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ÜBER DIE BEZIEHUNG DER QUALITÄT DER 
TRENNPRODUKTE ZUR VERTEILUNGSFUNKTION DES

ROHMATERIALS
SZ. PETH Ő

UNIV ERSITÄ TSPROFESSO R

LE H R S T U H L  F ÜR A U F B ERE ITU NG SKU N DE , TECHN. UNIVERSITÄT FÜR S C H W E R IN D U S T R IE ,
MISKOLC

[E ingegangen am 2. Mai 1974]

Die aus dem  Verlauf der K onzentrat- und Bergekurven der H —R -F un ktionen  festste ll
bare Q ualitätsänderung und der E xtrem w ert des Q ualitätsunterschiedes steh t in  Beziehung  
zur Verteilungsfunktion des R ohm aterials. D iese Beziehungen werden für die Schum ann— 
Gaudin’sche Verteilung m it m onoton verlaufender Differentialkurve, für norm ale Verteilung  
m it sym m etrischer Differentialkurve, sowie für die lognorm ale Verteilung m it asym m etrischer  
D ifferentialkurve untersucht.

Die A u fb e re itb a rk e it eines R o h m a te ria ls  lä ß t sich n ach  Sm irnov  [2] 
au fg ru n d  der D iffe ren tia lk u rv e  des R ohsto ffes, wie fo lg t, d e fin ie ren : Sie is t 
am  b es ten  im  M in im u m p u n k t der D iffe ren tia lk u rv e , am  sch le c h te s te n  aber 
in  ih rem  M ax im u m p u n k t.

Im  folgenden sollen die Ä n d eru n g en  d er K o n zen tra t-  u n d  B erg ek u rv en  
d e r H  R -F u n k tio n e n  fü r  je n e n  F a ll u n te rs u c h t  w erden, w enn  die V e rte ilu n g s
k u rv e  des R ohstoffes dem  V e rla u f e iner S chum ann—G au d in ’sche n o rm alen  
hzw . lognorm alen  V erte ilung  fo lg t.

B ezeichnet f ( x )  die D iffe re n tia lk u rv e  eines gegebenen R o h m a te ria ls , 
u n d  soll d ieser R o h sto ff bei d e r Q u a litä t  x a g e tren n t w erden , d a n n  w erden  
n ach  [1] die D u rc h sc h n ittsq u a litä te n  d er T ren n p ro d u k te  M (x \)  u n d  M (xi\) ,  
w enn die Q u a litä t der den R o h s to ff  e rgebenden  m inera lischen  E le m e n ta r
te ilch en  zw ischen x min u n d  x max lieg t, au s  folgenden B eziehungen  e rrech n e t:

M ( i ,) und M ( x u )
j'*"““1/( * )  * dx

F“л*) xd  'J  Xa

(1)

D ie U n te rsu ch u n g  is t a u f  die K lä ru n g  der F rag e  g e rich te t, w ie  sich  der 
Q u a litä tsu n te rsc h ie d  der T re n n p ro d u k te

A M (x )  =  M ( x u ) -  M (x\)  (2)

g esta lte t, bzw. wie die E xtrem w erte der Q ualitätsdifferenz b estim m t werden  
können, wenn die R ohstoffunktion einer Schumann GAUDiN’schen  Normal-

1* Acta Geodaetica, Geophysica et Montanistica Acad. Sei. H ung. 10, 1975



4 Sí. PETHŐ

b zw . L o g v erte ilu n g  e n ts p r ic h t, deren Y erte ilu n g s- u n d  D ich te fu n k tio n  m it 
B e n ü tz u n g  der b e k a n n te n  k o n s ta n te n  G rößen  m  u n d  A  wie fo lg t la u te t:

F (*) =  |" ^ J  und f ( x )  -
m
A m

rm—1 (3)

N a c h  (Gl. 1) e rh ä lt m an  die Q u a litä ten  M (x\)  u n d  М ( х ц )  aus:

M ( * ,)
m

x a u n d  М (х ц )  =  —
m A m+1

m  -(- 1 m ; 1

n a c h  (G l. 2) aber [3] die D ifferenz  A M (x)  aus:

m A m( A  - x a)

im _ „ m

A M ( x )
m 1 lm - x'J!

(4)

( 5 )

I s t  m  >  1, d ann  em p fieh lt es sich, zur E rm ittlu n g  d e r Ä nderungen  von  A M (x )  
u n d  d e r  E x tre m w e rte  (Gl. 5) fo lgenderm aßen  zu tran sfo rm ie ren :

m 4 m 1
M ( i ) = — ----------------------------------------------------------------------. (6)

m  +  1 A™-1 +  A m~2 x a + ___ +  A x

A us (G l. 6) k ann  ü b e r A M (x )  sofort fe s tg este llt w erd en , daß es bei x a =  0 
ein  M ax im u m , bei x a =  A  a b e r  ein M inim um  au fw eist:

A M {x)  max =  -  m  A  und  A M ( x ) min =  — A .  (7)
m +  1 m  +  1

D er W e r t  A M ( x ) max s tim m t m it dem  v o rau ss ich tlich en  W ert der S ch u m an n  
G a u d in ’schen  F u n k tio n  bei x a =  0 überein , wo d ie  D ifferenz A M (x)  ein M ax i
m u m  h a t .  Bei dem  W e r t / ( 0 )  =  0 h a t die D iffe re n tia lk u rv e  ein M inim um  im  
P u n k t  x a =  A ,  wo die D ifferenz AM (x)  ein M in im um  b e trä g t. M it f ( A )  =  
— т /A  n im m t die D iffe ren tia lk u rv e  den M ax im alw ert an. Zwischen dem  
M ax im u m - und M in im u m p u n k t f in d e t eine m o n o to n e  V erm inderung  d e r 
D iffe renz  A M (x )  s ta t t .

I s t  m  1, so em p fieh lt es sich , folgende U m fo rm u n g  d er B eziehung v o rzu 
n e h m e n :

l
m

vm
A M ( x )  = — 1 \  r ' - a  /

m  -L 1 m m

u У x a

m
;L_
n

2
m rn m

M a [ 1 - - 1 1/ — - 2 1/ - - 3

+  i
( / A m +  1 A m Xa + M m * S  +  • • .  1 ( 8 )

Acta Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975
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(Gl. 8) h a t  bei xa =  A  ein M axim um  u n d  bei x a =  0 ein  M inim um . D ie M axim a 
u n d  M inim a stim m en  m it (Gl. 7) ü bere in , doch is t  im  F a lle  m  <[ 1 der M axi
m u m o rt A M (x)  bei x a =  A ,  wo die D iffe ren tia lk u rv e  m it dem  W ert f ( A )  =  
=  m /A  ein  M inim um  h a t. D er M in im um ort k a n n  be i x a =  0 gefunden  w erden , 
w o die D iffe ren tia lk u rv e  / ( 0 )  —► oo w ird.

In  A bb. 1 sind  m it den  K o n s ta n te n  ^4 =  1 u n d  m  2, in  A bb . 2 ab er 
m it den K o n s ta n te n  4̂ =  1 u n d  m =  1/3 die S c h u m a n n —G aud in ’schen V er
te ilu n g sfu n k tio n en , bzw . d ie Q u a litä tsän d e ru n g en  M{x{)  u n d  M ( x u ) d a rg e 
s te llt . A us den  A bb ild u n g en  k ö n n en  auch die W e rte  A M ( x ) max u n d  A M ( x ) m\„ 
abgelesen  w erden .

L ieg t der F a ll e iner N o rm alv e rte ilu n g  vom  v o rau ss ich tlich en  W e rt 0 
u n d  d er S treu u n g  1 v o r, d a n n  e rh ä lt m an die e n tsp re c h e n d en  Q u a litä te n  — 
w enn  die D ich te fu n k tio n  ip(x), die V erte ile rfu n k tio n  ab e r Ф(х) la u te t  — aus 
den  B eziehungen

M ( * ,)  = Ф а ) und M ( x u ) Ф а )
1 -  Ф(ха)

(9)

ih ren  U n tersch ied  ab er aus

A M ( x ) Ф а)
Ф(*0) [ 1 - Ф ( * в)] '

( 10)

Acta Geodaetica, Geophyaica et Montaniatica Acad. Sei. H ung. 10, 1975
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B ei x a =  0 von (Gl. 10), wo d ie  D ic h te fu n k tio n  ih ren  H ö c h s tw e rt an n im m t, 
b e f in d e t  sich nach

A M ( x ) min=  - L -  (11)
\ 2 71

e in  M in im um , und  eb en d a  b e f in d e t sich au ch  der e rw a rte te  W e rt d e r V erte i
lu n g  u n d  ih r  M edian. V on d e r  N o rm a lv e rte ilu n g  k a n n  fe rn e r au ch  festg este llt

w e rd e n , d aß  bei x  —► o o , wo die F u n k tio n  <p(x) ein M inim um  (p(x) — 0 h a t, 
A M ( x )  —*■ oo wird.

I n  A bb. 3 w urden  die V e rte ilu n g sfu n k tio n  Ф(х) von  N o rm alv erte ilu n g , 
m ith in  d ie  Ä nderungen  der Q u a litä te n  M (x \)  u n d  М (х ц )  d a rg e s te llt  u n d  im  
B ild e  a u c h  A M (x )mm b eze ich n e t. A bb. 4 zeig t die Ä nd eru n g en  d er in  (Gl. 9) 
e rsc h e in e n d en  F u n k tio n  <p{x), d ie Ä n d eru n g  der D ich te fu n k tio n  d e r N orm al
v e r te i lu n g  bzw. ihres P ro d u k te s  1/Ф(х)[1 Ф(х)], m ith in  die Ä n d eru n g  von
A M ( x ) .

B ei einem  R o h sto ff v o n  L o g v erte ilu n g  m it den  P a ra m e te rn  rn u n d  a, bei 
w e lc h e r  d er vo rau ssich tlich e  W e rt d er D ich te fu n k tio n

/ ( * )  =

( ln  Х д -т У  
1 2<т*

У 2тг ах
(12)

A c ta  Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975



QUALITÄT D E R  TR E N N PR O D U K T E 7

Acta Geodaelica, Geophysica et Montanislica Acad. Sei. H ung. 10, 1975



8 Sz. PETH Ő

gleich  M (!)  is t, e rg ib t sich  die D u rc h s c h n itts q u a litä t  der T ren n p ro d u k te  aus 
den  B eziehungen

' ln  x„ — m  — ff2 1
Ф

M i x t )  =  M (f)

Ф
I n x a — m

u n d (13)

1 Ф
ln  x a — m  — a2

M ( x u ) =  M ( |)

1 Ф
ln  x a - m

die D ifferenz der Q u a l i tä t  ab e r aus:

A M (x) M ( f )

ln  xa - m
ф

M n x a —  m  —  er2
(У a

ln xa — m 1 ф
ln  x a — m

a о  ) J
(14)

m4-—-W e n n  x a =  M ( |)  =  e ^  2 is t , also dem  v o rau ss ich tlich en  W ert e n tsp ric h t, 
d a n n  la u te t  die G le ich u n g  fü r  den Q u a litä tsu n te rsc h ie d  der T re n n p ro d u k te

A M {x) M ( f )

Ф

(15)

D ie lognorm ale  V e rte ilu n g  x a -* em a2 =  x m h a t  a n  dem  M odusort ein M ax i
m u m , be i w elchem  d e r U n te rsch ied  der Q u a litä te n

A M ix )
Ф (2о) Ф(а)

Ф Н [  1 Ф{°)]
(16)

b e trä g t .
W ird  das d u rch  eine  lognorm ale V e rte ilu n g  gekennzeichnete  R o h m a te 

r ia l  b e i einer Q u a litä t  g e tre n n t, die dem  zu  e rw a rte n d en  W ert, bzw . dem  
M odus en tsp ric h t, so h a t  d ie  Q u a litä tsd iffe ren z  A M (x )  in  keinem  der F ä lle  
(Gl. 15 u n d  16) e inen  E x tre m w e rt. U m  d iesen  E x tre m w e rt zu suchen  is t  es 
zw eckm äßig , die F u n k tio n

Ф(*) =  Ф0(*) +  Í -
Zi

(17)

Acta Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975
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in  B e tra c h t zu ziehen , w elche du rch  U m w an d lu n g  d e r (Gl. 14) fo lgende F o rm  
an n im m t:

A M (x ) M ( f )
ф о(2) Ф()(г a)

0,25 [Ф0(*)]2
M (£)h(z) (18)

w orin ln xa m . 
is t.

<y
D er W ert des die G röße A M (x )  zu einem  M in im um  m achenden  W ertes  z =  z0 
k a n n  d u rch  Suchen  des E x trem w erte s  der in  (G l.18) erscheinenden  F u n k tio n  
h(z), also d u rch  A uflösen d er tra n sz e n d e n ten  G le ichung

1  r_ ln Q;25 - Ф0(гq) [Ф0(г0) 2Ф0(г0 1)]
2 0,25 — [Ф0(г0)]2

(19)

b e rech n e t w erden . I s t  z0 b e k a n n t, dann  is t a u fg ru n d  von  (Gl. 18 u n d  19) das 
M inim um  der F u n k tio n  h(z):

M 2)mln —
0,25

ф о(*о ~  ff) 

[<*>(2o)]2
( 20 )

W ird  der dem  M in im u m p u n k t en tsp rechende W e rt x a m it x0 b eze ich n et, d a n n  
is t

x 0 =  ет+г»’  =  em ■ e2°°'. (21)

Abb. 5

Acta Geodaetica, Geophysica et Montanislica Acad. Sei. H ung. 10, 1975
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T abelle  I

Die Änderungen der Größen z0, h(z)mjn

a 1 0 ,9 0 ,8 0 ,7

*0 1,966 - 1 ,7 4 8 — 1,534 - 1 ,3 3 0

M z ) m i n 0,962527 0,937071 0,899503 0,846908

0,140016 0,207381 0,293112 0,394159

Pt 0,0849 0,1383 0,2128 0,3085

Pz 0,3806 0,4662 0,5559 0,6434

D ie G leichungen  fü r  die aus dem  W ert x () u n d  dem  v o rau ss ich tlich en  W ert 
jV f(|), bzw . dem  M odus x m geb ilde ten  Q u o tie n te n  p x bzw. p 2 la u te n :

bzw .

P  l  =
M ( f )

> - i ) '

P l
„(z0+tr)<r

( 22)

(23)

I n  T a b e lle  I  sind die m it den  W erten  a — 1, 0, 9 . . .  0, 2 nach  (Gl. 19) berech-

T a b eile  II

Die Minimumorte x„ der Qualitätsunterschiede

1 0 ,9 0 ,8 0 ,7

2

1,6

1,0345846

1,532346155

2,16582206

2,912465549

0,693502

1,0271618

1,4517932

1,952283

1,2 0,464869 0,688528 0,9731675 1,308656

1,0 0,380602 0,563719 0,796761 1,071436

0,9 0,344383 0,510074 0,720940 0,969476

0,8 0,311611 0,461534 0,652333 0,877218

0,7 0,281957 0,417613 0,590255 0,793799

0,6 0,255125 0,377872 0,534085 0,718205

0,5 0,230847 0,341913 0,483260 0,649859

0,4 0,208879 0,309375 0,437272 0,588017

0,3 0,189002 0,279934 0,395660 0,532059

0,2 0,171016 0,253295 0,358008 0,481427
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e z° , J*J und p 2 als Funktionen von a

0 ,6 0 ,5 0 ,4 0 ,3 0 ,2

- 1 ,1 3 1 - 0 ,9 3 4 - 0 ,7 4 1 - 0 ,5 5 3 - 0 ,3 6 6

0,776847 0,687778 0,579426 0,453021 0,311344

0,507327 0,626880 0,743490 0,847131 0,929415

0,4238 0,5532 0,6863 0,8099 0,9110

0,7272 0,8049 0,8725 0,9269 0,9673

n e te n  W erte  z0, fe rn er n ach  der (Gl. 20) die W erte  von h(z)m-,n, d a n n  die in 
(G l.21) erscheinenden  W erte  ez“a , sch ließ lich  d ie m it H ilfe der (Gl. 22 u n d  23) 
b e rech n e ten  W erte  p l u n d  p 2 zu sam m en g efaß t. Aus den D a te n  d e r T abelle 
k a n n  festg este llt w erden , d aß  p x =  0 is t ;  dem zufolge is t е*‘я < [ G P \ ^  1 und

P i  <. !•
M it sinkendem  a n äh e rn  sich p x u n d  p 2 im m er m ehr dem  W e rte  l , d .  h., 

sie ge langen  m it abnehm endem  W e rt d e r zu h(z)mjn gehörigen G röße x0 im m er 
n ä h e r  zum  M odusort der lognorm alen  V erte ilu n g , wo die D ic h te v e rte ilu n g  ein 
M ax im um  h a t  u n d  auch  h(z)m|n ab n eh m en d e  T endenz zeigt. Ä h n lich es  k ann  
au ch  au fg ru n d  von T abellen  I I  u n d  I I I  fe s tg e s te llt w erden: In  T ab e lle  I I  sind

bei gegebenem о und m

0 ,6 0 ,5 0 ,4 0 ,3 0 ,2

3,748665838

4,63205215

5,493689098

5,259498061

5,867499043

3,104956 4,195865

2,512805 3,682528 4,603420

1,6843857 2,081317 2,468476 2,812576 3,085769

1,379057 1,704037 2.021015 2,302741 2,526412

1,247822 1,541876 1,828690 2,083606 2.285991

1,129076 1,395147 1,654667 1,885325 2,068451

1,021631 1,262381 1,497205 1,705912 1,871612

0,924410 1,142250 1,354727 1,543573 1,693504

0,836440 1,033551 1,225808 1,396683 1,532346

0,756843 0,935195 1,109157 1,263771 1,386524

0,684819 0,846200 1,003606 1,143507 1,254579

0,619650 0,765673 0,908101 1,034688 1,135190
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T abelle  III

Die Werte A M (x)m n̂ bei

a i 0 ,9 0,8 0 ,7

2 11,72598 10,381280 9,153049 7,995166

1,6 7,860156 6,958777 6,135469 5,359317

1,2 5,268828 4,664614 4.112734 3,592463
1 4,313747 3,819060 3,367219 2,941257
0,9 3,903240 3,455628 3,046785 2,661360
0,8 3,531797 3,126782 2,756845 2,408098
0,7 3,195702 2,829229 2,494497 2,178937

0,6 2,891591 2,559992 2,257114 1,971584
0,5 2,616420 2,316377 2,042321 1,783963

0,4 2,367435 2,095944 1,847969 1,614196

0,3 2,142143 1,896489 1,672111 1,460585
0,2 1,938292 1,716014 1,512989 1,321592

fü r  lo g n o rm a le  V erte ilung  m it den gegebenen P a ra m e te rn  er u n d  m  (er =  1, 
0,9 . . . 0 ,2 ; m  — 2, 1,6 . . . 0,2) die M in im u m p u n k te  x 0, in  T abelle I I I  ab e r die 
W erte  fü r  A M ( x ) min angegeben . In  A bb. 5 is t  das B ild  der lognorm alen  V er
te ilu n g  m it  den  P a ra m e te rn  a — 1, u n d  m  — 1, bzw . die Ä nderungen  d e r 
M itte lw e rte  M (x\)  u n d  M ( x n ) zu  sehen. D er e rw a r te te  W ert der V e rte ilu n g  
b e trä g t  M (£) =  4,4871, ih r  M odus x m =  1, А М ( х ) т-ш =  4,3137, x 0 =  0 ,3806. 
A us d e r A b b ild u n g , wie au ch  aus der T abelle I I I  is t  zu  ersehen , daß  das M ini
m um  d e r  Q u a litä tsu n te rsc h ie d e  k le iner als d e r v o rau ssich tlich e  W e rt is t:  
AM(x)mi„  M (I). Im  F a lle  x a —*- oo is t /(o o )  —► 0; A M (x )  -*■ oo.

B ezüg lich  der Q u a litä tsu n te rsc h ie d e  (spezifisches G ew icht, A sche- o d e r 
M e ta llg eh a lt)  der T re n n p ro d u k te  k an n  a u fg ru n d  des b isherigen  folgendes fe s t
g este llt w erd en :

H a t  die D iffe ren tia lk u rv e  des R o h m a te ria ls  e inen  m onoton  sich ä n d e rn 
den V e rla u f, bzw . n u r  einen  M a x im u m p u n k t, fü r  d en  die D iffe ren tia lk u rv e  
sy m m e trisc h  is t, d an n  is t  im  M ax im u m p u n k t, fü r  den  die W a sch b a rk e it 
n ach  Sm irnov  [2] am  sch lech te s ten  is t, der U n te rsc h ie d  in  der Q u a litä t d e r  
T re n n p ro d u k te  am  k le in s ten , im  M in im u m p u n k t, w o die beste  W asch b a rk e it 
v o rlieg t, i s t  die Q u a litä tsd iffe ren z  am  g rö ß ten . Z w ischen  den E x tre m w e rte n  
ä n d e rt s ich  diese D ifferenz m o no ton .

H a t  d e r R o h sto ff ab e r eine lognorm ale V e rte ilu n g  u n d  dem zufolge einen  
a sy m m etrisch en  V erlau f d e r D iffe ren tia lk u rv e , d a n n  lieg t der O rt fü r  das 
M inim um  d e r Q u a litä tsd iffe ren z  bei einem  k le in e ren  W e rt als der des M odus, 
u n d  die M inim ald ifferenz  is t k le in e r als der v o rau ss ich tlich e  W ert d er V er
te ilung . D e r  M in im u m p u n k t des Q u a litä tsu n te rsc h ie d es  u n d  der M odus fallen.
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gegebenem о  und m

0,6 0 ,5 0 ,4 0 .3 0,2

6,872226 5,758692 4,637998 3,501468 2,347013
4,606589 3,860165 3,108942 2,347103 1,573249
3,087893 2,587550 2,083989 1,573313 1,054582
2,528151 2,118505 1,706224 1,288118 0,863418

2,287565 1,916902 1,543855 1,165538 0,781253

2,069875 1,734485 1,396938 1,054622 0,706907
1,872900 1,569427 1.264002 0,954261 0,639636
1,694670 1,420076 1,143716 0,863451 0,578766
1,533401 1,284938 1,034877 0,781283 0.523689
1,387479 1,162660 0,936396 0,706934 0.473854

1,255443 1,052018 0,847286 0,639661 0,428761
1,135971 0,951905 0,766656 0.578789 0,387959

u m so  n äh er a n e in a n d e r , je  k le iner die S treu u n g  a  is t . D ies besag t, d aß  der 
R o h s to ff  in überw ieg en d er M enge a u f  ein engeres Q u a litä ts in te rv a ll e n tfä llt. 
H a t  d e r  P a ra m e te r  a einen großen W ert R o h m a te ria lien  solcher A rt h ab en  
« in  g rö ß eres  Q u a litä ts in te rv a ll d an n  n ä h e r t  sich  d e r O rt des E x trem w erte s  
d em  W e r te  x a =  0.
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О СВЯЗИ КАЧЕСТВА ПРОДУКТОВ РАЗДЕЛЕНИЯ  
С ФУНКЦИЕЙ РАСПРЕДЕЛЕНИЯ СЫРЬЯ

С. п е т ё  

РЕЗЮМЕ

Изменение качества, определяемое по кривым концентрата и пустой породы функ
ций Н — R, а также экстремальное значение их разности связаны с функцией распреде
ления ссырья. Эта связь была исследована для следующих распределений: Шуманна— 
Годена с монотонной дифференциальной кривой, нормального с симметричной и логариф
мически нормального с несимметричной дифференциальной кривой.
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INVESTIGATION OF THE LEAN-OUT OF THE CUPS OF A 
LABORATORY CENTRIFUGAL MACHINE BY MEANS OF 

STEREOPHOTOGRAMMETRY

A. CZELLÂR
D EP A RT M E N T OF GEODESY AND M INE SURVEYING OF T H E  U NIVERSITY OF HEAVY IN DU STRY ,

MISKOLC

[M anuscript received August 1, 1974]

The investigation  of the lean-out o f the cups of a laboratory centrifugal m achine by  
m eans of stereo-photogram m etry is dealt w ith  in  this paper. Photographs o f the rotating  
head o f the centrifugal m achine were shot by m eans of tw o am ateur-cam eras havin g  a picture- 
size o f about 6 x 6  cm. A strobelight device was used as ligh t source. The necessary accuracy  
of determ ining and marking the inside and outside orientation  data of the pictures are sum m ed  
up in the part dealing w ith the p lanning of the m easurem ents. In connection w ith  th a t a general 
rule for solving problem s by near-photogram m etry is also given. A square grid w as p h oto
graphed together w ith  the rotating head in  order to secure the orientation of the picture pairs 
in  the course of the evaluation  as well as in  order to take in to  correction the e ffec ts o f  inside 
and outside orientation errors.

The a posteriori standard error of the angle of lean-out — determined from  m easuring  
data received on the stereocom parator — was less than the value of the standard error used  
for the calculations of planning the m easurem ents.

T he fie ld  of ap p lica tio n  o f p h o to g ra m m e try  is w idening ev en  to d a y . 
I t  has been app lied  w ith  success in  so lv ing th e  m ost d ifferen t in d u s tr ia l  and  
re sea rch  prob lem s. W e shou ld  like to  give an  acco u n t of th e  so lu tio n  o f a 
re sea rch  prob lem  by  a m e th o d  of n e a r-p h o to g ra m m etry .

D u rin g  m ineral p re p a ra tio n  as w ell as a t  several o th e r te ch n o lo g ica l 
o p e ra tio n s  i t  is im p o r ta n t to  know  th e  grain-size  d is trib u tio n  o f  th e  m a te r ia l. 
In  th e  ran g e  of th e  f in e s t g ra in s th e  d is tr ib u tio n  can be a p p ro p r ia te ly  d e te r 
m ined  by  using  cen trifu g a l m ach ines.

In  case of a g rain-size  analysis  b y  m eans o f  cen trifugal s e d im e n ta tio n , 
s im plify ing  cond itions m u s t be accep ted  due to  th e  very  com plex  c irc u la tio n  
co n d itio n s in  th e  m a te ria l-h o ld in g  cups in  o rd er to  determ ine  a c tu a l g ra in -sizes 
an d  th e  co rrespond ing  v a lu es  o f th e  d is tr ib u tio n  function . A c e n tr ifu g a l m a 
chine w ith  cups can  be re g a rd ed  as a cen trifu g a l physical p e n d u lu m , w here 
th e  co n d itio n s of m otion  o f  th e  g ra ins o f th e  an a ly zed  m ate ria l co u ld  be  de
scribed  b y  sim ple m a th e m a tic a l expressions o n ly  i f  th e  rev o lu tio n  p e r  m in u te  
w ould  be c o n s ta n t, th e  cups w ould  h av e  th e  fo rm  o f a b a r  and th e re  w o u ld  be a 
hom ogeneous w eigh t d is tr ib u tio n . A fu r th e r  d ifficu lty  in th e  c a lc u la tio n  o f 
th e  in s ta n ta n e o u s  position  o f  th e  cups d u ring  speed-up  and b ra k in g  is d u e  to  
th e  chan g in g  acce lera tions. I t  is obv iously  m ore  sim ple to  m easu re  d ire c tly  
th e  p a ra m e te rs  invo lved  in s te a d  o f a co m p lica ted  co m p u ta tio n .
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P h o to g ra m m e try  is th e  m ost sim ple m e a su rin g  m ethod  to  d e te rm in e  th e  
le a n -o u t of th e  cups a t  a g iven  ro ta tio n . W ith  th is  m ethod  th e  lean -o u t of th e  
c u p s  can  be m easu red  u n d e r  usual o p e ra tin g  co n d itions.

T h e  m easu rem en ts  re p o rte d  in  th is  p a p e r  h a v e  been p erfo rm ed  in  th e  
I n s t i tu te  for P re lim in a ry  P re p a ra tio n  o f M inera ls  o f  th e  T echnical U n iv e rs ity  
fo r  H e a v y  In d u s try  a t  M iskolc, on a c e n tr ifu g a l m ach ine  f i t te d  fo r g rain-size

h

Fig. 1. 1 rotation axis, id en tica l w ith  the photographing axis У; 2 cup; 3 m arked outside  
point to be m easured; 4 marked inside p o in t to be measured

a n a ly s is , in  order to  d e te rm in e  th e  angle a  b e tw e e n  th e  axes o f th e  cups and  
th e  v e r tic a l in fu n c tio n  o f  tim e  and ro ta tio n  sp eed . T he m achine can  be oper
a te d  a t  8 d iffe ren t r a te s  o f  ro ta tio n ; on ly  th e  f i r s t  four w ere u sed  in  th is 
s tu d y  a t  th e  re q u e s t o f  th e  In s ti tu te .

W hen  o p era tin g  a t  a g iven ra te , p h o to g ra p h s  o f  th e  ro ta tin g  h e a d  o f th e  
c e n tr ifu g a l m ach ine w ere  m ad e  each 6 to  8 seco n d s d u rin g  th e  to ta l  ru n . I f  th e  
ang les m easu rab le  fro m  th e  exposures, or c o m p u ta b le  from  th e  m easu red  
d a ta ,  a re  p lo tte d  (o rd in a te )  versus th e  c o rre sp o n d in g  tim e  values, (abscissa) 
an  a d ju s tin g  curve  c a n  b e  d raw n  across th e se  p o in ts . The change o f  angle a  
o f  th e  m a te ria l-co n ta in in g  cups as fu n c tio n  o f  tim e  is cha rac terized  b y  th is
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curve. T h e  change o f  a  as a fu n c tio n  o f ro ta tio n  can  be sim ilarly  o b ta in e d  if 
in s tead  o f tim e , th e  rev o lu tio n  o f th e  ro ta tin g  h ead  is p lo tte d  on th e  abscissa .

T he ro ta t in g  h ead  o f th e  cen trifu g a l m ach in e  is show n in  F ig u re  1. 
B esides th e  basic  p o sitio n  o f th e  m a te ria l-co n ta in in g  cups (full-line), th e  lean - 
o u t position  a t  a g iven  rev o lu tio n  is also re p re se n te d  (b roken  line).

T he so lu tio n  o f th e  prob lem  b y  m eans o f  a m onoscopic p h o to g ram m etri-  
ca l m eth o d  w ould  h av e  been u n p ro fita b le  due  to  th e  v e ry  com plica ted  ca lcu 
la tio n  fo rm ulae . I t  can  be seen from  F igure  1, n am ely , th a t  a t  d iffe ren t tx va lu es  
th e  Y  d is tan ce  b e tw een  th e  p h o to g rap h in g  o b jec tiv e  an d  th e  p o in ts  to  be 
m easu red  are also  d iffe ren t.

In  case o f  using  s te re o p h o to g ra m m e try , all th re e  co o rd in a tes  o f th e  
po in ts  to  be m easu red  can  be ca lcu la ted , hence  th e  p rob lem  can  be so lved  b y  
using  th e  basic  eq u a tio n s  o f  s te re o -p h o to g ra m m etry . In  o rd er to  s im p lify  
ca lcu la tions i t  is adv isab le  to  d e te rm in e  th e  p o in ts  from  n o rm al s te re o 
gram s.

B ecause o f  th e  cover on th e  ro ta tin g  p a r t ,  th e  device could be p h o to 
g rap h ed  only  from  above. D u rin g  exposures th e  ro ta tin g  space o f th e  c e n tr i
fugal m ach in e  w as covered  w ith  a t r a n s p a re n t  p las tic  p la te . I t  w as secured  in  
th is  w ay  th a t  th e  air-flow  cond itions shou ld  n o t change considerab ly  w ith  
resp ec t to  th e  a c tu a l o p e ra tin g  cond itions. (A t open  s ta te  th e  n u m b e r o f 
rev o lu tio n s decreases b y  a b o u t 3 p e rcen t). A  sq u a re  g rid  o f 50 m m  side le n g th  
w as d raw n  on th e  p las tic  p la te , to  assist in  th e  o r ie n ta tio n  o f th e  p h o to g rap h s  
an d  fo r th e  c a lcu la tio n  of th e  possible co rrec tions.

T he p h o to g ra m m e tric a l m easu rem en ts  w ere p lan n ed  to  h av e  th e  a 
posteriori  s ta n d a rd  e rro r pa o f th e  angle a  less th a n  ^  1°. In  o rd er n o t to  su r
pass th is  p rescrib ed  s ta n d a rd  e rro r, we will use fu r th e r  on /x' =  p j 3 =  20 '  in  
th e  ca lcu la tio n s o f th e  design o f our m easu rem en t.

P oin ts o f  v iew  at the p lanning o f  photogram m etrical 
m easu rem en ts and at th e in terp retation  o f  photographs

Determination o f  the photographing base length b

T he g re a te s t base  len g th  is 130 m m , as ca lcu la ted  from  th e  d im ensions 
o f th e  ro ta tin g  head  w ith  th e  cups lean in g  o u t. I f  th e  d is tan ce  b e tw een  th e  
ob jec tives o f th e  cam eras is g rea te r  th a n  th a t  — in  case o f su rpassing  a c ritica l 
x  angle i t  m ig h t occur th a t  one o f th e  fo u r inside  p o in ts  m ark ed  on th e  cups 
will n o t be v isib le . (The inside p o in t o f th e  cup  ly ing  on or n ea r to  th e  v e rtic a l 
p lane crossing  th e  base  a t  th e  r ig h t-h a n d  end .)

P h o to g ra m m e tric a l in s tru m e n ts  w ith  such  a sh o rt base do n o t ex is t, 
th u s  th e  p h o to g ra p h s  w ere m ade b y  tw o P e n ta c o n  cam eras of f  =  80 m m  focal
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le n g th  a n d  5 6 x 5 6  m m  p ic tu re  size. T h e  sh o rte s t possible d is tan ce  betw een  
th e  c am eras  w as b =  126.0 m m  due to  th e ir  co n stru c tio n  d im ensions. T he 
ex p o su re s  w ere m ade w ith  v e r tic a l c am era  axes, th u s  th e  e v a lu a tio n  o f  th e  
p ic tu re  p a irs  could  h av e  b een  m ade s im ila r to  th e  e v a lu a tio n  o f  n o rm al 
s te reo g ram s.

T h e  cam eras m u s t be b ro u g h t in to  such  a  position  ab o v e  th e  ro ta tin g  
h e a d  t h a t  th e  op tica l axis o f  th e  cam era  a t  th e  le f t end  o f th e  base  shou ld  h e  
in  th e  ro ta t io n  axis. T he o th e r  en d -p o in t can  lie anyw here  on a circle o f  rad iu s  
ag ree in g  w ith  th e  base  le n g th  due to  th e  c ircu la r sy m m etry  o f th e  ro ta tio n  
h e a d .

Calculation o f  the photographing distance Y

I f  th e  base len g th  b e tw een  th e  p ic tu re s  an d  th e  focal le n g th , f  =  80 m m , 
a re  k n o w n , th e  p h o to g rap h in g  d is tan ce  m u s t be  chosen so th a t  th e  cu p s-co n ta in - 
in g  m a te r ia l  should  be “ v is ib le”  from  b o th  ends o f th e  base. I n  F ig . 2 th e  
m in im u m  p h o to g rap h in g  d is tan ce  y min can  be d e te rm in ed  from  th e  exp ression

X + ^ f
X

S u b s titu tin g  X  =  200 m m , b =  126 m m , x  =  28 m m  a n d  f  — 80 m m  
in to  th e  expression , we o b ta in  Y mm =  931 m m . P u tt in g  th e  cam eras a t  such 
a d is ta n c e  (or, m ore co rrec tly , h e ig h t) or even  fa r th e r  from  th e  ro ta t in g  h ead , 
th e  “ v is ib il i ty ”  req u irem en ts  w ill be fu lfilled .

Fig. 2.  1 rota tion  axis; 2 and 3 photocam eras; 2’ and 3’ photographing axes; 4 p lastic  plate
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Influence o f  inside orientation errors o f  the 
pictures

E rro rs  can  arise, w hen in sid e  o rie n ta tio n  e lem ents are  u n k n o w n  o r are 
know n w ith  po o r accu racy ; due  to  th e  d is to rtio n  of th e  cam era  o b jec tiv es  
(w hich can reach  as m uch as 0.1 m m  accord ing  to  Sov iet lite ra tu re ) , d u e  to  th e  
lack  o f  fram e m ark s and  th e  la c k  o f an  ex ac t device assu ring  th e  p la n a r  posi
t io n  o f th e  film .

B y  m eans o f choosing a p ro p e r  in te rp re ta tio n  i t  can  he a t ta in e d  th a t  th e  
e x a c t d e te rm in a tio n  of th e  focal le n g th  w ill n o t becom e necessary . T h e  e rro r 
caused  b y  th e  d isp lacem en t b e tw een  m ain  p o in t an d  cen tra l p o in t o f th e  p ic 
tu re  can he sim ilarly  neg lec ted . (T he m e th o d  used  w ill be d iscussed  below .)

T he effect o f th e  d is to r tio n  o f th e  o b jec tiv e  is to  have  c irc u la r  sy m 
m e try , as u su a l in  p h o to g ra m m e tric a l p rac tice . Since th e  p o in ts  to  be 
m easu red  also m ove on a circle d u rin g  th e  ro ta tio n  of th e  head , i t  is enough 
to  ca lcu la te  w ith  a d is to rtio n  in  th e  4 13-m m  an n u lu s  of th e  p ic tu re  in  case
o f an a ly sin g  th e  cam era a t  th e  le f t end  of th e  base . T he va lu e  o f  d is to rtio n  
can  be som e h u n d re d th  p a r t  o f  m m , th is  does n o t  considerab ly  in flu en ce  our 
m easu rem en ts . T he erro r due  to  th e  d ifference betw een  th e  d is to r tio n s  o f  th e  
tw o  ob jec tiv es , in fluencing  p a ra lla x  d e te rm in a tio n , can  also be  neg lec ted  in  
th e  sam e w ay .

T he e rro r caused b y  th e  d e v ia tio n  o f th e  film  from  th e  p la n a r  p o sitio n  
d u rin g  exposu re  does n o t co n sid e rab ly  in fluence  th e  m easu ring  accu racy  
because  we h av e  to  w ork  w ith  sm all p ic tu re  a reas . T his w as p ro v ed  in  th e  
course o f in te rp re ta tio n  b y  m easu rin g  th e  co rn er po in ts  o f th e  sq u a re  grid .

Influence o f  outside orientation errors o f  the pictures

C alculations w ere m ad e  in  an  in d e p e n d e n t co o rd in a te  sy s tem  (basic 
system ). T h u s  th e  erro r o f th e  d e te rm in a tio n  o f  th e  zero p o in t o f  th e  c o o rd in a te  
system  w ill be:

A X 0 =  A Y 0 =  A Z 0 =  0.

The p ic tu re s  were o rie n te d  by  m eans o f th e  po in ts  o f th e  sq u a re  g rid , 
as m en tio n ed  above. T h is also m eans th a t  th e  ro ta tio n  A x  o f  th e  b u n d le  o f 
rad ia is  a ro u n d  its  own ax is can  be neg lec ted :

Ахь =  A xj =  0.

T h e  d ev ia tion  of th e  p h o to g ra p h in g  axes from  th e  v e r tic a l is c h a ra c te r iz 
ed b y  th e  p ro jec tion  Acp on th e  v e rtic a l p lane going th ro u g h  th e  b ase  an d  th e  
p ro jec tio n  A w  on th e  p e rp e n d ic u la r  p lane (Асръ =  Acpj =  Acp a n d  Awt, =  
=  Awj — Aw).
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T h e  effect (ôx , ôz) o f th e  errors Acp an d  Aa> on th e  p ic tu re  co o rd in a tes  x  
a n d  z can  be ex p ressed  b y  th e  follow ing e q u a tio n s :

ôx Acp -j- Aco , 
/

ôz
xz

T Acp Aco .

D e riv a tin g  th e  e q u a tio n  for ôx w ith  re sp e c t to  th e  v a riab le  x  an d  ch an g 
in g  to  d ifferences, i t  becom es:

=  2 * ^  +  i z l « > .
AX f  f

A n aly z in g  th e  p e rm itte d  v a lu e  of Acp u n d e r  th e  co n d itions Aco =  0 an d  th e  
p e rm itte d  v alue  o f Aco u n d e r  th e  cond itio n  Acp =  0, we o b ta in

A(ôx)

Acp A ( ó * ) f
2x A x

Aco =
A ( ô x ) f  

z A x

F o r r  a n d  z and  for th e  p a ra lla x  p  to  be u sed  la te r , th e  follow ing p re lim in a ry  
v a lu es  can  be ca lcu la ted  on th e  basis o f th e  d im ensions given a t  th e  ca lcu la tio n  
o f th e  p h o to g ra p h in g  d is ta n c e  Y:

x  <C 13 m m ; z 13 m m ; p  11 m m .

T h e  d isp lacem en t A x  o f th e  m ark ed  p o in t o f  a cup - be tw een  re s t 
p o s itio n  a n d  th e  m ax im u m  lean -o u t o f th e  cup  is less th a n  10 m m  on th e  
p ic tu re .

S u b s titu tin g  th e  v a lu e  o f focal len g th  (f  =  80 m m ) an d  supposing  th a t  
A(ôx)  does n o t su rpass th e  0.02-m m  m e asu rem en t accu racy  o f coo rd ina tes, 
th e  fo llow ing  n u m erica l v a lu es  are o b ta in ed  fo r Acp an d  Zlco:

A c p ^  ± 2 1 ',

Aco ±  4 2 '.

F ro m  th e  expression  o f ôz th e  p e rm itte d  values o f Acp a n d  Aco can  be sim ilarly  
ca lc u la ted  a fte r  d e r iv a tin g  w ith  resp ec t to  z. T hese  values w ill be:

Acp =  4 2 ', Aco =  2 1 '.
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T he e rro r caused  b y  Acp and Aw  can  be w r it te n  in  th e  p a ra lla x  o f  base 
d irec tion :

<)p =  2 —  X Aw A-  —  г A w  .
f  f

F ro m  here th e  p e rm itte d  values fo r Acp a n d  Aw  can be c a lc u la te d  as
before:

SM I n
2 p A x  '  ’

a w = ^ M 1 q .
p  A z

S u b s titu tin g  th e  a lread y  know n va lu es  in to  th e  above exp ressions an d  
p rescrib ing  th e  co n d itio n  th a t  A(ôp) should  n o t  su rp ass  th e  accu racy  o f  p a ra l
lax  m easu rem en t, th e  follow ing values w ill be  o b ta in e d  for Acp a n d  Aw:

A c p ^ ±  12 .5 ', A w  ^  ± 2 5 '.

T he n ecessary  a d ju s tin g  accuracy  o f  th e  p h o to g rap h in g  axes w ill be 
th e re fo re :

Acp =  ± 1 2 .5 ',  Aw  = ± 2 1 . 0 ' .

T hese values can  be k e p t w ith o u t g re a te r  d ifficu lties b y  using  a p ro je c to r  
an d  bu b b le  tu b es.

A djustm ent o f cam eras

T he cam eras w ere a tta c h e d  to  a console m a d e  for th is  p u rpose ; th e ir  b ack  
covers w ere opened  an d  th e y  were t ilte d  u n t i l  th e  film -ho ld ing  fram es cam e 
in to  h o rizo n ta l p o s itio n . (This was checked b y  a b u b b le  tu b e .)  In  th is  p o s itio n  
th e  cam eras w ere f ix e d  an d  th e  d istance b e tw een  th e  tw o p ic tu re  c e n tre s  w as 
m easu red . T he p la s tic  p la te  w ith  square g rid  w as also h o rizo n ta iled  w ith  a 
b u b b le  tu b e , th e  en d  p o in ts  o f th e  base d is ta n c e  w ere m arked  on i t .  N ow  th e  
o b jec tives o f th e  c am eras  w ere rem oved, th e  p ic tu re  cen tres o f b o th  cam eras  
p ro jec ted  b y  a s tr in g  p ro jec to r; th e n  th e  p la s tic  p la te  w as tu rn e d  u n t i l  th e  
m ark ed  po in ts  la y  in  th e  vertica ls  going th ro u g h  th e  p ic tu re  cen tres . P u t t in g  
h ack  th e  o b jec tiv es  an d  p u ttin g  a glass p a t te r n  on th e  p ic tu re  fra m e s  o f  th e  
cam eras, th e  id e n t i ty  o f  m ain  po in ts and  p ic tu re  cen tres  could be ch eck ed . B o th  
cam eras show ed a good id e n tity  in  our case. I n  case o f a g rea t d iffe rence  th e  
o b jec tiv e  shou ld  h a v e  been  ad justed .

I t  w as co n tro lled  in  course of in te rp re ta t io n  b y  m eans o f th e  m e n tio n e d  
sq u are  grid p h o to g ra p h e d  on th e  n eg a tiv e , w h e th e r  th e  ou tside  o r ie n ta tio n
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d a ta  w ere  ad ju s ted  w ith  th e  accu racy  c a lc u la te d  above. In  th is  case  th e  t i l t  
Aq> a n d  Aa> o f th e  p h o to g ra p h in g  axis a n d  th e  dev ia tio n  of th e  r ig h t-h a n d  
a n d  le f t-h a n d  p h o to g rap h in g  axes from  th e  p a ra lle l position  can  be  d e te r 
m in e d  b y  th e  u su a l e q u a tio n s  o f ae ro -p h o to g ra m m etry .

P h otograp h in g

D eterm in ation  o f exp osu re tim e

W h e n  m oving o b jec ts  are p h o to g ra p h e d , w hose d irection  o f m o tio n  is 
p e rp e n d ic u la r  to  th e  p h o to g ra p h in g  axis — as in  o u r case — th e  ex p o su re  tim e  
^ ''in f lu e n c e d  by  th e  fo llow ing fac to rs :
'■ a) ve lo c ity  of th e  m o v in g  o b jec t (v ),

b )  d is tan ce  betw een  o b je c t an d  cam era  (A),
c) focal leng th  ( /) ,
d) th e  p e rm itte d  c la r i ty  or in  o th e r  te rm s  th e  d iam eter o f th e  circle 

o f  s c a t te r in g  (d ).
R e v o lu tio n  per m in u te  o f  th e  ro ta tin g  h e a d  does n o t surpass 2000 in  th e  

f i r s t  fo u r  ro ta tio n  ra te s . U sing  th is  va lu e  35 564 m m /s resu lted  as v e lo c ity  
o f  a  p o in t  m oving  on a circle of 170 m m  ra d iu s . T ak ing  th e  va lu es  A =  930 
m m , f  —  80 m m  and  d =  0 .03 m m  an d  in tro d u c in g  th e  im aging  ra tio  ß  =  k/h  
(к is  th e  p ic tu re  d istance), th e  exposure  tim e  t can  be de te rm ined  in  th e  fo llow 
in g  w a y :

ß =  —  =  — f -—  =  0 .09  412 ,
A A /

t =  —  ^  1/1100 s .
vß

W ith  th e  cam eras used i t  is im possib le  to  ta k e  p ic tu re s  a t  such a sh o rt ex p o su re  
t im e , so w e m ade th e  p h o to g ra p h s  in  a d a rk  room  w ith  open cam eras  an d  
s tro b e lig h ts . U p -to -d a te  s tro b e lig h ts  h av e  a fla sh in g  tim e  of 1/10 000 
— 1/100 000 s. A fu r th e r  a d v a n ta g e  o f using  s tro b e lig h t is th a t  th e  s h u tte r s  of 
th e  tw o  cam eras  ou g h t n o t to  be sy n ch ro n ized .

O R W O  120 ro llfilm  o f 20° D IN  se n s it iv ity  w as used as n e g a tiv e , th e  
s tro b e l ig h t  w as an  E lgaw a dev ice  m ade in  G D R  o f k ey  num ber 16 18.

12 p a irs  o f p h o to g rap h s  w ere ta k e n  fo r  each  ro ta tio n  ra te , 6 o f  th e m  
d u rin g  th e  speed-up tim e  an d  6 d u rin g  th e  b ra k in g  tim e. In  o rder to  h a v e  th e  
e x a c t  t im e  o f th e  p h o to g ra p h s , a ch ro n o g rap h  w as p h o to g rap h ed  on th e  p ic 
tu re s ,  to o . T he ch ro n o g rap h  an d  th e  c e n tr ifu g a l m achine w ere s ta r te d  an d  
s to p p e d  synch ronously .
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E valu ation  o f  the photographs

A Zeiss 1818 ty p e  s te re o c o m p a rag ra p h  w as used for e v a lu a tio n . T he 
p ic tu re  co o rd in a tes  x b, zb, x k, zk o f  th e  m ark s a t  th e  inside an d  o u ts id e  edge 
o f th e  m a te ria l-h o ld in g  cups an d  th e ir  p a ra llax es  (p b, p k) w ere m easu red , in  
ease o f  a cup o f  general position  th e  le an -o u t angle <x can be d e te rm in e d  on th e  
basis o f Fig. 3, as follows:

I Z, lb \ x \  +  z \  \ i x i  +  Z l
cos « =  —  = ----------- = ------------

a a a

Going over from  th e  c o o rd in a te s  X k, Z k, X b, Z b of th e  b a se  co o rd in a te  
sy s te m  to  co o rd ina tes of th e  p ic tu re  c o o rd in a te  system , th e  v a lu e  o f  cos a  can  
be o b ta in e d  from  th e  fo rm ula

b í i x i  z I  Y  x i  +  4
cos a  =  —  -------

« l Pk Pb

As p rev io u sly  m en tio n ed  in  connec tion  w ith  th e  in v e s tig a tio n  o f  inside 
o rie n ta tio n  d a ta , th e  e rro r re su ltin g  from  th e  d isp lacem ent b e tw een  m ain  
p o in t an d  ce n tra l po in t o f  th e  p ic tu re  or from  an  in accu ra te  kno w led g e  o f th e  
cam era  c o n s ta n t has no ro le in  th e  d e te rm in a tio n  o f th e  ang le  a . T h e  ax ia l
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p ro je c tio n s  X  and  z  of th e  d isp lacem en t b e tw een  m a in  p o in t and  c e n tra l p o in t 
occu r as equal erro rs a t  th e  inside and  o u ts id e  p o in ts  to  be m easu red  a n d  
cancel o u t. Since in  th e  m e th o d  applied  we a re  co n cern ed  w ith  th e  d e v ia tio n  
from  th e  basic  p osition , th e  e ffec t o f th e  e rro r o f  th e  cam era  c o n s ta n t is a lso  
co n s id e ra b ly  sm aller th a n  in  case of d e te rm in in g  ab so lu te  po in ts .

T h e  m o m en ta ry  a n g u la r  positions m easu red  p h o to g ram m etrica lly  a re  
p lo tte d  as fu n c tio n  o f  tim e  in  F igure 4 fo r d iffe re n t s ta rtin g  ra te s . T h e  
re v o lu tio n s  co rrespond ing  to  th e  m o m en ta ry  a n g u la r  positions in  p e r cen t o f 
th e  s te a d y  rev o lu tio n  a re  rep re se n te d  in  th e  sam e  fig u re . The an g u la r position  
a,- a t  a g iven  tim e  is ta k e n  as a rith m e tica l m ean  o f  th e  in stan tan eo u s  a n g u la r  
p o s itio n s  o f th e  fo u r cups.

Fig. 4. F u ll line =  1st rotation  rate, broken line =  2nd rotation  rate, broken line w ith  
one dot =  3rd rotation  rate, broken line w ith  tw o  d ots =  4th  rotation rate

Fig. 5
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T he above re la tio n s  are  also rep re sen ted  as func tions of th e  a c tu a l n u m 
b e r o f rev o lu tio n s. I t  c an  be seen in  F ig u re  5 th a t  — in d e p e n d e n tly  o f  th e  
ro ta tio n  ra te  id e n tic a l angles co rrespond  to  id en tica l re v o lu tio n s , i.e . th e  
d iffe ren t acce lera tions in  th e  d ifferen t ra te s  do n o t  considerab ly  in flu en ce  th e  
le an -o u t angle o f  th e  cups, i t  depends o n ly  on th e  velocity .

C alculations o f  th e a posteriori standard error o f  the m easu rem en t

T he s ta n d a rd  e rro r  fi0 o f th e  w eigh t u n i t  fo r each  ro ta tio n  deg ree  — 
w hich  is n u m erica lly  eq u a l to  th e  s ta n d a rd  e r ro r  of th e  m easu rem en t, since 
all exposures w ere ta k e n  w ith  equal w e ig h t can  be ca lcu la ted  fro m  th e  
fo rm u la :

T he V  correc tions w ere dete rm in ed  for each  p ic tu re  p a ir  as d ev ia tio n s  o f  th e  
le an -o u t angles o f  th e  fo u r cups m easu red  p h o to g ram m etrica lly  fro m  th e ir  
a r ith m e tic a l m ean

*} +  *? +  «? +  *?

T he n u m b er o f su rp lu s  m easu rem en ts is 3 fo r  each  p ic tu re  p a ir  an d  /  =  3 к 
fo r each ro ta tio n  ra te , w here к is th e  n u m b e r o f  p a irs  o f p h o to g rap h s .

T he s ta n d a rd  e rro r o f th e  a r ith m e tic a l m ean  is:

S ta n d a rd  erro rs d e te rm in ed  by th e  m eth o d  described  above are g iv en  in  th e  
T ab le .

Table

Rotation rate I I I I I I IV

/*0 =  Pi • * * ±  31' ±  22' ±  25' ±  25'

••• ±  1 6 ' ±  11' ±  13' ±  13'

F ro m  th e  in v e s tig a tio n  o f 40 m easu rem en ts  ^  0.025 m m  a n d  ^  0.026 
m m , resp . w as fo u n d  as personal erro r o f  th e  m easu rin g  of th e  x  a n d  z  co o rd i
n a te s . T he p e rso n a l e rro r  o f p a ra llax  m easu rem en ts  w as ^  0.014 m m . R esu lts  
o f m easu rem en ts  a n d  d e ta iled  ca lcu la tions c a n n o t be given in th is  b r ie f  re p o rt.
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T h e  average  d isp lacem en t of th e  co rn e r p o in ts  of th e  square  g rid  from  
th e  c o rre sp o n d in g  p ic tu re  d is tan ce  of 5 cm  w as 0.035 m m  in  th e  x  d ire c tio n  
a n d  0 .036  m m  in  th e  z  d irec tio n . I t  is n o t n ecessa ry  to  co rrec t th e  m easu red  
c o o rd in a te s  w ith  resp ec t to  th e  d ev ia tio n  o f th e  film  from  th e  p la n a r  p o s itio n  
d u r in g  p h o to g rap h in g  due to  th e  sm all co rrec tio n  values.

C am eras  o rig inally  n o t m ade fo r p h o to g ra m m e tric a l purposes can  be 
su ccessfu lly  used  fo r th e  so lu tio n  of d iffe ren t in d u s tr ia l  p roblem s. In  case of 
n e a r-p h o to g ra m m e tr ic a l in v e s tig a tio n  o f p rocesses, th e  cam eras can  be  used  
as th e y  a re  availab le  on th e  m a rk e t. I f  a g re a t a m o u n t of m easu rem en ts  h av e  
to  b e  c a rr ie d  o u t i t  is ad v isab le  to  m ake sm all im p ro v em en ts  on th e  cam eras , 
th u s  in c rea s in g  th e ir  u sefu lness for p h o to g ra m m e tr ic a l ta sk s . T h e ir  in side  
o r ie n ta t io n  d a ta  m u st be d e te rm in ed , th e  p la n a r  position  of th e  film  secu red , 
c o o rd in a te  axes d raw n on th e  b lind  glass o f  th e  re flex  cam era , a p a r t  o f th e  
u p p e r  p la n e  o f th e  cam era  fram e  filed  off, e tc . T hese  to g e th e r w ill secure a w ide 
ra n g e  o f  ap p lica tio n  possib ilities  in  th e  m o st d iffe re n t in d u str ia l an d  re sea rch  
ta s k s .
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ИССЛЕДОВАНИЕ ОТКЛОНЕНИЯ ЧАШ ЛАБОРАТОРНЫХ ЦЕНТРИФУГ 
ПРИ ПОМОЩИ СТЕРЕОФОТОГРАММЕТРИИ

А . Ц Е Л Л А Р

РЕЗЮМЕ

В статье исследуются отклонения чаш одной лабораторной центрифуги. Для 
исследования применялись методы стереофотограмметрии. Была проведена съемка вра
щающей головки центрифуги любительскими фотоаппаратами с размером пленки 6 x 6 .  
В качестве источника света применялась электрическая вспышка. Вопрос точности опре
деления и опознавания при внутреннем и внешнем ориентировании съемки рассматри
вается в главе о проектировании наблюдений. Этим сразу задаются и общие принципы 
решения близких фотограмметрических и прочих задач. С целью возможности ориентиро
вания пар снимков уже в ходе дешифрирования, а также учета влияния ошибок внутрен
него и внешнего ориентирования в качестве возможной коррекции рядом с картиной 
центрифуги сфотографирована квадратная сеть.

Апостериорная средняя квадратическая ошибка угла отклонения, вычисленная по 
результатам измерений на стереокомпараторе, не превышает среднюю квадратическую 
ошибку при проектировании измерений.
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A sim ple m ethod is presented for the transit-tim e evaluations as related to  the whole 
trajectory of the gyrotheodolite m easurem ent. I t  is reduced to a simple averaging. In  addition  
to the deductions and presentation of m athem atical equations, some results o f experim ental 
m easurem ents are also given  together w ith  error analysis. For some special cases sim plifications  
are possible.

T he accu racy  o f th e  az im u th  d e te rm in a tio n s  w ith  g y ro th e o d o lite s  is 
lim ited  b y  ce rta in  effects re su ltin g  from  c o n s tru c tio n a l re s tric tio n s  o f  in s tru 
m en ts  w ork ing  on th e  p rinc ip le  of th e  gy ro sco p e  h av in g  lim ited  degrees of 
freedom . Such re s tr ic tio n s  are, e.g. th e  le n g th  o f th e  to rsion  fib re  w h ich  p ra c ti
ca lly  c a n n o t be in c reased , th e  d ev ia tions o f  th e  axis o f th e  g y ro m o to r fro m  th e  
h o rizo n ta l d irec tio n  even in  case of u tm o s t ca re fu l regu la tion , h e a t p ro d u c tio n  
due  to  c u rre n t in p u t  an d  b reak in g  fric tio n , o r  effects due to  im p e rfe c t w ork ing  
o f  th e  p a r ts  o f th e  sensor [1].

T ak in g  in to  acco u n t th e  possib ilities, how ever, i t  is necessary  to  u tilize  
a ll w ays to  increase  th e  accu racy  of th e  m easu rem en ts . This a im  h as been 
s tr iv e n  for in  case o f  th e  in s tru m e n t MOM Gi-B2 w ith  a u to m a tic  tra c k in g , 
issued  in  H u n g a ry  som e 9 years  ago, w h ere  th e  au to m atic  tra c k in g  sign ifi
c a n tly  red u ced  th e  inaccu racies in h e re n t in  m an u a l track ing . F o r  th e  sam e 
p u rp o se , th e  m easu rem en t of az im u th  d e te rm in a tio n  based on o b se rv a tio n  
o f  reversion  p o in ts  h av e  been su p p lem en ted  b y  o th e r m ethods. S u ch  a re  th e  
a m p litu d e  m eth o d  [3, 4 , 6] and  th e  m e th o d  o f m easuring  tra n s it  t im e s  [2, 3, 4, 
5, 6, 7]. A fu r th e r  s tep  w ould be th e  co m p le te  au to m a tiza tio n  o f  g y ro th e o d o 
lite  m easu rem en ts  (e.g ., in  case of the  m e th o d  to  he described a sm all co m p u te r 
could  signalize th e  positio n  o f rest).

In  th e  follow ing a m eth o d  will be d esc rib ed  w here th e  m e th o d  o f  t r a n s i t 
tim e  o b se rv a tio n s ( tra n s it- tim e  differences) is ex ten d ed  for th e  w ho le  tra je c 
to ry .

L e t us s ta r t  o u t from  th e  know n e q u a tio n  o f sw ingings w ith  sm all d am p 
ing [5]:

JV =  a N =  a,- a sin
2тг

Tx a
( i )
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w h e re  f  is th e  dam ping  fa c to r  ( f  =  0.001 — 0.0001) 
a  th e  in itia l a m p litu d e

Xj th e  read ing  on th e  circle for th e  i - th  scale division; 
ayv =  JV th e  d irection  N o r th  on th e  h o riz o n ta l lim b looked for

tj th e  tim e of th e  m o m en tan eo u s p o s itio n  of th e  sw inging (w ith  fic 
titio u s  t0).

Fig. 1

I n  E q .  1 le t us in tro d u ce  th e  values o f At. A cco rd in g  to  Fig. 1, th e  fo llo w 
ing r e la t io n  holds during  a sing le  cycle of th e  sw ing ing :

i _ T  2(4 4) (4 - 4) +  (4 4) 2(4 t[)
4 4

_(4 4) ~  (4 4 ) __^ tl ^2)
4 4

A t th e  e x tre m e , A t’ can be eq u a l to  T  (in case o f  4  t[ =  0, a reversion  p o in t) .  
B y  s u b s ti tu t in g  E q. 2 in to  E q . 1:

JV =  xN — x 1 — a sin  ------ A t e  Л2' ^ 4
n

2Tn

Due to  t h e  sm all dam ping , th is  can  be a p p ro x im a te d

л  A t  

~ 2 '

. I л  A t
=  x N =  Xi a sin —

(3)

( 4 )
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E qs 5 in  [2] an d  (3) in  [6] are  only  v a lid  i f  th e  lin ear p a r t o f th e  t r a je c 
to ry  is used  fo r record ing  th e  tr a n s i t  tim e . I f  t r a n s i t  tim es are re c o rd e d  along 
th e  w hole tr a je c to ry , th e n  th e  te rm s o f h ig h e r o rd e r shall also be ta k e n  in to  
acco u n t in  th e  pow er series dev e lo p m en t o f  fu n c tio n  (4). B y su p p le m e n tin g  
(40) o f [6] w ith  te rm s  of h ig h e r o rd er (up to  th e  5 th  pow er) one gets:

txN =  N  =  NÓ -|- ik  -(- Ga At  +  G'a A t3 -f- G"a A t5 +  C(a0 i) . (5)

H  ere IVq is th e  v alue  set on th e  h o rizo n ta l lim b ;
i th e  n u m b er of scale d ivisions w ith  sign (scd); 

к  th e  d iv ision  u n it  o f th e  au to co llim a to r scale ("/scd)
N q -)- ik  =  a,- th e  read in g  on th e  c irc le  fo r th e  i- th  scale d iv is io n ; 

C th e  m o m e n t ra tio  red u ced  fo r scale  u n its  ("/scd)
At  d iffe rence  of t r a n s i t  tim es (sec)
G , G', G" co n stan ts  fo r th e  in s tru m e n t a t  a ce rta in  la ti tu d e

2 T„
К

G' = I "
1 3 1

l 2 T1 a 3!

1 l
G =  — К  .

2 Tx a 5 !

( 6)

H ere  К  — С к (th e  m inus sign in d ic a te s  th a t  the  scale o f th e  a u to 
co llim a to r is in  th e  opposite  d irec tion  to  t h a t  o f th e  horizon tal lim b).

T he lim its  o f th e  m easu rem en t of t r a n s i t  tim es can be e x ten d ed  b y  using 
(5) in  case o f a com ple te  sw inging tim e  w ith o u t following o f T a ^  9.7 m in 
( in s tru m e n t G i-B l)  from  tmax =  1 m in co rresp o n d in g  to  th e  lin ea r  to  tmax ^  
^ 7  — 8 m in , a n d  in  th a t  case an  erro r o f (4 r)2 " is m ade in th e  d e te rm in a tio n  
o f  <xN b y  n e g lec tin g  te rm s o f 7 th  and  h ig h er o rd e r.

F o r  th e  “ c o n s ta n ts”  in  (6), th e  fo llow ing va lu es  have been fo u n d  in  case 
o f  th e  g y ro th eo d o lite  MOM G i-B l, No. 804 528:

C — — 5.6"/scd.

G =  0.0934"/s • scd .

G' =  +  1.1786 • 10-7 "/sec3 • scd. 

G" 0.4323 ■ 10-14"/sec5 • scd.

E x p e rim e n ta l m easu rem en ts  have  been  m ad e  in  1968 in th e  S o p ro n b án - 
fa lv a  O b se rv a to ry  record ing  tr a n s i t  tim es on  ch ro n o g rap h -b an d s (an  o th e r
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so lu tio n  can  be found  in  [5, 7, 8]). T he tim e -m a rk s  of th e  ch ro n o g rap h  b an d  
h a v e  b e e n  fixed  b y  e y e —ear-m e th o d , b y  m ean s o f  a M orse-valve, an d  a p e rm a 
n e n t  t im e  m a rk  in  ev e ry  second — h as  b e e n  given from  a sy n ch ro n o u s  
c lock . I n  th e  d e te rm in a tio n  o f  th e  tra n s i t  t im e  th e  m ax im um  possib le  e rro r 
w as a b o u t  0.1 — 0.2 sec.

