 2,5,
h

dann ändert sich der K oeffizient C nur sehr w enig; wenn d a g e g e n k l e i n e r  ist
h

als 2 ,5 , dann ändert sich C in  Funktion von —- sehr stark. Diese Funktion, näm -
h

lieh C =  wurde teilw eise aus den Versuchen von O. E micke, die im

Jahre 1954 durchgeführt worden [ 2 ]  sind, erm ittelt. D ie Auswertung dieser Ver
suchsdaten  ergab die Kurve vom  Bild 2.

ld
D er zu  den höheren —  W erten gehörende K oeffizient C wurde aus verschie

bt
denen W arm - und K altwalzversuchen ausgewertet. Durch diese Auswertung  

ergab sich  die im  Bild 3 w iedergegebene Kurve der Funktion C =  /  j ^ j .
D er K oeffizient C kann auch rechnerisch erm ittelt werden. W enn näm lich

0.25  <  ld <  1 is t , dann beträgt Co 2-c5 1 5  5
( > - * ) ■ (9)
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wenn

B ild  3

und wenn

3 ^  — ^ 1 5  
h

is t , dann beträgt C315 =  2 — 0,082 3 - ( 11)

A uf Grund der obigen Ausführungen hat Verfasser den Verformungswider- 
stand beim W armwalzen von Grob- und Feinblechen ausgerechnet und den 
Versuchsdaten gegenübergestellt. D ie Versuchsdaten stam m en aus den Arbeiten 
von  Z. W u s a t o w s k i und S. B a la  [ 1 ]  und von O. E m ic k e  und K . H . L ucas. 
D ie Gegenüberstellungen sind in den Tafeln 1, 2, 3, 4, 5 und 6 zu sehen.

B eispiel zu r B erechnung des V erform ungsw iderstandes beim  W arm w alzen  (T afel 1).

D  =  532 m m  , V =  2,3 m /sec ,

h y =  196 m m  ,
4

V v  =  1 ,23 ,

h2 — 181 m m  , I =  1146° C ,

A h  — 15 m m  , k f =  2,06 kg /m m 2 ,

bm — 627,5 m m , P  =  190 • 10» kg  (V ersu ch ) ,

6  Acta Tcehnicu X V III /I—2.
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l i  =  У 2 6 6 - 15 =  63,15 m m ,

=  0,335 : C =  9,58 (B ild  2),
h 188,5

/1 =  1,05 — 0,0005 ■ 1146 -  0,056 • 2,3 =  0,357 .

D er berechnete m ittle re  V erform ungsw iderstand  (Gl. 1) :

km =  2,06 • (1 +  9 ,58 • 0,357 • 0,335 • 1,23) =  4,95 k g /m m 2. 

D er berechnete W alzd ru ck  :

P  =  4,95 • 63,15 • 627,5 =  194 • 103 k g  .

Tafel 1

W arm w alzen  von Bram m en  
(V ersuche  v o n  W usatow ski u n d  B a la )

N o. l 2 3 Bemerkung

h i
m m 220 212 196 H öhe v o r  dem  S tich [mm]

h 2
m m 212 196 181 H öhe n a c h  dem  Stich [mm]

Л  h
m m 8 16 15 H ö h e n ab n a h m e  [mm]

id
m m 46,12 65,22 63,15 G ed rü ck te  L änge [mm]

hm
m m 610 622,50 627,50 B re ite  des W alzstückes [mm]

V
m /s 2,37 2,33 2,30 W alzgeschw indigkeit [m/sec]

R
m m 265,9 W alzenhalbm esser [mm]

t
°C 1150 1148 1146 W a lz te m p e ra tu r  [°C]

v 2,05 2,05 2,06 V erfo rm ungsfestigke it [kg/m m 2]

i“ 0,35 0,356 0,357 /.i = 1,05 —  0,0005 • t - 0 , 056 V

4

n
1,23

Id
h

0,22 0,33 0,35

c 10,60 9,75 9,58 K o effiz ien t aus dem  D iagram m

k m R
b e re c h n e t 4,06 4,80 4,95 V erfo rm u n g sw id ers tan d  [kg/m m 2] 

(b e re c h n e t)

km V  
V ersuch 4,10 4,02 4,80

V erfo rm u n g sw id ers tan d  [kg/m m 2] 
(V ersuch)

P r 115 195 194 W alzd ru c k  (b e rechnet) [103 kg]

P v 125 162 190 W alzd ru c k  (V ersuch) [103 kg]

ö % - 8 +  19,30 +  3,10
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Der m ittlere  V erform ungsw iderstand  du rch  V ersuch e rm itte lt :

*m —  ----- -,
P

Id ■ bn
190 • 103 

63,15 • 627^5
=  4,80 kg /m m 2

Beim Kaltwalzen von Blechen kann der Verformungswiderstand ebenfalls 
m it Formel (1) berechnet werden, wobei die W erte des K oeffizienten C  aus Bild 3 
zu entnehmen sind. D ie Berechnung wird aber dadurch kom plizierter, dass hei 
der Ermittlung des Einspannbogens die Formel (2), d. h. die Form el des Nennein
spannbogens : írín =  y r • Ah  nicht genügt, da hier der durch die Abplattung

/  Z2der Walzen entstandene sog. tatsächliche Einspannbogen lde =  j r-Ah  — — -f-
4

lfl
: -  in Rechnung gezogen werden muss. Selbstverständlich ist es unum

gänglich nötig die genaue Grösse der Reibungszahl und deren Änderung mit 
sich ändernder W alzgeschwindigkeit zu kennen.

Tafel 2

W armwalzen von Stahlblechen 
(V ersuche von W usatow ski u n d  B ala)

No. 1 1 2 3 4 5 6 Bem erkung

bm 685

к 18,1 14,1 1 1 ,0 8 ,6 6,7 5,3

к 14,1 1 1 ,0 8,6 6,7 5,3 4,1
Л h 4,0 3,1 2,4 1,9 1,4 1 ,2

1 л 37,4 33,0 29,0 25,8 2 2 ,1 20,5

V 1,3188 m /sec

R 350 mm

t ° 850,0 841,0 830,0 815,0 796,0 772,0

к / 5,5 5,6 6,0 6,4 6,5 7,4

/* 0,322 0,327 0,33 0,341 0,35 0,36 ft  - 0,82 — 0,0005 • t -
— 0,056 • V

У  V
1, 072

If/ 2,65 3,0 3,4 3,85 4,2 5,0
h

С 2,5 2,45 2,43 2,4 2,3 2 ,2 Aus dem  D iagram m

к  mR 18,0 2 0 ,0 23,2 27,2 30,5 39,0 V erform ungsw iderstand
(b e rech n et)

18,0 23,4 22,4 33,7 37,2 33,5 V erfo rm ungsw iderstand
(V ersuch)

<5% 0 ,0 - 1 4 ,5 +  1,73 - 2 3 ,8 - 1 8 ,0 +  16,5 A bw eichung

6*
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Tafel 3

W armwalzen von Stahlblechen 
(V ersuche von W usatow ski und  B ala)

No. 1 2 3 4 5 6 7 8 9 12 13 16 17 18 19

b /n 750 m m

h i 15 11,5 8,8 6,7 5,1 3,9 2,9 4,4 4 5,6 4,7 5,4 4,6 3,9 3,2

h 2 11,5 8,8 6,7 5,1 3,9 2,9 2,2 4 3,6 4,7 3,7 4,6 3,9 3,2 2,8

A h 3,5 2,7 2,1 1,6 1,2 1 0,7 0,4 0,4 0,9 0,8 0,8 0,7 0,7 0,4

V 1,319 m /sec

R 350 m m

t° 860 850 837 821 800 774 748 703 656 820 792 800 773 743 711

к / 5,4 5,5 6 6,2 6,6 7,4 8,3 9,5 10 6,2 6,7 6,6 7,4 8,3 9,2

Iх 0,316 0,321 0,328 0,336 0,346 0,359 0,372 0,395 0,42 0,336 0,35 0,346 0,36 0,374 0,39
4

У  V
1,07

ii_
h

3,04 3,5 4,05 4,64 5,3 6,45 5,4 2 7 3,3 3,8 4,3 3,54 4,03 4,9 4,24

c 2,4 2,35 2,3 2,3 2,2 2,1 2,2 2,7 2,4 2,35 2,3 2,35 2,3 2,2 2,25

к  mR 18,7 21 25,5 30 35 46 48 36,7 26 31,6 26,8 33,7 44 46

к  mV 19,85 22,8 25,5 27,9 31,5 34,6 37,7 31 - 27,6 30,8 26,5 31,6 32,4 40,2

ß % - 5 , 9 - 7 , 9 0 +  7,5 +  11,2 +  33 + 27,4 +  18,35 -  5,8 +  2,6 +  U +  6,7 +  36 +  14,4

/ 1 =  0,82 — 0,0005 • t  — 0,056 v

.. G
E

L
E

JI



W arm walzen von A lu m in iu m  
V ersuche von  0 . E m icke  u n d  K . H . Lucas

T afel 4

No. h,mm ь.mm
Л h
m m ldmm

b
mm

t
°c kg/mm*

V
m/sec

ld
h

c И k m
Versuch

k m
berechnet

P
Versuch

P
berechnet

l 117 80 37 109,8 280 408 1,5 1,52 u 5,0 0,47 5,8 5,8 178 178
2 80 60 2 0 80,7 620 403 1,5 1,52 1,15 4,58 0,47 5,3 5,5 265 274
3 60 40 2 0 80,7 1050 400 1,6 1,52 1,6 3,56 0,60 7,1 7,1 603 603
4 40 25 15 69,9 960 400 1,6 1,52 2,13 3,0 0,60 9,1 8,4 612 565
5 25 16 9 54,2 760 396 1,6 1,52 2,53 2 ,8 0,60 11,5 9,1 475 376

D uo-W alzw erk, du rch lau fend , m it Ü berhebetischen

W alzenabm essungen : D =  650 m m  W erk sto ff : Al 99,5
L  =  1500 m m  
n  =  45 /m in

W alzung m it geringer P etro leum schm ierung
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No.

1
2

3

4

5

6
7

8

9

10
11
12

Tafel 5

W armwalzen von D uralum in  
V ersuche von 0 . Emicke  u n d  K . H . Lucas

ht
mm

h,
mm

Л h 
mm

- ld 
mm

b
mm

t
°C k/

kg/m m 2
V

m/sec
ld
h c /< k m

Y ersuch
k m

berechnet
P

Versuch
P

berechnet

141 130 l i 62,1 1075 420 3,7 i , i 0,46 8,9 0,3 8,3 8,4 539 560

130 110 20 83,7 1150 403 4,0 i , i 0,70 6,9 0,3 10,0 9,9 922 922

110 90 20 83,7 1090 410 4,0 U 0,84 6,2 0,3 9,95 9,95 937 937

90 70 20 83,7 1060 401 4,0 U 1,05 5,5 0,3 10,7 11 981 980

70 55 15 72,5 1070 400 4,0 i , i 1,16 4,7 0,3 11,3 10,8 870 840

55 40 15 72,5 1080 403 4,0 i , i 1,53 3,7 0,35 12,1 12,1 940 940

40 30 10 59,2 1090 390 4,3 i , i 1,70 3,4 0,35 13,1 13,3 835 860

30 22 8 52,9 1090 397 4,15 i , i 2,04 3,0 0,35 14,1 13,3 808 765

22 15 7 49,5 1090 390 4,3 i , i 2,68 2,3 0,43 16,0 16 860 860

15 10 5 41,8 1090 378 4,5 U 3,34 1,9 0,51 19,4 19,4 883 883

10 8 2 26,5 1090 370 5,0 u 2,95 2,0 0,51 21,0 20,4 609 592

8 7 1 18,7 1090 335 5,6 U 2,50 2,5 0,60 27,8 27 568 550

D uo-W alzm erk, durch lau fend , m it Ü berhebetischen
W alzenabm essungen : D =  700 m m , d =  480 m m  W erk sto ff: FW L  3116.

L =  1800 in m ,l =  380 m m  
W alzenschm ierung u n d  K üh lung  m it E m ulsion



Tafel 6

W armwalzen von D uralum in  
V ersuche von 0 . Em icke  und  K . H . Lucas

No. h,
mm

h,
men

Л h
mm 'dmm

b
mm

t
°c k/

kg/mm*
V

m/sec
Vf
h

c И k ,n
Versuch berechnet

P
Versuch

P
berechnet

l 1 1 8 ,0 115 ,0 3 ,0 3 1 ,3 545 44 9 3 ,2 1 ,52 0 ,2 7 12 ,5 0 ,6 12,3 12 210 —

2 1 1 5 ,0 110 ,0 5 ,0 4 0 ,4 510 45 2 3 ,2 1 ,52 0 ,3 6 11 ,0 0 ,6 1 1 ,4 11 ,6 235 238

3 1 1 0 ,0 1 0 5 ,2 4 ,8 3 9 ,5 62 0 445 3 ,2 1 ,52 0 ,3 7 11 ,0 0 ,6 11,6 11 ,8 285 290

4 1 0 5 ,2 1 0 0 ,0 5 ,2 4 1 ,2 75 0 445 3 ,2 1 ,52 0 ,4 0 10 ,0 0 ,6 11 ,6 11 ,6 360 360

5 1 0 0 ,0 9 2 ,0 8 ,0 5 1 ,0 800 437 3 ,2 1 ,52 0 ,5 3 8 ,5 0 ,6 12,1 12 ,8 4 95 -

6 9 2 ,0 8 4 ,0 8 ,0 5 1 ,0 890 44 2 3 ,2 1 ,52 0 ,5 8 7 ,8 0 ,6 12 ,2 1 2 ,8 555 —

7 8 4 ,0 7 6 ,2 7 ,8 5 0 ,4 1120 44 5 3 ,2 1 ,52 0 ,6 3 7 ,4 0 ,6 12 ,4 13,1 70 0 —

8 7 6 ,2 6 8 ,0 8 ,2 51 ,7 1170 437 3 ,2 1 ,52 0 ,7 2 6 ,7 0 ,6 12,6 1 3 ,3 76 0 -  '

9 6 8 ,0 6 0 ,0 8 ,0 5 1 ,0 1145 4 3 4 3 ,2 1 ,52 0 ,8 0 6 ,3 0 ,6 12 ,9 14 ,5 750

10 6 0 ,0 5 2 ,0 8 ,0 5 1 ,0 87 0 4 2 6 3 ,3 1 ,52 0 ,91 5 ,7 0 ,6 13 ,4 14 ,5 595 -

11 5 2 ,0 4 4 ,2 7 ,8 5 0 ,4 1075 4 2 0 3 ,3 1 ,52 1 ,0 4 5 ,0 0 ,6 13 ,9 14 ,5 75 0 -

12 4 4 ,2 3 6 ,0 8 ,2 5 1 ,7 985 42 2 3 ,3 1 ,52 1 ,29 4 ,3 0 ,6 14 ,9 15 ,3 76 0 -

13 3 6 ,0 2 9 ,8 6 ,2 4 4 ,9 1100 42 6 3 ,3 1 ,52 1 ,36 4,1 0 ,6 16 ,3 15 ,3 805 -

14 2 9 ,8 2 5 ,3 4 ,5 3 8 ,3 920 4 2 6 3 ,3 1 ,52 1 ,40 4 ,0 0 ,6 17,3 16 ,9 610 598

15 2 5 ,3 2 1 ,0 4 ,3 3 7 ,4 92 0 415 3 ,7 1 ,52 1 ,60 3 ,6 0 ,6 18 ,6 17,8 64 0 612

16 2 1 ,0 17 ,0 4 ,0 36 ,1 920 411 3 ,8 1 ,52 1 ,90 3 ,2 0 ,6 2 0 ,4 2 0 ,6 675 685

17 17 ,0 13 ,0 4 ,0 36 ,1 92 0 407 3 ,9 1 ,52 2 ,4 0 2 ,7 0 ,6 2 2 ,4 2 0 ,8 74 5 695

18 1 3 ,0 10 ,0 3 ,0 3 1 ,3 92 0 40 0 4 ,0 1 ,52 2 ,7 0 2 ,3 0 ,6 24 ,5 2 0 ,4 70 5 590

19 10 ,0 7 ,5 2 ,5 2 8 ,5 92 0 388 4,5 1 ,52 3 ,2 7 1 ,9 0 ,6 2 6 ,8 23 700 600

W alzung m it geringer Petro leum schm ierung 
W alzenabm essungen : D =  650 W erk sto ff: FW L  3115

L == 1500
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B eim  Kaltwalzen von  B lechen  kann der durch die Abplattung der W alzen  
vergrösserte Einspannbogen (der gedrückte B ogen , Effektiveinspannbogen) 
durch die Formeln (12) und (13) bzw. (14) berechnet werden [6 ]  :

wo

l de r . A H + 4  +  ^

4 , 7 -
[t ) ■kr 1 +  Cn ■

Idn 7 Л
" ' V H

1 — 2,35  • kf  • Cn-
( i ) ' ( f )

• 1^

( 12)

(13)

W enn E  =  2,1 • 10 4 k g/m m 2 in  die Formel (10) eingesetzt wird (also beim  
Stahlw alzen), ergibt sich die Form el (11) :

2,22 • IO“ 4 • r ■ kf  ■ | l  +  Cn ■ ix • hlL . y v 

1 -  1 ,12 • 1 0~4 ■ kj  • Cn • г • I -̂J • f r
(14)

H ier is t  Cn = f aus der K urve von Bild 3 zu entnehm en.

D ie  Verlängerung des gedrückten Bogens b ed eu tet, dass die W alzen m it 
dem H albm esser r längs des gedrückten Bogens so w irken, als ob ihr Radius sich  
von г  a u f  R  vergrössert h ätte . E s ist nämlich

lde —
n lur ■ A h -f- -f- — 1IR - A h  ,

und daraus ist der vergrösserte Walzenradius (Bild 4) :

R  — — -  .
A h

(15)

(16)

W ie gesagt, wird beim K altw alzen  die Verform ungsfestigkeit der m ittleren  
Fliessgrenze er о ,2 des gewalzten W erkstoffes gleichgesetzt. D ie mittlere geom etri
sche Verform ungsfestigkeit des gew alzten W erkstoffes w ird durch die von der 
K urve er0 , 2  begrenzte Fläche bestim m t.

M it der Ermittlung des b eim  Kaltwalzen auftretenden Reibungskoeffizien
ten  h ab en  sich sehr viele Forscher beschäftigt, die Frage is t  jedoch noch heute  
nicht en d gü ltig  abgeschlossen. D er mittlere R eibungskoeffizient beim W alzen  
kann nur indirekt, aus dem  Verformungswiderstand erm ittelt werden. Die:
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Reibungszahlen, die m it den sogenannten direkten' Versuchsm ethoden erm it
te lt wurden, sind m it den m ittleren R eibungszahlen der W alzung nicht 
identisch.

In der Fachliteratur gibt es sehr viele Angaben über den Reibungskoeffi
zienten beim  W alzen. Reim Kaltwalzen m it trockenen W alzen und ölfreiem  
W alzgut beträgt die Reibungszahl nach Literaturangaben fi =  0,07 bis 0,15 
je nach der O berflächenbeschaffenheit der W alzen, abhängig auch von anderen 
Faktoren und ist bei kleinen W alzgeschwindigkeiten im  M ittel m it 0,1 anzu
nehm en.

Aus den Versuchen von A. P omp und W . L u eg  zur Erm ittlung der R eibungs
zahl beim  Stahlbandwalzen ergab sich, dass die R eibungszahl beim Kaltwalzen
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von dem  W erkstoff des gew alzten Stückes, von der Oberflächenbeschaffenheit 
des W alzgutes und der W alzen, von der Schmierung und Von der W alzgeschwin
d igkeit abhängt [8] .  R. B. S im s  und D . F. A r t h u r  [9,  10] haben neuerdings 
den E influss der W alzgeschwindigkeit auf den R eibungskoeffizienten bei der 
W alzung von Stahlband mit Ö lschm ierung untersucht und erhielten die in Bild  
5 wiedergegebene Kurve. Die R eibungszahlen wurden aus den gem essenen W er
ten  von  W alzdruck, Form änderungsfestigkeit und Dickenabnahm e mit Hilfe 
der D . B. B l a n d — H. FoRDschen W alzdruckformel indirekt erm ittelt. D ie Werte 
der m ittleren Reibungszahl, die sich aus den Versuchen mit Öl als Schm ierm ittel 
ergaben, sind in Bild 5 als Funktion der W alzgeschwindigkeit aufgetragen.

B ild  5

D ie Erm ittlung des Reibungsbeiw ertes geschah auf Grund der FoRDschen 
V ersuchsdaten [1 1 ] . Die Versuche von  H . F o r d  geben beim K altw alzen ein sehr 
anschauliches Bild von den Veränderungen des Walzdruckes bzw. des N ennver
form ungsw iderstandes in Abhängigkeit von der W alzgeschwindigkeit (Bild 6).* 

D ie m ittlere Reibungszahl wurde aus Formel (1) berechnet, danach ist die 
R eibungszahl

f^me —
k m p  к  f

k j - C e Ide- ■ ]/p (17)

* D er N ennverform ungsw iderstand  is t d e r  a u f  den N enneinspannbogen (/,/.-j =  f r  A h )  
bezogene spezifische W alzd ru ck :

kmn  —
b • Y r  • À h I dn' b

D er E ffek tiv v erfo rm u n g sw id ers tan d  (к т г ) is t  der a u f  den u n te r  W alzd ruck  ve rlän g erten  
E in sp an n b o g en

(läe =  ]/=  \ r - A h  + , ] u
4 ‘ 2

bezogene V erform ungsw iderstand :

km’ --
Ide • b
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wo aus der Kurve (Bild 3)

den tatsächlichen

ist, und wo

кme 1 +  Ce ' H- ■
hie
h

(effektiven) Verformungswiderstand bedeutet.

Bild 6

(18)

Aus dem Effektivverform ungswiderstand ergibt sich der Nennverform ungs
w iderstand als :

kmn =  k me- ^ .  (19)
* dn

Die so erm ittelten  Reibungszahlen sind in Funktion des Verformungs
widerstandes und des Walzdruckes in Bild 7 wiedergegeben.

Die Auswertung der Reibungszahlen nach dem angegebenen Verfahren 
zeigt, dass die Reibungszahl bei den ersten Stichen mit steigender W alzge
schwindigkeit verhältnism ässig wenig fä llt. Bei steigender H ärte und somit bei
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T afel 7

K a l tw a lz e n  v o n  S ta h lb ä n d e r n

V ersuche

h,
mm

---------- T“
h, '1

mm
Л  h
mm

h =
hj-f ha 

2
wmm

l d n

h k/ ‘kg/mm2 k/>kg/mm2
k/m

kg/mm2 n
V

m/s

q 2,512 1,773 0,739 2,14 9,67 4,50 52,0 66,0 59,0 0,07 0,035

1,773 1,260 0,513 1,50 8,10 5,40 66,0 69,5 67,75 0,07 0,035
£

1,260 0,881 0,379 1,07 6,90 6,40 69,5 71,5 70,5 0,12 0,035
C<T 0,881 0,635 0,246 0,758 5,58 7,37 71,5 72,5 72,0 0,22 0,035

d 2,518 1,750 0,768 2,134 9,81 4,65 52,0 62,2 59,1 0,048 0,502

1,750 1,234 0,516 1,492 8,04 5,50 66,2 70,0 68,1 0,066 0,502
s 1,234 0,861 0,373 1,047 6,88 6,55 70,0 71,5 70,7 0,066 0,502

CO 0,861 0,599 0,262 0,730 5,76 7,87 71,5 72,5 72,0 0,08 0,502

2,520 1,757 0,763 2,16 9,87 4,55 52,0 66,0 59,0 0,032 1,193

1,757 1,239 0,518 1,50 8,10 5,40 66,0 69,5 67,7 0,032 1,193
в 1,239 0,861 0,378 1,05 6,90 6,55 69,5 71,5 70,5 0,045 1,193

t— 0,861 0,607 0,254 0,734 5,65 7,70 71,5 72,5 72,0 0,045 1,193

Bild. 7

steigendem  Verformungswiderstand fällt die R eibungszahl m it der steigenden  
W alzgeschw indigkeit anfangs verhältnism ässig stark, dann wird aber die K urve 
der R eibungszahl immer flacher, und nach Erreichung einer Grenzgeschwindig
keit b le ib t sie praktisch k on stan t. Über dieser Grenzgeschwindigkeit scheint die 
R eibungszahl auch von der Grösse des Verformungswiderstandes nur w enig  
abhängig zu  sein.
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m it Schmierung  
von  H . Ford

4 •u ■л lde Г кme kmn k*mn ^*т-^ти D Г D

> mm mm h e kg/mm* berechnet Versuch к* mm % h

0,438 1,45 2,00 10,75 5,0 1,4 72,5 81 70,80 + 1 4 254 127 120

0,438 1,4 2,37 9,34 6,2- 1,3 84,4 97,5 106,75 -  8,7 254 127 170

0,438 1,35 2,60 8,64 8,23 1,30 112,0 140 151,90 -  8 254 127 236

0,438 1,3 4,63 8,37 11,0 1,25 168,0 252 251,50 ± 0 254 127 335

0,839 1,5 2,17 10,91 5,1 1,45 64,0 70,8 74,90 -  5,5 254 127 120

0,839 1,4 2,86 9,63 6,5 1,3 85,5 102,5 106,60 -  3,85 254 127 170

0,839 1,3 3,17 8,60 8,2 1,3 112,5 140 131,90 +  6 254 127 236

0,839 1,3 3,94 8,00 11,0 1,2 137,0 190 189,60 ±  0 254 127 335

1,045 1,5 2,15 10,95 5,5 1,4 74,0 82 76,20 +  7,6 254 127 120

1,045 1,4 2,43 9,41 6,27 1,3 86,0 100 103,40 - 3 , 4 254 127 170

1,045 1,3 2,92 8,56 8,10 1,2 103,0 128 127,00 +  0,8 254 127 242

1,045 1,3 3,30 7,55 10,3 1,25 116,0 155 169,50 -  8,5 254 127 346

Aus den FoRDschen Versuchen kann die Schlussfolgerung gezogen werden, 
dass bei sehr kleinen W alzgeschwindigkeiten und bei grossen Verformungswider- 
ständen die m etallische Reibungszahl der Ruhe zur Geltung kom m t, die allmäh
lich in die Reibungszahl der gleitenden Reibung und bei steigender Geschwindig
keit und Ölschmierung in  die der Flüssigkeitsreibung übergeht. Nach Über
schreitung einer G renzgeschwindigkeit wird der W ert der R eibungszahl praktisch 
konstant. Man darf aber auch nicht vergessen, dass sich die Reibungszahl selbst 
bei Trockenwalzung m it steigender W alzgeschwindigkeit ähnlich verhält, nur 
ist sie etwas grösser als bei Ölschmierung, dabei scheint der Verformungswider
stand auf die Reibungszahl weniger Einfluss zu haben. B ei niedrigem  spezifi
schem  W alzdruck (Verformungswiderstand) kom m t selbst b ei kleinen Walz
geschwindigkeiten die W irkung der Schmierung besser zur G eltung, da wahr
scheinlich der kleinere spezifische Druck das ö l  von der gedrückten Fläche 
weniger verdrängt als ein grösserer spezifischer W alzdruck. So ist auch die 
Reibungszahl bei einem kleinen Verformungswiderstand kleiner als bei einem 
grossen (Bild 7).

Verfasser hat aus einer Stahlbandwalzversuchsreihe von  H . F o r d  den 
Reibungskoeffizienten erm ittelt und m it Hilfe des so gew onnenen Reibungs
koeffizienten andere Versuchsreihen von H. F o r d  [1 1 ], J . B i l l i g m a n n  und A. 
P o m p  [1 2 ] durchgerechnet. Die Ergebnisse dieser Rechnungen und der Ver
gleich m it den Versuchsergebnissen sind in den Tabellen 4, 5 und 6 zusammen
gestellt.
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Tafel 8

K a l t iv a lz e n  v o n  S ta h lb ä n d e r n

V ersuche von B illigm ann

h‘mm
h2

mm
A h
mm

h =
h,+h2 ldn

mm
*dn 
h

k/,
kg/mm2

hy 2
kg/mm2

k/m
kg/mm2 "

V
m/s

1,25 0,86 0,39 1,05 5,05 4,8 36 62 49 0,07 0,166

S 0,86 0,60 0,26 0,73 4,10 5,6 62 74 68 0,08 0,166
0,60 0,42 0,18 0,51 3,42 6,85 74 82,4 78 0,09 0,166

О 0,42 0,29 0,13 0,355 2,92 8,2 82,4 85,6 83,5 0,10 0,166
0,29 0,205 0,085 0,247 2,35 9,5 85,6 90 87,8 0,10 0,166

1,25 0,86 0,39 1,05 5,05 4,8 36 62 49 0,03 1,67
.5 0,86 0,60 0,26 0,73 5,05 5,6 62 74 68 0,03 1,67
В 0,60 0,42 0,18 0,51 3,42 6,85 74 82,4 77,8 0,03 1,67

о 0,42 0,29 0,13 0,355 2,92 8,2 82,4 85,6 83,5 0,03 1,67
0,29 0,205 0,085 0,247 2,35 9,5 85,6 90 87,8 0,03 1,67

In  Tafel 7 sind eine R eihe von den Stahlbandwalzversuchen von H. F o r d  

aufgearbeitet. Die A usgangsstärke des geglühten Stahlbandes war 1,25 mm, 
die E ndstärke des ausgew alzten harten Stahlbandes 0,6 mm. Die Auswalzung 
w urde in  vier Stichen ohne Zwischenglühung mit der W alzgeschwindigkeit von  
2,1 m /m in , 30 m/min und 70 m /m in durchgeführt. D ie Auswalzung geschah  
bei Ölschmierung.

In  T afel 8 sind eine R eihe der Stahlbandwalzversuche von J. B i l l i g m a n n  

und A . P o m p  bearbeitet. D ie Anfangsstärke des geglühten Stahlbandes war 
1,25 m m , die Endstärkc 0,2 m m . Die Auswalzung erfolgte in fünf Stichen  
ohne Zwischenglühung bei einer W alzgeschwindigkeit von 10 m/min bzw. 100 
m /m in . D ie Auswalzung geschah bei Ölschmierung.

In  T afel 9 sind ebenfalls eine Serie der Stahlbandwalzversuche von J. .  
B i l l i g m a n n  und A. P o m p  bearbeitet. Die Anfangsstärke des geglühten Stahl
bandes war 1,25 mm, die E ndstärke 0,29 mm. D ;e A usw alzung wurde mit vier 
Stichen  durchgeführt bei einer W alzgeschwindigkeit von  10, 100 und 300 
m /m in. D ie  Auswalzung erfolgte hier ohne Schmierung.

In  den Tafeln 10, 11 und 12 sind die Versuchsdaten und die Ergebnisse 
der K altw alzversuche des V erfassers zusammengefasst. D iese Kaltwalzversuche 
wurden m it Armco-Eisen, m it Ms 72-Messing und mit S 7-Stahlband durchgeführt. 
In den T afeln  10,11 und 12 wurde bei der Berechnung des m ittleren Verformungs
w iderstandes der R eibungskoeffizient mit 0,03 in R echnung gezogen.

D ie  Tafeln zeigen folgendes :
B e i Ölschmierung w ächst der Reibungskoeffizient m it wachsendem Ver

form ungswiderstand und fä llt m it wachsender W alzgeschwindigkeit. Beim
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m it Schmierung  
und Pom p

У V
Cn mm

•</.
mm h c e

k mf
kg/mm*

k i i m
berechnet

k*
K mn 

Versuch
Ir*K»ur
k*

~ k/n/i D
mm

r
mm

I)

h

0 ,6 3 7 1 ,50 0 ,9 8 5 5 ,5 0 5 ,2 5 1,6 66 72 80 — 10 130 65 124

0 ,6 3 7 1 ,4 0 1,44 4 ,9 2 6 ,7 2 1 ,35 99 ,5 120 116 + 3 ,5 130 65 178

0 ,6 3 7 1 ,30 1,85 4 ,4 6 8 ,7 5 1,3 129 168 150 + 12 130 65 255

0 ,6 3 7 1 ,3 0 2 ,38 4 ,2 9 12,1 1,2 160 232 20 0 + 16 130 65 365

0 ,6 3 7 1 ,15 2 ,40 3 ,8 0 1 5 ,4 1,1 187 300 310 3 130 65 527

1 ,1 4 1 ,50 0 ,91 5 ,5 2 5 5 ,2 5 1,5 62 ,5 68 ,5 80 — 16 130 65 124

1 ,14 1 ,40 1,29 4 ,8 1 5 6 ,6 1 ,4 90 105 100 -f- 5 130 65 178

1 ,14 1 ,30 1,55 4 ,3 1 8 ,3 5 1,3 106 134 125 4 - 7 ,2 130 65 255

1 ,1 4 1 ,30 1,72 3 ,9 2 11 ,0 1 ,2 117 156 156 t 0 130 65 365

1 ,14 1 ,15 1,90 3 ,4 9 14 ,2 1,1 134 200 20 0 : 0 130 65 527

W alzen ohne Schmierung scheint der Reibungskoeffizient von dem Verformungs
widerstand unabhängig zu sein, wird aber kleiner m it wachsender W alzgeschwin
digkeit.

Bei Schmierung hängt die Reibungszahl auch von dem angewendeten  
Schmierstoff, sowie von m om entanen örtlichen V erhältnissen im W alzspalt ab, 
die kaum in Rechnung gezogen werden können. Man muss also bei der Erm ittlung  
der Reibungszahl m it einem Unsicherheitsfaktor rechnen.

Die nach der hier angegebenen Rechnungsm ethode errechneten Verfor
m ungswiderstände weichen beim  Kaltwalzen von Stahl von den durch Versuche 
erm ittelten Verformungswiderständen nur in den praktisch erlaubten Grenzen ab.

Beispiel zur B erechnung  des m ittle ren  V erfo rm ungsw iderstandes beim  K altw alzen  
(T afel 7).

D er gew alzte W erk sto ff  : A rm co-E isen.
G ew alzt w urde  a u f  einem  Q uarto  Walzwerk, dessen  A rbeitsw alzendurchm esser 125 m m  

u n d  B allenlänge 285 m m  b etrug .
D er A b n ah m ep lan  der B andw alzung  :

195 X 0,92 ->  0,70 -> 0,55 -> 0,49 ->  0,40 m m  .

Die W alzung w urde  bei Z ylinderölschm ierung durch g efiih rt.

h 1 =■ 0,92 m m , k fi =  23,1 kg /m m 2 ,

/i2 0,70 m m , k f 2 =  46,0 kg m m 2 ,

A h — 0,22 m m , kfk =  34,55 kg /m m 2

h =  h + Ь ,  —  o,81 m m  . 
2

V = 1  m /sec ,
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Tafel 9

K altw alzen von Stahlbändern
V ersuche v o n  B illigm ann

bt
mm

h,
mm

Л h 
mm

h =
_  h i+ Ь , 

2
Vf*
mm

*dn 
~h . Л 'kg/mm2

k/ !
kg/mm2

k fm
kg/mm2

V
m/s

Д 1 ,2 5 0 ,86 0 ,3 9 1 ,0 5 5 ,0 5 4 ,8 36 62 49 0 ,0 8 0 ,1 6 7

0 ,8 6 0 ,60 0 ,2 6 0 ,7 3 4 ,1 0 5 ,6 62 72 67 0 ,0 8 0 ,1 6 7
Д

о 0 ,6 0 0 ,42 0 ,1 8 0 ,5 1 3 ,4 2 6 ,8 5 72 80 76 0 ,0 8 0 ,1 6 7

0 ,4 2 0 ,29 0 ,1 3 0 ,3 5 5 2 ,9 2 8 ,2 80 85 8 2 ,5 0 ,0 8 0 ,1 6 7

Д 1 ,2 5 0 ,8 6 0 ,3 9 1 ,0 5 5 ,0 5 4 ,8 36 60 48 0 ,0 5 1 ,67
j [
~д~ 0 ,8 6 0 ,60 0 ,2 6 0 ,7 3 4 ,1 0 5 ,6 60 70 65 0 ,0 5 1 ,67

о 0 ,6 0 0 ,42 0 ,1 8 0 ,5 1 3 ,4 2 6 ,8 5 70 78 74 0 ,0 5 1 ,67
0 ,4 2 0 ,29 0 ,1 3 0 ,3 5 5 2 ,9 2 8 ,2 78 84 81 0 ,0 5 1 ,67

д 1 ,2 5 0 ,8 6 0 ,3 9 1 ,0 5 5 ,0 5 4 ,8 36 62 4 9 0 ,0 4 5 ,0
j [ 0 ,8 6 0 ,6 0 0 ,2 6 0 ,7 3 4 ,1 0 5 ,6 62 72 67 0 ,0 4 5 ,0

о 0 ,6 0 0 ,42 0 ,1 8 0 ,5 1 3 ,4 2 6 ,8 5 72 75 7 3 ,5 0 ,0 4 5 ,0
со 0 ,4 2 0 ,2 9 0 ,1 3 0 ,3 5 5 2 ,9 2 8 ,2 - - - - -

Idn — Уб2,5 • 0,22 =  3 ,7  m m  ,

Id
-д - =  4,58 ; C n =  1,5 ; D  =  125 m m  ; r == 62,5 m m  .

D e r  V erform ungsw iderstand  w u rd e  m it Form el (1) u n d  de r effek tive  g ed rü ck te  B ogen 
m it  H ilfe  d e r  Form el (12) b e rec h n e t :

Ide — r • A  h
4

In
T

( 12)

wo d ie  u n w irk sam e  B ogenlänge aus F o rm e l (11) sich e rg ib t :

2,22 • 10_1 ■ r ■ k f  ( l + < ;„ • /* •  - ÿ - ' f ü )
lu — ----------------------------------------------------------------------- 4----------

1 -  l , 1 2 - 1 0 - 4 . f e y C „ T - [ y j l h r

H ie r  is t

2 ,2 2  . 10~4 • 6 2 ,5  • 3 4 ,5 5  =  0 ,4 7 8  ,

1 +  1 ,5  • 0 ,0 3  • 4 ,5 8  • 1 =  1 ,2 0 6  ,

(1 3 )

u n d  so i s t

1 -  1,12 • 1 0 '4 • 3 4 ,5 5  ■ 1 ,5  • 6 2 ,5  • . j  =  0 ,9 8 7  ,
0,81

_  0 ,4 8 7  • 1 ,2 0 6  _  
l u ~ ------ 0 ,9 8 7  - ° ’5 8 '

(12)
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ohne Schmierung  
und Pom p

4
I V c „ ‘u

mm
ldt
mm

hte
h Ce k me

kg/mm2
kmn

berechnet
к *mii

V ersuch
kwin—k/nn 
k* mn%

D
mm

r
mm

D
h

0,637 1,5 1,00 5,55 5,3 1,45 68,5 75 77 -  2,6 130 65 124
0,637 1,4 1,415 4,88 6,7 1,35 97,75 115 104 +  9,6 130 65 178
0,637 1,3 1,73 4,40 8,65 1,30 119 153 136 +14,0 130 65 255
0,637 1,3 2,07 4,11 11,6 1,20 146 206 198 +  3,9 130 65 365

1,14 1,5 1,03 5,55 5,3 1,45 69 76 78 -  2,6 130 65 124
1,14 1,4 1.46 4,93 6,72 1,35 98,5 118 110 +  7,3 130 65 178
1,14 1,3 1,75 4,43 8,7 1,30 122 158 150 +  5,35 130 65 255
1,14 1,3 2,15 4,15 11,7 1,25 148 218 245 -11,0 130 65 365

1,49 1,5 1,05 5,57 5,3 1,50 72,5 80 77 +  3,9 130 65 124
1,49 1,4 1,495 4,95 6,8 1,35 104 125 115 +  8,7 130 65 178
1,49 1,3 1,77 4,425 8,65 1,30 123 159 250 -  3,6 130 65 255

- - - — - - - - - 130 65 -

Die effektiv e ged rü ck te  L änge b e trä g t also n ach  Form el (12) : 

lie =  У'б2,5 - 0,22 +  0,08 ' +  0,29 =  4 nun  .

A n H an d  dieser D a ten  is t

^  =  4,95 u n d  aus B ild  2 : Ce =  1,4 .h

D er effek tive  Y erform ungsw iderstand  is t  also

km; =  k f  I 1 +  Ce ■ Ц ■ ldhe • y ¥  j =  34,55 • (1 +  1,4 • 0,03 • 4,95 ■ 1) =  41,5 k g /m m 2 .

D er N ennverfo rm ungsw iderstand  is t l a u t  F o rm el (19) :

krnn =  ke ■ =  41,5 • ~  - =  44,8 kg/m m 2 ,
Idn d,7

D er d u rch  V ersuch e rm itte lte  N ennverfo rm ungsw iderstand  b e trä g t :

, 32 200 л л „ 1 ,
knm =  195^ 3,7 ^  44’7 kg/m m  •

7 Acta Technica XVIII/1—2.
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9. R . B . S i m s  und  D. F . A r t h u r  : S peeddependen t V a riab les  in  Cold S trip  Rolling. J .  I ro n
a n d  S teel In s t. 179/1952. N r. 3. S. 285/295.

10. A . L i s s n e r  : E influss de r W alzgeschw indigkeit a u f  B andd ick en än d eru n g en  beim  K a l t 
w a lzen  von  B ändern . S tah l u . E isen  73. (1953). S. 670/672.

11. H . F o r d  : T he E ffect o f  Speed of Rolling in  th e  C old-R olling  Process. J . Iro n  a n d  S tee l
In s t .  67. (1947). S. 380/397.

12. J .  B i l l i g m a n n  und  A. P o m p  : U n te rsu ch u n g en  ü b e r d en  E in flu ss  der W alzgeschw indigkeit
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v o n  B an d stah l. S tahl u. E isen  74. (1954). S. 441/461.

ZUSA M M ENFASSUN G

I n  d ieser A bhandlung  w ird ein  R echnungsverfah ren  zu r B estim m ung des V erform ungs
w id e rs tan d e s  beim  W arm -u n d  K a ltw alzen  vorgeführt. Z ur E rrec h n u n g  des V erform ungsw ider
s ta n d es  d ie n t  die Form el

km =  k f  ^1 +  C • /I ■ y  ■ У » 'j  • ( ! )

In  d ieser Form el is t der K oeffiz ien t C sowohl beim  W arm w alzen  wie auch beim  K a l t 

w alzen v o n  dem  Q uotien ten  j j abhängig . Die F u n k tio n  C = f  j -j1 j ist em pirisch e rm it te lt  

w orden  (B ild  2).
D e r  K oeffiz ien t C k an n  auch  rechnerisch  e rm itte lt  w erden . W enn näm lich

0,25 <  1 
n

is t, d a n n  b e trä g t C0t25h  =  5,5 —f- 6 - | I - 1 ) . (9)

wenn

i <  3
n

ist, d a n n  b e trä g t C13 =  —---------1- 0,075

( x )
(10)

u n d  w enn

3 <  lf <  15 
n

is t, d a n n  b e trä g t C3/15 =  2 — 0,082 • j ( И )

B eim  K altw alzen  verg rössert sich der gedrück te  E in sp an n b o g en  du rch  die A b p la ttu n g  
der W alzen. D iese A b p la ttu n g  e rw irk t eine V ergrösserung des W alzdruckes bzw. des V erfor-



T afel 10

Kaltwalzen von Arm co- E isenbändern m it Zylinderölschmierung  
(V ersuche des V erfassers)

h,mm h,mm
Jh
mm

ll
mm 'dn

mm
^dn
h k/ ‘kg/mm* k/>kg/mm-

k/m
kg/mm* n

V
m/sec У V c n mm \ umm h ce kmC

kg/mm 2
k mn

berechnet
kg/mm2

k*„
Versuch
kg/mm2

ICn-km»
kîm
%

D
mm

D Г
mm

P
UllgC-

tricbenc
Seite

P nicht 
ange- 
triebene 
Seite

£  P 
10» kg Bemerkungen

0 0,90 _ _ _ _ _ _ _ _ — — — _ — — — — — — — — — — — — —

1 0,90 0,72 0,18 0,81 3,25 4,02 23,1 46 34,55 0,03 1,0 1,0 1,6 0,58 3,57 4,43 1,5 41,5 45,6 50,5 - 9,7 125 154 62,5 14,0 18,0 32

2 0,72 0,55 0,17 0,62 3,23 5,22 46 61 53,5 0,03 1,0 1,0 1,5 0,95 3,72 6,0 1,3 66 76 93 -  18,3 125 202 62,5 25,0 33,2 58,2

3 0,55 0,49 0,06 0,52 1,94 3,72 61 66 63,5 0,03 1,0 1,0 1,75 1,1 2,56 4,94 1,4 76,2 101 121 -  16,5 125 240 62,5 21,6 24,2 45,8

4 0,49 0,42 0,07 0,455 2,06 3,71 66 71 68,5 0,03 1,0 1,0 1,75 1,195 3,017 6,65 1,3 86,2 126 125 +  0,08 125 281 62,5 20,0 30,0 50,0

0 0,92 — — — — — — — — — — — — — — — — — — — — — — — — - - ЗОО/125/125/ЗООх

1 0,92 0,70 0,22 0,81 3,7 4,58 23,1 46 34,55 0,03 1,0 1,0 1,5 0,58 4,00 4,95 1,4 41,5 44,8 44,7 0,0 125 154 62,5 16,0 16,2 32,2 x285
W alzgeschw in-

2 0,70 0,56 0,14 0,63 2,96 4,7 46 60 53,0 0,03 1,0 1,0 1,45 0,91 3,455 5,5 1,35 65 76 84,5 -  10,0 125 198 62,5 21,6 27,2 48,8 digkeit

3 0,56 0,47 0,09 0,501 2,37 4,73 60 66 63,0 0,03 1,0 1,0 1,45 1,1 2,93 5,35 1,35 78 96,3 88,5 +  8,8 125 249 62,5 20,5 20,4 40,9 1 m /m in

4 0,47 0,40 0,07 0,435 2,08 4,8 66 73 69,5 0,03 1,0 1,0 1,4 1,2 2,81 6,5 1,3 87 117,3 107 +  9,0 125 287 62,5 17,8 25,6 43,4

0 0,90 — — — — — — — — — — — — — — — ' — — — — — - — — — - -
1 0,90 0,72 0,18 0,81 3,2 3,95 23,1 46 34,55 0,03 1,0 1,0 1,65 0,527 3,56 4,4 1,6 38 42,4 33 +  15,1 125 154 62,5 12,0 8,5 20,5

2 0,72 0,53 0,19 0,625 3,12 5,0 46 61 53,5 0,03 1,0 1,0 1,5 0,89 3,90 5,92 1,3 63,2 75,2 72,8 +  3,3 125 200 62,5 21,6 24,9 46,5

3 0,53 0,47 0,06 0,50 1,95 3,9 61 66 63,5 0,03 1,0 1,0 1,65 1,1 2,55 5,1 1,5 80,5 105,5 103 +  2,42 125 250 62,5 20,0 19,0 39,0

4 0,47 0,40 0,07 0,435 — 63,5 71 68,5 0,03 l.o- 1,0 1,5 1,25 2,805 6,45 1,35 89 119,5 95,8 +  19,7 125 287 62,5 16,0 22,8 38,8

Tafel 11

Kaltwalzen von M s 7 2 -M essingbändern m it geringer Petr oleum Schmierung 
(V ersuche des V erfassers)

blmm
h2

mm
Л h
mm

h
mm ^dn

mm
\ln
TT k/> . kg/ram2 к/*kg/mm2

k/mkg/mm2 f*
V

m/sec 4

У v c n
>«

mm
'd>
mm

^de
~h* C<? kg/mm2

V*7ЛЛ
berechnet

к **mnVersuch
k*m“ k/nu

к *л тп
%

D
mm

D
~h~

r
mm

punge
triebene

Seite

P nicht 
ange
triebene 
Seite

£  P 
103 kg Bemerkungen

0 9,70 _ _ _ _ _ _ _ __ - - __ __ __ __ __ b =  110 mm

1 9,70 5,85 3,85 7,80 24,1 3,1 9 45 27 0,03 0,36 0,77 2,0 1,025 24,5 3,15 1,95 30,9 31,4 29,25 +  7,4 400 51,2 200 48,0 29,4 77,4 v =  22 m/m in

2 5,85 4,15 1,70 5,00 16,0 3,2 45 50 47,5 0,03 0,36 0,77 1,9 1,82 16,91 3,4 1,8 54,2 57,2 52,4 +  9,15 400 80,0 200 58,8 33,6 92,4

3 4,15 2,90 1,25 3,52 13,7 3,9 50 52 51 0,03 0,36 0,77 1,7 2,04 14,72 4,18 1,6 58,8 63 51,0 +  24,5 400 114,0 200 44,6 31,8 76,4

4 2,90 1,82 1,08 2,36 12,7 5,4 52 58 55 0,03 0,36 0,77 1,4 2,16 13,83 5,88 1,3 64,8 70,5 60,8 +  16,0 400 170,0 200 52,8 32,2 85,0

0 9,80 — — — — — — — — — — — — — — — — — — — — - — — —
1 9,80 6,32 3,48 8,06 22,7 2,83 9 44 26,5 0,03 0,36 0,77 2,15 1,04 23,32 2,9 2,1 31,0 31 27,4 +  13,2 400 49,5 200 40,4 27,7 68,1

2 6,32 4,80 1,52 5,56 15,15 2,73 44 48 46 0,03 0,36 0,77 2,25 1,76 16,03 2,88 2,1 52,3 55,3 44,4 +  24,6 400 72,0 200 44,6 29,0 73,6

3 4,80 3,30 1,50 4,05 15,0 3,71 48 51 49,5 0,03 0,36 0,77 1,7 1,88 15,54 3,85 1,65 56,8 58,8 53,5 +  9,9 400 99,0 200 51,6 36,6 88,2

4 3,30 2,30 1,00 2,80 12,2 4,37 51 56 53,5 0,03 0,36 0,77 1,55 2,08 13,24 4,75 1,45 61,8 67 59,2 +  13,2 400 142,0 200 48,6 30,8 79,4

5 2,30 1,85 0,45 2,07 8,2 3,96 56 57 56,5 0,03 0,36 0,77 1,6 2,18 9,29 4,5 1,45 65,0 73,4 70,0 +  4,85 400 193,0 200 38,2 24,8 63,0

Tafel 12

Kaltwalzen von S  7 -Stahlbändern m it geringer Petroleumschmierung 
(V ersuche des V erfassers)

htram
h,

mm
A h
mm

h
mm *da

mm
^dn
~h

k/1kg/mm2 к/•kg/mm2
k/m

kg/mm2
V

m/sec Í V c„ mm V -mm
1de 
h

^me
kg/mm2 berechnet Versuch

k/*m k/»m

%
D

mm
D
h"

Г
mm

p
unge

triebene
Seite

P nicht 
ange- 
triebene 
Seite

£  P 
10» kg Bemerkungen

0 1,75 _ _ _ ___ ___ ___ ___ ___ — ___ ___ ___ ___ _ ___ — —: — — — — — — — — b =  40 mm

1 1,75 1,55 0,2 1,65 4,5 2,70 58 91,5 74,25 0,03 0,5 0,838 2,3 1,96 5,50 3,37 1,85 84,5 105 120 -  12,5 200 120 100 12,8 8,5 21,3 v =  29,5 m/min
2 1,55 1,35 0,2 1,45 3,9 2,70 91,5 100 95,80 0,03 0,5 0,838 2,3 2,56 5,93 4,1 1,60 111,5 148 141 +  4,97 200 137 100 14,8 10,3 25,1 v =  0,5 m /m in

3 1,35 1,20 0,15 1,275 3,9 3,05 100 100 100,00 0,03 0,5 0,838 2,0 2,70 5,45 4,3 1,60 117,2 162 142 +  14,2 200 157 100 13,0 9,0 22,0

0 1,85 — — — — — — — — — — — — — — — — — - - — — — — — — —

1 1,85 1,55 0,3 1,70 5,5 3,21 58 93 75,50 0,03 0,5 0,838 1,9 1,96 6,52 3,35 1,7 88,0 104,5 109 — 4,14 200 116 100 14,0 10,0 24,0

2 1,55 1,20 0,35 1,375 5,5 4,00 93 104 98,50 0,03 0,5 0,838 1,65 2,65 6,945 5,08 1,4 115,5 145,5 127 +  14,6 200 145 100 16,0 11,8 27,8
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m ungsw iderstandes. Zur B erechnung  des vergrösserten  E inspannbogens sind d ie F o rm eln  (14) 
u n d  (15) angegeben.

Die p rak tisch e  A n w en d b ark e it u n d  G enauigkeit des R ech n u n g sv erfah ren s is t  aus den 
beigefüg ten  T afe ln  ersichtlich.

Ü brigens können  aus d iesen  T afe ln , in denen  die E rgebnisse  der K a ltw alzv ersu ch e  
zusam m engefasst sind, sehr w ertvo lle  Schlüsse über die G rösse und  die V e rän d e ru n g  des R ei
bungskoeffizien ten  du rch  W alzd ruck  u n d  W alzgeschw indigkeit gezogen w erden.

C O M PU TA TIO N  O F T H E  M EA N  D E FO R M A T IO N  R E SIST A N C E  AN D  O F  T H E  R O L L IN G  
P R E S S U R E  A R IS IN G  AT COLD A N D  H O T  R O L L IN G  O F  SQ U A R E  ROD S A N D  S H E E T S

Prof. A. G E L E JI,
M ember of the  H ungarian A cadem y of Sciences

SUM M ARY

T he p a p e r shows a m eth o d  fo r com puting  th e  d e fo rm atio n  resistance  a t  h o t  an d  cold 
rolling. F o r com puting  th e  d e fo rm a tio n  resistance  serves th e  form ula

Am — ( 1 )

w here th e  coefficien t C depends a t  cold ro lling  as well as a t  h o t rolling from  th e  ra tio  

T h e  fu n c tio n  C - / 1 £  J has be en d e te rm in ed  em p irica lly  (F ig . 2).

A t cold rolling th e  com pressed g ripp ing  arc is in creased  b y  th e  f la tte n in g  o f  th e  rolls. 
T h is f la tte n in g  causes an  increase o f  th e  rolling p ressure  a n d  th e  d e fo rm ation  re s is tan ce . For 
com puting  th e  increased g ripp ing  a rc  serve form ulae (11) an d  (12).

The p rac tica l range o f  usefu lness an d  th e  precision  o f  th e  m eth o d  can  be  seen  from  the  
T ables.

These T ables perm it also to  d raw  v a luab le  conclusions on th e  size an d  th e  v a r ia tio n  of 
th e  coefficient o f  friction  depend ing  on  rolling p ressure  a n d  rolling speed.

CALCUL D E  LA R ÉSISTA N C E À LA  D É F O R M A T IO N  M O Y E N N E  E T  D E  L A  P R E S S IO N  
D E  LA M IN A G E AU LA M IN A G E À F R O ID  E T  À C H A U D  D E S T IG E S  E T  D E S  TO L ES

C A R R É E S

A. G E L E JI
Membre de l'Académ ie Hongroise des Sciences

R ÉSU M É

D ans ce tra v a il  est publiée une  m éthode  de calcu l p o u r dé te rm in er la  ré s is tan ce  à la 
d é fo rm atio n  au lam inage à froid e t  à ch au d . P our le calcul de ce tte  résistance  se r t  la  form ule

* / - ( i C - /Í Id
h b) (O

où le coefficient C dépend , au lam in ag e  à  froid aussi b ien  q u ’au  lam inage à c h a u d , du  ra p p o rt 

J ^  j . L a fonction  C J j £ j a é té  d é term inée  e m p iriq u em en t.

Au lam inage à froid l ’arc  de  serrage com prim é e s t aug m en té  p a r  l ’ap la tis se m e n t des 
cy lindres. Cet ap la tissem en t cause u n e  au g m en ta tio n  de la  pression  de lam inage e t  de  la  résis
tan ce  à la déform ation . Pour le calcu l de l ’arc de serrag e  augm en té  o n t é té  com m uniqué  
les form ules (11) e t (12).

7
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L es possibilités d ’a p p lic a tio n  p ra tiq u e  e t la précision  de  la  m éthode son t m o n trés  dans 
le s  ta b le s  ci-jointes.

Ces tab les qui ré su m en t le s  ré su lta ts  des éssais d e  lam in ag e  à  froid p e rm e tte n t de t ire r  
d e s  co n clu sio n s très p récieuses su r  la  g randeur e t les v a r ia tio n s  du  coefficient de  fro tte m e n t 
p a r  l a  p ressio n  de lam inage e t  la  v ite sse  de lam inage.

Р А С Ч Е Т  С РЕ Д Н Е Г О  С О П Р О Т И В Л Е Н И Я  Д Е Ф О Р М А Ц И И  С О О Т В Е Т С Т В Е Н Н О  
Д А В Л Е Н И Я  П РИ  П О К А Т К Е  В О  В РЕМ Я  Г О Р Я Ч Е Й  И Х О Л О Д Н О Й  П Р О К А Т К И  

И ЗД Е Л И Й  В Ф О Р М Е  К В А Д Р А Т Н Ы Х  П Р У Т К О В  И Л И С Т О В

Академик АН Венгрии А. ГЕЛЕЙИ

РЕЗЮ М Е

В данном сообщении приводится расчетная методика определения сопротивления 
деформации при горячей и холодной прокатке. Для расчета сопротивления деформации 
служит формула

к т =  кг [ \ ~ С - , х - ~ -  | г ]  . (1)

В данной формуле коэффициент С как при горячей, так и при холодной прокатке 
.Функция С = / ( - £ )  установлена эмпирически (см. рис. 2).

При холодной прокатке увеличивается подвергаемая сжатию зажатая дуга вслед
ствие сплющивания валков. Это сплющивание вызывает рост давления при прокатке и, 
соответственно, сопротивления деформации. Для вычисления увеличившейся зажатой 
дуги даются формулы (11) и (12).

Практическая применимость и точность расчетной методики видны по приведен
ным таблицам.

Между прочим, эти таблицы, в которых сведены данные результатов опытов по 
холодной прокатке, могут служить для установления величины и изменения коэффи
циента трения от давления при прокатке и скорости прокатки.

зависит от частного
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LES TRAVAUX GÉODÉSIQUES EN HONGRIE
RAPPORT ÉTABLI À L'OCCASION DE L’ASSEMBLÉE GÉNÉRALE DE L’UNION  

GÉODÉSIQUE ET GÉOPHISIQUE INTERNATIONALE À TORONTO, 1957.

E. REGŐCZI

DOCTEUR DES SCIENCES TECHNIQUES

Triangulation

Les origines de notre triangulation actuelle remontent à 1853. D es mesures 
d ’un nouveau réseau primordial e t  secondaire ont été com m encées en  1925 
et terminées pour 80%  jusqu’à 1944, en vue de remplacer le réseau v ie illi qui 
n ’avait plus la précision désirée, et présentait de nombreuses lacunes. Les résul
ta ts  en ont été annulés presque entièrem ent par suite des événem ents de la 
guerre, de sorte qu’en 1948 nous avons procédé au rétablissement d’un nouveau  
réseau. Ce nouveau réseau comprend un systèm e d’anneau double e t deux  
réseaux com plétants.

A) Le schém a du systèm e d ’anneau est représenté sur la F ig . 1. Les 
travau x  de mesure commencés en 1949 ont été achevés en quatre aais, soit 
en 1952. La chaîne du nord encadre la frontière hongroise—tchécoslovaque, 
par conséquent ses points sont en partie sur territoire hongrois, en  partie sur 
territoire tchécoslovaque.

La longueur totale des chaînes form ant le systèm e d’anneau est d ’environ  
1250 km, celle de l’anneau occidental de 720 km , et celle de l’anneau oriental 
(y  compris la section de chaîne m édiane) de 710 km. Le nombre des points 
dans les chaînes est de 112 ; les points form ent 132 triangles, 34 en  sont des 
tours, le reste étan t des pyramides d’échafaudage. La longueur m oyenne des 
côtés des triangles est de 30 km.

Les mesures ont été effectuées avec des théodolites W ild T 3, selon la 
m éthode de S c h r e i b e r , le poids «p» éta it 24. Comme signal, on a u tilisé  le jour 
un héliotrope, la nuit une ampoule de 6 w atts, placée au foyer d ’un miroir 
parabolique de 16 cm. Pour lim iter la réfraction latérale, les répétitions ont été 
mesurées — autant que cela était possible — m oitié de jour, m oitié  de nuit.

La com pensation du systèm e d’anneau est terminée. Les résu ltats des 
observations ont été  réduits, à la base de la  hauteur du point envisagé, au niveau  
de la mer, com pte tenu égalem ent de la  réduction à la ligne géodésique. La 
réduction provenant de la déviation de la verticale n’a pas été appliquée. On a
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Fig. 1. T riangu lation  de p rem ier o rdre  en H ongrie (1949— 1952)
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effectué la compensation ensem ble, sur l ’ellipsoïde, selon la m éthode de B o l t z . 
N ous projetons cependant d’effectuer égalem ent la compensation selon la méthode 
d ’EGGERT, et avons même commencé les calculs y  relatifs. Dans la com pensation, 
nous considérons les côtés développés des bases comme des résultats de mesure, 
nous y  adjoignons donc des corrections. Les poids des côtés développés ont 
été déduits de la compensation séparée du réseau développant.

En ce qui concerne la précision du systèm e d’anneau, nous pouvons 
communiquer les données suivantes (en systèm e sexagésim al) :

E rreu r m oyenne de d irec tion  de la  com pensa tion  de sta tio n  ±  0 ,1 8 1 "
E rreu r m oyenne de d irec tion  selon F errero  ±  0 ,3 2 7 "
E rreu r m oyenne de d irection  ap rès  la  co m p ensa tion  du réseau ±  0 ,408"

N otons que les erreu rs de fe rm etu re  des triang les re s te n t inférieures à 2 ,0 " , leu r ré p a r tit io n  
su it b ien  la courbe de Gauss. La som m e des e rreu rs de signe positif est de +  4 1 ,935", celle des 
e rreu rs  de signe n é g a tif  de —  43,968". L a  v a leu r m oyenne est donc de —- 0 ,0 1 5 ", la  m oyenne 
des va leu rs absolues de 0,651".

L ’erreur de fe rm etu re  de l’an n eau  occiden ta l est linéa irem en t :

en la ti tu d e  
en lo n g itu d e  
en a z im u t

1,01 m 
1,18 m
1 ,1 7 5 "

L ’erreur de fe rm etu re  de l’an n eau  o rien ta l est linéairem ent :

en la ti tu d e  
en lo n g itu d e  
en az im u t

2,39 m 
2,14 m 
3 ,51"

C’est-à-dire la valeur relative de l’erreur de fermeture est 1/460 000 dans 
l ’anneau occidental, et 1/220 000 dans l ’anneau oriental (1).

B) La mesure du réseau com plètent les anneaux a été com m encée en 
1953. On a utilisé une nouvelle m éthode, dont le principe est le su ivant : on 
couvre tout le territoire par un réseau, dont les côtés ont une longueur de 7 
km  ; on choisit parmi les points du réseau quelques points nommés dom inants, 
form ant des triangles d’une longueur de côté de 30—35 km. Les angles des 
triangles déterminés par les points dom inants ne sont pas mesurés directem ent, 
m ais on les déduit du réseau de petits triangles et en tenant com pte des con
ditions représentées par l ’anneau, on com pense ce réseau à la base des angles 
calculés. Après avoir déterminé les coordonnés des points dom inants, on rat
tache le réseau des petits triangles entre les points dominants. Pour les détails 
de cette méthode élaborée par Em il R e g o c z i , voir les ouvrages cités dans 
notre bibliographie sommaire [2], [3], [4], [5], [6].

Notons encore qu’en vue d’accélérer les travaux et de réaliser une économie 
de m atériaux, les signaux du réseau com plétant sont construits en élém ents 
préfabriqués, qui peuvent être, après les observations, démontés et transportés 
ailleurs.

Les angles horizontaux du réseau com plétant sont mesurés avec des 
théodolites Wild T 3, par la m éthode des directions dans 12 séries. A la fin
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de l ’année 1956, l’observation fut terminée sur deux tiers du réseau (dans 1248 
triangles).

L’erreur de fermeture des triangles est en général 0 ,90’’
L ’erreur m oyenne selon Ferrero est 0,44"
Les com pensations ju sq u ’à présent term inées ont justifié cette m éthode 

de développem ent [7], [8]. Quant aux calculs y  relatifs, nous en rendrons com pte 
après leur achèvem ent.

Bases

N otre nouveau réseau de triangulation a 6 bases. Elles sont situées dans les 
figures de jonction des chaînes, en général à 172 km  l’une de l’autre. Leur 
longueur varie entre 8,0 et 10,4 km. Aucune n ’est brisée. 4 en sont sur région 
plane, 2 sur région collinée.

Le mode de la stabilisation  est visible sur la Figure 2.
Les goujons-repère furent vissés aux pieux en bois de 15 cm de diam ètre, 

enfoncés au sol jusqu’aux deux tiers de leur longueur de 210 cm. On n ’a pas 
em ployé d’étayages. Le dénivellem ent des repères voisins était toujours moins 
de 80 cm.

La mesure a été effectuée sur chaque base entre 1950—52, avec les mêmes 
fils d ’invar d’une longueur de 24 m, fournis par la maison Carpentier. Trois 
couples d’observateurs participaient à la mesure, chacun des couples avant 
m esuré avec 2 fils, dans tous les deux sens. Nous nous sommes servis de piquets- 
tenseurs systèm e W itram, avec un poids tenseur de 10 kg. On a fait les lectures 
en position  assise. D ans chaque position de fils, on effectuait 5 lectures 
en déplaçant les fils, avant les lectures, alternativem ent en avant ou en arrière. 
Au lieu  de mesurer la tem pérature des fils, nous avons mesuré la tem pérature 
de l’air. Par ailleurs, nous avons procédé selon les règles de mesure généralement 
adm ises.

On n ’a mesuré qu’à tem ps calme. Si le com posant du vent normal à la 
direction de la base a atteint la valeur de 4m /sec, nous avons interrompu la 
m esure. Une partie d’une base a été mesurée, à titre d’expérience, sous vent 
aussi. Ces essais ont confirm é les recherches théoriques de T Á r c z y - Н о ш ч о с н , 

vu qu’entre les résidtats de mesure munis de corrections calculées à la base 
de la v itesse et de la direction du vent, et les résultats obtenus par un tem ps 
calm e, il ne restait que des erreurs de caractère accidentel [9], [10].

La comparaison des fils avant et après la mesure a été faite sur notre base 
d ’étalonnage de Gödöllő, dont la longueur de 864 ni a été déduite en 1940 de 
la base de référence de P otsdam  [11]. Selon nos essais de 1950, la longueur de 
notre base d’étalonnage n ’a pas changé sensiblem ent durant 10 ans.

Les données des bases sont contenues dans le Tableau I. Les valeurs 
publiées caractérisant la précision sont calculées selon les formules qui suivent :
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L’erreur kilométrique moyenne accidentelle :
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Fig. 2. S tab ilisa tio n  des bases

où
i  =  le nombre des fds,
d  =  l» lv c est-à-dire l’écart obtenu p ariiig  entre les résultats d'aller et retour, 
L  =  la longueur de la base.
L’erreur kilométrique moyenne totale :
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Tableau I

Longueur 
de la base

flvkm
(mm)

1Hkm
(mm)

Erreur moyenne 
totale relative

Longueur du 
côté développé 

(km)

Erreur moyenne 
totale relative du 
côté développé 

(mm)

I 8,04 ±  0,80 ± 1 ,1 4 1/2 485 000 20,10 78,92
i l 10,39 0,45 1,78 1 /1 8 1 4  000 29,48 59,14

i n 10,18 0,20 1,15 1/2 844 000 28,21 49,64
IV 8,45 0,39 1,10 1/2 650 000 29,58 107,52

V 8,02 0,28 1,75 1/1 616 000 24,85 144,02
V I 9,93 0,30 2,11 1/1 493 000 21,77 28,18

Les réseaux développant les bases ont la figure rombique. L’am plification  
est entre 1/2,2 —1/3,5. Les angles ont été observés avec des théodolites W ild T3, 
selon la m éthode de S c h r e i b e r  (p  =  48). La m oitié des répétitions a été mesurée 
de jour, l ’autre moitié de nuit, en observant toujours sur lumière [12].

R É F É R E N C E S

1. H ő n y i  E . : Üj elsőrendű három szögelési lán co la tu n k  szögm éréseinek pontosság i v iz sg á la ta .
(F ö ld m érés tan i K özlem ények 1954.)

2. R e g o c z i , E . : T akarékos felsőrendű három szögelés. (F ö ldm éréstan i K özlem ények  1951).
3. R e g o c z i , E . : R éseau p rim o rd ia l dédu it d ’un  réseau  trig o nom étrique  de tro is ièm e ordre.

(A c ta  Technica, Tom  IV . fase. 1— 4. B u d ap es t, 1952.)
4. T á r c z y - H o r n o c h , A. : Beszám oló a felsőgeodézia te ré n  folyó vizsgálatokról. —  (M agyar

T u d o m án y o s A kadém ia M űszaki O sztá lyának  K özlem ényei. I. 1. B u d ap est 1951.)
5. H a z a y , St . : Ü ber A usgleichung v o n  L an d estrian g u lie ru n g sn e tzen  und k o n tin e n ta len  T r ia n 

gu lie rungsnetzen . —  (A cta  T echnica  Tom . VI. fase. 3— 4. B udapest 1953.)
6. R e g o c z i , E . : Ü ber das A usfüllnetz des K e tten rah m en s d e r T riangulation  e rs te r  O rd n u n g

in  U n g arn . (V erm essungstechnik  1954.)
7. H ő n y i , E . : A m agyarországi iij k itö ltő  három szögelési h á lózat k ísérle ti szám ítása i. —

(G eodézia  és K arto g rá fia  1955.)
8. H ő n y i , E . : E ljá rás k itö ltő h á ló za tu n k  k iegyenlítésére. —  (Geodézia és K a rto g rá f ia  1957.)
9. T á r c z y - H o r n o c h , A. e t E s z t ó , P. : On th e  in fluence o f w ind in  connection w ith  Jä d e rin -

w ires. —  (B u lle tin  G éodésique. 1947. 23— 48 p.)
10. TÁRCZY— H o r n o c h , ,  A. és E s z t ó , P. : A szélnyom ás h a tá sa  a Jad e rin -d ró to k ra . —  (F ö ld 

m éré s tan i K özlem ények 1950.)
11. R e g o c z i ,  E. : A gödöllői országos összehasonlító a lap v o n al. —  (B udapest 1942.)
12. JÁN, L. : A m agyar fe lsőrendű három szögelés a lap v o n ala i és alapvonalfejlesztő  h á ló z a ta i. —

(F ö ld m éréstan i K özlem ények 1954.)



F ig .  3 . Réseau de nivellement



п о Е. JtEGŐCZI

Nivellement

Le développem ent du réseau de nivellem ent de haute précision de la H on
grie a été  commencée en 1921, et pouvait être considéré comme achevé en  1939. 
La longueur totale du réseau était de 5939 km , m ais il était rendu plus dense 
par des lignes de nivellem ent de précision d’une longueur d’environ 1900 km, 
à l’intérieur des polygones fermés de n ivellem ent de haute précision. La com 
pensation  du réseau fu t effectuée en 1949 [1].

Fig. 4. S tab ilisa tio n  des poin ts fo n d a m e n ta u x  de n ivellem ent

La majeure partie du réseau fut détruite au cours de la guerre. Il d ev in t 
donc nécessaire de développer un nouveau réseau de nivellem ent de haute  
précision et un nouveau réseau de précision (voir F ig . 3).

Le point de référence du nouveau réseau de nivellem ent de haute précision  
est le m êm e point fondam ental nommé Nadap  (I) sur lequel s’établissait déjà le 
réseau développé entre 1921 et 1939. Sa hauteur est restée invariablem ent 
173,83850 m.

É ta n t donné que le réseau de nivellem ent de précision hongrois ne possédait 
jusqu’à m aintenant que ce seul point fondam ental, et que celui-ci m êm e fut 
détruit presque entièrem ent pendant la guerre, nous avons établi 7 autres points  
fondam entaux dans les contrées montagneuses du pays, et en plus un nouveau  
point fondam ental nom m é N adap  (II) dans le voisinage de l’ancien point 
N adap  (I). La place des points est marquée sur le schéma (Fig. 3) par de plus 
grands cercles.

Les points fondam entaux consistant en trois repères sont placés dans 
une espèce de petit caveau [2]. L’un d’eux est en  verre spécial résistant aux
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acides, les deux autres étant en acier antirouille Krupp (V4 A supra et V2 extra). 
Entre les repères il y  a une différence de hauteur de 4 —5 cm. Le caveau ren
ferm ant les repères a été couvert de 4 plaques de marbre. L’étanchéité des 
caveaux, ainsi que des fentes à côté des pierres de couverture, est assurée par 
une couche de bitum e. Chaque point de base principal est pourvu de 2 —3 
repères d’assurance [2].

Les noeuds du réseau de nivellem ent de précision sont munis de repères 
d’assurance souterrains. Ce sont des colonnes en béton banché d’une longueur 
de 120 cm et d’un diam ètre de 30—35 cm, fabriquées sur place et placées dans 
des forures exécutées, à cause de la frontière de gel, à une profondeur de 140 cm  
au-dessous du niveau du sol.

Le repère d’assurance est marqué par le bout arrondi et saillant d’un fil 
de fer ancré profondém ent dans la colonne, protégé contre les détériorations 
par un couvercle en métal.

La mesure du nouveau réseau primordial a été commencée en 1950 et fut 
terminée en 1956. On s’est servi des n iveaux à lunette W ild N. III., et des mires 
en invar Wild. Le réseau secondaire a été mesuré avec le même instrum ent 
(voir les lignes m inces sur la Figure 3).

La mesure s ’effectue selon les règles généralem ent connues, la distance  
niveau-mire est au maximum de 40 m, les sections sont observées deux fois 
en sens inverse (aller et retour).

Le réseau est rattaché tant au réseau de la République Tchécoslovaque, 
qu’à celui de la République Populaire Roum aine.

La com pensation de réseau aura lieu au cours de cette année. Les corrections 
orthométriques sont calculées à la base des valeurs effectives de la pesanteur, 
selon la formule de H e l m e r t .
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Observations d’astronomie de position

En Hongrie, c’est le Service Géodésique et Cartographique N ational qui 
effectue les observations d’astronomie géodésique. Au cours de la période 
1951 —1956, une, resp. deux équipes ont opéré sur le terrain, pendant 5 à 6 m ois 
chaque année. Les équipes ont été composées de deux ingénieurs-observateurs 
et du personnel auxiliaire.

Le but des observations a été, entre 1951 et 1953 surtout, la déterm ination  
des points de Laplace dans les chaînes de notre nouveau réseau trigonom étrique 
et, dès 1953, l’établissem ent d’un réseau des points astronomiques, assez dense
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pour l’étude de la forme du géoïde. Le cadre du réseau primordial form ant 
un systèm e d’anneau double, contient 17 points de Laplace marqués sur le 
schém a ci-joint par des cercles un peu plus grands, resp. par un petit triangle. 
Ce dernier est notre point fondam ental (Geodetic D atum ). L’observation des 
points de Laplace fu t achevée en 1953, en outre 13 points entre eux furent 
observés durant la période considérée. En tout, nous avons observé sur 31 points 
pendant cette période, les 18 points astronom iques non utilisés dans la com pensa
tion du système annulaire servent à la déterm ination du géoïde (points marqués 
sur le schéma par des cercles plus petits). D ans ce but, nous utilisons aussi 
les points déterminés avant la deuxièm e guerre mondiale (petits cercles noirs sur 
le schém a). Les travau x sur terrain continuent naturellem ent, en vue d’obtenir 
un réseau convenablem ent dense.

Sur les points de L a p l a c e , on a déterminé généralement tous les trois 
élém ents, c’est-à-dire la longitude, la latitude et l ’azim ut. Les points de Laplace 
situés dans les points de jonction des chaînes, comme le point fondam ental 
et son voisin, sont des points jum eaux, dont l’un est toujours la station principale, 
l ’autre la station secondaire. La différence en est le poids (le nombre des soirées) 
de l ’observation. Sur les points servant à la déterm ination du géoïde, nous ne 
déterm inons en général que la latitude et la longitude, tandis que sur les points 
déterm inés avant la  guerre, c’est la latitude et l ’azim ut qui étaient observées.

Les observations sont effectuées par théodolites W ild T4, resp. par un 
instrum ent des passages fourni par la maison A skania, avec support Döllen. 
L’instrum ent des passages est m uni d’un micromètre im personnel pour la mesure 
de la longitude, et d’un micromètre selon H o r r e b o w  pour les latitudes. Les 
théodolites Wild n’ont qu’un seul micromètre.

Nous utilisons des signaux horaires rythm iques émis par les stations 
soviétiques, françaises, et anglaises. La réception, resp. l’enregistrem ent s’effectue 
selon la méthode de H ä n n i, à l ’aide d’un chronographe Favag à deux plum es, 
dont la  tension de travail est de 12 Y , et la vitesse de déroulement de 1 cm /sec. 
Le récepteur est une radio à ondes courtes (20—38 m) typ e Zellweger ZZE.

L ’une des équipes a été munie d’un garde-tem ps pendulaire Riefler, l ’autre 
s ’est servie d’un chronomètre marin Nardin. Les deux instrum ents sont réglés 
sur le temps sidéral.

Pour déterminer la longitude, nous procédons selon la méthode de M a y e r , 

en observant en deux positions de la lunette. Le programme des étoiles est 
choisi de manière que la moyenne aritm étique des coefficients de l ’azim ut soit 
zéro. Sur les points principaux, on observe généralem ent pendant 10, sur les 
autres points pendant 5 à 7 soirées. L’état du garde-tem ps, déterminé sur base 
des passages des étoiles de même soirée, est rapporté à l’époque correspondant 
à la moyenne arithm étique des m om ents d’observation des étoiles. Pour ce 
calcul, on utilise la  marche horaire moyenne pendant la série d’observations, 
déduite des réceptions de signaux horaires, en les supposant exactes, car les

8 Acta Technica XVIII/1—2.
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corrections définitives n’arrivent qu’après un délai assez grand. Le calcul est 
étab li de sorte que les réductions, dues aux corrections définitives des signaux  
horaires et aux coordonnées m om entanées du Pôle, n ’exigent qu’une modi
fication  des résultats préalablem ent déterm inés, sans réfection des calculs inter
m édiaires. En outre on calcule, à la base de chaque soirée, une valeur de longitude. 
La valeur définitive en est la  m oyenne, et l ’erreur m oyenne est calculée des 
écarts entre la moyenne et les valeurs des soirées. Nous remarquons encore 
qu’on détermine l’azimut instrum ental par observation des étoiles circum
polaires.

Pour déterminer la la titude, nous utilisons la m éthode de H o r r e b o w - 

T a l c o t t , s o u s  condition que la  somme algébrique des différences zénithales 
des paires d’étoiles mésurées pendant la même soirée, de même que la somme 
algébrique des corrections de niveau de la même soirée, soient approxim ative
m ent zéro. Sur les points principaux, nous observons 10 à 16, sur les autres, 
6 à 10 paires d’étoiles pendant une soirée. Pour terminer un point, on doit 
observer durant 6 à 10 soirées, afin d’obtenir la quantité d’observations prévues. 
Q uant au calcul des la titudes, il faut remarquer que la valeur angulaire du 
tour de la  vis oculaire et le constant du niveau Horrebow, déterminés par mesures 
séparées, ne sont considérés que comme des données préliminaires, les valeurs 
défin itives étant déduites ensem ble avec la valeur définitive de la latitude  
d’une compensation com m une. C’est cette com pensation qui nous offre aussi 
l ’erreur moyenne caractérisant l’observation.

Pour déterminer l’azim ut, nous utilisons l ’étoile polaire en réalisant 48 
séries de mesures, dont la m oitié est effectuée de jour, l ’autre de nuit. Pour 
m ieu x lim iter l’influence de la  réfraction latérale, les mesures sont réparties 
sur 6 à 10 jours.

N ous nous sommes servis des catalogues anglais (Apparent places of 
fundam ental stars) du systèm e F K  3, et pour compléter — des catalogues 
soviétiques (Astronomisheski ejegodnik), dont le tableau des deuxièm es dif
férences est plus maniable et plus précis que celui du catalogue anglais.

Quant à la précision des résultats, nous faisons connaître les erreurs 
m oyennes ci-après :

longitude zk 0,004—0,008 sec
latitude ±  0,07 —0,09"
azim ut i  0,12 —0,18".

Ajoutons encore, quant aux azim uts, que l’erreur moyenne donnée ci-avant 
est calculée des écarts entre les résultats des séries et leur m oyenne. L’erreur 
m oyenne calculée des écarts des observations faites entre les points jum eaux est

±  0,425".
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En été 1955, nous avons effectué la liaison de notre point de référence, 
(le pilier de l’instrum ent des passages, à l’Observatoire de Budapest-Szabadság- 
hegy) et du point fondam ental de Potsdam .

Les mesures avaient lieu sim ultaném ent sur les deux stations et ont été  
répétées après changem ent des instruments et du personnel.

D éviations de la verticale et éludes de géoïde

A vant le calcul de notre nouveau réseau, nous avons procédé à la com pensa
tion de la  déviation de la verticale, à la base de toutes les données astronom iques 
identificables, mesurées sur le territoire du pays. Ces mesures ont été effectuées  
en vue d’en déduire les coordonnées préliminaires du point de départ astrono
mique. Dans cette com pensation, nous nous som m es servis des valeurs de 
latitude et d’azimut déterm inées encore par l’In stitu t Géographique M ilitaire 
de Vienne. Comme réseau géodésique, nous avons u tilisé  le réseau actuellem ent 
existant, qui remonte à 1853. Malheureusement, ces données se répartissent 
d’une manière assez inégale sur le territoire du pays, de sorte que — fout en 
ayant à notre disposition près de 60 valeurs de déviation  de la verticale, et dans 
la direction du méridien et dans celle y  perpendiculaire — l’établissem ent 
d’une carte du géoïde pouvant être considérée com m e exacte et basée sur les 
valeurs de déviation de la verticale, n ’était possible que pour la partie septen
trionale du Dunántúl (Transdanubie) [1].

A la base des coordonnées préliminaires du nouveau réseau et des résultats 
des nouvelles mesures astronom iques, on constate que les coordonnées établies 
préalablement et les coordonnées définitives, déduites du résultat de la  com 
pensation astrogéodésique effectuée à la base des nouvelles données, différeront 
tout au plus de 1” en latitude et de 1,5” en longitude. La différence entre l ’orienta
tion préliminaire et définitive du systèm e sera inférieur à la valeur de 1".

Nous avons l ’in tention  de dresser, d’après le nouveau réseau de triangula
tion et les nouvelles mesures astronomiques, la carte de tout le secteur hongrois 
du géoïde. Nos mesures y  relatives sont en cours.
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REPORT
ON THE GRAVITATIONAL INVESTIGATIONS 

IN HUNGARY IN 1954—56

J. RENNER
D. ENG. SC.

Gravitational investigations in  Hungary in  the years 1954 to  1956 have 
been chiefly carried out in the Hungarian G eophysical Institute R oland E ötvös. 
The accomplished works are concerning the following subjects :
1. Completion of the national gravim eter base network and w orking up of 

the results.
2. D etailed exploratory surveys.
3. Theoretical investigations.
4. Construction of a new model o f the E ötvös’ torsion-balance.
5. Investigations concerning gravim eters.
6. Researches about the deviation of the vertical.
7. Corrections of levelling data on the basis o f gravity m easurem ents.
8. Relative pendulum m easurem ents.
9. Handbooks. 1

1. Completion o f the national gravimeter base network and working up o f  the resu Its

The Hungarian Geophysical Institute Roland E ötvös has fin ished  in May 
1955 the surveying of the national gravimeter base network started  in  1950. 
In August and September 1951 observations have been carried out on 16 first 
order base points using aircraft to  transport the instrum ent. The num ber of 
the second order stations of the network is 509, including the 16 fir st order 
base points which are, sim ultaneously, points o f the second order network. 
The measurements have been carried out by a H eiland gravim eter. The mean 
error of the surveys is about i  0,03 mgal. The measuring data have been 
provisionally worked up already in  the course o f field  work. These provisional 
results have been published by L. F a c s i n a y  and J . S z i l á r d  in the G eofizikai 
Közlem ények  (Geophysical Bulletins), Yol. 5., N o. 2. 1956, under the t itle  : “ The 
Hungarian network o f gravity bases” .
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T h e  paper gives a  d e sc rip tio n  of th e  survey, th e  co o rd in a tes  and heights o f th e  base  po in ts , 
th e  o b se rv ed  and norm al v a lu es o f  g rav ity , the Faye-, B ouguer- and  isosta tic  anom alies accom 
p a n ie d  b y  sketch m aps. T h e  o b se rv a tio n s  on the  16 f ir s t  o rd e r bases have been pre lim inarily  
a d ju s te d ,  th en  the  whole te r r i to ry  o f  second order base n e tw o rk  was d ivided in to  Í6  zones and 
th e  d a ta  o f each zone were a d ju s te d  so th a t  g rav ity  values o f th e  connecting p o in ts o f th e  a lready  
a d ju s te d  zone have been co n sid ered  as conditions. T he reference  sta tio n  for th e  base  ne tw ork  
is  a  p illa r  in  the G eodetical D e p a r tm e n t of the  T echnical U n iv ersity  in  B u d ap es t, w here  th e  
g ra v ity  h a s  previously been d e te rm in e d  by  m eans of a re la tiv e  pendulum  and  i ts  g ra v ity  value 
w as ta k e n  as 980 853 gal in  th e  P o tsd a m  system. A t th e  beg in n in g  of 1956 th e  f in a l sy s tem atic 
a l w o rk in g  up of the  n e tw o rk  w as  commenced. The e ffec t o f Sun and M oon w as calcu la ted  
fo r  e v e ry  d a te  of the g ra v im e te r  read in g s, m ultiplied b y  1,2 a n d  su b trac ted  from  th e  read ings. 
A  c o rre c tio n  was applied becau se  o f  th e  influence of th e  geom agnetic  field on th e  g rav im eters. 
I n  th e  f in a l  working up a c o rre c tio n  h as been applied to , w h ich  —- basing on th e  in v estig a tio n s 
o f  I .  K o m á b o m y  —• tak es in to  acco u n t th e  fact th a t  th e  scale sensitiv ity  is d iverg ing  from  
l in e a r i ty .  T he final processing o f  th e  observed m ateria l is still in  course under th e  ausp ices of th e  
H u n g a r ia n  Academ y of Science.

2. D etailed exploratory surveys

Prospecting surveys w ere carried out in the years 1954— 1956 in different 
parts o f  the country, p artly  w ith  Eötvös1 torsion-balances, partly with gravimeters. 
W h en  working up the m easurem ents, the prelim inary values of the network  
o f  b ases were taken into consideration. The m ean distance of gravim etric points 
w as 500 m, whereas the d istan ce  of observation points made with the torsion  
b alan ce was about 1 km .

W e may point out th a t  detailed gravim eter surveys have been carried 
ou t also in  the surroundings o f  the 17 Laplace-points. The gravim eter surveys 
used  ch iefly  two H eiland gravim eters, but to  som e extent a Nnrgaard gravi
m eter, too . The mean error o f  the measurements m ade w ith the H eiland gravi
m eters has been about ^  0,03 mgal, w ith the Norgaard gravim eter about 
i t  0,2  mgal.

The results of surveys w ith  the torsion balance have been worked up as 
usual. The horizontal grad ients, the horizontal d irecting tendencies calculated  
from  curvature data and th e  isogam-lines have been represented on maps. 
The accuracy, i. e. mean error o f  these surveys is about i  1 E. The A g-valu es  
n ecessary  for the construction  of isogams were usually  so calculated th at the 
ch an ge o f gradient betw een tw o  neighbouring poin ts has been supposed to be 
linear and at every point th e  Ag-values deduced from  the neighbouring points, 
and differing frequently from  each other, have been averaged. It has been already 
in  19 4 9  th a t A. T á rczy- H o r n o c h , member of the A cadem y, developped a m ethod  
o f adjustm ent where the va lu es of the gradient them selves have to be provided  
w ith  corrections. This m eth od  is strictly corresponding to the principles of 
lea st squares.

Theoretically , close to  th is  m e th o d  is th a t applied  b y  Sz. O s z l a c z k y , w ho in te rp o la tes  
th e  g ra d ie n ts  to  the points o f  a  q u a d ra t ic  netw ork and  th u s  he  ob tains a som ew hat sm oothed 
d is tr ib u tio n  of the errors o f g ra d ie n ts . The com putation  o f g ra v ity  differences fo r th e  sides of 
th e  q u a d ra t ic  netw ork is c a rried  o u t  on  th e  assum ption of a  l in e a r change ; th e  c o m p u ta tio n  of
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Д g-anom alie9  is accom plished by  m eans of least squares. T he values a t  th e  p o in ts  o f  th e  n e t
w ork  of g rav im eter bases in  th e  a rea  in  question  are  tak en  in to  considera tion  as conditions. 
T he collaborators of th e  G eophysical In s t i tu te  have w orked up  several te rr ito rie s  o f th e  torsion 
ba lan ce  survey w ith  th is  m ethod .

In most cases Bouguer-anom alies have been com puted on the basis of 
detailed gravimeter surveys. W ith this com putation great care has been taken 
of the determination o f m ost realistic density values, whilst considering geological 
data. Normal values of gravity have been com puted w ith the international 
formula of Cassinis.

In order to get a more detailed idea about the layers in  the subsoil, residual 
anom alies were also com puted on some interesting territories. W ith these 
com putations several m ethods have been used, that of Peters, E lkins, Rosen- 
bach, and chiefly that of Baranov. On some territories the second vertical 
derivatives of gravity —  which have also the character of residual anom alies —  
have been computed from the gradients of torsion balance surveys.

As to the mean density , the following study has been published : L. E g y e d : 

“ New method for the determ ination of mean density” . G eofizikai K özlem ények, 
IV. 1955.

3. Theoretical investigations

Am ong the  theo re tical investiga tions several stud ies dea lt w ith  th e  g ra v ita tio n a l o r m ag
n e tic  effects o f  masses hav ing  different shape and  position. H u n g arian  a u th o rs  have  recen tly  
published  th e  following pap ers  :

I. B. I I a a z  : “ D e term in a tio n  of th e  d ip , d ensity  and suscep tib ility  o f an  in fin ite  inclined 
d ike  from  its  g rav ity  an d  m ag n e tic  effects.”  G eofizikai K özlem ények, Vol. IV . No. 2. 
1955.

T his study  is com pleting  th e  p ap er o f th e  a u th o r published in  th e  G eofizikai K ö z
lem ények, Vol. I. 1952. I t  proves th a t  dip and  d ensity  (suscep tib ility ) o f th e  dike m ay  be 
de te rm in ed  w ithout am b ig u ity  from  th e  positions o f ex trem e va lues o f g ra v ity  (m agnetic) 
anom alies as well as from  th e  ch arac te r  o f these ex trem e values.

I. B. H a á z  : “ R ela tions betw een  th e  po ten tia l o f the  a ttra c tio n  of th e  m ass co n ta ined  in 
a  f in ite  rectangu lar prism  an d  its  f i r s t  and  second de riv a tiv es” . G eofizikai Közlemények. 
Vol. I I . 1953. This s tu d y  gives sim ple and  well m anageable  solutions b y  m eans of E u le r’s theorem  
concerning hom ogeneous functions. T he ad v an tag eo u s ap p licab ility  o f  th e  m eth o d  has been 
p roved  by  practica l calculations.

Sz. O s z l a c z k y  : “ T ables fo r th e  g rav im etric  effects of cy lindric  m asses” . Geofizikai 
K özlem ények. Vol. V. 1. 1956. T his p ap er con tains tab les fo r an  easy ap p lica tio n  to  mass 
effect com putations.

Several papers a re  discussing th e  gravity effe'-t o f  S  in  a id  M oon. T he researches o f K . 
L a s s o v s z k y  and Sz. O s z l a s z k y  hav e  been  dealing w ith  th is  them e. T h e ir p rev ious studies 
w ere published in  th e  G eofizikai K özlem ények, Vol. I . 1952. F u rth e r  pap ers  on  th is  sub ject 
are  as follows :

K . L a s s o v s z k y  an d  Sz. O s z l a c z k y  : “ T he tid a l v a ria tio n  o f g ra v ity  I I ” . Geofizikai 
K özlem ények, Vol. III . No. 2. 1954. U sing th e  d a ta  of some selected series o f continuous 
g rav im ete r observations carried  o u t in B u dapest in  1951 th ey  found for th e  d e fo rm a tio n  coeffi
c ien t o f th e  E a rth  a m ean  va lue  of 1,15.

K . L a s s o v s z k y  : “ D e term in a tio n  of th e  deform ation  coefficient o f th e  E a r th  from  gravi
m ete r  observations” . Geofizikai K özlem ények, Vol. V. 1956.

K . L a s s o v s z k y  : “ D e term in a tio n  o f th e  coefficient o f th e  lun iso lar g ra v ity  effect from 
th e  observations m ade in  th e  course o f 37 days in  1951 in  B u d ap est” . G eofizikai Közlemények, 
Vol. V. 1956. T he a u th o r  is discussing in  these  papers a m ethod  to  e lim in a te  on the
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one h a n d  th e  tares in  g ra v im e te r  read in g s, and on th e  o th e r h a n d  th e  con tinuous d r if t of th e  
in s tru m e n t. The m ean value  of th e  deform ation  coefficient ob ta in ed  th u s  by  m eans of all g rav i
m e te r  read ings, m ade in  H u n g a ry , is 1,20.

Isostasy  and re la ted  p ro b lem s are dealt w ith  in  th e  follow ing stu d ies  :
L . F a c s i n a y  : “ G ra v ity  m easu rem en ts and iso stasy ” . A ka d ém ia i K ia d ó , 1952.

T h is  p a p e r  has th e  c h arac te r  o f a sum m ariz ing  handbook .
L . E g y e d  : “ Some n o tes  concerning the question  o f iso sta sy ” . Acta  Technica  IV .

1952.
Y . S c h e f f e r  : “ Iso s ta s ie” . A cta  Technica IX . 1954.
Y. S c h e f f e r  : “ Ü b er d en  Z usam m enhang  zwischen iso s ta tisch en  A nom alien  u n d  Ver- 

g enzen  de r G ebirgsbildung” . A cta  Technica , X . 1955.
V . S c h e f f e r  : “ D er iso s ta tisch e  C harak ter der ung arisch en  N iveau v erän d eru n g en  u n d  

d ie  M öglichkeit der zeitlichen  K o rre k tio n  der H öhenw erte  d e r N iv e llem en th ö h en festp u n k te” . 
A cta  Technica: X . 1955.

L. E g y e d  : “ E q u ilib riu m  o f th e  E a r th ’s C rust” . F öld tan i K özlö n y , 1955.
L . E g y e d , Professor o f th e  G eophysical D ep artm en t o f th e  U n iv ersity  in  B u d a p es t, 

d ev elo p p ed  a new theory o f th e  interned constitution o f the Earth  based  on a sum m ary  of g ra v ita 
tio n a l a n d  o ther geophysical in te rp re ta tio n s , in  the  s tu d y  : “ A new  th eo ry  on th e  in te rn a l co nsti
tu t io n  o f th e  E a rth  and its  geological-geophysical consequences” . A cta  Geologica, IV . 1956.

Regional geophysics an d  its  p rob lem s has been sum m ed up  in  th e  following s tu d y  :
Y. S c h e f f e r  : “ D a ta  to  reg ional geophysics o f th e  C a rp a th ian  B asin” . G eofizikai 

K ö zlem ények , YI. 1957.
T h e  problem  of regional a n d  residual anomalies has been discussed in  th e  p ap er :
L . E g y e d  : “ Some n o tes  concern ing  th e  princip les o f regional anom alies” . G eofizikai 

K ö zlem én yek , Yol. V. No. 3. 1956. T h is s tu d y  deals w ith  th e  correc t defin iton  of th e  resi
d u a l an o m aly  and shows th a t  its  v a lu e  —  according to  th e  d e fin itio n  given in  th e  p ap er — is 
th e  4 :r - th  p a r t of the second v e r tic a l deriva tive  of g rav ity .

G y . B a r t a  : “ A bout th e  perio d ic  v a ria tio n  of th e  g ra v ity  fie ld ” . G eofizikai K özlem ények , 
Vol. V. N o. 4. 1956. This p a p e r  is discussing the  periodic variation o f  gravity  on the  basis o f 
s tu d ie s  o f th e  fluctuations o f th e  sea level.

I. M ü l l e r  : “ D is tr ib u tio n  of g ra v ity  on the  surface o f th e  ellipsoids of K rassovsk ij, 
H a y fo rd , and  Bessel” . G eofizikai K özlem ények , Aol. IY . 1955. T his p ap er is applying the 
norm al fo rm u la  o f gravity  to  d iffe re n t ellipsoids.

4. Construction o f  a new model o f  Eötvös’ torsion-balance

The following studies have been published in  1952 concerning the Eötvös’ 
torsion-balance :

I. R y b á r  : “ R eliab ility  o f th e  E ö tv ö s’ torsion-balance. P re p a ra tio n  of torsion  w ires” . 
A  M a g ya r Tudom ányos A ka d ém ia  M ű sza k i Tudom ányok O sztályának K özlem ényei. 1952.

I. R y b á r  : “ Problem  of th e  red u ctio n  of re laxation  tim e  of th e  E ö tv ö s’ to rsion-balance” . 
A  M a g ya r Tudományos A ka d é m ia  M ű sza ki Tudom ányok O sztá lyának Közlem ényei. 1952.

H u n g a rian  researchers engaged  in  th e  E ö tvös’ to rsio n -b a lan ce  hav e  been carry in g  ou t 
e x p e rim e n ts  for several y ears  fo r th e  purpose to c o n stru c t an  Eötvös’ torsion-balance sa tisfy 
ing all modern requirements. I t  has  b een  in  1954 th a t  th e  p ro to ty p e  of th e  up -to -d a te  torsion- 
b a lan ce  g o t ready  as a co n stru c tio n  o f  D r . I .  R y b á r  and  G y . B a n a i , research  w orkers o f th e  
G eophysical In s titu te  R oland E ö tv ö s . T he building of th e  in s tru m e n t w as d irec ted  by  I. I I e r - 
b á l y , tech n ic ian  m anager o f th e  in s tru m e n t workroom  of th e  In s t i tu te . A serial p ro d u c tio n  of 
th e  new  ty p e  E ötvös’ to rsio n -b alan ce  s ta rte d  afte r fin ish ing  th e  p ro to ty p e . Chief ad v an tag es 
o f th e  new  balance as com pared to  th e  p rev ious types are as follows : good tem p e ra tu re  p ro tec tio n  
o b ta in e d  in  the  f irs t place w ith  th e  quad ru p le  p ro tec tiv e  casing and  in  consequence of w hich 
th e  re s t  position  of the in s tru m e n t is p rac tica lly  insensitive  to  changes o f tem p era tu re  ; a n o th e r 
in n o v a tio n  is th a t  in place o f l ig h t-sp o ts  i t  tak es the p ic tu re  o f th e  g ra d u a ted  scale and  th e  re 
tic le , besides the  num bers o f th e  in s tru m e n t and th e  s ta tio n  ; th e  d riv in g  m echanism  can be

V
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set for 3, 4 or 5 az im u th a l observations. T he sen sitiv ity  o f  th e  instrum en t is u n a lte re d , being  
some te n th s  o f eö tvös-un it. I t  is easy to a d ju s t th e  in s tru m e n t to  visual reading. T h e  s tu d y  of 
Dit. I. R y b á r  ab o u t th e  new  m odel of to rsion-balance shall be published in  th e  v o lu m e  1957 
of th e  Geofisica Рига e A p p lica ta  (Ita lia n ).

5. Investigations concerning gravimeters

The great number of observations carried out with gravim eters gave  
plenty o f opportunities for studying the characteristics of these instrum ents. 
Besides, there have been experim ental tests w ith  particular objects.

Som e resu lts  o f th ese  te s ts  have  been dea lt w ith  b y  I. K omárom y  in h is p a p e r  “ P ro o f 
o f th e  a z im u th  effect o f a H eiland  g rav im ete r” . G eofizikai Közlemények , V ol. I . 1952. 
According to  his stud ies, th e  read ings of the  H eiland  g ra v im e te rs  are influenced b y  th e  g eo m ag n e t
ic field , hence a correction  h as to  be applied  depending  on  th e  azim uthal position  o f th e  in s t ru 
m en t.

E x p erim en ts  hav e  been  m ade  for years to  d e te rm in e  how the g rav ity  d iffe ren ces  w ith  
H eiland  g rav im ete rs  are d iverg ing  from  th e  l in e a rity  o f  disk-readings. I t  w as I. K o m á r o m y  
again  w ho carried  o u t th o ro u g h  scientific  in v estig a tio n s.

T here  have been su rv ey s w ith  g rav im eters in  m in es , too . D ata  of these su rv ey s  h a v e  been 
published  b y  L. F a c s in a y  an d  Mrs. H . I I aáz : “ D en sity  d e te rm in a tio n s of rocks b ased  on sub
surface g rav im ete r m easu rem en ts a t d ifferen t d e a th s ” . G eofizikai K özlem ények , Vol. II. 
1952. S im ilar ex p erim en tal su rveys have been carried  o u t in  1956, too.

6. Researches about the deviation o f  the vertical

G ravity m easurem ents can be used also for the determination o f dev ia tion s  
of the vertical as referred to a reference ellipsoid . Collaborators o f  the Geo
physical Institute have calculated the deviations of the vertical u sin g  two 
m ethods.

One of the m ethods is based on the theorem of Stokes and is u sin g  the 
gravity anomalies around the point in question. In these calculations th e  ano
malies inside a circle o f about 40 km radius have been used, but it is planned  
to com pute the deviations at least at one Laplace-point by using the gravitational 
data o f a more d istant region, even of the w hole surface of the earth.

The other m ethod, in itiated  by E ötvös, uses the curvature data o f  the 
niveau surface measured by the torsion balance. Results of recent in vestigation s  
can be found in the following studies :

J .  R e n n e r : “ T he d ev ia tio n  of th e  v e rtica l” . M T A  M iiszaki Tudom ányok O sztályának  
közlem ényei 1952.

J. R enner : “ U n te rsu ch u n g en  ü b er L o tab w eich u n g en ” . Acta Technica, 1956.
T he m ain  p a r t  o f  th e  m eth o d  applied  by  th e  a u th o r  is th a t  the  cu rv a tu re  d a ta  a re  in te r 

po la ted  to  th e  p o in ts o f a q u a d ra tic  ne tw ork  and fu r th e r  com puta tions are c a rried  o u t  in  th is  
ne tw ork , w hich considerab ly  sim plifies th e  calcu la tions. A s i t  is possible to  co m pute  th e  d ev ia tio n  
of th e  v e rtica l a t  each p o in t o f th e  netw ork  from  d iffe re n t d irections, the  m ost p ro b a b le  values 
are o b ta in ed  by  th e  m eth o d  o f least squares. T he ca lcu la tio n  of th e  relative d e v ia tio n s  fro m  th e  
cu rv a tu re  d a ta  can on ly  be done in  th e  case th e  a re a  con tains two astro g eo d e tic  p o in ts , a t 
least one o f w hich is a  L ap lace-po in t. Only to p o g rap h ica lly  corrected  astrogeodetic  d a ta  m ay  be 
connected  th ro u g h  th e  c u rv a tu re  d a ta  of th e  to rsio n  b a lan ce . A. Tárczy-Hornoch, m em b er of
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th e  A c ad e m y , pointed ou t th a t  in  su ch  a  case the top o g rap h ic  e ffec t o f the  im m ediate v ic in ity  o f the  
a s tro g eo d e tic a l poin t should  be  considered  too, in  o rd e r to  b rin g  th e  deviation  in to  h a rm o n y  
w ith  th e  co rrected  c u rv a tu re  d a ta  in d ica tin g  subsurface  an o m alies. The values of th e  p o ten tia l 
c an  b e  com p u ted  and eq u ip o te n tia l lines can be c o n s tru c ted  from  the  com ponents o f  th e  d ev ia 
tio n s  o f  th e  vertical. W ith  th is  m e th o d  the co m p u ta tio n  o f  th e  deviation has been c a rr ie d  ou t 
fo r  se v e ra l areas of H u n g ary  u s in g  subsurface anom alies o b ta in e d  by  th e  torsion  b a la n ce . The 
d e v ia t io n s  of th e  vertical an d  th e  po ten tia ls  com puted  in  th is  m an n er are reflecting  th e  effects 
o f  b u r ie d  m asses and are in  acco rdance  w ith th e  g ra v ita t io n a l  p ictu re  ch arac te rized  b y  th e  
g ra d ie n ts  and  isogams. T he v a lu es o f  th e  po ten tial d iv id e d  b y  th e  g rav ity  accelerations g ive  th e  
u n d u la t io n s  of the geoid. I f  w e use  in  the  calculation th e  su b su rface  anom alies, th e  u n d u la tio n s  
o f  th e  geo id  a re  due to  th e  m asses o f th e  subsoil, b u t  i f  w e n eg lect the  topographic  co rrec tio n s 
b o th  in  th e  curvatu re  d a ta  an d  in  th e  deviations of th e  v e r tic a l  a t  the  Laplace-points, w e o b ta in  
th e  u n d u la tio n s  of the  a c tu a l geoid .

T h e  astrogeodetically  m ea su re d  relative d ev ia tio n s a t  a Laplace-point a re  co m p arab le  
w ith  th e  g ra v ity  anomalies a t  th e  sam e point. In v e stig a tio n s  concerning th is m a tte r  h a v e  been 
d e a lt  w i th  in  the  paper o f J .  K e n n e r  : “ Regional c h a ra c te r  o f th e  deviations of th e  v e r tic a l” . 
G eo fiz ika i Közlemények , 1957. F o r  the  purpose o f  com parison  the  a u th o r co rrec ted  
to p o g ra p h ic a lly  the  astro g eo d e tica lly  m easured d ev ia tio n s . A ccording to  th e  m aps enclosed to 
th is  s tu d y ,  th e  regional d ev ia tio n s o f  th e  vertical in  H u n g a ry  are  in m ost cases in  h a rm o n y  w ith  
th e  re g io n a l g rav ity  anom alies o rig in a tin g  in  m asses w h ic h  p robab ly  lay  in  g re a te r  d e p th s

7. Corrections o f levelling data on the basis o f  gravity measurements

Theoretical investigations have been carried out about the question  of 
a su itab le  correction of the levelling data on the basis of gravity data. Studies 
concerning this question are as follows :

I .  R é d e y  : «Sur l’a lt i tu d e  dynam ique». A cta  T ech n ica , VI. 1953. The a u th o r  in tro 
d u c ed  in  th is  study  a new in te rp re ta tio n  of the  dynam ical h e ig h t.

I .  M ü l l e r  : “ D e term in a tio n  o f  m ean g rav ity  v a lu es fo r th e  com putation  of th e  o r th o 
m e tr ic  h e ig h ts” . Geofizikai K ö zlem ények , Vol. V. No. 3. 1956.

G eodetists  and geophysicists a re  working to g e th e r to  co m pute  on the  basis o f th e  avail* 
ab le  g r a v i ty  d a ta  the corrections o f  orthom etric  he igh ts. G ra v ity  surveys along th e  f i r s t  o rder 
lev e llin g  lin es are in course.

8. R elative pendulum measurements

There have been recently  no relative pendulum  surveys in H ungary.

A .  Tárczy-Hornoch, m em b e r o f the Academ y, d e a lt  w ith  th e  question of th e  accu racy  
o f  m ea su re m e n ts  w ith re la tiv e  p en d u lu m s in  his s tu d y  » Ü b e r  d ie Genauigkeit von  aus geo
p h y s ik a lisc h e n  Messungen e rre c h n e te n  W erten«. Freiberger Forschungshefte , 1956. H e  p o in ted  
o u t  t h a t  in  general the  p ro b lem s o f  precision of th e  geop h y sica l m easurem ents in  th e  fu tu re  
h a v e  to  b e  dea lt w ith m ore in te n s i ty  th an  before.

9. Handbooks

T h e re  have been p ub lished  recen tly  in H u n g ary  tw o  genera l geophysical w orks :
L . E g y e d  : “ Geophysical fu n d a m e n ta ls”  ; U n iv ersity  te x tb o o k . T ankönyvkiadó , B u d a p es t 

1955. (H u n g a rian ).
L . E g y e d  : “ Physics o f th e  E a r th ” . Vol. 1. G e n e ra l Geophysics. A kadém iai K iadó  

B u d a p e s t,  1956. (H ungarian).
T h ese  works are tre a tin g  th e  theo re tica l and p ra c tic a l questions of g rav ita tio n a l in v e s ti

g a tio n s  acco rd ing  to the  p re sen t s t a te  of knowledge.



INVESTIGATIONS ON SEISMOLOGY 
AND THE PHYSICS OF THE INTERIOR OF THE EARTH, 

IN HUNGARY, 1954—1956
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The territory of H ungary is not particularly seismic, although earthquakes 
causing smaller or greater dam age m ay som etim es occur. In spite o f  th is, the 
attention  of Hungarian natural scientists was soon drawn to the phenom enon  
o f earthquakes, and it is perhaps o f interest to mention that the first isoseist 
map in the world was constructed by the Hungarian K it a ib e l , in  connection  
w ith the earthquake o f Mór in  1810.* The system atic study o f earthquakes 
was first proposed in  our country by J. Szabó , Professor of geology in  Budapest, 
around the middle o f the past century, in the scope of the work of th e  Geological 
Society o f  Hungary. This work was later taken up by R. K ö v e sl ig e t h y , whose 
nam e is familiar in  world-wide seism ological circles and whose work fell into 
the heroic age of seism ology. After K ö v e sl ig et h y , seism ological work in 
H ungary was chiefly concerned w ith collecting the data of past and present 
shocks beside instrum ental registrations. However, this was strongly inhibited  
and then reduced to a minim um  by the increase of international tension  and 
subsequent World War II.

This period was concluded by the m onography of K. R é t h l y  on the 
Earthquakes o f the Carpathian Basins (Budapest 1952), sum m arizing all 
macro-seismical observations from the tim e of the first written h istorical docu
m ents to 1918.

In the last four years, a new blossom ing of investigations concerning  
seism ology and the internal structure of the Earth has come up. This is the 
period I wish to discuss here.

The first results have grown out of seism ic exploration work. The crusta 
structure of the H ungarian Basin was determ ined, with new seism ic apparatus 
of Hungarian construction, in the environm ent o f Hajdúszoboszló b y  L. S teg ena  
(Geophysical Institute of the E ötvös U niversity) and by J. GÁl f i (State Geo
physical Survey). On evaluating deep reflections, the velocity values o f former 
exploratory work were used for the sedim ents and the data o f  R e ic h  from 
Blaubeuren for the deeper horizons. During previous work the average velocity

* Kitaibel P . e t Tomtsányi A. : D issertatio  de te rra e  m o tu  in genere ас in  specie M órensi 
A nno 1810. die 14. ja n u a rio  o rt. B udae 1814.



1 2 4 L. EGYED

of a Tertiary complex o f  1,3 kilometer was found to  be 2,2 km/sec. B eneath  
the Tertiary cover an overall velocity of 5,8 km /sec was assumed. The w ave  
velo c ity  for Triassic lim eston e was found to equal 5,1 km/sec during previous 
investigations.

Considering the above circumstances, a reflection  occurring at 8,6 sec 
w as generated by a reflectin g  surface at a depth o f  22,7 kilometers. No other 
characteristic reflexion w as encountered, except traces at 7,5 sec.

The deep reflection work was carried forth b y  L. S t e g e n a  and has y ielded  
up to  now the following data :

Locality
D epth of the

C O N R A D -d is c o n t in u í ty  
in  km

D epth^of the 
MOIIOROVI CIC-disconti- 

nuity  in km

K a p u v á r  ...................................................... 16,5 20,0
H a jd ú sz o b o sz ló ........................................... 19,4 23,6
K a r á d .............................................................. 21,2 —

K om ló  ........................................................... 19,6 25,2
B o n y h á d  ...................................................... 21,8 28,9

The determination of th ese data at further 17 poin ts is planned in  the course 
of the IGY.

A  further possibility for determining crustal structure beneath our country  
has arisen with the earthquake o f  January 1 2 ,195b, at Dunaharaszti near B uda
pest. The instrum ental data  o f  this shock have been  evaluated by E . B i s z t r i - 

C S Á N Y  (Geophysical In stitu te  o f the Eötvös U niversity , Budapest) and b y  
D . C s ö m ö r  (Seism ological Section of State G eophysical Survey). In th is work  
the data of the follow ing stations were used :

Station A n  (km)

B u d a p e s t ............................................. 16,3
K e c s k e m é t.......................................... 69,1
H u rb an o v o  ........................................ 86,7
K alocsa ............................................... 89,2
Szeged .................................................. 156,6
W ie n ...................................................... 240,8
Z ag reb .................................................... 287,7
B e o g r a d ............................................... 300,0
C âm pulung  ........................................ 495,3
B a c ä u .................................................... 607,7
J a s i ......................................................... 646,6
Je n a  ....................................................... 674,4

A s a re su lt  o f th is  e v a lu a t io n ,  th e  av e rag e  d e p th  o f  th e  C oN R A D -discontinuity  
w a s  d e te rm in e d  to  be 20 ,2  k m , t h a t  o f th e  M o h o r o v ic ic  su rface  to  b e  a r o u n d  
33 k m .

The following data were obtained for w ave velocities :
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W ave Velocity 
in  km/sec

W ave
Velocity 

in  km/sec

Pe 5,49 St 3,59

p* 6,98 s* u n c e rta in

P„ 8,18 s„ 4.62

As a matter o f  fact, these are the first data for the H ungarian basin to be 
derived from earthquakes.

The study o f th e  seism icity o f Hungary was commenced by D. C s ö m ö r  

and Z. K iss, both o f  the Seismological Section of State Geophysical Survey. 
For th is purpose the data o f the last 50 years were used almost exclusively, 
so as to  grant the hom ogeneity o f registrations. According to the to-date results 
of th is work —  as it has been reported at the International Conference of Prague — , 
the annual average num ber of shocks am ounts to four and generally does not 
exceed ten. M agnitudes are normally small. Great shocks occur at the intervals 
o f about 25 years, but even the m agnitudes o f these do not exceed 6. (The 
m agnitude of the 1956.1 .12  shock was 5,6, according to Prague, and 5,9, according 
to Moscow). It is in teresting to observe that the annual number of shocks gener
ally increases previous to larger earthquakes. The strain-rebound curve is almost 
linear with tim e, w ith  discontinuities occurring only at the tim e of greater 
earthquakes. The frequency maximum of hypocenter depth lies between 4 and 
7 kilom eters, i. e. in  the upper part of the crust or the metamorphic rocks above.

There have been studies on the problems of magnitude determination, too. 
It was the task o f E . B iszt ricsány  (Geophysical Institu te  of the E ötvös U ni
versity , Budapest) to  determ ine the m agnitude equation of the W ie c h er t - 
pendulum  at Budapest for long-period waves. The seismograms he evaluated  
dated from between 1930 and 1955, as this series of registrations can be con
sidered homogeneous as to characteristic frequency (T0) and static m agnification  
(V0). The m agnitude data used have been those of G u t e n b e r g  and R ichter  
for Pasadena. The m agnitude equation o f the horizontal W iech ert  pendulum  
for shallow shocks reads :

M  =  log A 20 +  1,39 log A° +  2,63

for magnitudes g iven by Pasadena.
It was found on investigating the phenom ena of blasts that the duration 

o f ground oscillation seem s to be a m onotonous function of the quantity of the  
explosive. Considering the monotonous relation between the mass of dynam ite 
D  and the duration t o f  the attenuation process to be

D =  C t 4

and making the m atter-of-course assum ption that —  in certain lim its —  the 
elastic energy generated is proportional to the quantity  of explosive used, i. e.
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E  =  yD .

T his m ay be rearranged as follows :

log E  =  log y  +  log D  =  log y  +  log C +  ß  log t 
or

log  E  =  a -f- ß  log t .

Com paring with the m agnitude-energy relation

log E  — a b M
one ob ta in s

M  — A -f- fi log t

t being th e  attenuation tim e o f the process. This attenuation is observed only  
on w aves o f  long period.

E . B isztricsany  (G eophysical Institu te o f E ötvös U niversity, Budapest) 
has also studied the duration o f long-period w aves 11  and plotted the m agnitude 
of shallow  shocks against the logarithm  of the duration of long-period waves, 
according to  data of the B udapest W ie c h er t  pendulum. The m agnitude data 
of P asadena were used for d istan t shocks, while those of Prague were applied 
for sm all-d istance ones. The equation

M  =  2,25 log tL —  0,001 A° +  2,92

was derived  by the m ethod of least squares from about 300 data. I t  gave the 
rem arkable result that the coefficient of A° is negligibly small so that the duration  
of the long-period waves can be used for the unequivocal determ ination of the 
m agnitude, independently of epicentral distance. W e consider th is result to be 
the m ost im portant one in  the realm  o f m agnitude investigations, since the 
work o f B ic h ter  that led to the definition of the m agnitude concept.

I t  is  further interesting to m ention that the new m agnitude relation thus 
derived w as applied b y  B isz t r ic sa n y  to define a relationship betw een the 
m agnitude as derived from log tL and the pleistoseism al in tensity  I 0 for Hungarian  
shocks. T he relation obtained w as

M  =  0,53 I0 +  1,4
&

alm ost com pletely identical w ith  the sim ilar relation obtained by Gu t e n b e r g  
for California.

T he studies on the internal structure of the Earth have begun w ith  the 
in vestigation s on the nature and m echanism  o f deep-sea troughs carried out 
by L. E g y e d  (Geophysical In stitu te  o f E ötvös University, Budapest). The 
theoretical research has led to the assum ption th at along the boundary o f the
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continents and oceans the crust, reacting on the whole as an elastic p late is  
subjected to a couple o f tectonic forces. H ereby the well-known superficial 
m orphology and the deep-fault surface along the volcanic line are formed. 
As a consequence of the deformation the isostatic anomalies arise. I t  w as possible  
to com pute on the theoretical assum ption described above the d istance o f  the  
volcanic chain from the edge o f the trough as well as the course o f  the anom aly  
axis for a section through Java. Furthermore, the thickness of the crust and 
the in ten sity  of the stresses arising in the sam e could be derived from the value  
of Y oung’s modulus for 33 km  depth. The thickness of the crust was calculated  
to be 45 km  to be interpreted by assum ing that th is is the thickness o f the layer  
under elastic stress.

In the first phases of this research it  was impossible to account for the 
forces and the couple causing the deform ations described. Further process 
was aided by the results o f R a m se y * and B ir c h .** A further clarification  o f  
ideas w as brought about by the fact that the two books “ Textbook o f  Geophysics” 
and '"‘’Physics o f the Earth’’’ written by this author in the meanwhile necessitated  
an unequivocal synthesis of observations and results. This work has focused  
attention  upon the internal structure of the Earth  together w ith  a critical 
analysis o f facts and ideas.

T h e m aterial com p osition  o f  th e  E arth  w as regarded b y  R a m se y  to  h e  
h om ogeneous below  a g iven  d ep th , and th e  assu m p tion  o f an iron  core w as  
su b stitu ted  b y  the id ea  th a t  th e G u t e n b e r g —-WiECHERT-discontinuity cor
resp ond s to  a sta te  tran sition  due to  h igh  pressure.

According to the results of B irch , the part o f the mantle betw een 900 km  
and the core can be regarded as homogeneous and only  the part above is character
ized by a set o f phase transitions caused by increasing pressure. This is in  accord
ance w ith  the ideas of R a m se y  as regards the parts above the core. H ow ever, 
B irch  is in  favor of the iron-core model, on the assum ption that to  induce the 
density o f the core in  silicic materials at least ten  times the actual pressure 
should be necessary at the boundary of the core.

R ecurring to th e  h yp oth esis to  R a m se y , an d  regarding, so m ew h a t d iffer
en tly , th e  GuTENBERG-discontinuity as a surface d efined  b y  tem p era tu re  as 
w ell as pressure, i. e. con sidering th e  E arth  as a therm odyn am ical sy ste m  o f  
h om ogen eou s com p osition , w herein  th e  p hase equilibria and tra n sit io n s  are 
d eterm in ed  b y  tem perature and pressure, w e reach  the in terestin g  con clusion  
th a t th e  boundary o f th e  core is no stab le surface, because the ch an ges in  te m p e 
rature d istrib ution  resu lt in  changes o f  th is surface. A cooling process w ill cause  
a sh iftin g  o f th is surface tow ards th e center o f  th e  E arth . C onsidering th e  actu a l 
d en sity  d istrib ution  th is  w ould  m ean th e decrease o f  th e average d e n s ity  and

* R a m s e y , W . H . : On th e  n a tu re  o f th e  E a r th ’s core. M onthly Notices. R oy. A str . Soc. 
Geophys. Supp l. 5. 1949.

* * B ir c h , F. : E lastic ity  an d  co n stitu tio n  of th e  E a r th ’s in te rio r. Journ. Geophys. Research, 
57. 1952.
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the increase of the volum e o f the Earth. W ith  other words, the cooling of our 
p lan et w ould result in  an E arth  expansion. This idea could readily account for 
the form ation of continental and oceanic areas, for continental drift, form ation  
o f  fracture system s, decrease of water-covered continental areas in  the course 
o f geohistory, and would g ive a possibility to  explain  m any m orphotectonical 
features as well as the decrease of the Earth’s angular velocity and the energy  
o f th e  earthquakes.

The ideas delineated above are sum m arized in  the paper o f L. E g y e d  
(G eophysical Institute o f E ötvös U niversity, Budapest) entitled : ,,A  Föld
belső szerkezetének új elm élete és annak földtani-geofizikai következm ényei” 
(The new  theory of the internal constitution o f the Earth and its geological- 
geophysical consequences; in  Hungarian).

H ow ever, the above plausible ideas could not stand upright in the light of 
energetical considerations. The criticism o f B irch  concerning the R a m se y  
theory  has suggested the thought to reduce the im portance of tem perature and 
to regard the state of the core material to be an ultra high-pressure one, as con
trary to  the simple high-phase state of R a m se y , being formed at pressures having  
ex isted  at the origin o f the Earth  and larger b y  at least one order o f m agnitude 
than  those existing at present. It is further assum ed that the decom position  
of th is m aterial unstable at present, proceeds gradually, in the m anner of a 
sta tistica l process. The end result is earth expansion , similarly to the above 
considerations. Investigations into a series o f details, have yielded the annual 
radius increase to be 0,5 m m  as the result o f a num ber of entirely independent 
considerations. It becam e further possible to com pute the energy of earthquakes 
and to  shed some new ligh t upon the form ation o f orogenic m ountain chains. 
These ideas are summarized in  the English w ritten  paper “A new theory on the 
in ternal constitution o f the Earth and its geological and geophysical conse
quences” by L. E g y e d .

In  the course of detail studies a possibility o f  estim ating the radius in 
crease free of all hypotheses from  the variations o f  the distribution of sea w ater in 
the geological past was found. The duration o f the ideal transgression-regression  
cycle w as also calculated on the hand of m echanical considerations and was 
found to  be 50 million years, in  sufficient accordance w ith the 47 m illion years 
derived from  palaeogeographical data. (L. E g y e d  : The change of the E arth’s 
dim ensions determined from palaeographical data , and L. E gyed  : D eterm ina
tion  o f changes in the dim ension of the Earth from palaeographical data.)

On the basis of the described theory, a new  definition for the concepts o f  
orogenic and epeirogenic m ovem ents as well as an explanation for the sam e could  
be derived. (L. E g yed  : The origin of the tecton ic  forces ; in H ungarian).

Som e reasoning concerning the delineated theory has shown that it  is possible 
to derive from this m echanism  the couple anticipated  a sthe cause o f deep-sea 
trough form ation. It was further deduced th at the frequency curve o f deep-



INVESTIGA TIO NS ON SEISM OLOGY AND T H E  PHY SICS O F T H E  IN TERIO R OF T H E  E A R T H  129

focus earthquakes m ust exhibit a deep m axim um  beside the near-surface one. 
This idea was corroborated by observations on South American trenches as 
w ell as by the statistical analysis of K o n in g . A number of further features of 
deep-focus earthquakes is sim ilarly explained by the new expansion theory.

The large polar wanderings deduced from palaeomagnetic observations 
is also readily explained by an expansion model postulating the tearing  apart 
of the crust. The latter process would cause large horizontal and torsional 
forces as well. (L. E g y e d  : Continental drift, polar wandering and th e  internal 
constitution  of the Earth.)

A point to be cleared is the physics of the state transition connecting  
the ultra high-pressure state of m atter with the norma! one. The idea o f  a thermal 
transition had to be rejected because of energetical considerations. A  nuclear 
process can also be thought of. However, o f  the estim ated am ount o f  2 • 1029 
ergs o f annually liberated energy no more than 30 eV falls upon one molecule. 
This amount is well w ithin the range o f ionization energies and sm aller by 
som e five  orders of m agnitude than usual nuclear energies. A lthough nuclear 
processes of similarly sm all energy arc also know n, a different way o f explanation  
seem s to us more likely.