Fig. 2

I n  o rd e r to  d e m o n s tra te  th is  new  e v a lu a tio n  m ethod , sev e ra l series 
n a v e  b e e n  m easured  a lre a d y  in  1968 w ith  th e  G i-B l in s tru m en t. A t th e  sam e 
tim e  w e gave th e  fo rm u la  o f  th e  follow ed t r a n s i t  m ethods. B y  s u b s ti tu t io n  
in to  (5 ), th e  curves show n in  Fig. 2 h a v e  b e e n  ob ta ined . T he c h a ra c te r  
o f  th e  c u rv e s  shows th a t  on th e  one h an d  th e  to rs io n a l dam ping  e ffec t is n o t 
lin e a r  a lo n g  th e  sw inging p a th ,  on th e  o th e r, in  case of big At  v a lu es , i t  w ou ld  
be ju s t i f ie d  to  tak e  in to  a c c o u n t th e  e x p o n e n tia l p a r ts  neg lected  in  (4). In  
a d d it io n , som e secondary  e ffec ts  (e.g. n u ta t io n a l  m ovem ent, th e  ch an g in g  
an g le  b e tw e e n  th e  h o riz o n ta l an d  th e  axis, to rs io n a l, m echanical an d  th e rm a l
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effects in  th e  su sp en d in g  f ib re  etc.) p lay  som e ro le  in  th e  m echanics o f th e  
gyroscopic sw inging [1]. As th e  effect o f th ese  fac to rs  is, how ever, su p p o sed ly  
equal in  case o f  eq u a l d ev ia tio n s  in  th e  p ositive  a n d  n eg a tiv e  d irec tions from  
th e  tru e  N o rth , b u t  w ith  d iffe ren t sign, in  an  av e rag in g  ta k e n  from  sy m m etrica l 
N  devisions, i t  d isap p ears . T h is is show n b y  th e  T ab le  w here th e  m ean  v a lu es  
of th e  N  values a t  d iv isions sy m m etrica lly  d is tr ib u te d  a ro u n d  th e  0 d iv ision  
are  given.

N um bers in  th e  u p p e r  h o rizo n ta l row  o f th e  T ab le  show  th e  seria l n u m b e r 
of th e  m easu rem en t series, th e  left v e rtica l co lum n show s th e  n u m erica l va lues 
o f scale d ivisions (as th e  values here are  m ean  v a lu es , th e y  m ean  a t  th e  sam e 
tim e  b o th  th e  n eg a tiv e  an d  positive d ivisions).

T he T ab le  on ly  show s th e  values in  seconds o f arc , as th e  g rade  and  
m in u te  values rem a in ed  u n changed  d u rin g  th e  w hole m easu rem en t series 
(266°11 '). T his h as  been  reach ed  by  a prev ious a d ju s tm e n t of th e  in s tru m e n t. 
A difference be tw een  th e  series o f som e seconds o f arc  has been , how ever, 
in ev itab le , w hich  h in ts  a t  th e  presence an d  th e  m a g n itu d e  of reg u la r  erro rs.

E m p ty  p a r ts  in  th e  T ab le  m ean  th a t  in  a m easu rem en t series no t r a n s i t 
tim e  m easu rem en ts  h av e  been  m ade a t  th e se  d iv isions.

The co incidence o f th e  values in  a m e a su re m e n t series (v e rtica l colum ns) 
p roves th e  u sefu lness o f averag ing .

T he m e th o d  p re se n te d  is ra th e r  co m p lica ted  from  th e  p o in t o f  v iew  of 
ca lcu la tion  tech n iq u e . In  w h a t follows som e possib ilities  to  sim plify  th e  m e th o d  
will be given an d  th e  necessary  accu racy  o f th e  p rev io u s o rie n ta tio n  ana lysed .

L e t us suppose  th a t  t r a n s i t  tim es h av e  been  m easured  sy m m etrica lly  
to  th e  scale d iv ision  ly ing  th e  n ea re s t to  th e  tru e  N o rth  d irec tion  o f th e  scale 
o f th e  au to co llim a to r. L e t us deno te  th is  scale d iv ision  b y  s, th e  tw o a rb itra ry  
divisions w hich a re  sy m m etrica l to  s b y  i and  j .  L e t us in tro d u ce  in to  E q . (1) 
in s tead  o f t( fic tio u s  v a lu es , such th a t

t S _  *i +  *14 — 7 ( ? )

should  hold . H ere  if is th e  m ean  v alue  o f th e  t r a n s i t  tim es if an d  t \  m easu red  
d u ring  th e  f irs t  sw inging. In  th a t  case one h as  in  p lace  of oq, th e  follow ing 
expression :

* s __l —
qf +  <4 

2 ( 8 )

T he eq u a tio n  o f  th e  sw inging is, accord ing ly :

acN =  af a sin
2 л

T
t, e-I№ (9)
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Table

Reading on the horizontal circle: 266°11.

1 2 3 4 5

+  2.31" +  11.82" +  1.57" +  1.69" +  0.75"

— 3.09" 0.97"

3.95" 6.28" - 1 .0 6 " 4.54" 0.19"
— 6.46" 3.58" 0.04"

3.62" 7.92" -5 .2 6 " 3.74" -0 .6 4 "

8 . 6 8 " 3.97" -2 .0 0 "

5.12" - 6 .1 9 " 3.29" - 0 .8 5 "

9.16" 3.16" -1 .2 6 "

4.18" 10.43" +  1.06" 3.83" -1 .8 2 "

5.30" -1 .2 0 "

2.28" 8.13" -1 .5 0 " 3.71" -1 .3 5 "

7.59" 2.97" -1 .5 2 "

4.08" 7.59" -1 .3 2 " 4.02" -2 .1 0 "

8.92" 3.41" -3 .0 6 "

3.60" 7.90" -1 .0 4 " 3.32" —  1 . 8 8 "

+  6.84" 3.25" -3 .4 2 "

0 3.81" -2 .2 2 "

3.80" —2.91"

+  3.31" 2.14" — 3.00"

3.70" -3 .0 3 "

-2 .4 8 " 4.32" -1 .7 5 "

3.05"

+  2.34" 4.04"

3.28"

3.99" 2.36"

4.09" 3.38" -3 .5 1 "

1.93"

5.40"

5.49" 1.25"

5.68" +  3.00"

6.40"

of N 0 is calculated b y  sym m etrical averaging

ira lly , in s tead  o f a i  a n d  tj, th e  values a |?  i|?a 3 ^ 3  • • •
th ird  etc. sw ingings can  also be used).

o b ta in e d  d u ring
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A ccord ing  to  E q . (2):

F ro m  th is ,

T  -  2 (4  4) _  At‘
4 4

T  -  2(4 4) AtJ
4 4

4  + 1{ At1 +  AO
2 8

( 10)

( 11)

S u b s titu tin g  th e  v alue  o f t{ in to  E q . (9), one g e ts  th e  follow ing sim p le  fo rm u la , 
i f  th e  exp o n en tia l te rm  f  is neg lec ted  due to  i ts  sm allness:

N  =  x N =  af
л

a sin
2 T

( 12)

E q . (12) can be d ed u ced  in  an  o th e r w ay , too . T he second fo rm u la  of 
E q . (10) can be w ritte n , ta k in g  in to  accoun t E q . (2), as:

2 ( 4 - 4 )  T

T h e n :

t, = A +  4

H

2(4 t[) _+ 2(4  -  4) =  (4 -  4) -  (4 -  4)
8 4

(13)

In tro d u c in g  th e  n o ta tio n s  [6, 9]:

At' =  (4 

At" =  (4

4) — (*2 *l)

*2) (*2 4) ■

B y  su b s titu tin g  in  tu rn ,  th e  va lu es  o f Zlt'/4 an d  o f A t"/4 in to  E q . (9), in  p lace 
o f  tf, ad d in g  b o th  e q u a tio n s  an d  averag ing , one gets:

î — — (s in ----- At' +  sin  ------ At"
2 2 T  2 T

xN =  X

A ccord ing  to  th e  know n trig o n o m e trica l ru le :

X N  —  a l
71 (A t '  +  At" л(1 A C _____ At' - A t "

2 T 2 .
oos

2 T 2 .
(14)

T a k in g  in to  accoun t th e  new  n o ta tio n s  and  a f te r  reg roup ing :

zit' +  zii" =  [(4  ti) -  (4  t(] +  [(4 -  4) (4 4)] =  At' +  AtJ (15)

At' -  At" =  [ (4  -  4) +  (4 -  H)] -  t(4 -  4) +  (4 -  4)] =  ôfS (16)
2 2
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F ig u re  3 shows t h a t  th e  v a lu e  Ôts is v e ry  sm all, i t  is th e  sm aller th e  n ea re r  
th e  s y m m e try  axis o f sw ing ing  lies to  th e  scale d iv ision  0, or s, resp ec tiv e ly . 
C o n seq u en tly , E q . (14) g ives a t  th e  sam e tim e  a p o ss ib ility  to  check th e  neces
sa ry  a c c u ra cy  of th e  p re lim in a ry  o rien ta tio n s.

A ccord ing  to  E q s  (15) an d  (16) E q . (14) assum es th e  follow ing form :

s • nx N =  a , a  sin  —
2 T

B u t

2 T a

At* +  A t j

2 T n
ô f (17)

w h ere  x s is th e  d ev ia tio n  o f  th e  swinging from  th e  sym m etrica l p o sitio n . In  
good  ap p ro x im a tio n  a s =  /, w here  l is, in  th e  p re se n t case, th e  scale d iv ision  
ly in g  b e tw een  th e  scale p o s itio n  s and th e  ax is  o f th e  sinuso idal sw inging corre
sp o n d in g  to  th e  tru e  gy roscop ic  N orth . T h ere fo re :

cos -  Л bts = /  1 — sin2 ■■ 31 ô f  = [ Л - Ц -
2 T a 1 2 T a ! U J (18)

I f  e .g . th e  value of a s is in  scale divisions 1 — 6 (co rrespond ing  on th e  circle 
o f  th e  G i-B l to  3 '), th e n

0,988

d iffe rr in g  only by  0.012 fro m  u n ity . As a t  x s th e  t im e  difference is v e ry  sm all, 
th e  te r m  GaAt being th e  l in e a r  p a r t  of (5), is also  negligible, i f  G ^  — 0.1;
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a =  40 sc .d iv . and  At  =  30 sec (a v e ry  b ig  v a lu e ), th e n  GaAt =  120", a n d  in 
th is , b y  su b s titu tin g  th e  cosine te rm  o f E q . (17) b y  u n it, one m akes an  e rro r  of 
120 • 0.012 =  1.4". In  re a li ty , th e  e rro r is even m u ch  sm aller.

I f  such  a neg lection  is allow ed, th e n  (17) an d  (12) becom e e q u a l. I t  
shou ld  be rem ark ed  th a t  i f  n ecessary , th e  q u a d ra tic  te rm  in (18) can  also  be 
ta k e n  in to  acco u n t [9, 10].

I f  th e  sy m m etry  axis o f  th e  sw inging lies n e a re r  to  0 sc .d iv ., th e n  in  th e  
E q s  (12) or (17), | i |  =  | j | .

B y  in tro d u c in g  th e  expansion

71 71 1 71 3'

“ 2T„ .2  T a 3 ! 2 T a

an d  n eg lec ting  te rm s o f h ig h e r o rd er th a n  lin ea r  due  to  th e  sm allness o f

A t1 +  At>

2

(th is  v a lue  is even in case o f  A ts =  30 sec on ly  1.2 • 10 7 • 40 • 302 
th e n  accord ing  to  (12) or (17):

N  =  ocN =  ocf —  aG
At' +  A t '

2

4 • IO“ 3), 

(19)

w here  th e  in e rtia  ra tio  co n v e rted  in to  scale d iv isions has also been  ta k e n  in to  
acco u n t, and  i t  has been u tiliz ed  th a t  a is exp ressed  n o t in angle, b u t  in  scale 
d iv isions. T herefore:

G = n

2
(C —  k ) .

(See also E qs (6), w here  th e  sinuso ida l c h a ra c te r  has no t been  t a k e n  in to  
accoun t).

I f  t r a n s i t  tim es are  m easu red  n o t on ly  in  2, b u t  in  2n  s y m m e tr ic a l posi
tio n s , th en

N  =  otN =  x[ —  aG
П

n= 1

^ ( ( - )  +  A |(+) 

2 n
( 20)

T herefo re , if  tra n s i t  tim es ( tra n s it  tim e  differences) are m easured  sy m m e tric a lly  
to  th e  scale d iv ision  ly in g  n ea re s t to  th e  gyroscopic  N orth  d ire c tio n  on th e  
au to co llim a to r scale, th e n  th e ir  m ean  v a lu e  gives ap p ro x im a te ly  th e  t r a n s i t 
t im e  differences A ts a p p ea rin g  a t  th e  scale d iv ision  ly ing  n e a re s t to  th e  g y ro 
scopic N o rth  in  th e  ax is o f  th e  sw inging. As i t  h as  been show n, i f  th e  acc u ra cy  
o f  th e  p re lim in ary  o r ie n ta tio n  is a t  le a s t 3 ' (6 sc .d iv . in  case of in s tru m e n ts  like 
G i-B l), th e n  th e  e rro r in  th e  d e te rm in a tio n  o f  th e  N o rth  d irec tio n  is  n o t  m ore  
th a n  1.0" (ц, =  i  0.1 sec). A s im ila r e rro r  is caused  b y  th e  av e ra g in g  o f
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th e  d a ta  o b ta in ed  a t  tw o  sca le  positions in  case  o f  tra n s ittim e  m easu rem en ts  
w ith  an  accu racy  o f  0.1 sec. T his erro r is th e  fu n c tio n  of th e  a m p litu d e  of 
sw in g in g  an d  of (in  case o f  a =  60 sc .d iv . ( i )  1.4").

T o  d e m o n s tra te  th e se , Fig. 4 is show n w here  th e  follow ing n o ta tio n s  
w ere  in tro d u c e d  for sake  o f sim plic ity :

4 J  -  =  t,

»2 ~ — lr

w h ere  11 an d  tr are  th e  so-called  left-side a n d  r ig h t-s id e  tra n s it  tim es, (i/ — tr) 
g ive th e  At  tra n s i t  t im e  differences. The fig u re  show s some resu lts  o f  th e  th ird  
m e a su re m e n t series. T h e  scale division ly in g  n e x t  to  th e  gyroscopic N o rth  is 
d iv is io n  — 2, fo r w h ich  A ts =  A t~2 =  4.31 sec. D ue to  th e  sy m m etrica l
sw ing ings (as i t  h as  been  p roven), th e  av e rag e  o f  th e  At  values o b ta in e d  a t  
scale  d iv isions s i tu a te d  sy m m etrica lly  to  th e  scale  division 2, a re  eq u a l to  
th e  v a lu e  o f A t~ 2 w ith in  th e  accuracy  of th e  m easu rem en ts .

T h e  m easu rem en ts  o f  th e  tra n s it- tim e  m e th o d  can  be very  a d v a n ta g e o u s ly  
used  fo r  a u to m a tiz a tio n . T h e  m easu rem en t a n d  e v a lu a tio n  m ethod  p re se n te d  
here en ab les  sim ple ca lcu la tio n s  using a v e ry  g re a t n um ber o f in fo rm a tio n s ,
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being an  im p o r ta n t p a r t  o f a u to m a tiza tio n . In  a d d itio n  to  th e  increase o f  th e  
accu racy  (th e  in fo rm a tio n s  collected from  th e  w hole  sw ing ing-path  in crease , 
n am ely  on ly  th e  in n e r  accu racy  of th e  m e a su re m e n ts  m ade w ith  th e  in s t r u 
m ent), m easu rem en ts  w ill becom e m ore co m fo rtab le  an d  perhaps also q u ick e r.

I t  shou ld  be  re m a rk e d  th a t  th eo re tica lly  th e  m idd le  sy m m etrica l d iv i
sion is n o t  needed . I t  is enough to  choose b o th  d iv isions (i and  j )  so t h a t  th e  
values o f  At  shou ld  be m in im al. T ak ing  in to  a c c o u n t th a t  around  th e  m id d le  
d iv ision  tr a n s i t  tim es  can  be m easured  w ith  m a x im u m  accuracy  due to  th e  
g rea tes ve lo c ity  o f sw inging, i t  is ju s tified  to  m easu re  here  also t r a n s i t  tim es . 
T he accu racy  o f tra n s it- t im e  m easu rem en ts can  be  increased  using p h o to e le c 
tr ic  in s tru m e n ts  [5, 8, 11].

In  E q . (20), i f  fo r th e  d e te rm in a tio n  o f  th e  am p litu d e  a no rev e rs io n  
p o in ts  a re  m easu red , i t  can  be in tro d u ced  in to  th e  co m p u ta tio n s as an  u n 
know n w ith  a good ap p ro x im a tiv e  value (a')  an d  so i t  can  be e lim in a ted . I f  
th e  av erag e  o f th e  tim e  va lu es  is deno ted  b y  At, th e n  a series expansion  y ie ld s :

a'Gvjf  =  ÔN -)- G At da -f- L  (21)

w here vAt is th e  co rrec tio n  o f  th e  fic titio u s tim e  v a lu e  At, ÔN is th e  ch an g e  o f 
th e  a p p ro x im a tiv e  v a lu e  N '  in  course o f th e  a d ju s tm e n t (sim ilarly , to  a' 
belongs a co rrec tions ôa), an d  th e  free te rm  is L  — a f N '  aGAt.  In  th e  
fo llow ing th e  f ic titio u s  co rrec tion  a'GvAt — X is in tro d u c e d . The so lu tio n  o f  th e  
n o rm a l eq u a tio n s  y ie ld s:

5 N __ [ G A t ] [ G A t - L ] - [ ( G A t 2)][L ]  _  [At] [A t ■ L] -  [(At)*] [L]
[G If]2 n[(G If-1 [At]2 —  n[At]2

A s i t  can  be seen , th e  values of a and  G c an  be elim inated , th e re fo re  in  
s tead  o f E q . (20), N  =  N '  -f- ÔN can  be w r it te n . T h e  co m p u ta tio n s can  be 
m ade b y  a slide ru le , i f  necessary , E q . (22) can  be so lved  by  a co m p u te r.

T h e  d e te rm in a tio n  o f th e  a p p ro x im a tiv e  v a lu es  of a' and  N '  c a n  be 
m ade w ith  [8], if  th e  tim e  m easu rem en t is m ad e  w ith  th e  2 scales o f  F ig . 3 
or a t  th e  p h o to  e lem en ts an d  th e y  lie o u ts id e  o f  th e  lim its  of l in e a r ity ; o r one 
can fo rm  th e  va lu e

A t‘ =  (t3 t.í) (to -  tj)

(sim ilarly  for j ) ,  from  w hich , by  neglecting  th e  sm all dam ping , (see E q . 12):

N  =  txf —  a sin - 71—  A t1 
2 T

(23)

N  — —  a sin ■ П— AO .
2 T
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F ro m  th ese :

N  =  ос‘ +  Aoc ■

Л  Л is m ----- At'
2 T

• ^  A i  • ^  A is m ----- At'  —  s i n ------ AtJ
2 T  2 T

oc ' —  N

s m ----- At'
2 T

( 2 4 )

w h e re  Aoc =  oc1 — oc is th e  v a lu e  of an  ang le  betw een  th e  p o sitio n  o f  th e  tw o 
m e a su re m e n ts , w hich is p rev io u sly  k n ow n . In  case of lin ea rity :

At'
N  =

2 T

At' — A t7 

-  N  

A t '

(24a)

T h e  real sw inging tim e  T  can  be c o m p u te d  from  th e  tr a n s i t  tim e s  in  the  
k n o w n  m an n e r. E q u a tio n s  24 are  also v a lid  in  th e  general case, th e re fo re  m a k 
in g  th r e e  tim e  m easu rem en ts  a t  each o f tw o  positions, th e y  can  be  u sed  for 
re p e a te d  d e te rm in a tio n  o f th e  re st positio n .

I f  m easu rem en t in fo rm a tio n s  are  co llec ted  n o t only from  tw o  scale 
d iv is io n s  (pho toelec tric  sensors), b u t  from  th re e  o f th em , th en  th e  in d e p e n d e n t 
r e s t  p o s itio n s  can be co m p u te d  from  E qs (24). E v en  if  only a single com ple te  
t r a n s i t io n  is used (t[ t ‘k_ 2 =  T  com plete  sw ing ing  tim e), one h as  s till enough
su rp lu s  in fo rm atio n  fo r an  a p p ro x im a tiv e  a d ju s tm e n t (averag ing), o r a rig o r
ous o n e . A ll these p o ssibo lities shall n o t be  t r e a te d  here, b u t we sh o u ld  like 
to  r e m a rk , based  on o u r ea rlie r ex p e rim en ts , t h a t  ap p ro x im ate  so lu tio n s  give 
s u ff ic ie n tly  accu ra te  va lues. A  fu r th e r  in c rease  o f  th e  num ber o f  m ea su re m e n t 
lo c a tio n s  ensures th e  in c rease  of th e  in n e r  accu racy . T h eo re tica lly  a sm all 
v a lu e  o f  Aoc yields a m ore a d v a n ta g e o u s  s itu a tio n  from  th e  p o in t o f  v iew  of 
e r ro r  p ro p a g a tio n . T he b e t te r  th e  in s tru m e n t is o rien ted  to  th e  N o r th , th e  
m ore  a c c u ra te  the  re su lts  w ill be.
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Авторы излагают простой метод, распространяющий измерение времени перехода 
при наблюдении за колебаниями гироскопа на весь период колебаний, причем вычисле
ние сводится к простому образованию арифметического среднего. Помимо выводов мате
матических формул даются некоторые результаты опытных измерений, а также проводится 
анализ точности. Для специальных случаев даются также некоторые упрощения.
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INVESTIGATION OF THE VIRBRATION OF TRIPODS AND
COMPENSATORS

G. B A R T H A -E . HALM AI —A. O R B Á N
GEODETICAL AND GEOPHYSICAL RESEA R C H  IN STITU TE 
OF T H E  HUNG ARIA N  ACADEMY OF SCIEN CES, SOPRON

[M anuscript received A ugust 1, 1974]

The paper deals w ith  the investigation  of 14 geodetical tripods of different origin. 
V ibration frequencies, am plitudes and dam ping of each tripod have been observed and attem pts  
m ade to reduce the dam ping tim e. Vibrations of the tripod legs were produced by a special 
pendulum  arrangem ent or by artificial wind. Records o f the vibrations were m ade both  by 
photo-electric and photo-optic m eans. The analysis enabled  to qualify the tripods and gave  
som e useful hints for users and producers.

T he w ork o f geodesists is often  upse t b y  th e  w ind-caused  v ib ra tio n  of 
th e  co m p en sa to r o f th e  leveling  in s tru m e n t o r o f  th e  a u to m a tic  v e rtic a l in d ex  
of th eodo lites, w h a t m akes im possib le to  read  o ff th e  rod or th e  level circle. 
T he cause of v ib ra tio n  is th e  w ind  m oving m a in ly  th e  legs of th e  tr ip o d . T he 
v ib ra tio n  of th e  tr ip o d  h ead  is th e  re su lta n t o f  th e  v ib ra tio n  o f th e  legs, an d  
i t  g enera tes th e  co m p en sa to r.

In  course o f our ea rlie r in s tru m e n ta l in v e s tig a tio n s  [1J we experienced  
th a t  p u ttin g  th e  sam e leveling  in s tru m e n t w ith  co m p en sa to r on tr ip o d s  of 
d iffe ren t p ro d u c tio n , once a sm aller th e n  a g re a te r  v ib ra tio n  p ic tu re  a m p litu d e  
w as observed . Since th e se  in v estig a tio n s w ere ca rr ied  o u t u n d e r un ifo rm  co n d i
tio n s in  a w ind ch an n e l, th e  difference was obv io u sly  due to  th e  v a rio u s k in d s 
o f  tr ip o d s .

T h e  o b se rv a tio n  o f th e  p ic tu re  v ib ra tio n  w ith  n ak ed  eye is, how ever, 
v e ry  su b jec tiv e : th e re  is no w ay  to  get e x a c t in fo rm a tio n  on th e  v ib ra tio n  
freq u en cy , am p litu d e  an d  d am p in g  tim e. In  o u r new er in v estig a tio n s aim ed  a t  to  
d e te rm in e  these  v a lu es , we app lied  m eth o d s w hich  allow  a m ore o b jec tiv e  
com parison  of th e  p ro p e rtie s  o f th e  in v e s tig a te d  tr ip o d s .

B y  w ay o f in tro d u c tio n  i t  should  be m en tio n ed  th a t  th e  v ib ra tio n  p ro p 
ertie s  o f th e  tr ip o d s  d ep en d  on a large n u m b e r o f  fac to rs , as, e.g. on th e  
m a te ria l, form , co n s tru c tio n  and  w eight o f th e  tr ip o d s , th e  len g th  a n d  s tra d -  
ling  o f th e ir  legs, th e  forces on th e  spurs w ith  w h ich  th e  shoes of th e  tr ip o d  w ere 
push ed  in to  th e  g ro u n d , how  stro n g ly  th e  a d ju s tin g  an d  tig h te n in g  screw s 
on th e  tr ip o d  w ere tig h te n e d , d irec tion  and  e x te n t  o f  th e  im pulse ac tin g  on th e  
tr ip o d , e tc . I f  an  in s tru m e n t w ith  co m p en sa to r is p laced  on th e  tr ip o d , th e  
v ib ra tio n  o f th e  co m p en sa to r depends on th e se  fa c to rs  as w ell as on its  ow n
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v ib r a t io n  p ro p erties  an d , fu r th e r ,  on th e  angle betw een  th e  d irec tio n  p la in  of 
th e  te le sc o p e  and th e  d ire c tio n  o f th e  im pulse  ac tin g  on th e  in s tru m e n t.

I t  w o u ld  have been d iff ic u lt to  in v e s tig a te  such a large n u m b e r o f p a ra m 
e te rs  se p a ra te ly , so we tr ie d  to  accom plish  th e  u n ifo rm ity  of sev era l o f  th em . 
A c c o rd in g ly , the  fa sten in g  screw s o f th e  in v e s tig a te d  trip o d s  w ere tig h te n e d , 
th e i r  a d ju s t in g  screws w ere b ro u g h t in to  th e  sam e position , e.g. b y  k eep in g  th e  
f r ic tio n  o f  th e  hinges a t th e  tr ip o d  head  u n ifo rm . T he trip o d  legs w ere set to  
th e  sa m e  len g th  (w ith ex cep tio n  o f fix ed  leg tr ip o d s). T he legs w ere pushed  
w ith  e q u a l force in to  th e  g ro u n d , th e ir  s tra d lin g  angle as well as th e  d irec tio n  
a n d  e x te n t  o f th e  given im p u lse  (p roduced  b y  m eans of a special pend u lu m ) 
w as th e  sam e; th e  d irec tion  a n d  force of th e  w ind  (p roduced  b y  a v e n tila to r) , 
th e  i l lu m in a tio n  s tre n g th  o f  th e  p h o to -re s is tan ce  used  a t  th e  in v e s tig a tio n , 
th e  a m p lif ic a tio n  degree o f th e  e lec tric  devices, e tc ., w ere n ea rly  th e  sam e.

A lto g e th e r  14 foreign a n d  h o m e-m ad e  tr ip o d s  w ere inc luded  in to  th e  in 
v e s t ig a tio n s  carried  o u t on re q u e s t of th e  H u n g a rian  O p tica l W orks (MOM). 
I t  is n o t  o u r aim  to e v a lu a te  or com pare  th e  d iffe ren t tr ip o d s  in  th is  p ap er, 
b u t  to  g ive  a b rief re p o rt on  o u r genera l experiences. T hus tr ip o d s  w ill be 
m a rk e d  h e re  only w ith  c a p ita l  le t te rs  (A, B, C, etc .) and  only  a few  c h a ra c te r-  
s t ic a l  ones will be d ea lt w ith  in  th e  figu res.

F req u en cy  m easu rem en ts

A  telescope was fix ed  o n  th e  tr ip o d  u n d e r s tu d y . A n e lec tric  b u lb  su p 
p lied  f ro m  a b a tte ry  w as p u t  b e h in d  th e  eyepiece o f th e  te lescope, b y  m eans of 
w h ich  th e  lig h t of th e  b u lb  w as re flec ted  th ro u g h  an  a p p ro p ria te  d iap h rag m  
to  a p h o to -res is tan ce .

W h e n  th e  trip o d  w as v ib ra te d , th e  te lescope  to o k  over th e  v ib ra tio n s  of 
th e  t r ip o d  head  and  th e  p ro je c te d  lig h t illu m in a te d  once a sm aller an d  th e n  a 
g re a te r  p a r t  of th e  p h o to -re s is ta n c e . T he signal com ing from  th e  p h o to -re s is t
an ce  w as  led  to  th e  v e r tic a l in p u t  o f an  oscilloscope, th e  h o riz o n ta l in p u t  o f 
w h ich  w as  connected  to  th e  s ig n a l of a low -frequency  g en era to r. A fte r  a d ju s t
in g  th e  g e n e ra to r  p roperly , th e  re s u lta n t  of th e  tw o  signals p ro d u ced  a L issa jous 
c u rv e  a n d  th e  co rresponding  fre q u e n c y  v a lu e  w as read  off from  th e  g en e ra to r . 
A  sp e c ia l p endu lum  a rra n g e m e n t (a co m p ac t gum -ball of 0.03 kg  w e ig h t fixed  
on  a r ig id  steel-w ire) w as u sed  to  gen era te  v ib ra tio n s . In  th is  w ay  i t  w as possi
b le  to  h i t  th e  legs of th e  tr ip o d s  in v e s tig a te d  a t  th e ir  cen tre  w ith  e q u a l force.

T h e  in v es tig a tio n  o f th e  14 tr ip o d s  gave th e  follow ing re su lts :
1. D u e  to  th e  effect o f an  im pulse  h i t t in g  one of th e  legs, all th re e  legs 

b e g a n  to  v ib ra te . T here o ccu rred  a v ib ra tio n , w hich  w as a t  f ir s t  ir re g u la r , th e n  
b ec a m e  re g u la r  and in  case o f  c e r ta in  tr ip o d s  i t  h ad  a perio d ica lly  m o d u la te d  
a m p li tu d e .
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2. T he eigen freq u en cy  of th e  tr ip o d s  o f d ifferen t p ro d u c tio n  v a ried  
b e tw een  17 a n d  22 H z in general, q u ite  in d e p e n d e n tly  of w h e th e r th e  tr ip o d  
h a d  ex ten s io n  or fix ed , w ooden or m e ta l legs, respectively . T he o n ly  ex cep 
tio n  w as a w ooden fixed-leg  tr ip o d  w here v ib ra tio n  frequency  was 34 H z.

3. B y  increasing  th e  h e ig h t o f  th e  ex ten sio n -leg  tripods b y  10 cm , th e ir
freq u en cy  decreased  b y  2 3 H z.

4. T he freq u en cy  o f th e  tr ip o d s  show ed sm all changes if:

a)  th e y  w ere h it  on d iffe ren t legs or a t  d iffe ren t heights,
b)  th e  h it t in g  force w as changed ,
c)  d u rin g  th e  h it  th e  tr ip o d  w as to u c h e d  w ith  hand ,
d )  gum  or p las tic  sheets w ere p laced  b e tw een  the  ex ten sio n  legs,
e)  th e  fa s ten in g  screw s on th e  tr ip o d  legs w ere tigh tened  o r loosened ,
f )  w eigh ts w ere fixed  on th e  tr ip o d s ,
g )  in s te a d  of a te lescope, a leveling  in s tru m e n t w ith  a c o m p e n sa to r  was 

fix ed  on th e  tr ip o d  head.

In  th e  la s t case th e  tr ip o d  v ib ra tin g  w ith  h igher frequency  b ro u g h t the 
c o m p en sa to r  o f low er eigen freq u en cy  in to  a forced v ib ra tio n . S ince  in  th is 
case th e  lig h t of th e  bu lb  crossed th e  o sc illa tin g  com pensato r, to o , a m p litu d e  
and  d am p in g  tim e  increased , b u t  th e  v ib ra tio n  frequency  rem ained  u n ch an g ed . 
T he m o d u la tio n  o f th e  am p litu d e  o f th e  re su ltin g  v ib ra tio n  was d iffe re n t from  
tr ip o d  to  tr ip o d  an d  from  co m p en sa to r to  co m p en sa to r. The fre q u e n c y  o f  the  
envelope  w ave v a ried  betw een  0.6 and  10 H z.

T h e  freq u en cy  m easu rem en ts  w ere re p e a te d , so th a t  th e  p ic tu re  o f  the  
v ib ra tio n , co rrespond ing  to  th e  signal com ing  from  th e  p h o to -re s is tan ce , was 
reco rd ed  b y  a H e lio scrip to r Н е - l  ty p e  H o ttin g e r  recorder on p lo tt in g  paper. 
B y  usin g  an  a p p ro p ria te  p a p e r  speed i t  w as possib le to  coun t th e  v ib ra tio n s  
p e r second. Tw o ty p es  of leveling  in s tru m e n ts  w ith  com pensato rs w ere  p laced 
on th e  tr ip o d s .

A d e ta iled  s tu d y  o f th e  v ib ra tio n  reco rd  has show n a sm all o sc illa tio n  in 
tim e  o f th e  com m on v ib ra tio n  freq u en cy  o f  tr ip o d s  and  co m p e n sa to rs . A t 
c e r ta in  tr ip o d s  even a to ta l  d isap p ea ran ce  o f  th e  v ib ra tio n  o c c u rre d  for a 
sh o rt tim e  (0,2 0,4 sec). T he v ib ra tio n  o f th e  com pensato r w as especially
irre g u la r , w hen  th e  d irec tio n  of th e  h it on th e  tr ip o d  leg was o u t o f  th e  sw ing
ing p la n e  o f  th e  p en d u lu m  and  w hen th e  tr ip o d  was grasped d u r in g  th e  h it.

T h e  freq u en cy  v alues dete rm in ed  from  th e  H o ttin g er reco rds a n d  Lissa- 
jous cu rv es  w ere n ea rly  equal. T he L issa jo u s cu rve  gave a p p ro x im a te ly  the  
m ean  freq u en cy  v alue  w ith  w hich th e  tr ip o d  generally  v ib ra te s . A ccording 
to  o u r experiences th is  v ib ra tio n  is ta k e n  over by  the co m p en sa to r, i.e . they  
v ib ra te  on th e  sam e frequency . (The v ib ra tio n  am p litu d e  and  d a m p in g  tim e  of 
th e  d iffe re n t com p en sa to rs  are , how ever, d iffe ren t.)
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D am ping

T w o m eth o d s w ere u sed  to  m easure th e  d am p in g  of th e  v ib ra tio n  o f  
tr ip o d  legs.

A t th e  f irs t  m e th o d  th e  v ib ra tio n  of th e  l ig h t  led th ro u g h  th e  leveling  
in s tru m e n t  w ith  c o m p en sa to r  was d isp layed  on  th e  screen of an  oscilloscope 
in  th e  sam e  a rra n g e m en t as above and  p h o to g ra p h e d .

A t th e  second, th e  H o ttin g e r  recorder w as u se d  again; here th e  d a m p in g  
tim e  c a n  be  d irec tly  ta k e n  fro m  th e  record .

T h e  e v a lu a tio n  o f  th e  m easu ring  resu lts  a llow s th e  following conclusion :
1. I f  th e  v ib ra tio n s  o f d iffe ren t ty p es o f  tr ip o d s  are g en era ted  w ith  a 

single im p u lse , th e  to ta l  d am p in g  tim es can  show  g re a t differences (3 4 fo ld  
d e v ia tio n ) .

2. I f  d iffe ren t ty p e s  o f leveling  in s tru m e n ts  w ith  com pensato r a re  p laced  
a t  th e  sam e  tr ip o d , th e  d am p in g  tim es of th e  p ic tu re  v ib ra tio n s w ill be  d iffe r
e n t (1 1/2 2fold d ifference).

N u m erica lly : th e  d am p in g  tim e of one o f  th e  com pensa to rs v a ried  b e tw een  
1 an d  4 sec (m easu red  on d iffe ren t trip o d s), t h a t  o f  an o th e r betw een  2 a n d  8 
sec.

3. T h e  v ib ra tio n  o f  th e  tr ip o d  and of th e  co m p en sa to r, too , can  be co n 
s id e ra b ly  dam p ed , i f  one or tw o  legs are to u c h e d  w ith  han d . A 3 to  4 fo ld  d e 
crease in  th e  d am ping  tim e  o f a v ib ra tio n  g e n e ra te d  b y  a single im p u lse  w as 
ach iev ed  (for tr ip o d s  o f  p o o re r q u a lity  a s ix fo ld  one). Sim ilar experiences 
are re p o r te d  in  [2].

4. T h e  d am ping  o f  th e  v ib ra tio n  of th e  t r ip o d  head  will also be  q u ick er, 
if  th e  fa s te n in g  screw s o f  th e  legs are k e p t looser.

T h e re  w ere tw o am ong  th e  inv estig a ted  t r ip o d s ,  w here th e re  w as a p ossi
b ility  fo r  a fin e  a d ju s tm e n t o f  th e  m en tio n ed  fr ic tio n  of th e  h inges. In  th e  
t ig h te n e d  s ta te  th e  v ib ra tio n  tim e  was 7 an d  5 sec, respective ly , an d  th is  d e 
creased  to  1 an d  1.5 sec, re sp ., b y  g radual lo o sen in g . T he v ib ra tio n  a m p litu d e  
also d ec rea sed  as a consequence  of loosening.

T h e  la t te r  re su lts  also re fe r to  tr ip o d  — a n d  com pensato r v ib ra tio n s  
p ro d u c e d  b y  a single im p u lse . In  n a tu ra l w in d  w e observed  th e  p h en o m en o n  
on ly  w ith  n ak e d  eye a n d  h a v e  n o t got u n a m b ig u o u s  resu lts. T ho u g h  v ib ra 
tio n s w ere  d am p ed  q u ick e r, in  case of c o n tin u o u s  w ind-b lasts , how ever, th e  
legs k e p t  loose v ib ra te d  w ith  a v e ry  g rea t a m p li tu d e .

F o r  sake  o f an  e x a c t in te rp re ta tio n  i t  w o u ld  be  necesssry to  reco rd  th e  
v ib ra tio n s  on ta p e  an d  to  s tu d y  for a given le v e lin g  in s tru m e n t w ith  c o m p en 
sa to r  a n d  a t  a given w ind fo rce , w h a t hinge f r ic tio n  would give an o p tim u m  
v ib ra tio n  p ic tu re .
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A m plitude

a) Behaviour o f  amplitudes brought about 
by a single impulse

A fter h it t in g  a tr ip o d  w ith  th e  p en d u lu m , th e  co m p en sa to r fix e d  on it 
w ill v ib ra te  w ith  g rad u a lly  decreasing  a m p litu d e  till i t  com es to  re s t. F rom  
th e  p o in t of view  o f p ra c tic a l m easu rem en ts  th a t  tr ip o d  shou ld  be p re fe rred  
w hich v ib ra te s  w ith  sm alle r a m p litu d e  an d  has a sh o rte r  d am p in g  tim e .

V alues o f a m p litu d e  an d  d am p in g  o f th e  v ib ra tio n s  o f fo u r in v e s tig a te d  
tr ip o d s  are  rep resen ted  in  a s tep  d iag ram  on th e  basis o f th e  H o ttin g e r  records.

«
1 ?  
Cl £ 6 £ ----------tr ip o d . A*

dam ping  time 
[s e c ]

A m p litu d es w ere read  o u t from  th e  records in  m m , these  v a lu es  d ep en d  on the  
e lec tric  am p lifica tio n  used , to o  (F ig . 1). T he h ighest s tep  show s th e  in itia l 
a m p litu d e  a t  th e  m o m en t o f  h i t t in g  (0 sec). T he low er s tep s  show  th e  am p li
tu d e s  in th e  f ir s t  and  second sceonds of th e  d am ping  v ib ra tio n . F ro m  th e  second 
second  on, th e  g rap h  rem ains inc lined  till  th e  m om en t, w hen  th e  am p litu d e  
decreases to  zero.

A fte r th e  e v a lu a tio n  o f all tr ip o d s  in v e s tig a te d  (w hich are  n o t  g iven  here) 
th e  follow ing conclusions can  be d raw n :

1. T he in itia l a m p litu d e  va lu es  caused  by  an  im pulse on th e  tr ip o d  legs 
do n o t show to o  m uch  v a r ia tio n  fo r th e  d iffe ren t tr ip o d  ty p e s  ( th e  g rea tes t 
v a lu e  is only tw ice  th e  sm allest).

2. The am p litu d es  m easu red  a t  th e  end  o f th e  f irs t second  show  a 10 13-
fold d ivergence from  each  o th e r, i.e. th e  d iffe ren t tr ip o d  ty p e s  h av e  q u ite  d iffer
e n t  dam ping  tim es.

3. A t th e  end o f th e  second th e  differences betw een  th e  a m p litu d e  values 
a re  again  sm aller (5 to  8fold).
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4. T here  is a 2 — 2 ,5 fo ld  difference b e tw een  th e  ex trem e  values o f th e  
tim e s  n ecessary  for to ta l  d a m p in g  (d isregarded  som e ex trem e ly  poor tr ip o d s).

O n th e  basis o f th e ir  v ib ra tio n s  th e  tr ip o d s  w ere ran k ed  in  a q u a lity  
o rd e r. T h is  order has n o t ch an g ed  essen tia lly  w hen  a leveling  in s tru m e n t o f a 
d iffe re n t ty p e  was p laced  on th e  trip o d s; som e ex trem e  changes occurred , 
h o w ev er. T his m eans th a t  c e r ta in  k inds of tr ip o d s  c a n n o t be proposed  in  an y  
case fo r  ce rta in  in s tru m e n ts  w ith  com pensato rs a n d  th is  c ircum stance  can be 
re v e a le d  b y  th e  in v e s tig a tio n  m eth o d  ou tlined  here .

b) Behaviour o f  amplitudes in  artificial w ind

T h e  a rtific ia l w ind  w as p ro d u ced  by  m eans o f  a h e a v y -d u ty  v e n tila to r . 
T he fo rce  o f w ind w as a d ju s ta b le . T here also w as a ce rta in  f lu c tu a tio n  in  th e  
force a n d  d irection  of th e  w in d , sim ilarly  to  n a tu ra l  w ind  cond itions.

A ccord ing  to  one o f th e  in v es tig a tio n  m e th o d s , th e  p ic tu re  o f a level rod  
w as o b se rv ed  th ro u g h  th e  te lescope  of a leveling  in s tru m e n t w ith  co m p en sa to r 
f ix e d  on  th e  trip o d  and  th e  g rea te s  w ind force, a t  w hich  th e  read in g  of th e  rod  
w as s till possible, w as d e te rm in e d . I t  should  be m en tio n ed  th a t  th e  v ib ra tio n  
a m p litu d e  o f th e  p ic tu re  o b se rv ed  w hich is in  con n ec tio n  w ith  th e  an g u la r 
tu rn  o f  th e  co m p en sa to r depends on th e  d is tan ce .

A ccord ing  to  ou r in v e s tig a tio n , in case o f  a ro d  d is tan ce  of 30 m  an d  a 
5 m /sec  w ind  velocity  th e re  w as only one tr ip o d  o u t o f fiv e , w hich could be 
u sed  to  m easu re  w ith . In  case  o f th e  sam e w ind  v e lo c ity  an d  tw e n ty  m  ro d  
d is ta n c e  fo u r ou t of th e  f iv e  w ere  a p t for m easu rem en ts . 8 m /sec w as th e  m ax i
m u m  w in d  velocity  a t  w h ich  m easu rem en ts  could  h av e  been m ade w ith  th e

F ig. 2
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b est o f th e  tr ip o d s  a t  30 m ro d  d is tan ce . A t a ro d  d istance  of 20 m  a n d  u n d e r 
sim ilar co n d itions th e  w ind v e lo c ity  could h av e  b een  increased up  to  11 m /sec.

In  course o f an o th e r in v es tig a tio n  th e  v ib ra tio n  of the  c o m p e n sa to r  
g en era ted  b y  a rtif ic a l w ind w as reco rded  on p a p e r  ta p e  w ith  a H o ttin g e r  v ib ra 
tio n  reco rder. T hese records allow ed severa l k in d s  o f in te rp re ta tio n s , som e of 
w hich  w ill be given below:

F igu re  2 show s th e  m ax im u m  a m p litu d e s  received  for th e  d if fe re n t t r i 
pods in  th e  tim e  in te rv a ls  [0 — t] (t =  1; 2; . . . sec).

I t  is easy  to  see on th e  d iag ram  th e  tim e  w h en  th e  m ax im um  a m p litu d e  
occurred  in th e  tim e  in te rv a l [0 10 sec] an d  t h a t  w h a t was its  v a lu e . W hen
ran k in g  accord ing  to  q u a lity , t h a t  tr ip o d  m u st be  regarded  b e tte r , fo r  w hich  
th e  m ax im u m  am p litu d e  w as sm aller an d  o ccu rred  la te r . F rom  th e  o ccu rren ce  
tim e  of th e  m ax im um  a m p litu d e  conclusions can  be draw n on th e  d am p in g  
ch a rac te ris tic s  o f th e  trip o d . T h a t  one, w here  th e  m ax im um  a m p litu d e  occurs 
la te r  has b e t te r  dam ping  ch a ra c te ris tic s . W ith  re sp ec t to  the  q u a li ty  o rd er 
given above, poo rer tr ip o d s  v ib ra te  w ith  a g re a te r  am plitude  and  th e ir  am p li
tu d e s  reach  th e  m ax im um  v a lu e  earlier. T h e  q u a lity  order of th e  tr ip o d s  d ea lt 
w ith  here  is: B , E , C, D , A.

In  F ig . 3 th e  10 sec in te rv a l m easu red  w as d iv ided  in to  h a lf  sec p a r ts  
and  th e  m ax im um  am p litu d e  va lu es  for each  h a lf  sec in te rva l were p lo tte d .

T he tr ip o d s  are ran k ed  in to  a q u a lity  o rd e r according to  b o th  th e  ab so 
lu te  va lu es  o f th e  a m p litu d es  an d  th e ir  o ccu rren ce  frequency . T h e  q u a lity  
o rd er is in  th is  case: B , C, A.

T he abscissa  of Fig. 4 rep re sen ts  in  m m  th e  m axim um  a m p litu d e  values 
received  a t  th e  d ifferen t tr ip o d s . T his m a x im u m  v a lu e  was d iv ided  in to  in te r 
vals  o f 0.1 m m  leng ths. T hus each  in te rv a l re p re se n ts  in tu rn  a d iffe re n t am pli-

tripod  „A” tripod „B* tripod  .C '

F ig . 3
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tu d e  v a lu e . T he o rd in a te s  o f  th e  d iagram  re p re s e n t  how  freq u en tly  th e  a m p li
tu d e  v a lu e s  belonging  to  th e  co rrespond ing  in te rv a l  have occurred  d u rin g  th e  
in v e s tig a tio n  tim e  o f 10 sec (m agn itude  d is tr ib u tio n  of th e  am p litu d es).

T h a t  tr ip o d  can  be  reg a rd ed  b e tte r , w h ere  th e  g rea test p a r t  o f  a ll a m p li
tu d e s  (100 p .c .) lies in  th e  ran g e  of th e  sm a lle s t va lu es  and th e  g re a te r  a m p li
tu d e s  o n ly  occur in  a sm all p ercen t. The q u a li ty  o rd e r is here: B, C, A.

F ro m  th e  experiences of our in v e s tig a tio n s  in  n a tu ra l w ind  we w ould 
like  to  m en tio n  th a t  th e  v ib ra tio n  of tr ip o d s  a n d  com pensators a re  caused  
f i r s t  o f  a ll b y  w in d -b las ts  occurring  a t  in c reas in g  w ind  velocity . H ere  th e  v a lu e  
o f  th e  ch an g e  is d e fin itiv e  an d  no t th e  a c tu a l v a lu e  o f the  w ind v e lo c ity  w here

tripod .A ' tr ip o d  .B ' tripod .C

F ig .  4

th e  c h a n g e  occurred . I f  th e  w ind velocity  b ecom es co n stan t or d ecreases , th e  
c o m p e n sa to r  will v ib ra te  w ith  sm aller a m p litu d e . (This is va lid  in  case o f a 
w in d  v e lo c ity  of 3 — 8 m /sec).

T h is  o b se rv a tio n  is in  accordance w ith  th e  conclusion m ade a b o u t th e  
in it ia l  a m p litu d e s  o f F ig . 1. All tr ip o d s  re a c t w ith  g rea t sen s itiv ity  to  sh o ck 
like im p u lse s , th u s  in  case o f too  fre q u e n t w in d -b lasts  field  m easu rem en ts  
becom e im possib le .

In  th e  season su ita b le  fo r geodetical m easu rem en ts  m ostly  su ch  a w ind  
occurs, w h ere  b lasts  are  n o t to o  freq u en t. In  th is  case i t  is very  im p o r ta n t  th a t  
th e  v ib ra t io n  of th e  tr ip o d  g en era ted  by  im p u lse s  should die dow n q u ick ly .

F in a lly , am ong o th e rs , th e  following can  be concluded for th e  p ra c tic e :

a) For constructors

1. T h e  v ib ra tio n  o f  tr ip o d s  can be c o n s id e ra b ly  dam ped b y  v ib ra tio n  
d a m p e rs  b u ilt  in  th e  legs. (O ne of th e  in v e s tig a te d  tripods was th e  p ro to ty p e  
o f  a m e ta l  tr ip o d  w ith  such  a special o u tf it.)
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2. M etal tr ip o d s  a lre a d y  on m a rk e t h a v e  m ore  unfavorab le  v ib ra t io n  
ch a rac te ris tic s  th a n  w ooden  tripods.

3. T he g re a t v a r ie ty  in  th e  v ib ra tio n  c h a ra c te r is tic s  of th e  in v e s tig a te d  
w ooden trip o d s  o f sim ple co n stru c tio n  p roves, how  a decisive fac to r th e  c o n 
s tru c tio n  is in  fo rm ing  an  ad v an tag eo u s or d isad v an tag eo u s  v ib ra tio n  p ic tu re . 
W e h av e  found  exce llen t qua lities even a t  w ooden  tripods o f v e ry  sim p le  
co n stru c tio n . A n im p o r ta n t  p o in t o f view  a t  th e  design could be th e  q u a li ty  
o f w ood, th e  form  o f th e  cross-section  of th e  legs, th e  fix ing  basis o f th e  legs a t 
th e  tr ip o d  head  [3], th e  p re s tra in in g  o f th e  legs.

4. A t th e  design a sm all v ib ra tio n  a m p litu d e  an d  quick  d am p in g  o f  th e  
tr ip o d s  should  be s tr iv e n  a t. T he v ib ra tio n  f re q u e n c y  is a lready  g iven  b y  th e  
u su a l tr ip o d  d im ension  an d  can n o t be easily c h a n g e d , anyw ay i t  lies fa r  en o u g h  
from  th e  v ib ra tio n  frequenc ies of th e  co m p en sa to rs , th u s less care is n eed ed  
fo r its  choice.

b) For users

1. T he tr ip o d  v ib ra tio n  can be co n sid e rab ly  decreased a t a g iven  w in d  
velo c ity , if  th e  legs are  w ell pushed  in to  th e  g ro u n d , th e  leng th  o f th e  legs is 
k e p t sh o rt an d  th e  legs are to u ch ed  w ith  h a n d . N o m easuring e rro r  w ill be 
caused b y  to u ch in g  th e  leg w ith  h and  in  case o f  a leveling  in s tru m e n t w ith  co m 
p e n sa to r  for th e  sm all t i l t  o f th e  tr ip o d  head  w h ich  is caused will be c o m p e n sa t
ed by  th e  p en d u lu m  co n stru c tio n  in  th e  in s tru m e n t (supposing an  a d ju s te d  
in s tru m e n t) .

2. T he v ir tu a l v ib ra tio n  am p litu d e  o f  th e  ro d  p ic tu re  observed  th ro u g h  
th e  te lescope o f th e  leveling  in s tru m e n t w ith  co m p en sa to r depends o n  th e  
d is tan ce  of th e  rod . T h u s, in  case o f s tro n g e r w ind , w hen th e  ro d  c a n n o t be 
read  from  th e  u su a l d is tan ce , leveling can s till  be m ade by  using sm a lle r  rod  
d istances.

3. W ith  re sp ec t to  th e  dam ping  of v ib ra tio n s  genera ted  b y  w in d  i t  is 
ad v an tag eo u s  n o t to  t ig h te n  too  m uch th e  fa s te n in g  screws of th e  legs.

4. I f  m ore tr ip o d  ty p e s  are a t  d isposal, i t  shou ld  be d e te rm in ed  b y  an 
ex p erim en t w hich is th e  one on w hich th e  leve lin g  in s tru m e n t w ith  c o m p e n sa to r  
show s th e  sm allest v ib ra tio n  and th a t  tr ip o d  sh o u ld  be used th e re a f te r .

5. I t  o ccu rred  d u rin g  our in v es tig a tio n s  t h a t  th e  fric tion  a x is - jo in t of 
one o f  th e  leveling  in s tru m e n ts  got loosened. I n  consequence of th a t  th e  r o t a t 
ing  p a r t  o f th e  in s tru m e n t h ad  p lay  betw een  sm all lim its in case o f  w in d  and  
th is  caused  a s tro n g  v ib ra tio n  of th e  co m p e n sa to r  m ain ly  in th e  la te ra l  d irec 
tion . T h is p lay  an d  th e  v ib ra tio n  can be c o n sid e rab ly  dam ped by  a c o rre sp o n d 
ing a d ju s tm e n t o f th e  h o rizo n ta l ta n g e n t screw . In  case of leveling in s tru m e n ts  
w ith  co m p en sa to rs , n am ely , fric tion  ax is - jo in t an d  horizon ta l ta n g e n t screw  
w ith  in fin ite  tu rn in g  are  app lied  in  general. I f  th e  ta n g e n t screw is in  su c h  a
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p o s itio n  th a t  th e  sp ind le  is in  close c o n ta c t  w ith  th e  opposite w orm  g e a r, th e  
c o n n e c tio n  betw een  th e  f ix e d  and  ro ta t in g  p a r t s  o f th e  in s tru m e n t w ill be 
m o re  rig id . This positio n  can  be easily  fo u n d  b y  a sm all tu rn  o f th e  ta n g e n t  
screw .
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ИССЛЕДОВАНИЕ КОЛЕБАНИЙ ШТАТИВОВ И КОМПЕНСАТОРОВ

Г. Б А Р Т А -Э . Х АЛ М АИ  —А . О РБА Н  

РЕЗЮМЕ

В работе описывается исследование 14 различных геодезических штативов.
Были исследованы частоты колебаний, а также их амплитуды и затухание для 

отдельных штативов и проведены опыты для редуцирования времени отклонения.
Колебание ножек штативов создавались ударами подвешенного в виде маятника 

молотка, затем с помощью искусственного ветра. Регистрация колебаний была проведена 
как фотоэлектрическим так и оптическим путем. Анализ колебаний привел нас к возмож
ности зачислять штативы в ряд, а также к некоторым необходимым сведениям.
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DIE ROLLE DES AZIMUTFEHLERS IN DER 
ZEITBESTIMMUNG DER BEOBACHTUNG VON 

MERIDIANDURCHGÄNGEN

F. BÖLCSVÖLGYI
U N T ER N EH M E N  F Ü R  GEODÄSIE UND K A R T O G R A PH IE, BU DA PEST 

[E ingegangen am 1. A ugust 1974]

In der vorliegenden Abhandlung wird gezeigt, wie die M eridiandurchganszeit vom  
Azim utfehler к beeinflußt wird, welche Größe dieses Fehlers zugelassen w erden kann, welche 
Einwirkung durch ihn auf den Uhrstand ausgeübt wird und welche U m stände bei seiner 
B estim m ung in B etracht zu ziehen sind. Es wird betont, daß die Bedingungen к I s und  
[К ] я-, 0 befriedigt werden m üssen, denn in  diesem  Fall wird der A zim utfehler bzw. dessen  
U nsicherheit auf die Z eitbestim m ung keine Einwirkung haben. D ie Abhandlung bildet 
einen Teil jener bis in die E inzelheiten gehenden Überprüfung von  Meß- und Berechnungs
m ethoden, die der A utom atisierung in der Astrogeodäsie m ittels Datenverarbeitungsanlagen  
vorangeht und das Ziel hat, säm tliche derartige Faktoren auszuschalten , die in der Verarbeitung 
eine von  Personen abhängige Erwägung erfordern.

Zwecks g en au er Z e itb es tim m u n g  w erden  im  a llgem einen  die D u rch 
gänge von  10 15 S te rn e n  d u rch  den  M erid ian  d e r B e o b a c h tu n g ss ta tio n  m it
H ilfe  en tsp rech en d  zu sam m en g este llte r M eßein rich tung  b e o b a c h te t. V on den 
M eßergebnissen w ird  d er a u f  eine ausgew äh lte  E p o ch e  E  bezogene U h rs ta n d  
A U  b e s tim m t. D ieser U h rs ta n d  A U  is t  e rfo rderlich , die O rtsze it au fg ru n d  der 
b e k a n n te n  Z u sam m en h än g e  zu bestim m en .

Die b eo b a c h te ten  M erid ian d u rch g an sze iten  sind  jed o ch  n u r  N äh eru n g s
w erte , da sie d u rch  In s tru m e n te n fe h le r , sowie d u rch  die täg lich e  A b erra tio n  
b e la s te t sind . M it R ü c k s ic h t a u f die M ayersche R ed u k tio n sfo rm e l der D u rch 
gangszeiten  la u te t  d er U h rs ta n d sw e rt:

A U  =  a  (U '  +  n s e c  Ô +  i l  +  k K )  (1)

wo A U  den U h rs ta n d , U '  die b eo b ach te te  M erid ian d u rch g an g sze it, ce die 
R ek taszen sio n  des S te rn es , i den K ip p ach sen n e ig u n g sw ert, I  den  K oeffiz ien ten  
d er K ip p achsenne igung , k  den A zim utfeh ler, К  den  K o effiz ien ten  des A zi
m u tfeh le rs , a sec ô die d u rch  K o n ta k tb re ite , d u rch  to te n  G ang d er M ik ro m eter
sch rau b e  sowie d u rch  täg lich e  A b erra tio n  v e ru rsa c h te  K o rre k tio n  b ed eu ten .

D er E in flu ß  des K o llim ationsfeh lers fä llt  bei B eo b ach tu n g en  in  zwei 
F e rn ro h rlag en  aus, bei A nw endung  e iner Q u a rzu h r is t  w egen des k le inen  U h r
ganges die R ed u k tio n  fü r  die E poche  E  a llgem ein  u n b e d e u te n d .

A ußer dem  A zim u tfeh le r k  sind  säm tliche  G lieder in  (1) b e k a n n t:  sie sind  
gegebene G rößen , M eßergebnisse u n d  In s tru m e n te n k o n s ta n te n . D ah e r be
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d e u te t  d ie  B estim m ung  d er O r tsz e it  a u f  einer B e o b a c h tu n g ss ta tio n  a u ß e r  dem  
U h rs ta n d  A U  auch die B e s tim m u n g  des A zim utfeh lers k. D a к  m it geringerer 
G e n a u ig k e it als die anderen  In s tru m e n te n k o n s ta n te n  b e s tim m t w erden  k an n , 
w u rd e n  inzw ischen  m ehrere  M e th o d en  zur B estim m u n g  en tw ick e lt. D as B e
s tre b e n  n a c h  höherer P rä z is io n  d a u e r t  auch d erzeit an.

F ü r  d ie  w eiteren  U n te rsu c h u n g e n  genüg t auch  eine k ü rzere  F o rm  von 
(1), d e sh a lb  sei fü r die, infolge d e r  In s tru m e n te n fe h le r  k o rrig ie rte  D u rch g an g s
zeit d ie  B ezeichnung

U  =  U '  -f- er sec ô i l

e in g e fü h r t ,  daher kann  d er a u f  die E poche E  bezogene U h rs tan d  in fo lgender 
F o rm  geschrieben  w erden:

A U  =  (x  — U) — k K  (2)

w obei (a  U) der sog. v o rlä u fig e  U h rs tan d  is t.
B e i Z e itbestim m ungen  is t  es ein e rstrang iges Ziel, den U h rs ta n d  A U  

m it  h ö c h s te r  V erläß lichkeit zu  b estim m en . D an eb en  is t  es jed o ch  au ch  seh r 
w ic h tig , d en  W ert к genau  zu  e rm itte ln , seinen E in flu ß  a u f  den U h rs ta n d  zu  
v e rm in d e rn , sowie den aus d e r  U nsich erh e it von  к  s tam m en d en  E ffe k t zu  
e lim in ie ren .

Der B e g r i f f  des Azimutfehlers к

W ird  das B e o b a c h tu n g s in s tru m e n t noch so so rg fä ltig  au fg este llt, w ird  
die v e r t ik a le  Zielebene des F e rn ro h re s  dennoch n ich t in  d er O rtsm erid ian eb en e  
lieg en , so n d e rn  dam it den  k le in e n  W inkel к e insch ließen . D ieser W inkel w ird  
e n tw e d e r  als In s tru m e n te n a z im u t, oder als A zim u tfeh le r beze ich n et. B ei Z e it
b e s tim m u n g e n  ist infolge d e r  h ie r  eingenom m enen R olle dieses F eh le rs  die 
B e z e ic h n u n g  »Azim utfehler« r ic h tig e r ; vom  G esich tsp u n k t d er B eo b ach tu n g  
au s i s t  je d o c h  der A u sd ruck  » In s tru m en ten az im u t«  tre ffen d er.

W eg en  des A z im utfeh le rs к  beziehen  sich die D u rch g an g sze iten  n ic h t a u f 
d en  O rtsm e rid ia n , sondern  a u f  d ie  d a m it den W inkel к  e insch ließende V e rtik a l
e b en e , so m üssen in K e n n tn is  v o n  к fü r je d e n  F a ll die K o rrek tio n en  fü r die 
D u rch g an g sze iten  b e rech n e t w erd en . A nhand  von A bb . 1 k an n  der Z u sam m en 
h a n g  zw ischen  dem A z im u tfeh le r  к  u n d  dessen E in flu ß  (к ) a u f die D u rch g an g s
ze it au fgesch rieben  w erden , w o ra u s  sich nach  [1] die K o rre k tio n  (fc) d er D u rch 
g a n g sz e it im  Falle eines k le in e n  A zim utfeh lers e rg ib t

s in  (k) =  sin к -------- . (3)
cos (3
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Abb. 1

D a к  ein  k le in e r W ert is t, w ird  d e r Z en itw inkel z im  M erid ian  geb ilde t 
u n d  w eiters die N äherungsfo rm eln  sin(fe) *=« (k) u n d  sin к  ^  к  e in g ese tz t:

D urch  die B ezeichnung:

(k) =  k
sin  z

COS Ô

К  =
sin  z

COS Ô

e rh ä lt  m an  die e infachere F orm el:

(k) =  k K ,

(4)

(5)

wo К  ein  von  der geographischen  B re ite  (p d e r S ta tio n  u n d  von  d e r D ek lin a tio n  
à des S te rnes ab h än g ig er K oeffiz ien t is t.

D er in  [1] p u b liz ie rte  u n d  a n h a n d  v o n  A bb. 1 ab le itb a re  Z u sam m en h an g

(к) — k K  +  1 k*K  (2 3 К  sin <p +  К 2) (6)
6

k a n n  auch  im  F a lle  von  größerem  k  an g ew en d e t w erden. B eze ich n e t m an  das 
zw eite G lied der rech ten  Seite m it d(k),  so k an n

(k) =  k K  +  d(k) (7)

geschrieben  w erden .
Die Z usam m enhänge  (3) (7) so llen  im  w eiteren  noch  zu r U n te rsu ch u n g

d er F rag e , bei w elchen A zim utfeh le rn  die einfache F orm el (5) n o ch  an w en d b ar 
sei, b e n u tz t w erden .
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D ie  B es t im m u n g  des Azim utfeh lers

D er A z im u tfeh le r lä ß t  sich du rch  die D u rc h g an g sb eo b ach tu n g en  zw eier 
p o ln a h e r  S te rn e  im  M erid ian  b estim m en . D iese beiden  S terne  sind  so au szu 
w äh len , d aß  eine Z e itd iffe ren z  von  12h zw ischen  ih ren  R ek taszensionen  b e s te h t. 
W ird  d e r  eine d er S te rn e  in  o b erer u n d  d er a n d e re  in  u n te re r  K u lm in a tio n  b e 
o b a c h te t ,  so k ö n n en  die b e id en  U h rs tä n d e  l a u t  (2) b e rech n e t w erden:

A U  =  (at — U) — k K  obere K u lm in a tio n

A U  =  (sc U )'  — k K ' u n te re  K u lm in a tio n

D ie  beid en  G leichungen  n ach  к au fgelöst e rh ä lt  m an:

k  =  (« U ) ' -  (« U)  ±  12h
К '  К

D iese M ethode erm ö g lich t eine von  d e r e igen tlichen  Z e itb es tim m u n g  
u n a b h ä n g ig e  B estim m u n g  von  k. E s b e d e u te t e inen  E x trem fa ll der o b g en an n ten  
M eth o d e , w enn  derselbe S te rn  m it 12h Z e itd iffe ren z  in  u n te re r  u n d  o b ere r 
K u lm in a tio n  b e o b a c h te t w ird . W egen d er g ro ß en  Z eitd ifferenz w ird  d iese 
M ethode  in  d er P ra x is  n ich t angew endet, sie h a t  n u r  th eo re tisch e  B ed eu tu n g .

Im  In - u n d  A u sland  w ird  allgem ein das b e re its  frü h er e rw äh n te  V e r
fa h re n  b e n u tz t ,  w obei d er A zim u tfeh le r m it dem  U h rs ta n d  A U  zu sam m en  b e 
s tim m t w ird . B ei d ieser M ethode m üssen zur B estim m u n g  von  A U  die M eri
d ian d u rc h g ä n g e  von  n  Z e its te rn e n  u n d  zu r B estim m u n g  von  к  m in d esten s 
ein P o ls te rn  m it g roßem  Z en itw inke l b e o b a c h te t w erden . F ü r  jed en  Z e its te rn  
k a n n  n a c h  (2) die F o rm el von  A U  au fgesch rieben  w erden , w oraus der M itte l
w ert des U h rs ta n d e s  fo lgenderw eise la u te t:

A U [ «  -  Uh  _  k [Kh
n n (9)

A us (2) e rg ib t sich fü r  den  b eo b ach te ten  P o ls te rn  fo lgender U h rs ta n d :

A U  =  (a U)P -  k K P . ( 10)

D ie In d iz e s  Z  
Zeit- u n d  P o ls te rn e .

u n d  P  in  den  G leichungen d ien en  zu r B ezeichnung d er 
Ä hnlich  zu (8) e rh ä lt m an  к la u t  (9) u n d  (10):

k  =
(* U )p

[x  — U ]z
n

( 11 )
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Aus jed em  b eo b ach te ten  P o ls te rn  k an n  ein w eite re r k -W ert b e s tim m t 
w erden . E s is t  allgem ein ü b lich , be i d er B erech n u n g  von  A U  deren  a r i th m e ti
sches M itte l als K orrek tio n  zu  verw enden . M it ev en tuellen  P ro b le m e n , die 
bei der V erw endung  der aus 3 5 P o ls te rn en  b es tim m ten  k -W erten  e n ts te h e n
k ö n n en , befassen  w ir uns sp ä te r .

D ie Rolle des A zin iu tfeh lers  bei der Z u sam m enstellu ng  
v o n  Sternprogram m en

A u ß er den  techn ischen  F o rd e ru n g e n  d e r B eo b ach tu n g  m uß  d ie G ruppe  
d e r fü r  Z e itbestim m ungen  au sg ew äh lten  S te rn e  noch w eitere  fo lgende A n fo r
d eru n g en  erfü llen :

1. D as G ew icht des b e s tim m te n  U h rs ta n d e s  A U  sowie des A z im u tfeh le rs  
к  soll das m öglichst höchste  sein . D ie aus [2] übernom m enen  G ew ich tsfo rm eln  

die aus d er ex ak ten  A u sg le ich u n g srech n u n g  gew onnen w erden  k ö n n en  
g es ta lten  sich  nach  E in fü h ru n g  der der P ra x is  en tsp rech en d en  M eßgew ichte  
p  =  1 folgenderw eise:

P au  =  "
[K ]2

[ K K ]

Pu =  [ K K ]
[ K f

n

( 12)

( 12)

2. Im  Sinne der G le ichung  (9) b e e in flu ß t к die W erte  von  A U ,  w ie fo lg t:

A u = ± « — 4 i _ k m .
n n

W enn  dah er [К ] ^  0 is t ,  e rh ä lt der v o rläu fig e  U h rs ta n d  [a t/] /r t die 
zu  [K ] p rop o rtio n a le  V erb esseru n g  k[K ]/n .  D as b e d e u te t, d aß  d e r  vo rläu fige  
U h rs ta n d  n u r  eine A n n ä h e ru n g  w ar und  d a ß  der m it diesem  W e rt aus (11) 
e rm itte lte  k -W ert ebenfalls n u r  ein  v o rläu fig e r sein k an n . D esh a lb  m u ß  die 
B erech n tin g  von  к m it dem  v erb esse rten  U h rs ta n d  w iederho lt w e rd en , was 
einen g roßen  zusätzlichen  A rb e itsau fw an d  e rfo rd e rt. D ah er is t es se h r  w ichtig , 
d aß  d e r E in flu ß  von

(14)

a u f  den  U h rs tan d  im A b so lu tw e rt k lein  sein  soll.
3. E in  w ichtiger G e s ic h tsp u n k t is t, d a ß  der U h rs ta n d sw e rt v o n  d er U n

sich e rh e it d er B estim m ung  v o n  к n ich t b e e in trä c h tig t sei, da  к  au ch  tro tz  
se iner u n v e rän d e rten  L age w äh ren d  d er B eo b ach tu n g , n ic h t a ls feh lerfrei
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b e t r a c h te t  w erden k a n n . W erden  die w ah ren  F e h le r  von  x , U ',  a, i  u n d  к in  
d e r  F o rm e l (1) der R e ih e  n a c h  m i t /la , A U ' ,  A a , A i  u n d  Ak  bezeichnet, so la u te t 
d e r  w ah re  Fehler A u  des U h rstan d es A U  n a c h  [1]:

Au  =  A x  — (A U ' -f- Aa  sec ö +  A i l  -f- A k K )

V e rn ach lä ss ig t m an  n e b e n  den w ahren F e h le r  A k  des In s tru m e n te n a z im u te s  
d ie  ü b rig en  Fehler, f ü h r t  m a n  die M eßgew ichte p  =  1 ein , u n d  v e ra llgem einert 
m a n  a u f  eine S te rn e a n z a h l n , so la u te t d e r A b so lu tw e rt der obigen F orm el:

A u = A k  J S L .  ( 1 5 )
n

A us dem  Z u sam m en h an g  folgt, d aß  d u rc h  die B efried igung d e r G lei
c h u n g  [JA] =  0 auch d e r E in f lu ß  von Ak  a u f  d en  U h rs ta n d  e lim in iert w erden  
k a n n .

I n  den G leichungen (12) (15) b e d e u te t n  die A nzahl d er Z e its te rn e
u n d  К  den A z im u tk o effiz ien ten .

E s  is t zu sehen, d a ß  in  jed em  der obigen G le ichungen  der W ert к  u n d  die 
d a m it  in  enger V erb in d u n g  s teh en d e  Sum m e [JA] e rsch e in t. Es sei d a h e r  u n te r 
s u c h t , w ie die Z u sam m en ste llu n g  des S te rn p ro g ra m m e s  du rch  к  b e e in flu ß t 
w ird , u n d  wie die d e rze itig e  F o rm  der B e o b a c h tu n g sm e th o d e , die die B e d in 
g u n g  [1A] ^  0 befried ig t, en tw ick e lt w orden  is t .

A n H and  der G ew ich tsfo rm eln  (12) u n d  (13) k a n n  folgendes fe s tg e s te llt 
w e rd e n :

a) D ie größten  G ew ich te  p AU und  p^  e rh ä lt  m an  dan n , w enn [ K K ]  die 
m ö g lich  größ ten  u n d  [1A] d ie  kleinsten  W e rte  a n n im m t. A ufg rund  dieser 
Ü b e rleg u n g en  w urde d ie  be i d e r  Z u sam m enste llung  von  S te rn p ro g ram m en  a ll
g em ein  b e n u tz te  B ed in g u n g

[ K ] ~  0

e n tw ic k e lt , die ein G le ichgew ich t der A z im u tk o effiz ien ten  К  der in  n ö rd lich e r 
u n d  sü d lic h e r  R ich tu n g  v o m  Z en it ausgew äh lten  S te rn e n  e rfo rd e rt Stern
p ro g ra m m  mit Azimutgleichgewicht.

b) U au t (12) is t das G ew ich t des U h rs tan d es  A U  d an n  am  g rö ß ten , w enn 
d er W e r t  des A z im u tk o effiz ien ten  К  k lein is t , d esh a lb  m üssen  im  S inne der 
F o rm e l К  =  sin zjcos ô a n n ä h e rn d  sy m m etrisch e  S te rn e  m it k leinen Z e n it
w in k e ln  in  nörd licher u n d  sü d lich e r R ich tu n g  v o m  Z en it b e o b ach te t w erden . 
D iese S te rn g ru p p e  d ien t z u r  B estim m ung  v o n  A U ,  w eshalb  sie als Z e its te rn e  
b e z e ic h n e t w erden.

c) Im  Sinne von (13) e rh ä l t  к dann  das g rö ß te  G ew icht, w enn sog. P o l
s te rn e  m it  großem  Z en itw in k e l u n d  großer D e k lin a tio n  b e o b ach te t w orden
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sind . Diese G ruppe  d e r G estirne d ien t n u r  z u r  B estim m ung  von  k. W ürden  
auch  diese in  die Z e itb estim m u n g  einbezogen sein , so m ü ß te  das in  [3] vorge
sch lagene G ew icht p  =  cos2d säm tlich er S te rn e  auch  in  B e tra c h t  gezogen 
w erden , da so d er E in f lu ß  der P o lste rne  ab n e h m e n  w ürde.

E s sei b e m e rk t, d aß  die B eo b ach tu n g  d e r P o ls te rn e  die m it m ax im alen  
Z en itw inkeln  u n te n  k u lm in ieren , n ich t a n g e s tre b t w erden  soll, da  d e r  sch äd 
liche E ffek t d er u n b e k a n n te n  R e frak tio n san o m alien  h ier am  g rö ß te n  is t.

Abb. 2

In  den P u n k te n  a) und  b) w urde e r lä u te r t ,  wie sich infolge des A z im u t
fehlers sowie dessen  no tw end iger B estim m u n g  die beiden G ru p p en  (Zeit- u n d  
P o ls te rn e) im  S te rn p ro g ram m  g es ta lten . N u n  sei u n te rsu c h t, w ie w eit der 
A zim u tfeh le r к bei d e r A usw ahl des Z e its te rn e  b e rü ck sich tig t w erd en  soll.

A bb. 2 ze ig t im  F alle  von S te rn en  m it versch iedenen  Z en itw in k e ln  den 
E ffe k t des m it к  b ezeichneten  A zim u tfeh le rs . D er scheinbare H im m el w urde
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aus zw ei A n sich ten  ab g eb ild e t, w obei S$t u n d  N st einen Z e its te rn  m it  sü d li
ch em  b zw . nörd lichem  Z en itw in k e l, P st u n d  P st. einen P o ls te rn  in  o b erer 
u n d  u n te r e r  K u lm ina tion  b e d e u te n . P st und  P s r  sind  in  die beiden  K u lm i
n a t io n e n  desselben G estirns.

A n h a n d  der A bb. 2 k a n n  fo lgendes fe s tg e s te llt w erden:
1. D  e r au f den U h rs ta n d  au sg eü b te  E in f lu ß  des A zim utfeh lers к  k ö n n te  

v o llk o m m e n  elim iniert w e rd en , falls jed e r b e o b a c h te te  Z eits te rn  d u rc h  den 
Z e n i tp u n k t  Z  der S ta tio n  d u rch g eh en , bzw. d er Z en itw inkel bei je d e m  S te rn  
z =  0 se in  w ürde. Die Z u sam m en ste llu n g  eines so lchen  P rogram m es is t  fü r  die 
P ra x is  u n g ü n s tig , da die d iese F o rd eru n g  e rfü llen d en  S terne n u r in  g roßen  
Z e ita b s tä n d e n  aufe inander fo lgen  k ö n n ten  und  d ie  B eo b ach tu n g  sich u n g ü n s tig  
v e rz ö g e rn  w ürde . A ufgrund  th e o re tisc h e r  Ü berlegungen  k an n  es jed o ch  w egen 
des U n b e s tim m tw e rd e n s  v o n  A U  -  wie es in  [3] von  (12) ausgehend  fe s tg e 
s te l l t  w u rd e  n ich t an g ew en d e t w erden.

2 . Z u r  V erm inderung  des a u f  den U h rs ta n d  ausg eü b ten  E in flu sses des 
A z im u tfe h le rs  scheint es eine g u te  Lösung zu se in , d aß  m an die S te rn e  in  
sü d lic h e r  u n d  nörd licher R ic h tu n g  vom  Z e n itp u n k t Z  sym m etrisch  o d e r a n 
n ä h e rn d  sy m m etrisch  b e o b a c h te t. D er k -W ert u n d  folglich auch  sein E in f lu ß  
a u f  d e n  U h rs ta n d  h a t an  den en tg eg en g ese tz ten  S e iten  des Z enits e n tg e g e n 
g e se tz te  V orzeichen .

In  d e r  P rax is k ann  die in  P u n k t  2 besch rieb en e  Lösung an g ew en d e t 
w e rd e n , w o b ei jedoch  ein schw erw iegendes P ro b lem  a u fta u c h t: ob b e i d er 
A usw ah l d e r  S terne die S y m m e trie  a u f  die Z en itw in k e l oder a u f die A z im u t
k o e ff iz ie n te n  bezogen a u fg eb au t w erd en  soll, m it a n d e ren  W orten , ob die Z e it
b e s tim m u n g e n  bei B efried igung  des Z en itg le ichgew ich tes [z] г=̂  0 o d e r des 
A z im u tg le ich g ew ich tes  [K ] 0 erfo lgen sollen. Z u r  E n tsch e id u n g  d er F ra g e
sind n a tü r l ic h  die bei der Z u sam m en ste llu n g  d e r S te rn p ro g ram m e f rü h e r  e r 
ö r te r te n  G esich tsp u n k te  m aß g eb en d .

D ie b e i der A ufstellung  d e r  G le ichgew ich tsbed ingungen  an g ew en d e ten  
V o rze ich en  s in d :

b e i sü d lich en  S te rnen  z u n d  К  p o sitiv ,
b e i n ö rd lich en  S te rnen  z  u n d  К  n eg a tiv .
Z u n ä c h s t  sei der F all u n te rs u c h t , bei dem  d er S ch w erp u n k t der Z e its te rn e  

im Z e n it l ie g t, d. h. die B e d in g u n g  [s] 0 b e fried ig t is t. D en A z im u tfeh le r к
au f A b b . 2 b e tra c h te n d  sch e in t es, als ob dessen E ffe k t du rch  diese M ethode  
v o lls tä n d ig  e lim in ie rt w äre, da  d ie  W erte  von  к süd lich  und  nö rd lich  v o m  
Z enit m ite in a n d e r  gleich sind , a b e r  en tg eg en g ese tz te  R ich tu n g en  h ab e n . In  
W irk lic h k e it  is t  jedoch , w enn m a n  die D urchgänge  in  dem  durch  к p räz is ie rten  
In s tru m e n te n v e r t ik a l  b e o b a c h te t, gerad e  infolge v o n  к  d e r F eh ler der D u rc h 
g angsze it b e i einem  nörd lichen  S te rn  v iel g rößer, als bei einem  süd lichen , m it 
dem selben  Z en itw inkel. D as is t  le ic h t einzusehen , d a  die G eschw indigkeit d e r 
sc h e in b a re n  S ternbew egung  dem  P o l zu a b n im m t, d .h . derselbe B ogen w ird
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von  einem  langsam eren  n ö rd lich en  S te rn  w äh ren d  län g ere r Z eit »zurückgelegti- 
als von  einem  schnelleren  sü d lichen . D asselbe k an n  d er zu r B e rech n u n g  des 
E ffek tes  von  к ab g e le ite ten  G leichung (fc) =  k K  en tn o m m en  w erd en , da im 
F a lle  von  z$ =  %n  die A z im u tk o effiz ien ten  X  d er zwei S te rn e  v e rsch ied en  sind. 
B e tra c h te t  m an das v o lls tä n d ig e  S te rn p ro g ram m , so w ird  bei B efried igung  
der B ed ingung  [z] я^ О, [X ] 0 sein; das k an n  im  S inne d er G le ichung  (9) die
V erän d eru n g  des v o rläu fig en  U h rs tan d es , sowie die W ied erho lung  d e r B erech 
n u n g  v e ru rsach en , im  S inne v o n  (15) jed o ch  k a n n  au ch  d er B estim m u n g sfeh le r 
des In s tru m e n te n a z im u ts  zu r G eltung  kom m en.

W enn  das S te rn p ro g ra m m  m it R ü ck sich t a u f  die B efried ig u n g  d er B e
d ingung  des A zim utg le ichgew ich tes [X ] я« 0 zu sam m en g este llt w ird , so er
h ä lt  d er vo rläu fig e  U h rs ta n d  keine K o rrek tio n , d a h e r m uß  die B erechnung  
auch  im  F alle  eines großen  fc-W ertes n ich t w iederho lt w erden  u n d  d e r  Feh ler 
А к des In s tru m e n te n a z im u ts  h a t  ebenfalls ke inen  E in flu ß  a u f  den  U h rs tan d . 
D eshalb  w ird  in  der e inheim ischen  P rax is  auch  d e rze it die B efried igung  der 
B ed ingung  [X ] я« 0 an g ew en d e t, obw ohl d u rch  die e ingehenden  U n te rsu c h u n 
gen in  [3] nachgew iesen w u rd e , d aß  das G ew icht p äU des U h rs ta n d e s  im  
F a lle  d er B efried igung d er B ed ingung  [г] я« 0 des Z en itg le ichgew ich tes größer 
is t. D ie A nw endung  der B ed in g u n g  [X ] f«  0 w ird  auch  in  [4] u n d  [5] em pfohlen .

In  diesem  Z u sam m en h an g  k an n  die F rag e  g este llt w erd en , ob die Be
s tim m u n g  von  к ü b e rh a u p t no tw en d ig  sei, w enn im  F a lle  d er B efried igung  der 
B ed ingung  [К ] я*=< 0, bei den  b eo b ach te ten  S te rn g ru p p en  d e r U h rs tan d sw ert 
nach  d er K o rrek tio n  u n v e rä n d e r t  b le ib t. K en n tn is  von  к is t  je d o c h  u n b ed in g t 
n o tw en d ig , weil die s te rnenw eise  b erech n e ten  U h rs tä n d e  m it den  G rößen  (k) =  
=  k K  k o rrig ie rt w erden  m ü ssen , um  die M essungskorrek tionen

U A U , - [ A U t ]

b ilden  zu  können . Die K e n n tn is  le tz te re r  is t näm lich  u n e n tb e h rlic h

zur B erechnung  des m ittle re n  Feh lers m AV des aus S te rn g ru p p e n b e o b a ch 
tu n g e n  e rm itte lte n  U h rs ta n d e s  A U ,

zu r Q u a litä tsk o n tro lle , fa lls z. B . das M axim um  der W erte  a u f  em piri
schem  W ege b e s tim m t w o rd en  is t,

zu r B erechnung  d er G leichung  [t>J =  0, die zu r K o n tro lle  d e r rich tigen  
B erechnung  d ien t.

N achdem  die R ic h tig k e it der A nw endung  des A zim utg leichgew ich tes 
[X ] я*»< 0 als F u n k tio n  v o n  к  b eg rü n d e t w urde , sei n u n  u n te rsu c h t, w elche wei
te ren  P rob lem e dies fü r  die Z u sam m enste llung  der S te rn p ro g ra m m e  b ed eu te t.

E s w urde  bere its  oben  dargeleg t, d aß  im  F alle  g leicher Z en itw inke l des
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s ü d lic h e n  und  nö rd lichen  Z e its te rn s  die A b so lu tw erte  d er A zim u tk o effiz ien ten  
v e rsc h ie d e n  sind, d .h . bei

zs =  zn is t I  K s I <  I K N I.

So k a n n  es Vorkom m en, d a ß  bei B efriedigung d er B ed ingung  [К ] я« 0 d e r  
A z im u tk o e ffiz ien t eines n ö rd lic h e n  S ternes m it g rößerem  Z en itw inke l zN a ls 
G eg en g ew ich t m öglicherw eise d ie B eobach tung  m e h re re r  S te rn e  m it süd lichem  
Z e n itw in k e l erforderlich  i s t ,  w as die Zahl d er sü d lich en  S te rn e  im  ganzen 
P ro g ra m m  ungünstig  e rh ö h e n  w ürde. G erade d esh a lb  w ird  d er zu r B eo b ach 
tu n g  gee igne te  S te rn b ere ich  so abgegrenzt, d aß  sü d lich  vom  Z en it auch S te rn e  
m it  g rö ß erem  Z e n ita b s ta n d  in  die B eobach tung  einbezogen  w erden . D as b e 
d e u te t  in  der einheim ischen  P ra x is  folgende G renzen :

+  11° >  z >  8 ° .

Ä h n lic h e  G renzen w erden  in  [5] em pfohlen, in  [6] w erden  diese als

+  12° >  z >  — 10°30 '

fe s tg e le g t. E ine d era rtig e  E in g re n z u n g  des S te rn b ere ich es  w ird  n ic h t von  d e r 
G le ic h u n g  (12) des U h rs tan d sg ew ich te s , sondern  v o n  d er S e iten re frak tio n  e r
fo rd e r t .

V o lls tän d ig k e itsh a lb e r w ird  h ier auch d er D ek lin a tio n sb ere ich

81° >  Ô >  72°

der z u r  B estim m ung  von  к  in  u n te re r  und  o b erer K u lm in a tio n  b e o b a c h te ten  
P o ls te rn e  angegeben. Ü b e re in s tim m en d e  D a ten  w u rd en  auch  in [4], [5] und  
[6] a n g eg eb en .

P ro b lem e  der P rax is  in  Z u sam m en h an g  m it dem  A zim utfeh ler

I m  L aufe  der P ra x is  w ird  oft die F o rd e ru n g  n ach  K en n tn is  des 
g rö ß te n  zu lässigen  W ertes des A zim utfeh lers к  o d e r der in  d er B efried igung 
des G le ichgew ich tes [К ] ^  0 zu lässigen A bw eichung  g este llt. F a lls F eh le r 
oder U n g en au ig k e iten  in  d e r B estim m u n g  w ah rg en o m m en  w erden , m uß  nach  
deren  U rsa c h e  gesucht, u n d  ü b e r  die A u sw ertu n g sm eth o d e  oder g ar ü b e r die 
A n w e n d b a rk e it  der D a te n  e n tsc h ie d e n  w erden. I n  d ieser A rb e it m ö ch ten  w ir 
diese F ra g e n  ebenfalls b e a n tw o r te n , indem  w ir d ie  G renzw erte  d er A nw end
b a rk e it  d e r  einzelnen W erte  b e rech n en  und  fü r einige P ro b lem e der P ra x is  
L ö su n g e n  Vorschlägen.
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Folgerungen bezüglich des zulässigen Wertes 
des A zim utfeh lers

1. D ie angewandten Annäherungen

D er E in flu ß  von  к a u f  den U h rs ta n d  w ird  la u t  (5) aus der A n n ä h e ru n g s
fo rm el

(k) =  k K

b e re c h n e t, obw ohl im  Falle eines k le ineren  k -W ertes die F o rm el (3), im  F alle  
eines g rößeren  A zim utfeh lers die F o rm el (7) die v o llständ ige  is t. E s m uß  d ah e r 
u n te rsu c h t w erden , was die A n n äh eru n g  sin к ^  к in  F o rm el (3), sow ie die 
V ernach lässigung  hei der B ildung  des Z en itw inkels z b e d e u te t. E s m u ß  eb en 
falls b e k a n n t sein, w elchen W ert das in  (7) ve rn ach lässig te  G lied d(k)  a n n e h 
m en kan n .

a) D ie A n n äh eru n g  sin к ^  к  b e d e u te t a n h a n d  der G leichung

sin (15fes) =  fcs ——
в"

au ch  im  F alle  des als se ltenen  E x tre m w e rt angenom m enen  W e rt к — 60s 
b is in  die fü n fte  D ezim alstelle  keine V ernach lässigung .

b) In  V erb in d u n g  m it A bb. 1 w urde  b e re its  e rw äh n t, d aß  d er Z e n it
w inke l z a u f  den M eridian bezogen g eb ilde t w u rd e , obw ohl die G le ichung  (3) 
d iesen  a u f  die m it dem  A zim u tfeh le r к c h a ra k te ris ie rte  V ertik a le  bezogen  e r
fo rd e r t N ach  der A bbildung  w urde  die D ifferenz Az  zw ischen den  beid en  Z en it
w ink e ln  m it der in  [1] angegebenen  P o ten z re ih e :

Az =  z —  г« =  A uA t -f- B 0 —-— f- . . .

e rm itte lt .  D ie U n te rsu ch u n g  w urde  bei к  60s m it den a u ftre te n d e n  E x tre m 
w e rte n  der b e o b ach te ten  Z eit- u n d  P o ls te rn e  d u rch g e fü h rt, w obei d ie  m ax i
m ale  A bw eichung z =  0 ,0002s b e tru g .

c) D ie F o rm  des in  (7) v e rn ach lä ss ig ten  W ertes d(k)  in  Z e itsek u n d en  
la u te t  n ach  [1]:

d ( k f  =  0,000 8814s K{ 2  — 3К  sin  99 -f- К 2)
к5

100

3

In  derse lben  A b h an d lu n g  is t auch  eine T abelle  zu finden , die in  A b h än g ig k e it 
von  cp u n d  ô die G renzen an g ib t, bis w elchen die W erte  d ( k f  v e rn a c h lä ss ig t 
w erden  können . L a u t d ieser T abelle  b ra u c h t m an  in  U ngarn  hei A zim u tfeh le rn  
к  <  70s diesen W ert n ich t in  B e tra c h t zu nehm en .

D as u n te r  a) c) G esagte k a n n  folgenderw eise zu sam m en g efaß t 
w erd en : N eben dem  in der e inheim ischen  P rax is  v o rk o m m en d en  g rö ß ten
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Tabelle I

к  sec  

1

Bogen- [К ] /п -*
0,001 0.002 0,003 0.004 0,005 0,006 0,008 0,010

se k u n d  [ Ä~ ]-»

l 0.012 0.024 0,036 0,048 0,060 0,072 0,096 0,120

од 1,5 0 ,001 0 ,0 0 1 0 ,001

0 ,2 3 ,0 0 ,0 0 1 0 ,001 0 .001 0 ,0 0 1 0 ,0 0 2 0 ,0 0 2

0 ,3 4 ,5 0 ,0 0 1 0 ,0 0 1 0 ,001 0 ,0 0 2 0 ,0 0 2 0 ,0 0 2 0 ,0 0 3

0 ,4 6 ,0 0 ,001 0 ,001 0 ,0 0 2 0 ,0 0 2 0 .0 0 2 0 ,0 0 3 0 ,0 0 4

0 ,5 7 ,5 0 ,001 0 ,0 0 1 0 ,001 0 ,0 0 2 0 ,0 0 2 0 ,0 0 3 0 ,0 0 4 0 ,0 0 5

0 ,6 9 ,0 0 ,001 0 ,0 0 1 0 ,0 0 2 0 ,0 0 2 0 ,0 0 3 0 ,0 0 4 0 ,0 0 5 0 ,0 0 6

0 ,7 10,5 0 ,001 0 ,0 0 1 0 ,0 0 2 0 ,0 0 3 0 ,0 0 4 0 ,0 0 4 0 ,0 0 6 0 ,0 0 7

0 ,8 12 ,0 0 ,001 0 ,0 0 2 0 ,0 0 2 0 ,0 0 3 0 .0 0 4 0 ,0 0 5 0 ,0 0 6 0 ,0 0 8

0 ,9 13,5 0 ,001 0 ,0 0 2 0 ,0 0 3 0 ,0 0 4 0 ,0 0 4 0 ,0 0 5 0 ,0 0 7 0 ,0 0 9

1,0 15,0 0 ,001 0 ,0 0 2 0 ,0 0 3 0 ,0 0 4 0 ,0 0 5 0 .0 0 6 0 ,0 0 8 0 ,0 1 0

2,0 3 0 ,0 0 ,0 0 2 0 ,0 0 4 0 ,0 0 6 0 ,0 0 8 0 ,0 1 0 0 ,0 1 2 0 ,0 1 6 0 ,0 2 0

3 ,0 4 5 ,0 0 ,0 0 3 0 ,0 0 6 0 ,0 0 9 0 ,0 1 2 0 ,0 1 5 0 ,0 1 8 0 ,0 2 4 0 ,0 3 0
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W e rt v o n  к k a n n  die einfache F o rm el (fc) =  k K  noch  im m er an g ew en d e t w e r
den.

2. D ie zulässige Größe des A zim utfeh lers als F u n k tio n  der K orrektion

L a u t  (9) b ee in flu ß t im  S inne des A u sd ru ck s к ■ [K]jn  der A z im u tfe h le r  
к  den  U h rs ta n d . D ie zulässige Ä n d eru n g  des U h rs tan d es  A U  w u rd e  in  [3] 
als 0,002s angegeben . D as v e ru rsa c h t in  d e r B erechnung  von к  b e re its  eine 
Ä n d e ru n g  von  0,001b, d ah e r m u ß  dessen B erech n u n g  w iederho lt w e rd en . Die 
G röße v o n  к  k a n n  n u r  als F u n k tio n  d er B efried igung  der B ed in g u n g  [X ] ^  0 
u n te rs u c h t  w erden , d ah e r sind  in  d e r T abe lle  die Ä nderungen  k [ K ] / n  des 
U h rs ta n d e s  in  A b h än g ig k e it von  к  u n d  [X ] angegeben . Die d icke L in ie  zeig t 
die G renze , en tlan g  d er die Ä n d eru n g  des U h rs tan d es  in  der B e re c h n u n g  des 
A z im u tfeh le rs  eine V erän d eru n g  von  0,00U  v e ru rsa c h t. In  der T ab e lle  w u rd en  
die W e rte  [K]/n  aus den [X ]-W erten  m it d er A nnahm e von  12 Z e its te rn e n  
b e re c h n e t. N ach  d er T abelle  is t es d a h e r seh r b eg rü n d e t, den A z im u tfe h le r  к 
u n te r  I s zu  h a lte n  u n d  die B ed ingung  [К ] я« 0 genau  zu befried igen .

3. Der E in flu ß  des Fehlers A k  des In stru m en ten a zim u ts  к

A us d er T abelle  e rh ä lt m an  eine g u te  O rien tie ru n g  auch d a rü b e r ,  wie 
d e r F e h le r  A k  des In s tru m e n te n a z im u ts  den  U h rs ta n d  b e e in f lu ß t; m a n  m uß  
b loß  im  S inne von  (15) к d u rc h  A k  e rse tz ten .

4. D ie Größe des A zim utfeh lers к vom meßtechnisclien G esichtspunkt aus

B ei d er B eo b ach tu n g  von  M erid ian d u rch g än g en  is t m an  b e s tre b t , den 
W e r t  к  u n te r  I s zu h a lte n  [2, 4, 7, 8]. N ach  p rak tisch en  E rfa h ru n g e n  b e s te h t 
d azu  im m er eine M öglichkeit. Im  allgem einen  w ird  u n d  m uß die O rtsm e rid ia n 
ebene d u rch  die genaue B estim m u n g  des A zim uts einer unbew eg lichen  Mire 
f ix ie r t  w erden . E s g ib t zwei m ögliche V erfah ren :

a) D u rch  B eo b ach tu n g  des P o la rs te rn e s  w ird  der A zim u t d e r M ire be
s tim m t; d an ach  w ird  v o r den D u rch g än g en  d u rch  V isierung d er M ire die v e r ti
ka le  Z ielebene des In s tru m e n te s  in  den  M erid ian  eingestellt, bzw . k o n tro llie r t. 
D iese M ethode w ird  in  d er e inheim ischen  P ra x is  angew endet, a b e r  sie w ird 
auch  in  [1] u n d  [8] fü r  B eo b ach tu n g en  a u f  s tab ilen  P feilern em p fo h len .

b) E s  is t sow ohl bei P assage-, als auch  bei U n iv e rsa lin s tru m e n te n  an 
w e n d b a r , daß  m an  die Mire m it g u te r  A n n äh e ru n g  im  M erid ian  a u fs te ll t  und  
d a n n  a u f  der, in  Z u sam m en h an g  m it d er G leichung (8) b esch rieb en en  W eise 
d u rc h  B eo b ach tu n g  zw eier S te rn e  den  A zim u t der In s tru m e n te n v e r tik a le  
b e s tim m t. M ißt m an  den k leinen  W inkel zw ischen der v e rtik a le n  Z ielebene der 
F e rn ro h rs  und  der R ich tu n g  n ach  d er M ire m it H ilfe des O k u la rm ik ro m e te rs , 
so e rh ä lt  m an  auch  den A zim ut d er M ire. D an ach  kann  m it H ilfe  des bew egh- 
chen  F ad en s  der A zim ut der In s tru m e n te n v e r tik a le  je d e rz e it k o n tro llie r t
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o d e r k o rr ig ie r t w erden . D a diese M ethode n a c h  [1] u n d  [3] den  A zim u t der 
M ire  b e d e u te n d  g en au e r a n g ib t als die e inm alige  B eo b ach tu n g  des P o la rs te rn s , 
g e n ü g t es, n u r Z e its te rn e  zu beobach ten .

K u rz  zu sam m en g efaß t: es g ib t kein  H in d e rn is  dafü r, daß  der A z im u t
fe h le r  к  <Z I s sei u n d  w ä h re n d  der ganzen B e o b a c h tu n g  diesen W ert b eh a lte .

D ie a u f  die Bestim m ung des A zim utfeh lers  
eim virkenden F aktoren

A m  A nfang d ieser A rb e it w urde bere its  e rw ä h n t, daß  säm tliche  I n s t r u 
m e n te n k o n s ta n te n  die be i Z e itb estim m u n g en  als K o rrek tio n  dienen 
g e n a u e r  b e s tim m t w erden  k ö n n en  als k. H ie r h a n d e lt  es sich näm lich  um  den 
g em ein sam en  E in flu ß  von  F a k to re n , die n ic h t  e in d eu tig  b e s tim m t w erden  
k ö n n e n : S e iten re frak tio n san o m a lien , die Ä n d e ru n g  des In s tru m e n te n a z im u ts , 
sow ie d ie  vom  B eo b ach te r abhäng igen  F a k to re n .

A) D er E in f lu ß  der Seitenrefraktion

M it dem  E in flu ß  d er S e iten re frak tio n  m u ß  w äh ren d  der B eo b ach tu n g en  
t ro tz  des U m standes g e re c h n e t w erden, d aß  a u f  so rgfältig  au sgew äh lten  
T ria n g u la tio n sp u n k te n  h ö h e re r  O rdnung  b e o b a c h te t w ird , denn die M essungen 
zur Z e itb e s tim m u n g  w erd en  n ic h t  von den M e ß tü rm e n  fü r T rian g u la tio n sm es
su n g en , so n d ern  von  e tw a  1,1 m  hohen P fe ile rn  d u rch g e fü h rt. D as P ro b lem  
w ird  n o c h  d ad u rch  e rsch w ert, d aß  sich die F e ld s ta tio n e n  oft au f W ald lich 
tu n g e n , in  d er N ähe b e w o h n te r  O rte , in O b s tg ä r te n  usw . befinden . D eshalb  
ist d e r schäd liche  E in flu ß  d e r u n b ek an n ten  R efrak tio n san o m alien  gerade  
d an n  u n v e rm e id lich , w enn  zw ecks B estim m ung  des A zim uthfeh lers P o ls te rn e  
m it g ro ß e n  Z en itw inkeln  b e o b a c h te t w erden. D er W e rt der S e iten re frak tio n  
k an n  b e i d en  B erechnungen  n ic h t  in  B e tra c h t gezogen  w erden. F alls die b e 
s tim m te n  A zim u tfeh le r v o n  a n d e ren  F eh lern  n ic h t  b e la s te t sind, k a n n  das 
V o rh an d en se in  der S e ite n re fra k tio n  e rk a n n t w erd en , d a  sie b e ije d e m  P o ls te rn  
m it d em se lb en  V orzeichen u n d  m it einer zum  Z en itw inke l p ro p o rtio n a len  
G röße a u f tr e te n  kann .

D e r schäd liche  E in f lu ß  d e r S e iten re frak tio n  k a n n  du rch  die um sich tige  
A usw ahl d e r  S ta tio n  v e rm in d e rt w erden. H o ffen tlich  h ilf t  in  der F ösung  des 
P ro b lem s d ie E in fü h ru n g  d er M eß tü rm e aus E ise n b e to n , au f denen die B eob
ach tu n g e n  in  günstiger H öhe d u rch g e fü h rt w erd en  können .

D ie E rsch e in u n g  d er S e iten re frak tio n  w eist e rn e u t  d a ra u f  h in, wie w ich 
tig  die g e n a u e  B efried igung d er B ed ingung  [К ]  0 is t , da ja  n u r d ad u rch
erre ich t w e rd e n  kan n , d aß  die U nsicherheit des In s tru m e n te n a z im u ts  im  U h r
s tan d  n ic h t  zu r G eltung kom m e.
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B ) D ie Ä nderung  des Instrum entenazim uts w ährend der Beobachtungen

D ie P fe iler der F e ld s ta tio n e n  in  U n g a rn  sind  m eistens aus B e to n , Ziegel 
u n d  H olz e rb a u t. B eim  le tz te n  h an d e lt es sich  um  ein e tw a  2,8 3,0 m
langes R u n d h o lz , das 1,7 1,9 m tie f  in  die E rd e  g estam p ft w ird . B ei B eo b ach 
tu n g e n  a u f  einem  »Holzpfeiler« b em erk t m an  o ft eine kon tin u ie rlich e  Ä n d eru n g  
des In s tru m e n te n a z im u ts , d .h . m an b e o b a c h te t bei einem  sich v e rä n d e rn d e n  
In s tru m e n te n a z im u t. E s is t anzunehm en , d a ß  dies von einer V e rd re h u n g  des 
P fe ilers  v e ru rsa c h t w ird . D er E ffek t d er V e rd reh u n g  kann  e rk a n n t  w erden , 
w enn  m an  die W erte  des In s tru m e n te n a z im u ts  к  als F u n k tio n  d er D u rc h g a n g s
ze iten  g raph isch  d a rs te llt . A ufgrund  d e r L in ie , die die P u n k te  v e rb in d e t, 
u n te rsc h e id e t m an  zw ischen P fe ile r-V erd reh u n g  a) m it s tän d ig e r G eschw ind ig 
k e it , b) m it v e rän d e rlich e r G eschw ind igkeit, c) m it v e rän d e rlich e r R ich tu n g .

Im  F alle  eines v e rän d erlich en  In s tru m e n te n a z im u ts  d a rf  als K o rrek tio n  
des U h rs tan d es  das a rith m e tisch e  M itte l d e r  A zim u tfeh le r к n ich t angenom m en  
w erden , so n d ern  es soll z. B. eine der in  [7] vorgeschlagenen M e th o d en  ange
w en d e t w erden :

der A zim u tfeh le r к soll au fg ru n d  d e r  B eobach tungen  je  e ines P o ls te r
nes, sowie der diesen einschließenden  b e id e n  Z eitsterne  b e re c h n e t u n d  zur 
K o rrek tio n  auch  h ie r angew endet w erd en ,

к  soll als S te igung  der ausg le ich en d en  G erade durch  die e x a k te  A us
g le ichungsm ethode  b e rech n e t w erden.

E s s te llt sich jed o ch  die F rage , ob  bei veränderlichem  In s tru m e n te n 
a z im u t b e o b a c h te t w erden  darf. In  [1] u n d  [5] w ird  en tsch ieden  d a fü r  S te l
lung  genom m en, d aß  Z e itb estim m u n g en  d u rc h  B eobach tung  v o n  M erid ian
d u rch g än g en  n u r  bei k o n stan tem  In s tru m e n te n a z im u t d u rc h g e fü h rt w erden 
d ü rfen , w ozu n a tü r lic h  ein unbew eglicher P fe ile r und  ein h o ch s tab ile s  In s tru 
m e n t G ru n d b ed in g u n g en  sind.

F alls sich der In s tru m e n te n a z im u t doch verändern  w ü rd e , d an n  soll 
n ic h t n ach  e iner en tsp rech en d en  In te rp re ta tio n sm e th o d e  g esu ch t, so n d ern  die 
B eo b ach tu n g sm eth o d e  v e rä n d e rt oder gew echselt w erden:

es is t ein g an g b are r W eg, w en n  v o r der B eo b ach tu n g  eines jeden  
S te rn es  die M ire m it b ek an n tem  A z im u t v is ie rt u n d  der A z im u tfeh le r  к eli
m in ie rt w ird  (n a tü rlic h  e rh ö h t sich d ab e i d er Z e itb ed arf d er M essungen be
ach tlich );

nach  [5] is t es in  solchem  F a ll zw eckm äßiger, die Z e itb e s tim m u n g  aus 
D u rch g än g en  d u rch  den  V ertik a l des P o la rs te rn s  (D öllen-M ethode) d u rch zu 
fü h ren ;

in  [1] w ird  die D u rch g an g sb eo b ach tu n g  von S te rn p a a re n  d u rch  einen 
m erid ian n ah en  V ertik a l vorgeschlagen .
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C) D ie  von  der Person des Beobachters abhängigen E ffekte

D ie  pe rso n en b ed in g ten  F a k to re n  ergeben  sich  in  e rste r L inie aus M üd ig 
k e it  u n d  ab n eh m en d er A u fm erk sam k e it be im  B eo b ach te r. D eshalb  m ü ssen  
sä m tlic h e  U m stände , die die K o n zen trie ru n g  d e r A u fm erksam keit des B eo b 
a c h te r s  w äh ren d  des N ach fü h ren s  b e e in trä c h tig e n  oder v erh in d ern , be i d er 
M essu n g  ausgeschlossen w erd en . B each ten sw ert is t  die in [8] besch rieb en e  
O rg a n is ie ru n g , w onach die B eo b ach tu n g  von  zw ei Ingen ieu ren  d u rc h g e fü h rt 
w ird ; w ä h re n d  der eine b e o b a c h te t, fü h r t  der a n d e re  das P ro toko ll. So h a t  d er 
B e o b a c h te r  n u r das N a c h fü h re n  zur A ufgabe u n d  b ra u c h t n ich t seine A u f
m e rk s a m k e it

— d e r  Z usam m en ste llu n g  des rich tigen  G leichgew ichtes
im  F alle  au fk o m m en d e r B ew ölkung d e r  schnellen  u n d  r ich tig en  A b 

ä n d e ru n g  des S te rn p ro g ram m es
d em  In s tru ie ren  des H ilfspersonals, u sw . zuzuw enden , da a lld ies v o n  

e inem  g le ich q u a lifiz ierten  M ita rb e ite r  erled ig t w ird . D er Z e itb ed arf d e r B e 
o b a c h tu n g  w ird  derweise eben fa lls  k leiner, dies v e rm in d e r t  den du rch  M ü d ig 
k e it  v e ru rs a c h te n  A u fm erk sam k e itsch w u n d . N a tü r lic h  k an n  n ach  A u s ta u sc h  
d e r B e o b a c h te r  ein zw eites S te rn p ro g ram m  b e o b a c h te t w erden.

*

I n  d e r  vorliegenden A rb e it  w urde , e n tsp re c h e n d  der P rax is , die K o m 
p le x i tä t  u n d  V ielseitigkeit des E ffek tes  vom  A z im u tfeh le r к bei den D u rc h 
g a n g sb e o b a c h tu n g e n  im  M erid ian  u n te rsu c h t, obw oh l die B estim m ung  des 
A z im u tfe h le rs  kein E ndziel so n d e rn  n u r ein Z w ischenergebnis is t. E s is t  v o n  
e n ts c h e id e n d e r  B edeu tung , a u f  die Rolle des A z im u tfeh le rs  bei der th e o re t i 
schen  U n te rsu c h u n g  der o b en g en an n ten  Z e itb estim m u n g sm eth o d e , bei d e r  
D u rc h fü h ru n g  der B eo b ach tu n g en , bei der A u sw e rtu n g  der M eßergebnisse  
u n d  b e i d e r  B erechnung  des U h rs ta n d e s  A U  b e so n d e re  A u fm erksam keit zu  
r ic h te n . E s  w urde alles zu sam m en g efaß t, w o ra u f  bei genauen Z e itb e s tim 
m u n g en  w eg en  des A zim u tfeh le rs , einer u n v e rm e id lich en  Fehlerquelle , g each 
te t  w e rd e n  m u ß . Die B ed in g u n g en  к <  U u n d  [К ]  0 m üssen als G ru n d 
regeln  e in g e h a lte n  w erden , da  so der A zim u tfeh le r a u f  den  U h rs tan d  k e in e n  
E in f lu ß  h a t  u n d  — was noch  w ich tig e r  is t d er F e h le r  der B estim m ung  d es  
A z im u tfe h le rs  im  U h rs tan d  n ic h t  zu r G eltung  k o m m t.

Z u m  S ch luß  einige W o rte  d a rü b e r , w eshalb  d ieses völlig  »abgeschlossene« 
T h em a g e w ä h lt  w urde, da ja  d ie  E n tw ick lu n g  d e r geograph ischen  O rtsb e s tim 
m u n g  im  X I X  Ja h rh u n d e r t  b e re its  abgeschlossen w o rd en  w ar: die w esen tlich en  
th e o re tis c h e n  F ragen  w u rd en  u n te rs u c h t, die p ra k tis c h e n  M ethoden a u sg e 
a rb e ite t ,  d ie  H ilfstabe llen  zu r B e rech n u n g  zu sam m en g este llt, usw. E ine E n t 
w ick lu n g  g a b  es in diesem  J a h rh u n d e r t  n u r in  d e r In s tru m e n te n te c h n ik . D ie  
A n w e n d u n g  d er e lek tron ischen  R ech en m asch in en  in  d er A strogeodäsie e r 
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fo rd e rt jed o ch  w egen den n euen  B earb e itu n g sm e th o d en  die Ü b erp rü fu n g  d e r 
k lassischen  O rtsb es tim m u n g sm eth o d en . D ieser P ro zeß  is t in m ehreren  L ä n 
dern  b e re its  abgeschlossen w orden  oder s te h t a u f  d e r T ageso rdnung  u n d  is t  a u c h  
bei u ns ak tu e ll. D ie h erköm m liche  m anuelle  A u sw ertu n g  is t u n re n ta b e l. E in e  
A u to m a tis ie ru n g  m itte ls  D a te n v e ra rb e itu n g sa n la g e n  k a n n  auch dazu b e itra g e n , 
die In g e n ie u ra rb e it zu r A nalyse  und  In te rp re ta t io n  d er D aten  sow ie zu r 
U n te rsu ch u n g  des w äh ren d  Ja h rz e h n te n  a n g e h ä u fte n  M eßm ateria ls erfo lg 
re icher e inzusetzen . In  H in b lick  a u f  die bald ige  E in fü h ru n g  der e lek tro n isch en  
D a te n v e ra rb e itu n g  w urden  in  der A b h an d lu n g  die m it dem  A zim u tfeh le r v e r 
b u n d en en  P ro b lem e e rö r te r t  u n d  die A u fm erk sam k e it a u f  die oben a n g e fü h r
te n  F es ts te llu n g en  ge len k t, da  eine »unpersönliche« V era rb e itu n g  d e re n  E in 
h a ltu n g  e rfo rd e rt.
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ОШИБКА АЗИМУТА ЕЕ РОЛЬ В ОПРЕДЕЛЕНИЯХ ВРЕМЕНИ С ПОМОЩЬЮ 
НАБЛЮДЕНИЙ МЕРИДИАННЫХ ПЕРИОДОВ

Ф . Б Ё Л Ь Ч В Ё Л Ь Д И

РЕЗЮМЕ

В настоящей статье показывается, какое влияние оказывает ошибка азимута к на 
время перехода через меридиан, каково допустимое значение этой ошибки, каково ее 
влияние на показание часов и какие обстоятельства нужно учитывать при ее определении. 
Обращаем внимание на то, что условия к <; Is и [к] ^  О должны быть удовлетворены, 
ибо в этом случае ошибка азимута или ее ненадежность не будет влиять на определение 
времени. Статья является частью подробного контроля методов измерений и вычислений, 
прешедшего автоматизации астрогеодезии при помощи ЭВМ и имеет цель устранить 
факторы, требующие в ходе оценивания зависящих от личности решений.
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AN UNBIASSED COMPARISON OF TWO METHODS 
SUGGESTED FOR THE COMPUTATION OF RESIDUAL

GRAVITY
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L. EÖTVÖS U N IV ERSITY , B U D A PEST AND G EOPHYSICAL PROSPECTING  CO. O F T H E  
H U N G A R IA N  O IL  AND GAS TRU ST

[M anuscript received June 24, 1974]

A m ethod for com putation o f residual gravity  fields suggested b y  F . St e in e r  is com
pared to the procedure using tw o-dim ensional num erical filters, reported by the present authors. 
Two-dim ensional transfer functions o f the suggested sets o f  coefficients are presented to show  
th a t Steiner’s m ethod has the follow ing disadvantageous properties: d irec tiv ity , undulations 
in  the pass-band and unnecessarily great “resolving power” . The consequences o f  the transfer 
properties are false structural trends and fictitiou s anom alies. The m ethod suggested  by the 
present authors do not suffer o f these shortcom ings. Theoretical conclusions are supported 
b y  residual maps o f tw o prospection areas.

In tro d u c tio n

T he pu rpose  of th is  p a p e r  is to  com pare  tw o  m ethods su g g ested  by  dif
fe re n t au th o rs  fo r th e  c o m p u ta tio n  o f re s id u a l g ra v ity  fie ld s . O ne o f these, 
o rig inally  called  th e  m eth o d  o f in te rp o la tio n  on th e  su rface , h a s  b een  proposed 
an d  re p e a te d ly  d iscussed b y  F . Stein er  [12, 13, 14]. S ev era l v ers io n s have 
been  w orked  o u t. I ts  new est m o d ifica tio n  w as ren am ed  “ fu lly -m a tr ix e d  m ap- 
tra n s fo rm a tio n ”  an d  i t  w as described  in  th e  pages of th e  p re s e n t jou rna l, 
in  1973 [14].

T w o-dim ensional f ilte rs  fo r co m p u tin g  residuals, on th e  o th e r  hand, 
h av e  been  derived  b y  one o f th e  p re se n t au th o rs  [5]. N o specia l n a m e  has been 
given to  th is  m eth o d . T he d e riv ed  filte rs  w ere p u t in to  p ro d u c tiv e  use in 1969 
b y  th e  G eophysical P ro sp ec tin g  C om pany  of th e  H u n g a ria n  O il a n d  Gas T ru st 
an d  c o n tr ib u te d  to  a b e tte r  geophysica l in te rp re ta tio n  in  a n u m b e r  of pros
pection  areas [3, 9]. T he th e o re tic a l fo u n d a tio n s  as well as p ra c tic a l  aspects 
of th e  ap p lica tio n s  of th e  f i lte rs  h av e  been  a p p ro p ria te ly  d iscussed  [2, 3, 6, 7, 8]. 
T he d e riv a tio n  o f th e  filte rs  to o k  in to  consid era tio n  th e o re tic a l a n d  prac tica l 
req u irem en ts  as well as th e  lim ita tio n s  o f th e  m easuring  te c h n iq u e s . P rac tica l 
re su lts  w ere convincing  eno u g h  th e re fo re  th e  p resen t a u th o rs  h a v e  no t felt 
i t  necessary  e ith e r  to  discuss th e  usefulness o f tw o -d im en sio n a l d ig ita l filters 
in  m ore d e ta il o r to  com pare  th e m  to  an y  o th e r m ethod . R e c e n tly , how ever, 
Steiner  (1973) claim ed t h a t  som e sets o f coefficients w o u ld  give b e tte r  
resu lts . T he opposite  is show n in  th is  p ap er.

In  o rd er to  prove th e  su p e rio rity  o f his m e th o d  S te in e r  show ed some 
curves in te n d e d  to  rep re sen t re s id u a l fie lds o f hom ogeneous sp h eres  w ith  mass
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c e n tre s  a t  various dep ths r a n g in g  from  4s to  10s (w here  s deno tes th e  m easu re
m e n t in te r v a l  or grid spacing). T h e se  are Figs 2 a n d  3 o f  th e  c ited  p ap e r [13]. 
T h is w a y  o f p resen ta tion  h id es  m o s t of the sh o rtco m in g s o f his sets of coeffi
c ien ts . O n e  dim ensional cu rv es  m a k e  th e  im pression  as i f  th e  tra n sfe r  p ro p e r
ties o f  th e  form ulas w ere in d e p e n d e n t of d ire c tiv ity . B u t th e  a u th o r n ev e r 
p ro v es  t h a t  a one-dim ensional p re sen ta tio n  is ju s t if ie d  an d , as a m a tte r  of 
fa c t, a ll  o f  his sets of co e ffic ien ts  do have d ire c tiv ity .

T h e  g rav ity  fields due  to  h is  m odel spheres, on  th e  o th e r h an d , are  so 
p o o r in  h ig h  frequencies t h a t  th e  p ro d u c ts  of th e  s p e c tra  o f th e  fields an d  th e  
t r a n s f e r  fu n c tio n s  conceal th e  d isad v an tag eo u s tr a n s fe r  p ro p ertie s  in  th e  h igh  
f re q u e n c y  range. The p a p e r c la im s  also th a t  th e  “ re so lv in g  pow er”  of S te in e r’s 
m e th o d  is  g rea te r th a n  th a t  o f  th e  filte rs  used b y  K o v á c s  an d  M e s k ó . I t  is
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Fig. 2. T ra n s fe r  fu n c tio n  of a s e t  o f  coefficien ts suggested  by  F . St e in e r  (t =  4, 10s)

th e  only a rg u m e n t by  w hich  S te in e r believes to  p ro v e  th a t  h is m e th o d  is 
b e tte r .

T he reso lv ing  pow er, h o w ev er, can  be m ade as g rea t as one w a n ts  b y  
a p p ro p ria te  en hancem en t o f th e  h ig h -freq u en cy  ran g e , [10] on one h a n d , an d  
i ts  excessive increase d e te r io ra te s  th e  q u a lity  o f th e  re sid u a l m aps in  m an y  
aspects, on th e  o ther. The g re a te r  “ resolving pow er”  o f S te in e r’s m e th o d  is 
ra th e r  a d isad v an tag eo u s p ro p e r ty .

In  th e  following sec tions th e se  th ree  p o in ts  (i.e. d ire c tiv ity , tra n s fe r  in  
h igh  freq u en cy  range and  re so lv in g  pow er) a re  d iscussed  in  som e d e ta il. Two 
p rac tica l exam ples are also show n  to  em phasize th e  conclusions d ra w n  from  
th e  p rev ious analysis.
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D irectiv ity  o f  th e  form u las

T h e  d ire c tiv ity  o f  som e residual f i lte rs  is a  w ell-know n phenom enon  
w h ich  d e te rio ra tes  th e  re su lts  b y  suggesting  f ic ti t io u s  s tru c tu ra l  tre n d s . I t  was 
called  “ dependence on o r ie n ta tio n ” in  th e  e a r ly  l i te ra tu re  [11, 1] because i t  
h as  b een  observed  t h a t  th e  tran sfo rm ed  m ap s m a y  d ev ia te  even if  th e  sam e 
fo rm u la  is applied  to  th e  sam e in p u t m ap , w h en  d a ta  are ta k e n  from  th is  
in p u t  m ap  in  d iffe ren tly  o rie n te d  grid sy stem s. T h e  s tro n g  d ire c tiv ity  o f som e 
fo rm u la s  e. g. th a t  o f th e  H en d erso n  an d  Z ie tz ’s second d e riv a tiv e  fo rm u la  as 
w ell as th e  a lm ost co m p le te  independence  on th e  d irec tio n  of o th e r  fo rm ulas, 
e. g. th e  R o sen b ach ’s fo rm u la  h av e  also b een  rea lized  [1].
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Fig. 4. Residua] gravity on the Szeged area, obtained by Steiner’s m ethod

In  th e  la s t  decade au th o rs  w ho d e riv ed  som e sets of coeffic ien ts fo r som e 
k ind  of tra n s fo rm a tio n  of g ra v ity  m aps tr ie d  to  avoid  d irec tiv ity . I t  h as  long 
heen p ro v ed  t h a t  using th e  sam e coeffic ien ts in  tho se  grid p o in ts  w h ich  are  
a t  th e  sam e d is tan ce  from  th e  reference p o in t is on ly  necessary  b u t  n o t  su ffi
c ien t for e lim in a tin g  d ire c tiv ity  [4]. I f  i t  w ere su ffic ien t all th e  sugg ested  
fo rm ulas w o u ld  be d irection  in d e p e n d e n t because  all th e  a u th o rs  u se d  th a t  
co n stra in t.

St e in e r  [13, 14], how ever, tak es  fo r g ra n te d  th a t  his sets o f  coeffic ien ts  
are  d irec tio n  in d ep en d en t w hen  illu s tra te s  th e  tra n sfe r  p ro p e rtie s  b y  one
d im ensional cu rves in stead  o f tw o -d im en sio n a l surfaces. Two d im en sio n a l sets 
o f coeffic ien ts , how ever, have  to  be in v e s tig a te d  by  m eans of tw o -d im en sio n a l 
tra n sfe r  fu n c tio n s.
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Fig. 5. R esidual gravity on the Szeged area, obtained b y  th e  numerical filters o f the present
authors

S te in e r  p u b lished  14 d iffe ren t sets o f coeffic ien ts , w hich belong to  th re e  
g ro u p s , d e n o te d  b y  t =  4, t — 2 , t =  0. T he re a so n  of th is  n o ta tio n  is t h a t  
th e  n u m e ric a l v a lue  of t co rresponds to  th e  o rd e r o f  a po lynom ial u sed  in  th e  
d e r iv a tio n  o f  th e  v a rio u s sets o f coefficients.

T h e  basic  idea  is to  f i t  a ro ta tio n  sy m m e tr ic a l surface to  th e  g ra v ity  
d a ta  w ith in  a circle of som e fix e d  rad ius b y  th e  m e th o d  of th e  le a s t m ean  
sq u a re s  a n d  th e  resid u a l a t  th e  orig in  of th e  circle is th e n  defined as th e  d e v ia 
tio n  b e tw e e n  th e  g ra v ity  d a ta  an d  th e  f i t te d  su rface  a t  th a t  p o in t. T he ra d iu s  
of th e  circ les varies be tw een  8s an d  14s.

S te in e r  cla im ed th a t  t =  4 gives th e  b e s t re su lts . ([14], F ig. 1. on p . 100).
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Tazlar

Fig. 6. Residual gra v ity  on the Tázlár area, obta ined  by Steiner’s m ethod

T h erefo re  we selected tw o se ts  from  th e  t =  4 g ro u p  fo r an  a p p ro p ria te  in v e s t i
gation.

T h e  tra n s fe r  fu n c tio n s o f th e  sets o f coeffic ien ts t =  4, 8s an d  t =  4, 
10s are show n  in  Figs 1 a n d  2. T hese sets are  o f  reasonab le  size th o u g h  still 
la rger th a n  th e  num erical f ilte rs  ro u tin e ly  used  b y  K o v á c s  and  M e s k ó .

A tw o-d im ensional tra n s fe r  fu nc tion  o f a re s id u a l filte r ta k e n  from  th e  
se t of f i l te r s  suggested b y  Meskó in  1966 a n d  re p o rte d  in  th e  pages o f  th e  p re s 
en t jo u rn a l  by Meskó a n d  K ovács in  1973 is also  show n in  Fig. 3 as a co m 
parison . I t  m ay  be of in te re s t  to  n o te  th a t  th e  size, using S te in e r’s n o ta tio n , 
is 6s.
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+
TÓzlór

Fig. 7. R e s id u a l g ra v ity  on  th e  T áz lá r  area , o b ta in e d  b y  th e  num erica l f ilte rs  o f th e  p re sen t
a u th o rs

T h e  d irec tiv ity  o f th e  S te in e r’s fo rm u las  is s ign ifican t an d  b y  no m eans 
can  b e  neg lec ted . T he f i l te r  o f th e  p re se n t a u th o rs  on th e  o th e r  h a n d  can 
re a lly  b e  te rm ed  as n o n -d irec tiv e .

T ran sfe r properties in  th e  pass-band

F ig s  1 th ro u g h  3 il lu s tra te  th e  b e h av io u r o f  th e  form ulas in  th e  p ass-b an d . 
I t  is k n o w n  from  th e  th e o ry  as w ell as fro m  p ra c tic e  th a t  th e  tra n s fe r  in  th e  
p a s s -b a n d  shou ld  be as f la t  as possible.
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T he osc illa tions of th e  tr a n s fe r  fu n c tio n  in  th a t  ran g e  change th e  re la tiv e  
w eights of v a rio u s  com ponen ts in s te a d  of passing  th em  w ith o u t a m p litu d e  and  
phase  d is to rtio n s .

T he a m p litu d e  of th e  o sc illa tio n s in  th e  p ass-b an d  is m ore th a n  30 p e r
cen t for th e  tra n s fe r  fu n c tio n s show n in  F igs 1 an d  2. T h e  tra n s fe r  fu n c tio n  
o f th e  G au ssian  filte rs  suggested  b y  th e  p re sen t a u th o rs  beh av es a lm o st ideally  
in  th e  p ass -b an d . The m ax im u m  d ev ia tio n  is less th a n  0.1 p e rc e n t fo r m ost 
p a ra m e te rs . T h e  exam ple, g iv en  as Fig. 3 (w here th e  p a ra m e te r  m is equal 
to  4) c learly  show s th a t  th e  d ev ia tio n s  from  u n ity  in  th e  p ass -b an d  are  very  
sm all.

Resolving p ow er and  p rac tica l applications

T he c ru c ia l p o in t of e v a lu a tin g  an y  m eth o d  derived  from  som e th e o re tic a l 
co sidera tion  is p rac tica l a p p lic a b ility . I t  is po in tless  e. g. to  in crease  th e  reso lv 
ing pow er i f  i t  enhances o n ly  th e  re la tiv e  w eigh ts of ran d o m  noises, m easu re
m en t e rro rs  or th a t  of th e  an o m alies  caused  by  n e a r su rface in hom ogeneities.

A r a th e r  long p rac tice  in  ro u tin e  processing  an d  in te rp re ta t io n  ta u g h t 
us th a t  g re a t  resolving p o w er co rresponds to  residua l m aps fu ll o f fic titio u s  
anom alies w hich  canno t b e  se p a ra te d  from  real s tru c tu ra l in d ic a tio n s . In  
o rd er to  d e m o n s tra te  th is  conclusion  tw o  B ouguer g ra v ity  m ap s h a v e  been 
tra n sfo rm e d  b y  using S te in e r’s fo rm ula  t  — 4, 8s.

T h e  resid u a ls  co m p u ted  from  th e  sam e in p u t d a ta  w ith  th e  f i l te rs  ro u tin ly  
used b y  th e  p resen t a u th o rs  are  given as F igs 5 an d  7. W e do n o t consider 
it  n ecessa ry  to  com m ent on th e  q u a lity  o f re su lts  o b ta in ed  b y  th e  S te in e r fo r
m ula . I t  is obvious from  F ig s  4 an d  6 th a t  th ese  m aps c a n n o t be  in te rp re te d . 
W e m ay  m e n tio n , how ever, t h a t  res id u a l m ap s (show n in F igs 5 a n d  7) o b ta in 
ed by  th e  f ilte rs  of th e  p re se n t a u th o rs  c o n tr ib u te d  to  a b e t te r  geophysical 
in te rp re ta t io n  of these tw o  p ro sp ec tio n  areas.

Conclusion

T h e  se ts  of coefficients p u b lish ed  b y  S te in er h av e  d isa d v a n ta g e o u s  tra n s 
fer p ro p e rtie s  and  are n o t a d v a n ta g e o u s  for ap p lica tio n  in  p rocessing  o f g rav 
i ty  d a ta .