It was observed by B ridgm an  that liquid carbon disulphide, intensely  
vo latile  at room tem perature, was transform ed into a black solid o f  approxi
m ately  3 g cm 3 density at a pressure of 40 000 bars and at a tem perature of 
170 centigrades. This substance was found to  be stable even after the removal 
of pressure. On the com m unication of therm al energy this m odification  could 
be reduced to the original one.

This observation clearly indicates that any substance may possess several 
therm odynam ically stable m odifications beside the usual ground-level one. 
The dem odification into the lower-energy state is induced by energies far smaller 
than in the case of the reverse process, the excess energy being liberated  in 
the form of thermal or m echanical work. R andom  thermal agitation m ay cause 
the molecules to pass the state transition border one by one, thus resulting  
in a statistical decom position connected w ith large-scale energy liberation. 
The theoretical and eventually  experim ental scrutiny of the possib ilities of 
th is kind o f process is to be the goal of some further research.

As by-products of work on the main them e w ill be m entioned the determ i
nation  of relations between atom ic volume and in itia l compressibility (L. E g y e d  : 
The com pressibility of elem ents), and the analysis o f the connections o f  drainage 
system s and faulting.

The investigation of the relations of geophysical data to crustal structure 
have led to some interesting advances in the synthesis of geodesic, geological 
and geophysical facts. In this respect the work o f У. Scheffer  (H ungarian Oil 
Trust) : “Some aspects o f the regional geophysics of the Hungarian Basin” 
has to be mentioned.

9 Acta Tcchnica XVIII/1—2.
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Studying the m icroseism s E. A n n a u  and K . P osgay  (State G eophysical 
Survey) has shown that the intensity of m icroseism  is closely connected w ith  
the depth  of the basem ent beneath loose sed im ents.

O f the results o f practical seismic work especially  the experim ents on 
blast mechanism and energy relations are closely  connected with the field  of 
seism ology.

In the following a list o f the papers dealing w ith  seismology or the internal 
structure of the Earth w ill be given. For the sake o f  completeness the papers 
on exploration seismics are included.

P A P E R S  ON SEISM OLOGY A N D  PHYSICS O F T H E  IN T E R IO R  OF T H E  E A R T H

A n n a u , E . and  P o s g a y , K . : A ta la jn y u g ta lan ság . (M icroseism ic ag ita tio n  of the  soil ; in H unga
ria n  ) .  Geofizikai K özi. Y.

B i s z t r i c s á n y , E. : D e te rm in a tio n  o f th e  m agnitude e q u a tio n  fo r R udapest. Acta Geol. IY. 1957.
B i s z t r i c s á n y , E. and C s ö m ö r , D. : Microseismal ev a lu a tio n  o f th e  E arthquake  of J a n u a ry  12, 

1956, and the  c ru sta l s tru c tu re  of the  H u n g arian  B asin . Acta Geol. IV. 1957. and  Geo
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MAIN RESULTS OF METEOROLOGICAL RESEARCH 
DONE IN HUNGARY DURING THE YEARS

1954—56

Dr. B. B É L L

The chief results o f m eteorological investigations executed in  Hungary 
are presented here for the six main branches o f m eteorology, nam ely :

I. Climatology
II. Solar radiation research

III. Agricultural m eteorology
IV. Synoptics, weather forecasting and dynam ic m eteorology  
Y. Aerology

YI. Ionospheric research.

As reports on these particular subjects have not y et been prepared, the 
more im portant results o f previous investigations are briefly summed up in 
addition to those achieved during the recent three-year period.

It was intended to produce, by the present report, a general picture of 
the developm ent which occurred in each of the particular branches, including  
progress in methods o f m easurem ent, establishm ent of new observatories, and, 
finally , a som ewhat detailed review of the more im portant publications.

Ionospheric research is carried out, in H ungary, by the Central Institute  
of Meteorology. These investigations are made w ith the aim o f clarifying the 
connections o f ionospheric phenomena with problems of clim atic control and 
weather forecasting. It is for this reason that the results obtained are discussed 
in the present report, together w ith meteorological research work.

I. Climatology

It is a consequence o f the situation o f the country in the Carpathian 
Basin that Hungarian clim atic researches paid attention  in the first place to  
the study of special flow , radiation and convection conditions caused by the 
clim atic and orographic peculiarities of the location in a basin.

Some m acrosynoptic processes may —  as a consequence o f surface forms 
and surface quality prevailing in the Carpathian Basin —  degenerate into
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ex trem ely  dry and warm or, on the other hand, into cool and w et synoptical 
periods which render our w eather changeable and our clim ate extrem e. It is 
for th is  very reason that our m ain efforts are directed towards a clarification  
o f  th e  background, in tem poral and spatial extension o f extrem e weather conditions.

T he need for such investigations was enhanced in recent years by the 
rep eated  occurrence o f frosts in  the late spring, o f dry springs and droughty  
sum m ers, alternating w ith som e summer and autum n periods o f abundant 
precip itation .

In  the Climatological D epartm ent of the Central M eteorological Institute  
a co llection  of Hungarian Clim atic Charts (Climatological Atlas) has been com 
p leted  in  1954— 56 which is ready for publication ; in accordance w ith the plans 
for th e  projected M eteorological W orld Atlas, it is presenting on 128 charts 
and on  a scale of 1 : 1 000 000 the geographical and tem poral distribution of 
every  clim atic element on H ungarian territory according to observations made 
in  th e  years 1901— 1950.

Considering that each territory is a com position o f innum erable local 
c lim ates where the form and quality  of surface are connected by a reciprocal 
effect to  the physical state o f air-m asses in contact w ith them , our clim atological 
research concentrated to  a greater extent on the research on local clim ates 
and m icroclim ates. Our investigators were in this respect engaged in the prob
lem s o f  energy-, heat- and water-balances.

To research on local clim ate belong as well the investigations started  
in  th e  surroundings of the greatest lake of Central-Europe, the B alaton, being  
a territory  interesting from th e point of view  of recreation, health-resorts and 
aquatic  sports, etc. It  was for th is purpose that our new establishm ent built 
in S iófok , the Balaton M eteorological Observatory, started its activ ity  in 1956. 
I t  is destined  to solve w ith its s ta ff of five persons (2 research workers, 3 techn i
cians) peculiar questions in  local clim atology and synoptics (including a storm 
w arn ing  service).

T he results obtained in  the field  of clim atological research are represented  
b y  th e  following review o f papers :

W a g n e r , R . : The concept o f c lim ate . Időjárás, 59. 1. 1955. pp . 42— 44.

W h en  defining c lim ate, th e  classical view s of clim atology m u st be, in  th e  op in ion  o f th e  
a u th o r ,  d iscard ed  ; i t  is undesirab le  to  d efine  c lim ate  b y  d e te rm in in g  facto rs, as c lim ate  should 
b e  con ce iv ed  ra th e r as a  phenom enon . C lim ate is, in  th is  m an n e r, th e  process o f rh y th m ic a l, 
p e rio d ica l changes of conditions o f  th e  a ir  s tra ta  w hich are covering  ou r p lane t.

B e r k e s , Z. : A bout the d e fin ition  o f th e  n o tio n  of clim ate. Idő járás, 59 . 1. 1 9 5 5 . p p .  4 4 — 45.

T h is  s tu d y  points o u t th a t  c lim a te  —  as th e  in te g ra tio n  of physical and  geographica l 
fa c to rs  —  is determ ining on an y  p lace  o f  th e  globe th e  p a tte rn  (th e  o rder, th e  system ) follow ed 
b y  w e a th e r  phenom ena, b u t  is, on th e  o th e r  han d , characterized  b y  th e  e n ti ty  o f p a s t  ev en ts  in  
th e  w e a th e r , w ith  which it  is n o tw its ta n d in g  n o t id en tifiab le , n e ith e r  in  a logical, n o r in  a  p h y sic 
a l sense . T h e  defin ition  proposed b y  th e  a u th o r  m ay  be app lied  to  m acro-, m eso- an d  m ic ro 
c lim a te  as well.

P e c z e l y ,  G y . : Changes of th e  te m p e ra tu re  on th e  E a rth . Időjárás, 59 . 5 . 1 9 5 5 . pp . 2 7 5 — 2 8 1 .
2 figs. 2 tables.
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F o r th e  period 1881 — 1940 the  anom alies o f th e  annual m ean a ir  te m p e ra tu re s  o f  each 
zone and  th e  anom alies o f th e  an n u al m eans of th e  whole E a rth  are co m p u ted . T em pera tu res 
are  found for the  en tire  period , b u t especially from 1920, to  be generally  rising . I t  is po in ted  out 
th a t  th e  solar co n stan t is no t show ing a un id irectional rise, and , accordingly , th e  phenom enon 
c an n o t be explained by v a ria tio n s  in  th e  solar co n stan t. T he carhon dioxide th e o ry  is n o t accept
able e ither, as th e  p resen t q u a n ti ty  o f carbon  d ioxide is a lready exerting  a  m ax im u m  of ab
sorp tion . I t  is m ost p ro b ab ly  th e  rise o f th e  q u a n tity  o f w a ter vapour being re la te d  to  th e  small 
flu c tu a tio n s of the  solar c o n s tan t w hich is the decid ing factor.

B e r k e s , Z. : T herm al ad v ec tio n  on th e  surface o f th e  N o rth e rn  H em isphere . Idő járás , 60* 
1. 1956. pp. 12— 16. 2 figs. 2 charts.

C harts of advection  are p resen ted  in the  form  of therm obarical ch a rts  used  in  aero-syn
o p tica l p ractice  and com puted  by  using  a tm ospheric  p ressure  and tem p e ra tu re  d a ta  reduced to 
sea level for th e  decade be tw een  1921 and  1930. B y  these  c h arts , th e  m ean  d r if tin g  d irection 
of cold and w arm  a ir  m asses a re  illu s tra te d  in  a c lim atic  re la tion . The a u th o r is  co m p arin g  fu r
th e r  th e  resu lts  w ith  a n n u a l m ean  isoanom als.

B e r k e s , Z. : In te rre la tio n  of th e  a tm ospheric  cen tres of action  in  th e  course o f th e  general cir
culation . Idő járás , 60. 2. 1956. pp. 82— 87. 10 figs.

In  th is  paper th e  tra n s fe r  o f a ir  m asses is su rv ey ed  am ong th e  m ain  c en tres  o f action  on 
th e  basis o f isocorrelation  c h arts , using  E x n e r’s anom aly  values of a tm ospheric  p ressu re  in  each 
m o n th  during  th e  th ir ty  y e a rs  betw een  1887— 1916. T he m ost im p o rtan t c o rre la tio n s  a re  found 
be tw een  areas in  th e  p o la r  regions and  the  tem p era te  zone. A pecu liarly  s tro n g  corre lation  
ex ists betw een a tm ospheric  p ressu re  o f th e  regions o f th e  Azores and Is lan d  on th e  one hand, 
and  fu r th e r  betw een N o rth e rn  N orw ay and N o rth e rn  I ta ly . The cyclonic c e n tre  o f Genova is 
found  to  be in re la tion  even to  th e  a tm ospheric  p ressure  in C entral Siberia.

PÉCZELY, Gy . : V aria tio n  of th e  m ed ite rran ean  c lim atic  features in  H u n g a ry . Időjárás, 
58. 4. 1955. pp . 214— 217. 2 figs.

A q u a n tity  is in tro d u ced  for th e  ch arac te riza tio n  of the  in te n sity  o f m ed ite rra n ea n  cli
m atic  influence. This q u a n ti ty  is defined  as the  p ro d u c t from  the  s tan d ard  d e v ia tio n s  o f average 
tem p e ra tu re  and average ra in fa ll of each m on th  of th e  exam ined y ear from  som e standard  
m ed ite rran ean  series. By m eans of th is  reference n u m b er and m aking use o f th e  tem p era tu re  
and ra in fa ll series of B u d ap es t betw een the  years 1941 and  1953, th e  secular t r e n d  of m ed ite rra 
nean  c lim atic  influence an d  th e  longer periods w ith in  th is  tren d  have been  d e te rm in e d . There 
ap p ears  sa tisfy ing  correspondence betw een  the s tro n g est periods found and  A b b o t’s periods of 
xhe so lar constan t.

B e r é n y i , D. : A pplication  of recen t s ta tis tica l m ethods in  clim atology. Id ő járás , 58. 5. 1954. 
pp . 261— 272. 2 figs. 3 tables.

A fter hav ing  discussed th e  th eo ry  of d ispersion  analysis th is m ethod  is ap p lied  to  annua* 
m ean  values of the  tem p e ra tu re  series of 5 H un g arian  and  2 foreign s ta tio n s. I n  th e  H ungáriáu l 
series th ere  appears a ro u n d  1893— 94 a b reak  in d ica tin g  a  v a ria tio n  of c lim ate . In  th e  series of 
Szeged and B udapest an  inhom ogeneity  m ay be disclosed due to d iffe ren t causes* T h e  conclu
sions of d ispersion analysis a re  p roved  by  exam in atio n  of tren d  equations too. D ispersion  analysis 
p roved  to  be  su itab le  for th e  inv estig a tio n  of hom ogeneity  of long series an d  ren d ers  possible 
even  th e  d e te rm in a tio n  of in d iv id u a l periods occurring  during  v a ria tio n s o f c lim ate .

PÉCZELY, G y . : S tudy  of frequency  curves of p en tad e  m ean  tem p era tu res  in  B u d a p es t. Beszá
molók , 1955. pp . 173— 196. 2 figs. 3 tab les.

Anom alies o f 5 -day average  tem p era tu res  a t  B udapest in th e  years 1851— 1954 are dis
cussed. F requency  d is tr ib u tio n s  o f th e  tem p era tu re  o f every  p en tade  are  d e te rm in e d  and the 
frequency  curves are s tu d ied  b y  red u cin g  them  to  com ponents. T hus th e  d ev e lo p m en t o f rad ia
tio n  influences is e s tim a ted , th e  an n u al tren d  of te m p e ra tu re  d is trib u tio n  is d e te rm in e d  as well 
as th e  p ro b ab ility  for th e  occurrence of a norm al d is tr ib u tio n  of p en tad ic  m ean  tem p era tu re  
values.

PÉCZELY, Gy . : A nalysis o f th e  no rm al d is trib u tio n  in  a  leng thy  series o f o b se rv a tio n s . Időjárás, 
58. 5. 1954. pp . 278— 282. 1 fig. 2 tab les.
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A nalysing  from th e  p o in t o f  v iew  of norm al d is tr ib u tio n  th e  a n n u a l m eans of tem p e ra tu re  
o f 32 s ta tio n s  a t the N o rth e rn  H e m isp h ere , on the basis o f series o f the  leng ths o f 60 y ears , i t  
is p o in te d  o u t th a t a norm al d is t r ib u t io n  is in the least realized  in  th e  po lar and tro p ical zones. 
I t  is f u r th e r  dem onstrated  t h a t  th e  degree  of realization  o f  n o rm a l d is tr ib u tio n  is a su itab le  
m ea n s  fo r  efficiently  c h a ra c te riz in g  th e  m acrosynoptical co n d itio n s  o f some sta tio n .

D o b o s i ,  Z. : The role of v e r tic a l  h e a t  tran sp o rt in d iu rn a l te m p e ra tu re  v a ria tio n . Idő járás ,
60. 1. 1956. pp. 45— 51. 1 fig .

T h ere  are m any w in te r  d a y s  on  w hich persists, d u rin g  th e  whole d ay , an inversion  n ear 
th e  so il, an d , accordingly, th e  so il su rface  is receiving c o n s ta n tly  th e rm a l energy from  th e  air. 
T h e  cau ses of diurnal te m p e ra tu re  v a r ia tio n  on days like  t h a t  a re  discussed.

B e r k e s ,  Z. : In terd iurnal te m p e ra tu re  v aria tions a t B u d a , 1855— 1955. Beszámolók , 1955. pp . 
120— 128. 2 figs. 2 tab le s .

T ak in g  as a s ta r tin g -p o in t th e  tem p era tu re  d a ta  obse rv ed  in  th e  observation  g a rd en  of 
th e  C e n tra l  Meteorological I n s t i tu te  since May 1910, as w ell as th e  observations m ade in  th e  
y e a rs  1873— 1899, it was possib le  to  o b ta in  a hom ogeneous series o f secular in te rd iu rn a l v a r ia 
t io n  on  th e  basis of all th e  o b se rv a tio n s  carried  out in B u d a  since  1856. T his series is s tu d ied  by  
th e  a u th o r  chiefly from th e  s ta n d p o in t  of secular v a r ia tio n , re sp . in  connection  w ith  solar a c t i
v i ty .  P a ra lle l  w ith the rise o f te m p e ra tu re  to be observed since 1880 there  was a decrease o f in 
te r d iu rn a l  v a ria tion . Solar a c t iv ity ,  a t  th e  same tim e, has in creased . Before 1880 th e re  is a re la 
tio n  o f  o p p osite  sign. The sam e c a n  be said of the re la tio n s  w ith in  each in d iv id u a l su n -sp o t 
cycle. T h e  secular series th u s  o b ta in e d  is suitable for th e  e s t im a tio n  of th e  im portance  of th e  
a d v e c tiv e  com ponent of c lim a te , re sp . o f the varia tio n s o f th e  sam e. T he in te rd iu rn a l v a ria tio n  
is , n a m e ly , reflecting in th e  f i r s t  p lac e  th e  advective v a r ia tio n s  o f tem pera tu re .

B a c s ó ,  N . : Num ber of w in te r -d a y s  in  H ungary. B eszám olók , 1954. pp. 86— 97. 3 figs* 
7 tables.

T h e  study  is dealing w ith  th e  frequency of w in ter-d ay s acco rd ing  to  observations m ade 
b e tw e e n  1901 and 1950. W h en  e x am in in g  th e  annual v a r ia tio n  of m ean  values from  m an y  
y e a rs , th e re  is found a s tr ik in g  m a x im u m  of frequency in  J a n u a ry  as well as h igher frequency  
v a lu e s  in  N ovem ber and D ecem b er as com pared w ith  F e b ru a ry  and  M arch. T his fa c t can  be 
e x p la in e d  by  the  increasing r ise  i n  tem p e ra tu re  du ring  th e  d ay . C om paring the  m ax im um  of 
f re q u e n c y  values of severe w in te rs  to  th e ir  m inim um , c o n tin e n ta l  c lim atic  ch arac te ris tics  are 
o b ta in e d . T he charts illu s tra tin g  th e  sp a tia l d is trib u tio n  o f th e  frequency  of w in ter-d ay s are 
p ro v in g  th e  close connection w ith  su n sh in e -, w ind, and o ro g rap h ic  conditions ; th e  sp a tia l d is tr i
b u tio n  o f  average dates of th e  f i r s t  a n d  las t w inter-day is , a t  th e  sam e tim e , ch aracteriz ing  th e  
c lim a tic  regions of the co u n try .

B a c s ó ,  N . : N um ber of severe d a y s  in  H ungary. B eszám olók , 1955. pp . 108— 119. 3 figs. 
6 tables.

T h e  p ap er is discussing —  on  th e  basis of 50 y ears’ o b se rv a tio n s  (1901— 1950) —• th e  fre 
q u e n c y  o f those days where th e  m in im u m  of tem pera tu re  is low er o r equal to  — 10 degrees c e n ti
g ra d e . T ab le s  are showing th e  freq u e n c y  of “ severe d a y s” , th e  percen tag e  of m o n th s , y ears 
a n d  w in te rs  w ithout severe d a y s , m ax im u m  values of th e  freq u en cy  of severe days in  th e  course 
o f th e s e  50 years, the  frequencies in  th e  five  hardest a n d  f iv e  m ild est w in ters , th e  connection  
o f sev ere  d ay s w ith the snow -cover, th e  d ep th  of the frozen su rface  la y e r  and , finally , th e  average 
d a te  o f  th e  f irs t  and last severe  d a y .

M r s . B é k é s s y , A. : F req u en cy  o f  f ro s ty  hours in B u d a p e s t an d  D ebrecen. Beszám olók , 
1955. pp. 129— 136. 1 fig . 4 tables.

A ccord ing  to req u irem en ts  a r is e n  from  the p a r t  o f th e  b u ild in g  in d u stry  in  connexion 
w ith  w o rk  done during the  w in te r , th e  average num ber o f h o u rs  below  0, — 5, — 10° C d u rin g  
th e  w in te r  half-year has been  d e te rm in e d  for every m o n th , on th e  basis of therm o g rap h  records 
o f th e  p e rio d  1918— 1955 in  B u d a p e s t  and  1928— 1955 in  D ebrecen . In  add ition  to  av erag e  
v a lu e s , m ed ia n , quartile and decile  v a lu e s  are p resen ted  fo r ch ara c te riz in g  th e  frequency  d is tr i
b u tio n . Conclusions m ay be d ra w n  fro m  th e  m ean n u m b er o f f ro s ty  hours on a certa in  fro sty  
d a y  co n cern in g  the spatial d is tr ib u tio n  on  these data. I t  was f in a lly  tr ie d  to  classify  the  H u n g a rian  
w in te rs  according to the  d iffe ren ce  in  th e  num ber of fro s ty  h o u rs  o f  th e  th ree  w in te r m o n th s 
fro m  th e  average value.
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PÉCZELY, Gy . : S tu d y  of sim u ltan eo u s frequencies o f te m p e ra tu re  and  cloudiness v a lu es. Idő~ 
járás, 59. 2. 1955. pp . 80— 35. 1 fig. 3 tab les.

T his is a m on th  to  m o n th  s tu d y  of th e  frequencies o f th e  da ily  average values fo r tem p e ra 
tu re  and  cloud am ount deriv ed  from  th e  observation  series 1901— 1950 of B u d ap est. T en  ty p e s  
a re  de term ined  on th e  basis o f  tem p e ra tu re  and cloudiness v a lu es and  th e ir  an n u al t r e n d  is s tu 
d ied . T he re la tion  of these ty p es  to  th e  prevailing  m acro sy n o p tica l situ a tio n s is  show n an d  it  
is s ta te d  th a t  these ty p es can  sy n o p tica lly  no t be considered  as hom ogeneous.

D o b o s i , Z. : H eat balance of th e  g ro u n d  surface and  its  m easu rem en t. Időjárás, 59. 5. 1955. 
pp . 292— 298. 4 figs.

T his paper is d iscussing th e  connection  betw een th e  fac to rs  of th e  h ea t b a lan ce  of th e  
soil surface and th e  v e rtica l g ra d ie n ts  o f tem p era tu re  a n d  h u m id ity  in  th e  a ir  space  n e a r th e  
g round . I t  is, m oreover, d ealin g  w ith  th e  m ethod of A lb rech t fo r th e  m easu rem en t o f  su rface  
h e a t  balance, and proposes, m ak in g  use of th e  exchange fo rm u la  of B udüko , a  h e a t-b a la n ce  
su rvey ing  m ethod rendering  u n n ecessa ry  the  d irect m easu rem en t o f th e  facto r o f  con d u ctio n  
fro m  th e  soil, and , accord ing ly , su itab le  even for th e  su rv ey  of th e  h eat-balance  o f cu ltiv a ted  
g ro u n d  surfaces and  of th e  e ffec tiv e  surface of a v eg eta tiv e  cover.

В а т т а , E. : D a ta  of freezing o f th e  sail in  th is c o u n try . Időjárás, 58.2.1954. p p . 81— 90. 
2 figs. 1 tab le .

T he f irs t  p a r t  o f th e  p a p e r  is generally  discussing th e  phenom enon of surface  fro s t ; th e  
second p a r t  gives large-scale in fo rm a tio n s concerning th e  con d itio n s of surface fro st in  H u n g a ry  
accord ing  to  the  series o f o b se rv a tio n s o f so il-tem perature  collected  a t  B u dapest d u rin g  42 years 
as well as to  m any  y ears’ so il-tem p era tu re  observations a t  s ta tio n s  in  d ifferen t p a rts  o f th e  co u n try  
(D ebrecen , T árcái, K ecskem ét, Á so ttha lom , Sopron).

В а т т а , E . : P rac tica l ap p lica tio n  o f soil— frost d a ta . Beszám olók, 1954. pp. 98— 108. 2 fig s. 
2 tables.

A stu d y  of soil-frost is c a rried  ou t in th is  p ap er acco rd ing  to  th e  th ree  m o st im p o r ta n t  
p a ram ete rs , i. e. p en e tra tio n  o f fro s t, its  in tensity  and freq u en cy , u tilizing  th e  d a ta  o f th e  42 
w in ters  betw een 1911— 12 an d  1952— 53. S tudying th e  sign ificance from  th e  p o in ts  o f  view  of 
com plex clim atology, th e  a u th o r  is surveying the  facto rs cau sin g  th e  fo rm ation  of so il-frost.

M r s . S z a k á c s , Gy . : R ain fa lls  d u rin g  th e  d rough ty  p e riod . Beszámolók, 1954. p p . 55— 60. 
8 figs.

A stu d y  of th e  cond itions and  anom alies o f ra in fa ll d u rin g  th e  d ro u g h ty  p e rio d  of Ju n e  
27 to  A ugust 17, 1952. A p ara lle l is d raw n betw een th e  con d itio n s o f ra in fall in  th e  sum m ers 
o f  o th e r years of d rough t (1935, 1904). The conclusion is th a t  th e  d rough t of 1952 is  su rpassing  
th e  d rough ts in  th e  years in  com parison  from th e  p o in t o f view  of lack of ra in fa ll as well as o f  
geographical extension.

K a k a s , J .  : D rought in  H u n g a ry  du rin g  M arch 1953. Időjárás, 59. 3. 1955. p p . 153—-164. 
16 Figs.

A characteris tica l fe a tu re  o f th e  clim ate of H u n g a ry  is  th e  scan ty  ra in fa ll in  la te  w in te r  
a n d  in  early  spring. I f  th e re  is a general lack of ra in fall in  th e  m acrosynoptical d ev elo p m en t on 
th e  E u ro p ean  co n tin en t, th is  is developping on th e  te r r i to ry  w ith in  th e  C a rp a th ian  B asin , as a 
consequence of th e  o rographical s itu a tio n , to  an  ex trem e  d ro u g h t. T his is p ro v e d  b y  th e  
p a r tic u la r  case o f  d ro u g h t in  e a rly  spring  of 1953 w hich is, fo r th is  Very reason , s tu d ied  in  
all de ta ils  from  th e  c lim atological p o in t of view by m eans o f an  ensem ble o f e lem ents.

K a k a s , J .  & K é r i , M. : T h e  w et sum m er of 1955 as rep re sen ted  by  dev ia tions fro m  n orm al 
values. Időjárás, 59. 6. 1955. pp. 359— 374. 17 Figs. 3 tables.

T he sum m er 1955 h as been  in  certa in  p a rts  o f th e  c o u n try  ex trem ely  w e t a n d , on  th e  
w hole, chilly. This phenom enon is, in  ou r clim ate, — as co m pared  w ith th e  a n n u a l m eans for 
1901— 1950 — no t a t  all u n p reced en ted  and its degree o f d ev elopm en t was, m oreo v er, h ighly  
d iffe ren t in the  various p a r ts  o f  th e  coun try , in consequence o f w hich th e  d ifficu lties  arisen  in 
c e rta in  dom ains o f public  econom y should he exam ined in  te rm s  of th e  pecu liar w e a th e r  condi
tio n s  w hich prevailed a t  th e  p a r tic u la r  place of th e ir  occurrence.
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K a k a s , J .  &  O z o r a i , Z. : A b so lu te  m axim um  of 24-hour ra in fa ll in H u n g ary . Idő járás, 59. 6. 
1955. pp. 344— 350. 2 figs.

T h ere  has been on 9 th  J u n e , 1953, a c loud-burst o f 260 m m  in th e  v illage D ad  (K om árom  
m egye). T h is  q u an tity  o f ra in fa ll  being  th e  abso lu te  m ax im u m  till now of a 24-hour ra infall 
fo r th is  c o u n try , au thors h av e  b e en  s tudy ing  from  th e  p o in t o f view  of c lim ato logy  and  aerolo- 
g ic a l sy n o p tic s  the conditions o f th e  fo rm ation  of th is  e x tra o rd in a ry  c lo u d-burst.

K u l i n , I. : S ingularities o f ra in fa ll a t  B udapest. B eszám olók , 1954. pp. 117— 155. 8 figs. 
10 tables.

T h is  report classifies on  th e  basis of e igh ty  y e a rs ’ observations (from  1871 till  1950) 
a n d  in  o rd e r of size 10 e x trem e  cases o f th e  g rea tes t, resp . lea s t ra in falls, as follow s : m o n th ly , 
q u a r te r ly ,  half-year and a n n u a l ra in fa ll, 24-hour ra in fa ll-m ax im a , th e  m ost ra in y  a n d  th e  d riest 
p e rio d s  o f 1, 2, 3, 4, 10, 20, 30, 40, 50, 60, 70, 80 y ears b eg in n in g  w ith  th e  f ir s t  d a y  of th e  calen
d a r  y e a r  an d  quite a p a r t from  it.  T hese  cases are, besides, expressed  in  percen tag e  of 80 y ears’ 
m ea n s  a n d  th e  p robability  o f d iffe re n t categories o f ab u n d an ce  are determ ined . F u r th e r ,  an  ave
ra g e  v a lu e  is com puted ou t o f th e  p eriods of d ifferen t len g th s  and th e  conclusion is d raw n  from  
th e  g re a te s t  and least ra in fa lls  o f severa l decades th a t  fo r  th e  co m p u ta tio n  of a re liab le  annual 
m e a n  v a lu e  even a period of 60— 70 y ears is in su ffic ien t. T h ere  follows th e  su rv ey  o f th e  lengths 
o f  th e  d r ie s t  and m ost ra in y  p e rio d s , and  th e  p ro b a b ility  o f th e ir  occurrence is determ ined . 
F in a lly , d iffe ren t clim atic  conclusions are d raw n from  th ese  exam inations.

B a c s ó , N . : F requency an d  o u tp u t  o f hourly  ra in falls. Idő járás , 59. 1. 1955. pp . 13— 28. 
3 figs. 15 tables.

A  discussion in all d e ta ils  o f th e  frequency of ra in y  hours and the  values o f hourly  ra in 
fa lls  a cco rd in g  to th e  o m b ro g rap h  d a ta  o f B udapest, S zo m b ath e ly  and N yíregyháza. S um m ari
z in g , acco rd in g  to  certa in  q u a n ti ta t iv e  categories, th e  av erag e  course of frequency  and  q u a n tity , 
th e  re su lts  are presented in  15 ta b le s  and 3 figures c o n ta in in g  abso lu te  values an d  percentage 
d a ta .  S m all rainfalls (0,1— 0,9 m m ) ta k e  th e  lead in freq u en cy  w ith  a w in ter m ax im u m  and  sum 
m e r m in im u m , th en  follow th e  av erag e  rainfalls (1,0— 4,9 m m ) w ith  a v a ry in g  a n n u a l d is tr ib u 
tio n , f in a lly  the  g reat ones (5,0 m m ) w ith  a sum m er m ax im u m  and a w in ter m in im u m . The 
av era g e  category  is leading in  o u tp u t,  th en  follow, w ith  in sig n ifican t d ifferences be tw een  each 
o th e r ,  th e  groups of low and  h ig h  h o u rly  values. The reason  fo r th is  is th e  d iffe re n t an n u al v a r ia 
tio n  o f ra in fa lls  on cold fro n ts  a n d  w arm  fronts. The p a p e r is dealing  also w ith  ex cep tan cy  values 
o f g re a te s t  p recip ita tion  in  a n  h o u r , w ith  th eo re tical co m p u ta tio n s and  th e  com parison  of obser
v a tio n a l  re su lts  and, finally , w ith  th e  u tiliza tion  of th ese  f in d in g s  in  na tio n a l econom y.

K é r i , M. &  M r s . S z a k á c s , Gy. : S eparation  of w arm  fro n t an d  shower p rec ip ita tio n s  w ithou t 
th e  use of a f ro n ta l  c a len d a r or reg is te ring  in s tru m en ts . Időjárás, 58. 4. 1954. 
p p . 218—223. 1 fig . 3 tab les .

A u th o rs  tried  to se p a ra te  fo u r y e a rs’ d a ta  (1946— 1949) o f B udapest an d  D ebrecen  in to  
w a rm  f r o n t  and shower p re c ip ita tio n s  only by  th e  help o f p luv iom eter d a ta  and  v isu a l observa
tio n s . T h e  resu lts are, for th e  su m m er half-year in  good accordance w ith  th e  re su lts  o b ta ined  
b y  a ir-m ass  analysis, b u t th e y  are  d iffering  from  these  in  th e  w in ter h a lf-year in  consequence 
o f u n c e rta in tie s  in  v isual o b se rv a tio n s.

K é r i , M .  : T errito ria l m eans o f p rec ip ita tio n . Időjárás, 58. 3. 1954. pp . 129— 136. 3 figs. 
3 tables.

A p p ly in g  and com paring  th e  fo u r best-know n m eth o d s for com puting  te r r i to r ia l  averages 
( a r i th m e tic a l  m ean, sq u a re -m e th o d , isohyets and po lygonal m ethod) i t  is p o in te d  o u t th a t  i t  
is poss ib le  to  obtain  in  H u n g a ry  te r r i to r ia l  average values o f  p rec ip ita tio n  of re q u ire d  re liab ility  
ev en  b y  th e  a rith m etic  m ean  m e th o d . T his is valid  for a ll p a r ts  o f the  co u n try  b u t  th e  region of 
m o u n ta in s  o f m edium  h eigh t. A u th o r  proposes to  call a te r r i to r ia l  m ean only th e  av erages com
p u te d  on  th e  basis of s ta n d a rd  p e rio d  reference values a n d  all o th er te r r i to r ia l  v a lu es should 
b e  ca lled  te r r i to r ia l  p re c ip ita tio n , tem p e ra tu re , h u m id ity , e tc ., respectively .

K é r i , M. : T errito ria l m eans of p re c ip ita tio n  in  th e  reserv o ir o f th e  riv er Z agyva. Beszámolók, 
1954. pp. 109— 116. 2 tab les.

A pp ly ing  the generally  k n o w n  m ethods for co m p u tin g  th e  average of p re c ip ita tio n  fallen 
u p o n  a g iv en  area au tho r is p o in tin g  ou t th e  fact th a t  th e re  are  m ean values of due  re liab ility
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av a ilab le  for H u n g ary  ob ta in ed  by  th e  m ethod  of a r ith m e tic a l m eans. The region o f m o u n ta in s 
o f m edium  h e ig h t, how ever, is here  an  excep tion . I t  is show n by  th e  case of th e  re se rv o ir  o f th e  
r iv e r Z agyva th a t  these  m ethods are  app licab le  even  in  a reas sm all p a r ts  of w hich a re  on ly  m o u n 
ta in s  o f m edium  heigh t.

H a j ÓSY, F . : D a ta  on p re c ip ita tio n  conditions in  th e  reservo ir o f th e  river T isza. A z  Országos 
Meteorológiai Intézel kisebb k iadványa i, No. 29. A kadém iai K iad ó ,. B u d ap es t, 
1954. 112 pages, 19 charts.

Purpose of th e  s tu d y  is to  p rov ide  p rec ip ita tio n  d a ta  of th e  whole reserv o ir o f th e  riv er 
T isza  for hydrological co m p u ta tio n s, th e  p re c ip ita tio n  cond itions of the  region o f H u n g a ry  
belonging to th is  reservo ir being  un fav o u rab le  from  th e  p o in t o f view of q u a n tity  as well as a n 
n u a l d is trib u tio n  and  v a ria tio n . T he te rr i to ry  rich est in  p re c ip ita tio n , s ituated  in  th e  m o u n ta in s  
o f M .Í г a m aros, is receiving ab o u t 1700 m m  a year, w hilst th e  d ries t regions o b ta in  a b o u t  500 m m . 
T he an n u al v a ria tio n  of p rec ip ita tio n s possesses a c o n tin e n ta l aspect, w ith  sum m er m ax im a  and 
w in te r m in im a, b u t  th e  h igh lands d ifferen tly  exposed to  w ea th e r fro n ts causing th e  p re c ip ita tio n  
show  significant differences. F ina lly , the  m o n th ly  an d  an n u al averages o f 910 sta tio n s 
a re  rep o rted  from  th e  y ears 1901— 1940, fu rth e r th e  pe rcen tag e  d is trib u tio n  of freq u en cy  values 
o f m o n th ly  and  a n n u a l p rec ip ita tio n s o f 24 selected s ta tio n s , th e  q u a n tity  o f v e ry  low  an d  very  
h igh  m o n th ly  p rec ip ita tio n s and  th e  m in im um , q u a rtile , m ed ian  and m axim um  v a lu e s  fo r these 
s ta tio n s . T here  a re  19 .charts concerning th e  an n u al, seasonal and  m onth ly  d is tr ib u tio n  of p reci
p ita tio n .

S z e s z t a y , K . : D ouble-m ass analysis for ad ju s tm en t of p re c ip ita tio n  d a ta . Idő járás, 5 8 .2 . 1954. 
p p . 96— 102. 3 figs. 2 tab les.

Changes in  en v iro n m en t an d  in  techn iques o f m easu rem en t are o ften  d is tu rb in g  the  
hom ogeneity  o f p re c ip ita tio n  d a ta  series. T he a u th o r is in tro d u c in g  on th e  basis o f d a ta  found 
in  lite ra tu re  and  experiences m ade in  th is  c o u n try  th e  m eth o d  of “ double-m ass cu rv es” . T he 
red u ctio n  facto rs m ay  be de te rm in ed  b y  th e  tren d -v a ria tio n s  appearing  in th e  re la tio n  betw een  

^reference s ta tio n s and  tes ted  s ta tio n s.

K é r i , M. : Snow -conditions a t  B u d ap est. Beszámolók, 1955. pp. 166— 172. 1 fig . 4 tab le s’

C lim atic differences are  d em o n stra ted  w ith in  th e  te r r i to ry  of B udapest w h ich  a re  p a rtly  
a consequence of th e  d ifferen t den sity  o f build ing  in  th e  m etro p o litan  area , an d  p a r tly  conse
quences of d ifference in  level. T here  a re  th ir te en  s ta tio n s  s itu a te d  chiefly a t th e  r ig h t  r iv e r  o f the  
D an u b e  th e  d a ta  o f w hich are  com prising  1. th e  n u m b er o f days w ith  snow -cover, 2. th e  m ean 
th ick n ess of snow -cover, 3. th e  g rea tes t th ickness of snow -cover, 4. th e  m ean periods fo r rem ain in g , 
resp. d isappearing  of snow -cover. T h ere  follows th e  len g h t o f th e  period b e tw een  th ese  two 
d a te s  given in  days and , fina lly , th e  value  g iven as per 1/ in  percentage of th e  p e rio d  betw een  
these  tw o dates.

S a l a m i n , P. : R esearch  on th e  m elting  of snow in  th e  B ü k k  m ountains. Időjárás, 60. 5. 1956. 
pp . 265—276. 6 figs. 3 tables.

R esu lts o f research  on th e  m eltin g  of snow  carried  o u t in  a closed reservo ir o f  th e  B ükk  
m o u n ta in s. I t  is found  th a t  snow m eltin g  is largely  in fluenced  by  orographical con d itio n s, by  th e  
ty p e  of ag ricu ltu ra l cu ltiv a tio n , and  b y  o th er facto rs de te rm in in g  th e  heat- and  w a ter-b a lan ces 
o f  th e  reservoir. T he s tu d y  rep resen ts  an  a tte m p t for o rgan iz ing  research on sn o w -m elting  for 
te rrito rie s  o f g rea te r ex te n t an d  proves the  ap p licab ility  o f th e  experim ental m e th o d .

K a k a s , J .  &  M r s . O t t a , E . : F requency  of n eb u losity  in  H ungary . Beszám olók, 1955. pp. 
152— 165. 3 figs. 1 tab le .

D iscussing th e  resu lts  o f d e ta iled  observations o f fog executed  betw een  1940— 1954, it 
m ay  be established, b y  in v es tig a tio n  of th e  tem p o ra l and  sp a tia l frequency o f fogs, t h a t  earlie r 
n o tio n s em an atin g  from  som e p rev ious pub lica tions concern ing  th e  geographical d is tr ib u tio n  
of th e  num ber o f foggy days requ ires a  m odification . A m u ch  g rea ter v a ria b ility  an d  a  w ealth  
o f local featu res is found w hich are explained by  considera tions o f physical geo g rap h y  and  by 
com parison to  o th e r c lim atica l e lem ents ; accordingly, th e  differences found m ay  be considered 
as real ch aracteris tics o f ou r c lim ate.
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W a g n e r , R . : F lu c tu a tin g  g rou n d -fo g  in a sink-hole. Id ő já rá s , 58. 5. 1954. pp . 289— 298. 
7 figs. 4 tab le s , 7 p ic tu res .

In  1953 and 1954 th e  f lu c tu a tio n s  of groundfog h as  b een  observed in  th e  sink-ho les a t  
th e  fo o t o f H osszúbérc (B ü k k ). T h e  form ation  of fog beg ins a t  th e  b o tto m  of th e  sink-hole  and 
th e  fog is appearing  to  flow  o u t ,  th e n  to  w ithdraw . T h is phen o m en o n  is repea ted  tw ice  or th r ic e , 
a f te r  w h ich  th e  fog is filling  th e  w hole region of th e  boggy p lan e  to  th e  height o f th e  leafage of 
th e  fo res ts . T h is peculiar w e a th e r  phenom enon is n o t cau sed  b y  th e  flow of th e  a ir , b u t  by  th e  
rh y th m ic a l  v aria tion  of fo g -fo rm a tio n  and fog-dispersion.

K a k a s , J .  &  M e z ő s i , M. : S tu d y  of o u r wind conditions a n d  n a tio n a l pow er-econom ics. Idő járás, 
60. 6. 1956. p p . 350— 364. 5 figs. 6 tab les.

T h e  possibilities o f u tiliz in g  th e  energy of th e  w in d  are  ra th e r  lim ited  in  H u n g a ry . O ur 
pow er-supp lies being, how ever, scarce enough, i t  is ju s tif ie d  to  survey  th e  w ind-pow er availab le  
in  o rd e r to  be able to  cover a t  le a s t p a r t  of th e  pow er d em an d  by  m eans of w ind-pow er p lan ts . 
D e lim itin g  th e  technical a n d  m eteorological p a r t  of th e  p ro b lem  and  sum m ing u p  th e  sm all 
n u m b e r  o f investiga tions c a rr ied  o u t so far in th is c o u n try  in  th e  in te re s t o f a u tiliz a tio n  of 
w in d -p o w er, th e  o b se rv atio n al d a ta  collected by  th e  f iv e  an em ographs recen tly  estab lish ed  in  
th e  a re a  o f B udapest are ex am in ed . T he conclusion is d ra w n  th a t  th e re  is such a stock  o f w ind- 
pow er av a ilab le  in  our c o u n try  as to  render it w o rthw hile , even  necessary, to  m ak e  fu rth e r 
re sea rch es b y  m eans of m eteo ro log ica l in strum en ts and  to  t r y  to  m ake usé of i t  by  solving some 
tec h n ica l problem s.

B e n e d e k , É .  : F requency  o f w ind-d irec tions and th e  th e rm a l com pass in  Szeged, in  th e  years 
betw een 1926 a n d  1940. Földrajzi Értesítő , IV . 1. 1955., B u d ap est, p p . 63— 76. 
7 figs. 7 tab les.

T h e  s tu d y  is dealing w ith  th e  prevailing  frequency  o f w ind-d irec tions and  th e  m ean  values 
o f te m p e ra tu re  observed on th e  occasion of w inds blow ing fro m  th e  directions o f th e  in d iv id u a l 
p o in ts  o f th e  compass, on th e  b a s is  o f 15 years o b se rv atio n s a t  th e  clim atological s ta tio n  of Sze
ged. T h e  tab le s  prove t h a t  th e re  is no exceedingly p re v a ilin g  w ind-d irec tion  in  Szeged. 
T h e  a u th o r  com puted  th e  f req u e n c y  of w ind-direction  fo r ev ery  season and  for each o b se rv a tio n 
al h o u r. I t  follows from  th e  s tu d y  t h a t  th e  d ifferen t w in d -d irec tio n s m ean  d ifferen t tem p e ra tu re  
reg im es, th e  average value  o f 11,2° C is exceeded in  a n  a n n u a l average only by  th e  m eans of 
te m p e ra tu re  consequent u p o n  th e  S E , S, SW w inds. T h e  re la tio n  betw een frequency  of wind- 
d irec tio n  a n d  tem p era tu re  m a y  be found  in  m o n th ly  d e ta ils  in  th is  study.

C z e l n a i , L . R . : D a ta  on th e  w ind-conditions o f th e  L ak e  B a la to n  in  re la tio n  w ith  th e  chief 
sy nop tic  w e a th e r- ty p e s  o f  H ungary . B eszám olók, 1955. pp. 137— 151. 6 figs.
1 tab le .

A u th o r  deals w ith  som e ch arac te ris tic  fe a tu re s  o f th e  w ind-conditions o f th e  L ake 
B a la to n , u sing  m ethods of d y n a m ic a l clim atology. T he ch a ra c te ris tic a l flow p a tte rn  is b ro u g h t 
in to  re la tio n  to  d ifferen t sy n o p tica l situations. T he a u th o r  deals therefore in  th e  f i r s t  place 
w ith  th e  prob lem s m uch ta lk e d  o f concerning th e  c la ss ifica tio n  of synoptic  w eath e r-ty p es. The 
p u rp o se  of his research h as  b e e n  to  te s t strong w inds a n d  w indsto rm s, b u t  because of th e ir 
p a r tic u la r ity  he touched also u p o n  th e  exam ination  of loca l w inds developping in stili an d  clear 
w e a th e r. H e  processed th e  d a ta  o f  th re e  anem ograph s ta tio n s  a t  L ake B ala ton  : B a la tonkenese , 
Siófok a n d  K eszthely. T h is m a d e  possible to th ro w  a  l ig h t on  d iffe ren t local e ffects, too , th u s  
g e ttin g  a  step  nearer to  th e  k n o w ledge  of the  w ind-co n d itio n s o f L ake  B alaton .

C z e l n a i , L. R . : Some p a r tic u la r it ie s  of the  system  o f c ircu la tio n  on th e  shores o f L ake 
B ala ton . Időjárás, 59. 4. 1955. pp. 223— 229. 6 figs.

A u th o r  studies on th e  b asis  o f  anem ograph d a ta  o f  th e  s ta tio n s Siófok, B a la tonkenese , 
K e sz th e ly  th e  w inds occurring  p e riod ica lly  along th e  shore  o f  L ake B alaton . T he m eth o d  is l i
m itin g  its e lf  to  calm  and c lea r  an ticyclon ic  w eather. I t  c an  b e  seen th a t  th e  c ircu la tio n  system  
m en tio n ed  m ay , from  th e  p o in t  o f v iew  of the  am p litu d e  a n d  th e  period icity  o f th e  v a r ia tio n  in  
w in d -d irec tio n  and  w ind-ve loc ity , be  b rough t in to  acco rdance  w ith  th e  com puta tions o f th is  ty p e  
m ad e  b y  D efan t.

KÉRDŐ, I. : C lim atic h e a lth -re so rts  an d  th e ir c lim ato log ical s tu d y . Időjárás, 58. 1. 1954. 
pp . 32— 39.
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T his is a survey  of th e  m ore im p o rta n t c lim atic  fac to rs  com ing in to  acco u n t for bioclima- 
to logy , endevouring  to  answ er th e  question  how to classify  our c lim atic  h e a lth -re so rts  and how 
to  carry  ou t clim atological s tu d ies  on places like th a t .

R iesz, E .— Pál, I .— Kőnek, L. : C lim atological surveys in  the  h ea lth -re so rts  o f  th e  M átra. 
Időjárás , 58. 4. 1954. pp. 197— 205.

A uthors carried  o u t in  th e  a u tu m n  1952 c lim atological surveys in  th e  health -resorts 
M á trah áza  (685 in) and  su rround ings. A hundred of p a tie n ts  assigned to  convalescence have 
been exam ined. R esults on b iocliina tical effects ap p earin g  in  the  s ta te  o f h e a lth  o f th e  convales
cen ts  are d em onstra ted .

K érdő, I. : F u n d am en ta l concep ts o f bioclim atology. Időjárás , 60. 4. 1956. p p . 227—235*

T he fu n d am en ta l concep ts of bioclim atology are  deduced from th e  m o st im p o r ta n t factors 
o f th e  re la tio n  betw een a liv ing  organism  and its  su rround ings. N um erous c o n s titu e n ts  of the 
a tm o sp h ere  play  a decisive p a r t  in  th e  norm al course of v ita l processes. C hanges in  the 
su rround ings, th u s in  th e  a tm o sp h ere  too , are m obilizing th e  capacity  of a d a p ta t io n  of the  or
gan ism , th e  reac tions p ro d u ced , how ever, are depend ing  on th e  m o m en ta ry  co n d itio n  of the 
in d iv iduals them selves. I t  is from  these re la tions th a t  th e  u p -to -d a te  resea rch  p ro b lem s of biocli
m ato logy  are to be derived.

Predmerszky, T. : C harac te riza tio n  of com fort in  w ork-room s. Időjárás , 59. 5. 1955. pp. 
268— 274. 3 figs.

T he research  on w ork-room  c lim ate  is a w ell-delim ited b ranch  h av in g  a g re a t practical 
im p o rtan ce  of m edical m eteorology, rendering  necessary  th e  developm ent o f n um erous new 
research  tools. The m eteoro log ical facto rs of w ork-room  clim ate  are in  a h ig h  degree  influencing 
th e  h ea lth  of em ployed people , i t  is therefore  an im p o rta n t task  to d e te rm in e  o ffic ia l standards 
for adm issible p a ram ete rs  o f w orking-room  tak in g  in to  accoun t th e  re su lts  o f researches on 
com fort. T his problem  m ay , how ever, be solved only in  close co-operation o f all sciences engaged 
in bioclim atologv.

H orváth, L. G. : In fluence of f ro n ta l passages on th e  nervous a c tiv ity  of t r a f f ic  s ta ff. Időjárás, 
59. 3. 1955. pp . 139— 147. 1 fig.

In  o rder to d e te c t th e  re la tio n  betw een tra ff ic  acciden ts on h igh -roads an d  weather- 
changes, num erous c o m p u ta tio n s  have been carried  o u t based  on lab o ra to ry  te s ts  an d  on  m ethods 
of m ath em a tica l s ta tis tics . T he experim en ts were m ade w ith  reposed tra f f ic  s ta ffs  and with 
tired  ones hav ing  trav e lled  a t  least for ten  hours a t  th e  n ig h t preceding th e  e x p e rim e n t. Evidence 
for th e  in fluence of f ro n ta l passages on the  c en tra l nervous a c tiv ity  is e x p lic itly  established. 
T ra ffic  work of those sensitive  to  w eather is strongly  in fluenced  by physio logical a n d  psycholo
gical reac tions occurring  in th e  hu m an  organism  upon  fron ta l effects. T h is  is p ro v ed  by the 
close re la tio n  betw een f ro n ta l passages and  th e  te s te d  3519 high-road acc id en ts.

Wagner, R. : Com plex te m p e ra tu re . Időjárás , 58. 2. 1954. pp. 72— 77. 1 fig .

An electrical in s tru m e n t has been developped fo r the  m easu rem en t o f h e a t losses and 
ga ins of the  hum an  bod y  as a re su lt o f the  in fluences o f a ir  tem p e ra tu re , ev ap o ra tio n , wind 
conditions and ra d ia tiv e  in te rac tio n s . T he num erical value  ind ica ted  by  th e  in s tru m e n t is called 
“ com plex te m p e ra tu re ” . T his v a lu e  m ay  be converted  to  cen tig rade  degrees, too . T h e  in strum en t 
is destined  to b ioclim atological and inicroclim atological research  work.

Wagner, R. : M icroclim atological observation  m ethods for d ifferen t ecological regions. Idő
já rá s , 59. 3. 1955. pp . 165— 169.

U nified p rogram m es o f m icroclim atological observations a re  proposed fo r use in  different 
p la n t associations. D ealing  w ith  th e  p ro jec ting  of research  for m icroclim atological observation  
s ta tio n s , th e  su itab le  in s ta lla tio n  of in stru m en ts , th e  choice o f o b se rv atio n  pe rio d s and  obser
v a tio n  tim es are discussed. T he necessity  of s im ultaneous inacroclim ato log ical o bservations is 
po in ted  out.

D obosi, Z. : A c riterion  for th e  de te rm in a tio n  of th e  presence of a d e p en d e n t m icroclim ate. 
Időjárás, 60. 5. 1956. pp. 287— 291. 1 fig .

A m ethod is discussed by m eans of which th e re  is a possib ility  to  se p a ra te  in th e  layer 
o f a ir  n ear the  surface th e  co n d itio n s free o f advection  from  the  advectional la y e r . T he m ethod
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is, c o n se q u e n tly , suitable for p ro v in g  th e  dependence, resp . in d ep en d en ce  of m icroclim ate  n ea r 
th e  so il. T h e  application of th e  m e th o d  is illustra ted  by  d a ta  o b ta in e d  a t  th e  m ic roclim atica l 
s ta tio n  E rd ő h á tp u sz ta .

K is s , Á . : C ontribution  to  th e  k n o w led g e  of the  m icroclim ate o f qu icksands. Időjárás , 59. 4-
1955. pp .  235— 238.

L o ca l clim ate of the  san d s o f  Ü llés are com pared w ith  t h a t  o f th e  a irfield  o f Szeged and 
of th e  to w n  of Szeged. F u rth e r th e  m ic ro c lim atic  conditions o f sand-h ill tops w ith o u t v eg eta tio n  
an d  o f  dep ress io n s between sand -h ills  co v ered  w ith veg eta tio n  are  d e a lt w ith . T he ex trem e values, 
th e  d e g ree  o f  rise and decrease in  te m p e ra tu re , the  n o c tu rn a l in v ers io n  and  th e  stages o f daily  
v a r ia tio n  o f tem perature  are p re se n te d .

W i s c h a n ,  Z. : M icroclimatological re se a rc h  on the  soda soils o f B ékés. F öldrajzi Értesítő , У . 1.
1956. pp. 43— 53. 6 fig s . 8 tab les .

A n  accoun t of m ic roclim ato log ical researches m ad e  b y  th e  Clim atological In s t i tu te  of 
th e  U n iv e rs i ty  of Szeged on th e  so d ic  soils of Békés in  A u g u st 1954. S tudying  th e  h e a t— and 
w a te r -su p p ly  of these sodic a rea s i t  m a y  be sta ted  th a t  th e  sodic soils are  reaching a t  every  
level th e  h ig h es t tem perature, th e  c o m p a c t, column-like c lum ps securing  a un iform ly  d is tr ib u te d  
good th e r m a l  condition. The sodic so ils th a t  are reaching, in  th e  d a y , h ighest tem p era tu res , are 
a t  th e  sa m e  tim e  cooling in  th e  le a s t  degree  even in  th e  course o f th e  n ig h t. Several com m on 
causes o f  heat-p reserva tion  are  a ssu m a b le , b u t it seems to  be  m a in ly  th e  consequence of h igher 
c o n c e n tra t io n  of salt, too. The to ta l  q u a n t i ty  of salt is in  ev ery  case and  a t  every  level d irec tly  
p ro p o r tio n a l, whereas the value  o f c a p illa ry  w ater-rise is in v erse ly  p ro p o rtio n a l to tem p e ra tu re .

Be n e d e k , E . : M icroclimatological re se a rc h  in  the T iszazug. F ö ld ra jz i É rtesítő , I I I .  3. 1954* 
p p . 544— 553. 5 figs.

T h is  is an account of th e  re su lts  o f m easurem ents c a rr ied  o u t on th e  so u thern  sand-line  
of th e  T iszazu g . W ithin a c ross-section  o f 250 m there w ere e stab lish ed  seven m easuring  s ta tio n s. 
D ry  a n d  w a rn  w eather was p re v a ilin g  d u rin g  the  period of th e  ex p erim en t. T he m icroclim ato lo
gical d iffe re n ce s  caused by  d ifferen ces o f  level a t the  hillside h av e  been  observed a t th e  tim e  o f 
te m p e ra tu re  m inim a a t dawn. T h e  m easu rem en ts  have been  c a rr ie d  o u t in  heights o f 5, 50 and  
150 c m  ; th e  d a ta  prove th e  in f lu e n c e  of differences in  level. E xam in atio n s w ere carried  
o u t o n  d ifferences caused by  th e  s i tu a t io n  to  the card inal p o in ts , b y  th e  soil as an  im p o r ta n t 
fa c to r  o f  m icroclim ate, and on i ts  in te ra c t io n  w ith v eg eta tio n . A n a tu ra l  cover of v eg e ta tio n  
fo u n d  a t  th is  locality is, on th e  w h o le , characteris tic  fo r th e  w hole  te r r i to ry  of th e  T iszazug.

Wagner , R . : C ontributions to  th e  know ledge of the  m ic ro c lim ate  o f th e  so u th -eas te rn  p a r t  
o f th e  G reat-P lain . F ö ld ra jz i Értesítő, Y. 2. 1956. pp . 135— 160. 13 figs. 
3 tables.

A  review^ of the m icroclim ates o f th e  intensively c u ltiv a te d  areas lim ited  b y  th e  riv ers  
K örös— T isz a — Maros, including th e  m ic ro clim ate  developped in  th e  a ir  enclosed in  th e  in te rio r  
o f th e  p la n t  stock  of cu ltivated  a re a s  a n d  also th a t of th e  v e g e ta tio n -free  s ta te  a fte r  th is  vege
ta t io n  h a s  b een  harvested. I t  is d e te rm in e d  by m eans o f h e a t-su p p ly  exam inations to  w hich  
degree  th e  c lim atical conditions o f  sm a ll volum e are tran s fo rm e d  w ith  th e  increase or decrease 
o f th e  v e g e ta tiv e  cover. The c lim atic  en v iro n m en t of h a rv este rs  a n d  th resh ers  is s tu d ied  sim ul
tan e o u s ly .

Wa g n e r , R . : M icroclim atological zo n es and th e ir m ap p in g . F öldra jzi K özlem ények , Új 
F olyam  IV (L X X X ). 2. 1956. pp. 201—210. 4 figs.

E x a m in in g  the cause of th e  fo rm a tio n  of clim ate an d , w ith in  th e  sam e, of d iffe ren t cli
m a tic  zo n es , au th o r is outlining th e  n o tio n  of macro- meso- a n d  loca l clim ates and th e  concept 
of th e  su b s tra tu m . The te rrito ria l d i s t r ib u t io n  of different ty p es  o f c lim ate  is dealt w ith  on  a p a r t i 
cu la r e x a m p le  in  the B ük k -m o u n ta in s o f  Borsod, in  th e  reg ion  of llo sszú b érc . In  th e  te r r i to r ia l  
sy s te m a tiz a tio n  of different k in d s o f  c lim a te s  au thor is g en etica lly  s ta r tin g  from  th e  su b s tra tu m  
as th e  m ic ro -c lim a te  is form ed u n d e r  th e  influence of th e  sam e. T h ere  is m ade a d is tin c tio n  b e 
tw een  m icroclim atological zones o f I s t ,  U n d ,  I l l rd  and IV th  o rd er. K now ing a  region an d  its  c li
m a te  i t  is  possible to m ap dow n fro m  th e  genetical p o in t o f  v iew  these  m icroclim atological 
zones, b u t  th e  view -points will be d if fe re n t  according to th e  in d u s tr ia l  o r ag ricu ltu ra l or u n d is tu r 
bed n a tu r a l  ch aracte r of a given re g io n . I t  seems to be possib le  to  c h a r t  m icroclim atically  even 
g re a te r  te r r i to r ie s  w ith the help o f c h a r t in g  the  ind iv idual m icroclim ato log ical zones.
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Wagner, R. : G eographical a rran g em en t o f m icroclim ates a t  th e  H osszúbérc. B eszám olók , 
1955. pp . 197—211. 13 figs.

Substrata a re  regions o f u sually  v aried  substance, b u t  r a th e r  uniform ly in te rce p tin g  th e  
sunshine being in  th is  w ay th e  effective surfaces for a tm o sp h e ric  processes. T he m ic ro c lim a te  
is o rig ina ting  in  th e  lay e r o f co n tac t betw een su b s tra tu m  a n d  a tm osphere. R esearch  h as  been 
carried  o u t on th e  k a rs tic  p la teau  of th e  R ü k k-m oun ta ins in  B orsod , in th e  region of H o sszú b érc , 
in  M ay, Ju ly , A u g u st 1953 as well as in  May, Ju n e , an d  J u ly  1954. T he d ifferen tly  sloping su r
face of th e  m o u n ta in  w ith  an  E — W  trend line  is s ig n ifican tly  m odify ing th e  angle o f in cidence  
of solar ra d ia tio n  w h ich is in flu en cin g  th e  daily  course o f tem p e ra tu re , too. B y th e  screening effec t 
of m o un ta ins and  forests th e  len g th  of th e  insolation  period  is m odified . In  th e  region ex am in ed , 
four ty p es  o f m icroclim ates o f th e  f ir s t  o rder could be found . In  consequence of th e  m u tu a l e ffe c t 
o f air-m asses in, these  m icroclim atic  regions new  m icroclim ates o f second order are d evelopp ing .

II. Research on solar radiation

U ntil 1937 there has been in H ungary no system atic m eteorological 
radiation research besides the usual registration o f insolation hours on the  
clim atological stations and some measurem ents carried out here and there  
with the actinom eter.

On about 20 to 30 stations Campbell-Stokes sunshine-recorders were in 
operation, obtained data being published in the “ M onthly Weather R eports”  
and the Yearbooks of the Central Meteorological Institute.

In the years 1937 to 1944 system atic m easurem ents were carried out 
with the bim etallic actinom eter of Mich elso n— Ma r t e n  in order to determ ine  
the in tensity  o f  perpendicularly incident direct radiation from the free solar 
disk in the full solar spectrum as well as in the spectral ranges separated by  
means of international normal filters. The filters used are of the Schott-glass- 
filter type, yellow  w ith the mark OG 1 and red m arked RG 2, w ith which the 
following ranges of the full spectrum m ay be separated : violet and blue range 
having wave-lengths o f 310 Ц to 0,525 /z, green and yellow  range consisting o f  
w ave-lengths o f 0,525 fi to 0,625 /и, and red and infrared range o f the w ave
length of 0,625 [Jt to 2,5 ц. These data becam e published in gcal cm-2  miiT^1 
units according to the Sm ithsonian scale in  the volum es 1938— 1944 o f the  
official publication “ M onthly W eather R eport” .

It has been in 1937 as well that the registration of total radiation (sun 
and sky) on a horizontal plane has been started on about 5 to 10 clim atological 
stations and carried out w ith the bim etal-actinograph type Robitzsch. D aily  
and m onthly data o f total radiation values were printed in the above-m entioned  
publications.

There have been only sunshine-recorders on about 30 to 40 stations and 
global radiation instrum ents on 3 to 4 observation places between the years 
1945 and 1953.

In 1954 a research group consisting o f a few  technicians and a scientific  
research worker has been established in the aerological observatory o f B uda
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pest-L őrinc and is since th at tim e carrying out actinometric m easurem ents 
w ith  the above-m entioned Michelson— M arten bim etal-actinom eter during 
favourable weather conditions. As the observatory is not y et in possession of 
an absolute instrum ent, no publication o f data has been undertaken. It  was 
possib le , however, to obtain  a calibration o f the relative instrum ent in use, 
M ichelson— Marten’s b im etal-actinom eter, in  A ugust 1956, by com parisons 
m ade at Potsdam , according to  the international Smithsonian scale. F inal publi
ca tion  will take place according to the new  international scale o f  radiation  
estab lish ed  in Davos, Septem ber 1956.

It is the task o f the research group at the observatory to continue and 
to  develop in the course o f the International Geophysical Year actinom etric  
ob servation  for the determ ination of the in ten sity  o f solar radiation in  the whole 
spectrum  and in the spectral ranges selected by means of the standard yellow, 
resp . red filter at three representative places o f the country : the Observatory  
in Budapest-Lőrinc, the Observatory of Siófok, and K ékestető, the observing  
sta tio n  possessing greatest altitude above sea-level, according to m easurem ent 
carried out three or five  tim es a day in  this country and, during the international 
d ays, a t every hour. D ata  o f  surveys carried out at different values o f  solar 
e lev a tio n  (at noon, at 3 and 6 hours before and after the highest position  of 
the sun) will be suitable for illustrating clim atical radiation differences partly  
stu d y in g  polluting effects o f nearby urban and industrial areas and partly for 
dem onstrating the advantages of the radiation clim ate enjoyed at some im portant 
health-resorts of the country (surroundings o f  the Lake Balaton, Siófok) and of 
the m ountaineous regions where sanatoria are situated (Mátra, K ékestető). 
P relim inary comparison and calibration o f the instrum ents, solarim eters of 
th e  ty p e  Moll-Gorczynski, has been carried out in the observatory o f  Lőrinc, 
according to the new international scale. Three radiation com ponents are 
m easured by the instrum ents : direct radiation (in the com plete spectrum
and in  the ranges delim ited by the filters), to ta l radiation from sun and sky 
in cid en t on a horizontal plane and finally  the scattered sky radiation on the 
horizontal plane, as well.

A  second task o f the research group during the International Geophysical 
Y ear consists of the organization of a netw ork for the observation o f global 
rad iation  composed o f 15 to  20 stations equipped with R obitzsch bim etallic 
actinom eter, partly for the dem onstration o f clim atical differences in  radiation  
and p artly  for participating in  the establishm ent of an empirical form ula per
m ittin g  the com putation of radiative energy from observations w ith a sunshine 
recorder. In the possession o f such a relation it should be possible to  determ ine  
m ore reliably for the purpose of drawing a detailed picture of the features of 
rad iation  climate the reference values o f global radiation and other clim atological 
characteristics on the basis o f  insolation data obtained by earlier and longer 
observation  series on num erous places of the country. The actinographs have
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been before their installation in the network carefully compared to  a standard  
instrum ent from the point of view  of their relative sensitivity ; the standard  
instrum ent located at the observatory o f Lőrinc is during the International 
Geophysical Year perm anently controlled according to the international radiation  
units. The instrum ents of the network are under permanent control and are 
recalibrated, if  necessary. Thus the com parability of the results is secured not 
only on a national, but also on an international level.

During the International Geophysical Year the permanent registration  
o f other radiation com ponents : direct solar radiation and scattered radiation  
shall be realized, if  possible, not only at one place (the observatory o f  Budapest- 
Lorinc), but on 2 to 3 other places, further m easurem ents of u ltra-violet solar 
and sky radiation will be assured by means of a cadmium-cell.

III. Agricultural meteorology

The basis o f the econom ical life of H ungary is agricultural production. 
Our research activities in agricultural m eteorology have therefore been closely  
connected even in the past three years to practical questions of plant cu ltivation . 
Some detailed research work has been done on weather phenomena th at are 
favourable or unfavourable for crops, on the agrotechnical im plications o f these 
phenom ena as well as on microclim atological justifications of agrotechnical 
m ethods which are endeavouring to advance in quality cultivation, plant breeding  
and plant naturalization.

It was for this purpose that the Agrometeorological Observatory o f  Marton- 
vásár has been established in 1955 working in close co-operation w ith  the A gri
cultural Research Institu te, Martonvásár.

Research work in agricultural m eteorology has been engaged in the 
following main topics :

Microclimatological field  surveys carried out on agricultural experim ental 
stations. Meteorological survey of m ethods o f frost protection. Heat- and water- 
balance of the snow-cover. Investigation  of clim atic conditions prevailing in 
the interior of crops. Agrometeorological problems of afforestation and p lant
ations of vineyards. Problems o f the cultivation o f quicksand and sodic grounds 
in th is country. Statistical handling of the occurrence of extraordinary w eather 
conditions.

Results of this work are represented by the following review of publications :

K u l in , I . : Som e problem s in  agricu ltural c lim a to lo g y , időjárás, 59. 5. 1955. p p . 258— 267.
4 figs.

A sum m ary  is given of recen t developm ent o f m eth o d s fo r the  collection, p rocessing  and 
ap p licatio n  of d a ta  in ag ricu ltu ra l clim atology. Based on a 85-year series of p re c ip ita tio n  and 
tem p e ra tu re  d a ta  ob tained  in Szeged, a ra th e r  sim ple an d  m o st dem onstra tive  m eth o d  o f p roces
sing and  illu s tra tin g  is in tro d u ced  w hich is —  in  sp ite  o f  i ts  sim plicity  — rep re sen tin g  a v e ry

10 Acta Tcchnica XVII1/1—2.
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good b a s is  fo r th e  e stim a tio n  o f a n y  w eath e r pecu lia ritie s  in  th e  lig h t o f th e  s ta tis tic a l p ro b a b ility  
o f th e ir  occurrence.

Ku l in , I .  : R ecen t q u estio n s o f agrom eteorological re sea rch  in  H ungary . Időjárás, 59. 2. 1955. 
p p . 107— 109.

T h e  m o st im p o rta n t a n d  m o st u rg en t ta sk s  before agrom eteorological research  in  H u n g a ry  
to g e th e r  w ith  th e  re q u irem en ts  o f th e ir  so lu tion  a re  d iscussed . T he problem s o f ed u ca tio n  in  
a g r ic u ltu ra l  m eteorology an d  o f th e  có-ordination  of re sea rch  execu ted  by  d iffe ren t in s titu tio n s  
a re  o u tlin e d . Processing of o b se rv a tio n al d a ta  according to  a g ric u ltu ra l requ irem en ts in  H u n g a ry , 
th e  n ecess ity  o f co -operation  w ith  th e  research  w orkers engaged  in  ag ricu ltu ra l sciences, th e  
e s tab lish m en t o f agrom eteorological sta tio n s and  o b se rv a to rie s  are considered.

Szilágyi, T . : The e x tra o rd in a ry  fro sts  o f M ay 1952. Idő járás, 58. 1. 1954. pp . 15—-23. 6 figs.

T h e  following e x tra o rd in a ry  featu res of th e  fro s ts  t h a t  occurred in  M ay 1952 a re  d ea lt 
w ih t on  th e  basis of a  com parison  to  observational d a ta  fo r severa l decades : th e  fro s t w as u n 
u su a lly  la te ,  v e ry  strong  as com p ared  w ith  its  la te  occurrence , o f  long d u ra tio n , ex ten d in g  all over 
th e  t e r r i to ry  o f th e  c o u n try  ; a c tin g  on  a  v eg eta tio n  t h a t  w as —■ as a  consequence o f th e  p rev ious 
p e rio d  o f  w a rm  w eath er —  m u ch  m ore advanced  in  d ev elo p m en t as usual, th e  fro s t caused 
serious dam ages.

Szilágyi, T . : A grom eteorological im plications of th e  fro s ts  in  M ay 1952. Beszám olók, 1954. 
p p . 36— 49. 15 figs.

T h e  un u su a l c h a ra c te r  o f th e  la te  spring  frosts on  M ay 19— 26, 1952 are discussed on  th e  
basis o f  observations of severa l decades an d  b y  th e  ex am in a tio n  of previous fro st s itu a tio n s  sim i
la r  to  th o se  o f th is  year. O b serv a tio n a l d a ta  o f several decades o b ta in ed  a t  five s ta tio n s  an d  con
cern ing  la te  spring  frosts a re  d e a lt w ith , w hilst ch a rts  a re  illu s tra tin g  th e  s tren g th  a n d  d u ra tio n  
o f th e  f ro s ts  o f 1952.

Szilágyi, T . : A grom eteorological in te rp re ta tio n  of th e  la te  sp rin g  frosts in  1953. Beszámolók, 
1955. pp. 86— 90. 3 figs.

C om parison is m ade  to  th e  fro sts  in  M ay 1952 a n d  i t  is  show n th a t  th e  s tre n g th  a n d  d am a
ges o f  th e  fro s t o f M ay 1953 re m a in  fa r beh ind  th a t  o f M ay 1952.

Ku l in , I. : E x am in a tio n  o f th e  e x tra o rd in a ry  ab u n d an ce  o f  p rec ip ita tio n  in  a u tu m n  1952 and  
o f th e  e x tra o rd in a ry  lack  of p re c ip ita tio n  in  a u tu m n  1953 from  a clim ato log ical 
an d  ag ricu ltu ra l s ta n d p o in t. Beszámolók, 1955. p p . 25— 40. 15 figs.

W h ils t exam ining th e  ab u n d an ce , resp ., lack  o f  p re c ip ita tio n , d a ta  are  com p ared  -— in  
o rd e r to  la y  stress u p o n  th e  e x tra o rd in a ry  ch arac te r  —  n o t  on ly  to  th e  averages from  m an y  
y ears , b u t  also to  th e  ex tre m e  cases occurred since 1901 and  ch arts show  th o se  areas 
w here  th e re  has been m ore, re sp ., less ra in  as com pared  to  o u ts tan d in g  cases up  t i l l  now . As to  
o th e r  a rea s , th e  p ro b a b ility  o f occurrence of u n u su a lly  cop ious, resp ., unusually  p o o r ra in fa lls  
in  1952 a n d  1953, re sp ec tive ly , is expressed and , f in a lly , th e  ag ricu ltu ra l consequences o f th e  
w e a th e r  conditions in  th ese  tw o  ex trem e au tu m n s a re  o u tlin ed .

N agy, L . &  Szabó, В. : A lte rn a tin g ly  occurring fro s ts  in  D ebrecen. Időjárás, 59. 5. 1955. 
pp . 309— 311.

I n  th e  d ifferen t d e p th s  o f th e  soil a lte rn a tin g  freez ing  a n d  thaw ing  is a freq u en t occurrence. 
T h e  m a x im u m  frequency is fo u n d  to  be in  M arch. T h e  u n u su a lly  g rea t num ber o f  a lte rn a tio n s  
in  a  soil w ith o u t a snow -cover is th e  source of g rea t d am ag es in  agricu ltu ra l p ro d u c tio n . M ove
m en ts  in  th e  soil, occurring  in  consequence of f re q u e n t a lte rn a tin g  freezing, do considerable 
d am ag e  to  ag ricu ltu ra l p la n ts  sow n in  th e  a u tu m n  : a b o u t 50 to  86 per cen t of sow ing of w in ter- 
co rn  is ru in e d  because of f ro s t  dam ages in  th e  region o f D ebrecen .

Kulin , I .  : M acro- and  m icroclim ato log ical in v es tig a tio n  o f th e  sta tio n  of fro s t ex p erim en ts 
a t  M átraszen tlászló . Beszámolók, 1954. pp . 156— 179. 7 figs. 7 tables.

C lim atological com parisons a re  m ade am ong th e  ex p erim en ta l sta tio n  s itu a te d  a t  a n  al
t i tu d e  " 780 m , th e  p e ak  o f K ékes m o u n ta in  (1000 m ) a n d  tw o  stations o f low er situ a tio n . 
M acro -‘logical in v es tig a tio n s  a re  com prising te m p e ra tu re  and  snow-cover, m icroclim ato-
logica Hon includes ra d ia tio n  of th e  soil su rface  a n d  heat-balance of th e  snow -cover.



МАШ RESU LTS OF M ETEOROLOGICAL RESEA RCH  D ON E IN  HUNGARY 1 4 7

A n d ó , M. : C ontributions to  th e  know ledge of tem p era tu re  cond itions in  a san d y  soil. Időjárás, 
59. 4. 1955. pp . 230— 234. 3 figs.

S o il-tem perature  co n d itions o f qu icksand  in th e  san d y  reg ion  of Ü llés, in  c lear an d  in 
cloudy  w eather and in  th e  case o f  d iffe ren t kinds of su b s tra ta  a re  discussed. D aily  tem p e ra tu re  
v a ria tio n s  in  quicksand a n d  in  sand  fix ed  by  p lan ts arc com pared  in  d ry  an d  w e t cond itions. 
Conclusion is draw n as to  th e  a d v isab ility  of tak ing  steps fo r an  ag ricu ltu ra l u tiliza tio n  of th is 
area.

В а т т а , E . : D aily  norm al va lues o f soil tem p era tu re  an d  th e  sow ing tem p e ra tu re . Időjárás,
59. 6. 1955. pp . 351— 358. 4 figs. 4 tables.

T he annual v a ria tio n  o f soil tem p e ra tu re  in B u d ap es t an d  i ts  ex trem e  va lues in  d ep th s 
be tw een  2 to  400 cm are  p re sen ted  on th e  basis of 30 y ears da ily  norm al values (1912—1941). 
T h ere  is a critica l b o u n d ary  lay e r in  th e  soil, above and  below  of w hich th e  m ean  p ro p ag a tio n  
v e lo c ity  o f ann u al ex trem e v a lues is opposite  to  each o ther. T h e  da ily  n o rm al va lues a re  in  p ra c 
tice  usefu l for th e  d e te rm in a tio n  on  th e  sowing tem p era tu res  o f th e  m ain  c u ltiv a ted  p lan ts.

F e l m é r y , L. : An exp erim en t fo r th e  d e te rm ination  of th e  ev ap o ra tio n  of n a tu ra l  surfaces. 
Időjárás, 59. 2. 1955. pp . 86— 96. 1 fig.

R ecen tly  developped m eth o d s fo r th e  m easuring o f e v ap o ra tio n  are  d iscussed , as well 
as experim en ts  carried  o u t w ith  these  m ethods a t  th e  m icroclim ato log ical s ta tio n  o f E rd ő h á t-  
p u sz ta . In  th e  second p a r t  o f th e  p ap er, th e  au th o r endeavours to  de te rm in e  th e  e v ap o ra tio n  
of soils u n d e r various c u ltiv a tio n s  b y  m eans of the  m eth o d  seem ing to  be th e  m ost re liab le , th is  
being  trea te d  as a pecu liar p ro b lem  in  agricu ltu ra l m eteorology.

B e n e d e k , E . : M icroclim atological research  in  a field  o f hem p. Időjárás, 58. 3. 1954. p p . 
158— 168. 6 figs.

A n  investigation  ex ten d in g  over several days has been c a rried  o u t in  th e  n e ighbourhood  
of M ezőhegyes during Ju ly  1952 in  o rder to  determ ine th e  daily  v a ria tio n  of te m p e ra tu re  o f th e  
a ir  a n d  th e  soil in  a field o f hem p in  blossom . According to  these  in v estig a tio n s, th e  v a r ia tio n  
of a ir  tem p era tu re  is m uch  m ore ex trem e  in  th e  field ; so il-tem p era tu re  values are considerab ly  
low er, and  th e ir  v a ria tions possess a  m u ch  sm aller am p litu d e  th a n  in  a  fo rest o r in  a  free  region 
in  th e  v icin ity .

B e r é n y i ,  D. & J USTYAK, J .  : Phenological surveys in th e  v in ey ard s o f h illy  d is tric ts . Időjárás,
60. 2. 1956. pp . 104— 111. 5. figs. 6 tables.

T he surveying m eth o d  o f th e  au th o rs  m ade it  possible to  de te rm in e  a t  tw o p o in ts  o f T o 
kaj -H egyalj a  th e  dependence o f th e  in te n s ity  o f th e  blossom ing of v ine  on  h e ig h t, inclination  
an d  d irec tion  of the  slope. T he ad v an tag eo u s zone of in c lin a tio n  could be precise ly  m ark e d  by  
m eans of th e  percentages o f blossom . A tre a tm e n t of su rv ey  d a ta  b y  m eth o d s of m a th e m a tic a l 
s ta tis tic s  is su itab ly  d e m o n s tra tin g  differences resulting  from  agro techn ical an d  o th e r  causes. 
T he s ta tis tica l in te rp re ta tio n  m ig h t even  be used for d irec tin g  m icroclim atological re sea rch  to  
he carried  ou t in  th e  v in ey ard s.

H a n k , O. & V á s á r h e l y i , J .  : In fluence  o f th e  colour o f th e  soil on th e  developm en t o f co tto n . 
Időjárás, 58. 3. 1954. pp . 137— 143. 8 figs. 4 tab les.

T he influence of colouring  of th e  soil on tem p era tu re  conditions o f th e  soil a n d  o f th e  air- 
lay e r n ear th e  soil, resp ., on th e  g row th  an d  developm ent of c o tto n  has been s tud ied  in  th e  fram es 
of a  prov isional experim ent. T h e  conclusion can be d raw n of th e  experim en ta l re su lts  th a t  b y  
m eans o f th e  m ethod in q u estio n  a n d  b y  developping th e  sam e th e re  is a possib ility  o f  sh o rten 
ing  th e  tim e of cu ltivation  o f c o tto n  a n d  of increasing crops.

V á m o s ,  R. : Connection be tw een  w eath e r and the  b ruzone disease o f rice. Időjárás, 58. 5. 
1954. pp. 273— 277.

T he bruzone disease o f rice  has its  origin in hydrogen  sulphide developping  in  th e  soil. 
In  th e  fields w ith  an acid surface  soil beyond  th e  riv er T isza th e re  are  acids developp ing  w ith  
th e  decom position  of organic, m a t te r  w hich  se t free hydrogen  sulphide from  su lph ides reduced  
of su lp h a tes. The fall in  te m p e ra tu re  a f te r  th e  sum m er w a rm th  is increasing  th e  gas-absorb ing  
c ap a c ity  o f irriga tion  w a te r u sed  in  flooding the  rice-field, in  consequence of w hich  m u ch  m ore

10*
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h y d ro g e n  sulphide is developping . I t  is for th is reason th a t  th e  disease ap p ears  m o stly  in  A ugust 
w h e n  te m p e ra tu re  is falling. A lo n g -lastin g  w inter, a cool sp ring  are h indering  th e  decom position 
o f  o rg a n ic  m a tte r  and th is c irc u m s tan c e  is an im p o rta n t fa c to r in  biological and  chem ical p ro 
cesses lead in g  to the  disease. T h e  re la tio n  betw een th e  w ea th e r in  th e  y ears 1940, 1949 and  1954, 
a n d  th e  disease m ay be th u s  c la rified .

P i n t é r , L. : Correlation be tw een  th e  m ean  crop of w in ter w h ea t and th e  m ost im p o r ta n t m eteo ro 
logical factors. Id ő já rá s , 59. 4. 1956. pp . 193— 203. 11 figs. 1 tab le .

T h e  correlations be tw een  th e  ch ie f w eather e lem ents (a tm o sp h eric  tem p e ra tu re , d u ra tio n  
o f  su n sh in e , precip itation) an d  som e agrotechnical facto rs an d  th e  m ean  crop of w heat was th o 
ro u g h ly  stu d ied  for the  period  b e tw ee n  1920 and 1954 for ev ery  p e n ta d e ,re sp .,  decade, regard ing  
th e  reg io n  betw een the riv ers  D a n u b e  and Tisza. As a  re su lt a  v e ry  close co rre la tio n  has been 
fo u n d , on  th e  basis of w hich ev en  estim ations of fu tu re  c rops m ay  be effected.

Á d á m , T . &  В а т т а , E. : In flu en c e  o f w eather on m ilk -p ro d u c tio n . Idő járás , 60. 3. 1956. pp. 
168— 176. 4 figs. 2 tab le s .

T h e  connection be tw een  th e  m ilk- and b u tte rfa t-p ro d u c tio n  of te n  H u n g a ria n  spo tted  
cow s a n d  th e  external and cow -sta ll c lim ate  in the  s ta te  fa rm  o f T aksony  is d iscussed  regarding 
th e  p e rio d  betw een March 9 and  A p ril 16, 1955. A dependence on  w eath e r e lem ents, a tm ospheric  
f ro n ts  a n d  air-m asses has been  d em o n s tra ted .

IY. Synoptics and long-range forecasting; 
dynamical meteorology

Geographical situation  o f Hungary is calling for particular synoptical 
researches, as the m ountains surrounding the country (the Alps, the arc of 
the Carpathians, i. e. the B alkan Mountains) are influencing, in a peculiar 
w a y , th e  climate of th is country  situated in a basin which is reflected as weii 
in  th e  special features o f  th e  individual synoptical processes.

Research aims con sisted  m ainly in the explanation of these particular 
con d ition s. In the three years under review research has chiefly  been concen
tra ted  upon the cases o f  second type northern cold fronts and orographical 
occlusion  related to the sam e, respectively, upon the exam ination o f stationary  
fron ts w ithin the basin and related to van Bebber’s V/b cyclonic trajectory. Con
n ected  w ith this branch o f research is the determ ination of the frequency of 
m acrosynoptical situations, as well as the explanation o f tem perature conditions 
an d  cloudiness in each typ e o f  macrosynoptical situation. Taking into considera
tio n  all these problems, a s tu d y  of droughty periods, resp., those rich in precipi
ta t io n  has been started. In  close relation to th is is the research on the part 
p la y ed  b y  the friction layer, resp., on forecasting num erical values o f wind- 
p a th  and wind pressure.

In  long-range forecasting, main stress was laid  upon the investigation  of 
connections between varia tion s of macrosynoptical conditions and solar activity. 
In  th is  respect, it is of basic im portance to clarify the effect o f solar corpuscular 
rad iation  on geom agnetical disturbances and polar weather (cold fronts). 
A  thorough exam ination o f  th e  different periods o f  solar activ ity  (27, 30 and 
40  d ays, as well as a rh yth m  of 2 to 3 years) is belonging to th is branch of
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in v estig a tio n . The d eterm in ation  o f  the parts o f  th e N orthern H em isph ere w here  
cyclon ic d isturban ces are m ost freq u en tly  form ing and the problem  o f  regen er
ation  o f  su btrop ical an ticyc lon es are o f  m ore general sign ifican ce .

The resu lts ob ta in ed  are d ea lt w ith  in th e fo llow in g  p u b lic a tio n s  :

B e r k e s , Z. : M ethod and  resu lts  o f long-range forecasting in H u n gary . Idő járás , 58. 6. 1954. 
pp . 329— 340. 15 figs.

T he periods of 27 days (ro ta tio n  of th e  sun) and  *29.5 days (v a ria tio n  in  m o o n lin g h t)  
appearing  in  w eather are  serving as a basis for th e  forecasts o f tw o weeks. A m ong th e  in v e s tig a 
tio n s w hich are  destined  to increase th e  re liab ility  of forecasts som e resu lts concerning th e  p e rio d  
of 355 days, and , fu rth e r, th e  fu n d am en ta l areas of cyclogenesis and its freq u en cy  a re  d is
cussed. I t  is po in ted  o u t th a t  long-range  forecasts requ ire  th e  prevision  of solar a c t iv ity ,  too . 
(This s tu d y  has been published in  German  in th e  “ A cta A gronom ica” , Tom . V. 1955. p . 79.)

P e c z e l y , Gy . : Some problem s o f m acrosynop tica l forecasting  in  th e  w in ter season. B eszám olók , 
1955. pp . 220— 227. 7 figs. 3 tab les.

T he f irs t  p a r t  is looking for re la tions betw een th e  a tm ospheric  pressure  o f E u ro p e  in  
a u tu m n  and  th e  tem p era tu re  o f th e  follow ing w in te r in th e  E u ras ia n  area. T he co n n ec tio n s fo u n d  
are  n o t applicable for fo recasting  pu rp o ses because of th e ir  unstead iness from  y e a r  to  y ea r. 
T he second p a r t  is dealing w ith  th e  an ti-cyc lones developping over Scandinav ia  a n d  i t  is fo u n d  
th a t  th e ir  fo rm atio n  is in close connection  w ith  th e  in te n s ity  and location of th e  cold  c e n tre  
above N orthern -C anada. I f  th e  cold c en tre  in question  is m oving  in  an  E as te rn  d irec tio n  a n d  is 
o f g re a t in te n sity  th e  produced  d r if t fie ld  is favourab ly  in fluencing  th e  fo rm atio n  o f th e  m a x i
m um  in Scandinav ia, w hereas —  if  th e  cold centre is sh ifting  tow ards W est a n d  is feeble —  
th e  a rea  o f S cand inav ia  tu rn s  to  be cyclon e. The cold cen tres o f Siberia p lay  a n  in d ire c t 
p a r t  in  the  fo rm atio n  of S can d in av ian  anticyclones across th e  po lar an ticyclones p assin g  
over N orth-A m erica.

B e r k e s  Z. &  B o r s o s  J . : F req uenencv  o f cyclogenesis on th e  N orthern  H em isphere o f  th e  E a r th  
Időjárás. 59. 6. 1955. pp . 321— 330. 8 figs. 4 tab les.

The geographical d is tr ib u tio n  o f cyclogenesis is stu d ied  on th e  basis of da ily  c ircu m p o la r 
w eath e r ch arts  of th e  decade be tw een  1921 and  1930. G rea test frequencies o f cyclogenesis on 
th e  N o rth e rn  H em isphere are found  1. in th e  surroundings o f th e  E ast China Sea,, 2. on  the  
E a s t side o f th e  R ocky M ountains, 3. along th e  E as t costal d is tric t o f N o rth -A m erica , 4. in 
th e  region o f G enova in th e  M editerranean . N ear Iceland and  th e  A leutian  Is lan d s cyclogene
sis is v e ry  rare .

P e c z e l y , G y .: C ontribu tion  to  th e  p roblem  of the  regeneration  of sub trop ical h ighs. Id ő 
járás^ 58. 2. 1954. pp . 65— 71. 7 figs.

T he anti-cyclones m oving  from  p o lar regions tow ards Sou th  and feeding su b tro p ica l h ighs 
from  th e  N o rth  are p laying an im p o r ta n t p a r t  in th e  regeneration  of sub trop ical h ighs, especially  
in th e  case o f Azoric anti-cyclones. T h ere  is a re la tio n  be tw een  th e  o u tb reak  of p o la r  cold a ir  
m asses and th e  rad ia tio n  of th e  Sun. T h e  inflow  of p a rtic les p roduces m agnetic  s to rm s  a n d  in 
these  cases tem p era tu re  is rising in  th e  u p p e r a ir over p o lar d is tric ts , w hereas on th e  g ro u n d  an  
increase  o f pressure  is found w hich co n trib u tes  to  th e  spread ing  o u t o f anticyclones.

P e c z e l y , Gy . : F o rm atio n  of an ticy clo n es in connection  w ith  th e  v a ria tio n  of so la r a c tiv ity . 
Időjárás , 58. 6. 1954. pp . 407— 417. 11. figs.

T he form ation  of polar, Azoric and  Scandinav ian  a n ti cyclonal system s and th e ir  re la tio n  
to  each  o th e r is d iscussed.The p a r ts  p lay ed  of p o lar anticyclones in  the  regeneration  o f a n tic y c lo 
nes in th e  Azores and in th e  fo rm atio n  o f S candinav ian  an ticyclones are dea lt w ith , th e n  a f te r  
ex p lan atio n  of th e  d ifferen t phases o f th e  process the  resu lts  a re  applied to  m id d le -ran g e  fore
casting . T he ou tb reak  of a p o lar an ticyclone  is followed a fte r  7— 10 days by  th e  sp read in g  
ou t of the  an ticyclonal system  of th e  Azores in the  d irection  of th e  B ritish  Isles. T h e  co n n ec
tions betw een solar rad ia tio n  and  p o lar u p p e r a ir  tem p era tu re  and pressure in sea-level a re  again 
po in ted  ou t. (This s tu d y  has been published  in  German in “ A cta  A gronom ica” T om . V. 1955.
p. 201.)
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P é c z e l y , Gy . : T yp ical m ac ro sy n o p tica l situ a tio n s fo r  H u n g a ry . Időjárás, 59. 4. 1955. p p . 
212—217. 4 tab le s .

T en  characteris tica l m acro sy n o p tica l s itu a tio n s  a re  defined  for H u n g ary . T h e ir  m o n th ly  
freq u e n c y , th e  p ro b ab ilities  o f  th e i r  succession as w ell as th e  frequency  d is tr ib u tio n  of th e  daily  
m e a n  tem p era tu re  o f B u d a p e s t  fo r every type  and  th e  d is tr ib u tio n  according to  ty p es  o f p reci
p i ta t io n  are given on th e  b a s is  o f J a n u a ry  and J u ly  d a ta  o f  th e  y ears 1946— 54.

PÉCZELY, Gy . : C o n trib u tio n  to  th e  study  of te m p e ra tu re  conditions in  th e  d iffe re n t m acro
synoptical s i tu a t io n s  in  H ungary. Id ő já rá s, 60. 2. 1956. pp . 71— 81. 2 figs. 7 tables.

F ifteen  types o f m ac ro sy n o p tica l situations a re  d e fin ed . On th e  basis o f 60-years d a ta  th e  
te m p e ra tu re  averages a re  c o m p u te d  for every m o n th  b y  m ean s of th e  daily  tem p e ra tu re  averages 
o f  B u d a p e s t p revailing  o n  th e  d a y s  of the  in d iv id u a l ty p e s . T he m on th ly  m eans belonging to  
e a c h  ty p e  are expressed b y  K ö p p e n ’s re la tive  te m p e ra tu re  a n d  com pared w ith  a n n u a l v a ria tio n  
a t  a  co as ta l and a c o n tin e n ta l  s ta tio n  w hilst ap p ly ing  th e  x 2 te s t.  M oreover th e  average  change 
o f  te m p e ra tu re  is dealt w ith  in  th e  case of an ticyclones la s tin g  fo r five  days an d  connected  w ith  
a  ch arac te ris tic  tran s fo rm a tio n  o f  air-masses.

A n t a l ,  E . & P é c z e l y , Gy . : C o n tribu tions to  th e  q u e s tio n  o f nebu losity  in  d iffe ren t m acrosyn
optical s i tu a tio n s  in  H ungary . Időjárás, 60. 5. 1956. pp . 277— 286. 6 tables.

I n  connection w ith  n e b u lo s ity  values of th e  ty p e s  o f  m acrosynop tic  situ a tio n s determ ined  
fo r H u n g a ry  i t  is stud ied  h o w  n ebu losity  is develop ing  in  case of th e  in d iv id u a l ty p es  in  every 
m o n th .  T he p robability  o f  o ccu rren ce  of clear, cloudy a n d  o v e rcas t conditions is discussedfor every 
ty p e  a n d , applying P ea rso n ’s x 2 te s t ,  i t  is determ ined  w h e th e r  th e  d is tr ib u tio n  of th e  frequencies 
o f  e ac h  cloud species a re  s ig n ific a n tly  differing one fro m  th e  o ther. T he 27 d iffe ren t cloud 
spec ies in  th e  synoptical code a re  classified in to  11 g ro u p s a n d  th e  ann u al v a ria tio n  in  th e ir  fre 
q u e n c y  is determ ined, th e n  p ro b ab ilitie s  of th e  occurrence  o f each cloud species a re  com puted  
fo r  e v e ry  season and fo r e ac h  m acrosynoptical ty p e .

P é c z e l y , Gy . : D ev elo p m en t o f  fro sts  in  th e  la te  sp rin g . Beszám olók, 1954. pp . 195— 200.4 figs.

T h e  synoptical h is to ry  o f  fo rm ation  of frosts in  12 cases o f frosts la te  in  sp ring  (1901—  
1953) is studied. I t  is p o in te d  o u t th a t  in  th e  ev o lu tio n  o f la te  spring  frosts an ticyclones from  
G re e n la n d , th e  Azores a n d  th o se  o f u ltrap o lar o rig in  a re  in v o lv ed  according to  a  ra tio  of 3 : 2 : 1.

B e r k e s , Z. & K a d o c s a , F . : P e rio d ic ity  of M ay -tim e  fro sts . Beszámolók, 1954. pp . 8— 15. 
5 figs. 1 tab le .

F ro m  the  series co llec ted  a t  th e  sta tion  o f  D eb recen  be tw een  1855 and  1953 th e re  appear 
p e rio d ic itie s  in May frosts o f sev en  and  nine years. T h ere  is also a  period icity  o f a b o u t 35 y e a r s . 
co m p o sed  of the ab o v e-m en tio n ed  tw o periods.

M r s . K a l l ó s , I. : S y n o p tica l s tu d y  of May frosts in  1952. Beszámolók, 1954. pp . 26— 35. 
8 figs.

T he ex trao rd in a ry  ra v a g in g  frosts of M ay 1952 a re  fo und  to  be of advective  origin. The 
d e v e lo p m e n t of frosts is e x p la in e d  by  the  m ethod  o f a d v ec tiv e  dynam ic analysis.

M r s . K a l l ó s , I. : S y n o p tica l s tu d y  of M ay fro s ts  in  1953. Beszámolók , 1955. p p . 79— 85 
4 figs.

T he frost periods o f  M a y  1952 and 1953 hav e  b een  com pared  from  a sy n op tica l p o in t of 
v iew . T h e  experiences o f sy n o p tic a l surveys of M ay f ro s ts  a re  discussed on th e  basis of d a ta  of 
15 y e a rs  sea-level c h arts , a n d  tw o  chief directions o f  p rogression  are  given for th e  air-m asses 
a p p ro ac h in g  from regions s i tu a te d  n o rth  of th e  55 th  la t i tu d e  to w ards th e  C arpath ian -B asin .

K o z m a , F . : Dew-point a n d  lo ca l fro st forecasting. Id ő járás , 60. 3. 1956. pp. 159— 167. 8 figs. 
2 tables.

A  m ethod for fo rec a s tin g  loca l frosts is o u tlin ed . T h e  forecasts concerning frosts w hich 
a re  in c lu d ed  in  general w e a th e r  re p o rts  are often in su ff ic ie n t, g iving only general in fo rm ation  
b ecau se  of the  great d ifferences in  local clim atic fea tu res . T h e  dew -point m ethod  generally  used
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in  ou r coun try  show s sev era l fallacies and is therefo re  n o t yield ing  reliable fo recasts. T he theo
re tica lly  sound m eth o d  o fB e r lja n d is  found to be app licab le  u n d e r H u n g arian  c lim atic  conditions, 
too . B y  m eans of th is , sa tis fac to ry  local forecasts o f fro s t conditions a re  o b ta in ed .

C s i z s i n s z k y , M. : S y n o p tica l exp lan atio n  of th e  sum m er d ro u g h t o f  1952. Beszámolók, 
1954. p p . 50—54. 6 figs.

T he period b e tw een  Ju n e  26 and A ugust 16, 1952 is synop tica lly  d escribed , th is  having 
been  th e  d rough t p e rio d  o f  longest du ra tio n  in  H u n g a ry  in  th e  p a s t f i f ty  years.

N é m e t h , T. : The su m m er d ro u g h t of 1952 as seen from  th e  p o in t o f v iew  of long-range  w eather 
forecasting . Beszám olók, 1955. pp. 61— 65. 6 figs.

A n aerosynop tica l s tu d y  is carried  ou t o f th e  d ry  sum m er of 1952 as com p ared  w ith  the  
cool and  w et sum m er o f 1948. T he vapour co n ten t o f a ir  as well as lab ility  en erg y  are  thoroughly  
stu d ied . D rought is in d u ced  b y  th e  spreading of w a rm  air-m asses in  th e  u p p e r a ir  w hich is invol
v in g  a d isp lacem ent to w a rd s  th e  n o rth  o f th e  h igh  p ressu re  zone ; th e  reason fo r th is  phenom e
n o n  is n o t ye t know n, i t  is th ere fo re  d ifficu lt to  p re p are  long-range forecasts.

R a j k a y ,  Ö. : S tu d y  o f th e  ra in y  period in  au tu m n  a n d  w in te r  o f 1952 from  th e  p o in t o f view of 
w ind, c loud-he igh t and  visibility . Beszám olók, 1954. pp. 66— 76. 8 figs. 8 tables.

F requency  v a lu es o f  w ind , c loud-height an d  v is ib ility  are g iven  fo r th is  ex trao rd in a rily  
ra in y  a u tu m n  p erio d , u sm g  hourly  synoptical o b se rv a tio n s a t  th e  six H u n g a rian  airports: 
M iskolc, Szom bathely , B u d ap es t-F erih eg y , D ebrecen , Pécs, Szeged. T he frequencies o f sim ulta 
neous occurrence o f th e se  e lem en ts is d e a lt w ith , too .

B e r k e s , Z. : M acrosynoptical a n d  periodological ch ara c te riz a tio n  of th e  d ro u g h t in  M arch 1953. 
Beszámolók, 59. 1955. pp. 41— 57. 20 figs.

C haracteristic  fe a tu re s  o f  th e  w eather of M arch 1953 are  discussed on th e  basis of com pa
riso n  w ith  long series ob se rv a tio n s. T he five, resp ., 2 to  3 y ears rh y th m  of a ir-p ressu re  in  M arch 
is d e a lt w ith . T his rh y th m  is ap pearing  in  th e  v a r ia tio n s  o f m erid ional c ircu la tio n  and  is in  con
n ectio n  w ith  th e  changes in  geom agnetic ac tiv ity . T h ere  is a  re la tio n  be tw een  th e  q u a n tity  
o f ra in fall in M arch a n d  th e  an n u al q u a n tity  o f p re c ip ita tio n , and  th e  conclusion is d raw n  th a t  in 
80 p e rcen t of th e  cases th e  an o m aly  of annual p re c ip ita tio n  has th e  sam e sign as th a t  in  M arch.

M r s . T ó n a y , F. : S y n o p tica l descrip tion  of th e  ra in y  sum m er 1953. B eszám olók, 1955. pp. 
91— 96. 6 fig s.

T he ra in y  su m m er o f 1953 is described from  th e  syn o p tica l p o in t o f v iew . T he period rich 
in  p rec ip ita tio n  la s te d  from  M ay 27 till Ju n e  28 an d  consisted  of sh a rp ly  se p a ra te  cycles. The 
f i r s t  cycle was of m onsoonal o rig in , in  th e  second cycle i t  h av e  been th e  v e ry  u n s ta b le  air-m asses 
advan c in g  from  SW , in  th e  th ird  those advancing  from  N E  w hich caused th e  u n u su a l rainfalls.

M r s . O t t a , E. : F o rm a tio n  o f a  s ta tio n a ry  fro n t ab ove  H u n g a ry  on A ugust 27, 1953. Beszá 
mólók, 1954. pp . 231— 234. 3 figs.

T he synop tica l h is to ry  of w ide-spread ra in  on  A u g u st 27,1953 is discussed an d  th e  reasons 
a re  given for th e  fa ilu re  o f  a published forecast.

M r s . K a l l ó s , I. : W in d  sto rm  a t L ake B a la to n . Beszám olók, 1954. pp . 224— 230. 6 figs.

W eather c o n d itio n s o f th e  w ind storm  th a t  occu rred  a t  L ake  B ala ton  on  S ep tem ber 10, 
1953 are  dealt w ith . A  cold  fro n t passing over th e  co u n try  has caused th e  s to rm  th a t  grow e x tra 
o rd in arily  severe as a  loca l cyclone has developed a t  sea-level in consequence o f th e  orographic 
m odification  of a ir  flow  in  th e  basin.

N é m e t h , T. : F lu c tu a tio n  in  th e  p rec ip ita tio n  a t  B u d ap es t. Beszámolók, 1955. pp . 214— 219. 
2 figs. 3 tab le s .

In  the  las t te n  y e a rs  app eared  a period of 8,5 m o n th s in  th e  p rec ip ita tio n  series o f B udapest. 
T h e  f irs t  p a r t o f th e  p a p e r  is dealing w ith  th e  s tead in ess an d  in te n sity  o f th e  p eriod , th e  second 
p a r t  w an ts to  fin d  o u t in  w hich  fu tu re  decade th is  period  will ap p ear again. As a  re su lt i t  is p o in t
ed  o u t th a t  th e  a p p ea ran c e  of th is  period is con n ec ted  to  th e  cycle o f so lar a c tiv ity  and the  
te m p o ra ry  m an ifes ta tio n  o f m ed iterran ean  c lim atic  fea tu res  in  th e  c lim ate  o f H u n g a ry .
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BoDOLAi, I. : Influence of th e  a tm o sp h e ric  fric tion  layer on th e  fo rm atio n  and d is tr ib u tio n  of 
p recip ita tion . Beszám olók , 1955. pp . 239— 284. 1 fig.

M eth o d s are discussed for th e  q u a lita tiv e  and q u a n ti ta t iv e  ch arac te riza tio n  of m eteoro lo
gical fa c to rs  involved in  th e  fo rm atio n  of p recip ita tion . The d e te rm in a tio n  of advective  an d  non- 
ad v ec tiv e  v a ria tio n s of tem p e ra tu re , h u m id ity  and a ir-p ressu re  is stud ied  in  d e ta il. In  th e  se
cond p a r t  th e  influence of th e  fr ic tio n  lay e r on the  in ten sity  and  regional d is tr ib u tio n  of p rec ip i
ta tio n  is exam ined . In  connection  h e rew ith  th e  m ethods of A. N . M ercalov and A. F . D ju b ju k  
for th e  co m p u ta tio n  of u p -d ra ft are d e a lt  w ith .

T a r d o s , B. : On therm al up -d rafts . Id ő já rá s , 58. 5. 1954. pp . 283— 288. 4 figs.

S ta r tin g  from the law  of c o n se rv a tio n  of energy, a fo rm u la  is derived for th e  va lue  of the  
a d ia b a tic  g rad ien t in  which th e  k in e tic  energy  is tak en  in to  acco u n t as well. In  o rd e r to  record  
and  to  su rv e y  the  fluctuations of a ir  d e n sity  n ear the  soil th a t  a re  preceding the  dev elo p m en t o f 
u p c u r re n ts ,a  densim eter has been  c o n s tru c ted  ind ica ting  1 g r/m 3 o f flu c tu a tio n  of den sity  by  1 m m  
of d e v ia tio n  on th e  diagram . T his in s tru m e n t is a t  the  sam e tim e  su itab le  for m easuring  tu rb u len ce , 
too.

K o z m a , В. &  R a j k a y , O. : P rev isio n  of w in d -p a th  an d  w ind-p ressu re  values. Idő járás , 59. 3. 
1955. pp. 129— 138. 4 figs.

I l lu s tra te d  by concrete ex am p les, th e  p ractica l ap p lic a tio n  of form ulae is d ea lt w ith , 
w hich  h a v e  been deduced for th e  fo recastin g  of num erical values o f w in d -p a th  and w ind-p ressu re  
from  th e o re tic a l considerations due to  B. K ozm a (see l ite ra tu re ) . The tw o f irs t  p a r ts  of th e  
s tu d y  a re  specifying the  conditions a n d  ru les to  be considered w hen  apply ing  th e  fo rm ulas. T he 
th ird  p a r t  is contain ing  descrip tions o f a c tu a l cases serving as exam ples.

B o d o l a i , I. &  M r s . B o d o l a i , E . J a k u s : Some rem arks on th e  fo recasting  of abso lu te  c o n to u r 
lines. Időjárás, 60. 3. 1956. pp . 150— 158. 8 figs.

P ra c tic a l problem s of fo recastin g  abso lu te  con tour lines a re  dea lt w ith  on th e  basis o f a 
th eo re m  o f  У . D. U spenskij. As a re su lt  i t  is show n th a t  eddies a re  p lay ing  a decisive p a r t  in  th e  
local ch an g e  of the  absolute g eo p o ten tia l of isobaric  surfaces. B y  th e  m ethod  of U spensk ij b e s t 
re su lts  h a v e  been achieved in  th e  fo recastin g  of the 700 m b. surface.

A u j e s z k y , L. : Studies on th e  sy n o p tics  o f quasi-s ta tio n ary  fro n ts  in  H u n g ary  (V /b s itu a tio n s). 
Beszámolók , 1955. p p . 230— 238.

A sy stem  of neccesary and su ffic ie n t synoptical conditions for th e  developm ent of a  V /b 
s itu a tio n  is proposed in th is pap er. T h is  consists in the  follow ing ten  conditions : 1. P resence o f 
a s tro n g  m erid ional circulation . 2. P a r t ic u la r  location of a high-level fron ta l th ro u g h  above 
C en tra l E u ro p e . 3. Prevailing a ir flow  in  th e  m iddle tro p o sp h ere  from  a sou therly  d irec tion . 4. 
A d v an cin g  side by  side of air-m asses o f  ex trem e  characteristics in  th e  lower layers o f th e  tro p o 
sphere. 5. L ack  of upper-a ir ad v ec tio n  o f cold a ir in  th e  region n f  developm ent of th e  V/b fro n t. 
6. W arm  a ir  masses p resent above th e  M editerranean . 7. T he 5,4 days period of a tla n tié  cyclones 
an d  th e  7,2 days cycle of th e  sudden ad v an ce  of the pressure a t  th e  Azores should m ee t so t h a t  
th e  p h a se  o f th e  7,2 days cycle is so m ew h at preceding th a t  o f th e  5,4 days period. 8. G rad u al 
decrease  in  th e  velocity of an  a d v an c in g  w estern  cold fro n t accom panied  by fall o f pressure  
w hen a p p ro ach in g  the  easte rn  bo rd er o f  th e  Alps. 9. F u lfilm en t o f M aletzka’s cond ition  of dev e
lo p m en t o f a Genova cyclone p reced ing  th e  situ a tio n  V/b. 10. B locking of th e  D évény pass b y  a 
cold a ir-m ass  advancing from  th e  W est.

A u j e s z k y , L. : Forecasting of d ew -fo rm ation . Idő járás , 60. 1. 1956. pp . 26— 35. 11 figs.

I t  is  po in ted  out th a t  in  sp ite  o f  th e  know n m icrom eteorological differences in  dew  fo r
m atio n  i t  is possible to forecast in  a g en era l w ay w hether th e re  w ill be dew  in  th e  course o f th e  
follow ing n ig h t, and even th e  q u a n ti ty  an d  d u ra tio n  of d ew -fo rm ation  m ay  be foreseen.

O z o r a i , Z. : Orographical occlusions in  th e  C arpath ian-B asin . Időjárás , 60. 6. 1956. p p . 
329— 341. 10 figs. 6 tab les .

A f te r  th e  in rush  of strong  n o r th e rn  cold fronts an o rograph ical occlusion is fo rm ing  in  
th e  C arp a th ian -B asin . In  o rder to  s tu d y  th is  process, sy n o p tica l conditions betw een  F e b ru a ry  
16 and  2 3 ,1 9 5 4  have been th o ro u g h ly  ex am in ed . The m echanism  of fo rm ation  of an  o rographic-
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al occlusion h as been c la rified  from  d ifferen t po in ts o f  v iew , e. g. sea-level c h a rts , u p p e r  a ir  
d a ta , th e  general c lim atic  fe a tu res  of th is co u n try , th e  a n n u a l d is tr ib u tio n  of occurrence  o f th e  
phenom enon. T he final conclusions are enabling  a m ore re liab le  estim ation  of som e w e a th e r 
situ a tio n s and leading to  m ore e lab o rate  forecasting p rocedures.

A u je s z k y , L. : S ynoptical asp ec ts  of a  p lanned  reg u la r fo recastin g  service in m edical m eteo ro 
logy. Időjárás, 60. 6. 1956. pp . 365— 375.

T he synophtical fo u n d a tio n s for a p lanned  regu lar fo recastin g  service for m ed ical m e teo ro 
logy are  d ea lt w ith.

DÉSI, F . : On v ir tu a l tem p era tu res . Időjárás, 60. 2, 1956. pp . 114— 115.

Tw o form ulae of v ir tu a l  tem p era tu re  are generally  u sed . One is giving v ir tu a l te m p e ra tu re  
as a  fu n c tio n  of com m on tem p e ra tu re , a tm ospheric  p re ssu re  and  v apour pressure, th e  o th e r  as 
a function  of specific h u m id ity . T he m ath em atica l re la tio n  be tw een  these two fo rm u lae  is a n a 
lysed.

D Ési, F . : P ressure  d is tr ib u tio n  and v e rtica l m otion . B eszám olok, 1953. pp. 237— 240.

The values of v e rtica l g ra d ie n t of m om entum  are  d e riv ed  from  the c o n tin u ity  eq u a tio n  
and  th e  equ atio n s of m o v em en t o f  Guldberg-M ohn, an d  E r te l ,  respectively. T he im p o rta n ce  o f  
th e  regional d e te rm in a tio n  o f th e  fric tion  coefficient is em phasized , p a rticu larly  as fo r H u n g a ry . 
T his fac to r is  v e ry  im p o r ta n t in  forecasting  th u n d er-s to rm s and  for studying th e  a lled g ed  in 
fluence of she lte r belts on  th e  a m o u n t of p recip ita tion .

V. Aerology

Aerological activ ity  o f the Meteorological Institu te  in the decades before 
World War II was ch iefly  consisting of upper wind m easurem ents once 
or perhaps twice a day  w ith pilot balloons, and of the survey o f  atm o
spheric conditions carried out during the international days by means o f  balloon  
sounding. In spite o f the adventure of system atic radio-sounding in other count
ries during World W ar II , it was —  in  consequence of econom ical 
and other difficulties follow ing the war —  on ly  at the end of 1949 th a t the 
Hungarian m eteorological service became able to  join  in this cooperation. Radio  
soundings were carried out every second day between December 1949 and 
September 1950, and daily  during 1951—-1952, whereas the soundings tw ice 
a day, recommended b y  the Meteorological W orld Organization, could be 
im plem ented since February 1953.

One o f the ch ief aim s o f aerological research has been in the past three  
years to carry out high-altitude atmospheric observations by means o f  balloon  
pilot measurements and radio soundings ; another aim consisted in the study  
of individual weather situations.

According to th is program, aerological ascents have been transferred  
from the M eteorological In stitu te , situated in the interior of the city , to  a new ly  
built Aerological Observatory which —  being more favourably sited  outside  
the urban area —  is now carrying out the m easurem ents.

Thus, in the past years two radio soundings have been executed daily  
from the Aerological Observatory at the internationally  determined tim es of 
3,00 and 15,00 GMT, and, according to international agreement, at 00,00 and
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12,00 GMT as from April 1, 1957. A m ean a ltitu d e of 11,4 (1951), 10,8 (1952) 
and 9 ,8  (1953) km has been reached in the fir st years with sounding instrum ents 
and  rubber balloons, both  m ade in H ungary, whereas the average height of 
sou n d in gs rose in the last three years to 13,7 (1954), 12,9 (1955) and 13,5 (1956) 
km . A  sim ilar rise is appearing in the num ber o f soundings reaching higher 
a ltitu d es.

A lthough a definite im provem ent as to the height of soundings has been 
s ta tis t ic a lly  shown in the course of late years, the heights attained are, however, 
n o t y e t  satisfactory, especially i f  taking into consideration the tasks and increased  
cla im s in  connection w ith  the International Geophysical Year.

T he number of upper-wind m easurem ents has, in  late years, changed  
as w ell significantly, according to international obligations and the exigencies 
o f  sc ien tific  research. W hilst upper-wind m easurem ents were m ade, after the 
w ar, tw o  or three tim es a day, there have been  carried out in late years, with  
th e  developm ent of the dem ands of scientific research, 8 to 10 pilot m easurem ents 
a d ay . The number of pilot m easurem ents rose therefore in the course o f the 
f iv e  years between 1951 and 1955 from 1500 to 3100 a year. In D ecem ber 1955 
we started  —  according to the synoptical observation times —  to carry out 
upper-w ind observations regularly every three hours, i. e. eight tim es a day ; 
the num ber of these observations became in  the follow ing years constantly  about 
2800.

T he particularities of the Carpathian B asin  are im plying the study of 
upper-w inds on aerological stations the site o f  which must be determ ined by  
orographical conditions. The eight upper-wind m easuring stations in  the low
lands and m ountains of H ungary carrying out tw ice a day pilot balloon ascents 
h ave been  chosen in accordance with this requirem ent. This network is parti
cu larly  suitable for the study o f air flow conditions in the basin surrounded by 
m o u n ta in s.

Aerological data are published every year in  a separate Y earbook o f the  
O bservatory. This publication is containing in  its  aerological part all soundings 
and upper-wind m easurem ents made at B udapest, as well as the p ilo t obser
v a tio n s  at the seven country towns. Besides the publication o f m easured data 
a great number of sum m arizing tables is added. The tables sum m ing up the 
upper-w ind  data give the average distribution  o f the velocity and direction  
o f th e  w ind  at the different m ain geom etrical levels in  the course o f  the year. 
T h ese  sum m arizing procedures have been carried out on data of the highest 
m orning-, noon-, evening- and night-ascent o f Budapest and on the highest 
d a ily  pilot-m easurem ents o f the other stations. The tables containing sum m aries 
of radio-soundings are including m onthly and annual average values o f geo
p o ten tia l, temperature and dew-point o f the principal isobaric surfaces as well 
as th e  m onthly  and annual m ean values o f pressure, temperature and relative  
h u m id ity  on the chief levels o f  geopotential.
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The following publications of late years deal w ith the results of 
research :

B e l l , B. : P rac tica l ap p lica tio n  of th e  n o tion  of th e rm al w ind. Beszám olók, 1952. pp. 
214—-225. 6 figs.

A form ula for p ra c tic a l c o m p u ta tio n  activ ities is deduced  by  m eans o f w hich  th e  d istance 
fro m  each o th er of re la tiv e  isohypses d raw n  a t in te rv a ls  o f 40 gpm  m ay  be co m p u ted  from  the 
v a lu e  of th erm al w ind co m ponen t observed over H u n g ary  on a c h a r t w ith  th e  scale 1 : 20 000 000. 
T h e  d istance  from  each o th e r  o f  th e  abso lu te  isohypses d raw n  a t in te rv a ls  o f  40 gpm  m ay  be ob
ta in e d  from  th e  effective w ind  in  sim ilar m anner. A dvection  itse lf is o b ta in ed  fro m  th e  sim ulta 
neo u s p lo ttin g  of re la tiv e  a n d  ab so lu te  isohypses.

B u c s y , J .  : M ethod of co n stru c tio n  of v e rtica l cross-sections and  th e ir  app lication] fo r  | с о т р и  
tin g  c ircu la tion . B eszám olók, 1952. pp. 226— 245. 10 figs.

T he f irs t  p a r t  deals w ith  th e  m ethod  of co n stru c tio n  of tem p o ra l a n d  sp a tia l vertica l 
cross-sections, developed b y  th e  H u n g a rian  aerological service. T he second p a r t  is discussing 
how  th e  quasi-static  p a r t  o f th e  acceleration  of c ircu la tion  m ay  be de te rm in ed  o u t o f th e  num ber 
o f  therm odynam ic  solenoids on  th e  basis o f iso term s d raw n  on  v e rtica l cross-sections ; these  are 
fo rm ed by th e  isolines o f a ir- an d  equ ip o ten tia l tem p e ra tu re . A tab le  illu s tra te s  th e  value of 
solenoids lim ited  by  th e  iso th erm s d raw n  w ith  d ifferen t densities.

M r s . B é k e f f y , J .  : A scen t v e lo c ity  o f a ru b b er balloon filled w ith  h y d ro g en . B eszám olók, 
1952. pp . 246— 256. 1 fig.

A fter hav ing  discussed th e  th eo ry  of a balloon rising  in  th e  free a tm o sp h e re , au th o r is 
s tu d y in g  th e  effective ascend ing  ve loc ity  on th e  basis of th e  launching  o f 60 rad io so n d es to  an  a lti
tu d e  of 14 km . In  a figure  th e  m ean  veloc ity  values are  given for d iffe ren t a lt i tu d e s . Com paring 
th e se  em pirically  deduced v e lo c ity  va lues to  th eo re tica lly  d e term ined  ones, i t  is found  th a t 
a sc en t velocity  can be considered  as un iform  b u t u n til th e  m iddle  o f th e  tro p o sp h e re , whereas 
in  th e  u p p e r p a r t  o f th e  tro p o sp h e re  and  in  the  s tra to sp h ere  i t  is decreasing . T h e  reaso n  for this 
decrease  seems to  be found  p a r tly  in  th e  tem p era tu re  d ifference betw een  fillin g  gas and the 
su rro u n d in g  a ir and p a r tly  in  o th e r  effects depending on  q u a lity , m a te ria l  a n d  p ro d u c tio n  of 
th e  balloon.

H i l l e , A. : Clouds an d  fly ing . Beszámolók, 1952. pp . 264— 271. 1 fig.

T h e  m eteorological p h y sic is t, w hen giving b riefing  in fo rm atio n  to  th e  p ilo t in  a  w eather 
s itu a tio n  in  which low clouds a re  invo lved , needs th e  d a ta  on th e  a ltitu d e  o f th e  b o tto m  and  the  
to p  o f th e  cloud-deck, as well as on  th e  possible s tra tif ic a tio n  of th e  c loud. I t  is th e  question  
how  fa r  th e  d a ta  o b ta ined  fro m  p ilo ts can  be em ployed for th is  purpose. V isua l observations 
seem  to  be absolutely necessary  an d  th e  help o f m eteorological f ligh ts is in  th is  case indispensable.

T a r d o s , B. : The influence o f th e  v e rtica l stru c tu re  o f th e  a tm osphere  on th e  e ffic ien cy  of a ir
craft. Beszámolók, 1952. pp . 278— 284.

T he stru c tu re  o f th e  a tm o p sh e re  is such th a t  th e  glid ing  ra tio  o f aero p lan es is decreasing 
w ith  th e  increase of heigh t. In  using  th e  in te rn a tio n a l s ta n d a rd  a tm osphere , a n d  b y  m ean s of daily 
rad io so n d e-d a ta  it is possible to  co m pute  in  p ractice  th e  decrease o f glid ing  ra tio  in  d ifferen t 
a ltitu d e s . Two num erical exam ples a re  given.

M r s . B é k e f f y , J .  : L ab ility  te s ts . Beszámolók, 1953. pp . 250— 262. 6 figs.

D iscussing th e  w ork done  by  H . F a u s t  and A. S im ilä on p rac tica l ap p lic a tio n  of th e  values 
o f  lab ility  energy, ra in y  s itu a tio n s  in  H u n g a ry  betw een A pril and  S ep tem b er 1953 a re  exam ined 
a n d  i t  is s ta ted  th a t  th e  la b ility  v a lu es of F a u s t and  S im ilä  are lead ing  to  fa r-reach in g  conclu
sions in  thunder-sto rm  forecasting .

B e l l , B . : C om putation  o f th e rm a l advection  from  u p p e r a ir  ch a rts  and  by m ean s of u p p e r wind 
m easurem ents. B eszám olók, 1953. pp . 263— 269. 6 figs.

T he actu al num erica l v a lu e  of th e rm al ad vection  m ay  be found  b y  a th e rm o b a ric  field 
re p re se n ta tio n  on u p p e r a ir  c h a r ts . T herm al advection  m ay , on th e  o th e r  side , be  com puted  
fro m  p ilo t-ba lloon  ascents as well. A qu ick  m ethod is in tro d u c ed  for th e  d e te rm in a tio n  of the 
n u m erica l values of th e  w ind v ec to r and  of th erm al advection .
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B u c s y , J .  : Forecasting of th e  v a r ia t io n  of tem pera tu re  in  th e  fo renoon  on clear d ay s by  using  
radiosonde ascents m a d e  a t  n igh t. Beszám olók , 1953. pp. 270— 282. 8 figs.

T h e  following da ta  h av e  b een  graphically  com puted  on th e  basis o f rad iosonde ascen ts 
c a rr ie d  o u t  on 92 clear days in  th e  co u rse  of the  years 1950, 1951 an d  1952: re p re sen ta tiv e  p o in ts 
in  th e  d a ily  tem pera tu re  curve, n u m e ric a l values of the  energy  av ailab le  fo r th e  process o f w arm 
in g  ( in  Joule/'kg  units) and th e  h e ig h t o f  convection. T he m o n th ly  curves th u s  ob ta in ed  of te m 
p e ra tu re  v a ria tio n  in the la te  m o rn in g  hours are applicable fo r th e  p u rpose  o f fo recasting . T he 
tim e s  fo r  reach ing  given values o f  e n e rg y  (50, 100,150, 200 Jo u le /k g ) are ind ica ted . I t  m ay  be seen 
as a se c o n d a ry  result th a t a d oub le  w av e  is characterizing  th e  a n n u a l v a ria tio n  of tim e  of occur
ren ce  : tw o  m inim a at spring a n d  in  a u tu m n , one chief m ax im u m  in  w in te r and  one secondary  
m a x im u m  in  sum m er can easily  b e  de term ined .

I I il l e , A . : Reference n u m b ers  fo r  a tm ospherical cond itions o f a irp o rts . Beszám olók , 1953. 
p p .  290—293.

A n  a tte m p t is m ade to  a t t a c h  to  one single nu m b er th e  freq u en cy  values of th e  e lem ents 
o f one sm a ll region ; this n u m b er m a y  serve as an  index fo r th e  su ita b ility  of a given te r r i to ry  as 
th e  lo c a tio n  of an airfield.

Tardos, B. : Icing of h igh-speed aero p lan es. Beszámolók , 1953. p p . 294— 300.

A t th e  extrem ity  of th e  bo w  o f  high-speed a irc ra ft th e  te m p e ra tu re  is found  to  increase 
as a co n sequence  of im pact p re ssu re . T h ere  is no icing a t  th is  sp o t even  a t  v e ry  low a ir  tem p e ra 
tu res . A t  a  certa in  air speed, th e re  c a n n o t occur icing a t  all.

B e l l , B . : O perative m ethods fo r th e  determ ination  o f te m p e ra tu re  adv ec tio n . Időjárás^ 
57. 1953. pp. 350— 359.

In  th e  f irs t pa rt a p ra c tic a l m e th o d  is discussed for th e  d e te rm in a tio n  of th e rm al advection  
on th e  b a s is  of the therm o b ar re p re se n ta tio n  on u p p er-a ir c h a rts . I t  is know n th a t  th e  ra te  o f 
a d v e c tio n  is reciprocal to th e  a rea  o f  th e  so-called advection  q u ad ran g le  defined  by  th e  re la tiv e  
iso h y p ses o f  an  air-layer lim ited  b y  iso b a ric  surfaces and  by th e  ab so lu te  isohypses of th e  isobaric  
su rface  t h a t  is situated  in th e  m id d le  o f  th e  layer. As a u n it  for th is  a rea  a square  m ay  be applied  
th e  s id e  o f w hich  is one lo ng itude  d eg ree  on the  generally  used  c h a r t  of th e  scale 1 : 20 000 000. 
A d ia g ra m  is illustrating  th e  v a r ia tio n  w ith  geographical la ti tu d e  o f th e  facto r o f p ro p o rtio n a lity  
(K ) se rv in g  for the  com puta tion  of a d v ec tio n  expressed in  u n its  degree per day . The second p a r t  
deals w ith  a simple m ethod fo r th e  com puta tion  of th e rm a l ad v ec tio n  b y  m eans of u p p e r 
w ind  m easu rem en ts. The p ro p o sed  g rap h ica l equipm ent is su itab le  for a qu ick  co m p u ta tio n  o f 
th e  te rm á l  w ind com ponent a n d  ad v ec tio n .

B u c s y , J .  : A uxiliary tables fo r th e  in te rp re ta tio n  of u p p e r w in d  m easurem ents. A z  Országos 
Meteorológiai Intézet kisebb k iadványai, No. 24. B u d a p es t 1953.

A f te r  a short historical in tro d u c tio n  a new m ethod  fo r th e  p lo ttin g  of u p p e r w ind obser
v a tio n s  is proposed which could  b e  described  as the  sing le-ru ler m eth o d  com bined w ith  use o f 
ta b le s . I t  c an  be used ra th e r q u ick ly  a n d  reliably for p lo ttin g  th e  re su lts  of all u p p e r w ind ob 
se rv a tio n s , fo r m easurem ents c a rr ie d  o u t  by  m eans of th e  sim ple p ilo t-ba lloon  as well as fo r those 
m ad e  b y  raw in d  equipm ent h a v in g  ch an g in g  ascent velocities. T h e  precision achieved is —  by  
i ts  u se  o f  a lread y  tabu la ted  n u m e ric a l values —  surpassing th e  re liab ility  o b ta in ab le  b y  earlie r 
g ra p h ic a l m ethods.

B e l l , B . : A dvective a tm ospheric  ch an g es during  frost s itu a tio n s  in  th e  m o n th  of M ay. Beszá
molók , 1954. pp . 16— 25.

T h e  advective processes o c cu rrin g  a t different a ltitu d e  levels and  causing th e  fo rm ation  
of g re a t  f ro s ts  in May 1952 are  d iscussed . This w eather s itu a tio n  is found  to  consist o f th ree  
d iffe re n t periods. In the f irs t p e rio d  th e re  has been (beginning w ith  M ay 9) a  process o f advective  
w a rm in g  u n t i l  an a ltitude o f 2— 3 k m  above B udapest, w hereas th e  h igher layers w ere show ing 
an  a d v e c tiv e  cooling. The in s ta b il i ty  th u s  produced gave rise  to  a b u n d a n t th u n d e ry  ra in s  in 
H u n g a ry . T h e  second period (M ay 16— 17) is characterized  by  a cold fro n t ru sh ing  in  from  G reen
lan d . T h e  p lo tte d  advective isa llo th e rm s  are  differing from  th e  a c tu a lly  occurring  isa llo therm s. 
T h is  d isc rep an cy  can be ex p la in ed  b y  a tran s la tio n  effect. T h e  th ird  period  (M ay 17 an d  18) 
is c h a ra c te riz e d  by the inflow  o f s ti ll  co lder air-masses. A tm o sp h eric  h u m id ity  is used as a p a ra 
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m eter of advective  processes. In  frost forecasting  a special c rite rio n  is offered in th e  ad v an cem en t 
of th e  isogram  of 4 g/kg , ap p ro x im a te ly  corresponding  to  a dew -point of zero degree. F inally , 
th e  close re la tion  betw een a tm o sp h eric  processes a re  p o in ted  ou t, appearing  in  th e  in fluence  of 
tem p e ra tu re  advection  on  th e  w ater-balance and  of h u m id ity  advection  on th e  h e a t  balance.

M r s . B é k e f f y , J .  : In v estig a tio n s of lab ility . Beszám olók , 1954. pp. 202— 219.

S tud ies of th e  a u th o r  on lab ility  are con tin u ed  in  th is  paper. The th e o ry  an d  practica l 
ap p lica tio n  of th e  layer- o r convective  cell-m ethods are  d e a lt w ith , determ in ing  s ta b il i ty  and  ins
ta b ility  conditions o f th e  a ir  by  m eans of th e  acceleration  of circulation . C om paring  th e  results 
ob ta in ed  by the  use o f th e  tw o m ethods, th e  s itu a tio n  o f Ju n e  30 and Ju ly  2, 1954 has been 
d iscussed, and  fina lly  confron ted  to  resu lts ob ta in ed  b y  th e  e lem entary  p a rtic le  m ethod .

T a r d o s , B. : A n e w  d e r i v a t i o n  o f  t h e  v a l u e  o f  t h e  d r y  a d i a b a t i c  l a p s e  r a t e .  B eszám olók , 1954.
p p .  2 2 0 — 2 2 1 .

S ta rtin g  from  th e  princip le  o f th e  conserva tion  of energy and considering  th e  k inetica l 
energy te rm , a new  ded u ctio n  is given of th e  fo rm ula  for th e  d ry  ad iabatic  lapse ra te .  T h is deduc
tion  is sim pler th an  th e  earlie r have  been and gives new  p o in ts  of view, besides i t  is dealing  w ith 
th e  dependence of d ry  ad iab a tic  lapse ra te  on th e  v e loc ity  o f a rising a ir  c u rre n t.

B e l l , B. : C lim ate o f th e  troposphere  in H u n g ary . A z  Országos Meteorológiai Intézet kisebb 
kiadványai, No. 28. B u d ap est 1954.

A verage values o f tem p e ra tu re , a ir-p ressure , h u m id ity  and wind are  g iven  for ind iv idual 
levels o f th e  tro p o sp h ere , th e ir  v a ria tio n s in th e  course o f the  year and a long  th e  v e rtica l, 
th e  d ispersion of m easured  values and  th e  general b eh av io u r of these e lem ents experienced  in 
th e  troposphere  are described on th e  basis of m easu rem en ts  carried  ou t in  H u n g a ry . T h e  upper 
w ind observations o f th e  y ears 1927— 53, respec tive ly , th e  resu lts  of radiosonde ascen ts  m ade in 
th e  y ears  1950— 53 are tre a te d , w hereby these la t te r  a re  considered un til the  lim it o f  th e  tro p o 
sphere. T h e  s ta tis tica l resu lts  are  sum m ed up in 37 tab les and 45 d iagram s.

B e l l , B. : S tra tifica tio n  of th e  troposphere. Beszámolók , 1955. pp. 250— 259.

T he s tra tif ica tio n  of th e  troposphere  is discussed on th e  ground of rad iosonde  observations 
and  p ilo t surveys carried  o u t in B u dapest in th e  y ears  1950— 53. The d iffe ren t s t r a ta  o f th e  tro 
posphere are d ealt w ith  on th e  basis of a c lim atological approach . The fu n d a m e n ta l lay e r found 
b y  Schneider-C arius is d em o n s tra ted  in  th e  v e rtica l d is tr ib u tio n  of lapse ra te s . I t  is possible to 
d is tin g u ish  from  a considera tion  of th e  annual a m p litu d e  of tem p era tu re  a  ra d ia tin g  layer, 
ch arac te rized  by an  am p litu d e  decreasing  w ith  h e ig h t, th e n  a layer w ith  th e  am p litu d e  increasing 
w ith  h e ig h t (from  3 to  7 km  a ltitu d e ) ; above th is  lay e r th e re  is one w ith  an  a m p litu d e  decreasing 
again  upw ard . T he s tra tif ic a tio n  is p a rtly  depending  on c ircu la tion , p a rtly  on  th e  v a r ia tio n s  ol 
th e  s tra to sp h ere . T he m ean  values o f re la tiv e  h u m id ity  a re  ind icating  th e  m o st f req u e n t cloud- 
levels in  th e  lower troposphere . T he average d ifference in  w ind-velocities a t noon  and  a t  n igh t is 
show ing in  sum m er th e  know n d iscrepancy  of da ily  w ind  v a ria tio n  on the  e a r th  surface  and in 
a ltitu d e . T he su m m er-ty p e  da ily  v a ria tio n  a t th e  surface  is observable u n til a h e ig h t o f 200— 
300 m . T he change of w ind-ve loc ity  according to h e ig h t is pe rm ittin g  to  m ake  a d is tin c tio n  be
tw een  several layers. A bove th e  convective  lay er reach in g  u n til 3-^-4 km , th e  v e lo c ity  o f w ind is 
rap id ly  increasing  w ith  he igh t. T he m axim um  w ind  speed found in  an a lt i tu d e  of ab o u t 9 to 
10 km  during  th e  w in te r an d  of 14 km  in sum m er is a consequence of th e  a p p ea ran ce  of je t  
stream s.

B u c s y , J .  : U pper a ir  s tu d y  of th e  ra in y  season of a u tu m n  1952. B eszám olók , 1955. pp. 
10— 24.

T he f irs t p a r t  consists o f a discussion of th e  p o in ts  o f  view which could he of im portance  
in th e  aerological tre a tm e n t of a g iven  ra in y  period . T h e  scarc ity  of up p er a ir d a ta  does n o t perm it 
th e  app lication  of pu re ly  aerological m ethods (m ethod  of one sta tion), th e  second p a r t  o f th e  pa
per is therefore  d iscussing aerosynop tics o f the  season in question . P a rt three  is p ro v in g  hv m eans 
of g ra d ie n t w inds d e te rm in ed  for B u dapest on th e  basis o f  a ltitu d e  ch arts  th a t  th e  p rec ip ita tio n s 
in th e  season in  qu estio n  are  occurring  w ith  g re a te s t frequency  together w ith  a SW -w ind at 
every  level u n til an a lt i tu d e  of 5 km . I t  is fu r th e r  fo u n d  th a t  during th e  ad v ec tio n  of w arm  
air-m asses th ere  has been  a p recip ita tio n  in 4 3 % , d u rin g  a cold-advection in  23%  of all cases, 
w hereas th e  percen tage  of cases o f p rec ip ita tio n  w ith o u t advection has been  34.
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B e l l ,  В . : P a r tic ip a tio n  o f H u n g a ry  in  th e  m eteorological ta sk s  o f th e  In te rn a tio n a l G eophysic
a l Y ear. Időjárás, 60. 2. p p . 97— 103. 1956.

T h e  p ro g ram  for m eteo ro lo g y  in  connection of th e  In te rn a tio n a l G eophysical Y e a r is 
discussed  o n  th e  basis of p a p ers  in  th e  B u lle tin s of th e  W M O a n d  th e  CSAGI, p a rticu la rly  th o se  
w r itte n  b y  J .  v a n  Mieghem. T h e  H u n g a ria n  program  of th e  In te rn a tio n a l G eophysical Y ear is  
d e a lt w i th  in  all details. C h arts  a re  g iv ing  in fo rm ation  on  th e  m easu rem en ts to  be  ca rried  o u t 
in  H u n g a ry  in  th e  course o f th e  In te rn a tio n a l G eophysical Y ear. T h e  legend below th e  c h a rts  is  
i llu s tra tin g  th is  p rogram  in  all i ts  deta ils .

B e l l . B . : A erological a c tiv ity  o f G y. Marczell. Időjárás, 60. 3. 1956. pp. 137— 143.

T h e  C en tra l M eteorological In s t i tu te  has decided to  n a m e  th e  Aerological O b se rv a to ry  
of P e s tsz e n tlő rin c  a fte r G yörgy M arczell, th e  f irs t H u n g a ria n  aero log ist who organized in  1913 
th e  H u n g a r ia n  aerological serv ice a n d  w as d irecting  th is  w o rk  u n t i l  his d ea th  in  1943. H e  c a rried  
ou t v a lu a b le  research  in  th e  f ie ld  o f  m eteorology and  geophysics . The paper is d iscussing  h is  
aerological a c tiv ity  on th e  occasion o f  th e  inaugura tion  o f th e  O bserv a to ry .

VI. Ionospheric research

The study of the ionosphere as one layer o f  the atmosphere has been  
started in  1954 by the Central Meteorological In stitu te  in the present Marczell 
G yörgy Observatory.

A n  experim ental im pulse sending and receiving apparatus has been set 
into operation  at the beginning o f January 1954. Its range of frequency varied  
betw een 2 and 10 MHz, its  ou tput between 500 and 800 w att, depending on 
frequency. Two vertical-level, distorted-rhombic aerials perpendicular to each  
other served  as sending and receiving aerials, respectively.

The determ ination o f the heights of layers w as effectuated by an oscillos
cope b y  m eans of the sine-curves o f a reference audiofrequency-generator. The 
values o f  frequency could be read w ith a precision o f  < 0 , 1  MHz from  th e  
scale o f  th e  receiving apparatus calibrated b y  m eans of a laboratory signal- 
generator.

The equipm ent for ionospheric research produced b y  the Electrom echanical 
Enterprise o f Budapest has started  its operation in  February 1955 and is in  
use to  th e  present day. The electronically connected  sending- and receiving  
apparatus has a frequency-band o f 1 to 20 MHz, the output is varying betw een  
5 and 10 kW  and the w idth  o f  impulse is 100 or 200 microsec, respectively. 
It has tw o oscillotron indicators, one for the spectator and the other for p h oto
graphing. The precision o f height- and frequency-m arks is assured b y  
quartz-control.

In  th e  period between January and May 1954 experim ental surveys have  
been carried out at some round frequencies (3, 4 , 6, etc.), afterwards values  
of frequency yield  have been determ ined. Starting in  J u ly  1954, m easurem ents 
were carried out every hour w ith  the exception o f 1, 9, 17 and 23 o’clock (GMT) 
and data  o f  h ’E , h’F^ h’F 2 and foF2 have been determ ined. A ltitudes w ere
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given  with an uncertainty o f about 10 km , frequencies w ith a precision o f  
0,1 MHz. Results have been published at the start in 10 days’ reports. These 
were containing, beside the above data, the curves illustrating the hourly  
averages of one as well as o f ten  days of the lim iting frequency for the layers 
E and F, further some remarks concerning the same interval.

Starting with May 1955, there were published in  the m onthly  reports 
num erical data and graphs o f the hourly lim iting frequency o f the layers E and 
F 2, and the text becam e published in German, too. From October o f  the same 
year the inception tim es o f storm s in the ionosphere have been additionally  
reported, their in tensity  having been indicated, for the tim e being, in  a scale 
o f three degrees. In January 1956, percentage indication o f storm s in the 
ionosphere according to their sign has been started. Terminal frequencies o f  the 
layer E s were measured and the lim iting frequencies o f the E and F 2 layers 
graphically reported by curves o f different colours so far for each hour.

After having studied several foreign m onthly reports, the In stitu te  dis
continued the graphical reproduction of hourly data and from April 1956 there 
have been only the hourly means o f each m onth of the layers and, for the tim e 
being , the daily averages published.

In July 1956 our report has been drawn fully in  conform ity w ith  inter
national requirements. The following data are given besides a short H ungarian  
and German description, and the percentage report of storms in  the ionosphere, 
according to their sign : tables o f  the hourly m edians o f h’F 2, foF 2 ; h’Fj 
fo F x ; h’E, foE ; fE s (and from January 1957 of M 3000/F2), and, in further 
tab les, the hourly values o f the same data. U ncertainties and remarks to  these 
tables have been marked w ith the corresponding international letters (according 
to  U R SI). There are y e t the hourly graph medians for the above data in 
each month published in the report, as well as —  but only in diagram s —  the 
percentage frequencies occurring in  the E s-layer for 3, 5 and 7 MHz.

The m onthly report is containing, besides, data o f solar activ ity  obtained  
b y  the Astronomical Observatory of Budapest, as well as provisional data 
o f horizontal in tensity  obtained from the Geom agnetical Observatory o f  Tihany  
belonging to the Geophysical Institu te Roland E ötvös.

Some problems in  connection with ionosphere research, instrum entation  
difficulties and explanations o f certain phenomena are dealt w ith  in  the 
follow ing papers :

Flórián, E.: S tu d y  of ex p erim en ta l ionospheric  m easu rem en ts carried  o u t in  1954. Beszám olók , 
1956. p p . 274— 284.

U n certa in ties a re  d iscussed  w hich  m ay  occur in  th e  m easu rem en t o f lay e r  h e ig h ts  in  th e  
io n o sphere  when th e  re flected  signals a re  o b ta ined  in  “ A”  in d ica tio n  b y  m eans o f  ca th o d e-ray  
tu b es . I t  is proved th a t  th ere  is  no  possib ility  —  p a rticu la r ly  in  cases o f rep ea ted  re flec tio n s and 
sim ultaneous occurrence of severa l lay e rs, and  p rincipally  w hen th e re  ex is t, fu r th e rm o re , a  m a- 
g n e tica l sp litting  o f th e  w av es—  to  h av e  sa tis fac to ry  m easurem ents b u t  w ith  “ B ”  in d ic a tio n  and
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w ith  th e  horizontal sim u ltan eo u s d isp lacem en t of th e  signals w ith  frequency. In  th is  m an n er it 
i s p o ss ib le  to  obtain  an  a lm o s t cross-section-like p ic tu re  o f ionospheric  layers.

F l ó r i á n , E . : E lectrical p ro p e rtie s  a n d  d a ta  of the  a tm o sp h e re  an d  th e ir  m easu rem en t in  H u n 
gary. Időjárás, 59. 1. 1955. pp. 34— 41.

T h is  account, p re p are d  o rig in a lly  for th e  Scientific  C ouncil o f th e  C entra l M eteorological 
I n s t i tu te ,  is discussing d a ta  a n d  e x p lan a tio n s  of e lectrical p h en o m en a, know n a t p re sen t o f the  
lo w er a tm osphere  the  d a ta  on  th e  ionosphere  known from  foreign  lite ra tu re , and th e  hypotheses 
in  c o n n ec tio n  w ith th e  s tru c tu re  o f  th e  ionosphere. Io n o sp h e re  su rv ey  m ethods are ou tlined , as 
w ell as th e  practical a d v a n ta g e s  to  be expected from  m eteo ro log ica l an d  w ave-p ropagation  
re sea rch .

F l ó r i á n , E . : W hat h ap p en ed  in  th e  ionosphere ? R ádiótechnika  (regu lar colum n). 1956.

I n  every  issue of th is  te c h n ic a l review , one fu ll p ag e  is a llocated  to  th e  m ore in te res tin g  
p h e n o m e n a  experienced d u rin g  th e  s tu d y  of th e  ionosphere  as well as to  th e ir  ex p lan atio n , 
w ith  a  p ecu liar em phasis on  th e  p ro p a g a tio n  conditions o f  rad io-w aves.

F l ó r i á n , E . P ro pagation  o f w aves. A M űszaki K ö n yvk ia d ó  rádiótechnika könyvei sorozat, 
No. 17. 1956. p p . 49— 80.

T h e  th ird  p a r t o f th is  b o o k le t is discussing th e  ionosphere, m ean  heigh t- and lim iting  
fre q u e n c y  d a ta  of each lay e r, th e ir  d a ily  and annual v a r ia tio n , an d  th e  influences o f th e  v a r ia 
tio n s  in  so lar activ ity , th e ir  a p p lic a tio n  to  th e  p ro p ag atio n  of rad io-w aves. Some m ethods of th e  
s tu d y  a re  introduced. D a ta  a n d  illu s tra tio n s  of the  o b se rv a tio n  m eth o d  (24 figs.) are a lready  
o f  H u n g a r ia n  origin.
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Geomagnetic researches are carried out in  Hungary by the G eom agnetic  
D epartm ent of the Geophysical Institute Roland Eötvös, telluric current in v esti
gations by the Electrical Departm ent of the sam e Institute as w ell as b y  the 
Geophysical Research Laboratory in Sopron o f the Hungarian Academy o f  Sciences, 
and ionospheric researches by the Ionosphere Department of the H ungarian  
Meteorological Institute. The results o f the ionospheric researches are to be 
read in  the report presented to the M eteorological Association.

A ctiv ity  o f the Geomagnetic Observatory and magnetic measurements
M agnetic observations started in the Observatory of B udakeszi in  1948 

were continued until October 1955. It was in  November 1954 th a t the final 
Observatory in Tihany started its activ ity  (99 =  46°54,0' N, Я =  18°53,8' E Gr). 
The tw o Observatories were sim ultaneously working during a w hole year in 
order to make possible a precise reduction of the corresponding data. The normal- 
speed recording of the m agnetic elem ents till now will be com pleted  in the 
course o f the geophysical year by high-speed recording of the m agnetic elem ents 
and telluric currents.

A reconnaissance survey of the Great Hungarian Plain w ith  a station  
in terval o f  1,5 km started in 1951 has been fin ished on the territory between  
the Danube, the northern highlands, the eastern and southern frontiers. 
On several places the survey revealed anomalies indicating covered  
eruptives.

In prospecting for ore we carried out detailed  measurements in  different 
areas o f the country w ith 500— 200 m, 50— 20— 10 m or even sm aller in tervals.

Experim ents were m ade in connection w ith  magnetometers o f  so ft iron 
core, too.

Additionally the Geophysical D epartm ents o f  the U niversity  Roland  
Eötvös in  Budapest and o f the Technical U niversity  in Sopron carried ou t earth  
m agnetic measurements on a smaller scale.

The Association o f Hungarian G eophysicists held conferences in  Septem ber  
23— 24, 1955 and Septem ber 24— 25, 1956 w ith  the participation o f  foreign  
researchers in order to discuss earth m agnetical problems.

1 1 Acta Technica XVIII/1—2.



1 6 2 GY. BARTA

Studies of telluric currents

The Hungarian Geophysical Institute R oland Eötvös carried out m easure
m en ts over gravity anom alies in order to explore the deep structure o f the 
G reat Plain. Trial m easurem ents were effected in  the vicinity of the M agnetic  
O bservatory in T ihany for the establishm ent o f  permanent recording o f  
te lluric  currents.

The Geophysical D epartm ent of the Technical University in Sopron  as 
w ell as the Geophysical Research Laboratory o f  the H ungarian Academy o f  Sciences 
is  carrying out experim ental measurements since 1952, chiefly for practical 
purposes, for the developm ent and testing of m easuring methods and instrum ents. 
M eanwhile certain results w ere obtained in  connection  with the interrelation  
o f telluric currents and m agnetic variation. The instrum ents constructed were 
also tested  in 1956 on th e  territory of the P eop le’s Democracy of China. The 
m easurem ents are w ell f it t in g  in to the results o f  international researches o f  
sim ilar character.

H U N G A R IA N  E A R T H  MAGNETIC L IT E R A T U R E  IN  1954— 57

B a r t a , Gy . : A 40— 50 y e a rs  p e r io d  in  th e  secular v a r ia tio n  o f  th e  geom agnetic field . (E nglish .) 
A c ta  Geologica, T om . IV . F asc . 1, 1956.
T h e  geophysical O b se rv a to ry  of T ihany. (H u n g a r ia n , w ith  an English résu m é.) Geo
fiz ik a i K özlem ények. V ol. V ., Fasc. 2., 1956.
A bou t the  periodic v a r ia tio n  of th e  g rav ity  f ie ld . (H u n g a ria n , w ith  an E ng lish  résum é.) 
Geofizikai K özlem ények , V ol. V I., Fasc. 1., 1957.
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consequences. (H u n g a r ia n ,  w ith  R ussian a n d  E n g lish  résum é.) F ö ld tan i K özlöny, 
Vol. L X X X V ., F asc . 3 ., 1955.

E g y e d , L. : The m agnetic  f ie ld  a n d  the  in te rnal s tru c tu re  o f  th e  earth . (English.) A c ta  Geo
logica, Tom. IV ., F asc . 2 ., 1956.

H a á z ,  I. B. — B a r t a ,  Gy . : D ifferences in the g eo m agnetic  e lem ents betw een th ç  ob se rv a to ries  
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Geofizikai K özlem ények , V ol. I I I ., Fasc. 11., 1954.

H a á z , I .  В. : E ffect o f te m p e ra tu re  in  B M Z -m easurem ents. (H u ngarian , w ith  R u ss ian  and  
F rench  résum é.) G eo fiz ik a i Közlem ények, Vol. IV -, F asc . 1., 1955.

H a á z , I. В. : D e term in a tio n  o f  th e  dip, density  an d  su sce p tib ility  of an in fin ite  inclined  dike 
from  its g rav ity  a n d  m ag n e tic  effects. (H u n g a ria n , w ith  R ussian and E n g lish  résum é.) 
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Geom agnetic m ea su re m e n ts  in  the  area F e lső csa tá r . G eom agnetic m easu rem en ts in  the  
V elence-m ountains. G eom agnetic  m easurem ents in  th e  a rea  U ppony, R u d a b án y a  an d  in  
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b an . (Geophysics in  th e  prospection  for m in era ls .)  1955.
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Adám, A. : E in  neues te llu risch e s  M essinstrum ent. (G e rm a n .)  Soproni E gyetem  K özlem ényei 
1956.
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Á d á m , A.— E g e r s z e g i , P . : T ellu ric  c u rre n ts  and  th e ir  p rac tica l ap p lica tio n . (H u n g a rian .) 
T erm észet és T ársadalom . CXV. F ase . 9.

A n n a u , F .— E r k e l , A .— S z a b a d v á r i , L. : R ap id  v a r ia tio n s  of th e  E a r th ’s m ag n e tic  fie ld  and 
th e ir  relations w ith  te llu ric  cu rren ts. (H u n g a rian .) B án y ásza ti L ap o k , 1954. Fase. 10. 

E g e r s z e g i ,  P .— T a k á c s , Б .  : P rac tica l execu tio n  of te llu ric  researches. (H u n g a ria n .)  B án y á 
sz a ti L apok, No. 11. 1954.

K Á N T Á S , К . : Geoelectrical p rospecting  in  H u n g a ry . M TA M űszaki T u d o m án y o k  O sztá lya  K öz
lem ényei. (In  H u n g a rian .)  Vol. V ., F ase . 1— 2.

R á n t á s , К . : R esults an d  perspec tives o f  th e  H u n g a rian  tellu ric  researches. (H u n g a rian .) 
B án y ásza ti Lapok, No. 12., 1954.
R esu lts o f th e  sim ultaneous m easu rem en ts o f te llu ric  cu rren ts be tw een  P e k in g  (China) 
an d  Sopron (H u n g ary ) execu ted  fro m  9 th  to  14 th  J a n u a ry  1956. (E n g lish .) Soproni 
E gyetem  K özlem ényei, 1956.
D evelopm ent in  th e  n ew est geophysical research  m eth o d  : in  th e  m agneto -te llu ric . 
(E nglish .) Soproni E g y etem  K özlem ényei, 1956.

S e b e s t y é n , К . : Telluric c u rre n t recording a p p ara tu s . (H u n g a ria n , w ith  an  E n g lish  résum é.) 
Geofizikai K özlem ények, Vol. V ., F ase . 1., 1956.

Summary o f the theoretical researches

G. Barta continued his researches on the secular variation  o f the geo
m agnetic field, after having determ ined that in  the secular course at most 
observatories a superposed wave o f a period o f 40— 50 years is detectable by 
means o f approximation with power-polynom es, in all the three m agnetic  
elem ents.

The representation w ith vector diagrams gave a deeper v iew  o f the 
structure of the phenomenon and showed that the space curve described by the 
end point of the m agnetic field-vector is helically enveloping the approxim ating  
power curve as a result o f the superposed w ave (transversal effect); it  also 
appears that the actual change as compared w ith  the adjusted one is more 
or less late or fast, respectively (longitudinal effect). These results m ake obvious 
that the secular variation is —  in spite o f the m any local characteristics appearing 
on isopor maps —  a general process concerning the whole Earth.

A very clear picture o f the phenomenon is obtained by m eans o f  converting  
the vectors representing the secular variation in to  a uniform coordinate system  
one axis o f which is the axis of rotation of the Earth, whereas the tw o other 
axee are directed towards the points 291° E and 21° E Gr. of the Equator. The 
vectors orthogonally projected to the planes o f  this coordinate system  show  
some regularities indicating that the sym m etry center of this phenom enon is 
around Pakistan. R otating now our coordinate system  so that the center of 
the projected picture be in Pakistan, it can be proved that the vectors around 
the center of the picture are pointing to each other, while at the edges o f the 
picture they are directing outwards. As a m atter o f course, the picture as well 
as the respective lateral view s indicate an assum ption that around Pakistan  
as a center a circuit is flow ing which has a radius o f about 3000 km  in a depth

11*
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o f  a b o u t 3000 km ; the d irection  of this circuit is clockwise, as seen from  
P a k is ta n , its intensity b ein g  about 107— 108 am pere. The secular variation is 
d u e to  the change in tim e o f  th e  position and in ten sity  of the circuit.

________ th e  assumed eddy,
О th e  m ag n e tic  center of th e  E a r th .

(T h e  co u rse  of observatories s i tu a te d  from  the v iew -poin t is rep re sen ted  by  a th ic k  line , th a t  
o f  o b se rv a to ries  situated o p p o site  b y  a  th in  line and  th e  courses o f short-series observato ries 
e x tr a p o la te d  to 50 years by  a  d o t te d  line)

The m ag n e tic  se c u la r  varia tion  as seen from  P a k is tan

I t  is known that the m agn etic  center of the E arth  lies excentrically towards 
th e  Marshall-Islands and its  surface projection is m oving towards N -N W  with  
a v e lo c ity  of 10 km /year. I f  w e assume that the E arth ’s core is bearing the
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m agnetism  of the Earth, then th is variation is equivalent to a m otion o f the 
Earth’s core. This m ovem ent causes an increase o f pressure and spreading out 
o f material around a spot below Pakistan. If the m oving mass is electrically  
charged, the resulting convection current m ay cause the secular variation of 
the m agnetic field.

From the velocity  of m otion we infer that the m agnetic center o f  the 
Earth revolves around the axis o f rotation of the Earth in 4000 years which  
estim ation is not in accord with the secular period of about 500 years o f  the 
long declination-series at London. B ut we m ay presum e that the m ovem ent 
of the Earth’s core is oscillatory w ith  a period o f 4— 500 years. The precession  
o f the axis of the eddy may cause the superposed w ave, and the helical course 
observed in the secular variation. In order to unravel this com plex o f problem s, 
further researches are in course.

G. B arta  pointed out in a recent paper th at the 50 years period found  
in  the velocity o f rotation of the Earth (B r o u w e r , 1952) m ay be attributed  
to the m ovem ent of the Earth’s core in the interior o f the Earth while the core 
is , according to V e s t in e , also bearing the cause o f earth m agnetism . A further 
consequence of the supposed re-arrangement of the masses is that the gravity  
field  should have a variation with the same period. It  is further obvious to assum e 
that the main period of the secular m agnetic variation itse lf is the result of 
a motion in the core w ith an according period and thus this variation has to  
appear in the variation of the velocity  of rotation of the Earth as well as in 
the secular variation of the gravity field.

The writer proposes to exam ine the variations of the level surface o f  the 
gravity force in order to avoid technical difficulties in measuring the gravity  
field . Nam ely, the level surface m ay be determ ined and its variation followed  
even in the past w ith the help o f the annual mean sea-level data m easured at 
the thalattograph-stations.

The writer is sim ultaneously pointing out that in case of very accurate  
measurements attention must be paid to the gravity effect o f the re-arrangem ents 
o f masses connected with atmospheric processes.

L. E gyed  developped a new dynam ic theory o f the internal constitution  
o f the Earth. The theory has the basic assum ption that the material in the core 
is in a degenerated state, where the nuclei form ing the core and their electron- 
shells become independent from each other. Supposing that the elem entary  
particles are arranged according to the direction o f m om ent and sum m ing up 
their magnetic m om ents, we m ay obtain a quantitative interpretation o f the 
m agnetic field o f the Earth.

I. В. H aaz developped a m ethod for calculating the position, dim ensions 
and density or susceptibility of covered masses (inclined layers w ith gravity  
or magnetic effect) on the basis of the abscissae of the extrem e values o f m easured  
anomalies Z and H , or on the basis o f  the extrem e values of the anom alies.
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H e also worked out a sim ple evaluation technique of the tem perature corrections 
for BMZ instruments.

K . KÁNTÁS theoretically  investigated the potentialities o f the introduction  
o f  a new  branch of applied geophysics, the m odified m agnetotellurics, on the 
basis o f the connections betw een telluric and m agnetic field . V erification of 
th e  results of these investigations with m odel-experim ents and field-surveys
are in  course.



HYDROLOGICAL RESEARCH IN HUNGARY
C O M PIL E D  FR O M  R E P O R T S  O F  T H E  H U N G A R IA N  R E SE A R C H  IN S T IT U T E S  

F O R  T H E  1957 TO R O N TO  CO N G RESS O F T H E  IN T E R N A T IO N A L  G E O D E T IC  

AND G E O P H Y S IC A L  U N IO N  

P ro f. E . N É M E T H
D. ENG. SC.

Struggle for existence has induced hum anity to interfere w ith the order 
o f  Nature. Due to this, the accessible phases of the hydrological cycle were 
at first m odified by isolated, local establishm ents, later on by large-scale, conti
guous projects of ever w idening scope. W ith regard to the reaction o f these 
operations upon the evolution o f Society two conclusions can be reached at. 
F irstly  th at hydrological organizations being charged with tasks o f increasing  
number and difficulty, the latter m ay be satisfactorily solved, regarding the 
close and manifold interrelation o f the problems, only by large-scale water 
economy planning. Secondly, it  is found that water econom y plays a highly  
im portant part in the econom ical and social life of every country. I t  follows 
readily therefrom  that in operations o f this kind and scale the dual principle 
of security and economy m ust prevail to a full extent.

Interference with the order o f Nature thus involves a huge am ount of 
responsib ility  and that is why, in the course of water econom y planning, it  is 
necessary to  get acquainted w ith the meteorological and hydrological circum 
stances of the county, country or countries involved, so as to project successfully  
the necessary establishm ent, its dim ensions and expectable reactions. For this 
purpose, a large number o f reliable meteorological and hydrological data , encom 
passing longer intervals of tim e w ill be necessary, because hydrology fails to 
be governed by formulae or precepts applicable in any case : on the contrary, 
there are on ly  general principles that m ust not be applied except after careful 
consideration o f local circum stances. Every river, every water reservoir or sub
terranean aquiferous layer lias a strong individuality o f  its own, the present condition  
o f which is the result o f a p ast we can fathom only after thorough investigation. 
In  lack o f  knowledge about this p a s t , it is impossible to predict the fu ture and least 
in all the reactions to artificially induced changes.

It is clear that in the course o f evolution from isolated local waterworks 
to large-scale hydrological operations, the mode of accum ulating the data  
characterizing the hydrological cycle will also change, and the developm ent 
of sporadic observation posts in to  a country-wide network has to take place. 
On the other hand, the organization o f suitable scientific institu tions for the
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evaluation of data w ill be necessary. The development o f the network o f  observation 
p osts  and scientific institu tions is clearly a function  o f  the social and economic 
evolution of the country, so that beside the effects o f  the geographic environment 
historical forces w ill also be acting.

The general considerations described above have been valid in full measure 
during the evolution o f Hungarian hydrologic a c tiv ity . Regrettable historical 
circum stances have brought about a series o f national catastrophes, every one 
o f which has caused serious setbacks in the thriving o f our country. It is sufficient 
in  th is relation to p o in t out the devastation b y  the Tartars in 1240— 41 and 
the subjugation by th e  Turks of 150 years’ duration. In the periods of peace 
the Hungarian people has exerted tremendous efforts to reach a new blossom ing  
o f the country, thus g iv in g  evidence of an all-resistant v ita lity . This is valid  
also for the realm o f w ater econom y, where our country has several tim es made 
her w'ay to the forem ost ranks o f countries liv ing in  peace and som etim es initiated  
ideas much in advance o f  their tim e. The great econom ic reformer o f Hungary, 
Count I. Széchenyi has borne in mind around 1840 a w ater econom y plan the 
sam e or even greater in  dim ensions than those realized in the last decades by  
the m ost advanced great countries : the genius o f Széchenyi has a century 
before delineated a general hydroeconomic programme o f the Carpathian Basin  
th a t can be even at present regarded up-to-date. A lthough the Hungarian people 
could not, after the defeat in  the War of Independence o f 1848— 49, realize 
th is plan, but after h a lf  a century our country is found again in the vanguard  
o f flood  protection and drainage work.

I t  was in the year 1914 that the logically  first task  of water economy, 
the defense against flood  and stagnant w ater dam age was completed to its 
greatest part, so th at it  becam e possible to  com m ence preparations for water 
utilization  (irrigation, water-power). The com pilation of hydrological data was 
w ell under way and the prelim inary plans were already drawn, when the out
break of World War I has torn the possib ility  o f realizing this enormous 
plan out of the hands o f the Hungarian people.

Thirty years later the building of extended irrigation work was buried 
under the ruins o f W orld War II . After clearing away the ruins, and 
even  meanwhile the Socialist state exerted efforts surpassing all former ones 
in  all branches of h ydrology, and a perspectivic general water econom y 
plan of great scope w as also prepared after the careful hydrological 
evaluation  of data y ielded  by an up-to-date observatory network. It is 
the fervent wish o f our peace-loving people to  be able to realize this 
plan at last.

In the following w e w ill endeavor to describe the past and present of 
H ungarian hydrologic a c t iv ity  according to the phases o f evolution delineated  
above. The work of the la st three years will be separately dealt w ith in accordance 
w ith  the three-year cycles o f  the U. G. G. I.
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I. Evolution o f hydrographic research up to World War I

7. The beginnings o f  hydrographic researches

T he m ost ancien t descrip tion  of H u n g a rian  w a ters  is found  in  th e  L a tin  ch ron ic le  o f th e  
anonym ous Clerk of K ing B éla I I I ,  en titled  Gesla H ungarorum , w ritte n  in 1160 to  1180. T h e  chro
nicle con tains beside th e  h is to ry  of th e  C onquest o f H u n g a ry  also th e  m ost a n c ie n t geography 
of th e  cou n try . E v en  people fa r  rich e r in  h isto rica l docu m en ts c an n o t b oast rich e r hydrogeogra- 
phic m ate ria l in  a  te x t  a lm ost one th o u san d  y ears old. T he chronicle gives th e  lis t an d  som etim es 
also m ore deta iled  descrip tions o f th e  b oundaries, defended fro n tie r  regions, w oods, m o u n ta in s, 
rivers, lakes, sw am ps, fords an d  se ttlem en ts  o f anc ien t H u n g a ry . R ichest o f all is th e  h y d ro g ra 
phic m ate ria l, contain ing  th e  descrip tion  of m ore th a n  50 riv ers , 9 lakes, som e sw am ps and a 
g rea t nu m b er o f fords. T he nam es of rivers and  lakes a re  in  m ost cases iden tica l w ith , in  o thers 
scarcely d ifferen t from , th e  ones used to -day . B eside th e  g re a t rivers D anube, T isza , D ra v a , Save, 
sm aller ones, even some q u ite  in sig n ifican t creeks, a re  lis ted . L ake  B alaton  is d escribed  as a river. 
M ention is m ade of som e sw am ps th a t  hav e  been d ra in ed  long since.

A fter some cen tu ries, th e  d iscovery  and  ex p lo ra tio n  of th e  scientific  re su lts  o f an tiq u ity  
and th e ir  fu rth e r developm en t in  th e  R enaissance h as led  to  a bloom ing of n a tu r a l  science in 
all E urope, including our co u n try . Science was m ostly  cu ltiv a ted  in th e  schools ; som e o f th e  m ost 
ancien t o f th em  were th e  U n iv e rsity  of Pozsony, opened in  1467, th e  S árospatak  College, founded 
in  1531 and th e  G yulafehérvár and  o th er colleges in  T ran ssy lv an y . The m ap  o f T ran ssy lv an y  
w as co nstructed  a round  1540 b y  H o n t e r u s , th e  a u th o r  o f a  n u m b er of books on n a tu ra l  h is to ry , 
physical and descrip tive  geography , all in  L a tin . As is com m on in E urope, th e  f i r s t  in d ep en d en t 
books and detailed  descrip tions on physical geography  a p p ea r w ith  th e  X V II. c e n tu ry  also in 
H u n gary . One of such books is th e  “ M edulla G eographiae  P ra c tic a e . . . ”  by  D. F r ö l i c h  around 
1640. These geographical descrip tions in v ariab ly  co n ta in  m ore or less h y d ro g rap h ica l elem ents.

An a b s trac t of all sciences was f irs t  offered  b y  th e  “ H u n g a rian  E n cy c lo p aed ia”  by  J .  
A p á c a i  C s e r i  in  1653. (H u n g a ria n  E ncyclopaed ia , or th e  N eat System  of all T ru e  a n d  Useful 
W isdom  ed ited  in  th e  H u n g a rian  T ongue b y  J .  A p á tca i Tsere. U tre ch t, th e  W o rk sh o p  o f  Jo h a n 
nes W aesberg, 1653). T he sc ien tific  s ta tem en ts  o f  th is  w ork  are  based upon th e  m o st advanced  
ideas o f th e  tim e, those of D escartes. T hus e. g. th e  p henom ena of th e  h ydrosphere  a re  exp lained  
on th e  h and  of th e  C artesian  a tom ic th eo ry . I t  is rem ark ab le  th a t  A pácai does n o t reg ard  th e  
surface of th e  E a r th  from  th e  s ta tic  p o in t o f view  : on th e  co n tra ry , he speaks o f th e  evolution  
of th e  sam e and  a ttr ib u te s  a ce rta in  p a r t  o f surface developm en t to  th e  erosional e ffec t o f w ater- 
flows. (“ T hereafte r new  m o u n ta in s w ere form ed o u t o f th e  trem o rs o f th e  E a r th ,  w hich have  
lifted  up  th e  sam e m ost in ten se ly , and even from  large  o u tb reak s  o f the  w a te rs  w hich  hawe 
devoured and tak en  aw ay som e p a r ts  o f  th e  E a r th .”  (P a r t  7., H /7 .) The p o ly m a th ic  physical 
geography of M. S z e n t i v â n y i  (C uriosora e t selectiora v a ria ru m  sc ien tiarum  M iscellanea, N agy
szom bat 1687) con tains a c h ap te r  en titled  H y d ro g rap h y . I t  p o in ts  ou t th e  rise  a n d  fa ll o f th e  sea 
level, th e  s tream s d irec ted  from  th e  poles to w ard s th e  E q u a to r , correctly  ex p la in s th e  colour o f  
th e  R ed  Sea and  sta tes th a t  th e  sam e is in fluenced  by w ind in ten sity .

In  th e  f irs t  h a lf o f th e  X V III. c en tu ry  physical g eography  took  fu rth e r a d v an c es  in H u n 
gary . H ow ever, as i t  was th e  case in th e  X V II. c en tu ry , foreign influence rem ain ed  in ten se  and 
specifically H u ngarian  ideas w ere scarce. G eography w as read  in a random  m a n n e r  a t  colleges 
and  un iversities , in m ost cases to g e th e r w ith  n a tu ra l h is to ry , e g. a t th e  U n iv e rs ity  o f N agy
szom bat. O f th e  m u ltitu d e  of nam es th a t  o f  J .  A. S e g n e r  is to  be m entioned. T h e  n o ted  n a tu ra l 
sc ien tist, th e  in v en to r o f th e  Segner-w heel f irs t  ta u g h t in  Debrecen, then  in J e n a , Göttingen  and 
W eimar. He has also published  several books on physical geography , in L a tin . —  T h e  lec tu res  
o f M . B él inspired  by a sc ien tific  w ay o f th in k in g  and  by  th e  idea  of evolution .

T he f irs t phvsical g eography  in  H u n g a rian  w as w ritte n  by  J .  M o l n á r  : “ O n th e  P heno
m ena of N a tu re  a fte r N ew ton . S ix Books. Pozsony and  K assa , 1777” . In 1771, J .  H o r v á t h  
p o in ts ou t correctly  th a t  p re c ip ita tio n  has to  be f irs tly  considered  w hen en qu iring  in to  th e  origin 
o f springs. O f th e  L a tin  m an u a ls  th a t  o f T o m k a  and  S zÁ K Y  is th e  m ost w idely used  th ro u g h o u t 
a long tim e.

A t th e  end of th e  X V III. c en tu ry  we n o te  an im p o r ta n t change, nam ely  t h a t  H ungarian  
physical geography becom es, th ro u g h  th e  ap p lication  of th e  ever w idening m a te r ia l  o f re la ted  
disciplines, a p rag m atic  science w ith  new , positive  w ays o f th o u g h t. This new  p ro g ress is also 
observed in th e  work of tw o excellent geographers a t  th e  beginning of th e  X IX . c e n tu ry , V a r g a  
and K a t o n a , who published , am ong o th ers , also a g re a t n u m b er o f in d ep e n d en t hydro log ical 
observations and ideas.

A lthough M. V a r g a  and  M. K a t o n a  have been th e  f irs t  to  represen t in te g ra l (hologaeic) 
geographic science, even p rio r  to  th e  w ork of H u m b o ld t, th e ir  nam es have re m a in e d  unknow n



170 E. NÉMETH

b e fo re  th e  w orld , as th e ir  w orks w ere  published in  H u n g a ria n  on ly . B oth  of th em  are  regarded  
as r a n k in g  am ong th e  best H u n g a r ia n  geographers of all tim e s , b e in g  th e  founders o f specifically  
H u n g a r ia n  physical geography .

T h e  book  of M. V a r g a  w as p u b lish ed  in  1808 in  N a g y v á ra d . A ccording to  i ts  a u th o r  th e  
su rfa c e  o f  th e  E a rth ’s stab le  c ru s t  is  m oulded  by  th e  scouring  a c tiv ity  of rivers , w eath e rin g  b y  
f ro s t  a n d  inso lation , and th e  e ro siv e  w o rk  of ra in , snow , w in d  a n d  waves. T hus he  p o in te d  ou t 
a m o n g  th e  f i r s t  in  the  world th e  a c t iv i ty  of exogeneous forces.

H is  w o rk  exerted a g rea t in flu e n ce  upon  his c o n tem p o ra ry , M. K a t o n a , w hose p o sth u m o u s 
book  e n ti t le d  “ Common p h y sical g e o g rap h y ”  appeared  in  P e s t ,  in  1824, 24 years p rio r  to  H u m 
b o ld t’s b o o k  “ Kosmos” . T he a u th o r  ex pounds in  de ta il t h a t  th e  changes o f th e  te r re s tr ia l  s u r 
face  a re  re su lts  of the com posite a c tio n  o f in te rn a l and  e x te rn a l forces. Springs a re  classified  as 
p e rm a n e n t  a n d  tem porary  ones a n d  th e  volcanic orig in  o f  geysers is po in ted  ou t. S p rin g s a n d  
w a te rflo w s are  said to  derive fro m  p rec ip ita tio n . The su b te rra n e a n  w aterw ays p o s tu la te d  b y  
D e sc a r te s  a n d  Varenius are  re fu te d .

M . V a r g a  and M. K a t o n a  c a n  b e  regarded as th e  p io n eers  o f th e  idea  of flu v ia l erosion . 
T h e y  h a d  propounded  theero sio n al o rig in  of river valleys 50 y e a rs  before R ü t i m e y e r  a n d  B e e t e  
J u k e s  a n d  ta u g h t  th is in a tim e  w h e n  n e p tu n is ts  regarded  v a lley s as th e  im p rin ts  o f th e  deluge, 
p lu to n is ts ,  o n  th e  o ther h an d , as b re a k s  of th e  te rre s tria l c ru s t.

K a to n a  has w ritten  in  1824 o n  f lu v ia l erosion as follow s : “ th e  w atercourses, as long as 
th e y  f lo w  be tw een  hills, a d a p t th em se lv es  to  th e  w indings o f th e  sam e, w hereas on  th e  p la in s 
th e y  d ig  th e i r  beds them selves. T h e y  d ig  in to  the  e a rth  d eep  a n d  w ide, as long as th e ir  forces 
b eco m e e q u a l to  the  resistance. H en ce  th e  m anifold sn akelike  w in d  of w atercourses” . . . “ L ow er 
t e r r a in s  a re  filled  up by  stream  w a te r .”  C onsequently, K a to n a  w as av are  of th e  erosive an d  filling  
a c t iv i ty  o f  r iv e rs  as well as o f  in c is iv e  an d  la te ra l erosion. O n k a rs tic  erosion he w ro te  : “ The 
in n e r  p a r t s  o f  th e  E a rth  co n ta in  m a n y  holes and cavities, m o st o f  th em  being found  in  lim estone  
m o u n ta in s ,  as p a rts  of the  l a t te r  a re  m o st read ily  dissolved b y  w a te r .”

K a t o n a  tau g h t th a t  th e  s t re n g th  o f stream  w a te r d ep en d s a )  on th e  “ m uchness” , b ) on 
th e  v e lo c ity  o f  th e  same. V elocity  he considered  to depend on  th e  slope and  th e  p ressure  o f w ater- 
T h e re fo re , th e  same effect m ay  lie a t t r ib u te d  to a riv er o f  sm alle r discharge flow ing dow n a  m ore 
in c lin ed  s lope  and  to  an  a b u n d a n t r iv e r  dow n a slighter slope. H e also s ta ted  th a t  “ th e  v e loc ity  
o f  r iv e rs  is  com m only greater a t  th e  m id d le  th a n  a t the  sho res” . H e  considered v a lley  gorges th e  
re su lts  o f  to rren tia l erosion.

W ith  K a to n a  ended th e  p e r io d  o f  hydrography  b ased  solely upon  geographic desc rip tio n  
a n d  in  th e  X IX . century  th e  f i r s t  h y d ra u lic  engineers a p p e a re d  w ho looked a t  th e  hyd ro g rap h ic  
p ro p e rt ie s  o f  th e  H ungarian  c o u n try  w ith  active in te rference  in  m ind . The f irs t  p u rpose  of th e ir  
a c t iv ity  w a s  to  im prove th e  w a te r  econom y of the  G reat H u n g a r ia n  Basin.

T h e  Great Hungarian B a s in  i n  th e  centre  of th e  C a rp a th ia n  Chain is a  p la in  o f rough ly  
100 000 sq . k m , form erly sy s te m a tic a lly  in u n d ated  by  floods. T h e  area  lorded b y  th e  floods of 
th e  D a n u b e , T isza  and o ther la rg e r  r iv e rs  can  be estim a ted  to  ro u n d  38 7000 sq. km , an d  22 900 
sq. k m  o f  th is  area was covered b y  perm anent swamps. U n d e r  such  c ircum stances th e  b asic  con
d itio n  fo r  th e  developm ent o f a g r ic u ltu ra l  production , fo r th e  ev o lu tion  of an  u p -to -d a te  tr a n s 
p o r ta t io n  n e tw o rk  : in sho rt, fo r  p ro sp e r ity  b o th  cu ltu ra l a n d  econom ical was th e  c rea tio n  of 
w o rk s o f  defence against w a te r  d a m a g e  ; th e  building of f lo o d  p rev en tio n  dam s along th e  riv ers  
o f  th e  p la in s , th e  drainage o f sw am p s, r iv e r  regulation  to  fa c ili ta te  th e  dow nflow  of floods and 
w in te r  ic e , th e  construction of c h an n e ls  to  d ra in  excess s ta g n a n t  w a te r  of p a r ts  o f th e  p la in  and 
th e  c o n s tru c tio n  of pum p s ta tio n s , e tc .

H o w ev e r, as th e  c o u n try  w as fo r  several centuries a n  e a s te rn  o u tp o st o f W este rn  cu ltu re  
a g a in s t  O sm an li im perialism , w ag in g  a t  th e  same tim e a  series o f w ars against H ab sb u rg  oppres
sion , t h u s  b e in g  the  scene of a lm o st co n tin u o u s ba ttles , th e  g re a t  sw am ps were ad v an tag eo u s to  
som e e x te n t  as bulw arks o f defence. T herefore d rainage w o rk  o f g rea ter ex tension  w as only 
co m m en ced  in  th e  X V III. c e n tu ry . T h e  hydrological a c t iv ity , one of th e  largest-scale ones in  
th e  w o rld , o f  course necessita ted  th e  co llection  of h y d ro g rap h ic  d a ta . This is th e  reason  w hy 
H u n g a r ia n  hydrographic  resea rch  c an  look back  to  such a  r ic h  p a s t.  T he beg inn ing  in  1782 of 
th e  s y s te m a t ic  education o f en g in eers  a t  th e  Institu tum  Geometric-Hydrotechnicum  [1] h a s  also 
c o n tr ib u te d  to  th is  evolution. —  I t  w a s  th e  m erit of th e  ex ce llen t Professor o f th e  U n iv ersity , 
K . H a d a l y  (1743— 1834) to  h a v e  w r i t te n  th e  f irs t H u n g a ria n  book  on hydro logy  [2].

T o  com m ence w ith  g re a t h y d ra u lic  works, a sy s te m atic  hydrograph ic  su rv ey  w as f ir s t  
o f a ll n e ce ssa ry . As a m a tte r  o f  f a c t ,  a  deta iled  m ap o f th e  D an u b e  has been p re p are d  m uch  
e a rlie r  (1699— 1726) by  th e  G enera l F e r d i n a n d  A. M a r s i g l i  e n title d  “ M appa generalis in  que 
D a n u b ii  F I. Caetium  M ontem  in te r  e t  B ulgáriáé F lum en  J a n t r a m  in te rcep ti T rac tu s  in te g e r 
in  su b s e q u e n tib u s  X V III. sec tio n ib u s  divisim  specialissim e exh ibendus re p re se n ta tu r” . —  
II  o w ev er, th is  m ap, a lthough show ing  th e  detailed g round  p lan  o f th e  river before reg u la tio n
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-was co n stru c ted  for m ilita ry  purposes and  lacked  som e im p o rta n t in fo rm atio n  as re g a rd s  riv er 
re g u la tio n . T here  w ere also m aps p rep ared  fo r c iv ilian  purposes, such as th e  one o f  S. M i k o v i n y  
o n  th e  Csallóköz an d  on p a r t  o f th e  r iv e r be tw een  P est a n d  B aja , m ad e in  1735 to  1750, fu r th e r  th e  
m ap  o f th e  engineers R u t t k a y  an d  B a l l a  from  1766 on th e  riv er beach  b e tw een  P o m áz  and 
S zen ten d re . These d id  n o t, how ever, com prise th e  en tire  H u n g a rian  section  o f  th e  D an u b e  
a n d  therefo re  could n o t serve as bases for a  com prehensive p lan  of reg u la tio n . O n th e  o th e r 
h a n d , m aps of th e  T isza  an d  o th er r iv e rs  w ere com plete ly  lacking. T herefore, in  th e  course  o f th e  
“ D a n u b a  M appation” , en ac ted  b y  law  in  1814, com prising  900 kins o f th e  course  o f th e  r iv e r, 
n o t  on ly  situ a tio n  p lan s w ere d raw n  (2535 m ap  segm ents to  scales 1 : 3 600 and  1 :7  200) b u t  also 
cross- an d  long itud inal sections (de term ined) (362 an d  119 draw ings, respectively) a n d , m oreover, 
e ffo rts  were m ade to  de lineate  th e  reg im en o f th e  s tream . T he f irs t  w a te r  gauges w ere  e s ta b 
lished  from  1823 on in  connection  w ith  th is w ork; th e  observers had  to  no te  beside  w a te r  stages 
also ice conditions in  w in ter-tim e . U pon  th is  tim e  fell th e  f irs t  m easu rem en ts o f w a te r  d ischarge 
w ith  th e  W oltm ann  propeller as well as th e  d e te rm in a tio n  of th e  f i r s t  w a te r  d isch arg e  curves. 
I t  w a s  in  th e  course o f th is  w ork th a t  th e  rope-suspended  W oltm ann  propeller w as u sed  f i r s t  in 
th e  w orld , and on th e  h a n d  of these  re su lts  could P . V á s á r h e l y i  èxpress in  1845 th e  op in ion  
th a t  th e  velocity  d is tr ib u tio n  along v e rtica ls  m ay  be rep resen ted  by  a v e rtica l-ax is  p a ra b o la  [3]. 
T h e  w idely  know n m easurem en ts o f H u m p h r e y  an d  A b b o t t  on th e  M ississippi w e re  published  
on ly  16 y ea rs  la te r , in  1861 [4].

T he survey  o f th e  T isza  r iv e r w as c a rried  o u t betw een  1833— 46 w ith  s im ilar tho ro u g h n ess 
(1026 m ap  sections to  scale 1 : 7 200, 1896 cross- and  d e ta iled  lo n g itud inal sections).

F o r th e  sake of com pleteness we m en tio n  th e  m onograph  of Professor A b e n s t e i n  on the  
ice  conditions o f th e  D anube  be tw een  1847 an d  1850, w hich served as an  exam ple  fo r th e  collec
tio n  o f ice d a ta  decreed fo r th e  en tire  H ab sb u rg  m o n arch y  in  1850 [5]. T he f i r s t  o b se rv a tio n s  on 
g ro u n d  w a te r were m ade in  1864 [6]. T he f i r s t  series o f w a te r tem p era tu re  m easu rem en ts  da te  
f ro m  1866 [7], th e  m ost an c ien t analyses on  th e  chem ical com position and su sp en d ed  lo ad  of 
D a n u b e  w a te r  from  1872 [8].

As regards h y d ro m e try , i t  has  to  be p o in ted  o u t th a t  th e  b ifila r suspension o f th e  W o lt
m a n n  propeller [9] as w ell as th e  in te g ra tin g  m easu rem en t along vertica ls w ere f i r s t  u sed  b y  th e  
H u n g a rian  J .  R É V Y  in  th e  course o f  th e  h y d ro g rap h ic  survey  o f th e  P a ran a  R iv e r in  1870— 71 ; 
a n d  fu r th e r  th a t  I. H o r v á t h , Professor o f th e  T echnica l U n iversity  of B u d a p es t, w as th e  f irs t  
to  u se  an  electric  re g is tra tio n  a p p a ra tu s  in  h is flood velocity  m easu rem en ts on  th e  D an u b e , 
M arch  1876 [11]. W e have  to  record  fin a lly , th a t  J .  K v a s s a y ,  th e  organ izer an d  h e a d  o f H u n g a 
r ia n  hy d rau lic  engineering  service also c o n tr ib u ted  to  th e  developm ent of h y d ro m e try  w ith  a 
th eo re tic a l p ap er p u b lished  in  1877 [12].J

2. The activity o f  the H ydrographic Department (V ízra jz i O sztály)<■

The hydrographic work and observations described in the chapter above 
were partly carried out by the river conservancy service, partly b y  individual 
workers most o f them  professors o f the Budapest U niversity. It m ay be stated  
especially concerning the latter category that although some of it was doubtlessly  
high ly  im portant pioneer work, it gave no more than fragm ents o f inform ation  
as to  the hydrography o f the country and by no means could substitute system 
atic and organized hydrographic survey.

It was by the 1879 and 1881 floods o f the Tisza River that atten tion  was 
called to the necessity of such organized hydrographic work. The first o f the 
floods swept away the great town o f Szeged ,, the latter one inundated 225 000 
hectars of land. The governm ent resolved to establish a central bureau o f hydro
graphy to further the work of river regulation. This bureau com m enced work 
in  1886 as the Departm ent o f Hydrography of the M inistry o f Traffic and 
Public Works.*

*Its nam e w as changed in 1891 to “ D e p a rtm en t o f H ydrography  of th e  M in is try  o f A gri
c u ltu re ” , and la te r , in  1931, to “ Institu te  o f  Hydrography” . This nam e rem ained  u n t il  1952.
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The purpose of the institu tion  was “ to collect the data necessary for river 
regulation , flood prevention, water utilization and shipping, to measure lacking  
hydrographic data and to evaluate and publish above nam ed” , and further 
“ to determine all of those factors which influence the alteration of river beds, 
as w ell as their in terrelations, so as to supply com plete information about the  
nature and functions o f  our rivers and the laws to w hich they are subject” [13].

H ydrographic in s t itu t io n s  o f th e  same scope an d  sc ien tific  program m e were exceedingly 
scarce  a t  th a t  tim e. T he f i r s t  h y d ro g rap h ic  o rganization  of th e  w o rld , th e  Service H y d rom étrique  
d u  B ass in  de la Seine (1854) w as re s tr ic te d  to  th e  s tu d y  o f a  single d rainage  area. T here  w ere 
no  m o re  th a n  four coun tries possessing  all-com prising h y d ro g rap h ic  in s titu tio n s , nam ely S w itzer
lan d  (1870), Russia (1874), B o h em ia  (1875) and the  G ran d  D u ch y  of B aden (1883).

A t the  tim e of o rg a n iz a tio n  o f  the  new in s titu te  th e re  w ere 140 gauges observing w a te r  
lev e l conditions. One of th e  f i r s t  th in g s  to be done w as to  o rgan ize  a m ore close-spaced n e tw o rk  
o f w a te r  level and p re c ip ita tio n  o b se rv atio n  posts to g e th e r  w ith  th e  te legraphic  rep o rtin g  o f 
o b se rv a tio n s  (1889). T eleg rap h ic  rep o rtin g  com prised beside  th e  d a ta  o f m ore im p o rta n t w a te r 
g au g es also om brom etric  d a ta  an d  th e  values of air te m p e ra tu re  a t  th e  tim e  of th e  spring  snow 
m e lts  [14]. D ata  were p u b lish ed  u p  to 1898 in ta b u la te d  fo rm , thence  daily  on lith o g rap h ed  
m a p s . T he “ D aily W ater-lev el M ap”  is a special bu lle tin , th e  64. vo lum e of w hich is u n d e r p u b li
c a t io n  a t  present. I t  shows in  m a p  fo rm  the  m orning w a te r  s tag e  conditions of th e  D anube  and  its 
t r ib u ta r ie s  as well as th e  p re c ip ita tio n  of th e  last 24 h o u rs , th e  th ick n ess of snow cover an d  th e  
ice  co n d itio n  of rivers in  th e  w in te r  an d  a ir tem p era tu res  in  th e  sp ring  ; i t  gives the  d a ta  o f sh ip 
p in g  w a terw ays (w ater d e p th  a t  fo rd s , bridge clearances, e tc .), th e  m eteorological and h y d ro m etric  
fo rec a s ts  and —- for the  sake  o f com parison  — the h ig h est a n d  low est w a ter levels h ith e rto  o b 
se rv ed  a t  th e  ind iv idual w a te r  gauges. The m ap is c o n s tru c te d  on th e  han d  of te leg raph ic  in 
fo rm a tio n  arriv ing  in  th e  m o rn in g , m im eographed a ro u n d  n o o n  an d  delivered to  th e  in te res ted  
agencies in  B udapest in th e  e a rly  a fte rnoon . The o rg an izatio n s in  th e  co u n try  o b ta in  th e  m ap  per 
p o s t. ( In  1920 to 22 th e  m ap s  p re p a re d  by  the  H u n garian  H y d ro g ra p h ic  Service were ed ited  w ith  
F re n c h  captions by  th e  A llied , l a te r  In tern a tio n a l D an u b e  C om m ission. T he Y ugoslav  an d  
R o u m a n ia n  H ydrographic S erv ices e d it  en tirely  sim ilar m ap s since th ey  have been estab lished  
a ro u n d  th e  tw enties. In  1944 th e  H u n g arian  exam ple w as also follow ed for some tim e b y  th e  
V iennese  D irectorate of W a te rw ay s ).

A n o th er im p o rta n t ta s k  w as th e  realization of flood  fo recasting . In  o rder to  e stab lish  
th e  n ecessary  references, th e  w a te r  stages observed in  th e  la s t  10 y ears on all w ater gcuges in  th e  
c o u n try  w ere transform ed in to  th e  m etric  system  and  p u b lis h e d  in  p r in t. T his has been  done 
e v e ry  y e a r  since and th u s  th e  co m p le te  observation  m a te r ia l  o f  th e  H u n g arian  w a ter gauges is 
accessib le  in  p rin t since 1876 : th is  is ano ther feature  n o t  m a n y  of th e  E uropean  coun tries can  
b o a s t  of. T he m ethod of flood  fo recastin g  was elaborated  b y  th e  f i r s t  H ead of the  H y d ro g rap h ic  
D e p a r tm e n t,  J . P é c h  [15]. In  1889 th e  p rediction  of th e  c rest o f  floods one to  e ight days in  a d 
v a n ce  h as  begun on th e  basis o f  te leg rap h ed  reports. I n  th e  ’n in e tie s  forecasts for 24 to  48 ho u rs  
w ere  reg u la ry  published for 20 o f th e  D anube gauges an d  s tu d ie s  were un d er w ay concerning 
lo n g -d is tan ce  forecasting. T h u s  th e  re la tio n  betw een w in te r  p re c ip ita tio n  and th e  spring  flo o d s 
o f th e  T isza  were in v estig a ted  b y  Ö. B o g d á n f y . The sam e a u th o r  h a s  w ritte n  th e  f irs t  H u n g a rian  
m o n o g rap h  on hvdrology a n d  also a handbook  on th e  h y d ra u lic  in v es tig a tio n  of n a tu ra l s tream s 
[16].

I t  w as also in 1889 th a t  th e  developing of a n e tw o rk  o f levelling  bases for th e  H ydrological 
D e p a r tm e n t has begun. T o d e te rm in e  th e  a ltitudes o f  613 f ir s t-o rd e r  level bases along th e  m ain  
s tre a m s  4016 kms of h igh -p rec is ion  levelling were c a rried  o u t u p  to  1896. T he average e rro r per 
k ilo m e te r  was com puted to  be  i  0 ,56 m m  [17]. This n e tw o rk  w as com pleted b y  th e  seeond- 
o d er levelling of the  p a irs  o f so-called  profile stones, d es ig n a tin g  th e  localities o f reference 
cross-sec tions of the  riv ers . T h e  p o in ts  described above  serve  as bases for th e  deta iled  re -su r
v ey in g  o f  th e  rivers, carried  o u t  a t  rep ea ted  in te rv a ls  b y  th e  H y d ro g rap h ic  Service.

T h e  detailed m ap of th e  T isza  R iver w ith 1 : 25 000 scale s itu a tio n  p lans, 1 : 20 000/1 : 100 
lo n g itu d in a l and 1:1 000/1:100  cross sections, conta in ing  b esides th e  d a ta  of th e  m app ing  of 1889 
to  1891 those  of the  f irs t  d e ta ile d  su rv e y  of 1834 to 1841, w as pub lish ed  from  1898 to  1902 in  a 
m u ltico lo red  edition. (A second  e d itio n , corrected a fte r th e  d a ta  o f  th e  1929/31 su rvey , was g iven  
in  1935). T he detailed 1 : 25 000 a n d  1 : 5 000 ground p lan s  a n d  cross and  lo n g itud inal sections 
o f th e  D an u b e  were edited  1905 to  1915 by  th e  H y d ro g rap h ic  S erv ice , on th e  basis o f th e  1899—  
1908 su rv ey . A 1 :150 000 b a th y m e tr ic  ch art of Lake B a la to n  w as p rep ared  in  1894/95. O f course
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th ere  is a m uch rich er m an u sc rip t m a te ria l o f con tinuously  co rrec ted  river-bed records, com prising  
also th e  m ain  tr ib u ta r ie s  o f D an u b e  and  Tisza. T his m a te ria l  also contains th e  resu lts  o f p e r io d 
ically  rep ea ted  f ix a tio n s  o f flood and sm all w ater stages. T im e  and again deta iled  d esc rip tio n s 
o f th e  rep ea ted ly  resu rv ey ed  levelling  base net are  p u b lish ed  b y  th e  H ydrological Service.

In  th e  realm  of w a te r  d ischarge and  velocity  m easu rem en t th e  work covering  m ore th a n  
th ree  decades of S. H a j ó s  is o f in te rn a tio n a l significance. B eside  th e  velocity-m easuring  p ropeller 
nam ed  a fte r him  —  ad o p ted  in  th e  period  before W orld W a r I .,  b y  the  H ydrological Serv ice  of 
R ussia , am ong o th ers  —  he has designed a num ber o f o th e r  in s tru m e n ts  (a p n eum atic  bed  section 
trace r, se lf-reg istrating  gauges o f several types, a so-called in teg ra tin g  flo a t for low -veloc ity  
m easurem ents, e tc .) I t  was he who developed the  m ethod  o f d e ta iled  m easurem ent —  a perfec ted  
version  of th e  in te g ra tin g  m eth o d  along verticals —  for w h ich  he constructed  an  e lectric  device 
recording th e  ra te  o f low ering of th e  propeller by  th e  rope o f a  w inch [18]. H is ingen ious device 
for ca lib ra tin g  propellers is also o f in te res t.

To t r y  ou t and  co m pare  new  in stru m en ts  and  m e th o d s  a g rea t num ber o f e x p e rim e n ta l 
m easurem ents w ere c a rried  o u t by  th e  H ydrograph ic  D e p a rtm en t. O f the resu lts  th e  check ing  
of p ropeller v e loc ity  m easu rem en ts  by  im m ediate  vo lum e d e te rm in a tio n  on a ta n k  filled  w ith  
th e  p ropeller in  th e  opening  has to  be em phasized, besid es th e  establish ing  of e ffec ts o f w a ter- 
level change upon  w a te r  d ischarge. T he “ flood loop” d e te rm in e d  w ith  a series of m easu rem en ts  a t 
T iszapüspöki a t th e  tim e  of th e  1895 sp rin g  flood of th e  T isza  R iv er became a classical ex am ple  
in  w orld  lite ra tu re .

S. H a j ó s  k e p t in  close to u ch  w ith  all sign ifican t h y d ro g rap h e rs  of his tim e  a n d  also p u b 
lished a num ber o f papers in  foreign  jou rn a ls  [19]. In  1906 he sum m arized  the rich  h a rv e s t o f his 
experim en ta l and research  w ork  in a handbook e n titled  H ydrom etry  [20]. The acknow ledgem ent 
o f  in te rn a tio n a l p rofessional circles was brough t to  him  b y  h is election to V ice-P residen t o f the  
A ssem bly of th e  heads o f  C en tra l E uropean  h y drograph ic  in s titu tio n s , on the  th resh o ld  o f W orld 
W ar 1 [2 1 ] . In  th e  tw o-volum e H y d ro m e try  [22] o f P ro fesso r K o l u p a i l a , H ajós is  m en tio n ed  
as one of th e  g re a te s t o f  h is  profession , w ith his p o r tra it  a n d  a  nu m b er of draw ings o f his in s t ru 
m ents.

T he valuab le  h y d ro m e tric  trea tise  of Professor J .  W e i s s m a h r  on th e  sources o f e rro r in 
h y d ro m etric  v e lo c ity  d e te rm in a tio n  was published in  th e  la s t  y e a r o f W orld W ar I [23].

As regards bed-load d e te rm in a tio n , the  su rv ey  o f th e  bed m ate ria l o f th e  T isza  R iv er 
com prising  th e  e n tire  len g th  o f th e  stream  has to  be m en tio n ed . I t  was carried  ou t in  connection  
w ith  th e  rived-bed  to p o g rap h y  su rv ey  of 1891. Suspended  lo ad  of th e  river was in v e s tig a te d  in 
1901 on w a te r sam ples collected  every  five  days in four p rofiles.

M ention h as to  be m ade  of th e  detailed in v es tig a tio n  in to  th e  w ater household  o f four 
d iffe ren t p la in , h illy  an d  m o u n ta in o u s drainage areas se lec ted  for th is  purpose, c a rried  o u t  by 
th e  H y d rograph ic  D e p a rtm en t betw een  1901 and 1905.

Of th e  s tud ies im m ed ia te ly  connected w ith  p ra c tic a l app lications of w a te r  econom y the  
de ta iled  survey ing  o f th e  w a te r  pow er resources o f th e  c o u n try  is of special in te re s t. T h is  w ork 
fell betw een 1897 an d  1903 an d  com prised more th a n  200 w atercourses. In th is connection  longi
tu d in a l profiles o f  valleys w ere constructed  in  th e  len g th  o f 10 600 k ilom eters and  m ore th a n  
1600 special w a ter d ischarge m easu rem en ts were m ade in  463 profiles. This was th e  f ir s t  c o u n try 
wide w a ter pow er cap ac ity  su rv ey  in  E urope, encom oassing  an  area of 180 000 sq. k m  [25J. 
T he problem  of irrig a tio n  w a te r  consum ption  was also su b jec ted  to  detailed  s tu d ies  (1897— 
1901). T he a c tiv itv  described above was com pleted by  a  n u m b er o f s ta tis tica l s tud ies on floods 
and flood p ro tec tio n  w orks, a set o f m aps serving pu rp o ses o f shipping, riv er re g u la tio n  and 
hvdrological research , as well as m easurem ents, s tu d ies  a n d  e x p ert opinions on an  enorm ous 
d iversity  o f w a te r problem s.

3. H ydrological activ ity  o f  other institu tion s

T he huge field  o f w ork  of hydrology was cu ltiv a ted  — a t least in  some respec ts —  beside 
th e  D ep artm en t o f H ydro logy  by  a num ber of o th e r in s titu tio n s .

In  th e  f i r s t  p lace th e  H ungarian Meteorological In stitu te , founded in 1870, has to  be  nam ed . 
T he w ork of th is in s t i tu te  w as preceded by  some sv s te m atic  m eteorological o bservations m ad e  as 
early  as th e  beginning of th e  X V IIÍ. cen tu ry , B u dapest h a v in g  been the  E aste rn  o u tp o s t o f  the  
f irs t  European o b se rv atio n  ne tw o rk  of 37 sta tions, fou n d ed  by th e  Societas Meteorologien Palatina  
in 1779. I t  was also in B u d a p es t th a t  p rec ip ita tio n  m easu rem en ts  have heen com m enced in 1782. 
H ow ever, it is on ly  since 1871, th e  founding of th e  M eteorological In s titu te , th a t  a c o u n try 
wide observation  ne tw ork  can  be spoken of. T he f irs t  p re c ip ita tio n  m ap, d a ted  from  1885, was
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p r im it iv e  enough, b u t o m b ro m e try  took  a qu ite  ra p id  developm en t a fte r 1886 w ith  th e  m a te ria l 
a n d  sc ien tific  assistance o f th e  H ydrograph ic  D e p a rtm e n t. T hus, the  p re c ip ita tio n  m ap  of A . 
A n d e r k Ó could be based  upo n  th e  series o f th e  th ir ty -y e a r  span  1871— 1900. T h e  tw o -v o lu m e  
C lim ato logy  (1907— 1909) o f Zs. R ó n a , giving a d e ta lied  m onography of all m eteoro log ica  1 
e le m en ts , w as a p referred  h an d b o o k  th ro u g h o u t a long  tim e.*

T h e  subsurface w a ters , especially  the  a rte sian  ones, explored  by  a large n u m b er o f  d rillin g s> 
w ere  s tu d ie d  by  th e  State Geological Institu te , e s tab lished  in  1869 ; of course, a g re a t d eal o f  in 
fo rm a tio n  was also collected a t  th e  geological in s t itu te s  o f  th e  U niversities. T he m a in  sources 
o f geological d a ta  concerning H u n g a ry  are th e  Y earbooks and  o th er editions o f th e  G eological 
I n s t i tu te  an d  th e  Geological B u lle tin  (F ö ld tan i K özlöny), s ta r te d  in 1872 ; th e  M in ing  an d  Me
ta llu rg ic a l Jo u rn a l (B án y ásza ti és K o h ászati L apok) since 1868. The f irs t geological m ap  of th e  
c o u n try  w as draw n by  L . L ó c z y  sen. (1 : 900 000) ; th e  hydrological m ap of Ö . B o g d á n f f y * 
show ing  superficial pe rm eab ility  v a lues, was c o n stru c ted  on th e  basis o f L óczy’s m ap  (1901).

H ydro logy  was in ten se ly  cu ltiv a ted  also b y  H u n g a ria n  geographers, th e  m ore since th e  
G eo g rap h ica l In s titu te  of th e  B u d a p es t U niversity  w as led  th ro u g h  several decades b y  sc ien tis ts  
w hose b asic  tra in ing  had  been  in  engineering , nam ely  L .  L ó c z y  sen. and J .  C h o l n o k y . T h e  f i r s t  
one o f th e m  was led chiefly  b y  geological p rincip les in  h is w ork, a lthough his c o n tr ib u tio n s  to  
h y d ro lo g y  hav e  also been g re a t | 26]. To Cholnoky, w ho w as held by  his co n tem p o ra ries  to  be  
th e  m o s t active  H u ngarian  g eo grapher o f the  f irs t  p a r t  o f th e  X X . cen tu ry , we w ill com e b a c k  
la te r ,  as h is ac tiv ity  was con tin u ed  also in  th e  period  b e tw een  th e  two W orld W ars.

T h e  Hungarian Geographical Society, founded in  1872, served hydrology p a r tly  by  its 
jo u rn a l (F ö ld ra jz i K özlem ények, G eographical Jo u rn a l)  an d  p a rtly  by  special ed itio n s. M ost 
e m in e n t o f  th e  la tte r  is th e  22-volum e m onograph e n tit le d  “ The results o f  the sc ien tific  study o f  
Lake  B ala ton” , contain ing  a w hole volum e on h y d ro g rap h y  (w a ter household, level o sc illa tions, 
ice con d itio n s, etc.).

L im nological problem s hav e  been  studied  a t  th e  H ungarian  E xperim ental In s titu te  fo r  
Ichthyobiology and Seivage Control (1906).

H ydro logy  being th e  b o rd e rla n d  of a n u m b er o f d iffe ren t disciplines, i t  is n a tu ra l  th a t  
th e re  sho u ld  be a g reat n u m b er o f o th e r  scientific in s titu tio n s  whose work has h ad  som e bearing  
on  th e  hydro logy  of our co u n try . I t  is alm ost im possible to  give a com plete list of all th ese  ach iev e
m e n ts  a n d  th u s  in  th e  follow ing we will nam e on ly  th e  social organizations an d  jo u rn a ls  n o t  
m e n tio n ed  above. The f ir s t  one of th em  is th e  H ungarian  A cadem y o f Sciences fo u n d ed  in  1825 
a n d  th e  Society fo r  the C ultivation o f  N atural Sciences, w h ich  h as grown ou t of th e  fo rm er in  1841 
a n d  e d ite d  th e  Journal o f  Science (T erm észe ttu d o m án y i K özlöny), since 1869, th e n  th e  H unga- 
.iian Geological Society (1950) an d  its  D ivision  o f  H ydrology , the  predecessor o f th e  H ydrological 
Society , w hose Journal o f  Hydrology  (H idrológiai K özlöny) has ju s t  celebrated  its  fo r t ie th  a n n i
v e rs a ry  ; th e  Society o f  H ungarian  Engineers and Architects (1867) and its Journa l, e tc . L a s t b u t  
n o t  le a s t  we m ention  th e  official period ical of th e  Hydrological Service, th e  V ízügyi K özlem ények  
(H y d ra u lic  Proceedings) w hich  has published  m ost o f th e  resu lts  of engineering h y d ro logy .

II. The cultivation o f hydrology in the period between the World Wars

T h e  peace trea tie s  of P a r is  in  1920 b rough t a b o u t im p o r ta n t a ltera tions in  th e  course o f 
o u r f ro n tie rs  and caused a crucia l change in  the  co u n try ’s life, th e  consequences o f w hich  th o ro u g h 
ly  in flu e n ce d  hydrological research .

T h e  problem s of w a te r  pow er u tiliza tio n , in  th e  focus of in te res t for th e  la s t  q u a r te r  
c e n tu ry , h a d  to  be p u t off because  H u n g a ry  becam e a f la t la n d  country .

B ecause of th e  lost w a r, th e  re la tive ly  slowly p a y in g  hydrau lic  in v estm en ts  w ere  a b an 
d o ned . H ydro log ical research  th u s  lo s t for a tim e one o f its  d riv ing  forces. R e ite ra ted  econom ic 
crises also ad ded  th e ir  share to  cause a  s tagnation  la s tin g  several years.

T h e  f ir s t  event w o rth  o f n o tice  was the  o rg an iza tio n  of th e  In te rn a tio n a l H y d ro g ra p h ic  
Serv ice  in  th e  D anube B asin  (1924) [27], followed in 1929 b y  th e  in itia tio n  of w ireless h y d ro g ra 
ph ic  re p o rtin g . This excellently  fu n c tio n in g  o rgan ization  can  serve as an  exam ple for h ydro log ical 
co -o p era tio n  in  flood p rev en tio n  an d  shipping on a n y  b ig  in te rn a tio n a l w aterw ay.

P ro b lem s arisen in  co n n ection  w ith  floods p o s tu la te d  th e  im provem ent o f th e  collection  
an d  e v a lu a tio n  of hydrographic  d a ta . In  a paper [29], p re p are d  in  connection w ith  th e  excep
t io n a l flood  of the  D anube, 1927, a f te r  a th o ro u g h  s tu d y  of hydrological facto rs in flu en cin g

*See also the  issue from B. BÉLL in tn is  periodical.
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flood  w a ter discharge an d  th e ir  in te rre la tions, J .  B e n e d e k  developed a th eo ry  w hich  gave 
com plete  exp lanation  of th e  o rig in  and deploym ent o f th is  flood. T he paper m en tio n ed  can be 
reg ard ed  as th e  predecessor o f  th e  m ethod of “ u n it  h y d ro g rap h s” , w hich has becom e w idely 
used  since th a t  tim e. —  C oncerning problem  of gauge co rre la tio n , im p o rta n t from  th e  p o in t o f  
v iew  of flood p ro tec tio n , v a lu ab le  research was c a rr ied  o u t by  P. B e n e d e k  [28].

T he excep tional w in te r  o f 1928— 29 gave a d e fin itiv e  im pulse to  th e  cu ltiv a tio n  o f cryology. 
P ro m p ted  by  th e  p ioneering  d isse rta tio n  of W. L á s z l ó f f y ,  th e  sy s tem atic  s tu d y  of ice co nd itions 
on our rivers was begun [30], and m easurem ent o f snow  cover th ickness w as ex te n d ed  by th e  
M eteorological Service to  th e  en tire  om brom etric  n e tw o rk .

In  search for a w ay  o u t of economic crisis a tte n tio n  becam e focused u p o n  th e  G reat 
H u n g arian  P la in , econom ically  ra th e r  backw ard a t  th a t  tim e . I t  becam e obvious th a t  th e  basin 
can  be helped only by  th e  developm en t o f in ten siv e  w a te r  econom y. The m ain  prob lem s connect
ed w ith  hydrology w ere th e  regu la tion  of s ta g n an t w a te r , irr ig a tio n  and  of fo res ta tio n . All 
these problem s involved  th e  de te rm in a tio n  of th e  p o sitio n  and  oscillations o f g round  w a te r  tab le  
as well as some in tense  research  on hydraulic  p ro p e rtie s  o f soils, p rec ip ita tio n  c o n d itio n s, mode& 
of w ater-sto rage, an d  th e  q u a lity  of w aters availab le  fo r ir r ig a tio n . All th is  w as b eg u n  in  1923 
b y  th e  w orkers of fo res try  research , in  68 d rin k w a te r wells. A fu rth e r ne tw ork  of 150 p ipe  wells 
w as laid  1929 to 1934 b e tw een  D anube and T isza on  th e  in te n tio n  of R o i i r i n g e r , Professor of 

-the Technical U n iversity . T h is  ne tw ork  was ex te n d ed  from  1933 on to  th e  en tire  b a s in  by  the  
H y d ro g rap h ic  Service, so as to  record ground w a te r co n d itio n s p rio r to  th e  large-scale irrig a tio n  
schem es [31]. A t th e  o u tb rea k  of W orld W ar II o b se rv a tio n  was going on in  400 p ip e  wells m ade 
especially  for th is purpose. F o re s try  research has also carried  on im p o rta n t w ork in  de term in ing  
th e  in te rac tio n  of fo rests an d  ground w ater. V aluab le  resu lts  w idely know n in  in te rn a tio n a l 
circles were reached by E . I j j a s z  [32], who ev alu a ted  th e  d a ta  of m ore th a n  one h u n d red  ob 
se rv atio n  posts.

T he purpose of m ore in tensive  ag ricu ltu re  an d  ir r ig a tio n  w as served, am ong o thers , also 
b y  country-w ide pédologie m ap p in g  to 1 : 25.000 scale, w hich  yielded a lo t o f im p o r ta n t  hydro lo
gical in form ation  un d er th e  leadersh ip  of L. K r e y b i g  o f th e  S ta te  Geological In s t i tu te .

To prom ote  ir r ig a tio n  farm ing, the  tw in  jo u rn a l of V ízügyi K özlem ények, th e  Öntözés
ügyi Közlemények  (Jo u rn a l o f Irrig a tio n ) was s ta r te d  in  1939 u n d e r th e  ed ito rsh ip  o f E . N é m e t h . 
T he six volum es of th is  jo u rn a l  have devoted am ple space to  hydro log ical p u b lica tio n s beside 
th e  ex tended  field o f irr ig a tio n . Especially valuab le  w ere from  th e  hydrological p o in t of wiew 
th e  papers o f L. M a d o s  on w a te r  storage and th e  q u a lity  o f g round w aters [33], th e  resu lts o f 
G. R e p p - N o w o s a d  ab o u t th e  w a ter household of vegeta tion -covered  soils [34] ; a n d  th e  hydro- 
g raphical investiga tion  of th e  Bureau o f  irrigation  in to  prob lem s of w a te r  su p p ly  o f th e  T isza- 
lök irrig a tio n  system , especially  th e  com puta tions o f E . M o s o n y i  to  de term ine  b ack  w a te r su r
face a lte ra tions to  be e ffec ted  by  the  T isza weirs [35]. T o fu r th e r  p rep ara tio n s for m ore  in ten siv e  
w a te r  exp lo itation  th e  scope of th e  H ydrographic  Y earb o o k  (V ízrajzi É v k ö n y v ) w as g radually  
increased  since 1930. U p to  th a t  tim e it con ta ined  on ly  w a te r  stages, since th e n  freq u en cy  and 
d u ra tio n  curves were ad d ed  beside bed profiles a t  th e  gauge s ta tio n s, discharge g rap h e  and  hydro- 
m eteorologic in fo rm ation . —• T he M eteorological In s t i tu te  p repared , in com pliance w ith  in te r 
n a tio n a l agreem ents, c lim atic  tab les and m aps for th e  y ea rs  1930 to  33, as well as p rec ip ita tio n  
and  d rough t studies in connection  w ith irriga tion  schem es [36]. All these d a ta  w ere evaluated  
b y  F . H a j o s y . I t  was on th e  basis of these d a ta  th a t  E . N é m e t h  could proceed to  d e te rm in e  th e  
specific w ater req u irem en t o f irrigations in  th e  H u n g a rian  B asin  [36].

The in te rac tio n s betw een  tran sp o rt cap acity  a n d  o f th e  tran sp o rted  sed im en t fu rth e r b e 
tw een  th e  bed and bed-load w ere problem s im p o rta n t from  th e  p o in ts of view  o f b o th  irrig a tio n  
and  riv er regu lation . T his se t of problem s was tack led  b y  th e  p ioneering  w ork  o f th e  excellent 
geographer m entioned  abo v e , J .  C h o l n o k y . I t  was he w ho po in ted  ou t f irs t th e  w idely  differing 
dynam ics o f upp er, m iddle- and  lower-sections o f norm al-slope  riv ers  and  who gave  a  sim ple 
an d  in stru ctiv e  physical in te rp re ta tio n  of th e  d ifferences.

In  his deductions he ind ica ted  the  ra tio  o f r iv e r  energy  an d  th e  w ork of load  tra n sp o rt  to 
be  th e  p a ram ete r ch arac te riz in g  th e  dynam ics o f  a r iv e r. I f  th is  p a ram ete r exceeds u n ity , as 
u sua l in  upper r iv e r sections, th e  riv er will a tta c k  i ts  bed  w ith  its  surplus energy , u sing  th e  bed 
load as a tool to  effect v e rtica l erosion. Such r iv e r has upp er-sec tio n  ch arac te r. I f  th e  p a ram ete r 
is around  u n ity , th e  r iv e r is j u s t  able to  carry  its load  in  a  s ta te  o f d y n am ic  eq u ilib ru m , unab le  to  
deepen its  bed, b u t fo rm s m eanders by  a com bination  of la te ra l  erosion and sed im en t deposition. 
Such a river is o f m iddle-section  character. A t v a lu e s  o f  th e  c h a rac te ris tic  p a ra m e te r  less th a n  
u n ity  th e  riv er m u st d ep o sit p a r t  of its  bed-load, in d u cin g  th e  fo rm ation  o f shoals an d  alluvial 
fan s : th is river o f low er section  ch aracte r is ch arac te rized  by  silting  up. T he lo n g itu d in a l p ro file  
o f th e  rivers consists o f an  a lte rn a tin g  series o f reach es o f gentle  and  of steep  s lo p e , th u s  th e  
ch arac te r  o f th e  section  re p ea ts  itselfs ; a t least, th e re  arises th e  possib ility  o f such  re p e titio n .
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C h o ln o k y  has also po in ted  o u t w h y  th e  m eandering  “ b a s ta rd ” b ran ch  of th e  r iv e r , w hich  
b ra n ch e s  o u t  from  th e  river b ran ch in g  on its  alluvial fan  an d  re jo ins i t  a t th e  foot of th e  la t te r ,  
sh o u ld  b e  o f  m iddle-section c h a ra c te r  [37]. T he value of th e  p ioneering  s ta te m en ts  o f C holnoky  
is n o t in  th e  le a s t im paired  by  th e  fa c t  t h a t  prefixes u p p e r, m iddle  and  lower are in  som e c o n tra 
d ic tio n  w ith  th e  actual sequence, w herefo re  H un g arian  h y d rau lic  engineers p re fe r to  use  th e  
te rm s in c ise d , meandering and  branching  sections.

E x p e r im e n ts  to determ ine b ed -lo ad  tran sp o rt d a ta  b ack  to  1933, a lth o u g h  sy s te m a tic  
m e a su re m e n ts  were only begun a f te r  th e  developm ent o f th e  new  bed-load t ra p  ty p e , c o n s tru c t
ed e n tire ly  w ith o u t wire-m esh. T he h y d ro d y n am ica lly  co rrec t dim ensions o f th is  so-called  G yőr 
ty p e  b e d -lo a d  tra p  were de term ined  in  L ab o ra to ry  I. of th e  Technical U niversity . T h eo re tica l 
in v e s tig a tio n  on  th e  bed-load m o v em en t w as m ade by T. B o g á r d y  [ 3 8 ] .

T h e  h e a v y  w ater dam ages of th e  y ears 1940 to  42 h av e  induced  som e th o ro u g h  s tu d ies  
in  c o n n e c tio n  w ith  the  developm ent o f a  can a l ne tw ork  to  d ra in  s ta g n an t w a ters . T h e  prob lem  
of th e  a m o u n t  o f w a te r to be d ra in ed  b y  th e  canals was to  be solved by  in v estig a tin g  th e  d u ra tio n , 
in te n s i ty  a n d  frequency of p re c ip ita tio n  as well as by  co rrec tly  choosing th e  ru n -o ff  fa c to r  and  
s tu d y in g  th e  m odes of w ater accu m u la tio n .

I n  th is  respec t rem arkable  re su lts  w ere reached a t as early  as th e  end of W orld  W a r I 
by  J .  K o r b é l y  [39], whose w ork  w as fu r th e r  developed b y  B . K e n e s s y  [40], E  N é m e t h , 
and  w ith  especia lly  good resu lts , by  J .  B ogárdi [41] w hose s tu d ies ex tended  well p a s t  W orld  
W a r I I .

I n  th e  p eriod  betw een th e  tw o  W o rld  W ars th e  w a te r  q u a lity  survey of dug a n d  d rilled  
d r in k -w a te r  w ells w as carried  ou t b y  th e  H ungarian Institu te  o f  Public Health. S y stem atic  hy d ro - 
logical in v e s tig a tio n  was begun on o u r th e rm a l and m in eral springs (influence of w eath e r (a n d  — 
in  B u d a p e s t  —  o f the  regim en of th e  D a n u b e ) upon y ield , s tu d ies  on corre lated  p a ram e te rs , etc .). 
F o r  th is  w o rk  a group o f spring investigation , headed by  F . P a p p , was organized a t  th e  Geo- 
M in era lo g ica l In s ti tu te  of th e  B u d a p es t T echnica l U n iv ersity . T he Professor o f th is  sam e I n s t i 
tu te ,  A . V e n d l  [ 4 2 ] , has been engaged  since several decades in  stu d y in g  th e  fo rm atio n  o f sul- 
p h a tic  g ro u n d  w a ters  and th e  p o ss ib ilities o f p reven ting  concre te  corrosion. H is  f irs t  p u b lica tio n  
on th is  to p ic  ap p eared  in 1930, w herein  he  explained th e  o rig in  o f g round  w a ters  of ex cep tio n a lly  
h igh s u lp h a te  co n ten t in the  SW  of B u d a p e s t. H e s ta ted  t h a t  su lp h a te  was form ed o u t o f finely  
d ispersed  p y r i te  occurring in  lower O ligocène clay, decom posing in to  su lphuric  acid in  th e  p re 
sence o f  o x y g e n  and w ater, and fo rm ing  gypsum  and su lp h a te  of m agnesia w hen in te ra c tin g  
w ith  d o lo m ite  particles in  th e  clay. S u lp h u ric  acid also a tta c k s  th e  feldspar gra ins o f th e  c lay , 
g iv ing  r ise  to  th e  form ation  of sodium  su lp h a te . Sodium  and  m agnesium  su lphate  rem a in  d isso l
v ed , w h e re a s  gypsum  is p rec ip ita ted  w ith in  th e  clay.

P ro f .  V e n d l  has solved th e  p ro b lem  of p rev en tin g  co n cre te  corrosion b y  ap p ly ing  active  
b io log ical d e su lp h u ran ts . I t  was showm b y  lab o ra to ry  te s ts  th a t  su lphate-reducing  b a c te r ia  d e 
com posing  th e  su lp h a te  ion u n d e r a n ae ro b ic  c ircum stances w ill th riv e  on organic m a t te r  such 
as g ra ss , s a w d u s t,  p eat and chaff. E v e n  a t  p re sen t in v es tig a tio n s  a re  being conducted  in to  th e  
h ith e r to  u n c le a re d  reaction  m echanism  o f th is  process. I t  could  be estab lished  th a t  no hy d ro g en  
su lph ide  is fo rm ed  on decom position : i t  is m o st p robable  t h a t  su lp h u r derived from  th e  su lp h a te  
ions is in c o rp o ra te d  in to  the  organ ism s o f th e  bac teria . T h e  process was also tr ie d  o u t in  th e  
fie ld  a n d  th e  reac tio n  was found to  go on w ith  u n im paired  in te n s ity  th ro u g h  q u ite  a long tim e. 
A t p re se n t  w e have  the resu lts o f successfu l field  experim en ts  of tw o years d u ra tio n  a t  h a n d . 
P ack in g  c o n c re te  w ith organic su b s tan ces to  p rev en t su lp h a te  dam age was a lread y  ap p lied  in 
p rac tice . F ie ld  experim ents were c a rried  o u t b y  th e  research  d e p a rtm e n t of th e  Bureau o f  Geode
tic S u rvey  a n d  So il Investigation u n d e r th e  d irec tion  of E . V É C S E Y .

T h e  In s titu te  o f Ichthyobiology a n d  Seivage Research also carried  ou t successful w o rk  be 
tw een th e  W a rs , un d er the  leadership  o f M. K o r b u l y  and th e n  o f R . M a u c h a . L im nologie p ro b 
lem s o f r iv e r s  a n d  lakes as well as of th e  a r tif ic ia l  fisheries o f a b o u t 12 000 h ec ta rs’ ex tension  w ere 
a tte n d e d  to  b y  E . U n g e r , A. L i n d m e y e r  an d  especially b y  R . M a u c h a , whose w ork is o f p io n ee r
ing s ig n if ic a n ce  and  well-known in  in te rn a tio n a l  circles. F o r  som e tim e  he w7as P re s id en t oi th e  
» In te rn a tio n a le  V ereinigung fü r th eo re tisch e  und  angew and te  Lim nologie«. H e sum m arized  his 
m eth o d s o f  w a te r  analysis, developed a t  h is In s ti tu te  ou t o f in te rn a tio n a lly  used  m eth o d s in a u g u 
ra te d  b y  th e  H u n g a rian  Prof, o f C h em istry  L. W i n k l e r , in  a trea tise  en titled  » H y d rochem ische  
M eth o d en  in  d e r  Lim nologie«, w hich  a p p ea red  in  the  12. vo lum e (S tu ttg a r t ,  1932) of th e  series 
» B in n en g ew ässer« , edited by  A. T h i e n e m a n n .

I n  th e  sam e period, viz. a t  th e  en d  of th e  th ir tie s , hydro log ical research  on w a te r  sto rage  
in m o u n ta in o u s  regions was begun. In v e stig a tio n s  in connection  w ith  th e  possible co n stru c tio n  
of sev e ra l la rg e -ca p ac ity  storage b asins in  th e  C arp ath ian  B asin  w ere led b y  E. M o s o n y i . T hese 
s tud ies w e re  p a r t ly  d irec ted  to  d e te rm in e  th e  h y drograph ic  n a tu re  o f th e  up lan d  w a ters  o f H u n 
gary» p a r t ly  to  p red ic t seepiage and  e v a p o ra tio n  losses ex p ec ted  in  storage basins [43].
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III. Hydrological research in the first ten years o f  the People’s Democracy

In Hungary, W orld War II wrought terrible destruction. Scientific insti
tutions were reduced to ruins, all laboratory equipm ent was destroyed and 
a great number of prom ising young scientists dead. So e. g. the equipm ent 
o f the laboratories o f both  Institu tes of Hydraulic construction of the Technical 
U niversity was gone, the Hydrographic Institute at Nagym aros on the Danube 
ruined : the First A ssistant of Institute I and the Directing Professor o f Institute  
II were killed in action. So was L. Ma d o s , to  the enormous detrim ent of H un
garian soil hydrological research. Everything had to be com m enced anew.

The resurrection o f scientific  research could be effected only by the utmost 
efforts, by the unselfish cooperation of all parties involved. The help o f the 
governm ent consisted in careful reorganization o f the scientific life o f the country, 
backed by enormous m aterial aid. Thanks to th is, all the branches of hydro- 
logical research could m ake a new start.

Research is directed on top level by the H ungarian Academ y o f Sciences 
and promoted on a social basis by the Hungarian Hydrological Society. Hydro- 
logical research is also directed by the Academ y, by w ay o f its H igh Council 
o f  Hydrology. Besides im m ediate control and frequent discussion o f research 
tasks in the special sections o f the High Council, reports o f  scientists 
and institutions on the state o f hydrological research are often  heard at 
hydrological congresses and sym posia, where further topics of im portance for 
the people’s econom y are delineated and new directions o f research pointed 
cu t. A great number o f problems was brought nearer to solution by the working 
com m ittees of the H ydrological Society. Scientific work thus coordinated is 
characterized by collective efforts and im portant bearing on practical life. 
Participants of this work are all research institu tes cu ltivating any branch of 
hydrology. In the following we will subdivide our report according to fields of 
research. However, in the introduction we will try  and delineate the complex 
activ ity  of the Hydrological Departm ent, reorganized under the nam e Research 
Institute fo r Water Resources.

The Hydrographic Departm ent and the Research Institute fo r Water Resources

T he social reform  a n d  new  econom ic order gave, a f te r  th e  re p a ir  o f w ar dam ages, a new 
possib ility  for an  enorm ous d ev elo p m en t of the  hyd ro g rap h ic  service. T h is  d ev elopm en t was to 
be  fe lt m ostly  by  th e  re s to ra tio n  a n d  ex tension  of the  hy d ro g rap h ic  o b se rv a tio n  n e tw o rk  as well 
as by  th e  increase of th e  n u m b e r and  scope of bed-load an d  w a te r  d ischarge m easurem ents.

T he hydrographic  o b se rv a tio n  ne tw ork  of th e  co u n try , consisting  of 137 gauge sta tions 
in  1937, w as doubled to  th e  end  o f th e  f irs t F ive-Y ears P la n  (1954). 273 fu r th e r  w a te r  gauges 
were estab lished  on sm aller w atercourses, so as to  fac ilita te  th e  exceedingly im p o r ta n t  assessm ent 
of ag ricu ltu ra l and  in d u stria l w a te r  reserves. Beside th e  tw o self-registering  gauges o f form er 
tim es 19 new  ones were e rec ted  ; th e  f irs t teleregistering  gauge is u n d e r co n stru c tio n  in  B u d ap est. 
H ow ever, th is is b u t th e  f i r s t  s tep  in th e  field of w a ter gauge a u to m a tio n  an d  fu r th e r  in tense

12 Aria Technica XVIII/1—2.
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e v o lu tio n  in  th is  field will be n ece ssa ry  to  facilita te  th e  so lu tion  of th e  p rob lem s of engineering  
h y d ro lo g y . M oreover, th e  h y d ro lo g ica l phenom ena o f sm alle r w atercourses a re  o f v e ry  sw ift 
d e p lo y m e n t so th a t  their d e sc rip tio n  is  on ly  possible by  se lf-reg istering  gauges.

T h e  hydrological s tu d y  o f su rfa c e  w a te rs  was en riched  in  1945 b y  th e  com m encem en t of 
s y s te m a t ic  w a te r  tem pera tu re  m ea su re m e n ts  b y  th e  H y d ro g rap h ic  Service. In  sp ite  o f tech n ica l 
d if f ic u ltie s , w e possess a t  p re sen t g o o d  in it ia l  d a ta  for ro u n d  50 s ta tio n s.

C oun try -w ide  and in te rn a tio n a l  h y d ro m etric  rep o rtin g  also to o k  a s ig n ifican t developm ent 
as c o m p a re d  to  pre-w ar conditions. T o -d a y  th e  H un g arian  h y d ro g rap h ic  serv ice o b ta in s  th e  d a ta  
o f 63 s ta t io n s  a t  home and 45 a b ro a d , as re la te d  to  39 an d  24 s ta tio n s , resp ec tiv e ly , in  1938.

W ith  th e  increasing d em an d s o n  w a te r  econom y th e  n eed  for a  sudden  develo p m en t of 
w a te r  d isc h arg e  m easurem ents as w e ll as fo r  th e  ex tension  o f  these  m easu rem en ts  to  sm aller 
w a te rc o u rse s  and springs has a risen . I n  th e  ’fifties th ere  is a lre ad y  an  a n n u a l average  of 2200— 
2500 m easu rem en ts  on 200 w a te rco u rse s . I t  was on th e  basis o f  th ese  d a ta  th a t  th e  discharge 
s ta t is t ic s  o f  surface w aters, y ie ld in g  u p  to  now  reliab le  d a ta  fo r  as m an y  as 50 s ta tio n s  could 
b e  e s ta b lish e d .

A  sim ila rly  u rgen t need  o f t h e  p e o p le ’s econom y w as th e  reco rd ing  and  sy s tem atic  s tu d y  
of sp r in g  w a te rs , as the  da te  on  th e  y ie ld  a n d  du ra tion  of sp rings fo rm erly  o b ta in ed  w ere ra th e r  
sp o ra d ic . A lth o u g h  it  has been im p o ssib le  u p  to  now to  e x ten d  sp ring  re g is tra tio n  and  recording 
to  sp r in g s  o f  th e  sm allest so rt, th e  d a ta  o f  700 registered  a n d  140 sy s tem atica lly  observed  wells 
a re  s u f f ic ie n t  fo r  p ractical and  c e r ta in  sc ien tific  purposes. T h e  reg is te r does n o t c o n ta in  as ye t 
sp rin g s  o f  less th a n  20 litres p . m . o u tp u t ,  w hereas th e  d ischarge an d  o th e r p h y sica l a n d  chem ical 
p ro p e r t ie s  o f springs over 1000 l i t r e s  p . m . a re  generally  d e te rm in ed  each  m on th .

B ed -lo ad  determ ination  o f r iv e rs  shows a sim ilarly  ra p id  developm en t. W hereas only 
som e iso la te d  experim ental m ea su re m e n ts  w ere carried  o u t before  th e  w ar, th e  suspended  and 
b e d -lo a d  a n d  th e  bed m ate ria l co m p o sitio n  o f th e  rivers w ere d e te rm in ed  b y  sy s tem atic  m easu re 
m e n t se r ie s  m ade a t s tan d ard  lo c a litie s  a f te r  1945. U p to  1954, m easu rem en ts  w ere  m ad e  a t 
32 s ta n d a r d  localities on 10 riv ers . T h e  n u m b er of sam ples exceeded  12 000 p e r annum .

A s  com pared to th e  reco rd in g  o f  d a ta  on surface w a te rs , th e  re g is tra tio n  of g ro u n d  w a ter 
c o n d itio n s  is qu ite  young. T he e s ta b lish m e n t of g round  w a te r  wells fo r o b se rv a tio n  purposes 
w as c o m m en ced  in  1930. These wells w ere  la id  ou t b y  several d iffe re n t o rgan izations (D ep artm en t 
o f H y d ro lo g y , Geological In s t i tu te ,  H y d ra u lic  C onstruction  I n s t i tu te  o f  th e  U n iv e rsity , B ureau  
o f I r r ig a t io n ,  Fo restry  R esearch  In s t i tu te ) .  I n  1944, w hen th ese  ran d o m  wells w ere co n cen tra ted  
in to  a  co u n try -w id e  observation  n e tw o rk , th e  num ber o f o b se rv a tio n  wells a lread y  ran g ed  a round  
300. A f te r  1945 th is netw ork  h a d  to  b e  in ten se ly  developed, as p o stu la te d  b y  d iffe ren t aspects 
o f w a te r  econom y (drainage of s ta g n a n t  w a ters , irr ig a tio n , c an a liza tio n , w a te r  reserves, etc.). 
T h is  d e v e lo p m en t was so ra p id  t h a t ,  a t  th e  end of 1945, 2068 wells w ere k e p t on  reco rd  b y  the  
H y d ro g ra p h ic  Service. Som e o f th e s e  w ere o f local im p o rtan ce , serv ing  m an ifo ld  p u rposes of 
re se a rc h . I t  w as therefore n ecessary  to  classify  wells in to  a  n a tio n a l n e tw o rk  an d  those  serving 
fo r  re se a rc h . A t th e  same tim e  th e  p e rsp ee tiv ic  plan  o f a  g en era l g ro u n d -w ate r o b se rv a tio n  well- 
n e tw o rk  w a s  perfected, p rov id ing  fo r  1400 wells in  th e  en tire  c o u n try . O f th ese , som e 944 were 
e s ta b lish e d  u n til  1955. The n u m b er o f  re sea rch  wells am o u n ted  to  1124.

T h e  q u an tita tiv e  changes in  h y d ro g rap h ic  a p p a ra tu s , w h ich  can  be  called  w ith  good reason 
r e v o lu t io n a ry  ones, were also re fle c te d  b y  th e  p u b lica tion  o f hydro log ical d a ta . Since th e  new  
rég im  o f  th e  country , recorded a n d  e v a lu a te d  d a ta  on w a te r  stages, tem p e ra tu re , ice conditions, 
w a te r  d isc h arg e  and g round-w ater s ta g e , fo rm ing  th e  basis o f hydro log ical p lan n in g  and  research , 
a re  p u b lis h e d  in  fa r g reater v o lu m e a n d  fa r  m ore ra p id ly  th a n  prev iously . Since N ovem ber, 
1948, h y d ro g rap h ic  and m eteo ro lo g ica l d a ta  covering one m o n th  a re  pu b lish ed  in  th e  n ex t 
one u n d e r  th e  heading “ V ízrajzi a d a to k ”  (H ydrograph ic  d a ta ) , to g e th e r w ith  long-range averages 
fo r co m p a riso n . The “ V ízrajzi é v k ö n y v ”  (H ydrological Y earbook), co n ta in in g  th e  sum  o f one 
y e a r ’s d a ta ,  is published w ith in  9 m o n th s  from  the  end of th e  y e a r , alw ays in  adv an ce  o f sim ilar 
p u b lic a tio n s  b y  neighbouring s ta te s  a long  th e  D anubeV alley .

T h e  sudden increase o f th e  n u m b e r  o f hydrological an d  especially  d ischarge d a ta  ind ica tes 
th e  a s su m p tio n  of a  new course in  h y d ro lo g ica l research. W hereas w a te r  level is only q u a li ta t i 
v e ly  c h a ra c te ris tic  of th e  reg im en o f  w a te r  discharge is a  q u a n ti ta t iv e  p a ra m e te r  on  w hich  m ay 
r e s t  th e  h u sb a n d ry  of w ater as a  r a w  m a te r ia l  on th e  one h a n d  a n d  sc ien tific  h ydro log ical research  
o n  th e  o th e r .

T h is  large-scale dev elo p m en t o f  hydrograph ic  a c tiv ity  is  su p p o rted  b y  th e  app rec ia tio n  
o f  th e  im p o rta n c e  of hydrology on th e  p a r t  o f th e  g o v ern m en t. I t  is to  be ascribed  to  th is  fact 
t h a t  t h e  l a t t e r  did no t co n ten t i ts e lf  w ith  a  sim ple q u a lita tiv e  ex tension  o f hy d ro g rafic  service, 
b u t  sp o n so red  th e  estab lishm ent in  1952 of a  Research Institu te  fo r  Water Resources to  secu re  the  
c o n tin u a tio n  and system atic d e v e lo p m en t of hydrological research .

T h e  f i r s t  and m ost im p o r ta n t  ta s k  o f hydrological re sea rch  on su rface  w a ters  w as to  tak e  
s to c k  o f  exp lo itab le  w ater reserves. T h is  w as to  be solved p a r t ly  b y  d ischarge s ta tis t ic s  based
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u p o n  im m e d ia te  m easu rem en t, a n d  p a r tly  b y  d e te rm in in g  from  these th e  re la tionsh ips govern ing  
th e  h y d ro lo g ica l cycle u n d e r  th e  conditions p rev ailin g  in  th e  cou n try . F rom  these  we could  d e 
duce  a v e ra g e  and  ex trem e w a te r  supp ly  values for a n y  m o m en t a t any  p o in t of a n y  r iv e r.

T h e  solution of th is  p ro b lem  necessitated  th e  c lear s ta te m en t o f sc ien tific  d ifficu lties . 
T h e  m éthodo log ie  d irectives fo r th e  recording of su p e rd ic ia l w aters were based  on  a  s tu d y  of 
H u n g a r ia n  experiences an d  S ov ie t a n d  o th er hydro log ical m ethods. These d irectives w ere applied  
in  p re p a r in g  and recording w a te r  discharge s ta tis tics . T h is  w ork  was followed by  th e  s tu d y  of 
th e  ru n -o f f  p roperties and  m eth o d s fo r th e ir  d e te rm in a tio n  in  hydrologically h ith e r to  u n s tu d ied  
reg io n s a n d  w atercourses.

T h e  s ta rtin g  p o in t o f in v es tig a tio n  was th e  w a te r  b u d g e t equation , w hich w as estab lished  
a b ro a d  w ith  no respect to  H u n g a ria n  d a ta . B ecause o f th is  we could no t de w ith o u t foreign  
g u id an c e . On these grounds th e  c h a r t  ind ica ting  th e  spec ific  w ater yield, i. e. th e  long-d istance  
av era g e  ru n -o ff  of th e  d ra in ag e  a reas o f H u n g a rian  r iv e rs , w ere p repared  and  th e  hydro log ical 
lo n g itu d in a l section of o u r m ore  s ign ifican t rivers d e te rm in e d  a fte r the  m ethod  in it ia te d  b y  W . 
L á s z l ó f f y .

A n o th e r im p o rtan t p ro b lem  was th e  in v es tig a tio n  of load  conditions and load  tra n s p o r t  
in  o u r  r iv e rs . Before 1945 th e re  w as no research  w o rth  m en tio n in g  done on r iv e r load . H ow ever, 
th e  f i r s t  ph ase  of research , co m ple ted  in  th e  im m ed ia te  p a s t ,  yielded some in te rn a tio n a lly  signi
f ic a n t  re su lts  in  the  field  o f hydro log ical theo ry  as w ell as in  th e  cognizance of load  c o n d itio n s o f 
o u r la rg e r  rivers.

C oncerning th e  tra n s p o r t  o f  suspended load, th e  in te rre la tio n s  of load co n ce n tra tio n  and 
su sp e n d e d  load  w eight w ith  w a te r  stage, discharge a n d  m edium  velocity  were d e te rm in e d  a t 
som e p ro file s  of some rivers . T h e  in p o rtan ce  of the  h y d ra u lic  re la tions established b y  J .  B q g á r d i  
co n ce rn in g  suspended load  t ra n s p o r t  has grow n well o u t o f th e  boundaries of th e  c o u n try  [44]i.

S tu d ies  were also ex ten d ed  to  th e  th eo ry  of su sp en d ed  load  tran sp o rt. A n u m b er o f  ex p eri
m e n ts  w as carried  ou t to  co m p are  th e  v a lid ity  of th e  th e o ry  of diffusion, V elikanov’s a n d  g rav i
ta t io n a l  th eo ry . L ates t e x p erim en ts  encom pass th e  v a r ia tio n  of suspended load t r a n s p o r t  along 
th e  r iv e rs .

A s to  bed-load tra n s p o r t,  th e  in te rre la tio n s o f  lo ad  w eigh t to  w a ter stage, d ischarge  and 
m e d iu m  v eloc ity  were d e te rm in ed . T he bed-load t ra p  developed  by  Z. K Á R O L Y I an d  th e  In s t i tu te  
o f H y d ra u lic  C onstruction  N o. I  [45] was found to  be  th e  m o st reliable in s tru m e n t o f th e  in te r 
n a tio n a lly  proposed ty p es . S tu d ies  were m ade to  develop  a n  in stru m en t for lis ten in g  to  b ed 
lo a d  n o ise . In  th e  lab o ra to ry  o f th e  In s ti tu te  of H y d ra u lic  C onstruc tion  No. I ex p erim en ts  were 
c a rr ie d  o u t  to  determ ine th e  c ritic a l m edium  and b o tto m  ve lo c ity  causing s ta r t  o f th e  bed-load  
m o v e m e n t. A t th e  p re sen t, in v estig a tio n s in to  th e  v a r ia tio n s  of bed-load tra n s p o r t  a long  the  
r iv e r  a re  u n d e r way.

B eside  th e  th eo re tica l re su lts  of research  th e  m an ifo ld  p ractica l app lications o f these  
re su lts  a re  o f in te res t. Such ap p lica tio n s were th e  so lu tio n  of th e  silting problem  o f th e  T iszalök 
W e ir  a n d  o f re la ted  prob lem s o f  w ater-pow er ex p lo ita tio n  on th e  D anube. R esearch  on  load 
t r a n s p o r t  h as g reatly  fa c ili ta te d  co rrec t and  econom ic designing of w a ter reg u la tio n  works.

T h e  basis of w a te r h u sb a n d ry  is w a ter econom y p lan n in g , guaran tee ing  th e  eq u ilib riu m  
o f  w a te r  su p p ly  and d em and  in  a country-w ide sense as w ell as for each in d iv idual d ra in a g e  area. 
T h e  f i r s t  p rob lem  is tack led  b y  a n a tio n a l w ater econom y p lan , th e  la t te r  one by  a se t o f  reg ional 
p lan s . B o th  k inds of p lan n in g  are  based  upon  large-scale  sc ien tific  and m éthodologie research . 
T h e  en o rm o iis system  of th e  W a te r  Econom y P lan  o f th e  co u n try  was evolved on th e  g ro u n d  of 
th e  m éthodo log ie  in v estig a tio n s a n d  scientific  s ta te m e n ts  o f  E . M o s o n y i , C orresponding M em ber 
o f  th e  A cadem y of Sciences, a n d  h is co-workers. O n th is  basis w a ter econom y p lan s w ere  m ade 
also fo r  o u r m ore im p o rta n t in d u s tr ia l regions. F u rth e rm o re , th e  estim ation  of ou r exp lo itab le  
w a te r-p o w e rs  has been m ad e , too  [46].

A n  im p o rta n t step reg ard in g  th e  collection a n d  sy s te m a tic  t re a tm e n t o f hy d ro lo g ical d a ta  
w as th e  ed itio n  of the  H y dro log ica l A tlas Series b y  th e  R esearch  In s t i tu te  for W a te r R esources. 
T h e  f i r s t  series of th e  A tlas  co n ta in s th e  deta iled  c h a r ts  o f d ra inage  areas an d  a  sum m ariz ing  
i l lu s tra tio n  of factors in fluencing  hyd ro g rap h ic  co n d itions. T he fu rth e r tw o series g ive  a  su m m ary  
o f o b se rv a tio n  m ateria l covering  several decades, d isp e rsed  h ith e r to  in  hydrological a n d  m eteo ro 
log ica l yearb o o k s as well as in d iv id u a l publications a n d  m an u scrip ts . These d a ta  also p re se n t a 
b a s is  fo r  th e  ex tended  ap p lic a tio n  of hydrological analog ies.

A lso to  be m en tioned  are  flood studies, h a v in g  im p o rta n t bearing  on th e  design ing  of 
w a te rw o rk s  [47]. P a r t  o f  th ese  s tu d ies  is occupied w ith  m éthodologie p roblem s, an a ly z in g  th e  
ex p e rien c e s  o f p ro b ab ility  m eth o d s standard ized  in  S o v ie t p rac tice , while a n o th e r p a r t  seeks 
to  d e te rm in e  th e  p ro b ab ility  o f occurrence of flood s tag es on o u r larger rivers . F illin g  a gap of 
lo n g  s ta n d in g  is th e  sy s tem atic  collection  of d a ta  a s  to  th e  dep loym ent of floods on  sm all rivers 
a n d  th e  d e te rm in a tio n  of flood form ulae  applicable u n d e r  o u r c ircum stances to th e  flood d ischarge 
o f sm a lle r  w atercourses.



HYDROLOGICAL R E S E A R C H  IN HUNGARY 181

B ecause of th e  flood p ro tec tio n  w orks o f la rg e  ex ten sio n  one of th e  c ru c ia l p rob lem s of 
H u n g a rian  w a te r  econom y is th e  correct p lann ing  o f th e  d rainage  of s tag n an t w a te rs . T h is  work 
could be c a rried  o u t on new and m ore reliable lines accord ing  to the  resu lts and  d irec tiv e s  of P . 
S a l a m i n  [48]. In  evolving these d irectives, v a lu ab le  help  w as given by  th e  m em b ers  o f th e  
Council fo r Surface D rainage. T he d e te rm in a tio n  o f specific w ater tra n sp o r t,  govern in g  the  
design of d ra in ag e  ne tw ork , was s ta rte d  some y ears  ago ; how ever, because of th e  size o f th e  area 
involved  it  w as com pleted only for some p a rts  o f th e  a rea s o f s tag n an t in land  w a ters . E v alu a tio n  
com prised  th e  50-year p recip ita tio n  records o f 70 m eteorological stations.

In v estig a tio n s in to  th e  ice conditions o f ou r r iv e rs  a re  sign ifican t because  of th e  w in ter 
floods on  th e  D anube and la te ly  also for riv er c an a liza tio n  w orks. T he s ta tem en ts  o f W . L á s z l ó f f y  
concern ing  th e  fo rm ation  of th e  ice cover and  th e  phen o m en a  of the passage o f ice a re  widely 
know n.

C oncerning th e  field  o f underg round  hydro logy , one of th e  young disciplines in  th is  co u n try  
is g ro u n d  w a te r  research. As it was seen above, th e  ob se rv atio n  of the  g round  w a te r  ta b le  was 
com m enced , a t  least in  th e  G reat P la in , some 20 to  25 y ears ago ; how ever, sc ien tific  w o rk  has 
begun  on ly  in  th e  last decade, w hen th e  d e te rm in a tio n  of g round  w ater tab le  changes a n d  g round  
w a te r  supplies gained on significance from  th e  p o in t o f  v iew  of w a ter econom y.

A fte r  sbm e previous surveys and  ev a lu a tio n s o f g round  w ater d a ta , g round  w a te r  m apping  
of th e  c o u n try  was com m enced u n d e r th e  auspices o f  th e  S ta te  Geological I n s t i tu te ,  resu lting  
in  iso b a th  m aps illu s tra tin g  th e  position  of th e  g ro u n d  w a te r  tab le . I t  m u st be s ta te d ,  how ever, 
th a t  i t  w as im possible to fin ish  th is  ta sk  over th e  e n tire  c o u n try  during  th e  ten y e a r  p e rio d  trea te d  
here. In  estab lish ing  th e  re la tionsh ips govern ing  subsu rface  w a ter no tion , s ig n if ic a n t add itions 
w ere m ad e  by  designing firm s (B ureau  o f H y d rau lic  D esign, Civil E ngineering  D esig n , B u reau  of 
G eodetic  S u rv ey  and Soil Investigation).

T h e  s ta tis tica l in te rp re ta tio n  and ev a lu a tio n  o f g round  w ater o b se rv a tio n s h av e  m uch 
fac ilita ted  th e  tack ling  of problem s of ag ricu ltu ra l p ro d u c tio n , dra inage w ork a n d  even  of civil 
eng ineering  an d  foundation  design.

In i tia l  evaluation  of d a ta  was soon followed b y  stud ies on th e  v a ria tio n s o f  g round  w ater 
level w ith  m eteorological factors especially p re c ip ita tio n  and tem p era tu re . In  th is  fie ld  in te rn a 
tio n a lly  im p o r ta n t resu lts were ob ta ined  by  th e  a id  o f  th e  correlation  m ethod  [49]. S tu d ies  were 
carried  o u t to  de term ine  th e  effect o f surface w aterco u rse  upon ground w a te r , so as to  clear 
th e  reac tio n  of ground w a te r to  r iv e r stage v a ria tio n  caused  by  backup expected  fro m  proposed 
r iv e r can a lizations.

A fu r th e r  step  was done by in v estig a tin g  th e  in filtra tio n  of p re c ip ita tio n . T he p a th  of 
in f il tra te d  p rec ip ita tio n  was followed dow n to  th e  g round  w a te r  tab le  ; in th is  w ay  i t  becam e 
possible to  d e te rm in e  th e  am o u n t o f stored  ground w a te r . M ethodologie in v es tig a tio n s  hav e  shown 
th a t  in  an alyzing  ground w a te r tab le  changes i t  is ex p ed ien t to  resolve these ch an g es in  space- 
d ep en d en t and  tim e-d ep en d en t ones.

T h eore tical stud ies on ground w a te r reserves h av e  led to  more advanced  w ay s o f ground 
w a te r  ex p lo ita tio n  and th u s  often  influenced  th e  so lu tion  of im p o rta n t p rac tica l p ro b lem s. Such 
p rob lem s w ere th e  so lu tion  of th e  forecasting  o f g ro u n d  w a te r  rise in a num ber o f  c ases, th e  study  
of th e  e ffec ts  o f th e  T iszalök , Szeged and V isegrád d am s on th e  ground w a ter ta b le  an d  th e  ex
p lo ra tio n  o f g round w a ter conditions in th e  N ag y b erek  sw am p ad jacen t to  L ak e  B a la to n .

E v e n  younger th a n  g round  w a ter in v es tig a tio n  is  th e  s tu d y  of K arstic  w a te r , im p o rta n t 
from  th e  p o in t if  view  of d rink - and in d u str ia l w a te r  supp ly  of se ttlem en ts ly in g  fa r  o f f  larger 
riv ers . U p  to  1949 there  were no m easurem ents o r th eo re tica l m éthodes w hich cou ld  served  for 
ch arac te riz in g  th e  p roperties of k a rs t sp rings w ith  su ffic ien t re liab ility  for econom ic p lann ing .

I t  w as proven by spring  reg is tra tio n  and sv s te m a tic  research  com m enced in  1949 th a t  all 
sp rings a re  fed exclusively bv  p recip ita tio n  an d  th a t  th e  discharge of th e  springs is governed  to 
som e e x te n t  by  petrological and tec ton ical c ircum stances. I t  could be estab lish ed  th a t  k a rs t 
sp rings in  lim estone and dolom ite will respond d iffe ren tly  to  a given am o u n t o f  p re c ip ita tio n . 
T he c lassifica tion  of th e  springs according to d ep en d ab ility  has becom e possible as well as the  
d e fin itio n  o f  a d ep endab ility  index com prising  th e  s ta b ili ty  o f flow, tem p e ra tu re  an d  chem ical 
com position  [50].