*

T h e  discussion will b e  co n tin u ed  in  th e  n e x t issues.
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НЕСМЕЩЕННОЕ СРАВНЕНИЕ ДВУХ МЕТОДОВ ДЛЯ ВЫЧИСЛЕНИЯ 
РЕЗИДУАЛЬНОЙ ГРАВИТАЦИИ

А. М Е Ш К О -Ф .  КОВАЧ

РЕЗЮМЕ

Метод для вычисления резидуальных гравитационных полей, предложенный Ф. 
Штейнерым, сравнивается с методом авторов, где применяются двумерные вычислитель
ные фильтры. Показываются двумерные функции преобразования предложенных рядов 
коэффициентов с целью, чтобы показать следующие недостатки метода Штейнера: зави
симость от направления, ундуляции в полосе преобразования и слишком большая «раз
решающая способность». Вследствие свойств преобразования получаются ошибочные 
структурные направления и фиктивные аномалии, сделающие резидуальную карту не- 
интерпретируемой. Предложенный авторами метод таких недостатков не имеет. Теорети
ческие рассуждения обосновываются резидуальными картами двух исследовательских 
районов.
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НЕСКОЛЬКО ЯВЛЕНИЙ ЭЛЕКТРИЧЕСКИХ СВОЙСТВ
ГОРНЫХ ПОРОД

Ф. ЭГЕРЕР
Д О Ц Е Н Т , К А Н Д И Д А Т  Т Е Х . Н А У К , И Н С Т И Т У Т  Т Я Ж Е Л О Й  П Р О М Ы Ш Л Е Н Н О С Т И ; 

К А Ф Е Д Р А  М И Н Е Р А Л О Г И И  И  П Е Т Р О Г Р А Ф И И  М И Ш К О Л Ь Ц

[Поступило 22 июля 1974 г.]

В статье показывается, что большинство пород в естественных условиях характе
ризуется большими значениями диэлектрической проницаемости.

Значение диэлектрической проницаемости и диэлектрических потерь возрастает уже 
при значении влажности пород около 1 — 1,5%.

Изменение удельного электрического сопротивления в зависимости от давления 
очень большое.

Введение

В последнее время в Венгрии глубины скважин достигли пяти-шести 
тысяч метров. В последующее время их глубины будут достигать восьми 
тысяч метров. Поэтому, с целью изучения проблемы исследования мантии, а 
такж е физических свойств вещества недр Земли, в последнее время на нашей 
кафедре мы начали заниматься исследованиями физических свойств породы. 
Из этих работ покажем несколько результатов исследований.

Мы занимаемся физическими свойствами осадочных пород. В этой работе 
мы занимались зависимостью диэлектрической проницаемости и диэлектри
ческих потерь осадочных пород от частоты при разной влажности. Т ак ж е рас
сматривалось изменение электрического сопротивления осадочных пород в 
зависимости от давления.

1. Изучения диэлектрической проницаемости и диэлектрических
потерь породы

Как известно, диэлектрическая проницаемость материалов зависит от 
частоты электрического поля. В литературе общепринятая теория показана на 
рис. 1., по Рж евском у, Новику [1] и Пархоменко [2].

И з рисунка видно, что по мере увеличения частоты диэлектрическая  
проницаемость уменьшается.

Как известно, электрическая индукция (смещение) В и напряж енность  
электрического поля Ё  связаны с уравнением

D  =  e Ê  (1)
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Рис. 7. Теоретическое изменение диэлектрической проницаемости в зависимости от частоты
1 — структурная или макроскопическая поляризация (ес)
2 — дипольная или молекулярная поляризация (ед)
3 — атомная поляризация (еа)
4 — электронная поляризация (еэ)

где е диэлектрическая проницаемость, описанная в общем виде следующим  
тензором:

Ê11 ^12 £13
£21 ^22 f 23

£31 fi32 £33

( 2 )

Этот тензор симметричный, в котором е ,у  —  e ß

Горные породы состоят из минералов. Поэтому диэлектрическая прони
цаемость и диэлектрические потери осадочных пород зависят от их минераль
ного состава, давления, температуры, пористости и влажности. В этом 
разделе рассматривается связь м еж ду диэлектрической проницаемостью и 
диэлектрическими потерями, в зависимости от частоты при различной  
степени влажности.

По данным авторов (Н .Р . Водопьянова, Кейменлена [7, 8] и т. д.) в 
диапазоне 10 кгц — 1 мгц имеется один частотный максимум tg ôx и проис
ходит уменьшение е. На основе исследований на образцах слюды, гипса и 
талька сделан вывод, что значительный максимум диэлектрической потери в 
зависимости от частоты причиняется наличием кристаллизационной воды. 
Это ж е  является причиной минимума диэлектрической проницаемости.

Раньш е специалисты считали, что высокие значения диэлектрической  
проницаемости м огут быть наблюдены только при очень большом содерж а
нии влаги. Х оуэлл  и Ликастро на основании опытных данных рассматривали 
изменение диэлектрической проницаемости чистого песка от 10 до 10 000. 
Челидзе такж е получил значительно большее значение диэлектрической  
проницаемости и при большинстве горных пород наблюдал максимум tg  ôx 
при частотах 104— 105 гц, а в некоторых породах ещё при / <  103 гц.
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Это явление ещё нельзя считать теоретически известным. По этой при
чине мы тож е изучали диэлектрические проницаемости и потери породы, 
главным образом в случае осадочных пород, как, например, известняк и 
песчаник.

1.1 М ет о д и ка  и а п п а р а т у р а  о п р ед елен и я  диэлект рической  
п р оницаем ост и  и д и элект р и ч ески х  пот ерь

Д ля определения электрических свойств осадочных пород мы пользова
лись мостом Шеринга в интервале от 10 гц до 1 мгц. Принципиальная схема  
показана на рис. 2.

В мосте Шеринга образец с электродом м ож но рассматривать как по
следовательное соединение емкости (Сх) и сопротивления (R x).

Из условия разновесия моста получаем [6]:

где е0 диэлектрическая проницаемость вакуума (8 ,859 • 10 12 As/Vm). П осколь
ку эталонный конденсатор является воздушным конденсатором, то из со
отношений (3) и (4) получим

( 3 )

и
(4)

(5)

[ill

Рис. 2. Принципиальная схема измерительного моста
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Рис. 3. Изменение диэлектрической про
ницаемости (ег) и тангенса угла диэлектри
ческих потерь (tg <5Х) песчанника с часто

той и влажностью
1 и Г — сухой песчаник
2 и 2 ’ — песчаник с 2,15% влажности

Рис. 4. Изменение диэлектрической про
ницаемости (ег) и диэлектрических потерь 
известняка (tg ôx) в зависимости от часто

ты при разной влажности
1 — 1’ — сухой песчаник
2 — 2 ’ — влажность известняка 1,16%

где d x — расстояние пластинок измерительного конденсатора, 
d0 — расстояние пластинок эталонного конденсатора С0 

Т ангенс угла (<5Л.) диэлектрических потерь равен:
tg  ôx =  œ - C A - R 4 (6)

где со =  2 л  /  и /  — частота.
Этим методом мы произвели опыты в диапазоне частот 10— 106 гц при 

тем пературе 20°С и давлении 1 ат.

1.2. Р езульт а т ы  и зм ер ен и й  д и элект рической  проницаем ост и и 
д и элект р и ч ески х  пот ерь

И змерения диэлектрической проницаемости проводились на осадоч
ных п ор одах  (на известняках, тергелях, песчаниках и т. д.). Здесь показана, 
например, зависимость ег и tg  ôx известняков (рис. 3) и песчаников (рис. 4) от 
частоты при различной влажности.
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Рис. 5. Изменение диэлектрической про
ницаемости (ег) и диэлектрических потерь 
(tg ôx) в зависимости от частоты при раз

ной влажности

Рис. 6. Изменение диэлектрической про
ницаемости (ег) и диэлектрических потерь 
(tg 6Х) в зависимости от частоты при раз

ной влажности

Мы взяли образцы песчаников из скважины Матраверебей №61 с 
глубины 321 м [10]. Образцы известняков происходят из скважины Универ
ситетского городка города Мишкольца с глубины 285 м. Из рис. 3 и рис. 4  
мож но видеть, что чем меньше влажность (ш), тем меньше диэлектрическая 
проницаемость, а чем больше влажность, тем выше диэлектрическая прони
цаемость. Это естественно, но очень важно для нас, что эта высокая диэлек
трическая проницаемость наблюдается у ж е  при 1 — 2% влажности.

Эти результаты подчеркиваются данными, показанными на рис. 5. и 6. 
На этих рисунках показаны данные изменения и для известняков.

В наших опытах при частотах 5 • 103 =  5 • 104 гц величина tg дх пока
зывает максимум.
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Рис. 7. Изменение электрического сопротивления осадочных пород в зависимости от
давления

2. Влияние давления на электрическое сопротивление

И з литературы известно, что влияние давления на электрическое со
противление очень значительно [1, 11]. Но в литературе очень редко изучали  
удельное электрическое сопротивление осадочных пород. К ак известно, в 
Венгрии очень много осадочных пород. И х толщина достигает многих  
тысяч м етров. Поэтому мы изучали электрическое сопротивление мергелей и 
песков.
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2.1 . М ет о д и к а  изм ер ен и я  сопро т и влен и я  осадочных пород

Измерения проводились двухэлектродным методом [1]. Как известно, 
метод основан на измерении силы тока, проходящ его через испытуемый об
разец при известной разности потенциалов м еж ду  электродами.

2.2. Р езульт ат ы  и зм е р е н и й

Результаты измерений показаны на рис. 7. На рисунке можно видеть из
менение удельного электрического сопротивления мергелей и песков, про
исходящ их из различных глубин (2500; 3050; 4100; 5300; 5400 м) с маленькой  
влажностью (щ). Изменение электрического сопротивления очень больш ое. 
Влаж ности образцов маленькие, практически их мож но считать сухим и.

Выводы

Из результатов измерений можно заключить, что в естественных усло
виях большинство пород характеризуется большими значениями диэлектри
ческой проницаемости, потому что их большинство всегда содерж ит не
сколько десятых процента влажности. А в этом случае, как мы видели выше, 
значение диэлектрической проницаемости порядка 10.

Максимум tg  ôx в зависимости от частоты настолько большой, что это 
позволяет использовать диэлектрическую потерю в исследованиях, геофи
зических разведках, при подготовке руды и т. д.

Из результатов опытов можно видеть, что изменение удельного электри
ческого сопротивления в зависимости от давления очень большое. При гео
физической интерпретации геофизических данных следует считаться с этим  
явлением.
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SOME P E C U L IA R IT IE S OF ELECTRIC P A R A M E T E R S OF ROCKS

F. E G E R E R

SUM M ARY

T he paper presents argum ents that the dielectric constan t of rocks in  natural conditions  
is in  th e  m ajority  of cases very  high. A water conten t o f  on ly  about 1 to 1,5 per cent increases 
con sid era b ly  both the dielectric constan t and the loss angle. The change o f specific  electric 
c o n d u c tiv ity  is very great in  fun ction  of pressure.
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UNTERSUCHUNG DER AUS DEM 
TRIANGULATIONSNETZ DRITTER ORDNUNG 
ABGELEITETEN WINKEL ERSTER ORDNUNG

T. B E N C E -E . BO D T. LUKÁCS

IN ST ITU T F Ü R  V ERM ESSU N GSW ESEN  

[E ingegangen am 1. A ugust 1974]

Aufgrund der aus dem trigonom etrischen N etz  höherer Ordnung erh altenen  Werte 
wurde die G enauigkeit der abgeleiteten W inkel und des m it deren Hilfe geb ild eten  fik tiven  
N etzes geprüft.

Zur K ontrolle der abgeleiteten W inkel d ienten  die Prüfung der H orizontal-A bsch luß
fehler, die aufgrund der H orizontal- und W inkelssum m enbedingung bestim m ten  Differenzen  
zw ischen abgeleiteten und unm ittelbar gem essenen W inkeln, die nach A usgleichung erhaltenen  
Verbesserungen des N etzes, die aus der Seitenbedingung sich auf die A nfangsseite beziehenden  
linearen Abschlußfehler sowie einige B asisbedingungsgleichungen.

A ls Ergebnis der Untersuchung kann darauf hingewiesen werden, daß im  F alle  großer 
N etze  die Anwendung der M ethode der abgeleiteten  W inkel zweckmäßig ist, da deren Genauig
keit die der unm ittelbaren M essungen nicht nur erreicht, sondern auch übertrifft.

1. Am A nfang  d er fünfz iger J a h r e  erschienen die A rb e ite n  von  E. 
R egőczi ü b e r die E n tw ick lu n g  eines aus e inem  N etz d r i t te r  O rd n u n g  m it 
d u rc h sc h n ittlic h  6 8 km  Seiten lange ab g e le ite te n  fik tiv en  N etzes  e rs te r  O rd
n u n g  u n d  ü b er die A nw endung  d er ab g e le ite te n  W inkel [1, 2, 3, 4 ]. D ie M ethode 
b e ru h t  a u f der v o n  H azay u n d  T arczy-H ornoch zur A usg leichung  k o n tin e n 
ta le r  N etze  en tw ick e lten  sog. M ethode d e r d o m in an ten  P u n k te . L a u t  R egőczi 
s in d  die v o n e in a n d e r e tw a  30 km  e n tfe rn t  liegenden d o m in a n te n  P u n k te  
aus dem  T rian g u la tio n sn e tz  m it f>—8 km  S eiten langen  derw eise auszu w äh len , 
d a ß  n a c h  deren  im ag in ä re r V erb in d u n g  ein fik tiv es  T ria n g u la tio n sn e tz  e rste r 
O rd n u n g  en tw ick e lt w erden  k an n . D ie a u f  das G ebiet des so e n tw ic k e lte n  fik 
tiv e n  N etzes e rs te r  O rd n u n g  fa llenden  k le in en  D reiecke können  in  e in e r  G ruppe 
ausgeglichen , u n d  n ach h e r die K o o rd in a te n  d e r P u n k te  b e re c h n e n d , können 
die in n eren  W inkel des f ik tiv e n  T rian g u la tio n sn e tzes  b e s tim m t w erd en . Die 
dieses T hem a b eh an d e ln d en  A rb e iten  e rw eck ten  allgem eines In te re s s e  in  e in
heim ischen  u n d  in te rn a tio n a le n  g eo d ä tisch en  F achkreisen . D ie einheim ischen  
u n d  auslän d isch en  F o rsch er der R egőczischen  M ethode w u rd en  z u r  A bfassung 
zah lre ich er A rb e iten , bzw . zu r D u rc h fü h ru n g  th eo re tischer U n te rsu c h u n g e n  
u n d  experim en te llen  R erechnungen  a n im ie rt.

D ie W irtsc h a ftlic h k e it der M ethode, die »Sparsam keit« d e r  T rian g u la tio n  
[1] s te h t au ß er Zweifel. D eshalb  r ic h te te n  sich  die th eo re tisch en  U n te rsu c h u n 
gen u n d  experim en te llen  B erech n u n g en  in  e rs te r  Linie au f d ie  G en au ig k e its
p rob lem e des du rch  ab g e le ite te  W inke l en tw icke lten  N etzes e r s te r  O rdnung. 
E in e  Z u sam m enste llung  der d iesbezüg lichen  L ite ra tu r  is t im  L ite ra tu rv e r-
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zeichnis d er A rbeit v o n  H omorÓDI [5] zu f in d e n ; d ie  A rbeit selbst g ib t e inen  
g u te n  Ü b erb lick  ü b e r die e rz ie lten  E rgebnisse  u n d  F estste llungen .

D ie th eo re tisch en  U n te rsu ch u n g en  u n d  d ie experim en te llen  B e re c h n u n 
gen fü h r te n  im  a llgem einen  z u r  F estste llung , d a ß  d ie  G enauigkeit d er f ik tiv e n  
W in k e l d er aus k le inen  D re ieck en  abge le ite ten  g ro ß e n  Dreiecke g rö ß er o d er 
w en ig s ten s  n ich t k le in e r is t ,  a ls die der d irek t gem essen en  W inkel. D ie R egőczi- 
sche M ethode w urde sch o n  a u f  G ebieten u n te rsc h ie d lic h e r  Größe sow ohl in  
U n g a rn  [6, 7], als au ch  im  A u slan d  angew endet, z u r  A usgleichung des T r ia n g u 
la tio n sn e tz e s  e rs te r O rd n u n g  eines ganzen L a n d e s  je d o c h  noch n ich t.

Z u r  B eseitigung  k le in e re r  M ängel, die in  d em  zw ischen 1947 u n d  1952 
an g e leg ten  N etz  fe s tg e s te llt  w u rd en  sowie zw ecks A usb ildung  eines e in h e itli
chen , hom o g än en  N etzes, m u ß te  aus dem  N etz v o n  1947 du rch  dessen M o d ern i
s ie ru n g , ein  unser ganzes L andesg eb ie t ü b e rd e c k e n d es , zusam m enhängendes 
N etz  e rs te r  O rdnung  z u s ta n d e  geb rach t w erden .

D azu  w urden  die K e tten m essu n g en  n a c h  1947, sowie die in  den  Z e it
rä u m e n  1925 1945 u n d  1968 —1970 d u rc h g e fü h rte n  W inkelm essungen  v e r 
w en d e t. Zw ecks bessern  A u fb a u e s  des N etzes w u rd e n  au ch  gewisse U m p ro je k 
tie ru n g e n  d u rch g efü h rt.

Im  N etz  e rs te r O rd n u n g  w urden  m ehrere  S e iten län g en , w eiters die Sei
te n lä n g e n  d er aus den  f rü h e r  m it In v a rd ra h t  e ingem essenen  G rund lin ien  der 
L an d esv erm essu n g  e n tw ic k e lte n  D reiecken e rs te r  O rd n u n g  m it e lek tro o p tisch en  
E n tfe rn u n g sm e ß g e rä te n  gem essen .

Z u r  A usgleichung des N etzes w urden  n u r  d ie  E rgebn isse  der se it 1949 
e rfo lg ten  geograph ischen  O rtsb estim m u n g en  b e n u tz t .  S ta t t  der frü h e re n  
L ap lacesch en  P u n k te  w u rd e n  j e tz t  etw a d re im al sov ie l w ie früher ang ew en d et. 
D as derw eise  en tw icke lte  T rian g u la tio n sn e tz  e rs te r  O rd n u n g  d ien t als G ru n d 
lage des d e rze it zu r E in fü h ru n g  vorgesehenen  e in h e itlic h e n  L an d eskartensy  s tem s 
(E O T R ).

N a c h  solcher V o rg esch ich te  w urde 1970 m it  d e r  V orbereitung  d e r A u s
g leichung  des m o d ern is ie rten  L andesnetzes e rs te r  O rd n u n g  begonnen. D ie A us
g leichung  w u rd e  1973 abgesch lossen . So ergab sich  d ie  M öglichkeit die V e rlä ß 
lich k e it d e r  m it H ilfe d e r R egőczischen  M ethode a b g e le ite te n  W inkel zu k o n t
ro llieren .

E tw a  die H ä lfte  d e r D re iecke  des m o d e rn is ie rte n  N etzes e n th ä lt ab g e 
le ite te  W in k e l, deren  A n zah l 5 2 %  aller W inkel im  N e tz  b e träg t. A b gele ite te  
W inkel w u rd en  an  57%  a lle r  P u n k te  im  N etz  b e re c h n e t. An den ü b rig en  
P u n k te n  w u rd e  u n m itte lb a r  gem essen, aber au ch  im  g rö ß te n  Teil der e rs tg e 
n a n n te n  P u n k te  w u rd en  d ire k te  M essungen d u rc h g e fü h r t . D er F e rre ro sch e  
m ittle re  W inkelfeh ler des N e tze s  b e trä g t J =0 ,406 , / .

W ie  e rsich tlich  is t u n se r  T rian g u la tio n sn e tz  e r s te r  O rdnung au fg ru n d  
sow ohl seines U m fanges, als au c h  der hohen A nzah l d e r  b e n u tz te n  abg e le ite ten  
W inkel z u r  K on tro lle  d er R egőczischen  M ethode außergew öhnlich  geeignet.
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Z um  erstenm al e rg ib t sich  die M öglichkeit, d u rch  die A u sg le ich sresu lta te  eines 
au sg ed eh n ten  T rian g u la tio n sn e tzes  die w ah re  G enau igkeit d er ab g e le ite ten  
W inkel zu u n te rsu c h e n .

In  fo lgenden  h a b e n  w ir u ns das Ziel g e se tz t, au fg ru n d  d er A usg leichsre
s u lta te  zu r B eu rte ilu n g  d e r G enau igkeit d er ab g e le ite ten  W inkel im  v o rh in e in  
e in ig e  ch a ra k te ris tisch e  D a te n  zu liefern . In  d e r seit B eendung  u n d  K o n tro l- 
lie ru n g  der A usg le ichung  vergangenen  v e rh ä ltn ism ä ß ig  k u rzen  Z e it gab es 
n och  keine M öglichkeit w eitere , große A rb e it e rfo rd ern d e  d e ta illie r te  U n te r
suchungen  d u rch zu fü h ren . D ie A usgleichung d er aus den k le inen  D reiecken  
en tw ick e lten  D re ieck sg ru p p en , d. h ., die B erech n u n g  d e r a b g e le ite ten  W inkel 
w ird  h ier e ingehend  n ic h t beschrieben , n u r  die w ich tig sten  D a te n  w erd en  ange
geben : die d u rc h sc h n ittlic h e  A nzahl der in  ein  großes D reieck  einbezogenen  
k le inen  D reiecke (d r i t te r  O rdnung) is t 24, d e r D u rc h sc h n ittsw e rt d e r m ittle re n  
F eh le r der R ic h tu n g e n  im  N etz fxn =  4 :0 ,46".

2. Die e rs te  sich  se lb st ergebende M ethode der K o n tro lle  d e r ab g e le ite ten  
W inkel is t die U n te rsu c h u n g  der H o rizo n ta lab sch lu ß feh le r an  je n e n  P u n k te n , 
w o je d e r  W inkel aus b e n a c h b a rte n  R ich tu n g en  e rs te r O rd n u n g  a b g e le ite t w urde. 
W ir haben  50 so lche P u n k te  m it d u rc h sc h n ittlic h  je  6 ab g e le ite ten  W inkeln . 
A n 52%  der P u n k te  b e tru g  die Sum m e d er A bsch lußfeh ler -(-24,242", an  
4 8 %  23, 249". D ie Sum m e der ab so lu ten  W erte  d er A b sch lu ß feh le r b e tru g
47, 491" (die a lg eb ra isch e  Sum m e 4-0,993"), d er D u rc h sc h n ittsw e rt 441,950". 
D u rch  die V erte ilu n g  d er H orizon ta l-A b sch lu ß feh le r fä llt  im  D u rc h sc h n itt  eine 
K o rre k tio n  von  4 ;0 ,158" a u f  einen ab g e le ite ten  W inkel. D ie V e rte ilu n g  der 
A bsch lußfeh ler is t  w ie fo lg t:

kleiner als 1" sind  58%  d er A bsch lußfeh ler,
zw ischen 1" u n d  2" sind  34%  der A bsch luß feh ler,
g rößer als 2" sin d  8 %  der A bsch lußfeh ler.

D er g rö ß te  A b sch luß feh le r b e trä g t -j-2,641" m it fü n f  a b g e le ite te n  W in
ke ln , sodaß die K o rre k tio n  je  W inkel an  d iesem  P u n k t  -40 ,528" is t .  D as is t 
ein  s ta rk  ab w eich en d er W ert, da die K o rrek tio n en  an  an d eren  P u n k te n  den 
W e rt 0,37" n ic h t e rre ichen  u n d  sogar n u r  bei v ie r A b sch lu ß feh le rn  über 2" 
den  W ert 0,3" ü b e rs te ig en .

Im  w eite ren  w u rd en  die aus der V erte ilu n g  der H o rizo n ta l-A b sch lu ß feh 
le r s tam m en d en  W in k e lk o rrek tio n en  m it den  m ittle re n  R ich tu n g s- u n d  W inkel
feh le rn  der d ire k te n  M essungen verg lichen . Zu diesem  Zw eck w u rd e n  die aus 
d e r S ta tio n sau sg le ich u n g  der S chreiberschen  W inkelm essungen  e rh a lte n e n  m it t 
le ren  R ich tu n g sfeh le r zusam m engeste llt. D ie m ittle re n  F eh le r d er an  denselben 
P u n k te n  in v e rsch ied en en  Z e itp u n k ten  oder a u f  versch ied en en  Z e itp u n k te n  
oder au f v e rsch ied en en  In s tru m e n ta u fs te llu n g sp u n k te n  (z. B . in  d en  einzelnen 
F e n s te rn  in  K irsc h tü rm e n ) d u rch g e fü h rten  M essungen w u rd en  e inzeln  ange-
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f ü h r t .  D e r  q u ad ra tisch e  M itte lw e rt der m ittle re n  R ich tu n g sfeh le r d er sich so 
e rg e b e n d e n  M essungen b e t r ä g t

fii =  +  0,17

d e r m it t le re  W inkelfeh ler is t  d a h e r

f*i ■ ] 2  =  ±  0,24"

D ie a u s  d e r V erte ilung  d er H o rizo n ta l-A b sch lu ß feh le r gew onnenen W in k e l
k o r re k t io n  als eine Q u a n t i tä t  vom  C h a rak te r  des m ittle re n  W inkelfeh lers 
b e tr a c h te n d ,  w eist der V erg le ich  zw ischen ab g e le ite te n  W inkeln  u n d  d ire k te n  
M essu n g en  a u f  den V orte il d e r abg e le ite ten  W in k e l h in . D as g ilt auch  fü r  den  
F a ll d e r  g rö ß ten  K o rre k tio n  v o n  0,528", da d ieser W ert n u r 2,2-m al g rößer 
is t , a ls d e r  m ittle re  W in k e lfeh le r 0,24", w obei in  d e r  P ra x is  bei d irek ten  W in k e l
m essu n g e n  auch  das d re ifach e  dessen V orkom m en k an n .

E in ig e  W orte  m üssen  n o ch  ü b er die U n a b h ä n g ig k e it d er ab g e le ite ten  
W in k e l g e sag t w erden. A us d en  D reiecken  d r i t te r  O rd n u n g  w urden  die g roßen  
(f ik tiv e n )  D reiecke so zu sam m en g este llt, daß  d ab e i das P rin z ip  in  B e tra c h t 
gezogen  w orden  is t, w onach  d ie  d o m in an ten  P u n k te  (die E c k p u n k te  d er g ro 
ß en  D re ieck e) en tw eder äu ß e re  P u n k te  oder sogar Z e n tra lp u n k te  je  eines z e n t
ra le n  S y s tem s  des e n tw ick e lten  N etzes d r i t te r  O rd n u n g  sein sollen. So w ar 
eine gew isse Ü herdeckung  d e r b e n a c h b a rten  D re ieck sg ru p p en  unv erm eid lich , 
d a h e r  s in d  die b e rech n e ten  a b g e le ite te n  W inkel v o n e in a n d e r  n ic h t u n ab h än g ig . 
N ach  d e r  F es ts te llu n g  S u d a k o w s  [8] is t jed o ch  d ie  A b h än g ig k e it u n te rg e o rd 
n e te r  B e d e u tu n g , w enn die D reieck sg ru p p e  n ic h t au s  w enig  D reiecken  b e s te h t. 
W ie b e re i ts  e rw äh n t, is t  in  u n se re m  F all die d u rc h sc h n ittlic h e  D re iecksanzah l 
24, so d a ß  d ie  abge le ite ten  W in k e l p ra k tisc h  als v o n e in a n d e r  u n ab h än g ig  b e tra c h 
te t  w e rd e n  können .

W ie  b e re its  e rw äh n t, w u rd e  w ährend  der M odern isierung  an  der G esta l
tu n g  des N etzes  e rste r O rd n u n g  im  V ergleich zu d en  frü h e ren  P län en  Ä n d e ru n 
gen v o rg en o m m en . D eshalb  w u rd e n  auch zur B estim m u n g  d er ab g e le ite ten  
W in k e l n e u e  D reiecksgruppen  zu sam m en g este llt u n d  diese — en tsp rech en d  der 
an  d en  P u n k te n  d r it te r  O rd n u n g  d u rch g e fü h rten  R ich tu n g sm essu n g en  n ach  
den  R ic h tu n g e n  ausgeglichen.

3. A n  m ehr als 50%  d er N e tz p u n k te  s teh en  u n s  g leichzeitig  die gem esse
n en  u n d  ab g e le ite ten  W inkel z u r  V erfügung . Zw ecks U n te rsu c h u n g  w u rd en  fü r  
diese P u n k te  die D ifferenzen  zw ischen  gem essenen u n d  ab g e le ite ten  W inke ln  

im  S in n e  abg e le ite te r W inkel m in u s gem essener W in k e l zusam m engeste llt.

S u m m e  der positiven  A bw eichungen
(5 1 %  d er W in k e l ) ............................................................  + 4 0 ,8 1 4 "
S u m m e  der n eg a tiv en  A bw eichungen
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(4 9 %  der W inkel) 
D u rc h sc h n ittsw e rt 
A lgebraische Sum m e 
D ie D ifferenz lieg t

zw ischen 0,0 0,25" hei 37% der W inkel.
zw ischen 0,25 0,50" bei 29% der W inkel.
zw ischen 0,50 0,75" bei 17% der W inkel,
zw ischen 0,75 1,00" bei 11% der W inkel,
ü b e r 1,00" be i 6 %  der W inkel.

D ie g rö ß te  D ifferenz b e trä g t + 1 ,9 4 1 ". Z w e id ritte l der D ifferenzen  (66% ) 
lieg t u n te r  0,5". N im m t m an  an , daß  e inerseits d irek tgem essene  u n d  abgele i
te te  W inkel dieselbe V erläß lich k e it haben  u n d  an d ere rse its  (den w ah ren  W er
te n  offensich tlich  n ic h t en tsp rech en d ) der a rith m e tisc h e  M ittel b e id e r W erte  
am  v erläß lich s ten  is t, so s in k t auch der M itte lw e rt der D ifferenzen a u f  die 
H ä lfte , d. h . a u f  + 0 ,2 1 1 " , w as n ich t einm al d en  fü r  den m ittle ren  W inkelfeh ler 
d e r d ire k te n  M essungen oben  angegebenen W e rt + 0 ,2 4 "  erre ich t. D ieser V er
gleich fä llt  fü r die ab g e le ite ten  W inkel ebenfa lls g ü n stig  aus.

4. W äh ren d  d er V o rb ere itu n g sa rb e iten  zu r N etzausg le ichung  w u rd e  für 
eine V ielzahl der P u n k te  die ex ak te  S ta tio n sau sg le ich u n g  der Serien d e r d irek t 
gem essenen R ich tu n g en  u n d  der abg e le ite ten  W inke l vorgenom m en u n d  der 
m ittle re  F eh le r der ausgeg lichenen  R ich tu n g en  b e rech n e t. Die V erläß lich k e it 
d er gem essenen R ich tu n g sse rien  und  der a b g e le ite te n  W inkel w urden  als id e n 
tisch  angenom m en. D ie in  versch iedenen  Z e itp u n k te n  und  a u f versch ied en en  
In s tru m e n te n a u fs te llu n g e n  d u rch g efü h rten  d ire k te n  M essungen, sow ie jed e r 
ab g e le ite te  W inkel w u rd en  als sep a ra te  Serien  b e tra c h te t . D er D u rc h sc h n itt 
der m ittle re n  R ich tu n g sfeh le r an  den S ta tio n e n  b e tru g  + 0 ,4 2 " , d er g rö ß te  
W ert + 0 ,7 4 " .

D ie V erte ilu n g  d e r m ittle re n  Fehler:

D er W ert lag
zw ischen 0,0 0,2" an  8%  der P u n k te ,
zw ischen 0,2 0,4" an  38%  der P u n k te ,
zw ischen  0,4 0,6" an  43%  der P u n k te ,
zw ischen  0,6 0,74" an  11%  der P u n k te .

B ezüglich  d er aus den  S ta tio n sau sg le ich u n g en  sich ergebenden  W in k e l
k o rre k tio n e n : der M itte lw e rt der W in k e lk o rrek tio n en  b e trä g t fü r  die abgele i
te te n  W in k e l + 0 ,3 1 " , fü r  die gem essenen a b e r  + 0 ,3 9 " . Die W in k e lk o rrek tio 
nen k ö n n en  e in d eu tig  n ic h t verglichen w erden , d a  die K o rrek tio n en  d e r gem es
senen  W inkel in  d er R egel aus den K o rrek tio n en  zweier aus je  e iner, m ehrere  
R ich tu n g en  e n th a lte n d e n  M eßreihe en tn o m m e n e n  R ich tu n g en  b e rech n e t 
w erden  m u ß te n . M it R ü ck s ich t a u f  diesen U m s ta n d , sowie au f die b ed e u te n d

41,883" 
±  0,422" 

1,069"
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g rö ß e re  A nzah l der a b g e le ite te n  W inkel u n d  a u f  die geringe D ifferenz zw ischen 
d en  b e id e n  M itte lw erten  k ö n n e n  w ir b e h a u p te n , daß  in  die S ta tio n sa u sg le i
c h u n g e n  die gem essenen R ic h tu n g e n  (R ich tu n g sre ih en ) u n d  die ab g e le ite ten  
W in k e l a ls  gleich v erläß lich e  D a te n  angenom m en  w orden sind. D ieses E rg eb 
n is  r e c h tf e r t ig t  ebenfalls d ie gleiche G ew ich tsan n ah m e fü r die gem essenen  
u n d  a b g e le ite te n  W inkel.

5. D ie A bschlußfeh ler d e r  aus den a b g e le ite ten  W inkeln  au sb ild b a re n  
D re ie c k e  w urden  von den  au s  der V erte ilu n g  d er H o rizo n ta l-A b sch lu ß feh le r 
g e w o n n e n e n  abgeleite ten  W in k e ln  u n d  d a n a c h  au ch  von  den n ach  d e r S ta tio n s 
a u sg le ic h u n g  v e rän d e rten  W in k e ln  e rm itte lt . I n  be iden  F ällen  w u rd e  d e r  F er- 
re ro sc h e  m ittle re  W inkelfeh ler berech n e t.

I m  e rs ten  Fall w ar

Pf = ±  0,131"

R ei 4 9 %  d e r Dreiecke b e t r ä g t  die Sum m e d e r  A bsch lußfeh ler -(-8,2919", bei 
5 1 %  -  10,818". Die S um m e d e r  A b so lu tw erte  d er A bsch lußfeh ler d e r  W inkel 
is t  1 9 ,0 3 7 ", d er d u rc h sc h n ittlic h e  A b sch luß feh le r ^ 0 ,1 2 9 " , der g rö ß te  - 1,262". 
A ls E rg e b n is  der S ta tio n sau sg le ich u n g  v e rä n d e rn  sich die W in k e l-A b sch lu ß 
feh l e r  d e r  D reiecke im  D u rc h s c h n itt  m it ^ 0 ,3 6 "  u n d zw ar e rh ö h en  sich  die 
A b sc h lu ß fe h le r  der H ä lfte  d e r  D reiecke m it in sg esam t 26,24" u n d  d ie  der 
a n d e re n  H ä lf te  v e rm in d e rte  sich  m it in sg esam t 26,54". D ie g rö ß te  V e rä n d e 
ru n g  b e t r u g  1,357". D ie V e rte ilu n g  der V e rä n d e ru n g en  der A b sch lu ß feh le r 
n a c h  G rö ß e :

E s  g ab  eine V erän d eru n g
v o n  0 0,2" bei 3 4%  d e r  D reiecks-A bsch lußfeh ler,
v o n  0,2 0,4" bei 30 %  d e r  D reiecks-A bsch lußfeh ler, 
v o n  0,4 0,6" bei 13%  d e r  D reiecks-A bsch lußfeh ler, 
g rö ß e r  als 0,6" bei 2 3 %  d e r  D reiecks-A bschlußfeh ler.
A u fg ru n d  der e rh a lte n e n  D reiecks-A bsch luß feh le r ergab die B e rech n u n g  

des F e rre ro sc h e n  m ittle ren  F eh le rs  nach  d e r S ta tio n sau sg le ich u n g :

p "f =  ±  0,290"

D ie  R e ih e  der F e rre ro sch en  m ittle re n  W in k e lfeh le r w urde noch  d u rc h  den 
m it t le r e n  W inkelfeh ler v o r d e r  N etzau sg le ich u n g :

/л'" =  ±  0,406"

sow ie d u rc h  den  m ittle ren  N e tz feh le r der A usg leichung

e rg ä n z t.
HF =  ±  0,434"
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6. E s w u rd en  die sich n ach  d e r N etzau sg le ich u n g  e rgebenden  K o rre k 
tio n en  d er in  die N etzausg le ichung  e inbezogenen , d. h. nach d er S ta tio n s a u s 
g leichung ab g e le ite ten  W inkel u n te rsu c h t u n d  zusam m engeste llt. 5 0 %  der 
ab g e le ite ten  W in k e l e rh ie lt in sg esam t -(-71,283", die anderen  5 0 %  —73,100" 
K o rrek tio n . D ie Sum m e d er A bso lu tw erte  d e r  K o rrek tio n en  b e tru g  1 4 4 ,3 8 3 " , 
d e r  D u rc h sc h n ittsw e rt d er K o rrek tio n en  ^ 0 ,3 3 " .

D ie K o rrek tio n en  h a tte n  folgende V erte ilu n g :

zw ischen 0 — 0,4" lag  70%  der K o rre k tio n e n  d er abge le ite ten  W in k e l, 
zw ischen 0,4 0,8" lag  25%  der K o rre k tio n e n  der ab g e le ite ten  W in k e l,
Ü b er 0,8" lag  5 %  d e r K o rrek tio n en  d e r  ab g e le ite ten  W inkel.
D ie g rö ß te  K o rre k tio n  b e tru g  1,410".

7. Zw ecks w e ite re r  U n te rsu ch u n g  d er abg e le ite ten  W inkel w u rd e n  die 
lin ea ren  A bsch lu ß feh le r von  50 solchen a u f  d ie  A nfangsseite  bezogenen  S e iten 
bed in g u n g en  b e re c h n e t, in  denen  säm tlich e  in  die S e itenbed ingung  au fg en o m 
m enen W inkel a b g e le ite t w orden  w aren . D ie B erech n u n g  w urde zw eim al d u rc h 
g e fü h rt, zu e rs t m it den  m it der V e rte ilu n g  d e r H orizo n ta l-A b sch lu ß feh le r 
k o rrig ie rten  W in k e ln , u n d  d an n  m it den  au s d e r S ta tio n sau sg le ich u n g  e rh a l
te n e n  W inkeln . D ie d u rch sch n ittlich e  L änge d e r A nfangsseiten  b e tru g  29 000 m. 
D er M itte lw e rt des m it der Form el

Q

(t =  die L änge der A nfangsseite , V  =  das re in e  Glied der S e iten b ed in g u n g ) 
b e rech n e ten  lin ea ren  W idersp ruches b e tru g  bei beiden  B erech n u n g en  0,18 m, 
bzw . es e rgab  sich  zw ischen beiden B erech n u n g en  n u r  eine D ifferenz v o n  in n e r
halb  1 cm , die p ra k tis c h  v e rn ach lässig t w erd en  k a n n . Dieses E rg eb n is  b e d e u te t 
eine re la tiv e  G en au ig k e it von  1/160 000. E s k a n n  d ah e r festg este llt w e rd en , daß 
eine (zw ar k leinfügige) V eränderung  d er a b g e le ite te n  W inkel a u f  d en  V erlau f 
d er E rgebn isse  w eder verbessernden , n och  v e rsch lech tern d en  E in f lu ß  g eh ab t 
h a t.

8. Z ur U n te rsu c h u n g  der V e rläß lich k e it d er f ik tiv en  W inkel w ü rd e  sich 
eine g u te  K o n tro lle  ergeben , w enn in  dem  m it abge le ite ten  W in k e ln  b ed eck ten  
Teil des N etzes m eh rere  gem essene S e iten län g en  e rs te r O rdnung  z u r  V erfügung  
s tü n d e n . E s k ö n n te n  einerseits die gem essenen  u n d  die b e re c h n e ten  L ängen , 
an d ererse its  die zw ischen den  gem essenen L än g en  au fsch re ibbaren  B asisb ed in 
gungen  en tsp rech en d e  D a ten  geben.

Die bei d er A usgleichung au fg esch rieb en en  B asislängenbed ingungen  sind 
w egen ih re r A n o rd n u n g  fü r d e ra rtig e  U n te rsu ch u n g en  n u r te ilw eise  geeignet. 
N u r 8 solche B asisbed ingungen  können  a u sg ew äh lt w erden, in  d en e n  alle  W in
kel d er Ü b ertrag sd re ieck e  abgele ite te  W in k e l sind . Bei diesen a c h t  B ed in g u n 
gen  b e tru g  d er M itte lw e rt d er re la tiv en  W e rte  d e r berechneten  lin e a re n  W ider-
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S p r ü c h e  1/182 000, w as eine g u te  Ü b e re in s tim m u n g  m it der bei den  S e ite n b e 
d in g u n g e n  nachgew iesenen re la tiv e n  G en au ig k e it v o n  1/160 000 b e d e u te t.

9. D ie E rgebnisse u n se re r  U n te rsu ch u n g en  k ö n n en  wie fo lg t z u sa m m e n 
g e fa ß t w erd en :

D e r  F errerosche m itt le re  W inkelfeh ler ( ^ 0 ,1 3 1 " )  der nu r aus a b g e le ite 
te n  W in k e ln  besteh en d en  D reiecke  ist im  g ro ß en  T rian g u la tio n sn e tz  e rs te r  
O rd n u n g  ein  ungew öhnlich  k le in e r  W ert. D as is t  d ie  na tü rlich e  Folge des U m 
s ta n d e s , d a ß  die A b sch lu ß feh le r der D reiecke h ie r  n u r  du rch  die V e rte ilu n g  d er 
H o rizo n ta l-A b sch lu ß feh le r b e e in trä c h tig t w e rd en . D er M itte lw ert le tz te re r  
is t  je d o c h  ein sehr g ü n s tig e r  W e rt: 0,95", d a ra n  h a t  offensichtlich  a u c h  die 
g eg en se itig e  A bhäng igke it zw ischen  den b e n a c h b a r te n  abgeleite ten  W in k e ln  
e in en  A n te il. Im m erh in  e rg ib t sich d arau s ein  beruh igendes B ild  ü b e r  die 
G e n a u ig k e it der ab g e le ite ten  W inkel.

D e r  M itte lw ert (JzO ,42") der m ittle ren  R ich tu n g sfeh le r der S ta t io n s a u s 
g le ich u n g en  is t ebenfalls g ü n stig . A ufgrund  d e r U n te rsu ch u n g  der R ic h tu n g s -  
bzw . W in k e lk o rrek tio n en  erw iesen  sich die d ire k t gem essenen R ich tu n g sre ih en  
u n d  d ie  abg e le ite ten  W in k e l a ls  gleich genau. D er F e rre ro sch e  m ittle re  W in k e l
feh le r ( 0 , 2 9 0 " )  der d u rc h  d ie  nach  der S ta tio n sau sg le ich u n g  gew o n n en en  
W in k e l zu sam m en g este llten  D reiecke  ist noch  im m e r ein sehr gü n stig er W e rt. 
D asse lb e  k a n n  über den  F e rre ro sch en  m ittle re n  W inkelfeh ler (^ 0 ,4 0 6 " )  des 
g an zen  N e tzes  gesagt w e rd en , d e r bereits den  E in f lu ß  säm tlicher d ire k te r  M es
su n g en  e n th ä lt .  Der aus d e r N etzau sg le ich u n g  gew onnene m ittle re  F e h le rw e rt 
v o n  ^ 0 ,4 3 4 " ,  bzw. der U m s ta n d , daß  der F e rre ro sc h e  m ittle re  F eh le r des N e t
zes s ich  n u r  um  7%  v e rsc h le c h te r te , is t re c h t b e ru h ig en d . Das zeig t, d a ß  die 
V e r lä ß lic h k e it der ab g e le ite ten  W inkel m it d e r d e r gem essenen gleich is t , die 
a b g e le ite te n  W inkel k e ine  sy s tem atisch en  F e h le r  ve ru rsach en  u n d  das N etz  
d u rc h  sie n ic h t  ve rze rrt w ird . D as  w ird  auch d u rc h  die U n te rsuchungen  b ew ie
sen, d ie  s ich  a u f  die aus den  a b g e le ite ten  W inke ln  b es teh en d en  S e ite n b e d in g u n 
gen u n d  a u f  die B ed ingungen  d er durch  die ab g e le ite ten  W inkel g e fü h r te n  
B a s is s tre c k e n  beziehen.

F e tz t l ic h  sind w ir d er A n sich t, daß a u fg ru n d  u nserer U n te rsu ch u n g en  
fo lgende  A ussagen  g este llt w e rd en  können:

1. D as ausgeglichene T ria n g u la tio n sn e tz  e rs te r  O rdnung  is t e x a k t  u n d  
m o d e rn , u n d  diente als seh r g u te  G rundlage z u r  U n te rsu ch u n g  der V e rlä ß lic h 
k e it d e r  abge le ite ten  W inkel.

2 . A u fg ru n d  der e rs te n  E rg eb n isse  des ausgeg lichenen  N etzes e rs te r  O rd 
n u n g  g ib t  die A nw endung a b g e le ite te r  W inkel k e in e n  A nlaß zu B esorgnis, im  
G eg en te il, in  F ändern  oder B undesgeb ie ten  m it äh n lich  flachen oder le ic h t 
hü g e lig en  to p o g rap h isch en  V erh ä ltn issen , wie U n g a rn , is t sie u n se re r M ei
n u n g  n a c h  em pfeh lensw ert. Sow ohl nach  u n se re n  Ergebnissen u n d  E r f a h 
ru n g en , a ls  auch  nach den  d iesbezüg lichen  A n g ab en  d e r F a c h lite ra tu r  e r re ic h t 
oder ü b e r t r i f f t  in solchen G eb ie ten  (bei A nnahm e eines genügend e x a k t g em es
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senen  N etzes d r i t te r  O rdnung) die G enau igkeit der ab g e le ite ten  W in k e l die der 
d ire k te n  M essungen.

E in e  w eitere  A n w endungsm ög lichke it der abge le ite ten  W in k e l m uß 
n och  e rw ä h n t w erden . S chw ächer gelungene, un sich er e rsch e in en d e  d irek te  
M essungen k ö nnen  m it H ilfe  d e r B erechnungen  ab g e le ite te r W inkel n ic h t n u r 
g u t k o n tro llie r t, sondern  auch  k o rrig ie rt w erden . D ieses V erfah ren  w u rd e  w äh 
re n d  d er V orbere itu n g  des N e tzes  e rs te r O rdnung  zu r A usgleichung m it E rfolg  
v e rw en d e t.
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ИССЛЕДОВАНИЕ ПРОИЗВОДНЫХ УГЛОВ В СЕТИ ПЕРВОГО КЛАССА, 
ПОЛУЧЕННЫХ ИЗ ТРИАНГУЛЯЦИОННОЙ СЕТИ ТРЕТЬЕГО КЛАССА 

Т. Б Е Н Ц Е -Э . Б О Д -Т . ЛУКАЧ

РЕЗЮМЕ

На основе величин, полученных из триангуляционной сети высшего класса, были 
исследованы точности производных углов и с их помощью образованная по ним фиктивная 
сеть.

Для контроля производных углов служили: исследование невязок горизонта, раз
ности между производных и непосредственно измеренных углов, полученных на основе 
условий горизонта и суммы углов, полученные поправки в сети после уравнивания, линей
ные невязки бокового условия, относящиеся к исходной стороне, а также некоторые усло
вия базиса.

В качестве результата исследования можно сказать, что в случае больших сетей 
целесообразно применять производных треугольников, так как их точность не только что 
достигает точность непосредственных измерений, но и повышает ее.
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IN S T IT U T  FÜ R  V ERM ESSU N GSW ESEN, BUDAPEST 

[Eingegangen am 1. A ugust 1974]

Die Studie behandelt eine unm ittelbare M ethode, die zur Lösung der in  der Geodäsie 
vorkom m enden großen M atrizen geeignet ist.

D ie M ethode wurde der Ausgleichung von L andestriangulationsnetzen angepaßt, wobei 
die allgem einen R egeln der Partitionierung von M atrizen angewendet werden. D ie  Größe der 
Subm atrizen wird von der K ern-Speicher-K apazität des Computers bestim m t.

N ach theoretischer Erörterung des Problem s wird in der Arbeit ein  in  FO R TRAN - 
Sprache abgefaßtes Program m  vorgeschlagen, das auf verschiedene R echenm aschinen leicht 
angew endet werden kann.

Bei der A usgleichung von  k o n tin e n ta le r  oder L an d es-T rian g u la tio n s- 
n e tzen  b e d e u te t die L ösung der N orm alg le ichungssystem e das g rö ß te  Problem . 
D ie A nw endung  m o d ern er le is tu n g sfäh ig e r R echenm asch inen  e rm ö g lich t eine 
gem einsam e A usg leichung, w odurch  die frü h e r  ein großes P ro b lem  bedeu tende  
geom etrische Z erlegung e rü b rig t w ird . E s e n ts te h t jed o ch  ein n eu es  P roblem : 
die ra tio n e lle  A u sn ü tzu n g  des C om pu ters. Die L ösung e in er In v e r tie ru n g s 
au fgabe, die die M öglichkeiten  der R echenm asch ine  m it geg eb en er Kern- 
S p e ic h e r-K a p az itä t ü b e r tr if f t , k a n n  n u r  du rch  H ilfsspeicher d u rch g efü h rt 
w erden . Die P e rip h e rien  erm öglichen , d aß  das G le ichungssystem  b e in ah e  ohne 
obere G renze g espeichert u n d  m a n ip u lie rt w erden k an n , u n d  es m uß  m it 
e iner so lchen m a th em a tisch en  Z erlegung zum  a rith m e tisch en  P ro zesso r w eiter
g e le ite t w erden , die vom  P rozessor ra tio n e ll und  m it e n tsp re c h e n d e r  G enauig
k e it gelöst w erden  k an n .

D as zu r In v e rtie ru n g  des N orm alg le ichungssystem s zu r V erfügung  ste
hende P ro g ra m m p a k e t g ib t bis 100 U n b e k a n n te n  eine d ire k te  L ösung  ohne 
I te ra tio n . E s w urde  no tw en d ig , eine d e ra rtig e  m a th e m a tisc h e  Z erlegung  aus
zu a rb e iten , die dem  C h a ra k te r  d er A ufgabe en tsp rech en d  die K e h rm a tr ix  ohne 
A n n äh eru n g  h e rs te llt. Es w ird  h ie r n eben  der Lösung au ch  d ie d e ta illie rte  
A b le itung  angegeben , da h ied u rch  n ich t n u r  die gegebene A u fg ab e  gelöst w er
den k o n n te , sondern  auch  eine an  einem  beliebigen C o m p u ter g u t  anw endbare 
allgem eine M ethode gew onnen w urde . D as m a th em atisch e  P rin z ip  d er Lösung 
s ta m m t von  F r o b e n i u s .

Bei den  A b le itungen  w urde  von  den  in  der G eodäsie ü b lic h e n  A lphabet- 
S ym bolen abgesehen ; die A nw endung  d e r D oppelindexen  w ar unverm eid lich . 
N achdem  h ier, vom  A lgorithm us der A usgleichung he rau sg eg riffen  n u r die

7 Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hang. 10, 1975



9 8 Â. CZOBOR-S. I. POVILAITIS

In v e r t ie ru n g  der N o rm alg le ich u n g en  b eh an d e lt w ird , b e d e u te t die V erw endung  
u n g ew ö h n lich e r Sym bole sich e rlich  keine S tö ru n g .

E s  sei eine n ic h t s in g u lä re  N orm al-M atrix  A  n - te r  O rdnung  gegeben. 
L a u t  R eg e ln  der P a r t i t io n ie ru n g  k an n  dies — w ie fo lg t in  B löcke belieb iger 
G rö ß e  zerleg t w erden:

a l l dl2 • • a lm a l ,m + l . . a ln

°21 0 22 • • a 2 m a 2 ,m + l ■ • a 2 n

0/1 0/2 • • Щт a l,m + 1 • • & ln

0(/+l)l 0(/+l)2 • • • 0(/+i)m 0(/+l)(m+l) ■■ ■ a (l+ l)n

«nl a nZ • • a nm On(m+)l ■ -onn

I n  k ü rz e re r  Form :
A (/,m) Л 11 A ö"- m)

(2 )

wo d ie  M a tr ix  Ay’P  in  d e r  Ü b e rm a tr ix  die in  d er r - te n  Zeile u n d  s-ten  S p a lte  
b e f in d lic h e  S u b m atrix  d e r  G rö ß e  ( i , j )  b e d e u te t.

F ü r  die p a r titio n ie r te n  M a trizen  sind die a llg em ein en  R egeln  der M a trix 
a lg e b ra  g ü ltig . H a t m an  eine  zw eite  M atrix  В g le icher Z erlegung, so k an n

А
£ (n —l,m) Q(n—l,n—m) (3)

g esch rieb en  w erden, w orin :

C<W> =  A VJ) +  BW )

B efried ig en  w eiters die G rö ß en  der Blöcke einer M a tr ix  A  gleicher Z erlegung  
die R e g e ln  der M u ltip lik a tio n  m it  M atrix  A (die Z a h l d er Zeilen von  A is t m it 
d er d e r  S p a lte n  von U id e n tis c h )  d. h .:

so k a n n

g esch rieb en  w erden.

IjOnJ) U -
Ц п -m .n-j)

[ F i i rt '
I F f i r «  F .

(4)

(5)
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D ie B löcke von  M atrix  F  d e ta illie r t ausgeschrieben , e rh ä lt m a n  die 
F o rm :

Ffr-') =  Afrm) • Ug»J> +
F(n-'.i) — A irr ' ' m) • U ^ 'J) +  A £ r '-n_m) • U (" f1mJ>

Fíi’"- ^  =  A ii’m) • U { 2 ,n~J) +  Щ п~т) ■ U Í2~m,n~J)
P ( n - / ,n - j )  _  д ( л - 1 , т )  . P f(m ,n -y ) _|_ д ( л - / , л - т )  .

(6)

N ach  den  obigen allgem einen R egeln  sei fo lgende E in sch rän k u n g  g e s te llt: 
es seien m  =  / u n d  у =  m, d. h . es so llen  g leichgroße Blöcke (N 1 =  m) g eb ild e t 
w erden . F  alls n d u rch  JV1 n ich t d iv id ie rb a r is t, so w ird  die D iagonale  d e r  M a trix  
A m it E in se rn  ausgefü llt.

Im  S inne der D efin itio n  der K e h rm a tr ix  is t  A • A -1  =  E , w o b ei E  die 
E in h e itsm a tr ix  b e d e u te t. G esuch t w ird  die In v e rse  der M atrix  A  in  d e r  F o rm  
d er ob igen  M atrix  U, d. h . es sei U  die L ösung d e r A ufgabe A • U =  E . D a n n  is t 
die d er Gl. (5) en tsp rech en d e  P a rti t io n ie ru n g  d er M atrix  E wie fo lg t:

E  =
P (m , m) f iUn, n - m )**11 U12
q (d — m,m)  j£(n — m ,n  — m)

w obei О ei ne N u llm a trix  ist.
N ach  S u b s titu tio n  in  die G leichungen  (6) e rh ä lt m an:

(7)

A (m,m) 
Л 11

. Т Т (т ,т ) - f  A ^ > n _ m ) •

Д ( п - т , т ) . u ÿ > m) 1 A ^2~~m,n-m)  .

Л(т,т)
A 1I

. и ( ш . л - т ) - f  A ^ > " _m ) • TT ( n - m , n —m )__
^ 2 2 O E

? 3 1 3,

д ( п - т . т )  , т y (m, n - m )  
^ 1 2

1 Д  (n -m ,n -m ) . U  (n—m ,n —m )__ j£ ( n -m ,n  — m)

D ie L ösung  der G leichungen (8) fü r  U/*j^ e rg ib t:

TT(n—m .n —m) __
u 22

Д ( п - т , т )
• ( A ï ï '" 1) - 1 • A ^ ! '’n - m ) ]

ж T (m ,n -m )  
^ 1 2 ( A î T ) “ 1

A (m,n—m) 
л 12

TT (n = m,n—m) 
^ 2 2

TT
^ 2 1

J J  ( j i - m ,n - m )
л  21 • (A j} ,m) _1

TT(m,m)
U 11 ( A S 1™ ) - 1 ( A î T ) - 1 Â 12

A u fg ru n d  der obigen F o rm elre ihe  k a n n  die In v e rtie ru n g  der a u f  4 B löcke zer
leg ten  M atrix  bere its  erfo lgen, da  v o ra u sg e se tz t w urde, daß  d e r B lo ck  A an 
d er gegebenen  R echenm asch ine  u n m itte lb a r  in v e rtie r t w erden  k a n n .

G rößere M atrizen  als d iese, die in  eine prinzip ie ll beliebige A n z a h l von  
o p tim a l großen  B löcken zerleg t s ind , k ö nnen  m it H ilfe einer, d u rc h  fo lgenden  
G ed an k en g an g  ab le itb a ren  M ethode in v e r tie r t  w erden.
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Zw ecks V e rs tä n d lic h k e it des angegebenen  P ro g ram m es w ird  zu r A nw en
d u n g  d e r der F O R T R A N -S p rach e  e n tsp ech en d en  Indizes übergegangen  u n d  
g le ichzeitig  die R eze ich n u n g  der B löcke m it v e rsch ied en en  B u ch stab en  einge
fü h r t .

M a trix  A soll w ie fo lg t aufgeschrieben  w erd en :

A
B K M - i l N K M - D N l ]

ß[Nl,(M-:l)Nl]

ß(M-l)-Nl,Nr

a(n i,ni)
( 10)

w obei M  den  R an g  d e r  M a tr ix  A, iVl den R an g  d e r in v e rtie rb a ren  M a trix  b ed eu 
te n .

Gl. (10) in  die G le ichungen  (9) e in g ese tz t, e rh ä lt  m an die a lgebra ische  
F o rm  von  A _1:

tt(n i,ni)

U(M-1)N1,N1

T T  [NI (M—l)Nl] ^ 21

=  ( A ^ l )  B Nt,(M-l).Nl .
• . ß(Af-i)Ni,NiJ-

=  - [B>A1-l)Nl.(Nl-l)Nlj-l . ß(Al-l)Nl,Nl

I t(n: ,n i )UMM
__ Tl(Nl,Nl)

■ [B ^ -O ^ d M -P N 1] - !
JJ[0M-l)Nl,(M-l)Nll _  j-ß(M-l)Nl,(M-l)Nlj —1 |^ß<.M-l)Nl,(M-l)Nlj-l

• U t N i 'M - D N I• B(1iy_1)Nl'№

( И )

In  d iesen  G leichungen  k a n n  die M atrix  A “ 1 re-ter O rd n u n g  in  F orm  einer In v erse  
iV l- te r  O rd n u n g , soiw e eine Inverse  (M  l)  ■ iV l- te r  O rdnung  geb ilde t w erden . 
D ie le tz te re  M atrix  B ^ L is t  ähnlicherw eise e rh a ltb a r .

D ie R eihe der A b b ild u n g  en tsp rechend  fo r tg e s e tz t  gelangt m an zum  e rs ten  
je n e r  B löcke, die b e re its  m it H ilfe der F o rm el (11) u n m itte lb a r  in v e r tie rb a r  
sind . D ie ta tsä c h lic h e  L ö su n g  w ird also h ie r b eg in n en , d. h. die K e h rm a triz en  
d e r fo lgenden  M atrizen  w erd en  stufenw eise g e b ild e t:

[А )?1'" 1»],
AjNl.Nl) AjNl.Nl) 

A(Nl,Nl)

- A j^1’̂ 1) AjNi.Ni) a <ni,ni)

A ^N l.N l) ^ ( N i.N l)  \ ( N i , N l ) . . .  ( 12)

^(Nl,Nl) ^(N1,N1)

D a — wie aus (11) e rs ich tlich  in  je d e  w e ite re  S tu fe  die in  den v o rh e ri
gen g eb ild e te  K e rn m a tr ix  w e ite rg eh t, w urde e r re ic h t, d aß  im m er n u r d er n ä c h 
s te  D iagonal-B lock  in v e r t ie r t  w erden m uß. M it a n d e re n  W orten : die in  dem  
(n  - l ) - te n  S ch ritt e rh a lte n e  In v erse  e rg ib t die In v e rse  der S u b m atrix  А ^ 1,л/1  ̂
des n - te n  S ch rittes .
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D er n -te  D iagonalb lock  der u rsp rü n g lic h e n  M atrix  A.MM w ird  d ie M atrix  
A aus Gl. (10) sein, diese w ird  in v e r t ie r t  u n d  es w erden m it den  au s A  genom 
m en en  G liedern  m it gem ischten  In d ize s  d ie  in  (11) v o rgesch riebenen  O p era 
tio n e n  d u rch g e fü h rt. Die M -m alige W ied erh o lu n g  dieses V organges e rg ib t die 
v o lls tän d ig e  K eh rm a trix .

W ie b e re its  e rw äh n t, is t diese M eth o d e  im  P rinzip  zur In v e r t ie ru n g  von  
belieb ig  großen  M atrizen  geeignet, d a  d e r v o rh an d en e  C o m p u te r d ie  G röße 
der ta tsä c h lic h  zu in v ertie ren d en  B löcke b e s tim m t, und  die w e ite ren  O p e ra tio 
nen  m it H ilfe von  P eripherien  b e re its  g e lö st w erden  können (A bb. 1).

D iese F es ts te llu n g  k an n  n u n  a u c h  a u f  die G esich tsp u n k te  d e r K lein- 
C o m p u te r au sg ed eh n t w erden , da die p ro g ram m ierb a ren  T isch rech en m asch i- 
n en  zur In v e rtie ru n g  kleiner M atrizen  sow ie zu r D urch fü h ru n g  w e ite re r  Ope
ra tio n e n  äh n lichen  M aßes geeignet s in d . M it dieser M ethode k a n n  au ch  der 
N u tz e ffe k t der k leinen R ech en m asch in en  b ed eu ten d  g este ig ert w erd en .

W erden  w eiters  einfache M atrix e lem en te  an  Stelle der S u b m a tr iz e n  ge
sch rieben , so is t die M ethode in d e rse lb en  W eise auch fü r In v e r t ie ru n g  au f 
m ech an isch en  R echenm asch inen  an w e n d b a r.

M an k an n  sich ü b e r die W irk sa m k e it d er M ethode bei d e r  A usgleichung 
des N etzes e rs te r  O rdnung  ü b erzeu g en , d a h e r  k an n  es von In te re s s e  sein , das 
in  F O R T R A N -S p rach e  ab g efaß te  P ro g ra m m  des ta tsäch lich  an g ew en d e ten , 
als IN V E R T  bezeichneten  S u b ro u tin e  h ie r  anzugeben.

FORTRAN IV27 SOURCE PROGRAM INVERT 
SUBROUTINE

1 S U B R O U T IN E  IN V E R T (N 1 ,M ,N 0 1 ,B ,IR A ,B 1 ,X ,
2 * IP S ,D X ,R ,A 0 1 ,U 0 1 ,P ,C 0 1 ,G 0 1 ,A ,IU )
3 D O U B L E  P R E C IS IO N  X ,D X ,D G ,D S ,D O N E ,D A
4 D IM E N S IO N  B (N 1,N 1), B 1(N 1), X (N 1), 1PS(N 1), D X (N 1 ),
5 1 R (N 1), A 01(N 1,N 1), U 0 1 (N 1 ,N 1 ), P (N 1, N 1),C 01(N 1,N 1),

G 01(N 1,N 1),
6 3 A (N O l), IR A (N O l), IU (N 1 1 ,N 1 1 )
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7 l W = 1 9 + ( (  — l ) * * ( N l l  +  l ) + l ) / 2
8 IR  =  I W + ( - l ) * * N l l
9 R E A D (30’1)NA1

10 R E A D (30’1)(IR A (L 1),A (L 1),L 1  =  1,N A 1)
11 CALL R IN A A T (N 0 1 ,N 1 ,IR A ,A ,U 0 1 )
12 CALL A IN V (N 1 ,B .U 0 1 ,G 0 1 ,R L X ,IP S ,D X ,R )
13 W R I T E ( I W ) ( ( B ( I ,J ) J = 1 ,  N 1 ) ,I= 1 ,N 1 )
14 R E W IN D  IW
15 DO 1 K = 2 ,N 1 1
16 IW  =  IW  +  ( — 1 )* * (N 1 1 + K )
17 № = I W + (  1 )* * (N 1 1 + K  +  1)
18 L = K - 1
19 DO 2 0  1 = 1 ,N 1
20 DO 2 0 J = 1 ,N 1
21 P ( I ,J )  =  0.
22 20 C O l I .J  =  0.
23 R E A D (3 0 'IU (1 ,K ))N A 1
24 R E A D (30’IU (1 ,K ))(IR A (L 1 ),A (L 1 ),L 1  =  1,NA1 )
25 CA LL R IN A A T (N 0 1 ,N 1 ,IR A ,A ,B )
26 D 0 2 I  =  1,L
27 R E A D (3 0 ’IU (K ,I))N A 1
28 R E A D (3 0 ’IU (K ,I))(IR A (L 1 ),A (L 1 ),L 1  =  1 ,N A 1)
29 CA LL R IN A A T (N 0 1 ,N 1 ,IR A ,A ,A 0 1 )
30 R E A D (IR )((0 U 1 (I1 ,J1 ) ,J1  =  1,N 1),I1 =  1 ,N 1)
31 CA LL M U L T A B (N 1 ,A 0 L U 0 1 ,G 0 1 )
32 CA LL S U M S U B (N 1 ,C O l.G O l,С 01Д )
33 C A LL M U L T A B (N 1, U 0 1 ,B ,G 0 1 )
34 W R IT E  (5 0 ’4 * ( I  1) +  1 )((G 01(I1 ,J1 ),

* J1  =  1,N 1),I1 =  1 ,N 1)
35 2 C O N T IN U E
36 W R IT E (4 0 ’1 )((C 0 1 (I1 ,J1 ) ,J1  =  1,N 1),I1 =  1,N 1)
37 C A LL M U L T A B (N l,C O l,R ,A 0 1 )
38 CA LL S U M S U B (N 1 ,P ,A 0 1 ,P ,1 )
39 IF (L .E Q .l)G O  T O  5
40 DO 3 J =  2,L
41 R E A D (3 0 ’IU (J ,K )  NA1
42 R E A D (3 0 ’IU (J ,K ))(IR A (L 1 ),A (L 1 ),L 1  =  1 ,N A 1)
43 C A LL R IN A A T (N 0 1 ,N 1 ,IR A ,A ,B )
44 D O  1811 =  1,N1
45 D O  18J1 =  1,N1
46 18 C O l( I l , J l )  =  0.
47 D O  4 1 = 1 ,L
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R E A D (3 0 ’IU (K ,I))N A 1
R E A D (3 0 ’IU (K ,I))(IR A (L 1 ),A (L 1 ),L 1  =  1,NA1)
C A LL R IN A A T (N 0 1 ,N 1 ,IR A ,A ,A 0 1 ) 
R E A D (IR )( (U 0 1 (I1 J 1 ) ,J 1  =  1,N 1),I1 =  L N 1)
CA LL M U L T A B (N 1 ,A 0 1 ,U 0 1 ,G 0 1 )
C A LL S U M S U B (N 1 ,C 01 ,G 01 ,C 01 ,1 )
C A LL M U L T A B (N 1 ,U 0 1 ,B ,A 0 1 )

R E A D (5 0 ’4 * ( I - 1 )  +  1 )((G 0 1 (I1 ,J1 ),
*J1  =  1,N 1),I1 =  1,N1)

CA LL S U M S U B (N 1 ,G 0 1 ,A 0 1 ,G 0 L 1 )
W R IT E (5 0 ’4*(I 1 )+ 1 )( (G 0 1 ,( I1 ,J 1 ) ,J 1 = 1 ,N 1 ) ,I1  =  1,N 1)

4 C O N T IN U E
W R IT E (4 0 ’4 * (J  1 )+ 1 ) ( (C 0 1 ( I1 ,J 1 ) ,J 1 = 1 ,N 1 ) ,I1 = 1 ,N 1 )  
CA LL M U L T A B (N l,C O l,B ,A 0 1 )
CA LL S U M S U B (N 1 ,P ,A 01 ,P ,1 )

3 C O N T IN U E
5 C O N T IN U E  

R E A D (3 0 ’IU (K ,K ))N A 1
R E A D (3 0 ’IU (K ,K ))(IR A (L 1 ),A (L 1 ),L 1  =  1,NA1)
CALL R IN A A T (N 0 1 ,N U IR A ,A ,A 01)
CALL S U M S U B (N 1 ,A 0 1 ,P ,U 0 1 , 1)
CALL A IN V (N 1 ,B ,U 0 L ,G 0 1 ,B 1 ,X ,IP S ,D X ,R )
R E W IN D  IR  
DO 6 J  =  1,L
R E A D ^ O M ^ J  —1)-|-1 )((C 0 1 (I1 ,J1 )-J1  =  U N 1),I1  =  1,N 1) 
CA LL M U L T A B (N 1 ,B ,C 01 ,A 01)
CALL S U M S U B (N 1 ,A 0 1 ,A 0 1 ,C 0 1 ,0 )
DO 7 1 = 1 ,L
R E A D (5 0 ’4 * (I  1) +  1 )((G 0 1 (I1 ,J1 ) ,J1  =  1 ,N 1),I1 =  1,N 1)
CALL M U L T A B (N 1 ,G 0 1 ,C 0 1 ,A 0 1 ) 
R E A D (IR )( (U 0 1 (I1 J 1 ) ,J 1  =  1 ,N 1),I1 =  1,N1)
CALL S U M S U B (N 1 ,U 0 1 ,A 0 1 ,P , 1) 
W R IT E (IW )((P (I1 ,J 1 )J 1  =  1,N 1),I1  =  1,N1)

7 C O N T IN U E
W R IT E (IW )((C 0 1 (I1 ,J1 ) ,J1  =  1 ,N 1),I1  =  1,N1)

6 C O N T IN U E  
DO 8 I  =  1,L
R E A D (5 0 ’4 * ( l  1) +  1 )((G 0 1 (I1 ,J1 ), J 1 = 1 ,N 1 ) ,I 1 = 1 ,N 1 )  
CALL M U L T A B (N 1 ,G 01 ,B ,A 01)
CALL S U M S U B (N l,A O l,A 0 k ,U O l,O ) 
W R IT E (IW )((U 0 1 ( I1 J 1 ) ,J 1 = U N 1 ) ,I1 = 1 ,N 1 )

8 C O N T IN U E
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89 W R IT E (1 W )((B (I1 ,J1 ) ,J1  =  1,N 1),I1  =  1,N1)
90 R E W IN D  1W
91 R E W IN D  IR
92 1 C O N T IN U E
93 R E T U R N
94 EN D

D ie im  P ro g ram m  v o rh an d en en  S u b ro u tin e  w erden  zwecks E rle ich te ru n g  
d er L e sb a rk e it des P ro g ra m m e s  ohne w eitere  E rk lä ru n g e n  wie fo lg t angegeben: 
R IN A A T : O rdne t die N ich t-N u ll-E lem en te  d e r M a trix , v e rd ic h te t die M atrix . 
A IN Y : In v e r tie r t  B löcke m it der G außschen  E lim in a tio n sm e th o d e  bis m ax .

100 U n b ek an n ten . B ild e t die fe rtige  In v e rse  an  Stelle B.
M U L T A B , N1,A ,B,C f ü h r t  die M a trix m u ltip lik a tio n  C =  A ■ В d u rch  
SU M SU B  ( N 1, A  ,B ,C ,K )  v o llz ieh t die P ro d u k tsu m m ie ru n g  w obei С =  А 

-\- К  ■ В ist. ( Im  F a lle  des O pera tio n sk id s  0 is t  С =  B,
+  1 u n d  1 b e d e u te n  jed o ch  V orzeichen).
K u rz  gefaß t: es w u rd e  ein w irksam es, g u t  fu n k tio n ie ren d es  k u rzg eb u n 

denes P ro g ram m  e n tw ick e lt, das für jeg liche A u fg ab en  der A usg leichungsrech
n u n g  e ffek tvo ll e in g ese tz t w erd en  kann.

1(34

SCHRIFTTUM

3. F o b s y t h e , G. E.: Com puter solutions of linear algebraic system s. Prentice-H all, INC. 
Englew ood Cliffs. N . J . 1967.

2. O b a d o v ic s , J. Gy .: G yakorlati szám ítási eljárások (Praktische Berechnungsverfahren) 
G ondolat Kiadó, 1972.

ОБРАЩЕНИЕ МАТРИЦ БОЛЬШИХ СИСТЕМ НОРМАЛЬНЫХ УРАВНЕНИЙ ПО
ЧАСТЯМ

А . Ц О Б О Р - С .  И . П О В И Л А Й Т И С

РЕЗЮМЕ

В статье излагается прямой метод, пригодный для решения встречающихся в гео
дезии матриц большого размера.

Метод был создан для уравнивания государственных триангуляционных сетей, 
были применены общие правила обращения матриц по частям. Величина подматриц опре
деляется оперативной памятью ЭВМ.

После теоретического изложения проблемы в статье дается программа на языке 
ФОРТРАН, легко применяемый для различных ЭВМ.
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EINIGE MÖGLICHKEITEN ZUR VERBESSERUNG VON 
PRÄZISIONSNIVELLIERLATTEN
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TEC H N ISC H E U N IV ER SITÄ T, BUDAPEST 

[E ingegangen am  1. A ugust 1974]

In  der Arbeit wird über die im  G eodätischen In stitu t der T echnischen U n iversitä t  
B udapest durchgeführten U ntersuchungen zur Verbesserung der P räzisionsn ivellierlatten  
berichtet.

Aufgrund der Ergebnisse werden folgende Schlüsse gezogen:
Die Teilstrichstärke, die derzeit an den Invarlatten angewendet w erden , is t  nicht 

die optim ale. (Abb. 1 und 2 zeigt die Änderung des m ittleren Ablesungsfehlers im  Falle einer 
Änderung der Teilstrichstärke zwischen 1 ,6 — 3,2 m m  bzw. 1,6 3,6 mm .)

D ie optim ale Teilstrichstärke an den L atten wäre im  G egenteil zur derzeitigen  
Praxis — 2 ,2 - 2,9 mm. (Abb. 1, Abb. 2 und Tabelle.)

Falls der Beobachter die V erstellung der Justierung der Libelle der L atte  n ich t bem erkt, 
kann im  Falle einer schief gehaltenen L atte  ein Fehler entstehen. Zwecks E lim inierung dieses 
Fehlers wird die Anwendung einer zw eiten Libelle vorgeschlagen, wobei beide voneinander  
unabhängig an die Latte m ontiert werden sollen. Derweise ist eine Schiefe der L atte  sofort 
bemerkbar.

Schließlich wird eine neue L atte für Strom übergangsnivellem ents beschrieben , (Abb. 4 
und 5), bzw. deren Produktion und A nw endung vorgeschlagen.

H e u tz u ta g e  w erden  gegenüber P räz isionsn ive llem en ts, b e so n d e rs  seitens 
d er U n te rsu ch u n g  v e r tik a le r  E rd k ru s ten b ew eg u n g en , höhere  G en au ig k e its 
an fo rd e ru n g en  geste llt, als dies b ish e r üb lich  w ar. Den e rh ö h ten  A n fo rd e ru n g en  
m uß  im  w esentlichen je d o c h  m itte ls  der au ch  bislang b e n u tz te n  In s tru m e n te  
u n d  M eßein rich tungen  nach g ek o m m en  w erd en , da in jü n g s te r  Z e it k e ine  E r 
fin d u n g  oder M ethode e n ts ta n d , deren  A nw endung  die G en au ig k e it d e r P rä z i
sionsn ivellem ents en tsch e id en d  erhöhen  k o n n te . Die neueren  K o n s tru k tio n e n  
und  A nregungen  N iv e llie r in s tru m en te  m it K o m pensa to r, m it  L a se rs tra h l, 
w eiters h y d ro s ta tisch e  u n d  b iax ia le  N iv e llie rin stru m en te , bzw . m it denen 
d u rch g e fü h rte  N ive llem en ts b eab sich tig en  im  G runde die v o llkom m enere  
V erw irk lichung  eines d e r tra d itio n e lle n  P rin z ip ien ; sie sind n ic h t  vom  G runde 
her n eu , obw ohl d u rch  sie eine v o rte ilh a f te re  A usnu tzung  d er u rsp rü n g lich en  
E rfin d u n g en  erm öglich t w ird . D ab e i k a n n  festg este llt w erden , d a ß  die V erbes
serungsversuche in d e r jü n g s te n  Z eit h au p tsäch lich  au f die In s tru m e n te  gerich
te t  w aren  u n d  die ü b rig e n  M eßgeräte  d er N ivellem ents h ie rbe i gew isserm aßen  
au ß e r a c h t gelassen w u rd en .

D eshalb  w urde u n se re  A u fm erk sam k e it a u f  die N iv e llie r la tte n  ge rich te t, 
von  denen  au fg rund  sow ohl p ra k tisc h e r  M eßerfahrungen  als au c h  früherer
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A rb e ite n  von J .  M e r k e l  [1], D. V ucicevic  [2] u n d  anderen  angenom m en 
w e rd e n  k o n n te , d aß  sie  e in fach er, jedoch  m öglicherw eise  genauso erfo lgreich  
v e rb e s s e r t  w erden k ö n n e n , w ie die N iv e llie r in s tru m e n te . F o rsch u n g sa rb e iten  
in  d ie se r R ich tu n g  w u rd e n  a n  der T echnischen  U n iv e rs itä t  B u d ap est im  R a h 
m e n  des F o rsch u n g sp ro g ram m es des L eh rs tu h ls  f ü r  H öhere Geodäsie des G eo
d ä tis c h e n  In s titu te s  (sow ie im  R ahm en d er d a m it  v e rk n ü p fte n  w issen sch aft
lic h e n  A k tiv itä t  der G e o d ä te n s tu d e n te n ) d u rc h g e fü h r t . Im  folgenden w ird  h ier 
d a rü b e r  kurz  b e r ic h te t.

1. U n te rsu ch u n g en  zwecks K lä ru n g  des Z usam m enhanges 
zw ischen d er S tä rk e  der T eilstriche der L a tte  und 

d er V erläßlichkeit der A b lesung

P ra k tisc h e  E rfa h ru n g e n  des P räz is io n sn iv e llem en ts  fü h rten  zum  Ge
d a n k e n , den A b lesungsfeh le r a u f  rech t e in fache  W eise d ad u rch  b e trä c h tlic h  
zu  v e rm in d e rn , daß  a u f  d en  zu  den versch iedenen  N iv e llie r in s tru m e n te n ty p en  
g e h ö ren d en  N iv e llie rla tten  so lche S tärke  der L a tte n s tr ic h e  angew endet w erde , 
d ie d em  K eilstrich  des jew e ilig en  In s tru m e n te s , sow ie d er üb lichen N ivellie 
ru n g se n tfe rn u n g  e n tsp rä c h e .

B ev o r die E rg eb n isse  d e r  zwecks N achw eis d iese r A nnahm e d u rch g e fü h r
te n  V ersu ch e  besp rochen  w e rd e n , m uß v o rh e rg eh en d  fo lgendes gesagt w erden :

D ie  derzeit b e n u tz te n  N iv e llie r in s tru m e n te n ty p e n  können  vom  G esich ts
p u n k t  u n se re r U n te rsu c h u n g e n  aus in zwei H a u p tg ru p p e n  au fgete ilt w erd en : 
be i d e r  e rs ten  k ann  m it H ilfe  der op tischen  M ik ro m e te re in rich tu n g  das B ild  
d e r N iv e llie r la tte  in n e rh a lb  eines Bereiches v o n  1 cm  verschoben  w erden , bei 
d e r  zw e iten  innerhalb  eines B ereiches von n u r  0,5 cm . A us der w o h lb ek an n ten  
M eth o d e  d er L a tte n a b le su n g  fo lg t, daß zu den  In s tru m e n te n  m it 1 cm M ikro
m e te rb e re ic h  N iv e llie rla tten  m it einem  T e ilu n g s in te rv a ll von  1 cm u n d  zu 
d en en  m it  0,5 cm M ik ro m ete rb e re ich  N iv e llie r la tte n  m it einem  T e ilu n g sin te r
v a ll v o n  0,5 cm gehören .

A n  den  L a tte n  m it e in em  T eilungsin te rva ll v o n  1 cm  b e trä g t die S tä rk e  
d e r T e ils trich e  in  der R eg e l 1 ,6 —1,8 m m . (D iese S tr ic h s tä rk e  is t s icherlich  
n o ch  d e rz e it e ingeführt u n d  allgem ein  a k z e p tie r t w o rd en , als die L a tte n a b le 
su n g en  n ic h t m it H ilfe e ines K eiles, sondern  eines e infachen  h o rizo n ta len  
F a d e n s  d u rch g efü h rt w o rd en  sind .) Es g ib t je d o c h  a u c h  solche N iv e llie rla tten , 
an  w e lch en  die S tärke  d e r  T e ils tr ich e  2,8 m m  b e tr ä g t ,  w ie z. B . die zum  I n s t r u 
m e n t Zeiss N i 004 g eh ö ren d e  L a tte , an  der die T e ilu n g en  abw echselnd rech ts  
u n d  lin k s  vom  In v a rb a n d  derw eise au fe in an d er fo lgen , daß  sie an  beiden  
S e iten  je  eine se lb ständ ige  S k a la  m it 1 cm T e ilu n g s in te rv a ll, zusam m en ab e r 
e ine e inzige  Skale m it 0,5 cm  T eilu n g sin te rv a ll e rg eb en . D ad u rch  is t sie — bei 
A n w e n d u n g  zum  I n s tru m e n t  Zeiss N i—004 m it e inem  M ikrom eterbereich
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von 0,5 cm eigen tlich  eine L a tte  m it T e ilu n g sin te rv a ll von 0,5 cm . Sie w ird 
jedoch  d esha lb  h ie r e rw äh n t, w eil sie d u rch  A nw endung  der e inzelnen  Skalen  
auch zu In s tru m e n te n  m it einem  M ik ro m ete rb e re ich  von 1 cm als eine L a tte  
m it dem  T e ilu n g sin te rv a ll von  1 cm  b e n u tz t  w erden  k ann  [3].

Die e rw ä h n te n  V ersuche h a t te n  in  e rs te r  L inie die F rag e  zu  k lä ren , 
w elche der b e id en  a u f  den N iv e llie rla tten  m it  1 cm  T eilungsin te rva ll tatsächlich 
angewendeten S tä rk e n  der T e ils trich e  (n äm lich  1 ,6 —1,8 m m  bzw . 2,8 m m ) 
vom  G e s ic h tsp u n k t der A b lesu n g sv erläß lich k e it aus günstiger is t.

Zu der 1972 u n te r  en tsp rech en d en  B ed in g u n g en  m it einer V ielzah l von  
M essungen d u rc h g e fü h rte n  U n te rsu ch u n g en  w u rd e  von Gy . H e g y i  ein P rä z i
s io n sn iv e llie rin stru m en t m it K o m p e n sa to r  d e r  F irm a  Salm oiraghi sow ie eine 
S a lm o irag h i-N iv e llie rla tte  m it e iner T e ils tr ic h s tä rk e  von 1,8 m m  u n d  eine 
Z eiss-L atte  m it e iner T e ils trich s tä rk e  v o n  2 ,8  m m  angew endet. V on d en  E in 
zelheiten  d er V ersuchsm essungen  w ird  h ie r  abgesehen , u n d  ü b e r die E rg e b 
nisse b e r ic h te t  w erden . (W eitere  E in ze lh e iten  s ind  in  [4] zu fin d en .)

Die U n tersu ch u n g serg eb n isse  ze ig ten , d aß  u n te r  gleichen B ed ingungen  
und  bei L a tte n a b s tä n d e n  von  30 40 m d e r aus dem  Z usam m enhang

b erechne te  mittlere Fehler der Ablesung  b e i A nw endung  der N iv e llie r la tte  m it 
der T e ils tr ic h s tä rk e  von 2,8 m m  im  D u rc h s c h n itt  um  15%  k le in e r w ar, als 
bei A n w endung  d er L a tte  m it d er T e ils tr ic h s tä rk e  von 1,8 m m . (In  d e r F o rm el 
des m ittle re n  F eh lers b ed eu ten

Vj =  l —  /, u n d  l =  -S ü 
ll

wobei lj d ie e inzelnen  L a tte n a b le su n g en , u n d  n  die A nzahl der A b lesungen  b e 
deu ten ).

O bw ohl diese U n te rsu ch u n g se rg eb n isse  s tren g  genom m en n u r  a u f  den 
F a ll der A n w en d u n g  des bei der U n te rsu c h u n g  b en u tz ten  In s tru m e n te s  (K eil
striches) bezogen  w erden d ü rfen , k o n n te  schon  in  diesem  A n fan g ss tad iu m  der 
U n te rsu ch u n g en  d a ra u f  geschlossen w erd en , d aß  au f den N iv e llie r la tte n  von 
1 cm T e ilu n g sin te rv a ll (z. B . a u f  den W ild - u n d  S a lm o irag h i-L a tten ) derzeit 
nicht die optimale Teilstrichstärke angewendet wird.

D ie S tä rk e  der T e ilstriche  a u f  d en  L a t te n  von 0,5 cm T e ilu n g sin te rv a ll 
b e trä g t d e rz e it von  den einzelnen  T y p e n  abhäng ig  1,2 1,6 m m . A uf
g rund  d er besp rochenen  V ersuchsergebn isse  w urde angenom m en, d a ß  auch  
diese L in ie n s tä rk e  n ich t die op tim a le  sei, w eshalb  die n äch ste  U n te rsu ch u n g  
a u f  die B estim m u n g  der optimalen  S tr ic h s tä rk e  der L a tte n  von 0,5 cm  T e ilungs
in te rv a ll g e ric h te t w ar.
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D ie  E inze lhe iten  d er v o n  E . Ga lam bo s  u n d  Z. K o t n y e k  1972 m it e inem  
I n s t r u m e n t  vom  T yp  Zeiss K oni-007 d u rc h g e fü h rte n  Y ersuchsm essungen  
w erd en  h ie r  ebenfalls n ic h t besch rieb en , so n d e rn  es w ird  n u r  au f die in  [5] e n t 
h a lte n e n  hingew iesen. D ie E rg eb n isse  w erd en  in  A bb. 1 gezeigt, w o rau s e r
s ic h tlic h  is t , daß  das M in im um  der fü r  die L a tte n a b s tä n d e  von 30, 35 u n d  40 
m  e in ze ln  k o n s tru ie rte n  K u rv e n  des m ittle re n  F eh le rs d.h. die o p tim a le  
S tä rk e  d e r  T eilstriche  der L a t te n  jew eils be i 2,4 2,5 m m  liegt.

D e r  A bbildung  is t au ch  zu en tn eh m en , d aß  bei der A nw endung  e in e r 
T e ils tr ic h s tä rk e  von 2,4 2,5 m m  a n s ta t t  z. B . v o n  1,6 m m  der m ittle re  A b-

/
/

/m~ — /
г // и

1 * __X
/>и»

— -

1,6 2,0 2.« 2,8 3,2

S tr ic h s tä r k e  ( mm )

A b b . 1 . (Nach Galambos u n d  K o t n y e k )

le su n g sfeh le r  sehr b ed eu ten d , n äm lich  d u rc h sc h n ittlic h  m it etw a 30%  a b 
n im m t.

O b w o h l diese U n tersu ch u n g serg eb n isse  z iem lich  überzeugend w aren , 
ließen  sie d ie  F rag e  noch im m er offen, ob u n d  in  w elchem  M aß der A b la u f  des 
m itt le re n  A blesungsfeh lers d u rc h  den T yp  des b e n u tz te n  In s tru m en te s  (d u rc h  
die F o rm  des K eilstrichs) b e e in f lu ß t w ird . D esh a lb  w urden  1973 v o n  E . 
A m b r u s  u n d  Gy . H e gy i  Y ersuchsm essungen  m it v ie r versch iedenen  N iv e llie r
in s tru m e n te n  d u rch g efü h rt. Z w ei davon  w aren  m it L ibellen (MOM N i-A l, 
W ild N 3) u n d  zwei m it K o m p e n sa to re n  (K on i-007 , Salm oiraghi M od. 5190) 
a u sg e rü s te t , bzw . der M ik ro m ete rb e re ich  b e tru g  bei zweien 1 cm (W ild  N 3 , 
S a lm o irag h i M od. 5190) u n d  be i zw eien 0,5 cm (MOM N i-A l, K oni-007). 
D ie M essu n g en  w urden  bei L a tte n a b s tä n d e n  v o n  30 u n d  40 m und  in  e inem  
B ereich  d e r  T e ils trich s tä rk e  v o n  1,6 m m  bis 3,6 m m  d u rch g efü h rt, w obei d ie  
S tä rk e  s tu fen w eise  jew eils u m  0,4 m m  v e rä n d e r t  w orden  w ar. Es w urden  u n te r  
gleichen B ed in g u n g en  in  je d e r  V a ria tio n  50 A b lesungen  gem ach t; eine z u 
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sä tz liche  U n te rsu c h u n g  erw ies, d aß  die M eßergebnisse p ra k tis c h  n u r  durch 
zufällige F eh ler b e la s te t  sind . (F ü r w eitere  E in ze lh e iten  siehe [6]).

D ie S tellen  d e r M inim a an  den  R egressionskurven , die den  Z usam m enhang  
zw ischen den v e rsch ied en en  T e ils tr ic h s tä rk e n , sowie den  b e re c h n e te n  W erten 
d e r dazu  gehörenden  m ittle re n  A blesungsfeh ler re p rä se n tie re n , geben die

Strichstärke ( mm ) 

Abb. 2

op tim a le  S tä rk e  des T eilstrichs an  (A bb. 2). Zwecks bessere r Ü b ers ich t, sowie 
um  die N ach te ile  ev en tu e lle r ze ichnerischer U ng en au ig k e iten  auszuschließen , 
w u rd en  die E n d erg eb n isse  auch  in  F o rm  einer T abelle  an g eg eb en .

Es sei b e m e rk t, d aß  E rgebnisse  d e r m it dem  In s tru m e n t Zeiss Koni-007 
bei U a tte n a b s tä n d e n  von  30 u n d  40 m , im  B ereich von  1,6 3,2 m m  Teil
s tr ic h s tä rk e  d u rc h g e fü h rte n  V ersuchsm essungen  sow ohl in  A b b . 1, als auch
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Tabelle

Instrumententyp
Optimale Strichstärke [mm]

Lattenentfernung : 
30 m

Lattenentfernung : 
40 m

Koni-007 2 ,2 -2 ,5 2 ,5 - 2 ,8

MOM N i—Al 2 ,2 -2 ,5 2 ,5 - 2 ,8

Salmoiraghi Mod* 5190 2 ,4 -2 ,7 2 ,7 - 2 ,9
W ild N3 2 ,3 -2 ,7 2 ,7 - 2 ,9

in  A b b . 2 e n th a lten  sind. D a d ie se  aus zwei v o n e in a n d e r gänzlich  u n ab h än g ig en  
V ersu ch sm essu n g en  s ta m m e n , i s t  ih r  Vergleich v o m  G esich tsp u n k t der B eu r
te ilu n g  d e r  V erläßlichkeit d e r  an g efü h rten  U n te rsu ch u n g se rg eb n isse  aus seh r 
le h rre ic h . W ie ersichtlich, w ird  d e r  etw as abw eichende A b lau f der zu sam m en 
g e h ö re n d e n  R egressionskurven  d u rc h  die D ifferenzen  v o n  0,05 — 0,10 m m  zw i
schen  d e n  berechneten  m it t le re n  A blesungsfehler v e ru rs a c h t. D iese U n sich er
h e it k a n n  m it den u n te rsc h ie d lic h en  B edingungen d e r 1972 bzw\ 1973 d u rc h 
g e fü h r te n  M essungen, sowie m i t  v o n e in an d er ab w eich en d en  B eo b ach te rfeh le rn  
e rk lä r t  w e rd e n . (Mit U n s ic h e rh e ite n  dieser G röße rech n en d , w urde in  der 
T ab e lle  d ie  optim alen S tr ic h s tä rk e n  n ich t m it e in em  einzigen W ert, so n d ern  
m it e in e m  S tärkehereich  v o n  e in ig en  Z eh n te lm illim e te rn  angegeben.)

S c h lie ß lic h  kann  fe s tg e s te l l t  w erden, daß  a u f  d en  P räzis io n n iv e llie r
la t te n ,  d ie  zu  den hier u n te r s u c h te n  In s tru m en ten  g eh ö ren , n ich t die o p tim a 
len  S tr ic h s tä rk e n  angew endet w o rd e n  sind. G le ichzeitig  k a n n  als eine m ögliche 
M eth o d e  z u r  V erm inderung d e s  m ittle ren  A blesungsfeh lers u n d  d ad u rch  zur 
E rh ö h u n g  d e r G enauigkeit d e s  P räz is io n n iv e llem en ts  die Anfertigung  von  
N ive ll ier la t ten  mit optimaler S tr ichstärke vorgeschlagen werden. (Es is t u ns b e 
k a n n t,  d a ß  dasselbe Ziel v o n  a n d e re n  F orschern  z. B . d u rch  den  V orschlag  
zur E in fü h ru n g  einer g ü n s tig e re n  Form  der T e ils tr ic h e  an g estreb t w urde  
[1, 7]. D e ra r tig e  V ersuche w u rd e n  unsererseits n ic h t  d u rch g efü h rt.)

2. Ein e infacher W eg  zu r E lim in ierung  des aus der 
L a tten sch ie fe  stam m enden F eh le rs

E in e  einfache M ethode z u r  E lim in ie rung  des e v tl , aus der L a tten sch ie fe  
s ta m m e n d e n  Fehlers w urde b e re i ts  früher vo rgesch lag en  [8, 9], soll jed o ch  
h ier e r n e u t  erw ähn t w erden , d a  d e r G edanke diesem  T h em en k re is  an g eh ö rt.

B e k a n n tl ic h  wird d ieser F e h le r  im m er d a d u rc h  v e ru rsa c h t, daß  d er 
B e o b a c h te r  n ic h t rech tzeitig  b e m e rk t ,  daß die die V e r t ik a l i tä t  der N iv e llie rla tte  
s ich e rn d e  D osenlibelle ih ren  ju s t ie r te n  Z ustand  v e r lo re n  h a t .  (Dies k o m m t 
ü b rig en s haup tsäch lich  in fo lg e  d e r unverm eid lichen  T ran sp o rtie ru n g en  
z iem lich  o f t  vor.) D eshalb is t  a u c h  d ie  häufige K o n tro lle  d e r Ju s tie ru n g  in  den
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N ivellie ranw eisungen  vorgeschrieben . O bw ohl d iese K on tro lle  eine e in fach e  
O p era tio n  is t, is t es e inerse its  n ich t sicher, d aß  sie vom  B eobach ter so o f t w ie 
n o tw en d ig  d u rch g e fü h rt w ird , andererse its  b e d e u te t  sie in  der ohneh in  k n a p 
pen  M eßzeit gewisse M eh rarb e it. D eshalb w ird  un se re rse its  v o rgesch lagen , 
an  die N iv e llie rla tten  vom  bisherigen G e b ra u c h  abw eichend — a n s ta t t  
e iner, zw ei v o n e in an d er u n ab h än g ig  angefestig te  D osenlibellen  gleicher E m p 
fin d lich k e it anzubringen . D a es fa s t ausgeschlossen  is t , daß  der ju s t ie r te  Z u 
s ta n d  bei beiden  a u f  e inm al verlo ren  geht (d .h ., be id e  d u rch  irgendeinen  ä u ß e 
ren  E in f lu ß  in  gleichem  M aß in  dieselbe R ic h tu n g  v e rs te llt  w erden), k a n n  
aus dem  g estö rten  E in k la n g  der beiden  L ibellen  die L attensch iefe  o hne  je g 
liche U n te rsu ch u n g  so fo rt e rk a n n t u n d  d an ach  e lim in ie rt w erden.

B esonders em pfeh lensw ert is t diese L ösu n g  fü r  N ivellem ents zu r U n te r 
suchung  d er E rd k ru s ten b ew eg u n g en , w obei d ie  K o s ten  der A nschaffung  u n d  
die M on tierung  d er e rw äh n ten  K o n tro ll-L ibe llen  im  V ergleich zu dem  fü r  die 
S icherung  der n o tw end igen  M eßgenauigkeit b e s tim m te n  finanziellen  A u fk o m 
m en k au m  von B ed eu tu n g  w ären .

3. Ein neuer N ivellierlattentyp  zum  Strom ü bergan gsn ivellem en t

D as Ü berg an g sn iv e llem en t ü b er F lüsse (bzw . offene W asserflächen  oder 
T äler) b e d e u te t in  e rs te r  L inie deshalb  eine b eso n d ere  N ivellie raufgabe, weil 
die E n tfe rn u n g  zw ischen In s tru m e n t und  L a t te ,  a n s ta t t  der üb lichen  35 40
m , m eistens m ehrere  h u n d e r t M eter b e trä g t; m it  d e r fü r  F e in n iv e llem en ts  von 
L in ien  v e rw en d e ten  M eß au srü stu n g  kann  d a h e r  u n te r  solchen U m stä n d e n  die 
M essung der H öhend iffe renz  gar n ich t d u rc h g e fü h rt w erden.

W äh ren d  d er v e rg an g en en  h u n d e rt J a h r e  w u rd en  zahlreiche L ösungen  
des P ro b lem s a u sg e a rb e ite t u n d  die S tro m ü b erg an g sn iv e llem en ts  w erd en  auch  
d e rze it m it versch ied en en  M ethoden u n d  m it versch iedenen  spezia len  M eß
au srü s tu n g en  d u rc h g e fü h rt. Aus ih re r R e ih e  seien h ie r e rw äh n t: d ie  m it 
H ilfe von  N iv e llie r-S ch e ib en -L atten  oder m it H ilfe  von  N iv e llie r la tten  m it 
s ta rk e n , aus g roßer E n tfe rn u n g  gu t z ie lb a ren  T eilstrichen  d u rc h g e fü h rte  
Ü b ergangsn ive llem en ts , das Zeissche » D oppelin strum en t«  und  die d a z u  ge
h ö rende  M essung m it spezialen  Z ielm arken , d a s  a u f  h y d ro s ta tisch em  P rin z ip  
b e ru h en d e , bzw. m it einem  d erartigen  G e rä t e rfo lg te  Ü berg an g sn iv e llem en t 
u n d  neuerd ings sogar das m it einem  L ase r-N iv e llie rin s tru m en t u n d  m it der 
d azu  gehörenden  S p ez ia lla tte  (Fühler) v e rw irk lic h te  N ivellem ent m it g roßen  
A b stän d en  zw ischen In s tru m e n t und  L a tte  (m it »großen Seitenlängen«) [10]. 
V on den  e rw äh n ten  is t das N ivellem ent m it L a t te n , die m it Scheiben v erseh en  
sind , n ic h t m eh r ze itg em äß ; andererse its s in d  die le tz tg en an n ten  G e rä te  n ich t 
n u r  teu e r, die M essung is t  m it denen auch  re c h t  k om pliz iert u n d  b e a n sp ru c h t 
v ie l Z eit. W eiters  b e s te h t h ier der g ru n d leg en d e  N ach te il, d aß  d iese G erä te
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v o n  e in e r  ganz anderen  A r t  sind , als je n e , m it denen sonst die L in ien n iv e lle 
m e n ts  d u rch g e fü h rt w erden  u n d  d ah er die U m ste llu n g  von  d er e inen  A rb e its 
w eise  a u f  die andere eben fa lls  k om pliz iert u n d  ze itrau b en d  is t.

D esh a lb  sind w ir d er A n sich t, d aß  es d e rze it die g ü n stig ste  L ö su n g  ist, 
d ie  Ü b erg an g sn iv e llem en ts  m it einem  I n s tru m e n t  von dem selben  P rin z ip , wie 
b e i L in ien n iv e llem en ts  d u rch zu fü h ren , u n d  d azu  eine m it s ta rk e n , au s  großer
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Abb. 3

E n tf e rn u n g  zielbaren  T e ils trich en  versehene  N iv e llie rla tte  zu k o n s tru ie re n , 
an  d e r  sch n e ll und  einfach abgelesen  w erden  k a n n .

B e i den  P räz is ionsn ive llem en ts in  U n g a rn  w ird , seit dem  das N iv e llie r
in s t r u m e n t  W ild N 3 in  G eb rau ch  genom m en  w u rd e , zu diesem  Z w eck  eine 
so lche N iv e llie r la tte  an g ew en d e t, die die B e n u tz u n g  der op tischen  M ik ro m e te r
e in r ic h tu n g  des In s tru m e n te s  au ch  im  F a lle  v o n  N ivellem ents m it g roßen  
L a t te n a b s tä n d e n  erm öglich t. A n  der von  D . Cs a t k a i  und  A. F e l e s  k o n s tru 
ie r te n  N iv e llie r la tte  h ab en  die d u rch  den K e ils tr ic h  des In s tru m e n te s  in  die 
M itte  n e h m b a re n  T eilstriche  d as  M aß 2 x 4  cm , d er A b stan d  zw ischen  den 
M itte llin ie n  (T eilungsin tervall) b e trä g t  5 cm  (A bb . 3). D ie L a tte  w u rd e  aus
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H olz  an g efe rtig t. D ie bei je  10 cm a u fg e tra g en e  N um erierung  b e f in d e t  sich 
a u f  d er S c h u tz p la tte  d er e igentlichen L a t te ,  deren  eingehende B esch re ib u n g  
in  [11] zu f in d en  ist.

D iese L a tte  e n tsp rach  w ährend  d e r  jü n g s te n  E inm essung  des u n g a ri
schen  N iv e llem en tn e tz  höherer O rd n u n g  d en  vorgeschriebenen  G e n a u ig k e its 
an fo rd e ru n g en  ausgezeichnet und  eine L a t te  dieses Typs k ö n n te  fü r  d ie  bei dem 
E rd k ru s ten b ew eg u n g sn e tz  erfo rderlichen  Ü bergangsn ivellem en ts s ich erlich  m it 
E rfo lg  e ingese tz t w erden . Sie h a t  je d o c h  zw eifelsohne zwei n a c h te ilig e  E igen
sch a ften :

1. D a sie aus H olz v e rfe rtig t is t , h ä n g t  ih re  Länge n ic h t a lle in  von  der 
T e m p e ra tu r  ab . D eshalb  m uß  sie v o r u n d  n a c h  jed e r M essung so rg fä ltig  kom- 
p a r ie r t  w erden .

2. D a das B ild  d er L a tte  auch m it  dem  dazu am  g ee ig n e te s ten  In s tru 
m e n t n u r  in n e rh a lb  eines Bereiches v o n  1 cm  gehoben oder g e se n k t w erden 
k a n n , w ogegen das T e ilu n g sin te rv a ll d e r  L a t te  5 cm b e trä g t, k a n n  ein Teil
s trich  d u rch  den  K e ils trich  n u r  n ach  w ied erh o lten  V ersuchen  in  die M itte 
genom m en w erden . D ies b e d e u te t, d a ß  e n tw e d e r die H öhe des In s tru m e n te n 
h o rizon tes oder die des A u fse tzp u n k tes  d e r  L a tte  solange v e rä n d e r t  w erden 
m uß , b is d er K e ils trich  m it einem  d e r T e ils trich e  innerhalb  eines Z en tim eters 
a u f  gleiche H öhe k o m m t. D as w ird  in  d e r  P rax is  derweise v e rw irk lic h t, daß 
v o r d er M essung n ic h t eine, sondern  fü n f  A ufse tzp u n k te  (V e rb in d u n g sp u n k te , 
P flöcke) in u n m itte lb a re r  N ähe derw eise ang e leg t w erden, d aß  d ie  H öhend iffe
renz zw ischen den b e n ach b a rten  1 cm  sei. So g ib t es u n te r  d en  V erb in d u n g s
p u n k te n  (P flöcken) gew iß einen, a u f  d en  die L a tte  au fg ese tz t, d e r  K eilstrich  
des In s tru m e n te s  m it einem  der T e ils tr ic h e  in  annähernd  g le ich e r H öhe liegen 
w ird  u n d  die A blesung  d u rch g efü h rt w e rd en  k an n . D ieser P f lo c k  m u ß  vo r der 
e igen tlichen  M essung du rch  w ied e rh o lte  V ersuche g efunden  w erden . Die 
M essung b e n ö tig t d a h e r einerseits gew isse vorbere itende A rb e ite n , an d erer
se its e rh ö h t die Suche nach  dem  g ee ig n e ten  P flock  den Z e itb e d a r f  d e r M essung 
u n d  k a n n  n eb en b e i eine F eh lerquelle  b e d e u te n .

D er zu e rs t e rw äh n te  N ach te il k a n n  le ich t dadurch  e lim in ie r t w erden, 
d aß  das die T e ilstriche  e n th a lte n d e  L a tte n b a n d  aus In v a r  a n g e fe r tig t  wird.

Z ur V erm eidung  des zw eiten  N a c h te ils  w urde eine so lche  N ive llie rla tte  
k o n s tru ie r t, a u f  d er tro tz  der B e ib e h a ltu n g  der T e ils tr ic h s tä rk e  von  2 cm 
m it einem  In s tru m e n t, dessen M ik ro m eterb ere ich  1 cm b e trä g t ,  je d e r  einzelne 
Z e n tim e te rw ert ab lesb a r is t. (Bei d e r  E n tw ic k lu n g  des L a t te n ty p s  sind  die im  
A n fan g ss tad iu m  d er V ersuche von  G y . S v á b y  gew onnenen M eßerfahrungen  
sowie seine w ertvo llen  V orschläge [12] ebenfalls in B e tra c h t gezogen  worden.) 
A bb. 4 zeig t einen T eil der L a tte . A n d e r  L a tte  folgen n a c h e in a n d e r  in  zwei 
S p a lte n  abw echselnd  2 cm s ta rk e  sch w arze  Teilungen und  2 cm  b re ite  weiße 
F e ld er. D ie L änge der schw arzen T e ils tr ic h e  b e trä g t 4 cm . D ie  linke  und  die 
re c h te  S p a lte  (Skale) sind gegen e in a n d e r  um  genau 1 cm v e rsc h o b e n . Bei der
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M essung  k a n n  m it dem  K eil des In s tru m e n te s , dessen  M ik rom eterbere ich  
1 cm  b e t r ä g t ,  einer d er sch w arzen  T eilstriche  o d e r  eines der w eißen F e ld e r  
(e n tw e d e r  an  der rech ten  o d er an  der linken S k a la ) b e i je d e r  In s tru m e n te n h ö h e  
in  d ie  M itte  genom m en w erd en  (A bb. 4). W äre  es u n b eq u em  oder u n g e w ö h n 
lich , e in  w eißes F eld  in  die M itte  zu nehm en , d a n n  k ö n n te  es m it den  b e id e n  
b e n a c h b a r te n  schw arzen T e ilu n g en  zusam m en in  d ie  M itte  genom m en w erd en . 
(A bb. 5. D ie  h ier gezeigte P o s itio n  en tsp rich t d e r  A blesung: 143 cm .) E s  is t

zw eck m äß ig , die auch aus g ro ß e r E n tfe rn u n g  g u t  le sb a re  große D ez im eter- 
N u m e rie ru n g  a u f die a u fk la p p b a re  S ch u tzp la tte  d e r  L a t te  anzubringen.

S e it 1971 w urden  zah lre ich e  Y ersuchsm essungen  m it diesem L a t te n ty p  
au f d em  G e b ie t von B u d a p e s t ü b e r  die D onau  m it  4 — 500 m Z ie len tfe rn u n g  
u n d  in  d e n  J a h re n  1973 74 in  Szeged über die T h e iß  m it  200 250 m  Z ie le n t
fe rn u n g  d u rc h g e fü h rt. Bei e in e r solchen E n tfe rn u n g  u n d  bei einer v o n  u n s  
als n o tw e n d ig  b e tra c h te te n  20fachen  A blesung lag  d e r  m ittle re  A b lesungs
feh ler in  d e r  R egel um  den  W e r t  ^  0,3 m m . O bw o h l im  Falle eines b e re its  
a u fg e s te llte n  In s tru m e n te s  d er Z e itb e d a rf  von 30 —40 A blesungen n ich t h ö h e r  
als 10 — 15 M in. is t, h a lten  w ir d ie E rh ö h u n g  der Z ah l d e r  A blesungen fü r  n ic h t  
n o tw en d ig , d a  nach  un seren  E rfa h ru n g e n  der M itte lw e r t von  20 A blesungen  
e n tsp re c h e n d e r  Q u a litä t d u rch  w e ite re  A blesungen n u r  um  0,01 — 0,02 m m  
g e ä n d e rt w e rd e n  kan n . E in e  E rh ö h u n g  der M eß d au er i s t  übrigens auch w egen 
der u n g ü n s tig e n  W irkung  d er Ä n d eru n g  der M eß v e rh ä ltn isse  u n erw ü n sch t.

D e r  P o ly g o n -S ch lu ß feh le r d e r  m it Hilfe d er in  u n m itte lb a re r  N ähe e r 
fo lg ten  U b e rg an g sn iv e llem en ts  g eb ild e ten  Vier- u n d  D re ieck e  w ar in  der M eh r
zahl d er F ä lle  k le iner als 1 m m , t ro tz  des U m stan d es , d a ß  die M essungen m it
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solchen se lb s tan g e fe rtig ten  L a tte n  d u rc h g e fü h rt w orden  sind , d e re n  M ateria l 
n ic h t m a ß s ta h b e w a h ren d  is t u n d  a u f  denen die T eilstriche (bzw. T e ilu n g s in te r
v alle) a u f m ehrere  Z eh n te lm illim e te r u n g en au  sind.

D ie E rgebn isse  zeigen d a h e r, d aß  bei einer fab rik m äß ig  e rre ic h b a re n  
G en au ig k e it d e r T eilung , sowie be i A nw endung  von  In v a r  eine L a t te  (L a tte n 
p a a r)  e rzeu g t w erden  k a n n , die a u f  e in facher, schneller u n d  b e q u e m e r W eise 
die bei den Ü b erg an g sn iv e llem en ts  n o tw end ige  G enau igkeit s ic h e r t. D eshalb

w ird  auch  fü r  die im  E rd k ru s ten b ew eg u n g sn e tz  v o rk o m m en d en  Ü bergangs
n iv e llem en ts  die fab rik m äß ig e  H ers te llu n g  eines d e ra rtig en  L a tte n p a a re s  
em pfohlen .

S ch ließ lich  sei b e m e rk t, obw ohl dies aus den b ish er G esag ten  bere its  
h e rv o rg e h t daß  die b esp ro ch en e  N iv e llie rla tte  in  der beschriebenen Weise 
n u r  zu In s tru m e n te n  m it e inem  M ikrom eterbereich  von  1 cm  a n w e n d b a r  is t. 
O bw ohl aus dem  besch riebenen  P rin z ip  ausgehend  bere its  au ch  eine dera rtig e  
L a tte  le ic h t k o n s tru ie rb a r  w äre , a u f  d er die A no rd n u n g  d er T e ils tr ic h e  die 
A blesung  v o n  0,5 cm  erm öglichen  w ü rd e , is t  dies w egen der d a m it v e rb u n d en en  
V erg rö ß eru n g  der L a tte n d im e n s io n  oder w egen der k o m p liz ie rten  A blesung 
n ic h t ra ts a m . M uß m an  ein In s tru m e n t m it einem  M ik ro m ete rb e re ich  von  0,5 
cm  anw enden , d ann  is t  es zw eckm äßiger der im  L an d esn iv e llem en t höherer 
O rd n u n g  b ish e r üb lichen  P ra x is  ähn lich  zwei V e rb in d u n g sp u n k te  fü r die 
L a tte  anzuw enden .
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НЕКОТОРЫЕ ВОЗМОЖНОСТИ ДЛЯ УСОВЕРШЕНСТВОВАНИЯ 
ВЫСОКОТОЧНЫХ НИВЕЛИРНЫХ РЕЕК

л. мишкольци
РЕЗЮМЕ

В статье излагаются исследования, выполненные в Геодезическом Институте 
Политехнического Университета в Будапеште и имеющие целью исправить высокоточные 
нивелирные рейки.

На основе результатов можно заключить:
Толыцина делений инварных реек не оптимальна (на рис. 1 и 2 показано изменение 

средней квадратической ошибки отсчета в зависимости от изменения толыцины деления 
от 1,6—3,2 мм или 1,6—3,6 мм).

В противоречие с применяемыми на практике оптимальная толыцина делений реек 
должна была бы составлять 2 ,2—2,9 мм (рис. 1, 2, и табл.).

Если наблюдатель не замечает, что установка уровня рейки сместилась, то при 
косой рейке может возникать ошибка. Для устранения этой ошибки предлагается при
менять второй уровень, причем оба должны быть прикреплены к рейке независимо друг 
от друга. Наклон рейки таким образом, сразу бросается в глаза.

В заключении дается описание рейки нового типа для нивелирования через реки 
(рис. 4 и 5). Дается предложение для ее производства и применения.
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ÜBER DIE MOMENTE NULLTER, ERSTER  
UND ZWEITER ORDNUNG NORMALER UND  
LOGNORMALER VERTEILUNGSFUNKTIONEN

L. C SE R N Y Á K
U N IV ERSITÄ TSA D JU N K T

SZ. PETHŐ
U N IV ERSITÄ TSPRO FESSO R 

U N IV ER SITÄ T FÜ R  SC H W ER IN D U STR IE , MISKOLC

[E ingegangen am 1. Oktober 1974]

In der Abhandlung werden die auf den »Erwartungswert« der V erteilungsfunktionen  
bei normaler und lognorm aler Verteilung bezüglichen M om ente n-ter O rdnung (n  =  0, 1, 2, . . .) 
m itgeteilt und als Q uotienten der M omente erster und m iliter Ordnung die A bszissen der 
Schwerpunkte der entsprechenden Flächenteile abgeleitet. — D as M om ent n-ter Ordnung 
der Normal Verteilung ist — abgesehen von einer K onstanten — gleich dem  vorgegebenen  
W ert einer Verteilung x  vom  Freiheitsgrad n +  1.

Diese M om ente, sowie die Abszissen der Schwerpunkte der F lächente ile  zwischen 
der Verteilungsfunktion und dem  W ert werden benötigt, um auf dieser G rundlage die Aus
bringungskurven von  Aufbereitungs-Trenneinrichtungen, die einer norm alen bzw . lognorm alen  
Verteilung folgen, entsprechend interpretieren und auswerten zu können.

1. E in le itu n g

Z ur B eu rte ilu n g  d er A rbeitsw eise v o n  T re n n e in ric h tu n g en  d e r  A ufbe
re itu n g  w erden die A bszissenw erte  von  an  d er T ro m p -K u rv e  abg e lesen en , be
s tim m te n  P u n k te n  w ie M edianw ert, M odus, Q uartilissen  usw . . . bzw. 
die aus diesen g eb ild e ten  M eßziffern w ie d er H a lb w ert d e r Q uartilissend if- 
ferenz (Ep), fe rn e r der Q u o tie n t der Q u artilissen  (die M eßziffer k ) ,  d e r  Q uotien t 
aus Ep und  dem  M ed ianw ert (die Im p e rfek tio n ) usw . . . . b e n ü tz t .  D iese Meß
ziffern  erte ilen  ab e r ü b e r  die G esta ltu n g  d e r A u sbeu te  in  den  Q u a rtilissen  nu r 
ungenügende, ü b e r die A nteile  zw ischen T ren n zo n eg ren zw ert u n d  Q u arti
lissen, die gleichfalls einen  b e träch tlich en  T eil der T ren n zo n en  re p rä sen tie ren , 
n u r  geringe A u sk u n ft. A uch  bei dem  E n tw erfen  der T ro m p -K u rv e  w ird  von 
den F o rschern  n ic h t e inhe itlich  v e rfa h re n : Viele h a lte n  sich  a n  d as  Prinzip  
des F lächenausg le ichs, w äh ren d  andere  die A usb rin g u n g sw erte  d em  a rith m e ti
schen M itte lw ert d er M eßgrenzen zuordnen  u n d  die so e rh a lte n e n  P u n k te  durch 
eine K u rv en lin ie  v e rb in d en . Bei den  d a rg es te llten  T ro m p -K u rv e n  dürfen 
auch  die su b jek tiv en  F e h le r  n ich t a u ß e ra c h t gelassen w erden . A ll d iese Mängel 
b ed in g ten  die E in fü h ru n g  von  neuen  M eßziffern; diese n e u e rd in g s  vorgeschla
genen M eßziffern sind  in  m a th e m a tisc h -s ta tis tisc h e r H in s ic h t s tic h h a ltig . Zu 
ih re r  B estim m u n g  is t das E n tw erfen  d er T ro m p -K u rv e  n ic h t n ö tig . Bei der
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B e re c h n u n g  wird je d e r  A u sb rin g u n g sw ert in  e n tsp re c h e n d e r  W eise b e rü c k 
s ic h t ig t .  E in  w eiterer V o r te il  b e s te h t darin , d a ß  d ie  neu en  M eßziffern sow ohl 
k la ss ie ru n g stech n isch , a ls a u c h  technologisch  in te rp re t ie r t  w erden kö n n en , 
so d a ß  sie über die A rb e itsw e ise  der E in ric h tu n g  d as  m eiste  aussagen  können . 
S c h lie ß lic h  eignen sich d ie  K ennziffern  au ch  z u r  c o m p u te rg es teu e rten  Be- 
tr ie b s le n k u n g .

A ls B asis-M eßziffer d e r  T ren n e in rich tu n g en  w u rd e  von  uns a n s ta t t  des 
M e d ian w erte s  der »zu e rw a r te n d e  W ert« [1], [2], [3] g ew äh lt, d .h . je n e r  K en n 
w e r t ,  d e r  m it dem A u sg le ich sp a ram e te r  einer g eg eb en en  T ren n o p e ra tio n  d an n  
g e n a u  ü b e re in s tim m t, w e n n  d ie  kum ula tive  V e rte ilu n g  des R o h m a te ria ls  in  
d e r  T re n n z o n e  durch  eine  sch räg e  G erade d a rg e s te l l t  w erden  k an n . Diese 
g ru n d le g e n d e  M eßziffer n a n n te n  w ir den »zu e rw a r te n d e n  W ert« (im w eite ren  
» E rw artu n g sw ert« ) des A u sg le ich s-P aram eters . D ie w e ite re n  M eßziffern, w elche 
ü b e r  d ie  T rennschärfe e ine A u sk u n ft erteilen  so llen , s teh en  m it dem  E rw a r
tu n g s w e r t  in  irgendeiner V e rb in d u n g . Die G röße ( f 0) d er sog. F eh le rfläch en  
zw isc h e n  der T ro m p -K u rv e  u n d  dem  E rw a r tu n g sw e r t is t d er zu e rw arten d e  
W e r t  d es  beim  A u sg le ich sp a ram e te r  m axim al in  E rsc h e in u n g  tre te n d e n  F eh l
k o rn s . D ie  Abszissen (t) d e r  S ch w erp u n k te  der F e h le rf lä c h en  geben die M itte l
w e r te  des. Fehlkorns an, d. h .,  b e i K lassie rungsau fgaben  die m ittle re  K orngröße 
des in  d ie  F e in k o rn frak tio n  g e lan g ten  A nteils (in ) v o n  größeren  K o rn g rö ß en  
als d e r  E rw artu n g sw ert, b z w . die m ittle re  K o rn g rö ß e  (t]) des in  die G ro b 
k o rn f r a k t io n  gelangten F e in k o rn a n te ils . Die S tre u u n g  (s) in fo rm iert ü b e r die 
B e z ie h u n g , welche zw ischen d e m  zu erw artenden  W e rt des A u sg le ichparam eters 
u n d  d e m  A u sg le ich p aram ete r des gegebenen T ren n p ro zesses  b e s te h t [1].

N a c h  der M einung v ie le r  F o rscher k an n  die T ro m p -K u rv e  v ieler A n re i
ch e ru n g so p e ra tio n en  d u rc h  F u n k tio n e n  au sg ed rü ck t w erd en . A llgem ein h e rrsc h t 
die A n s ic h t , daß die T ro m p -K u rv e n  der S chw ersuspensionsprozesse  einer 
N o rm a lv e rte ilu n g , die d e r S e tz -  u n d  S ich t-V orgänge ab e r den lognorm alen  
V erte ilu n g sfu n k tio n en  fo lgen . W ü n sch t m an sich  e inen  tie fe ren  E in b lick  als 
b ish e r  in  d ie  T rennschärfe  d ie se r  technologischen O p e ra tio n e n  zu verschaffen , 
so s in d  h ie rz u  die M om ente d e r  norm alen  bzw. lo g n o rm a len  V erte ilung  e rfo r
d e rlic h , w elche entw eder d i r e k t  die M eßziffern e rg eb en  (z. B . die F eh lerfläche  
I 0) o d e r  au s  jenen  M eßziffern  b e s tim m t w erden k ö n n e n  (z. B. die A bszissen t 
d e r F e h le rf lä c h en sch w e rp u n k te ) .

2 . D er Z u sam m en h an g  zw isch en  den M om en ten  der D ichte-  
u n d  V erteilu n gsfu n k tion en

B e v o r  w ir zur B e s tim m u n g  d er P a ram ete r sc h re ite n , die zu diesen beiden  
S p ez ia lv e rte ilu n g en  gehören , m ü sse n  betreffs d er M o m en te  noch  einige allge
m ein  g ü ltig e  F estste llungen  g e m a c h t w erden. W en n  es fü r  die ab so lu t k o n ti
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nu ierliche  D ich te fu n k tio n  f ( x )  e iner W ah rsch e in lich k e itsv a riab len  d as  I n 
te g ra l

J x n+l f ( x )  dx  (n  0, eine ganze Zahl) (1)

g ib t, d a n n  gelten  auch , w enn die V erte ilu n g sfu n k tio n  m it F(x) b eze ich n e t w ird ,
d ie  In te g ra le

f°
=  J -  < x)" F (x)  dx (2)

und
r° °

=  J o  * (1 F ( x ) ) d x (3)

u n d  es is t  dem nach

г  - _ L _ f  {— ■*)n+1A x ) dx (2a)
" n  +  1 „

beziehungsw eise

J  — * J ~  x n+1f { x )  d x . (3a)
" П +  1

E s g enüg t, die a u f  I n bezüg liche  B e h a u p tu n g  nachzuw eisen . A us dem  
B esteh en  des In teg ra ls  (1) e rg ib t sich  so fo rt, d aß  in  jedem  b e lieb igen  Fall 
£ >  0 [6]

I x n+1 F ( x )  I =  I x n+1 f ( t )  d t  I <  [* ; x n+1f ( t )  I d t  <  I t',+1/(t) I d t  <  e

is t, w enn  X  genügend k le in  u n d  d esha lb

lim  x n+l F(x)  =  lim  x n+1 ( l  — F{x )) =  0 is t . (4)
X—* —  °° X —> 00

D an n  ab er e rh ä lt m an d u rch  p a r tia le  In te g ra tio n

/ „ =  ( - x r F ( x ) d x

( - * ) " +1 rF ( x ) г f  {— x ) n+1f { x ) d x  =  
П I I J -oo

- 1 —  f°  ( - x ) ^ f ( x ) d x .  
n +  I
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3. N orm ale V erte ilu n g

D  a die D ich te fu n k tio n

/( * )  =  -[7===e~*** (5 )\  2ла

der N o rm a lv e rte ilu n g  N ( о,er) is t, so is t au fg ru n d  v o n  (2a) und  (3a)

I n  =  J n  { n  =  0 ,  1 ,  . . .)  .

D ie G rö ß e  I n is t, abgesehen  von  einer K o n s ta n te n  der vorgegebene W e rt x  
e in e r V e rte ilu n g  m it dem  F re ih e itsg rad  n  -(- 1 ([4 ] [5]). A ufg rund  h ie rv o n  
e rg ib t s ich  so fo rt, d aß  die B eziehung

n f  Г

(n  +  l ) ] [2 n
22 Г

w enn  n  e ine  gerade Z ah l is t

I П
an+1 1

71 - j -  1 У  2 Л
n(n  —  2) 4 .2 ,

w enn n  a b e r  ung erad e  is t  (6)

an+1
I n = -------------7i(n —  2 ) ...........  3.1

2(n +  l
b e trä g t.

D em zufo lge  la u te t  die G leichung der S ch w erp u n k tsab sz isse , als Q u o tien t 
aus d en  M om en ten  e rs te r  u n d  n u llte r  O rdnung :

4 ]/2 я  er

У 2л

( 7 )

der Q u o tie n t aus den M om enten  zw eiter und  n u ll te r  O rd n u n g  aber:

2 „2 hSz =  ---- ( 8 )

Zur E rm it t lu n g  der O rd in a te  des S chw erpunk tes b e n ö tig t m an  den  W ert

F 2(x) dx
1

2
f ( l  ~ F ( x ) )  

Jo
2d x . (9)

(Das V o rlieg en  der In te g ra le  e rg ib t sich sofort aus d em  B estehen  d er G l.l .
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W ird  G l.9 zw eim al p a r t ia l  in teg rie rt u n d  (G l.4) b e n ü tz t,  so e rh ä lt m an:

К  = 0 J"0
1

-----e dx  .
2 л

D a ab er F (0) =  1/2 is t , so is t

К  =
a a _ _  ][2 —  1

2]/ 2 л  4 У я: 4 У я
das h e iß t

y s =  T-* n

к  ]A 2 — 1
2 ][л

( И )

( 12)

t F ( x )

In  A bb. 1 is t  die V erte ilu n g sfu n k tio n  d e r n o rm alen  S ta n d a rd v e rte ilu n g  
zu sehen. I 0 i s t  das M om ent n u llte r  O rd n u n g , m ith in  die G röße d er sch ra ffie r
te n  F läch e  1/У 2я; t u n d  y s sind  die K o o rd in a te n  des S chw erpunk tes dieses 
F läch en te ils . A u fg ru n d  von  (Gl. 12) k an n  fe s tg e s te llt  w erden , d aß  die O rd in a te  
y s des S ch w erp u n k tes  u n ab h än g ig  vom  P a ra m e te r  a  der N o rm alv e rte ilu n g  
is t. D ie O rd in a te  h a t  k o n s ta n te n  W ert, n ä m lic h  =  0,1464.

4. L ogarith in ische N orn ia lverte ilung

Die D ic h te fu n k tio n  fü r  die lo g a rith m isch e  N o rm alv erte ilu n g  la u te t
1 _ (ln x—m)2

Л *) =  e~\ 2 n  ax
2<r2

I h r  vorgegebener W e rt e rg ib t sich aus d er B ez iehung

M  =  em + ̂ ~ .

(13)

( 1 4 )

Acta Geodaetica, Geophysica et Montanislica Acad. Sei. Hung. 10, 1975



122 L. CSERNYÁK—SZ. PETHÜ

Z u e rs t  so ll der W ert des In te g ra ls  b e s tim m t w erden :

J'M rM  ~ k  _  (In X—m)2

о J o  1' 27l a x

W ird  d e r  A usdruck

ln  X  —  m  —  k o 1
и — -------------------------

o

e in g e s e tz t ,  d an n  e rh ä lt m an  d ie  B eziehung

L k =
m k  + k 2cr2

P  ’ e~  V" du  =  emk + АГ“ Ф

1—
1 

to rT-
q

2

( 1 5 )

(16)

(17)

w o rin  Ф(х)  die V erte ilu n g sfu n k tio n  d er sog. n o rm alen  S ta n d a rd v e r te ilu n g  is t. 
H ie rn a c h  is t

I *
n ■— x)n F (x )  dx

1

n  I

1 Гм  ( M  —  x)n+1 -

о У 2 л  J o  X

dny—m)2
20-2 dx  _

1

n  +  1

n+ 1
V  ( -  I f

k=0

Tl —{— 1

к
M n+1~ k L k . (18)

M it B e n ü tz u n g  von Gl. 14 e rh ä lt  m an :

г*1o M L 0 —  L 1 =  em+ 2 2 Ф f— —  l
L U J

I  r =

I?