On th e  g round of these  resu lts  th e  follow ing p a ram e te rs  could be d e te rm in ed  :
1. th e  long-range average a m o u n t o f in f il tra tin g  w a te r, recharging th e  K a rs tic  aq u ifer, 

and  th e  a m o u n t o f K a rs t  w a ter to be exp lo ited  in th e  long range w ithou t o v e rth ro w in g  h y dro lo 
gical equ ilib rium  ;

2. th e  size o f th e  d rainage  area o f any  K a rs t  spring , even afte r d ischarge  m easu rem en t 
series o f  no  m ore th a n  1 to  2 years d u ra tio n ,

3. th e  discharge d iagram s of K a rs t springs on th e  basis of 1 to  2 v ears m easu rem en ts  and 
o n g -ran g e  series o f p re c ip ita tio n  d a ta , su b s ti tu tin g  w ith in  th e  lim it of p recision  dem an d ed  by 
lp rac tice  th e  m easurem ent series of several decades, and  finally.
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4 . T h e  equ ilib rium  o f ex p lo ited  an d  recharged w a te r  a m o u n ts  in  k a rstic  areas.
T h e  processes an d  m eth o d s con n ec ted  w ith th is  w o rk  a n d  th e  resu lts  th e re b y  o b ta in e d  

a re  e n tire ly  new . System atic  sp ring  investigations covering  a n  en tire  cou n try  an d  s ta te m en ts  
d e d u c te d  th erè fro m  are  u n k n o w n  in  fo reign  lite ra tu re .

O n  th e  basis of th e  re su lts  o f  k a rs t  w ater research  a  series o f successful p ro sp ectin g s fo r 
a r tif ic ia l  a n d  n a tu ra l K a rs t  w a te r  w ells could be effected . T h e  a r tif ic ia lly  opened up  K a rs t  w a te r  
wells y ie ld  a  to ta l  o f 27,500 cubic m etres  pe r day in  si d iffe re n t localities. To our k n o w led g e , 
a r ti f ic ia l  K a r s t  w a ter d ev elopm en t o f  th is  order o f m ag n itu d e  is  u n iq u e  in  all th e  w orld.

Forestry research related to the f ie ld  o f  hydrology

R esearch  was ex ten d ed  to  a  v a r ie ty  o f hydrological p ro p e rtie s  o f forests and  b a rre n  lan d s . 
T h e  in te re s ts  o f fo res try  req u ired  th e  ex ac t knowledge o f c lim a tica l p a ram eters [51] an d  o f th e  
e ffec ts  o f  fo res t cu ltiv atio n  u p o n  c lim a te  [52]. A d e fin ite  re la tio n  was established b e tw een  th e  
o sc illa tio n s o f th e  ground  w a te r  ta b le  and  th e  periods o f fo re s t  g row th .

T h e  com m on fie ld  o f re sea rc h  of th e  hydrologist a n d  fo re s try  ex p ert is th e  s tu d y  o f ero- 
s io n a l p h en o m en a. In  th is  re sp ec t th e  w orkers o f fo re s try  re sea rc h  and  especially I. H é d e r  
h a v e  b e e n  n o tab ly  active. T h e  la t t e r  found  ou t by  pedo log ical a n d  m icroclim atic  pliy tocoenolo- 
g ica l in v es tig a tio n s  th a t  a  b a rre n  h illside  is hv  no m eans hom ogeneous from  th e  p o in t o f v iew  
of a ffo re s ta tio n  : on th e  c o n tra ry , i t  is d iv ided according to  d iffe re n t p roperties in to  a  se t o f 
b a r re n  la n d  ty p es  s itu a te d  one a b o v e  ano ther. E ro sio n al agencies (w ater and w ind) w ill act 
d iffe re n tly  u p o n  these d iffe re n tia te d  ty p es  of d iffering  a lt i tu d e ,  so th a t  differing  k in d s o f  soil 
p re p a ra tio n  an d  am elio ration  h av e  to  he  applied to  check  ero sio n  p rio r to  a ffo resta tio n , w h ich  
sh o u ld  a lso  b e  done in  several su b seq u en t steps w ith  d iffe re n t species o f trees and  sh ru b s . T he 
s tu d ies  o f  I . H É D E R  [54] also p o in te d  ou t th a t  b a rren  lan d s  o n  d iffe ren t base rock , possessing 
d iffe re n t c u ltiv a tio n  p ro p erties , h a v e  to  be  separated  fro m  th e  p o in t o f view  of erosion co n tro l 
as w ell a s  o f a ffo resta tion . H e d e fin e d  on a geom orphological basis th e  ty p es o f b a r re n  lan d  
acco rd in g  to  differences in  e x p o sitio n  an d  a ltitu d e  for f iv e  ty p e s  o f base  rock. H e also d e lin e a ted  
d irec tiv e s  fo r checking erosion, fo r th e  m odes of soil p re p a ra tio n  an d  a ffo resta tion , con cern in g  
th e  t r e e  a n d  shrub  ty p es to  be  u sed  an d  th e  agrotechnics o f th e i r  p lan ta tio n . On th e  b a s is  o f 
m ea su re m e n ts  he  po in ted  o u t th e  im p o rtan ce  of a r tif ic ia l  m ic ro re lie f developm ent fo r snow  
re te n tio n , in h ib itio n  o f erosion a n d  im p ro v em en t o f w a te r  h u sb a n d ry .

H ydrometeorological research

T h e  d e te rm in a tio n  of th e  d is tr ib u tio n  of norm al p re c ip ita tio n  values fo r H u n g a ry  acco rd 
in g  to  th e  m o n th s and  seasons of th e  y ea r b y  ev a lu a tin g  p re c ip ita tio n  d a ta  covering th e  fo u r 
d ecad es 1901— 1940 b y  F . H a j ó s y  [55] w as of fu n d a m e n ta l im p o rtan ce . Z. B e r k e s  fo u n d  a 
re m a rk a b le  re la tionsh ip  connecting  th e  s ta te  of h u m id ity  o f  th e  soil surface w ith  th e  ra in fa ll  
o f  c e r ta in  w ea th e r fron ts [56]. M. K é r i  was occupied w ith  m ethodolog ical prob lem s o f snow  
cover c lim ato lo g y  and w ith  th e  ev a lu a tio n  of d a ta  on  snow  co n d itions in  H u n g a ry  [57]. T h e  
freq u e n c y  o f occurrence of d iffe re n t am o u n ts  of p re c ip ita tio n  w as calcu la ted  by  L. K u l i n  [58] 
on  th e  h a n d  of d a ta  for th e  h a lf-c en tu ry  1901— 1950.

T h e  tre a tm e n t o f a  large  n u m b e r of hydroclim ato log ical an d  hydrom eteorological p ro b 
lem s is  in c o rp o ra te d  in  th e  h an d b o o k  o f A grom eteorology b y  L . A u j e s z k y  D. B e r é n y i  a n d  B . 
B e l l , e d ite d  b y  th e  H u n g a rian  A cad em y  of Sciences. Specia l m e n tio n  has to  be m ade of th e  p a r t  
o f  th e  b o o k  trea tin g  th e  c lim ate  o f  H u n g a ry , by  D. B e r é n y i ,  th is  being th e  m o st in s tru c tiv e  
an d  a t  th e  th e  sam e tim e  m o st concise descrip tion  of th e  c lim a te  of th is  c o u n try  am o n g  a ll 
t re a tis e s  w r i t te n  thereon  [58].

T h e  boo k  of B. BÉLL e n title d  “ F ro m  th e  soil to  th e  l im its  o f th e  a tm opshere”  (A ta la jtó l  
a  lég k ö r h a tá rá ig , B u d ap est, 1953, p p . 210) has the  o b jec t o f sum m ariz in g  th e  la te s t ach iev em en ts  
o f  m eteo ro lo g y , inclusive of h ig h -a tm o sp h ere  research b y  b a llo o n s, rockets and wireless m e th o d s .

Hydrogeological research

H ydrogeological stud ies m ay  b e  subdivided in to  g en era l a n d  regional ones. O f th e  fo rm er’ 
th e  ones c o n ta in irg  new  resu lts  b a sed  u p o n  original in v es tig a tio n s  in  th e  fields o f hydrogeological 
m a p p in g  th e o ry , o f th e  re la tio n s o f  hydrogeology to  geom echanics, of th e  problem s o f K a rs t  
w a te rs , c av e  w aters springs, m in e ra l a n d  m edicinal w a ters  a re  o f  im p o rtance .
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I t  was decided in  1950 by th e  S ta te  G eological In s t i tu te  to  perform  a com ple te  g ro u n d  w a
te r  su rvey  by m eans of a ne tw ork  of wells covering  th e  e n tire  co u n try  and  especia lly  th e  G reat 
P la in . In  th e  course o f th is  work 1,2 m illion wells w ere surveyed  and a co n tin o u s g ro u n d  w a ter 
iso b a th  m ap  of th e  G re a t P la in  p repared . T he d a ta  o f  th is  one g reat survey  w ere c o n v e rt  to  u n i
form  level by  th e  a id  o f records o f p e rm an en t g ro u n d  w a te r  observation  wells o f  15— 20 y ears , 
stan d in g .

G round w a te r  m ap p in g  has yielded som e v a lu a b le  d a ta  on the geology o f th e  regions of 
th e  G rea t P la in . E v en  th e  outlines of th e  b a sem en t s tru c tu re  appear on th e  g ro u n d  w a te r  m ap . 
T he w ork  executed  gave  beside the  location  of th e  g ro u n d  w a te r  tab le  (in  th e  d e p th  o f 1 to  20 
m etres  in  the  G reat P la in )  also references for th e  f lu c tu a tio n s  o f ground w a te r  level.

T he B ureau of G eodetic  Survey and Soil In v e s tig a tio n  can  also record a ch iev em en ts  con
nec ted  w ith  g round w a te r  research. The physical, chem ical and biological processes ev en tu a lly  
occurring  in  the  soil a n d  ground w a te r  were s tu d ied  th ro u g h o u t the  cou n try . T h e  a n n u a l and 
seasonal oscillations o f  th e  ground w ater tab le  w ere also s tud ied . The eva lu a tio n  o f th ese  re su lts  
fo rm s th e  basis o f d ev elo p m en t of engineering h y d ro logy , whose services a re  o f in c re as in g  ben efit 
to  design and  execu tion . I t  was w ith in  th e  scope o f th is  B u reau  th a t  the  re g is try  o f th e  M in istry  
o f C onstruction  for soil m echanical and hydro log ical records was established. T h is re g is try  exe
cu tes th e  system atic  collection  and evalu a tio n  o f soil d rillings of all firm s and  in s titu tio n s . The 
com plex of eva lu a ted  d a ta  serves as a basis fo r h ydro log ical in form ation  and  adv ice  fo r o fficial 
an d  p riv a te , agencies.

P ro tec tio n  m easu res against aggressive w a te rs  w ere elaborated  w ith  th e  co o p era tio n  of 
th e  Special Council on  Corrosion of th e  A cadem y o f Sciences, by  considering th e  experiences of 
severa l decades in  th e  fie ld  of concrete corrosion a n d  th e  p ro p erties o f our cem en t b ra n d s  as well 
as re la ted  foreign specifications and lite ra tu re . T h e  p roposals th u s e laborated  com prise  alm ost 
th e  en tire  field o f an ti-co rrosion  w ork, even as reg ard s defence against in d u s tr ia l sew age. H eavy  
corrosive dam age w as done by  th e  w aste w a te r  o f su lp h u ric  acid and o th e r fac to rie s  in  regions 
w ith  h igh  ground w a te r  tab le . T hus th e  su rvey ing  o f th e  e x te n t and d irec tio n  o f  g ro u n d  w a ter 
co n tam in a tio n  an d  th e  p rep ara tio n  of o th er k in d s  o f m ap s ind icating  chem ical p ro p e rtie s  of 
g round  w a te r  w ere com m enced.

T h e  chem ical, iso trop ic  and electrical m e th o d s of th e  study  of g round w a te r  flow  were 
developed  and fu rth e re d . T he evaluation  of severa l h u n d red  reports on th is  p rob lem  from  scien
tif ic  as w ell as p ra c tic a l p o in ts  o f view  is u n d e r w ay.

T h e  H ydro log ical D ivision of th e  Civil E n g in eerin g  C onstruction  F irm , engaged  chiefly 
in  p rospecting  fo r wra te r  supplies and  th e  d ra in ag e  o f tren ch es and p its as well as in th e  solution 
of seepage problem s o f  irrig a tio n  canals and  flood levees, is no t d irectly  in te re s ted  in  sc ien tific  
research . H ow ever, in  th e  course o f p rac tica l design ing  problem s, a lo t of in v es tig a tio n s  were 
carried  o u t as to  th e  n a tu re  and efficiency of ex p lo ring  and  exam ining tools an d  m ethods of 
ev au la tio n . Thus, im p o r ta n t  w ork was done in  develop ing  a m ethod of geoelec tric  trac in g  of 
subsurface  cables a n d  p ipes and in  in it ia tin g  a new  system  of tes t pum ping.

T he o b se rv atio n , especially in A rtesian  wells, o f  th e  w aters of deeper aqu ifers w as carried  
o u t by  th e  H ydro log ical D ivision of th e  S ta te  G eological In s titu te . T em p era tu re , p ressu re  and 
hydrochem ical p a ram e te rs  are un d er evalu a tio n . T h e  D ivision  also s tud ied  th e  p rob lem  of re
charge and  proceeded to  reg is tra te  u n d erg ro u n d  w a te r  reserves. The re la tio n sh ip s govern ing  
th e  connection  of hydro log ical and geom echanical co n d itions were stud ied  in  d e ta il b y  E . R . 
S c h m i d t  of th is D iv ision  [60]. E specially  re m a rk ab le  is th e  series of in v estig a tio n s in to  K arstic  
w a te r  exp loration  in  m in in g , as th e  rich est coal a n d  b a u x ite  deposits o f H u n g a ry  occur in  regions 
im p erilled  by  k a rs t  w a te r  in u n d a tio n , strongly  im p a ir in g  p resen t p roduction  as w ell as p ro d u c tio n  
increase  p lanned  fo r th e  fu tu re . I t  was show n on a  geom echanical basis by  S c h m id t t h a t  there  
is a causal re la tio n  b e tw een  th e  d irection  of A lp in e-C arp ath ian  m oun ta in  b u ild in g  forces and 
th e  fa u lt system s of th e  regions involved, an d  fu r th e r  th a t  o f th e  two system s o f  fa u lts  nearly  
a t  r ig h t angle to each o th e r  th e  one strik ing  Î4W -SE is o f d ila ta tiv e  n a tu re  and th u s  m ore danger- 
ou3 fro m  th e  p o in t o f  v iew  of K a rs tic  in u n d a tio n  a n d  m ore p roductive  from  th e  p o in t o f view 
of k a rs t  spring flow . T h e  p a tte rn  of th e  superfic ia l d ra in a g e  n e t is also con tro lled  b y  th is  tec ton lc- 
al stru c tu re .

Beside his a c t iv ity  described, S c h m i d t  gave  a concise descrip tion  of H u n g a rian  hydrogeo- 
logic regions and p o in te d  ou t some problem s of th e  A rtesian  basins of H u n g a ry , ex p lo red  up  to 
now  b y  nearly  2000 A rte s ian  wells.

Because of th e  u tm o s t im portance of K a rs t  w a te r  for b o th  w ater u tiliza tio n  an d  m ining, 
th e  K a rs t  w ater p ro b lem  in all its  aspects w as su b jec ted  to  in tense s tu d y  an d  th e  results 
d iscussed  in sym posia  an d  lite ra tu re  [61].

A fter 1950 th e re  w ere im p o rta n t ach iev em en ts  in  th e  field of ex p lo ra tio n  o f caves and 
th e ir  w aters. E specia lly  n o tew orthy  are th e  w a te r-d y e in g  experim ents of L. J a k u c s , th row ing  
lig h t on th e  in te rco n n ec tio n s of K a rs t caves an d  springs. One of these ex p erim e n ts  has led
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to  th e  d isco v ery  of Béke Cave. D u rin g  th e  in v es tig a tio n  of th is  underground  cave of a lm o st 
10 k m  le n g th  a nu m b er o f p rob lem s concerning th e  ro le  o f erosion and corrosion in  c av ity  
fo rm ing  w as cleared.

T h e  so lu tion  ex p erim en ts o f T . M á n d y  on do lom ite  a n d  lim estone have p o in te d  o u t 
th a t  in  c e r ta in  cases dolom ite is d issolved m ore read ily  th a n  lim estone. In  studying th e  chem ical 
co m p o sitio n  of cave w aters , F . H o l l y  and  R . M a u c h a  h a v e  estab lished  a re la tionsh ip  be tw een  
th e  size o f  cav itie s  and  th e  c o n cen tra tio n  of dissolved m a te ria l.

I n  th e  Geo-M ineralogical In s t i tu te  of th e  T ech n ica l U n iversity  in v estiga tions w ere 
carried  o u t  to  determ ine  re la tio n s be tw een  spring ty p e s  a n d  th e  geological fe a tu res  o f th e  
a d ja c e n t ro ck . P roposal h as been  m ade  of a sp ring  c lass ifica tio n  system  based u p o n  th is  
re la tio n  [61].

T h e re  w as also a g re a t n u m b er of regional a n d  d e ta il stud ies , com prising th e  h y d ro - 
geological p ro p e rtie s  of in d iv id u a l m orp h o tech n ic  u n its  (B ü k k  M ountains, Mecsek M ou n ta in s , 
th e  a re a  b e tw ee n  th e  D an u b e  and  T isza  R ivers, etc) [63— 66].

T h e  s tu d ies  of E . R . S c h m i d t , of g rea t im p o rtan ce  fro m  th e  p o in t of view  of m in in g , 
hav e  c leared  m u ch  of th e  geom echanical re la tions o f k a rs t  w a te r  occurrences a ro u n d  A jk a , 
E p lé n y , G á n t D orog, T a ta b á n y a  a n d  in th e  M ecsek M o u n ta in s [67].

H ydrochem ical research

T h e  a tte n tio n  of H u n g a rian  sc ien tists  was called long ago to  problem s of w ater ex am in a tio n  
and  th e  im p ro v e m en t o f w a te r  su p p ly . Several resu lts  o f  in te rn a tio n a l standing w ere a tta in e d  
in  th ese  f ie ld s  o f research. I t  is su ffic ien t to  refer to  th e  eq u iv a len t percentage n o ta tio n  in  
co m p u tin g  th e  analysis re su lts  o f m in era l and  m edicinal w a te rs  proposed  by  K. T h a n , P ro fesso r 
of C h em istry  o f th e  B u d ap es t U n iv e rs ity  o f Sciences. I t  w as b y  th is m ethod th a t  i t  becam e 
possib le to  exp ress  correctly  th e  re la tiv e  am o u n t of in d iv id u a l ions in  th e  w ater and th e  chem ical 
c h a ra c te ris tic s  o f m ineral an d  m ed ic ina l w a te r in s tead  o f th e  fo rm er a rb itra ry  ca lcu la tio n  of 
sa lts  fo rm ed . T he m ethods fo r th e  d e te rm in a tio n  of th e  oxy g en  and  iodine c o n ten t o f  w a te rs  
developed  b y  a n o th e r P rofessor of th e  sam e U niv ersity , L .  W i n k l e r , have been up  to  now  in  
p e rm a n e n t u se  all over th e  w orld. T he m ethod  for d e te rm in in g  to ta l  hardness b y  W a r t h a  
and  P f e i f f e r , Professors o f th e  T echnica l U n iv ersity , a n d  th e  reag en t for n itrous co m pounds 
of G r i e s s  a n d  I l o s v a y  are  sim ilarly  know n in  all c iv ilized  coun tries . W ater analysis w as so 
m uch  a d v a n c e d  in  H u n g a ry  a t  th e  beginning of th e  c e n tu ry  t h a t  L. W i n k l e r , Professo r o f 
th e  B u d a p e s t  U n iv ersity  w as req u este d  to  w rite  th e  c h a p te r  on  w a te r  analysis for th e  w ide ly  
used  te c h n ic a l an a ly tica l h an d b o o k  of L u n g e  and B e r l .

W ater analysis

I n  th e  following period  th e re  w ere  also m an y  sc ien tis ts  b e n t  on th e  developm ent o f w a te r  
an alysis, especia lly  th e  professors E . S c h u l e k  and R .  M a u c h a , disciples of Professor W ink ler. 
E . S c h u l e k  developed to g e th e r w ith  P . R ó z s a  a m eth o d  fo r th e  sim ultaneous d e te rm in a tio n  
of su lp h id e , th io su lp h a te  a n d  carb o n y l su lphide ions.

R . M au ch a  [69] has com piled a  series o f sem i-m icro an aly tica l m ethods of w a te r  analy sis  
for f ie ld  u se . I n  1949 he in au g u ra te d  a sem i-m icro co rrec tio n  m eth o d  for th e  field  d e te rm in a tio n  
of th e  d isso lv ed  o x y g en-con ten t o f w a te r . H is new m eth o d  fo r de term in ing  biochem ical oxy g en  
d em an d  re d u ce d  th e  tim e of m easu rem en t from  5 days to  24 hours. The essence of th e  m e th o d  
consists in  d e te rm in in g  th e  c o n s ta n t o f reac tion  v e loc ity  d u rin g  th e  f irs t  24 hours and  ca lcu 
la tin g  th e re fro m  th e  biochem ical oxygen dem and for f iv e  d ay s. B y th e  m ethod  of M a u c h a  
for i llu s tra tin g  th e  com position  of w a te r  b y  a  g rap h  in d ic a tin g  eq u iva len t percen tages o f  th e  
e ig h t m o s t im p o r ta n t ions, th e  co m p aratio n  of d iffe ren t w a te rs  is m uch sim plified.

In  th e  S ta te  Geological In s t i tu te  th e  com plexonom etric  m eth o d  of de term in ing  to ta l  
ha rd n ess a n d  calcium  and m agnesium  ion c o n ten t was a d ju s te d  to  field  requirem ents. A process 
for th e  h a lf-m icro  field  d e te rm in a tio n  o f th e  su lphate  io n  c o n te n t o f w a ter was also developed . 
T he p rin c ip le  o f th e  m eth o d  consists in t it ra tin g  b ack  th e  u n p re c ip ita te d  re st o f a  kno w n  
a m o u n t o f excess b a ry u m  chloride w ith  cornplexone I I I .  in  th e  p resence of a m ixed in d ic a to r. 
The m ix ed  in d ic a to r  is p rep ared  b y  th o ro u g h ly  grind ing  to g e th e r  400 mgs of p h ta le in e  com - 
p lexone, 80 m gs of m ethy l red  an d  100 m gs of diazin g reen  a n d  dissolving 10 m gs of th e  prc- 
p a ra te  in  th e  m ix tu re  of 4 ccm  of d istilled  w a ter, one d ro p  of cc am m onium  h y d rox ide  an d  
2 ccm  o f 96 p e r cen t e thano l. T he p a lm ita te  process is s im ilar in  principle, inasm uch  as th e  
excess b a ry u m  chloride is t i t r a te d  b a ck  w ith  po tassium  p a lm ita te  in  th e  presence of a pheno l- 
p h ta le in e  in d ic a to r. The d e te rm in a tio n  is carried  o u t on  p rev io u sly  softened w a te r  sam ples.
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In  th e  R esearch  In s t i tu te  fo r B alneology th e  a lte ra tio n  of carb o n y l sulphide w as stud ied . 
I t  was established th a t  no m e th o d  ex cep t the  basic iodom etric  one is sa tis fac to ry  fo r th e  d e te r
m in a tio n  of th e  to ta l  a m o u n t o f  carb o n y l sulphide.

In  th e  In s ti tu te  of P u b lic  H e a lth  an  efficient z ircon-haem otoxy line  m ethod  w as developed 
for th e  de te rm in a tio n  of flu o rin e . In  th e  same in s titu te  a m eth o d  of assaying m in u te  q u a n ti
t i e s  of fluorine was developed la te ly , based upon th e  fa c t th a t  a lum in ium  d e te rm in a tio n  by 
th e  aid  of alum inone is d is tu rb e d  by  the  presence of fluo rine . I t  is m ade possible by  th is  new 
princip le  to  avoid  ted ious d is tilla tio n  171]. The In s ti tu te  o f Pub lic  H ealth  also developed 
a m eth o d  for determ in ing  sm all am o u n ts  of silver, in w a te r  d isin fec ted  by  th e  c a ta d y n c  p ro 
cess, w ith  a parad im eth y lam in o b en zilid en e  rhodanide reag en t.

The ca ta ly tic  effect o f  io d in e  was utilized by  D e m e t z k y  [72] to  de term ine  iod ine con
te n t  ind irectly  b y  m easuring  th e  speed of the  arsenous acid -cerium  su lp h a te  o x id a tio n  reac tion  
in  th e  presence of a ferro ine  in d ic a to r.

Aggressive waters

The aggressive p ro p e rtie s  o f w aters and th e  defence a g a in s t concrete corrosion  w ere 
m u ch  a tten d ed  to  by  th e  I n s t i tu te  o f Public  H ealth . W ith in  th e  scope of th is  p ro b lem  th e  
co m p u ta tio n  of th e  agressive a n d  b o u n d  carbonic acid c o n te n t o f w a te r in calcium  vs. carbonic  
acid equilibrium  was carried  o u t  [73]. New correction coefficien ts for the  d e te rm in a tio n  of 
th e  free carbonic  acid  c o n te n t o f w a te r  were also com puted  [74], beside designing a m odified  
process for th e  precise d e te rm in a tio n  of free carbonic acid  in w a te r . T he occurrences o f w a ter 
con ta in ing  calcium -aggressive carb o n ic  acid in H u n g a ry  w ere estab lished . A fo rm u la  based 
u p o n  th eo re tical a ssum ptions w as derived  for com puting  th e  pu value w ith  a degree o f p re 
cision exceeding th a t  o f fo rm er m eth o d s from  th e  d a ta  o f free an d  fixed  carbonic acid  con ten t. 
T h e  values th u s  de term ined  are  in  perfect agreem ent w ith  th e  ones actually  m easu red  [75]. 
—  A m ethod  for com puting  th e  a m o u n t of carbonic acid  agressive  w ith  resp ec t to  concrete  
w as also published.

Investigation tools. T he o b jec t o f im proving w a te r sam p lin g  has led w orkers o f th e  In s t i
tu te  o f Public  H e a lth  to  develop  a new  sam pling a p p ara tu s  cap ab le  o f collecting sam ples w ith o u t 
gas loss even from  drilled  wells. T he a p p ara tu s  is designed so as to  secure th e  sixfold exchange 
of w a ter in th e  sam pling c o n ta in e r. An up-to -date  sam pling  a p p a ra tu s , of a d v an tag e  in  lim 
nologie w ork, was described b y  R . M a u c h a  of the  R esearch  In s t i tu te  of F ish  B reed ing . The 
In s t i tu te  o f Public  H ealth  has designed  some 20 years ago a n  a u to m a tic  p ip e tte  series, m aking  
possible th e  sim ultaneous liftin g  o f 20 sam ples on a single su c tio n , w ith  th e  a u to m a tic  reg u la tio n  
of zer '' and  end level. A u to m a tic  p ip e tte s  have been used in  th e  In s t i tu te  of P u b lich  H e a lth  for 
th e  dosage of reagen ts , so as to  e lim in a te  errors arising in  series analyses from  using  p ip e tte s  o f 
d iffering  ca lib ra tion . A cockless flu id  feeder for the  dosing o f co n cen tra ted  su lphuric  acid  was 
also developed w hich was fo u n d  sa tisfac to ry  th rough  som e y ears  in p rac tica l ap p lica tio n .

Am elioration o f drink ing  and  industrial water. In  th is  fie ld  ra th e r  valuab le  re su lts  w ere 
a tta in e d  a t  th e  In s ti tu te  o f P u b lic  H e a lth  by  the  processing o f th e  filte rin g  su b stan ce  Ferm ago 
[76]. The substance  serves fo r  th e  e lim ination  of acids, m anganese  and iron  fro m  d rink ing  
an d  in d u stria l w a ter. T he p rocess an d  th e  substance is used  in  a  nu m b er o f m u n ic ip a l w a te r
w orks in H u n gary . Successful ap p lica tio n s of the  filte rin g  su b s tan ce  w ere rep o rted  fro m  A u stria , 
Czehoslovakia and R um an ia .

Corrosion checking. In  th is  fie ld  excellent resu lts  w ere  a rriv ed  a t  b y  A. V e n d l , P ro 
fessor of th e  G eo-M ineralogical In s t i tu te  of th e  T echnical U n iv e rs ity , who has s tu d ied  since 
several decades th e  fo rm atio n  of, an d  p ro tec tion  ag a in st, concrete-corrosive  su lp h a tic  g round- 
w aters. H is f ir s t  p u b lica tio n  on  th e  to p ic  appeared  in  1930, clearing  th e  fo rm atio n  su lp h a tic  
g round  w a ter o f very  h ig h -co n cen tra tio n  in  th e  env irons o f L ágym ányos and Ő rsöd , B uda
p e s t [77]. Professor V e n d l  so lved  th e  checking of su lphatic  corrosion  by  applying a c tiv e  b iological 
desu lp h u ran ts . I t  was show n b y  lab o ra to ry  experim en ts t h a t  b ac teria  reducing  su lp h a tes 
ex is t on organic m ate ria ls  such  as g rass, saw dust, p e a t, e tc . c ap ab le  o f decom posing th e  su lp h a te  
ion un d er anaerob ic  c ircu m stan ces . I t  was established u p  to  now  th a t  no h y drogen  su lph ide 
is form ed on decom position , as th e  b acteria  m ost p ro b a b ly  in co rp o ra te  su lp h u r in to  th e ir  
organism s. Pack ing  w ith  o rg an ic  substances was a lread y  app lied  in practice  w ith  sa tisfy ing  
resu lts  [781.

O f g rea t p rac tica l im p o rta n ce  is th e  process o f corrosion  checking developed  a t  th e  
In s t i tu te  o f P ub lic  H e a lth  on th e  in itia tiv e  of A. J e n d r a s s i k  [79], im proved an d  ap p lied  in 
a nu m b er o f cases by  Sz. P a p p . T h e  process succeeds in keep in g  expensive deep drillings from  
speedy  ru in  a t  re la tive ly  low co sts, w ith  the s im ultaneous e lim in a tio n  from  th e  w ell w a te r,
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o f  i r o n  dissolved from  th e  w ell casing . The process consists essentially  in  su b s ti tu tin g  the 
d isso lv e d  oxygen necessary fo r th e  fo rm atio n  of a n a tu ra l  p ro tec tiv e  film  b y  a r tif ic ia lly  induced 
c h em ica ls  a^ long as th e  f i lm  h a s  been  form ed.

W aters o f public baths. T h e  inv estig a tio n  of th is  to p ic  was com m enced in  H u n g a ry  only 
in  th e  la s t  few years. S tu d ies  w ere  carried  ou t in  severa l d irec tions b y  th e  In s t i tu te  o f Public 
H e a l th  [81]. The oxygen c o n su m p tio n , th e  increase o f  to ta l  n itrogen  a n d  ch lo ride  con ten t 
in  th e  b a th  w ater discharge w as u se d  to  define a so-called  B olberitz  in d ex  o f co n tam in a tio n , 
c h a ra c te r iz in g  the bac teria l c o n ta m in a tio n  of b a th  w a te r  as well as th e  in o rg an ic  one. The 
d e f in i t io n  of this index of c o n ta m in a tio n  allowed th e  d e te rm in a tio n  of m ax im u m  perm issible 
p o p u la t io n  of bath ing  pools. B y  de te rm in in g  in  a n u m b e r o f experim ents th e  a m o u n t of pol
lu t io n  cau sed  by one b a th in g  in d iv id u a l in  th e  com m on pool a  fo rm ula  w as ded u ced  yielding 
th e  n u m b e r  of admissible b a th e rs  in  th e  case of a  g iven  r a te  o f w a te r  exchange or th e  ra te  of 

* w a te r  exchange  necessary in  th e  case  of a given n u m b er o f guests [82].
D r in k  water control. I m p o r ta n t  a c tiv ity  was dep lo y ed  in  th e  In s t i tu te  o f P u b lic  H ealth  

in  im p ro v in g  drink w a ter su p p ly  in  th e  country . T h e  co n tro l o rgan ization  o f v illage public 
w ells a n d  com m unal and m u n ic ip a l w aterw orks was developed  togeth e r w ith  th e  construction  
o f  w e lls  y ielding high-grade d r in k  w a te r. The w a te r  su p p ly  of soda w a te r  fac to rie s , dairies, 
b a k e r ie s ,  food plants and fa c to rie s  a n d  of m ineral wells s ta n d s  un d er c o n s ta n t sa n ita ry  super
v is io n . T h e  da ta  of w a ter an a ly se s  o f th e  las t 30 y ea rs , n um bering  a b o u t 150 000 and  the  
te c h n ic a l  d a ta  of the  wells a re  lis te d  in  a card  file , acco rd ing  to  geographical lo ca tio n , yielding 
e x c e e d in g ly  valuable in fo rm a tio n  fo r a v a rie ty  of sc ien tific  and p rac tica l p rob lem s. I t  was 
e. g . e stab lish ed  by the  a id  o f  s ta tis t ic a l  evaluation  [83] t h a t  th e  coexistence of severa l objec
t io n a b le  ingredients in w a te r  is f a r  m ore ch arac te ris tic  o f th e  co n tam in a tio n  of w ell w ater 
t h a n  g re a te r  am ounts of a n y  single con tam in a tin g  su b stan ce . I t  was p roved  sim ilarly  b y  s ta tis 
t ic a l  in v es tig a tio n s  th a t  c o n ta m in a tio n  of well w ater in  H u n g a ry  occurs to  th e  m o st p a r t  w ithin 
th e  w e lls  them selves, so t h a t  d r in k in g  w ater supply  could  be  significantly  a m e lio ra ted  by  p re 
sc r ib in g  w ell types of a d e q u a te  co n struction .

F o r  th e  protection  of th e  p u r i ty  of ducted w a te r  th e  estab lishm en t o f  p ro tec tiv e  zones 
w as d e c re ed  in  1954 by th e  M in is try  of Public H ealth . T h e  decree is fa r m ore  d e ta iled  th an  
s im ila r  ones abroad, as i t  c o n ta in s  beside  general p rescrip tio n s also a de lim in a tio n  of th e  dim en
sio n s o f  th e  protection  zone acco rd in g  to  th e  techn ique  of w a te r  o b ta in m en t. A n  en tire ly  new 
fe a tu re  o f  th e  decree is th e  p re sc r ip tio n  of p ro tec tiv e  zones a round  w a te r m ains.

Surface waters. T he su d d e n  in d u stria liza tio n  of th e  c o u n try  in  th e  la s t y ea rs  h a s  b rough t 
a b o u t  th e  large-scale increase o f in d u s tr ia l  sewage, causing  th e  g rad u al c o n ta m in a tio n  of n a tu ra l 
w a te r s  a c tin g  as recipients. T o  p ro te c t  th e  p u rity  o f surface  w aters, th e  re sea rch  in s titu tes  
c o n n e c te d  w ith  hydrology h a v e  in creased  th e ir  re sea rch  a c tiv ity  on these  w a te rs . T h u s the  
R e se a rc h  In s ti tu te  of F ish  B re ed in g  has carried  ou t th e  com plete  s tu d y  of th ree  w atercourses.

A th e  con tam ination  o f su rface  w aters im perilled  th e  p u rity  of m u n ic ip a l d rin k  w ater 
w ells s i tu a te d  on the b an k s o f th e  form er, deta iled  chem ical and b ac terio log ica l con tro l of 
su rfa c e  w a te rs  was com m enced in  1951 b y  th e  In s t i tu te  o f Public  H e a lth . E v e r  since, the  
a n a ly s is  o f  118 w aterw ays a n d  la k e s  has been carried  o u t  a t  average in te rv a ls  o f one q u a rte r 
y e a r . I n  sum m arizing the  re su lts  o f  th ese  analyses a file  o f surface  w a ter q u a lity  w as established 
a n d  c o n tin u o u s  quality  co n tro l o f  superficial w aters in au g u ra te d . Scientific  p e rsonnel of the 
I n s t i tu t e  gave account of th e ir  in v es tig a tio n s in to  th e  co n tam in a tio n s of th e  Sajó and  Tisza 
R iv e rs .

M in era l and medicinal waters. T he detailed chem ical analysis of th e  S ó sh a rty á n , Szécsény, 
N ó g rá d sz a k á ll, Tótkom lós a n d  P este rz séb e t m ineral a n d  m edic ina l w aters w as c a rried  ou t by 
th e  S ta te  Geological In s ti tu te .

T h e  quality  contro l o f m in e ra l and m edicinal sp rings is th e  d u ty  of th e  In s t i tu te  of 
P u b lic  H e a lth . In  th is co n n ec tio n  th e  analyses of a n u m b er of recen tly  ex p lo red  m ineral and 
m e d ic in a l w aters were ex ecu ted  b esid e  several h u n d red  ro u tin e  contro l analyses. O n th e  hand  
o f a n a ly s is  results, m ineral a n d  m ed ic in a l w aters w ere re leg a ted  in to  10 groups [84] an d  a  file 
o f  m in e ra l  w ater q ua lity  e s tab lish e d .

A n  up-to -date  su rvey  o f th e  rad iu m  co n ten t o f o u r m in eral and  m ed ic in a l w a ters  was 
also  c a r r ie d  ou t by th e  I n s t i tu te  o f  P ub lic  H ealth . R a d io a c tiv e  m ineral w a te rs  w ere classified 
a c c o rd in g  to  these results in to  5 g ro u p s. The lower lim it fo r a  well to  be classed  as rad ioactive  
w a s  e s tab lish e d  a t 1 m /i  C/l.

M ed ic in a l mud. T he s tu d ie s  o f th e  Geological I n s t i tu te  concerning th e  occurrences of 
m e d ic in a l  m u d  are great v a lu e . T h e  m u d  of th e  H ajdúszoboszló , H éviz [86] an d  H ark án y fü rd o  
m in e ra l w a te rs  and of th e  V elence  and B ala ton  lak es w ere su b jec ted  to  u p -to -d a te  
in v e s tig a tio n s .

A t  th e  Geological I n s t i tu te  th e  chem ical com position  o f the  w a ter squeezed  o u t o f some 
m u d s  w a s  also exam ined [87]. I t  w as established th a t  o n ly  squeeze w aters  co n ta in in g  larger
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am o u n ts  o f organic m a te ria l w ere m edically  bénéfic ien t, in  p robab le  connection  w ith  th e  h y d 
rogen  sulphide form ed o u t of, and  th e  oestrogene h o rm ones co n ta ined  in , o rg an ic  colloïdes.

Sewage. In  th is  fie ld  special m ention  has to  be m ad e  of th e  th eo re tic a l p a p e r en titled  
“ Sewage and  r iv e r w a te r” , b y  R . M a u c h a  of th e  R esearch  In s t i tu te  o f F ish  R reed ing , opening 
u p  new  lines o f th o u g h t in  th e  th eo ry  of th e  sewage rece p tiv ity  o f recip ien ts.

T he In s t i tu te  o f P ub lic  H e a lth  also con tro ls th e  fu nction ing  of household  an d  ind u stria l 
sewage purify ing  ap p a ra tu se s , w ith  special regard  to  h o sp ita l sewers. A file o f pu rify in g  plans 
and  ap p ara tu ses has also been  estab lished . O f th e  in d u s tr ia l w aste  w aters th o se  o f s lau g h te r
houses have been  a tte n d e d  to  la te ly .

F ig . 2  —  R ed-load t r a p

Hydrobiology. Closely connected  w ith  h y d rochem ica l research  is th e  s tu d y  o f p ro 
d u c tio n  biology, considering  th e  v a ria tio n s  o f d issolved oxygen, ex p lo itab le  carbon ic  acid, 
co n cen tra tio n  of h y d ro carb o n a te  an d  carb o n a te  ions, an d  th e  changes in  illu m in a tio n . O f the  
s tu d ies  on th is  to p ic  those  concerned w ith  th e  d e te rm in a tio n  of th e  p ro d u c tiv e  cap ac ity  of 
w a te rs  have to  be em phasized  [89]. O f special in te re s t is th e  trea tise  on th e  energe tical and 
p ro d u c tiv e  biological e x p lan a tio n  of hydrochem ical v a ria tio n s  o f th e  V elence lake , giving 
sim ultaneously  th e  a m o u n t o f o rganic m ate ria l p ro d u ced  [90].

Waler economy. I t  w as only in th e  la s t few y ears  t h a t  a tte n tio n  w as called  in  H u n g ary  
u p o n  in d u stria l w a te r  ex p lo ita tio n . T he stud ies o f th e  In s t i tu te  o f Pub lic  H e a lth  are  connected  
w ith  th e  q u a lita tiv e  an d  q u a n tita tiv e  aspects o f th e  co rrec t w a te r econom y of in d u stria l 
p la n ts  [91].

T he p rep ara tio n  o f g rap h s in d ica tin g  th e  q u a n ti ty ,  q u a lity  and  te m p e ra tu re  re la tions 
o f w a te r  in p u t and sewage o u tp u t  was proposed to  fa c ilita te  th e  con tro l o f c o rre c t in d u stria l 
w a te r  u tiliza tion .

O f th e  a c tiv ity  o f  th e  Institu te  o f  Rheum atism  and Balneology, d irec ted  b y  th e  D r . Ö. 
S c h u l h o f , th e  in v estig a tio n s o f Mrs. A. R . L i g e t i  concern ing  th e  technology  o f sem i-artificial 
b a th  w a te r p re p ara tio n  a t  th e  P á rá d  w aterings p lace a re  to  be m en tioned , beside  th e  s tu d y  
of R. B á n y a i  on th e  a lte ra tio n  of carbony l sulphide in to  alkalic  sulphide in  b a s ic  e nv ironm en t, 
an d  t h a t  of J .  L o r e n z  R ., on  th e  m eth o d s for th e  s im ultaneous d e te rm in a tio n  o f su lp h u r in 
d iffe ren t bonds in  H u n g a rian  m edicinal w aters.

Hydrom etrie research. R o u tin e  hydrological a c tiv ity  occurs, beside th e  hydrom etric  
g roup  o f th e  R esearch  In s t i tu te  o f W ate r R esources, also a t  th e  in d iv id u a l D is tr ic t W ater 
B oards. In  th e  so lu tion  o f prob lem s arisen  in  th e  course o f m easurem ents, he lp  is given to  the
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a b o v e  in s titu tio n s  by  th e  H y d ra u lic  C onstruction  In s ti tu te  No I o f th e  T ech n ica l U n iv e rs ity , 
d ire c te d  b y  Professor E . N é m e t h . T h is  In s ti tu te  is responsib le  fo r th e  in s tru c tio n  of hydro logy  
a n d  h y d ro m e try , w hereas h y d ro m e tr ic  p ractice  is carried  on  a t  th e  N agym aros h y d ro m e tric  
s ta t io n  o f  th is  In s titu te . In  th e  co u rse  of p ractice  s tu d e n ts  le a rn  cross-section su rv ey in g , velo
c ity  d e te rm in a tio n , surface slope m easu rem en t, d e te rm in a tio n  of suspended an d  bed , lo ad , 
w hile  a t  th e  opposite shore, in  th e  neighborhood  of th e  v illage V isegrád , th e  su rvey ing  of th e  
cross, a n d  longitud inal sections o f a  sm aller creek and  th e  d e te rm in a tio n  of its  d ischarge by  
th e  sa ltin g  procedure is on  p ro g ram m e.

I n  th e  course of research  in  th e  B u d ap est L ab o ra to ry  of th e  In s ti tu te  a n u m b er o f p ro b 
lem s h a s  a tta in e d  theo re tical as w ell as p rac tica l solu tion , in  som e cases on th e  h an d  of ex p erien 
ces co llec ted  during  m easuring  p ra c tic e  a t  N agym aros. H ow ever, th e re  vere  several p rob lem s 
p o s tu la t in g  hydrau lic  la b o ra to ry  ex p erim en ts . The w orkshop o f th e  In s t i tu te  also p lay ed  an 
im p o r ta n t  p a r t  in  im proving in s tru m e n ts , discovery o f sources o f e rro r, and  in  th e  dev elo p m en t 
a n d  so m etim es m anufactu re  o f n ew  research  tools.

F ig . 3  —  B ed-load noise d e te c to r

T h e  bed-load trap  of Z. K á r o l y i ’s design w as in v es tig a te d  b y  th e  In s t i tu te  as early  
as th e  e n d  of W orld W ar I I ,  w h e reb y  th e  m ost ad v an tag eo u s shape  of th is  in s tru m e n t w as 
e x p e rim e n ta lly  established [93]. (F ig . 2)

I t  w as in  connection w ith  th is  sam e problem  th a t  th e  f i r s t  bed-load noise d e te c to r o f 
H u n g a r ia n  design was p rep ared  on  an  assignm ent b y  th e  G y ő r C onservancy B o a rd , in  th e  
w o rk sh o p  o f  th e  In s titu te , acco rd in g  to  a proposal by  Z. K á r o l y i , u n d e r th e  d irec tio n  of P ro 
fesso r E . N é m e t h , after th e  p lan s o f L . Iv ic s ic s  and w ith  th e  co -o p era tio n  of L ec tu re r  J .  B o r o s  
a n d  m ec h an ic  K .  A s z t a l o s . A  n u m b e r  of experim en tal m easu rem en ts  w ere carried  o u t w ith  
th e  in s t ru m e n t  before i t  was g iven  i ts  f in a l shape and delivered . Since th a t  tim e th e  a p p a ra tu s  
y ie ld s sa tis fac to ry  resu lts in t ra c in g  zones o f m ost in ten se  bed -lo ad  m ovem en t along cross- 
sec tio n s [94]. (Fig. 3)

A s i t  is w idely know n, th e  d e te rm in a tio n  of slope on r iv e rs  is sub ject to  a  source of 
e rro r d u e  to  th e  rippling of w a te r , in h ib itin g  correct e stab lish m en t o f w a te r level a ltitu d e . 
T h is so u rce  o f error was successfu lly  e lim inated  in  th e  course o f p rac tice  in  N ag y m aro s by  
th e  r ip p le  dam ping  a p p ara tu s  d ev elo p ed  a t  th e  In s titu te .

T o  de te rm in e  irrig a tio n  w a te r  consum ption , E . N é m e t h  carried  o u t lab o ra to ry  ex p eri
m e n ts  w i th  a  ven turiflum e of l in e a r  ca lib ra tio n . On th e  h a n d  o f re su lts  on th ree  m odels to  
d iffe re n t scales he determ ined th e  c o n s ta n ts  o f the  lin ea r re la tio n  an d  th e  head  loss o ccurring  on 
m e a su re m e n t w ith  th is ty p e  of m e te r . I t  w as shown by  e x p erim en ts  th a t  th e  ca lib ra tio n  of 
th e  m e te r  can  also be carried  o u t  ex p erim en tally  if  using  a t  le a s t th ree  m odels o f  d ifferen t 
scale [95].
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H y d rau lic  experim en ts  w ith  linear-scale weirs a n d  c ircu la r orifices were also perfo rm ed  
a t  th e  In s t i tu te .

A t th e  R esearch  In s t i tu te  for W ater R esources a “ H ydrographic  M anual”  w as p re 
p a red  on th e  basis o f th e  enorm ous am oun t of ex p erien ce  accum ulated  a t th a t  in s titu tio n . 
H y d ro m e trie  a c tiv ity  w as fu rth e re d  by  th e  im p ro v em en t o f a num ber of in s tru m e n ts  (the 
B erény i w ing for ve loc ity  m easu rem en ts, th e  b a to n  f lo a t  system  of T arnóczky , e tc .).

IV. Hydrological research in the years 1954—56

The activ ity  o f th is period stood under the influence of two im portant 
circum stances. One of them  was the fact that the Research Institute for W ater 
Resources (abbreviated V IT U K I), successor o f  the Hydrological D epartm ent, 
attained around 1954 full efficiency for coping w ith the tasks im posed upon  
it b y  its enormous field  o f work. The second circumstance consisted in  the  
centralization of the state control of water econom y under the N ational W ater 
Hoard. Since that tim e the V ITU K I, the research organ of that in stitu tion , 
obtains therefrom directives for the practical directions of hydrological research, 
whereas scientific research, essential for the solution  of long-range problem s, 
is directed by the Hungarian Academy of Sciences, more precisely b y  the High  
Council of H ydrology, headed by A. V e n d l , Member of the A cadem y.

In the sense o f the above said the a c tiv ity  of the Research In stitu te  m ay  
be classed as follows :

1. Collection, evaluation and publication o f hydrological inform ation, 
form ing the basis of w ater economy research and planning.

2. Scientific investigations into the principles of hydrology and hydraulics.
3. Research on the solution of practical w ater economy problem s.
4. Docum entation work, serving w ater econom y research, p lann ing  and 

construction.
The full -scale activ ity  of the V ITU K I has also brought about sign ificant 

changes in  the distribution of research a c tiv ity  am ongst State in stitu tion s and 
social organizations. On a social level, as it  w as stated  above, research is con
centrated in the Hungarian Hydrological Society .

Under the leadership of E. Mo s o n y i , President o f the Society, 
Corresponding Member o f the Academy, the Society tackled w ith  success 
a number of problems connected with the rapid establishm ent o f unique water 
econom y. The problems o f the working com m ittees, the topics o f lectures and 
sym posia were selected so as to possess beside scientific interest also a bearing 
on the question of planned water econom y.

W ith the establishm ent of new in stitu tion s and with the increase o f  scope 
of the old ones, the field  of work of the Society  was also altered in 1954. While 
in 1952 there were three sections with no m ore than 700 to 800 m em bers, the 
number of the latter increased to 1300 until the beginning of 1953. In the Buda
pest branches si sections were at work and there were four further branches
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in  th e  country (in Szeged, P écs, Miskolc and Győr) in  which there developed  
a see th in g  life after some in itia l difficulties. B eside scientific questions th e  m ost 
u rgen t problems of agriculture, water supply, sewage treatm ent, irrigation , 
m odern ization  of surface w ater husbandry, canalization of the T isza R iver  
w ere furthered and revised.

In  1953 the strengthening of the organization of water econom y w as 
a lread y to  be felt. Therefore, less problems w ere left to the sections o f  the 
S o c ie ty , as an increasing num ber o f problems w as attended to by official organs. 
N everth eless, lectures on m anifold  industrial problem s, continued and sym posia  
grad u a lly  tended towards practical questions.

B esid e  a series of sym posia hydrological congress was held in Septem ber, 
1955, b y  the Hydrological S ociety , on the 70th  anniversary of the H ungarian  
H ydrographical Service, w ith  Soviet, A ustrian, Czech, Yugoslav, Polish , B ul
garian , German and R oum anian participants. M ain themes of the congress 
were th e  hydrological aspects o f  shipping, river regulation, flood protection , 
d rainage, irrigation and river canalization.

In  th e  same year a com m em oration fe s tiv ity  was held by the S ociety  on 
the 1 60th  birthday of P . V á s á r h e l y i .

A t th e  conferences o f  th e  High Council o f  H ydrology and the Special 
C ouncils o f  Irrigation, D rainage, W ater Supply and Sewage Disposal, scien tific  
problem s having im portant bearing upon practical problems were discussed. 
In order to  correctly coordinate scientific efforts the H igh Council has revised  
the program m es of scientific institu tions, and in  th e  case of wide-scope problem s 
it  ev en  g ave  directives for the w ays of solution to  be taken. The H igh Council 
also p a id  special attention to  th e  national w ater econom y plan, of great im por
tance from  the point of v iew  o f water econom ic activ ity .

Corresponding to the principle of coordination, the activity of ind ividual 
research institu tes is much interrelated. Most o f  the work lies in  the fie ld  o f  
the R esearch  Institute for W ater Resources (surface waters, subsurface w aters, 
w ater q u a lity  control, hydraulic model experim ents), and is carried out in  the 
p ertin en t division of that In stitu te . This vork is supplem ented by the specific  
a c tiv ity  o f  other research in stitu tes  (Meteorological In stitu te , Geological In stitu te , 
F orestry  Research Institute, Research In stitu te  o f  Ichthyobiology, In stitu tion  
of P u b lic  H ealth , Hydraulic Construction In stitu tes Nos I and II Geo-Minera- 
logical In stitu te  of the T echnical U niversity).

In  our report we have to  m ention beside the fie ld s above-named also those  
o f erosion  control and hydrom etry.

Surface waters. Of the a c tiv ity  of the p ertinent division of the V IT U K I, 
stan d in g  under the direction o f W . Lá sz ló ffy , w e will note the follow ing :

T he basis of water econom y planning b eing  the knowledge o f available  
surface w a ter  reserves, the a c tiv ity  of the d ivision  w as begun by preparing the 
discharge statistics of surface waters. This w ork, encompassing at present
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159 water gauge profiles, had to be preceded b y  well-founded m ethodological 
studies, as the stage-discharge relation is b y  no m eans unequivocal or tim e- 
independent in m ost o f  th e  profiles. It had to  be considered furthermore that 
discharge statistics being the basis of all further hydrological research, it  had 
to be m anipulated w ith  the utm ost possible precision. The first assessm ent 
of exploitable w ater reserves of the country was m ade on the basis o f  discharge  
statistics. In the course o f this work the specific  run-off maps of the drainage 
areas of H ungarian rivers as well as the hydrological longitudinal profiles of 
m ain streams were prepared.

One of the objects o f the division is the system atic exploration o f  the 
hydrology of our country, and the scientific system atizing and publication  of 
the valuable observation m aterial accum ulated during the last tw en ty  years’ 
activ ity  of the H ydrographic Service. B eside the discharge statistics above- 
m entioned, form ing the basis of hydrological research, the preparation o f  the  
H ydrological A tlas o f H ungary has to be m entioned . The volumes o f  the A tlas, 
appearing at random  intervals in three series. The first one is entitled “ D rainage  
areas of our rivers” and contains the summary o f the m ost important geographic  
and observation netw ork data. These volum es contain beside the description  
of the general build-up and water network o f the drainage area the deta iled  area 
data of the drainage areas of confluent rivers, th e  concise illustration o f  relief 
features, forest coverage, precipitation and tem perature relations, the sum m ary  
of hydrological data and geological, geographic, m eteorological and hydrological 
literature on the area. Six volum es of this series have been published up to  now. 
The second series is entitled “ H ydrom eteorological data” , the th ird  one 
“ Hydrography o f our rivers” . The first volum es hitherto published sum m a
rize the precipitation distribution and the characteristic water levels o f  the 
country.

Among the item s o f fundam ental research m ay  be listed the w ater econom y  
investigations on certain selected drainage areas, illustrating the relations o f  
precipitation, run-off and evaporation on the basis o f the monthly w ater balance. 
The first result o f  im m ediate applicability in  practice was the construction  o f  
reliable references for the determination o f the evaporation of w ater surfaces 
and entire drainage areas by K . Szesztay  [96].

Similarly o f  great practical interest is the huge field of hydrological 
forecasting [97]. A fter the development o f m ethods suitable for use in  our 
country, forecasting aids were prepared for the following purposes :

forecasting o f  flood crests on the D anube and on the section  o f  the 
Tisza above Tokaj, on the hand o f peak values observed at points situated  
farther upstream ,

the same, considering the amount of rain fallen upon the drainage area, 
the continuous forecasting o f water stages expectable at the main w ater gauges 
o f the Danube.
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This is the place to m ention further in vestigations connected w ith  floods : 
thus e. g. the determ ination o f design flood stages for the construction o f flood  
protection  works for our more important rivers [98], the connected investigation  
o f th e  silting up of the stream  bed of the Upper D anube and— last but not least —  
the developm ent of the calculation method for approximate determ i- nation  of 
th e  probability of any value of flood discharge on streams lacking adequate 
hydrological investigation , filling  in a very urgent gap of designing practice.

In  connection w ith  floods also a series o f  hydrotechnical problem s had 
to  be investigated. In th is connection seepage phenomena occurring on flood  
levees and in the soil at flood tim es were in ten se ly  studied by both the Institu te  
of H ydraulic Construction N o I and the V IT U K I. The former did the laboratory  
and theoretical work, while the latter investigated  selected parties o f the Danube, 
T isza  and Körös levees.

Sim ilarly led b y  hydrotechnical points o f  view  were the hydrological 
stud ies o f the Bureau o f H ydraulic Design d irected  by Professor E . M o so n y i, 
connected  with the canalization of the T isza R iver, the foundation problem  
of D anube hydro power station s, and the effects o f  planned backup upon adjacent 
ground water. Institute o f Hydraulic C onstruction No II carried out model 
experim ents im itating the Visegrád section o f the Danube. The experim entally  
determ ined streamlines were checked by photographing at night from adjacent 
hilltops the tracks of flares floating down the Danube ]99]. (Fig. 4.)

F ig. 4. S tream lin es of the  D anube p h o to g rap h ed  a t  night
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In  former tim es, there was alm ost a to ta l lack of interest as to the load 
transport o f our rivers. This branch o f science was developed in our country  
to the m ost part in  the later years, although prior to the establishm ent o f the 
V IT U K I. Our scientists have attained sign ificant theoretical and practical 
results and it m ay be stated that a period o f river sediment research was ended, 
after fiv e  years’ work w ith the publication by the Academ y of Sciences o f the 
book by the D r . J. B og árdi sum m arizing this large investigation  com plex [100]

The accum ulation o f surface w ater had to be attended to from  the point 
of v iew  of economic developm ent o f stagnant-w ater drainage. Research was 
focused upon five points : in tensity  o f precipitation, run-off factor, specific  
discharge, water household equation and the role o f precipitation accum ulated  
as snow and ice in the form ation of drainless pools. Studies on precipitation  
in ten sity  will be dealt wit li below.

In connection with the determ ination of the run-off factor studies were 
chiefly  concerned with the effects of previous precipitation and the w ater hoqse- 
hold properties of soils, pointing out sim ultaneously the lines o f developm ent 
o f more efficient research m ethods. We succeeded in determ ining specific dis
charge for the entire area of the Great Plain.; at present, values o f  specific  
discharge m ost adequate for planning purposes under the present economic 
circum stances are available for all areas of inland water accum ulation ; there 
are also specific discharge values ordered according to power functions to facili
tate  more detailed calculations on rentability.

For the determ ination o f specific discharge, maps were prepared to 
illustrate this parameter or one o f its partial factors for the entire country  
and for the entire Carpathian Basin [101]. Intense studies concerning the 
physical classification o f drainage areas in the Great and L ittle Hungarian  
Plain  were made by P. Sa l a m in , the results o f which give valuable help in 
planning further research [102]. A t the same tim e, Sa l am in  has proposed 
a m ethod of designing fiatland drainage system s, considering to a greater 
degree the modes o f apparition o f surface waters and the non-perm anent nature 
of their m ovem ents. The role o f snow and ice was cleared to an increasing extent 
by la test studies, indicating the lines o f approach to determining the tem poral 
and spatial distribution o f the run-off from snow melts.

It was possible to define in  the possession o f several thousand observation  
data the variation of the water content o f snow cover with altitude above sea- 
level, as well as the effects o f vegetation  upon the water content, thickness 
and bulk density o f snow [103]. These studies o f superficial w ater accum ulation  
were partly made by the In stitu te  of H ydraulic Construction N o. I, partly  
by the V ITU K I and the Bureau o f H ydraulic Designing.

In  1956 a m odel experim ent to determ ine the hydraulics of w ater accu
m ulation was commenced under the direction of E . N ém eth . A t the N agym aros 
experim ental station of the Institu te  of H ydraulic Construction N o I. an 1 : 35

13  A cta Technica X V III/1— 2.
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scale undistorted model of the sample drainage area, investigated in the Mátra 
M ountains by the Institu te o f  Forestry Research, was prepared together w ith  
an artificial rain machine. The model is equipped w ith  adequately reduced rain- 
gauges and recording discharge meters. A t present preliminary experim ents 
are under way. It is desired to determ ine the relationships governing the  
hydraulics o f accumulation b y  comparing experim ental results with param eters 
of the life-size drainage area.

Subsurface waters. Research was concentrated upon the location and  
m otion  o f ground water, the quantity and q u alityof K arst water and seepage 
problem s im portant from the point of view  o f irrigation and drink water supply.

O f the studies on relations governing ground w ater stage fluctuation  
we note some of those carried out by the D ivision  o f the Y IT U K I directed  
by Gy . S zilá g y i. T o secure the accumulation o f experim ental and observation  
data concerning the laws o f ground water stage fluctuation  and the interre
lations o f  meteorological factors and ground w ater, the former ground w ater 
observation  network was m uch developed by the D ivision, so that now it  
consists o f 2 200 observation wells. In the region betw een Danube and T isza, 
at K ecskem et the so-called Ground Water Research P lant was developed and 
equipped beside a clim atic station and several ground water wells also w ith  
a big-size infiltration m eter. The research plant served m ostly to establish  
and gradually develop the m ethods of in vestigation  o f ground w ater stage  
variation .

B y  evaluating the data o f 175 ground w ater observation wells of sufficiently  
long observation series the relation of ground w ater rise to the total precipitation  
of the w inter half-year and o f the average ground w ater level to air tem perature  
were established. On the basis of these relations the parameters characterizing 
average ground water fluctuation , such as the lag of fluctuation w ith  respect 
to  air tem perature variation , average periodic oscillation, the percentage o f  
w inter half-year’s precipitation affecting recharge and the relation o f ground 
w ater level variation to depth below surface were determ ined. It was established  
th a t in  regions uninfluenced by river oscillation the m ost im portant factors 
governing ground w ater level variation were evaporation loss and infiltration  
of precipitation. In the field  o f ground w ater research excellent results were 
obtained b y  K. U b e l l , after the pioneering work o f the D r . J . B ogárdi [104].

The relations m entioned above as well as som e others deducted in  the  
course o f  research have m ade possible the solution under certain circum stances 
of the w ater household equation, the forecasting of m axim al ground water 
level in  spring and several other practical problems.

In  connection w ith  th is  research, it  was stated  by E. N ém eth  on the  
basis o f  a long-range ground-water-well observation series that there exists  
an ellip tical correlation betw een ground w ater depth and the averages o f the  
environm ent [105].
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Research concerning water supply was coordinated with theoretical work, 
some results of which concerning pipe and antenna wells were attributable  
to Gy . Szilágyi [106].

In the Budapest Laboratory of the Institute of H ydraulic Construction  
N o. I. the hydraulics o f seepage towards wells was investigated  on the hand 
o f model experim ents by G. Ö l l Ős , w ith the sim ultaneous determ ination of

F ig . 5. M odel for in v es tig a tio n s  o f w a teraccu m u la tio n

partial inflow values from individual aquifers in  the case of inhom ogeneous soil 
structure. (Fig. 6.) Aspirant L. Szabó , appointed as assistant of the Professor, 
investigated the effect of lateral seepage, whereas Sz. K . B ozoky w as engaged  
in  studying water m otion along slopes in the laboratory and in  the experi
m ental plant at Nagym aros [107].

In connection w ith K arst waters a spring cadaster was established by  
the V IT U K I, registering at present more than 700 springs. 90 per cent, of this  
tota l are Karst springs, yielding the water supplies of some of our industrial 
centres. Springs were characterized by a dependability index (the quotient 
of maxim um  and minim um  discharge) closely related to geological circum stances. 
The greatest am ount o f disadvantageous properties is exhibited w ithin  the  
zone of descendent karst water, by springs surging from lim estone whereas 
dolomite karst springs are somewhat better and springs feeding from the deep 
carst most reliable. A t the some tim e, directives were developed for the modes 
o f spring catchm ent.

13*
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In  addition to th is w ork there were estab lished  two areas of karst water 
ob servation , with the object o f  obtaining in a num ber of K arst water wells o f 
ad eq u ate depth the data necessary for the determ ination o f relationships govern
in g  K arst water level variation . One of the areas is situated  N orth o f Lake Balaton, 
the other one in the karst around K eszthely. The level fluctuations o f stable 
karst w ater level, the relation  o f spring discharge to this variation, the equi
librium  o f Karst water exp lo itation  and recharge were studied on the hand of 
d ata  obtained in these tw o regions and in other karst areas.

In  connection w ith  th e  study of Karst w ater, the tim e of infiltration  of 
80 to  100 millimeters o f artific ia l rain and the related alteration of the chemical 
com position  of Karst w ater w as investigated around the Pálvölgy cave, Budapest 
and on the Bükk P lateau . O bject of these studies was the im provem ent of  
re lia b ility  of karst wrater exploration.

I t  became evident on th e  hand of karst w ater studies and the data of 
spring  recording that the w ells o f  Hungary are governed m ainly by precipitation  
and th a t their discharge depends on the so-called design precipitation percentage,
i. e. th e  ratio of the first four m onth’s precipitation to th at of the entire year. 
The relations established h itherto  in connection w ith  karst water level variation  
are th e  results of studies b y  H . K e s s l e r  [108].

The State Geological In stitu te  has fin ished ground w ater mapping. The 
resu lts  o f  this work were dealt w ith by the head scien tist, A . R ó n a y  in a m ono
graph containing a num ber o f multicolored m aps, soil profiles and water qua
lity  data  [109].

The Karst W ater H igh  Council of the A cadem y o f Sciences headed by  
M. Y e n d l  co-ordinated karst w ater research from  the geological point of view . 
A t th e  Karst W ater Sym posium , held in 1954, the proposal of karst water 
exp loration  on a geom echanical basis by R. E . S ch m idt  was discussed.

Hydrometeorology. The scientists of the M eteorological Institute Were 
en gaged  chiefly in stu d y in g  the formation o f precipitation and extrem e 
precip itation  conditions. L . A u je s z k y  and F. D ési summarized in 1954 for 
th e  fir st  tim e in the a specia l monograph the topic o f artificial rain susci
ta tio n  and climate in flu en cin g  and found the theoretic im portance of the 
success of artificial interference verified b y  the B e r g e r o n — F in d e is e n  rain 
th eory  [110].

In  another paper, A u j e s z k y  has treated the possibilities of artificial rain 
production  [111]. T heoretical studies on the process of rain formation are under 
w a y  a t the Budapest-Lőrinc Observatory of the M eteorological Institute [112]. 
F . H a jo s y  has reported on the principles o f determ ining a hydrological 
sequence of the observation posts of a close-meshed network in  a larger drainage 
area, and on the successful application of these principles [113].

The data collected on th e  variability and the extrem ities of precipitation  
at B udapest were evaluated  b y  J . K ulin  [114].
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The Institute has subjected the circum stances o f the great 1952 summer 
drought and the consequent great autumn rains to careful study, in their rela
tion to  high-altitude atm ospheric conditions.

A process for hom ogenizing long-range precipitation observation series 
was proposed by K . Szeszta y  o f the Y IT U K I [115]. Aspirant Z. S zíjgyártó  
applied the m ethods o f  m athem atical statistics to the determ ination o f the 
distribution and duration o f rainless intervals and to the extrem e values of 
precipitation in periods o f one month or more [116].

Hydrochemistry. Practically, all the H ungarian stream s, 131 in number, 
were subjected to w ater quality control by the W ater Q uality D ivision  o f the 
Y IT U K I. Samples were taken in some 630 localities, on the average in four 
subsequent instances, and investigated partly in the field  and partly in the 
laboratory for physical, chem ical and biological properties. In this w ay a clear 
picture of the chem ical com position and of contam ination of our waters was 
obtained [117]. Research was also done to define and introduce a “ contam ina
tion Index” .

In the line o f  w ater-chem istry methodics investigations were carried out
a) to determine the sulphide ion by com plexonom etry ; h) to determ ine the 
calcium ion by flam e photom etry in the presence o f abundant contam ination ;
c) to determine the cyanide ion, d) to determ ine m inute am ounts of phenol, 
and e)  concerning the m ethodical problems and applicability o f processes of 
oxygen consumption determ ination.

Quality o f underground waters. The water quality data of soil w ater were 
compiled m ostly from the technical point o f view , on the hand of investigations  
b y  the VITUK I and b y  related organizations. A t present there is a 1 : 50 000 
scale map of the entire country, indicating all wells o f which chem ical analyses, 
were made and on which isohypses of equal sulphate contents, hardness, and the 
type o f water are marked. The material will be published in all probability to a 
1 : 200 000 scale.

Investigation o f  irrigation waters. The study o f the filtrating w atersnof 
alkali soils west o f  the Tisza is especially im portant for the defence against 
soda accumulation in insuffciently  irrigated soils. The evaluation o f the data of 
stream  analysis from the point of view  o f irrigation, and com parative studies 
on irrigated soils are under w ay [118].

Erosion. A t the Forestry Research In stitu te , G. l a d y  has carried out 
experim ents concerning erosional effects observable on an intensely  eroded 
zone, a zone of average erosion and a zone standing under the protection of a 
12 years old wood belt o f  4 m breadth perpendicular the slope, all o f  these being  
situated in a hilly area w ith loess soil [119]. The observations have pointed  
out that

1. As compared to other zones, erosion decreases and humus accum ulation  
increases in the zone protected by the wood belt.
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2. CaC03 content, w hose values above a certain lim it m ay lead to rapid 
exsicca tion  of the soil, decreases by the effect o f the wood belt.

3. The sum of h y  values, characterizing the w ater household, w ill increase 
in  consequence of the w ood b elt, because o f the increasing thickness o f  fertile 
soil.

F ig . 6. M odel fo r g round w a te r m o v em en t to  wells

A  standard proposed concerning the afforestation of m ountainous and 
h illy  barren lands waps repared by I. H é d e r .

For the purpose o f the exact study of erosional phenomena a sam ple area 
o f  ab ou t 5 hectare was delim ited  on a barren pasture of the Mátra Mountains. 
T he area is part of the drainage area of a small periodic creek. The accum ulated  
w ater discharge and its detritus content is m easured by an adequate apparatus 
a t a favourable place. The object o f these studies is the determ ination o f the
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processes of erosion by water, the study o f the factors influencig erosion, the 
determ ination of the order of magnitude o f these factors for badlands in differ
ent stages of erosion at different points of the grazing areas of h illy  and m ount
ainous regions on andesite, rhyolite, their tuffs and the superimposed clays, 
claystones and soils.

It was attem pted to determine by these observations, 1. the in fluence o f the 
quality  and the broken or fissured state o f the basem ent rock below  shallow  
cover of inadequate w ater supply upon the percentage of runoff, 2. the influence  
o f the compactness of topsoil upon the velocity  o f run-off and the in ten sity  of 
erosion, 3. the effects o f the presence and quality  (swelling, non-swelling) of 
argillaceous colloids, 4. the effects of wind in ten sity  and direction, w ith  special 
respect on the deviation o f precipitation.

H ydrom etry. A great importance was attributed by the Y IT U K I to  the 
solution  of the m easurem ent problem of irrigation water. Thus the adequacy 
of som e discharge m eters was checked by laboratory tests. The laboratory has 
investigated  the applicability in case of w ater carrying detritus o f shunt-con
nect discharge meters m ounted on pipes and o f reduced-length P ikalov discharge 
m eters to be built in  two open channels.

K. F azekas was engaged in the im provem ent of several hydrom etric 
instrum ents : it was he who developed the prototype of the recording water 
gauge [120]. B. W e im a n n  gives account on bed surveyings made w ith  echo- 
graph [120].

In the Institute o f Hydraulics N o. I o f the Technical U niversity, 
E. V arrók  has made laboratory tests on instrum ents measuring sm all water 
velocities [122]. Theoretical studies concerning the determ ination o f creek 
discharge by salting were carried out by I. V ágás [123].

In the workshop o f the Institute float-typ e discharge meters were prepared 
for observations in  ground water, wells on the request of the Civil Engineering  
Firm . The hydrom etric instrum entation o f the erosion sample area o f  then  
Forestry Research in stitu te  was also prepared at the workshop o f the Institu te.
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PRODUCTION OF MANGANOUS SULPHATE 
SOLUTION FIT FOR ELECTROLYSIS FROM ÚRKÚT

WASHERY SLIMES

P ro f. Z. H O R V Á T H
CAND. OF ENG. SC.

D EPA R T M E N T FO R NON -FERRO US M ETA LLURG Y , U N IV ER SITY  FOR HEAVY IN D U STR Y , M ISKOLC 

[M anuscrip t received on  18 th  N ov. 1954]

Intensive research has been going on for some tens of years, principally at 
American, Soviet, Italian and German laboratories to  find an outlet for products  
th at cannot be processed directly  for ferrom anganese. From research results 
elucidates th a t the m anganese content o f poor ores can be transform ed to  
valuable products by processes o f hot or w et m etallurgy.

H ot processes are not dealt w ith here more in detail ; th ey  consist o f  
sm elting the ore m ixed w ith  coal or w ith spiegeleisen to  produce pig iron and a 
slag high in manganous oxide. The latter is processed for ferrom anganese [ 1 ] .

W et processes produce b y  leaching either manganous sulphate or m anga
nous chloride. From these solutions are produced : by electrolysis e lectro lytic  
m anganese [ 2 ] or manganese dioxide [ 3 ], by  oxidation  a product rich in m anga
nese dioxide [ 4] ,  finally b y  various processes m anganese salts [ 5 ] ,  or ferro
m anganese [ 1 ].

In H ungary manganese ores are found in three places : Úrkút, E plény and  
in the region of Eger—N oszvaj— Deinjen [ 6 ] .

T he m anganese  ore a t  h a n d  co n ta in s 19 %  M n, lim o n ite  equ iva len t to  19 %  F e , besides 
c la y , lim e, q u a rtz  an d  5 %  h u m id ity . (H ere  a n d  in  th e  follow ing Mn has been  d e te rm in e d  b y  
th e  V olhard-W olff, F e  by  th e  Z im m erm an n — R e in h a rd t m e th o d . T he undersize o f  th e  44 m esh  
scree, th a t  is, less th a n  0,4 m m  size, o f  ores has been  trea te d .

1 . P r e p a r a t i o n  o f  s u lp h a te  e le c t r o ly te  f i t  f o r  t h e  p r o d u c t io n  o f  e le c tr o ly t ic  m a n g a n e s e

A t th is  f i r s t  phase o f  th e  in v es tig a tio n  a so lu tion  w as p repared  w hich , a cco rd in g  to  
B u reau  o f M ines specifications f i t  fo r m anganese  e lectro lysis, con ta ined  200 g/1 am m o n iu m  
su lp h a te , 24— 35 g/1 o f Mn in  th e  fo rm  o f m anganous su lp h a te , nearly  n e u tra l  a n d  free  from  
im p u ritie s. F o r  leaching th e  f in a l ly e  o f  electro lysis is m o st su itable. T his co n ta in s  acco rd ing  
to  lite ra ry  d a ta  p e r 1 2Ö0 g o f  am m o n iu m  su lp h a te , 30 g o f  free su lphuric acid  a n d  m an g an o u s 
su lp h a te  corresponding to 3 g M n. M anganese p re sen t as p o lian ite  o r pyro lusite  in  su ch  leach ing  
liq u o r o f  re la tiv e ly  low a c id ity  is h a rd ly  soluble.

D e te r m in a t io n  o f  t h e  m a x im u m  t e m p e r a tu r e  a n d  d u r a t io n  o f  r e d u c t io n

A t th e  f i r s t  se t o f e x p erim en ts  a  re s is tan ce-h ea ted  electric  m uffle  fu rn ace  w as used . 
T h e  m ate ria l to  be reduced w as p laced  in  a  glass tu b e  la id  paralle l to th e  longer side o f  th e  
m u ffle  in  th e  m iddle  axis o f  th e  la tte r .  T he end o f th e  glass tu b e  p u t in to  th e  gas o ff ta k e  a t  
th e  back  o f th e  fu rnace was c o n n ec ted  to  th e  to w n  gas su p p ly  by  a ru b b er hose  th ro u g h  th e  
in te rm ed ia te  o f  a  w ash bo ttle .

1 Acta Technica XVIII/3—4.
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On th e  basis o f  e x p e rim e n ta l results i t  w as a sc e rta in a b le  th a t  from  ores k e p t  fo r an  h o u r  
a t  a n y  tem p era tu re  b e tw ee n  400 and 500 deg. C a n d  afterw ards cooled in  red u cin g  
a tm o sp h e re , d ilu ted  su lp h u ric  acid  dissolved 95— 98 %  o f  th e  m anganese, fu r th e r  th a t  from  
o re  reduced  a t  400 deg. 3 0 %  o f  th e  iron, from  o re  red u ced  a t  500 deg. 70 %  o f  th e  iro n  w ere 
lix iv ia ted . Since iron -free  ly e  has to  be p ro d u ced  fo r e lectro lysis, for th is  pu rp o se , in  o rd e r 
to  fa c ilita te  de-ironing o f  th e  lyes, leaching e x p e rim e n ts  w ere pursued  on  m a te ria l  reduced  
a t  400 deg. C, co n ta in in g  less iron.

Preparation o f iron-free lye, a t 400 deg, C, from ore 
reduced during one hour

Experim ents aim ed at the goal set in  th e  title  were conducted in tw o  
directions and w ill be dealt with in two alineas.

o j  V a r i a t i o n  o f  t h e  q u a n t i t y  o f  l e a c h i n g  l i q o u r  

— a n d  o f  t h e  d u r a t i o n  o f  l e a c h i n g

At the use o f  litt le  leaching liquor, th a t is o f little  sulphuric acid, first 
m ainly  manganese is d issolved. The experim ents have also shown th a t leaching  
o f  short duration, even  i f  there is excess o f  acid, favours more the dissolution o f  
m anganese. A larger am ount of iron goes in to  solution only if  previously enough  
m anganese has been dissolved.

From some results m ay also be concluded th a t, i f  the excess o f acid is n o t  
very  great, by the increase o f the duration o f leaching the iron is separated from  
th e  largely neutralized lye , and the sulphuric acid thus liberated dissolves m an
ganese.

One experim ent has shown that by the proper choice of the relative am ounts 
o f  ore and of leaching liquor, and of the duration o f leaching, a lye free from iron 
can be prepared. H ow ever, this procedure is not feasible because an iron-free 
liquor can be prepared on ly  at the expense o f  th e  recovery of m anganese, and 
i f  a high recovery o f m anganese is aimed at, there w ill be iron besides th e  m anga
nese in  the solution. T hat is, the m anganese is dissolved satisfactorily only if  an 
excess o f acid is used  in  relation to the th eoretica lly  required am ount ; in such  
case no separation o f iron is to  be reckoned w ith .

In  the preparation o f an iron-free neutral lye  obtained at one experim ent 
too , more acid was consum ed than theoretically  necessary for the dissolution o f  
th e  m anganese. This is due to  the fact th a t th e  lim estone content o f th e  ore also  
consum ed sulphuric acid , and the iron dissolved at th e  begin of leaching is m ostly  
precipitated as basic ferric sulphate and — though not in  solution — y e t consum es 
sulphuric acid.

b) R e d u c t i o n  i n  t h e  p r e s e n c e  o f  w a t e r  v a p o u r

A t these experim ents it  was aimed at to  reach the goal set : production  
o f iron-free solution, b y  transforming the iron contained in the ore to  ferrous-
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ferric oxyde insoluble in dilute acid, during th e  reduction of the m anganese  
dioxide to  manganous oxide. This can be executed  — according to  literary  
data —  b y  tw o m ethods.

A fte r E a s t m a n  th e  o re  contain ing  ferric  o x id e  c an  be reduced a t  400 deg. C b y  a  gas 
m ix tu re  o f  CO— C 0 2, co n ta in in g  less th an  41 %  CO, [7], b u t  also by  tre a tin g  th e  m a te ria l 
con ta in ing  ferric  oxyde  a t  400 deg. C w ith  a g a s-v a p o u r  m ix tu re  o f H 2— H 20  co n ta in in g  less 
th an  88 %  H 2 (8).

M a t s u b a r a  w orked in th e  f irs t w ay, b u t  d id  n o t  ob tain  pure F e30 4. H i l p e r t  and 
B a y e r  ex p erim en ted  w ith  a gas m ix ture  o f H 2— H 20 .  T he succeeded in  p re p a rin g  pure  
Fe30 4 w hen th e  gas app lied  a t  400° con tained  a t  le a s t  4 %  of w a ter vapour.

For the experim ents town gas containing on the average 43% H 2, 20%  CH4, 
10% CO, 3% C 02, 1% unsaturated hydrocarbons, 1% 0 2 and 12% N 2 w as at 
disposal for reduction. Since this contains m uch hydrogen and substantia l 
amounts o f m ethane splitting up [ 9 ]  according to the reaction equation  
CH4 =  C +  2 H 2 its com position is nearer to  pure H 2 than to pure CH4.

A ccordingly , re d u c tio n  w as tried u n d e r c o n d itio n s  found  m ost favourab le  b y  H ilp e rt 
and  B eyer, th a t  is a t  400 deg. C and w ith gas c o n ta in in g  4 %  w ater vapour.

A glass tu b e  w as no m ore  suitable fo r such  ex p erim e n ts . Therefore for f u r th e r  ex p eri
m en ts a som ew hat m odified Schrader a lum in ium  r e to r t ,  o rig inally  fabricated  fo r co al d is til
la tio n  te s ts  [10] w as used . T h e  m odification  co n sis ted  in  p a rtitio n in g  th e  inside  o f  th e  re to r t  
by  w ork p la tes , used  for sto rag e  o f m ateria l, m o u n te d  o n  a cen tra l tube. The ore to  be  red u ced  
was p laced  on  th e  w ork  p la te s  su rroundung  th e  p e rfo ra te d  tu b e  containing th e  gas in le t  tu b e  
p ro jec ting  dow n from  th e  p lug  in to  the  re to r t. A  h o r iz o n ta l tu b e  projecting  o u tw a rd  fro m  th e  
re to r t  w as connected  to  one b ra n ch  of a th ree -b ran c h ed  g lass pipe. A nother b ran ch  o f  th e  th ree - 
b ranched  glass pipe w as connected  to the w a sh -b o ttle  se rv in g  for controlling th e  gas flow , th e  
th ird  b ra n ch  o f  i t  jo ined  th e  w a te r  feed to  th e  gas. R u b b e r  hoses were used fo r co n n ec tio n  
everyw here.

W a te r  was f ir s t  fed to  th e  gas in the  v a p o u r  s ta te  b y  connecting one b ran ch  o f  th e  th ree - 
b ranched  glass p ipe  to  th e  neck  o f  a re to rt co n ta in in g  w a te r  o f  30— 50 deg. C. A b e tte r  so lu tio n  
was to  feed w a te r  in  liq u id  s ta te  to the  in le t tu b e  o f  th e  a lum inium  re to rt.

T h e  m in im um  a m o u n t o f  iron  from  th e  m a te r ia l  reduced  a t  400 deg. C is  d isso lved  
w hen m a te ria l reduced  in  p resence of w ater v a p o u r  is  be ing  leached. This w as ex p ec te d  so. 
I t  is n o t im p ro b ab le  th a t  th ro u g h  feeding m ore  w a te r  th e  am o u n t o f iron d isso lved  w ould 
fu rth e r decrease, i t  is even  possible th a t a n  iro n -free  so lu tio n  could be o b ta in ed . T h is  w ay  
does n o t a p p ea r p rac ticab le , how ever, because th o u g h  u n d e r th e  effect o f w a te r  feed  less 
iron  goes in to  th e  so lu tion , o n  th e  o ther h a n d , th e  re co v e ry  o f m anganese becom es worse. 
(P ro b ab ly  th e  presence o f  w a te r  p reven ts th e  re d u c tio n  o f  m anganese dioxide.) T h ere fo re  these  
experim en ts w ere d iscon tinued , and  th e  p rocedure  d esc rib ed  in  th e  n ex t ch ap te r  w as a d o p te d , 
w hich p ro v ed  successful.

Deironing o f iron-containing solution by leaching in counter current

This was planned to  be executed b y  producing an irony solution  and  
deironing it. In selecting a proper deironing m ethod care has to he taken  not to  
introduce undesirable elem ents with the m aterial introduced for separating the  
iron. This material should be in good supply and the entire manipulation should  
be cheap. Considering all these circum stances it  w as deemed most expedient to  
use for the separation o f the iron the reduced m aterial itself or the MnO contained  
in it. Experim ents executed by variation o f th e  am ount of leaching liquor and of 
the duration o f leaching showed that at the neutralization of the lye the iron in

1 *
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so lu tion  is precipitated, and th e  sulphuric acid liberated by the precipitation o f  
iron d issolves m anganese. It was shown also th a t even  an iron-free lye could  be 
ob ta in ed , but in such case the recovery of m anganese is low. This m eans, in  other  
w ords, th a t the to ta l iron is on ly  precipitated i f  som e manganese is still le ft in  the  
leach ed  ore residue in the form  of MnO, th at is, i f  there is excess of MnO in  the  
ore subject to  leaching in  relation to the acid fed  to  leaching. From th is follow s, 
as has been  ascertained too, th a t the tota l m anganese contained in th e  reduced  
m ateria l could be leached out from it only b y  a solution  containing acid in  excess.

N ow  if  in  the interest o f  good recovery o f  m anganese an excess o f  acid  has 
to  b e worked with and, on the other hand, th e  separation of iron is only successfu l 
i f  th ere  is manganous oxide in  excess, it is on ly  to o  obvious to apply th e  principle 
counter current leaching already successfully applied in the hydrom etallurgy  
o f  zinc and of copper.

In  th is case, as shown b y  Fig. 2, the reduced material is first subjected  to  
th e  so-called  neutral, afterwards to acid leaching. The reduced ore is leached  
b y  irony nearly neutral lye originating from acid  leaching, to which m ay be som e  
fresh  acid  is added. In th is leaching procedure th is lye resulting from  acid- 
leach in g  and the possibly added fresh acid is en tirely  neutralized b y  th e  m an 
ganous oxide present in  excess ; the iron content o f the lye is precipitated, and  
an  am ount of m anganese equivalent to the sulphuric acid set free th ereb y  is 
d isso lved . The iron-free lye com ing forth from the leaching process called neutral 
ly e  is  subjected to electrolysis. The solid residue o f  the first or neutral leach ing  
process still containing m anganese is subjected  to  leaching with fresh acid, 
called  acid leaching. Here there must be as m uch free acid as is necessary for 
d isso lv in g  the m anganese still present in th e  m aterial already leached  once. 
O f course, besides m anganese, some iron is also dissolved. This irony lye  passes  
to  th e  neutral leaching process. The tw ice-leached material, hardly contain ing  
an y  soluble m anganese, is dum ped on the spoilheap after washing.

a) Leaching o f Ore Reduced at 400 deg. C fo r  One Hour in the S tatic  S tate , 
in  Counter-current, with Solution Containing 30 g /l  Sulphuric Acid, 200 g /l  A m m o 
n iu m  Sulphate and 3 g /l M anganese.

In  connection w ith th ese experiments it is noteworthy that in leaching at 
higher tem perature (75 deg. C) aluminium was also dissolved. It appears th a t at 
th e  reduction tem perature, th a t is, at 400 deg. C splitting up of the clay  already  
b eg in s according to the reaction equation [11] :

АЦ 03 • 2 S i0 2 • 2 H 20  =  A120 3 +  2 SiO, +  2 H 20 .

P robab ly  the alumina thus set free is d issolved  at higher tem perature in  the  
w eak acid.

According to  results th e  lye produceable b y  counter-current leach ing  is 
iron-free, and under suitable conditions th e  recovery of m anganese is also 
sa tisfactory .
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R e d u c tio n . bO O deg.C , 1 h o u r
L e a c h in g : 1500 c a n / 100g  r e d u c e d  ore , 2 0  d e g  C

F ig . 1

F ig . 2
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R e d u c tio n :  W O  d eg . С, 1 h o u r
L e a c h in g :  Í5 0 0  c c m /1 0 0 g  r e d u c e d  ore , 2 x  1 h o u r

F ig. 3

R e d u c t io n :  W O  d eg .C , 1 h o u r
L e a c h in g :  2 0 0 0  c c m /1 0 0  g  r e d u c e d  o re , 2 x 1  h o u r
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The precise determ ination of optim um  conditions had not yet been dealt 
w ith  here. This was executed in the course o f experim ents dealt w ith in the  
following chapters.

From data o f the experim ents have been p lo tted  Fig. 1— 4. Fig. 1 shows the  
variation of the percentages of m anganese and iron dissolved if  the duration of 
leaching of 100 g o f m aterial reduced at 400 deg. C, for one hour is m odified, 
i f  in acid leaching in counter current and sta tic  s ta te  at ordinary tem perature  
1500 cu. cm. o f fresh acid are added to  100 g o f  reduced ore. Fig. 2 illustrates 
th e  variation o f the percentages of m anganese and iron dissolved if  to  leaching  
stock reduced at 400 deg. C for one hour leached at ordinary tem perature for 
2 x 1  hours (1 hour neutral and 1 hour acid leaching) in counter-current various 
amounts of leaching liquor are added. Fig. 3 shows th e  variation of the recovery  
of manganese and o f iron as a function of tem perature, when to 100 g o f  the  
m aterial, reduced at 400 deg. C during one hour, 1500 ccm of fresh acid are 
added at the acid leaching o f one hour duration. F in a lly  Fig. 4 shows th e  varia
tion  o f the quantity o f iron and of m anganese going into solution as a function  
o f  the tem perature o f  leaching, when to  the neutral residue of leaching o f  the  
stock  reduced during one hour 3000 ccm o f fresh leaching liquor are added  at 
acid lea ch in g .lt is to be noted that the diagrams w ere constructed from relatively  
few  data by extra- and interpolation. From th e figures it is evident th a t, 1500 
•ccm o f leaching agent added to 100 g o f  reduced ore, about two hours suffice for 
either of the acid and o f the neutral leaching processes. It is also apparent th a t  
at one hour leaching tim e 3000 ccm o f lye to be added to 100 g of reduced ore is 
the optim um  quantity (Fig. 2). It is evident finally that it does not pay to  leach  
at higher tem peratures, for the recovery of m anganese does not im prove —  if  
2000 ccm of leaching solution are added to 100 g o f  reduced ore — , while, on the  
other hand, besides more iron, aluminium is also d issolved, which is undesirable.

b) Leaching in Counter-current ivith S tirring o f  Ore, Reduced during One 
Hour, with a Solution Containing 30 g jl Sulphuric A cid , 200 gjl A m m onium  
Sulphate and 3 g jl Manganese in the Form o f M n S 0 4.

In the following the optimum conditions o f  countercurrent leaching was 
tested  on ore reduced at 500 deg. C during one hour. Previous experim ents had  
shown that w ith dilute acid more m anganese can be extracted from ore reduced  
at 500 deg. C, than  from stock treated at 400° C. According to data found in 
literature [1 2 ]  MnO formed at 500 deg. C resists more to the oxidizing effect of  
air than the compound developed at lower tem perature. On the other hand, since  
th e  iron contained in the solution anyw ay separates at neutral leaching, it  is no 
substantial advantage any more o f the reduction executed at 400 deg. C th at  
from the m aterial thus obtained dilute acid d issolved  less iron.

For better recovery o f manganese counter-current leaching was executed  
w ith stirring. For neutral leaching besides the irony solution obtained from  acid 
leaching, fresh acid solution was also added.
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B y  adding to neutral leaching, besides th e  irony solution originating from 
acid leaching, fresh acid solution too, w ith th e  exception of one experim ent, the  
w orking procedure adopted in  practice [1 3 ]  was to  he approached. M ost works 
ap p ly in g  counter-current leaching nam ely are operating in a w ay th a t th ey  add 
to  th e  ly e  obtained from acid leaching, before th ey  pass it to  neutral leaching, 
a certa in  amount o f final electrolyte-lye, th a t is, a solution enriched in  acid. 
T his procedure accelerates th e  operation and renders it more econom ical, for it 
m akes possible to m eet tw o requirements o f  counter-current leaching im portant 
from  th e  economic point o f view . According to  one only as much M nO  has to be 
fe d  w ith  the ore into the neutral leaching process as ju s t permits the form ation  oj' an 
iron-free solution ; according to  the other there must be present in  acid  leaching 
only such excess o f acid as ju s t  suffices to dissolve the manganese presen t in the 
ta ilings o f  neutral leaching. N am ely i f  at neutral leaching ore is present in  relation  
to  th e  acid in greater excess than afore-m entioned, tailings containing too  much 
m anganese pass to acid leaching, where th e  m anganese is dissolved along with  
too  m uch  iron. Thus more iron and more m anganese will be recycled in  leaching. 
If, on th e  other hand, more acid is added to  acid leaching than just necessary to  
d isso lve th e  manganese contained in the ta ilings o f neutral leaching, th is excess  
acid w ill dissolve iron, which is undesirable.

From  arithmetic m eans o f experim ental data were constructed, partly  by  
extrapolation , diagrams o f F ig . 5 and 6. The former shows the variation  o f the 
p ercentages of dissolved m anganese and iron, i f  100 g of material reduced at 500 
deg. C for one hour, are leached at ordinary temperature, tw ice for 1,5 hour, 
in counter-current, w ith stirring.

F ig . 6 illustrates the variation o f th e  manganese and iron recovery as 
fu n ction  o f leaching tim e, when to 100 g o f th e  m aterial, reduced at 500 deg.C  for 
one hour, a total of 2000 ccm  of acid solution  is added in acid and neutral 
leach ing .

Optim um  results were obtained at one experim ent. Then the iron-free lye
22 8

resu ltin g  from neutral leaching con ta in ed-------=  11,4 g manganese per 1 (the
2

m anganese content of wash-water disregarded),and94,3per cent of the m anganese  
w ent in to  solution. A lthough the recovery o f  m anganese is good, and th e  lye is  
also free from iron, y et it  does not m eet requirem ents of M n-electrolyses, for its  
m an gan ese content (11,4 g/1) is only about h a lf  o f the required one (24— 35 g/1).

c) Leaching in Counter-current, with S tirring, o f  Ore Reduced at 500  deg. C 
fo r  One H our, at Ordinary Temperature with a Solution Containing 60 g jl Sulphuric 
A cid , 200  g /l  Ammonium Sulphate and 3 g /l o f  Manganese in the Form o f  M n S 0 4.

To obtain for electrolysis a solution containing the required am ount of 
m anganese leaching has to  be made w ith a solution  that contains about tw ice the 
am ount o f  sulphuric acid compared to  the liquor, used at former experim ents. 
Therefore in  the leaching solution just applied there are 60 g/1 of sulphuric acid
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Fig. 5
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R e d u c tio n . 5 0 0  d eg . C, 1 h o u r  
L e a c h in g :  2 0 0 0  c c m /1 0 0 g  r e d u c e d  o r e
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against 30 g/1 of the former. From results o f  former experiments m ay be con
clu d ed , that from th is solution richer in sulphuric acid half the volum e o f the  
form erly  used thinner solution w ill be necessary for dissolving the sam e am ount 
o f  m anganese.

The iron-containing in itia l solution, artificially prepared on the basis of 
experim ents, contained per litre 200 g of am m onium  sulphate, 10 g o f m anganese, 
1,4 g o f  ferric sulphate and 32 g of free sulphuric acid. The further procedure was 
th e  sam e as that adopted at the experim ents described in the previous chapter. 
F ig . 7 shows recoveries o f m anganese and o f iron as functions of the leaching

F i g .  7

so lu tion  applied to 100 g o f reduced ore. The diagram  well shows that best results 
are obtained when to  100 g o f  reduced ore a to ta l o f 750— 800 ccm o f fresh acid 
solution  are added in both  th e  acid and the neutral leaching process.

A fter all it m ay be established that from  Úrkút washery refuse an electrolyte 
suitable fo r  manganese electrolysis can be produced on laboratory scale i f  th e  ore 
properly broken (under 0,4 m m  size) is treated  during one hour in  a reducing  
gas stream  at 500 deg. C, cooled in  reducing atm osphere, afterwards leached at 
ordinary temperature, w ith  stirring in counter-current with a lye containing  
60 g/1 sulphuric acid, 200 g/1 o f ammonium sulphate and 3 g/1 o f m anganese. 
In  th e  laboratory good recovery o f manganese and iron-free lye are obtained if  
at th e  acid leaching o f 3 hours duration to  100 g reduced ore 750 or 600 ccm  o f  
acid solution  are added, and at the neutral leaching o f similarly 3 hours duration  
th e  solution  resulting from th e acid leaching or its  m ixture with 200 ccm o f acid 
so lu tion  is applied.
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Exam ination o f the leaching processes o f  m aterial reduced between 
400 — 500 deg. C for 1 hour, in counter-current for 2 x 3  hours

a) Composition o f  Solutions and Solid Residues Resulting from  D ifferent 
Phases o f Leaching.

Aims o f th is series o f experim ents was to  find what amount o f sulphuric 
acid  is lost in leached-out and washed material in  order to find the am ount of 
fresh sulphuric acid to be added to  the solution, in  case of electrolysis.

For these leaching the following solutions were prepared :

Irony solution a) f in a l lye b) f in a l  lye

(NH 4)2S 0 4 =  200 g/1 .............  200 g/1 ...............................  200 g/1
M nS04 =  33,8 g/1 .............  8,24 g / 1 ..............................  5,5 g/1
Fe2(S 04)3 =  5 g/1
H 2S 0 4 =  32 g/1 .............  60 g / 1 ...............................  72 g/1

A t two experim ents 5 g of reduced ore were leached with 30 ccm o f irony 
solution  and 10 ccm o f final lye a), during 3 hours, at ordinary tem perature, w ith  
stirring.

It can be ascertained from the experim ents th a t the catolyte resulting from  
the first neutral leaching contains iron in all three experim ents. At one experi
m ent, the cato lyte filtered off at the second neutral leaching is, however, free 
from iron. It is also striking, that the wash-waters contain relatively much  
m anganese, iron and sulphate (S 0 4). The explanation  o f this is that at filtering 
following upon neutral leaching tw o filter papers (one used in filtering after 
neutral leaching, another in separating the irony solution from the tw ice leached- 
ou t material) retain some liquid. In wash-water obtained by such working m ethod  
o f  course there is more m anganese, iron and sulphate (S 0 4) than can be expected  
in  washings on plant scale. A t several tests care was taken to  execute filtering, 
as far as possible, in a way to reduce the m etal and S 0 4 content o f the wash- 
w ater to a minimum.

For new experim ents pains were taken, however, to prepare an irony  
solution of approxim ately the sam e com position as the irony solution o f the  
system  in equilibrium.

T his com position  was approached  b y  supposing th e  follow ing :
1. In  n e u tra l  leaching iron is p re c ip ita te d  in  th e  fo rm  o f  ferric hydrox ide,
2. A t w ash ing  follow ing upon  acid  leaching no iro n  is p rec ip ita ted  from  th e  so lu tion  

because  o f d ilu tion  w ith  w a ter (hydro lysis),
3. T he solid residues o f  b o th  th e  n e u tra l  and o f  th e  acid  leaching contain  a f te r  f ilte r in g  

a so lu tion  of th e  sam e volum e, and  o f  eq u al co n ce n tra tio n  in  re la tio n  to S 0 4.
A ccordingly th e  S 0 4 co n ten t o f  th e  irony  so lu tio n  m u s t equal th e  a m o u n t o f  S 0 4 

in  th e  fin a l lye ad d ed  to  acid leaching ; from  th is  follow s also th a t  from  the  m a te ria l leached 
out once rem ains a f te r  f i ltra tio n  o f th e  lye as m uch  S 0 4 as is found  in  the  w ash -w ater an d  
in  th e  w ashed-out m a te ria l to g e th e r a f te r  acid leach ing . O n th e  o th e r  hand , th e  q u a n ti ty  
o f  S 0 4 contained  in  th e  ca to ly te  resu ltin g  from  n e u tra l  leach ing  m u st equal th e  sum  o f  th e  
S 0 4 co n ten t o f th e  end  lye fed to n e u tra l an d  to acid  leach ing .
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I n  p rac tice  on ly  so m u ch  fresh  su lphuric  acid  is to  he  supplem ented  to n e u tra l  leach ing  
as is  c a rr ie d  aw ay  b y  th e  w ash ed -o u t m a te ria l. A t th ese  experim ents no fresh  su lp h u ric  acid 
w as a d d e d  a n d  th e  w ash-w ater w as n o t recycled  in to  th e  leaching process, b u t  th e  n e u tra l  
le a ch in g  w as execu ted  w ith  m ore  f in a l lye.

F ro m  th e  above re su lts  t h a t  th e  S 0 4 c o n te n t o f  th e  ca to ly te  resu lting  from  th e  experi
m e n t is  o b ta in e d  if  from  th e  S 0 4 p re sen t in  th e  e n d  lye  fed to th e  n e u tra l a n d  to  th e  acid 
le a ch in g , th e  am o u n t o f S 0 4 p re se n t in  th e  w ash -w ate r  an d  in th e  w ash ed -o u t m a te ria l  is. 
d e d u c te d .

A cco rd in g  to  th e  assu m p tio n s th e re  should  be 6,279 g o f  S 0 4 in  30 ccm  o f  th e  iro n y  solu
t io n  ( in  th e  course o f  analysis 6,265 g were found), th e  m a te ria l w ashed-out once sh o u ld  co n ta in  
2,212 +  0,090 =  2,302 g o f  S 0 4 (acco rd ing  to  c a lcu la tio n  2,276 g are in  it)  an d  th e  S 0 4 c o n ten t 
o f  th e  c a to ly te  should be  2,093 -j- 6,279— 2,212— 0,090 =  6,070 g.

R eg ard in g  th e  d is tr ib u tio n  o f  th e  m anganese  i t  m a y  be supposed th a t  th e  p ro p o rtio n  
o f  m an g a n ese  and  o f S 0 4 p re sen t in  th e  w ash -w ater equals th e  p ro p o rtio n  o f  th e  m anganese  
a n d  o f  th e  S 0 4 co n ten ts o f  th e  irony  solution ; w ith  o th e r  w ords, th is  supposes t h a t  th e  w ash- 
w a te r  is  d ilu te d  irony  so lu tion . T h e  q u a n ti ty  o f  m an g an ese  con ta ined  in  th e  once  (  neutrally)  
leached stock  is o b ta ined , i f  from  th e  to ta l  o f  th e  m an g an ese  co n ten ts o f  th e  w ash -w ater, o f  
th e  w a sh e d -o u t m ate ria l, an d  o f  th e  iro n y  so lu tion , th e  m anganese  p re sen t in  th e  f in a l  lye  fed 
to  a c id  leach in g  is deducted . F in a lly  th e  m anganese  c o n te n t o f  th e  ca to ly te  m u s t  eq u al th e  
d iffe re n ce  betw een  th e  to ta l  m anganese  b ro u g h t in  w ith  th e  reduced  ore as w ell as w ith  th e  
f in a l  ly es  fed  to  th e  leachings, an d  th e  m anganese  re m a in in g  in  th e  w ashed-ou t m a te ria l.

A ccord ing ly  in  th e  case a lread y  q u o ted  in  th e  iro n y  solu tion  th e  ra tio
SO ,
Ain

has to

0 672 9 ,32 ); m oreover th e  m a te ria l leach ed  o u t
, 0,212

e q u a l ^  =  10 (accord ing  to  analysis

on ce  h a s  to  co n ta in  0,22 -(- 0,058 +  0,672— 0,09 =  0,86 g o f  m anganese ; fin a lly  in  th e  c a to ly te  
th e re  m u s t  be 1,14 +  0,03 -f- 0,09— 0,058 =  1,202 g o f  m anganese. (T here is 0,79 g, b u t  to 
th is  h a s  to  be  added  0,22 g co n ta in ed  in  th e  w ash -w ate r  n o t recycled. T he to ta l  is 1,01 g. )  

E x am in in g  th e  iro n  i t  is a scerta in ab le  th a t ,  i f  th e  afore-m entioned  su p p o sitio n s hold : 
1. T h e  iro n  con ta ined  in  th e  irony  solution  is ca lcu lab le  from  th e  know ledge o f  th e  com po
s itio n  o f  th e  w ash-w ater a n d  o f  th e  m anganese  a n d  SO , co n te n t o f th e  iro n y  so lu tio n  ; 2. In  
the m a teria l leached-out once th e re  is as m u ch  iro n  as in  th e  irony solu tion , in  th e  w a sh -w ate r  
a n d  in  th e  o re  to gether, 3. The m aterial washed-out m u s t  c arry  aw ay as m uch  iro n  as is b ro u g h t 
in  b y  th e  reduced  ore.

SO 2 212
T h u s  in  th e  irony  so lu tion  th e  v a lu e  o f  th e  ra tio  - ’■ should be —*■ =  30,3 (acco r-

M n 0,070 '

d in g  to  an a ly sis  ’ — =  27,5), in  th e  m ate ria l leach ed -o u t once th ere  m u st be 0,228 +  0,070 -)-
0,228

-j- 0 ,750 =  1,048 g of iron , and  in  th e  m ate ria l w ash ed -o u t 0,75 g o f iron.

On th e basis o f the above line o f thought have been drawn Fig. 8, 9 and 10.. 
These d isplay relations only qualitatively, quantitatively  they  do not fit exactly  
th e  conditions of operation.

According to the conclusions o f the above argum entation an irony solution  
w as prepared, one litre o f w hich contained 20,5 g o f  manganese in th e  form o f  
m anganese sulphate, ferric sulphate corresponding to  7,44 g of iron and 9,12 g 
o f free sulphuric acid.

A t one experiment only final lye was fed to  neutral leaching, no irony 
so lu tion , at another experim ent 5,36 g o f ore, at a third one 5 g o f ore were 
su b jected  to  neutral leaching w ith stirring, using 30 ccm o f irony solution  and 
20 ccm  o f  final lye. The cato lyte resulting from neutral leaching w as at all 
experim ents free from iron and contained at three experiments follow ing per-

p , . . 0 ,7 5 5 -0 ,0 9 0
cen ta g es of the m anganese present in  the ore :

1,252
100 =  53,1 ;
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1 ,2 6 5 -0 ,6 7 5  1 , 2 5 0 -  0,675
-----  - —  100 =  44,2 and ------- --------------- 100 =  46% respectively. (A ctually

1,3367 1,250
more m anganese was dissolved, since the m aterial leached out once and th e  solu
tion  w ithheld  by the filter cup also contain m anganese.) Am ounts o f S 0 4 present 
in  th e  catolyte corresponded to  the follow ing percentages o f the S 0 4 content

„  , . 5,3  8,33
o f th e  solution fed to  neutral leaching : --------- 100 =  84,5 ; ------------  100 =  79,7

6 6,279 10,465
8,498

a n d ---------100 =  81,1%  respectively. The m aterial leached-out once, when
10,565

neutral leaching was executed w ithout adding irony solution, retained according 
to  calculation 0,979 g o f S 0 4, partly in the solution remaining in it, partly in  th e  
form  o f basic sulphates or calcium  sulphate. A t the two other experim ents th ese  
S 0 4 am ounts were 2,135 and 1,967 g. From  this it is evident th a t, i f  more iron 
is precip itated , more S 0 4 is contained in th e  neutrally leached m aterial, which  
m eans ; in other words, th at the iron goes into the precipitate in  the form o f  
basic ferric sulphate. The supposition th at th e  water resulting from washing is 
an irony solution is fairly well supported b y  the tabulated residts. These experi
m ents attained the aim set, th a t is, to  obtain at the washing w ith w ater o f the  
solid  residues of leaching solutions containing as little manganese as possible, 
but m uch manganese rem ained in the m aterial washed-out. This is probably due 
to  th e  fact that acid leaching was done w ithout stirring.

To prove th is assum ption a further experim ent was made the results o f  
w hich are summed up in Table 1.

Table 1

Mu, g i Fe, g so ., gMn, g Fe, g S04, g

R e d u ce d  m ate ria l ................................... 5,36 g 1,4210

Iro n y  so lu tion  .......................................... 30 ccm 0,6150 0,2230 6,2790

F in a l ly e , a) com position ................... 20 ccm 0,0600 — 4,1860

C a to l y t e ........................................................ 1,5100 0,1460 9,7000

M a te ria l leached  o n c e ............................ 0,5860 0,7650

F in a l  ly e , a) com position ................... 30 ccm 0,0900 - 6,2790

Iro n -co n ta in in g  s o lu t io n ........................ 0,5430 0,3650 6,2600

W ash ed  w ith  w ash-w ater ................... 0,0830 0,0526 0,8100

M ate ria l w ashed  o u t ............................... 0,0500 0,1280

A t th is  exp erim en t th e  f i l t r a te  w as ru n  in to  a  glass filte rin g  beaker, an d  b o th  leaeh ings 
w ere  e x ecu ted  w ith  s tirring . In  th e  c a to ly te  beside m u ch  m anganese an d  S 0 4, iro n  w as also 
fo u n d . T h e  am oun ts o f  th e  fo rm er tw o w ere larg e  p ro b a b ly  because o f b e tte r  filte r in g  and  
o f  p a r t  o f  th e  iron  rem ain in g  in  th e  so lu tion . F ro m  th e  la t te r  c ircum stance  conclusion  can  
be  d ra w n  to  th e  fa c t th a t  for som e reaso n  th e  e x p e rim e n t w as n o t favourab le  for th e  fo rm atio n  
o f  b asic  su lp h a te . To th is  m ay  be a ttr ib u te d , ju s t  as a t  th e  form er tw o experim en ts , t h a t  com -
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p a ra tiv e ly  little  S 0 4 rem ain ed  in  th e  m a te ria l 
is good :

1,421 —  0,050 
1,421

leach ed -o u t once. The recovery  o f  m an g a n ese  

100 =  9 6 ,6 %

B e st resu lts  w ere  a tta in e d  a t  th e  la s t  o f  th e  a fo re -trea ted  th ree  ex p erim en ts . L e t be  
exam in ed  how calcu la ted  values agree w ith  resu lts  o b ta in e d .

T he S 0 4 c o n te n t o f  th e  filte red  iro n y  so lu tion  shou ld  be 6,279 g acco rd in g  to  th e  
a ssu m p tio n , th a t  is, th e  sam e as is co n ta in ed  in  th e  in it ia l  irony  solu tion  (o rig in a tin g  from  
stock ). In  th e  m ate ria l leached-out once w ould re m a in  according to  th e  fo rm er reaso n in g

1,2362 +  0,1711 =  1,4072 g S 0 4, and w ere actu a lly  fo u n d  1,967 g, ju s t  therefore  in  th e  c a to iv te  
th e re  are in stead  o f  4,186 - f  6,279 —  1,2362 —  0,1710 =  9,0578 g on ly  8,498 g  o f  S 0 4.

0 0725
In  th e  iro n y  so lu tion  should he  6828 ^ 2 3 6 2  =  ® m anganese an ,l th e re  is  0,62 g

o f  m anganese. T he m a te ria l leached-ou t once co n ta in s 0,0725 -j- 0,0725 -f- 0,6200— 0,0900 =  
=  0,6750 g o f m anganese  an d  in th e  c a to ly te  there  is in s te a d  o f 1,25 -j- 0,06 -j- 0 ,09— 0,0725 =  
=  1,3275 g, 1,25 g o f  m anganese. ( I f  to  th e  1,25 g is ad d ed  th e  m anganese c o n te n t  o f  0,0725 
o f  th e  w ash-w ater n o t  recycled , 1,3225 g is  o b ta in ed  as resu lt).

0 0527
T he iron  c o n te n t o f  th e  irony  so lu tio n  is accord ing  to  calcula tion  6,828 2362 =  S

ag a in s t 0,321 g fo u n d  b y  analyses.

As shown, there are smaller or greater divergences betw een com puted  
and found values. This is partly due to the fact that the initial irony solution  
used in neutral leaching does not exactly  correspond in composition to  th e  irony 
solution of the operation in equilibrium, partly to  the fact that instead  o f the
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80  ccm  of final lye resu lting from former experim ents 100 ccm of final lye were 
ad d ed , moreover the w ash-w ater was not recycled  in  neutral leaching, finallv the  
conditions specified at th e  beginning argum entation do not entirely hold . Iron 
precip itates namely nor in  th e  form of ferric hydroxide but in that o f basic ferric  
su lphate  at the neutral leach in g , and the proportion betw een the m anganese and 
iron  brought out by th e  w ash-w ater is also not th e  sam e as in the irony solution, 
b ecau se  in the course o f  washing the irony solution contained in the m aterial is 
dilu ted , and is hydrolized in  consequence o f th is , w hich  causes precipitation o f iron. 
T h e precipitation o f iron in  th e  form of basic su lphate modifies the figures of 
diagram  8. so far that : 1. In  the neutrally leach ed  material as m uch more S 0 4 
rem ains against the above com puted amount after filtration-off o f th e  ly e , as is 
carried off by the basic iron sulphate precip itated  ; 2. In the iron containing  
so lu tion  originating from  acid  leaching and in  th e  w ash-water together there must 
b e as much S 0 4 more, as is dissolved under th e  action  o f free sulphuric acid from  
th e  basic iron salts at acid  leaching.

From all this m ay be and must be concluded that ; a) in  the system  as 
m u ch  S 0 4 more has to  be k ep t in circulation, as has gone into solution at acid 
leach in g  from basic iron salts precipitated a t neutral leaching ; b) At 
leach in g  as much S 0 4 per I t  raw ore has to  b e brought in the form o f  fresh 
sulphuric acid, as is carried o ff from the S 0 4 o f  th e  leaching solution b y  th e  ore 
residue o f acid leaching w ashed  out with w ater. For instance, from the above 
t e s t s  it  can be ascertained that in leaching operation the m aterial origin
a tin g  from 1 t o f reduced ore, leached out tw ice  and washed out, consum es in 
rou n d  figures 12— 35 kg sulphuric acid, th a t is, to  each ton of the reduced ore 
on the average 25 kg o f sulphuric acid has to  be added  at neutral leaching.

b) The partic ip a tio n  o f ammonium sulphate in leaching

In  the Bradley process [1 4 ]  the m anganous oxide present in  the reduced  
ore is leached out w ith am m onium  sulphate. The question arises whether i f  these  
te s ts  are carried out in  th e  presence of am m onium  sulphate, this com pound has 
a share in  the dissolution o f  m anganese. To answ er th is question a fresh experi
m en t has been carried ou t (Table 2).

T his was executed sim ilarly  to one of th e  previous experim ents, the differ
ence w as only, that at th e  n ew  te s t  not final ly e  w as applied to either th e  neutral 
or to  th e  acid leaching process, b u t dilute sulphuric acid  equal in volume to  th e  final 
ly e , in  which there w as n e ith er  ammonium su lphate nor manganous sulphate, 
b u t it  carried as much free sulphuric acid as w as contained in  the final lye at the  
previous experiments (about 60 g/1). At th e  experim ents of Table 2, both  
leach in gs were carried out w ith  stirring. After leach ing  filtration was carried out 
in  a filtering vessel w hose b o ttom  was covered w ith  filter paper, at sm all Vacuum. 
T h e cato ly te  coming forth  from  neutral leaching w as, here too, free from  iron
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Table 2

Mu, g Fe. g Ь04, g

R educed  m ate ria l ................................... 5 g 1,2334 _
D ilute H 2S 0 4 ............................................ 30 ccm — - 1,7650

C a to ly t e ........................................................ 0,6750 - 1,5600
M ateria l leached  ou t o n c e ................... 0,5584 0,2050
D ilu te  H 2S 0 4 ............................................ 30 ccm — — 1,7650
Iro n y  so lu tion  .......................................... 0,4670 0,2260 1,7700
B ro u g h t o u t w ith  w ash w ater . . . . 0,0500 0,0468 0,2130
M ateria l w ashed o u t .............................. 0,0414 0,0596

and contained from the m anganese content o f the ore about the sam e am ount, 
0,675 g, as the catolyte of one of the previous tests  (0,735— 0,090 =  0,665 g). 
On the other hand, more iron and m anganese w ent into the irony solution  than  
at the afore-mentioned previous test, the cause o f  which m ay have been , that 
now the acid leaching had been executed sim ilarly w ith stirring.

Oxidation o f ferrous sulphate containing solution with m anganese dioxide

In the following information was to be gathered as to how much m anganese  
dioxide was required for the oxidation o f the iron content o f the ferrous sulphate 
solution containing about th e  same am ount o f iron as the irony solution  arising 
in operation on plant scale, and whether the tota l amount of iron contained in 
th e  solution could be separated.

Fig . 11 was d raw n from  d a ta  o f  th e  exp erim en t. T h is shows th e  a m o u n ts  o f  m an g a 
nese  a n d  o f  iro n  con tained  in  th e  so lu tion  o b ta in ed , as functions o f  th e  q u a n ti ty  o f  M n 0 2 
ad d ed  to  20 ccm . o f  irony  so lu tion . D ashed  lines in  th e  fig u re  show th e  d iffe re n t ex p erim en t 
result^ .

F ro m  F ig  11 is ev id en t th a t  w ith  th e  increase  o f  th e  am o u n t o f  m an g an ese  dioxide 
t r e a te d  w ith  20 ccm o f iro n y  so lu tion  th e  a m o u n t o f  m anganese  going in to  so lu tio n  increases 
o n ly  u p  to  a  c e rta in  lim it, an d  th e  a m o u n t o f  iro n  rem ain in g  in  th e  so lu tio n  decreases a t  
th e  sam e ra te .  T he increasing  o r  decreasing  v a lu e  reaches th e  lim it w hen all th e  fe rro u s iron 
h as  been  ox id ized  to ferric iron . T h is o ccurred  a t  one ex p erim en t w hen th e  0,1936 g o f  ferrous

iro n  m e t  —------ 2 '-----=  0,044 g o f  ox igén, cap ab le  o f  oxid izing , com bined w ith  0,152 g of
g

m anganese . (T heoretically  fo r ox id iz ing  0,1936 g o f  ferrous iron  on ly  0,1936 —g =  0,0277 g 

o f  ox igén  is requ ired). T h en  85,9 %  o f  th e  iro n  p rec ip ita ted . In  th e  p re c ip ita te  rem ain ed
0,0452

0,1520
100 =  29,7 %  o f  th e  m anganese  b ro u g h t in , th e  re s t  was dissolved.

Provided that the precipitate contains the manganese in  the form of 
m anganese dioxide, the com position o f the iron contained in the precip itate can 
be com puted. The investigations show that the iron precipitates in  th e  form of

2  Acta Technica XVIII/3—4.
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basic sulphate, and th a t th e  composition of the basic sulphate precipitated is not 
constant, but it contains th e  more sulphate, the higher is the excess o f m anganese  
dioxide, the more iron is precipitated, the shorter the duration and the lower 
th e  tem perature o f  leaching. The com position o f  iron precipitate approaches, 
depending upon the duration and temperature o f leaching, in the case on hand  
th a t o f the compound o f  Fe2(S 04)3 • 3 Fe(O H )3, and Fe2(S 04)3 • 4 Fe(O H )3.

H n 02 , g  

Fig. 11

Treatment o f  ferric sulphate solution with reduced ore

This investigation  aim ed at finding how m uch reduced ore is required to  
separate all ferric iron from  a ferric sulphate solution of given com position.

T he artificially  p re p a re d  iro n y  solution co n ta in ed  p e r  l itre  0,146 g o f  ferrous iro n , 
9,35 g o f  to ta l  iron  an d  28,34 g o f  S 0 4 (1,84 g o f  free  su lp h u ric  acid). W ith  20 ccm  o f th is  
so lu tio n  various am o u n ts  o f  red u ced  ore were leached a t  room  tem p era tu re , w ith o u t stirrin g , 
a t  th e  5 te s ts  for 22— 24 h o u rs , a t  5 fu rth e r in v estig a tio n s fo r  73— 74 hours. F ig . 12 show s 
th e  am o u n ts  o f  dissolved m an g an ese  and iron rem ain in g  in  th e  solu tion , a t  th e  tre a tm e n t o f  
20 ccm  o f  irony  so lu tion  w ith  red u ced  ore, as functions o f  th e  q u a n tity  o f reduced  ore ad d ed  
to  th e  solution.

E v id en tly  ab o u t 2 g o f  reduced  ore th row  dow n all th e  ferric iron  co n ta in ed  in  th e  
20 ccm  o f  irony so lu tion . T h e  a m o u n t o f 0,00292 g o f  fe rro u s  iron  contained in  th e  so lu tion  
ad d ed  to  leaching has in c reased  to  0,0116 g, p ro b ab ly  u n d e r  th e  effect o f  th e  m eta llic  iro n  
in  th e  reduced  ore an d  o f  th e  free  sulphuric acid p re se n t in  th e  leaching liquor.

F o r  throw ing dow n  0,1870— 0,0116 =  0,1754 g o f  iro n  sep ara ted  2 g o f  reduced  ore, 
t h a t  is a b o u t 0,5 g o f  m an g an ese  was necessary. F ro m  th is  m anganese  only 0,21 g w as d is
solved.

I t  m ay  be supposed  t h a t  th e  difference (0,29 g) is p re sen t in  th e  p re c ip ita te  in  th e  
fo rm  o f  MnO. I f  th e  se p a ra tio n  o f  the  iron  took  p lace  acco rd ing  to th e  reac tio n  e q u a tio n  
F e 2(S 0 4)3 -(- 3MnO 3 H 20  =  2 F e(O H )3 -f- 3M nS04, th e n , since th e  atom ic w eigh ts o f iro n  
a n d  o f  m anganese are n e a r ly  e q u a l, the  ferric su lp h a te  cou ld  dissolve an  am o u n t o f  m anganese  
co rrespond ing  to 1,5 tim es o f  th e  iro n  separa ted , th a t  is 0,1754 • 1,5 =  0,253 g o f m anganese. 
T h e  0,0368 g of free su lp h u ric  ac id  p resen t in th e  so lu tio n  a d d ed  to th e  leaching can  dissolve
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0,0368 =  0,0206 g o f  m anganese so t h a t  a  to ta l  o f  0,253 +  0,0206 =  0,2736 g o f  m anganese

96
sh o u ld  he in th e  so lu tion . O nly 0,21 g w as d issolved, therefo re  th e  SOj o f 0,0636 =  0,111 g

necessa ry  for th e  so lu tio n  o f 0,2736— 0,21 0,0636 g o f  m an g an ese  m u st be p re sen t in  th e
p re c ip ita te  p a rtly  b o u n d  to  calcium , p a r tly  to  iron.

From these experim ents and from the investigations previously described 
it can be ascertained th at at neutral leaching to the reduced ore besides the irony 
solution so much final lye has to be added that 40— 50%  of the m anganese con-

0,23

0,21

019

0,17

0,15

0 1 3
0.8 1,6 2,9

R ed u ced  ore, g

F i g .  12

8,2

0,20

0,16

0,12

0,08

0,09

002

tained in the ore be dissolved in th is process. On the other hand it is easily 
conceivable that the acid leaching has to be executed in the presence o f so much 
final lye that the m anganese rem aining in the m aterial leached-out once be just 
dissolved.
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SUM M ARY

A im  o f  th is  work was to f in d  a n  econom ical m e th o d  o f  processing Ú rk ú t ' w ashery  w aste. 
I t  w as t r ie d  to  m ake o f  th is  c la y ey  ore , con ta in ing  m anganese  in  th e  fo rm  o f  M n 0 2, a 
s u lp h a te  e lectro ly te  to he e lectro ly zed  fo r m anganese.

A ccord ing  to la b o ra to ry  te s t  re su lts  th e  m o st favourab le  co n d itio n s o f  p reparing  
a  s u lp h a te  electro ly te f i t  fo r th e  e lectro lysis o f  m anganese  are :

a )  R ed u ctio n  of th e  o re  in  g a s  s tream , a t  400— 500 deg. C in a  su itab le  fu rnace , for 
in s ta n c e ,  in  a ro ta ry  kiln,

b )  Cooling in  reducing a tm o sp h e re ,
c )  L each ing  w ith  s tirrin g  in  co u n te r-cu rre n t, a t  o rd in a ry  tem p e ra tu re , w ith  th e  fin a l 

ly e  o f  m an g an ese  electrolysis recy c led , w h ich  con ta ins 200 g/1 o f  am m onium  su lp h a te , 60 g/1 
o f  free  su lp h u ric  acid and  som e m an g a n o u s  su lphate . A t th e  te s ts  fro m  Ú rk ú t  o re  g round  
to  0 ,4  m m  m ax. grain  size 93,33 o r  94 ,04%  o f th e  m anganese  could be  leach ed  o u t.

9 3 ,3 3 %  o f the  m anganese  w ere  d issolved w hen  to  100 g o f  reduced  ore  :
1. in  n eu tra l leaching fo r 3 h o u rs  —  besides th e  iro n y  so lu tion  o b ta in e d  fro m  acid  leach 

in g  —  200 ccm of final e lec tro ly te  lye ,
2. a n d  to  acid leaching, fo r 3 h o u rs  too, 600 ccm  o f  e lectro ly te  f in a l ly e  w ere added . 

T h e  re c o v e ry  o f 94,04 %  o f  m an g an ese  w as o b ta in ed , w hen  :
1. to  n eu tra l leaching o n ly  th e  iro n y  so lu tion  o rig ina ting  from  acid  leach ing , and
2. to  acid leaching on ly  750 ccm  o f  e lectro ly te  f in a l lye are ru n .
T h e  exam inations have  e s tab lish e d  th e  follow ing :
a )  Tw ice leached o u t, w ash ed  m a te ria l o rig ina ting  from  1 t  o f  red u ced  ore  carries o ff 

o n  th e  av erag e  25 kg o f su lp h u ric  acid .
b)  A t  leaching ex ecu ted  acco rd in g  to  th e  above th e  am m onium  su lp h a te  does n o t tak e  

p a r t  in  d issolving m anganese.
c )  I n  n eu tra l leaching iro n  se p a ra te s  in  th e  form  o f  basic fe rric  su lp h a te .
d )  T h e  com position o f  th e  iro n  p e rc ip ita te  —  depending  on  th e  d u ra tio n  an d  tem p e

r a tu r e  o f  leaching —  ap p ro ach es th e  com pounds o f F e 2(S 0 4)3 • 3F e(O H )3 o r o f  F e 2(S 0 4)3 • 
•4 F e (O H )3.

e )  I n  n eu tra l leaching to  th e  red u ced  ore —  besides th e  irony  so lu tio n  —  so m u ch  f in a l 
e le c tro ly te  lye is to be ad d ed  t h a t  40— 50 %  o f th e  m anganese  co n ta in ed  in  th e  reduced  
o re  h e  d isso lved  in  th is o p e ra tio n .

f )  A cid  leaching h as to  be  c a rr ied  o u t  in  p resence o f  so m u ch  e lec tro ly te  f in a l lye, th a t  
th e  m an g a n ese  rem aining in  th e  m a te r ia l  leached-ou t once be  on ly  ju s t  d issolved.

H E R S T E L L U N G  VON E L E K T R O L Y S IE R B A R E R  M A N G A N O SU LFA TLA U G E 
AUS Ü R K Ú T E R  ER ZW Ä SC H E A B G Ä N G E N

Prof. Z. HORVÁTH 
Kand. der Ingenieurwissenschaften

ZUSA M M ENFASSUN G

D ie  Zielsetzung dieser A rb e it w ar, ein  w irtschaftliches V e rarb e itu n g sv erfah ren  fü r  die 
A b g ä n g e  d e r U rkú ter E rzw äsche z u  fin d en . Im  L aufe  d e r U n tersu ch u n g en  w u rd e  v e rsu ch t, 
au s d e m  to n ig en  E rz, welches M an g an  in  de r F orm  von  M n 0 2 e n th ä lt,  e in en  S u lfa te lek tro ly t 
h e rz u s te lle n ,  der zur M anganelek tro lyse  geeignet is t.

L a u t  L ab o ra to rium sversuchen  sind  die o p tim a len  B ed ingungen  d e r H e rste llu n g  eines 
f ü r  d ie  M anganelektrolyse g ee ig n eten  S u lfa te lek tro ly ts  d ie folgenden :

a )  R eduk tion  des E rzes in  G ass tro m , bei 400 — 500°C, d u rch  eine S tu n d e  in  e inem  geeig
n e te n  A p p a ra t,  z. B. in  e inem  D reh ro h ro fen .

b) K ühlung in red u zieren d er A tm osphäre.



PRODUCTION OF M ANGANOUS SULPH A TE SOLUTION F IT  FO R  ELECTROLYSIS FROM  Ú R K Ú T  2 2 9

c) L augung m it U m rü h ru n g  in  G egenstrom , m it e in e r aus d e r M anganelek tro lyse  
rückgew onnenen E n d la u g e , d ie  200 g/1 A m m onium sulfa t, 60 g/1 freie  Schw efelsäure u n d  wenig 
M anganosulfat e n th ä lt. B ei d en  V ersuchen k o n n ten  aus dem  a u f  d ie m ax im ale  K orngröße 
von  0,4 m m  zerk le in e rten  Ú rk ú te r  E rz  93,33, bzw. 94 ,04%  des M angans au sg e lau g t w erden . 
93,33 %  w urden gelöst, b e i d en  folgenden Z ugaben  a u f  100 g red u zierte s  E rz  :

1. B ei der 3 -stü n d ig en  n e u tra le n  L augung — a u ß e r  d e r aus der sau ren  L au g u n g  gewon
n enen  e isenhaltigen  L ösung  — 200 ccm,

2. bei der ebenfalls 3 -stünd igen  sauren  L augung  600 ccm  E lek tro ly ten d lau g e .
E in  M anganausbringen v o n  94,04 %  w urde e rre ich t bei den  folgenden Z ugaben  :

1. Bei der n e u tra le n  L augung  n u r  die e isenhaltige  Lösung aus de r sau ren  L augung ,
2. bei der sau ren  L au g u n g  750 ccm E lek tro ly ten d lau g e .

D ie  V ersuche fü h rten  zu  den  folgenden F estste llungen  :
a)  Das aus 1 T o n n e  red u ziertem  E rz  s tam m en d e, zw eim al ausgelaug te , ausgew aschene 

M ateria l fü h rt  im  D u rc h sc h n itt  25 kg Schw efelsäure m it,
b) bei der n ach  ob igen  du rch g efü h rten  L augung  h a t  das A m m onium su lfa t ke in en  A nteil 

an  de r Lösung des M angans,
c) bei der n e u tra le n  L augung  scheidet sich das E isen  als basisches F e rr isu lfa t ab ,
d) die Z usam m ensetzung  des ausgefällten  E isens s te h t — in A bhän g ig k eit v o n  de r D auer 

u n d  des T em p era tu r d e r  L augung  — den V erb in d u n g en  von F e2(S 0 4)3 • 3Fe(O H )3 bzw. 
F e 2(S 0 4)3 • 4Fe(O H )3 n a h e ,

e) bei de r n e u tra le n  L augung  is t dem  re d u z ie rten  E rz  soviel E n d lau g e  zuzugeben , daß  
bei dieser L augung 40 — 50 %  des im  red uzierten  E rz  b e fin d lich en  M angans g e lö s t w erde,

f )  die saure  L au g u n g  is t  in  G egenw art von soviel E le k tro ly ten d lau g e  d u rch zu fü h ren , 
daß  d as im  einm al au sg e lau g ten  M aterial v e rb lieb en e  M angan eben noch g e lö s t w erde.

PRÉPARATION A L’ELECTROLYSE D’UNE SOLUTION DE SULFATE MANGANEUX 
A PARTIR DES DÉCHETS DE LAVAGE DES MINERAIS D’ÜRKÜT

Prof. Z. HORVATH 
Cand. dee ec. techn.

R É SU M É

C ette é tude  a v a it  p o u r  b u t  de tro u v er une  m éth o d e  d ’u tilisa tio n  économ ique des déchets 
de lav ag e  d ’Ű rk ú t. O n a cherché  à p rép are r u n  é lec tro ly te  su lfurique à  p a r t i r  des m inerais 
a rg ileu x  co n ten an t le  m an g an ese  dans l ’é ta t  de M n 0 2.

Selon les essais de  lab o ra to ire  les m eilleu res cond itions de la  p ré p a ra tio n  d ’u n  élec
tro ly te  su lfurique se p rê ta n t  à  l ’électrolyse du  m an g an èse  so n t les su iv an te s  :

a )  R éduction  d u  m in e ra i dans du  c o u ran t g azeu x  à  une  te m p é ra tu re  de  400—500° C, 
p e n d a n t une heure  d a n s  u n  a p p are il ap p roprié , p a r  exem ple  u n  fo u r ro ta tif ,

b) refro id issem en t d an s une  atm osphère  ré d u c tric e ,
c)  lix iv ia tio n  p a r  co n tre -co u ran t, à  une te m p é ra tu re  o rd in aire  p a r  u n e  lessive  re v en an t 

de l ’électrolyse du  m an g an èse , co n ten an t 200 g/1 de  su lfa te  d ’am m onique, 60 g/1 d ’acide  sul
fu riq u e  lib re  e t  u n e  p e ti te  q u a n tité  de su lfa te  m an g an eu x .

A u cours des essais on  a  p u  ex tra ire  des m in era is  d ’Ü rk ù t, b royée  à 0,4 m m , 93,33 %  
resp . 9 4 ,0 4 %  du  m an g an èse .

9 3 .3 3 %  du  m an g an èse  o n t é té  récupérés si p o u r  100 g de m inerai ré d u it  on  a a jo u té
1. à  la lix iv ia tio n  n e u tre  d u ra n t 3 heures — en  dehors de la  so lu tion  re to u r  de lix iv ia tion  

acide — 200 ccm ,
2. à  la  lix iv ia tio n  acid e , égalem ent de 3 heu res, 600 ccm  de lessive re v e n a n t  de l ’électro 

lyse.
L a  récu p éra tio n  de  94,04 %  de m anganèse  a é té  a tte in te  en  a jo u ta n t  :
1. à  la  lix iv ia tio n  n e u tre  seu lem ent la  so lu tion  fe rrifè re  re v en a n t de la  l ix iv ia tio n  acide,
2. à  la  l ix iv ia tio n  acide  seu lem ent 750 ccm  de lessive re to u r  d ’électro lyse .
A u cours des essais on  a é tab li que
a) la  m atiè re  p ro v e n a n t d ’une to n n e  de m in era is  ré d u it , lix iv ié  deu x  fois, lav é , porte  

en m oyenne 25 kg d ’ac id e  su lfurique,
b) à  la  lix iv ia tio n  ex écu tée  com m e il a é té  ex posé  ci-dessus, le su lfa te  d ’am m oniaque 

n e  jo u e  aucun rô le  d a n s  la  dissolu tion  du  m anganèse ,
c) à la l ix iv ia tio n  n e u tre  le fe r e st p ré c ip ité  en é ta t  de su lfa te  fe rr iq u e  basique,
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d j  la  com position du  p ré c ip ité  fe rriq u e  — en fo n c tio n  de la  durée  e t de la  te m p é ra tu re  
d e  la  l ix iv ia t io n  — correspond ap p ro x im a tiv em e n t au x  form ules F e2(S 0 4)3-3 F e (0 H )3 resp . 
F e 2( S 0 4)3 • 4Fe(O H )3,

e)  à  la  lix iv ia tion  n eu tre  i l  f a u t  a jo u te r  en dehors d e  la  so lu tion  fe rr ife re -a u ta n t de 
lessive  r e to u r  d ’électrolyse q u ’au  co u rs  de ce tte  lix iv ia tio n  40 — 5 0 %  d u  m anganèse  co n ten u s 
d a n s  le  m in e ra i réd u it so ient d issous,

f )  la  lix iv ia tion  acide est à  e x é c u te r  en présence d ’a u ta n t  de lessive re to u r  d ’électro lyse  
q u e  le  m an g an èse  con tenu  dans la  m a tiè re  lixiviée une  fois so it to u t  ju s te  d issou t.

П О Л У Ч Е Н И Е  М А Н Г А Н О С У Л Ь Ф А Т Н О Г О  РА С ТВ О РА , 
П Р И Г О Д Н О Г О  Д Л Я  Э Л Е К Т Р О Л И З А , И З  П О Р О Д Ы  М О Й К И  

М А Р Г А Н Ц Е В О Й  Р У Д Ы  М -Р У Р К У Т  

Канд. техн. наук 3. ХОРВАТ

РЕЗЮМЕ

Этой работой ставилась цель найти экономически выгодные условия переработки 
породы мойки марганцевой руды м-р Уркут. Во время проведенных опытов ставилась 
задача получить из этой глинистой руды, содержащей марганец в виде Мп0 2, сульфатный 
электролит, пригодный для целей электролиза марганца.

А )  Согласно проведенным лабораторным опытам наиболее благоприятными усло
виями получения сульфатного электролита, пригодного для целей электролиза мар
ганца, являются следующие :

а )  Восстановление руды в потоке газа при температуре 400—500° С в течение 1 час 
в пригодном для этой цели аппарате, например в барабанной печи.

б )  Охлаждение в восстанавливающей атмосфере.
в )  Выщелачивание при перемешивании противотоком при нормальной темпера

туре и с таким последним возвратным раствором от электролиза марганца, который 
содержит 200 г/л сульфата аммония, 60 г/л свободной серной кислоты и небольшое коли
чество сульфата марганца.

При опытах удалось добиться выхода марганца из руды м-р Уркут, подвержен
ной размолу до максимальной крупности 0,4 м м ,  порядка 93,33% и, соответственно, 
94,04%. 93,33% марганца в том случае, когда на 100 г восстановленной руды пода
валось :

1. При нейтральном выщелачивании в течение 3 час — кроме железистого рас
твора от кислого выщелачивания — 200 см3 последнего раствора электролита ;

2. При кислом же выщелачивании также в течение 3 час 600 см3 последнего рас
твора электролита.

94,04% выход марганца получался в том случае, когда :
1. Для нейтрального выщелачивания подавался только железистый раствор от 

кислого выщелачивания ;
2. Для кислого выщелачивания подавалось 750 см3 конечного раствора элек

тролита.
Б )  Во время проведенных опытов установлено :
а )  Двукратно выщелоченный и промытый материал, получающийся из 1 т восста

новленной руды, уносит с собой в среднем 25 кг серной кислоты.
б )  При выщелачивании, проведенном по вышеописанной схеме, сульфат аммо

ния не принимает участия в растворении марганца.
в )  При нейтральном выщелачивании железо выделяется в виде основного ферри- 

сульфата.
г )  Состав железного осадка — в зависимости от времени и температуры вы

щелачивания — приближается к составу соединений Fe2 (S04)3 • 3 Fe(OH)3 или же 
Fe2(S04)3 ■ 4Fe(OH)3.

д )  К восстановленной руде при нейтральном выщелачивании — кроме желе
зистого раствора — необходимо добавлять такое количество последнего раствора 
электролита, чтобы при этом выщелачивании растворялось 40—50% содержания мар
ганца в восстановленной руде.

е )  Кислое выщелачивание следует проводить в присутствии такого количества 
последнего раствора электролита, чтобы маргане, еще находящийся в однажды уже 
выщелоченном материале, как раз растворился.



ПОСТРОЕНИЕ И РАЗБИВКА ДУГ ОКРУЖНОСТИ 
В ПОЛЕВЫХ УСЛОВИЯХ

К. АПОР

[Поступило 6. XII. 1955 г.]

Введение

Ч а ст о  в ст р еч ает ся  н ео б х о д и м о сть  р азби в к и  кривы х в п о л ев ы х  у с л о 
в и я х  с затратой  в о зм о ж н о  м ен ьш его в р ем ен и , и зб ега я  д л и т ел ь н ы х  р а сч е
т о в . Н ап р и м ер , н а в о д н ен и е и зм ени л о всю  р ан ее сущ еств ов ав ш ую  си т у а ц и ю  
и п о эт о м у  зар ан ее  рассчитанны е д а н н ы е к р у г а  стали  н еп р и годн ы м и . П р о и з
в о д ст в о  новы х к а р т огр аф и ч еск и х  р а б о т  т р е б у ет  бол ь ш и х  р а сх о д о в  и в ообщ е  
д л я  п р ои зв одства  т а к о й  лиш ней р аботы  сов ер ш ен н о  нет в р ем ен и , д р у ги м и  
с л о в а м и , н еобход и м о  разби ть  со в ер ш ен н о  д р у г у ю  к р и в ую  не т ол ь к о  
бы стры м , но од н ов р ем ен н о  и точны м  м етодом .

Д ов ол ь н о  и зв естн ы  точные м етоды  и н стр ум ен тал ь н ой  р а зб и в к и , но 
эт и  м етоды  н едостаточ н о  быстры.

В н и ж е с л е д у ю щ и х  р а зд ел а х  б у д у !  даны  о б ъ я сн ен и я  н ес к о л ь к и х  
бы ст р ы х  м етодов р азби в к и  и по ним  б у д е т  видно, что к р уги  м о ж н о  р азби в ать  
б е з  и сп ол ь зов ан и я  к ак и х-л и бо  и н ст р у м ен то в , лиш ь и сп о л ь зу я  э к к е р , и 
м ет о д  б у д ет  сов ер ш ен н о  точным. Н а к о н е ц , но не в п осл едн ю ю  о ч ер ед ь , сл е 
д у е т  отметить, что соверш ен н о л и ш н е и сп ол ь зов ать  сп ец и ал ьн ы е сп р а в о ч 
н и к и , в которы х м о ж н о  найти д а н н ы е к р угов  р азл и ч н ы х р а д и у с о в , но нет  
н ео б х о д и м о г о  и м ен н о  в данном  сл у ч а е  р а д и у с а .

Д л я  разбивки  к р у г о в  в п ол ев ы х  у с л о в и я х  и сп о л ь зу ю тся , к ак  и зв естн о , 
р у л е т к а , колы , в еш к и  и эккер .

1. С к о р о с т н а я  р а з б и в к а  б е з  э к к е р а

М етод у д л и н е н н ы х  хор д , у ск о р ен н ы й  вы бором  р а ц и о н а л ь н ы х  р а з
м ер о в .

Б ы стрейш им  м етодом , н есо м н ен н о , я в л я ет ся  сл едую щ и й  м етод .
Д анны й р а д и у с  р а зд ел я ет ся  н а  10 ; п уст ь  это  б у д ет  р авн о  х о р д е  

к р у г а , тогда  р а здел ен н ы й  на 100 р а д и у с  б у д ет  равен  р а сст о я н и ю  м е ж д у  
т о ч к о й  к руга  и к он еч н ой  точкой д в у к р а т н о й  длины  хорды  (см . р и с . 1).

П рим ер. П усть  данны й р а д и у с  г =  1971 м, т огда  х о р д а  б у д ет  с =  197 ,1м , 
д л и н а  разн ости  н ап р ав л ен и я  б у д е т  2  у  — 19,71 м. Р а ссто я н и е д о  к а са 
т е л ь н о й  : у  — 9 ,8 5 5  м.

Э тот м етод с теор ети ч еск ой  т оч к и  зр е н и я  я в л я ется  точны м . О днако  
н а  п р ак ти к е р едк о  дости гается  удов л етв ор и т ел ь н ы й  р езу л ь т а т , т а к  к ак
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о ш и б к а  п ер в ой  точки  у м н о ж а ет ся  ч и сл ом  р азб и в а ем ы х  точек , и п о эт о м у  
р ед к о  в ст р еч ает ся , что к р у г , начи н аю щ и й ся  от  точк и  О а (т .е . от н ач ал а  к р у г а ),  
д о с т и г а е т  к он еч н ой  т оч к и  д у г и  в ж е л а т ел ь н о м  п у н к т е  Е 0. Э ту н е в я зк у  н а 
п р а в л ен и я  совм естн о с п р ом еж ут оч н ы м и  о ш и бк ам и  м о ж н о  у ст р ан и т ь  л и н е й 
ным м ет одом , т. е . о ш и б о ч н у ю  точ к у  Е 'а м о ж н о  п ер ем ести ть  в т о ч к у  Е а и  
д л я  п р е ж н и х  точек  м о ж н о  ввести п о п р а в к у  по ф ор м ул е

т
~~ & •>

П

где ет —  п оп р ав к а  (и л и  у ст р а н я ем а я  о ш и б к а ) к а ж д о й  п р е ж н е й  точки  ; 
е —  и зм ер ен н а я  к о н еч н а я  ош ибк а, н а п р а в л ен и е  к оторой  п р ак т и ч еск и  

п ер п ен д и к у л я р н о  к  прям ой ОаЕ а (теор ети ч еск и  к б и ссек т р и се) ;

rj —  д л и н а  м е ж д у  точк ам и  Е аО„ ;
т  —  д л и н а  д у г и  м е ж д у  точкой Оа и к о р р ек т и р у ем о й  точк ой .

П усть  в д а н н о м  сл уч ае  :

е =  6 ,0  м,

т о г д а  в сл едств и е л и н е й н о г о  соотн ош ен и я  дл и н ы  м о ж н о  вы разить ч и сл ам и  
м ест  :

11 4
е =  6 ,0 — — =  6 00

ег =  6,0

11.4 
11.0
11.4

г =  6,0 -10,0

е и  =  6,0

еш =  6,0

11.4
1,0

11.4 
0̂

11.4
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Р асчеты  м о ж н о  л ег к о  уп р ости ть , есл и  д л я  д ел и т ел я  вм есто 10 п р и н я т ь  
100. В  эт ом  сл уч ае и зм ен я ется  и п р и м ер . Е сл и  дан н ая  д у г а  г =  1971 м, 
х о р д а  с =  19,71 м  и 2у  =  0,1971 м.

Это озн ач ает  л и ш ь  больш ую  т о ч н о ст ь  дей ств и тел ьн ой  д л и н ы  х о р д ы  
к р у г а , но п р ав и л ь н ое м есто конца д у г и  Е а сов ер ш ен н о  не о б ес п еч е н о .

С л ед у ет  н ап ом н и ть , что если  д е л и т е л ь  в ы бир ается  равны м  10, т о гд а  
дей ств и т ел ь н ая  д л и н а  д у г и  м ож ет  бы ть  и зм ер ен а  с п рактически  у д о в л е т в о -

г  )
р и тел ь н ой  точностью , т а к  как  дл и н а  д у г и  п ри  у сл о в и и , есл и  а м ен ь ш е -^ -1 »

т огда  п рак ти ч еск и  р а в н а  длине х о р д ы .
М етод  при л ю бом  дел и теле д а ет  т о ч к у  н а  к р у г е , так  как  п р о и с х о д и т  и з  :

2 у  =

что н азы в ается  у р а в н ен и ем  хорды  к р у г а  и отл и ч ается  от ф ор м ул ы  :

„2
2 J

X“
г

к о т о р а я  я в л я ется  у р а в н ен и ем  п а р а б о л ы , и м о ж е т  бы ть и сп о л ь зо в а н а  л и ш ь  
в сл у ч а е  бол ее к о р о т к и х  абсц и сс х.

В о  в сех  с л у ч а я х  с обозн ач ает  х о р д у  к р у г а  и л е ж и т  на сам ом  к р у г е .  
В ы в од  п р о и с х о д и т  сл едую щ и м  о б р а зо м  :

п о д ст а в л я я С =
Í » '

п о л у ч а ет ся 2 у  =
г2

1 0 0  г

или п о д ст а в л я я
Г

10 0

п о л у ч а ет ся 2 У =
Г

1 0  0 0 0

100

Е сл и  дел и тел ь  п ринять равн ы м  м ен ее  10, тогда  х о р д а  б у д е т  о т н о с и 
т ел ь н о  больш ей  и т а к ж е  р азн и ц а м е ж д у  х о р д о й  и д у го й  б у д е т  бол ь ш ей .

Н о  несм отр я  н а  эт о  все точки  л е ж а т  н а  о к р у ж н о ст и  к р у г а , что л егк о  
м о ж н о  п ок азат ь  в п р едел ь н ом  с л у ч а е , к о гд а  дел и тел ь  равен  1, т . е . к о гд а

п о д ст а в л я я
с г

(см . р и с . 2).
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П р и  п о ст р о ен и и  к р у г о в  м еньш его р а д и у с а  и при усл ов и и  до ст а то ч н о  
б о л ь ш о й  св ободн ой  п л о щ а д и , п ри м ен ен и е т а к о г о  м еньш его д ел и т ел я  в и н т е 
р е с а х  т ого , чтобы  п о л у ч и т ь  основны е точк и  к р у г а , т . е. к арк ас к р у г а , м о ж е т  
бы ть  очень п ол езн ы м . Н о в сл уч ае н ед о ста т о ч н о ст и  св ободн ой  п л о щ а д и , 
и н ж е н е р  обы чно в ы н у ж д е н  оставаться  б л и зк о  в озл е бер ега  р ек и  и л и  д а н 
н ой  л и н и и .

К р ом е т о г о , дан н ы й  м етод дает  м еста  к о л ь ев  в н еок р угл ен н ы х ц и ф р а х . 
П и к е т а ж  в о к р у г л е н н ы х  ц и ф рах  дает  о ч ен ь  б ол ь ш ое п реи м ущ ество . П р я 
м ы е л и н и и  во в сех  с л у ч а я х  имею т о к р у г л е н н у ю  н ум ер ац и ю  и в э т и х  с л у ч а я х

Рис. 2

п р и м ен ен и е п и к ет а ж а  д л я  к ри вы х в о к р у г л е н н ы х  ц и ф р ах  вы зы вает з а т я ж к у  
в р ем ен и  при  и зм е р е н и я х  и расч етах . П о с л е д у ю щ а я  и н тер п ол я ц и я  о к р у г 
л е н н о й  н ум ер ац и и  п и к е т а ж а  ув ел и чи в ает  ч и сл о  погреш н остей  и т р е б у е т  
д о п о л н и т ел ь н ы х  р а б о т  и врем ен и . П оэтом у в сл ед у ю щ ем  р аздел е р а ссм а т р и 
в а ет ся  д р у г о й  м етод , п р и  помощ и к о т о р о го  м о ж н о  устр ан и ть  эт от  н е д о 
ст а т о к .

2 . П о с т р о е н и е  к р у г о в  п р и  п о м о щ и  э к к е р а

М етод  о к р у ж н ы х  у г л о в  с и сп о л ь зо в а н и ем  всп ом огател ьн ы х к р у г о в .  
П и к е т а ж  в о к р у г л е н н ы х  ц и ф рах .

З д е с ь  вновь н ео б х о д и м о  уп ом я н уть , что эк к ер  сл у ж и т  д л я  с о в е р 
ш ен н о  д р у г о й  ц ел и , ч ем  и зв естн о  бы ло это  д о  сего  врем ени . Т. е. не и сп о л ь 
з у ю т с я  табли ц ы , с о д е р ж а щ и е  данны е к р у г о в , не им еется  готовы х к о о р д и 
н ат , не и м еется  д а ж е  и н ст р ум ен та , д о ст а в к а  к о т о р о го  на м есто , и л и  ж е  
с л о ж н о с т ь  и сп о л ь зо в а н и я  к отор ого  у в ел и ч и в а л о  бы зап азды в ан и е в вы по- 
л е н и и  р абот .
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П р и м ен ен и е эт о го  нового  м етода  я в л я ет ся  ц ел есообр азн ы м  о с о б е н н о  
в сл у ч а е  р азби в к и  л и н и й  на в о гн у т о й  ст о р о н е  р ек и  или б ер ег а  п о  д в у м  
п р и ч и н ам .

В о -п ер в ы х  в сегд а  в о зм о ж н о  ск о р ее  н ео б х о д и м о  защ итить и м ен н о  в о 
гн уты й  б ер ег , кром е т ого  н ебол ь ш ая  п л ощ адь , н ео б х о д и м а я  д л я  п р о и з в о д 
ства со от в ет ст в ую щ и х  оп ер а ц и й , л е ж и т  в сегд а  на в огн утом  б ер ег е  
{см . р и с . 3 ).

П у ст ь  даны  осн ов н ы е точки х о р д ы  к р у г а  : О а —  начало х о р д ы  и Е а 
—  к о н ец  хор ды , т . е . конечны е точки той  ж е  д у г и  ; п ер в а я  и з к отор ы х л е ж и т  
н а к асат ел ь н ой  tô, а д р у г а я  на к асат ел ь н ой  te. Д л и н ы  к асател ь н ы х и д а н 
ны е осн о в н ы х  точ ек  н ел ь зя  изм енить ; в ер х н ю ю  т о ч к у  Т  геом етр и ч еск и  т а к ж е  
н ев о зм о ж н о  п ер ед в и н у т ь , в ви ду т о го , что л е ж и т  на равном  р а сст о я н и и  от  
у п о м я н у т ы х  осн ов н ы х точек , а т а к ж е  б л а г о д а р я  своего  п о л о ж е н и я , т . е. 
не п р ед ст а в л я ет ся  в озм ож н ы м  сд в и н у т ь  ни в ст о р о н у  реки, ни в с т о р о н у  
б е р е г а . Н ап р и м ер , в о б о и х  сл у ч а я х  си л ьн о  у д о р о ж а л о  бы п р о и зв о д ст в о  
р абот . В  п ер вом  сл у ч а е  н еобходи м о бы ло бы и сп ол ь зов ать  и зл и ш н и й  ст р о и 
т ел ь н ы й  м атери ал  и з -за  больш ей  гл уби н ы  р ек и , а  во втором  сл у ч а е  ст о и 
м ост ь  зем л я н ы х  работ  бы ла бы сл и ш к ом  вы сокой .

Е сл и  бы и м ел ось  достаточ н о в р ем ен и , н ео б х о д и м о  бы ло бы р ассч и т ать  
р а д и у с  на осн ов ан и и  т р е х  дан н ы х т о ч ек  к р у г а . И с х о д я  из п р е д п о л о ж е н и я ,  
что вы чи сл ен и я  у ж е  вы полнены , ст а л к и в а ем ся  с новы м  за т р у д н е н и ем , т а к  
к а к  рассч и тан н ы й  р а д и у с  не со д е р ж и т с я  в т а б л и ц е  кривы х. П р и м ен ен и е  
б ол ь ш его  или м ен ьш его р ад и уса  п р и в од и т  к  в ы ш еуп ом я н утом у эк о н о м и 
ч еск и  н ев ы годн ом у п р о и зв о д ст в у  ст р о и т ел ь н ы х  р абот . И н т ер п ол я ц и я  н е о б 
х о д и м о г о  к р у г а  или ж е  вы числение его  д а н н ы х  бы л а бы св я за н а  с бо л ь ш ей  
п о т е р е й  врем ени  и не сл ед у ет  забы в ать  т о го , что р азр уш аю щ ее д ей ст в и е  
р ек и  и л и  воды  не о ж и д а е т  пока б у д у т  вы полнены  т р ебую щ и е м ного в р ем ен и  
в ы чи сл ен и я . М ож ет  им еть м есто сл у ч а й , к огд а  п о сл е  зав ер ш ен и я  вы чис
л е н и й  п о л о ж ен и е  вновь и зм ен я ется  и н ео б х о д и м о  п ри ступ и ть  к  в ы п ол 
н ен и ю  н ов ы х вы числений.

В се  это  м о ж н о  уст р ан и т ь  и ед и н ств ен н о  н еобходи м ы й  и п р ав и л ь н ы й  
к р у г  м о ж е т  бы ть р азби т  в течение к о р о т к о го  в рем ен и  при  и сп о л ь зо в а н и и  

н и ж ео п и сы в а ем о го  м етода  :
1. П ер в ая  за д а ч а  зак л ю ч ается  в р а зб и в к е точк и  С, т. е. в р а зб и в к е  д в у х  

к а са т ел ь н ы х  t0 и te п у тем  и х  у д л и н е н и я  до  точ к и  сеч ен и я . К о н т р о л ь  т о ч 
н ого  м еста  п ер есеч ен и я  состоит в р авен ств е р а сст о я н и й  0„С  =  С Е а. Р а с 
ст о я н и е  с и t до  Т  равны  м е ж д у  со б о й .

М о ж ет  иметь м есто  сл уч ай , к о гд а  р а зб и в к а  точки  С св я за н а  с б о л ь 
ш им и за т р у д н ен и я м и  и почти-что н ев о зм о ж н а  и з -за  им ею щ и хся  ст р о ен и й  
или д ер ев ь ев  ; в этом  сл уч ае т оч к а  С за м ещ а ет ся  дв ум я  точкам и С0 и Се 
(см . р ис. 3).

Л ег к о  п р ов ер и т ь  н и ж еп р и в ед ен н ы м и  у р а в н ен и я м и  :
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ОаС0 — С9Т — ТСе =  СеЕа =  t',

и п р о в ер и т ь  и зм ер ен и я м и .
2 . Р а сст о я н и я

ОдТ =  ТЕа =  с'

н е о б х о д и м о  т а к ж е  и зм ер и т ь  ; если  н ев о зм о ж н о  п рои звести  и зм ер ен и я , и л и  
ж е  и зм ер ен и е  я в л я е т с я  оч ен ь  за т р у д н и т ел ь н ы м , тогда  н ео б х о д и м о  и зм ер и т ь  
х о т я  бы  р а сст о я н и е С0Сh =  h'. К о св ен н о е  и зм ер ен и е м о ж е т  бы ть и сп о л ь 

з о в а н о  п ри м ен ен и ем  п ер п ен д и к у л я р н ы х  п р я м ы х  в точ к ах  О а и Т , есл и  
т р у д н о  р азби ть  СЛ.

3 . П р и  пом ощ и э к к е р а  м о ж н о  ф и к си р о в а т ь  н ебол ьш ой  к р у г  от О а 
д о  Са. Н ео б х о д и м о  л и ш ь  р ассм атри в ать  в э к к е р  и зо б р а ж е н и е  р ей к и  Т  и 
п р и к р ы т ь  р ей к у  О а , к о т о р а я  видна н еп о с р е д ст в ен н о , или н а о б о р о т .

4 . Эта н еб о л ь ш а я  часть  о к р у ж н о с т и  п р о в о д и т ся  к ол ам и , л е ж а щ и м и  
д р у г  о т  д р у г а  на р ед у ц и р о в а н н о м  р а сст о я н и и  (dr), рассч и тан ом  по ф ор 
м у л е

в к о т о р о й  обе д ан н ы е (h’ и í') , к ак  это  у ж е  у п о м я н у л о сь  вы ш е, оп р ед ел ен ы  
и зм е р е н и е м , а т р еть я  д а н н а я  d —  р а сст о я н и е  м е ж д у  колам и р а зб и в а ем о го  
к р у г а . Н ап р и м ер , н а  п р а к т и к е 10 м, 2 0  м  и л и  ж е  5 0  м. П ервы й к ол  п осл е  
О а в р я д -л и  б у д ет  л е ж а т ь  на р а сст о я н и и  в о к р у г л е н н ы х  ц и ф р а х , т а к  к а к
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п и к е т а ж  п ря м ой  л и н и и  не б у д ет  ок ан ч и в ать ся  ш агом  в о к р у гл ен н ы х  ц и ф р а х , 
сов п адаю щ и м  с Оа, п оэт ом у  р азн ость  н ео б х о д и м о  р едуц и р ов ать  и ф и к си р о 
вать  н а  м ал ой  о к р у ж н о с т и , к отор ую  в д а л ь н ей ш ем  б у д ем  н азы вать в с п о 
м огател ь н ы м  к р у г о м  по ср ав н ен и ю  с осн овн ы м  к р у г о м , которы й п р е д п о л а 

гается  р азби ть .
5 . К олы  с р едуц и р ов ан н ы м  р а сст о я н и ем  в сп ом огател ьн ого  к р у г а  

видны  н а  рис. 4 .
С оеди н ен и е л ю бой  и з точек  с Т  д а е т  соотв етствую щ ую  п р я м у ю  

л и н и ю , н а  к отор ой  л е ж и т  соотв етствую щ ая  п и к ет а ж н а я  точка о сн о в н о г о  
к р у г а . Т ак и м  о б р а зо м  в дан н ом  сл уч ае н ео б х о д и м о  сл еди ть  л иш ь з а  тем , 
ч тобы  т оч к и  Г . . .  1 Г  всп ом огател ьн ого  к р у г а  п ок ры в ал и  бы точк и  1 . . . 1 1  
о сн о в н о г о  к р у г а  (или  д ер ж а щ и е  в конце р у л ет к и ) в н ап равл ен и и  т о ч к и  Т.

Рис. 4

Для освещения этого метода позволено будет привести следующий числовой 
пример.

Р — Измеренное расстояние =  58,9 
/Г — Измеренное расстояние =  20,5,

следовательно :
20 5

dr =  W ,9 d =  ° ’349d

Оа ; 1 =  6,4 м Оа; 1' =  0,349 • 6,4 =  2,23 м

V ; 2' =  10,0 м 1 ; 2 =  0,349 • 10 =  3,49 м

10'; 11' =  10,0 м 10; 11' =  0,349 • 10 =  3,49 м
Проверка

11'Са — 0,349 • 6,9 =  2,41 м

Е сл и  точки  1, . . .  11 осн ов н ого  к р у г а  у ж е  разбиты , что м о ж н о  в ы п о л 
н и ть  з а  к ор отк ое в рем я, то  р а зб и в к у  м о ж н о  п р о д о л ж а т ь  таким  ж е  о б р а зо м  ; 
с о з д а е т с я  д р у г о й  вспом огатльны й к р у г  на д и а м ет р е  Т Е а (см. т а к ж е  р и с . 3 )  
и п р и н я т и ем  Т  в к ач естве нач альн ой  точк и .

Н ет  н ео б х о д и м о сти  зн ат ь  р а д и у с  г, в ед ь  к р у г  геом етр и ч еск и  бы л  
о п р е д е л е н  трем я  точкам и Оа, Т  и Еа и к р у г  бы л р а зб и т , не зн а я  г.
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Б ы ть м о ж е т , что д л я  ц ел и  к а р т о гр а ф и р о в а н и я  дей ств и т ел ь н а я  д л и н а  
г б у д е т  п ол езн ой  ; р асч ет  длины  р а д и у с а  т о ж е  п р ои сходи т  п р о ст о .

П о  ур ав н ен и ю

п о л у ч а е м

h' с' 
t' ~  2 г

t' с'
г = ------ ,

2  h'

е с л и  с' н ел ь зя  и зм ери ть  :

с ' =  1 ,

В  п р и м ен ен и и  к д а н н о м у  п р и м ер у  п о л у ч а ем

88 9
г =  — • 55, 2 =  1597 м. 

20,5

В у р ав н ен и и
h'

t’
s in  —  у г о л  а- ц ен тр ал ь н ы й  у го л  к р у г а  (дан н ы й  

4
осн ов н ы м и  точкам и 0 „  и Е л и и х  к асат ел ь н ы м и ), и собств ен н о  г о в о р я  это  
и сп о л ь зо в а л о с ь  д л я  р ед у к ц и и  р асст оя н и й  т о ч е к  всп ом огател ьн ого  к р у г а .

. и
Э тот всп ом огател ьн ы й  к р у г , вы веденны й и з sin

4
я в л я ет ся  к р у г о м

с и н у с а , или ж е  в сл едств и е т ого , что д и а м ет р  идентичен  с х о р д о й  о сн ов н ого  
к р у г а , вообщ е м о ж е т  бы ть н азв ан  х ор д ов ы м  к р угом  и в д ал ь н ей ш ем  б у д ет  
н а зы в а ть ся  так.

Е сл и  обст оя тел ь ств а  п озв ол я ю т  эт о г о , т о гд а  больш ий в сп о м о га т ел ь 
ны й к р у г  стр ои тся  н а  ди ам етр е ОаЕ а =  с, коэф ф ициент р ед у к ц и и  к отор ого  
б у д е т

• h . а
-----  =  S i n

t 2

-д о л ж е н  т а к ж е  р ассм атр и в аться  и н азы ваться  к оэф ф и ц и ен том  р е

д у к ц и и . Т еор ети ч еск и  вел и чи н а р а зл и ч н ы х коэф ф ициентов р ед у к ц и и  и зм е
н я ет ся  в п р е д ел а х  м е ж д у  0  и 1 ; п р а к т и ч еск и  важ ны м  п р ед ел о м  я в л я е т с я

1

10 t

1

2
h  1

Е сл и  -  б ол ь ш е — , то это  озн ач ает , ч то  и сп ол ь зов ан и е в сп ом огат ел ь -
t 2

н о г о  к р у г а  им еет м ен ьш ее п р ак т и ч еск ое зн а ч е н и е . Н евероя тн о , что и м еется  в
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р а сп о р я ж ен и и  н ео б х о д и м а я  св о б о д н а я  п л о щ а д ь . П оэтом у  ц ел е с о о б р а зн о  
ув ел и чи в ать  ч и сл о  осн овн ы х т о ч е к  б и ссек т р и са м и , к ак  это в и дн о  н а  р и с . 3 .  

h
Е сли =  1, т о гд а  излиш не и сп о л ь зо в а т ь  всп ом огател ьн ы й  к р у г , т а к  к ак

осн ов н ой  и всп ом огател ьны й к р у г и  б у д е т  со в п а д а т ь . То есть  о сн о в н о й  к р у г  
м о ж н о  п остр ои ть  с к онцевы х т о ч е к  д и а м ет р а . 

h 1
Е сли —  н и ж е  —  , то это  о зн а ч а ет , что сов ер ш ен н о  ли ш н е п р и м ен я т ь  

î  10
всп ом огател ьн ы й  к р у г  и м о ж н о  его  л егк о  за м ен и т ь  к оротк ой  п р я м ой  (п е р -

Рис. 5

п ен д и к ул я р н ой  к  х о р д е), так  к а к  эл ем енты  к р у г а  прак ти ч еск и  н ел ь зя  о т л и 
чить от эл ем ен т о в  т а н ген ц и ал ь н ой  к р и в ой .

3. П о с т р о е н и е  т а н г е н ц и а л ь н о й  к р и в о й ,  п и к е т а ж е м  в 
о к р у г л е н н ы х  ц и ф р а х

З ам ещ ая  всп ом огател ьн ы й  к р у г  п ер п ен д и к у л я р н о й  п р я м ой , м о ж н о  
п острои ть  т ан г ен ц и а л ь н у ю  к р и в у ю  и в т ом  сл у ч а е , к огда

1

10 t

1

2

Э ту т а н ген ц и а л ь н у ю  к р и в у ю  м о ж н о  р а зб и т ь  т а к ж е  п и к ет а ж е м  в о к р у г 
л ен н ы х  ц и ф р а х  (см . рис. 5).

К ак  это  в и дн о  на рис. 5 , которы й о т о б р а ж а е т  одн ов р ем ен н ое  п о ст р о е 
ние одной  т а н ген ц и ал ь н ой  к р и в ой  и о д н о г о  к р у г а  в п р ед ел ь н о м  случае,.
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к о г д а  —  =  —  имеет м есто  о ч ен ь  н ебол ь ш ое от к л о н ен и е в п о л о ж е н и и  т а н г ен -
t 2

ц и а л ь н о й  кривой и к р у г а . Т а н г ен ц и а л ь н а я  к р и в а я  я в л я ется  б о л е е  к о р о т к о й  
и и з о б р а ж е н а  сп л ош н ой  л и н и е й , а к р у г  я в л я е т с я  бол ее длинны м  и и з о б р а 
ж е н а  п ун к ти р н ой  л и н и ей .

В ы годн ость  п р и м ен ен и я  т а н г ен ц и а л ь н о й  к ри в ой  м о ж е т  бы ть о п р е 
д е л е н  л и ш ь  на м есте со о т в ет ст в ен н о  д а н н ы х  у сл о в и й .

З д е с ь  сл ед ует  о тм ети ть , что этот  п р едл агаем ы й  м етод т р е б у е т  зн а ч и 
т е л ь н о  м еньш е врем ен и , ч ем  р а зб и в к а  к р у г а , т а к  к ак  л егч е п р о и зв о д и т ь  
и з м е р е н и е  на п рям ой , ч ем  н а  о к р у ж н о с т и  в сп ом огател ьн ого  к р у г а . Д а ж е  
о т с у т с т в и е  эк к ер а  н е в ы зы вает  за т р у д н е н и й  ; п р о ст о й  п ер п ен д и к у л я р  м о ж н о  
р а з б и т ь  б е з  зн ач и тел ь н ой  п о т е р и  врем ен и  п р и  и сп ол ь зов ан и и  л и ш ь  р у л ет к и  
и  в еш к и .

Д а л ь н ей ш и м  п р еи м у щ ест в о м  и сп о л ь зо в а н и я  т а н г ен ц и а л ь н о й  к р и в ой  
в г и д р о т е х н и к е  за к л ю ч а е т с я  в л уч ш ем  п р и б л и ж е н и и  к д ей ст в и т ел ь н о м у  
о ч е р т а н и ю  н ап рав л ен и я  т еч ен и я .

В  кач естве о т р и ц а т ел ь н о й  стороны  м о ж н о  считать  то , что д р у г о й  к а с а 
т е л ь н о й  точ к ой  я в л я ется  н е Е а ; т а н г ен ц и а л ь н а я  к р и в ая  д а ж е  н е к а са е т с я ,  
а с е ч е т  п р я м ую  С Еа, и п р а к т и ч еск и  сн ач ал а  т оч к и  Е а (теор ети ч еск и  п е р е д  
э т о й  т о ч к о й )  и во втор ой  р а з  в точк е Са. Это от к л о н ен и е у м ен ь ш ает ся  в той

h ^  1с т е п е н и , н аск ол ь к о  —- <  —  •
t Ci

Д р у г а я  отр и ц ател ь н ая  ст о р о н а  п р о я в л я ет ся  п ри  к а р т о гр а ф и р о в а н и и , 
т а к  к а к  зам едл я ет  п р о и зв о д ст в о  к а р т о гр а ф и р о в а н и я . П остр оен и е т а н г е н 
ц и а л ь н о й  кривой  н а  ч е р т е ж е  т р е б у е т  бол ь ш е в рем ен и  чем  ч ер ч ен и е к р у г а .

Н а к о н е ц , к р уг л е г к о  х а р а к т ер и зо в а т ь  его  р а д и у со м  (н ап р и м ер , г =  
=  2 6 5 )  ; тан ген ц и ал ь н ая  к р и в а я  ж е  не и м еет  н еи зм ен н ого  р а д и у с а , к р и 
в и зн а  ж е  верш инной точк и  п р ед ст а в л я ет  со б о ю  от д ел ь н у ю  п р о б л ем у . Б ы ть  
м о ж е т  д л я  н ас п о д х о д и л о  бы  и сп о л ь зо в а н и е р а д и у с а  того  к р у г а , к оэф ф и ц и ен т

Í -р е д у к ц и и  к отор ого  и ден ти ч ен
V 1

, к оторы й, со б ст в ен н о  гов ор я , м о ж н о  бы ло

бы  н а зы в а т ь  не р ади усом  к р и в и зн ы , а р а д и у с о м  со п р я ж ен н о г о  к р у г а .  
Е с л и  коэф ф ициент р е д у к ц и и  буд ет

—  >  —  
t 2

т о г д а  п о ст р о ен и е  т а н г ен ц и а л ь н о й  к ри вой  с п и к ет а ж е м  в о к р у г л ен н ы х  ц и ф 
р а х  б у д е т  иметь м еньш ее п р а к т и ч еск о е  п р еи м у щ ест в о .

Т о ж е  м ож н о  ск азать  о с и н у с о и д  ал ь н ой  к р и в ой  (ри с. 5а), с той  л и ш ь  
р а з н и ц е й , что п остроен и е э т о й  к ри в ой  н еск о л ь к о  с л о ж н е е , п о ск о л ь к у  к о н ец  
х о р д ы  с л е д у е т  искать в н а п р а в л ен и и  д а н н о й  к асат ел ь н ой .
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К  п р еи м ущ ест в у  эт о й  к ри вой  м о ж н о  отнесто  т о , что л уч ш е п р и б л и 
ж а е т с я  к дей ств и т ел ь н о м у  оч ер тан и ю  н а п р а в л ен и я  т еч ен и я , к отор ая  
ст р ого  о п р ед ел я ет ся  сп и р а л ь н о й  волю той.

4 . Р е ш е н и е  п р а к т и ч е с к и х  з а д а ч  к р у г а  с п о м о щ ь ю  
в с п о м о г а т е л ь н о г о  к р у г а  х о р д ы

а) Д аны  две к асател ь н ы е и три  абсц и ссы  о сн о в н о го  к р у г а ;  н ео б 
х оди м о  построить соот в ет ст в ую щ и е ординаты  о сн ов н ого  к р у г а  б е з  п р оч и х  
его  т о ч ек  (см . рис. 6).

А бсциссы  на к а сат ел ь н ой  обозначены  циф рам и 1, 2 , 3 . Р еш ен и е п р ои с
хо д и т  сл едую щ и м  о б р а зо м .

1. В точке Оя о п у с к а е т с я  п ер п ен д и к у л я р  на п р я м у ю  ОаЕ а =  с :

V _1_ с

Э тот п ер п ен д и к у л я р  я в л я ется  к асат ел ь н ой  к р у г а  хор ды .

3  A c ta  Technics X V H I/3 --4 .
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2 . П ри пом ощ и э к к е р а  точ к и  1, 2 , 3  п р о е к т и р у ю т с я  п ер п ен д и к у л я р н о  
н а  V (то  есть  п ар а л л ел ь н о  с с) я за сек а ю т ся  н а  п р я м о й  v точки  Г , 2 ', 3 '.

3 . П рямы е Г  1, 2 ' 2 ,  3 ' 3  сек у т  в сп ом огател ьн ы й  к р у г  в т о ч к а х  1", 
2 ° , 3 “, которы е точки  и р а зб и в а ю т ся .

4 . В  т о ч к ах  1, 2 , 3  с т р о я т с я  ординаты , т . е. п ер п ен д и к у л я р н ы е к Оа 
С п р я м ы е , дл и н а к о т о р ы х  п о к а  что н еи зв ест н а , но м о ж е т  бы ть точно п о 
с т р о е н а , так  как  :

5 . прямы е I я Е а, 2 я Е а, 3 я Е а сек у т  прям ы е о р д и н а т  в т о ч к а х  \ ch, 
2ch и  З сЛ, которы е л е ж а т  т а к ж е  н а  осн овн ом  к р у г е , и так и м  о б р а зо м  за д а ч а  
р е ш е н а . И скомы е ор ди н аты  б у д у т :  1, 1сЛ; 2, 2 сЛ; 3, З с\

[а

В ообщ е сл ед у ет  отм ети ть , что н а х о ж д е н и е  се к у щ и х  т о ч ек  т р е б у ет  з н а 
ч и т ел ь н о  меньш е врем ен и  и б у д е т  бол ее т оч н ой , есл и  о п ер а ц и я  б у д ет  п р о и з 
в о д и т ь с я  не при пом ощ и п о д а ч и  сигн алов  с к он еч н ы х т оч ек , что т р еб у ет  
д о п о л н и т ел ь н о  д в у х  в сп ом огат ел ь н ы х  р аботн и к ов , а п у тем  п р о д о л ж е н и я  
п р я м о й  указанны м  н а р и с . 7 обр азом .

Fa, F e и F (ft —  в сп ом огател ьн ы е веш ки. Эти н а в о д я т ся  на п ря м ой  п р о 
в еш и в а н и ем  п ер ед  р а зб и в к о й , чтобы  с веш кой д л я  р азби в к и  м о ж н о  бы ло бы  
ст а н о в и т ь ся  в н ап р а в л ен и е б е з  п ров еш и в ан и я . l öF a м о ж н о  л егк о  у д л и н и т ь  
о д н и м  лицом  пока не д о ст и г н е т  п р о д о л ж е н и я  F i/n , и т о гд а  м о ж е т  быть  
и сп о л ь зо в а н  в п р о т и в о п о л о ж н о м  н ап р ав л ен и и  F eE a д л я  к он тр ол я .

Д р у г о й  м етод п о д х о д и т  в сл уч ае соо т в ет ст в у ю щ и х  у сл о в и й  м естн ости , 
к о т о р ы й  зак л ю ч ается  в у д л и н е н и и  Е аС и о п у ск а н и и  от сю д а  п ер п ен д и к у 
л я р о в , которы е п р о х о д я т  ч е р е з  точки Iя, 2 я и  3 я, с е к у т  п р я м ую  v и таким  
о б р а зо м  даю т д ей ств и т ел ь н ы е длины  ор ди н ат  ; это  о бозн ач ен о  на рис. 6 
ж и р н о й  линией . У к а за н н о е  м о ж н о  п р о д ел а т ь  до п о л н и т ел ь н о  и и сп о л ь 
зо в а т ь  д л я  п р ов ер к и , есл и  н а  м есте и м еется  д остаточ н о  св ободн ой  п л ощ ади . 
Б о л е е  н езависи м ой  п р о в е р к о й  я в л я ется  это  п о ст р о ен и е при  п р о д о л ж е н и и  
с п р о т и в о п о л о ж н о й  к а са т ел ь н о й , но н езн ач и т ел ь н а  в ер оя тн ость , что 
и м ее т с я  такая  бол ь ш ая  св о б о д н а я  п лощ адь б ез  за ст р о й к и  и д ер ев ь ев , и кром е  
т о г о  б о л ее  крупны е и зм е р е н и я  связаны  с п отер ей  врем ен и , и п оэтом у  п р и 
м е н е н и е  этого  м етода м о ж н о  р еш ить тол ьк о на м есте.
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В ы ш еуп ом ян уты й  м етод не т р е б у ет  п р о и зв о д ст в о  к а к и х -л и б о  вы чис
л ен и й  и л и  р асч етов . Р а д и у с  г был д а н  к осв ен н о  т р еу го л ь н и к о м  0 (1Е аС.

Л ю б о й  сл у ч а й  м о ж н о  дов ести  д о  т а к о г о  т р еу го л ь н и к а  и в к а ж д о м  
сл уч ае  м о ж н о  у сп еш н о  и сп ол ь зов ать  си с т е м у  тр еугол ь н и к а . 

б) В т ор ая  за д а ч а  б у д ет  д в ой ст в ен н ой  п ер в ой  задач и .
В систем е т р еу го л ь н и к а  ОаЕ аС дан ы  ординаты  ох, о2, о 3 ; н ео б 

х оди м о  п острои ть  соответствую щ и е абсц и ссы  (см . р и с . 8).

О рдинаты  дан ы  к ак  числовы е длины . М етод за к л ю ч а ет ся  в сл ед у ю щ ем
1. Д л и н ы  о1; о2, о3 р азби в аю тся  н а  п ря м ой  tv, к о то р а я  п ер п ен д и 

к у л я р н а  к  t.

h  _L t .

Oi =  Oa 1, o2 =  Oa 2, o3 =  Oa 3

2. К онечны е точки о х, o2, o3, т . e . точ к и  1, 2 , 3  н еобход и м о  сп р о ек т и 
ровать  п ер п ен д и к у л я р н о  на ОаЕ а и п р о д о л ж и т ь  до сеч ен и я  в сп о м о га т ел ь 
ного к р у г а . Т очки п ер есеч ен и я  на в сп ом огател ьн ом  к руге I я, 2 я и 3 я т а к ж е  
р азби в аю тся .

3 . П рям ы е I я, 1' ; 2 я, 2' ; 3 я, 3' п ар ал л ел ь н ы  с с, сл ед о в а т ел ь н о  м о гу т  
бы ть п остроен ы  в озв еден и ем  вер ти к ал и  н а  п ря м ой  v, или ж е  п ер ен есен и ем  
п а р а л л ел ь н о го  р а сст о я н и я  при и зм ер ен и и  с пом ощ ью  р ул етк и .

з*
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4 . В  р азби ты х т о ч к а х  1*, 2 \ 31 в о зв о д я т ся  п ер п ен ди к ул я р ы  к  п р я м ой  
I и  п ер ен о с я т с я  дан н ы е ор ди н аты , сл ед о в а т ел ь н о

о х =  1*. 1сЛ; о 2 =  2', 2ch ; о 3 =  3 ' ,З с\

5 . Т а к  как  сеч ен и я  н а  п ря м ой  t я в л я ю т ся  сл и ш к ом  «острыми», п оэт ом у  
т о ч к и  \ ch, 2ch, 3ch н ео б х о д и м о  п р ов ер я ть  со в сп ом огат ел ь н ого  к р уга  в н а п р а в 
л е н и и  точки  Е а. Е сл и  п о ст р о ен и е  вы пол н ен о п р ав и л ь н о , тогда  т оч к и  1°, 
\ ch, Е а ; 2а, 2ch, Е а ; З а, 3ch, Е а н а х о д я т ся  н а  п р я м ы х, поэтом у веш ки п о л 
н о с т ь ю  прикры ты .

Е с л и  не и м еется  св о б о д н о й  площ ади  д л я  в о зв ед ен и я  прям ой tv и л и  ж е  
п р я м а я  р а с п о л о ж и л а сь  бы  н еп оср едст в ен н о  в в о д е , тогда  на п ря м ой  с н е о б 
х о д и м ы  р едуц и р ов ан н ы е р а сст о я н и я , а и м ен н о

h h h
Н  ~  Oj ; с2 =  0 2 ; «з — о 3

t t t

В  дал ьн ей ш ем  п о ст р о е н и е  п р о и зв о д и т ся  п о  схем е, п р и в ед ен н о й  в 

п у н к т е  2.
Т а к  к ак  п о ст р оен и е я в л я ет ся  очень п р осты м , то изл иш не п р и в оди т ь  

ч и сл о в ы е прим еры .

5 . П р о ч и е  в с п о м о г а т е л ь н ы е  к р у г и

В ы ш ер ассм отрен н ы е за д а ч и  р еш ал и сь  п р и  пом ощ и в сп ом огател ьн ы х  
к р у г о в  хор ды . И м еется  ещ е больш ое чи сл о п р о ч и х  зад ач , и л ю б а я  и з  эт и х  
з а д а ч  м о ж е т  быть л егк о  р еш ен а  при и сп о л ь зо в а н и и  в сп ом огател ьн ого  к р у г а .  
В о о б щ е  за д а ч и  я в л я ю т ся  хордовы м и и л и  ж е  тангенциальны м и за д а ч а м и  
и п о э т о м у  н ео б х о д и м о  им еть  хор довы е и л и  тан ген ц и ал ь н ы е к р уги .

Т ан ген ц и ал ь н ы е и л и  к р ат к о  танген сны е к р у г и  отличаю тся от х о р д о 
в ы х  к р у г о в , так  к ак  и х  д и ам ет р  идентичен  с дв ук р ат н ы м  тан ген сом  о сн о в 
н о г о  к р у г а  и н а о б о р о т . П о э т о м у  сечен и я  во в с е х  с л у ч а я х  п ер п ен д и к у л я р н ы . 
Р и с . 9  и зо б р а ж а е т  т ан ген сн ы й  к р у г  в ср а в н ен и и  с хордовы м  к р у г о м .

Ц ен тр  т ан ген сн ого  к р у г а  идентичен  С, в т о ж е  врем я центр х о р д о в о г о  

к р у г а  н а х о д и т ся  в точк е Н , т . е . в точке б и ссет р и сы  хорды  с.
К р у г  с центром  Т , и л и  п остроенны й н а  л ю б о й  л еж а щ ей  на о к р у ж н о с т и  

о с н о в н о г о  к р уга  точк е, п р и м ен я ем ой  в к а ч ест в е  ц ен т р а , н азы в ается  п о л у -  

х о р д н ы м  к ругом .
П о л у х о р д н ы й  к р у г  и е г о  п р и м е н е н и е
П о л у х о р д н ы й  к р у г  я в л я е т с я  очень п ол езн ы м  только дл я  р азби в к и  

о с н о в н о г о  к р уга  и п р е д п о л а г а я , что эл ем ен т ы  или  интервалы  п и к е т а ж а  
д о в о л ь н о  к оротк и . Д л я  р еш ен и я  п роч и х за д а ч , к о гд а  н едоп усти м а в за и м о 
за м е н я е м о с т ь  хорды  и д у г и , н ел ь зя  и сп о л ь зо в а т ь  п ол ухор дн ы й  к р у г .
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В качестве п ри м ера  на р и с . 10 п ри води тся  так ое п р и м ен ен и е л о л у -  
х о р д н о г о  к р у га .

К оэф ф ициент редук ц и и  п о  ср ав н ен и ю  с хор дн ы м  к р угом  т а к о г о  ж е  
д и а м ет р а  со став л я ет  лиш ь п о л о в и н у  п о сл ед н е г о ; сл ед у ет  у к а за т ь , что м о ж е т  
бы ть и сп ол ь зов ан  лиш ь дл я  ц ел ей  р азби в к и .

К оэф ф и ц и ен т р едук ц и и  в ы ш ер ассм отр ен н ого  х о р д н о г о  к р у г а  б у д е т

h
Qc =  —  j 

t

Рис. 10
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коэф ф и ц и ен т ж е  р е д у к ц и и  п ол ухор ды  д л я  р азби в к и  осн ов н ого  к р у г а  буд ет  

и м ет ь  сл едую щ ий в и д
h

Qs —
2 í '

Д л я  о б ъ я сн ен и я  п р и в едем  ч и сл овой  п р и м ер .

h =  4 4 ,6  м  ! h
: итак  Qs =  —  

t =  7 9 ,4  м  J . 2 t
4 4 ,6  

2 • 7 9 ,4
0 ,2 8 1 .

Т ак  как п и к ет а ж н ы й  интервал о сн о в н о г о  к р у г а  равен  10 м :

Sch =  10 .

а  разбивочны й п р о м е ж у т о к  п о л у х о р д н о го  к р у г а  б у д ет  2,81 м:

ss =  2 ,8 1  м.

Н есом ненны м  п р еи м у щ ест в о м  п о л у х о р д н о г о  к р у г а  я в л я ется  то , что 
д л я  п остр оен и я  т р е б у е т с я  н ебол ьш ая  п л о щ а д ь , м ал о  врем ен и  и ,т а к и м  о б р а 
з о м ,  небол ьш ие р а с х о д ы .

Д р у ги м  в о п р о со м  я в л я ет ся  то, что п о л у х о р д н ы й  к р у г  н ел ь зя  разби ть  
п р и  пом ощ и эк к ер а , к а к  эт о  мы видели вы ш е, т а к  к ак  с точки  Н п р о д о л ж ен и е  
п р я м о й  ч ерез Оа п о п а д а е т  в в оду , вообщ е д и а м ет р  н ел ь зя  п ост р ои т ь  эк он ом н о. 
Д и а м е т р  н еобходи м о  п о ст р о и т ь  особо . О дн ак о  эт о  от дел ь н ое его  п остроен и е  
с в я з а н о  с очень н еб о л ь ш и м и  доп ол н и тел ьн ы м и  р аботам и , т а к  к ак  п о л у 
х о р д н ы й  к р уг  я в л я е т с я  о ч ен ь  плоским  и п о ст р о ен и е  гл авн ой  точки его  T s 
в больш и н стве сл у ч а ев  я в л я ется  вп ол н е достаточ н ы м . И зм ерен и е хорды  
H (T S вместо дуги  H fT s д а е т  н езн ач ител ьн ое о т к л о н ен и е .

Е сли  в н ал и ч и и  н е им еется  эк к ер а , т о г д а  м о ж н о  и сп ол ь зов ать  вы ш е
у п о м я н у ты й  м етод.

В т о р о с т е п е н н ы е  в с п о м о г а т е л ь н ы е  к р у г и .

Е сл и  в н ал и ч и и  и м еется  эк к ер  и , к р о м е т о г о , н ео б х о д и м о  дов и ть ся  
б о л ь ш ей  точности , т о г д а  и сп ол ь зует ся  в тор ост еп ен н ы й  вспом огательны й  
к р у г ,  к ак  это видно н а  р и с . 10. Это м о ж н о  вы пол нить в т еч ен и е к оротк ого  
в р е м ен и , так  к ак  р а с с т о я н и я  являю тся  н ебол ь ш и м и .

Т а к  как р а зб и в о ч н ы й  п р о м еж у т о к  п о л у х о р д н о г о  к р у г а  вы числен в 
2 ,8 1  м

ss =  2 ,81  м ,

р ед у ц и р у е т с я  в тор и ч н о  д л я  целей  в то р о ст еп ен н о го  всп ом огател ьн ого  к р у га . 
К оэф ф и ц и ен т р ед у к ц и и  в тор остеп ен н ого  к р у г а  б удет

Qsc
H s T

H, T
6 ,2  м 

2 0 ,4  м
0 ,3 0 4 .
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С л едов ател ь н о , р азби вочн ы е и н терв ал ы  втор остеп ен н ого  в сп о м о га 

тел ь н о го  к р у г а  б у д у т

ssc =  0 ,3 0 4  • 2 ,81  м =  0 ,8 5 5  м .

В ер ш и н н ы й  хор дн ы й  к р уг . (См. р и с . 10 .)
Е сл и  в нали чи и  им еется  эк к ер  и п р ед в а р и т ел ь н о  п р о и зв ед ен а  п р о в ер к а  

верш ины  о сн ов н ого  к р у г а , тогда  р а зб и в к а  осн ов н ого  к р уга  б у д е т  п р о и с х о 
д и т ь  бы ст р ее  в сл у ч а е  п р и м ен ен и я  в ер ш и н н ого  хор дн ого  к р у г а  ; в ер ш и н 
ны м хо р д н ы м  к р у г о м  н азы в ается  п отом у , что в н его  в ходи т  в ер ш и н а  о сн о в 
н ого  к р у г а  ( Т ).

К оэф ф и ц и ен т р ед у к ц и и  в ер ш и н н ого  х о р д н о г о  к р уга  им еет вид

6т —
Я , Г

о ат

Уг а
4  '

В  п р и м ен ен и и  к р ис. 10

6т
2 0 .4  м
6 8 .5  м

0 ,2 8 8 .

Т а к  к а к  п и к ет а ж н ы е интервалы  о сн о в н о го  к р уга  р авн ы  10 м, то 
п о эт ом у  разби вочн ы е п р о м еж у т к и  в ер ш и н н ого  хор дн ого  к р у г а  б у д у т

10 • 0 ,2 8 8  м =  2 ,8 8  м.

Д и а м ет р  в ер ш и н н ого  к р уга  и ден ти ч ен  м еньш ей х о р д е , т . е . равен

О Д .
В ерш и н ы й  к р у г  сечет тан ген с t, а  т а к ж е  п ол ухор дн ы й  к р у г  в точке  

Н(, и л и  ж е ,  д р уги м и  сл о в а м и ,зд е с ь  р а сп о л а г а ет ся  сечение п ер п ен д и к у л я р а , 
о п у щ е н н о г о  и з Т  на t. Т ак и м  о б р азом , есл и  п ост р оен и е вы полнено п р а в и л ь н о , 
т огда

o aH  =  o aH t =  4- ,
2

и п о эт о м у  —  м о ж н о  и зм ери ть  и зм ер ен и ем  О аН (, если  не п р ед ст а в л я ет ся  
2

в озм ож н ы м  и зм ерить ОаН.

З д е с ь  сл ед у ет  отметить, что

H T = T H t .

П р и м ен ен и е верш и н н ого х о р д н о г о  к р у г а  я в л я ется  т а к ж е  т ео р ет и 
ч еск и  точны м  и его  коэф ф ициент р ед у к ц и и  м ож н о  и сп о л ь зо в а т ь  т а к ж е  
д л я  р еш ен и я  д р у г и х  за д а ч  к р у г а  и в т е х  сл у ч а я х , к огда  д а н н а я  х о р д а  
им еет отн оси тел ь н о  стол ь  бол ь ш ую  д л и н у , что н ел ьзя  ее за м е н и т ь  д угой  
о к р у ж н о с т и .
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Тангенсные круги

К а к  у ж е  ви дн о бы ло выше, танген сны е к р у г и  п р и н а д л еж а т  к  с о в е р 
ш ен н о  д р у г о й  гр у п п е в сп ом огател ьн ы х к р у г о в , зн ач и т и х  к оэф ф и ц и ен т  
р ед у к ц и и  я в л я ется  н е си н у со м  а тан ген сн ом  ц ен трал ь н ого  п о л о в и н н о го  

у г л а  осн ов н ого  к р у г а
t h 2 h а

2

Е го  п ри м ен ен и е я в л я е т с я  соверш енно точны м  и теоретически  и он  м о ж е т  

бы ть и сп ол ь зов ан  д л я  р а зб и в к и  осн ов н ого  к р у г а , к ак  это им ело м есто  в

сл у ч а е  и сп о л ь зо в а н и я  х о р д н ы х  к р угов . Н е д о ст а т о к , согласн о ср а в н ен и я ,  
я в л я е т с я  чисто п р ак т и ч еск и м , так  к ак  т р е б у е т с я  больш е п л ощ ади , что  
в о о б щ е в стр еч ается  р ед к о . П р ед п о л о га я , что и м ее т с я  достаточно св о б о д н о й  
п л о щ а д и , тогда  все ещ е о ст а ет ся  в качестве н ед о ст а т к а  недочет в р ем ен и  и 
н и к то  н е  б у д ет  вы бирать б о л е е  длинны й п у т ь  в м есто  коротк ого , о со б е н н о  
в том  сл у ч а е , к огда  в есь  м ет о д  п ри м ен я ется  и м ен н о  д л я  эконом ии в р ем ен и  
и ср ед ст в .

П о эт о м у  р а зб и в к а  с п ри м ен ен и ем  т а н г ен с н ы х  к р угов  —  к ак  м ет о д ,  
и м ею щ и й  м ен ьш ую  п р а к т и ч еск у ю  ц ен н ость  —  з д е с ь  не р а ссм а т р и в а ется .
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О днако, с точки  зр ен и я  р еш ен и я  т р у д н ы х  п р обл ем  или с л о ж н ы х  в о 
п р о с о в , имеет м есто  соверш ен н о д р у г о е  п о л о ж ен и е .

П р ак ти ч еск ой  в а ж н о й  за д а ч ей  я в л я ет ся  р азби в к а  к он еч н ой  к а са т ел ь 
ной  точки к р уговой  д у г и , р а д и у с  к о то р о й  совм естн о с н ач ал ом  д у г и  О а и 
к асат ел ь н ой  д у ги  t0 даны , при п р е д п о л о ж е н и и , что дл я  р а зб и в к и  сам ого  
о сн о в н о го  к р уга  не им еется  в рем ен и  и в то ж е  врем я , втор ая  к а са т ел ь н а я  
д а н а  тол ьк о ч ер ез  о д н у  т оч к у , к о т о р а я  л е ж и т

а) на очень дал ек ом , н еи зм ер и м ом  р а сст оя н и и  ;

б) в беск он еч н ости , дан о т о л ь к о  н ап р ав л ен и е.

Р еш ен и е за д а ч и .

а) Н а рис. 11 сл ед у ет  п р едст ав и ть  т о ч к у  Р  на неизм ерим ом  р а сст о я н и и . 
О дн ак о , это  обстоя тел ь ств о  сов ер ш ен н о  не и зм ен я ет  в аж н ост ь  за д а ч и . П р е д 
п о л о ж и м , что р а сст о я н и е м е ж д у  Р  и С я в л я ет ся  неизм ерим ы м , н а п р и м ер , 
и з -з а  реки  или л е са  и точка Р в и д н а  л иш ь в качестве за в о д ск о й  т р у б ы  или  
в ер ш и н ы  вышки.

Е сли  бы г не бы л дан , т о гд а  и м ел ось  бы беск он еч н о б о л ь ш о е  числ о  
р еш ен и й . Т . е. т оч к а  С,, к отор ая  од н ов р ем ен н о  я в л я ется  т а к ж е  ц ен тр ом  
п ер в ост еп ен н ого  в сп ом огател ьн ого  к р у г а , м о ж е т  быть р а зб и т а  в л ю бом  
м есте  прям ой t0, т. е . д р уги м и  сл ов ам и  д л и н а  ОаС/, сл едов ател ь н о  t0, за в и си т  
от  н аш его  п о ж е л а н и я , н еобходи м о  л и ш ь  в ы д ер ж ать  t0 =  te и р а зб и т ь  т оч к у  
Е а н а  прям ой С /Р , и с этим  за д а ч а  бы ла бы реш ен а.

Н о г за д а н  и н ел ь зя  и зм ен я ть  ни  Оа, ни (0, и таким  о б р а зо м  о ст а ет ся  
ещ е воп рос : к аким  о бр азом  за в и с и т  дей ств и тел ь н ое п о л о ж е н и е  С / от д а н 
н о го  г, или ж е  др у ги м и  словам и : к ак и м  о б р а зо м  м о ж н о  бы ло бы о п р ед ел и т ь  
эт о  м есто  точны м м етодом  с и сп ол ь зов ан и ем  за д а н о г о  г ?

П оэтом у н ео б х о д и м о  вы пол нить вы чи слен и я , но эти  в ы ч и сл ен и я  у п р о 
щ аю т ся  при п ри м ен ен и и  в т ор ост еп ен н ого  т ан ген сн ого  к р у г а , о д н а  и з  к а с а 
т ел ь н ы х  к отор ого  не я в л я ется  об щ ей  с к асат ел ь н ой  п ер в ост еп ен н ого  т а н г ен с 
н о го  к р у г а  и д л и н а  т а к ж е  р ав н а , сл ед о в а т ел ь н о  я в л я ю т ся  в п о л н е со в п а 
даю щ ей  ; д р у г а я  к а са т ел ь н я  р а в н а  te и «0, л е ж и т  в п р о д о л ж е н и и  п р я м ой  
ги. С л едовател ьн о, к ак  это  видно н а  р ис. 10, р а д и у с  в т о р о ст еп е н н о г о  к р у г а  
м о ж н о  о п р едел и ть , т а к  к ак

г: г/ =  т, : г , ,  ,
а и з  этого

r í  =  ] / r r n

г / ,  т а к ж е  н еи звестен  ; его  м о ж н о  о п р ед ел и т ь  п р и бл и ж ен н ы м  м ет одом  сл е 
дую щ и м  обр азом  :

1. Р азби в ает ся  точк а С1р на н ек о т о р о м  вер оя тн ом  р а сст о я н и и  от точки  
О а н а прям ой  г0, д л и н у  к оторой  н ео б х о д и м о  оп р едел и ть .
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2 . И зм ер ен н ое в ер о я т н о е  р асстоян и е п е р ен о с и т с я  с С , р в н ап р ав л ен и и  
Р  и , так и м  о б р а зо м , п о л у ч и м  вероятное Еар.

3 . В о зв оди т ся  п ер п ен д и к у л я р  в точ к е Еер и п ри н и м ается  р асст оя н и е  

Е<гРС//р, сл едя  з а  т ем , ч тобы

Е ар Сцр =  СПр О up  =  г up  •

П одстав л я я  в ф о р м у л у  гИр,

Т1р >  \Гг ■ г , , р

п ер в ы й  г ip не б у д ет  р а в ен  рассч етн ом у ]fT ■ гП р , п оэтом у  н ео б х о д и м о  п р о 
д л и т ь  или ук ор от и ть  д л я  д о ст и ж е н и я  г1 =  \!т ■ гПр-

4. П осл е в в ед ен и я  т р ет ь ей  п оп равк и  в о о б щ е дост и гается  р ав ен ст в о , 
т. е . изм еренны й г, б у д е т  в дей ств и тел ьн ости  р ав ен  с рассчетны м  | / г • тПр■

В е сь  расчет  я в л я е т с я  очень просты м , в о со б ен н о ст и , если  в нали чи и  
и м еет ся  счетная л и н е й к а  и ,  естествен н о, т р е б у е т с я  оч ен ь  м ало в рем ен и  по  
ср а в н ен и ю  с расчетны м  м ет одом  ан ал и ти ч еск ой  геом етри и .

Е сл и  им еется  д о ст а т о ч н о  врем ени д л я  р а зб и в к и  осн овн ого  к р у г а  ещ е 
п е р е д  п остр оен и ем  Е а , в ер о я т н о е  место л е г к о  н ай ти  и точное м есто  м о ж н о  
о п р е д ел и т ь  первы м  и л и  вторы м  п р и б л и ж ен и ем .

6) Е сли точк а л е ж и т  в беск он еч н ости , т о г д а  о н а  дан а  н ап р ав л ен и ем , 
т . е . н ек о т о р о й  п р я м о й , с к отор ой  д о л ж н а  бы ть п а р а л л ел ь н а  п о ст р о ен н а я  
к а са т ел ь н а я  (см. р и с . 12).

Это я в л я ется  б о л е е  п р о сто й  задач ей  и н ет  н еобходи м ости  п ри м ен и ть  
п р и б л и ж е н и е .
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П ри дан н ом  н ап равл ен и и  я в л я ется  дан н ы м  т а к ж е  у го л  а  и t g  а  м о ж н о  
о п р ед ел и т ь  изм ерением  т и G, ср еди  к отор ы х оди н  м о ж ет  в ы би р аться  св о 
б о д н о , а д р у г о й  н еобходи м о п острои ть .

Т огда

и т а к  к ак
а

to =  r t g  —  ,

a sin а
=  — ----------2 1 +  cos а

п оэтом у

т а к  к ак

tn =  г

т

~d

1 + т ~ ’

г /
г  : г /  =  г /  : Г //  ; г , ,  =  —

Р азби в аем ы е точки :
тп

~d

и, н а к о н ец , 

сл е д я  з а  тем , чтобы  

и п р о в ер я я , чтобы

O aC j  — C /O // — t0 — г /— г ь ,
“Ь  ~т

О и  С ц -L í0 

О и  Сц =  г и  =  —
г

C i  Е а =  íg ,

Е а С и  =  г и ,

С / Е а _L. Сц Е а .

Д р у г у ю  п р о в ер к у  м о ж н о  п р о и зв ест и , есл и  d л е ж и т  на л е г к о  и зм ер и 
м о м  б л и зк ом  р асстоя н и и , чтобы  при этом  п а р ал л ел ь н ое  р а сст о я н и е  м е ж д у  
С /Е а и D P  бы ло бы естеств ен н о  неизм енны м .
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П уть  п о л у ч ен и я  Еа я в л я ется  б о л ее  к о р о т к и м  х от я  и без п р о в ер к и , 
е с л и  данны й у г о л  а п ер ем ест и ть  п утем  п ер ем ещ ен и я  т р еу го л ь н и к а  DPPt 
в с ,р 'р ;.

Е а л е ж и т  н а  п р я м о й  с,Р' на р а сст о я н и и  гг от  С /.
В  этом  сл у ч а е  в тор остеп ен н ы й  т а н ген сн ы й  к р у г  м о ж е т  бы ть и сп о л ь 

зо в а н  д л я  п р ов ер к и , что во в сех  сл у ч а я х  м о ж н о  вы полнить г о р а зд о  бы стрее  
ч ем  п р о в ер к у  п р и  п ом ощ и  ор дин ат , к о т о р а я  т р е б у е т  п р о д о л ж и т ел ь н о е  вы
ч и сл ен и е абсц и ссы  и о р д и н а т ы  и не м о ж е т  бы ть вы п ол н ен а  б ез  т а б л и ц , со д е р 
ж а щ и х  данны е к р у г а .

В с п о м о г а т е л ь н ы е  к р у г и  в о о б щ е

Н а рис. 11 и 12 изм еренн ы е дли н ы  о б о зн а ч ен ы  ж ирны м и л и н и я м и . 
Т о есть  сами к р у г и  н а  м естн ости  не р азби ты . Н а  ч ер т е ж е  к р уги  н ач ер ч ен ы  
т о л ь к о  п отом у, чтобы  вы веденны й и з н и х  м ет о д  бы л бы ясн о пон ятн ы м . 
В  п о л ев ы х  у с л о в и я х  и л и  ж е  на св ободн ой  п л о щ а д и  и зм ер ен и я  п р о и зв о д я т ся  
т о л ь к о  по ж ирны м  л и н и я м , т а к  как  ст р ои т ся  и л и  ж е  н а х о д и т ся  лиш ь т оч к а  Е а.

Э тот м етод м о ж н о  п рим енить т а к ж е  д л я  х о р д н ы х  к ругов .
К а к  это видно н а  р и с . 10 в сл уч ае в ер ш и н н о го  всп ом огател ьн ого  к р у г а , 

м о ж н о  п острои ть  т а к ж е  д р у г о й  х о р д н о й  к р у г , ди а м ет р  к отор ого  б у д е т  Т Е а .
В ообщ е, в си стем е тр еу го л ь н и к о в  д л я  л ю б о й  точки осн ов н ого  к р у г а  

и м еется  по два  х о р д н ы х  к р у г а  и п о ст р о ен и е , за в ер ш ен н о е  на п ер в ом , м о ж н о  
п р о д о л ж а т ь  на в то р о м , и так и м  обр азом  м о ж н о  у д в о и т ь  п р о в ер к у .

П р и н а д л еж а щ и е д р у г  к  д р у г у  х ор дн ы е к р у г и , так  к ак  д о п о л н я ю т  свое  
п р и м ен ен и е, —  м о г у т  р ассм атр и в аться  и н а зы в а т ь ся  доп ол н и тел ьн ы м и  в с п о 
м огательны м и х о р д н ы м и  к р угам и .

Ж и р н ы е л и н и и  н а  р и с . 6  и 8 осн ов ы в аю тся  н а  соответствую щ ем  п р и м е
н ен и и  д о п о л н и т ел ь н ы х  всп ом огател ьн ы х х о р д н ы х  к р угов .

П рочи е за д а ч и .
Р ассм атр ен н ы е за д а ч и  бы ли реш ены  и п р о в ер ен ы  б ез  и сп ол ь зов ан и я  

и н ст р ум ен тов , сп р а в о ч н и к о в , табл и ц  и т . д . М етод  м о ж е т  бы ть и сп о л ь зо в а н  
д л я  р еш ен и я  л ю бой  за д а ч и  к р уга  ; м о ж е т  бы ть  и сп ол ь зов ан  д л я  р еш ен и я  
т ео р ет и ч еск и  в а ж н ы х  за д а ч , среди  к о т о р ы х  п о зв о л ен о  б у д ет  у п о м я н у т ь  
т о ч к и , данны е на х о р д е , н а  касател ьн ой , н а  п ер п ен д и к у л я р е  в О а и л и  Е 0, 
и т о ч к у  п ер есеч ен и я  п р я м о й  Е аОа с о к р у ж н о с т ь ю  осн ов н ого  к р у г а ;  д а л ее  
д л я  соотн ош ен и й  м е ж д у  доп ол н и тел ьн ы м и  х о р д н ы м и  к ругам и  и т а н г ен с-  
ны ми к р угам и , и зм е р е н и я  длины  д у ги  о сн о в н о г о  к р у г а  (п ер ед  р а зб и в к о й )  

н а  всп ом огател ьн ом  к р у г е  и  т. д .
Р ассм атр ен и е в с е х  э т и х  задач  сл и ш к ом  си л ь н о  ув ел и чи л о бы  объ ем  

д а н н о г о  сообщ ен и я .
И н ж е н ер  в ообщ е д о в о л е н , если  р а зб и т  к р у г , за т ем  п ров еден а  п р о в ер к а  

и к р у г  н ай ден  безо ш и б о ч н ы м . Б ол ее т р у д н ы е п р обл ем ы  встреч аю тся  р едк о .
П оэтом у  у п у щ ен ы  р еш ен и я  чисто т ео р ет и ч е ск о г о  х а р а к т ер а  за д а ч .
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РЕЗЮМЕ

Данным сообщением ставится цель, чтобы во время производства гидротехнических 
работ инженер-гидротехник мог бы производить необходимые работы во всех встречаю
щихся в практике случаях и работы не запаздывали бы даже в том случае, когда необ
ходимо производить неожиданные изменения разработанных проектов. Предлагаемый 
автором метод является на столько простым, что при помощи точного, но быстро выпол- 
нимового метода легко решить возникающие задачи. Дуга окружности с любым радиу
сом может быть немедленно разбита продолжением хорды, если принять длину хорды
равной -j^- и отклонение от направления -ущ-.

Теорема основывается на уравнении хорды окружности. Преимуществом пред
лагаемого метода является то, что требуется обзор только для следующей точки. К недо
статку метода можно отнести, что не получается пикетаж в округленных цифрах и что 
погрешности невязки направлений необходимо уравнивать. Пикетаж в округленных 
цифрах можно разбивать при помощи вспомогательных кругов. Вместо инструменталь
ной разбивки углов существуют на вспомогательном круге направления, получаемые 
редуцированным пикетажем эккера, в которых должны быть точки разбиваемого 
главного круга. Вспомогательную окружность, которую можно разбить непрерывно 
при помощи эккера на хорде главной окружности как на диаметре называется хордным 
кругом. Таким же образом возможно разбить соответствующие вспомогательные круги 
с концов полухорды и тангенса, при помощи которых в полевых условиях возможно 
решить различные задачи окружности. Метод распространяется на площадь, ограничи
ваемую хордой, тангенсом и вспомогательным кругом разбиваемого круга. Точность 
предлагаемого метода превышает точность инструмента минутной точности.

Ш Е  A B STE C K U N G  VON K R Ü M M U N G E N  B E I W A SS E R A R B E IT E N

К . APOR

ZUSAM M ENFASSUN G

D as Ziel d e r  A rb e it ist, dem  W asseringenieur bei der A usführung der W asserarbe iten  
e ine  M ethode  in  d ie  H an d  zu geben, d ie  es ih m  erm ög lich t, au f alle Fä lle  v o rb e re ite t zu  sein, 
so d aß  die A rb e iten  auch  dann keine V erzögerung erle iden , w enn sich eine p lö tz lich e  P la n 
ä n d e ru n g  a ls n o tw end ig  erweist. Die M ethode  is t  d e ra r t  einfach , daß  es a u f  eine e x a k te , doch 
schnell d u rc h fü h rb a re  A rt und  W eise m öglich  is t, die A ufgabe ohne Schw ierigkeiten  zu  lösen.

E in  K reisbogen  m it einem  belieb igen  R ad ius lä ß t  sich von e iner v e rlä n g erte n  Sehne

so fo rt absteckcn , w enn  m an die L änge d e r  Sehne zu u n d  die R ich tu ngsabw eichung  zu

^  n im m t. D er S a tz  beru h t au f der Sehnengleichung  des Kreises. D er V orteil d ieser M ethode

b e s te h t d a rin , d a ß  sie n u r  bis zum  n ä c h s te n  P u n k t A ussich t e rfo rd ert, w äh ren d  ih r  N achteil 
d a r in  lieg t, daß  m an  keine rundzahlige S ta tio n ie ru n g  e rh ä lt u n d  daß  der Sch lußfeh ler d e r R ich
tu n g en  ausgeglichen w erden m uß. S ta tio n ie ru n g e n  m it ru n d en  Z ahlen k an n  m an  d u rc h  A nw en
d u n g  von H ilfskreisen  abstecken. H ie rb e i kom m en s ta t t  de r W inkelabsteckungen  des In s tru 
m en ts  die du rch  d ie  reduzierten  S ta tio n ie ru n g en  des H ilfskreises gegebenen R ich tu n g en  vor, 
in  d enen  sich d ie P u n k te  des ab zu steck en d en  H aup tk re ises  b e finden  m üssen. D er a u f  dem  
a n d e r  Sehne des H au p tk reises gem essenen D urchm esser m it dem  W inkelspiegel k o n tin u ie rlich  
ab steck b are  H ilfskreis wird Sehnenkreis g e n an n t. G enau so k a n n  die H albsehne  u n d  von  den 
E n d p u n k te n  der T an g en te  der b e tre ffen d e  H ilfskreis ab gesteck t w erden, m it dessen  H ilfe sich 
versch iedene  K reisau fgaben  au f de r A rb e itss te lle  lösen lassen . D er A u ssich tsan sp ru ch  dieser 
M ethode e rs treck t sich au f das d u rch  d ie  Sehne des abzusteckenden  K reises, d u rch  dessen 
T an g en te  und den  H ilfskreis um schlossene G ebiet. Ih re  G enauigkeit ü b e rtr if f t  d ie  eines In s tru 
m en te s, das a u f  die M inute genau ist.
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T H E  L A Y IN G  OUT O F B E N D S O F  H Y D R A U L IC S
K. A PO R

SUMMARY

T he paper aim s a t  p re p a rin g  th e  hydraulic  en g ineer fo r all ev en tu alitie s w hen co n stru ctin g  
h y d ra u lic  s truc tu res and  to  p re v e n t  delays even in  case o f u n e x p ec te d  m o d ifica tio n  o f th e  p lans. 
T h e  m eth o d  is so sim ple t h a t  th e  ta sk  m ay be so lved  q u ick ly  and  correctly . An arc  o f  circle

o f a n y  rad iu s can be set o u t im m ed ia te ly , if  we tak e  th e  le n g th  o f chord  as -y—■- and  th e  dev ia tion

as
100 *

The theorem  is b a se d  on  th e  chord eq u atio n o f th e  circle ; i ts  a d v an tag e  is th a t  i t

re q u ire s  in terv ision  on ly  b e tw e e n  tw o ad jacen t p o in ts . I t s  d isad v an tag e  is th a t  we can n o t 
use w hole chaînages a n d  th a t  th e  f in a l error o f th e  d irec tio n  m u st be ad ju s ted .

W hole chaînages can  b e  la id  o u t w ith  th e  h e lp  o f  a u x ilia ry  circles. In s te ad  o f th e  d irec 
tio n s  se t o u t by  th e  in s tru m e n t, ap p ear th e  d irections d e te rm in e d  b y  th e  reduced  d istances 
o f  th e  p o in ts  laid  ou t on  th e  a u x il ia ry  circle, in  w hich d irec tio n  th e  p o in ts o f th e  p rin c ip a l circle  
m u s t be . T he aux iliary  c irc le  w h ich  can be laid  o u t co n tin u o u sly  w ith  th e  a id  o f a n  o p tica l 
sq u a re  on  th e  chord of th e  p rin c ip le  circle as its  d iam e te r , is called  chord  circle. In  th e  sam e 
w ay  can  be laid  ou t a u x ilia ry  c ircles on  th e  end p o in ts  o f th e  sem i-chord or o f  th e  tan g e n t, 
a n d  b y  th e m  various p ro b lem s re la te d  to  th e  circle can  b e  solved in  s itu . T he m eth o d  needs 
in te rv is io n  in  th e  area  l im ite d  b y  th e  chord of th e  p rin c ip le  circle w hich is to  be la id  ou t, 
i ts  ta n g e n t  and aux ilia ry  c irc le . I t s  accuracy is b e tte r  th a n  th a t  o f  an  in s tru m e n t w ith  one 
m in u te  accuracy.

JA L O N N E M E N T  D E  C O U R B ES A U X  T R A V A U X  H Y D R A U L IQ U E S
K. APOR

RÉSU M É

L e b u t  que l ’au te u r  s’e s t p roposé  dans ce tte  é tu d e  e s t  de fo u rn ir à l ’ingén ieu r h y d ra u 
liq u e  u n e  m éthode lu i p e rm e tta n t  d ’être  p réparé  à to u te s  les év en tu alité s, de façon à ce que 
les t r a v a u x  ne subissent a u c u n  r e ta rd ,  m êm e au  cas d ’u n e  m o d ifica tio n  in a tten d u e  des plans. 
À l ’a id e  de  cette  m éthode to u t  à  f a it  sim ple, le p rob lèm e p e u t  ê tre  résolu sans d ifficu lté  au cune , 
de faço n  exac te  e t c ep e n d an t ra p id e .

T o u t a rc  de cercle de  ra y o n  quelconque p e u t im m é d ia tem en t ê tre  ja lo n n é  à p a r tir  d’une 

corde prolongée, en co n sid éran t la  longueur de la corde com m e et la divergence de d irection

com m e . Le théorèm e e s t b asé  su r  l ’équation  de corde d u  cercle. Son av an tag e  e s t de n ’exiger

de l ib re  vue  que ju sq u ’au  p o in t su iv a n t, son incon v én ien t de  ne pas fo u rn ir u n  nom bre  rond  
de s ta tio n n e m e n ts  e t de c o m p o rte r  une  erreu r fin ale  de d irec tio n  qu i do it ê tre  égalisée. Des 
s ta tio n n e m e n ts  d’un  n o m bre  ro n d  p eu v en t ê tre  ja lo n n és p a r  l ’ap p lica tio n  de cercles aux iliaires. 
A u  lie u  des jalonnem en ts d ’ang le  de l ’in stru m en t on  y  o b tie n t  des d irections déterm inées p a r 
les s ta tio n n e m e n ts  réd u its  d u  cercle  auxiliaire, d irec tions d a n s  lesquelles d o iv en t se tro u v e r  
les p o in ts  d u  cercle p rin c ip a l. Le cercle auxiliaire  p o u v a n t ê tre  ja lonné  de façon continue 
à  l ’a id e  d u  m iroir sur le d ia m è tre  m esurée sur la  ta n g e n te  d u  cercle p rin c ip a l est appelé 
cerc le  de corde. On p e u t de  m êm e ja lo n n e r la  dem i corde e t  à  p a r tir  des po in ts d ’ex trém ité  de 
la  ta n g e n te  le cercle a u x ilia ire  co rresp o n d an t, à l ’aide  d u q u e l d ifféren ts p roblèm es de cercle 
p e u v e n t ê tre  résolus sur le  l ie u  de tra v a il .  L ’exigence de v u e  de ce tte  m éthode s’é ten d  su r le 
do m ain e  lim ité  pa r la corde d u  cerc le  à jalonner, sa ta n g e n te  e t le cercle aux iliaire . Sa p ré 
cision  dépasse  celle d’u n  in s t ru m e n t  d’une précision à la  m in u te .
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Introduction

In the case o f centrifugal fans, air leaks over from the spiral casing  
to  the suction pipe, through the clearance betw een the suction opening o f the 
impeller and the end o f the suction pipe. As a consequence to th is, th e  fan dis
charges less than the quantity of air which flow s through the im peller and the 
excess flow ing through the impeller also m akes the pressure losses larger. To 
investigate this effect, arrangements were made in  the laboratories o f  the D epart
m ent for the Theory o f Flow, Technical U niversity, Budapest, for a series of 
measurements to be carried out, w ith a variation of the clearance betw een the 
impeller and the suction pipe. As a result, b y  reducing the com paratively large 
clearance to a quite low value, the m axim um  o f the efficiency has gone up to  
79,5 p. c. from 64 p. c.

Measuring arrangements

Air was drawn in by the fan from the laboratory through a short suction  
cone (Fig. 1). In the interior of the suction hood inlet, there w as a conic 
interm ediate piece leading up to the opening o f the impeller. It w as the axial

Torque measuring motor

F ig . 1.
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sh ift o f  th is conic “ confusor” that adm itted o f an alteration of the clearance. 
T he diam eter of the im peller’s in let was 62 p. c. o f  the outer diameter.

D 0
—— =  0,62. The outer diameter of the im peller was D 2 =  500 mm.

T he quantity o f the air carried was m easured b y  an orifice disposed in  the 
discharge pipe. The static pressure head of the fan w as found as the difference of 
the pressure taken off by a circular conduit disposed at the beginning o f the 
discharge pipe from atm ospheric pressure. T hrottling was applied at the end of 
the section  o f the discharge pipe posterior to  the m easuring orifice. W e had a 
torque balance arrangement fitted  to the m otor for measuring the am ount of 
power taken.

In  addition to the data referred to before, perm itting the p lottin g  to  
the characteristics and o f the efficiency of the fan , the difference in sta tic  pres
sure on both sides o f the suction cone was also measured, the same as the 
dynam ic head of the air circulating in the spiral casing, in the im m ediate v ic in 
ity  o f  the clearance. From these pressures inference m ay be drawn on the 
q u a n tity  o f the air flow ing through the clearance.

R esults of the m easurem ents

T he series of characteristic curves obtained b y  a variation of the clear
ance is shown in Fig. 2 and the pertaining efficiences m ay be seen in F ig. 3. 
The breadth of the clearance in front of the im peller was recorded on the curves 
in ratio to  its outer diam eter. The characteristics and the efficiency are shown 
in  the usual dimensionless factors.

V
D \ n Г) = V A jH

N

where u2 is the peripheral ve loc ity  of the im peller’s outer point whereas о is the  
d en sity  o f  the air and N  the power required.

T he m axim um  efficiency is plotted against th e  clearance breadth as it
s

appears in  Fig. 4. A lthough the clerance b rea d th -----=  0,03 is considerably
D  2

larger th an  custom arily, it  m ay  be said that the efficiency can substantially be 
increased b y  a reduction o f the clearance to the low est possible value even i f  it 
was o f th e  usual breadth o f about 0,01 D 2. A lim it is set to the reduction o f the 
clearance breadth by securely avoiding friction and th e  fact that in conventional 
fabrication  the suction pipe and the suction orifice o f  the impeller, are not true 
circular. A t our experim ents, the smallest clearance w as o f the size of about 1,5 
mm. I ts  exact size we could, however, not ascertain b y  reason of excentricities.
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4 Acta Tcchnica XVIII/3—4 .
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In  order to see a further reduction of the clearance and a probable rise in  
effic ien cy , we provided for a labyrinth seal to be placed betw een the front of the  
im peller and the suction p ipe (Fig. 5). H aving disposed the tw o labyrinth

d iscs a t a distance o f  1 m m  from each other, the curves obtained were 
show n in Fig. 3 and th e  maxim um  efficiency w ent up to 84 p. c. We 
had th is value recorded in  F ig . 4 at the breadth o f the clearance divided by

Fig. 5
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Approximate computation of the quantity of air passing through the clearance

Inference on the quantity of air passing through the clearance m ay be 
drawn from the pressure difference registered on both sides o f the suction-cone. 
These pressure-differences were determined from the average o f two take-offs 
opposite to each other and are subject as functions o f the discharge, to  a slight 
alteration only, in the neighbourhood o f the m axim al efficiency. F ig. 1 contains

these values, likewise w ith  respect to Q

2

Table 1

s Pclear. V L * .
D 2 Q 2

- 2 - “ '
D \.t

~ T U'‘

0,0030 0,58 0,0037

0,0052 0,48 0,0058

0,0090 0,34 0,0084

0,0135 0,28 0,0116

0,0201 0,21 0,0150

0,0296 0,16 0,0191

Fc'ie'ar. dPo'Lr.
D i n  

T  “ 2
D i n

4

Л <p

0,0043

0,0070 0,0027 0,010

0,0107 0,0037 0,010

0,0153 0,0046 0,008

The third colum n contains quantities o f air (indicated by dim ensionless 
values) computed w ith  a contraction factor /t =  0,65, in  the usual w ay from  
pressure difference as a quantity flow ing out from a space where the velocity  is 
zero :

V  clear. Felfal-. I  ̂P clear. =  4 / Æ  
d 2

S / ^ Pclear.

D'i л  
—  м2 

4

U,

4 /
/ 2

/
2 2

Previous experiences showed th at the air now dealt w ith made a circular 
flow  also on the outer side o f the clearance. We could observe the velocity  o f the

s
flow  when setting the second clearance

D n
=  0,0052 as the function o f the

quantity delivered. As indicated by a thread disposed on the side of the clearance 
through the outlet, the velocity  on the side of the intake of the impeller takes 
a tangential direction, deviating by 10 to 15 degrees toward the clearance. Later 
on, we measured the dynam ic pressure corresponding to  the circulation, by a 
Prandtl tube insensitive to direction up to  i l 5  degrees and held tangential to 
the clearance. Its variation m ay be seen in Fig. 6 .
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On the basis o f the d iagram  we can expect a value of
P< iyn

=  0,21,  in

th e  neighbourhood of cp =  0 ,11, in  accord w ith the opim al efficiency. In  consi
dering  th is value independent o f  the breath o f  the clerance, we had th is value 

/1
a d d ed  to  the ----------— and, in  accordance w ith the Bernoulli equation, com-

2 “ 2
p u ted  new  q u a n titie s  of clearance-air, larger than  the previous ones, v iz .,

D nV"
clear- = 4 / i  —

D o Do
, -  “ a 4

D\7l
Л Pc Pdyn.

This computation ta c itly  implies that the velocity  com puted on the basis 
o f  th e  Bernoulli equation is  perpendicular to  the surface of the clearance. The 
observations made w ith  thread prove th at the velocity o f the air entering  
th e  sucking pipe through the clearance was genuinely radial, although th is obser
v a tio n  was rendered uncertain through the air flow ing in  the suction pipe. In  
v ie w  o f this all we vould say  in respect of the quantity  of air com puted by the 
form ula as given above is  th a t its quantity is not below that actually  passing  
th rough  the clearance.

Columns 5 and 6 in  table 1 show the deviations between the quantities of 
leak age air thus com puted and the shifting to  the left o f the characteristic 
curves owing to a growth o f  the clearance (the latter taken from F ig. 2 w ith  
approxim ation). The deviation  is larger than w hat is indicated b y  the figure 
sh ow in g  an increase in  the quantity  of clearance air. This seem s to perm it the 
in ference that the loss in  th e  airsurplus flow ing over the impeller is responsible 
for a further shift in  the characteristic curves. This loss makes a particularly  
su b tan tia l figure in  the case o f small clearances.
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The com putation as given above grows uncertain where the breadth of 
clearances is large. This m ay be accounted for partly by that the pressure is 
taken off at a distance of 8 mm from  the edge of the clearance and so at a point 
com paratively near to 15 mm m axim al clearance ; another reason responsible

for it is that the constancy of the value —r — =  0,21 can no longer be main-
- ^ - u l

tained if  we are faced with large breadth o f the clearances.

SUM M ARY

1. C learance betw een th e  im peller o f  a cen trifu g a l fan  an d  th e  su c tio n  cone can  g rea tly  
in fluence th e  efficiency. F o r th is reaso n  i t  should be  m ade  as small as possible.

2. C onsideration  m u st be given to  th e  c ircu la tion  o f th e  a ir  in  th e  sp ira l casing  beside  th e  
c learance, in  co m p u tin g  th e  q u a n tity  o f  a ir  flow ing th ro u g h  th e  clearance.

3. C learance is responsible no t on ly  for low ering th e  q u a n tity  of a ir  d e liv e red  b u t  also 
fo r fu r th e r  loss of h ead .

U N T E R SU C H U N G  D E S V O L U M E T R ISC H E N  V E R L U ST E S E IN E S  Z E N T R IF U G A L 
V E N T IL A T O R S

M. BLA H Ó  und  L. P R E S Z L E R

ZUSA M M ENFASSUN G

1. D er Spalt zw ischen L aufrad  u n d  E in laufkegel b eein träch tig t sehr den W irk u n g sg rad , 
som it is t  derselbe so k lein  wie m öglich zu  nehm en.

2. Die D rehbew egung der L uft im  S pira lgehäuse neben  dem  Spalt d a r f  bei d e r B erechnung  
der S p a ltlu ft n ich t au ß er a c h t gelassen w erden.

3. D ie S p a ltlu ft v e rm in d ert n ic h t n u r die L ieferm enge, sondern v e ru rs a c h t auch 
w eitere  D ru ckverluste .

E X A M E N  D E  LA P E R T E  V O L U M É T R IQ U E  D ’UN  V E N T IL A T E U R  C E N T R IF U G E
M. B LA H Ó  e t L. P R E S Z L E R

R É SU M É

1. Le jeu  e n tre  la  roue m obile e t  le cône d ’asp ira tio n  in f lu a n t beaucoup su r  le re n d e m e n t 
il e s t recom m andé de le fa ire  a u ta n t que  possible m inim e.

2. Au calcul de  la  q u an tité  d ’a ir  p a ssa n t à trav e rs  c e tte  fente, on do it aussi te n ir  com pte  
de la  c ircu la tion  d ’a ir  dans la boîte sp ira le , aup rès de la  fente .

3. La q u a n tité  d ’a ir passan t à tr a v e rs  la fen te  ne ré d u it  pas seu lem ent le  d é b it, m ais 
donne aussi lieu  à des p e rtes de pression  add itionnelles.

ИССЛЕДОВАНИЕ ВОЛЮМЕТРИЧЕСКОЙ ПОТЕРИ НЕКОТОРОГО ЦЕНТРОБЕЖ 
НОГО ВЕНТИЛЯТОРА
М . Б Л А Х О  и Л .  П Р Е С Л Е Р

РЕЗЮМЕ
1. Зазор между рабочим колесом и входным конусом сильно влияет на кпд, сле

довательно зазор следует брать возможно меньшим.
2. Вращательное движение воздуха в спиральной камере возле зазора нельзя 

упускать при расчете количества воздуха зазора.
3. Количество воздуха зазора уменьшает не только количество подаваемого воз

духа, но и вызывает также дополнительные потери давления.





BERECHNUNG VON IN GESTEIN GEBETTETEN 
DRUCKROHREN UND BEHÄLTERN

F. K O V Á C SH Á ZY
KANDIDAT D ER  T E C H N ISC H E N  W ISSENSCHAFTEN, 
TIEFBA U PLA N U N CSA M T D E R  STADT BUDAPEST

[E ingegangen a m  25. F e b ru a r 1956]

1. Einleitung

D ie Innenverkleidung von in  G estein gebetteten und grossem  inneren 
Druck ausgesetzten Druckrohren und Behältern presst sich infolge des B etriebs
druckes an das umschliessende Gestein und dieses und die Verkleidung beteiligen  
sich nach Massgabe ihrer E lastizität an der Aufnahme der dem  inneren  
Betriebsdruck entspringenden K räfte. Daraus folgt, dass in G estein gebettete  
Druckrohre und Behälter mit erheblich geringeren W andstärken gebaut werden 
können, als frei stehende.

In unserem Vaterland erstehen technische Fragen, bei denen in  Gestein  
g eb ettete  Druckrohrleitungen von W asserkraftwerken und ebenso in Gestein  
angelegte Lagertanks für Flüssigkeiten oder Gase eine Rolle spielen, unsere 
Planer des Bauwesens verfügen jedoch über keinerlei technische D aten , w eil eben 
derartige Objekte bei uns noch n icht errichtet wurden. Man m uss also für 
diesen Themenkreis ein heimisches Schrifttum  schaffen und in Verbindung dam it 
m üssen einerseits die in der ausländischen Fachliteratur auf Druckstollen bezüg- 
liehen Ergebnisse gesam m elt und ergänzt werden, andererseits m üssen für die 
Berechnung von in Gestein gebetteten  und innerem Druck ausgesetzten B ehäl
tern neue Verfahren entwickelt werden.

D ie im ausländischen Fachschrifttum  erörterten Lösungen von in Gestein 
gebetteten  Druckrohren befassen sich nur m it den wesentlicheren B elastungs
typ en  bzw. berichten von den aus Versuchen an der A rbeitsstätte gewonnenen  
praktischen Ergebnissen. Ein N achteil der ausländischen Lösungen is t , dass sie 
das w ichtigste D etail der Berechnung, die Grenze der um das O bjekt herum  
geborstenen Gesteinzone, nur schätzungsw eise bestim m t und das gesta lte t die 
R esu ltate  problem atisch.

Verfasser hat sich die Aufgabe gestellt, die derzeit auf Druckrohre bezüg
lichen bekannten ausländischen Verfahren vom  Gesichtspunkt der praktischen  
Anwendung zu ergänzen und unter Berücksichtigung ihrer w irtschaftlichen  
Fragen analog der Berechnung von Druckrohren ein Berechnungsverfahren für 
grossräumige zylindrische Behälter zu schaffen.
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2. B erech n u n g sv erfah ren  fü r in Gestein g eb e tte te  D ruckrohre

D ie Berechnung des in  Gestein gebetteten  Druckrohres kann aus dem K räf
tesp ie l des Zylinders kreisförm igen Querschnittes abgeleitet werden.

A u f Grund der bisherigen Arbeiten von T i m o s h e n k o , M ü h l h o f e r , O b e r t i  

und L e l l i  fasst der A utor die bisher bekannte Lösung der Berechnung unter  
B enutzung der nachstehenden  Bezeichnungen w ie fo lgt zusammen :

р г innerer D ru ck  (d e r D ru c k  h a t negatives V orzeichen), 
p 2 äusserer D ruck , 
t j  innerer R ad iu s d e r Z ylinders, 
r 2 äusserer R ad iu s  des Z ylinders,
r R adius eines b e lieb ig en  P unk tes innerha lb  d e r  Z y lin d erw an d , 
(Tr rad ia le  S p an n u n g  (d e r D ruck  h a t  negatives V orzeichen),

B ild  1. D u rch sch n itt des K re isrin g zy lin d ers

crt tan g en tia le  S p an n u n g  (d e r Zug h a t positives V orzeichen),
(Tz axiale S pannung ,
E  E la s tiz itä tsm o d u l, 
m  Poissonsche Z ahl,

I
M =  —  Poissonscher F a k to r , 

m
£ spezifische V erfo rm u n g ,
и  rad ia le  V ersch iebung  (positiv , w enn von in n e n  n a c h  aussen  bew egt).

Die Gleichungen der Elastizitätslehre w erden in dem Fall aufgestellt, 
w enn der Zylinder zti seiner Umgebung fixiert is t , d. h. also, sich in Längsrich
tung nicht wegbewegen kann. Dann gelangt m an zu folgender Differentialglei
chung :

d 2 и 1

dr2 г
du
dr (1)

durch deren von L a m é — C l a p e y r o n  stam m ender Lösung für die im Zylinder 
vorhandenen Spannungszustände folgende W erte gewonnen werden :
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Ol

1

r 2 — r 2

1

О О /  \  ^" l  ^ "2
P 2 • rÍ -  Pi ■ Л  -  (p 2 — pO -o-

r -

rr. ' I
P 2 • ^2 -  P l  • (P2 -  P l)

Г2 - Г Ц

1 2
<тг =  (o> +  а () = -----------------(p 2 • rl  — P i • rj) =  konstant (2)

m m (r| — rf)

и  =
(m  +  1) • (m — 2)

m2 • E Г2 — Г2'2  rl
(P2 rl  — P i • rl) • r +

“- r d s - P J ^ ’m — 2 p

Aus den bisherigen R esultaten kann schon ein besonderer Grundfall des 
in Gestein gebetteten  Zylinders gewonnen ever den. B ei einem unter innerer 
Spannung stehenden unverkleideten Behälter m it Kreisquerschnitt geht der 
Radius der äusseren Oberfläche gegen die Grenzlage r2 ~ 5► 00 und der äussere 
Druck p 2 — 0, wenn der Gesteindruck vorläufig nicht beachtet wird. Im  Falle 
einer Anordnung nach Bild 2 nehmen die Gleichungen (2) folgende Grenzwerte an:

m +  1

• E P i

+  ,L  ’ P i
Г“

(3)

ix, • P i

er, =  0

was so zu verstehen ist, dass bei vorhandenem  innerem  Druck 07 im m er Druck  
bedeutet, dessen W ert an der Innenfläche des B ehälters am grössten ist, während  
at immer Zugspannung ist, deren absoluter W ert m it ar gleichwertig ist und  
schliesslich ist die Spannung in axialer R ichtung immer 0. Das Bild 2 ver
anschaulicht, wie rapide die Spannungen in R ichtung zum Gesteininneren sich  
verringern.

*

Es muss aber bem erkt werden, dass die Form eln nur innerhalb der E lasti
zitätsgrenze G eltung haben und daraus folgt, dass der unverkleidete Behälter  
im  Prinzip nur bei sehr geringem innerem Druck verwendbar ist. Zu seinem Schutz
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wird der Behälter sowieso verkleidet. Vom Standpunkt der Statik aus prüfend 
erkennt m an, dass auf der inneren W andoberfläche des Behälters m it dem  
B etriebsdruck gleichwertige Zugspannung auftritt. Beim  Gestein ist im  allge
m einen die gestattete Zugspannung der 1/8 bis 1/10 Teil des W ertes der Beiss- 
festigk e it, was einem W ert von höchstens 3 ~  5 kg/cm 2 entspricht. H ieraus 
fo lg t gleichfalls, dass bei einem inneren Überdruck von mehr als 2— 3 A tm . das 
Druckrohr oder der Behälter m it einer solchen Verkleidung ausgestattet werden  
m uss, die in der Lage ist, Zugkräfte aufzunehm en. B ei grösserem innerem  Druck

B ild  2. V erte ilung  der S pan n u n g en  in  R ich tu n g  d e r w aagrech ten  Sym m etrieebene  A— В

wird die Grenzspannung des Gesteins überschritten und handelt es sich um  
hom ogenes und isotropes Gestein, so erleidet bei zunehmendem Betriebsdruck  
das den  Hohlraum um gebende Gestein zuerst plastische Verformung, während 
nach  w eiterer Zunahme des Druckes durch Ü berschreiten der Zugspannung des 
G esteins in  dem den Behälter um gebenden G estein theoretisch radiale Sprünge 
au ftreten .

E s m uss also auch die Verteilung der Spannungen in solchen Gesteinen  
untersucht werden, die Zugspannungen nur bis zu gewissen Grenzen aufzunehm en  
verm ögen .

In  der sog. geborstenen Gesteinzone ist die tangentiale Zugspannung 
o t =  0, d. h. in dieser Zone ist das Gestein unfähig, Zugspannung aufzunehm en.

In  der geborstenen Gesteinzone sinkt die radiale Spannung im  um gekehrten  
V erh ältn is zur Entfernung.
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or = P i  —  . (4)
r

Nun wenden wir uns solcher K onstruktion zu, bei der ein Teil der Zug
kräfte von der Verkleidung, ihr anderer Teil aber von der tragfähigen, nicht 
geborstenen Schicht des Gesteins aufgenom m en wird. Zu diesem Zweck m uss man  
als Grundfall das K räftespiel des doppelw andigen Zylinders kennen lernen. Es 
wird angenom m en, dass die beiden ineinandergeschobenen Zylinder kreisförmigen  
Querschnittes koaxial zu einander sind, die R inge jedoch verschiedene E la sti
zitätseigenschaften  besitzen (siehe B ild  3).

Werdep in die Gleichung (2) zuerst die W erte

E  =  E j , m =  rn1 r2 =  r3 , p 2 =  p 3

B ild  3. D oppelw and iger Z ylinder

für den inneren Zylinder eingesetzt, danach für den äusseren Zylinder dieW erte 

E  =  E 2 , m =  m2 rx =  r3 , p t =  p 3

so bekom m t m an für die Werte u, a,, a, und az für jeden Zylinder ein 
G leichungssystem .

*

A uf der Grenzfläche zwischen den beiden Zylindern, d. i. am P latz r =  r3, 
ist aus Gründen der K ontinuität die V erschiebung des inneren und äusseren 
Zylinders gleichförmig.

Durch A ufstellen der Gleichung ux =  u2 bekom m t man für den unbekann
ten  Wert p 3 eine lineare Gleichung, aus der nach Berechnung des W ertes p 3 
das Kräftespiel des doppelwandigen Zylinders bekannt wird.
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D er Spezialfall des doppelwandigen Zylinders kann geschaffen werden, 
w enn m an den Druck p 2 =  0 ausübt und r2 - >  ° ° . D ann gewinnt m an einen sol
chen in  Gestein gebetteten  verkleideten B ehälter, bei dem die Verkleidung  
ebenso w ie das Gestein in  vollem  Ausm ass für die Aufnahme von Zugkräften  
geeign et sind (siehe B ild 4). In  diesem Augenblick gibt es keine geborstene Zone. 
W ird dies in  die früher erwähnte Gleichung иг =  u2 eingesetzt, so bekom m t 
m an m it den Grenzwerten p 2 =  0, r2 —>■ 00 für den an der Grenzfläche des Ge
steins und der Verkleidung auftretenden unbekannten Druck p 3 folgenden W ert :

W ird weiterhin der W ert von p^ in die sich au f den inneren Teil des doppel
w andigen Zylinders beziehende Gleichung eingesetzt und ebenso in die Glei
chung (3), so sind die statischen  Probleme der Verkleidung und des G esteins 
gelöst.

A u f die Verkleidung bezogen ist das :

К  +  1) • (ntl — 2)
m \ • E x

1

r 2 —  r 2 T3 ' 1
(Рз ■ 4 - P i Tï) ■ r +

Tm1 — 2 

1

a t =

/•2 __ r'
r 3 r

l

Рз • 4 ~  Pi • rf -  (Рз—Pl)
( 6 )

г2 — г 2 г 3 Г1
Рз - 4 -  Pi 4  +  (Рз -  Pi)

B ild  4. V erk leideter B eh ä lte r
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az = ---- — -------- [p 3 • r§ — p l ■ rf] =  konstant
m i ( 4  —  П )

und auf das G estein bezogen :

mо +  1 Hj
«2 = -------- * - = —  • —  • P *m*hj « г

B ild  5. D ie V erkleidung um g eb en d e  Zone des g eb o rstenen  G esteins

(7 )

Treten zufolge inneren Druckes in  der die Verkleidung um gebenden Ge
steinzone radiale Sprünge auf, so kann vom  statischen Standpunkt aus betrachtet 
diese Anordnung in  drei verschiedene Zonen eingeteilt werden (siehe Bild 5).

a) Verkleidung,

b) unversehrtes Gestein,
c) mittlere, geborstene aus viereckigen keilförmigen Elem enten bestehende 

Gesteinzone.
Die Bestim m ung der Spannungen geschieht in den einzelnen Zonen wie 

fo lgt :
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a) Verkleidung bzw. Zone der Verkleidung

Innerhalb der E lastizitätsgrenze des Verkleidungsmaterials gelten die 
G leichungen (2).

b) Zone des unversehrten Gesteins

Innerhalb der Grenzen r2 und r =  n ■ r2 ->  00 sind die Gleichungen (3) 
der E lastizitätslehre gültig, jedoch  müssen folgende W erte eingesetzt werden :

rn — m 2 r i  =  n • r2

E P 1
4^2
n

D ie Spannung ar tritt an der Grenze der unbeschädigten und der geborstenen  
G esteinzone auf und der W ert a rj ist vorläufig unbekannt, der für die Grenze der 
geborstenen Gesteinzone charakteristische W ert »n« ist gleichfalls unbekannt. 
Aus der Fachliteratur wird der W ert »n« nach den bisher bekannten Verfahren 
durch Schätzung bestim m t. D as kann nicht gutgeheissen werden, weil für die 
G estaltung der Grenze dsr geborstenen Gesteinzone kein Erfahrungswert fe s t
zustellen  ist.

c) D ie Zone des geborstenen Gesteins, in der nach dem gesagten axiale  
und tagentia le  Spannungen grundsätzlich nicht auftreten können, ist nämlich  
ihrer Sprünge wegen nicht in der Lage, Zugspannungen aufzunehm en. Berechnet 
m an die radiale Verschiebung der Zone »c« aus der Verschiebung der Zonen 
»c« und »b«, so bekom m t m an für die an der Grenze Verkleidung —  Gestein  
auftretende radiale Spannung folgenden Wert :

2 (тг — 1) p i • г
'2 m\ E i

( m x +  1) E o

m 2 -j- 1
( 8)

l°g  n ( Í  — rf) +  ("h — 2 ) r\ 4 '1

*

K ennt man aus der oben angegebenen Formel den W ert a ri, so kann das 
K räftesp iel der drei verschiedenen Zonen festgestellt werden. Bem erkt sei, 
dass der Wert log n dem  W ert des natürlichen Logarithmus entspricht.

3. W eitere Entwicklung des Berechnungsverfahrens für in Gestein 
gebettete Druckrohre

D ie Grenze des geborstenen Gesteins lässt sich an Stelle der Schätzung  
auch a u f Grund folgender Ü berlegung genauer bestim m en. Es kann nämlich 
vorausgesetzt werden, dass das G estein infolge der durch Überdruck auftretenden
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tangentialen Zugspannungen so weit springen wird, bis die Zuggrenzspannung 
des Gesteins (ад-/,) erreicht wird.

Dieser Grenzspannungswert ist nach gründlichem Erschliessen und Prüfen 
des Gesteins feststellbar.

An der Grenze des geborstenen und unversehrten Gesteins bestehender 
Zusammenhang :

°V = n T 2 --- (9)

Es ist bekannt, dass die absoluten W erte der in  dem selben Punkt des 
unversehrten G esteins auftretenden radialen und tangentialen  Spannungen 
gleich sind, so dass m an schreiben kann :

0>2
Okh =  — oder ar2n =  — (10)

n akh

weil an der Grenze des geborstenen und unversehrten Gesteins gerade die Grenz
zugspannung des G esteins auftritt.

Nach Vergleichen der Gleichungen (7) und (10)

°V — <*kh (И )

sieht man, dass im  unversehrten Gestein immer an der Grenzspannung des 
Gesteins geringere Spannung entsteht, weil die äussere Grenze der geborstenen 
Gesteinzone

n ■ r2 <  r .

Dieser Sachverhalt deckt sich mit der A usgangsvoraussetzung des Ver
fassers.

In das auf der Elastizitätslehre beruhende Berechnungsverfahren wurde 
jedoch eine Bruchvoraussetzung eingefügt, weshalb betont werden muss, dass 
diese Berechnung nur annährend richtige W erte ergibt, diese sind jedoch viel 
genauer als die au f einfacher Schätzung beruhenden.

Nach Erklärung des W ertes »n« durch die Gleichung (10) ist die Aufgabe 
gestellt, die unbekannte Spannung аГг genau festzustellen . Deshalb werden 
in die Formel (8) folgende Bezeichnungen eingeführt :

А  =  2 (mx — 1) • p i 

B  =  m ? • E x 

{ml +  1) E 2

D  =  rl  -  r?

("* i 2) r 2

m„ -f- 1

log n  =  X  

F  =  m, ■ r":

H = B  C D + E  +  F.

(1 2 )
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D ie  hier mit grossen B uchstaben  bezeichneten W erte sind von der geom etri
schen F orm  des Objektes, dem  inneren Betriebsdruck und den E lastizitäts- 
k ennw erten  abhängig, können also b ei der gegebenen Aufgabe als bekannt an
geseh en  werden. Nach Einführung dieser Bezeichnungen ist die Gleichung (8)

_________ A ______ ______

В  (С +  X )  ■ D  +  E  +  F

A
В  ■ D  • X  +  H  ‘

(13)

M an weiss aus Erfahrung, dass der Wert »n« am häufigsten  zwischen 2 
und 5 w echselt.

D er W ert
X  =  log  n =  2.3026 log n (14)

wird für ganzzahlige Werte von  »n« festgestellt. D ieser liegt in  den m eisten Fällen  
zw ischen  2 und 5. Mit diesen X -W erten  werden m it H ilfe der Gleichung (13) 
die W erte  für oÿ2 einzeln berechnet. Wird jetzt der veränderliche W ert (j, 2 als 
F u n k tion  von  »n« abgebildet u . z. so, dass die W erte von аГг auf der Ordinate, 
die W erte von »n« und gleichzeitig  die Werte von n • akh auf der Abszisse auf
getragen  werden, welch letztere lt . Gleichung (10) ebenfalls W erte für ar-i bedeu
ten , so bekom m t man zw ischen n =  2 —s> 5 für ersteres eine Kurve und für 
le tz teres  eine Gerade, die sich in  dem  Punkt schneiden, in  dem der W ert Ori 
die G leichungen (8) und (10) befriedigt.

A n  dieser Stelle kann m an den definitiven W ert oÿ2 ablesen. Setzt man 
d iesen  W ert in den Zusam m enhang (2) ein, so wird das K räftespiel der K onstruk
tion  b ek an n t.

D ie  sich auf die drei verschiedenen Zonen beziehenden Formeln werden 
folgenderm assen zusam m engefasst :

a) I n  der Verkleidungszone

_  ( m i  +  1) ’ ( m i  —  2) 1

( 15)
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An der Innenfläche der Verkleidung aber :

u  _  ( m i  +  1) • (ntx — 2) I
mf • Ex ' (rf -  rf)

(r2 -  rl)

c) In  der Zone des geborstenen Gesteins

m 2 + 1
m»

(16)

(17)

b) Im  unversehrten Gestein

(18)

Es muss noch der Verwendungszweck der Beton- und Stahlbetonverklei
dung geprüft werden. Betonverkleidung betreffend bemerkt der Verfasser, dass 
diese nach Erreichen der Zuggrenzspannung Sprünge erhält und so kann sie 
nicht mehr als unversehrt und als nach der E lastizitätslehre berechnete Verklei
dungszone bezeichnet werden. Die Betonverkleidung ist deshalb nur bei gerin
gerem inneren Überdruck zu gebrauchen und für den Fall des A uftretens nam 
hafterer Zugspannung muss Stahlbetonverkleidung verwendet werden. Ihr 
Elastizitätsm odul m uss unter Berücksichtigung der perzentuellen Stahlarmierung 
festgestellt werden.

Elastizitätsm odul der Stahlbeton Verkleidung :

Jvb Ei ( /)  =  Eb 1+ l
100

Ev - E b
" E„ " .

(19)

5 A cta Technica X V III/3 —4.
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wo
Eb =  de r E lastiz itä tsm o d u l d es B etons,
E v =  de r E la stiz itä tsm o d u l d e r  Stallleinlage,
/  =  das perzentuelle  V e rh ä ltn is  von Stahl- u n d  B e to n q u e rsc h n itt

F„
d. i. ^  • 100 =  f.

F&

W erden die W iederholungen der Belastungen berücksichtigt, so m uss auch 
bei Stahlbetonanordnungen eine gewisse R isslosigkeit vorausgesetzt werden, w eil 
sonst d ie zuverlässige A ufnahm e von Zugspannungen nicht gesichert ist.

D ie  Art der Verwendung von  Rohrleitungen oder Behältern bringt es in 
den m eisten  Fällen mit sich, dass eine gewisse R isslosigkeit erwünscht ist. Wird 
eine besondere Stahlverklcidung nicht vertvendet, so muss bei Beton- und S tah l
betonanordnungen auf die entsprechenden Grenzspannungen Rücksicht genom 
m en w erden.

T afel I zeigt die Grenzspannungen von B eton- bzw. Stahlbetonkonstruk
tio n en  im  Falle der Forderung der Risslosigkeit.

B e i der Berechnung m uss natürlich der übergelagerte Maximalwert der 
Z ugspannung (Gesteindruck, Eigengewicht, innerer Überdruck, Schwindung, 
Tem peratureinwirkung usw.) niedriger bleiben, als die Grenzbeanspruchung.

Tafel I
Grenzspannungen des Betons vom S ta n d p u n kt der Risslosigkeit

B eton qu a l i tâ t
В 200

kg/cm 2
В 280

kg/cm 2
В 400

kg /cm 2

M ittig e  Z ugbeanspruchung , a u s 
m it t ig e  Z ugbeanspruchung 
(Z ug zo n en d u rch sch n itt)

g este igert 9 l i 13

gem ässig t
R iss-

18 22 26

B ei B ieg u n g  oder ausm ittigem  
Z u g  b zw . D ruck in  der 
ä u sse rs te n  Faser

geste igert lo sig k eit 18 22 26

gem ässig t 36 44 52

Zur Erläuterung des Berechnungsverfahrens und der Spannungsverteilung  
w erden  im  Abschnitt 5 Zahlenbeispiele vorgeführt.