2 M L 1 +  L ,] J l e2m+ff2 3 Ф
’ er

2 , 2 ,
2 +  ea~ Ф

— 3cr|~ 
2 ] 

(19)

—  [M 3L —  3M 2L i +  3 M L 2 —  L 3] =  
3

1 „3m+ir —  e 1 4 Ф
а

- 3  +  З е а2Ф —  —  i —  е3"2Ф
5(T

3 2 2  J 2

u n d  m it  B esch re itu n g  des g leichen  W eges

( 20)

S o m it i s t  10 =  J 0. Dies ab e r is t  d ie  schon  b e k a n n te  E ig en sch aft des v o rg eg eb e
n en  W e rte s  einer lo g a rith m isch  n o rm a le n  V erte ilu n g :

J *  =  _ 1  g2m+(T2

bCO'Sb
1___

2 L 1 2 ,
( 2 1 )
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Schließ lich  is t:

3

D ie  en tsp rech en d en  Q u o tien ten  au s den M om enten  e rste r u n d  n u ll te r  O rdnung , 
bzw . zw eiter u n d  n u llte r  O rd n u n g  können  au fg rund  des v o rh e rig e n  einfach

е ^ - ф  \2<L —  3 еа* Ф
3(7

+  4Ф
а

—  1
2 2 2 ,

( 22)

au fgesch rieben  w erden . Die K o o rd in a te  y s d e r S ch w erpunk te  k a n n , w enn die 
W erte  Ф(х) b e k a n n t sind , au ch  a u f  nu m erisch em  W ege b e s tim m t w erd en .

In  A bb. 2 is t die V e rte ilu n g s fu n k tio n  der lo g a rith m isch en  N o rm alv er
te ilu n g  zu sehen  fü r < 7 = 1  u n d  m  =  0. I*  u n d  J*  sind die M om en te  n u llte r 
O rdnung . S om it sind die G rö ß en  d er sch ra ff ie rten  F lächen  die A bszissen  der 
S ch w erp u n k te  der F läch en te ile  bzw. tu .
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О М О М ЕН ТАХ Н У Л Е В О Г О , П ЕРВО ГО  И ВТО РО ГО  П О Р Я Д К О В  Ф У Н КЦ И Й  
Н О РМ АЛ ЬН О ГО  И ЛО ГАРИ Ф М И Ч ЕСКИ  Н О РМ А Л ЬН О ГО  Р А С П Р Е Д Е Л Е Н И Я

Л . Ч Е РН Я К -С . ПЕТЁ 

РЕЗЮ МЕ

В статье излагаются моменты относительно математического ожидания порядка 
п (п =  О, 1, 2 ,.  . .) функций нормального и логарифмически нормального распределений 
и выводятся абсциссы центров тяжести соответствующих плоскостей как частные момен
тов первого и нулевого порядков. — Без учета одной постоянной момент порядка п нор
мального распределения есть математическое ожидание распределения х со степеней 
свободы п +  1.

Моменты, а также абсциссы центров тяжести плоскостей между функцией распреде
ления и математическим ожиданием понадобились из-за надлежащей интерпретации кри
вых извлечения распределительных устройств, следующих логарифмически нормаль
ному закону.
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COMPARISON OF ADJUSTMENT METHODS OF THE 
AEROTRIANGULATION BY NUMERICAL FILTERING

TECHNIQUES

GY. A L P Á R
G EODETICAL AND GEO PH Y SICA L RESEA R C H  IN STITU TE OF TH E  

HUNGARIAN ACADEMY O F SCIENCES, SOPRON

[Manuscript received October 10, 1974)

A com parison o f different adjustm ent m ethods of the aerotriangulation can  be performed 
purely on the basis o f the geom etrical structure o f  the problem , avoiding the inclusion o f real 
or com puter-sim ulated m easurem ents. I t  is conceivable, th a t a general inverse o f the coefficient 
m atrix of the error equations characterized b y  the adjustm ent m ethod describes all the filtering  
effects o f these m athem atical procedures.

E ach row of such a general inverse-m atrix is a numerical filter, w h ich  ex tracts one 
single unknow n to be determ ined, while suppresses all the other ones, by  m eans of an appro
priate linear com bination of all m easurem ents. F ilters derived from different adjustm ent 
m ethods for the sam e coordinate-unknowns can be com pared directly if  the m easurem ents 
are of the sam e nature (i.e ., the filters consist o f the sam e number of elem ents).

Also different kinds of filters (for the sam e coordinate-unknowns) can be compared, 
using so-called transm itter m atrices describing m athem atical relationships betw een  different 
types o f m easurem ents (e. g. im age-coordinates and m odel- coordinates). For this purpose, 
Cholesky-factorization and H elm ert-prem ultip lication techniques will he introduced. This 
w ay, also different stochastic assum ptions can be taken into  consideration.

Num erical filters derived from appropriate least-squares techniques are nam ed “ the 
m ost probable filters” .

A ero trian g u la tio n  is a com plex  p rocess invo lv ing  so p h is tic a te d  reco rd 
ings, m easu rin g  an d  com pu ting  tech n iq u es . G enerally , tw o k in d s  o f  co m p ari
son are  m ad e  fo r th e  te s t  o f a e ro tr ia n g u la tio n  m ethods. T he f i r s t  s ta r ts  w ith  
aeria l p h o to g ra p h s  tak en  of a te s t  a rea  w ith  precise geodetic co n tro l. T h e  sec
ond  one o p era tes  w ith  co m p u te r s im u la tio n  o f th e  previous ite m s . B o th  are 
concerned  w ith  th e  w hole co m p lex ity  o f  th e  ae ro trian g u la tio n  a n d  th e  “ good
ness o f f i t ”  is ju d g e d  b y  average  c o o rd in a te  d iscrepancies d e te rm in e d  a t  check 
p o in ts .

T he a d ju s tm e n t of an  a e ro tr ia n g u la tio n  is, how ever, a p u re ly  m a th e m a ti
ca l p ro ced u re , even  if  i t  a n tic ip a te s  p ro fo u n d  know ledge o f  th e  p reced ing  
processes. So, we can  sp lit th e  p ro b lem s if  th e  com parison  of d iffe re n t a d ju s t
m e n t m e th o d s  is re s tr ic te d  only to  th e  d iffe ren t m a th em a tica l fo rm u la tio n s  of 
th e  sam e a e ro tr ian g u la tio n  p rob lem . I t  is c e rta in ly  n o t a new , b u t  a scarcely  
ap p re c ia ted  fac t, th a t  th e  coeffic ien t m a tr ix  o f th e  (linearized) o b se rv a tio n  
e q u a tio n s  A ,  to g e th e r  w ith  th e  a p p ro p r ia te  w eight m a tr ix  Q — 1 d e te rm in e  
th e  ou tcom es o f an  a d ju s tm e n t. F ro m  th ese  m atrices we can  a lw ay s com pu te  
a th ird  one, w hich gives th e  in v erse  re la tio n sh ip  expressing  e x p lic ite ly  th e
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u n k n o w n  p a ra m e te rs  o f th e  a d ju s tm e n t p ro b lem :

X =  B L (1)
m, 1 m , n n,1

H ere , X  is th e  v ec to r  o f th e  unknow ns, В  is a m, n  m a tr ix  (m n) an d  L  
s ta n d s  fo r  th e  residua ls (co n ta in in g  also th e  o b se rv a tio n s).

A t th is  p o in t we ge t in  to u ch  w ith  n u m e ric a l filte rin g  tech n iq u es, b e 
cause  th e  lin e a r  co m b in a tio n  BL in  eq u a tio n  (1) re p re se n ts  a sim ple lin e a r  
f il te r . N u m e ric a l f ilte r in g  is, how ever, a m u ch  m ore  g enera l and  v e ry  pow erfu l 
e s tim a tio n  m eth o d . K eep ing  in  m ind  some o f th e  c ritic ism  re la ted  to  “ leas t-  
sq u ares  f i l te r in g ”  [3], m e n tio n  m u st be m ade he re , t h a t  linear co m b in a tio n s 
in  th e  sense  o f e q u a tio n  (1) are  p ra c tic a l f ilte rs  fo r o u r sim ple s ta tio n a ry  case.

In  w h a t follows th e  В m a tr ix  w ill be called  th e  f i l t e r  m a t r i x  an d  
i t  w ill b e  show n how  a com parison  m ig h t be  p e rfo rm ed  by  m eans of th is  
m a tr ix .

In  case  o f a le a s t-sq u a re s  a d ju s tm e n t th e  В m a tr ix  is given b y  th e  m a tr ix  
p ro d u c t:

В =  (ATQ-1 A )-1  A TQ 1 . (2)

H ere , th e  В m a tr ix  is a specia l ty p e  o f th e  g en era lized  (or pseudo-) inverses o f 
A [2]. E a c h  row  of such  an  in v erse  m a tr ix  is a lin e a r  f i l te r ,  w hich enhances ju s t  
th e  u n k n o w n  to  be d e te rm in ed , w hile suppressing  a ll th e  o th e r ones b y  m eans 
o f an  a p p ro p r ia te  lin ea r  co m b in a tio n  of all m easu rem en ts . I t  is also possib le  
— ev en  i f  i t  is n o t p ra c tic a l — to  com pu te  a В m a tr ix  fo r th e  no n -least-sq u ares  
a d ju s tm e n t m e th o d s, how ever, n o t only  th e se  f i l te r  m atrices , b u t  also th e  x 
an d  L v e c to rs  in  eq u a tio n  (1) can  be con sid erab ly  d iffe ren t for th e  sam e aero- 
t r ia n g u la t io n  p rob lem . S upposing  alw ays id e n tic a l g eom etrica l s itu a tio n  fo r a 
te s t  ca se , o n ly  th e  co o rd in a te  u n k n o w n s of th e  d iffe re n t a d ju s tm e n t p ro ced u res  
can  be  re g a rd e d  as com m on elem en ts. F o r th is  rea so n  we sp lit eq u a tio n  (1):

X1 II B,
X2 bJ

L , ( la )

w here  x x s ta n d s  fo r th e  c o o rd in a te  unknow ns an d  B x is th e  a p p ro p ria te  f i l te r  
m a tr ix , w h ile  x 2 deno tes th e  o r ie n ta tio n  p a ra m e te rs  a n d  B,2 is th e  re la te d  f i l te r  
m a tr ix .

N ow , w e can  com pare  tw o  d iffe ren t a d ju s tm e n t m eth o d s app lied  to  th e  
sam e te s t  case, co m p u tin g  th e  difference of th e ir  B x m atrices  u n d e r th e  con
s tra in ts  t h a t  th e y  are o f eq u a l size an d  th e  L  v e c to r  is com m on. Such a d iffe r
ence m a tr ix  “ m ap s”  in  a ll d e ta il th e  d ifferences o f th e  a d ju s tm e n t m eth o d s to  
be co m p a re d . T he c o n s tra in t re la te d  to  th e  L  v e c to r  is how ever a v e ry  serious
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one a n d  in th is  w ay  we can  s tu d y  m ain ly  th e  effects o f d iffe ren t w eighting  
only .

I f  th e  L v ec to rs  o f  th e  a d ju s tm e n t m e th o d s  u n d e r  com parison  are  differ
e n t, b u t  o therw ise th e  size o f th e  re la ted  m a tric e s  an d  co n seq u en tly  also 
t h a t  o f  L are  equa l, th e n  we can solve th e  p rob lem  in tro d u c in g  a so-called 
tr a n s m it te r  m a tr ix :

L =  T L .
n, 1 n, n n, 1

In  th e  sim plest case T  w ill be  a d iagonal m a tr ix  a n d  L is called th e  v ec to r  of 
e q u iv a len t res id u a ls  [1, 4 ]. T he least-squares a d ju s tm e n t w ith  L can  be now 
perfo rm ed  in  th e  fo llow ing w ay :

TAx -  T (L  +  v) =  0  (3)

w h ere  v is th e  v e c to r  o f  th e  corrections. T h en , th e  no rm al e q u a tio n s  w ith  
Q ~ 1 are:

A r T Q ~ 1 TAx A r T Q - 1 T L  =  0

an d  th e  re la ted  f i l te r  m a tr ix  is:

B =  (Ar T Q _1 T A )“ 1 A 'T Q - 1 T. (2a)

I t  is n o t so ev id en t, how ever, how  to  d e te rm in e  th e  В m a tr ix  fo r a non-least- 
sq u ares  a d ju s tm e n t m e th o d . In  equa tion  (3) th e  effect o f th e  T m a tr ix  is sim ilar 
to  t h a t  of th e  special w eig h tin g  techn iques w h ich  w ere in tro d u c e d  b y  F . R . 
H e lm er t  an d  are te rm e d  now adays th e  “ ho m o g en iza tio n  of th e  o bserva tion  
e q u a tio n s” . In  th is  p a p e r  th e  te rm ino logy  “ H e lm e rt p re m u ltip lic a tio n  tech n i
q u es”  will be used  in  o rd e r to  em phasize th e ir  d o m in a n t c o m p u ta tio n a l c h a r
ac te ris tic s . W eig h tin g  is, how ever, a com m on p ro ced u re  also fo r non-least- 
sq u ares  a d ju s tm e n t a n d  so th e  В f ilte r  m a tr ix  can be c o m p u ted  here  via 
s im ple w eigh ting  tech n ic s . F o r th is  reason  w e can  m ake use o f  th e  so-called 
C holesky fa c to riz a tio n  (or -decom position) o f  th e  Q ~ x m a tr ix :

Q 1 Q-l(Q-i)^

an d  w ith  th e  su b s titu tio n

к =  TQ“ 2

w e can w rite :

В  =  (ATK K TA )-1  A r K K r . (2b)

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975



128 GY. ALPÁR

I t  is e a s y  to  see th a t  К  an d  К  r p la y  here th e  role o f th e  C holesky com ponen ts 
o f  th e  gen era l w eight m a tr ix .  I f  th e  re la tio n sh ip  b e tw een  L an d  L is m ore 
c o m p le x , th a t  is, th e  T m a tr ix  is  no  m ore a d iagona l one, th e re  is no re s tr ic tio n  
to  u se  th e se  w eighting  te c h n ic s .

I n  th e  m ost general case  e.g . in  th e  com parison  of b u n d le - a n d  p o ly 
n o m ia l a d ju s tm e n t m e th o d s th e  L vectors are  e n tire ly  d iffe ren t also  in  size. 
T h e  c o m p u ta tio n  of th e  c o m p a tib le  В (resp. B x) m atrices  via  le a s t  squares 
le ad s  u s  to  th e  a d ju s tm e n t o f  co rre la ted  o b se rv a tio n s. T h is fo rm a lly  agrees 
w ith  t h a t  o f equation  (3), b u t  h e re  we have a tw o -w ay  com parison  p ro ced u re  
d e p e n d in g  on w hich one o f th e  d iffe ren t L v ec to rs  w ill be ta k e n  fo r base . So, 
i t  c a n  o c c u r th a t  th e  m a tr ix  p ro d u c t  K K 7 re su lts  in  a singu lar w e ig h t m a tr ix  
an d  i t s  u se  in  connection  w ith  n o n -leas t-sq u ares  a d ju s tm e n ts  m ay  cause  som e 
in co n v en ien ces . The a l te rn a tiv e  choice, how ever, alw ays p roduces a un ique  
В m a t r ix .

I n  th e  foregoing we h a v e  d e a lt ac tu a lly  w ith  th e  c o u n te rp la y  o f th e  
m a th e m a t ic a l  fo rm u la tio n  o f  th e  ae ro tr ia n g u la tio n  problem  an d  w e igh ting  
te c h n iq u e s . I t  seems, t h a t  a u se fu l com parison  m e th o d  can  be d e riv ed  from  
th e se  d u a li ty .  The H e l m e r t  p re m u ltip lic a tio n  tech n iq u e  an d  Ch o l e s k y  
f a c to r iz a t io n  are the  basic  m a th e m a tic a l  too ls in  th e  num erica l p ro ced u res  of 
th e se  p ro p o se d  com parison  s tra te g ie s . Also fo r p o in ts  n o t invo lv ed  in  th e  a d 
ju s tm e n t  w e can c o n s tru c t p re d ic tio n  filte rs . In  such  a case also th e  a p p ro p ria te  
p a r t  o f  th e  B 2 m atrix  will be e ffe c tiv e . F inally , i t  shou ld  be m en tio n ed  th a t  least- 
sq u a re s  f i l te r s  alw ays have  o p tim u m  ch a rac te ris tic s  in  som e sense, w h ich  does 
n o t im p ly  th a t  th e  co o rd in a te  e s tim a te s  d e te rm in ed  in  th is  w ay  a re  u n b iased , 
i.e. th e  “ b e s t”  ones.
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СРАВНЕНИЕ МЕТОДОВ УРАВНИВАНИЯ ФОТОТРИАНГУЛЯЦИОННЫХ 
СЕТЕЙ С ПОМОЩЬЮ ТЕХНИКИ ВЫЧИСЛИТЕЛЬНОЙ ФИЛЬТРАЦИИ

Д Ь .  А Л П А Р

РЕЗЮМЕ

Сравнение различных методов уравнивания фототриагуляционных сетей может 
проводиться только на основе геометрической структуры проблемы без проведения 
реальных или симулированных наблюдений. Видно, что обобщенная матрица от матрицы 
коэффициентов уравнений поправок, определенных методом уравнивания, содержит все 
влияния фильтрации исследуемого математического метода.
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Каждая строка такой обобщенной обратной матрицы есть такой вычислительный 
фильтр, который при помощи соответствующей линейной комбинации всех измерений 
выделяет определяемую неизвестную, а остальные поглощает. Фильтры, служащие для 
определения тех же неизвестных координат и полученные из различных методов уравни
вания, могут быть непосредственно составлены, если измерения одинакового характера 
(т. е. фильтры содержат одинаковое число элементов).

Могут быть сопоставлены также и фильтры разного характера (но относящиеся 
к той же неизвестной) с помощью т. н. переносных матриц, описывающих математические 
зависимости между наблюдениями разного характера (например, между картинными 
и модельными координатами). С этой целью нами были применены факторизация по холец- 
кому и премультипликационная техника Гельмерта. Таким образом, можно учесть и раз
личные стохастические условия. Фильтры, выведенные соответствующим применением 
метода наименьших квадратов, могут называться «вероятнейшими фильтрами).
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PROPERTIES OF CODA WAVES
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[M anuscript received O ctober 31, 1974]

In two previous papers some param eters in  the relation between properties o f coda 
(surface) w aves and crustal layering were discussed. Because coda w aves are guided b y  the 
E arth’s crust, the dom inant period is related q u a n tita tiv e ly  to the th ickness o f  the layers. 
From  the dom inant period (8 T  <  30 sec) for coda R ayleigh waves across A sia  and Europe 
to B udapest the average thickness o f the crusst w as estim ated to be 40 km .

S ev en teen  y ea rs  ago an  a lte rn a tiv e  m e th o d  w as w orked  o u t  [2, 3] to  
d e te rm in e  m ag n itu d es o f shallow -focus e a r th q u a k e s . This m e th o d  depended  
u p o n  a connection  betw een  th e  d u ra tio n  o f  surface w aves a n d  e a r th q u a k e  
m a g n itu d e . T he d u ra tio n  w as m ain ly  a fu n c tio n  of m ag n itu d e  a n d  w as only 
s lig h tly  d ep en d en t on ep icen tra l d is tan ce . T h e  m ethod  has since b e e n  ad o p ted  
b y  th e  USGS for e s tim a tin g  m a g n itu d e  o f  local e a rth q u ak es  in  C alifornia 
(L e e , 1972). K . A ki [1] w orked o u t an  ex p la n a tio n  for n e a r  e a r th q u a k e s . 
T h is new  w ork  suggested  to  me th a t  p e rh a p s  a sim ilar e x p la n a tio n  could  be 
fo u n d  fo r th e  d u ra tio n  of teleseism s.

A re la tio n  w as p rev iously  p u b lish ed  [4], betw een d o m in a n t periods of 
coda w aves an d  th e  s tru c tu re  of E a r th  c ru s t  for shallow -focus e a r th q u a k e s  
o rig in a te d  a t  ep icen tra l d istances o f 5° ^  A °  <7 50°. T he re su lts  w ere in  a 
v e ry  good ag reem en t w ith  th e  c ru s ta l s tru c tu re  th a t  w as d e te rm in e d  by 
deep seism ic sound ings in  H u n g ary .

The estim ate was based upon the observed a lm ost-stationary  period 
of coda w aves. For dom inant groups o f  periods, the equation, obtained by  
H arutw ig  [5] for R ayleigh w aves, is

7 '
T - T ' l n ----

z  = ______________ ( 1 )

( T  —  T )  0.772

w here Z 0 is th e  th ick n ess  o f th e  lay e r, T  a n d  T '  periods in  th e  n e ig h b o u rh o o d  of 
the  d o m in a n t period , an d  Z , Z '  th e  a m p litu d e s  belonging to  T ,  T ' .  Since a 
re la tio n  Z  =  f ( T )  o f th e  form  Z  =  a T 2 is in d ic a te d  by  m e a su re m e n ts  on seis-
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m o g ra m s  [4], E q . (1) becom es

T  T  In
Z (, = ( 2 )

( T ’ —  T)  0 .772

I n  o r d e r  to  investig a te  th e  fra c tio n  if  T  te n d s  to w a rd  T'  we in tro d u c e  th e  
s u b s t i tu t io n :  T '  =  T  -f- A T ,  so

Zn = (T  +  A T )  T ■ :
In

( T  +  A T )

0.772 ( T  +  A T  —  T) 

i f  w e n e g le c t  A T  ■ T  beside T 2 w e can w rite

Z0 —
2 T -  In (Г  +  A T )  —  ln  T

0.772 A T

b u t  t h e  seco n d  fac to r is th e  d iffe ren tia l of ln  T,  so

„  2T 2 Щ Т + А Т )  —  In  Г  2T■£0 = ----------lim  =  —  .
0.772 a t ^ о z1T 0.772 (3)
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Fig. 1. T h e  frequency  d is tr ib u tio n  o f  coda waves p lo tte d  a g a in s t th e  periods o f w aves
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W e can  see t h a t  th e  frac tio n  m en tio n ed  ab o v e  has a lim it an d  th e  re su lt 
is v e ry  sim p le  one, th e re fo re  la te r  we will c o m p u te  th e  th ickness o f  th e  c ru s t 
b y  m e a n s  o f  th is  fo rm u la .

F o r  reg iona l e a r th q u a k e s  i t  w as fo u n d  t h a t  a d e te rm in a tio n  o f th e  d e p th s  
to  th e  Co n r a d  an d  M o horoviciÓ d isco n tin u itie s  b y  m eans o f coda w aves 
cou ld  b e  e s tim a te d  re a so n a b ly  well, because  th e  sm alle r w ave periods (T ) are  
n o t  se rio u s ly  a t te n u a te d , due  to  ab so rp tio n  in  th is  case.

T h e  q u estio n  is th e n , w h a t happens in  th e  case of teleseism s, fo r  w h ich  
th e  h ig h e r  frequencies a re  absorbed . To in v e s tig a te  th is  po in t, 1275 co d a  
(d isp e rsed  R a y l e i g h ) w aves w ere m easu red  fo r d is ta n t e a rth q u ak es  (80°

A °  <7 100°). T he d a ta  h as  been  m easured  b y  an  u ltra lo n g  period U l l m a n n  — 
T e u p s e r  v e rtic a l se ism ograph  (T p =  25 sec, T g —  80 sec) a t B u d a p e s t. T h e  
re su lts  a re  show n in  F ig u re  1. T he frequencies o f  d iffe re n t periods show  a p p ro x i
m a te ly  a P o isson  d is tr ib u tio n  (dashed  line). T h e  m ax im um  of th e  cu rv e  fo r 
15.5 sec. F o rm u la  (3) th e n  y ields 40.5 km  a v e rag e  c ru s t th ickness co rresp o n d in g  
to  th is  p e rio d . T he v a lu es  o f  T  and  T '  are sh o w n  in  th e  following T ab le . T h e  
d iffe ren ces b e tw een  T  an d  T '  a re  de te rm in ed  b y  th e  d ru m  velocity  (30 m m /m in ), 
b ecau se  th e  read in g  o f seism ogram s depends on  i t .  T '  — T  was n ev er less th a n
0.2 sec.

Table

T  (in sec) 15.0 15.1 15.2 15.3 15.4 15.5 15.6 15.7 15.8 15.9 15.8 15.9 16.0
T’(in sec) 15.2 15.3 15.4 15.5 15.6 15.7 15.8 15.9 16.0 16.1 16.1 16.2 16.3
Z 0(in km) 39.1 39.4 39.1 39.9 40.1 40.5 40.7 40.9 41.1 41.4 41.3 41.5 41.8

S ince  th e  g rea te r  p a r t  o f th e  surface w av es cross Asia, th is  th ic k n e ss  
is a c c e p ta b le  (see F igs 2 an d  3). Two peaks s ta n d  o u t  on th e  P o isso n  c u rv e ; 
th e  f i r s t  one  a t  12 sec a n d  th e  second a t  20 sec. T h e  corresponding th ick n esse s  
from  (3) a re  31 an d  52 k m . T he f irs t  va lue  m a y  be  re la te d  to  the  c ru s ta l th ic k 
ness o f  th e  W est E u ro p e a n  a rea  and  th e  second to  th e  m oun ta in  zones.

T h e  m a jo r  effect o f c ru s ta l s tru c tu re  on co d a  gives an in d ica tio n  w h y  
th e  d u ra t io n  o f surface w aves from  teleseism s d im in ish es  re la tive ly  l i t t le  w ith  
th e  c h a n g e  o f  ep icen tra l d is tan ce .

EUROPE ASIA
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ОСОБЕННОСТИ КОДА-ВОЛН

Э. Б И С Т Р И Ч А Н

РЕЗЮМЕ

В двух предыдущих статьях были рассмотрены параметры связи между поверх
ностными (кода-) волнами и слоистосью коры. Поскольку кода-волны канализируются 
земной корой т. е. распространяются в ней как в волновом канале, доминирующий период 
находится в количественной связи с мощностью слоев. На основе доминирующих периодов 
кода-волн типа Райле (8 <; Т  <; 30 сек) на пути через Азию и Европу до Будапешта средняя 
мощность коры может составлять 40 км.
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DETERMINATION OF THE WETTABILITY OF 
HYDROCARBON FORMATIONS UNDER FIELD

CONDITIONS

GY. ZOLTÁN
PETK O LEU M  E N G IN E E R IN G  RESEARCH LA BORATORY O F T H E  HUNGARIAN ACADEMY O F SCIENCES

M ISKOLC-EGYETEM VÄROS

[Manuscript received October 29, 1974]

A new method is described for characterizing quantitatively the condition of wettability 
in porous hydrocarbon formations. The method of determination of the wettability is based 
on the relations p c(S )  measured at high pressure and temperature, and on an approximative 
mathematical model of the porous texture. As regards its means, even the laboratory method 
can be considered a new one, the collected informations provide a basis on which the wettability 
can be numerically evaluated, and in case of otherwise identical pore structure and state of 
formation also the interfacial properties can be compared.

S ym b o ls

A surface sq • cm
к permeability sq • cm
к nv' tir0 relative water and oil permeabilities
L length cm
P pressure g cm -1s~:
Pc capillary pressure g cm _1s~:
r radius cm
S saturation
s „ residual water saturation
Vb geometrical volume cm*
v p pore-volume cm3

П surface and interfacial tension,
respectively g s -2

e contact angle deg.
p viscosity g cm 's~
T factor of tortuosity
Pr formation pressure kp cm -2
b formation temperature °C

In tro d u c tio n

T he im p o rta n c e  of know ing  th e  e x te n t  to  w hich rocks can  b e  w e tte d  is 
genera lly  recogn ized  and efforts h av e  b een  m ade to  d e te rm in e  th is  p a ra m 
e te r  as re lia b ly  as possible. A s tu d y  o f  references devo ted  to  th is  top ic , 
p u b lished  in  th e  p a s t tw en ty  y ea rs , rev ea ls  various m e th o d s from  w hich 
q u a lita tiv e  o r q u a n tita tiv e  re su lts  can  be  derived . H ow ever, n o n e  o f  these 
m eth o d s has been  generally  accep ted  as y e t, and  th e  re se rv o ir m echan ical 
lab o ra to rie s  h a v e  no techn iques a v a ilab le  to  solve th is  qu estio n , a t  le a s t a t the  
level o f p ra c tic a l req u irem en ts . T h e  m a in  reason  of th e  lack  o f  g en era l accep t
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an ce  o f  th e  suggested  m e th o d s  is th a t  th e y  do  n o t  ta k e  in to  accoun t n a tu r a l  
re s e rv o ir  co n d itions an d , on th e  o th e r h an d , th e  fo rm u la tio n  of the  re su lts  a re  
o fte n  to o  a b s tru se  and  fa r  f ro m  th e  concep tions o f  reserv o ir engineers.

S o m e o f th e  m eth o d s describ ed  by  th e  re le v a n t  references aim  a t  d e te r 
m in in g  th e  v a lu e  of th e  c o n ta c t angle ex p ressin g  d irec tly  or in d ire c tly  th e  
e x te n t  o f  w e tta b ility , w hile o th e r  m eth o d s o ffer o n ly  q u a lita tiv e  or sem i- 
q u a n t i ta t iv e .

F o r  d e te rm in in g  th e  c o n ta c t angle b y  d ire c t m easurem ents, th e  an g le  
m a d e  b y  th e  liqu id  phase  w ith  a “ su itab ly  p re p a re d ”  soild surface is o b se rv e d  
[1, 2 ] . T h e  erro rs re su ltin g  fro m  th e  q u a lity  o f  ro c k  surface fin ish ing  m a y  be  
m u c h  la rg e r  th a n  th e  u n c e r ta in ty  due to  su b je c tiv e  observations. On th e  o th e r  
h a n d , th is  su rface  can b y  no m ean s be co n sid ered  as a m odel of porous ro c k  
su rfaces . M ethods e lab o ra ted  to  offer only q u a li ta t iv e  or se m i-q u a n tita tiv e  
re su lts  a s :  ab so rp tio n  te s ts  [3, 4 , 5], co m b in a tio n  o f  p c(S) curves [6, 7 ], u se  
of r e la t iv e  p e rm eab ility  fu n c tio n s . [8], n u c lea r  m ag n e tic  re lax a tio n  [9] a n d  
dye  a d s o rp tio n  m ethods are b e t te r  su ited  to  o b se rv e  w e tta b ility  p h en o m e n a  
on ro c k -  a n d  fo rm atio n -flu id  sam p les  ta k e n  fro m  reserv o irs . H ow ever, in  v iew  
o f th e  f a c t  t h a t  th e  o b ta in ed  re su lts , being o f  q u a lita tiv e  ch a rac te r, a re  less 
s p e c ta c u la r  an d  some of th e  ab o v e -q u o ted  m e th o d s  re q u ire  th e  use of co m p le te ly  
e la b o ra te d  tech n iq u es , th ese  m e th o d s  have n o t  ex ceed ed  th e  stage of re se a rc h .

A ll p u b lish ed  m eth o d s h a v e  th e  com m on d ra w b a c k  th a t  th e y  do n o t  
a t te m p t  to  d e te rm in e  th e  w e tta b il i ty  u n d er f ie ld  con d itio n s and  are c o n fin ed  
to  la b o r a to r y  te s ts  a t room  te m p e ra tu re  an d  a tm o sp h e ric  pressure. H o w ev er, 
re se a rc h  o b je c tiv e s  are se t h ig h e r  and  even th e  req u irem en ts  of e v e ry -d a y  
p ra c tic e  c a n  n o t be m e t in  th is  w ay . I t  is a b so lu te ly  n ecessary  to  collect in  s i tu  
in fo rm a tio n s  even if  a d d itio n a l m ethodo log ica l a n d  tech n ica l problem s sh o u ld  
be fa c e d . U n d o u b te d ly , each  o f th e  p resen ted  m e th o d s  has its  m arked  a d v a n ta g 
es, — e a sy  p erfo rm an ce, e ffo rts  to w ard s  reach in g  th e  n a tu ra l  s ta te , q u a li ta t iv e  
level o f  th e  re su lts  so i t  seem s a reasonab le  goal to  develop a new  m e th o d  
w hich  w o u ld n ’t  requ ire  an  o v er-co m p lica ted  tech n o lo g y , its  resu lts, h o w ev er, 
o ffering  m o re  th a n  th a t  ach iev ed  b y  th e  ea rlie r m e th o d s .

T h e  u se  o f p c(S) fu n c tio n s  seem s to  be m o s t a d e q u a te  fo r e v a lu a tin g  
th e  c o n d itio n s  o f w e tta b ility . T h e  cap illa ry  p re ssu re -sa tu ra tio n  re la tio n sh ip  
in c lu d es  f a c to rs  w hich, w hen  p ro p e rly  grouped , a re  su ita b le  to  express q u a n t i 
ta t iv e ly  th e  s ta te  of w e tta b ili ty  b y  m eans of th e  c o n ta c t  angle and  also, th is  
k in d  o f  p ro c e ss  is th e  m ost easily  a d a p ta b le  to  th e  n a tu r a l  conditions co rre sp o n d 
ing to  th e  ro c k , fo rm atio n  flu id s  a n d  s tra tif ic a tio n .

Theoretical considerations

A s re g a rd s  m easu rem en ts p e rfo rm ed  in  re se rv o ir  m echan ical la b o ra to r ie s , 
i t  is a c c e p te d  th a t  k rw an d  k ro, as well as th e  m e a su re d  values of p c are s a tu r -
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a tio n -d ep en d en t, re sp ec tiv e ly  s a tu ra tio n  values depend  on th e  w e tta b ili ty  
co n d itions of th e  sy s te m . The m ost gen era l expression  fo r cap illa ry  p ressu re  is:

Pc =  Pc\p  ; a  ; 0 ]  =  p c(S)

i.e . cap illa ry  p re ssu re  is function  o f  th e  pore s tru c tu re  fa c to r  e, o f th e  in te r 
fac ia l tension  a a n d  o f th e  c o n ta c t angle 0 .  F o r  cy lin d rica l cap illa ries th is  
re la tio n sh ip  can  be  w ritte n  as

2
p c =  —  a  cos 0  

r

w here  th e  pore s tru c tu re  fac to r is expressed  b y  2 /r  an d  th e  value o f p c is 
d ire c tly  p ro p o rtio n a l to  th e  p ro d u c t o f th e  in te rfa c ia l ten sio n  and  th e  cosine 
o f  th e  angle o f w e tta b il i ty  (c o n ta c t angle). S ta r tin g  o u t from  th is  concep tion , 
th e  porous an d  p erm eab le  rock w ill be considered  a t  f ir s t  a p p ro x im a tio n  
as a cy lindrical b u n c h  of capillaries fo r w hich r is th e  m ean  rad iu s  of cap illa ries 
o f  d ifferen t sizes. F o r  th is  m ean ra d iu s  th e  cap illa ry  p ressu re  is

Pc —  Q CO S 0  
r

( 1 )

w hile  th e  m ean  c a p illa ry  pressure fo r a rock h av in g  in te r -g ra n u la r  p o ro s ity  can  
be  ob ta in ed  fro m  th e  following exp ression :

Pc =  —  1 f  Pc{S)dS  . (2)
^ w r  J  1

L e t us now  d e te rm in e  th e  value o f  r co rrespond ing  to  p c in  such  a w ay  as to  
rep re sen t, even i f  ap p ro x im a te ly , th e  v alue  o f th e  m ean  rad iu s  o f th e  irre g u la r ly  
co nnec ted  c ap illa ry  ne tw ork  o f a porous ro ck , in s te a d  o f t h a t  o f cy lind rica l 
cap illaries. F o r  d e te rm in in g  a p p ro x im a te ly  r, th e  re la tio n s  o f P oiseuille  and  
D arcy will be u se d  [11]. For case o f a single cy lin d rica l cap illa ry  P o iseu ille 's  
fo rm u la  s ta te s  t h a t

n  r4 A p  

11 8 Ц L

W hen a p p ro x im a tin g  by  th is re la tio n sh ip  th e  po rous m odel consisting  o f  a 
b u n d le  of cap illa rie s , th e  n u m b er o f  cap illa ries shou ld  be in tro d u ced , an d  it  
shou ld  be k e p t in  m ind  th a t  cap illa rie s  are  n o t s tra ig h t  cy linders b u t  th e ir  
effective len g th  shou ld  be defined b y  m eans o f  th e ir  to r tu o s ity  as:

S o
L  =  г  • A L .

nnrx Ap 
8/rr A L

(3)
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w h ere  r  corresponds to  th e  m ean  rad iu s  o f th e  porous sy stem . F o r th e  sam e 
p o ro u s  cap illa ry  system  th e  D arcy fo rm u la  is:

A p

A L  '
(4)

F ro m  E q s  (3) and  (4):

( 5 )

T o e lim in a te  A  th e  fa c to r  o f p o ro s ity  Ф is in tro d u ced  in  th e  form

0 r  m  A L n  
A A L

E x p re ss in g  A  from  th is  e q u a tio n , and  su b s titu tin g  to  E q . (5) we get for r :

r  =  2t

T h e  p o re -s tru c tu re  o f a ro ck  h av in g  in te rg ra n u la r  p o ro s ity , fo r w hich 
b o th  p e rm e a b ility  and  th e  fa c to r  o f p o ro s ity  as well as th e  v a lu e  o f  p c(S) 
a re  w ell m easu rab le , w ill be a p p ro x im a te ly  described  b y  r. S u b s titu tin g  the  
v a lu e  o f  p c from  E q. (2) in to  E q . (1) an d  using  th e  above v a lu e  o f r, we o b ta in :

T h e re  are  m any  w ays to  d e te rm in e  th e  fac to r  of to r tu o s ity . F ro m  a 
know ledge  o f rock c h a ra c te r is tic s  i t  can  be ca lcu la ted  [12], b u t  fo r co n so lida ted  
rocks i t  is m ore reliable, h o w ev er, to  d e te rm in e  th e  te x tu ra l  fa c to r  b y  d irec t 
la b o ra to ry  m easu rem en ts [13, 14].

T h e  in tro d u c tio n  o f th e  co n cep t o f av erag e  cap illa ry  p ressu re  im p lic ite ly  
p re su p p o ses  th e  ex istence o f an  av erag e  pore  size, in c lu d ed  in  th e  fo rm ula  
d esc rib in g  pore s tru c tu re  b y  m ean s o f p o ro s ity , p e rm eab ility  an d  to r tu o s ity . 
T h e  v a lu e s  o f these  p a ra m e te rs  o b ta in e d  b y  la b o ra to ry  m e a su re m e n ts , are 
a v e rag e  ch a rac te ris tic s  o f th e  ro ck  sam ple  an d , on acco u n t o f th e  app lied  
m e a su rin g  tech n iq u e , can  be  o n ly  p a r tia lly  considered  as w eig h ted  averages. 
In d e e d , in  course of la b o ra to ry  m easu rem en ts  th ese  fac to rs  are  n o t d e te rm in ed  
as d iffe re n tia l pore s tru c tu re  e lem en ts  b u t  from  d a ta  v a lid  fo r th e  w hole rock 
b o d y  in d e p e n d e n tly  of th e  s tru c tu ra l  in h o m o g en e ity  an d  a n iso tro p y  o f th e  
rock . I n  sp ite  of th is , w hen  d e te rm in in g  th e  va lu e  of p c i t  is reaso n ab le  to  
co n sid e r on ly  th a t  range o f  s a tu ra tio n  th e  a lte ra tio n  of w h ich  co rresp o n d s to  
po res o f  n e a rly  the  sam e size o f  th e  pore s tru c tu re , and  to  overlook  pore  sizes 
h a v in g  e x tre m e  p c va lues. T h is is based  on th e  p h ysica l fa c t t h a t  w ith in  th e
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range  covered b y  th e  w hole cap illa ry  cu rve , c a p illa ry  sizes belonging to  th e  
h ighest p c p ressu res are able to  re ta in  th e ir  w e ttin g -p h ase  c o n te n t for th e  lon
gest tim e a n d , co n seq u en tly , c o n s titu te  a s tro n g ly  w a te r-w e t p o rtion  o f th e  
w hole pore-vo lum e. I f  th is ran g e  w ould have  been  also inc luded  fo r th e  d e te r 
m in a tio n  of p c th e  e x te n t o f  w e tta b ility  w ould  be sh ifted  from  the average

Fig. 1

value ch a rac te riz in g  the  la rg e r p o rtion  o f p o re -v o lu m e  to w ard s an  increased  
w e tta b ility , in d ica tin g  an a p p a re n tly  m ore w a te r-w e t rock w hich, o f course, 
w ould hold fo r a negligibly sm all frac tio n  of th e  po re-vo lum e p lay ing  in sign if
ic a n t role in  th e  v a ria tio n s  o f  sa tu ra tio n , i.e. in  accu m u la tio n  and  d isp lace
m en t of oil. To ju s tify  the  r ig h tn ess  of th is  a sse rtio n , som e num erica l d a ta  o b ta in 
ed from  o u r m easu rem en ts  are  illu s tra ted  in F ig u re  1 p resen tin g  th e  c o n ta c t 
angle in fu n c tio n  o f p c d e te rm in ed  for th e  o il-w a te r sy stem . I f  th e  h ig h est
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Table I

s w Pe
d y n / c m 2

Serial
n u m b e r s w Pe

d y n /c m

1.000 7 4  70 0 39 0 .8 1 0 1 1 7  2 00

0 .995 8 0  0 0 0 40 0 .8 0 5 1 1 7  700

0 .990 8 4  6 0 0 41 0 .8 0 0 1 1 8  200

0 .985 8 8  20 0 42 0 .7 9 5 1 1 8  700

0 .980 91  4 0 0 43 0 .7 9 0 1 1 9  100

0 .975 9 4  100 44 0 .7 8 5 1 1 9  6 00

0 .9 7 0 9 6  20 0 45 0 .7 8 0 1 2 0  0 0 0

0 .965 9 8  50 0 46 0 .7 7 5 1 2 0  4 0 0

0 .960 1 0 0  2 00 47 0  770 12 0  9 0 0

0 .955 101  9 00 48 0 .7 6 5 1 2 1 3 0 0

0 .950 1 03  0 0 0 49 0 .7 6 0 1 2 1 9 0 0

0 .945 1 0 4  0 0 0 50 0 .7 5 5 1 22  3 0 0

0 .940 1 0 5  0 0 0 51 0 .7 5 0 1 22  8 0 0

0 .935 1 0 6  0 0 0 52 0 .7 4 5 1 2 3  2 0 0

0 .930 1 06  8 0 0 53 0 .7 4 0 1 23  7 00

0 .925 1 0 7  20 0 54 0 .7 3 5 1 2 4  100

0 .920 10 7  80 0 55 0 .7 3 0 1 2 4  6 0 0

0 .915 10 8  0 0 0 56 0 .7 2 5 1 2 5  0 0 0

О V
O О 108  30 0 57 0 .7 2 0 1 2 5  4 0 0

0 .905 10 8  80 0 58 0 .7 1 5 12 5  9 0 0

0 .900 10 9  20 0 59 0 .7 1 0 12 6  30 0

0 .895 109  7 0 0 60 0 .7 0 5 12 6  8 0 0

0 .890 11 0  100 61 0 .7 0 0 12 7  3 0 0

0 .885 11 0  6 0 0 62 0 .6 9 5 12 7  8 0 0

0 .880 111  0 0 0 63 0 .6 9 0 1 2 8  2 0 0

0 .875 111  4 0 0 64 0 .6 8 5 1 2 8  6 0 0

0 .870 112  0 0 0 65 0 .6 8 0 1 2 9  0 0 0

0 .865 112  4 0 0 66 0 .6 7 5 1 2 9  5 0 0

0 .860 112  8 0 0 67 0 .6 7 0 1 3 0  0 0 0

0 .855 11 3  2 0 0 68 0 .6 6 5 1 3 0  4 0 0

0 .850 11 3  7 0 0 69 0 .6 6 0 131  0 0 0

0 .845 114  100 70 0 .6 5 5 131  50 0

0 .840 11 4  5 0 0 71 0 .6 5 0 131  9 0 0

0 .835 115  0 0 0 72 0 .6 4 5 132  3 0 0

0 .8 3 0 115  4 0 0 73 0 .6 4 0 13 2  8 0 0

0 .825 115  9 0 0 74 0 .6 3 5 1 3 3  2 0 0

0 .8 2 0 116  3 0 0 75 0 .6 3 0 1 3 3  7 0 0

0 .815 116  8 0 0 76 0 .6 2 5 1 3 4  10 0
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Sft, Pe
d y n / c m 2

Serial
n u m b e r s„ Pe

d y n / c m 2

0 .6 2 0 1 34  7 0 0 112 0 .4 4 5 1 5 5  0 0 0

0 .6 1 5 135  1 00 113 0 .4 4 0 1 5 6  10 0

0 .6 1 0 135  6 0 0 114 0 .4 3 5 1 5 7  2 0 0

0 .6 0 5 136  100 115 0 .4 3 0 15 8  4 0 0

0 .6 0 0 136  6 0 0 116 0 .4 2 5 1 6 0  0 0 0

0 .5 9 5 1 37  100 117 0 .4 2 0 16 1  3 0 0

0 .5 9 0 137  5 0 0 118 0 .4 1 5 1 6 2  8 0 0

0 .5 8 5 138  0 0 0 119 0 .4 1 0 1 6 4  7 0 0

0 .5 8 0 138  4 0 0 120 0 .4 0 5 1 6 6  7 0 0

0 .5 7 5 138  9 0 0 121 0 .4 0 0 1 6 8  6 0 0

0 .5 7 0 139  2 0 0 122 0 .3 9 5 1 7 0  17 0

0 .5 6 5 139  8 0 0 123 0 .3 9 0 17 3  0 0 0

0 .5 6 0 140  2 0 0 124 0 .3 8 5 17 5  4 0 0

0 .5 5 5 140  8 0 0 125 0 .3 8 0 1 7 8  0 0 0

0 .5 5 0 141  2 0 0 126 0 .3 7 5 181  0 0 0

0 .5 4 5 141  9 0 0 127 0 .3 7 0 1 8 4  0 0 0

0 .5 4 0 142  4 0 0 128 0 .3 6 5 18 7  100

0 .5 3 5 143  0 0 0 129 0 .3 6 0 1 9 0  2 0 0

0 .5 3 0 143  6 0 0 130 0 .3 5 5 1 9 4  0 0 0

0 .5 2 5 144  100 131 0 .3 5 0 1 9 7  8 0 0

0 .5 2 0 14 4  8 0 0 132 0 .3 4 5 2 0 2  0 0 0

0 .5 1 5 145  3 0 0 133 0 .3 4 0 2 0 6  0 0 0

0 .5 1 0 145  8 0 0 134 0 .3 3 5 2 1 0  9 0 0

0 .5 0 5 14 6  30 0 135 0 .3 3 0 2 1 5  3 0 0

0 .5 0 0 146  9 0 0 136 0 .3 2 5 2 2 0  50 0

0 .4 9 5 147  5 0 0 137 0 .3 2 0 2 2 6  0 0 0

0 .4 9 0 148  0 0 0 138 0 .3 1 5 2 3 2  0 0 0

0 .4 8 5 148  70 0 139 0 .3 1 0 2 3 9  0 0 0

0 .4 8 0 14 9  3 0 0 140 0 .3 0 5 2 4 9  0 0 0

0 .4 7 5 150  0 0 0 141 0 .3 0 0 2 61  0 0 0

0 .4 7 0 15 0  8 0 0 142 0 .2 9 5 2 7 8  0 0 0

0 .4 6 5 151  6 0 0 n—1 0 .2 9 0 3 0 0  8 0 0

0 .4 6 0 152  30 0 n 0 .2 8 5 3 3 4  0 0 0

0 .4 5 5 153  100 n-\-1 S  =  0 .2 8 0 4 3 9  4 0 0

0 .4 5 0 154  0 0 0
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c a p il la ry  pressure belo n g in g  to  ex trem e pore sizes is also considered , th e  value 
o f  0  te n d s  to  an in c re a s in g ly  m ore w ate r-w e t s ta te .

A s a fina l conclusion  i t  can be said t h a t  th e  m ethod , considering  w hat 
w as p re se n te d  in F ig . 1 a n d  in c lu d ed  in T ab le  I ,  len d s itse lf  to  th e  d e te rm in a tio n  
o f  th e  w e tta b ility  of re se rv o ir  rocks. I ts  m ain  a d v a n ta g e  lies in  be ing  com plete ly  
a d a p ta b le  to  the  c o n d itio n s  o f form ation . F o rm a tio n  cond itions can  be tru ly  
re p re s e n te d  b y  the  sam p les  o f rock  and fo rm a tio n -flu id  tak en , since th is  depends, 
ex c lu s iv e ly , on th e  m e th o d  o f sam pling. As a m a t te r  of fac t, la b o ra to ry  te s ts

и

Fig. 2

a re  m u c h  m ore su ited  th e re to ,  since th e y  can  also sim ula te  rea l fo rm atio n  
p re s su re  and  te m p e ra tu re . R o ck  sam ples can  be  su b jec ted  to  th is  process 
w ith o u t an y  special “ p re p a ra t io n ” , i.e. re ta in in g  th e ir  orig inal s tru c tu ra l  and  
su rfa c e  p ro perties. T he v o lu m e  of in fo rm atio n s gain ed  and th e  fa c t t h a t  the  
d e te rm in a tio n  of th e  w e t ta b i l i ty  is based on in  s itu  cond itions re p re se n t a 
m o s t im p o r ta n t  pace to w a rd s  oil p ro duc tion  in  com pliance w ith  u p - to -d a te  
p rin c ip le s , since th e y  g ive  an  insigh t in to  su rface  energy  co n d itions h av in g  
d ec is iv e  effect on th e  d isp lacem en t of oil, w h ith o u t neglecting  th e  n a tu ra l  
c o m p lic a c y  of the  c a p illa ry  system .

T h e  lab o ra to ry  dev ice  to  evaluate  th e  p c(S) fu nc tion  w as o rig inally  
d e s ig n ed  to  determ ine b y  “ disc m eth o d ” th e  re la tio n  betw een  cap illa ry  p re s 
su re  a n d  sa tu ra tio n . T h e  m easu rin g  tech n iq u e  used  fo r it  is e x a c tly  th e  sam e 
as t h a t  o f  th e  disc m e th o d . T h ere  are only m in o r  d ifferences as reg a rd s  th e  
c o n s tru c tio n  of some s t r u c tu r a l  elem ents, due to  th e  fa c t th a t  severe con d itio n s 
sh o u ld  b e  satisfied  in  o rd e r  to  carry  ou t th e  re le v a n t la b o ra to ry  process a t
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high  p ressu res  and  te m p e ra tu re s . T h e  o v er-p ressu re  necessary  to  s im u la te  
fo rm a tio n  p ressu re  is o b ta in ed  from  th e  p ressu re  sources 1 th ro u g h  nozzles 
2 an d  va lv es  3. F o rm a tio n  p ressu res 5 a re  tran sfe rred  by  a h ig h -p re ssu re  
p ipe  sy s tem  to  cell 8, w hile th e  U -tu b e  9 in d ica tes  th e  d iffe ren tia l p ressu re  
an d  th e  glass co lum n 10 receives th e  d isp laced  w ater. B y th e  nozzles 11 and 
line 12 th e  p ressu re  betw een  th e  tw o  e x tre m e  po in ts o f th e  sy s te m  can  be 
equa lized , from  w hich b en efits  a re  ga in ed  w hen  sub jec ting  th e  sy s te m  to  com 
p en sa ted  p ressu re  (Fig. 2).

P u t t in g  th e  system  u n d e r p ressu re  is rea lized  by opening v a lv e s  3 an d  4; 
th ro u g h  nozzles 2 hav in g  th e  low est th ro u g h p u t. B ehind th e m  nozzles 11 
h av in g  th e  h ig h est th ro u g h p u t an d  th e  jo in in g  pipe 12 p ro v id e  fo r  p ressu re  
co m p en sa tio n  a t  b o th  sides. P ressu re  co m p en sa tio n  can be ch eck ed  b y  th is 
id e n tic a l h e ig h ts  of th e  m ercu ry  co lum ns in  th e  U -tube 9. In  th e  opposite  
case i t  is possib le to  in te rv en e  b y  a n y  o f  th e  valves 3. H av in g  re a c h e d  the  
req u ired  p ressu re  level an d  th e  th e rm o s ta t  7 h av in g  been h ea ted  u p , th e  device 
is d isco n n ec ted  from  th e  p ressu re  sources b y  closing valves 3. C losing also 
v a lv e  4, th e  system  is d iv ided  in to  tw o  p a r ts  th e  p a rtitio n  of w h ich  is form ed 
b y  th e  sem i-perm eab le  p la te  of cell 8.
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ОПРЕДЕЛЕНИЕ СМАЧИВАЕМОСТИ УГЛЕВОДОРОДНЫХ ПОРОД 
ПРИ ПЛАСТОВОМ СОСТОЯНИИ

Д Ь . З О Л Т А Н

РЕЗЮМЕ

В статье излагается новый метод для количественной характеристики смачивае
мости углеводородных пористых пород. Помимо приближенного математического описа
ния пористой структуры основу определения смачиваемости образует зависимость pc(s), 
измеренная при больших давлении и температуре. Относительно средства и лаборатор
ный метод является н о е ы м , полученные информации пригодны для определения числен
ного значения смачиваемости и при той же структуре и пластовом состоянии даже для 
сравнения свойств пограничных поверхностей.
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VERGLEICH SIMULTANER PULSATIONSSPEKTRA BEI 
GROSSEN LÄNGENUNTERSCHIEDEN*

CZ. M ILETITS, J .—V E R Ő , J.
GEODÄTISCHES U N D  G EO PH Y SIK A LISCHES FORSCH U NG SINSTITUT 

D E R  U N G A RISCH EN  A K A D EM IE D ER  W ISSEN SCH A FTEN , SOPRON

[E ingegangen am  12. Dezem ber, 1974]

Im  ersten Teil dieses B erichtes vergleichen Vf. Erdstrom registrierungen des O bservato
rium s bei N agycenk (<p =  47° 38' N , A =  16° 43' О) m it jenen einer F eldstation  in  der M ongolei 
(in der N ähe von  Z avhanm andal, tp =  47° N , А =  97° Ö). Beide R egistrierungen wurden m it 
Papiergeschw indigkeiten von  etw a 20 — 30 m m /m in aufgenom m en. Im  zw eiten  T eil werden  
die Ergebnisse früherer U ntersuchungen kurz zusam m engefaßt.

1. E ine  u n g arisch e  geophysikalische E x p e d itio n  a rb e ite t  se it g e rau m er 
Z eit in  d er M ongolischen V o lksrepub lik . M an h a t  u ns das M ate ria l e iner B asis
s ta tio n  der te llu risch en  M essungen aus dem  J a h re  1968 zu r V erfü g u n g  g este llt. 
D a beide S ta tio n e n  w en igstens geographisch  a u f  e tw a g leicher B re ite  liegen, 
k o n n te n  besonders L än g e -E ffek te  u n te rsu c h t w erden .

Zu einer d e ta illie r te n  U n te rsu ch u n g  w u rd en  v ie r A b sc h n itte  vom  17. Sept. 
1968 vom  Z e itrau m  in  LZ in N agycenk  zw ischen 2 u n d  8 h , in  Z a v h a n m a n d a l 
zw ischen 9 u n d  15 h  au sg ew äh lt. Die Z e itd au e r jed es  A b sc h n itte s  b e tru g  
e tw a 20 Min (A bb. 1 -  2). D rei d er v ie r A b sch n itte  e n th a lte n  P c -P u lsa tio n e n , 
e iner, näm lich  der f rü h e s te , eher eine P i-Serie (in N agycenk).

D a die Z e itm ark en  in  der M ongolei n ic h t genügend p ü n k tlic h  w aren , 
w u rd e  die Ü b e re in s tim m u n g  m it H ilfe des M axim um s der K o h ä re n z -F u n k tio 
nen  gesuch t. D arau s fo lg t, d aß  ab so lu te  Z e itd ifferenzen  n ic h t b e s tim m t w erden  
k o n n ten .

2. A us d ig ita lis ie rten  D a ten re ih en  w u rd en  S p e k tra  a lle r S p u ren  b e s tim m t,
gem einsam  m it K o h ä re n z fu n k tio n en  zw ischen allen  m öglichen K o m p o n e n te n 
p a a re n  (dies w ar desh a lb  n o tw en d ig , weil geologische E in flü sse  K o rre la tio n en  
auch  zw ischen e in a n d e r n ic h t en tsp rech en d en  K o m p o n en ten  h e rv o rru fen  
können) (A bb. 3 4).

Die E rgebn isse  d er U n te rsu ch u n g en  k ö n n en  fo lgenderw eise zu sam m en g e
fa ß t w erden :

a) Die U n te rsch ied e  d er S p e k tra  kön n en  d u rch  u n te rsch ied lich e  geolo
gische B ed ingungen  h e rv o rg eru fen  w erden , da aus den  S p e k tre n  bei A n n ah m e

* Vortrag gehalten am K A PG -Sym posium  über solar-terrestrische P hysik  in M oskau, 
N ovem ber 1974.
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g le ich e r m ag n etisch er S p e k tre n  aus beiden  S ta tio n e n  eine m ag n e to te llu risch e  
S o n d ie ru n g sk u rv e  b e s tim m t w erd en  k o n n te , die n ic h t u n re a lis tisc h  is t.

b) D ie S ta tis t ik  d e r E x tre m w e rte  in  A m p litu d en - u n d  K o h ä re n z sp e k tren  
ze ig t, d a ß  M axim a an  gew issen  S tellen  besonders h äu fig  sind . D iese S tellen  
s in d : 33, 48, 80 u n d  110 sec. Sie liegen a n n ä h e rn d  an  S te llen  der 2 ., 3., 5., 7.

? a

Abb. 1 Tellurische R egistrierung für den A b schn itt l  a N agycenk  
b Zavhanm andal

H a rm o n isc h e n  einer G ru n d sch w in g u n g  von  230 sec. D iese S tru k tu r  e rsch e in t 
e tw as  v e rw isc h te r  in  d er P i-S erie , im  F alle  v o n  P c-s is t sie au sg e p rä g te r , u n d  
d ie  L ag e  d er E x tre m w e rte  v e rä n d e r t  sich k au m .

c) D ie als Sum m e d e r 4 A b sch n itte  gew onnenen  S p ek tren  b ew ah ren  
fa s t  n ic h ts  v o n  dieser h a rm o n isch en  S tru k tu r . E s sind  n u r  die M ax im a um  
50 sec (im  A m p litu d e n sp e k tru m ) u n d  u m  80 sec (im  K o h ä ren zsp ek tru m ) 
v o rz u fin d e n .

3. A u fg ru n d  der im  R a h m e n  der K A P G  im  H e rb s t 1969 d u rc h g e fü h rte n  
M essungen  w urde ebenfalls e in  gem einsam es S p e k tru m  b e s tim m t. E s is t  die 
S u m m e v o n  13 E in z e lsp e k tre n  u n d  w eist au ch  eine harm o n isch e  S tru k tu r
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NfiGYCENK ОЗУ.-0405 LT lmV/hn[N-SK.omp
í7 38 N, 16 43E ('GMT*JhJ !rrV/km\ О - WKomp

N- Komp

10

bzw,
Coh

0.1 — I-------1------------1------------ 1—
15 20 30 50 100 sec

Abb. 3. Kin Beispiel der A m plituden- und Kohärenzsprektra für N agycenk (N c) und Zavhan- 
m andal (Zh), für je einen K om ponenten des A bschn ittes 1

* R ichtige D aten  in Abb. 1 und 2: 17,09. 1968

Acta Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975

* Abb. 2. Tellurische Registrierung für den A bschnitt 3 — « N agycenk b Zavhanm andal



150 J. CZ. MILETITS- J. VERŐ

3

Abb. 4. W ie A bb. 3, aber für den A bschn itt 3

Abb. 5. Sum m iertes Spektrum eines ev en ts  aus dem Material der K APG -Synchronm essungen
im  H erbst 1969
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(2 u n d  w eitere H arm o n isch en ) a u f  (A bb. 5) [1]. Es w urde  v e rm u te t ,  daß  die 
P u lsa tio n en  m indestens im  P c4-B ere ich  die O berschw ingungen  e in er G ru n d 
periode  von  e tw a 200 - 250 sec (oder 100 120 sec) sind .

4. Zu den w e ite ren  U n te rsu ch u n g en  w u rd e  als H y p o th e se  das folgende 
M odell gew ählt:

D ie Perioden  d er P u lsa tio n e n  sind  im  allgem einen b re iten ab h än g ig , 
w obei a u f  m ittle ren  B re iten  die W erte  von  0, 4 u n d  10% P erio d en v e rän d eru n g  
p ro  B re iten g rad  am  h ä u fig s te n  sind  [2]. W enn  m an diese m it th eo re tisch en  
M odellen verg le ich t (A bb. 6), f in d e t m an  die b este  Ü b e re in s tim m u n g  m it den 
asym m etrischen  to ro id a le n  M odellen von  R adoski [3, 4 ]. D ie k a n n  m it der 
v o n  U sher  u n d  Stuart  [5] 1966 e rw äh n ten  M öglichkeit in  V erb indung  
g eb rach t w erden, d aß  die P u lsa tio n en  die 2 5. H a rm o n isch en  e in er G rund-

Abb. 6. Theoretisch bestim m te B reitenabhängigkeiten der P ulsationsperioden, sowie die am 
häufigsten vorkom m enden beobachteten  Abhängigkeiten
1. Im  Dipolfeld (W e s t p h a l  und J a cobs)
2. Im  D ipolfeld (D u n g e y )
3. Im  Dipolfeld m it veränderlicher P lasm adichte (W est ph a l  J a co bs)
4 —6. 1 —3. H arm onische im  Falle einer P lasm adichte, die m it der H öhe wie fi s abnimmt 
(S ie b e r t )
7. Im  kom prim ierten D ipolfeld  (W e s t p h a l  J a cobs)
8 —10. Asym m etrische toroidale Perioden für m =  0, 2 und 10 (R a d o s k i)
I I  —13. Die den am häufigsten  vorkom m enden Breitenabhängigkeiten entsprechenden  
K urven (Cz. Mil e t it s )
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S ch w in g u n g  von etw a 100 120 sec sind. D iese O berschw ingungen  k ö n n te n
d a d u rc h  v e ru rsach t w erden , d a ß  in  Folge d er K o p p lu n g  d er to ro id a len  und  
p o lo id a le n  M oden L ö su n g en  n u r  in  einem seh r b e g ren z ten  In te rv a ll  ex is tie 
re n , u n d  diese die obige S t r u k tu r  besitzen . Solche sch arfe  R esonanzen  w urden  
fü r  d e n  F a ll  eines zy lin d risch en  M odells von McClay  [6] b e rech n e t. D ie B reite  
e in e r  m itschw ingenden  Z one k a n n  etw a 100 k m  (0,1 L) sein. S p ru n g h afte  
V e rä n d e ru n g e n  der P e rio d en  k o m m en  auch in  ganz k le in en  E n tfe rn u n g e n  vor. 
D ie d re i  o f t vo rkom m enden  B re ite n a b h ä n g ig k e iten  (0, 4 u n d  10% /°) können  
so in te r p r e t ie r t  w erden, d aß  sie d e n  F ä llen  en tsp rech en , w enn  die be iden  S ta tio 
n en  in  g le icher Zone, in  b e n a c h b a r te n , bzw. z w e itb e n a ch b a rte n  Zonen liegen. 
D ie W e lle n  an der P la sm a p a u se  kom plizieren  dieses B ild  n och  w eiter, da 
sie P u ls a t io n e n  von g le icher P e r io d e  in größeren  G eb ie ten  b ed eu ten  (z. B. 
Gu p t a  u n d  Stening in  C a n a d a , [7]).

D iese  vorläufigen E rg e b n is se  bew eisen, d aß  U n te rsu c h u n g e n  a u f  diesem  
G e b ie t se h r  schwierig sind . E rg e b n is se  können n u r  d a n n  e rw a r te t  w erden , w enn 
v ie le  k o o p erie ren d e  S ta tio n e n  m it  m öglichst äh n lich en  In s tru m e n te n  reg i
s tr ie re n .

5. O bige A ussagen bezo g en  sich  a u f die » M ikrostruk tu r«  d e r P u lsa tio n en , 
d. h .,  a u f  d ie  B re iten ab h än g ig k e it d e r Perioden, a u f  d ie  K o h ären z  der Signale 
in  g ro ß e n  E n tfe rn u n g en . E s g ib t  a b e r  auch  einen zw eiten  F rag en k o m p lex , w obei 
die F e in s t r u k tu r  u n b e rü c k s ic h tig t b le ib t, und  p ra k tis c h  n u r  die E in h ü llen d e  
der P u ls a t io n e n  (m ittlere  A m p litu d e )  in B e tra c h t genom m en  w ird . O hne die 
U n te rsu c h u n g e n  hier n ä h e r  zu  besp rechen , w ollen w ir  ein  E rgebn is h e rv o r
h e b e n , n ä m lic h , daß in  d e r P u ls a t io n s a k tiv i tä t  zw ei g lobale  K o m p o n en ten  
zu f in d e n  sind  [9]:

I I I I- - - - - - - 1- - - - - - - - 1- - - - - - - -
9 12 15 18 21 O h  LT

Abb. 7. E ffe k t  der an der gegenseitigen  (westlichen) H em isphäre beobachteten  Pulsationen  
des T y p s P i im  Observatorium bei N a g y cen k . Die relative Stärke der P c 3- 4- und Pi 2-Im pulse

is t  getren n t angegeben
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à) E ine  K o m p o n en te  m it der c h a ra k te ris tisch e n  Z eit von  e tw a  einem  
T ag , die m it den V erän d eru n g en  in  d e r E nerg ie  des Sonnenw indes u n d  m it 
N ach w irk u n g en  der geom agnetischen  S tü rm e  in  Z u sam m en h an g  s te h t.

b) E in e  K o m p o n en te  m it e iner ch a ra k te ris tisch e n  Z eit v o n  einigen 
Mi n u te n , w ahrschein lich  in  Z u sam m en h an g  m it P i-Im p u lsen  [8]. E in e  Ost- 
w ä rts -V erb re itu n g  d er P i-s w urde  schon A nfang  d e r sechziger J a h re  v e rm u te t, 
s p ä te r  w u rd en  auch  die E ffek te  der P i-Im p u lse  im  P c-B ereich  [8] nachgew ie
sen. Ä hnliche E rgebnisse  w u rd en  n eu erlich  von  Stuart v e rö ffe n tlic h t [10]. 
D iese Im p u lse  können  p ra k tisc h  a u f d er ganzen E rd e  nachgew iesen  w erden .
(A bh . 7).

T a tsäch lich e  A m p litu d en  sind n a tü r lic h  auch  du rch  die geograph ische  
L age b ee in flu ß t. D ie b esten  K o rre la tio n sfa k to ren  k o n n ten  a u f  B re ite n  um  30° 
fe s tg e s te llt w erden.
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СРАВНЕНИЕ ПУЛЬСАЦИЙ НА СТАНЦИЯХ,
НАХОДЯЩИХСЯ НА БОЛЬШОМ РАССТОЯНИИ ДРУГ ОТ ДРУГА

Ю . Ц . М И Л Е Т И Ч - Й .  В Е Р Е

РЕЗЮМЕ

В первой части статьи сопоставляются теллурические записи обсерватории около 
Надьценк с записями, сделанными в Монголии, около Зарханмандел. Подробно был иссле
дован пульсационный период в 20 мин. (3 pc, 1 pi). Во второй части статьи полученные 
результаты сопоставляются с ранними исследованиями подобной природы.
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The paper presents the m ethod used for the seism ic zoning of H ungary and the seism ic  
zoning m ap o f the country.

E a rth q u a k e s  can  cause depend ing  on  th e ir  m a g n itu d e  severe d am ag 
es in  h u m a n  c o n s tru c tio n s  on th e  E a r th ’s su rface . T he re s ta u ra tio n  o f th e  
d am ages m eans a h e a v y  b u rd en  for th e  n a tio n a l econom y, for th e  society . 
T h erefo re , one o f th e  m ain  aim s of e a rth q u a k e  re sea rch  is to  p re v e n t dam ages 
caused  b y  e a r th q u a k e s . In  o rder to  fu lfil th is  p ra c tic a l aim , seism ic m ap p in g  
is necessary . T he f ir s t  se ism icity  m aps h av e  been  exclusively  based  on e a r th 
q u ak es d a ta , such  as d is tr ib u tio n  o f ep icen te rs , o ccu rrence  freq u en cy  o f e a r th 
q u ak es or th e ir  m ax im u m  in ten s ity .

T he p rac tice  m ade it ,  how ever, n ecessary , to  ta k e  in to  acco u n t geological 
a n d  te c to n ic a l co n d itio n s o f areas w hen  m ap p in g  se ism icity . On th is  basis 
th e  possib ility  fo r th e  occurrence of e a r th q u a k e s  is s tu d ied , an d  th e  re su lts  
a re  in c lu d ed  in  th e  se ism icity  m ap.

T h e  se ism ic ity  m ap  c o n stru c ted  on th e  basis o f  geological an d  seism olo- 
gical d a ta  is in  a w id er sense of th e  w ord  a t  th e  sam e tim e  an e a r th q u a k e -  
p ro g n o stic  m ap  as w ell, as i t  se ttle s  th e  q u es tio n  a b o u t th e  p lace an d  in te n s ity  
o f  th e  e a r th q u a k e s  to  be expected .

A g roup  o f re sea rch ers  in  th e  In s t i tu te  fo r th e  P hysics of th e  E a r th  of 
th e  A cadem y o f Sciences of th e  Soviet U nion  w o rk ed  o u t a m e th o d  [1], w hich  
h as  been  used  w hen  m ak in g  th e  seism ic zon ing  an d  se ism icity  m ap , resp ., 
o f  H u n g a ry .

T he m ain  p o in t of th e  m eth o d  is [2, 3] t h a t  th e  tec to n ic  h is to ry  o f  an  
a re a , i ts  p re se n t te c to n ic s  an d  th e  re c e n t c ru s ta l  m ovem en ts d e te rm in e  th e  
se ism ic ity  o f an y  a rea  w ith  re sp ec t to  th e  occu rrence  o f s tro n g  e a rth q u a k e s . 
A  syn th esis  o f th ese  fac to rs  w ith  seism ological d a ta  y ields th e  seism ic zoning 
o f  th e  a rea .

F o r th e  a rea  o f H u n g a ry , I . G. R e i s n e r  of th e  In s t i tu te  fo r th e  P hysics 
o f  th e  E a r th  o f  th e  S ov ie t U nion  p rep a red  a m ap  (based  on d iscussions w ith  
H u n g a ria n  spec ia lists  [P . K r i v á n , L. K ö r ö s s y , S. L á n g , M. P é c h y , A. R ó nai

A d a  Geodavlica, Geophysica et Montanislica Acad. Sei. Hung. 10, 1975



1 5 6 D. CSÖMÖR

a n d  G y . W e i n ) and  b ib lio g rap h ica l s tu d ies] w here th e  m ost lik e ly  a rea s  of 
s tro n g  e a r th q u a k e s  are to  be  fo u n d . T h e  zones of s tro n g  e a r th q u a k e s  are 
d is t r ib u te d  in to  four ca tegories (F ig . 1).

O n  th is  m ap, I  in d ic a te d  th e  ep icen tres  o f e a rth q u a k e s  in  H u n g a ry  
b e tw e e n  1763 and  1973, h av in g  an  in te n s i ty  o f 6° or m ore in  th e  ep icen tre .

T h e  m ap  shows th a t  th e  ep icen tres  of ea rth q u a k e s  w ith  in te n s itie s  
8°, 8 .5° a n d  9° lie in  th e  I . a n d  I I .  o rd e r zones. F ro m  am ong th e  ep icen tres  
w ith  in te n s it ie s  of 7°, 5 lie in  I I I .  o rd e r occurrence zones or in  th e ir  v ic in ity , 
one in  th e  v ic in ity  of a I. o rd e r zone. F ro m  am ong th e  6° e a r th q u a k e s , 4 lie in 
IY . o rd e r  occurrence zones, 3 in  I I I .  o rd e r zones, th e  o th ers  a re  sc a tte re d  in  
th e  c o u n try .

T a k in g  in to  accoun t th a t  in  s im ila r s tru c tu ra l cond itions in  a zone o f a 
c e r ta in  o rd e r  sim ilar s tro n g  e a r th q u a k e s  can  be expec ted , one has to  co u n t 
w ith  e a r th q u a k e s  of in te n s itie s  8°, 8.5° an d  9° in  I. o rd er zones, even  i f  no 
such  e a r th q u a k e s  have  o ccu rred  y e t.

I n  I I I .  o rder zones one h as  to  c o u n t on e a rth q u ak es  of 7 7.5°, in  IV .
o rd e r zo n es on those o f 6 6.5° in te n s ity .

W h e n  co n stru c tin g  th e  seism ic zoning  m ap , th e  m ean  ra d ii o f th e  iso- 
se ism als o f  th e  H ung arian  e a r th q u a k e s , as well as th e  resu lts  of th e  e a rth q u a k e  
zon ing  m a d e  b y  E . B is z t r i c s á n y , D . Csöm ör , Z. K iss  [4] h av e  also been  
ta k e n  in to  accoun t.

T h e  m ap  (Fig. 2) d is tin g u ish es  a reas , w here e a rth q u ak es  o f  9, 8, 7 and  
6° o c c u rre d  o r have been fe lt, o r w here  such  can he expected .

A cco rd in g  to  th is  m ap , an  e a r th q u a k e  o f 6° or s tro n g er m u st be ex p ec ted  
or h a v e  a lre a d y  been fe lt in  an  a rea  o f a b o u t 45 000 km 2, or a b o u t 48.4 p e r  cen t 
o f th e  a re a  o f  H ungary . T he d is tr ib u tio n  o f d iffe ren t in te n s ity  shocks in  H u n 
g ary  is th e  following:

a rea , w h e re  an  ea rth q u ak e  of 9° has been  fe lt

a b o u t 900 k m 2, 1.0 per cen t
8° 4 800 k m 2, 5.2 per cen t
7° 13 600 k m 2, 14.6 per cen t
6° 25 700 k m 2, 27.6 per cen t
5° or less 48 000 k m 2, 51.6 per cen t

T h e  d is tr ib u tio n  show s t h a t  severe dam ages m ay  occur on a b o u t 6.2 
p er c e n t o f  th e  area of th e  c o u n try . T hese areas lie a ro u n d  th e  ep icen tre s  o f 
th e  s tro n g  ea rth q u a k e s  in  K o m áro m , M ór, Já sz b e ré n y , K ecsk em ét, E g e r an d  
D u n a h a ra s z ti .  The g rea tes t p a r t  o f th e  a rea  o f 7° shocks is derived  from  th e  
s tro n g  e a r th q u a k e s  lis ted  ab o v e , an d  su rro u n d s  th e  areas of even  s tro n g e r  
shocks. I n  a d d itio n , 7° shocks h a v e  been  also fe lt in  th e  area  of N ag y k an iz sa  
T ereske , w h e reas  in  o th e r s e p a ra te d  7° areas no 7° e a rth q u a k e  h as  b een  fe lt
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Table I

No Year Day Location Coordinates Intensity

l 1763 June 28 Komárom 18°05'E 47°48'N 9°

2 1767 Dec. 8 Sztlőrinckáta 19°44'E 47°31'N 6°

3 1780 June 26 M árianosztra 18°52'E 47°52'N 7°

4 1810 Jan. 14 Mór 18°12'E 47°23'N 8°

5 1823 June 11 Füzesgyarm at 21°13'E 47°07'N 6°

6 1826 Oct. 1 Monor 19°26'E 47°21'N 6°

7 1839 July 11 Sztm ártonkáta 19°41'E 47°27'N 7°

8 1842 Aug. 31 Nagykanizsa 17°00'E 46°28'N 7°

9 1852 Febr. 16 Balassagyarm at 19°17'E 48°05'N 6°

10 1863 June 14 Kiskunmaj sa 19°45'E 46°29'N 6°

11 1868 June 21 Jászberény 20°04'E 47°30'N 6°

12 1876 July  6 N agyatád 17°22'E 46°14'N 6°

13 1876 Oct. 21 Surd 16°58'E 46°19'N 6°

14 1876 N ov. 30 Iharosberény 17°07'E 46°22'N 6°

15 1876 Dec. 6 Mohács 18°41'E 45°59'N 6°

16 1879 Dec. 7 G yöngyös 19°56'E 47°47'N 6°

17 1893 June 22 Pincehely 18°27'E 46°41'N 7°

18 1904 Febr. 12 Gölle 18°01'E 46°27'N 6°

19 1908 March 15 Gomba 19°32'E 47°23'N 7.5°

20 1908 May 28 K ecskem ét 19°35'E 46°57'N 7.5°

21 1909 May 29 Magyarsarlós 18*20'E 46°04'N 6°

22 1911 July 8 K ecskem ét 19°43'E 46°57'N 9°

23 1919 Febr. 22 Gasztony 16°22'E 46°58'N 6°

24 1925 Jan. 31 Eger 20°24'E 47°52'N 8.5°

25 1927 March 4 Várpalota 18°08'E 47°12'N 7°

26 1930 Aug. 22 Cserhátsurány 19°26'E 48°01'N 6°

27 1931 Apr. 7 Beregdaróc 22°35'E 48°10'N 6°

28 1934 Sept. 1 Bucsusztlászló 16°54'E 46°43'N 6.5°

29 1937 June 10 Tárcái 21°18'E 48°07'N 6°

30 1942 May 14 B akonybél 17°42'E 47°15'N 6°

31 1942 Sept. 30 Tápiósüly 19°35'E 47°27'N 6°

32 1951 Febr. 20 Tereske, Tolmács 18°08'E 47°58'N 7°

33 1953 Sept. 13 Ukk, Tűrje 17°10'E 47°02'N 6.5°

34 1956 Jan. 12 Dunaharaszti 19°04'E 47°21'N 8°

35 1956 March 31 Pakod 17°00'E 46°59'N 6°
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y e t. In  7° areas som e lig h t dam ages on b u ild in g s m u s t be ex p ec ted , in  6° 
areas v e ry  s lig h t b u ild in g  dam ag es, m ain ly  m o rta l  ru p tu re s  m ay  occur.

T h e  seism ic zoning  m ap  gives one o f th e  ch a ra c te ris tic s  o f th e  seism ic 
r isk  in  an  a rea , th e  m a x im u m  in te n s ity  o f e a r th q u a k e s  to  be ex p ec ted . In  
p la n n in g  w orks, th e  occu rren ce  frequency  m u s t also be tak en  in to  acco u n t.

T h e  ta b le  co n ta in s  a l is t o f  ea rth q u ak es  w ith  in te n s ity  6° or s tro n g e r in 
H u n g a ry  fo r 1763 1973.
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КАРТА СЕЙСМИЧЕСКОГО РАЙОНИРОВАНИЯ ВЕНГРИИ

д .  ч о м о р  

РЕЗЮМЕ

В статье рассматривается метод сейсмического районированя Венгрии. Излага
ется карта сейсмического районирования Венгрии.
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J . Sm ith

F E L D SP A R  M IN E R A L S

(W ith  the assistance o f Brenda F. Sm ith)

Springer-Verlag, Berlin Heidelberg -  N ew  York 1974.
Two volum es of this three-volum e handbook were published in 1974, the third one being in 
preparation.

The first volum e o f 627 pages, 252 figures, deals w ith  the crystal structures and physical 
properties, the second volum e, 690 pages, 211 figures, review s in detail the chem ical and textu r
al properties, in  the third volum e in preparation according to preliminary n o tice— the experi
m ental equilibrium  states, the therm ochem istry, petrogenesis of feldspars and their natural 
occurrence w ill he described.

Volume 1: Crystal Structure and P hysica l Properties is divided into tw o m ain parts 
and w ithin this 12 (5 +  7) chapters.

In Part 1 the crystal structures are treated. In the first chapter a brief review  of the 
crystal chem ical theories and experim ental techniques is given. In the second chapter, the 
m ost im portant features o f feldspars and the related  structures are discussed in  a concise 
form , y e t w ith appropiate thoroughness. The tetragonal hollandit structure ty p e  and the 
hexagonal and rhom bic m odifications of B aA l2S L 0 8 and CaALSi,Og are discussed in  connec
tion w ith  the review  o f related structures.

The third chapter deals w ith the order and disorder in crystal lattices and w ith  their 
types. After the discussion of the ordering, data on Si, A1 order determ ined experim entally  
are surveyed, then their interpretation is dealt w ith. The discussion is illustrated  w ith  tables 
and diagrams.

The fourth chapter discusses the geom etry and atom ic coordination o f  structures. The 
basic data on feldspar structures are sum m arized in  several tables. All these are com pleted  
by m any diagrams and structural models. E xam ining the environm ent o f M atom s bonding 
the (A l, S i)0 4 tetrahedra, the sym m etrical conditions o f M О bonding are analysed  and the 
description is illustrated w ith synoptic tables and figures. The atom ic d isp lacem ents from 
therm al m otion and substitu tional disorder, tak ing  in to  account the d isp lacem ents o f  Na 
atom s in álh ite, are also discussed.

The fifth  chapter presents the com plex crystal structures. After the rev iew  of the 
influence of the various types o f twinning on the la ttice  structure and X -ray  scattering, it 
points on the defin itive order o f Al, Si in Ca plagioclases, verified by X -ray diffraction. The 
role o f X -ray diffraction in the judgem ent of the anorthite content is also show n.

Part 2 deals w ith  the physical properties and experim ental techniques.
The six th  chapter discusses the X -ray d iffraction techniques. After a brief review  of 

the single-crystal techniques, the photographs o f alkali feldspars taken by the precession and 
oscillation techniques are presented, then it  proceeds to photographs of p lagioclase. After
wards the powder techniques are considered. This chapter is coloured by G uinier powder 
and diffractom eter photographs. Celsian and reedm ergnerite patterns (a В -contain ing álhite) 
are also presented in this chapter.
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T he seventh  chapter is devoted to macroscopic therm al expansion and changes in  cell 
dim ensions. F irst, alkali-feldspars are discussed in  m ore detail. The principal variations o f  
the cell dim ensions of К  — N a feldspars are also represented in  illustrative drawing. The con
ditions o f K , Na substitu tion  and its interpretation are g iven , then a review of the pertliitcs  
and their anom alous specim ens follow s. The simple determ inative m ethods and then the d im en
sional changes caused by heating are presented.

T he follow ing part o f the chapter reviews the cell dim ensions of natural and sy n th etic  
plagioclase feldspar specim ens and the simple determ inative m ethods. Afterwards, the descrip
tions of th e  dim ensional changes caused by heating fo llow , illustrated  liberally w ith  diagram s 
and tables. A fter the discussion of ternary feldspars and К -exchanged plagioclases, the chapter  
concludes w ith  a review o f K , B a feldspars and syn thetic  related  compounds.

The eigh th  chapter deals w ith  light optics and m easuring methods. After the analysis  
of the accuracy of optical m easurem ents, the optical effects o f  the compositional and m orpho
logical inhom ogeneities, fine-scale tw inning and intergrow ths are described. Then the optical 
features o f the feldspar groups are review ed one by one. The relation between optic axis  
and order o f tetrahedral atom s is treated together w ith  the alkali feldspars. The relations 
betw een the refractive ind ices, birefringence, ex tin ction  angle and optical orientation  are 
profusely illustrated w ith diagram s.

In  the subsequent part o f the chapter, the p lagioclases, K , Ba feldspars and the optical 
properties o f related feldspars are dealt w ith and fin a lly  the determ inative m ethods are also 
com pared.

The nin th  chapter deals w ith nom enclature and general properties of feldspars. N om en 
clatures proposed by different authors are compared. A tten tio n  is called to the confusion o f  
some authors in connection w ith  the naming of К  feldspars, N a feldspars and plagioclases. 
N ext discussed are phase transform ations which occur at rapid or slow cooling of feldspars. 
There is a notew orthy proposal for the nom enclature o f N a feldspars and ternary feldspars. 
In the p lagioclase group six  phases are distinguished: 1. m onalbite, 2. analbite, 3. alb ite  
(of high tem perature), 4. alb ite (o f low tem perature), 5. anorthite В and 6. anorthite P. 
A northite В is a Ca-feldspar w ith  trichlinic, hodycentered , translation lattice, anorthite P  
is a Ca-feldspar w ith triclin ic, prim itive, translation la ttice.

The ten th  chapter review s electron-optical m ethods. F irst, the transm ission electron  
m icrographs, the detection  o f tw ins, dislocations and deform ations by electron m icroscope  
is dealt w ith  in  detail, illustrating  the description w ith  v ery  beautiful photographs. A fter  
the review  o f chem ical a lterations in feldspars, the electron-m icroscopic observations are also 
presented. T hen there are top ics on scanning electron m icroscopy and photo-em ission electron  
m icroscopy. E specially valuab le are the electron diffraction photographs of the ind ividual 
feldspars.

The infra-red absorption, nuclear m agnetic resonance, electron spin resonance and  
M össbauer resonance are the subject o f the eleventh chapter. T he infra-red absorption spectra  
and patterns, respectively, assum e characteristic forms in the various feldspars, on the basis 
of which th e y  can be identified . The chapter gives m any diagram s which can help the specialists  
engaged in  infra-red spectroscopy in  determining feldspars o f different com position. The 
modern m ineralogical exam inations com plete the optical and X -ra y  ones very well, the m ethods  
based on nuclear m agnetic resonance, electron-param agnetic resonance and M össbauer 
(gam m a-ray) resonance give very  usefu l data for the finer separation of feldspars.

The tw elfth  chapter treats m iscellaneous further p h ysica l properties. Such are colour, 
lum inescence, electrical phenom ena, therm al condu ctiv ity , m echanical properties (deform a
tions), den sity , therm ogravim etry and differential therm al analysis as well as rapid v isual 
identification  procedures. Chatodolum inescence spectra provide a simple tool for characteriz
ing feldspars. Bom bardm ent w ith  electrons of thin sections o f feldspars allows qualitative detec
tion of chem ical and textural features. Absorbed energy is em itted  as lum inescence b y  the  
m aterial. T herm olum inescence exam inations are also usefu l additional methods.

Volume 2: “ Chemical and T extural Properties” w ith  690 pages is also divided into  two  
main parts (P arts 3 and 4) and w ith in  this to 8 (13 —20) chapters.

P art 3 deals w ith chem ical properties and experim ental techniques. The th irteen th  
chapter deals w ith  the description of analytical m ethods as well as the analysis o f their preci
sion and accuracy. After a review  of the specific application  of gravimetric and volum etric  
analytical m ethods to feldspars, the X -ray fluorescence and electron-spectrographic analyses  
are discussed and then the flam e photom eter, radioactivation  and mass spectrom eter analyses  
are surveyed.

The fourteenth  chapter is one o f the m ost extensive  ones: it  deals w ith chem ical proper
ties. A fter th e  review  of the basic stoichiom etric concepts, theoretical models on chem ical 
su bstitu tion  and distribution are discussed. Then the m ajor chem ical substitutions and experi-
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m ental data on elem ent d istribution are considered. After these the chem ical substitutions 
in natural feldspars are dealt w ith. Further analytical data are presented in about 28 tables 
from different authors. These analytical data are obtained from various feldspars and relate 
to both the main elem ents and the rare ones. The chapter concludes w ith  isotope distribution  
in  feldspars: w ith the О and Pb isotopes, the K/Ar and Ub/Sr isotopic ratios and is completed 
w ith  an abundant list o f figures and references.

Pari 4 deals w ith  growth, diffusion, structural defects and in tim ate intergrowths 
of feldspars.

The fifteenth chapter g ives a general review of phenom ena and processes as an introduc
tion to the subjects to be treated later.

In connection w ith  diffusion, the sixteenth  chapter discusses the transform ations, 
first, under dry conditions and then under hydrotherm al conditions upon heating. Then it 
review s the experim ental data on the m obility  of О atom s, w ith special atten tion  to the О1* 
and 0 10 isotopes. After the presentation of the experim ental data on M atom s bonding the 
Si. A1 tetrahedra, the d istribution of Ar in anorthite and К -rich feldspars are considered. 
Finally the diffusion, v iscosity  and crystallization k inetics of liquid and glass are treated.

The seventeenth chapter deals w ith the growth of crystals and grow th defects. After 
the review of the growth m echanism , the primary growth from m agm as and other fluids as 
well as the primary growth in  the solid state are surveyed. After the description o f the synthesis 
of zoned feldspars, the zoning in  feldspars o f igneous and inetam orphic rocks, and finally  
the theories o f zoning are treated.

In the subsequent part o f the chapter, the tracht, m orphology and hab it in synthetic  
crystals and natural feldspars are dealt w ith. All these are profusely illustrated w ith drawings 
and micrographs. Then the review  of m iscellaneous textures follows. The chapter concludes 
w ith a description of d islocations and etch features.

The eighteenth chapter deals w ith twins and related structures. Operation and structural 
explanation of feldspar tw ins and individual twin types are discussed in detail. After the 
description of tw inning m echanism s, morphological and other criteria for recognition of twin 
m echanism s are reviewed.

The description o f plagioclase twins forms an extensive part o f the chapter. First, 
the laboratory production o f  tw ins is described and transform ation, m echanical and growth 
twinning are presented. Also included are topics on frequency of tw inning in plagioclase and 
identification of plagioclase tw ins. The chapter is profusely illustrated w ith diagram s, tables, 
drawings and photographs.

The nineteenth chapter deals w ith the intim ate feldspar intergrowths. F irst, perthites, 
their classification and textures are discussed and then the relation betw een chem ical com posi
tion and crystal structure is described. The relations reviewed are supported by data on 
optical behaviour and b y  roentgenographic ones.

In addition to the review  of the ideas on form ation m echanism s, th ey  are also critically  
evaluated. The section on perthites concludes w ith a brief exp lanation  of their iridescence. 
Then the intergrowths of plagioclases are discussed. After the review  of peristerite intergrowth 
in acid plagioclase and the so-called Boggild intergrowth in interm ediate plagioclase, the 
chapter concludes w ith the presentation o f the H uttenlocher intergrow th in basic plagioclase.

The tw entieth  chapter surveys intergrowths of feldspars w ith  other minerals. After 
the review of m yrm ekites, it  discusses spherulites in devitrified rocks, granophyric intergrowths 
and graphic granite. T hen nephelin-feldspar intergrowths, pseudoleucite and anhedral nephelin- 
K-feldspar intergrowths are described, followed by a description of the avanturine and red- 
clouded feldspar and a review  of their origin.

The chapter concludes w ith presentation of m iscellaneous intergrow ths of feldspars 
with other minerals (o liv ine, pyroxene, m icas, sillim anite, corundium , spinel, amphibole). 
A brief review of fingerprint texture of feldspar and glass also takes place in this chapter.

The author gives an abundant hook list at the end of each chapter in  both volumes. 
This considerably enhances the usefulness o f the book for those who w ant to gather more 
inform ation about the subjects discussed. Furthermore, in both volum es at the end of each 
chapter in addition to the tables o f contents, subject index, nam e in d ex , loca lity  index, index  
of rock types, list o f figures and tables facilitate the orientation for the readers.

After all, the first tw o volum es of the three-volum e handbook has been written with  
thoroughness and can be o f use not oidy to crystallographers, m ineralogists, and petrologists 
hut also to chem ists engaged in  crystal chem istry and to physicists engaged in  physical chem 
istry. Though the hook w as w ritten in the first line for research workers engaged in the sphere 
of activ ity  discussed, it  can prove of real value to practising geologists, silicate (ceramic) 
chem ists, even students who look beyond their studies into the future.

T. P ojják
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Goosen, D.

A N E W  M O D EL FOR LEVEL A R E A S

(In au gu ra l address on the occasion o f  his public acceptance of the Chair o f  Soil Survey at 
the In tern a tio n a l Institute for Aerial Su rvey  and Earth Sciences, E nschede, The Netherlands, 
17th D ecem ber 1974) 32 pp, W altm an, D elft

T he author presents here ideas on m ass m ovem ents in level areas, which could affect 
rather g rea t territories and have h istorica l significance, too. These even ts can change the 
liv ing  co n d itio n s of certain areas catastrop ha lly  (The Netherlands, Spain etc.) and are in connec
tion w ith  coversands and suffossion. T he paper is of equal in terest for geoscience, history and 
soil su rvey .

./. Verő
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PHYSICAL DESCRIPTION 
OF THE INFINITE HALF-SPACE

L. K APO LY I

T A T A B Á N Y A  C O A L  M I N E S ,  T A T A B Á N Y A  

[Manuscript received A ugust 10, 1974]

A new m ethod is given  for the description of m echanical e ffects taking place in  the 
earth’s crust subjected to  m ining activ ity . The m ethod is based on the use of the geom etrical 
fie ld  o f motion and the density  field  o f th e  infinite half-space.

T he m ining o f  th e  fu tu re  a n d  th e  fu tu re  o f m in in g  are  re la te d  concep ts. 
T h e  fu tu re  will be d e te rm in ed  b y  th e  com ing d em an d s on  basic  m a te ria ls , an d  
th e  n ecessity  to  sa tis fy  th e m  urges fo r  new  m eth o d s  a n d  concep tio n s o f  e x p lo ra 
t io n  a n d  d ev e lo p m en t. T he te n d e n c y  of an  in ten se  c o n c e n tra tio n  o f th e  p ro 
d u c in g  a c tiv ity  in  space an d  tim e  — w hich  w ill le a d  to  th e  ap p lic a tio n  of 
h ig h ly  effic ien t ex p lo d in g  m eth o d s, in c lu d in g  in  som e cases n u c lea r explosions, 
to o  — w ill cause v e ry  g re a t changes in  th e  e q u ilib riu m  o f th e  e a r th ’s c ru st, 
w h ich  can n o t be describ ed  a n y m o re  b y  m eans o f th e  classical rockm e- 
chan ics.

T he place o f th e  e x p lo ita tio n  o f m inera l ro u g h  m a te ria ls  changes con
tin u o u s ly  an d  p ro d u ces a fie ld  o f  m o tio n  o f g eo m etrica l c h a ra c te r . T h is geo
m e tric a l fie ld  can be  described  b y  e q u a tio n s  of s ta te , b a sed  on  chem ical, th e rm o 
d y n am ica l, m echan ica l ru les, d ep en d in g  on th e  e x p lo itin g  m ethod .

In  consequence of th e  g eo m etrica l m o tio n  fie ld s, p h y sica l fie lds (tension , 
d e n s ity , etc.) will be  in d u ced ; th e ir  ex ac t know ledge is a n ecessary  co n d itio n  
o f  ru n n in g  m in ing  processes.

In  order to  describe  th e  p h y s ica l processes ta k in g  p lace  in  th e  half-space , 
w e e lab o ra te  in  w h a t follow s th e  connec tion  b e tw een  th e  g eom etrica l an d  
p h y sica l fields a n d  th e  d iffe ren tia l equ a tio n s ex p ressin g  th e  con n ec tio n  b e 
tw e e n  th em . B y  m ean s of th is  a sim ple p o ssib ility  o f  re p re se n ta tio n  w ill be 
g iv en  th a t  enables to  describe th e  processes in  th e  half-space  b y  m eans of 
u n d e riv e d  variab les .

T he m a te ria l fillin g  th e  in f in ite  half-space can  be considered  as a m u lti
la y e re d  aggregation , being  a t  once d iscre te  an d  c o n tin u o u s . I t  is d isc re te  in  so 
f a r  as from  th e  p o in t o f view  o f th e  in v e s tig a tio n  i t  is com posed  from  elem en
ta r y  p a r ts . I t  is n o t  s im p ly  d isc re te , how ever, in  so fa r  as th e se  d isc re te  p a r ts  
a re  nodes co rresp o n d in g  to  d iffe ren t q u a lity  degrees (m olecules, a tom s, 
e le m e n ta ry  p a rtic le s , cong lom era tes, m ic ro tec to n ica lly  d iv id ed  p a r ts , lay ers
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o f  d iffe re n t rocks, e tc .) in  th e  s tru c tu re  o f th e  m a te ria l f illin g  th e  in fin ite  
h a lf -sp a c e  [1].

T h e  elem ents of th e  e le m e n ta ry  m u ltitu d e  filling  th e  in f in ite  half-space 
a re  in te r re la te d  w ith  each  o th e r ;  som e o f th e se  re la tio n s , h ow ever, can  he 
c o n s id e re d  as u n im p o r ta n t f ro m  th e  p o in t o f v iew  o f a c e r ta in  in v es tig a tio n  
(as e .g ., th e  m ic ro s tru c tu re  in  case of an  in v e s tig a tio n  o f sink ing ).

I n  w h a t follows th e  m a te r ia l  system  filling  th e  in f in ite  ha lf-space  will 
h e  re g a rd e d  as a c o n tin u u m  an d  th e  s to ch as tic  re p re se n ta tio n  o f  th e  m u lti
la y e re d  ch a rac te r o f th e  m a te r ia l  sy stem  will be g iven  in  a su b se q u e n t p aper.

The g eo m etr ica l field  o f  th e h a lf-sp ace

L e t tw o a rb itra ry  p o in ts  i  an d  j of th e  e a r th ’s c ru s t be  g iven  b y  m eans 
o f  th e  orthogonal u n it  v e c to rs  i, j an d  к  (in th e  D e sc a rtia n  re fe rence  system ) 
in  th e  form  of

r  =  x i  -1- y j  +  sk  r  =  | |* i | |
a n d

R  =  X i + Y j  +  Z k  R  =  I l H

w h e re  X ,  Y , Z  and  x , y ,  z a re  re c ta n g u la r  co o rd in a tes .
L e t  V  and  V* be  tw o  do m ain s of th e  ro ck  co n tin u u m  a n d  assum e th a t  

th e  d o m a in  V  changes in to  V *  due to  a d e fo rm a tio n  o f th e  ro ck -en v iro n m en t 
b r o u g h t  ab o u t b y  th e  o p e n in g  o f  m ining holes o r b y  an y  o th e r  e ffec t d is tu rb in g  
th e  eq u ilib riu m . I f  th e  v e c to r  R  of an  a rb itr a ry  p o in t o f th e  do m ain  V  is 
b e in g  tran sfo rm ed  in  course  o f  th e  d e fo rm ation  in to  a p o in t o f d o m a in  V* c h a r
a c te r iz e d  by  vec to r r ,  t h e n  th is  m o tion  — or d e fo rm a tio n  — (an d  its  in 
v e r s e , respectively) can  be  described  b y  th e  tra n sfo rm a tio n s

r  =  r(R , t) (1)

R  =  R (r, t) , (2)

w h ile  th e  vecto r R  ru n s  th ro u g h  all th e  p o in ts  of dom ain  V , i ts  im age r  w ill 
r u n  th ro u g h  all th e  p o in ts  o f  V*. Since th e  tra n s fo rm a tio n  is sy m m etrica l, 
i t  c a n  be  equally  sa id  t h a t  th e  dom ain  V  is tra n sfo rm e d  in to  V*  or, accord ing  
to  th e  inverse  fu n c tio n , t h a t  i t  is tran sfo rm ed  in to  V. T hus, tw o  re p re se n ta tio n s  
o f  t h e  in f in ite  half-space a re  g iven:

1 .  T he coord inates X ,  Y ,  Z  o f th e  v e c to r  R  are  o rd e red  to  a m a te ria l 
p o in t  o r  “ partic le”  o f th e  h a lf-space .

2 . T h e  coord inates x , y ,  z o f th e  v e c to r  r  d e te rm in e  th e  p o in ts  of th e  
E u c lid ia n  space filled  b y  th e  rock .
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H ence E q s (1) —(2) m ean  th e  m a te r ia l resp . geom etrical w ay  o f d e sc rib 
in g  th e  m otion :

1. The m o tio n  or d efo rm atio n  describ ed  in  E q . (1) gives th e  p lace  o f 
a chosen  “ p a rtic le”  R  in  an  a rb i t r a ry  m o m en t t, i.e ., if  R is c o n s ta n t, c o n n ec 
t io n  (1) rep resen ts  th e  “ o rb it”  o f a  g iven  p a rtic le  (Lagrange d esc rip tio n ).

2. The in v erse  tra n sfo rm a tio n  (2) defines th e  p artic le  be lo n g in g  to  th e  
p o in t d e te rm ined  b y  th e  place v e c to r  r in  th e  m o m en t t ( E uler  d e sc rip tio n ).

The tw o in te rp re ta tio n s  d iffe r in  th e  basic  v ariab les chosen . I n  o u r 
fu r th e r  in v e s tig a tio n  th e  v ariab les

r =  11 x , y ,  2  II a n d  t

w ill be considered  as in d ep en d en t, i.e . th e  so-called  geom etrical d e sc rip tio n  
w ill be used. In  course  of th e  m ech an ica l analysis  o f ro ck -co n tin u a , h o w ev er, 
i t  is m ore su itab le  to  use an  a p p a ra tu s  u n ify in g  th e  m a te ria l a n d  th e  geo
m e tric a l d escrip tio n , w hich, on th e  one h a n d , follow s th e  m o tion  o f th e  “ in d i
v id u a l partic le”  o f  th e  co n tinuum , w hile  on th e  o th e r, rep resen ts  th e  v a r ia t io n  
o f  th e  velocity  sp ace , too .

This can  be accom plished  as fo llow s: I n  m echanics th e  d isp la c e m e n t o f  
a p o in t w ith  given p lace  v e c to r  r (p a r tic le  R) in  th e  m o m en t t can  be d esc rib ed  
b y  th e  d isp lacem en t v ec to r:

u =  u (r, t ) . (3)

T h is  gives th e  geometrical motion f ie ld  p ro d u ced  b y  m in ing  a c tiv ity . S ince here  
th e  m o tion  of R  is d e a lt w ith , E q s  (3) an d  (2) describe id en tica l tr a n s fo rm a 
tio n s .

F o r fu r th e r  reference , we d e fin e  th e  v e lo c ity  of an  a rb itra ry  p o in t  o f  
som e partic le  R o f a co n tin u u m  b e in g  defo rm ed .

D uring  th e  m o tio n  rep re sen ted  b y  E q . (1), R  m u st be c o n s ta n t, i f  w e 
a re  observ ing  th e  o rb it  of a given p o in t;  th u s  th e  velocity  o f th e  p a r tic le  is 
d e te rm in ed  b y  th e  p a r tia l  d e riv a tiv e  w ith  re sp ec t to  t of th e  p lace v e c to r  r  
belong ing  to  R , i.e .:

v
Or 3u

3t R 0t
(4)

T a k in g  in to  acco u n t E q s (1) an d  (2) th e  v e lo c ity  o f th e  p a rtic le  R  c a n  be 
g iven  in  th e  form :

v =  v ( R ,  t) (5)

v =  v (r , f ) . (6)

T he connec tion  betw een  th ese  tw o  e q u a tio n s  will be s tu d ied  fro m  th e  
a sp e c t of th e  v a r ia tio n  in  tim e. In  o rd e r  to  lin k  th e  physica l ha lf-sp ace  w ith
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i ts  geom etrica l fie ld , w e w ill need th e  co n cep t o f  accelera tion  to  describe  th e  
fo rces o f in e rtia . D iffe re n tia tin g  E qs (5) a n d  (6):

d \ 3y
+

R

3v d R

dt 9t. 3R dt

d \ 3v
+

3v dr
— —

dt 31 г 0 Г dt

( ? )

( 8)

A ccording to  o u r  fo rm e r defin ition , th e  co o rd in a tes  R  =  ||X , Y , Z\\ are 
d a ta  o f a reference s y s te m  b o u n d  to  th e  p a r tic le , i.e . th e  system  m oves to g e th e r  
w ith  i t .  Since th e  p lace  o f  th e  partic le  is n o t  ch an g ed  in  th is  sy stem :

a n d  we get b y  E q . (1):

o r, on th e  basis o f E q . (4):

d  R -  0
dt

dr IÍ 3r 4

dt ' [ dt j

dr 3u

dt 31

S u b s titu tin g  b a c k  th e s e  connections in to  E q . (8), we o b ta in

d \ 3y 3v 3r

dt 31 . 3« .
=  i l  +  (v v ) ^ i  =  A

к dt dt 31

3u 3u —\
+ —  V

0Í 31 %  <9>

w h ere

V =
3

dx

3

3y

3 

3 z

3

3r

Since r an d  t a re  in d ep en d en t basic  v a ria b le s , E q . (9) can  be w ritte n  in  
case of co n tin u a  in  th e  follow ing form :

d \

dt

32u
зТ"

3

3í
( u V )

3u

d t '
( 10)

T he m ean ing  o f  E q . (10) is th a t  th e  ch an g e  of th e  velocity  fie ld  is com 
posed  of tw o p a r ts :

0V
— of a local change  re ferring  to  a p lace  r,

a n d
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— o f a convective change v(Vv) d u e  to  th e  d isp lacem en t oi th e  m ass 
cen tre  of th e  m ass e lem ent a t  th is  p o in t o f  space w ith  th e  v e lo c ity  v. 

C o n n ec tio n  (10) w ill be used in  c o n n e c tio n  w ith  th e  im p u lse  th e o re m  
w r itte n  u p  fo r th e  in f in ite  half-space.

T he physical fie ld  o f  th e  h a lf-sp ace

I t  h a s  been  show n th a t  th e  m o tio n  f ie ld  a rising  in  consequence o f  m in in g  
a c t iv i ty  can  he ch a rac te rized  by  th e  v e c to r  space u . I ts  d is tr ib u tio n  dep en d s 
o n  th e  p h y sica l p ro p ertie s  o f th e  m a te r ia l  h a lf-sp ace  h u t  i t  c an n o t re p ro d u ce  
th e se  p ro p e rtie s .T h u s , an  o th e r n a tu ra l, c h a ra c te r is tic  q u a n tity  m u s t b e  chosen  
fo r  ch a ra c te riz in g  th e  ph y sica l p ro p e rtie s . T h is is th e  mass density .

T h e  mass is th e  m o st basic  c h a ra c te r  o f  th e  m a te ria l th a t  c o n tin u o u s ly  
fills th e  half-space  in v es tig a ted . M ass c a n  a lw ays be  charac terized  b y  a posi
tiv e  re a l n u m b e r w hich  is th e  m easu re  o f  in e r tia , w eigh t, q u a n t i ty  o f  th e  
m a te r ia l  sy stem . T he m ass d ensity

Q =  e(*> 0  ( i i )

of th e  m a te r ia l  changes in  course o f  th e  d e fo rm atio n s and  i t  is s u ita b le  to  
describe th e  p h y s ic a l co n d itions and  m a te r ia l  p ro p e rtie s  of th e  sy s te m , as w ill 
be p ro v ed  la te r  on.

C onnection  b etw een  the g eo m etr ica l and th e physical f ie ld

T h e  effect of holes (gangw ays, w o rk p laces  o f m ass p ro d u c tio n , e tc .)  c u t 
in  th e  e a r th ’s c ru s t p re sen ts  itse lf in  c h an g in g  th e  d is trib u tio n  o f  th e  geo
m e tric a l, an d  th e  ph y sica l fie ld .

In  consequence o f m in ing  a c tiv itie s  th e  d e n s ity  fie ld  of th e  ro c k  m a n tle  
w ill be  ch an g ed  and  also geom etrical m o tio n s  are  in tro d u ced . B y  m e a n s  of 
th e se  tw o  fie lds and  th e  genera l d iffe ren tia l e q u a tio n s  describing th e ir  ch an g e , 
re sp ec tiv e ly , th e  m echan ical effects can  b e  co m p le te ly  described. C o n seq u en tly , 
c o n tra ry  to  th e  h ith e r to  p ercep tion  in  c o n tin u u m  m echanics, tw o  v a r ia b le s  
are  en o u g h  to  rep re sen t th e  m ech an ica l p rocesses; th e y  are th e  v e c to r  fie ld

a n d  th e  scalar fie ld
u - u (r , t) 

Q =  e (r, t)  .

T h e  p ro o f  o f  th a t  will be given by  w ritin g  u p  th e  fu n d am en ta l e q u a tio n s  of 
co n tin u u m  m echanics.
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F u n d a m e n ta l equations o f m e c h a n ic a l system s

a) T he  princip le  o f  the conservation o f m aterial

T his cond ition  h a s  a lw ays been m e t w h en  so lv ing  m echanical p ro b lem s. 
I t s  fo rm  is w ell-know n:

-ÿ - +  V(i?v) =  0 (12)
0 Í

I t  c a n  be seen th a t  th is  d iffe ren tia l e q u a tio n  lin k s  th e  geom etrical a n d  th e  
p h y s ic a l field.

b) D ynam ica l equ ilib rium

O n th e  basis o f  N ew to n s  second ax io m  th e  connection

V F +  (?q =  i ? - ^  (13)
dt

c a n  be deduced as th e  c o n d itio n  of the  d y n a m ic a l equ ilib rium  o f an  a rb i t r a ry  
p a r t  o f  th e  space, w h ere  F  is th e  so-called te n s io n  te n so r  and  q th e  f ie ld  v e c to r . 
E q u a t io n  (13) exp resses th e  equilib rium  o f th e  in n e r  forces (first te rm  on  th e  
le f t  side), o f th e  m ass fo rces (second te rm  on  th e  le f t side) and  o f th e  in e r t ia l  
fo rces  (rig h t-lian d -sid e  te rm ) .

In  E q . (13), th e r e  ap p ea rs  th e  te n s io n  te n s o r  w hich m ust be re g a rd e d  
a s  a  deriv ed  v a ria b le  a n d  w hich  is, accord ing  to  o u r considera tions, n o t n eces
s a ry  fo r th e  d e sc rip tio n  o f  th e  phenom ena. T h e  ap p lica tion  of th e  m a te r ia l  
e q u a tio n  m eans th e  so lu tio n  of th e  p rob lem .

c) M ateria l equation

A s the com m on generalization of O nsager's phenom enological principle  
and o f the Curie principle the m ost general form  of the m aterial eq u ation  
o f continua was g iven  b y  F ényes  [4] as fo llow s:

F = L ( V °  u ) (14)

w h ere  L  is th e  so -ca lled  im p u lse-conducting  te n s o r , i.e. th e  ten so r of m a te r ia l  
p ro p e rtie s  [5]. B y  m e a n s  o f  th is , E q. (13) c a n  b e  tran sfo rm ed  in to

V i (  V о u) +  pq =  Q-----
dt

9 u  ' 

dt
in  w h ich  only u  a n d  q a p p ea r.

( 1 5 )
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S olu tion  of problem s o f c o n tin u u m  m echanics

O n th e  basis  o f  w h a t has b e e n  sa id  so fa r, th e  processes in  th e  in f in ite  
h a lf-sp ace  can  be  assum ed  as k n o w n , if  th e  geom etrica l m o tio n  f ie ld  (th e  
d is tr ib u tio n  o f th re e  sca lar fu n c tio n s) a n d  th e  d e n s ity  fie ld  (the  d is tr ib u tio n  
o f  a  single sca la r fu n c tio n ) is k n o w n . F o r  t h a t  goal one has to  solve th e  sca la r 
e q u a tio n  (12) an d  th e  v ec to r e q u a tio n  (15), ( th ree  sca lar eq u a tio n s) su b je c t 
to  in it ia l  and  b o u n d a ry  cond itions. T h e  fo llow ing fo u r sca la r e q u a tio n s  are 
a t  d isposal fo r d e te rm in in g  th e  s c a la r  v a ria b le s  o f  th e  prob lem :

9e
8f

VL(V ° u) +  pq =  p
dt

=  0

0 U

91

( i6 )

h a v in g  perfo rm ed  th e  operations in d ic a te d  an d  m ak in g  use of E q . (10):

8  0 u 8
—  0  +  —- V p  +  p —  (Vu) =  0 ,  
8 t 8 t 8  t

VL(V о u) -f- pq =  p
8 2u  9 8 u

------ -\---------(uV) -----
8 t2 8 t 91

(17)

re su lts . E q u a tio n s  (17) deliver th e  fu n d a m e n ta l eq u a tio n s  o f c o n tin u u m  
m echan ics.

C onclusions

I t  has been  show n  in th e  p a p e r  t h a t  th e  s ta te  of m echan ical c o n tin u a  
ca n  be unam biguously  de te rm ined  b y  m ean s o f th e  geom etrical d isp lacem en t 
f ie ld  a n d  th e  d is tr ib u tio n  of m ass d e n s ity  .

F undam enta l equations s e ttin g  u p  th e  lin k  betw een  g eo m etrica l an d  
p h y s ica l fie ld  w ere estab lished  in  E q . (17). A ll o th e r  m echanical fie ld s  o ccu r
r in g  in  co n v en tio n a l concepts are th e  consequences o f these  tw o  a n d  c a n  be 
easily  derived  from  th em . F o r in s ta n c e , th e  tension fie ld  can  be d e riv e d  from  
th e  geom etrica l one as:

F  =  L V  o n  (18)

th e  f ie ld  of d e fo rm a tio n  effect in  th e  fo rm :

P  =  F  : V о —  =  LV о u  : V о =  LV  о u  : —  (Vu) (19)
dt dt 9t

w here  : denotes ten so ric  (inner) m u ltip lic a tio n .
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A ll t h a t  im plies t h a t  in  th e  sense o f o u r new  concep t i t  is en o u g h  to  
o p e ra te  w ith  tw o  basic  v a riab le s , all th e  o th e rs  can  be derived  from  th e m .
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ФИЗИЧЕСКОЕ ОПИСАНИЕ БЕСКОНЕЧНОГО ПОЛУПРОСТРАНСТВА

Л . К А П О Й И

РЕЗЮМЕ

В статье рассматривается новый метод для описания механических эффектов, про
исходящих в использованной для горных разработок земной коре, опираясь на геометри
ческое поле движения и поле плотности бесконечного полупространства.
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NUCLEAR MINING
OF PORPHYROUS CHALCOPYRITE ORES 

UNDER IN SITU CONDITIONS
G. T A R JÁ N

TEC H N IC A L UNIV ERSITY  F O R  H EAVY IN D U STR Y , MISKOLC 

[M anuscript received A ugust 25, 1974]

The volum e of a chim ney produced b y  an underground nuclear blast depends on its  
depth to  the surface and the quality o f the rock. In  F ig . 1 the variations in the d iam eter  
(R  m), in  Fig. 2 those in  the am ount of breakings (T  10e t) are shown for various charge in 
tensities (iV kt) and depths (H  km) for granite. C halcopyrite (and pyrite) are easy  to  solve  
in  water o f high pressure and temperature, contain ing free 0 2 (F ig. 3). Supplying, to  th e  b ot
tom  of the chim ney produced by nuclear b lasting, oxygen , the pressure of w hich exceeds  
the hydrostatic one, such conditions will be created therein  favourable for the process o f  
oxidizing and dissolving prim ary sulfides (chalcopyrite and pyrite). B y the process o f  ox id a 
tion, heat is generated, consequently, the tem perature o f solution within the ch im ney, even  
at relatively  smaller depths (0.5 to 1.5 km ), w ill rise to 120 to  150 °C, accelerating th e  process 
of dissolving. A t great depths ( > 3  to 5 km ), the tem perature of rock or chim ney are ab ovo  
higher than - 150 °C. In F ig. 4 data are presented on th e  rate o f copper d isso lu tion  deter
m ined by autoclave tests w ith  porphyric ore pieces, as w ell as on the variations in  th e  tem 
perature w ithin  a nuclear chim ney and the copper recovery therefrom  vs initial tem perature, 
further on the sulfide conten t o f the ore and the size d istribution  of breakings. I f  b o th  hydro
static  pressure and tem perature are high in a large ch im ney produced by underground nuclear  
blasting, then the m etal content of m inerals, insoluble b y  conventional in situ  m eth ods, 
can be rapidly and econom ically  recovered. There are large potentialities in the fu tu re  use  
of th is process, particularly in  ore deposits ly in g  at great depths.

1. In tro d u c tio n

I n  p a p e r  [4], a t  th e  end of w h ich  its  a u th o r  ou tlooks upon  th e  tr e n d  
of fu tu re  d ev e lo p m en t m ain ly  u n d e r th e  a sp e c t o f copper m ining, a  m ore  
ex ten d ed  use o f th e  tech n iq u es of m ass  p ro d u c tio n  b y  b lasting  w ith  n u c le a r  
charges is a n tic ip a te d  fo r th e  years a h ead . I n  th is  process ore deposits in  g ra d e  
in fe rio r to  0.5 — 0.6 p e r c en t Cu co n ten t, d eco n so lid a ted  b y  b lasting , are  f lo o d e d  
b y  aquaeous su lfu r so lu tio n  on a 2.5 kg  su lfu ric  ac id  basis p er 1 kg re c o v e ra b le  
copper, an d  th e  effic iency  o f leaching is in c rea sed  b y  ad d in g  cu ltu res o f b a c te r ia  
(up  to  a te m p e ra tu re  o f —(— 60 °C th e ir a c t iv i ty  is s t im u la te d  by  th e  te m p e ra tu re  
in creasin g  w ith  d e p th  an d  th e  rad io ac tiv e  ra d ia tio n ) .

As in d ica ted  b y  p a p e r  [5], in  H u n g a ry  a zone re la tiv e ly  poor in  m in e ra ls  
ly ing  n e a r  th e  su rface is succeeded b y  a level e x tra c ta b le  still by  c o n v e n tio n a l 
m e th o d s  (for solid m a te ria ls  a t a d e p th  o f ~ 1 . 2  k m  [ +  30 to  40 p .c .])  be low  
w hich  th e  presence o f m inera l deposits, t h a t  m a y  be considered as r ic h  ev en  
on w orld  scale, can  be an tic ip a ted  ( ju s t  th e  c o n tra ry  o f th a t  ex p erien ced  w ith  
n o rm al m inera l d ep o sits , th e  grade o f  w h ich  is decreasing  w ith  d e p th ) . H o w 
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ev e r, th e y  can  be p ro sp e c te d  an d  e x tra c te d  b y  su itab le  deep-m in ing  m e th o d s  
o n ly , i.e . “ b y  in je c tin g  chem ical and  b io log ica l so lven ts of h igh  v a p o u r  p re s 
su re  a n d  o th e rs”  su b se q u e n t to  th e ir  d eco n so lid a tio n  by  b lastin g . A cco rd in g  
to  th e  a u th o r  of th is  p a p e r  “ deep m in ing  m a y  re a c h  th e  d e p th  ra n g e  u p  to  
10 k m  in  th e  n e x t tw o  decades” .

I n  th e  fo llow ing, th e  princip les of th e  o b jec tiv e s  ou tlined  in  p a p e rs  [4] 
a n d  [5] w ill be d iscussed , as com pleted  b y  t e s t  d a ta  availab le in  th e  r e le v a n t  
re fe ren ces , in  th e  f ie ld  o f co p p er ores.

2. Underground nuclear blasting

T h e  effect o f u n d e rg ro u n d  nuclear b la s t in g  is revealed  in  b re a k in g  rocks 
(o f V  — n  R 2L  =  n  K R 3 cu .m  volum e an d  T  =  ô V t  w eight in  w hich  ô =  ro ck  
d e n s ity )  w ith in  a ch im n ey  o f rad iu s  R  m  a n d  o f  h e ig h t L  =  K R ,  th e  d im ensions 
o f  w h ic h  d e p e n d  on th e  m ag n itu d e  of th e  c h a rg e  ( N  k ilo tons, 1 k t  is e q u iv a le n t 
to  th e  p ow er of T  ^  1012 kca l lib e ra te d  fro m  1000 sh t =  907 m e tric  t  o f t r i 
n i tro to lu o l  — T N T , 1 t  n itro g ly ce rin e  p ro d u c in g  th e  sam e b la s tin g  e ffec t as 
1.6 T N T ), on th e  d e p th  ( I I  km ) and  th e  q u a l i ty  o f rock. R ocks in  a m a rg in a l 
zone o f  15 to  20 m  in  th ick n ess  su rro u n d in g  th e  ch im ney  will be also  h ig h ly  
c ra c k e d . T h e  te x tu re  o f v a rio u s rock pieces s te m m in g  from  n u c lea r  b la s tin g  
e x h ib its ,  s im ilarly , m u ch  m ore m icrocracks t h a n  those  p roduced  b y  c o n v e n 
t io n a l  b la s tin g . T h is is w ell illu s tra te d  b y  slid es  p repared , using  ro ck  sam p les  
t a k e n  fro m  th e  in te r io r  o f ro ck  pieces s a tu r a te d  b y  dye so lu tion .

3__i ____
T h eo re tica lly , th e  re la tio n sh ip  R  =  C\j N  1\ 0 Н  can  be d erived . I n  T ab le

7.1 p re s e n te d  in  p a p e r  [7] a lo t of d a ta  on  n u c lea r  u n d erg ro u n d  b la s tin g s  
(o f 0 .5  — 22 k t)  are in c lu d ed , from  am o n g st w h ic h  2 w ere carried  o u t in  g ra n ite , 
1 in  d o lo m ite , 5 in  tu ffs  a n d  2 in  a llu v ia l ro c k s . D a ta  on th e m , as w ell as on 
C a n d  К  — L /R ,  c a lcu la ted  m ore a c c u ra te ly  fro m  th e  curves R  =  f ( H )  and

Table I

Factors included in  the form ulae derived for niiclear blastings effected in  various rocks

Rock Ô c К c k' c' к

Granite 2.7 10.3 4.5 8.05 38.2 522 2.00

Granite 2.7 10.8 4.2 8.44 35.7 602 2.15

D olom ite 2.3 9.0 3.2 7.3 23.1 389 0.90

T u ff av. 1.9 13.5 5.2 11.5 31.0 1525 4.72

A lluvium  av. 1.9 11.6 3.8 9.26 27.7 800 2.22

G ranite (1) 2.7 11.5 4.235 9.0 35.9 730 2.62
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L  — f ( H )  re la te d  to  g ran ite s  occu rring  in  th e  la s t  line (for w hich  N  =  5 — 
1000 k t  an d  H  =  u p  to  6 km  as f ix e d  in  p a p e r  [1]) fo r th e  va lu es  R  m , N  k t

4_
an d  H  km , as w ell as th e  fac to rs C  — C /\/Ô , k ' =  n ô K , c' =  C '3 a n d  к  =  k 'c ' 
in  th e  fo rm u la e R = C  N 113/ H 1li . T = k '  R 3, R 3= c ’N /H 3 i  and  1 0 °T =  к(]У /100)/Я 3 4 
are  in c lu d ed  in  T ab le  I .

I n  p a p e r  [3] T  =  f ( N )  cu rves are  p re se n te d  for th e  d e p th  ra n g e  of
0.5 —1.5 k m  (for each  250 m  in te rv a l)  u p  to  N  =  250 k t,  as w ell as d a ta  on 
th e  ch im ney  p ro d u ced  b y  a n uc lear ch a rg e  o f N  — 100 k t  ig n ited  in  g ran ite

a t  a d e p th  o f R  =  0.75 km . These la t t e r  d a ta  are  as follow : R  =  20.5 m, 
L  =  300 m  ( K  == 7.32), T  — 3.8 • 10е t ) ,  (w ith  a rock  den sity  o f 2.8, h u m id ity  
3 p .c. an d  p o ro s ity  0.17). F rom  th e se  cu rv es  an d  th e  d a ta  in d ic a te d , th e  
fo rm ulae  R  сы 4.5 N 4'9/ # 5/12 andT  ^  62 R 3 =  2.64 • 10" (iV/lOO)4' 3/ # 5/4 (t) can 
be derived .

In  F ig . 1 v a lu es  o f R  =  f ( N )  a re  p re se n te d , in  draw ing  A  o f F ig . 2 th e  
values o f T  — f ( N )  are  illu s tra te d  fo r v a r io u s  va lu es  of H  km , in  d raw in g  
В  th e  values of T  =  f { H )  for various N  k t  v a lu e s  are  rep resen ted  in  fu ll lines 
i f  th e  cu rves ta k e n  fro m  p ap e r [1] are  co n sid e red  as va lid , an d  in  d o tte d  lines 
if  th o se  ta k e n  fro m  p a p e r  [3] are v a lid , p ro v id e d  th a t  th e ir  e x tra p o la tio n  to  
R  =  10 k m  an d  N  =  10 000 k t is allow ed. (F o r  th e  p ap e r [1] b ased  on  th e o re 
tica l re la tio n sh ip s , i ts  possib ility  is m ore  p ro b a b le .)  O therw ise, th e  cu rv es  R,  
L  an d  T  in  [1] are  in c lu d ed  also in  [7] fo r ch a rg es  of 5 — 1000 k t  in  fu n c tio n  
o f th e ir  d e p th  o f lo ca tio n  H , how ever, s lig h tly  m ore  inaccu ra te ly . F ro m  using  
th e  m easu red  v a lu es  o b ta in ed  in  th is  case u n sy s te m a tic a lly  v a ry in g  К  va lues
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re s u lt  b o th  fo r th e  fu n c tio n  o f  N  an d  th a t  o f  H ,  resp ec tiv e ly . К  is ra n g in g  
fro m  3.1 to  4.2 w ith  3.84 as av e rag e , while fro m  th e  curves of [1] as av e rag e  
v a lu e  4 .2 3 5  w as o b ta in ed  fo r a  n a rro w  range  o f  4 .1 0 —4.35. I t  is to  be  n o te d  
th e  v a lu e  o f  К  s ligh tly  in creases  w ith  in c reasin g  N .  F o r  N  =  5 —10—20 — 50 — 
100 — 200  — 500 —1000 k t  th e  av erag e  of К  w as 4 .14—4.18—4 .2 1 —4.22 —

F ig. 2. T h e  am ount of breakings (T  in  106 t) contained in  th e  chim ney established in  granite  
A  — in  th e  function of charge in ten sity  (TV) for various depths ( i f ) ,  В  — in th a t o f  depth

for charges o f various in ten sity  (TV)

4.23  — 4 .2 4 —4 .30—4.33, re sp ec tiv e ly . In  th e  fu n c tio n  of H  such  re g u la r  
c h a n g e s  w ere  n o t p roduced .

A t  a n  in  situ  leach ing  te s t  in Safford  co n d u c te d  b y  K ennecott  L td . 
(F ig . 1/c in  [6]) in  g ran ite  o f  0.5 p .c . (ox id ized) Cu co n ten t, a t a d e p th  of 
H  =  0 .3 8  k m , b lastin g  N  =  20 k t ,  p ro d u ced  a ch im ney o f R  =  33.5 m , 
L  =  150 m  (К  — 4.48) w ith in  w hich  ^ 1 . 5  • 106 to  of ro ck s w ere b ro k e n . 
T h e ir  75 p e r  cen t w ere m in u s  30 cm  in  size. T h e  h eav ily  c rack ed  m a rg in a l 
zone  su rro u n d in g  th e  ch im n ey  h a d  a th ick n ess  o f ~  16 m . F ro m  [1] a n d  th e

3__  4 ____ 3___  4__________
th e o re t ic a l  fo rm ula  in  [7] R  =  C]f N  f ]fdH =  11.5 ]/л20 /]/~2.7 • 4.38 =  31.1 m , 
w h ile  f ro m  th e  fo rm ula  d e riv e d  from  th e  d a ta  in  [3] R  =  4.5 • 204/9/0 .385' 12 — 
=  2 5 .4  w ere  given, in s te a d  o f  th e  effec tive  33.5 m .

A cta  Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975



NUCLEAR MINING 177

As in d ic a te d  b y  th e  d a ta  show n in  one o f  th e  T ab les in  p a p e r [1], fo r 
th e  average size o f  th e  b reak ings o f  g ra n ite  o b ta in e d  from  n u c lea r b la s tin g  
th e  fo rm ula  o f  S p  =  100(«/130)li2 is v a lid  in  w h ich  x  is expressed  in  cm . A cco rd 
ing ly , for x  =  30 cm , Sp =  48 per c en t w ould  be  g iven  in s tead  of th e  e ffec tive  
va lu e  of 75 p e r  c en t o b ta in ed  in  S affo rd  a n d , acco rd ing  to  th e  fo rm u la , to  
Sp =  75 per c e n t x  =  0 .752 • 130 =  73 cm  w o u ld  belong , respective ly , in s te a d  
o f 30 cm .

B y th e  cu rv es  1 an d  2 in  d raw ing  A  in  F ig . 4 o f th e  p ap e r [3] an d  th e  
cu rves 3, 4, 5 in  p a p e r  [7], th e  size d is tr ib u tio n  o f  th e  b reak ings from  v a rio u s  
m a te ria ls  o b ta in e d  a t  an  u n d e rg ro u n d  n u c lea r  b la s tin g  is show n. B y  th e  n e t 
log  Sp — log x  s tra ig h t  lines w ith  inclines co rresp o n d in g  to  th e  v a rio u s  e x 
p o n en ts  n  of th e  fo rm u la  S p  are show n. To th e  cu rv e  1 an  ex p o n en t o f  1/4 
belongs, while to  th e  o th e rs , (2 . . .5) considering  th e ir  w hole shape , a n  e x 
p o n e n t of a b o u t 1/2. I n  th is  d raw ing , I  re p re se n ts  th e  dust-free  sam ple  u sed  
in  th e  leach ing  te s t  described  in  p ap e r [3], an d  I I ,  th e  size d is tr ib u tio n  assu m ed  
in  th e  ca lcu la tio n  o f th e  a m o u n t o f b reak in g s p ro d u c e d  by  b la s tin g  a 100 k t  
nu c lea r charge a t  a d e p th  o f 0.75 km .