Obgleich die Form eln (15)— (19) die Berechnung der Verkleidung bzw . 
die Prüfung bei angenom m en W erten erm öglichen, wird für weitere U nter
suchungen  der von M. L e l l i  benutzte H ilfselastizitätsm odul (jE2) eingeführt, 
m it dem  die Gesteinzone c gleichfalls als unversehrt vorausgesetzt wird. Es kann  
n äm lich  in  jedem Fall für den  E lastizitätsm odul des Gesteins so ein W ert E 2 
vorausgesetzt werden, bei dem  durch die innere Belastung p x dieselben Ver
sch iebungen  и erfolgen, wie sie die Formel (3) angibt. Den Wert von uc bekom m t 
m an aus der Formel (17), also :

u ,  =
E ,

m„
log n

m 2 + l  1

m 2  E 2
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d. i. beim  Wert r =  7\>

,  m 9
1 +  ' log re

m 2 - f  1

( 20)

und dieser Hilfswert ist natürlich viel kleiner als der Wert des ursprünglichen  
Elastizitätsm oduls _E2. Ist der Wert des inneren Betriebsdruckes grösser als 
10 kg/cm 2, so wird die Druckrohr- bzw. Behälterw and aus stahlverkleidetem  
Beton bzw. Stahlbeton hergestellt. Verwendet inan die Stahlverkleidung zusam 
men m it dem Stahlbetonring, so wird die Berechnung in der oben angegebenen  
W eise durchgeführt. In  diesem Fall ist der Querschnitt der Stahlp latten  in  den 
perzentuellen Stahlgehalt f  m iteinzubeziehen, der für die Berechnung des E la 
stizitätsm oduls des Stahlbetonringes bzw . zur Bestim m ung des Stahlquerschnittes 
nötig ist.

Bei Anwendung von Stahlplatten und Betonring dient die B etonverk lei
dung zur Aufnahme des Gesteindruckes, während die Stahlplatten die durch 
die innere B elastung jq  entstehende Zugkraft m it dem Gestein zusam m en auf
nehm en. Infolge der wiederholten B elastung wird der Betonring ebenso wie 
das Gestein bis zu einer gewissen Tiefe Sprünge bekommen, weil sie n ich t fähig  
sind, Zugspannungen aufzunehmen. N atürlich kann es sich da nur um  Haarrisse 
handeln, weil in dem ringsherum gelagerten G estein für die Entwicklung grösserer 
Sprünge kein Platz ist und infolge des radialen Druckes die Zunahme der Breite 
in Querrichtung die Masse der Sprünge ebenfalls verringert. Zwischen der G estein-

/7?2-

B ild  6 , D arste llung  d e r S tah lp la tte , B e to n v erk le id u n g , geborstenen u n d  u n v e rse h r te n
G esteinzone

5*
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zone und den Stahlplatten  m üssen also geborstene B eton- und Gesteinzonen m it 
verschiedenen E lastizitätsm oduln  angenom m en werden. Man stelle sich ein 
M aterial vor, dessen Formveränderung in radialer R ichtung derjenigen dieser  
beiden Zonen sowie der unversehrten Gesteinzone gleich ist und dessen E la 
stizitätsm odul E r ist. D ie weiteren Berechnungen werden dann so durchgeführt, 
als ob die Stahlplatte von  einer unversehrten, n ich t geborstenen Gesteinzone 
m it den  E igenschaften  E r und m umgeben wäre.

*

Im  B ild  6 hat der Verfasser folgende Zonen dargestellt :
a) Stahlplattenverkleidung,
b) Zone des unversehrten Gesteins, 
с-,) Betonzone,
ca) Zone des geborstenen Gesteins.

In den Zonen cx und c2 gibt es keine tangentiale und axiale Spannung, lediglich  
radiale Spannung kann auftreten. In den F elden  cx und c2 entsteht infolge der 
inneren Belastung р г folgende radiale Verschiebung :

r J п - г г

uc =  J e^dr 4- j" e2 dr =  — <Jr

E ,
dr

n  • r2 n • r 2

Г ° r ■ d r = -  [ ■ dr .J E 2 J E r
( 21 )

ra

B erechnet man das Integral und setzt or

Го , П  •  Г о

и с =  —  O rt—  l o g ----------
E r г

Form veränderung der Zone b :

ub =  —

=  o,r2 —-* so bekommt man  
r

„  r 2  

Гг  E 3

л Г 9  i П  Г 9
l o g - 3 — ov2 2 l o g — *-

r 2 ^ 2  r 3

(22)

m 2  +  1

m 2 E 2
° r % ■ Г2 . (23)

Infolge der K ontinu ität ist die Verschiebung des äusseren R andes der 
Stah lp latte gleich der Gesam tverschiebung der B etonzone und der beiden G estein
zonen, also

° r 2 £ ,  , г., п г о
+  -  ' l ° g - 3-  +  log

(w i  +  1) • (m i  — 2)

m \ • E 1
2 1 -  {Кг • rl Pi ri] r2 +

Г 2 r l

H------- [К г  -  Pi) rf • rl]} .
m 1 —  z

D iese Gleichung wird au f den unbekannten W ert ar2 aufgelöst.

2 ( ^ 1 —  1 ) B i r i

r * ~ ~  О 17Е г m 2+ l  E 2 r3 n - r 2 
; ^ - l 0 g  Idg -

m ‘2  E 3  r2 r3
N

K i  +  1) E 2
2)r§ n  '1

( 24)
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Werden nun die unter (12) benutzten Bezeichnungen A— F wieder ver
wendet, ausserdem

G =  -  log Гз J  =  В  ■ U ( C +  G ) + E  +  F
E  3 r2

X  — log n —  (25)
Г з

so bekom m t man für o>2 folgenden Zusammenhang :

ar2
А

В ■ D  ■ X  +  J  '
(26)

Nach Aufnahme der Grenzspannung des Gesteins wird der für die unver
sehrte Gesteinzone kennzeichnende Wert »n« in oben angegebener W eise be
stim m t. Hierauf wird au f Grund der Verschiebungsgleichungen auch hier die 
Zusammendrückung desjenigen Hilfsgesteinm aterials festgestellt, das den E lasti
zitätsm odul E r besitzt, in  dem aber keine R isse aufgetreten sind und dessen 
Gesam tzusam m endrückung gleich ist dem Gesam twert der unversehrten und 
geborstenen G esteinzone.

г2 тп2 -f-
---------or2

E 2 |_ m 2
”  2-  log —  +  log 
E 3 r2

nr2

r 3

m 2 1 

m 2

1
' °>2 ■ r2 • 

E r

A uf der rechten Seite m üsste eigentlich der W ert m r stehen, jedoch ist im  
allgem einen einesteils die Betonschicht im Verhältnis zur Gesteinzone sehr dünn, 
andererseits ist der Unterschied der Werte m in den Poissonschen Zahlen

m2 +  1 

m 2

für Beton und Gestein sehr gering, weshalb also der W ert rn2 benutzt werden 
kann.

Der E lastizitätsm odul des H ilfsgesteinm aterials ist demnach

E r =
(m2 -f- 1) E 2

m 2
m 2 +  1

m 2

E% . r:! nr2
—  l o g ------ h l o g -----
E 3 t 2 r3

(27)

Da jetzt schon alle Kennwerte bekannt sind, können die auftretenden  
Spannungen weiterhin m it den einfachen Formeln für doppelwandige Zylinder 
berechnet werden.

Verfasser bem erkt, dass infolge der geringen W andstärke der Stahlplatte  
der W ert r\  —  rf recht k lein  ist und deshalb muss die Berechnung m it erhöhter 
Genauigkeit erfolgen.

Zahlcnbeispiel siehe im  Abschnitt 5.
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4 . Berücksichtigung von Temperatureinwirkungen, Schwindung, Kriechen  
und baulichen Ungenauigkeiten

D ie  Wirkung der Tem peraturänderung und Schwindung im  Verkleidungs
ring w ird in  gleicher W eise berücksichtigt, w eil im  allgem einen die Schwindung 
des B etonringes einer A bkühlung von 10— 15° C entspricht.

W ünscht man die Schw indung des Betonringes präziser auszudrücken, 
so b ed ien e man sich der Form el

dzS =  ^  f Уimax — У й |  • [ r 2 — Tj] (2 8 )

WO w
!max

i i

àzs

=  der W asserzem en tfak to r des Betons.
=  die Z eitspanne  d e r  vo llkom m enen S chw indung  in  M onaten , im  allgem einen 

24 M onate,
=  die Z eitspanne  zw ischen  der V erfertigung  des B etonringes u n d  se iner Ver- 

pressung, in  M on a ten ,
=  die V eränderung  d e r  R ingstärke.

J e t z t  vergewissere m an sich, einer wie viel grädigen Abkühlung die Ver
änderung der Ringstärke ö~s entspricht und deshalb wird die Formel für die durch 
A bkühlung verursachte Ä nderung der W andstärke des Ringes aufgeschrieben :

àt =  a t (To — Ti) ■ (ro — ri) (29)

w o at =  der W ärm eausdehnungskoeffizient des Ringm aterials,
T 2— Тг =  der Tem peraturunterschied.
D a der Tem peraturunterschied für gleiche Änderung der W andstärke 

gesu ch t wird
ÖzS =  ót

d. i.

T 2 - T 1 =  -10^ [ y ï ^ ; • (30)
a t  • w

D anach wird die W irkung der gem einsam en Temperaturänderung des 
G estein s und Zylinders m it Betonverkleidung gesucht.

M an geht vom doppelw andigen Zylinder auf Bild 3 aus und nim m t nach
M. L elli an, dass die Tem peratur T  von der A chse des Zylinders aus gerechnet 
in  der Entfernung r fo lgenden Wert hat :

1 Rlog —
T  (r) =  i , --------R (31)

lo g —
*2

wo ti — die bei de r E n tfe rn u n g  r =  r2 en ts teh en d e  T em p era tu r,
R  =  die Grenze d e r T em p era tu rän d eru n g .

(Siehe B ild 7).
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D ie Verschiebung der Punkte der Zylinderfläche des doppelwandigen  
Zylinders m it dem Radius r3 setzt sich aus zwei Teilen zusammen :

Ur=r3 =  Ux +  Mo ,

hier ist ux die durch die Temperaturänderung des inneren Ringes bew irkte Ver
schiebung, u2 jedoch die durch gehem m te Dehnung verursachte Verformung, 
die infolge der Spannung аГг zwischen den beiden Zylindern an der Stelle  r =  r3 
entsteht.

D ie auf der Mantelfläche des Zylinders vom  Radius r3 m ögliche Verformung 
u =r is t jedoch gleich der Verformung, die durch die Spannung oy3 am  äusseren 
Ring verursacht wird.

Beim  Wert r2 =  оо ist der Wert des unverkleideten Behälters

u
m2 -f- 1 
m2 Ег ’ г з ' • (32)

N ach Aufschreiben der W erte der Verschiebungen

2 • E i  • • I T  - r ■ dr

m 2 -j- 1 m \ E i  

m i +  1 m i E 2
+  i

l 1 -

2 m2 1 n i i

m  1 тг 1 т 3Е 3

(3 3 )

Bild 7. T em p era tu rän d e ru n g
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N ach  Bestimmung der W erte von ff -,, sind die durch Temperatureinwirkung 
en tsteh en d en  Spannungen gelöst, u. z. für die Verkleidung hei den W erten  
p i  — 0 und p» =  ar3, w ährend im  Gestein =  o>3 angenommen wird.

Berücksichtigt m an ferner, dass die geborstene Gesteinzone unfähig ist 
Zugspannungen aufzunehm en, so treten in dem B ehälter nach Abb. 7 die fo l
gen d en  Verformungen au f :

b) Unversehrte Gesteinzone

Ihre Verschiebungen in fo lge Temperatureinwirkungen zwischen r =  n • r2 
und r —> o o  bei Belastungen сгПг2 :

m 2 +  1 
и =  -

m 2 — 1

Г
«2 f  T  ' r ' dr _  tn2 + l  П2 • r\  
r J  m 2E 2 r

n • r2

(34)

Nachdem  der Zusam m enhang (9) sowohl für die Belastung durch inneren  
Betriebsdruck als auch für Temperatureinwirkungen in  der geborstenen G estein
zone G eltung hat :

o>2
°nr, =  -

n

D eshalb  лvird die Formel (34) folgendermassen geschrieben :

m2 +  1 a 2 Г m 2 1
и = ------ —  • ----  1 ■ r ■ d r -------

m2 — 1 r J  m 2E 2
пгг

оn • r«
—  “ • o r 2 .

r
(35)

Bewegungen der geborstenen Gestginzone c innerhalb der Grenzen r =  r2 
und r =  n ■ r2 :

un r. — «2 T  dr - Г 2

-Es
log n • r2 (36)

wo un 2  die Verschiebung der Grenzflächen der Zonen b und c bedeutet, wenn  
das G lied r der rechten Seite der Formel (35) den W ert r =  n ■ r2 annim m t, also

m2 1
ипГг = ---------- —-----or2 • r2 .

m2 E 2
(37)

D ie Verschiebungen des Verkleidungsringes a  bekom m t man, wenn man  
zum  W ert der Formel für die freie W ärmedehnung diejenigen Formveränderun
gen  hinzuzählt, die au f der Mantelfläche des Zylinders durch die Spannung  
p 2 =  a ,2 entstehen. [p 1 =  0, w eil innere B elastung n icht vorhanden ist.)
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m \  ■ E i

Setzt man r =  r2 ein, so bekom m t m an aus den Formeln (36) und (38)
r ,  n r 1

2 • E i  • m-i ■ d i  I T  • r • dr -j- —-----—  • a2 I T  ■ dr ■
m \ E i

m i +  1

a r ,
m j

m i +  1
f l ,m S +  ' -  +  lo g , , l • (r l  — r i)  +  ( " i l  — 2) r l  +  Oll r\
h/o Í m 2 J

(39)

Wird auch hier der die Grenze der geborstenen und unversehrten Gestein
zone gleichzeitig berücksichtigende H ilfselastizitätsm odul EÓ eingeführt

nach der Einsetzung

=  -

N un sei die W irkung der Temperaturänderung untersucht. W enn im  Ver
hältnis zur ursprünglichen Temperatur nach der Inbetriebsetzung ein Absinken  
der Temperatur eintritt, dann ist der W ert T  (r) <  0, d. h. also n egativ . B ei in 
grössere Tiefe verlegten Druckrohren kom m t es besonders während der kalten  
Jahreszeit recht häufig vor, dass das Gestein erheblich wärmer is t , als das zu 
leitende Wasser. Genau so liegen die D inge bei W asserbehältern, wenn ihre 
Auffüllung im Winter erfolgt. Bei Gasbehältern aber ist im allgem einen die 
W irkung der Temperaturschwankungen unerheblich.

Betrachtet man die Formel (40), so kann man sehen, dass bei negativen  
T-W erten оГ2 >  0, d. h. es en tsteh t Zugspannung, was auch begreiflich ist, weil ja 
bei Abkühlung der Verkleidungsring zusam m enschrum pft, während sich das 
G estein in Richtung zur G esteinzone zusam m enzieht ; es ergibt sich so die N ei
gung zur Fugenbildung zwischen der Innenverkleidung und dem  G estein. Da 
im  allgemeinen vom Zylinderm antel mit dem  Radius r2 Zugspannungen nicht 
übernom m en werden können, sind nur die Formeln für den einfachen Zylinder 
anwendbar.
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S etz t  man voraus, dass A bkühlung und Betriebsdruck gleichzeitig auftreten, 
so w ird  der Gesamtwert a a der durch den Betriebsdruck verursachten negati
v e n  u n d  der durch die A b kühlu ng verursachten p ositiven  Spannung wirken. 
I s t  der Gesamtwert ar2 n egativ , so ist das in den A bschn itten  2 und 3 beschriebene 
Bem essungsverfahren anzuw enden, während b ei positivem  Gesamtwert аГг 
nur d ie Formeln für den freistehenden  Zylinder gü ltig  sind, am Zylindermantel 
v o m  R adius r2 entsteht k ein e Kraftübertragung.

E s muss noch die dauernde Verformung und das Kriechen des Gesteins 
berü ck sich tigt werden. E in  T e il der dauernden Verform ung wird von dem U m 
sta n d  verursacht, dass der E lastizitätsm odul des G esteins bei der ersten B ela 
s tu n g  kleiner ist als im V erlau f wiederholter B elastungen , woraus folgt, dass bei 
der ersten  Belastung grössere Eindrückung en tsteh t. Ebenso wirkt die Menge 
der im  Gefolge von Abbausprengungen entstehenden und  bei der ersten Belastung  
gle ich fa lls schliessenden H aarrisse. Das sog. K riechen entsteht im Gefolge der 
längere Zeit hindurch w ährenden Belastung des G esteins auch bei geringerer 
B ela stu n g , als die plastische Grenze des Gesteins ausübt.

w o

dt

d i

dt-a —  dt - ) -  d j

1 >n 2 +  1
=  v‘ w ' 7*2 * °V2

e 2 m2
1 m2 -j- 1

=  vi ~ zr ---------- * 7*2 * Oy2
e 2 m2

(41)

der W ert Öt die durch die erste  Belastung verursachte dauernde Verformung 
b e d e u te t . Der Wert von vt m u ss durch Versuche bestim m t werden. ist aber 
der W ert des Kriechens.

D ie  Werte ô bedeuten d ie  an der Grenze der Verkleidung und des Gesteins 
au ftreten d e , zum Gestein gerichtete radiale Verform ung.

D er Wert kann im  allgemeinen zw ischen 0,001 ~  0,004 cm /kg/cm 2
<Уг2

angenom m en werden, je n ach  der Grösse der Fuge und von der Art des Gesteins 
ab h än gen d . Es muss aber bem erk t werden, dass für diese W erte bisher nur sehr 
gerin ge Erfahrungen zur V erfügung stehen.

B ei längere Zeit w irkender Belastung entsteht auch im  Betonring Kriechen  
u n d  dessen  Wert hängt ab v o n  der Zeitdauer der B elastung, der Menge von  
Z em en t und Wasser, der Q u a litä t der Zuschlagstoffe, der Art des Einstam pfens 
sow ie  von  dem ausgeübten D ruck.

D ie infolge des K riechens auftretende Zusam m endrückung kann annähernd  
m it nachstehender Form el ausgedrückt werden :

d b l  =  6  X  I O “ 6 - p i l f l f c m a x  —  1/ifcj )  • (r2 — Ti) ( 4 2 )
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wo
à tu =  in  cm  zu  v e rsteh en  ist,
p i  =  d e r W e r t des B etriebsdruckes in  k g /cm 2,
i/imax =  d ie Z e itd au e r  in  M onaten, w äh ren d  d e r  das K riechen a n d a u e rt  (a llgem ein  

30 — 36 M onate),
ila =  die zw ischen  de r Verlegung des B e to n rin g es  und  der In b e tr ieb se tz u n g  v e r

gehende  Z eit, in  M onaten.

Ebenso wirkt sich auf die im B etonring auftretende Spannung die U n ge
nauigkeit der Bauarbeit aus, die sich in der zw ischen dem Betonring und dem  
Gestein auftretenden Fuge äussert. Mit dem Vorhandensein einer solchen Fuge 
muss man auch dann rechnen, wenn man die Fuge zwischen Gestein und B eton 
ring auspresst, w eil nach der Schwindung des ausgepressten Mörtels noch eine 
Fuge von ungefähr einigen H undertstel mm verbleibt. Deren Wert bezeichnet 
man m it ö(.

Dies zusam m engefasst ist festzustellen, dass bei einer eventuellen Tem pera
turänderung des G esteins und des Ringes ein Druck o ,2 (T) an der Grenzfläche 
des R inges und G esteins auftritt. Die dauernde Verformung bzw. das K riechen  
des Gesteins und Betonringes, die gem einsam e W irkung der Schwindung des 
Betonringes und der baulichen U ngenauigkeiten äussern sich aber in einer in 
radialer R ichtung auftretenden Fuge von der Grösse Z  <5, die an der Grenzwand 
des R inges und G esteins auftreten könnte.

E  ô =  ö[M dbl -f- <5ZS -j- dé =  u . (43)

Der infolge des inneren Betriebsdruckes auftretende Überdruck presst 
jedoch den elastischen Ring an das Gestein, dadurch dehnt sich der R ing und  
nim m t M ehrbelastung auf. Diese M ehrbelastung wird als Wert eines solchen  
substituierenden Innendruckes bezeichnet, der in einem freistehenden Ring  
Mehrbeanspruchung verursacht (weil er eben von  einer Fuge um geben ist).

Den Wert für diesen Druck bekom m t m an aus den Formeln für den frei
stehenden Ring, w enn man bei p x <  0 und p 2 =  0 also für inneren Druck die 
entstehende Fuge Z  ô und die Form veränderung и des Ringes gleichsetzt.

Z  à • E i ■ m\ • (r

(m i  + 1 )  • (roi — 2) • rf +

- r f )
nil

m i  — 2
г 2

(44)

Mit diesem Ersatzdruck ist der W ert der Ergänzungsspannung bestim m t, 
der zu den gemäss A bschnitt 2 und 3 im R ing festgestellten Spannungen hinzu
zuzählen ist.

Man weiss dem nach, dass der Ersatzbetriebsdruck p '  eigentlich einen  
Teil des Betriebsdruckes aufnimmt. Mit der Mehrbelastung des R inges m usste  
also gleichzeitig die B elastu n gp  des Gesteins dem  W ert p'  entsprechend verringert



2 8 4 F. KOVÁCSHÁZY

w erden. Es sei jedoch hier einerseits daran erinnert, dass das dh das K riechen, 
vo m  W ert p  abhängt und so nur nach der Entw icklung des nötigen D ruckes, 
erheblich  nach der Inbetriebsetzung des O bjektes sich entwickelt und deshalb  
der Yerkleidungsring nur später M ehrbelastung aufnimmt. Andererseits muss 
auch  die Frage der Sicherheit erwogen werden, w eil der Wert ZÔ solche Glieder 
en th a lten  kann, die eventuell nicht wirksam werden, weshalb es unbegründet ist, 
die a u f das Gestein entfallende Belastung zu  verm indern.

D er V ollständigkeit w egen sei erwähnt, dass in dem eingebauten S tah l
betonring auch vom Gebirgsdruck verursachte Spannungen entstehen. Für deren 
B estim m ung verm ittelt das Schrifttum  des Tunnelbaues entsprechende Ver
fahren, weshalb sie hier n icht besonders behandelt werden müssen.

5. Zalilenbeispiele

Zur Erklärung des b isher besprochenen Bemessungsverfahrens werden  
ein ige Zahlenbeispiele genannt.

a) Stahlbetonverkleidung

In n e re r  R a d iu s  der V erk leidung  : r j  =  2,5 m  r( =  6,25 m 2
Ä u sse re r  ,, ,, ,, r 2 =  2,8 m  r |  =  7,84 m 2
U n te rsc h ie d e  der R ad iu sq u ad ra te  : r |  — r j  =  1,59 m 2
S u m m e  ,, ,, r |  +  r? =  14,09 m 2
E la s t iz i tä tsm o d u l des B etons : Ej> =  2,1 X  105 k g /cm 2
E la s tiz itä tsm o d u l der S tah le in lage  : E» =  2,1 x  106 k g /cm 2
B ew eh ru n g sp ro zen t : f  =  1,05

E la s t iz i tä tsm o d u l des S tah lb e to n s  :

Е г  =  E vb -  2,1 [ l  +  - 212̂ 12’1 ]  =  2,3 X  10» kg/cm*

E la s tiz itä tsm o d u l des G esteins : E 2 =  E/c =  1,47 X  105 kg/cm 2
P o isso n sch e  Z ahl des B etons : =  6

,, ,, ,, G esteins m 2 =  10
Z u g g ren zsp an n u n g  des G esteins : (ty/z =  3 kg /cm 2
In n e re r  B e trieb sd ru ck  (m it S ich erh e itsk o effiz ien t m u ltip liz ie r t)  : p x =  —-10 kg /cm 2

A 2 ( т г - !)■ ]Pi • r? = - 2 - 5

В
m \ E i 36 2,30

Uli +  f e 2‘ — 7 1,47 =

С
m2 +  1 10 +  1 11

m 2 ~lo~ "  H T  :

D = ri -  r? 1,59
E =  (m l - 2) i1 =  4 X

CO

Г -  m , Г? -  6 X  6,25 37,5

=  8,05

31,3
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H = B D - C + E + F  8,05 • 1,59 • 1,1 +  31,3 +  37,5 =  82,9 
В • D =  8,05 • 1,59 12,8

А  625
0,2 7 B O X  { H  ~  _  12,8 • X  - f  82,9

T abella risch  g e rec h n e t m it im  voraus an g en o m m en en  ganzzahligen W erten  fü r  »n« :

11 Log n X  =  log n tr ,2
k g /cm 2

11 • cr/ch 
kg/cm 2

2 0,3010 0,693 ! 6,82 ; 1 6,00

2,5 0,3979 0,915 1 6,60 -i 1 7,50

3,0 0,4771 1,098 6,46 9,00

3,5 0,5441 1,252 6,33 10,50

4,0 0,6021 1,386 6,22 12,0

Die beiden L in ien  schneiden  sich zwischen den W erten  n  = 2,0 ~  2,5. Aus A b b . 8 ersieht 
m an , dass der W ert »n« 2,24 b e trä g t, wozu ein W ert v o n  cr,2 =  6,71 kg/cm 2 g ehört.

—  o>2 kg/cm 2 B ild  8. B estim m ung der G renze d e r geborstenen Zone

M it de r tab e lla risch e n  B erechnung  kan n  d ie  G en au ig k e it des W ertes »n«  se lb s tv e r
s tä n d lic h  gesteigert w erden .

*

M an suche fe rn e r die tan g en tia le  Spannung  a n  d e r  inneren  und äu sseren  O berfläche 
d e r  V erkleidung :

a f  =  [2ay2 ■ r |  -  P l  (r? +  r?)] =  - L -  [ - 2  • 6 ,7 1 .7 ,8 4  +  10 • (6 25 +  7 ,84)]

=  j 59 ( - 1 0 5 ,0  f  140,9) =  + ^2 2 ,6  kg/cm 2 

erf =  -j ^ - ( - 6 , 7 1  • 14,09 +  2 • 10 • 6 ,2 5 )=  4 ^1 9 ,2  k g /cm 2 .
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Q u e rsc h n itt der e rfo rd erlich en  B etonstah lein lage

_  22,6 k g /cm 2 4- 19,2 kg/cm 2 1 ,
F v = ------------------------------------------- 30 cm 2 — r  =  0,313 cm 2/cm  .

2 2000 kg /cm 2

K o n tro lle  des B ew ehrungsperzen tsatzes :

0 3 1 3
/  =  . 100 =  1,045 ~  1,05 .
J 30

A u f  die L än g en ein h e it en tfa llende Z u gkraft :

22,6 kg /cm 2 -f- 19,2 k g /cm 2
h =  —  -bl----- ' — o l-------- 30 cm  =  627 kg/cm  .

D ieser W ert w ü rd e  bei freis tehendem  B eh ä lte r  n a c h  der sogenannten  K esselform el 
h ' =  250 cm  • 10 kg /cm 2 =  2500 kg/cm  betragen .

A uch hieraus ist die grosse Bedeutung des Vorhandenseins des G esteins zu 
erkennen, besonders dann, wenn man bedenkt, dass der angenom m ene W ert 
E2 =  150,000 kg/cm 2 des Elastizitätsm oduls des G esteins nicht einmal so gross ist.

Man sieht weiterhin, dass diese K onstruktion bei einer Betoncjualität 
В 400 den Ansprüchen der Risslosigkeit genügt, vorausgesetzt, dass nach Ü ber
lagerung sämtlicher Spannungen und M ultiplizieren m it allen Sicherheitsfaktoren

B ild  9. V erte ilu n g  der S p an n u n g en  in  der V erkleidung u n d  im  Gestein in  der S y m m etrieeb en e
А— В
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(Gesteindruck, E igengew icht usw.) die gesam te Zugspannung den W ert von  
26 k g /cm 2 nicht überschreitet.

Nach Durchführen der gesam ten Berechnung muss noch in  jed em  Fall die 
R ichtigkeit des im  voraus geschätzten  Bewehrungsperzentsatzes (f ) überprüft 
werden.

Die Spannungsverteilung um den Behälter obigen Zahlenbeispiels ist im 
Bilde 9 durch Skizzierung der Spannungen at und er dargestellt.

Das vorgeführte Zahlenbeispiel erhärtet die auch im A usland gewonnene 
E rkenntnis dass bei einem  Betriebsdruck von höherem Wert als p x —  10 kg/cm 2 
die Stahlbetonverkleidung nicht mehr genügt und man also zur Stahlp latten
verkleidung übergehen m uss.

*

b) Stahlplatten- und Betonverkleidung

In dem m itgeteüten Zahlenbeispiel wurden bei einem B ehälter von glei
chem  inneren Durchmesser und Druck für die Spannungsverteilung folgende 
Ergebnisse gewonnen :

Tj =  2,500 m  r 2 =  2,505 m  v  — 0,005 m  (d. h. die W andstärke de r S ta h lp la tte  is t 5 m m ). 
r3 =  2,80 m
E x 21 • 105 kg /cm 2 m , = 3,33 
E 2 1,47 105 kg /cm 2 m 2 =  10
E 3 = 2,1 X 105 kg /cm 2 
Pj =  —10 kg/cm 2 
ova =  9,347 kg/cm 2 n =  3,13 
E r =  - 0 ,7 3 2  X  106 kg/cm 2 

cril =; j 317,8 kg/cm 2 tan g e n tia le  S pannung
cr2 =  93,0 kg/cm 2 ax ia le  S pannung

W ie m an  sieh t, is t d ie S ta h lp la tte  im  F a lle  eines inneren  D ruckes von  p x •= —10 k g /cm 2 
b e i w e item  n ich t au sg en u tz t, die w e ite ren  H a u p t-  u n d  N eb en k ra ftw irk u n g en  s in d  jed o ch  in 
d e r ob en  angegebenen W eise zu  b e rü ck sich tig en . A usserdem  m uss d ie v o m  S ta n d p u n k t de r 
S chw eissbarkeit e rw ünsch te  m in im ale  W an d s tä rk e  de r S ta h lp la tten , die m it  5 m m  angenom m en 
w erd en  k an n , vorgesehen w erden . B erü ck sich tig t m an , dass bei einem  fre is te h en d e n  zy lin d ri
schen  S ta h lp la tte n b eh ä lte r  bei e inem  in n eren  D ru ck  von p 1 =  —10 k g /cm 2 eine W an d 
s tä rk e  von w enigstens v  =  25 m m  n ö tig  w äre , so w ird  m an  erkennen , in  w elch  h o h em  A usm ass 
das G este in  die B elastung  au fn im m t.

c) Wirkung zusätzlicher Belastungen

Z ur E rläu te ru n g  des W ertes  v o n  Ad u n d  des sich daraus e rgebenden  W erte s  v o n  p ' fü r  
d en  V erkleidungsring  w erden  folgende in fo rm a tiv e  Z alilenw erte bei e in e r W a n d s tä rk e  des 
B e to n rin g es von  r 2 —  rx =  30 cm  u n d  bei p , =  10 k g /cm 2 =  o>2 angegeben :

St a =  0,0015 • er, 2 =  0,0015 cm /kg/cm 2 ■ 10 kg/cm 2 =  0,0150 cm
я 3

ôb =  6 x 1 0 - е -  10 [У г Т  — У нГ ] • 30 cm  = 0 ,0 0 1 8  „

<5«' =  — ^ 5 5  ^  ~  ^  ' 30 с т  =  °’0018 ”
ôé =  (aufgenom m en) =  0,0114 „

0,0300 cm
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a lso  n a c h  der Form el (44)

0,03 cm  • 1,5 • 106 kg/cm 2 • 62 • 1,59 • 104
p  = ------  ----- ' --------- -  =  5,53 kg/cm 2,

7 • 4 ■ 2 ,53  • 10« +  — 2 ■ 52 • 2,8 • 10«
4

w as b ew eis t, dass der W e rt v o n  p '  a u ch  bei anscheinend k le in en  W erten  von 2Ô beach tlich  
se in  k a n n .

6 . Gegenseitige W irkung mehrerer nebeneinander errichteter Objekte

E s wurde im Zuge des Bem essungsverfahrens festgestellt, dass das Gestein  
d en  Grossteil der inneren B elastu n g  trägt und daraus fo lgt, dass bei der Errich
tu n g  mehrerer Rohrleitungen oder Behälter in erster Linie die im  Gestein auf
tre ten d en  Spannungsverhältnisse zu bestimmen w ären, w ie nah diese zueinander 
p laciert werden können. D a d ie Spannungsverteilung bei Rohren oder Behältern  
m it horizontaler bzw. vertikaler Achse verschieden ist, m uss man sich im fo l
gen d en  m it diesen besonders befassen.

Zuerst prüfe man den Spannungszustand, w enn von  in  horizontaler Ebene 
liegen d en  Behältern die R ede is t . Im  Fall eines Behälters tr itt infolge der Wirkung 
des inneren Druckes in  der horizontalen Sym m etrieebene in  der unversehrten  
G esteinzone der Formel (18) gemäss folgende tan gentia le  Zugspannung auf :

ert _t — (18)

D iese  Spannung strebt m it A nwachsen des W ertes »r« gegen 0, allerdings recht 
lan gsam . Nimmt man je tz t  zw ei Behälter an, so is t  die Kurve Gt des zweiten  
B ehälters das Spiegelbild der K urve des ersten B ehälters. Addiert man die Zug
spannun gen , so bekommt m an  auch bei grossen A bständen der Behälter voneinan
der grössere Werte als den Grenzwert â h der Spannung des Gesteins.

Man weiss jedoch, dass ausser dem durch den inneren Druck ot entstehen
den  Zug nach den Formeln v o n  K i r s c h  und F ö p p l  infolge des gesteigerten Druk- 
k es des Gesteins folgende Druckspannung auftritt,

a,< =  az_. m  I ] , . ("* — 2 )_ . ( 1 , 3 r |
2 m  — 1 \ 2 / 2 (m — 1 ) 1  r4

die m it der vorhergehenden Zugspannung at übergelagert werden kann.
W enn man nicht m it der Entwicklung des ganzen geostatischen Druckes 

rech n et, weil dieser durch verschiedene tektonische K räfte in  mehreren geologi
sch en  Perioden eventuell abgeschw ächt wurde, m uss m an dennoch genügende 
V orsicht walten lassen, und  deshalb wird die Zugspannung des Gesteins nicht 
ganz ausgenutzt. In der P rax is ist dies auch nicht n ötig , w eil der Wert von â h 
h öch sten s 5 kg/cm 2 beträgt, w ährend bei Rohren und Behältern von grösserem  
D urchm esser der geostatische Druck, 50 m G esteinbelag vorausgesetzt, grösser 
is t  als 10 kg/cm 2. W enn m a n  also die beiderseitigen W erte von a, überlagert,
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bekom m t m an als R esultat noch im m er eine Druckspannung, trotzdem  ffw, 
Zugspannung zugelassen  werden kann.

Man erlangt also auch bei verhältnism ässig zur Oberfläche nah errichteten  
Behältern genügend Sicherheit, wenn man eine Verringerung des geostatischen  
Druckes um 50% annim m t.

In grösseren Tiefen nim m t natürlich der geostatische Druck erheblich zu, 
weshalb durch entsprechendes Feststellen des Minimalwertes des geostatischen  
Druckes und durch Überlagerung der beiden sich aus den inneren Betriebsdruk- 
ken der beiden B ehälter ergebenden Zugspannungen die entsprechende E nt
fernung bestim m t werden kann. Da m it wiederholten Belastungen gerechnet

werden muss, darf m an aus Gründen der Betriebssicherheit die beiden Behälter 
nicht zu nah aneinander aufstellen, auch dann nicht, wenn sich dadurch die In
vestitionskosten  sehr verringern würden.

Die Abb. 10 zeigt eine solche günstige Anordnung, bei der die Entfernung  
der Achse der beiden Zylinder t =  2 • n • r2 ist, was bedeutet, dass die Grenzen 
der doppelseitigen geborstenen Gesteinzone einander gerade berühren. Die 
W erte akh überlagern sich dann noch n icht, jedoch verhindert der Druck 
fff die Ausbildung der geborstenen Zone.

Dies kann m an als m inimalen A chsenabstand ansehen, w enn man sich 
der erforderlichen Sicherheit bestrebt. W eil der W ert von n 2 ~  5 ist, ist die 
m inim ale Entfernung 4 ra ~  10 r2.

*

Im  Fall von m ehr als zwei Behältern bestim m t man unter Berücksichtigung  
des Minimalwertes von  »t« die geplante Lage der Behälter und überlagert die 
entstehenden Spannungen nach Ausrechnung derselben. Selbstverständlich  
muss das Ergebnis innerhalb der Zugspannung des Gesteins bleiben.

•6 A cta  Technieu X V III/3— 4.

B ild  10. G eringste E n tfe rn u n g  liegender Zylinder
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7. Fragen der K onstruktion und der W irtschaftlichkeit

Verfasser behandelt in  seiner Studie solche O bjekte, die ringsherum von  
F elsgestein  umgeben sind und wo infolge des bedeutenden Betriebsdruckes im 
G estein beachtliche Spannungen auftreten. Bei der Dim ensionierung des inneren  
R inges h a t man gesehen, dass infolge der zwischen Objekt und Gestein eventuell 
unausgefü llt bleibenden Fuge im  Ring recht erhebliche Zugspannungen en tste 
hen . E benso schädlich können  in  der Ringnähe im  Gestein befindliche Fugen, 
Zwischenräum e und H ohlräum e sein. Deshalb m uss das Gestein auch von diesem  
G esichtspunkt aus genau untersucht und bei der Planung muss die sorgsame 
A uffü llung der zwischen dem  Gestein und in  der Um gebung des Objektes b e 
fin d lich en  Zwischenräume, Sprünge und H ohlräum e vorgeschrieben werden.

A us den im Laufe der Berechnung von in G estein gelagerten Rohren und 
B eh ältern  abgeleiteten Form eln sieht man, dass der W ert der entstehenden  
Spannungen sich durch die Änderung der Poissonschen Zahl des Gesteins nicht 
sehr ändert, dass jedoch der E lastizitäts- bzw. Druckm odul von entscheidender 
B ed eu tu n g  ist. Dieser m uss a lso , m öglichst am O riginalgestein, mit besonderer 
Sorgfalt bestim m t werden.

B ei in Gestein verlegten  Druckrohren oder B ehältern muss die R ichtung der 
im  G estein  befindlichen K luftspalten  berücksichtigt werden. W aagrecht liegende  
O bjekte sollen die E benen der Spalten m öglichst senkrecht kreuzen, weil z. B . 
b ei ax ia len  Spalten das G estein die Zugspannungen nicht aufnehmen kann. B ei 
senkrecht gerichteten O bjekten soll dieses m öglichst zwischen den K luftspalten, 
eben  w egen der Aufnahme der Zugspannungen, in  der M itte angeordnet werden.

B ei der Planung sind die richtige Anordnung des Objektes, die Verm ei
dung von  Diskontinuität und die besonders sorgsam en statischen Berechnungen  
sehr w ichtig. Bei Objekten grösserer Durchmesser werden auch Modellversuche 
und die Errichtung von V ersuchsabschnitten notw endig, dam it noch vor Beginn  
des B auens alle schwebenden Fragen geklärt werden.

B ei der K onstruktionsplanung von Druckrohren und Behältern ist a u f  
fo lgendes zu achten :

a)  Profile ohne Entlastungsverkleidung können nur bei Druckrohren 
von  niedrigem  Druck und kleinem  Durchmesser bei gutem  G esteinm aterial 
angew endet werden. Auch in  diesem  Fall benutzt m an zur Verhinderung der 
A bnutzung, der G esteinbröckelung und des W asserverlustes eine Verkleidung  
aus Torkretbeton m it Stahlnetzein lage. Vor der Betonierung wird das Stahlnetz  
an m ehreren Stellen an das G estein befestigt. D iese K onstruktion kann in A b
h än gigk eit vom Durchm esser und von der G esteinqualität bis zu einem Ü ber
druck von  0— 5 Atm. gebraucht werden.

b)  Betonverkleidung wird dort angewendet, wo nach der Entw icklung  
des Hohlraum es mit der B ildung eines ansehnlichen Bergdruckes gerechnet 
w erden muss, hauptsächlich bei in grösseren T iefen  verlegten Druckrohren
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kleinen Durchmessers. Auch dieses Profil ist unfähig, Zugspannung aufzunehm en  
und darf deshalb nur bei solch niedrigem D ruck (0— 5 Atm.) angew endet wer
den, wo die R isslosigkeit des Betons noch gesichert werden kann. N ach  dem  
Fertigen und der Schwindung des Betonringes muss der Spalt zw ischen Ring  
und Gestein verpresst werden.

c)  Stahlbetonverkleidung ist beim Bau von  grösserem Druck ausgesetzten  
(5— 10 Atm.) Druckrohren und Behältern zu  gebrauchen. Auch hier m uss bei 
der Bem essung für Risslosigkeit gesorgt werden. Bei Wasserbehältern m uss für 
die W asserdichtigkeit, bei Gas- und Luftbehältern jedoch für die Verhinderung 
der Diffusion des gasförm igen Stoffes besonders gesorgt werden.

d )  Verkleidung von Stahlplatten und B eton bzw. Stahlbeton wird im  
allgem einen hei Druckrohren und Behältern von  höherem inneren D ruck als 
10 A tm . angewendet. B ei Druckrohren stellt m an in erster Linie w egen der ver- 
schleissenden W irkung des Wassers und des Gerölls die nötige W andstärke fest 
und addiert zu dieser die vom  Gesichtspunkt der Statik  erforderliche Stärke der 
Stahlplatten. Bei der Bem essung berücksichtigt m an natürlich nur das letztere  
Mass. Bei Gas- und Luftbehältern sind zwecks Vermeidung von D iffusion gas
sichere Schweissnäte zu fertigen. Um die U ngleichheiten des Gesteins auszuglei
chen, ist zwischen Stahlplatten und Gestein ein Beton- oder Stahlbetonring  
anzuordnen, der auch den Gebirgsdruck w ährend des Bauens und den inneren  
drucklosen Zustand während des Betriebes aufnim m t. Die Fuge zw ischen S tah l
p latten  und Betonring wird durch Verpressung ausgefüllt. Die Stahlplatten  m üs
sen au f den Verpressungsdruck bem essen und dünne Platten müssen während  
der Verpressung gestü tzt werden.

Man prüfe die obere Grenze des inneren D ruckes von mit Stahlplatten hoher 
Druckfestigkeit ausgekleideten Behältern. Angenom m en, dass der eine K om po- 
nent (i/ j) des im Inneren des Behälters wirkenden Druckes p 1 in der Stah lp latte  
und der andere K om ponent (q2) im Gestein Verformung verursacht. In  einem  
Behälter, dessen innerer Radius mit dem des angegebenen Zahlenbeispiels rx =  
== 250 cm übereinstim m t, können bei A nw achsen des inneren Druckes folgende  
Veränderungen beobachtet werden :

T a fe l  I I

Pl
kg /cm 2

W ert von

4i
Durch
schnitt
kg/cm 2

P latten 
stärke

V cm

I n  der 
S tah lp la tte  
au ftre tende 

Zugspannung

a ,  kg /cm 1

3 kg/cm 2 4 kg/cm 2 5 kg /cm 2

4a
kg/cm 2 n 4a

kg /cm 2 n 4a
kg/cm 2 n

10 9,4 3,13 9,4 2,36 9,5 1,90 0 ,6 0,5 280

15 13,5 4,50 13,6 3,40 13,8 2,76 1,4 0,75 467
20 17,1 5,69 17,4 4,36 17,5 3,50 2 ,6 1,0 640
25 20,6 6,85 20,9 5,22 21,0 4,21 4,1 1,25 824

6'
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M an sieht hieraus den Vorteil der Zunahm e des inneren Druckes р г, denn  
obgleich  die Stärke der Stahlplatte (v) auch m it dem Wert р г proportional 
w ächst, so bleiben die K osten  des G esteinabbaus und der Betonierung doch 
unverändert. Mit der Zunahme des Druckes verbessert sich der Ausnutzungsgrad  
der Stahlp latten , dagegen w ächst der W ert »re«, der die Grenze der geborstenen  
G esteinzone ausdrückt. Über eine gewisse Grenze is t  das Anwachsen des W ertes 
»re« n ich t vorteilhaft, w eil die geborstene G esteinzone in der U m gebung des 
O bjektes dick ist und falls m an mehrere B ehälter aufstellen muss, würden infolge  
der W erte »re« die Behälter weit voneinander gelangen. Der Steigerung des 
D ruckes ist also einesteils durch die geborstene G esteinzone eine Grenze gesetzt, 
anderenteils durch den das Gestein belastenden W ert des radialen D ruckes q2. 
N ach den Fundam entierungsnorm en (MNOSZ 15,003 Mt.) beträgt näm lich auch 
die Grenzspannung von unversehrten Felsböden m it größerer B ruchfestigkeit 
nur 20 k g /cm 2 und nur bei Granit, Diorit, A ndesit und Gneis darf eine B elastung  
q2 vo n  40 k g/cm 2 zugelassen werden.

D ie Frage der W irtschaftlichkeit muss von  mehreren G esichtspunkten aus 
geprüft werden, u. z. von denen der Investitionskosten , Ersparung von  S tah l
m aterial, Inbetriebhaltung und A ufrechterhaltung. Natürlich kann nur bei 
ind ividueller Planung jedes Objektes eine genauere wirtschaftliche Prüfung  
erfolgen, weshalb Verfassers Feststellungen nur im  allgemeinen gewertet werden  
können.

B ei den Investitionskosten sind die Aufw endungen für Gesteinabbau und 
V erstrebung entscheidend. Im  allgemeinen kann man sagen, dass in  G estein  
verlegte Druckrohrleitungen und hohem D ruck ausgesetzte Behälter billiger  
sind, als freistehende. D ie Aufnahm efähigkeit des Gesteins für B elastungen  ist 
näm lich  immer wirtschaftlich vorteilhafter als die für Gesteinabbau und V erstre
bung aufzuw endenden K osten .

W as die Ersparnis an Stahlm aterial an langt, ist der Vorteil von in  G estein  
verlegten  Objekten ausser Zweifel. H insichtlich der Inbetriebhaltung und A uf
rechterhaltung muss festgestellt werden, dass Reparaturarbeiten an in G estein  
errichteten  Objekten etwas höher kommen, dagegen kann der bei freistehenden  
R ohrleitungen und Behältern nötige Schutzanstrich gespart werden.
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ZU SA M M EN FA SSU N G

Die S tud ie  g ib t ein  um fassendes B ild der P ro b le m e  der D im ensionierung, K o n s tru k tio n  
u n d  W irtsch aftlich k e it v o n  in  Gestein g e b e tte ten  O b je k te n  u n d  sie fü h rt  die V o rzüge  dieser 
K o n s tru k tio n en  vor. D ie A b le itu n g  der B e rech n u n g en  d e r S ta tik  erfolgte n ach  d en  G esetzen  
der E la stiz itä ts leh re , jed o ch  im H inblick  a u f  die r e c h t  n iedrige  Zugfestigkeit des F e lsg este in s 
m usste  au ch  b e d ac h t w erden , dass in  der U m gebung  des O bjek tes die E la s tiz itä tsg re n ze  ü b e r
sc h ritten  w ird. H in sich tlich  de r T ragfäh igkeit w urde  n u r  eine solche Gesteinzone b e rü ck s ic h tig t, 
in  der elastische F o rm  V eränderungen a u ftre ten . V o n  d e r e lastischen oder gar p la s tisc h e n  V er
form ung v o n  Felsgeste in  w issen w ir h eu te  no ch  v e rh ä ltn ism äss ig  wenig. M it de r E n tw ic k lu n g  
der M ateria lp rü fung  k a n n  g eh o fft w erden, dass in  G este in  gebette te  O bjek te  n o c h  gen au er 
bem essen w erden  kön n en .

D IM E N SIO N IN G  O F  P R E S S U R E  P IP E S  A N D  R E S E R V O IR S  SIT U A T E D  IN  R O C K S

F. k o v á c s h A z y

Cand. of Eng. Sc.

SU M M A RY

T he p ap er gives a genera l v iew  on engineering  s tru c tu re s  located  in  rock, o f  th e ir  design 
ing and  econom ical p rob lem s. I t  shows th e  a d v a n ta g e s  o f  such structures. T he s ta tic a l  com 
p u ta tio n s  a re  m ade  in  acco rdance  w ith  th e  law s o f  E la s t ic i ty , b u t  w ith  regard  to  th e  v e ry  tensile  
s tre n g th  o f  rocks, i t  h a s  been  necessary to  consider t h a t  in  th e  p rox im ity  o f  th e  s tru c tu re  
th e  lim it o f  e la s tic ity  is exceeded and th a t  o n ly  t h a t  zone  o f  th e  rocks is considered  fro m  th e  
p o in t o f  view  o f load  c a rry in g  capacity , w here e la s tic  d e fo rm ations take place. O u r know ledge 
o f elastic  an d  even p las tic  deform ation  o f rocks is r a th e r  lim ited . W e hope t h a t  th e  dev elo p 
m en t o f m ate ria ls  te s tin g  w ill p e rm it still m ore  p rec ise  dim ensioning o f eng ineering  o b jec ts  
p laced  in  rock.

D IM E N S IO N N E M E N T  D E S C O N D U ITES D E  P R E S S IO N  E T  D ES R É S E R V O IR S  
PLACÉS DANS L E S  R O C H E S

F. KOVÁCSHÁZY 
Candidat des sciences techn iques

R É SU M É

L ’étu d e  fa it  le to u r  des problèm es de d im en sio n n em en t, de construction  e t  des p ro 
blèm es économ iques co n ce rn an t les ob jets logés d a n s  les roches, e t m ontre  leu rs  a v an tag e s . 
Les calculs s ta tiq u e s  so n t basés su r la  th éo rie  de l ’é la s tic ité , m ais é ta n t donné la  ré s is tan ce  
à la  tra c tio n  très  basse des p ierres de roche, il fa lla it  co n sid ére r aussi que dans l ’en to u ra g e  des 
o b je ts la  lim ite  d ’é la s tic ité  e s t surpassée e t que se u lem en t c e tte  zone des roches e s t  considérée  
dans laquelle  il y  a  des d é fo rm ations élastiques. N ous sav o n s  encore assez peu de la  d é fo rm a tio n  
é lastique e t  m êm e p la s tiq u e  des pierres de roche. N o u s espérons du  développem en t des m é
thodes d ’essai des m a té ria u x  qu ’il sera possible de d im en sio n n er avec encore p lu s  d e  p récision  
les o b je ts logés dans les roches.
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Р А С Ч Е Т  Н А П О Р Н Ы Х  Т Р У Б  И Е М К О С Т Е Й , У Л О Ж Е Н Н Ы Х  В Г Р У Н Т

Канд. техн. наук Ф. КОВАЧХАЗИ

Р Е ЗЮ М Е

В работе обобщаются вопросы расчета, проектирования и экономичности уло
женных в грунт технических сооружений. Показано преимущество таких конструкций. 
Вывод динамических расчетов производился на основе законов эластичности, однако, 
учитывая очень низкое сопротивление растяжению скалистых пород, необходимо было 
не упускать извиду и то, что в смежной с техническим сооружением среде мы заходим 
за пределы эластичности и с точки зрения нагрузки учитывается только та зона грунта, 
в которой возникают эластичные деформации. О эластичной, даже пластичной дефор
мации скалистых пород имеется еще мало сведений. Можно предполагать, что с развитием 
методик испытания материалов будет возможным осуществить более точный расчет 
уложенных в грунт технических сооружений.
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Importance of industrial seismology

W ith the rapid developm ent of industry and communication during recent 
years, the efficiency o f m achines, the speed o f vehicles and, consequently, the 
size of m achine-units have considerably increased, a fact that m akes it  im pera
tiv e  to pay special attention  to the action o f dynam ic forces. W hile progress is 
marked in  respect of forging and stam ping m achines, crushing mills and crank
shaft engines, it is particularly pronounced as regards high-speed turbogenerators, 
performances o f 100 to 150 MW being rarities no longer.

In the analysis o f vibrations, problems where the mass of the elastic system  
m ay be regarded as concentrated, springs as w eightless, and dam ping as negli
gible, are easiest of solution. Unfortunately, industrial seism ology never offers 
conditions in  such a convenient arrangement. N either the mass o f the buildings 
nor that o f the soil can be taken as concentrated at a single point. Nor can we 
regard the spring, in our case the building m aterial and the soil, w hich are 
supposed to have a natural elasticity, as being weightless. D am ping m ay be 
neglected, but usually at the expense o f econom y. The adequate determ ination of 
the dam ping factor requires both theoretical and practical consideration. Though  
m athem atical formulae will help us in  solv ing our problems, th ey  yield  but 
approxim ate values, and the uncertainty concerning the constants, which 
characterize m aterials em ployed, is a further reason why results derived from  
theoretical calculations should be treated w ith  due caution. It is therefore im 
perative th at calculated values should be checked by m easurem ents, and that 
the elaboration o f new m ethods o f calculation should rely upon practical obser
vations so as to  bring their results as near reality  as possible.

A lthough the analysis o f vibrations is not unknown either in  H ungary or 
abroad, it  was usually made only after dam ages, whether due to  design  or exe
cution, had actually occurred in buildings already erected and put in to  service.

Consideration o f future research-work dem ands that vibrations set up in 
finished m achine foundations and the adjacent buildings should be subjected

* L ec tu re  delivered  in  H u n g a rian  language a t  th e  l in d  B uild ing  C ongress of th e  
H u n g a rian  A cadem y of Sciences in  B u d ap est on O c to b er 14th , 1955.
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to sy stem a tic  analysis prior to  the occurrence o f actual damages, at a tim e when  
no irregularities attributable to  conditions o f  v ibration  have become m anifest 
y et. D a ta  thus obtained are a conditio sine qua non for the elaboration o f reliable  
m ethods o f  calculation, and also enable us to check the correctness o f prelim i
nary calculations.

A  number of additional problems can be solved by means o f vibration  
m easurem ents ; for instance, whether some beam  is built-in and, if  so, to  w hat 
ex ten t.

T o measure vibrations m ay be very im portant in the case of pre-fabrica- 
ted  non-m onolithic structure. Beam s must be, for instance, prevented from rising : 
while resonance, once it is se t up, involves the entire m onolithic structure, in 
split-up structures the supported elem ent m ay becom e a new source o f  d is
turbance which will transm it secondary vibrations to  the structures reposing on it. 
D am ping, being proportional to  absolute deform ation, is reduced by the transfer- 
coeffic ien t in  split-up structures, whereas, in  m onolithic structures, deform ation  
will cause the undivided whole o f the structure to  act as a damper. All these  
problem s are easy to settle  i f  vibrations are m easured.

Such  measurements enable us to ascertain deform ation at more than one  
point o f  an y  supporting structure.

Im portance of m easurem ents made during the test-run of turbogenerators

T h is paper describes a suitable method to  measure and analyze v ibra
tions w hich , for the purposes o f  the present experim ents, were set up in the 
foundation  o f a turbogenerator and in  the partly prefabricated adjacent struc
tural elem en ts of the build ing o f  a power plant.

D esirous of observing the effect exerted b y  vibrations o f con stan tly  
changing frequences upon m achine foundations and the surrounding bu ild 
ings, th e  measurements in question were m ade at the test-run o f a turbo
generator.

T hough of outstanding im portance, m easurem ents concerning vibrations  
set up b y  the acceleration and deceleration o f unloaded turbogenerators have, 
generally  not been extended to  both m achine-foundation and the structural 
elem ents o f  the surrounding buildings.

I t  is commonly know n th at, as regards vertical natural v ibrations, the 
foundations o f high-speed turbogenerators —  apart from  structures of exception
ally low  natural frequency, such as steel structures or structures w ith prestressed  
concrete fram es —  are as a rule overtuned, i. e. their natural frequency exceeds 
the operating speed, while the horizontal natural frequency of m achine founda
tions (including the said exceptional structures) is usually  lower than the opera
ting  speed  so that, as far as horizontal vibrations are concerned, even overtuned  
foundations can be said to  be usually  undertuned.
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E ver since it  has becom e custom ary to  em ploy prefabricated or partly  
prefabricated slender reinforced-concrete structures for the build ing o f  power 
houses, the natural frequencies o f  their structural elements have ten d ed  to  be 
lower than the operating speed, i. e. th ey  are usually undertuned. T he critical 
speed o f the main shaft is, o f course, alw ays run through as quickly as possible  
so th a t, in practice, it  is for a short in terval th a t disturbing frequencies are set 
up during acceleration.

The situation  is som ew hat different w hen the machine is being brought to  
a standstill, an operation th at usually takes from  40 to 60 m inutes, during which  
the rotor m ay rotate for 1 to  2 m inutes in  or in  the v icin ity  (± 5 % ) o f  an y  range 
of frequency, a tim e sufficiently  long for the natural frequencies o f  th e  under
tuned  elem ents to coincide w ith  the actual r. p. m. and to set up resonant condi
tion s for a few m inutes. I t  is, therefore, possib le th at all structural e lem ents will 
begin to  vibrate w ith considerably increased am plitudes, be it  ow ing to  v ibra
tions set up in them  by the m om entary r. p . m . o f the rotor, be i t  because o f  
disturbing forces becom ing intensified  w hen the rotor runs through its own 
critical speed. Accordingly, we cannot disregard the danger of strong vibrations  
w hich, for all their transitory character, m ay become the source o f  
dam ages. Designers ought to  take it  in to  account, and it w ill be advisable to  
revise the m ethods o f com putation as contained in the present regulations. 
R ecent experim ents which included analyses concerning various turbogenera
tors have brought the existing problem s a great deal nearer their  solution. 
Suggestions for a sim plified m ethod o f design which, made on the strength  of 
the said experim ents, reckons w ith  dynam ic forces that arise during acceleration  
and deceleration and have to be considered b y  designers, are conta ined  in  a 
book o f the author, the E nglish version o f w hich is to be published  shortly.*  
The experim ents described in th is paper are m easurements o f  vibrations 
w hich extend  to transitory resonance. Their object, means, the m ethods o f  
evaluation , together w ith  conclusions, form  the subject m atter o f  th e  follow ing  
paragraphs.

Many simultaneous measurements o f vibrations, and the method o f  analysis

The object of the present m easurem ents w as to  obtain sim ultaneous records 
o f vibrations set up at several points o f the m achine foundation and the sur
rounding buildings by a turbogenerator rotating  at various speeds w hen  accele
rated and decelerated during the 40 to  50 m inutes of its first test-ru n .

To solve this task  w ith  the usual m ethods would have required a rather 
great number o f recording apparatuses as also a very numerous sta ff, while a

* M a j o r , A. : S tress A nalysis an d  D esign  of F o u n d a tio n s  for M achines a n d  T u rb in es 
(1 st ed. In  H u n g a rian , B u d a p e s t 1956. 668 pp .)
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synchronization of the m easurem ents would h ave been more than d ifficult w ith  
th e  use o f simple m eans. I t  w as, therefore, necessary for us to devise a new  pro
cess o f synchronized v ib ration  measurements w hich  is described in the follow ing.

It is not proposed to  deal at this juncture w ith  the usual methods in  detail, 
th ey  shall be m entioned and treated here on ly  according to whether their d e
scrip tion  is necessary for the understanding and interpretation o f our new  
m ethod .

The commonly em ployed recording instrum ents are either m echanical 
or electrical. In the form er, e .g . in Ge ig e r ’s well-know n vibrograph, the character
istic  curve of vibration is graphically registered b y  m eans of a suitable trans
m ission gear. Instrum ents o f  the semi-electric ty p e  which use electricity for the  
purposes of m agnification, but register the v ibration  itse lf by means o f m oving  
needles, m ay be regarded as belonging to this sam e category. Experiences made 
w ith  instrum ents of th is ty p e  have shown that their m agnifying power is usually  
inadequate, further th a t considerable distortions are caused by the fact th at, 
especially  at higher frequencies, they are not su ffic ien tly  sensitive, such insuf
fic ien t sensitivity being due to  the com paratively great inertia of the registering  
appliance. As regards electrical instruments, their m ost typical representatives 
are cathode-ray oscilloscopes and galvanom eter oscilloscopes. The potentia l 
induced by the m ovem ent o f  the receiving head o f the cathode-ray oscilloscopes 
is transm itted, after electric am plification, to th e  m agnets of the cathode-ray  
tube ; the changing path  o f  the ray, as directed b y  the electromagnetic forces, 
becom es visible on a screen and admits of b eing  photographed, so th a t the 
m oving needle of the m echanically operated instrum ents is replaced by the 
cathode-ray in these oscilloscopes. Although satisfactory  as regards both  their 
m agnifying power and sen sitiv ity , these instrum ents are too bulky for our 
purposes and cannot, o f course, register the m ovem ents of more than one point 
at a tim e.

The galvanom eter oscillocopes, as is know n, are based on the principle 
th a t the suitably am plified potential induced in th e  receiver generates a current 
in  a loop-shaped conductor that is placed in a perm anent magnetic field . The 
current, circulating in  opposite directions in the tw o branches of the looped  
wire, causes one branch to  m ove forward and th e  other backward, so th at a 
sm all mirror, attached to  th e  two branches and turned through a certain angle 
b y  these opposite m ovem ents, will deflect the in cid en t rays. W hile the m agni- 
fy in g  power and the sen sitiv ity  of this instrum ent are no less satisfactory than  
th ose o f the cathode-ray oscillosope, the looped galvanom eter has the great 
advantage of taking up considerably less room.

The above considerations have led us to th e  idea of solving our task  by  
em ploying several galvanom eter oscillographs p laced side by side and registering  
on a common strip o f film . O utfits of a similar nature have hitherto chiefly  been  
used in geophysical m easurem ents, expecially in  the survey of profiles. We
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were successful in discovering an equipm ent o f this kind in the possession o f one 
of the local companies which seemed to be suitable for the m easurem ent of 
synchronous vibrations w ithout requiring major alterations.

F i g . 1

F ig . 2

The various parts o f the equipm ent are m ounted on a specially  adapted  
m otor lorry. The instrum ent table, the fuse board and the anode-voltage stabil
izer are inside the car (Fig. 1). Likewise inside, in the middle part o f  the car 
body (Fig. 2), are the galvanom eter oscillographs (3), with switches on their right 
for the m ixing and tuning-fork units (4), underneath them are the control oscil
lator and impulse meter (6), while the switches o f the amplifier installation  are
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m ounted  right and left (2). Cable are used to connect the central installation -with 
the receiving heads at the various points to  be m easured. There are 26 such  
receivers and cables to  register synchronous v ibrations. A telephone in  the car, 
capable of being connected to  any of the 26 cables, secures com m unication  
betw een  the central operator and observers at any point of m easurem ent. 
A  telephone set, provided w ith  loud-speaker and microphone (5), serves to  ident
ify  th e  individual points o f  measurement.

Galvanometers and tim e signals transm it their records to a com m on  
sensitized  paper-strip w hich m oves with a speed o f 35 cm /m in. This is sufficient

to  satisfactorily record even m ovem ents of 1/lOU second duration. The vehicle  
also accom odates a photographic laboratory.

Geophones, usually  em ployed in geophysical surveys, were used as 
receivers in  the present experim ents (Fig. 3). To assure a good transfer o f the  
vibrations, we fixed the com paratively heavy casing o f the geophones (10) to 
the elem ents to be m easured b y  way of gypsum  plaster. The casing holds a fixed  
perm anent m agnet (17) w ith  an induction coil (14) which, placed in  a plastic  
disc, m oves in the m agnetic field . The disc is attached  to a stretched wire by  
m eans o f  a small arm and, ow ing to its inertia, does not follow the m ovem ent 
o f the casing ; it  recovers its  state of rest through the torsional elasticity  of 
the w ire (11 and 15). A  tan gen t screw betw een the m agnetic circuit and the  
casing is indicated as (12) in  the figure, while (13) illustrates the buffer which  
has to  prevent the coil from excessive swings ; (16) marks the attachm ent of the  
oscilla ting  part to the torsion-thread, and (18) the arm o f the coil.



Л NEW  METHOD OF RECO RD IN G  VIBRATIONS IN  T H E  FOU N DA TIO N  OF TU R B O G EN ER A TO R S 3 0 1

Our afore-mentioned three problems, i. e. the great number o f  necessary  
instrum ents, a reduced staff, and the synchronization of m easurem ents, were 
all satisfacorily settled b y  the adoption of the above-described apparatus.

Disturbances

Before actually starting our measurements we had to tackle the problem  
o f  desturbing factors. Those o f the various disturbing effects which had to be 
taken into account were :

a)  inside disturbances o f the instrum ent ; b)  disturbances caused b y  other 
m achines in operation ; c)  disturbances caused by the passage o f  persons ;
d )  electrical disturbances.

W e will exam ine these factors one by one :
a)  Disturbances inherent in the instrum ent itse lf could be disregarded : 

as the apparatus was originally destined to register small am plitudes there was 
no need for us to m ake the utm ost use of its  am plifying power, so th a t —  in 
actual practice —  internal disturbances never exceeded the lim it o f neglig ib ility .

b)  Disturbances occasioned by other m achines in operation could not be 
disregarded : in order to  be able to elim inate them  from our subsequent records, 
the “ initial disturbance” , i. e. vibrations existing prior to the particular ones we 
w anted to analyze, had to  be measured at each intended point o f observation.

c)  Owing to the high sensitiv ity  o f the geophones unavoidable disturbances 
excited  by the com ing and going of persons had also to be accounted for ; since 
vibrations of this kind are aperiodic they cause only local disturbances and are 
easily  eliminated from the final picture.

d)  W hen dealing w ith  disturbances caused b y  electrical factors we had to 
remember that in the alternating electrom agnetic field both the geophones 
and the connected cables m ay behave as antennae, and that under induced  
voltage a surplus voltage m ay arise in them . W hile being run up, i. e. during the 
measurem ents, the generator itself was not excited  electrically. All other electrical 
installations (the m otors in particular) were connected to the m ain current of 
a 50 cycle-per-second frequency, so that the great difference between the various 
frequencies made it easy  to  distinguish between them . To indicate any extra
ordinary disturbances, one of the geophones, suspended in a vibration-proof 
m anner, was used as antenna.

These measures proved sufficient to enable us to elim inate th e  effect of 
disturbing forces when evaluating the final diagrams of the synchronous vibra
tions.

Recording o f vibrations

As has been m entioned, the present experim ents were carried out on 
the building of a powerhouse. Its diagram atic cross-section is presented in 
F ig . 4. The higher part is the boiler house, the lower the engine room . Except
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Fig. 5

som e o f the m onolithic ceilings, the hall-structure is made of prefabricated  
elem ents. The members o f  the f iv e  ranges of pillars are rigidly built in the founda
tio n , th e  roof girder o f th e  engine house —  an end-supported beam —  reposes 
upon the pillars D and E . T he roof girder o f the boiler house, likewise an end-
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supported beam, is set upon the pillars В and C. The foundations o f the turbo
generators are isolated from the surrounding buildings by m eans of joints.

Out of a total o f 21 geophones, 19 served the purposes of the measurements 
proper, one was used to  indicate possible extraordinary disturbances, and 
another to register r. p . m. As can be seen in the figure, geophone N o. 1 was 
placed on the roof girder o f the engine room, N o. 2 on the floor o f the roofing 
structure of the engine room, No. 3 on the middle part of the roof girder of the

F ig. 6

boiler house, No. 4 on its projecting end, Nos. 5 and 6 on the craneway beams, 
N o. 7 on pillar E , No. 8 on pillar D , Nos. 9 and 10 on the upper ceiling, Nos. 11 to 
14 in  the four corners of the turbine table (above the pillars), N o. 16 on the 
m onolithic structure beside the turbine table, N o 17 on the boiler house, flush 
w ith  N o. 16, while N os. 18 and 19 were placed on the ceiling below the bunker.

Subsequent single control measurements on the loaded turbine were made 
at the following points : Nos. 20 and 21 on the bedplate o f the foundation, Nos. 
22 to 25 on the turbine table, and No. 26 on an interm ediate floor at the side of 
the engine house.

Mortar made o f gypsum  plaster was used to f ix  the geophones, and —  
before beginning w ith the measurements —  each o f the geophones w as connected
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w ith  th e  corresponding galvanom eter oscillograph, the correct connection having  
b een  checked in each case b y  telephone.

F igs. 5 and 6 show th e  foundation of the turbine and the interior o f the 
en g in e  house, respectively.

F ig. 7

A fter recording “in itia l disturbances” , the turbogenerator was set going. 
D u rin g  th e  first run we w anted  to increase the speed in steps o f 100 r. p. m., 
keep th e  machine at the given speed for a short tim e, and make our measurements 
before going a step higher. A lthough it  was approxim ately possible to  carry out 
th is schem e, the actual increases in  speed were a little more or less than 100 r. p. 
m . because the relatively low  sensitiv ity  of the revolution counter and the
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irregularities o f steam  pressure made it im possible for the successive steps to  be 
intervalled with quite the desired accuracy. This, however, was n o t fe lt as a 
drawback, for the actual speed of the rotor at the moment o f m easurem ent 
could subsequently always easily be ascertained from the final characteristic  
curves o f the vibrations and from the revolution  counter connected w ith  one 
of the galvanom eters. The said stepping-up o f the speed was practicable only  
until 1500 r. p. m. because, after th is, we were approaching the critical speed of 
the rotor, i. e. about 2100 r. p. m. In order to  pass through the critical speed as 
quickly as possible we had to accelerate at a more rapid rate until reaching the 
operating speed when a new measurement w as made. Although th is, o f  course, 
m eans that a certain region of r. p. m. had to  be jumped over, it does n o t m atter 
m uch as —  according to the above-m entioned earlier vibration m easurem ents —• 
the natural frequencies of the structural parts under examination w ere, w ith  the 
exception of the craneway beam with a natural frequency of 2100 , generally in 
the region below 1500 r. p. m.

A photograph of the vibration records

Fig. 7 shows part of our records. The intervals between the th in  vertical 
lines correspond to 1/100 sec. The record in  question was made at a speed of 
3000 r. p. m.

Evaluation o f records

After developing the film  strips in the laboratory of the car, th e  first step 
was to identify each characteristic curve as seen in the pictures w ith  th e  corres
ponding geophones. This was followed b y  the determination o f the am plitudes 
and frequencies o f the recorded vibrations. I t  is known that periodic vibrations, 
however com plicated their form, can be sp lit up into simple harm onic ones 
which are divisible by the fundam ental frequency, i. e. the frequency corres
ponding to the period o f the complex v ibration . The resolution in  question is 
always possible, and each curve has but one possible resolution. A n y  known  
periodic function o f the form z =  f(t )  can be expanded as a Fourier series which 
will be the sum o f harmonic functions w ith  definite amplitudes and phases, all 
their frequencies divisible by the said fundam ental.

/ ( 0  =  A 0 +  A x sin (cot +  <Pj) +  A 2 sin  (2cot +  <p2) - f  A n sin (cot +  cpn) , 

where
2 л

со — ------ and и =  1, 2, 3 . . .  ;
T

vibrations of the frequency n ■ —  are the harm onics o f the fundam ental. Therefore,

7 Acta Technica XVIII/3—4.
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i f  the fu n ctio n /(t) is known, Fourier’s formulae w ill enable us to determ ine the  
con stan t A 0 as also the am plitudes Ay, A 2, A 3, and the phases cpy, <p2, cp3, . . . 
of th e  sim ple harmonic vibrations of which the com plex vibration is com posed.

The harmonic analysis, i. e. the reduction o f  a periodic function o f th is  
kind  to harmonic functions can be performed b y  m eans of special instrum ents, 
the harm onic analyzers, w hich, besides saving len gth y  and complicated analytical 
com putations, have the advantage of perm itting reduction in cases also —  and  
th is applies to our problem in  particular —  where th e  function z = / ( t )  cannot be

Fig. 8

expressed in  m athem atical term s. That we did not resort to this instrum ent had  
tw o reasons : first, to prepare the models o f the various curves would have caused  
too m uch work and expense ; second, the irregidar character of the disturbances 
m ade a very detailed and h ighly  accurate analysis superfluous. What we actually  
did w as to try, w ith the aid o f Fourier’s theorem , to isolate the fundam ental 
vibration  and at least its first harmonic from the com plete picture. To achieve  
it  w e em ployed the sim ple but expedient m ethod o f approximation illustrated  
in F ig . 8 :

W e traced the curves o f the original record (a) ; from the four curves thus  
traced we isolated curve N o. 3 (b) ; we p lotted its  sine curve which, as w ill be  
seen, follows the original w ith  a good approxim ation (c) ; we then drew a curve 
(d) w hich corresponds to the residual ordinates obtained from the differences 
betw een  the ordinates o f curves (b) and (c) ; fin a lly , we compared this curve 
w ith  th e  record o f the “ in itia l disturbance” at a “ speed” of zero r. p. m . The
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construction was regarded as correct and the sine curve (c) accepted as represent
ing the true fundam ental vibration i f  the am plitude in the curve o f  the distur
bance was not conspicuously larger than that o f  the “ initial d isturbance” . I t  is 
evident from the figure th at as long as the m achine is at rest it  is on ly  the “ initial 
disturbance” which appears in the diagram, the fundam ental v ibration  being 
zero at this stage. This sim ple procedure does not give rise to errors in dealing 
w ith  the frequency because frequency is known from the readings o f  the revolu
tion  counter, further because the approxim ate sine curve has been plotted just 
so as to accord w ith it . As regards errors concerning am plitudes, th ey  were quite 
negligible. The curves obtained by our m ethod m ade it possible for us to  determine

o io го j o  4 0  5 0 c

F ig . 9

the amplitude of the vibrations set up at various speeds and, having ascertained it, 
to plot for each point the curve of the am plitude as a function o f the speed of 
rotation.

F ig. 9. shows th a t amplitudes were sm all at operating speed, and that, at 
th is point of measurem ent, larger am plitudes arose at 10, further betw een 20 and 
30 cycles per second.

To determine am plitudes we had to ascertain the m agnifying power of the 
geophones at the given (and for all galvanom eters identical) am plification, as 
also its ratio to the disturbing frequency. Too, the same relation had to he 
ascertained in respect o f the galvanom eters them selves. The problem  was settled  
by specially testing each o f the geophones : the rate of m agnification  thus 
obtained proved to be constant within a given range of frequency.

The characteristics o f the galvanom eters revealed linearity in  the region 
between 20 and 200 , and the necessity o f correction blow 20 cycles/second. 
The records taken by the galvanom eters disclosed the fact —  one to  which we 
shall refer later —  that in  the v icin ity  of 18 to 20 cycles/sec, i. e. below  a speed 
of 1100 to 1200 r. p. m ., frequencies were tw ice as high as the disturbing frequen
cies, so that no need for corrections arose since, apart from the “ in itia l dusturban- 
ces” we made no m easurem ents below a speed o f 600 r. p. m. as it  w as not pos
sible to run the rotor at lower speeds for any measurable length o f  tim e.

7
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Results

T o illustrate results, diagram s are presented in  w hich the curves of am plitu
des are plotted as functions o f  r. p. m.

P oin ts  o f  measurement Nos. 2  and  3 (Fig. 10)

Curves of vibrations as registered by geophones placed on the roof. A m plitu
des a t  p oin t 3, viz. in the m iddle part of the principal beam  of the boiler house, 
appear to  be quite negligible, a sym ptom  which shows th at the effect o f vibra
tion s w as hardly perceptible a t  th is point. W hile the shape o f the curve which

1000 2000 

F ig . 10

3000RPH

3 0 0 0 RPM

illu strates vibrations registered at point 2 , viz. the roof o f the engine room, is 
sim ilar to  that of courve 3, it  show s a double am plitude of 10 /i, i. e. a swing of 
5 /1, a t the operating speed o f  3000 r. p. m. Prelim inary measurements had 
show n the natural frequency o f  the elements at p o in t 3 to be 15 cycles/sec 
w hich  corresponds to a speed o f  about 900 r. p. m. Therefore, these elem ents are

undertuned , but, owing to th e  great distance, no vibrations with am plitudes 
coincid ing  with the r. p. m . o f  th e  generator could reach the roof girder. On the  
other hand, we see in curve 2 , corresponding to a p oin t where preliminary m ea
surem ents disclosed a natural frequency of 1500, a peak  in  the region of about 
700 r. p . m ., and there is a further jump in the v ic in ity  o f 1500 r. p. m ., i. e. in  
th e  region  where actual and operating speeds coincide.
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Points o f measurement Nos. 5 and 6 (F ig . 10a)

Curves of vibrations as registered at tw o points of the craneway beams. 
One peak visible at a speed o f 700, another at one o f  1100, and a third at a speed 
of 1400 r. p. m. Double amplitudes about 10 /i at operating speed for both  
points. Natural frequency according to prelim inary exam ination at 2100 : this was 
within the range of critical speed so that no m easurem ents could be performed.

Points o f measurement N os. 7 and 16 (F ig . 10b)

Curves of vibrations on pillars and floor-beams. Curve registered at point 7 
(outside pillar of engine house) shows likewise peaks around 700 and 1000 r. p. m. 
Am plitude at operating speed negligible. A t point 16 (floor beam) a sudden  
increase in am plitude at a speed of 800 r. p. in. A s in the previous cases, am plitude  
at operating speed rem ains below 10 fx.

Points o f  measurement Nos. 11 and 12 (F ig . 10c)

Curves o f vibrations as registered in tw o corners of the turbine table. 
Prelim inary m easurem ents showed this elem ent to be strongly overtuned at 
operating speed. As in the previous cases, conspicuous peaks around 700 and 
1100 r. p. m. The fact th at the other curves, too , show suddenly increased am pli
tudes in the region of these two speeds supports the assum ption of a transitory
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resonance at one o f these points. According to preliminary m easurem ents, the  
natural frequency of the frame of the turbogenerator was 4000, a figure well 
above 3000, the operating speed. Accordingly, no resonance was set up at the 
la tter. W hen making the said preliminary com putations to determ ine natural 
frequency, we disregarded the elastic ity  of the bedding. Subsequent calculations 
in  w hich due regard was paid to  the jo int deformation of frame and bedding gave 
700 as the natural frequency o f these combined elem ents, and it was th is com 
b ined , true natural frequency to which resonant conditions set up at the first

Table 1

N
o.

 
of

 t
he

 
po

in
t

Location of the point

Synchronized
am plitude

m easurem ent
A*

Subsequent 
m easurem ent 

a t 3000 
r. p. m. 

a t singular 
points 

t*

Maximum
m easured am plitude M easured

natu ra l
frequency

m
r. p. m.

m agni
tude

A*
r. p. m.

l I n  th e  m iddle o f  th e  beam 4 6 700

2 O n  th e  ro o f o f th e  engine room 5 i i 700 1500

3 I n  th e  m iddle o f th e  beam alm osto f  th e  boiler house 0,5 2 900continuously
4 O n th e  can tilever o f th e

b eam  o f th e  boiler house 3 8 1400 900

O n  th e  c rane g irder 6 3,4 11 700
J 13 1400 2100

6 O n th e  crane girder 5 9
6,5

700
1400

7 O n co lum n E 3 2,2 16 650

8 O n  co lum n D (3,8) (9) 1300

9 O n leve l -f-23,00 only
d istu rb an ces

10 O n  leve l + 2 3 ,0 0 only
d istu rb an ces

11 O n  th e  tu rb in e  tab le 4 5,6 7 700

12 O n  th e  tu rb in e  tab le 5 4,8 10 700

13 O n  th e  tu rb in e  tab le 13 5,0 15 650

14 O n  th e  tu rb in e  tab le 4 4,1 6 700

15 O n th e  roof o f th e  boiler house 5 11 700

16 O n  lev e l + 7 ,3 0  beside th e
tu rb in e 5 3,3 18 850 1800

17 O n  lev e l in  th e  boiler 
house

only
d istu rb an ces 1500

18 O n leve l + 1 6 ,0 0 o n ly
d istu rbances 1450

19 O n lev e l + 1 6 ,0 0 only
d istu rb an ces 1050
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highest jump of the amplitude —  on the foundation of the turbogenerator —  
were due. If we accept this assum ption it w ill be easy to interpret the phenom e
non o f all observed resonances. Similar jum ps o f the amplitude at a speed of 
600 to 700 at several points o f the surrounding structure must have been due to 
a sim ple transfer v ia  the soil of the said original resonance. The bedding coef
fic ien t w ith which the above-said figures are obtained is 10,4 X 10s t/m 3.

Table 2

No. of the 
point Location of the  point

Amplitude a t 3000 
r. p. m. in  Ц

2 0 On th e  bedplate 2 ,8

21 ? 1 ?» 0,9

2 2  . On th e  tu rb in e  tab le 3,9

23 „  »I 6 ,0

24 , ,  tt 6,3

25 t t  tt 5,0

26 On level o f th e  in te r 
m ed ia te  floor 3,3

In order to ascertain the other factors responsible for increases in the 
am plitude it will be necessary to investigate conditions regarding the turbine 
or the generator shaft from the point of v iew  o f critical speed. T hat o f  the shaft 
is in the neighbourhood of 2100 r. p. m. and its harmonics often appear in the 
pictures. We have seen that nearly all vibration curves reveal peaks not only 
at a speed of 700 r. p. m. but also at one o f about 1100 r. p. m. ; the latter repre
sent the harmonics and m ust, therefore, be connected with a transitory increase 
in the disturbing force. The fact that there is no essential difference between  
the various am plitudes registered at the operating speed strengthens our confidence 
in the correctness o f measurements made at points 20 to 26 (Table 2), i .e .  those 
single measurem ents which were performed after the synchronized ones. Table 1 
presents the results o f the synchronous measurements together w ith m axi
mum amplitudes and those at operating speed. The natural frequencies, 
determ ined by earlier measurements, are also indicated. W hile the curves 
show double am plitudes, only single values are indicated in th e  table. It is 
clear that m ost o f the maximum am plitudes correspond to speeds o f about 
700 and 1100 r. p. m. In view  of certain conspicuous amplitudes (e. g. those at 
point 7 which show a striking deviation from those at point 8) it  seem ed advi
sable to  perform a number of individual (i.e .n o t synchronized) control measure
m ents at additional points (20 to 26) : th ey  were made by m eans o f  a cathode- 
ray oscilloscope and receivers of the Philips-type. The unusually large am plitu
des as originally measured at point 8 were due to the fact that the amplifyer



3 1 2 A. MAJOR

at th is  particular point happened to be adjusted to  a tenfold m easurem ent 
w hich w as different from th e adjustment applied at other points. Synchronized  
m easurem ents have the advantage of making strik ing differences of this nature 
conspicuous, it being then  easy  to correct such errors by w ay of sim ple control 
m easurem ents.

W e can see th at the figures obtained from th e control m easurem ents are 
not essentially  different from  those of the synchronized ones.

Table 3

C apacity  in  KW 
a t  3000 r. p. m.

Doubled am plitude in 
mm a t 3000 r. p. m.

6 000 0,030

6 000 0,021

12 000 0,030

16 000 0,060

16 000 0,056

16 000 0,042

16 000 0,025

17 500 0,066

25 000 0,058

25 000 0,040

25 000 0,060

25 000 0,020

25 000 0,030

On the strength o f com putations made in connection with finished m achine 
foundations that had given no complaint it has been established that the largest 
am plitudes of vibrations in m achines running at a speed of 3000 r. p. m. have  
u su ally  values between 20 and 30 fi.

Am plitudes, registered in  the course of the present experim ents, have  
nowhere exceeded 20 fi, i. e. the figure obtained from  measurements, as can be 
seen in  the above tables.

Table 3 shows the double amplitudes o f vibrations in 3000 r. p. m. ■— 
turbogenerators as the functions of capacity. It w ill be seen that single am pli
tudes (i. e. a half of the values indicated in the second column) are m ostly under 
30 fA. T he figures obtained from  a comparison w ith the other tables are in agree
m ent w ith  those yielded by control measurements.
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Summary o f results

The present investigations afford the following conclusions :
1. It is possible to determine the exten t to which vibrations set up by  

turbogenerators are transm itted to surroundig structures. M easurem ents per
formed at points 2 and 3 have proved th at vibrations do not spread beyond the 
engine room, and th at their effect is practically imperceptible in the boiler house.

2. No structural elem ent was found to be in resonance at the operating  
speed, a fact that could be checked up w ith  the values of the previously-m easured  
natural frequencies.

3. It was found in  agreement w ith  the observations o f other authors, that 
frequencies up to a speed of 1100 to 1200 r. p. m. are twice as h igh  as, and 
beyond that, equal to the disturbing frequency.

4. We have seen th a t amplitudes showed a sudden jum p around the speed 
of 700 and 1100 r. p. m ., respectively, at m ost points of m easurem ent. The first of 
these jumps is apparently due to the transitory resonance set up b y  the elastic 
deformation of the bedding, while the second jum p, i. e. that at 1100 r. p. m. 
is undoubtedly connected with the critical speed (2100 r. p. m.) o f  the turbine 
shaft. This is a phenom enon of harm ony where it is not the build ing structures 
but the main shaft in which resonant conditions are set up.

5. As regards the values o f the am plitudes, those observed in  the present 
experim ents are more or less in agreem ent w ith the results established by other 
authors.

6 . When the rotation of the turbine shaft reaches a speed th a t coincides 
w ith the natural frequency, resonance is set up in undertuned structural elements, 
—  disregarding the effect of the bedding’s elasticity  and the m axim um  vibrations 
due to disturbances. Resonances of th is kind cannot be observed i f  natural 
frequency and critical speed are closely together, as it is necessary to  pass over 
the critical speed as quickly as possible so that no time for m easurem ents in its 
v icin ity  is left. I t  is obvious that, when dealing with undertuned elem ents, due 
regard must be paid to  the effect which resonances, set up during acceleration 
and deceleration, exercise on the forces th at are involved in th e  com putations, 
and that they m ust not be disregarded even though the ex ten t o f  the actual 
transitory am plitudes does not appear to be dangerous.

7. Vibrations should be investigated  not only in respect o f  th e  machine 
foundations but also in th at of the surrounding structures, especially  i f  prefabri
cated or partly prefabricated elem ents had been employed in their construction. 
Our experiments have proved that a skilful use of correctly jo ined  prefabricated 
structures is by no m eans incom patible w ith fully satisfying all requirements 
raised by considerations concerning vibration.

We hope to have demonstrated th at the method described in  this paper 
can be usefully applied to clearing up conditions of vibration in  turbine found 
ations and the surrounding buildings.
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SUMMARY

T h e  ra p id  developm ent o f in d u s t r y  and tran sp o rt in  re c e n t  y ea rs  has m ade i t  im p e ra tiv e  
t h a t  sp e c ia l a tten tio n  be p a id  to  d y n a m ic  forces affec ting  b u ild in g  s tru c tu re s , and  i t  seem s to  
h e  im p o r ta n t  Shat v ib ra tio n s se t u p  in  th em  should be  th o ro u g h ly  analyzed.

R esearch  work in  th is  f ie ld  re q u ire s  analyses of th e  sa id  k in d  in  o rder to be able to  check 
u p  th e  correctness of n a tu ra l f req u e n c ie s  determ ined by  th e o re tic a l co m p u ta tio n s, and  to  c lear 
u p  th e  d y nam ics of su p p o rtin g  s t ru c tu re s  as fa r as th e y  c an  b e  c leared  up  by w ay  o f v ib ra 
t io n  m easu rem en ts .

T h e  analysis of v ib ra tio n s is o f  specia l significance in  c o n n ec tio n  w ith  m achine fo u n d a tio n s 
in  g e n e ra l an d  th e  foundations o f tu rb o g en e ra to rs  in  p a r tic u la r , w h e re  i t  is im p o rta n t to  exam ine  
n o t  o n ly  v ib ra tio n s  se t up  a t  th e  c o n s ta n t  operating  speed  b u t  also  frequencies and am p litu d es 
a t  in te rm e d ia te  speeds ; i t  is d u r in g  th e  f i r s t  ru n  of th e  ro to r  t h a t  th e  la t t e r  are m ost re liab ly  
o b se rv ab le .

T h e  p a p e r  describes a new  m e th o d  w ith  which i t  is po ss ib le  to  sim ultaneously  m easu re  
th e  c h a ra c te ris tic s  of synchronous v ib ra tio n s  occurring a t  a  n u m b e r  o f po in ts . An a p p a ra tu s , 
c o m p ris in g  26 geophones, m o u n te d  on  a  m otor lo rry  h as  b e en  fo u n d  to  satisfy  th e  p u rposes 
o f  s u c h  m easu rem en ts, and i ts  o p e ra t io n  during  th e  f irs t  te s t- ru n  o f  a  tu rb o g en era to r is described  
a n d  i l lu s t r a te d  by  the  au th o r.

In s te a d  of using h a rm o n ic  a n a ly ze rs  for th e  e lim in a tio n  o f th e  effect of d is tu rb an ces 
fro m  th e  f in a l  records, th e  p ro b lem  is  solved in  a sim ple m a n n e r  b y  th e  d e te rm in a tio n  of th e  
“ in i t ia l  d is tu rb an ces” , i. e. th o se  e x is tin g  prior to th e  v ib ra tio n s  to  be analyzed, and  b y  th e  
a p p lic a t io n  of Fourie r’s theo rem .

A f te r  evaluating  th e  re su lts  o f  th e  m easurem ents a n d  su rv ey in g  th em  by  w ay o f tab led  
d a ta ,  i t  w as possible to  d e te rm in e  th e  ran g e  of effect o f th e  v ib ra tio n s , to  analyze resonances 
s e t  u p  a t  p o in ts  where th e  k n o w n  n a tu r a l  frequency o f c e r ta in  s tru c tu ra l elem ents hap p en ed  
to  co in c id e  w ith  the  m o m en tary  r .  p . m . o f  th e  ro tor, and i t  w as th u s  also possible to in te rp re t th e  
p h e n o m e n o n  of conspicuous p eak s in  th e  resonance, ju m p s  in  th e  a m p litu d es , w hich w ere found  
to  b e  p a r t ly  due to the  c ritica l sp eed  o f  ro ta tio n  and its  h a rm o n ics .

T h e  p ap er fu rth er d iscusses in te rm e d ia te  resonances o b se rv ed  in  u n d e rtu n ed  e lem en ts, 
as a lso  th e  im portance of all a p p rec ia b le  resonances for d y n am ica l calcu la tions ; i t  a rriv es a t  
th e  c o n c lu s io n  th a t  by  a skilful u se  o f  correctly  jo ined p re fa b r ic a te d  s tru c tu ra l e lem ents all 
re q u ire m e n ts  prescribed by  c o n s id e ra tio n s  regarding v ib ra tio n s  can  well be satisfied.

T h e  outcom e of th e  p re sen t e x p e rim e n ts  justifies th e  c la im  th a t  th e  described analysis of 
sy n c h ro n iz e d  v ibrations m ay  n o t o n ly  p ro m o te  industria l seism ology in  general b u t m ay  be also 
u se fu l in a sm u c h  as i t  offers th e  p o ss ib ility  of checking, b y  w a y  o f experim en ts, th e  co rrec t
n ess o f  p re lim in a ry  dynam ical a n d  s ta tic a l  calculations m ad e  in  re sp ec t o f supporting  s tru c 
tu re s .

N E U E S  S Y N C H R O N IS IE R T E S SC H W IN G U N G SU N TER SU C H U N G SY  E R F A H R E N  
D E R  IN D U S T R IE L L E N  SE ISM IK

A. MAJOR
D o k to r der technischen W issenschaften

ZUSA M M ENFASSUN G

D a s  dargeste llte  neue S ch w in g u n g su n te rsu ch u n g sv erfah ren  lö st die A ufgabe, g leich
z e itig  a n  m eh re ren  P u n k ten  e rsch e in en d e  S chw in g u n g sch arak teristik en  synchronisiert zu m essen. 
E in  a u f  e in e n  K raftw agen a u fm o n tie r te s , 26 Geophone e n th a lte n d e s  In s tru m en t erw ies sich 
als a m  g eeignetesten , dessen e rs tm a lig e  V erw endung zu solchem  Zw ecke beim  ersten  P ro b e lau f 
e in e s T u rb o g en e ra to rs  beschrieben  w ird .

M it A nw endung des F o u rie rsc h e n  Prinzips, jed o ch  n e b s t V erm eidung  des G ebrauches 
des h a rm o n isc h e n  A nalysators, w e rd en  d ie S tö rungsfak to ren  a u f  e in fache  W eise au f G rundlage 
d e r  G rundg eräu sch au fn ah m e aus d e n  A ufnahm en a u sg e filte rt.

D u rc h  ausführliche A u sw e rtu n g  u n d  tabellarische D a rs te llu n g  de r M essungsergebnisse 
w a r d ie  W irkungsw eite  der S ch w in g u n g en  feststellbar ; es w a r  m öglich  beim  Z usam m entreffen  
m it d e r  b e k a n n te n  E igenschw ingungszah l de r einzelnen E le m en te , d ie  R esonanz w ahrzunehm en 
u n d  so m it  d ie  U rsachen der R eso n anzaussch läge  festzuste llen , d ie te ils  m it der k ritischen  D reh 
z ah l u n d  d e ren  H arm onischen in  Z u sam m en h an g  stehen.
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Bei den ab g estim m ten  E lem en ten  w ar das A u ftre te n  von  Zw ischenresonanzen und  deren  
B ed eu tu n g  fü r die F estigk e itsb e rech n u n g  infolge de r in  B e tra ch t kom m enden R esonanzen 
fests te llb ar. E s w urde festg es te llt, dass den schw ingungstechnischen  G esich tsp u n k ten  auch 
beim  E in b au  von fachm ässig  g ek u ppelten , abgestim m ten , im  F e rtig b a u  hergeste llten  K o n s tru k 
tionselem en ten  Genüge gele istet w erden kann .

D as synchrone S chw ingungsuntersuchungsverfahren  is t la u t V ersuchsergebnis sehr ge
e ignet zur Förderung  d e r in d u strie llen  Seism ik. D am it kön n en  die au f G rund  v o n  dynam ischen  
und sta tisch en  V oraussetzungen  au ftre ten d en  th eo re tisch en  Problem e der T räg e rk o n stru k tio 
nen sehr erfolgreich a u ch  versuchsm ässig  u n te rsu ch t w erd en , bzw. können  d ie th eo re tisch en  
Ü berlegungen ü b e rp rü ft w erden.

N O U V E L LE  M É T H O D E  D ’É T U D E  D ES O SC ILLA TIO N S E N  SISM O LO G IE
IN D U S T R IE L L E

A. MAJOR
Docteur des sc. techn.

RÉSUMÉ

L a nouvelle m éthode  d ’étude  des oscillations p résen tée  p a r l’a u te u r ré so u t le problèm e 
de la m esure en  synchronism e des charactéris tiques oscilla to ires se p ré sen ta n t s im u ltan ém en t 
en  p lusieurs poin ts. On fa it usage d ’un in s tru m e n t c o n te n a n t 26 géophones, e t m on té  su r une 
au tom obile , d o n t l’ap p lica tio n  est dém ontrée  à l’occasion du  prem ier essai d ’une tu rbo-génératrice .

Avec l ’app lication  du  principe  de Fourier, m ais avec l ’exclusion de l’usage d ’un  analyseu r 
h arm on ique, les fac teu rs  tro u b la n ts  son t filtré s des sism ogram m es d ’une m anière  trè s  sim ple, 
su r la  base de la récep tio n  du  b ru it  fondam ental.

A près l ’év aluation  déta illée  des ré su lta ts  des m esures e t leu r p résen ta tio n  p a r  tab leau x , 
on  a pu  dé term iner la  po rtée  des oscillations. A la concordance  avec les périodes p ropres connues 
des é lém ents ind iv iduels, on  a pu  observer la résonance e t d é te rm in e r les causes des saillies de la 
résonance, en p a rtie  en ra p p o rt avec les nom bres de to u rs  c ritiques e t  leu rs  harm oniques.

A ux élém ents baissés de to n , on a pu c o n s ta te r  des résonances in te rm éd ia ires  e t, vu  les 
résonances e n tra n t en  ligne de com pte , leu r im p ortance  au  p o in t de vue du calcul de la  résistance 
des m até riau x . Il s’e st ég alem en t avéré qu ’on p o u v a it fa ire  face aux  p o in ts de vue  oscillato ires 
lors de  l ’app lication  d ’é lém ents s tru c tu ra u x  tech n iq u em en t liés, baissés de to n  e t p réfabriqués.

L a m éthode d ’é tu d e  synchrone des oscillations p e u t fo rtem en t co n trib u er au  déve
loppem en t de la sism ologie industrie lle . On p eu t a insi ex am in er p a r  la voie ex p érim en tale , et 
d ’une  façon tou jo u rs  p lus efficace, les problèm es th éo riq u es ré su lta n t de suppositions d y n a 
m iques e t sta tiq u es co n ce rn an t les p o n ts  e t ch arpen tes, e t  p roposer de nouvelles suggestions 
théoriques.

НОВЫЙ СИНХРОНИЗИРОВАННЫЙ ВИБРАЦИОННЫЙ МЕТОД ИССЛЕДОВАНИЯ 
В ПРОМЫШЛЕННОЙ СЕЙСМИКЕ

Др. техн. наук А. МАЙОР

РЕЗЮМЕ

Описываемый новый вибрационный метод исследований решает задачу синхрони
зированного измерения вибрационных параметров, возникающих в один и тот же мо
мент в ряде точек. Наиболее подходящим для этого оказался прибор на автопередвижке, 
связанный с 26 геофонами. Первое применение этого прибора для этой цели показан на 
примере первого раскручивания некоторого турбогенераторного агрегата.

Исходя из принципа Фурье, но избегая применения гармонического анализа, на 
основе снятия основного шума простым методом фильтруются из съемок мешающие 
факторы.

На основе результатов измерений можно установить радиус действия колебаний, 
далее у отдельных элементов можно наблюдать резонанс при совпадении с известными
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значениями собственных колебаний и, таким образом, определить причину скачков 
частоты, которые находятся в зависимости частично с критическим числом оборотов и 
его гармониками.

На основе проведенных исследований установлено, что в случае недостроенных 
элементов возникают промежуточные резонансы, далее вследствие приходящих во вни
мание резонансов значение их с точки зрения расчета механической прочности и доказа
тельство того факта, что и при установке недостроенных сборных конструкционных 
элементов, соединенных технически грамотно, можно удовлетворить принципы виб
ротехники.

Синхронный вибрационный метод исследований, который по имеющимся в нашем 
распоряжении данным заграницей еще не применяется для такой цели, является очень 
подходящим — согласно данным проведенных исследований —- для развития промыш
ленной сейсмики и, таким образом, возможно эффективнее исследовать теоретические 
вопросы, возникшие на основе динамических и статических субпозиций несущих кон
струкций опытным путем, или же вносить теоретические предположения.



THE DRAG OF STREAMLINE BODIES OF REVOLUTION
IN A WIND TUNNEL

G. S. VASY

[M an u scrip t received 26 th  M ay 1956]

It is known that the drag of bodies placed in a wind tunnel ( D w)  is not 
equal (for the same flow characteristics) to the value measured in free air ( D ) .  
Owing to the effect o f the boundaries of the wind tunnel the velocity  along the 
surface of the body, and thus the drag too, w ill be increased in  a closed-jet 
wind tunnel while decreased in one of open-jet. Thus in general it w ill be :

D w =  n ■ D , CDw =  n - C D (1)

where for a closed-jet w ind tunnel n >  1, while for an open-jet one n  <  1. On 
the assum ption of irrotational flow it m ay be shown that the change (increase 
or decrease) of m agnitude (u )  o f the local velocity  of an unlim ited flow (V )  
w ill take place to a good approximation in the same ratio to th at velocity  at 
all points on the surface o f the body, except for regions of small ex ten t near the 
stagnation point and the trailing point. That is :

и =  ufV — constant =  UjJV =  щ  (2)

(see [1], Part 1, Chapter III , § 6 .1).

L ock’s ap p rox im ate m ethod  o f  calcu lation  (see [2], § 10.) g iv e s  for a body  
o f  revolu tion  coax ia l w ith  th e  w ind  tun nel th e  form ula :

щ  =  Ul/V  =  r  • X • (s /S )3/2 (3)

where s is the m axim um  cross-sectional area o f the body, S is the experim ental 
section of the wind tunnel, X is a shape coefficient, and r is a w in d  tunnel coeffi
cient. According to  L o c k  for two-dim ensional flow it will be :

Hr =  T • A • ( s / S f  (4)

I f  the drag m ay be taken proportional to the square o f the velocity , its 
value in a wind tunnel w ill be equal to its free air value m ultip lied  b y  n =  
(1 -(- itj)2. H owever in case o f non-streamline bodies, owing to the w ake arising

1 A. T o u s s a i n t  a n d  C. N . H .  L o c k  u s e  i n  [ 1 ]  a n d  i n  [ 2 ]  r e s p e c t i v e l y  t h e  r a t i o  n q  =
=  ( u t  +  V ) / V  i n s t e a d  o f  i q  =  i q / K  ; m 1 =  1 +  i q .
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after  the body, the values o f  itj /F  at the rear part o f  the body differ from those 
according to formula (3). T his discrepancy is taken into account b y  Lock by  
h o ld in g  the theoretical va lu e  o f  иг and introducing a drag factor K v  Thus (for a 
b o d y  o f revolution) :

rt — l  =  K 1 • [ ( 1  +  Ul)2 - 1 ]  =  K 1 . { [ 1 + T - X .  ( s / s y i f - l }  (5)

A ccording to L o c k  (loc. c it.) the variation o f the value o f K x in the function of 
C o  is  that given in  F ig . 1, i. e. for very small drag values (streamline bodies) 
it  m a y  be taken equal to  1 (cf. [3]).

Fig. 1. The V a r ia tio n  o f  th e  drag facto r K , a f te r  L o c k  (from  [2])

The value of the w ind tunnel coefficient т depends only upon the shape of 
the experim ental section and how  it is confined (open or closed). Its values for 
variou s cases are given in  T able 1.

Table 1

Values o f  the w in d  tunnel coefficient z  according to L o c k

Flow
Shape of Closed-jet Open-jet

th e  Experimental 
Section W ind Tunnel

Two-dim ensional 0,82 — 0,62

C ircle 0,80 — 0.20

Three-dim ensional S q u a re 0,81 — 0,24

“ D u p le x ” R ectangle 1,03

T he shape coefficient Л depends upon the shape o f the body and its fineness 
ra tio .2 L o c k  has calculated it  for six bodies o f  different shape ; these were 
p artly  in fin ite  cylinders, p artly  bodies of revolution. The sections of the cylinders 
considered taken normal to  th e  generatrices (i. e. the profiles) were : ellipse,

2 T h e  finenes ra tio  (a sp ec t r a t io )  is in  case of in f in ite  cy lind rica l bodies equal to  th e  
ra tio  o f  th e  profile  length (chord  le n g th  c )  and  th e  p rofile  th ick n ess  (t), i. e. : A  =  c/t, w hile in  
case o f  sp ind le-shaped  bodies i t  e q u a ls  th e  ra tio  of th e  b o d y  le n g th  (Is) an d  th e  circum ference 
o f th e  m a x im u m  section d iv ided  b y  n  (С в /л  =  D b), i. e. A  =  Ib /D b ■
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R a n k in e  oval,3sim ple sym m etrical J o uk o w sk i aerofoil section, and a generalized  
sym m etrical J o uk o w sk i aerofoil section (the latter one after [4]), while the  
bodies of revolution were : spheroid and R a n k in e  ovoid .4 The profiles (and the  
axial sections respectively) of the bodies m entioned are shown (after [2]) in  
Fig. 2 for a fineness ratio o f A  =  3,67, while the corresponding shape coeffi
cients are plotted against the fineness ratio in F ig. 3 .5

Now neither the spheroid nor the R a n k in e  ovoid are shapes im portant in 
practice, on the other hand L ock’s method is unfortunately not applicable to  
stream line bodies of revolution whose outlines in the axial section are similar to  
those of a generalized sym m etrical J o uk o w sk i aerofoil section. In practice

Fig. 2. T he profiles exam ined  b y  Lock (A  =  3,67)
Suffices u se d : ov =  Rankine oval, el —  ellipse, g j —- generalized  Joukowski aerofoil sec tio n  

J —  sim ple Joukowski aerofoil section

u su ally  th e shape coeffic ien ts for spheroids or R a n k in e  ovoids are applied  also to  
stream line bodies.

However, doing so is evidently not correct as the shape coefficient essen
tially  depends upon the degree how the profile (and the axial section respectively) 
fills out the circumscribed rectangle. B y  comparison o f Figs. 2 and 3 it m ay be 
stated that among the profiles plotted, the value o f the shape coefficient is the  
largest for the R a n k in e  oval having the “ fullest” shape, it is smaller for the ellipse 
and yet smaller for the J oukow ski aerofoil sections having a tapered after part 
(it is the sm allest for the simple Joukowski aerofoil section having a zero tail 
angle at the trailing edge). Similarly in case o f bodies o f revolution the value of

3 T he Rankine oval is th e  y> =  0 line (in th e  p lan e  o f th e  flow ) of a flow being th e  re su lta n t 
o f a uniform  flow an d  a tw o-dim ensional source and  a  sink  of equal s tre n g th  beh ind  it  (xp is 
th e  stream  function).

4 T he Rankine ovoid is th e  xp =  0 surface  of a flow  being  th e  re su lta n t o f a  uniform  flow 
and a th ree-d im ensional source and a sink of equal s tre n g th  beh ind  it.  See also foo t-uo te  6.

5 A sho rt desc rip tio n  of Lock’s m ethod  m ay  be found  in  [5] (on page 330). T h e  curves are 
n o t given th e re  ; i t  is only m en tioned  th a t  th e  shape co effic ien t for ovoids roughly  equals th e  
ra tio  o f th e  body  len g th  and  its  d iam eter w hich is tru e  fo r slender R ankine ovoids w ith in  an  
e rro r of several pe rcen tag e . In  th e  form ula published  Lock’s fac to r К г is tak e n  fo r 1.
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th e  sh a p e  coefficient for th e  spheroids h a v in g  m ore tapered  nose is con sid erab ly  
sm a lle r  th a n  th a t for th e  R a n k in e  ovoid s.

In  want of a value th a t could be evaluated theoretically, the value of the  
shape coefficient m ay be determ ined approxim ately in the following m anner : 

According to Fig. 3 the curves o f Я =  / (A ) all pass through the point 1 = 1 ,  
A  =  1 ; if  the fineness ratio  is large enough (about over A  =  3) the variation

Fig. 3. T he shape  co effic ien t X p lo tte d  ag a in st th e  fineness ra tio  A  
----  bodies o f r e v o l u t i o n , -----------------cy lin d rica l bodies

m ay be taken linear. It is probable that the course o f the curve o f 1 =  f ( A)  
for a stream line body o f revolution is similar and its location is below the curve 
for th e  spheroids. Since the outlines of the axial section of stream line bodies 
applied in  practice are sim ilar to  the outlines o f the generalized J o uk o w sk i aero
foil section  plotted in F ig. 2, on first consideration it seem s obvious to take the 
curve o f  1 for a streamline b od y o f revolution at the sam e fraction o f the curve 
of 1 for th e  spheroids (i. e. o f its  ordinates) as the curve o f 1 for the generalized  
J o u k o w s k i aerofoil section is to  the curve o f 1 for ellipses. However, doing so 
w ould be incorrect as the ratios o f  the values o f Я evaluated by L ock for cylin
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drical bodies (R a n k in e  oval® and ellipse) and for bodies of revolution (R a n k in e  
ovoid® and spheroid) o f the same profile (axial section) respectively are not 
equal (i. e. A l v jA e i 771 Aotf/Asi,ft)7 ; the latter one is considerably larger (see T able 2). 
It m ay be assumed th at a similar discrepancy ex ists also between the ratio of 
the values o f A for ellipses and the generalized J o uk o w sk i aerofoil section  (Aet 
and Agj ,  respectively) and the ratio o f the values o f A  for the spheroids and the  
stream line body of revolution (Asph and As(, respectively). It is more su itab le to  
relate the discrepancy o f As; from Asph (expressed as the ratio ASpft/As;) to  the  
discrepancy of A0ll and Asph (expressed as the ratio Aod/ASpft) and assum e that 
their ratio is the same as that of the discrepancy o f Ae( and Agj  (expressed as 
the ratio A e)/Agj )  to the discrepancy o f A ov and A e l (expressed as the ratio  
^ovIKi)• That is :

W hence :

AsphjAsi   AeijAgj

Aodl ŝph AovjAei

Asph A0VjAei

K i ló g j  ^■odl^sph

(6)

(7)

The cu rve of Asl =  f ( A )  corresponding to  the formula (7) is plotted in  F ig . 3. 
I t  m ay be seen that it fits  quite well to the set o f the theoretically evaluated  
curves.

W e m ay attem pt the determination o f the shape coefficient of a stream line  
body o f revolution also in another w ay. N am ely from the data in Table 2 it  m ay  
be found that between the ratio of the coefficients A for an ovoid and a spheroid  
of the same fineness ratio, and the ratio o f the coefficients A for the correspond
ing cylindrical bodies (i. e. of the sam e section), the following empirical relation  
exists :

KdIKph =  B \  • (АоВ/А(,/),ш. (8 )

Here B 1 ^  1,06 if  A  4; in case o f  A  <  4 the value of B y dim inishes, a t A  =  1 
it will be B l =  1. It m ay be assum ed th a t a sim ilar relation m ay be extended  
to the coefficients A of a streamline body o f revolution and the generalized  
J o u k o w sk i aerofoil section respectively ; th at is :

t-sph/Asi B 2 • (Apí/Agj)3'2. (8« )

6 The outlines of the profile of a Rankine oval and those of the axial section of a Rankine 
ovoid of the same fineness ratio are not identical, however considering the approximate character 
of the described method the discrepancy may be neglected.

7 The meaning of the suffices used is :
el — ellipse, ov — Rankine oval, g j  — generalized symmetrical Joukowski aerofoil section, 
sph  — spheroid, od  — Rankine ovoid, si — streamline body of revolution.

3  A cta Teehnica V III/3— 4.
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Table 2

Values o f  the shape coeffic ien t À

1 2 3 4 5 6 7 8 9 10 11 12 13 1 14 15

Fine
ness

Ratio
A

>oi ?eph ?ov V ^od 
?-tph

?ov
h\ }gj

1,06  .

/  2 
'  V~*7i)

Bi
2. 

‘(̂ ov 
- 1 )  + 1

Values of
According to Formula

According to L o ck (V ] (8a) (9a)

l 1 l 1 1 1 l 1 1 1,06 1 l l 1 1

2 1,76 1,60 1,56 1,50 1,30 1,10 1,057 1,153 1,125 1,037 1,08 1,333 1,187 1,177
3 2,68 2,24 2,18 2,00 1,72 1,196 1,09 1,164 1,218 1,041 1,18 1,756 1,71 1,688
4 3,67 2,91 2,81 2,50 2,15 1,26 1,125 1,163 1,263 1,057 1,25 2,235 2,20 2,195

5 4,66 3,58 3,44 3,01 2,59 1,30 1,143 1,161 1,295 1,063 1,286 2,71 2,695 2,71

6 5,65 4,24 4,08 3,51 3,02 1,33 1,16 1,162 1,325 1,063 1,32 3,18 3,19 3,205

7 6,64 4,91 4,72 4,02 3,45 1,352 1,175 1,165 1,35 1,062 1,35 3,66 3,68 3,695

8 7,63 5,58 5,36 4,52 3,88 1,367 1,187 1,166 1,368 1,060 1,374 4,16 4,185 4,19

9 8,62 6,24 6,00 5,03 4,31 1,38 1,192 1,166 1,381 1,060 1,384 4,625 4,67 4,68

10 9,61 6,91 6,64 5,53 4,74* 1,39 1,20 1,166 1,395 1,057 1,40 5,12 5,20 5,18

11 10,60* 7,58 7,28 6,04 5,17* 1,40 1,203 1,167 1,40 1,060 1,406 5,58 5,66 5,67

12 11,59* 8,24 7,92 6,54 5,60* 1,406 1,208 1,167 1,406 1,060 1,416 6,07 6,16 6,17

* E x tra p o la ted  v a lues.

The values of ?.s! calculated using formula (8a) on the assumption o f В г =  B 2 
are shown in Table 2.

Moreover, approxim ately there exists the follow ing empirical relation too  : 

(Kdßsph) - 1  =  2 .  [(k0Vß el) -  1] . (9)

On th is basis the follow ing relation may be assum ed :

( * s M  - 1  = 2- [ ( K i ß g j )  -  !] ■ (9«)
I t  m ay be found from Table 2 that the values o f the shape coefficient for a 
stream line body of revolution  calculated by form ulas (7), (8a), and (9a) respect
ive ly  differ only sligh tly  ; i f  A  >  2, the difference is negligibly sm all. As on 
the other hand the entire procedure of calculation based on L o c k ’s m ethod is  
rather approxim ate, the curve for As, plotted in  F ig. 3 m ay be taken su ffic ien tly  
accurate for practical use.

As a final result it  m ay be concluded that the shape coefficient of stream 
line bodies of revolution —  above a fineness ratio o f  about A =  4 —  approxi
m ately  equals the half o f  the fineness ratio, thus it  is about half as large as the  
value for ovoids.

Therefore the difference between the drag coefficients of a streamline body  
o f revolution  measured in  a w ind tunnel and in  free air becomes smaller, accord-
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ing to formula (5) it w ill be about half as large as it  would be when tak ing into  
account an ovoid. I f  the wind tunnel is closed, a smaller correction is to be sub
tracted from the value measured experim entally, thus the value for free air is 
higher than it  would be when considering the body as an ovoid. On the other 
hand, in an open-jet w ind tunnel the drag coefficient for free air calculated w ith  
the value of As / w ill be smaller than with the shape coefficient for an ovoid.

The difference, especially in case of a closed-jet wind tunnel m ay attain  
a considerable value, and in general it is in order o f magnitude higher than  the 
experim ental error. For exam ple in case of the closed-jet wind tunnel o f  experi
m ental section 0,50 ■ 0,50 in and a body of revolution of maximum diam eter  
DB =  0,1 m and length lB =  0,6 m, calculated in [5] on page 330, if  th is body  
is a R a n k in e  ovoid (or we apply the coefficien t A corresponding to  it), the 
drag coefficient for free air will be smaller b y  5,3 per cents8 than the experi
m ental value measured in the wind tunnel, while if  it is a streamline body o f  
revolution, the decrease will be only 2,9 per cents (the difference equals 2,4 per 
cents).

In case of an open-jet wind tunnel the absolute value of the coefficient т 
is considerably lower. Therefore, the difference o f the corrections in the tw o cases 
will be less too (in case o f the preceding exam ple it  is only 1,7— 0,85 =  0,85 per 
cent), and it m ay lie w ithin the lim its of experim ental error. However, since the  
value o f the correction ACo  increases rapidly w ith the value of sjS,  for higher 
values of this ratio the difference ceases to be unim portant also for open-jet 
tunnels.

In practice the streamline bodies exam ined in a wind tunnel are frequently  
not bodies o f revolution, but their cross-section is an ellipse or a shape not 
deviating much from it (f. e. aeroplane fuselages). In case of very flat cross- 
sections the flow approxim ates to a certain degree the two-dim ensional flow, 
however, for cross-sections of usual proportions it will be rather sim ilar to  the 
flow along a body o f revolution. In any case the error will he rather on the 
safe side when calculating the wind tunnel correction with the shape coefficient 
for a stream line body of revolution and taking as diameter the arithm etical m ean  
value o f the major and minor axes.

The method described is in principle applicable also to evaluate the drag 
of a Venturi (measuring) body .9 Actually, however, then we have to  take into  
consideration also some conditions neglected there, as the variation o f the velo
city  in the cross-section of the tunnel (tube), moreover such sim plifications o f  
Lock’s method that do not hold any more when the cross-section o f the body  
is large in relation to that o f the wind tunnel (see [6]).

8 T he value of 12 p e r cen ts given in  [5] on pag e  330 is erroneous.
9 A V en tu ri m easuring  body  is a  stream line  (o r ap p ro x im ate ly  stream line) b o d y  p laced 

in  a  tu b e  of co n stan t cross-section in  order to  th ro a t  i t  fo r th e  purpose of m easu  r in g  th e  flow 
th ro u g h  it.

8 *
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SUMMARY

L o c k ’s m ethod fo r th e  ev a lu a tio n  of th e  w ind tu n n e l correction  of th e  d rag  coefficien t 
does n o t  y ie ld  the  correction  fa c to r fo r a stream line  b o d y  of revo lu tion  (or ra th e r , m ore  s tr ic tly  
sp e a k in g , i ts  shape coefficient). T h e  pap er describes severa l ap prox im ate  m ethods for its  ev a lu a 
tio n . A ccord ing  to  th e  resu lts , th e  w ind tunnel co rrec tion  fo r a slender stream line  b o d y  o f rev o 
lu tio n  ( A  4) is about h a lf  as la rg e  as th a t  for a b o d y  of oval axial section (R a n k in e  ovoid).

D E R  W ID E R ST A N D  VO N  S T R O M L IN IE N F Ö R M IG E N  U M D R E H U N G S K Ö R P E R N
IM W IN D K A N A L

G. S. VASY'
ZUSAM M ENFASSUNG

L ock’s B erechnungsm ethode fü r  die W in d k an alb e rich tig u n g  des W iderstandsbeiw ertes 
g ib t  n ic h t  den  B erich tigungsbeiw ert fü r  einen s trom lin ien fö rm igen  U m drehungskörper (bezw. 
g e n a u e r  seinen Form koeffiz ient). D ie  A bhandlung  b esch re ib t einige A nnäherungsverfah ren  
fü r  d essen  B erechnung. N ach  d en  E rgebnissen  is t d ie  W indkanalberich tigung  fü r  schlanke 
s tro m lin ien fö rm ig e  U m dreh u n g sk ö rp er (Schlankheit A  4) ungefähr halb  so groß w ie fü r  
län g lich ru n d e  K örper (RANKiNE’sches Ovoid).

L A  R E SIST A N C E  D E  L ’A IR  D E S  CORPS D E  R O T A T IO N  FU SE L É S DA NS U N E  
S O U F F L E R IE  A É R O D Y N A M IQ U E

G. S. VASY
R ÉSU M É

L a  m éthode  de L o c k  p o u r le  calcul de la  co rrec tio n  à  ap p o rte r  au  coeffic ien t de  rési
s ta n c e  d ’u n  corps ex p érim en té  d an s  une  soufflerie  a é ro d y n am iq u e  ne  fo u rn it p a s  le  fa c teu r  
de  c o rre c tio n  pour u n  corps de ro ta t io n  fuselé (ou p lu s p réc isém en t son coefficien t de  form e). 
L e t r a v a i l  d écrit quelques procédés ap p ro x im atifs  p o u r son  calcul. Selon les ré su lta ts , la  cor
re c t io n  à  app liquer pour u n  corps de  ro ta tio n  fuselé assez allongé (a llongem ent A  )> 4 )  est 
d ’e n v iro n  la  m oitié de celle s’im p o san t dans le cas d ’u n  corps ovoïde (ovoïde de R a n k i n e ) .

СОПРОТИВЛЕНИЕ ОБТЕКАЕМЫХ ТЕЛ ВРАЩЕНИЯ В АЭРОДИНАМИЧЕСКОЙ
ТРУБЕ

Г. И. ВАШИ

РЕЗЮМЕ
Расчетная методика Лока, касающаяся коррекции аэродинамической трубы коэф

фициента сопротивления, не дает коэффициент поправки обтекаемого тела вращения 
(соответственно коэффициент формы этого тела). В работе описывается приближенная 
методика расчета вышеуказанного коэффициента поправки. Коррекция аэродинамиче
ской трубы статного тела вращения соглаСно результатам (А >  4) равна приблизительно 
половине коррекции элептического тела (овоида Ренкина).



THE CATION-EXCHANGE CAPACITY OF HUNGARIAN 
BENTONITES AND THE EXCHANGE PROCESS 

WHEN TREATED WITH SODA
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[M anuscrip t received 2 5 th  J u n e , 1956]

It is a generally known fact that clay m inerals have, among others, the  
property of adsorbing in stoichiom etric proportions, certain cations and even  
anions with the ability of retaining these in  an exchangeable state. These ex 
changeable cations are held in general on edges and peaks on the outer surface 
of the elem ental clay mineral crystal units, and betw een  the flakes in montm orillo- 
nites. Electron micrographs by E n d e l l  (40 000 X ) show that when gold had been  
filled into the cation-exchangeable places o f kaolin crystals, those parts have 
appeared in form of dots [ 1 ].

The exchange capacity is expressed in m illiequivalents (meq.) per 100 g. 
The main exchangeable cations in clay m inerals are, Ca ' , M g 1", N H 4'', 
K, Na + , H ". The so-called “S” value is the to ta l o f the Ca +  Mg -f- К  -f- N a ca
tions, and the “ T ” value, the total of S -f- H  others.

The cation exchange capacity which is a fundam ental characteristic o f  clay 
minerals is o f extraordinary im portance for w hatever purpose the m inerals m ay 
be used. In soils f. i. it plays a significant part in  retaining the nutritive m atter  
and the usability  of any given soil depends upon the character of exchangeable  
cations present therein.

Also in th e  field of geology, there are m any exam ples showing the influence 
of exchange reaction. In weathering processes, for instance, the retention of 
liberated alkalies and alkaline earth m etals is always a m atter o f the cation- 
exchange capacity.

Even in  industrial usage, the qualitative and quantitative distribution  
of the cations present in the clay minerals is o f primal importance.

Exchange capacity in  bentonites is a m atter o f vita l im portance as mont- 
morillonite, th e  characteristic clay mineral thereof, has a cation-exchange  
power far exceeding that of any other of the more common kinds of clay m inerals.

In general, the cation-exchange capacity is attributed to three m ain causes, 
namely [ 2 ] :

1. The so-called “broken bonds’’’’ occurring at the edges o f crystal un its of 
the clay m inerals. In m ontm orillonite, f. i., th ey  account for about 20 per cent 
of the cation-exchange capacity.
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2 . Unbalanced state due to isomorphous substitutions.
3. In certain more exposed hydroxyl groups  even the hydrogen cation  may 

b e substituted  by other cations.
One of the characteristics of the cation-exchange capacity is its  consider

ab le increase as a result o f  grinding [3] .
Another fact of interest is the effect o f tem perature on the cation-exchange  

ca p a c ity  of montmorillonite and sárospatakite. H ofman and K l e m e n  [ 4 ]  have 
show n th a t a decrease o f th e  cation-exchange capacity due to  the influence of 
h ea t is b y  far greater in Ca than in Na m ontm orillonites and, further, that a 
deterioration  in the sw elling capacity caused b y  heat-treatm ent is decidedly  
sm aller than  the decrease in  the cation-exchange capacity.

N o suitable explanation is available as y e t  for the high cation-exchange  
ca p a c ity  of m ontmorillonites as well as for the slight variations observed in 
th e  benton ites of various origin and o f varying compositions [5 ] .

There are great differences in test data about the relationship o f  the 
cation-exchange capacity and the colloidal properties of Na m ontm orillonites 
w hich  show swelling. Thus, when tw o alkaline montmorillonites having “ T” 
va lu es o f 98 and 82, respectively, were tested , B uzagh [ 6 ] has found th at the 
m ontm orillonite with the higher “T ” value had the more favourable colloidal 
properties (i. e., greater stab ility  of the suspensions and increased resistance to 
electro ly tes). On the other hand, F oster  [ 7 ]  testing  twelve m ontm orillonites 
sa tu rated  with Na ions has shown that no d istinct correlations can be discovered  
b etw een  their cation-exchange capacities ranging from 77 to 115 and their volum e 
o f sw elling ranging from 21 to  66 ml. There was found, however, a relationship  
b etw een  th e  volume o f sw elling and the octahedral substitutions, in  so far as 
an increase of substitutions involves a decrease o f the swelling capacity.

Determ ination o f the cation-exchange capacity

N o  generally accepted m ethod o f determ ination is known as y e t . In fact 
it  varies according to the p H value, the m ethod o f exchange and the quality  
as w ell as the degree o f concentration o f the solution. An exchange solution in 
com m on use chiefly in the U SA , is acetate o f  ammonia [ 8 ]. A com prehensive 
survey  o f  the base-exchange capacity o f clay minerals has been com piled by  
D e u e l  and H o stettler  [ 9 ] .

In  Hungary, the R esearch Institute of M ining, and the author respectively, 
w ere th e  first to recognize th e  im portance o f th is  problem in relation to  ben to
n ite s , and  already in 1951, contact was established with the Agrochem ical R e
search In stitu te  where for som e tim e already, system atic investigations had been  
going on in  respect to the cation-exchange capacity  o f  soils. The m ethod applied  
b y  th e  la tter  institute is the M ehlich  process using an 0,1 n solution o f BaCl2 
w orking w ith  triethanolamine buffered at p H 8,2  [ 1 0 ].
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Table I

Calcium bentonites

Mont- Exchangeable cations mg equ./100 g at 140°C
Apparent*) 
viscosity cp 

after
24 h max.

Bentonite moril-
lonite

% Ca Mg К Na “S” H “T”

Istenm ezeje  average 65 51 21 3,3 4,6 80 9 94 settles
Istenm ezeje

cream  yellow . . 63 35 22 0 9,5 67 10 83 settles
N agy té tén y  ......... 86 106 17 0 0,9 124 4 128 settles
B ánd  ....................... 75 71 34 0,9 2 108 4 118 settles
M ád— K o ld u ............ 39 38 18 0,4 0,4 57 3 62 i6  i6
M ád—V asbánya . . 64 66 50 2,5 5,8 124 3 130 13 15
M ád— R átk a  ......... 38 22 20 3,2 4,2 50 3 60 settles
V árp alo ta  .............. 75 77 23 0,3 0,6 100 6 110 22 -
O d ö rö g d p u sz ta . . . . 83 73 18 0,6 3,3 95 6 105 45 -
G yöngyöspata  (1) 78 74 33 2 2,7 112 — 119 settles
G ö n c z ....................... 72 61 49 4,3 15 129 6 140 16 18
Pákozd (2) ............ 63 55 43 1,5 4,3 105 11 123 settles
E g er 1....................... — 69 13 0,6 12 95 9 105 settles
T á lly a  III . (1) . . . 55 56 7 tr . 3,4 67 7 74 16 18
K ism aros ( 3 ) .......... 60 73 18 0,3 1,7 92 6 120 settles
H a jm ásk é r (1) . . . — 49 27 2 2,7 81 3 90 settles
R án y  ( 1 ) ................
K om lóska

42 44 22 0,5 0,5 67 10 79 settles

h ard  w hite . . . . 50 42 24 1,8 2,3 70 — 74 settles
K om lóska

soft w hite .......... 56 32 29 3 0,5 64,5 6 79 20
K om lóska green . . 66 30 28 2 0,2 61 8,5 78 16
K om lóska average 48 30 27 2,5 0,2 60 5,5 77 16
Sim a ....................... 55 67 14 0,3 1,8 83 16 99
G ánt-B agolyhegy (3) 55 48 39 0,5 0,5 88 7,5 95
V égardó X . b o rg .. . 37 35 9 1,5 4 49,5 4 58 8 8
T olcsva R. I. (1) . . 75 77 24 1,8 4,3 107 8 119
Golop I I ................... 63 49 15 0,6 2,2 66 4,5 73 25
R u m an . (E rdély) (9) — 82 45 0,3 7 134 7 149
Chinese (4) ............ — 98 27 0,3 0,2 126 11 147
In d ian  (G iridih) (4) 
Y ugoslav

72 58 49 0,9 0,1 108 23 140

P e trovac  (10) I . 62 43 41 0,9 13 98 6,5 105
II . — 46 17 0,6 17 81 5,5 97

I I I . — 48 9 0,8 24 82 3,5 91
C yprian  (4) .......... 62 42 30 0,6 28 100 5 109 settles

*) N O T E . T h e  v iscosity  o f b en ton ite  d ispersions w ith  an  o p tim u m  of soda c o n ten t 
w as m easured  a t  25°C and  600 r. p. m . in a  M arschalkó v iscosim eter [12] a fte r  th e  elapse 
o f  24 hours, w ith  th e  p ro ced u re  rep ea ted  la te r  u n til a  m ax im u m  value  could be ob ta in ed .

The b e n to n ite  sam ples tes ted  were o f th e  follow ing orig in  : 1. Collected b y  G y . V a r j ú . 
2. A. G a ll o v . 3. L . R e i c h . 4. Chemolimpex. 5. L . T o k o d y . 6. T . K il é n y i . 7. Silicate Sec
tion о / N E V 1 K I  (R esearch  In s titu te  o f th e  H eav y  C hem ical In d u stry ). 8. J .  B a r n a , Salgó
ta r já n .  9. V. B a u m a . 10. M in is try  o f Public Construction. 11. Shaft-sinking  Company, Kom ló.
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Since the effect of the exchange solution of BaCl2 is obviously more favour
able th a n  that of the univalent acetate  o f ammonia [ 1 1 ], the author too has 
applied  the Mehlich process. In  the case o f bentonite, however, only 1 to  2 g o f  
th e  substance could be m easured instead o f 5 to 10 g, which is the custom ary  
q u a n tity  for soils, and also th e  Sch ach tsch abel  funnel had to  b e elongated  
considerably. A pipe o f the size 20 b y  350 mm and a sand (bentonite ratio of  
1 : 30) has proved to give satisfactory results.

Other factors of import are, th e  fineness of the bentonite under test (— 60 
m icron) and a most in tim ate m ixture w ith the sand. A special problem  arose 
w hen bentonites with soda content were to  be investigated. Here, th e  excess o f  
soda could be successfully rem oved when prior to leaching, the m aterial was 
treated  tw ice or three tim es w ith  80%  alcohol.

T he general practice w as to  run sim ultaneous investigations which when  
reproduced at various instances were, generally, in good agreem ent, although  
som e inexplicable deviations were encountered too. It m ay be stated , however, 
th a t every  precaution was tak en  th a t tests be carried out always under identical 
conditions.

Occasional differences occurring betw een the “ S” and “ T ” values ar 
w aitin g  for further explanation. (The cation-exchange tests were carried out 
b y  B . P a t a k y .)

The data covering the cation-exchange capacity values for H ungarian and  
foreign bentonites established since 1951 and compiled in Tables I, II  and III, 
are classified  according to  th e  am ount of the cations into groups o f bentonites  
w ith  Ca, Mg, resp., Na cations. This is o f course a perfectly arbitrary classifica
tion , since Ca and Mg contents, as a rule, are rather close in quantity, like, f. i.

Table II

M agnesium  bentonites

B enton ite

Mont-
moril-
lonite

%

Exchangeable cations m g equ./100 g a t  140° С
A pparent*) 
viscosity cp 

after
24 h  max.Ca Mg К Na “ S” H “T”

K om ló  I .  ( 5 ) ............ _ 38 56 3,7 11,2 108,7 8,9 132 se ttles

K om ló  I I I .  (11) . . . — 29 40 0,6 1,2 70,8 13,0 85

M o n o s to ra p á ti (1) . 80 34 42 0,2 1,2 78 4 90 35 35

E g er 2 ........................... 63 52 54 2,2 16 124 7 132 se ttle s

B ü k k ö sd  ( 1 ) ............ — 18 24 3 8 53 8,9 72 se ttles

N a g y m á n y o k  (7) . . 90 51 55 - 1,2 107 6,9 125 34 -

N a g y b é lv e rő  ............ - 48 50 1,3 5 104 3,4 113 se ttles

T a rn a sz e n tm á ria  . . 75 34 42 0,3 4,2 80,5 14 97 se ttles

') N o te . See N ote to  T ab le  I .
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Table III

N atura l sodium  bentonites

Mont- Exchangeable cations mg cqu./JOO g at 140° C Apparent
Bentonite moril-

lonite
% Ca Mg К Na “S” H “T”

viscosity cp 
after

24 h. max.

L ittle  R ock USA (7) 91 12 36 3,4 78 130 7 140 se ttle s

W yom ing I. USA (4) 80 39 30 2 28 99 5,3 107 14 48

W yom ing II. USA (4) 70 13 7 1 50 71 3 76 10 45

USA ( 4 ) ..................... 75 15 23 3 53 92 5,3 100 13

“ C”  from  D utch  
m ark e t ( 4 ) ............ 60 29 16 1,4 64 111 118 35

G reek ( 4 ) .................. 35 6 17 7 20 50 9 71 se ttle s

S algó tarján
orig inal (8) ......... 40 15 16 1 20 52 4 58 2

S algó tarján
concentr. by water

con
c en t
ra te d 7 12 2 50 71 6 95 180

Concentrated sodium  bentonites 
( Saturated with na trium  ka tion)

Istenm ezeje
cream  yellow . . .

concent
rated 24 16 1,3 87 128 7 135

N ag y té tén y  ............ 99 22 18 0,4 93 134 7 147

M ád— K o ld u ............ 99 8 13 0,3 91 116 — 128

K om lóska soft green 99 33 3 — 71 107 14 123

K om lóska soft w hite ,, 30 8 0,3 60 98 11 114

O dörögdpuszta „ 21 9 1 87 118 8 127

M o n o s to ra p á ti.......... „ 44 21 0,5 44 109 4 128

S algó tarján
concentrated w ith  
soda solution  . . . . 25 6 11 73 114 13 128

Bentonites treated with wet soda solution

92

52

216

100

120
33

7

286

F rench  “ C”  (4) . .  . 65 ! 20 33 0,8 68 ! 122 1 126 12 20

Ita lia n  S .p .M . (4) . . 55 ! 52 15 3 44 114 3 123 6

Bentonite hot-treated with wet soda solution

Istenm ezeje
cream  yellow . . .

I

80 ' 40 20 0,3 86 146 1 147 17 30

in  the bentonites o f Komlóska, Eger 2, N agybél verő etc. Judging from  experien
ces available so far, differences o f  a more essential type in the properties o f ben
tonites have been identified only when Mg cations were present in  larger quanti
ties ; f. i., in the bentonites o f Komló and M onostorapáti.
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Special studies were devoted to the process o f cation-exchange in order to 
in v estig a te  the effect o f single soda treatm ent commonly applied. For this 
purpose, pure, resp., concentrated m ontm orillonites were prepared and the ex
ch an ge of cations determ ined. For m ontm orillonites prepared from bentonites 
o f  Istenm ezeje, N agytétén y, M ád—Koldu, K om lóska —  both soft w hite and 
green , Ódörögdpuszta and Monostorapáti, the Buzágh— Szepesi m ethod [13]

Table IV

The process o f cation-exchange

Exchangeable cations mg equ./100 g at 140° C Montmorill.
Ca Mg - Na “S” H “Г*

content
%

Is te n m e z e je  cream -yel
low  o r ig in a l ................ 35 22 0 10 67 10 83 64
cone, m ontm or.

e s ta b l is h e d .............. 24 16 1,3 87 128 7 137 co n cen tra ted

c o m p u te d * .............. 55 34 0 15 104 16 130 co n cen tra ted
N a g y té té n y  original . . 106 17 - 0,9 124 4 128 86

cone, m ontm or.
e s ta b l is h e d .............. 22 18 0,5 93 134 _ 147 co n cen tra ted
c o m p u te d ................ 123 20 - 1 144 5 149 co n cen tra ted

M ád— K o ld u  o rig ina l. . 38 18 0,4 0,4 57 3 62 39
cone, m ontm or.

e s ta b l is h e d .............. 8 13 0,3 91 116 _ 120 co n cen tra ted
c o m p u te d ................ 74,5 37,6 - — 110,5 8 119 co n cen tra ted

K o m ló sk a  soft w hite, 
o r ig in a l ......................... 32 29 3 0,5 64,5 6 79 56
cone, m ontm or.

e s ta b l i s h e d .............. 33 3 _ 71 107 14 123 co n cen tra ted

c o m p u te d ................ 39,5 52 5 0,9 97 13,9 121 co n cen tra ted

K o m ló sk a  green original 30 28 2 0,2 61 8,5 78 66

cone, m on tm or.
e s ta b l i s h e d .............. 30 8 0,3 60 98 11 114 co n cen tra ted

c o m p u te d ................ 45,5 42,5 3 0,3 92 13 118 c o n cen tra ted

Ó d ö rö g d p u sz ta  original 73 18 0,6 3,3 95 6 105 83

cone, m on tm or. 
e s ta b l i s h e d .............. 21 9 1 87 118 8 127 co n cen tra ted

c o m p u te d ................ 88 21,7 0,7 4 115 4 127 co n cen tra ted

M o n o s to ra p á ti original 34 42 0,2 2 78 4 90 80

cone, m o n tm o r.
e s ta b l i s h e d .............. 44 21 0,5 44 109 4 118 co n cen tra ted

c o m p u te d ................ 42,5 52,5 0,6 2,5 98 5 112 co n cen tra ted

* T h e  com puted  values re fer to a s ta te  w ith o u t soda  trea tm e n t
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o f determ ination, and for the m ontm orillonite prepared from Salgótarján  
bentonite, a simple water solution was used (Table III).

In order to discover the extent o f cation-exchange actually tak ing  place, 
comparisons were drawn between the cation-exchange values of concentrated  
m ontm orillonites and the cation-exchange capacity of the original benton ites  
on one hand, and the com puted values corresponding to the concentrated m ont
morillonite content w ithout soda treatm ent, on the other hand (T able IY). 
The proportion o f the exchangeability of Ca and Mg cations is shown in  Table V.

Table V
Exchange o f alkaline earth metal cations due to soda treatment

Bentonite Ca
%

Mg
%

Istenm ezeje  .............................................. 5 6 ,3 14,5

N ag y té tén y  ............................................... 8 2 ,2 53

M ád— K o ld u ................................................. 8 9 ,3 5 9 ,7

K om lóska, soft w h i t e ............................ 19 9 4 ,2

K om lóska, green  ..................................... 4 4 8 5 ,5

Ó d ö rö g d p u sz ta ............................................ 71 50
M o n o s to ra p á ti ............................................ 0 60

The cation-exchange capacity o f the non-montmorillonite constituents  
in  bentonites were considered only in the case o f the Mád—Koldu and the soft 
white Komlóska bentonites. In all other kinds, the cation-exchange capacity  
o f  such constituents was taken to be o f no significance.

In order to  facilitate comparisons, in  Tables I and III data o f several 
foreign bentonites and in Table VI, data on the cation-exchange capacity  of 
other clay minerals, all exam ined and established by the author, have been 
included.

For the m ajority o f the bentonites listed , also m ontm orillonite content 
has been quoted. In some of the cases, th is was determined by X -ra y  exam ina
tio n s (carried out by E . N emecz), m ost of th e  samples, however, were tested  by 
the Buzágh— Szepesi m ethod [13].

Table VI
Other clay m inerals

Exchangeable cations mg equ./100 g a t 140° С

Ca Mg К Na “ S” H “ T ’

Z e ttlitz  kao lin  ................................................. 2 ,8 8 ,1 0 0 ,5 1 1 ,4 0 ,5 12

P ilisszen tiván  clay  (1 ) ................................. 7 4 ,5 0 1 1 2 ,6 1 ,3 14

F ü zé rrad v án y  i l l i t e ....................................... 1 3 ,5 1 2 ,6 2 2 ,6 3 0 ,7 1 36

K om lóska, soft w hite, dead  rock  .......... 2 2 ,5 — — 1 2 3 ,5 — 25,8

M ád— K oldu dead  ro c k ................................ 1 3 ,5 5 ,2 1 1 2 0 ,7 2 24
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Discussion o f the results

From the point o f  v iew  of the am ount o f  exchangeable cations present, 
th e  majority of H ungarian bentonites apparently  belong to the group o f Ca 
bentonites, for this is th e  cation prevalent in  th em . It is striking, how ever, to  
fin d  that in a considerable number of benton ite  occurrences, Mg cation are 
dom inating. Some o f th ese  latter are of great com m ercial and industrial im por
tan ce due to both the ex ten sion  of the deposits and  the excellence of the proper
tie s .

Although some o f th e  bentonites mined in  H ungary contain 10 to  15 mg 
of N a and have an “ S” value of 12 to 13 per cen t, for the time being, however, 
Salgótarján bentonite is th e  only recognized q u ality  with the com paratively  
highest Na content and an “ S” value of approx. 40%  (Table III).

Some of the ben ton ites in  the group characterized by very high exchange
able Mg cation content h ave certain remarkable attributes. Komló bentonite, 
f. i., which according to  T o k o d y ’s investigations [ 1 4 ]  shows the characteristic  
X -ray  lines of m ontm orillonite, when tested by th e  B u zág h— Szepesi process [ 13 ] 
can neither be peptized, nor can its m ontmorillonite content be precisely deter
m ined. T okody  has found further that in the d ifferential thermal curve for K om ló  
b en ton ite  the second endotherm ic peak is m issing, though it is known to  be 
otherw ise one of the essen tia l characteristics o f m ontm orillonites.

T ests by the author h ave revealed a similar behaviour of the M onostorapáti 
b en ton ite , where the second endothermic peak in  th e  d. t. a. curve (Fig. 1) is 
likew ise missing.

A  m atter for further consideration is a sta tem en t by P age [ 15 ] on th is  
behaviour of bentonites. On investigation o f th e  d. t .  a. curves fcr, m uscovite, 
b io tite  and pyrophyllite Page has found, nam ely, th a t  while m uscovite, which  
contains aluminium in its  three-layer structure, does show the endotherm ic 
peak, in  the d. t. a. curve for b iotite containing m agnesium  in its octahedral 
sh eet, th e  peak does not appear, and a loss o f  w ater occurs at temperatures b e 
yond 1000° C, only. H erefrom , he came to the conclusion that in all the three- 
layer clay  minerals contain ing aluminium in th e  octahedral sheet, the w ater
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is lost around 700° C with an endotherm ic peak appearing in the d. t. a. curve. 
W hen, however, the magnesium  content is the predom inating one, the w ater is 
bounded much stronger and m ay becom e lost at high temperatures, only. Accord
ing to P a g e , the same m ust be true for m ontm orillonites, too. R ecently, E a r l e y  
and colleagues [ 1 6 ]  have not confirmed this assum ption of P a g e . The Kom ló  
bentonite “ as m ined” has a magnesium  content o f 8 ,8%, that of M onostorapáti 
2,3% . The am ount of magnesium  in octahedral coordination has not been deter
mined by the author.

Table III contains data on the cation-exchange capacity of m ontm orilloni
tes  prepared according to the B uzágh— S z e pe si m ethod [13].  They show clearly 
that with the Buzágh— Szepesi procedure even such a forceful method consisting  
of a single soda treatm ent is unable to produce a replacem ent of all the alkaline 
earth m etal cations by N a, and also th a t benton ites show widely varying pro
perties in this respect.

The m axim um  exchange recorded has taken place in the benton ites of 
Odörögdpuszta and M ád—Koldu, whereas th e  minim um  was experienced in 
the M onostorapáti bentonite containing Mg as the predom inating exchang
eable cation.

A further characteristic is that Ca and Mg cations are exchangeable to  
entirely different degrees. The percentage o f the exchange capacity o f various 
cations is shown in Table Y.

From a comparison of the cation-exchange data of pure (concentrated) 
m ontm orillonites with those of natural Na bentonites in Table III, it seems 
likely that one o f the main prerequisites of a good swelling capacity is a sm allest 
possible content of Ca and Mg cations and a largest possible content of N a cations. 
This postulate is well-supported by the extraordinarily high viscosity of the pure 
m ontm orillonite of Mád — K oldu reaching a m axim um  of 216 epoises and th at of 
the natural Na bentonite of Salgótarján. The concentrated Na bentonite pro
duced by water extraction from the latter one is also very low in Ca and Mg cati
ons and the v iscosity o f its 6% dispersion am ounts to  180 epoises.

In a concentrated m ontm orillonite produced with soda extraction from 
Salgótarján bentonite, the total o f exchangeable Ca and Mg cations w as —  as 
can be seen from Table III —  higher than th at o f the m ontmorillonite concentra
ted by w ater extraction. Besides, the am ount o f Na cations rose from 50 to  73 mg 
and along w ith it the viscosity also increased from 180 to 286 epoise.

C ation-exchange capacity and viscosity of concentrated 
niontniorillonite dispersions

A study o f the viscosity  figures o f concentrated m ontm orillonites o f  high- 
cation-exchange capacity, reveals striking variations. Taking the bentonite  
of M onostorapáti which in  its normal state , w ith an optimum of soda and 80%
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o f  m ontm orillonite content, is having a v iscosity  o f 35 cpoises whereas th a t o f  
th e  pure montmorillonite is no more than 7 cpoises, it is obvious th a t pure 
m ontm orillonite when produced by the B uzágh— Sz epe si method [ 1 3 ]  loose 
under the prescribed conditions the major part o f its peptizing capacity. The 
b en ton ite  of Monostorapáti can be peptized even without addition o f  soda. 
It is th en  treated a dilute solution of acid, washed until swelling and charged 
from  a near-isoelectric point. The viscosity o f  its  6 % dispersion am ounting to  
30 cpoises is com pletely destroyed already by a sim ple evaporation to  dryness 
over w ater bath, as it  loses its  peptizing capacity  entirely.

A  similar phenom enon occurs in  one o f  the most promising Hungarian  
ty p es , the bentonite o f Odörögdpuszta. W hile the natural bentonite which  
has a montm orillonite content of 84% , shows a viscosity  of 45 cpoises, th a t of 
th e  pure m ontmorillonite is no more than 33 cpoises. No doubt, the m ethod of 
producing pure dry m ontm orillonite by evaporating it twice over w ater bath is 
causing even here a considerable decrease in  th e  peptization capacity.

T he sensibility to  heat of the concentrated m ontmorillonite produced  
from  Odörögdpuszta bentonite has been studied more thoroughly and the data  
obtained  are shown in Table V II.

Table VII

V aria tions in  the viscosity o f a 6 %  dispersion of concentrated montmorillonite o f  Ódörögdpuszta

Method of preparing the dispersion Viscosity 600/M 
cpoise 25° C

N a tu ra l  b e n to n ite  trea te d  w ith  an  o p tim u m  of soda a n d  th e  o b ta in e d  
sol e v a p o ra te d  to  dryness over w a te r  b a th  ...............................................

H e a te d  to  sw elling w ith  an  o p tim u m  of soda, th e  sol condensed  a t 
ro o m  t e m p e r a t u r e .....................................................................................................

Cold t r e a te d  w ith  an o p tim u m  o f so d a , th e  sol condensed  a t  room  
te m p e ra tu re  ................................................................................................................

33

108

143

S im ila rly , a  reduction  o f th e  p e p tiz ab ility  m u st be  assum ed in  th e  N a g y té té n y  b e n  
to n ite  since  its  viscosity  o f 52 cpoises in  en tire ly  o u t o f p ro p o rtio n  w ith  its c a tion -exhange  
cap ic ity .

I t  is obvious beyond any doubt th at cation-exchange when carried out at 
room tem perature, that is, by a cold process, and when the sol is merely conden
sed to  6 per cent dry content, high viscosities up to  143 cpoises can be reached.

O f all that has been said so far, very valuable informations m ay be deri
ved in  respect to the preparation o f Hungarian bentonites.

Whenever the cation-exchange capacity o f  a bentonite is to be used commer
cially the only kinds to be em ployed are those characterized by a cation-exchange 
capacity ensuring under ordinary conditions the greatest possible exchange o f  the 
alkaline earth metals.
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From a viewpoint of the conditions o f industrial usage o f bentonites, it  is  
essential to know the heat sensitiv ity  of the available m ontmorillonites since  
the viscosity of heat-treated  bentonite dispersions (evaporated to dryness over  
water bath) shows, as we have seen, considerable variations. Among the qualities 
tested  so far, the Mád — K oldu bentonite has proved t o b e  m ost resistant and th a t  
of Monostorapáti the m ost sensitive to heat.

A deterioration o f v iscosity  due to decrease o f  peptization m ay to  an  
appreciable degree be influenced also by the “ optim um ” content of soda which  
cannot be precisely determ ined by measuring the v iscosity  [ 13 ].

Experim ents to  prepare montmorillonite under less severe conditions, 
further, to define th e  effect o f soda content on th e  heat sensitivity of bentonite  
dispersions and finally , to  investigate their rheological conditions, are in progress.

Rather interesting is the behaviour of the cream -yellow bentonite o f  
Istenm ezeje when w et-treated  with warm soda. It  adsorbs an amazing quantity  
of Na cations and shows an increased “ T ” value, although there is a reduced  
exchange of alkaline earth m etals. In all probability, the soda becomes m olecu- 
larly bounded and th at m ay account for the minor v iscosity  of its dispersion in  
comparison to the v iscosity  of the concentrated m ontm orillonite of Istenm ezeje.

Several kinds o f bentonites, chiefly those o f M ád—Vasbánya, K ism aros, 
Pákozd, the Y ugoslav and Cyprian bentonites (Table I), the Eger 2 (Table II), 
the D utch “ C” typ e, the French “C” type (Table III) when treated according to  
the B uzágh— Sz e pe si m ethod [13] ,  have proved to  have a considerably sm aller 
m ontmorillonite content than could be expected from their cation-exchange  
capacity and “T ” value.

The m ixed c lay  minerals present m ay p lay here an im portant role. 
D eposits o f all the com binations of m ixed clay m inerals of the order 2 : 1 
(nam ely, illite, m ontm orillonite, chlorite, verm iculite) are very common. W ea v er  
[17] found f. i., th at more than  70% of some 6000 sedim entary rock sam ples 
collected from all over the U nited States representing all ages from the Cambrian 
to  recent tim es, were containing mixed clay m inerals.

Clay minerals originating from marine diagenesis are more frequently o f  
the m ixed type than  pure deposits and since th e  irregularly mixed ones w ith  
10— 15 layers o f m ontm orillonite to 1— 5 layers o f  illite  are the more com m on  
kind, very little has been reported so far on the regularly mixed minerals [1 8 ] .

Clay minerals o f th is type, naturally, do not display the characteristics o f  
pure clay minerals since owing to the still unknow n separability of the m ixed- 
layer clay minerals, the amount of the pure m ontm orillonite content cannot be 
determined by peptization, for instance, and even  the analytical data are in su ffi
cient to  draw the necessary conclusions.
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SU M M A R Y

T h e  exchangeable  cation  p re d o m in a tin g  in  H u n g a rian  b en to n ites  is th e  Ca cation . 
T h ere  a re , how ever, several o th er com m ercially  im p o r ta n t  deposits w ith  Mg a n d  one  w ith  N a 
ca tio n s p rev ailin g .

I n  a  cation-exchange reac tio n  effected  u n d e r  ra th e r  severe conditions, w ith  single w arm  
soda t r e a tm e n t,  fo r in stance, th ere  is o n ly  a p a r tia l  exchange  o f th e  alkaline e a r th  m e ta l  cations 
a n d  e v en  th e  exchange cap ac ity  o f  th e  Ca an d  Mg ca tio n s varies in  th e  d iffe ren t ty p e s  o f  ben 
to n ite .

H ig h  v iscosity  values are fo u n d  in  b e n to n ite s  w ith  a  possibly h igh  ex change  o f th e  
a lk a lin e  e a r th  m e ta l cations accom panied  b y  a n  accu m u la tio n  of th e  N a  ca tio n s, w herever 
an  ex ch a n g e  is tak in g  place. A  good exam ple  h e reo f is g iven  in  th e  M ád— K o ld u  b en to n ite .

I t  h a s  been  found  th a t  th e  a p p a re n t v isco sity  o f  concen tra ted  m o n tm o rillo n ite s  p ro 
duced  fro m  H u n g a rian  ben ton ites , w hen  te s te d  u n d e r  id en tica l conditions, show  g re a t v a ria tio n s  
ch iefly  b ecau se  in  th e  course o f th e  p ro d u c tio n  p rocess th e ir  p ep tizab ility  is e ssen tia lly  h a n d i
cap p ed  b y  th e  accum ula ted  effect o f  even  a  re la tiv e ly  m ild  h e a t tre a tm e n t (e v ap o ra tio n  to 
d ry n ess  o v e r  w a te r  b a th )  and  of th e  “ o p tim u m  soda c o n te n t” .
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W hen b e n to n ites  a re  tre a te d  for th e  com m ercial u tiliz a tio n  o f th e ir ca tio n -ex ch an g e  
c ap a c ity , th e  p o ssib ility  an d  th e  technology o f  a n  ex change  m u st alw ays be bo rn e  in  m in d , 
since w ith  th e  m o n tm orillon ites o f  some H u n g a rian  b e n to n ite s  there  is a  p e rm a n en t d an g er 
o f  loosing in  consequence o f even a  m ild h e a t t r e a tm e n t a  sign ifican t p a r t  o f  th e  v a lu ab le  
collo idal p roperties o f  th e ir  w a te r dispersions.

The e x tra o rd in a ry  d iv ers ity  in  q u a n ti ty  an d  r a te  o f  th e  exchangeable ca tio n s p re se n t 
in  b en ton ites , th e  process o f cation-exchange resu ltin g  from  a n  add ition  o f soda an d  v a ry in g  
accord ing  to  th e  k in d  o f  th e  b en to n ite  availab le , a n d  f in a lly , th e  differences in  th e  p e p ti-  
z ab ility  o f  pure , i. e. c o n cen tra ted , m ontm orillon ites b e in g  co n tin g en t on  th e  jo in t  e ffec t o f 
th e  soda co n ten t a n d  o f  h ea tin g  th e  w a te r d ispersions, —  a re  as m any  evidences o f  th e  “ in d i
v id u a l ch arac te r”  o f  b en to n ites , o r m o n tm orillon ites, respec tive ly .

DAS K A T IO N -A U ST A U SC H V E R M Ö G E N  U N G A R IS C H E R  B E N T O N IT E  

U N D  D E R  A U STA U SC H V O R G A N G  B E I SODAZUGABE

J . BARNA

ZUSA M M ENFASSUN G

U ngarische B en to n ite  en th a lten  im  allgem einen a n  au stau sch fäh ig en  K a tio n en  in  g rö ss te r 
M enge das K a lz iu m k atio n , es g ib t jedoch  auch  solche e inheim ische B enton ite  von  in d u str ie lle r  
B edeu tu n g , die das M agnesium kation  in  ü b erw iegender M enge en th a lten  ; d e r  n eu erd ings 
bei Salgó tarján  gefundene B entonit, e n th ä lt  sogar überw ieg en d  N atriu m k atio n .

D er K a tio n a u s tau sch  u n te r  dem  E influss von  S oda g e h t bei den einzelnen B e n to n ite n  
versch ieden  v o r sich, u n d  eine hohe V iskositä t zeig t sich  d o r t ,  wo Ca bzw. Mg in  grösserem  
M asse durch  N a  e rse tz t w erden.

Die bei o p tim a le r  Sodazugabe hergeste llten  Suspensionen  konzen trie rter M o n tm o rillo n ite  
h o h en  K a tio n au stau sch v erm ö g en s ergeben sehr abw eichende  V iskositäten , in d em  einzelne 
M ontm orillonite  infolge ih re r  W ärm eem pfind lichkeit a n  P ep tisa tio n sfäh ig k e it m eh r o d e r  w eniger 
einbüssen.

L E  P O U V O IR  D ’É C H A N G E  D E  CATION S D E S  B E N T O N IT E S  H O N G R O IS  

E T  L E  PR O C ESSU S D ’ÉC H A N G E  A V EC  DO SAG E D E SO U D E

J . BARNA

R É SU M É

Comme c a tio n  échangeable, les b en to n ites  hongro is co n tien n en t en plus g ra n d e  q u a n ti té  
le cation  C a + + , m ais il y  a  aussi des b e n to n ites  hon g ro is  in té ressan t l’in d u str ie , qu i con
t ie n n e n t le cation  Mg + +  en  q u a n tité  p rép o n d éran te . L e  b e n to n ite  récem m ent t ro u v é  au x  
en v iro n s de S a lg ó ta rján  co n tien t su rto u t le ca tio n  N a + .

L ’échange de cations sous l’effe t de la soude se p asse  différem m ent chez les d iverses 
so rtes  de b en to n ites . U ne h a u te  viscosité  a p p a ra ît  ch aq u e  fois que le Na se su b s ti tu e  au  Ca 
o u  Mg dans une p lu s large  m esure.

Les d ispersions de m ontm orillon ites concen trés à  h a u t  pouvoir d ’échange de  catio n s, 
p ro d u ites  avec dosage o p tim u m  de soude, d o n n en t des v iscosités très d ifféren tes, les d ivers 
m o n tm orillon ites p e rd a n t p lus ou m oins leu r a p titu d e  à la  p ep tisa tion  à cause de le u r  sensi
b ilité  à la  chaleu r.

9  Acta Technica X V III/3 — i .
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КАТИОНООБМЕННОСТЬ ОТЕЧЕСТВЕННЫХ СОРТОВ БЕНТОНИТОВ 
И ПРОЦЕСС КАТИОНООБМЕНА ПОД ВОЗДЕЙСТВИЕМ СОДЫ

Я. ВАРНА

РЕЗЮМЕ

Отечественные сорта бентонитов в качестве обменного катиона вообще в наиболь
ших количествах содержат катионы кальция, у нас имеются также бентониты, обла
дающие свойствами промышленного значения, которые содержат в преобладающем боль
шинстве магниевые катионы, а бентонит, найденный в последнее время в районе Шалго- 
тарьяна, -— натриевые катионы.

Катионообмен, происходящий при воздействии соды, в случае различных бентонитов 
протекает различным образом и высокая вязкость имеет место там, где CaMg обменивается 
в больших масштабах с натрием.

Дисперсии монтмориллонитов, обладающих высокой катионообменностью и полу
ченные при оптимальной обработке содой, имеют сильно отличные значения вязкости, 
так как отдельные монтмориллониты вследствие их термочувствительности теряют в 
большей или меньшей мере пептизационные свойства.

Стабильность водных бентонитных дисперсий имеет большое практическое зна
чение.



CORRELATION BETWEEN THE CRYSTAL 
STRUCTURE OF DOLOMITE AND ITS APTNESS 

TO MAGNESIUM RECOVERY

T. G. G E D E O N
CAND. O F M INERAL & GEOLOG. SC. 

RESEA RCH  IN ST ITU TE O F M ETALS, BU D A PEST

[M anuscrip t received 5 th  Ju ly , 1956]

There are tw o m ethods used the world over for producing m agnesium . 
The different countries put up their plants w ith a view  to  the nature o f the given  
raw material, and so we m ay distinguish electrolytic and therm ic processes. In  
H ungary m agnesium  oxyde is present only in the form o f dolom ite and therefore 
m agnesium  industry had to  be built up on th is raw material.

Silicothermic m agnesium  m etallurgy represents a highly developed state  
of metallurgical industry and is a characteristic exam ple o f vacuum  m etallurgy. 
Caracteristic of th is branch of industry is th at from the material processed no 
gaseous byproducts escape, only m etal-vapour precipitates on the colder (cooled) 
part of the vacuum  space.

The first step in establishing Hungarian m agnesium  m etallurgy was the 
detailed geologic m apping o f dolomite occurrences and the chemical and physical 
exam ination of each occurring material. W e exam ined the dolom ites o f Gánt, 
Iszkaszentgyörgy, Nyirád, Pilisvörösvár (i. e. Trans-Danubian) then specimens 
found in the Bükk M ountains at Hámor. According to their chem ical consti
tu tion , they contain small am ounts of alum ina (0,38% ), silica (0,72% ), iron oxyde 
(0,86% ). The com position o f  our dolomites differs little  from the theoretical mol- 
rate

CaC03 : M gC03 = 1 : 1

The dolom ite as a double salt built in a crystal behaves in  all physical 
respects otherwise than its constituent minerals separately (m agnesite and 
calcite). This can be well observed when investigating  into the processes o f ther
mal decom position. This physical behavior changes, however, i f  we also detect 
an external change on the dolomite due to  geological circum stances, although  
this m ay not be proved in its chemical com position. During our investigation  
we were able to fix  such a well-observable and characteristic change which faci
lita tes evaluation o f the material o f the individual dolom ite occurrences for m ag
nesium  m etallurgy.

Calcite and m agnesite crystallize in the space group D 3d— R3c whereas 
dolom ite as a double salt m ay be classed in to  the space group o f C3;— R3 —  
reduced in its sym m etry elem ents. Bond distances o f the single ions are C— О

9*
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1,31 Â , Ca— О 2,34 Â in ca lcite and С— О 1,31 Á , Mg— О 2,06 À  in m agnesite. 
T hese bond distances becom e evident i f  we consider the radii of Ca ang Mg ions 
(Ca+ +  1,06 A , Mg++ 0,78 A ). In  case of dolom ite as a double salt the lattice  
lin k  is  n o t as close as th a t o f  calcite. D evelopm ent o f the MgO group comes 
in to  b ein g  during heating, therefore sooner than th at of CaO w ith  its greater 
bond distance.

Physical exam ination o f  H ungarian dolom ites was extended to  DTA  
te s ts , also by the H abicht therm ogram  apparatus, and finally  b y  determ ination  
o f C 0 2 loss. Besides there w ere made X -ray patterns by the D eb ye—Scherrer

F ig . 1. D TA -curves of H u n g a r ia n  dolom ites. P rep ared  b y  H u n g a rian  Geological S u rvey

m eth od . Then followed the experim ental recovery o f m etallic m agnesium  in a 
laboratory vacuum furnace to  receive practical data on the am ount o f recovery.

The peaks of the received DTA curves (Fig. 1) were observed at the fol
low ing temperatures :

M gC 03 C aC 03
G á n t .................................. 790 °C 920 °C
Isz k asze n tg y ö rg y .......... 770 „ 890 „
N y i r á d ............................. 780 „ 950 „
P i l is v ö rö s v á r ................. 800 „ 910 „
H á m o r ........................ .. . 790 „ 890 „

The following peak values were found by m eans of the H abicht apparatus, 
the principle of which is th a t the electro-m otive force induced by tem perature 
rises is periodically m echanically compensated :

M gC 03 C aC 03
G á n t .................................. 730 °C 885 °C
Isz k asze n tg y ö rg y .......... 722 „ 898 „
N y i r á d ............................. 725 „ 908 „
P i l is v ö rö s v á r ................. 700 „ 885 „
H á m o r ............................. 690 „ 850 „
K assa m ag n esite  . . . . 610 „ 750 „



C O R R ELA TIO N  B ETW EEN  T H E  CRY STA L ST R U C T U R E  O F DOLOM ITE 341

The thermal decomposition o f  pure m agnesite M gC03 95% -will take place 
at a temperature o f  100°C lower than  that o f dolom ite. The fall o f the curves of 
H abicht’s thermogram (Fig. 2.) in  case of M gC03 decom position is so vigorous 
th at the peak, indicating the consum ption of heat, becomes very high. This is

Fig. 2. T herm al dissociation of H u n g a rian  dolom ites 
(R eg iste red  by  H a b ich t-ap p .)

striking in case o f the dolom ites o f P ilisvörösvár and Hámor. On the other hand 
the feature o f  the dolomites o f Gánt, Iszkaszentgyörgy and Nyirád is the height 
of their decom position peak o f  CaC03. Sim ilar observations were made with 
D T A —thermograms (Fig. 1).

The difference between the decom position temperatures is due to the dif
ferences of the structural set up of the various apparatuses and to  the quantity
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o f  m aterial used for the te st  as well as to the thickness of the pyrom eter wires 
(inertness).

A  definite difference w as observed in the dolom ite of Hám or where the 
p eak  o f  decomposition appeared at 530°C. We shall return to th is later.

Investigations on therm al decom position o f  dolom ite were also m ade in a 
laboratory  tube furnace in  search for the point o f decom position o f M gC03. 
T he analysis was made in  steps o f 20°C by m easuring the loss o f C 0 2 and it

w as fou n d  that the tim e o f decom position o f M gC03, the section o f standstili- 
resp ectively , seen on the therm ogram , is wider in the dolomites o f Pilisvörösvár  
and H ám or than in the case o f  the other three species (Fig. 3).

D eb y e  — Scherrer X -ray patterns in case o f the dolomites of P ilisvörösvár 
and H ám or show three in tense diffracting lines typ ica l of M gC03 appearing in 
id en tica l breadth of m agnesite (F ig. 4). G. B i d l o  dem onstrated nesqueho- 
nite M gC 03 • 3H20  and gypsum  lialfhydrate C aS04 • 1/2H 20  in the dolom ite of 
P ilisvörösvár on the base o f  X -ray  patterns.

O f th e  examined dolom ites those of Gánt, Iszkaszentgyörgy and Nyirád  
originate from  the Triassic m ain dolom ite cut up by sim ple faults. The dolom ite 
area o f  Pilisvörösvár is penetrated  by hot springs which made the dolom ite 
crum bling. The constitution o f  crum bling dolom ite does not differ in  anything  
from th e  solid  kind which falls to  pieces of 2— 3 cm length when quarried. Its  
age is id en tica l with the former. The presence o f nesquehonite and gypsum  half
hydrate in  dolomite make the hot spring activ ity  evident. Gypsum halfhydrate 
is stab le o n ly  above 50°C up to  120°C. Its presence proves the hot spring activ ity  
on th is particular spot.

T he dolom ite of Hámor is also o f Triassic age originating from a strongly  
faulted  —  disturbed —  area. Its  color is dark gray discoloured by coal and a

Fig. 3. Ig n itio n  curves of H u n g a rian  dolom ites
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HUNGARIAN DOLOMITES OF

G Á N T

ISZK ASZENTGYÖRGY

N Yl RÁD

PILISVÖRÖSVAR

MAGNESITE OF KASSA

Fig. 4. X -ray  d iffrac tio n  p a tte rn s
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sm all am ount of pyrite. H ea tin g  the dolomite above 300°C, this coal particles 
w ill burn with a typical sparkling. The detrital gray dolom ite which crumbled 
d u rin g  faulting is breccialike cemented by precipitated high-lim e dolomite 
(F ig . 5).

Experim ents on recovery were made in a laboratory vacuum  furnace. It 
w as h ea ted  by four silite-rods, a refractory steel retort connected w ith  a con
d en ser  being placed in the h ea ted  space. The capacity o f  it  was 100 to  120 gr

Fig. 5. B reccia ted  v e in  in  dolom ite of H ám o r (H u n g ary )

m atter w orked to tablets. The vacu u m  in the space o f the furnace was kept be
low 1 m m . The composition o f m ixture used for the recovery of Mg was alw ays 
the sam e.

100 gr pvdverised dolom ite glowed at 950°C 
20 gr pulverised ferrosilicon (80% Si)

5 gr calciumfluoride (CaF2)

T h e m ixture was worked to  tablets of 12 mm diam eter and 3 mm height 
by a h a n d  press. There were a lw ays exactly 100 gr put into the retort. The  
circum stances of recovery were as follows :
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D olom ite : T em p era tu re  R ecovery  of Mg
°C %

G a n t ...................................... 1 h  30 m in  1180 75,23

Iszk aszen tg y ö rg y ..............  1 h  30 m in  1170 71,69

N y i r á d .................................  1 li 30 m in  1170 66,81

P ilis v ö rö sv á r .....................  1 h  20 m in  1210 90,41

H á m o r .................................  1 h  40 m in  1180 84,86

The results o f recovery show th at under identical circum stances we 
achieved a greater quantity  of m etallic Mg from  the Pilisvörösvár and Hámor 
dolom ite than from the other com pact rocks.

W e examined also the dross which formed at the recovery. The analysis 
was in  accordance w ith  the recovery o f Mg. I t  is  ascertained from the D ebye — 
Scherrer X-ray diffraction patterns th at the dross contains m ainly dicalcium - 
silicate and tricalcium silicate. The pattern o f the dross sample o f Iszkaszent
györgy indicates the presence of equal number o f lines, while in th a t o f P ilis
vörösvár and Hámor dicalcium silicate is significant.

Dross o f dolom ite : N u m b er of X -ray  lines :

Iszk aszen tg y ö rg y .....................  A lfa an d  gam m a-C a2S i0 4 Oé Ca3S i0 5

P i l is v ö rö s v á r ............................  gam m a-C a2S i0 4 Ca3SiOs

H á m o r ........................................ gam m a-C a2S i0 4 Ca3SiO s

It was concluded from tests and observations that, identical technical 
circumstances supposed for the production o f magnesium, such kind  o f dolo
m ite is to be used whose thermogram shows a higher peak of M gC03 than that 
o f the CaC03 or is o f  similar height. The X -ray pattern of the formed dross should 
h ave numerically more gam m a-dicalcium silicate diffraction lines than  tricalcium 
silicate lines. E xam ining the dolom ite occurrence, geologic circum stances, traces 
o f hot spring activities and significant tecton ic m ovements should he followed 
w ith  attention. The last two factors m ay cause such alteration in  th e  crystal 
structure of the dolom ite, which would influence the double-salt ty p e  o f  dolom ite,, 
by freeing Mg ions in  its crystal la ttice to approach the m agnesite structure. In 
these dolomites translation within the m olecule must he supposed.

B r a d l e y , B u rst  and Graf  in vestigated  the change o f structure as the 
function of its grinding fineness in dolom ite and found that after a certain dura
tion  o f grinding (25 hours) the therrrjal differential curves gave already three 
therm al decom position peaks : the m agnesite at 580°C, the M gC 03 bound in 
dolom ite at 740°C, the CaC03 at 950°C. After grinding for 400 hours again only 
tw o thermal decom position peaks were obtained, namely of m agnesite at 570° C 
and of calcite at 940°C. The grinding process is seen on the follow ing table:.
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M gC03 M gC 03
b o u n d  in  
dolom ite

G aC 03

3 hours g r in d in g ............ 740 °C 910 °C
25 „ 580 °C 740 „ 950 „
50 „  „  ............ 580 „ 720 „ 950 „

125 „  „  ............ 580 „ 720 „ 950 „
400 „  ............ 570 „ 940 „

H avin g made the D T A  o f the Hámor dolom ite we observed that the peak 
is  at 790°C. Although th is value does not differ from  that of dolomites o f  lower 
recovery the geologic circum stances already contributed to the interm olecular 
la ttice  rearrangement as show n by the vigorous o f thermal decom position o f  
the sam e type of curve as th a t o f the P ilisvörösvár dolomite.

The reduction o f th is k ind  of calcined dolom ite is performed more advan
tageou sly  under identical circum stances than th at from dolomite of normal pure 
double sa lt structure.

Translation in  the m olecule can be enhanced i f  it  is calcined in  current o f  
w ater vapour. MacI n t ir e  a n d  Stansel  dem onstrated b y  experim ents the 
cata lysin g  effect of water vapour on the lattice translation as dolom ite de
com poses already at 550°C in  a steam  space to C aC 03 MgO C 02. H owever, 
th is process has been know n long since it  was explained by dim inishing the 
partial pressure of C 02 in  the gas-space above th e  dolom ite.

The performed analyses, the experim ental reductions, geologic observations, 
also references to literature, are marking the w ay  o f the most favourable and  
profitable preliminary preparation of ore for the reduction of m agnesium . 
B is c h o f f  established b y  experim ents that to the com plete calcination o f dolo
m ite in  air current tw ice as m uch quantity o f heat is needed as when the pro
cess is m ade in steam current.

Required heat b y  air current A H  =  44,238 cal/gmol
,, ,, ,, aqueous current A H  =  26,670 ,, ,,

T hus, if  we perform th e calcination o f dolom ite in vapour current w ith  
the exclusion  of air, the advantageous interm olecular rearrangement o f  la ttice  
w ill take place, necessary for the reduction, which at the same time means saving  
of heat energy.

These experiments constitu te only a sm all part of the work we have  
done to  p u t into effect m agnesium  metallurgy in  th is  country. Careful selection  
o f raw m aterials and their proper dressing are the m ain conditions for success
ful m etal production.
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SUM M ARY

H u n g a rian  m agnesium  m etallu rgy  can  he  based  on ly  on dolom ite, because  th e re  a re  
im m ense reserves availab le  o f th is raw  m ateria l.

On th e  basis o f chem ical analysis of H u n g a rian  dolom ites can no t be e s tim a te d  th e ir  
fitn e ss  fo r th e  re d u c tio n  process. F rom  some of ou r do lom ites m agnesium  can he v e ry  fav o u ra b ly  
produced  b y  th e  silico therm ic process, from  o th e rs  th is  is im practicable.

In v e stig a tio n  of th e  physical s tru c tu re  o f do lom ite  w as carried  ou t by  th e  D eb y e— S ch errer 
X -ra y  m eth o d  w hich  gave no defin itely  apprec iab le  d ifferences betw een th e  sev e ra l g rades.

T herm ic  decom position  curves gave c h a ra c te ris tic  divergences betw een  th e  in d iv id u a l 
k inds of dolom ite on  th e  basis o f DTA, as well as in v es tig a tio n  by  the  H a b ich t a p p a ra tu s .

Conclusion d raw n  on th erm al decom position  o f dolom ite, speeding u p  d ecom position  
b y  add ing  sa lt o r b y  h ea tin g  in  a stream  of w a te r  v a p o u r. Influence of th e  fin en ess a n d  of th e  
d u ra tio n , o f  g rin d in g  on reducib ility .

D E R  ZUSA M M ENH ANG Z W ISC H E N  D E R  K R IS T A L L ST R U K T U R  
U N D  D E R  R E D U Z IE R B A R K E IT  DES DOLOMITS

DR. Ing. T. G. G ED EO N  
Kand. der mineral, und geol. W issenschaften

ZUSA M M ENFASSUN G

D ie G rundlage e iner ungarischen M ag n esiu m v erh ü ttu n g  kann nu r de r D o lo m it sein, 
d a  eine fa s t  unb eg ren z te  Menge dieses R ohstoffes im  L an d e  zur V erfügung s te h t.

A u f G rund  de r chem ischen A nalyse de r u n g arisch en  D olom ite lässt es sich  n ic h t b e s tim 
m en, ob sich de r be tre ffen d e  Dolom it zur V e rh ü ttu n g  e ignet. Aus einzelnen u n g a risch e n  Dolo
m iten  k a n n  das M agnesium  nach  dem  siliko -therm ischen  V erfahren  günstig  gew onnen  w erden , 
aus an d eren  w ieder n ich t.

D ie U n te rsu ch u n g  der physikalischen S tru k tu r  des D olom its erfolgte n ach  dem  D ebye— 
S cherrer-V erfahren , das aber keine gu t au sw e rtb a re n  U nterschiede zw ischen d e n  einzelnen 
Sorten  aufzeigte.

D urch  B estim m ung  der sich beim  Z erfall in  d e r H itze  e rm itte lten  K u rv en  k o n n te n  dagegen 
bere its  ch a rak te ris tisch e  U nterschiede zwischen d en  e inzelnen  D olom itsorten fe s tg es te llt w erden, 
u. zw. sow ohl m it de r D ifferenzia ltherm oanalyse  a ls au ch  m it den U n te rsu ch u n g en  m it dem  
H a b ich t-A p p a ra t.

D ie H a b ich t-K u rv e n  lassen Folgerungen  a u f  folgende E igenschaften des D o lom its zu : 
E influss frem der S toffe  au f den Zerfall des D olom its bei H itze , die B eschleunigung dieses Z er
falls d u rch  Zugabe v o n  Salzen oder du rch  G lühen im  W asserdam pfstrom . E in flu ss  d e r  M ahl
fe inheit bzw. d e r M ahldauer au f die R ed u zierb a rk e it.
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L E S R E L A T IO N S  E N T R E  LA ST R U C T U R E  C R IS T A L L IN E  D ES D O L O M IT E S 
E T  L E U R  R E D U C T IB IL IT É

T. G. GEDEON
Candidat des sciences m inerai. & geolog.

L ’analyse  ch im iq u e  des dolom ites hongroises n e  p e rm e t pas d’évaluer si la  d o lo m ite  
c o n v ien t ou  non au  tra i te m e n t m étallu rg ique du  m ag n ésiu m . C ertaines de nos d o lom ites p e r
m e t te n t  d ’o b ten ir  av an tag e u se m en t du  m agnésium  p a r  la  m éthode  silico-therm ique, d ’a u tre s  
n on .

L a  m éta llu rg ie  du  m agnésium  en H ongrie d o it ê tre  basée  exclusivem ent sur les dolom ites,, 
m a tiè re  p rem ière  d o n t on  possède des q u an tités  p re sq u e  illim itées.

L ’exam en  p h y siq u e  de la  stru c tu re  des do lo m ites  a  é té  effectué pa r ray o n s  X  su iv a n t 
la  m é th o d e  de D ebye— S cherrer, laquelle  n ’a p a s  m is en  év idence des différences b ien  n e tte s  
e n tre  les d iffé ren tes  so rte s  de  dolom ites exam inées.

Les courbes de décom position  therm ique m o n tra ie n t  d é jà  des différences ca ra c té ris tiq u es  
e n tre  les d ifféren tes so rtes de  dolom ites, aussi bien p o u r  les m esures des différences de te m p é ra tu re  
(D T A ), que lors des re lev és avec l ’appare il de H a b ich t.

D es d iag ram m es de  H a b ich t, on p e u t dédu ire  c e r ta in e s  conclusions, a  savo ir in flu en ce  
des m atiè re s  é tran g ère s su r la  décom position th e rm iq u e  de  la  dolom ite, accé lé ra tio n  de la  
décom position  th e rm iq u e  p a r  ad jo n c tio n  de sel ou  ch au ffag e  dans un  couran t de v a p e u r  d ’eau,, 
in flu en ce  de la finesse de  m o u tu re  (de la durée d u  m o u tu re )  su r la  réductib ilité .

ЗАВИСИМОСТЬ МЕЖДУ КРИСТАЛЛИЧЕСКОЙ СТРУКТУРОЙ 
И ФРИШУЕМОСТЬЮ ДОЛОМИТА

Т. ГЕДЕОН
Канд. минер, и геол. наук

РЕЗЮМЕ

На основе химического анализа венгерских доломитов нельзя установить пригод
ность данного вида доломита для металлургии магния. Отдельные сорта доломита 
позволяют получать магний силикотермическим методом удовлетворительным образом,, 
а другие непригодны для этой цели.

Основу металлургии магния в Венгрии может представлять собою лишь доломит,, 
так как это сырье имеется в неограниченных количестввах.

Физическое исследование структуры доломита выполнено при помощи рентгенов
ского анализа по Дебюе и Шерреру и при этом не были получены хорошо оценимые откло
нения между отдельными сортами.

Снятием кривых теплового разложения были получены уже характерные откло
нения между отдельными сортами доломита, как на основе измерения разности темпера
тур (ДТА), так и при съемках с помощью прибора Хабихта.

Выводы, которые можно сделать на основе кривых Хабихта : влияние посторон
них веществ на тепловое разложение доломита, интенсификация теплового разложения 
добавлением соли или прокаливанием в токе водяного пара. Влияние на фришуемость. 
тонины помола и, соответственно, времени помола.
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The fluid flow in the hydrocyclone is very com plicated ; its exact m athe
m atical formulation is hopeless. K elsa ll  [1] observed stroboscopically ta n g en 
tia l vh axial va and radial vr velocity com ponents in  the conical part o f  a hydro
cyclone ; the results o f his observations are presented in Fig. 1 and 2. (The 
h alf apex-angle o f the cyclone was a =  10°, its diam eter 2rt =  3,, =  7,62 cm, 
i t s  vortex finder 2r0 =  1/2" =  1,27 cm, its apex (2ra) was in case o f  F ig . 1 
1/8" =  0,32 cm, in  case of Fig 2 1/2" =  1,27 cm ; at 40 lb/sq. in . =  2,81 at 
internal pressure in  the case o f F ig  1 0,18 1/min underflow and 49,22 1/min 
overflow (a total o f  49,40 1/min o f slurry) in the case of Fig. 2 33 ,10 1/min 
under flow and 26,72 1/min overflow (a to ta l o f  59,82 1/min =  3,58 cb .m /h ou r  
o f slurry) were obtained.) In F ig. 1 and 2 d  =  const curves are also shown. 
These indicate orbits o f particles o f  equal size revolving in equilibrium in  the 
cyclone. Grain size d  is calculable from pertinent values of vt and vr at any  
place o f the cyclone, centrifugal force

ç  d3n (ô  — y) V,

6 g r

and the Stokes resistance of the medium  S =  3 nrj dvr equated,

d =  18 n g  ï r v r
' Ô — y  VI

( r j is v iscosity o f the medium, у  its specific gravity , ô the specific g ra v ity  o f  the 
particle, g the gravity  acceleration, r the distance from the cyclone axis o f the 
particle revolving in  equilibrium.)

From Fig. 1 and 2 it is evident that lines vt =  const are parallel to the 
cyclone axis. N ear the air core formed in  the axis line vt varies linearly  with  
the radius; vt( r— а ) ~ г =  C ; it  reaches its m axim um  at r =  (0 ,7— 0,9) r0, 
thereupon with the increase of the radius it  decreases according to the function  
v,rn =  C, where 0,5 < n < l .  In F ig  1 n =  0,84, in Fig 2 n =  0,77. In  the case
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o f 2 ra =  1/2", when the tota l amount o f feed  o f 52,15 1/min was discharged at 
the apex n =  0,75 w as valid . D r ie sse n  [2] found by investigations on a gas 
cyclone n =  0,64; T r a w in sk i [3] found n =  0,5— 0,7. In case o f ’’free vortex”  
n =  1. It appears probable that at high turbulence the value o f n approaches 
0,5, a t low turbulence i t  approaches 1. The degree of turbulence is probably de
term ined by proportions o f  the cyclone, a, rL, r0, ra and the relative size o f  the  
cylindrical section, the depth of immersion o f the vortex finder etc ., and the  
v e lo c ity  of entry (pressure) of the feed. In harm ony with K elsall’s experim en
ta l data  n =  0,8 appears to  be a practically acceptable mean value.

F ig. 1

Lines V, =  constant include in the conical section  of the cyclone w ith  the  
axis o f  the cyclone an angle greater than the h a lf  apex-angle a. Radial velocity  
com ponent vr itself dim inishes according to  K elsalFs investigations approxi
m ately  linearly with the decrease of the radius, about according to the function

Fig. 2
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ty(r— a)-1  =  C. In the environs of the end o f the vortex finder n egative vr 
values appear too ; here the medium is flowing from the axis of the cyclone  
towards its shell. I f  axial flow did not occur and the fluid flow were free from  
turbulence in the cyclone, the radial ve locity  in  its conical section w ould  be

Q
calculable by the formula vr = ------------------- - , where 0  is the rate o f  feed

J 2 n r ( h 1 +  h)

V — ------ v ti -, if  e is the diameter of the orifice o f entry
4

, h1 is the length  o f the

cylindrical section and h =  (тг— r)  cotg a the height of the conical section  at 
radius r. (See middle sketch in Fig. 4 ). Thus “ theoretically” the function  
Vr rfhj +  ("г, —  t)  cotg a] =  C (=  parabola) is valid , and vr cannot be n egative

or zero. V, has its m inim um  at r
/ix +  t i cotg a 

2 cotg  a
(in case of hx >  0 at r ;>

in case of hj >  гг cotg a at r >  гг). F ig . 3 gives the variation o f ty as a func
tion  o f r at different apex half-angles and /ц values for =  10 cm and Q =  25 
m3/hr.

Lines v a =  const (Fig. 1 and 2) form  in  the conical section o f th e  cyclone 
a bunch of rays radiating from a point near the apex. Along the conical shell o f  
the cyclone, as well as along the outer w all o f the vortex finder, the m edium  is 
flowing downward, near the axis, beside the central core o f air it  is flow ing up
ward. v a =  const lines o f  the axial slurry flow, along the axis and beside the  
vortex finder, are nearly parallel to th e  axis. v a =  const lines beside th e  conical 
shell include with the axis an angle greater than  half apex-angle a. The relation
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v al =  v , i  cotg a is also valid  approxim ately. L ine v a =  0, which separates dow n
w ard and upward slurry currents in the cyclone, includes w ith the axis an angle  
som ew hat smaller than  the half apex-angle. The vortex finder generally reaches 
as far down as the junction  o f the cylindrical and o f the conical sections of the  
cyclon e. A t this height line va =  0 bifurcates and includes a wider zone in  
w hich  va q?-í 0. In th is zone and along the line va =  0 of the conical section, 
grains revolving in equilibrium  remain for a longer tim e in the cyclone. The 
farther o ff this line falls the orbit of particles revolving in equilibrium, the more 
rapid ly  they  are discharged from the cyclone ; grains positioned near the axis 
upward through the vortex finder, those beside the wall of the cyclone dow n

ward through the apex. The grain size of the particles revolving on line v a =  0 
is thus at the same the lim it grain size of classification  executed in the cyclone.

In  the diagram o f d =  const, lines va =  0 are also drawn in Fig. 1 and 
2  ; as evident, in both cases classification was effected at grain size o f 10 /л, 
grains above 10 ц  got into the underflow, w hile the undersize was discharged  
in  the overflow.

The grain size o f particles revolving in different places of the cyclone, or 
the lim it grain size o f classification executed by the cyclone cannot be precisely  
determ ined because o f  the com plicated process o f  flow  of the medium, but the 
approxim ate grain sizes can be determined by choosing conditions that more or 
less approach the actual flow  o f the medium. The values o f vt, v, and va necessary
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for the calculation can be chosen, for instance, according to Fig. 4 : v,rn =  v t lr" ; 
е2я  Q

n =  0 ,8 , Q =  — -— vti ; vr = -------------------- — ; A =  (ri — r) cotg a . Lines vr= const
4 2 л  r (hi +  A)

are parallel to the axis o f  the cyclone in the cylindrical section of the latter, and

in the conical section o f it  they  include with the axis the angle of ß  =  arc tg  -r 1
H

line v a — 0 connects the apex of the cyclone w ith  the point at the junction  

o f the cylindrical and the conical sections, at the distance of r" == r i -------—
ra +  r0

from the axis. At locus r', h' o f the conical section o f the cyclone v'r =  v r where 
Г =  r ’ +  h’ t g ß .

Substituting the corresponding values in to  the formula

d =  j 18r)g  l rVL
Ó — у  v t

in  the conical section o f the cyclone the formula

80 e2 r' 0,8
/  r ' t g a

U ^ v ) Q ri (r' +  h' tg ß) (Ai t g a  +  n -  r ' - A '  tg ß)

8 0 , 2 r' 0,8 Г r'

ri 1 F +  h r i )
H  ( n  — r') — h' rx

Г +  H
Ai + Ti — ra

in  the cylindrical section the formula

80 2

I ('> '/) (J

0,8 1

'At +  (ri — r) co tg  a
is obtained,

where d  is in microns, rj =  10~ 5 g sec cm- 2 , g =  981 cm sec-2 , à, y  in g cm -3

Q in m3/hr, e, r, r', rx, ra, A', hv  H  in  cm, tg a =  Г1 ^  Г° , tg  ß  =  ^  ■ H cm is the

height of the conical section. (If Q is expressed in  I/sec instead of m3/hr, instead  
o f  80, the figure o f 42 stands in the formulas). A t h' =  0, r' — r, and the formula 
o f  the conical section passes into that of. the cylindrical part.

B y  substitution o f h1 =  arx the equation o f the cylindrical section can be 
brought to the form

1 0  A cta Technica X V III/3— 4.



3 5 4 G. T A R JÁ N

80 e2

b à - y ) Q

r °’8 1

f , r
1 a + 1 -------

ri
cotg a

In  the cylindrical section  of the cyclone lines d =  const are parallel to  
th e  ax is. The state of equilibrium  corresponding to grain size d =  оo is  at the 
cylindrica l section of the cyclone (beyond the shell of the cyclone) at distance  
Гоо =  тг -f- hj tg  a from the axis ; at the conical section the line, on w hich the  
grain  o f  d =  oo revolves in equilibrium , includes with the axis the angle of ß 
(F ig . 5).

In  the cylindrical part o f  the cyclone to  radius rx pertains the grain size of

<*i =
80 .

; the lim it grain size occurring at radius r " =  гг
ra +  ra

У (à — v)Qh  1
[in th e  cylindrical section] is calculable b y  the formula

d , = 80 e2

У (à -  y)Q Ta +  ro
111 f r l 1 —

ra +  r 0
cot g a

In  hydrocyclones often r1 — 4 r0 =  8 ra ; then

Гп — —  and d/ 
3

'o
ra +  г о

58,5 e2

(ô — y )Q hi -i   cotg a
3

If  hi =  ri and e =  ~  , di =  — — 1
3 У(0 — y)(>(3 +  cotg a)
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or transformed

(II =  63 r 1
(Ô — y) v tl (3 +  co tg a )

-, where t>(1 is in m/sec.

(This formula is valid  in  the case o f hx =  Гр e =  rj/3, r0 =  r j 4, ra =  tj/8 , 
n =  0,8). For given values o f fa n d e t , d, — a / w h e r e

63
( à  —  У)  (3 +  cotg  a)

Table 1 shows lim it grain sizes d; (/и) in  case of ô =  2,65 and y  =  1, 
for гг =  10 cm, calculated at different h a lf apex-angles a and velocity  o f  entry  
v,i  m /sec. A t other гг values the m ultiplicator j/rj/lO bas to be m ade use of. 
On the left diagram o f  Fig. 6 the variation  o f values (rlr1) n is  shown

as function of r/r,. On the right diagram the trend o f values of ( rlr1) nj ( r/rj)0,8 =  
(V/ri ) n~  ’ is presented. This value is m oreover equal to the quotien t dn/d0,8? 
that is , shows the relation of grain sizes pertain ing to values n other than  n =  
0 ,8 , to  those pertaining to  the exponent n — 0 ,8 , at different va lu es o f  r/tj.

The last two lines o f Table 1 show the pressure drop of A H  m  slurry 
column in  the cyclone, pertaining to d ifferent velocities of entry vn , and the  
p  at pressure of entry approxim ately corresponding to the former.

л и  vnThis pressure drop is calculable b y  th e  formula Л rl  = -------
2 gn

W ith n =  0,8 and tj/r,, =  4, the formula o f  A H  =  0,524 is obtained.
The deduction o f the formula itse lf  is as follows : on the elem ental part

icle o f the medium o f dA  cross-sectional area, o f thickness dr and specific 
gravity у  revolving in the cyclone on radius r at velocity v,, centrifugal force

JO*
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d A  y d/*
C — ------ — v f ----  is acting, which is balanced b y  pressure P  =  dA  dp d irected

s  r

tow ard  the axis o f the cyclone. From equality C — P  the equations dp = -
У 2 dr' v?

and  p  =  —  I V. dr are obtained. The substitution  o f value vt =  v tl yields

P
, 2  П'l dr

r l+2 n

>\t - j i 2  »-2^17 v ti ri 
2 ngr2n

+  C .

I f  a t radius r1 the statical pressure is p v  C =  p x +

Yvhth a t is p  =  f i  T  - [ i - l - l

2n-i

2 gn \ -

Tvfi
2gn

From  this

P ± — P- =  H 1 — H  =
Y Y

< Г1 2 n
1

2 gn . r

H 1 — H q =  A H
vt

2 gn
Ы 2" _-  1

_ tol

, that is,

. The variation of

A H 1 Í ri 2 n
1

„2Vt\ 2 gn .( t0
for different values o f  n  is presented in F ig . 7. (In

case o f  n =  0,8 and гг/г0 =  4 , A H j =  0,524, va  =  1,38 ][ДН~ A t e — r j 3,
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Q =  1,2 г/ уA H ,  w h ere , Q i s i n m 3/se c , rx a n d  A H  in  m . Or Q =  0,43 t\  ]/. IH, 
w h ere  Q is  in  m 3/h r , rx in  cm , A H  in  m . D a h l s t r o m ’s e m p ir ica l fo r m u la  
fo r  th e  quantity  o f  o v er flo w , a t  a =  10°, Q =  0,49 yA H  (2 r6e ) 0,9 ; h ere fro m  in  
th e  ca se  o f  r0 =  rj/4 an d  e =  r2/3 Q' =  0 ,lr } ’K ]JA H  is  o b ta in ed , w h ere  Q' is  in  
m 3/h r, Tj in  c m , A H  in  m . [QIQ' ^  4,3 г̂ '""!?]

The diam eter o f the feed pipe o f  the cyclone of a =  10°, rx =  3,81 cm of 
Fig. 1 and 2 w as 5/8w =  1,58 cm. To F ig. 2 belongs the quantity o f  slurry of

4 Q 4 - 1 0 0 0
Q =  3,58 m3/hr ( =  1000 cm3/sec) that is, here ve =  —-— — — —-  - 510

e2 n  1,582 • 3,14
cm/sec is the ve loc ity  of entry. A pproxim ately v,\ =  ve. (For more exact calcu
lation ve =  5,1 m /sec is approxim ately equals not v,i  belonging to radius =  
3,81 cm, but v t pertaining to radius r r1— e/2 =  3,81— 0,79 =  3,02 ( =  1,2").

See also F ig. 2 So th at more exactly v tl =  5 ,1
3,02

3,81

0 ,7 7

=  4,25 m /sec.) In  Fig.

2 by extrapolation is obtained that at =  3,81 cm approxim ately i?,i =  32 

cm/sec. Then hi =  --------=  —  =  1,3 cm (!?). A pproxim ately
2 71 tx vn 6,28 • 3,81 • 32

vui ~  v,i cotg a  =  32 • 5,67 =  180 cm/sec.
Calculated w ith values of Q =  3,58 m 3/hr, a =  10°, rx — 3,81, h x =  1,3, 

e =  1,58 cm, á =  2,65, further ra =  0,32, 0,64 and 0,96 cm, grain sizes d  ob
tained at different values o f h' and r' (Table 2.) and lines d  =  const p lotted  
therewith are presented in Fig. 8. Lines v a =  0 pertaining to various values o f  
r0 =  0,32 ; 0,64 ; 0,96 and 1,28 cm are also drawn in dashed line. In  th e  corres
ponding part o f  the middle diagram (ra =  0,64 cm) lines d  =  const o f  F ig. 2 
are also transferred, indicating agreement or divergence of experim ental and of 
calculated values. The experimental line v a =  0 is to be compared to  line v a =  0 
pertaining to  r0 =  0,64 cm.

From the figures it is evident that the lim it grain size that can be read 
o ff at the junction  o f the cylindrical and the conical sections is the m axim um

Table 1
di /<

Vn m /sec 4 6 8 10 12

a =  7,5° 24 19 17 15 14

10° 27 22 19 17 15

CO О о 36 29 25 22 21

50° 40 32 28 25 23

m 8 19 33 52 75
r-̂ p a t 1 2,3 4 6 8
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w
cm

ra
cm

r' cm

3,81 2,81 1,81 1,31 0,81 0,31

0,32

0 0,64 72,0 24,3 12,7 8,9 5,6 2,4
0,96

5 0,32 — 44,7 13,6 8,4 4,5 1,4

0,64 — 54,3 13,9 8,5 4,5 1,4
0,96 — 69,0 14,2 8,6 4,5 1,3

10 0,32 — — 24,1 10,5 4,8 1,3

0,64 — — 37,3 11,6 5,0 1,3
0,96 — — — 14,5 5,4 1,4

15 0,32 — — — — 8,0 1,6

0,64 — — — — 17,0 1,8
0,96 — — — — — 3,0

grain  size that gets into the overflow. Along line va =  0 proceeding tow ard  
th e  a p ex  o f the cone gradually finer sizes fall on line v a =  0 , indicating th a t the  
part o f  the finer grains, w hich reach their state o f  equilibrium  only in the conical 
section  o f the cyclone, are also discharged in the underflow. Around the apex the  
line o f  d  =  o o  also falls inside o f  the cyclone, and in  the middle and the right 
diagram  it also comes to  the left side of lines v a =  0 in the case exam ined.
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Table 3

ra
cm

r 0cm

0,32 0,64 0,96 1,28

0,32 13 19 25 30

0,64 9 13 16 20

0,96 6 10 13 16

A H  m 83,5 27,0 13,4 8,0

r^ p  a t 9 5 1,5 1

Q =  3,58 m 3/h r ,  a  =  10°, Ô =  2,65 

r 1 =  3,81, h l =  1,3, e =  1,58 cm

This would mean that at the apex o f the cyclone the axial flow o f slurry would 
transport quite large particles too, upward, toward the vortex finder. The coarse 
grains, however, having arrived at the upper regions of the cyclone, m oving  
toward the line corresponding to their sta te  o f equilibrium get again  on the 
right side o f line va =  0 , that is, back in to  the downward current o f  the slurry. 
I t  is more probable, however, that in  consequence of divergences between  
conditions supposed at the deduction o f the formula and the actual situation, 
the line o f d  = o o in  reality never falls in to  the inside of the cyclone, and thus

Tabic 4

A H  — co n stan t

e  cm 1,0 1,3 1,58 1,9 2 2

Q m 3/h r 1,43 2,43 3,58 5,15 6,91

d l p 46 59 72 87 100

di /( 8 11 13 16 18

the circulation of coarser grains around the apex of the cyclone o f  longer or 
shorter duration does not really take place, which would produce there a dense 
suspension o f particles.

Lim it grain sizes d( (/1 ) pertaining to  various values of ra and r0, which 
m ay be read from the diagram too, th a t is, the maximum grain sizes getting  
into the overflow, are shown in  Table 3. D ata A H  m at the b ottom  of the 
table have been com puted from formula 

Vn • . ,
w ith values o f  v ti =  5,1 m/sec and n =  0,8. [ForA 11 = r i

2 n
—  1

ro2 g n
r0 = 0 ,6 4  cm, where A H  =  27 m , according to experimental results p e =  2,81 at 
was the pressure o f entry ( =  28,1 m o f w ater column), p  at is about the necessary 
pressure o f the pump.]
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A H ,  and р  respectively , vary much w ith  r0 i f  at constant orifice o f  
entry  ( e )  an invariable am ount of slurry (Ç) is to  be fed to the cyclone ; lim it  
grain size d ; varies sim ultaneously only slightly. (For instance, at p  =  9— 3— 1,5  
at, d) — 9— 13— 16 p.)

I f  at constant orifices o f  entry and of discharge pressure is reduced, w hile  
n rem ains invariable, the velocity  of entry or the quantity of feed changes in  
proportion to the square root o f the ratio of pressures. ( A H  =  crn2 ; Q =  kvn =  
К  ]JAH). For instance, at K e l s a l l ’s experim ents, when instead of 40 lb /sq . in . 
entry pressures of 30, 20 and 10 lb/sq. in. were applied, the amount o f slurry  
was reduced from 59,82 1/sec to 52,31, 43,27 and 31,51 1/sec, respectively, in  
lieu o f  the “ theoretical“ values o f 59,82 • |/з / 4 =  51 ,8 ; 59,82 • |/з/4 =  42,2 and  
59,82 • Ух/4 =  29,9 in  the sam e order. S im ultaneously d varies in inverse ratio

to the radical of order 4 o f the ratio o f pressures (d  =  Cj^Q =  С /У А Н  )■ 
Therefore, i f  in any cyclone, keeping orifices o f en try  and of discharge constant, 
the lim it grain size has to be reduced, for instance, to one half, the velocity  o f  
slurry en try  or its am ount has to be increased to  four times its former value, 
the pressure has to be boosted  16-fold. The power dem and will then rise to  61- 
tim es th e  former value (16-tim es referred to the feed unchanged).

I t  is  more econom ical in  such case to em ploy, instead of a single large  
cyclone, a set of m  sm all ones tied up in parallel (m ulticyclone), whose linear  
dim ensions are 1/l m tim es those of the big cyclone. Each of the sm all cyclones  
fed w ith  1/m  tim es the original Q quantity of slurry, velocity  of entry vn rem ains

4____

unvaried, but the grain size o f separation is reduced to 1/l/m times the form er. 
Since va lu es rj/r0 and n also remain unaltered, the pressure drop in the sm all 
cyclones w ill be the sam e as that of the big one ; theoretically, the power de
mand o f  the m idti-cyclone p lant remains the sam e as that of the single big cyc

lone classify in g  at]fm  tim es, larger grain size. (If  values vn , rj/r0 and n rem ain  
unchanged, in  the big and the small cyclones at the places of equal r/rj values 
the sam e velocities vt and vr present them selves and the resistance S  o f  the  
m edium  is the same, but the centrifugal force is |/m -tim es greater in the  
small cyclone than in the b ig one.) If, for instance, th e  lim it grain size o f classi
fication  is  to be reduced to one half, m =  24 =  16 sm all cyclones are required  
whose all dim ensions are 1/1lm  — 1/4 of those o f  the big cyclone. This m u lti
cyclone p lant processes the unchanged quantity o f  feed “ theoretically” w ith  
the sam e power demand (with the seam pump and m otor), hut with the lim it  
grain size o f  classification reduced to one half. In  reality , the power dem and  
rises s lig h tly  because o f greater pipe friction, but m ay be also because o f th e  
change o f  the n-value.

From  Table 3 it appeared that in case o f unvaried Q and e, that is, o f  
vn , the change of r0 is accom panied by a strong alteration  of the necessary pres
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sure o f entry. In practice it is preferred to keep pressure (AH  or p )  con stan t  
and the m agnitude ra or r0 is varied. Let be exam ined how the grain size o f  
classification varies in  this case. For exam ple, le t A H  =  27 m , ( p  ш  3 at), 
rl =  3,81 cm, h1 =  1,3 cm , a =  10°, ô =  2,65, n =  0,8 ; let further 1/ a t r0 -  
ra =  0,64, e =  1,0 ; 1,3 ; 1,58 ; 1,9 ; 2,1 cm ; 2/ at e =  1,58 cm and r0 =  
0,64 cm ra =  0,32, 0,64, 0,96 cin ; 3/ at e =  1,58 cm and ra =  0,64 cm, 
t0 =  0,32, 0,64, 096, and 128 cm.

1. I f  e  changes, but AH , n, r j r 0 and all other enumerated data rem ain  
unchanged, vtl also rem ains unvaried (in the case on hand 5,1 m /sec), b u t Q 
varies proportionally to e2, and the value o f d  changes in ratio to e, as m ay be 
read directly from formulas of Q and d. The values computed are listed in Table 4 .

2. I f  ra changes and all other data enum erated remain unchanged, v,i 
and Q remain unvaried and the location of lines d =  const also remains unchan-

Table 5
A H  =  co n stan t

r0 cm 0,32 0,64 0,96 1,28

vlt m /sec 2,87 5,10 7,26 9,45
Q m 3/h r 2,01 3,58 5,10 6,64

л 96 72 60 53

<h n 12 13 13 15

ged in the cylindrical section of the cyclone, but line va =  0 and d = o o  are 
displaced, wherefore the value of d ; and the location of lines d  =  const also 
changes in the conical section of the cyclone. In the case on hand d1 =  72 ц  
remains unchanged, the values of di will be at ra =  0,32 ; 0,64 and 0,96 cm  19, 
13 and 10 p ,  respectively, as listed in  colum n r0 =  0,64 of Table 3.

3. I f  r0 changes but all other data enum erated remain unvaried, w ith  
change o f —  at A H  and n unvaried —  v ti  changes, and so do also Q and d.

The value o f v tl =
2 gn AH

that o f  Q changes proportionally to  t;fl,
(fi/to) — 1

that o f d in inverse ratio to 1[Q. Line va =  0 is shifted. Results of calculation are 
listed in Table 5.

4. I f  not pressure A H  (or p )  but the q u an tity  of slurry Q remain constant 
(3,58 m3/hr), w ith  change of e — other data enum erated (rt =  3,81 cm , r0 =  ra =  
=  0,64 cm, A j= l,3  cm , a =  10°, 0 =  2,65, n = 0 ,8 )  remaining unchanged —  v,i, 
A H  and d  will change. That is, the value o f v ti varies inversely to e2 (vtl =  4Q/ 
е2л), that o f A H  in inverse ratio to e4 ( A H  =  cvtl  =  c'/e4), the va lue o f d  
in direct ratio to e2. The location o f lines d  =  ooand va =  0 does not change. 
Results o f the calculation are listed in Table 6 .



3 6 2 G. TA RJÁ N

Q =  c o n s tan t Table 6

e cm 1,0 1,3 1,58 1,9 2,2

г>it m /sec 12,75 7,54 5,10 3,54 2,64

A H  m 168,8 59,2 27,0 13,0 7,2

di Ц 29 49 72 104 139

di /1 5 9 13 19 25



Table 1

/»1 = ) cm hi =  10 cm /l1 = 20 cm />! = 40 сп
h cm

0 15 30 45 0 15 30 45 0 15 30 45 60 0 15 30 45 60

r ' — 10 CO 63,3 _ _ 44,9 162,2 — _ — 31,7 39,0 105,0 — —

8 42,1
a =  7,5°

34,3 59,1 — — 29,1 37,1 — — — 23,2 24,9 32,2 — —

6 24,0 32,6 _ — 20,8 23,9 57,5 — 18,7 19,8 27,3 — — 15,8 15,5 17,1 23,6 —

4 14,2 14,6 2 2 ,6 — 12,9 12,4 15,1 — 11,9 11,0 12,1 18,7 — 10,4 9,3 9,3 10,5 15,9

2 7,1 5,7 6 ,2 12,0 6 ,6 5,1 5,1 6,7 6 ,1 4,7 4,5 5,2 9,5 5,5 4,1 3,7 3,8 4,5

h' cm 0 j 10 20 30 0 10 20 30 0 10 20 30 40 0 10 20 30 40

r '  — 10 oo 63,3 _ _ _ 45,1 66,9 _ _ _ 32,0 34,9 43,4 111,7 _
a — (1

35 5 50 0 30 1 34,3 53,1 23,6 24,0 26,5 33,5 92,0

6 27,8 35,1 _ 23,2 25,2 35,7 — 20,3 20,7 23,9 38,9 — 16,8 16,1 16,5 18,3 23,6

4 16,4 16,5 21,5 14,5 13,7 15,1 22,2 13,1 12,0 12,3 14,4 25,0 11,2 9,9 9,5 9,8 10,9

2 8,2 6,7 6,8 9,1 7,4 5,8 5,6 6 ,2 6,9 5,3 4,9 5,1 6,0 6,0 4,5 4,0 3,9 4,0

h cm о 4 8 0 4 8 12 о 4 8 12 0 4 8 12

r ' =  10 CO a  — 30 0 63,3 78,8 — — 44,7 45,4 51,5 65,7 31,6 29,8 29,0 29,3

8 90,0 45,6 49,4 69,0 — 34,5 33,4 34,8 40,0 25,4 23,1 22,0 21,7

6 50,5 78,5 — 32,3 31,6 36,1 561,7 25,6 23,2 23,0 24,4 19,3 16,8 15,5 15,0

4 29,8 31,6 101,0 21,3 18,7 19,5 23,3 17,4 14,5 13,6 13,7 13,5 10,9 9,7 9,1

2 14,8 11,9 14,3 11,3 8,2 7,5 8,1 9,5 6,6 5,7 5,5 7,5 5,0 4,2 3,8

h' cm 0 2 4 0 2 4 6 0 2 4 6 0 2 4 6

r ' =  10 OO a — 50о 63,3 63,6 70,7 91,8 44,6 41,8 40,7 41,0 31,6 28,6 26,7 25,5

8 129,3 49,0 47,0 49,0 56,4 36,0 32,6 31,0 30,5 25,9 22 ,8 20,9 19,7

6 72,4 117,0 — 36,2 32,8 32,4 34,7 27,3 23,7 21,9 21,1 20,1 16,9 15,2 14,0

4 42,4 45,7 384,0 24,8 20,5 19,2 19,5 19,1 15,3 13,6 12,7 14,3 11,1 9,6 8,7

2 21,4 17,1 21,1 13,5 9,3 8,1 7,8 10,7 7,1 5,9 5,4 8,1 5,3 4,3 3,8
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L et the com putation of grain sizes revolving in equilibrium at various 
v a lu es o f  h' and r' beexecuted, for instance, in  case of тг =  10 cm , ra =  2 cm , 
r„ — 4  cm , (r" =  6,67 cm ), e =  4 cm, Q — 25 m 3/hr (va  =  5,53 m /sec, A H  =  
6 ,4  m , p  =  0,8 at), ô =  2,65, n =  0,8 at hx =  0, 10, 20, 40 cm and a =  7,5°, 
l 0 o, 30°, 50°. Results are shown in Table 7 and F ig. 9. Table 8 lists lim it grain 
sizes d t  computed by formula

_______ 1__________________ 144

У hi +  3,33 cotg а У hi -f- 3,33 cotg  a

From  Table 8 , as w ell as from individual diagrams of F ig. 9 is evident 
th a t th e  lim it grain size, th a t is, the m axim um  grain size getting in to  the over

d o
ÖU •

l?L65 - 25

Table 8

di Ц

hi cm 0 10 20 40

a  =  7,5° 29 24 21 18

10° 33 27 23 19

CO О о 60 36 28 21

50° 86 40 30 22

Q =  25 m 3/h r ,  ô =  2 ,65 , rx =  10, 

r0 — 4, r , i = 2 ,  e — 4 cm

flow at invaried half apex-angle a is the sm aller, the greater is hx, th e  height 
o f th e  cylindrical section o f the cyclone ; at unchanged hx it dim inishes the  
m ore, th e  smaller is a, the apex-angle o f the cyclone. Table 9 shows the d istance  
Too— rx =  hx tg  a in the cylindrical section o f the cyclone pertaining to  grain 
size d  = o o ,  at different values o f a and hx ; th is  continues in the conical section  
w ith  direction  tangent ß. I f  distance Too— rx is  sm all (at small apex-angle and 
low  hx va lue), line d  = o o ,  to which f it  closely lines d — const, it passes near the  
w all o f  th e  cyclone. In th at case lines d  =  const cling more or less to the conic

Table 9

Га, ----  Гх С1П

hi cm 0 10 40 s

a =  7,5° 0 1,3 2,6 5,3

10° 0 1,8 3,5 7,1
20° 0 5,8 11,5 23,1

50° 0 11,9 23,8 47,7
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w a ll o f  th e cyclone or to  lin e v a  =  0 m ore or less closely . I f  lin e  d =  °o  is  far 
from  th e w all o f  th e  cy c lo n e  (great ap ex-an g le , great ft,) lines d  =  c o n st  do not 
f i t  to  th e  conic w a ll o f  th e  cyclone or to  lin e  v a  —  0 , b u t in tersect th e se  at the

70

6 0

5 0

4 0

3 0

20

10

d

M

0
О г 2 6  8  c m  1 0  0  r  2

5 0

8  c m  Ю

4 0 -

3 0

20

10

a

F ig . 10
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grea ter  angle, the higher is  th e  value of Too— rr  Cyclones of small apex-angle  
and  sm a ll cylindrical section  are according to th is f it  for classification; in  these  
th e  s ize  o f  particles revolving in  equilibrium on line va =  0 does not vary much,, 
and  o n ly  grains little sm aller th a n  the maximum grain size d; discharged in  th e  
overflow  w ill get into the underflow . Cyclones w ith  great apex-angle and large  
cy lin d r ica l section, on the o th er  hand, are more su ited  for heavy media concentra

tion. T h e large cylindrical section  w ith  its broad zone o f v a ш  0 is very f it  for  
producing  the heavy suspension, since particles revolving therein in equilibrium  
have a lo n g  tim e of residence in  th e  cyclone. Along th e  v a 0 line of the conical 
part to  particles representing a proportionately wide grain size range take posi
tion  and  s ta y  a larger time in th a t  cyclone. But the stab ility  of the heavy suspen
sion, th e  constancy of its sp ec ific  gravity, is favourably affected also b y  the  
fact th a t  in  the hydrocyclone o f  great apex-angle and large cylindrical section  
grains o f  th e  size fraction dx—  d xj2 o r ^  —  d j 3 are distributed in a broader zone 
than in  cyclones of small apex-an gle  and small conical section. Tables 10 and  
11 and F igu res 10, 11, and 12 p lo tted  from their data give inform ation th e 
reon. (T h e data  refer to Q =  25 m 3/hr, <5 =  2,65, rx =  10, ra — 2, r(J =  4, e =  4
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Table 10

Л. =  0 cm =  10 cm

cm
a =  1 5 7,5 10 30 50 90° 1 5 7,5 10 30 50 90°

10 oo oo oo oo oo oo oo 63,3 63,3 63,3 63,3 63,3 63,3 63,3

8 15,6 35,0 43,0 49,7 90,0 128,7 oo 14,9 29,2 33,4 36,5 45,9 48,9 52,9

6 8,8 19,6 24,1 27,8 50,4 72,4 oo 8,6 17,8 20,9 23,2 32,3 36,2 41,9
4 5,2 10,8 14,2 16,4 29,8 42,5 oo 5,1 10,2 12,9 14,5 21,3 24,7 30,4

2 2,6 5,8 7,1 8,2 14,8 21,3 oo 2,6 5,5 6,6 7,1 11,3 13,5 17,5

fci =  20 cm * — 40 cm

10 44,7 44,7 44,7 44,7 44,7 44,7 44,7 31,6 31,6 31,6 31,6 31,6 31,6 31,6

8 14,4 25,6 28,2 30,0 34,6 35,9 37,4 13,4 21,2 22,5 23,4 25,4 25,9 26,4

6 8,4 16,4 18,7 20,3 25,6 27,5 29,6 8,1 14,3 15,8 16,8 19,4 20,2 20,9

4 5,0 9,7 11,9 13,9 17,4 19,2 21,4 4,9 8,8 19,4 11,2 13,5 14,3 15,2

2 2,5 5,2 6,2 6,8 9,5 10,7 12,3 2,5 4,8 5,5 6,0 7,6 8,1 8,7

cm , n =  0,8.) Table 10 gives d (/г) values com puted at different values o f  a 
and Л1 by  the form ula valid for th e  cylindrical section o f the cyclone. Table 
11 gives per cent values of these grain sizes referred to d1 =  100% . F ig . 10 
and 11 are graphical representations o f Table 10, F ig . 12 that o f Table 11 
Table 12 indicates to  what percentage o f the cyclone radius extends the zone 
in  which particles o f  the grain size fraction dr —  d j 2 and dx—  dj/3 are revolving  
in  equilibrium. The zone of grain size fractions d l— d j x  is about equal in cyclo 
nes o f  a =  10°, hx =  40 cm and o f a  =  30°, hx =  10 cm. The last row o f Table 
11 gives the full heights of the cyclones.

The wear o f  the conical section of the cyclones is the greater, the farther 
line d  =  oo falls from  the wall o f the cyclone. On stubby cyclones o f great apex- 
angle and large cylindrical section wear is therefore greater than on slender 
cyclones. In the la tter  particles som ew hat below  dj no more press against the

Table 11

a
/»! cm

5° 10° 30° 50°

10 20 40 10 20 40 10 20 40 10 20 40

r == 10 100 100 100 100 100 100 100 100 100 100 100 100
8 46,1 57,1 67,0 57,6 67,0 74,0 72,5 77,4 80,4 77,1 80,3 82,0
6 28,1 36,6 45,7 36,6 45,4r 53,1 51,0 57,2 61,4 57,4 61,5 64,0
4 16,1 21,6 27,8 22,9 29,0 35,4 33,7 38,9 42,7 39,0 43,0 45,2
2 8,7 11,6 15,2 10,2 15,2 19,0 17,8 21,2 24,0 21,3 23,9 25,6

H +h\ = 101,5 111,5 131,5 56,2 66,2 86,2 23,8 33,8 53,8 16,7 26,7 46,7
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Table 12

a 10° 30°

hx cm 10 20 40 10 20 40

di —  d J 2 25 35 43 41 47 52
d i  —  d j  3 46 56 64 61 67 71

w all o f  the cyclone, and the line of equilibrium position (d =  const) o f particles 
pressing  against the w all o f  the cyclone also passes at small d istance beyond  
th e  w all o f the cyclone, not so as in case o f great a and height h. H owever, the

farther the particle is from its d  =  const line, at the higher velocity and with  
the greater effort it tends to m ove toward th is line, and the stronger it  presses 
aga in st the cyclone shell im peding its m otion.

In  diagram va — const o f  Fig. 4 (in conform ity with Fig 1 and 2) was 
in d icated  th at the axial ve loc ity  of downward flow of the slurry along the co
nic w all o f  the cyclone increases a little in  progression toward the apex. It is 
also know n that at the junction  o f the cylindrical and of the conical sections 
v ai v,x cotg a. Instead o f the axial velocity  increasing a little along the wall, 
calcu lated  w ith  constant velocity  i>al, along the conic wall of the cyclone the

slurry flows during a tim e period o f H /vaг =  —------— =  —1— - — . (In the space
val tg  a vrl
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betw een the shell and the line va =  0 the tim e of residence o f the slurry will 
becom e gradually the longer, the nearer it comes to line va =  0 or the farther

Q
it  is from the wall.) The value of ty* = --------- —  the formula o f t =  2 n  (rx— ra)

I n  T\hi
ri IQ is obtained for the duration o f slurry flow along the conic wall of the 
cyclone (independently o f a or of H.  For instance, for Q =  25 m3/hr =  6950 
cm 3/sec, r1 =  10 cm , ra — 2 cm and h3 =  10, 20, 40 cm in the same order the 
values of t =  0,72 ; 1,45 ; 2,89 sec are obtained, however great be the apex- 
angle or the length o f the conical section). That is, at the same quantity of  
slurry, the axial ve locity  o f flow at the conic wall is the lower the higher is h3 
and the greater is a ,  th at is the stubbier is the cyclone. At low velocity  o f flow 
the wear is less too . From  the point o f view  o f wear the axial flow o f slurry is 
more favourable in stubbier cyclones than in slender ones. This is opposite to 
the former finding that at the conical section o f stubby cyclones wear is strong
er. However, the favourable effect o f lower axial velocity  along the wall of 
stubby cyclones plays no part, because of tangential velocities m uch higher 
than axial ones, the former being in stubby and in slender cyclones at equal 
Q and e of equal m agnitude. [Fig. 1 and 2 refer to slender cyclones (a =  10°, 

=  1,3 cm — r,/3), axial velocities along the conic wall (1,5— 2 m/sec) amount 
y et but to a fraction o f tangential velocities (5— 10 m /sec and still higher at 
the apex). The tangentia l velocity along the wall increases toward the apex, 
th is causes the apex to wear off soonest.]

Let the problem o f heavy m edia separation in the hydrocyclone be in 
vestigated  hereafter. Let the volum e o f the heavy media be Q =  25 m3/hr ; 
the volume of the raw material (for instance coal) is usually 1/3— x/6 o f the form
er. Let the proportion be, for instance, */5 then the quantity o f coal is 5 m3 
=  8 t/hr (at average specific gravity o f 1,6). Let the specific gravity of the 
make-up medium (for instance quartz dust) be 2,65, the specific gravity  of the 
suspension fed b<? y'  =  1,2. The volum e proportion o f solids in  the suspension

w ill be then о =
1,2 - 1  

2,65 -  1
0,121 . The quantity  o f quartz dust is

thus 25 • 0,121 =  3,0 m3/hr =  0,8 t/hr. Let the specific gravity o f separation be
0 85

1,85. To this pertains o =  — —  =  0 ,515. Such a dense suspension has to be
1,65

produced along line va =  0 and in  the zone va =  0 o f the cylindrical section  
in  order that refuse particles of sp. gravity higher than 1,85 be discharged in 
the underflow (m aybe in a suspension of substantially higher density than that), 
and the coal particles o f  lower specific gravity than that —  view ed in  the di
rection of the centrifugal force —  float on the suspension o f 1,85 sp. gr. stag
nant in the cyclone and leave it in the overflow, in a suspension o f much lower 
density  than the feed. Let the coal recovery be for instance 70% , the average 
sp. gr. o f washed coal 1,47, that o f refuse 2,0, then the quantity of washed coal

1 1 Alia Tfchnica XVIU/3—4.
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is 8 • 0,70 =  5,6 t/hr =  3,8 m 3/hr, and that of refuse 8 - 0,30 =  2,4 t/hr =  1,2 
m 3/hr. Let the cum ulative grain size distribution o f the make-up medium of 
2,65 sp. gr. be according to  Table 13. In cyclones also figuring in F ig. 9 of 
Q =  25 m3/hr, <5 =  2,65, rx =  10, ra =  2, r, =  4, e =  4, hx =  10 cm, dl =  63 fx. 
Such a cyclone is to be chosen for the medium o f given grain size. In  case o f  
% <  10 cm d L >  63 fx : particles coarser than d1 press against the cyclone shell 
and p lay  no part in producing the suspension, th ey  only wear the wall of the 
cyclone. In case o f /q >  10 cm d <  63 fx : along the wall o f the cyclone a sus
pension-free zone is form ed, in which also coal grains o f less than 1,85 sp. gr. 
can  rem ain and get into the underflow as loss o f coal. A  cyclone o f  h1 =  10 cm , 
a  =  10° chosen (Fig. 9), in  the cylindrical section into an about r =  5— 8 cm  
area falls the region v a =  0, where about the grains o f  18— 37 [X revolvent in  
equilibrium . On line v a =  0 o f the conical section, in the upper 2/3 of the cone,

Table 13

dfj, 60 40 30 20 10 0

W e ig h t % 5 25 45 70 90 100

t / h r 0,4 2,0 3,6 5,6 7,2 8,0
m 3/h r 0,15 0,75 1,35 2,1 2,7 3,0

betw een  h' =  0— 30 cm , grains o f about 16— 27 fi can revolve in  equilibrium . 
The quantity  of grains o f 18— 37 fx is about 43% o f the total suspension m aterial, 
grains o f  16—-27 [X m ake about 25% . A substantial part of the suspension m a
teria l thus takes part in  the form ation of the h eavy suspension.

Spheres of uniform size contacting one another in hexagonal arrangement 
f ill 52%  ( =  Jt/6) of the space, in tetrahedral arrangement they  fill about 74% . 
In  th e  hydrocyclone grains o f  the suspension m aterial arrange them selves ac
cording to size, shearing forces arising through differential tangential velocity  
o f  coaxia l layers im pedent the densest (tetrahedral, a =  0,74) arrangement of 
contiguous particles only the looser (hexagonal a  =  0,52) arrangement can come 
about. (This just corresponds to the volume density of a =  0,515 required for 
a suspension of 1,85 sp. gr. A  h eavy suspension of higher sp. gr. than  this could 
not even  be produced from  a separation medium o f 2,65 sp. gr. in  the hydrocyc
lone.) (Shearing forces also strongly  reduce the structural v iscosity  of relatively  
dense suspensions, therefore in  the hydrocyclone fine-sized m aterials can be 
successfully  separated even in  a suspension of density  a >  0,5.)

The suspension m aterial pressing against the cyclone wall does not con
sist o f  grains of uniform size, but a layer of coarser grains developed on the 
cylindrical section is joined b y  finer and finer particles on the conical section, 
and th e  smaller grains fin d in g  room in the interstices between coarser ones
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reduce the pore volum e of the layer ; on the other hand, upon the grains of 
the layer is acting a force directed toward the cyclone wall, the in ten sity  o f  
which is the greater, the farther lies outside o f the cyclone wall the line d  =  oo. 
N o such force is acting upon particles revolving in their state o f  equilibrium  
(on line d =  const, at locus v a =  0). Therefore the density o f the suspension  
pressing against the cyclone wall and discharged in the underflow can be even  
higher than the value o f a — 0,74 corresponding to the densest arrangem ent o f  
uniform  spheres, especially in stubby cyclones where, line d  =  °o ly in g  far, a 
greater force is pressing against the wall the grains of the layer sliding down the  
conical section. Shearing forces too, which are smaller along the w all, than in 
the inside o f the cyclone, do not hinder but promote the thickening o f the layer,

Table 14

r cm 8 6 4 2

d  m icrons 53 42 33 27

w eigh t % 8 21 39 53

m 3/h r 0,24 0,63 1,17 1,59

q cm 3/sec 67 175 325 441

q /a  cm 3/sec 122 318 591 804

q' cm 3/sec 456 652 925 1138

va cm/sec 65 75 90 110
A r  cm 0,14 0,23 0,41 0,82

z cm 2,7 2,0 1,3 0,6
~  va cm/sec 63 71 76 73

A r  cm 0,14 0,24 0,48 1,28

because they change the position o f  particles in contact w ith one another. 
(For instance, at <x =  0,74, in case o f  a  =  2,65, the sp. gr. o f the suspension  
discharged in  the underflow is 2,22, its w ater content 11,7% ). In  the case on 
hand (a =  10°, ht =  10 cm) line d =  oc is near to the cyclone wall and even 
intersects it above the apex. Therefore here no noteworthy force presses the 
grains of the underflow pulp against each other, therefore in consequence of 
shearing forces, due to differing tangentia l and axial velocities o f  contiguous 
layers sliding down, the density a  o f  the underflow will be nearer to  0,52 than  
to  0,74. (For instance, a m ay be 0,55, when the sp. gr. of the suspension will be 
1,90, its water content 23,6%.)

From the F ig. 9 may be read that at r =  8 , 6, 4 cm (at h' =  12, 23, 34 
cm o f the cone) the lines d =  53, 42, 33 ц  in  the same order, cling to  the cyclone 
w all, further that di =  27 Ц. In  Table 14 are visible : the q u an tity  o f grains of 
the suspension coarser than these d  sizes (in m 3/hr and q cm3/sec) and their “ loose”

11*
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v o lu m e (g/ff cm3/sec) com puted with volume density  er =  0,55, as well as the 
cu m ulative quantity (q' =  q/a  +  gx) of the latter and o f refuse of q1 =  1,2 m3/hr 
=  334 cm3/sec ; the approxim ate axial velocity  (va cm/sec) appearing at the 
w all, which “slightly” increases from

0  co tg  a
Val =  tvi cotg a =  -  -

2 n  ri
6950-5,67

628
- 62,7 cm /sec at W =  0

in  passing toward the apex ; value Ar' =  q'l2rnv'a y ields in first approximation  
th e  th ickness of annular layer o f  thick pulp sliding down the conic wall at distance 
r from  the axis ; z  cm shows the horizontal distance —  measurable from the

ty' ( % _ /̂J f /
figure —  between the conic w all (r) and line va =  0 ; va =  —  1 +

2 z
g ives the approximate axial ve locity  of the pulp flow ing in the layer dr', provided  
th a t the axial velocity reduces linearly from v a at radius r to velocity 0 of line 
v a =  0. In Fig. 1 and 2 in the middle and the upper part o f the cone the axial 
v e lo c ity  component changes about linearly between v a =  0 and the conic wall, 
in  its  bottom  part this change takes place about according to a parabolic law. 
In  case of 2 <  Ar', change according to a parabolic law supposed, the average 
value o f  v a =  2 v'a{3 m ay be reckoned with. Ar  =  q'l2nrva is the approximate 
th ickness of the layer com puted w ith the average va value. (The calculation would 
be more exact if  the values o f  r2 or of A r =  — r2 were calculated by substituting

r-l
the linearly or parabolically varying function of v into the formula q' =  2л  | vr d r .

>i
T hus in  the case of v varying linearly a cubic, in the case o f its variation according 
to  a parabolic law a fourth-degree equation would be obtained. The Ar  calcul
able therefrom , however, w ould not be an exact value either, because of uncer
ta in tie s  o f the param eter o f  the equation.) At ra =  2 cm the calculation gives 
th e  va lue of Ar =  1,28 cm , accordingly the radius o f the air core in the cyclone 
narrows to 2— 1,28 =  0,72 cm . In the apex the d istance of line va =  0 from the 
ax is is  1,4 cm according to the drawings. This warns that around the apex 
o f the cyclone line v a =  0 no more falls on the line connecting the apex with

/f 7"i 7"o
the point at г — ------------d istance from the axis and at height A '=0. However,

Ta +  r 0
it  is also possible that line v a =  0 falls into the layer Ar near the apex ; then  
the inner part of this layer flows upward. If grains recycled into the cyclone by  
th is  current do not find  free room and passage to their line d  =  const on the 
righ t side of line va =  0 , rem aining on the left o f  line v a =  0 , they get into the 
overflow . In that case grains above d t m ay also be discharged in the overflow ; 
on the other hand, these grains, which do not revolve at a place corresponding 
to  their  state of equilibrium, striv ing after line d  =  const corresponding to their 
sta te  o f  equilibrium, exert pressure on grains ham pering them  and thereby com-
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pact a little  the particles originally in  “ loose” contact, thus the heavy suspension  
o f the hydrocyclone m ay attain a greater a and higher specific gravity than  
would correspond to the state of loose contact (а ш  0,52). The calculation of 
the radius of the air core and of value Ar  o f the apex does not go on all fours 
either, principally because of the uncertainty o f values v'u and va. H owever, the 
value o f a is not unchanged either along the entire length of the conic wall, but 
it  probably grows toward the apex. The total amount of refuse on the other 
hand, does not stick any longer to the Avail o f the cylindrical section. All these 
reasons evidence that the approxim ate method presented can lead only to  
approxim ate results.

Table 15

r cm 8 6 4 2

d m icrons 48 (34) (21) (10)

w eigh t % 17 (37) (72) (90)

corr. w eight 17 33 37 39

m 3/h r 0,51 0,99 1,11 U 7

q cm 3/sec 142 275 308 325

q/a  cm 3/sec 218 423 474 500

q' cm 3/sec 552 757 808 834

^  v ’a cm /sec 20 25 30 40

A r cm 0,55 0,80 1,07 1,66

z cm 2,7 2,0 1,3 0,6

~  vr cm /sec 18 20 18 27

A r cm 0,61 1,00 1,78 2,46

Discharge of part o f the grains above d ( size due to the afore-m entioned  
cause can be prevented by enlarging the aperture of the apex or by decreasing 
the density o f the suspension fed to the cyclone (for instance em ploying a sus
pension of 1,15 sp. gr. instead o f 1,2).

A similar calculation executed on a cyclone of a =  30°, hx =  10 cm leads 
to results presented in Table 15. A t r =  6 , 4 and 2 cm the conic wall is inter
sected by equilibrium curves of d  <  d; ( =  36fi). From this size range however, 
very little gets into the underflow, m ost of it discharged in the overflow. In the 
cylindrical section in the range va ^  0 (falling between 5— 8 cm) the size fraction 
of 27— 46 (about 34% weight) is revolving in equilibrium, along line va =  0
o f the conical section (in the upper 2/3-ds) grains of 16— 36 /r (about 45%) 
accom odate theselves. From these grain fractions, for instance, le t 10% be dis
charged continuously in the underflow (corr. weight). Because o f greater dis
tance o f line d =  o o , a =  0,65, va\ =  t> icotg a =  11 • 1,73 =  19,1 cm /sec. The
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Table 16

a = i°° _ a = 30°

Throughput under over under over

flow flow

Coal w eight % 100 30 70 30 70
t /h r 3,0 2,4 5,6 2,4 5,6

av erag e
m 3/h r 5,0

1,6
1,2
2,0

3,8 1,2 3,8
sp. gr. 1,47 2,0 1,47

Q uartz w eight % 100 53 47 39 61
t /h r 8,0 4,2 3,8 3,1 4,9
m 3/h r 3,0 1,6 1,4 1,17 1,83

W ater w eight % 100 5,9 94,1 2,8 97,2
t /h r  ( =  m 3/h r) 22 1,3 20,7 0,6 21,4

S u spension w eight % 100 18,3 71,7 12,4 87,6
volum e % 100 11,5 88,5 7,2 92,8
t /h r 30 5,5 24,5 3,7 26,3
m 3/h r 25 2,9 22,1 1,8 23,2
sp. gr. 1,2 1,90 1,11 2,07 1,13

Solids
a 0,121 0,55 0,064 0,65 0,08
w eight % 26,7 76,4 15,5 83,1 18,8

Coal-\- m edium w eight % 100 20,8 79,2 16,0 84,0
t /h r 38 7,9 30,1 6,1 31,9
m 3/h r 30 4,1 25,9 3,0 27,0

av erag e  slu rry sp. gr. 1,27 1,93 1,16 2,03 1,18
Solids % 42,1 83,5 31,2 90,0 12,5

calculation gave at ra =  2 cm , A r 2,46 cm, which has no sense. Either a th in 
ner suspension has to be worked with, or the apex aperture ra has to be increased. 
For exam ple, by interpolation at ra =  2,5 cm, A r =  2,2 cm ; at ra =  3 cm, 
Ar  2,1 cm layer w idth is obtained. On the other hand at Ar > r a the air core 
van ishes, coarser grains n ot gettin g  through the apex are discharged in the over
flow, the underflow is discharged in a straight jet and not in  the form of a spread
ing  cone from the cyclone, m aybe instead of a fluid com pact sausages are pressed 
through the apex. The m oisture content o f  cyclone underflow then already 
m atches th at of filtered products. However, th is m ode o f operation has not 
spread in  practice because o f  frequent troubles caused b y  clogging.

The material balance obtained in two cyclones (a =  10° and 30°) is exhi
b ited  in Table 16.
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Calculation by formula d valid for the conical section of the cyclone is rather 
cumbersome. D ispensing with this an approxim ate information on the trend of 
lines d =  const o f  the cyclone is obtained if  b y  the formula holding for the  
cylindrical section

d  =
80 e2

V(<5 — r )  Q  Ui [
h i  +  r i ( > ~ ï )

cotga

som e values o f d  are computed (for instance for values of r/rx =  %, */,, 1,
where (r/rj)0*8 w ill be in the same order 0,33 ; 0,57 ; 0,79 ; 1,0 ; lines d  =  const 
o f the cylindrical part can be plotted now already ; on the diagram of the cyclone  
line d — oo is drawn, and lines d  =  const in the conical section of the cyclone  
according to  the position of line d  =  со are drawn “by the touch” after the  
“ first rule” observable in diagrams o f Fig. 9. In  case of d =  o o  near b y , lines 
d  =  const cling to th is, that is, to the conic wall, in  case of d  =  o o  more d istan t, 
departing from  the axis line they intersect the conic wall at a greater angle.

„ ГI r0
W ith  knowledge o f value r — line v a =  0 can also be drawn and

r a T" r 0

grain size d,  becomes calculable too.
Finally som e tests on dom estic materials executed in hydrocyclones partly  

o f sem i-industrial partly of laboratory scale by the Research Institute for M ining, 
Budapest, w ill be described. Literature on results o f  former domestic hydrocyc
lone tests is cited under References [4, 5, 6]. F ig. 13 shows flow sheets of 
semi-industrial tests.

China clay-bound Sárisáp sands was w ashed in the Excelsior drum , the 
overflow clay pulp of about 300 1/min was first de-sanded in a hydrocyclone  
o f 15 cm diam. afterwards treated in six  7 cm cyclones ; the underflow o f  these  
cyclones was fed to a 7 cm cyclone the overflow o f which was recycled in to  the 
Excelsior washer. The overflow of the m ulticyclone plant was, after clarification  
in  a settling tan k  during 24 hours, dewatered b y  filter presses. From raw m aterial 
containing 15 % weight o f kaolin, 15 percent w eight of fine material o f  87%  
kaolin content (93% — 20 p,  100%— ЗО/i) was obtained. Kaolin recovery was 
84% . The Sárisáp raw material o f 24,4%  kaolin content, treated in the routine 
de-gritting sluices of kaolin purification at a Czechoslovak Research In stitu te  
gave the follow ing recoveries : 9,9 percent w eight o f I. Class China clay  of 
82,5%  kaolin content, 11,6% weight of II. Class China clay of 69,6%  kaolin  
content. (R ecovery was here 36,6 -)- 36,2% only!)

From Bánk-Petény  fireclay 105 tons were processed in an experim ental 
plant of 1 t/hr throughput. Raw material pre-crushed on toothed rolls was 
pulped in a w ashing drum of 0,8 m diam. and 2 m length of special design , and 
fed at 1,8 at pressure to a hydrocyclone o f 7 cm diam eter. The cyclone separated
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raw feed
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Fig. 13
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the material at 20 /t, the fine product was thickened in settling boxes for long  
periods o f tim e (slurry density was after one day 37% , after 50 days 51% , 
after 80 days 56%) and dried to 10% water content at 80°C in heat driers. 
K aolinite content o f the raw material was 76% , of the fine product of 80 percent 
weight it was 87% (92% kaolinite recovery). The raw material contained before 
treatm ent in the hydrocyclone 76% of fines under 20 ц ; after processing in 
the percentage of fines under 20 fi (recalculated from the products) was 81% . 
Refractoriness of the raw material was 26— 28°S (~ 1600°C ), that of fine material 
was 33°S ( =  1730°C).

Around some coal mines (Ajka, Dorog, Ebszőny, Kom ló, Tatabánya, etc.) 
there are loess deposits which are in the natural state unfit to be used as backfill 
in hydratdic stowage o f mine workings. I f  the quantity of fines under 20 [Л is

Table 17

Product
Slurry 
ep. gr.

Weight
%

Volume
Cumulative weigth %

% + 100 Ц + 80 a ■4* 35 n + 10/1

O verflow 1,26 69 89 0,2 2,3 10,0 40,0

U nderflow 1,96 31 11 56,6 ?
* 78,4 93,7

reduced below 6— 8% a good backfill material is obtained. For instance from 
Ebszőny loess a product containing 5% fines o f — 25 [л obtained by desliming 
in the hydrocyclone at 61,4%  recovery was found a good backfill material. 
A t Tatabánya the underflow product can be used as backfill, while the overflow  
product can be utilized as raw material in the fabrication o f Portland cement 
w ithout further grinding. The deposited backfill was after %— 1 day still pulpy  
and had no carrying capacity, but by m echanical treatm ent (blasting % — 1 
cartridge of safety explosive at 80— 100 cm under the floor of the chamber 
working) it could be com pacted in all cases so that after one day it could be 
walked upon and a m ine prop of 15 cm diam . under 700 kg load was pressed 
only 20— 25 cm into it. After one week it yielded to the pick with difficulty and 
carried the load on the props w ithout substantial compression [7].

A low pressure ( <  0,1 at) hydrocyclone o f 7 cm diam. of 6— 11 1/min 
throughput used in a closed cycle w ith a laboratory ball mill classified fines of 
40— 60 /I efficiently. The slurry fed at a =  37— 42% volum e density was 
classified to an overflow of 15— 16% density and to an underflow of 44— 52%  
density [8].

Regeneration of drilling mud : because o f its high structural v iscosity  
drilling mud cannot be freed from rock cuttings coarser than 0,1 mm in the clari
fication basin, but it can be de-gritted in the hydrocyclone. From the circulating  
mud the coarse rock particles are deposited in the suction pit. Mud of 15 m3/hr,
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o f  1,37 sp. gr. was fed at 2— 3 at pressure into a pre-treatm ent cyclone o f 15 cm 
d ia m ., the apex of which w as joined to a closed tank o f about 0,1 m 3 capacity  
th e  sp igo t of which was opened only  at intervals to discharge the grit deposited. 
The overflow of the pre-treatm ent cyclone was directly fed to a m ulticyclone 
group o f  6— 7 units of 7 cm diam eter, the overflow of which was conditioned mud 
returned  into circulation. D ata  o f  over- and underflow are listed in Table 17.
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SUM M ARY

T a n g e n tia l  (vt), rad ia l (nr) a n d  ax ia l (va) velocity  com ponents of flu id  flow  in  th e  h y d ro 
cy clo n e , h a v in g  been chosen on th e  b asis  o f K elsa ll ’s experim en ts , a  fo rm ula  su itab le  fo r th e  
c a lc u la tio n  of th e  grain size o f p a r tic le s  revo lv ing  in  equ ilib rium  a t  d iffe ren t places o f th e  h y d ro 

cyclone  is  a rriv ed  a t. Values o f «/г" =  C  a n d  vr =  ---- ;—, —------г---------- s-c a lc u la te d  w ith ,
2 n  r [ h x +  (rl — r) co tg  a]

i f  Vr is  v a lid  fo r th e  cy lindrical sec tio n  o f th e  cyclons —  on th e  conical section  values o f v o f th e  
c y lin d r ic a l section  appear b ro k en  to w a rd  th e  axis accord ing  to  th e  d irec tio n  ta n g e n t

ß  =  a rc  tg  ^  ,

on  th e  cy lin d rica l section th e  fo rm u la

Я -  ВО e2 f j i ) n ___________L _________
У((5 — y ) Ç  Vr i J  V^h +  (f j  — r) co tg  a 

on  th e  co n ica l section th e  fo rm ula

d = _  80 e2 _  r q n
1 (<5 — y) Q ^ r i У (г ' +  h ' tg  ß) [/i! tg  a +  r ,  — (r ' +  h ' tg  /?)]

is  o b ta in e d  w here d  is in  /л-s, e cm  is th e  d iam e te r of th e  orifice of en try , r\ cm  is th e  rad iu s  of th e  
cy c lo n e , r  cm  is the  d istance from  th e  ax is in  th e  cy lind rica l section , r is  th is  d istan ce  in  the  
co n ica l sec tio n , hx cm is th e  h e ig h t o f  th e  cy lindrical section  of th e  cyclone, H  cm  is th e  he igh t 
o f th e  co n ica l section, h' cm is th e  a x ia l d istan ce  in  th e  conical section from  th e  com m on b o u n d a ry  
o f th e  cy lin d rica l and of th e  conical sections, a  is th e  h a lf  apex-angle o f th e  cyclone, Q m 3/h r  is 
th e  q u a n t i ty  o f slurry fed, d is th e  sp . g r. o f solid partic les, у  is th e  sp. gr. o f th e  flu id  (w ater), 
n  =  0 ,8 . I n  case of W =  0 th e  e q u a tio n  of th e  conical section  passes in to  th a t  o f th e  cy lin d rica l 
sec tio n .



CO NTRIBUTION  TO T H E  K INEM A TICS OF T H E  HYDROCYCLONE 379

L ine va =  0 m a y  be chosen as th e  lin e  connecting  th e  apex  o f th e  cyclone w ith  a  p o in t

on  th e  boundary  o f th e  cylindrical a n d  o f  th e  conical sections, a t  d istance r" =  r l -------—-
ra ~r r0

fro m  th e  axis, w here  ra is th e  radius o f th e  ap ex , r0 th a t  of th e  v o rtex  finder. T his line  sep ara tes  
g ra in s discharged th ro u g h  th e  vortex  f in d e r  and  th ro u g h  th e  apex. C om puted w ith  r  =  r"  th e  
fo rm u la  valid  for th e  cy lind rica l section g iv es lim it g ra in  size d/, th e  m axim um  g ra in  size d is
ch arg ed  in  the  overflow .

F orm ula  A H  =  ■ I-— I — 1 gives th e  pressure d rop  tak in g  place in  th e  cyclone
2gn  [Д r0 I I

in  m  o f slu rry  colum n, i f  vu  is expressed in  m /sec.
T he position  o f  equilibrium  of g ra in  size d  =  oo is in  th e  cylindrical section of th e  cyclone 

a t  hi tg  a  from  th e  w all o f the  cyclone, in  i ts  conical section  i t  is a  s tra ig h t line  ten d in g  to w ard  
th e  ax is , broken a t  d irec tio n  tangen t ß. O n  th e  d istance of th is  line depends th e  sp read in g  of th e  
g ra in  sizes accom odating  them selves on  lin e  Va =  0 and  th e  w ear on th e  cyclone. A t a  d is ta n t  line 
d  =  oo th e  spreading is g rea t and th e  w ear is heavy . In  th e  cylindrical section too , a  c e r ta in  size 
frac tio n  is spread in  a  b ro ad er zone, if  l in e  d  =  oo comes to  lie fa r  from  th e  wall o f th e  cyclone. 
’’S lender”  cyclones w ith  line d =  oo n e a r  are  f i t  fo r c lassification , ’’s tu b b y ”  cyclones w ith  
line  d  =  <*> d is tan t, a re  m ore suited fo r h e a v y  m edia  concen tra tion .

N um erical exam ples of heavy m ed ia  co ncen tra tion . R esu lts o f recen t hydrocyclone  
te s ts  on  dom estic ra w  m aterials.

B E IT R A G  ZU R K IN E M A T IK  D E S H Y D R O Z Y K LO N S

G. TA RJÁ N
Korr. Mitglied der U ngar. Akad. der W issenschaften

ZU SA M M EN FA SSU N  G

N achdem  die tangen tia len  (tif), ra d ia le n  (t:r) u n d  axialen. («„) G eschw indigkeitskom ponenten  
d e r  im  H ydrozyklon  sta ttfin d en d en  F lü ss ig keitsström ung  a u f  G rund  der V ersuche v o n  K e l s a l l  
g ew äh lt worden s in d , w ird eine zur b e iläu fig en  B erechnung der K orngrösse de r an  versch iedenen  
S te llen  des H y drozyk lons in G leichgew icht k reiselnden Teilchen geeignete F o rm el e rm itte lt.

M it den  W erten  v o n  vtr" =  C und  vr Sá ------T-,— , . ^ ------ r-----------, gerechnet, w obei vr fü r
2 n  r [/tj +  (r1 — r) co tg  a j

den  zylindrischen T eil des Zyklons g ilt —- am  kon ischen  Teil erscheinen die W erte  v o n  I'r gegen 

d ie  Achse gemäss R ich tu ngstangen te  ß  =  arc  tg  ^  gebrochen —  w ird fü r  den  zy lindrischen  

T eil die Form el
80

Ш "Y(ô — y)Q  ri ' Y hl +  (rj — r)  cotg a

fü r  den  konischen T e il die Form el

{ _  80 e2 ( r ' | n Yr^ tg  a

Y(ô — y) Q V Ti J У (r' +  h' tg ß) [hj tg a +  ту — (F +  h' tg /?)]

e rh a lten , wo d in  // ausgedrück t ist, e cm  der D urchm esser de r E in tr ittsö ffn u n g , cm  der H a lb 
m esser des Z yklons, r cm  der A b s tan d  v o n  de r A chse im  zy lindrischen  T eil, r ' cm  derselbe  im  
konischen Teil, /i, cm  die Höhe des zy lin d risch en  Teiles, I I  cm  die Höhe des konischen  Teiles, 
h ' cm der axiale A b s tan d  im  kon ischen  T eil von der G renze des zylindrischen u n d  des kon i
schen Teiles, a  d e r  h a lb e  Kegelwinkel, Q m 3/S t die Menge de r aufgegebenen T rü b e , ô die W ichte  
de r K örner des F eststo ffes, y  diejen ige d e r F lüssigkeit (des W assers), n  =  0,8 is t .  Im  F alle  
v o n  h ' — 0 g e h t d ie  G leichung des k o n isch en  Teiles in  d iejen ige des zy lind rischen  Teiles über. 

L in ie va =  0 kan n  als eine G erad e  gew ählt w erden , welche die Spitze des Z yklons m ii

einem  an der G renze des zylindrischen u n d  des konischen Teiles im  A bstande v o n r"  =  r , ------°----r a +_ r „
von  der Achse befind lichen  P u n k te  v e rb in d e t, wo ra de r H albm esser der u n te re n , ro derjen ige
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d e r oberen  A u stritsö ffnung  is t. D iese Linie tre n n t  v o n  e in an d er die du rch  d ie u n te re  u n d  die 
d u rc h  d ie obere A u s tr i t tsö ffn u n g  ausgetragenen T eilchen. M it dem  W erte  von  r =  r "  gerechnet 
g ib t  die fü r  den zy lind rischen  T eil gültige Form el d ie G renzkorngrösse d /, die im  oberen  Ü b e r
la u f  ausgetragene g rösste  K orngrösse  an.

D ie Form el Л H  =  _r<1 -  I —  — 1 g ib t d as im  Zyklon e in getre tene  D ruckgefälle  in
2 gn  [I r0 » I

m  T rübensäu le  an, w enn  v t i  in  m /sec  eingesetzt w ird .
D ie G leichgew ichtslage d e r K orngrösse d =  oo is t  e ine im  zylindrischen Teile des Zyklons 

in  A b s ta n d  hx tg  a  von d e r W an d  befindliche G erade, im  konischen Teile eine n ach  R ich tu n g s
ta n g e n te  ß  gegen die A chse gebrochene Gerade. V on d e r  E n tfe rn u n g  dieser L in ie h ä n g t die 
S tre u u n g  der an L inie va =  0 sich  befindlichen T eilchen , sowie de r Verschleiss des Z yklons ab. 
L ieg t L in ie d =  oo e n tfe rn t,  so is t  die S treuung u n d  d e r V erschleiss gross. A uch im  zy lin d ri
sch en  Teile v erte ilt sich e ine  gew isse K orngrösse in  e in em  b re ite ren  A b sch n itt, w enn L inie 
d =  oo w eit von de r Z y k lo n en w an d  liegt. »Schlanke« Z yk lone  m it nahe liegender L inie d =  oo 
e ig n en  sich m ehr zur S o rtie ru n g  nach  K orngrösse, ged ru n g en e  Z yklone m it w eit liegender 
L in ie  d =  oo eignen sich  m e h r fü r  Schw erflüssigkeitsw äschen.

Zahlenbeispiele ü b e r  d as S chw erflüssigkeitsverfahren . E rgebnisse  neuer Zyklonversuche 
m it  ungarischen R ohstoffen .

C O N T R IB U T IO N  À LA C IN ÉM A TIQ U E D E  L ’H Y D R O C Y C LO N E

G. TARJÁN
Membre correspondant de l’Académie des Sciences de Hongrie

RÉSU M É

E n  choisissant les co m p o san tes  de v itesse tan g en tie lle  (uf), rad ia le  ( v )  e t  ax ia le  (va) 
de l ’écoulem ent du flu ide  d a n s  l ’hydrocyclone, selon les o b se rv a tio n s expérim entales deKELSALL, 
on  a rriv e  à une form ule se p rê ta n t  au  calcul ap p ro x im a tif  de la  grosseur du  g ra in  en  g iration  
éq u ilib rée  à des endro its d iffé re n ts  du  cyclone. E n  ca lcu lan t avec v trn =  C e t

r 2 n  r [Л, -f- ( rx — r)  co tg  a ]

si v =  v a u t  pour la p a r tie  cy lin d riq u e  du cyclone e t  d an s  la  p a r tie  conique les va leu rs de v

a p p a ra is se n t sur une ligne b risée  selon la tan g en te  de d irec tio n  de ß  =  a rc  tg  —  on arrive
H

p o u r la p a rtie  cylindrique à la  fo rm ule

80 e2

i(<5 — y)Q
e t p o u r  la  p a rtie  conique à la  fo rm ule

d =
80

'  (s  -  y )  Q
— j
r l  I

ri ' Vfcj +  (r1 — r) co tg  a 

Ifr* tg  a

W  +  h ' 4  ß  ) |X  tg  “  +  гг — (r +  h ' tg  ß )]

où d  e s t en  /г, e cm le d iam è tre  de l ’orifice d ’entrée, r1 cm  le ray o n  du  cyclone, r cm  la distance 
de l ’axe  dans la p a rtie  c y lin d riq u e , r ' cm  la m êm e d istan ce  dans la p a rtie  conique, h v cm  la 
h a u te u r  de la partie  c y lin d riq u e , H  cm la h au teu r de la  p a r tie  conique, h ' cm  la d istance 
ax ia le  de  la  borne des p a r tie s  cy lind rique  e t conique, d an s la  p a rtie  conique, a le dem i-angle 
con ique  d u  cyclone, Q m 3 le d é b it horaire  en boue, ö la g ra v ité  spécifique des g ra ins solides, 
y  la  g ra v ité  spécifique du f lu id e  (d e  l ’eau), n  =  0,8. E n  cas de h ' =  0 ,l ’éq u ation  de la  p a rtie  
co n iq u e  passe dans celle de la  p a r tie  cylindrique.

L a  ligne va =  0 p e u t ê tre  choisie comme la ligne d ro ite  re lian t la po in te  du  cyclone avec

u n  p o in t su r la borne com m une des p a rtie s  cylindrique e t con ique  à une  d istance r" =  p----
Га -f- ro

de l ’ax e  où  ra est le rayon de l ’o rifice  d’évacuation  in férieu r, r0 est celui du  tu y a u  de décharge 
su p érieu r. C ette ligne sépare  les g ra in s déchargés p a r  les o rifices d ’évacuation  supérieu r e t 
in férieu r. Com pte ten u  de la  v a le u r  r  =  r" la fo rm ule  v a lab le  p o u r la p a rtie  cy lind rique  donne 
le calib re  lim ite  d/, le g ra in  le p lu s  g ros évacué p a r l ’o rifice  de  décharge supérieur. L a  form ule
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* \ Í r \
A H  =  — - — —— — 1 donne la chu te  de pression  d an s  le cyclone, en m  de la  colonne de

2 gn  1Л to / J
boue, si vu e s t en m /sec.

Le lieu  d’équilib re  d u  g ra in  d — oo dans la p a r tie  cy lin d riq u e  du cyclone est à u n e  d istan ce  
de h í tg  a  de la paro i d u  cyclone, dans la p a rtie  conique c’est une  ligne dro ite  brisée v e rs l’axe 
selon la tan g en te  de d irec tio n  ß. De la distance de c e tte  ligne  dépend la dispersion des p a rticu le s  
p re n an t place su r la ligne v a =  0, e t l’usure du  cyclone. Si la  d istance de la  ligne d  =  oo est 
g ran d e , la  d ispersion e t  l ’u su re  sont grandes. Même d a n s  la  p a rtie  cylindrique du  cyclone, une 
certa in e  grosseur de g ra ins se rép an d ra  sur une b an d e  p lu s  larg e , si la  ligne d =  oo est lo in  de la 
p aro i du  cyclone. Les cyclones «m inces», à  la ligne d — oo proche  de la  paroi, se p rê te n t  m ieux 
au  c lassem ent, les cyclones « trap u s» , à la ligne d =  oo p lu s d is tan te , sont plus a p te s  à  la  sépa- 
rà tio n  dans un  agen t a y a n t  u n  poids spécifique supérieu r à  celu i de l’eau (heavy  m ed ia  sep a ra tio n ).

E xem ples num ériques su r la concen tra tion  d a n s  u n  agen t à poids spécifique élevé. 
R ésu lta ts  d ’essais no u v eau x  de lavage de m atières p rem ières  hongroises dans l’hyd ro cy clo n e.

К КИНЕМАТИКЕ ГИДРОЦИКЛОНА
Член-корр. АН Венгрии Г. ТАРЬЯН

РЕЗЮМЕ

При использовании выбранных на основе опытных наблюдений Келсаля танген
циальных (г/), радиальных (с,) и осевых (»„) компонентов скорости движения среды в 
гидроциклоне получается формула, пригодная для приближенного расчета крупности 
зерен, циркулирующих в равновесии в различных местах гидроциклона. Исходя из

п г  QVI г п  =  С и IV =  - 5 ---- рт— Г"7--------г т г  ,2 я  г [п1 -, ( r j  — г) cotg а]
если V, действителен для цилиндрической части циклона и в конической части значения v r

цилиндрической части действуют в сторону оси с учетом тангенса угла ß  =  a rc  tg 
тогда для цилиндрической части получаем,

л _  80 с2 i' г Y  1

V(Ô —  y ) Q  V »rj f  f c j  +  (rj — r) cotg a
a  д л я  к о н и ч е с к о й  ч а с т и

j  80 e2 j r '  ’i" V r'tga
ï ( ô  —  y ) Q  '■'T J Y  ( r '  +  h '  tg ß )  [hj tg a +  rj —(r' +  A' tg ß ) \  

г д е  d —  в  м и к р о н а х  ;
e —  д и а м е т р  в х о д н о г о  о т в е р с т и я ,  см ;  
r  !  —  р а д и у с  ц и к л о н а ,  см ;
г  —  р а с с т о я н и е  о т  о с и  в  ц и л и н д р и ч е с к о й  ч а с т и ,  см ;  
т —  т о ж е  с а м о е  в  к о н и ч е с к о й  ч а с т и ,  см ; —
A j —  в ы с о т а  ц и л и н д р и ч е с к о й  ч а с т и  ц и к л о н а ,  с м ;
Я  —  в ы с о т а  к о н и ч е с к о й  ч а с т и ,  с м ;
А ' —  р а с с т о я н и е  в д о л ь  о с и  о т  г р а н и ц ы  ц и л и н д р и ч е с к о й  и  к о н и ч е с к о й  ч а с т и  в  к о н и 

ч е с к о й  ч а с т и ,  с м ;  
а —  у г о л  п о л у к о н у с а  ц и к л о н а  ;
Q —  к о л и ч е с т в о  п о с т у п а ю щ е й  п у л ь п ы ,  м 3/ч а с ;  
ô  —  у д е л ь н ы й  в е с  т в е р д ы х  ч а с т и ц  ; 
у  —  у д е л ь н ы й  в е с  с р е д ы  ( в о д ы )  ; 
п  —  0 , 8 .

В  с л у ч а е  А ' =  0  у р а в н е н и е  к о н и ч е с к о й  ч а с т и  п е р е х о д и т  в  у р а в н е н и е  ц и л и н д р и ч е с к о й  ч а с т и .
Л и н и я  va =  0  м о ж е т  б ы т ь  в ы б р а н а  в  к а ч е с т в е  п р я м о й ,  с о е д и н я ю щ е й  в е р ш и н у  

ц и к л о н а  и  т о ч к у ,  н а х о д я щ у ю с я  н а  г р а н и ц е  м е ж д у  ц и л и н д р и ч е с к о й  и  к о н и ч е с к о й  ч а с т и я м и
/ г„на расстоянии г =  гх -  4—  от оси, где га — радиус нижнего выходного отверстия, см ;

Га +  г0
г„ — радиус верхнего выходного отвестия, см.  Эта линия отделяет друг от друга уходя
щие через нижнюю и верхнюю отверстия циклона зерна. Исходя из значения г =  г", 
действительная в цилиндрической части формула дает предельную крупность d[, т. е. 
максимальную крупность зерен, уходящих через верхние отверстия.
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Формула

дает падение давления в циклоне для столба пульпы т, если vtk м/сек.
Прямая, идущая в цилиндрической части циклона на расстоянии /ц- tga от стенки 

циклона и в конической части преломляющаяся в сторону оси под тангенсом угла ß, пред
ставляет собою место равновесного положения крупности зерен d =  оо. От расстояния 
этой линии зависит рассев крупностизерен, размещающихся по линии va =  0, а также износ 
циклона. При большом расстоянии до линии d =  оо получается большой рассев и боль
шой износ. И в цилиндрической части циклона распределяется более широкой полосой 
некоторая определенная фракция крупности, если линия d =  оо будет находиться на 
значительном расстоянии от стенки циклона. Циклоны с небольшим расстоянием до 
линии d =  оо предназначены для классификации, а циклоны с большим расстоянием до 
линии d =  со наилучше всего пригодны для обогащения в тяжелых суспензиях.

Далее приводятся числовые примеры обогащения в тяжелых суспензиях. Наконец, 
сообщаются опытные данные гидроциклонирования отечественных материалов.



APPLICATION DE LA FORMULE DE GREEN 
À L’EXAMEN NUMÉRIQUE DES PLAQUES 

ÉLASTIQUES

K . SZM ODITS
CAND. DES SCIENCES TECHN.,

INSTITUT DE LA RECHERCHE SCIENTIFIQUE ET TECHNIQUE DU BATIMENT, BUDAPEST

[M anuscrit p ré sen té  le 10. ju ille t, 1956]

Dans l’exam en des plaques élastiques, on remplace généralement l’équa

tion bipotentielle de la plaque AA w  =  P
K

par des équations de différences, écrites

pour les noeuds du réseau régulier adopté dans le plan de la plaque, et l ’on 
procède ensuite à la solution des équations ainsi obtenues. L’inconvénient de 
ce procédé réside en ce que l’expression des conditions au contour du bord de 
la plaque en valeurs w  des noeuds, devient compliquée si le contour est de forme 
irrégulière et ne coïncide pas avec les lignes du réseau. Un autre inconvénient 
de ce procédé apparaît quand il s’agit de plaques de forme compliquée ou à 
bord encastré. D ans ce cas, une solution suffisam m ent exacte ne peut être 
obtenue que par l’adoption d’un réseau dense, c’est-à-dire par la solution onéreuse 
d’un systèm e d’équations constitué par un grand nombre d’équations.

Le procédé ci-dessous décrit, basé sur des considérations qui relèvent 
de la théorie du potentiel, ne connaît pas ces inconvénients. Il ne devient, en 
effet, ni plus com pliqué, ni plus long quand il s’agit de plaques encastrées ou de 
forme irrégulière. Son autre avantage est que les flèches w  des différents points 
de la  plaque peuvent être déterminées indépendam m ent l’une de l ’autre, sans 
qu’il y  ait besoin d’adopter des points de réseau et déterminer ensemble leurs 
valeurs w. Il en résulte que, pour trouver les m om ents exprimés par les dérivées 
des valeurs w, il suffira de déterminer les valeurs w  dans le voisinage du lieu des 
m om ents cherchés. L ’exactitude des moments ainsi obtenus peut être augmentée 
à volonté par la dim inution de la distance des points exam inés.

Le principe m athém atique servant de base à ce procédé peut s’appliquer, 
outre l’étude des plaques élastiques, à la solution du problème de la valeur 
au contour d’équations potentielles ou bipotentielles relatives à d’autres problè
m es physiques. Parm i les problèmes relevant de la théorie de l’élasticité, rappe
lons l ’étude de la membrane plane, ainsi que les problèmes de la statique des 
voiles conduisant à une équation potentielle.

Selon la formule sim plifiée de Green perm ettant de résoudre l’équation 
différentielle bipotentielle homogène AA w  =  0, la valeur de la fonction harmoni
que w (x, y ),  satisfaisant à l’équation potentielle hom ogène Aiv (x, y )  =  0 , consi-
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d é rée  d a n s  un dom aine p lan  lim ité  p a r  une courbe S  close e t con tinue  dans ses 
d é riv é e s  seconde et plus h a u te s , sera

w  (Ç ,r j)  =
2  71

W t j
3 n

-  In
1 Э w

r  0  n
d s

d a n s  u n  p o in t in térieu r f ,  r\ d u  dom aine, et

1
-Г 3 | i n

w  (o) =
0  Tl

ln
1 3  w  

r  3  n
d s

( 1 )

( la )

d a n s  le p o in t au con tou r a  d u  dom aine.
D a n s  les équations 1 . e t ( la )  7] est la norm ale positive de la  courbe au  con

to u r  S  d a n s  la direction du  do m ain e , tan d is  que r est le rayon  p a r ta n t  du  poin t 
in té r ie u r  I ,  r], respectivem ent d u  p o in t au con tour cr, e t ab o u tissan t au  contour. 
A u co u rs  de l’in tégration  le p o in t f in a l du rayon  con tourne  la courbe au  contour 
fe rm é  S  d an s le sens inverse des aiguilles de la m o n tre , considéré com m e positif 
(fig . 1 .). Les formules 1 . e t ( la )  n e  son t pas d irec tem en t u tilisab les p ou r la  solution 
du  p re m ie r  problème de la  v a le u r  au  contour. L eur app lica tion  suppose non 
se u le m e n t la connaissance des valeurs w  (s )  d é te rm in a n t sans am bigu ité  le 
p re m ie r  problèm e de la  v a le u r au  contour, m ais encore celle des va leu rs au 

3  w  (s)
c o n to u r  inconnues au  d é b u t e t ne p o u v an t ê tre  ob tenues que p a r  la solu-

3  n

tio n  d u  problèm e.
Selon  la  formule 1 . connue, qui es t obtenue p a r le développem ent des fo r

m ules 1., ( la ,)  la valeur d ’une fo nc tion  harm onique w  ( x ,  y )  sa tis fa isan t à une 
é q u a tio n  bipotentielle  hom ogène A A  w  ( x ,  y )  =  0  considérée dans u n  dom aine 
p lan  l im ité  p ar une courbe S  close e t continue e t d ans ses dérivées seconde et 
p lus h a u te s  est

’ ( £ ,v )  =
8 л

3 d ( r 2ln r)  2 div л 3 (r2ln r)  dA w
w----------- A{r*Ynr)--- \- A w --- - —  r2m r---

3  n  3 n  3  n  3  n
d s  ,

( 2)

d an s  u n  p o in t in térieu r £, r] du  d om aine , et

s

Г 3  A  ( r2 ln  r)
w ------ -----------

3  n
A  (r2 ln  r)

3 u) 

3  n
+  A  w

3  (r2 ln  r) 

3  n

— r 2 ln  r
3 A  w  

3 n
d s (2a)

dans le p o in t  au contour a  du  d om aine .
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Le sens des notations des équation 2. et 2a est identique à celui des équa
tions 1. (la ) Les équations 2. et 2a ne sont pas non plus utilisables à la solution 
directe du problème de la valeur au contour. Pour pouvoir les appliquer en cas

dw(s )
s) e t ----  donnés, déterm inant sans

3 n
au contour nous devons égalem ent connaître les valeurs au contour A w  (s) et 
9 3 i« ( s )

3 n
À cause des coefficients différents des intégrales identiques à leur côté 

droit, les formules 1 . ( la ) resp. 2 . 2a ne donnent en apparence pas de valeurs w 
d ’une différence infinim ent petite pour un point au contour a  et un point inté
rieur £, rj infinim ent proche du précédent. Néanm oins la continuité subsiste 
entre les valeurs iv des points au contour et des points intérieurs, parce que les 
rayons r décrivent au cours de l’intégration indiquée das les formules 1 . resp. (la ) 
ou 2 . resp. 2a, un angle 2 n  resp. n  et la discontinuité de la fonction w  (x, y)  
se produisant de la sorte le long du contour est égalisée par les coefficients diffé
rents.

Pour appliquer les formules 2. et 2a, on a besoin des valeurs connues

am biguité le problème de la valeurde w (

w (s),
9 № (s)

------- déterm inant sans ambiguité le problème de la valeur au contour,

ainsi que des valeurs au contour inconnues Aw  et . La valeur iv (a) au côté
3 n

droit de la formule 2a est identique à une valeur w  (s), de sorte que les valeurs 
w  (s) fournissent égalem ent la valeur w (a) du côté droit.

Après avoir effectué les différentiations indiquées sous les signes d’intégrale 
des formules 1., resp la  et 2 . resp. 2a, on obtient les relations suivantes :

3 ln

3 n
r _ cos (r, n) 3 (r2 ln r)

r 3 n
=  (2 r ln r +  r) cos (n, r)

(3)

3 zl (r2 ln r) A cos (r, n)
— = ----------—  A (r2 ln r) =  4 (ln r  +  1)

3 n г

Par la suite, on procède à l’examen numérique. On divise la courbe au 
contour S en éléments d’arc A s de longueur égale, et au côté droit de la formule 
2a on remplace d s parZl s et les valeurs au contour par une somme fin ie formée 
avec les valeurs au contour iv (sj), iv (s2) . .  . iv (sx) appartenant au centre des 
éléments d’arc A sv  A s2 . . .  A sn (fig. 1.).

En tenant compte du groupe d’équations 3. et en  introduisant les notations

12 Acta Technica X V III/3 —4.
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Э w 

9 п
A w =  X  ;

д A w  

Э п

la form ule 2а exprimée par la  som m e finie devient

' ~  ~ Г ~  У ,
4 л  Ы

тк (2 In rk +  1) cos (rk, nk) X k — r\  ln rk X k +

+
4 cos (rk, nk)

w k — 4> (ln rk +  1) ivk As (4)
rk

E n vue du calcul num érique, et pour des raisons pratiques, on transforme

la form ule 4., moyennant l ’introduction de la longueur unitaire r0 de façon à 
la rendre convenable au point de vue des dimensions :

™ ы  =  ^ - у
4 ( 0  á i

rk 2 ln  —  + 1
ro

cos (rk , nk) X k — rl  ln  -r-  X'k

4 cos (rk, n k) ( rk . ,
----  — — w k — 4 in -------1-  1 \u)k

rk r  0
A i (4a)

E n  dehors de cette équation, on peut écrire jmur toutes les valeurs au con
tour A ív =  X  la formule la  laquelle, en tenant com pte de 3. et en introduisant 
la longueur unitaire ,0 donnera, sous sa forme convenable au point de vue des 
dim ensions

71
k =  1

X k COS (-fc’-nfc) — X 'k ln  —  
rk ro .

A s
rk

(5)
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La substitution de la somme fin ie  aux intégrales des formules 4a  e t 5., 
effectuée de la manière indiquée, conduit à une inexactitude considérable sur 
l ’élém ent d’arc A sk contenant le point a k exam iné. En effet, en avançant du

point extrême de l’élém ent d’arc A severs le point ak, l’expression ln  —  figurant
ro

dans la somme fin ie , diminue rapidem ent ju sq u ’à avoir une valeur — oo dans 
le point ak, si bien que son intégrale ne peut pas être remplacée par l ’expression

2 - lc- ln  —— pouvant être écrite à la base de l’approximation ci-dessus.
2 4 ro

Dans le voisinage du point <Jk le rayon r pouvant être considéré com m e 
coïncidant avec le contour, l ’intégrale le long de A sk devient

Ask

ro 2
I r Æ  -  I l  .

2 rn

Si l’on adopte un rayon rk qui satisfa it à la relation

Ls,
2

i ^ é Í L ь A
et ainsi

тк =  r0 exp . l n

Го

A s k 

2 r0
1

A $
et si, au lieu du centre de l’élément d’arc —

2
Sk

, on compte avec les valeurs au

contour du point indiqué par r~k, l’inexactitude du calcul dans le voisinage du 
point ak n’augmente pas.

Vu que le nombre des points exam inés est n et le nombre des inconnues xk, 
xk est 2 n, et que, pour chaque point, on peut écrire deux équations, notam m ent 
4a et 5., le nombre des équations sera égalem ent 2 n, et les valeurs au con
tour inconnues x k et x k pourront être déterm inées par la solution du systèm e  
d’équations posé.

En utilisant les valeurs au contour inconnues x  et x  obtenues à l’aide du 
procédé numérique décrit, l’équation 2. nous permet de déterminer directem ent 
les valeurs w  des points intérieurs.

On a résolu par là le problème de la valeur au contour de l’équation bi- 
potentielle homogène, défini par les valeurs au contour u'(s) et w ’(s) données.

Grâce à cette solution, on produit la surface élastique d’une plaque chargée 
donnée de la façon habituelle, en écrivant une solution particulière facile à 
trouver, qui ne satisfa it pas aux conditions au contour de l’équation b ipotentielle  
inhom ogène de la surface élastique. On l’additionne à une solution hom ogène  
résultant de notre procédé, de façon à ce que la somme des deux solutions satis
fasse aux conditions au contour données.

12*
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Les conditions au contour de la plaque élastique peuvent être exprim ées 
en fonction du mode d’appui par les relations connues suivantes :

le long du contour d’une plaque parfaitement encastrée

ív =  0 : w' — 0 .

le long du contour d ’une plaque reposant librement sur appuis

„ Э 2 w
w  =  0 ; -------- =  0 .

a n2

Cette dernière condition peut être exprim ée également par le rayon de 
courbure R  de la courbe de contour S  ; si en effet t est la tangente du point au 
contour le long du contour, on a

a2 w  a2w a2 w  a2 w  i  aw
A w  =  - |---------------------= ---------------------\ - ----------------f~ - .

a n 2 a t2 a «2 a s 2 R d n

Comme d’après les conditions au contour, les deux premiers term es du
1 Э te  ,

côté droit disparaissent, A w  -----------ouw '  =  R  X ,  c’est-à-dire on a le long du
R  Э n

contour de la plaque libre

w  =  0 ; w ’ =  R  X

Le long d’une plaque à bord libre

Э 2 w  

Э м 2
=  0 ;

Э3 w  

Э n3
+  (2 — p)

Э3 w 

Э n Э i2
=  0 .

La première condition, si l’on tient com pte du cas précédent et si le taux  
de la déformation transversale est p =  0, est équivalente à la condition w' =  R X .  
La deuxièm e condition ne peut être satisfaite par la formule 4a, que si p  =  1, 
et dans ce cas elle est équivalente à la condition X ' =  0.

Le fait que ces deux conditions ne peuvent être satisfaites que par deux  
valeurs différentes de p  est contradictoire, m ais les conséquences pratiques en 
sont peu im portantes, vu  que l’effet des valeurs au contour adoptées de façon 
incorrecte diminue à mesure que l’on s’éloigne du contour, et on peut adm ettre 
que dans les points les plus éloignés du contour il devient négligeable.

Le long du contour d’une plaque à bord libre on trouvera donc approxi
m ativem ent :

w' =  R X ; X ' =  0 .

Exemple numérique. D éterm inons à l’aide du procédé décrit les valeurs X  et X '  
constantes le long du contour à cause de la sym étrie circulaire, en partant des 
valeurs au contour données w'  d ’une plaque circulaire de rayon R =  5 m (fig. 2.) 
reposant librem ent sur appuis et chargée d’un m om ent constant.
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En vue de l’examen numérique, on divise la moitié de la circonférence
du cercle en 6 parties égales. On relie les centres des parties 2, 3 ..........6 par les
rayons r2, r3 . . .  r6 au point a exam iné et on calcule la longueur du rayon r[ 
à partir de la formule 6 . Soit r() =  10 m, en ce cas

?! =  10,0 exp. (In 0,2618 —  1) =  0,9632 m.

En écrivant la formule 5. pour le point a et en exprim ant le premier terme
cos (m, r) d<p

de la somme fin ie sous forme d’intégrale — vue q u e -------------- =  ——  — , on
r zJs

obtient après intégration :

X  (CT) =  X  -  —  2  ( ln — X ' ) a s .
л  к V r0 J

Il en ressort que sur le contour X '  =  0.
Le long du contour on a donc iv =  0, X '  =  0.
En posant pour le point de contour a la formule 4a, on oblient l’équation  

suivante :

1 21 л
rJ  2 ln Г,‘- +  1 1 cos (r^, nk) X  — 4 I ln —  -)- 1 lie'

fo ro
A s =  () .

En introduisant l’une après l’autre dans cette équation les valeurs rx, r2 ... rs 
et cos (tj « j) . . .  cos (re n6) et en faisant leur somme, on obtient :

18,5737 A w  — 7,2212 w' =  0
d’où

w '

A w

La valeur exacte par contre est :

w' R

A w  2

c’est-à-dire l ’erreur commise est de 3%  environ.

=  2,5721 m .

2,50 m
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L ’a u t e u r  u t i l i s e  l a  f o r m u l e  d e  G r e e n  p o u r  f o u r n i r  l a  s o l u t i o n  n u m é r i q u e  d e s  p r o b l è m e s  
d e  l a  v a l e u r  a u  c o n t o u r  d e s  é q u a t i o n s  p o t e n t i e l l e  e t  b i p o t e n t i e l l e ,  e t  a p p l i q u e  l e  p r o c é d é  
m a t h é m a t i q u e  p r o p o s é  à  P  e x a m e n  d e s  p l a q u e s  é l a s t i q u e s .

L e procédé su b s titu e  à  la  fo n c tio n  continue des v a le u rs  a u  co n to u r, les v a leu rs d iscrè tes 
de  p o in ts  éq u id istan ts su r le  co n to u r, e t  à  l’aide des fo rm ules de  G r e e n  écrites p o u r ces v a leu rs  
e t  rem p lacées p a r  une  som m e f in ie  il déterm ine les v a leu rs  des fonctions cherchées d an s les 
p o in ts  in té rieu rs . Les v a le u rs  a u  co n to u r inconnues, n écessa ires p o u r l ’ap p h ca tio n  de la  fo r
m u le  de  G r e e n  en dehors des v a le u rs  au  con tour d é te rm in a n t le  p roblèm e son t o b tenues p a r  
la  so lu tio n  d u  systèm e d ’éq u a tio n s  de différences fo rm é p a r  les form ules de Green écrites 
p o u r  les va leurs au  co n to u r connues.

L ’ap p lication  du  p ro céd é  e s t  illu strée  p a r u n  exem ple  n u m ériq u e  sim ple.
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I n  der vo rhegenden  A b h an d lu n g  w ird  die GREENsche F o rm el zu r num erischen L ösung 
d e r  R a n d w ertau fg ab en  de r P o ten tia lg le ich u n g  u n d  B ip o ten tia lg le ich u n g  b en u tz t u n d  die v o r
gesch lagene  M ethode zu r U n te rsu ch u n g  der e lastischen  P la t te n  angew andt.

D ie  vorgeschlagene R ech en m e th o d e  ersetz t die s te tig e  F u n k tio n  der R an d w erte  du rch  
d ie  d isk re te n  W erte  v o n  R a n d p u n k te n  m it gleichem  A b s ta n d , w obei m it H ilfe de r m it d iesen 
W e rte n  an g esch rieb en en —  d u rc h  e ine  endliche Sum m e su b s titu ie r te n  —  GREENschen F o rm eln  
d ie  W erte  der gesuch ten  F u n k t io n  in  den inneren  P u n k te n  bestim m e w erden. D ie ausser den  
2 b e k a n n te n  R an d w erten  zu r A nw endung  der GREENschen F o rm e l notw endigen, die A ufgabe 
b e s tim m en d en  2 u n b e k a n n te n  R an d w e rte  w erden v o n  de r M ethode  d u rch  A uflösung des D if
fe renzengleichungssystem s ge lie fert, das du rch  die fü r  d ie  b e k an n ten  R an d w erte  angeschrie
b e n en  GREENschen F o rm e ln  g e b ild e t wird.

D ie  A nw endung der R ech en m eth o d e  w ird a n  H a n d  eines einfachen Zahlenbeispiels 
v o rg e fü h rt.

A P P L IC A T IO N  O F T H E  G R E E N  FO RM U LA  TO T H E  N U M E R IC A L  AN ALYSIS
O F ELA STIC SLABS

K . SZMODITS 
Cand. of Eng. Sc.

SUMMARY

T h e  p ap er uses th e  G r e e n  fo rm u la  fo r th e  n u m erica l so lu tio n  o f  problem s o f b o u n d a ry  
v a lu es o f  th e  p o ten tia l a n d  o f  th e  b ip o te n tia l equations a n d  ap p lies  th e  suggested m a th e m a tic a l 
p ro c ed u re  to  th e  analysis o f  e la stic  slabs.

T h e  m eth o d  su b s titu te s  d isc re te  values o f  b o u n d a ry  p o in ts  a t  equal d istance  to  th e  
c o n tin u o u s  fu n c tio n  o f  b o u n d a ry  v a lu es an d  de term ines a t  th e  in n er p o in ts  th e  va lues o f  th e  
fu n c tio n  so u g h t for, by  th e  G r e e n  fo rm ulas w ritte n  w ith  th o se  v a lu es o f  b o u n d ary  p o in ts  and  
s u b s ti tu te d  w ith  f in ite  v a lues. T h e  m eth o d  produces th e  u n k n o w n  b o u n d a ry  values, in  a d d itio n  
to  th e  b o u n d a ry  values d e te rm in in g  th e  problem  and  necessa ry  fo r th e  app lication  o f  th e  G r e e n  
fo rm u la , b y  th e  so lu tion  o f  th e  sy s tem  o f difference e q u a tio n s  fo rm ed b y  th e  G r e e n  fo rm ulas 
w r i t te n  fo r  th e  know n b o u n d a ry  values.

A  sim ple n u m erica l ex am p le  p resen ts th e  a p p lic a tio n  o f  th e  m ethod.



A PPLICATION D E LA  FORM U LE D E G R E E N  À L ’EXAM EN N U M ÉR IQ U E DES PLAQUES É L A STIQ U ES 3 9 1

ПРИМЕНЕНИЕ ФОРМУЛЫ ГРИНА 
ДЛЯ ЧИСЛОВОГО ИССЛЕДОВАНИЯ УПРУГИХ ПЛАСТИН

Канд. техн. наук К. СМОДИЧ 

РЕЗЮМЕ

В работе формула Грина используется для числового решения задач периметри
ческих значений потенциального и бипотенциального уравнений, и предложенный 
математический метод применяется для исследования упругих пластин.

Предлагаемый метод заменяет непрерывную функцию периметрических значений 
дискретными значениями равнопромежуточных периметрических точек, и при помощи 
формул Грина, составленных на основе этих значений, определяется для внутренних 
точек значение искомых функций. Определение же неизвестных периметрических зна
чений сверх тех, которые определяют задачу и необходимых для применения формулы 
Грина, получается предлагаемым методом решения системы дифференциальных урав
нений, получаемых из формул Грина, выведенных для известных окружных значений.

Применение предлагаемого метода демонстрируется простым числовым примером.





DIE ERMITTLUNG DES KERNS EINER BELIEBIGEN
VIERECKSFLÄCHE

J .  B A R T A
DOK TO R D E R  TECHN ISCHEN  W ISSENSCHAFTEN, 

IN ST ITU T F Ü R  D IE  BAUW ISSEN SCHA FTEN , BUDAPEST

[E ingegangen am  24. Ju l i  1956]

In der Festigkeitslehre kommt oft die Aufgabe vor, den Kern eines Quer
schnittes von  Stäben, Balken oder Säulen zu erm itteln. Zu diesem Zweck pflegt 
man das bekannte Verfahren [1] anzuwenden, bei dem man die H auptträgheits
momente bestim m en und jene A ntipolarität benutzen muss, die zw ischen der 
Querschnittsum hüllung und Kerngrenze besteht. Dieses Verfahren is t  etwas 
verwickelt, so dass der Gedanke naheliegt, für einfache Q uerschnittsform en  
einfache Verfahren zu suchen.

D ie vorliegende Abhandlung beschreibt ein Verfahren zur B estim m ung des 
Kerns einer beliebigen Vierecksfläche, das ohne die Benutzung der T rägheits
m om ente und der A ntipolarität auskom m t.

Die Beschreibung des Verfahrens

Man sucht die zu den Seiten a, b, c, d gehörigen Kernpunkte A ,  B,  C, D.  
Zunächst konstruiere man den Punkt A  wie folgt. Man ziehe die D iagonalen  
EG und F H  (Bild 1). Ihr Schnittpunkt ist I. Man zeichne die P unkte Г  und  
I" auf die Diagonalen so auf, dass Е Г  =  IG  und F / " =  I H  seien. M an verbinde  
die Punkte Г  und I".  Der Halbierungspunkt ist der Punkt Z, d. h. I ' Z  =  Z I " . 
Dann halbiere man die Seiten a, b, c, d, w om it E K =  K F ,  FL =  LG, G M  =  M H ,  
H N =  N E  sind (Bild 2). Man verbinde jeden Halbierungspunkt m it dem  Punkte  
Z.  Diese Verbindungslinien enthalten die Kernpunkte А,  В , C, D .  M an kann
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z. B . den Kernpunkt A  w ie folgt finden. Man m esse im  Bild 1 die Strecken IG,  
I H ,  EG, FH,  im Bild 2 die Strecke Z M  ab. D ann berechne man

Z A

JL \
2

IG  ■ I H  

E G  ■ F H  '

Z M

H

( 1 )

und trage die Strecke Z A  au f (Bild 2). D am it is t  der Kernpunkt A  erm ittelt. 
A nalog geschieht die E rm ittlung der K ernpunkte B,  C, D.  Hiermit is t  also der 
K ern A B C D  bestim m t (B ild  3).

D ie Bilder 1, 2, 3 sind hier nur der leichteren Verständlichkeithalber 
gesondert aufgezeichnet. In  der praktischen Ausführung können sie eine 
einzige Figur bilden.

Der Beweis des Verfahrens

Das durch die B ilder 1, 2, 3 und durch die Formel (1) angegebene  
Verfahren lässt sich w ie fo lg t beweisen. Stellen wir uns eine linear verteilte  
K raft (Norm alspannung) vor, die auf die Vierecksfläche wirkt. Ihre In ten sitä t  
in  einem  Punkte sei proportional dem A bstande des Punktes von der Seite a. 
D ie In tensität in der Seite a is t  Null. Nun ist der K ernpunkt A  identisch m it dem  
Angriffspunkt der R esu ltante R  der verteilten K raft. Suchen wir also diesen 
Angriffspunkt.

D ie Vierecksfläche wird durch die D iagonalen  in  vier Dreiecksflächen  
g ete ilt, deren F lächeninhalte m it a, ß, у, d (B ild  4) bezeichnet seien. D as B ild  4 
zeig t auch die Vektoren / ,  fj, h.  Die Streckenlängen I E — e, I F  =  f ,  IG =  g, 
I H  =  h sind positive W erte. Daher gelten die Form eln

a =  —  g h 6in cp, ß  =  —  ehsiiup, y  =  -^ e /s in ç> , d =  —  fgs i n tp  (2 )
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und die Gleichungen

»  =  (3)
e /

B ild  5

In  den Punkten E  und F  ist die In tensität N ull. Die Intensität im  Punkte I  
sei m it i bezeichnet. M ithin folgt aus der Linearität, dass die Intensität im  Punkte 
G bzw. im Punkte H

e  +  g  f

e
bzw. / +  ft • 

/
is t. D ie auf die Vierecksfläche wirkende verteilte Kraft lässt sich aus acht 
T eilkräften zusam m ensetzen, deren jede auf eine Dreiecksfläche (im Bild 5
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von 1 bis 8 numeriert) w irkt und linear verteilt ist. Man kann die R esultante  
jeder Teilkraft leicht angeben, da sich die V erteilung einer jeden Teilkraft 
räum lich durch ein Tetraeder darstellen lässt. D ie Teilresultanten seien m it 
R x, jR2, . . . , f?8, ihre Angriffspunkte m it Qx, . . . , Qs, der Vektor IQ1 m it 
f i ,  der Vektor IQ2 m it r2 usw . bezeichnet. So sind

R i

und

R o

l

4
(fir +  h ) ,

R 8 =
1

з“ У *

r e =  T ( e + / )  • 
4

W enn wir diese W erte in  die bekannte Formel [2]

r  _  R \ *1 + -̂ 2 **8 + • • • + R S r s
R\ R2 4“  • •  • ~r Rg

(4)

einsetzen und dabei auch von  den Formeln (2), (3) Gebrauch machen, ergibt sich

------- ------------- j (e2/  +  e~ h — efg —  egh — 2 f g 2) e
4 ( e f + e h + f g )  \ У J e

+  (ef2 +  e f h -  2 eh- +  P g  -  fgh) Ц  .

(5)

VA bezeichnet den Vektor I A , d. h. den Ortsvektor des Angriffspunktes der 
R estdtante R.

Bezeichnen wir den Vektor IZ  m it t ‘z.  D ann ist, wie aus Bild 1 folgt,

_  e + f + 9 + h
I  y --

2

Führen wir hier die Form el (3) ein, so ist

e — gr z = -----— e
2 e

f - h  ,
1------ / •2/

Der Vektor Z A  sei m it V bezeichnet. Nun ist

( 6 )

v =  rA — rz .
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Setzen wir hier die Formeln (5), (6) ein , so ergibt sich

V =  ----

\

1 — gh
e + Z

2 ( ? )

(e +  g ) ( f + h )  >

W ird der Vektor Z M  m it tu  bezeichnet, so ist, wie aus den Bildern 1 und 2 folgt.

« + /m

W ir dürfen also s ta tt (7)

V -
1 ------------- *'■

(e +  g) ( f +  h)

m

schreiben. Diese vektorielle Gleichung bew eist, unter Benutzung der B ezeich
nungen r  =  Z A ,  g — IG, h =  IH,  e -f- g  =  EG, f  h — FH,  =  Z M ,  
die R ichtigkeit der in den Bildern 1, 2, 3 durchgeführten K onstruktion und die 
R ichtigkeit der skalaren Gleichung (1).

Bemerkung I

Das beschriebene Verfahren lässt sich m it der Schwerpunkterm ittlung  
verbinden. Dies geschieht wie folgt : Man verbinde die Punkte I  und Z.  Man 
te ile  die Strecke 1Z  in drei gleiche Teile (B ild  6). Der zu Z nächstliegende Tei- 
lungspurkt ist der Schwerpunkt S der Vierecksfläche.

G

Bemerkung II

Alle obigen Erörterungen beziehen sich auf Vierecksflächen ohne einsprin
gende Ecken (z. B . Bild 3). Ein ähnlicher Gedankengang lässt sich auch dann 
verfolgen, wenn die Vierecksfläche eine einspringende Ecke besitzt ; in  diesem  
Falle gestaltet sich die Konstruktion nach Bild 7.
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2. S iehe z. B.: Hütte, des In g e n ie u rs  Taschenbuch, B d . 1, A u fl. 27, S. 341.

ZUSAM M ENFASSUNG

In  dieser A b h an d lu n g  w ird  gezeigt, wie m an  d en  K e rn  e in e r V ierecksfläche le ic h t e rm itte ln  
k a n n , ohne die T räg h e itsm o m en te  u n d  die A n tip o la r itä t zu  b en u tz en . D as V erfah ren  is t  aus den  
B ild en  1, 2, 3 u n d  aus d e r  F o rm e l (1) ersichtlich.

D E T E R M IN A T IO N  OF T H E  K E R N  O F  A T R A PE Z O ID

J . BARTA 
D. o f Eng. Sc.

SUMMARY

T his paper show s t h a t  th e  k e rn  of a trap ezo id  c an  b e  o b ta in ed  by  a sim ple w ay , w ith o u t 
u sing  th e  m om ents of in e r t ia  a n d  th e  an tipo larity . F ig u res 1, 2, 3 an d  form ula (1) show th e  m eth o d  .

D É T E R M IN A T IO N  D U  NOYAU C E N T R A L  D ’U N  Q U A D R IL A T È R E

J . BARTA
Docteur des Sc. Techn.

R É SU M É

Ce trav a il d ém o n tre  la  possib ilité  de tro u v er s im p lem en t le noyau  cen tra l d ’u n  q u a d rila tè re  
sans fa ire  usage des m o m en ts  d ’in e rtie  et du systèm e a n tip o la ire . Les figures 1, 2, 3 e t  la  fo rm ule  
(1) m o n tre n t le procédé.

ОПРЕДЕЛЕНИЕ ЯДРА ПРОИЗВОЛЬНОГО ТРАПЕЗОИДА
Й . Б А Р Т А  

д-р техн. наук

РЕЗЮМЕ

В статье показан простейший метод определения ядра трапезоида без использо
вания момента инерции и антиполярности. Предлагаемый метод демонстрируется на 
рис. 1, 2, 3 и приведенной формулой (1).



MÉTHODE DE CALCUL NUMÉRIQUE 
DES CONTRAINTES CAUSÉES PAR LA TORSION

Prof. P . CSONKA
D OCTEU R D ES SCIENCES TECHN IQ UES 

U N IV ER SITÉ TE C H N IQ U E DU B A TIM EN T E T  D ES TRANSPORTS, BU D A PEST, 
CH A IR E D E  R ÉSISTA N CE D ES M A TÉRIA U X

[R eçu  le 19 sep tem b re  1956]

1. Introduction

On connaît plusieurs m éthodes numériques du calcul des contraintes des 
barres prismatiques à section pleine soum ises à une torsion pure [1, 2, 3]. Tou
tes ces m éthodes nécessitent la déterm ination de la fonction de forces, ou 
du potentiel des tensions, avant le calcul des contraintes. Par contre, dans ce qui 
va suivre nous allons décrire une m éthode qui permet de calculer les contraintes 
engendrées au contour de la section sans la déterm ination préalable de la fonc
tion  de forces ou du potentiel de tension.

La m éthode en question est basée sur les formules de G r e e n , de la  même 
façon que Test la m éthode de K. S z m o d i t s  pour la solution numérique du problème 
des plaques [4]. Cette m éthode se montre avantageuse aussi au cours du calcul 
des contraintes.

2. Données fondamentales

Soit (Fig. 1) M  le m oment du couple des forces agissant sur les extrém ités  
de la barre, $  la torsion par unité de longueur, G le module d’élasticité transver
sale, F  la surface de la section et finalem ent S  son contour. Désignons la tangente  
au contour de la section par t, sa normale par n, la contrainte de cisaillem ent 
engendrée au contour par r. Considérons comme sens positif du m om ent de 
torsion et de l’angle de torsion de la barre celui de la Figure 1, pendant que les 
quantités t, n et т seront positives dans le sens marqué à la Figure 2.

Fig. 1. B arre  soum ise à  la  torsion



4 0 0 P. CSONKA

II est bien connu, que la fonction de forces [5] est une fonction f (x ,  y)  
sa tisfa isan t à l’équation differentielle

A f = - 2 G ê .  (1)

La valeur de cette fonction est zéro au contour de la  section :

f ( S )  =  0 • ( 2)

C onnaissant la fonction de forces, la contrainte de cisaillem ent engendrée au 
contour est

(3)

Par cette  m éthode, nous obtenons r comme fonction de ïï. Si cet angle est inconnu, 
on peut le déterminer par la relation de P r a n d t l  :

2 J  f d F  =  M  . (4)
(F)

3. Solution du problème

Choisissons un point A  quelconque du plan x,  y ,  nommons le point fonda
m ental et désignons la d istance des points du plan x , y  de ce point par r. Quand 
le poin t fondam ental est situé sur le contour de la section, on a suivant une 
variante connue de la formule de G r e e n  [ 6 ]

9 0 n r )и — 5-----— db
3 n

Э u

Э
ln r dS +  Г A и ln  r d F =  n u  (A)  . (5a)

n  J
(S) (S) (F)

Par contre, si le point fondam ental se trouve à l’intérieur de la section, on a

С 9 ии 3 ( ln r )  J S  
3 n 3 n

ln r dS  -f- \ A и ln  r d F  =  2 л и  ( A ) . (5b)

(S) (S) (F)

F ig . 2. Section de la b a rre
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E n appliquant la form ule (5a) ou (5b) à la fonction de forces de la torsion et 
en  considérant aussi (1), (2) et (3), on trouve les relations

\  r l n r d S - 2 G &  f  ln r d F  =  0 , (6a)
(S) (F)

ainsi que
I r ln r d S  — 2 G & ( I n r d F  =  2 n f ( A ) .  (6b)

(S) (F)

De ces deux form ules, nous pouvons utiliser (6a) pour le calcul des contraintes 
engendrées au contour et la formule (6b) — si nécessaire — pour le calcul des 
valeurs f  appartenant aux points à l’intérieur de la section.

E n cas de calculs numériques il e st indiqué de passer des intégrales de 
surface des premières deux formules à des intégrales linéaires. Pour cela, 
désignons provisoirem ent par R  les rayons tracés du point A  au x  points du 
contour et par r les rayons tracés aux points intérieurs de la surface (Fig. 3).

(F) 0 0 U

P artant de là, nous arrivons par intégration  suivant cp à la form ule

Mais

d(p =  —
1

R
cos (Rn) d S ,

e t  en conséquence

J" I n r d F

(F)

1 I R  cos (Rn)  ln R d S -  F  .
2 J 2

(S)

13 Acta Technica X V III/3— 4.

F ig. 3. D onnées pour le calcul
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F in a lem en t, si nous désignons de nouveau les rayons tracés aux points du contour  
par r, nous arrivons à la re la tion

j  ln r d F

(F)

1 r F  
— r cos (rn) In r dS  — —  .
2 J 2(S)

(7 )

E n  utilisant cette dernière équation, nous pouvons aussi écrire la formule 
(6 a) d e la  façon suivante

j r ln r dS  +  G #  f r cos (rn) ln r dS  +  G & F  =  0 (8 )
(S) (S)

et n ou s pouvons transformer de façon semblable aussi la  formule (6b).

Fig. 4. La sec tio n  de  la  b a rre  et le polygone de su b s titu tio n

P our rendre possible le ca lcu l numérique, nous a llons remplacer, dans ce 
qui v a  suivre, la section de la  barre par un polygone. N ous accomplisons ce tte  
su b stitu tio n  de façon à ce que les  côtés du polygone A S ^  A S 2, . . .  ASk, . . . A S n 
so ien t égau x ou approxim ativem ent égaux (Fig. 4). Comme point fondam ental 
A  n o u s choisissons le m ilieu  du  premier côté du polygone. Le long de chaque 
cô té  du polygone nous considérons la contrainte de cisaillem ent T, comme 
co n sta n te , c’est-à-dire nous rem plaçons chacune par la  valeur moyenne respective  
Tj, t2, . . . r k, . . . rm. Cette sim p lification  est permise en général pour des section  
sans an g les rentrants. Si nous considérons encore que le long  des côtés du polygone 
les va leu rs r cos (r n) sont co n stan tes, par exem ple dans le cas du fc-ième côté

r Cos (rn) =  — r'k ,

la form u le (8) peut être rem placés par la formule approchée suivante :
m m

2  4 l k + G ê ( F - ^ r ' k I k) = 0 .  (9)
1 1

La sign ifica tion  du sym bole I k figurant dans cette expression est :

I k =  j ln r dS . ( 10)
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Nous pouvons calculer de façon sim ple les quantités I k appartenant aux  
côtés AS k du polygone. Pour le premier côté

ou bien

I j =  2 \ ln  X  dx =  2  [*  ( ln  X  — 1 )]0 2 ,
Ó

I i  =  (ln A S i — ln 2 — 1) A S i . ( H a )

Pour les autres côtés du polygone (voir Fig. 5) :

Ik =  [x ln r — X  +  r'k eu] * ; kr/z  1 .

De cette dernière formule nous obtenons, en  y  introduisant les lim ites, la 
formule

I k =  b l n r b — a \ n r a — A S k +  r'k (ß  — a ) ;  kr/z  1 . (11b)

Si le long d’un côté A S k du polygone, ln  r ne change pas de façon considé
rable, nous pouvons remplacer les valeurs ln  r appartenant aux différents points  
du côté par la valeur ln rk appartenant à son m ilieu . En ce cas, nous utilisons au 
lieu de la formule (11b) la formule suivante :

I k ad ln rk A S k ; к -z/z 1 . ( 11c)

Écrivant la form ule (9) séparément pour les m ilieux de chaque côté, nous 
obtenons un systèm e d’équations ou il n ’y  a que les valeurs qui soient incon
nues. De ce systèm e de m  équations linéaires inhom ogènes, nous pouvons calculer 
sans équivoque les valeurs rk cherchées.

4. Remarques

Les formules précédentes ont l’im perfection, de contenir au lieu  des loga
rithm es de nombres purs des logarithmes de longueurs. Nous pouvons élim iner  
facilem ent ce défaut en écrivant à la place des nombres des logarithm es le rap
port de ces longueurs et de l ’unité de longueur [4].

Fig. 5. D onnées p o u r le calcul
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Il faut considérer aussi la question de ce que deviennent nos form ules si 
nous exprim ons les longueurs en d’autres u n ités, par exemple en mm au-lieu de 
cm . Soient, par exem ple, les valeurs num ériques des longueurs dans le systèm e  
nouveau c-fois les valeurs originales. Dans ce cas, après les sim plifications pos
sib les, nous pouvons écrire au lieu de la form ule (8) la formule

) r ln (cr) dS G & I r cos (rn) ln (er) d S  G& F — 0 , (12)
(S) (S)

qui ne diffère de la form ule (8) qu’en ce que ln  r y  est partout rem placé par 
In (cr). Il faut donc dém ontrer que la formule (12) exprime la même chose que 
la form ule (8). Pour cela, il faut partir de la  relation

ln  (c r) =  ln c +  ln  r .

E n l’u tilisan t, nous pouvons transformer la form ule (12) de la façon su ivante : 

Inc ) T dS  -}- ) r ln r dS  -f- G & In c ) r cos (rn) dS -)-
(S) (S) (S)

Gd- \ r cos (rn) ln r dS  -\- G û  F  =  0 .  (13)
<s,

E ta n t donné que
) r cos (rn) dS — — 2 F ,  (14)

(S)

et que su ivant la formule de Stokes
J r  dS =  2 G 0  F  , (15)

(S)

nous retrouvons la form ule originale (8) en  introduisant (14) et (15) dans la 
form ule (13). Il s’ensuit que le changement du systèm e des unités ne change pas 
le contenu de l’équation (8).

E n  tenant com pte de ceci, il est utile de choisir les unités de longueur 
dans les équations de façon à ce que tous les logarithm es soient du m êm e signe.

5. Exemple num érique

N o u s allons ap p liq u er la  m éth o d e  que nous v e n o n s  de  décrire à une sec tion  c ircu la ire  
de  r a y o n  a  =  0,5 (F ig. 6).

E n  rem p laçan t la  circonférence d u  cercle p a r  u n  polygone c irconscrit ré g u lie r  de 12 
cô tés, la  lon g u eu r de chaque  cô té  est

Л Sk  =  0,268

e t  la  su rface  d u  polygone e st

F  =  0,804 .

C hosissions com m e p o in t fo n d am en ta l le m ilieu  d u  p re m ie r côté du po lygone, e t  d é te r
m in o n s la  longueur des ray o n s  rv  r2, . . . ,  r 12 a p p a r te n a n t  a u x  m ilieux de côtés, a in s i que  les 
d is tan c es  ly , r£, . . . ,  r j 2 e n tre  les m ilieux  des côtés e t  le  p o in t  fondam ental. E n su ite , calcu lons 
les v a le u rs  i l ,  h .........F a  e t  r2/ 2, r12I 12 a p p a r te n a n t  a u x  côtés du  polygone. E n  ca lcu lan t
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les va leu rs p a r  la  form ule ( l i a ) ,  les v a leu rs f2, J3, . . J 12 p a r la form ule a p p ro x im a tiv e  (11c)
nous tro u v o n s les ré su lta ts  su iv an ts  :

к r* h rie h

] 0,000 0.000 — 0,807 0,000

2 0,259 0,067 — 0,362 — 0,024

3 0,500 0,250 — 0,186 — 0,046

4 1,414 0,500 — 0,093 — 0,046

5 0,866 0,750 — 0,039 — 0,029

6 0,966 0,933 — 0,009 — 0,009

7 1,000 1,000 0,000 0,000

8 0,966 0,933 — 0,009 — 0,009

9 0,866 0,750 — 0,039 — 0,029

10 1,414 0,500 — 0,093 — 0,046

11 0,500 0,250 — 0,186 — 0,046

12 0,259 0,067 — 0,362 — 0,024

— 2,185 — 0,308

É crivons ensu ite  l ’éq uation  (9) pour le p o in t fo n d a m e n ta l A :

m m
T ^ ' I i + C # ( F  — > ’ r i  h '  =  0 .

1

De là, en su b s titu a n t les va leurs num ériques p récéd en tes  nous ob tenons l ’éq u atio n

-  2,185 г +  G #(0,804 +  0,308)= 0 .

Fig. 6. Section  circula ire

D an s ce tte  é q u a tio n  il n ’y a qu ’une seule inco n n u e , d o n t la valeur est

г  =  0,509 G & .
P a r  co n tre , la v a le u r exacte  en est

T =  a G & =  0,5 G

donc l ’erreu r com m ise au cours du calcul a p p ro x im a tif  n ’est que 1,8% . L ’e r re u r  p ro v ien t 
s u r to u t  d u  fa it  q u e  nous avons choisi com m e polygone de rem placem ent le p o ly g o n e  c ircon
sc rit au  lieu du  po lygone de surface égale. Si nous av ions u tilisé  ce dern ier, l’e r re u r  ne serait 
que  0 ,6%  ’
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RÉSUM É

L a  m éth o d e  de calcul n u m ériq u e  décrite  ci-dessus p e rm e t de calcu ler d ’une façon sim ple 
les te n s io n s  engendrées dans les sec tio n s d ’une barre  p rism a tiq u e  pleine soum ise à la  to rsio n  
sim ple , à  co nd ition  que l’angle spéc ifique  de torsion  soit co nnu . L a  section  de la barre est rem placée  
p a r  u n e  sec tio n  polygonale e t le long  des côtés du p o lygone, les tensions de c isaillem ent so n t 
rem p lacées  p a r  leu r m oyennes. L a  fo rm u le  de G r e e n  est u tilisé e  p o u r le calcul de ces m o y en n es 
in co n n u e s . Si on  écrit c e tte  fo rm ule  p o u r  chaque côté d u  po lygone, on  o b tie n t u n  sy s tèm e  u n  
c o n s titu é  de  t a n t  d ’équations lin éa ires q u ’il y  a  de côtés de po lygone. De ce systèm e d ’éq u a tio n s , 
on  p e u t  d é te rm in e r sans équ ivoque les tensions de c isaillem ent le long  de chaque côté du  po lygone. 
L e t r a v a i l  s’achève p a r u n  exem ple num érique, don t les ré su lta ts  ne dév ien t que de peu  des 
r é s u l ta ts  d u  calcul exact.

E IN  N U M E R ISC H E S V E R F A H R E N  F Ü R  D IE  B E R E C H N U N G  
D E R  T O R SIO N SSPA N N U N G E N

P. CSONKA
D oktor der technischen W issenschaften

ZUSA M M ENFASSUN G

I n  d e r  A rbeit w ird e in  n u m erisch es V erfahren b e k an n tg eg eb en , m it dessen H ilfe d ie  in  
d en  Q u e rsc h n itten  eines a u f  re ine  V erd reh u n g  b ean sp ru ch ten  S tab es en ts tehenden  S pann u n g en  
e in fa ch  b e rec h n e t w erden kön n en , vo rau sg ese tz t dass de r spezifische V erdrehungsw inkel b e k a n n t 
is t. D e r  Q u e rsch n itt des S tabes w ird  d u rc h  einen P o ly g o n q u e rsch n itt e rse tz t und  en tlan g  den  
e in ze ln en  Polygonseiten  w erden d ie Schubspannungen  d u rc h  d e ren  D urchschn ittsw erte  e rse tz t. 
Z u r B e stim m u n g  dieser u n b e k a n n te n  D u rchschn ittsw erte  w ird  d ie GREEN’sche Form el v e r
w en d e t. W en n  diese fü r  jed e  P o ly g o n se ite  gesondert au fg esch rieb en  w ird, e rh ä lt m an  ein  System  
v o n  so v ie len  linearen  G leichungen, w ie  die A nzahl d e r P o lygonse iten  b e träg t. Aus diesem  
G le ich u n g ssy stem  können d ie N äh eru n g sw erte  der e n tla n g  d e n  einzelnen Polygonseiten  w ir 
k e n d e n  S chubsp an n u n g en  e in d eu tig  b e s tim m t werden. D ie A rb e it w ird  durch  ein Z ahlenbeispiel 
ab g esch lo ssen , wobei die E rgebnisse  n u r  wenig von d en  E rg eb n issen  de r genauen R ech n u n g  
ab w eich en .

A M E T H O D  FO R  T H E  A R IT H M E T IC A L  D E T E R M IN A T IO N  O F TO R SIO N A L ST R E SSES

P. CSONKA 
D. of Eng. Sc.

SUMMARY

I n  th e  p ap er a num erical m e th o d  is described b y  w h ich  th e  shear stresses a ris in g  in  a 
solid p r ism a tic  b a r, su b m itted  to  p u re  to rsio n , are easily c a lcu la te d , prov ided  the  angle o f tw is t  
p e r  u n i t  le n g th  is known.
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A ccording to  th e  p a p e r, th e  cross section  o f  th e  b a r  is  replaced b y  a  p o ly g o n al one 
a n d  along th e  sides o f  th e  polygone, th e  shear s tre sses a re  replaced by  th e ir  av e rag e  values. 
G r e e n ’s fo rm ula  is u sed  for com puting  these  u n k n o w n  average values. E s ta b lish in g  th ese  
eq u atio n s sep a ra te ly  fo r th e  m iddle  of each side o f th e  po lygone, th e  au th o r o b ta in s  a  sy s tem  of 
lin ea r eq u ations. T he n u m b er o f equations is equal to  th e  n u m b er o f polygon sides. F ro m  th is 
sy s tem  o f eq uations th e  ap p ro x im ate  value of th e  sh ea r stresses along th e  in d iv id u a l polygone 
sides can  be  en tire ly  d e te rm in a ted .

T he p ap er is te rm in a ted  b y  a num erical ex am p le . T h e  resu lt d iffers only s lig h tly  fro m  the  
re su lt o f th e  precise calcu la tions.

ЧИСЛОВОЙ МЕТОД РАСЧЕТА НАПРЯЖЕНИЙ КРУЧЕНИЯ
Д -р  те х н . н а у к  П . Ч О Н К А

РЕЗЮМЕ

Сообщается числовой метод, позволяющий простыми расчетами определить напря
жение среза при чистом кручении в сечении сплошного призматического стержня при 
условии -— что известен угол удельного скручивания.

Профиль поперечного сечения аппроксимируется многоугольником, а напряжение 
среза вдоль отдельных сторон многоугольника замещается их средним значением. Для 
определения этих неизвестных средних значений используется формула Грина. Формула 
составляется для срезной точки каждой стороны многоугольника отдельно и, таким обра
зом, получается система линейных уравнений, состоящая из такого же числа уравнений, 
какое число сторон имеет многоугольник. Приближенные значения напряжения среза 
вдоль отдельных сторон многоугольника можно определить однозначно, используя эту 
систему уравнений.

В конце статьи дается числовой пример. Полученный результат мало отличается 
от результата точных расчетов.





UNTERSUCHUNGEN ÜBER DIE KORNGRÖSSE 
DES MITTELS LUFTAUSRÜHRENS HERGESTELLTEN 

TONERDEHYDRATES

S. D U NAY und  M. K A LM Á R
FORSCH U NG SINSTITUT D E R  M E T A L L IN D U ST R IE , BUDAPEST 

[E ingegangen am  5. O k to b e r  1956]

B ei U n te rsu ch u n g  de r W irksam keit von Im p fh y d ra te n  p rü ften  Wrigge u n d  Ginsberg [1] 
vo r allem  den E in fluss d e r physikalischen E ig en sch aften  im  Zusam m enhang m it d e r  A u sb ild u n g  
der K rista llo b erfläch en . N ach  ih re r  M einung w ird  d ie  E rh ö h u n g  der H y d ra tau ssch e id u n g s
geschw indigkeit d u rch  solche Stoffe hervorgerufen , d ie  k rista llis ie rtes A lu m in iu m tr ih y d ra t in  
H ydrarg illitfo rm  e n th a lte n . D ie au f A lum inatlaugen  a u sg e ü b te  Im pfw irkung h ä n g t  v o n  d e r 
M enge des k ris ta llis ie rten  H y d ra rg illits  ab.

D aneben  ste llten  d ie  oben genann ten  A u to ren  fe s t ,  das3 eine langsam ere Im p fw irk u n g  
auch  bei V erw endung  v o n  T onerde  zu beo b ach ten  is t.

D er K orngrösse  des Im p fh y d ra ts  k o m m t —  ih re r  M einung nach —  k e in e  b eso n d e re  
B edeu tung  zu, dem gegenüber spielen die O b erflächen  e ine  entscheidende R olle.

D as E rg eb n is  w ird  d u rch  E rhöhung  der M enge des Im pfstoffes —  w ah rsch ein lich  in fo lge  
des h äu figeren  V orkom m ens d e r sog. Leerstellen  —  v e rb esse r t. E s m uss auch  d a ra n  e r in n e r t  
w erden , d ass d ie A usscheidung  neuer K ris ta llsch ich ten  a n  A ktiv - oder L eerste llen  w eniger 
E nerg ie  e rfo rd ert als d ie  B ildung  eines neuen K ris ta llk e im es.

W ird  ein  so lcher A k tiv ste llen  en th a lten d e  K ris ta ll  in  eine üb ersä ttig te  L ösu n g  e in g e se tz t, 
dan n  b eg in n t das K ris ta llw ach s tu m  an diesen A k tiv ste llen . D ie zur Bildung de r n e u e n  K ris ta ll
keim e notw endige g esam te  E nergiem enge w ird e rs t  n a c h  A nlagerung einer n eu en  S ch ich t b e 
n ö tig t, dem gem äss w ird  d as W eiterw achsen des K ris ta lls  a u ch  langsam er vor sich  g eh en .

Im  L au fe  de r V ersuche d e r A utoren  w ar eine vo llkom m ene Im pfw irkung  a u c h  b e i V er
w endung von G ro b h y d ra t, sogar von  m ehrere  M onate  lan g  getrocknetem  H y d r a t  zu  b e o b 
ach ten .

D ie A u to ren  se tz ten  v o rau s, dass m ehrere  o der w enigere  Leerstellen w egen d es ra sch en  
A usscheidens an  a llen  S e iten  des K rista lls  ü b rig b le ib en . D ie  Im pfw irkung b e s ta n d  a u ch  d a n n  
w eite r, w enn  d ie  K ris ta lle  in  d ie gesä ttig te  L ösung  m eh rm als  zurückgesetz t w u rd e n , d a  an  
den neugeb ildeten  K ris ta lle n  w ieder Leerstellen  v o rh a n d e n  sind . An diesen K ris ta lle n  v e r r in g e r t  
sich d ie Zahl d e r A k tiv ste llen . D a rau f weist d ie V e rän d e ru n g  der A lk a liad so rp tio n sfäh ig k eit 
h in , d ie gegenüber d e r  U rsp rüng lichen  um  70— 75%  g e rin g e r wurde.

D urch  solches w iederho ltes R ückführen  w ar es m öglich , K rista lle  von  g e r in g e r  Im p f
w irkung  herzuste llen , d ie ab er ih re  A k tiv itä t n ach  B e h an d lu n g  m it v e rd ü n n te r S a lzsäu re  w ied er 
zurückgew annen .

D urch  en tsp rech en d es A usw ählen de r K ris ta llisa tionsbed ingungen  k a n n  d ie  A k tiv itä t  
des Im p fh y d ra ts  bis zu  einem  gewissen G rade e rh ö h t w erd en , z. B. wenn die A u sb ild u n g  d e r  
K rista lle  g e s tö rt w ird . ( In ten s iv e  R ü h ru n g !)  D ie H ä u fu n g  d e r Leerstellen an  den  k le in en  K ri
stallen k an n  n ich t n a ch  B elieben erh ö h t w erden , d a  h ie rb e i ein schleimiger, u n f i l t r ie rb a re r  S to ff  
en ts te h t.

D ie A u to ren  sch reiben  d e rb e iv e rsch ie d en e n T e m p era tu re n  durchgeführten  V o rb e h an d lu n g  
keine besondere  B ed eu tu n g  zu, n u r  ist die In te n s itä t  d e s  R ü h ren s entscheidend.

In  e in e r w e ite ren  M itte ilung  [2] beschrieb  Ginsberg jen e  U n te rsu ch u n g en , b e i den en  
gallium haltige  A lu m in a tlau g en  zerse tz t w urden . D u rch  d ie  Isom orphie von A120 3 u n d  G a20 3 
k o n n te  d ie A n n ah m e u n te rs tü tz t  w erden, dass d ie  W irk u n g  des Im pfstoffes v o n  d e n  an  d e r  
O berfläche des H y d ra rg illits  befindlichen A k tiv ste llen  ab h än g t.

V on jap a n isch e n  F o rsch ern  [3] w urden  9 H y d ra rg ill i te  u n d  7 B ayerite  —  a ls V ersu ch s
m u ster —  bei T em p era tu ren  von  30— 75° C aus v e rsch iedene  Menge von N a O H  u n d  A120 3 
e n th a lte n d en  A lu m in a tlau g en  zum  A usscheiden g e b rac h t.

V erschiedene A120 3 • H 20 -P rä p a ra te  als Im p fs to ffe  anw endend h ab en  d iese  A u to re n  
eine, 140 g /L ite r  N aO H  u n d  105 g /L iter A120 2 e n th a lte n d e  A lum inatlauge h y d ro lis ie ren  la ssen .
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D ie  A k t iv i tä t  de r v e rsch ied en en  P rä p a ra te  w ar v e rsch ied en , w odurch die W ic h tig k e it des 
Im p fs to ffo b erfläch ezu stan d es  erw iesen  wurde.

D ie  sich als a k tiv  erw eisenden  Im p fk ris ta lle  z e ig ten  u n te r  dem  E lek tro n en m ik ro sk o p  
e in e  unregelm ässige  F o rm .

A us obigen E rfa h ru n g e n  is t ersichtlich, d ass a ls U rsache  der Im p fk ris ta ll-A k tiv itä t  
d ie  d u rc h  unvollkom m ene K ris ta llisa tio n  e n ts ta n d e n e n  kom plizierten  K ris ta llo b e rfläch en  
a n z u se h e n  sind.

Aus den oben beschriebenen Literaturangaben kann gefolgert werden, 
dass die Dim ension der A ktivstellen bei Q ualifizierung der Im pfhydrate von  
grösster W ichtigkeit ist.

E s kann auch festgestellt werden, dass die kleineren Teilchen —  auf 
gleiches H ydratgew icht bezogen —  mit H in sich t au f die A ktivstellen günstiger  
sin d , jedoch dass ein  äusserst feinkörniges H ydrat kein entsprechender 
Im p fsto ff ist, da es ein  schleim iges Produkt erg ib t. Die beschriebenen U nter
suchungen  weisen auch darauf hin, dass der K ristallisationsverlauf durch die 
U m stän d e des Ausrührens ebenso, wie durch die Zusammensetzung der zur Ver
arbeitung gelangenden Alum inatlauge, b eein flu sst wird, weshalb wir U nter
suchungen  unter Betriebsum ständen einer Tonerdefabrik fortgesetzt haben. 
H ierdurch war es m öglich, der Praxis besser angenäherte Ergebnisse zu sam m eln, 
als w en n  die U ntersuchungen nur im Laboratorium  durchgeführt worden wären.

Durch U ntersuchungen wollten wir die Veränderungen an Im p fstoff
körnchen verschiedener Korngrössen bei betriebsm ässigem  Luftausrühren  
prüfen.

W ir haben darum zum  Luftausrühren gegriffen, da eine den richtigen  
Z ustand widerspiegelnde Probenahme w egen der bei dem m echanischen A us
rühren eintretenden Sedim entation unmöglich war.

W ir wollten die Veränderung der Im pfhydrate auf die Weise verfolgen, 
d ass, nachdem  die K ornverteilung des Im pfstoffes bestim m t wurde, dieselbe an 
w ährend des Ausrührens genom m enen H ydratproben ermittelt wird. D ie Vorbe
d in gu n g  solch einer B estim m ung bildet eine zuverlässige, genügend em pfindliche  
M essm ethode. Um eine solche auszuwählen, w urden die möglichen M ethoden  
praktisch  überprüft.

D ie Bestimmung der Kornverteilung

Zur B estim m ung der Kornverteilung d ien t als einfachste M ethode die 
Siebanalyse. Eine gew ogene Stoffmenge wird durch Siebe verschiedener Ma
schenw eiten  gesiebt und die Menge der einzelnen Siebfraktionen gewogen. D a die 
in  der Praxis benutzten Siebfeinheiten eine T rennung der Fraktionen nur in 
ziem lich  groben Stufen erm öglichen, war diese M ethode für uns nicht brauchbar.

Bedeutend em pfindlichere Korngrössenbestim m ungen können durch 
B eob ach tu n g  der Teilchensedim entation in einer Flüssigkeit ausgeführt werden.
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Die Sedimenlationsverfahren beruhen auf der Beobachtung, dass die klei
nen Teilchen in einer Flüssigkeit m it konstanter Geschwindigkeit absinken. 
N ach Feststellung von Stok es  besteht zwischen der Fallgeschw indigkeit und  
■dem Radius eines kugelförm igen Körpers folgender Zusammenhang :

v  _  2 g  (di — d 2)  r2
9 r)

v  =  G eschwindigkeit des absinkenden Körpers 
g  =  Fallbeschleunigung

d, =  spezifisches Gewicht des absinkenden Körpers 
d2 =  spezifisches Gewicht der Flüssigkeit 
rj =  V iskosität der Flüssigkeit 
r =  Radius des absinkenden Körpers 

Aus der obigen G leichung kann der Radius berechnet werden :

2 _  9 vr)

2 g (di — do)

M ittels der Methode von A p p ia n i— A t te r b e r g  [4] können die Teilchen in  Frak
tionen  beliebiger K orngrössen getrennt werden.

Der hierzu nötige Apparat besteht aus einem  etwa 45 cm hohen, m it Kork 
verschliessbaren Glaszylinder. Am  unteren Teil is t  an diesem  zum A blassen der 
Flüssigkeit ein Glasrohr angebracht. Die Aufschläm m ung der kleineren T eil
chen wird in niedrigerer Flüssigkeitssäule durchgeführt, um eine zu lang dauernde 
A bsetzzeit zu verm eiden. Aus der Stockesschen Formel kann die bei einer be
stim m ten  Korngrösse nötige Absetzdauer bei einer gewissen Absetzhöhe berech
net werden. Die durch das Seitenrohr während der berechneten Zeit abgelassene 
Flüssigkeit enthält die Teilchen, die kleiner sind als die, die der A bsetzdauer  
entsprechen. Durch die richtige Auswahl der Absetzdauer können beliebige 
Korngrössefraktionen getrennt werden.

Auch das Pipettenverfahren ist allgem ein gebräuchlich. Aus der durchge
schüttelten  Trübe wird nach Ablauf der zur Sedim entation einer bestim m ten  
K orngrösse r nötigen Zeitdauer t, aus einer H öhe a m ittels einer P ip ette  eine 
Flüssigkeitsm enge von bekanntem  Volum en herausgenommen. W ährend der 
Zeitdauer t sinken die Teilchen, die grösser als die gewählte Korngrösse r sind, 
unter die Höhe a. Aus der, in einer Höhe a liegenden Schicht herausgenom m enen  
Probe sind am Ende der Zeitdauer t nur Teilchen, deren Korngrösse kleiner als 
r  is t , zugegen. Der feste Teil der Probe wird nach dem Trocknen gew ogen, und  
die Menge der Teilchen, deren Korngrösse kleiner als r ist —  auf die ganze 
Flüssigkeitsm enge bezogen —  berechnet.

E s sind auch M ethoden bekannt, bei welchen die einzelnen Fraktionen  
n ich t voneinander getrennt werden, sondern nur Angaben über die Korngrösse-
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Verteilung liefern. D as Prinzip dieser M ethoden ist gleich. Das spezifische  
G ew icht der wässerigen Suspension ist grösser als die des W assers. W ie nun 
die schwebenden Teilchen sich absetzen, so verm indert sich das spezifische  
G ew icht der Trübe. Zwischen dem spezifischen Gewicht der Suspension, der 
Tiefe der untersuchten Schicht und der Zeitdauer des Absetzens besteht ein 
fester Zusam m enhang. W ird das sp. Gewicht der Trübe gemessen, kann durch 
diesen  W ert auf die M enge der schwebenden oder schon abgesetzten Teilchen  
gefolgert werden.

Unter den auf der Bestim m ung des sp. G ewichtes fussenden M ethoden  
is t  die Areometermethode d ie bekannteste.

Das fest-flüssige G em isch wird gut durchgeschüttelt, das Areom eter vor
sich tig  eingesetzt, und dessen Einteilung von Z eit zu Zeit abgelesen.

Die Berechnung kann m ittels der folgenden zwei Gleichungen ausgeführt 
werden :

2 r _  1800 t] h

(di — d2) t

r, flf2, d 2, rj sind die gleichen Werte wie in der Stokesschen Formel, 
h =  Tiefe des Areometerschwerpunktes, 
t =  verstrichene Zeit.

P =
100 di

( L + j )

p  =  G ewichtsprozente der abgesetzten Teilchen, 
s =  Gewicht des geprüften Stoffes,

L  =  Ablesewerte des Areometers, 
j  =  Temperaturkorrektion.

Auch nach M ethode von  F. E w a  [5] werden die verschiedenen Fraktionen  
voneinander nicht getrennt. Das Absetzen wird in  einem  1 m langen Glasrohr 
ausgeführt. Der A nfangspunkt der Messung ist die Oberfläche der schon abge
setzten  Teilchen. Im  Laufe unserer U ntersuchungen zeigte diese Oberfläche 
n ich t immer eine scharfe Grenzlinie, sondern m anchm al nur einen verschwom 
m enen Übergang.

Unabhängig von der verwendeten M ethode können bei der K orngrösse
m essung genaue R esultate —  abgesehen von den sonst auftretenden Fehlern —  
nur bei kugelförmigen Teilchen und nur in einem  Korngrössenintervall von ca. 
0,1— 200 Mikron erreicht werden. Das lässt sich dadurch erklären, dass das 
Stokessche Gesetz streng nur für kugelförmige Teilchen und auch bei diesen  
nur innerhalb des obigen Korngrössenintervalls gültig ist. Bei Teilchen unter 
ca. 0,1 Mikron Korngrösse tritt schon Brow nsche Bewegung auf und dadurch 
w ird deren Absetzen verhindert. Die durch das Absetzen von Teilchen über
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200 Mikron hervorgerufene Ström ung ist schon unlaminar. Der aus den Resul
taten  der auf dem Stokesschen Gesetz beruhenden K orngrössebestim m ungs
m ethoden erhaltene Radius zeigt bloss die Abmessungen jenes kugelförmigen 
Teilchens, das die gleichen hydrodynam ischen Eigenschaften hat, wie die 
Teilchen unseres untersuchten Stoffes. D ie Abweichung zwischen beiden Abmes
sungen wird in der Praxis ausser acht gelassen und man rechnet, als ob die 
Probe nur aus kugelförmigen Teilchen bestünde.

dH
0

507.

t ,

D ie obigen nur prinzipiell beschriebenen Methoden haben wir in der Praxis 
überprüft. Jede Methode hatte einen bestim m ten Nachteil : entweder war die 
zur Bestim m ung nötige Zeit zu lang, oder die Ablesung nicht m it der gewünsch
ten  Genauigkeit durchführbar.

W ir haben die Methode nach W ie g n er  [6] als die zw eckm ässigste gefun
den und deshalb weiterhin verw endet. Auch dieses Verfahren beruht auf dem  
Stokesschen Gesetz und auf der Bestim m ung des sp. Gewichtes.

Beschreibung des A pparates: D ie  ganze L änge des R ohres b e trä g t  ca. 1 m , d e r D urch
m esser ca. 30 mm. A n  den  u n te re n  T eil schliesst sich ein m it e inem  H a h n  versehenes dünnes 
R ö h rch en  an , das e igen tlich  als M an o m eterro h r d ien t (siehe B ild 1).

D as Seiten rohr soll vo r d e r M essung m it re inem  W asser bzw. m it je n e r  F lüssigkeit, in  
w elcher das A bsetzen e in tr i t t ,  b lasen fre i angcfü llt w erden. Zu diesem  Zweck w ird  soviel Flüssig
k e it in  das b re itere  R o h r h ineingegossen, dass d ie Abzweigstelle b ed eck t w erde. D a n n  w ird die 
F lüssigkeit in  das S e iten ro h r au fgesaug t u n d  de r H ahn  an  le tz te rem  w ird  geschlossen.
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D a s  m it F lüssigkeit in n ig  v e rm isch te  V ersuchsm ateria l w ird  in  das b re ite  R ohr einge
g o ssen  u n d  w ird, wenn es n ö tig  i s t ,  no ch  m it F lüssigkeit au fg efü llt. B eide  R ohre  w erden m it 
K o rk s to p p e ln  verschlossen u n d  d u rc h  m ehrm aliges U m k ip p en  g u t  d u rch g esch ü tte lt. N ach  
g rü n d lic h e m  D urchm ischen s te ll t  m a n  d e n  A p p a ra t sen k rech t auf, n im m t d ie  K o rk e  ab , ö ffn e t 
d e n  H a h n  an  M anom eterrohr u n d  lä ss t die zur Zeitm essung d ienende S to pperuhr anlaufen.

D ie  Höhe H  w ird  v o n  d e r  A bzw eigung des S e iten rohrs bis zu r O berfläche  des F lüssig
k e itssp ie g e ls  gemessen. D ie Z e it w ird  in  M inuten  —  zu erst je d e  M in u te , sp ä te r  n u r in  län geren  
Z e iträ u m e n  —  gemessen, g le ich ze itig  w ird  die N iveaudifferenz h au ch  festgeste llt.

W egen  der A bw eichung d e r  R öhrendurchm esser zeig t sich  sogar schon bei re in e r F lüssig
k e i t  e in e  ständ ige N iveaud ifferenz  in  dem  dünneren  R ohre ; diese K a p illa rk o rre k tio n  w ird v o n  
d e m  gem essenen W ert h ab g ezogen . D ie  so gewonnenen W erte  w erd en  m it A H  b eze ich n e t.

Stellt man die W erte A H  in  Abhängigkeit von der Zeit dar, so bekom m t 
m an  die Absitzkurve. D ie zu  einem  beliebigen Punkte der Kurve gezogene 
T an gen te  zeigt an, w ie d ie Teilchenabm essungen über bzw. unter der, der 
gew äh lten  Zeitdauer entsprechenden Korngrösse des untersuchten Probe
m ateria ls prozentuell ver te ilt sind.

E s soll z. B. ein S to ff geprüft werden, dessen Teilchen gleicher Abmessung 
s in d , d. h. der Stoff ist hom odispers. Es ist leicht einzusehen, dass gleiche Stoff
m en g en  sich innerhalb gleicher Zeitabstände absetzen, d. h. die Veränderung 
des sp . Gewichtes der Suspension , oder, was gleichwertig ist , die Veränderung 
v o n  A H  is t linear (Bild 1/a).

W enn die ganze Stoffm enge sich schon abgesetzt hat, wird der W ert von  
A H  g leich  0, die Kurve w ird also horizontal.

In  einem anderen F alle  besteht der zu prüfende S toff aus einer Mischung 
v o n  zw ei homodispersen F raktionen . Die eine wird sich aus der Höhe H  in 10 
M inuten  absetzen, die andere in  20 Minuten. In diesem  Falle hat sich der gröbere 
S to ff  innerhalb 10 M inuten vö llig  abgesetzt, während der feinere Stoff nur die 
T eilstrecke Hj 2 zurückgelegt h a t, also die Hälfte des Letzteren noch im Absetzen  
is t .  N ach  10 Minuten haben  sich also 75% der ganzen Stoffm enge abgesetzt,, 
erst nach  weiteren 10 M inuten 100% . Die dargestellte K urve wird aus Geraden 
b esteh en , die scharfe K nicke aufweisen (siehe Bild 1/b).

D ie  prozentuelle K orngrössenverteilung kann m an aus der dargestellten  
K u rve durch Ziehen der geeign eten  Tangenten bzw. in obigem  Falle durch die 
V erlängerung der Geraden bekom m en. Wird die bei 10 M inuten beginnende 
schräge Linie verlängert, so zeigt deren Schnittpunkt m it der Ordinatenachse 
an , w iev ie l Prozente solcher Teilchen in der M ischung vorhanden sind, deren 
K orngrösse kleiner ist, als d ie der 10 Minuten währenden Absetzdauer entspe
ch en d e Korngrösse.

In  den meisten Fällen  werden verschiedene M ischungen von Teilchen 
verschiedener Korngrössen untersucht, bei diesen bekom m t man hierbei keine 
G eraden , sondern K urven (siehe Bild 1/c).

D ie  M engenverteilung der den verschiedenen Absetzdauern entsprechen
den Fraktionen kann m an durch Konstruktion der geeigneten  Tangenten erhal
ten . D urch die zu beliebigen Zeitpunkten (t) gehörigen T angenten können die 
F rak tion en  nach Belieben begrenzt werden.
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Der Radius der Teilchen wird auch hier nach dem 
berechnet :

V =  2 g ( d l  ~ da) r2, wobei
9 r)

Stokesschen G esetz

(1)

V =  Geschwindigkeit des absinkenden Körpers cm/sec, 
g  =  Fallbeschleunigung 981 cm/sec2,

(/, == spezifisches Gewicht des absinkenden Körpers g/cm3, 
d2 =  spezifisches Gewicht der F lüssigkeit g/cm 3,
/7 =  dynam ische V iskosität der F lüssigkeit g/cm  sec (in Poise), 
r =  Radius des absinkenden Körpers cm .

Da die B estim m ungen bei ungefähr gleicher Temperatur ausgeführt 
werden, können die von der Temperatur abhängigen und unveränderlichen  
Glieder (sp. G ewicht, Viskosität) in eine K onstante (c) einbezogen werden ::

2 g (di — d2)
9 rj

Aus den Gleichungen (1) und (2) :
V — c r2

(2>

( 3 )

(4)

( 5 )

Die Absetzgeschwindigkeit wird nicht unm ittelbar gemessen, sondern bei 
bekannter Höhe (H) wird die Zeit (t) bestim m t.

(6 )

Nach dem Zusammenziehen der G leichungen (3) und (6) :

/
(7)

ct

D ie Absetzdauer eines Teilchens von belibigem  Radius beträgt

' H

( 8 )

( 9)

Aus der Gleichung (8) bzw. (9) kann m an den zu der bekannten Zeit t 
gehörenden Radius r, bzw. die zu dem gew ünschten Radius gehörende Zeit (t) 
berechnen.
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Praktisches Beispiel:

E in  T o n erd eh y d ra t w ird  m itte ls  der W iegners M ethode  g eprü ft. Das K lä ren  w ird  bei 
e in e r  T e m p e ra tu r  um  20° C W asse r ausgeführt. B e rech n u n g  von  e, nach der 2. G leichung  :

t] =  V isk o s itä t des W assers b e i 20° C in  Poise 0,01
d i =  sp . G ew icht des T o n e rd e h y d ra ts  la u t der B e stim m u n g  2,38 g /cm 3

=  sp . Gew icht des W assers 0,99823, abg eru n d e t 1,0 g /cm 3

N a ch  der S u b s titu tio n  :

c
2 ■ 981 
9 • 0,01

•(2,38 1, 0 )

c
1962
0,09

• 1,38 =  30,084, a b g e ru n d e t 30,100

A b sitzhöhe  (siehe B ild  1) H  =  64,7 cm 
K a p illa rk o rrek tio n  6 m m

M esswerte :

Z eit H A H
M in. m m m m

0 23 17

2 15 9

3 13 7

4 11 5

5 10 4

6 10 4

8 8 2

10 7 1

12 7 1

14 6 0

D a s A bsetzen  w ar n ach  d e r  14. M inute b een d e t. E s h a b e n  sich also auch  d ie  k le in s ten  
T e ilc h e n  aus der A ufsch läm m ung e n tfe rn t. Die B e rech n u n g  dieser K orngrösse :

t =  14' =  840 sec.
N a c h  S u b s titu tio n  in  die 8. G leichung

r
64,7__

30,100
V 0,00000256 0,0016 cm

dm'.n =  0,0032 cm , das h e isst 32 M ikronén.

W ill m a n  z. B. feststellen , w an n  T eilchen  v o n  50 // K o rn g rö sse  sich aus dem A b se tz ra u m  en t 
fe rn e n , d a n n  se tz t m an  die ob igen  M esswerte in  die 9. G leichung  ein :

H

Go Mikr. 0  —
64,7 64,7

30,100 • 0,00252 0,188 1 25
344 sec =  5' 44"

Verlängert man die zu  einem gewählten Zeitwert zugeordneten Punkt 
der dargestellten Kurve gezogene Tangente bis zur Ordinatenachse, dann kann  
hierdurch das prozentuelle Verhältnis zwischen Teilchen über bzw. unter 50 /л 
b estim m t werden.
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Nach Durchführung der gleichen Berechnung z. B. bezogen au f die Korn
grösse von 60 [Л, kann m an aus der Differenz der prozentuellen W erte feststellen, 
w ieviel Prozente der Teilchen des Gemisches Abmessungen von  50— 60 ц 
zeigen.

In dieser W eise ist es m öglich, die prozentuelle Verteilung für beliebige 
Korngrössengrenzen festzustellen.

Beschreibung der Versuche

Vorerst wurde die Verlässlichkeit der Methode durch Vorversuchsreihen  
überprüft. Hierbei erwies sie sich als befriedigend. Bei demselben S to ff waren 
die Ergebnisse reproduzierbar.

W eiterhin wurde geprüft, wie sich die Korngrösse der H ydratteilchen im  
Laufe des betriebsm ässigen Luftausrührens prozentuell verändert.

Aus den während des Ausrührens zeitweise genommenen Proben wurde 
das Tonerdehydrat durch Filtration abgetrennt, ausgewaschen und die Ver
teilung der Teilchenkorngrössen durch Sedim entation in W asser bestim m t.

Aus den durch die Auswertung von zwei Betriebsuntersuchungen erhal
tenen Ergebnissen kann m an —  auch bei nötiger Vorsicht —  Folgerungen ziehen, 
die bezüglich der beim  Ausrühren eintretenden Veränderungen A nthaltspunkte  
liefern. Es mahnt hierbei zur Vorsicht, dass die bei den Berechnungen benutzte 
Stokessche Formel genau nur für kugelförmige Körper gültig ist und das Toner
dehydrat dieser Voraussetzung nicht entspricht. Deshalb sind die bei Verwendung 
der K urven bestim m ten Korngrössen nur annähernde Werte.

D ie erste Versuchsreihe wurde mit 20, innerhalb von 60 Stunden genom
m enen Proben ausgeführt. Hierbei wurde alle 3 Stunden eine Probe genom m en. 
Gleichzeitig wurde auch die M olverhältniszahl im  flüssigen Teile geprüft.

D ie m itte ls d er WiEGNERS-Methode festgeste llten  K orngrössenw erte  w u r
den in  D iag ram m en  au fg e trag en , in  w elchen die zu den K orngrössen  0,05, 0,06, 
0,07 u n d  0,08 m m  gehörenden  A bsetzzeiten  sowie die prozentuelle  K orn g rö ssen 
v e rte ilu n g  — le tz te re  m itte ls  je  einer zu den  en tschprechenden  Z e itp u n k ten  
gehörigen K u rv en p u n k ten  gezogenen T an g en te  —  b estim m t w erden .

D ie Bilder 2 und 3 stellen 7 von obigen Diagrammen dar. D as Diagram m  
2/a stellt Messwerte einer während des Im pfstoffeinm ischens genom m enen  
Probe, deren Tonerdehydrat durch F iltration getrennt wurde, dar. D ie Aus
rührzeiten, die auch gleichzeitig Zeitpunkte der H ydratprobenahm e waren, 
und die entsprechenden Resultate sind : bei Diagramm 2/b 3 Stunden, bei 
2/c 6 Stunden, bei 2/d 9 Stunden, bei 3/e 36 Stunden, bei 3/f 42 Stunden und bei 
3/g 57 Stunden.

Es kann festgestellt werden, dass der Im pfhydratanteil m it der Korn
grösse von 40— 50 /л sich innerhalb 3 Stunden von der 25% -igen A nfangsm enge  
bis auf 8% verringerte. In der 6 . Stunde ist er überhaupt nicht mehr zu beobach-

14 Acta Technica XVIII/3—4.
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ten . D ie  kleinste K orngrösse ist auch in den anderen Proben nicht auffindbar.. 
Sie m eldet sich erst in der 60. Stunde. Ein diesbezügliches Diagramm fehlt 
aus den Abbildungen.

D ie  Teilchen, deren Korngrösse grösser w ar als 80 fi und deren Menge 
an fan gs 12% betrug, verschw anden nach der 3. Stunde. Sie waren dann nach

der 6 . Stunde in einer M enge von  15% wieder vorhanden. Die grossen Teilchen  
feh lten  im  Zeitintervall der 9— 36. Stunde, nach der 42. Stunde konnten sie  
aber in  einer Menge von ca. 15%  beobachtet werden.

D ie  Teilchen des K orngrössengebietes vo n  50— 80 // wurden in  10 ii 
Stufenunterschieden geprüft. D ie konkrete A usw ertung der Ergebnisse war 
h ierbei umständlich, so v iel lässt sich aber festzustellen , dass die prozentuelle 
M enge bei einigen K orngrössen zu-, später aber plötzlich abnimmt, offenbar
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wegen Verwendung des Stokesschen Gesetzes, da das Absitzen der unregel
m ässig gearteten Teilchen eben unregelm ässig ist. Werden längere Zeitdauern 
m iteinander verglichen, z. B . die Ergebnisse der 9., 36., 42., 50. und 60. Stunde, 
dann lässt sich feststellen, dass die anfangs während 9 Stunden zunehmende 
Menge der Teilchen von 50— 60 [i später abnim m t und in der 60. Stunde gleich 
dem in der 42. Stunde beobachteten Tiefpunkt war.

Die Menge der Teilchen von 60— 70 fi zeigt bis zur 36. Stunde einen grossen 
A nstieg. In der 42. Stunde beginnen sie sich —  nach einer Verm inderung bis zu 
beinahe 20% —  langsam  wieder zu vermehren.

Die Teilchen von 70— 80 ц  zeigen bis zur 42. Stunde einen stän d ig  anstei
genden Wert. Hiernach nim m t dieser wieder stark ab.

Es sei bemerkt, dass nur die Mengenänderungen der grössten sowie der 
kleinsten Teilchen konkrete Feststellungen erlauben, da der prozentuelle Anteil 
der anderen Korngrössen auch in jenem  Falle zu- oder abnehm en kann, wenn 
ihre absolute Menge unverändert bleibt, aber irgend eine Fraktion ab- oder

14*
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zu n im m t. Die m engenm ässige Bestim m ung der w ährend des Ausrührens ein
treten d en  Veränderungen k a n n  eventuell m it H ilfe von  Isotopen ausgeführt 
w erden.

D ie  zweite Versuchsreihe wurde ebenso m it aus einem  Betriebsluftaus
rührer genommenen Proben durchgeführt. Diese wurde bis zur 9. Stunde jede  
d r itte , nachher jede zweite S tu n d e genommen. D er Absetzprozess wurde bis 
zur 35. Stunde untersucht. In  d iesem  Falle wurde das Im pfhydrat vor der Zum i
sch u n g  gesondert geprüft.

A u f Bild 4/a ist das A bsitzdiagram m  des Im pfstoffes, weiterhin die pro
zen tu e lle  K orngrössenverteilung seiner Teilchen ersichtlich. Auf Bild 4/b sind  
die Versuchsresultate des aus der nach der Zum ischung unm ittelbar genom m enen  
P robe des durch Filtration abgetrennten Im pfstoffes dargestellt.

D ie  Probe 4/c wurde in  der 9., 4/d in der 21., 5/e in  der 29., 5 /f in der 31. 
S tu n d e  und endlich 5/g in  der 34. Stunde genom m en.

E in  Vergleich der D iagram m e 4/a und 4/b ze ig t, dass die K orngrössen
zusam m ensetzung des Im p fsto ffes schon bei der Zum ischung sich verändert. 
D ie  k leinsten  Teilchen von  30— 40 fl Korngrösse sow ie jene, die grösser als 
70 fi sind , verschwinden. In  der 9. Stunde sind die Teilchen von 70— 80 fi 
K orngrösse beobachtbar, w oh l in  einer relativ geringen (kleiner als 10%) M enge, 
l n  der in der 21. Stunde genom m enen Probe n im m t die Menge der Teilchen
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von 60— 70 /л Korngrösse zu. In der 29. Stunde feh len  die Teilchen von  40— 50 fl 
Korngrösse, die M engen der Fraktionen von 50— 60 ц  und 60— 70 /и K orngrössen  
sind dagegen beinahe gleich. In der 31. Stunde h a t die prozentuelle M enge der 
Teilchen von 70— 80 fl Korngrösse zugenom m en. In der 34. Stunde verm indern  
sich die Teilchen von 50— 60 ц  Korngrösse stark , die von 70— 80 /г nehm en  
aber zu.

Die kleinsten Teilchen (von 30— 40 Ц Korngrösse) verschwinden bei der 
Zum ischung vollkom m en, deshalb waren sie in  der ersten Versuchsreihe, wo die

erste Probe nach der Zumischung genom m en wurde, nicht beobachtbar. D ie  
Abnahm e der grösseren Teilchen wurde im  V erlauf der Zeit bei beiden Ver- 
stichen festgestellt.

Aus der ständigen Zunahme des M olverhältnisses Na20 /A l20  liess sich  
annehm en, dass das Verschwinden der Korngrössen nicht durch A uflösung, 
sondern durch Agglom eration bzw. Zerkleinerung verursacht wird.

Diese Annahm e wurde durch die Ergebnisse folgenden Versuches b estä tig t : 
Im pfhydrat wurde in auf einem W asserbade warm gehaltenen dest. W asser 
m ittels eines mechanischen Rührers gerührt. D ie Kornverteilung wurde nun in  
der 9. und nach der 18. Stunde des Rührens geprüft. Die Versuchsergebnisse sind  
au f Bild 6 ersichtlich.
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E s kann festsgestellt werden, dass die T eilchen von 30— 40 u K orngrösse, 
die in  dem  Ausgangsm aterial in bedeutender M enge vorhanden waren, nach  
9 S tunden  vollkommen verschwanden, bei der Korngrösse von 40— 50 [i dagegen  
is t e ine grosse Zunahme zu beobachten. Ebenso verschwanden die Korngrössen  
über 80 /г. Die letzteren sind in  der in der 18. Stunde gezogenen Probe schon 
w ieder zu beobachten. D iese Versuche wurden m it der ganzen Stoffm enge aus
geführt, die prozentuelle Verteilung bedeutet also gleichzeitig auch eine m engen- 
m ässige Angabe. Da die Zersetzung der A lum inatlauge während des Ausrührens 
erst nach  20— 24 Stunden beginnt, zeigt diese Erscheinung sehr eindrucksvoll 
die W irkung der Korngrösse. Hierbei kann angenom m en werden, dass die aktiven  
O berflächen der kleineren Teilchen trotz ihrer Agglom eration wirksam bleiben.

Bild 6

D ie agglomerierten Teilchen erwiesen sich als stabil. Trotz des m ehrstün
d igen  K ochens mit D am pf konnte an ihnen keine Zerkleinerung beobachtet 
w erden.

D ie  bisher beschriebenen Untersuchungen wurden mit Betriebsim pfhydrat 
und m it aus Betriebsausrührern genommenen Proben durchgeführt. D a auch 
das Luftausrühren die A bnahm e von echten Durchschnittsproben nicht vo ll
kom m en sichert, haben wir zur Kontrolle der bisherigen Resultate auch Labora
torium sversuche ausgeführt.

D er Im pfstoff wurde in  der folgenden W eise vorbereitet : Das B etriebs
tonerdehydrat wurde in  W asser längere Zeit gekocht, um  ein eventuelles Zusam 
m enballen  desselben zu verhindern. Hiernach wurden die Teilchen von einer 
K orngrösse kleiner als 40 /л zur Beseitigung der durch die grösseren Körner 
hervorgerufenen Unsicherheit, m ittels Absetzens entsprechend dem Stokesschen  
G esetz getrennt. Nach mehrmaliger W iederholung dieses Arbeitsganges stand  
das Tonerdehydrat von der au f Bild 7/a dargestellten  Korngrössenzusam m en
setzu n g , worin die Teilchen von einer Korngrösse kleiner als 40 [Л fehlten , zur 
V erfügung.
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Eine synthetische Alum inatlauge, welche 114,3 g A120 3 und 125 g N a20  
pro Liter enthielt (ihr M olverhältnis war also 1 : 1,8), wurde m it diesem  vor
bereiteten Tonerdehydrat eingeim pft.

80 g des Im pfstoffes wurden zu 500 ml Alum inatlauge zugegeben und das 
Ausrühren wurde auf dem W asserbad bei 60° C 21 Stunden lang ausgeführt. 
Alle drei Stunden wurde das ganze Probematerial filtriert, sein Gewicht gewogen  
und die Korngrössenverteilung nach dem Auswaschen bestimmt.

Das Gewicht des zugegebenen Hydrats hat sich während der einund-

zwanzigstündigen Yersuchsdauer nicht verändert, ein Zeichen, dass die Tonerde
ausscheidung aus der Alum inatlauge noch nicht begonnen hat.

Die Feststellung der Korngrössenveränderungen wurde m ittels der schon 
beschriebenen Diagramme ausgeführt. Das auf Bild 7/b dargestellte Diagram m  
wurde nach dreistündigem Ausrühren aufgenom m en. Es ist daraus ersichtlich, 
dass nur Teilchen von 30— 40 fi zurückgeblieben sind. Nach sechsstündigem  
Ausrühren Hessen sich Teilchen von 40— 50 ц  Korngrösse, wie es aus B ild 7/c 
ersichtlich ist, in einer Menge von über 40% nachweisen. Hiernach blieb die 
Korngrössenverteilung beinahe unverändert.

Während des 21 Stunden langen Versuches wurden die beobachtete m ini
male und die aus der prozentuellen Zusam m ensetzung berechnete durchschnitt
liche Korngrössenveränderung graphisch dargestellt (siehe Bild 8).
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E in  ähnlicher Versuch wurde auch m it einem  grobkörnigen Im pfhydrat 
ausgeführt. In diesem Falle haben sich die K orngrössen nicht verändert.

Durch die oben beschriebenen Versuchsergebnisse konnten die F est
stellungen weiter unten in der Zusammenfassung unter 1 —6 bestätigt werden.
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ZUSAM M ENFASSUNG

1. D as M essverfahren n a ch  W iegner ist zu r B estim m u n g  der K orngrösse sowie ih re r  
p ro zen tu e llen  V erteilung a n  T o n erd e h y d ra t geeignet.

2. D ie w ährend des A u s rü h ren s  e in tretenden  K orng rö ssen v erän d eru n g en  k ö n n en  m ittels, 
de r W iegners M ethode g u t b e o b ac h te t werden.

3. B ei den u n te rsu ch ten  Im p f- und A u srü h rv erh ä ltn issen  im  B etrieb  verschw inden  d ie  
T eilchen  u n te r  50 /i des Im p fh y d ra ts  zu Beginn des A u srü h ren s  u n d  erscheinen e rs t  w ied er 
gegen  E n d e  desselben —  im  u n te rsu c h te n  Falle in  d e r  60. S tu n d e  — wieder. D as V erschw inden  
d e r  k le in s te n  Teilchen v e ru rs a c h t keine  M olverhältn isabnahm e.

4. Dieselbe F ests te llu n g  is t  au ch  gültig fü r  Im p fh y d ra tte ilc h e n , die grösser als 80 /i sind. 
L e tz te re  zeigen sich aber w ä h ren d  des A usrührens schon  f rü h e r  als die k leineren  Teilchen.

5. B eim  L ab o ra to riu m sv e rsu ch  verschw anden d ie T eilchen  des in  destillie rtem  W asser 
g e rü h rte n  Im p fh y d ra ts  u n te r  40 ц  u n d  über 80 /t i n  9 S tu n d e n . D ie Teilchen grösser als 80 /t 
z e ig ten  sich  erst in  der 18. S tu n d e  wieder.

6. B ei dem  — m itte ls  in  A lum inatlauge g e rü h rte n  Im p fh y d ra t ,  dessen K orngrösse  k leiner 
als 40 Ц w ar — d u rch g efü h rten  L abora to rium sversuch  versch w an d en  die Teilchen k le in e r als 
30 /м n a ch  3 S tunden , u n d  n a ch  in sg esam t 6 S tu n d en  ze ig ten  sich auch die Teilchen d e r K o rn 
grösse 40— 50 /I. Die K orngrössenveränderungen  v e ru rsa c h te n  w eder eine G ew ichtsab- noch 
Z u n ah m e.

IN V E S T IG A T IO N S O F T H E  G R A IN  SIZE O F A LU M IN A  H Y D R A T E  AT M IX IN G  W IT H  A IR

S. DUNAY and M. K ALM Á R

SUMMARY

1. T he m ethod o f W ieg n er fo r the  investiga tion  o f  g ra in  size is  su itab le  for d e te rm in in g  
th e  g ra in  size of a lum ina h y d ra te  a n d  its percen tual d is tr ib u tio n .

2. T h e  changes o f g ra in  size occurring du ring  m ix in g  can  be traced  v e ry  well by  th e  
W iegner m ethod .
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3. U nder th e  p la n t cond itions of inocu la tion  and  m ixing w hich h a v e  b een  ex am ined , 
th e  g ra ins o f th e  inocu la tion  h y d ra te  sm aller th a n  50 m icrons d isappear a t  th e  beg in  of th e  
m ix ing  and  reap p ear only to w ard s  th e  end of th e  m ix ing  —  in  our case in  th e  6 0 th hour. The 
d isappearance  of th e  sm all g ra in s is n o t connected  w ith  a reduction  of m ol ra tio .

4. T he sam e effect has been  observed for th e  g ra ins over 80 m icrons c o n ta in ed  in  th e  
inocu la tion  h y d ra te , b u t  th ese  a p p ea r in  an  earlie r stage of th e  m ixing p ro cess  th a n  th e  fin e  
gra ins.

5. In  our lab o ra to ry  te s ts , th e  g ra ins u n d e r 40 m icrons and over 80 m icrons o f th e  inocul
a tio n  h y d ra te  d isappear w ith in  9 h ours. T he g ra ins over 80 m icrons re -a p p e a r in  th e  le*11 hour.

6. In  our lab o ra to ry  te s ts  w ith  in o cu la ting  h y d ra te  o f a g ra in  size u n d e r  40 m icrons, 
m ixed  in a lum inate  so lu tion , th e  g ra ins u n d e r 30 m icrons d isappeared  w ith in  3 h o u rs , a f te r  6 hours 
ap p eared  th e  grains o f  40— 50 m icrons. T he changes o f g ra in  size were n e ith e r con n ec ted  w ith 
w eigh t d im inu tion , no r w ith  w e igh t increase.

R E C H E R C H E S  SU R  LA G R O SSE U R  D ES G R A IN S D E  L ’A L U M IN E ; H Y D R A T É E  
D U R A N T  L E  M É L A N G E  AVEC D E  L’A IR

S. DUNAY et M. KALMÁR

R É SU M É

1. La m éthode de W iegner pour l’ex am ination  de la  grosseur des g ra ins p e u t  ê tre  appliquée 
à l ’exam en de la grosseur des g ra ins de l ’alum ine h y d ra té e  e t de leu r re p a r titio n  re la tiv e .

2. Les changem ents de la grosseur des g ra ins d u ra n t le m élange p e u v e n t ê tre  b ien  suivis, 
avec la m éthode de W iegner.

3. Sous les conditions d ’inocu la tion  e t de m élange industrie ls qui o n t  é té  exam inées, 
les g ra ins en-dessous de 50 m icrons de l ’h y d ra te  d ’in o cu la tion  d isparaissen t au  d é b u t du  m élange 
e t réap p a ra issen t seu lem ent v e rs la fin  du  m élange —  dans n o tre  cas à la  60ième h eure . L a dis
p a ra tio n  des grains fin s  ne  va  pas avec une  réd u ctio n  de la p roportion  m olaire.

4. Le m êm e effe t a é té  observé p o u r les g ra ins au-dessus de 80 m ic ro n s de l’hy d ra te  
d ’inocu la tion , qui tou tefo is ap p ara issen t p lus tô t ,  au  cours du m élange, q u e  les g ra ins fins.

5. P e n d a n t nos essais de labora to ire , les g ra ins p lus p e tits  que 40 // e t  p lu s  g ran d s que 
80 ju de l ’h y d ra te  d ’in o cu la tion  m élangé dans l ’eau d istillée o n t d isparu  ap rès  9 heures. Les 
g ra ins p lus g rands que 80 ju o n t  réap p a ru  à la 18èmc heure.

6. P e n d a n t nos essais de lab o ra to ire  avec de l ’h y d ra te  d ’inocu lation  à g ra in s  p lu s pe tits  
que  40 //, m élangé dans de la so lu tion  d ’alum ine, les g ra ins plus p e tits  que  30 ju o n t  d isparu 
dans les 3 heures, e t après 6 heures son t ap p aru  aussi les gra ins de 40— 50 /г. L es changem ents 
de la  grosseur des grains n ’alla it n i avec d im in u tio n , ni avec au g m en ta tio n  d u  poids.

И С С Л Е Д О В А Н И Е  Г Р А Н У Л О М Е Т Р И Ч Е С К О Г О  С О С Т А В А  Г И Д Р А Т А  Г Л И Н О З Е М А

П Р И  А Э Р А Ц И И  В О З Д У Х О М

Ш. ДУНАЙ и М. КАЛЬМАР

Р Е З Ю М Е

1. М е т о д и к а  г р а н у л о м е т р и ч е с к о г о  а н а л и з а  В и г н е р а  п о д х о д и т  д л я  о п р е д е л е н и я  
г р а н у л о м е т р и ч е с к о г о  с о с т а в а  г и д р а т а  г л и н о з е м а ,  а  т а к ж е  п р о ц е н т н о г о  р а с п р е д е л е н и я .

2 . И з м е н е н и е  г р а н у л о м е т р и ч е с к о г о  с о с т а в а ,  п р о и с х о д я щ е е  в  п р о ц е с с е  а э р а ц и и ,  
м о ж н о  х о р о ш о  п р о с л е д и т ь  с  п о м о щ ь ю  м е т о д и к и  В и г н е р а .

3 .  П р и  и с с л е д о в а н н ы х  п р о и з в о д с т в е н н ы х  у с л о в и я х  з а т р а в к и  и  а э р а ц и и  з е р н а  
з а т р а в н о г о  г и д р а т а  с  к р у п н о с т ь ю  м е н е е  5 0  м и к р о н  и с ч е з а ю т  в  н а ч а л е  п р о ц е с с а  а э р а ц и и  и 
в н о в ь  п о я в л я ю т с я  т о л ь к о  в  к о н ц е  п р о ц е с с а  а э р а ц и и  —  в  н а ш е м  с л у ч а е  ч е р е з  6 0  ч а с о в  
п о с л е  н а ч а л а  а э р а ц и и .  И с ч е з н о в е н и е  м е л к о з е р н и с т ы х  ф р а к ц и й  н е  с в я з а н о  с о  с н и ж е н и е м  
м о л я р н о г о  с о о т н о ш е н и я .

4 .  Э т о  ж е  у с т а н о в л е н о  т а к ж е  д л я  з е р е н  з а т р а в н о г о  г и д р а т а  с  к р у п н о с т ь ю  б о л е е  
8 0  м и к р о н .  О д н а к о  э т и  я в л е н и я  в  п р о ц е с с е  а э р а ц и и  в о з н и к а ю т  р а н ь ш е ,  ч е м  в  с л у ч а е  м е л 
к и х  ф р а к ц и й .
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5 .  П р и  л а б о р а т о р н ы х  о п ы т а х  з е р н а  з а т р а в н о г о  г и д р а т а  с  к р у п н о с т ь ю  м е н е е  4 0  
м и к р о н  и  б о л е е  8 0  м и к р о н  п р и  с м е ш и в а н и и  в  д и с т и л л и р о в а н н о й  в о д е  ч е р е з  9  ч а с о в  и с ч е 
з а ю т .  З е р н а  с  к р у п н о с т ь ю  б о л е е  8 0  м и к р о н  в н о в ь  п о я в л я ю т с я  ч е р е з  1 8  ч а с о в .

6 . В  с л у ч а е  л а б о р а т о р н ы х  о п ы т о в ,  п р о в е д е н н ы х  с  з а т р а в н ы м  г и д р а т о м ,  с м е ш и в а е 
м ы м  с  а л ю м и н а т н о й  щ е л о ч ь ю  и  и м е ю щ и м  к р у п н о с т ь  м е н е е  4 0  м и к р о н ,  з е р н а  с  к р у п н о с т ь ю  
м е н е е  3 0  м и к р о н  и с ч е з а ю т  ч е р е з  3  ч а с а ,  и  ч е р е з  6  ч а с о в  п о я в л я ю т с я  т а к ж е  з е р н а  к р у п 
н о с т ь ю  4 0 — 5 0  м и к р о н .  С  и з м е н е н и е м  г р а н у л о м е т р и ч е с к о г о  с о с т а в а  н е  п р о и с х о д и л о  н и  
• с н и ж е н и я ,  н и  п р и б а в л е н и я  в е с а .
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M A N U FA C T U R E  O F P IG  IR O N  FROM  H IG H -A L U M IN A  O R E S IN  T H E  18-TH C E N T U R Y * •

Prof. A. S C H L E IC H E R
D. EN C. SC.

[M anuscript received 18th M arch , 1957]

In W estern H ungary, on the Budapest— Czelldömölk railline, 16 m iles 
north  o f Lake B alaton, in the village o f Kislőd, a blast furnace was operated in 
the second half o f the 18-th century, the interesting feature o f which was that 
it produced pig iron not from a definite kind o f iron ore, but from a burden 
that m ight have been some natural m ixture o f bauxite and of lim onite.

The blast furnace was abandoned defin itely  in the last years of the 18-th  
century and on its place only some ruins of m asonry and slag heaps are found. 
5  slag samples and one sample of pig iron found by chance were analyzed w ith  
the following results :

Pig iron***
C

3,70
Si

3,94
Mn
8,40

P
0,672

s
0,027

or0

Slag samples
S i0 2 A1,03 CaO MgO FeO F e,O s MnO s T i0 2 P ,O s

0//0

No 1. 48,02 13,26 10,62 6,9 0,88 10,4 0,53

No 2. 40,97 15,59 24,51 7,07 1,66 0,88 9,4 0,03 0,09

No 3. 51,18 20,20 9,50 1,82 6,83 10,2

G rey slag 37,83 26,57 17,70 4,78 2,09 1,35 9,4 0,07 0,11

B lack glassy slag 49,61 21,— 11,— 3,35 4,27 10,1

In the chem ical composition of the slag sam ples the high content o f A120 3 
is striking. Iron ores sm elted for pig iron are known to contain only decim al

* In  th is  series th e  follow ing papers o f th e  a u th o r h a v e  th u s  fa r  been published : I . H is to ry  
o f N on-ferrous M etallu rgy  in  th e  M átra  M ountains. A c ta  T echn ica  Acad. Sc. H u n g . 2 (1951) 
3/42 ; I I .  D a ta  on th e  Use o f B rass in  th e  L a te  M iddle Ages a n d  on  th e  B eginning of W ire  D raw ing  
in  E urope. Ib idem  7 (1953) 225/231 ; I I I .  R esto ra tio n  o f  a  B las t F u rnace  B u ilt in  H u n g a ry  in  
1813. Ib idem  8 (1954) 425/433. IV . F irs t In d u s tr ia l P ro d u c tio n  o f Tellurium . Ib id em  9 (1954) 
213/222 (all G erm an).

** C ondensed from  a  d e ta iled  p ap er o f th e  a u th o r  p u b lished  in  H un g arian  in  th e  M agy. 
T u d . A kad . Műsz. O szt. K özi. (T ransac tions o f  th e  E n g in eerin g  Section o f th e  H ung . A cad , of 
S c .,)  21 (1957) 395/411.

*** U n fo rtu n a te ly  i t  was im possible to  m ake slides fo r m icroscopic in v es tig a tio n  from  
th e  iro n  sam ple.
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percentages, more rarely 2— 3% , and quite exceptionally 5— 6% of A120 3, not 
to  speak  about low-iron, high-silica iron ores whose A120 3 content m ay reach
H — 13% .

Therefore the above analyses raised the suspicion that our predecessors 
m igh t have processed for iron some kind o f bauxite high in Fe20 3, for in  that 
part o f  H ungary there are large deposits o f bauxite. In Hungarian bauxites there 
are m an y  of 23— 28, even o f 34% , rarely even  of 39% Fe20 3 content [1]. H un
garian bauxites were taken 60— 70 years ago for iron ores. It was H ungarian  
M etallurgical Eng. B é l a  Mikó who recognized in  1903 a sample o f “ iron” ore 
as actual bauxite and fit  for the m anufacture of aluminium [2].

The supposition, th at in  this case bauxite was processed for iron appeared 
acceptab le, because there were no data available in  the very extensive H ungarian  
literatu re that there had ever been known an occurrence of iron ore in that 
region.

The content of 0,53%  of T i0 2 of one slag sample (the others were not 
analyzed  for T i0 2) appeared to be a decisive proof that the pig iron had actually  
been produced from bauxite. In bauxites o f  W estern Hungary there are T i0 2 
con ten ts o f at least 2% , often  of 3— 4% , som etim es even of more than  5% . 
T h at Swedish m agnetic iron ores also contain TiO , does not contradict that,, 
because the use of such ores under the given circumstances 200 years ago was 
ou t o f  question, moreover, the Swedish ores contain only 0,03— 0,19%  of T i0 2.

The analyses o f slag sam ples were com pared with those of such slags as 
have been obtained in actual planned sm elting tests of Hungarian bauxites for 
pig iron.

B la s t fu rnace slag is k n o w n  to  be a C a-silicate genera lly  of 30— 40%  of S i0 2. T h e  th ird  
m a in  c o n s titu e n t of b las t fu rn ace  slag, A120 3 reaches ra re ly  m ore th a n  15% . D u rin g  th e  last 
50 y e a rs  th e re  have been m ade  ex p erim en ts  in  sev era l co u n tries to  sm elt w ith  a h ig h  a lum ina  
slag , one  o f th e  p rincipal o b jec ts  o f  w hich  was to  o b ta in  a slag f i t  for cem ent m an u fac tu re . 
T h e  l a t t e r  in itia tiv e  is still e a r l ie r ;  i t  is know n th a t  a lread y  in  1882 a p a te n t w as ta k e n  ou t 
on  th e  p ro d u c tio n  of a b las t fu rn ace  slag f i t  for cem en t m an u fac tu re  by  add ing  b a u x ite  to  th e  
b u rd e n  [3].

It is perspicuous therefore that the production of pig iron from bauxite  
called the attention o f H ungarian m etallurgical engineers too, since this country  
is one o f  the richest bauxite areas o f the world. Such experiments were first made 
in 1937— 38. From 1948 onward, for about two years the tests were executed  
at D iósgyőr in a 48 cu. m blast furnace built for this purpose [4].

Experim ental results are not detailed here, it  is stated only th at the com 
parison  does not support the assum ption hat the manufacture of p ig iron 
200 years ago, dealt w ith  here, was based on bauxite high in iron. The com 
p osition  o f  these old slags more resembles those o f slags obtained b y  sm elting  
iron w ith  an acid slag, but w ith the essential exception that the A120 3 and 
CaO contents of our old slags are much higher than those of the above. This.
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speaks for the origin o f  these old slags from a high-alum ina (bauxitic) burden, 
i f  it does not prove that these slags originated from pure bauxite.

Besides the high A120 3 content of the slag, its MnO content varying  be
tw een 9,4 and 10,4% and the 8,4% M n-content o f the pig iron was also difficult 
to explain. Though there is no m anganese in Hungarian bauxites, there is a 
m anganese deposit, m ined at present still, 3,5— 4 miles* off at Úrkút. M anganese 
ores were even won nearer to the blast furnace, which were also taken  for iron 
ores by our predecessors, since manganese w as discovered as an independent 
elem ent only in 1774 by B e r g m a n n  and S c h e e l e . However, tem pting  was the 
assum ption that the m anganese content cam e from Úrkút ores, it had to be 
disconsidered, short o f any evidence w hatever.

Another explanation had to be sought therefore for what could have been 
the raw material of sm elting, if  it was neither iron ore, nor bauxite or m anganese. 
Such explanation was obtained from Prof. E . V a d á s z  of Budapest U niversity  
according to whom in that topographically precisely defined area at the surface 
no bauxite could have any more existed 200  years ago or can ex ist a t present. 
H ow ever, at the base o f  the once existing bauxite  deposit, marked b y  rem nants 
o f bauxite worn off by the Miocenic abrasion o f the area, heaped up locally as 
detritus on the dolom ite bedrock, there exists a lim onitic ferriferous crust, which 
m ay have been the source. This is part o f the bauxite deposit, but cannot be 
taken for bauxite especially from the point o f  v iew  o f iron sm elting in question. 
A t the same tim e its T i0 2 content is explained by its genetic association with 
bauxite. This ferriferous crust is high in m anganese —  a sample from  Gánt, 
H ungary, contains 28% M n 02 — , and it is also high in silica (15% ). This assum p
tion  explains the data o f the analysis of K islőd  blast furnace slag, there is no 
need to conclude to the addition of m anganese ores to the burden, moreover 
the high silica content o f the slag is also explained. Depletion o f the places of 
■occurrence of the ferriferous crust m ay have been the cause of the abandonm ent 
o f  the blast furnace.

This assum ption o f Prof. V a d á s z  is all the more acceptable, as no burden 
can  be composed of a m ixture of Hungarian bauxites high in iron and o f m anga
nese ores mined at Úrkút Avhich would yield  the pig iron and slag o f the afore- 
given composition. Our predecessors could have obtained such pig iron and slag 
only if  they had ores higher in iron and silica and lower in alumina than  the ores 
known in that area. Such might have been the kind of ore supposed b y  Prof. 
V a d á s z . The question cannot be decided d efin itely , because no such ore sample 
is available from the area. It is improbable th at high-Fe and h igh -S i02 ores from 
far regions would have been charged to the burden, because data found in archives 
—  presented in the original Hungarian version o f this paper in  detail —  con
vince the author that there was no shortage o f  ores mined near the b last furnace.

* S ta tu te  o r land  m ile.
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A s  an  extrem e possibility o f  the composition o f  the burden used it  m ay be- 
supposed  th at gravel was charged to the burden, a practice favoured b y  iron 
m asters o f  old.
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SUMMARY

I n  H u n g a ry  in th e  second h a lf  of th e  18-th c e n tu ry  a lo w -ou tpu t b la s t fu rn ac e  w as 
o p e ra te d ,  in  th e  case of w hich, on  th e  basis of th e  ana ly sis  o f  p ig  iro n  produced a n d  o f slag  
o b ta in e d , i t  is  difficult to  e stab lish  fro m  w h a t kind of b u rd e n  th e y  orig ina ted . The b la s t  fu rn ac e  
w as n o t  f a r  from  known H u n g a ria n  b a u x ite  deposits. T h e  p lau sib le  supposition th a t  b a u x ite  
a lo n e  w a s  processed  for pig iro n , c a n n o t  be proved. S im ilarly  th e re  is no evidence t h a t  th e  h ig h  
M n -c o n te n t  o f  th e  pig iron  an d  th e  h ig h  M nO -content o f  th e  slag  w ould be due to  ch arg in g  
m a n g a n e se  ores from  some m an g an ese  ore m ine n ea rb y . G ap s in  m etallurg ical in te rp re ta tio n  
le a d s  to  th e  geological a ssum ption  t h a t  a lim onitic  ty p e  o f  o re  —  genetically  asso c ia ted  w ith  
b a u x ite  —  w a s processed, w hich is p re su m ab ly  a un ique p ro c ed u re  in  th e  h isto ry  of m e ta llu rg y  b y  
th e  p e c u l ia r i ty  of occurrence o f t h a t  ore.

B E IT R Ä G E  ZUR G E S C H IC H T E  DES H Ü T T E N W E S E N S  IN  U N G A R N

V.

R O H E IS E N H E R S T E L L U N G  A U S T O N E R D E R E IC H E N  E R Z E N  IN  DEM 18. J A H R 
H U N D E R T

P ro f. A. SCHLEICHER
D oktor der technischen W issenschaften

ZUSA M M ENFASSUN G

I n  U n g a rn  w ar in der zw eiten  H ä lf te  des 18. J a h rh u n d e r ts  ein  Hochofen k le iner L e is tu n g  
in  B e tr ie b ,  w o rü b er auf G rund v o n  A n a ly sen  des d o rt e rzeu g ten  R oheisens und  de r e rh a lte n e n  
S c h lac k en  es sich schwer fe stste llen  lä s s t ,  welcher A rt v o n  M öller dieselben en ts ta m m e n . D ie  
H ü t te  la g  n ic h t  w eit von b e k an n ten  u n g arischen  B a u x itv o rk o m m en . Die an  der H a n d  lieg en d e  
A n n a h m e , d a ss  B aux it allein zw ecks R oheisengew innung v e rh ü tte t  w orden w äre, lä s s t  sich  
je d o c h  n ic h t  beweisen. E benfalls i s t  es n ic h t bew eisbar, d a ss  d e r hohe M n-G ehalt des R o h e isen s  
u n d  d e r  h o h e  M nO-Gehalt der S ch lacke dem  Zuschlag v o n  M anganerzen  aus einem n ah e  lieg en d en  
M an g en erzb erg w erk  zuzuschreiben w ä re . Infolge von L ü ck en  in  d e r hü tten m än n isch en  E rk lä ru n g  
lieg t d ie  geologische A nnahm e n a h e , d ass eine A rt L im o n ite rz  —  genetisch  m it d e r B a u x it 
la g e r s tä t te  v e rk n ü p ft — v e ra rb e ite t  w u rd e , was in der G esch ich te  des H üttenw esens in fo lg e  d e r  
E ig e n tü m lic h k e it  des V orkom m ens v e rm u tlic h  einzig d a rs te h t.
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SU R  L ’H IS T O IR E  D E  LA M É T A L L U R G IE  EN H O N G R IE

V .

FA B R IC A T IO N  D E  LA FO N T E  À P A R T IR  D E  M IN ER A IS A L U M IN E U X
AU 1 8 in >e S IÈ C L E

Prof. A. SC H L EIC H ER  
Docteur dee ec. techn.

R É SU M É

E n  H ongrie dans la  seconde m oitié d u  18ème siècle on  faisait opérer u n  h a u t  fourneau  de 
b as  rendem en t, d o n t il e s t dificille  à  co n sta te r —  à p a r t i r  de la  fonte e t des sco ries ob ten u es — 
de quelle  charge elles é ta ies  ob tenues. L ’usine n ’é ta i t  p a s  loin des g isem ents des b a u x ite  connus. 
L a  supposition  p ro b ab le  q u ’on eû t élaboré la  fo n te  à  p a r tir  de la b au x ite  seu le , n ’a  p u  être  
p ruvée. Aussi est-il in d ém o n trab le  que la h a u te  te n e u r  en  Mn de la fon te  e t la  h a u te  ten e u r  en 
M nO des scories so ient dues à ce q u ’on eû t a jo u té  à  la  charge des m inerais de  m an g an èse  d ’une 
m in e  de  tels m inerais p as lo in  de l ’usine. Les lacu n es de l’in te rp ré ta tio n  s id é ru rg iq u e  p o rte  en 
p rem ie r p lan  la supposition  géologique qu ’on eû t u tilise  m inerais génétiquem en t a llié  à la  bauxite . 
Cela p a ra ît  être  un  procédé u n iq u e  dans l ’h istorié  de  la  sidérurgie pa r la p a r tic u la r ité  du  g isem ent.

К  И С Т О Р И И  М Е Т А Л Л У Р Г И И  В  В Е Н Г Р И И  V . 

П Р О И З В О Д С Т В О  П Е Р Е Д Е Л Ь Н О Г О  Ч У Г У Н А  И З  Б О К С И Т Н О Й  С М Е С И

В  X V I I I  В Е К Е

Д-р техн. наук, проф. А. ШЛЕЙХЕР

Р Е З Ю М Е

В  В е н г р и и  в о  в т о р о й  п о л о в и н е  X V I I I  в .  р а б о т а л а  м а л о м о щ н а я  ж е л е з о п л а в и л ь н а я  
п е ч ь ,  д л я  к о т о р о й  н а  о с н о в е  а н а л и з а  и з г о т о в л е н н о г о  т а м  п е р е д е л ь н о г о  ч у г у н а  и  ш л а к а  
т р у д н о  о п р е д е л и т ь  —  и з  к а к о й  и м е н н о  с м е с и  о н и  п р о и с х о д я т .  П е ч ь  б ы л а  р а с п о л о ж е н а  
н е  д а л е к о  о т  и з в е с т н ы х  м е с т о р о ж д е н и й  б о к с и т а  в  В е н г р и и .  О д н а к о  т о  п р е д п о л о ж е н и е ,  
ч т о  д л я  д о м е н н о г о  п р о ц е с с а  б ы л  и с п о л ь з о в а н  т о л ь к о  б о к с и т  н е  м о ж е т  б ы т ь  д о к а з а н о .  
Т а к ж е  н е л ь з я  д о к а з а т ь ,  ч т о  в ы с о к о е  с о д е р ж а н и е  м а р г а н ц а  в  п е р е д е л ь н о м  ч у г у н е  и  
в ы с о к о е  с о д е р ж а н и е  М п О  в  ш л а к е  п р о и с х о д и т  о т  ш и х т о в а н и я  м а р г а н ц е в о й  р у д ы ,  д о б ы 
в а в ш е й с я  н а  о д н о м  и з  ш а х т  п о  д о б ы ч е  м а р г а н ц е в о й  р у д ы .  В с л е д с т в и е  п р о б е л а  в  м е т а л л у р 
г и ч е с к о м  т о л к о в а н и и  н а и б о л е е  в е р о я т н ы м  я в л я е т с я  т о  г е о л о г и ч е с к о е  п р е д п о л о ж е н и е ,  
ч т о  п р о и з в о д и л а с ь  п е р е р а б о т к а  л и м о н и т н о й  р у д ы ,  г е н е т и ч е с к и  с в я з а н н о й  с  б о к с и т о м ,  
в с л е д с т в и е  о с о б е н н о с т и  к о т о р о й  в  и с т о р и и  м е т а л л у р г и и  п р е д п о л о ж и т е л ь н о  я в л я е т с я  
о д и н о к и м  с л у ч а е м .
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