Table II

D iam eter, price and specific cost data on nuclear charge

N
k t

D ,
cm

P,
103 $ P /N

5 — 33 5 6 6 .9

10 30 35 8 3 5 .8

20 — 28 4 19.2

50 — 42 0 8 .4 0

100 46 45 2 4 .5 2

20 0 — 48 8 2 .4 4

50 0 — 530 1 .06

1 0 0 0 56 57 0 0 .5 6 9

2  0 0 0 — 6 1 0 0 .3 0 5

5  0 0 0 — 66 5 0 .1 3 3

10  0 0 0 91 72 0 0 .0 7 2

In  T able  I I  d a ta  b ased  on references p u b lish ed  in  1966 are g iven  on  th e  
d ia m e te r  D  cm , p rice  P  103 $ an d  specific costs P / N  o f nu c lear charges (bom bs) 
o f  N  k t  pow er. (A t p re se n t, p resu m ab ly , b o th  th e  d iam e te r  D  an d  th e  costs  
P  are  low er [$] a n d  th e  decreasing  tre n d  w ill, p ro b a b ly , co n tin u e  in  th e  
fu tu re . F o r p lac in g  th e  charge  of 20 k t  used  a t  S affo rd  in  1967 a bo reho le  
50 cm  in  d ia w as drilled .)
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3 . T h e degree o f  so lu b ility  o f  ch a leop yrite  and other copper m in era ls

O x id ic -carb o n ic  co p p er m in era ls  a re  ea sy  to  dissolve even  b y  th in  su l
fu ric  a c id  so lu tion . S u lfides can  be so lved  b y  su lfu ric  acid  -|- fe rric  su lfa te  or 
(in  p re se n c e  of oxygen) b y  am m o n ia  so lu tio n s  a t  a tm ospheric  p re ssu re , as is 
m a d e  in  th e  A rb ite r p rocess developed  fo r le ach in g  cha leopyrite  c o n c e n tra te s , 
a n d  s ti l l  b e t te r  in  au to c lav es using  h igh  p re ssu re  an d  h igh te m p e ra tu re  oxygen .

A t  te s ts  on solv ing co p p er m inera ls  75 to  150 p m  in  size a t  a tm o sp h e ric  
p re s su re  a n d  35 °C te m p e ra tu re  copper c a rb o n a te s  (azu rite  2 C uC 03 • C u(O H )2, 
m a la c h ite  C uC 03 • C u(O H )2, en te re d  th e  so lu tio n  w ith  a m e ta l reco v e ry  of 
100 p e r  c e n t  in  1 h o u r, te n o r ite  (CuO) w ith  98 p e r cen t reco v ery  in  2 ho u rs , 
c h ry so c o lla  (C uS i03 • 2 H 20 )  dissolves in  5 p e rc e n t su lfuric acid  w ith  100 per 
c e n t re c o v e ry  in  one d ay , w hile u sing  2 p e r  c en t su lfuric acid -j- 7.2 p e r  cen t 
fe rr ic  s id fa te  w ith  100 p e r  cen t recovery  in  1 h o u r, cu p rite  (Cu20 )  w ith  100 per 
c e n t re c o v e ry  in  1 h o u r; u sin g  0.5 p e r c e n t su lfu ric  acid  -|- 3.6 p e r  c e n t ferric  
su lfa te :  ch alcocite  w ith  97 p e r c en t reco v e ry  in  20 days, covelline (CuS) w ith  
57 p e r  c e n t recovery  in  47 d ay s , b o rn ite  (Cu5F eS 4) w ith  99 p e r c e n t reco v ery  
in  21 d a y s , te tra h e d r ite  (Cu8Sb2S7) w ith  95 p e r c en t recovery  in  23 d ay s , en a rg ite  
(C u3A sS 4) w ith  2 p er c en t reco v e ry  in  60 d ay s; cha leopyrite  (C uF eS 2), using 
1 p e r  c e n t  su lfuric  acid  -)- 3.6 p e r  cen t fe rr ic  su lfa te , w ith  2 p e r  c e n t recovery  
in  43 d a y s , w hile using  0.5 p e r  c en t su lfu ric  ac id  -)- 18 p er cen t fe rric  su lfa te , 
w ith  30 p e r  cen t reco v ery  in  42 d ay s; te n n a n t i te  (Cu8As5S7), u sin g  0.5 p e r  cen t 
su lfu r ic  ac id  -{- 7.2 p e r  c en t ferric  su lfa te , d isso lved  (as copper su lfa te ) w ith  
7 p e r  c e n t  Cu recovery  in  30 d ay s  [7].

A t  a tm o sp h eric  p ressu re  an d  te m p e ra tu re  cha leopyrite  (be ing  th e  m ain  
Cu m in e ra l o f d ispersed  p r im a ry  [p o rp h y ric ] copper ores) w as b ro u g h t in to  
s o lu tio n  on ly  slowly, even  u s in g  ferric  su lfa te . A pp ly ing  som e p ro p e r  aerobic  
m ic ro o rg an ism s, such as T h iobacillu s fe rro o x id a n s  and  T h . th io o x id a n s , th e  
p ro cess  can  be su b s ta n tia lly  acce lera ted . B y  th e m , m etallic  su lfid es  w ill be 
o x id iz e d  d irec tly  to  su lfa te s  an d  fe rro u s su lfa te s  to  ferric  su lfa te s . A m ost 
e ff ic ie n t a c tiv ity  o f th e se  m icrobes is to  be  experienced  a t  2 to  3 p H  v a lu e  an d  
in  th e  te m p e ra tu re  ran g e  o f 30 to  40 °C (e.g . using  b a c te ria  95 p e r  c e n t of th e  
c h a le o p y r ite  en te red  in to  so lu tio n  in  3 d a y s , w hile using  a sterile  so lu tio n  th is  
p ro cess  la s te d  75 days an d  on ly  w ith  a 25 p e r  c en t Cu recovery). A t te m p e ra tu re s  
e x c e e d in g  50 °C th e  b a c te r ia  are p e rish ed  an d  th e  so lu tions ste rilized .

C o n sequen tly , on acco u n t o f th e  e le v a te d  rock  te m p e ra tu re  a t  la rg e r 
d e p th ,  in  s itu  b io -m e ta llu rg y  can  be no  m ore  app lied . On th e  E u ro p e a n  con
t i n e n t  th e  average v a lu e  o f g eo th e rm a l (rec ip rocal) g rad ien t is 33 m /°C , w hile 
in  H u n g a ry  i t  varies a ro u n d  20 m /°C . D a ta  on th ese  increase in  ro ck  te m p e ra 
tu r e  (°C) w ith  d e p th  are  show n fo r th e  tw o  cases in  T ab le  I I I .  T h ere fro m  i t  
r e s u l ts  t h a t  in  s itu  b io -m e ta llu rg ica l m e th o d s  can  be used  on ly  to  d e p th s  a t  
wrh ic h  m in in g  is s till to  be m ad e  even  w ith  co n v en tio n a l m e th o d s . A t d ep th s
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Table III

Increase in  rock tem perature (° C )  w ith  depth  ( H  k m ) f o r  33 an d  20  m /°C  geotherm al g ra d ie n ts

H % km 0.5 0.75 1 1.25 1.5 2 3 5 10

33 m/°C 15 22.5 30 37.5 45 60 90 150 300
20 m/°C 25 37.5 50 62.5 75 100 150 250 500

w here m a n  can n o t descend , th e  .stocks o f ae ro b ic  m icroorganism s s u ita b le  to  
p roduce  b io -m eta llu rg ica l conversion  are n o t v iab le  e ither.

A t la rg e  d ep th s  h igh  h y d ro s ta tic  p ressu res  (p  =  100 H km a t) a n d  te m p e 
ra tu re s  — also co n d itio n s co rresp o n d in g  to  th e  process of d isso lu tio n  in  a u to 
clave u s in g  o x y g en — prev a il. In  p a p e r [2] th e  d a ta  sum m arized  b y  th e  d raw in g s 
show n in  o u r F ig . 3, on  an  au to c lav e  0 2-d isso lv ing  te s t  ru n  on th e  su sp en sio n  
of a ch a lco p y rite  sam ple  o f —150 m esh  in  size ( <  100 /im) and  20 p e rc e n t  in

F ig. 3. Variations in the Cu recovery of chalcopyrite for an autoclave 0 2 leach ing te s t  in 
the function o i  A  — p 0 ,  pressure, В  — tim e, C — temperature

w eigh t are  p resen ted . A s seen th e re fro m , th e  sam ple  o f chalcopyrite  o f  — 100 /im  
in  size, e.g . a t  21 a tm  to ta l  p ressu re , in  p resence  o f  0 2, a t  150 °C te m p e ra tu re  
(w here th e  s a tu ra te d  — p a r tia l  — 0 2 p ressu re , as in d ica ted  by  th e  d ra w in g  C) 
o f th e  fig u re , p o t = 1 . 6  a tm ) w as d isso lved  in  98 p e r cen t in  1 h o u r. (A t th e  
te s t  slow  a g ita tio n  w as app lied  fo r p re v e n tin g  th e  suspension fro m  b e in g  
se ttled . W ith  m ore in ten s iv e  a g ita tio n  a n d /o r in  p resence of N H 3 a h ig h e r  r a te  
of d isso lu tio n , e.g. recoveries u p  to  99.9 p e r c e n t could  be achieved in  1 h o u r.)

T h e  e x te n t o f co p p er d isso lu tion  is b e t te r  in flu en ced  b y  th e  in c re a se  in  
te m p e ra tu re  th a n  th a t  in  0 2 p ressu re . T he in c rease  in  pressure has a re la t iv e ly  
m ark ed  e ffec t a t  low er te m p e ra tu re s  only . A s a re su lt o f ch a lco p y rite  o x id a 
tio n , co p p e r su lfa te  a n d  ferrous su lfa te  h a v e  fo rm ed  in  th e  so lu tio n . B y  a d 
eq u a te  t r e a tm e n t  th e  ferrous su lfa te  can  be rem o v ed  and  e lim in a ted  as iro n
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h y d ro x id  p re c ip ita te . E .g., th e  fo rm ula of p o te n t ia l  reac tio n  m ay  be as fo llow s: 
4 C u F e S 2 +  4 CaO -f- 17 0 2^ 4  C uS 04 2 F e30 3 -f- 4 C aS 04. In  p resence  o f 
a m m o n ia  th e  copper w ill e n te r  in to  so lu tion  u n d e r  th e  form  o f C u(N H 3)4S 0 4. 
T re a t in g  th e  so lu tion  b y  N H 3 of 3 to  4 a tm  p re ssu re , a solid p re c ip ita te  o f

F ig. 4. A  — Size distribution o f breakings produced b y  nuclear blastings: 1 — m onzonite, 
2 — granite  (Piledriver, 61 k t), 3 — granodiorite (H ard h at, 5 kt), 4 — basalt (D an ny Boy, 
100 k t) , 5 — (Pre-Schooner D elta ), I — size d istribution  for the testing m aterial, II  — for 
a num eric exam ple. В  — V alues o f chalcopyrite d isso lu b ility  к (mg/sq. cm, day) for various 
P 0 2  pressures vs tem perature. C — Chemical com position  o f the solution obtained from  an 
au to c la v e  0 2 solving test and th e  variation in pH  as w ell as the evolution of C 0 2 v s  tim e. 
D  — V ariations in the chim ney temperature, E — F  — th o se  in  the rates o f copper recovery  
v s t im e  for diverging Cu percent — P/Chp values, as related  to some t0 °C in itia l chim ney  

tem peratures and (1 — 2 — II )  size distributions

C u (N H 3)4S 0 4 • H 20  (co p p er am m ine su lfa te  m o n o h y d ra te ) form s th a t  u n d e r  
th e  e ffec t o f h e a t w ill decom pose to  C u S 0 4 a n d  N H 3 gas. T his l a t te r  c an  be 
re c irc u la te d .

I n  p a p e r [3] th e re  are  sim ilarly  d a ta  o n  th e  process of d isso lv ing  ch a lco 
p y r i te  a t  v a rious p o 2 p ressu res . In  co m pliance  w ith  th em  a t 50 °C th e  con
c e n tr a t io n  of copper in  th e  solu tion  e x h ib its  a da ily  increase o f  Ac ad 7 -f- 
+  1.5 p o 2 m g pro  l i te r . I n  o th e r  w ords, e .g .: a t  p o 2 Ю —30 — 60 a tm , Ac  w ill 
h a v e  successively  v a lu es  o f  22 — 52—97 m g /l,d a y  and  for ex. in  60 d ay s Ccu 
w ill be  o f 1.32 — 3.12 — 5.81 g/1. B y th e  cu rv es  t r a c e d  in full line in  d raw in g  B)
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in  F ig . 4 th e  v a r ia tio n s  in  th e  fa c to r  of specific d isso lu tio n  o f  chalco p y rite  
к  (m g/sq .cm /day) are  show n fo r a te s t  perfo rm ed  w ith  d ilu te d  su lfu ric  acid 
a t  vario u s j»o2 p ressu res, w hile b y  th e  s tra ig h t line tra c e d  in  d a sh -a n d -d o t line 
i t s  th e o re tic a l change is i l lu s tra te d  in  accordance  w ith  th e  e q u a tio n  o f  A rrhe
n iu s  of к =  A je E!RT, in  w h ich  E  =  17.5 kcal/m ol is th e  a p p a re n t  ac tiv a tio n  
energy , T  =  K e lv in 0, a n d  th e  v a lu e  o f A  on th e  s tra ig h t lin e  o f  th e  draw ing  
is co nnec ted  to  an  0 2 p ressu re  o f 28 a tm .

As seen from  th is  d raw ing , th e  ra te  o f ch a lco p y rite  o x id a tio n -d isso lu tio n  
( th e  value of k) inc reases su d d en ly  w ith  th e  increase in  te m p e ra tu re  an d  less 
m ark ed ly  w ith  t h a t  in  p ressu re . T he te s t  d a ta  w ere o b ta in e d  b y  b u b b lin g  0 2 
th ro u g h  an  au to c lav e  c o n ta in in g  a ch a lco p y rite  sam ple o f k n o w n  size d is tr ib u 
t io n  an d  d istilled  w a te r. F ro m  th e  reac tio n  su lfuric  acid re su lte d  t h a t  s tab ilized  
ra p id ly  a t p H  va lu es  ran g in g  from  1.5 to  2.5, th e  re m n a n t p a r t  o f  th e  reac tion  
co n sis ted  o f copper su lfa te , iro n  oxyde an d  e lem en ta ry  su lfu r . I n  case of 
oxygen  defic iency , a p a r t  o f th e  copper p re c ip ita te d  u n d e r th e  fo rm  o f covelline.

P y rite  c o n s titu te s  a m in era l accom pany ing  alm ost in  e v e ry  case chalco- 
p y r it ic  p rim ary  co p p er ores. S im ilarly , b y  oxygen  t r e a tm e n t  in  au toclave  
p y r ite  can  be decom posed  to  su lfu r acid , ferric  su lfa te , b a s ic  iro n  su lfate  
p re c ip ita te  and  su lfu r. F o r  th e  tw o  reac tio n s  th e  follow ing fo rm u lae  a re  valid :

C uFeS2 -f- 11/4 0 2 —► C u S 0 4 +  1/2 F e 20 3 +  S . . . — 262 kcal/m o l 

F eS 2 +  31/12 0 2 +  1/2 H 20  ->  1/3 F e2(S 0 4)3 +  1/9 Fe3(S 0 4)2( 0 H ) 5 • 2 H 20  +

+  7/9 S . . .  -  281 kcal/m ol

F ro m  F igs 3 an d  4 / В  i t  can  be concluded  th a t  u sing  h ig h -te m p e ra tu re -  
o x y g en a ted  w a te r  in  deep  m ines in  s itu , ch a lco p y rite  can  be  b ro u g h t rap id ly  
in to  so lu tio n  w ith o u t u sin g  an y  o th e r  so lv en t (su lfuric acid , fe rric  su lfa te , etc.) 
o r b ac te ria . T he p o in t is on ly , w h e th e r i t  c an  reach  b y  d iffu sio n  th e  grains 
o f  cha lco p y rite  d ispersed  in  th e  in te r io r  o f m ore or less d is in te g ra te d  rock 
pieces an d  th e  oxygen  can  p ro d u ce  its  d isso lv ing  ac tio n . I n  p a p e r  [3] such 
an  au to c lav e  te s t  is described .

4 . A u toclave test on d isso lv in g  porphyrous copper ore

5.8 t  ( =  2.15 co m p a c t cu .m ) o f a coarse granu lous f ra c tio n  sc reened  ou t 
fro m  p rim a ry  p o rp h y ro u s  ores e x tra c te d  in  S an  M anuel M ine o f M agm a Copper 
Co (n o t b y  nu c lea r b la s tin g ) w ere p laced  in  a 3.8 cu .m  a u to c la v e  in to  w hich 
1.45 cu .m  d istilled  w a te r  w as p o u red . T h ro u g h  th e  e q u ip m e n t, oxygen  of 
28 a tm  pressure  w as b u b b le d  a t  ra te s  o f 1.4 cu .m /h  for 3 m o n th s  a n d  0.7 cu .m /h  
fo r fu r th e r  3 m o n th s , re sp ec tiv e ly . In  th e  au to c lav e  th e  te m p e ra tu re  was 
c o n s ta n tly  held  a t  90 °C. T h e  so lu tio n  w as “ a g ita te d ”  only  b y  th e  ris in g  bubb les
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a n d  th e  in itia l am ount o f  so lu tio n  rem ained , w ith o u t h av in g  been e x te rn a lly  
c i r c u la te d , in  the  au to c lav e . T h e  size d is tr ib u tio n  o f  th e  gra ins c o n s titu tin g  
th e  s a m p le  is shown b y  th e  c u rv e  I  in  d raw ing  4 / А .  (T he ir m ax im u m  size 
w as  28  cm , ~  50 per cen t o f  th e m  w ere />  13 cm .) T h e  te s te d  sam ple  co n ta in ed
2.02  p e r  cen t chalcopyrite  (0 .7  p e r  cen t Cu), 2.64 p e r  c en t p y rite , 1.1 p er cen t 
l im e s to n e  (0.5 per cen t C 0 2) .T h e  m ol ra tio  of P /C hp  (p y rite /ch a lco p y rite ) w as 
in  t h i s  case  2. (The m o lecu la r w eig h ts  of p y rite  an d  ch a lco p y rite  are 120 an d  
1 8 3 .5 , respective ly , th a t  is , fo r  a m ol ra tio  of P /C h p  =  1 th e ir  w eight ra tio : 
1 2 0 /1 8 3 .5  =  0.654. In  o th e r  w o rd s , for various Cu a n d  Chp per cen ts to  th e  
v a lu e s  1 o r 2 or 3, re sp e c tiv e ly , th e  following p y r ite  (P ) p e r cen ts  are associa ted :

Cu p.c. 0 .345
—

0.70 0.25 0.50 0.75 1.00

Chp p.c. 1.00 2.02 0.72 1.44 2.16 2.90

P p.c. if
1 0 .65 1.31 0.47 0.94 1.41 1.53

2 1.31 2.64 0.95 1.89 2.83 3.06
P/Chp =

3 1.96 3.96 1.41 2.82 4.24 4.59

F i r s t ,  sam ples were ta k e n  p e r io d ic a lly  from  th e  so lu tio n  a n d  from  th e  escaped  
gas a n d  th e n  analyzed. A n a ly tic a l  d a ta  vs. e lapsed  tim e  are  show n in  d raw ing  
C) in  F ig . 4. M ultip ly ing  th e  a c tu a l  cCu (g/1) c o n c e n tra tio n  of th e  so lu tion  b y  
i t s  v o lu m e  Q =  1.45 cu .m  y ie ld s  th e  am o u n t of th e  d isso lved  copper (G kg) 
t h a t ,  d iv id ed  by the  w eig h t (5 .8  • 0.7 =  40.6 kg) o f th e  co p p er inc luded  in  th e  
s a m p le  o f  5.8 t , gives th e  a m o u n t  of copper re co v e ry  (m  p e r cent).

Time 10 20 40 80 160 days

cCu 0.6 1.2 2.2 3.3 4.5 g/1

G 0.88 1.74 3.19 4.80 6.53 kg

mCu 2.16 4.29 7.85 11.80 16.07 p.c.

D u rin g  a period o f  160 d ay s , 16.07 p e rc e n t o f  th e  copper, in  th e  f irs t  
20 d a y s  4.29 per cen t th e re o f , in  th e  last 80 day s 4.27 p e r  c en t (16.07 —11.80 =  
=  4 .2 7 ) w en t in to  so lu tio n . I n  th e  f irs t days, w h en  ch a lco p y rite  g rains on or 
n e a r  th e  surface of rock  p ieces  w ere dissolved, th e  d a ily  rise in  copper reco v e ry  
a m o u n te d  to  (4.29/20 =  ) 0 .215  p er cent, w hile d u rin g  th e  la s t  ones, w hen  th e  
d is so lu tio n  process of th e  g ra in s  of cha lco p y rite  to o k  p lace in  th e  in te rio r  o f 
ro c k  p ieces, it  reached  o n ly  (4.27/80 = )  0.053 p e r  cen t. I f  th is  la t te r  w ould  
re m a in  invariab le , th e  c o p p e r  recovery  in th e  se lec ted  te s tin g  cond itions w ould 
b e  in c re a se d  to  16.07 +  23 • 0.053 =  17.29 p e r c en t in  h a lf  a y ea r (183 days)
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an d  successively to  2 6 .9 4 —46.27 — 65 .60—8 4 .9 0 — 94.60 p er cen t in  1 — 2 — 3 — 
4 —4.5 years.

F ro m  th e  o th e r  cu rves show n in  F ig . 4 /С  i t  is visible th a t  th e  p H  value 
o f th e  so lu tion  w as q u ic k ly  decreased  from  th e  in it ia l  va lue  o f 5.3 to  1.75 during  
40 day s as an  effect o f  th e  su lfuric  ac id  fo rm ed . S u b seq u en t to  th is , u n d e r th e  
p u ffe r action  of th e  o th e r  com pounds, i t  rem a in e d  w ith in  th e  ran g e  from  
1.7 to  1.75. The e x te n t  o f C 0 2 gas ev o lu tio n  w as also d im in ished  from  an 
in itia lly  high daily  v a lu e  of ~  600 to  < / 50 g in  ~  60 days. T he to ta l  am o u n t 
of C 0 2 escaped in  160 day s w as a b o u t th e  h a lf  o f th e  to ta l  a m o u n t of C 0 2 
co n ta in ed  in th e  feed  ( S 0 2 or H 2S were, p re se n t n o t even in  tra c e s  in  th e  gas 
leav in g  th e  au to c lav e). T he Fe3+ c o n te n t of th e  so lu tio n  increased  sudden ly  
an d  reach ed  ~ 0 . 1  g/1 w hen  th e  p H  v a lu e  becam e stab ilized  a t  a ro u n d  1.7. 
T h en , th e  ra tio  of F e 2+/F e 3+ was a d ju s te d  to  0.2. A  fu r th e r  a m o u n t o f  ferrous 
h y d ro g en  ja ro site  (F e3(S 0 4)2(0 H )5 • 2 H 20 ) ,  lib e ra te d  w hen ch a lco p y rite  and  
p y rite  w ere d isso lved , p re c ip ita te d  as h e m a tite  (a -F e20 3) an d  fe rro u s oxyde 
h y d ra te s  (goeth ite  a n d  lim onite). F ro m  its  in it ia l  v a lu e  o f ~  0.1 g/1 th e  con
c e n tra tio n  of K + a n d  N a+  decreased  q u ick ly , a t  f ir s t ,  p resu m ab ly  on accoun t 
of th e  fo rm ation  o f  ja ro s ite  (K F e 3(S 0 4)2( 0 H ) e), an d  la te r  N a-ja ro site  
(N aF e3(S 0 4)2(0 H )e). B o th  are isom o rp h ic  w ith  h y d ro g e n  ja ro s ite . D ue to  th e  
d isso lu tion  of ca lc ite  th e  Ca2+ c o n c e n tra tio n  in  th e  so lu tion  e lev a ted  rap id ly  
to  ^  0.5 g/1 and  th e n , o n  accoun t o f  th e  in so lu b ility  o f th e  ca lcium  su lfa te , i t  
rem ain ed  on th is  level. As a re su lt  o f th e  d isso lu tio n  of “ o th e r”  m inerals 
p re se n t in  th e  sam ple , th e  co n cen tra tio n  of Mg2+ a n d  Al3+ g rad u a lly  increased .

5. In  situ  ore le a ch in g  w ithin  th e  ch im n ey  produced  by n uclear b lasting

S ta r tin g  from  d u ra tio n  s tud ies on a u to c lav e  te s ts  i t  becom es e v id e n t 
th a t  from  ch a lco p y ritic  rocks d is in teg ra ted  b y  n u c lea r  b las tin g , th e  copper 
c o n te n t can  be d isso lved  u n d er in  s itu  co n d itio n s m ak in g  use o f o x y g en a ted  
w a te r  o f ad eq u a te  p re ssu re  and  te m p e ra tu re . T h e  m ax im al vo lum e o f oxygen 
disso luble  in  th e  w a te r  used  for flood ing  th e  ch im n ey , is d e te rm in ed  b y  th e  
h y d ro s ta tic  p ressure a n d  te m p e ra tu re  of th e  so lu tio n . T he e x te n t to  w hich 
th e  so lu tio n  can be s a tu ra te d  b y  oxygen  (i.e. th e  ra tio  of effec tive  oxygen 
c o n te n t an d  m ax im u m  possible co n te n t)  is h ig h ly  in flu en ced  b y  th e  m oving 
of oxygen  gas and  so lu tio n  w ith in  th e  m ass o f so lid  pieces in  s ta t ic  s ta te . 
T h eo re tica l in v es tig a tio n s  and  p ra c tic a l te s ts  co n d u c ted  to  c lear up  th is  
p ro b lem  revealed  t h a t  th e  oxygen w ould  be d isso lved  to  a p ro p er e x te n t  an d  
th e  o x y g en a ted  so lu tio n  c ircu la ted  ev en  if  th e  o x y g en  is supp lied  b y  a single 
(p e rfo ra ted ) pipe to  th e  ch im ney  b o tto m . O nly  th e  a m o u n t of oxy g en  leav ing  
th e  to p  o f ch im ney w ith o u t hav ing  b een  d isso lved  w ill be, in  such  a case, h igher 
th a n  in  th e  case w here  su p p ly in g  is effec ted  th ro u g h  severa l p ipes a t  several 
p a r ts . U n d e r these co n d itio n s , th e  c ircu la tio n  w ill be b e tte r  an d  th e  m ajo r
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p a r t  o f  th e  solu tion  in  th e  c h im n e y  w ill he rich e r in  o x y g en  th a n  in  th e  case 
o f  s u p p ly in g  oxygen on ly  b y  one  p ipe. ( I f  th e  d isso lved  a m o u n t o f  oxy g en  is 
low , t h e  e x te n t of ch a lc o p y rite  d isso lu b ility  is red u ced  an d  co p p er a lre a d y  in  
so lu tio n  m a y  p rec ip ita te  in  th e  fo rm  of covelline.)

U s in g  th ree  pipes fo r o x y g e n  supp ly , ^ 3 5  p e r c e n t  of th e  so lu tio n  con
ta in e d  in  th e  chim ney w ill d ire c tly  c o n ta c t th e  ris in g  gas b u b b les , w hile  th e  
o x y g e n  su p p ly  of th e  re m a in in g  ~  65 per cen t is en su red  th ro u g h  th e  so lu tio n  
m a in ta in e d  in  c ircu la tion  b y  th e  ris ing  bubb les. T h e  h ig h er th e  v o lu m e  of th e  
s u p p lie d  gas, th e  h igher th e  r a te  of c ircu la tio n  w ill be a t  th e  p rice , how ever, 
o f  a  le s s  effic ien t oxygen  u til iz a tio n . B y su p p ly in g  a vo lum e o f gas ensu ring  
th e  u ti l iz a t io n  of ab o u t 50 p e r  c e n t o f th e  to ta l  a m o u n t o f gas, a ~  6 0 -p e r cen t 
s a tu r a t io n  can  be realized  in  e v e ry  p a r t  of th e  ch im ney . (E v en  th e  rem ain in g  
50 p e r  c e n t can  be co llected  on  th e  to p  of th e  ch im n ey  an d  re c irc u la te d .)

A n y  leakage of th e  o x y g e n a te d  copper so lu tio n  from  th e  ch im n ey  an d  
in f i l t r a t io n  of undesired  “ in e r t”  w a te r  th e re to  th ro u g h  rock  fissu res  or pores 
o r  a n y  o th e r  w a te r-co n d u c tin g  p a th s  can an d  shou ld  be e lim in a ted  b y  m a in 
ta in in g  th e  s ta te  of h y d ro s ta t ic  equ ilib rium  b e tw een  ch im ney  a n d  its  su r
ro u n d in g s . In  th is  w ay  th e  ch im n e y  m ay  becom e a p ro p e r “ c o n ta in e r”  for 
c a r ry in g  o u t the  leach ing  p ro c e d u re  even if  its  su rro u n d in g s are  n o t  qu ite  
“ im p e rm e a b le ” .

L e tt in g  oxygen b u b b le  th ro u g h  th e  w a te r  u sed  fo r flood ing  th e  ch im ney  
a n d  l if t in g  th e  co p p er-b earin g  so lu tio n  in  th e  boreho le  to  su rface , m a y  s ta r t  
a b t .  9 m o n th s  a fte r n u c lea r b la s tin g . T hen  th e  co p p er co n te n t can  be  recovered  
b y  s o lv e n t  ex trac tio n  (or c e m en tin g ) m ethods a n d  th e  w a te r  re -c irc u la te d  (in 
c lo sed  c ircu it)  under p re ssu re  to  th e  chim ney. (N ine m o n th s la te r , th e  so lu tio n  
p re s e n ts  no  more ra d ia tio n  h a z a rd s .)  The ch im ney  will be filled  u p  “ b y  itse lf” 
w ith  g ro u n d  w ater. I f  n o t so , i t  m u s t be flooded  b y  w a te r  ta k e n  fro m  th e  su r
face . (P o ss ib ly  com pressed  a ir  cou ld  be s u b s titu te d  fo r oxygen  in  th e  b u b b lin g  
p ro cess? )

C o m p u ter processing  o f  th e  'th e o re tic a l d iffusion  fu n c tio n s d e riv ed  for 
th e  so lu tio n  and reac tio n  p ro d u c ts  as based  on  th e  p a ra m e te rs  (g ra in  size, 
p o ro s i ty ,  m ineral co n ten t)  o f  th e  re le v a n t ro ck  pieces has g iven  e x a c tly  th e  
sa m e  re su lts  as those o b ta in e d  b y  th e  au to c lav e  te s ts . I n  p a p e r [3] th e  ca lcu la 
t io n s  m a d e  for a ch im ney  o f R  =  20.5 m rad iu s  a n d  L  —  300 m  h ig h  p ro d u ced  
b y  h a v in g  d e to n a ted  a n u c le a r  charge  of N  =  100 k t  in  g ran ite  o f  3 p e r cen t 
h u m id i ty ,  0.17 per cen t p o ro s ity , 2.7 d en sity  a t  a d e p th  of H  =  0.75 k m  an d  
f i l le d  u p  b y  broken ro ck  o f  T  =  3.8 • 10e t  as w ell as w a te r  o f 0.29 • 10e cu.m , 
w e re  c a rr ie d  ou t in  v a rio u s  Cu p e r cen t an d  P /C h p  m olcon d itio n s, assum ing  
t h a t  th e  g round-w ater ta b le  w as a t  a d e p th  o f 50 m  below  su rface , in  o th e r 
w o rd s , t h a t  th e  h y d ro s ta t ic  h e a d  w as 70 a tm  a t  th e  p o in t o f b la s tin g  and  
40 a tm  on top  of th e  c h im n e y . T h e  supposed  size d is tr ib u tio n  o f b reak in g s 
is  p re s e n te d  by  curve I I  in  d raw in g  4/a. In  th is  case th e  g ra in s w ere  coarser

A c ta  Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975



NUCLEAR MINING 1 8 5

th a n  those  fo r cu rv e  1 an d  f in e r  th a n  th o se  fo r cu rves 2 to  5. 60 p e r  c e n t were 
sm alle r th a n  10 cm , 85 p er cen t sm alle r th a n  30 cm , w hile fo r cu rve  2 (P iled riv - 
er) th e se  p e rcen tag es  w ere 40 a n d  70, re sp ec tiv e ly . M aking th e  c a lcu la tio n s , 
i t  w as n o t ta k e n  in to  acco u n t t h a t  pieces s tem m in g  from  n u c le a r  b la s tin g  
show  m uch m ore m icro -cracks th a n  th e  p ro d u c ts  o f an y  co n v en tio n a l b la s tin g , 
e.g. tho se  re su lted  fro m  th e  a u to c lav e  te s t  c o n s titu tin g  th e  basis o f  ca lcu la tio n s . 
T h e  ch a rac te ris tic s  o f diffusive p e rm e a b ility  o f th e  tw o  agg rega tions o f  m a te r ia l 
h av in g  d iffe ren t size d is tr ib u tio n  (m ark ed  b y  I I  an d  2, re sp ec tiv e ly ) is m ore 
th a n  com p en sa ted  b y  th is  d ifference.

In  ad d itio n  to  th e  g ra in  size a n d  th e  co n d itio n s of d iffusive p e rm e a b ility , 
th e  e x te n t to  w h ich  th e  so lu tion  is s a tu ra te d  b y  0 2, th e  th e rm a l co n d itio n s,
i.e . th e  te m p e ra tu re  o f  th e  w a te r-flo o d ed  ch im n ey  w hen  th e  solv ing p ro cess  ( 0 2- 
bu b b lin g ) s ta r te d , th e  te m p e ra tu re  due to  th e  o x y d a tio n  of su lfid e  m inera ls  
( — 262 an d  —281 kcal/m ol fo r c h a lc o p y rite  a n d  p y rite , re sp ec tiv e ly )  th e  
a m o u n t of h e a t ab so rb ed  b y  th e  su rro u n d in g s, are  all fac to rs  in flu en c in g  
decisively  th e  tim e  process of c o p p e r d isso lu tion .

A t large d e p th s  th e  te m p e ra tu re  of in  s itu  rocks is governed  b y  th e  geo
th e rm a l g rad ien t. A t d ep th s  exceed ing  3 to  5 k m , th e  te m p e ra tu re  o f  v irg in  
rocks is h igher th a n  150 to  250 °C (T able I I I ) .  B u t 120 to  150 °C ch im n ey  
te m p e ra tu re  can  be g en era ted  ev e n  a t  d e p th s  ran g in g  from  0.5 to  1.5 km . 
Som e 20 p er cen t o f  th e  pow er l ib e ra te d  fro m  n u c lea r b la s tin g  ( if  100 k t  is 
b la s te d , th e n  ~  2 • 1013 kcal) are a c c u m u la te d  w ith in  th e  ch im ney  itse lf , w hile 
th e ir  80 p e r c e n t c o n tr ib u te  to  ra ise  te m p e ra tu re  of th e  su rro u n d in g  rocks 
b y  decreasing , in  t h a t  w ay , th e  c o n d u c tiv e  h e a t loss o f th e  ch im ney . A ssum ing  

50 °C rock  te m p e ra tu re , p rio r to  b la s tin g , a n d  25 °C f lo o d -w a te r  te m p e ra 
tu re ,  th e  re su ltin g  equ ilib riu m  te m p e ra tu re  in  th e  ch im ney , w hen  th e  process 
o f  d isso lu tion  s ta r ts ,  m ay  be a ro u n d  ~  60 °C. W o u ld  a h ig h er c h im n e y  te m 
p e ra tu re  be re q u ire d  a t  th e  s ta r t  o f  o x ygen  feed ing  (9 m o n th s  a f te r  th e  b la s t
ing), th e n  i t  could  be realized  b y  feed ing  h ig h -p ressu re  v ap o u r.

F o r sa fe ty ’s sake  th e  a m o u n t o f h e a t g en era ted  b y  su lfide  o x y d a tio n  
w as considered  fo r p y rite s  also on a —262 k cal/m o l basis, an d  0.5 0 2 s a tu ra t io n  
w as reckoned  w ith . T h e  la rg e r th e  v a lu e  o f R ,  th e  sm aller is th e  specific  su rface  
o f ch im ney  ( F / V  =  2(1 +  K ) / K R  =  A /R ) .  (The v a lu e  of .A fo r К  =  3 - 4 - 5  is 
successively  8 /3 — 10/4 —12/5 =  2 .66  — 2.5 — 2.4.) F o r  a sm all sp ec ific  su r
face area  of th e  ch im ney  (for la rg e  R  an d  N  k t  v a lu es , re sp ec tiv e ly ) w ith in  
th e  large  a m o u n t o f ore a ccu m u la ted  in  th e  ch im n ey  th e  o x y d a tio n  o f  su lfide  
g en era tes  a h igh  a m o u n t o f h ea t t h a t  diffuses o n ly  slow ly th ro u g h  th e  sm all 
su rface  area , due to  w hich  th e  r e s u lta n t  ch im n ey  te m p e ra tu re  is e le v a te d . 
F o r  th e  case o f  th e  above q u o te d  ch im n ey  (R  =  20.5 an d  К  =  7 .32) th e  
specific  surface w as 2.273 /R  =  0.0111 sq .m /cu .m  =  0.0041 sq .m /t. O r, e .g . fo r 
К  =  4.235 an d  R  =  5 0 —80 —110, successively  0.0049 — 0.0031 — 0.00225 sq. 
m /cu .m  w ere g iven.
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T h e  results of c a lc u la t io n  are p resen ted  in  d raw ings D, E , F  in  F ig . 4. 
I n  d raw in g  D  th e  v a r ia t io n s  in  tim e of th e  te m p e ra tu re  of ch im ney , w hile 
in  d raw in g s  E  and  F,  th o s e  o f  Cu recovery  (m  p e r  cen t) are  show n. F ro m  th e  
n u m b e rs  (separa ted  b y  h y p h e n s )  on the  cu rves in  d raw ings D  an d  E  th e  f irs t  
g ro u p  (0 .25—0.5—0.75) ex p resses  th e  Cu p e rc e n ta g e  of ore, th e  second one 
(0 — 1 — 2) the  mol r a t io  o f  P /C h p , and  th e se  cu rv es  are re la te d  to  t 0 =  60, 
80 a n d  100 °C in itia l te m p e ra tu re s . Those in  d raw in g  F  rep re sen t d a ta  on 
Cu re c o v e ry  from  ores o f  0 .5  p er cen t Cu c o n te n t , 1 P /C hp m ol ra tio  fo r th e  
size d is tr ib u tio n s  re p re s e n te d  b y  curves I I ,  1 a n d  2, resp ec tiv e ly  in  d raw ing  
4 1 A .  T h e  draw ings D  a n d  E  are  re la ted  to  th e  size d is tr ib u tio n  I I .

A s docum ented  b y  th e s e  draw ings, from  ores of h igher Cu an d  su lfide  
c o n te n ts  higher ra te s  o f  re c o v e ry  can be ex p ec ted , d u e  to  th e  e lev a ted  ch im ney  
te m p e ra tu re .  The “ ir r e g u la r ”  shape of th e  c u rv e s  is caused  p a r t ly  b y  th e  
v a r ia t io n s  in ch im ney  te m p e ra tu re , p a r tly  b y  th e  g rad u a l decrease in  th e  
e x te n t  o f d issolution  d u e  to  th e  reduced 0 2 d iffu sion  of ch a lco p y rite  g ra in  
t o  b e  found  in th e  in te r io r  o f  th e  pieces. F ro m  ores of th e  sam e m inera l com 
p o s it io n  higher co p p er re c o v e ry  ra tes  can  be o b ta in e d  by  p re -h ea tin g  th e  
c h im n e y  and  so ra is in g  i ts  te m p e ra tu re  from  60 °C to  80 °C or 100 °C. W hen  
le a c h in g  ores of th e  sam e  co p p e r con ten t, h ig h e r co p p er recovery  ra te s  re su lt 
f ro m  th o se  conta in ing  m o re  p y rite s . E .g. th e  cu rv es  o f  “ C u-percen t — P /C h p ”  =  
=  0 .25 — 1 and 0.5 — 0 o r  0.75 — 1 and  0 .5 —2 a re , p rac tica lly , co in c id en t. 
I n  d raw in g  F  i t  is sh o w n , how  th e  effect o f th e  size d is tr ib u tio n  o f b reak in g s 
is m a rk e d . I f  o th e r c o n d itio n s  are u n v aried , le a c h in g  ores o f f in e r  (1) g ra in s 
re s u lts  in  m uch h ig h er re c o v e ry  ra te s , and t h a t  o f  co arser frac tio n s (2) in  m u ch  
lo w e r ra te s  th a n  th o se  o b ta in e d  w ith  ores o f size d is tr ib u tio n  acco rd ing  to  I I .  
C a lc u la tin g  d a ta  on a c h im n e y  filled up by  b re a k in g s  of size d is tr ib u tio n  1 — I I  
(0 .5  p e r  cent Cu, 1 P /C h p ), w ith  60 °C in it ia l  te m p e ra tu re , in d ica ted  th a t  
71 — 30 —18 per c en t C u reco v eries  m ay be e x p e c te d  for 2 y ears  an d  74 — 50 — 
26  p e r  cen t for 5 y e a rs , d is reg a rd in g  th e  fac t t h a t  n u c lea r  b reak ings are  s tro n g ly  
m icro -fissu red .

A t large d ep th s  (H  3 km ), w here th e  in i t ia l  ch im ney  te m p e ra tu re  is 
o v e r  ^  150 °C, still m o re  fav o u rab le  co n d itio n s a re  p revailing  for 0 2-solving 
c h a lc o p y r ite  ores. In  th is  case  th e  Cu recovery  ra te s  in d ica ted  b y  th e  num eric  
e x a m p le  in  paper [3] (p re se n te d  in  draw ings E  — F  in  F ig . 4) can , p ro b a b ly  
b e  a t ta in e d  in  h a lf  t im e  as  p resen ted .

Choosing, as an  e x a m p le , th e  curve 0.5 — 2 in  d raw ing  4 /Е ,  for w hich  
60 p e r  cen t Cu reco v ery  is g iven  for 2 years a n d  70 p e r cen t fo r 4 y ea rs : in  th is  
ca se  th e re  are 19 000 t  o f  copper w ith in  th e  ch im n ey  co n ta in in g  3.8 • 10® t  
o f  b reak in g s , 60 p er c e n t o f  w h ich  are equal to  11 400 t ,  70 p e r cen t to  13 300 t . 
I n  la rg e r  chim nies c o n ta in in g  e.g. 10 — 50 —100 10e t  of b reak ings (w ith  0.5 per 
c e n t  Cu conten t) 50 — 250 — 500 103 t  of co p p e r can  be fo u n d , 60 p er c e n t of 
w h ic h , to  be recovered  d u r in g  2 years (is, a t  la rg e  d e p th , on ly  h a lf  o f th is  t im e
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req u ired ?) an d  in  33 m onths, c o u n te d  s ta r t in g  from  th e  tim e  o f d e to n a tin g  
th e  nuclear ch a rg e , respective ly , a m o u n t to  30 — 150—300 103 t  o f  m eta llic  
co p p e r to  be e x tra c te d  w ith o u t d am ag in g  e ith e r  th e  su rface  or th e  e n v iro n 
m e n t, a t  very  low  in v es tm en t a n d  o p e ra tin g  costs, as w ell as w ith  v e ry  lim ited  
m an p o w er re q u ire m e n ts . (For co m p ariso n : co p p er p ro d u c tio n  a t  B ougainv ille  
a m o u n te d  to  180 10s t ,  th a t  a t C h u q u ic a m a ta  to  230 1 03 t  a n d  th e  w o rld  p ro 
d u c tio n  to  7.5 10p t  in  1973.)

T he seism ic effect on th e  su rfa c e  p ro d u ced  b y  nu c lea r b la s ts  c a rr ie d  ou t 
a t  g re a t d ep th  is lim ited . B y d rillin g  la rg e -d iam ete r  deep holes, n ecessa ry  for 
ru n n in g  g rea t ch arg es , problem s m a y  s till rise. I t  m ay  be w ell conceived , 
h o w ever, to  e s ta b lish  a large c h im n e y  b y  m eans of sm alle r ch a rg e s  p laced  
a t  h o rizo n ta l in te rv a ls  o f ~  2 R  a n d /o r  v e r tic a l in te rv a ls  of L  w ith in  th e  sam e 
bo reh o le , d e to n a te d  w ith  delays o f  som e seconds, due to  w h ich  th e  h a z a rd  
o f m ore in ten se  tre m o rs  can be p re v e n te d  from  being in d u ced , n o r  drilling  
a la rg e -d iam ete r  hole is needed. D iv id in g  th e  b o tto m  section  o f th e  sam e deep 
hole  in to  several b ran ch es b y  d ire c tio n a l d rilling  is also possib le.

In  every  case i t  can  be s ta te d  t h a t  th e  p red ic tio n  of [5] t h a t  seem s, a t 
th e  f ir s t  hea rin g , to  be fa n ta s tic , acco rd in g  to  w hich solids w ill be  e x tra c te d  
fro m  d ep th s  up  to  ~  10 km  b y  1990, can  becom e, b y  using  ch em ica l nu c lea r 
m in in g  m ethods, a rea lity .
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ПРИМЕНЕНИЕ ЯДЕРНОЙ ГОРНОЙ РАЗРАБОТКИ В ЦЕЛИКЕ ДЛЯ ГЛУБОКО- 
ЗАЛЕГАЮЩИХ ПОРФИРОВЫХ МЕДНЫХ КОЛЧЕДАНОВ

Г. Т А Р Я Н

РЕЗЮМЕ

Величина шахты подземного ядерного взрыва зависит от величины заряда, глуби
ны залегания и качества породы. На рис. 1 показано изменение радиуса шахты (R т), на 
рис. 2. изменение количества вздровбленного вещества (Т  106() при различных мощностях 
заряда (N  ict) и глубинах (Н в км) в граните. Медный колчедан (и колчедан) хорошо ра
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створяется в воде с содержанием свободного 0 2 при большом давлении и высокой тем
пературе (рис. 3.). После заливания водой, проводя побеждающий гидростатическое 
давление водород книзу шахты ядерного взрыва, в шахте возникает состояние, выгодное 
для окисления и растворения первичных сульфидов (медный колчедан и колчедан). 
Окисление сопровождается повышением температуры, повышающей температуру раствора 
в шахте до 120— 150°С даже на сравнительно небольших глубинах (0,5—1,5 км), в связи 
с чем возникает быстрое растворение. При больших глубинах ( > 3 —5 км) температура 
породы или шахты сама по себе выше чем ~150°С. На рис. 4. показаны данные, относя
щиеся к экспериментально определяемой скорости растворения меди порфировых руд и 
вычисленные в зависимости от начальной температуры, сульфидного содержания руды и 
гранулометрии разрыва для временного схода температуры одной ядерной шахты и 
выноса меди. — В большой шахте глубокого ядерного взрыва при большом гидростати
ческом давлении и высокой температуре быстро и экономично можно получить метал- 
лосодержание ископаемых, не растворяемых конвенционными методами раствора в 
целике.
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THE PROPER USE OF GRAVITATIONAL FILTERS
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DEPARTM ENT O F G EO PH Y SICS, M ISKOLC

[Manuscript received  O ctober 8, 1974]

The use and jud gem en t of gravitational filters without thorough in v estiga tion s on the  
physical relationship and th e  possible effect o f  the filter  on geological in form ations (e. g., 
regarding only the transfer properties of the filter  in th e  frequency domain) can lead  to serious 
m istakes as the shortcom ings of article [5] show . — A pplying the «’-function su ggested  in [6], 
it  is possible to choose su itab le filters to any g iven  concrete case taking all geophysical require
m ents into  account. M aps, sections and rectangle diagram s illustrate these points in  the paper

1

T h e  necessity  to  tran sfo rm  B o u g u e r m ap s  in to  m ore easily  in te rp re ta b le  
m ap s  arose a t  th e  v e ry  beginning  o f  g ra v im e tric  p rospecting . T h is  m ap - 
tra n s fo rm a tio n  has b een  m ade for som e decades n u m erica lly  b y  m ean s o f  co n 
v o lu tio n  tech n iq u es; th e  m a trix  of co e ffic ien ts  u sed  to  tran sfo rm  th e  B o u g u er 
m ap  can  be reg a rd ed  as a f ilte r  an d  th e re fo re  th e  p rocedure  o f m a p - tra n s fo r 
m a tio n  can  he n a m e d  b rie fly  as f i l te r in g  [1].

In  geophysical p ra c tic e  i t  is in d iffe re n t how  th e  f ilte r  h a d  b een  d ed u ced  
(ap p ly in g  f ilte r  th e o ry  o r b y  m eans o f  a n y  o th e r  considera tions). T h e  q u e s tio n  
is th e  follow ing: Is  th e  connection  b e tw e e n  d e n s ity  d is tr ib u tio n  d u e  to  th e  
s tru c tu re  an d  th e  f i l te re d  (e.g. re s id u a l) v a lu es  ad v an tag eo u s  en ough  to  in te r 
p re t  geophysically  th e  f ilte re d  m ap o r n o t?

D epend ing  on d e p th , geological c o n d itio n s  e tc . (and  on e v e n tu a l te c h n i
cal lim ita tio n s , too) th e  geophysicist h a s  to  decide w hich  f ilte r  w o u ld  be  th e  
b e s t to  th e  given p ro b lem . B u t q u es tio n s  like  “ w hich  f ilte r  is b e t te r ? ”  “ w h ich  
f i l te r  is th e  b e s t? ”  in  th is  general fo rm , h a v e  no  m eaning .

To fu lfil th e  v a r io u s  geophysical re q u ire m e n ts , we m u st h a v e  a g re a t 
v a r ie ty  o f  f ilte rs  to  h a v e  th e  chance o f  th e  m o st ad v an tag eo u s  choice fo r each  
geological p rob lem . W e deceive ourse lves, h ow ever, i f  we ca lcu la te  fro m  a single 
a n a ly tic a l fu n c tio n  t a g re a t (th eo re tica lly  in fin ite )  n u m b er of f ilte rs  d iffering  
from  each  o th e r o n ly  in  th e ir  size b ecau se  w e e x h a u s t in  th is  w ay  o n ly  a sm all 
p a r t  o f  th e  possib ilities . F o r b e tte r  d is tin c tio n  th e  co n cep t of m a p - tra n s fo rm a 
tio n  t w as in tro d u c e d  b y  th e  a u th o r , sign ify ing  th e  basic  co n cep tio n  o f  th e
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t ra n s fo rm a tio n  expressed  in  a n a ly tic a l fo rm , o r o therw ise  speak ing , s ign ify ing  
th e  s e t  o f  f ilte rs  o f v a rio u s  size w hich are  d e fin ed  w ith  th e  sam e a n a ly tic a l 
fo rm . — L e t us d en o te , e.g. th e  se t o f f ilte rs  u sed  b y  F . K ovács a n d  A. Meskó 
w ith  tv

T o  realize  th e  ab o v e-m en tio n ed  g re a t v a r ie ty  of filte rs , th e  a u th o r  has 
su g g e s te d  som e m a p -tra n s fo rm a tio n s ; th re e  o f  th e m , d en o ted  w ith  t0, t2 
an d  t4, — w hich  are  in  close connec tion  to  each  o th e r  — w ere p u b lish ed  in  [7]. 
To d e m o n s tra te  th a t  th e se  th re e  m a p -tra n s fo rm a tio n s  in  th e ir  geophysica l 
e ffec t re a lly  differ from  each  o th e r an d  fro m  tv  i t  w as enough to  deal w ith  a 
sing le  geophysica l c rite rio n ; th is  geophysical q u a n t i ty  w as th e  reso lv ing  pow er. 
-— A n  illu s tra tio n  o f reso lv in g  pow ers in  fu n c tio n  of th e  f ilte r  size g iv en  in  
[6] a n d  [7] has show n a t  th e  sam e tim e  th e  reaso n ab le  spacing  o f f i l te r  size 
fo r th e  fo u r  se t of f ilte rs  in v e s tig a te d  being  a b o u t 2s; s, as u su a lly , m ean s th e  
g rid  sp ac in g .

L e t  us cite  E q . (9) fro m  [6], w ritin g  i t  fo r g rav im etrica l cases:

=  J _ _  J _ „  Jo a  (*> ÿ ' *) • t®((* -  x), (y  -  y ) , ï )  d x  d ÿ  dz (1)

w h ere  r  den o tes  th e  f ilte re d  (e.g. residual) v a lu e , a  th e  d en sity  d is tr ib u tio n  of 
th e  s t r u c tu r e  and  w  a w eig h tin g  fu n c tio n  w h ich  depends up o n  th e  ap p lied  
f i l te r .  T h e  essence o f m y  p a p e r  [6] w as su m m arized  on page 73 as follow s: 
“ th e  b a s ic  idea  of th e  p re se n t p a p e r m ay  be  su m m arized  in  such  a w ay  th a t  
we m u s t  g ive fu n d a m e n ta l ro le to  E q . (9)”  (h e re  E q . ( l ) ) “ w hen e x am in in g  an d  
d e r iv in g  th e  tra n s fo rm a tio n s”  ( =  th e  se ts  o f  filte rs ) . This d ra f t  en h an ces th e  
c ru c ia l ro le  o f th e  fu n c tio n  ir , from  w hich  all , fo r th e  geophysicist e ssen tia l 
p ro p e r tie s  o f th e  f i l te r  a re  to  be d erived . To av o id  an y  m isu n d e rs ta n d in g  I  
h a v e  s tre s se d : “ le t us d raw  a tte n tio n  to  th e  fa c t t h a t  th e  p ro p er in te rp re ta t io n  
o f th e  reso lv in g  pow er is o n ly  one am ong th e  possib le  uses o f tc”  (c ited  from  
[6], p . 84; th e  ita lics  are  also in  th e  orig inal).

2

A )  L e t us e n u m e ra te  som e o f th e  e ssen tia l p ro p erties  o f f ilte rs  besides 
th e  re so lv in g  pow er:

in te rv a l  o f th e  la te ra l  effects (it is a d v a n ta g e o u s  if  ou tside  o f  a n o t  to o  
g re a t  ra d iu s  th e  w  va lu es  a re  a p p ro x im a te ly  zeros, e lim ina ting  th e  d is tu rb in g  
e ffec t o f  s tru c tu re s  ly in g  la te ra lly  fa r  aw ay)

in te rv a l  of th e  d e p th  (below  a d e p th  lim it depend ing  on th e  accu racy  o f  
th e  m e a su re m e n ts  th e  f i l te re d  v a lu e  does n o t  pe rce iv e  th e  d en sity  d is tr ib u tio n ; 
i ts  in c o r re c t choice can  lead  to  th e  d isa p p e a ra n ce  of th e  effect o f th e  in v e s ti
g a te d  s tru c tu re  on th e  f il te re d  m ap , see [5])
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th e  size o f th e  f ilte r  (app ly ing  filte rs  o f  g re a t  size, th e  in te rp re ta b le  f i l te r 
ed m ap  shall be m uch  less th e n  th e  o rig in a l B o u g u e r m ap).

B)  — A n d  w h a t ab o u t th e  d ire c tiv ity ?  — I t  is advan tageous to  an a ly se  
(and  even define) also th is  p ro p e rty  by  m ean s  o f  th e  w function .

No one o f th e  four m ap tra n s fo rm a tio n s  t0, tv  t2, ti  has any  d ire c t iv i ty  b u t  
all f ilte rs  g iven  b y  th e  a u th o r  in  [7] an d  b y  o th e rs , e.g. in  [3] in  fu lly  m a tr ix e d  
form  are  d ire c tiv e  in  th e  sense t h a t  th e  sam e  s tru c tu re  can cause  d iffe re n t 
f ilte re d  (e.g. re s id u a l) values a t  th e  sam e  reference  p o in t d e p e n d in g  on 
th e  az im u th a l s itu a tio n  of th e  f i l te r  m a tr ix . T h is  d ifferences are g e n e ra lly  sm all 
b u t  depend ing  on d e p th , e tc . can  h av e  co n sid e rab le  values, too . T h e  m e th o d  
o f dealing  w ith  d ire c tiv ity  ad v o ca ted  in  [5] b y  K ovács and  Meskó  consists  
o f n o th in g  else as draw ing  th e  tw o -d im en sio n a l tra n sfe r  fu nc tion  o f  th e  in 
v es tig a ted  f i l te r  an d  th en  search  fo r iso lines w h ich  differ from  a c irc le . I f  th e  
d raw ing  c o n ta in s  on ly  circles, K ovács a n d  Mesicó say  th a t  th e  f i l te r  h a s  no 
d ire c tiv ity  w h a te v e r , a lthough i t  can  show  d ire c tiv ity  of various m a g n itu d e  
in  th e  sense m en tio n ed  above d ep en d in g  u p o n  th e  geological c o n d itio n s . On 
th e  o th e r h a n d , i f  th e re  are iso lines d iffe rin g  from  th e  circle-form , K ovács 
and  Meskó say  th a t  th e  filte r is d irec tiv e  b u t  th e ir  m ethod  fails to  te ll  th e  ra te  
of d ire c tiv ity  w h ich  is, in  a co n cre te  case, to ta l ly  perm issible.

A d e ta ile d  re p o rt on th e  in v e s tig a tio n s  o f  th is  ty p e  m ade b y  th e  a u th o r  
w ould exceed th e  lim its o f th is  a rtic le  a n d  th e re fo re  will be p re s e n te d  in  a 
sep a ra te  p a p e r.

3

L et us see som e exam ples, f ir s t  co n ce rn in g  th e  illu s tra tio n  o f  th e  w 
functions.

T he w  fu n c tio n  itse lf  is easy  to  ca lc u la te  (a s  E q . (1) shows, w ( x ' , y ' ,  z ')  is 
co m p u ted  as th e  f ilte re d  value  o f  a p o in t o f  u n i t  m ass ly ing a t  ( x \ y ' ,  z ') )  
b u t  inc lu d in g  fu r th e r  calcu la tions o f  such  p ro p e rtie s  as, e.g. th e  in te rv a ls  o f  th e  
d e p th  an d  o f  th e  la te ra l  effects, th e  w hole in v e s tig a tio n  is tim e-co n su m in g . 
F u r th e r  d ifficu ltie s  arise from  th e  fa c t  t h a t  all these  p roperties a re  to  be 
ta k e n  in to  ac c o u n t as a com plex to  f in d  th e  b e s t f i l te r  for a g iven geological- 
geophysical p ro b lem , w eighting  th e  im p o rta n c e  o f  th e  properties acc o rd in g  to  
th e  special co n d itio n s , and  m ak ing  com prom ises, o f course, too .

To m ak e  th is  w ork easier, th e  a u th o r  h a s  suggested  in [8] a p o ss ib ility  
for th e  i l lu s tra tio n  o f w, co n stru c tin g  to  th e  f i l te r  ju s t  in v e s tig a te d  a r e c t 
angle d iag ram  h av in g  each h o rizo n ta l p rism  (d e m o n s tra te d  in th e  d ia g ra m  w ith  
a rec tang le ) th e  sam e filte red  (e.g. re sidua l) e ffec t in  abso lu te  v a lu es . — T h ree  
o f such  rec tan g le  d iagram s are show n in F ig s  1, 2 an d  3 cited  from  a r t ic le  [8]. 
T he effect in  a b so lu te  values o f each  p rism  is 0.01 m gal in Figs 1 a n d  3 and
0.02 in F ig . 2 fo r cr =  1 g/cm 3.
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I n  F ig . 1 we can  see th e  p ro p ertie s  o f  th e  f i l te r  i4 q =  8s w h ich  w ere 
u se d  to  c o n s tru c t th e  m ap s  on Fig. 4 an d  F ig . 6 in  [5]. — I t  is e v id e n t from  
F ig . 1 t h a t ,  accord ing  to  th e  accu racy  o f th e  m easu rem en ts , th e  in te rv a l o f  th e  
d e p th  is  on ly  a b o u t 1200 —1400 m -s or even  less.

T h e  f i l te r  t4ç> =  8s h a t  ju s t  th e  sm alle st in te rv a l  of th e  d e p th  fro m  th e  
v a r ie ty  o f  filte rs  d e riv e d  in  [7]. T he a u th o rs  h a v e  m ade th e ir  choice from

0 1000 2000 3000 Л 000 5000 гл

l u  9 = 8 s I

0,01 mgal

— 3000 m

Fig. 1. Illustration-of the geophysical effect o f the filter  t4 q =  8s used by Mesk ó  and K o v á c s  
in  [5]. T he rectangles are here and in Figs 2 and 3 the cross sections of prisms giv ing th e  sam e

filtered value (in absolute va lues)

am o n g  th e  f ilte rs  g iven  in  [7] to  th e  g iven  geo log ical conditions as w ro n g  as 
p o ss ib le : a shallow  s tru c tu re  is also geologically  im probab le  in  th is  a rea .

P a p e r  [7] c learly  says w h a t is to  be done: “ i f  we w an t to  sense th e  e ffec ts  
o f  d e e p e r  horizons in  r(x, у ) ”  ( =  in  th e  f il te re d  v a lu e s) , we have to  use t2 ([7 ], p . 
94) a n d  on page 98.: “ P h y sica lly , t0 c o n tr ib u te s  to  enhance deep er effec ts , 
ev en  as co m p ared  to  t2.”  — In  a d d itio n , ch o o sin g  an y  m a p -tra n s fo rm a tio n , 
th e  in te rv a l  o f th e  d e p th  increases w ith  in c re a s in g  size of th e  filte r.

I  h a v e  d ea lt w ith  one o f th e  p rac tica l e x am p le s  discussed in  (5). D e p lo ra b ly , 
I  h a d  n o t  th e  p o ss ib ility  to  ge t th e  co m p le te  m easu rin g  m a te ria l a n d  th e re 
fo re  h a v e  h a d  to  s ta r t  w ith  o n ly  a p a r t  o f th e  o rig in a l B ouguer m ap ; th is  p a r t  
w as p u b lish e d  in  [2] (see o f  F ig . 4 in  th is  p a p e r) . Because of th is  te c h n ic a l 
l im ita t io n  I  can  show  here  from  th e  m a n ifo ld  possib ilities re s id u a l m ap s
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0 1000 2 000 3 000 4000 5 000 6000 7000 8000 m

I 'o  9  = 8 s |

0,02 m g a l

—  1000

—  2000

— 3000 m

Fig. 2. Illustration o f the geophysical effect o f the filter  t0 Q =  8s (suggested b y  the author  
in  [7]) used to ob ta in  the residual ш ар in Fig. 5 from  the Bouguer m ap in F ig. 4

0 2000 4000 6Û00m

I *o 9 ^ s I 0,01 mgal

— Ю00

+

—  2000

— 3000 m

Fig. 3. Illustration o f the geophysical effect o f  the filter t„ n =  Is used to obtain  the residual 
m ap in Fig. 7 from the Bouguer m ap in Fig. 4
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F ig . 4 . B ouguer map used to calculate residual m aps on F igs 5 and 7. The calculation  of the  
residual map on Fig. 6 w ould need a Bouguer m ap several tim es greater

d e r iv e d  on ly  by  m eans of t0 f ilte rs  ( th e  size o f  th is  f ilte rs  being  sm all com 
p a r e d  w ith  th e ir  in te rv a l o f  th e  d ep th ).

T h e  rec tang le  d iag ram s in  Figs 2 an d  3 show  th a t  th e  f ilte rs  tQg =  8s 
a n d  t0q =  4s can be ap p lied  in  th is  reg ion . T he la t te r  one shall give a m ore 
d e ta i le d  filte red  m ap b u t  w ith  sm aller am p litu d e s ; th e  in te rp re ta tio n  o f such  
m a p s  n eed s careful an a ly sis  a n d  an  ex p erien ced  in te rp re te r  (see F ig . 7), w hile th e  
m o s t  essen tia l in fo rm a tio n s  a re  co n ta in ed  in  th e  resid u a l m ap  c o n s tru c te d  
b y  th e  f i l te r  t0 q =  8s, w h ich  m ap  is u n d e rs ta n d a b le  n o t on ly  fo r spec ia lists  
(see F ig . 5).
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Fig. 6. Residual m ap obtained by using the filter m =  2 (t, q =  14s) suggested by Meskó  
and K ovács. The dashed lines dem onstrate that no point could  be calculated by this m ethod

of filtering from the m ap in F ig. 4

S ta rtin g  o u t from  th e  sam e B ouguer m ap  in  F ig . 4, no single p o in t could  
be ca lcu la ted  b y  m ean s of th e  f i l te r  used in  [5] (as we know  e.g. from  [2], th e  
m  =  2, i.e. t1 g =  14s f ilte r  w as used  for c o n s tru c tin g  th e  m ap in  F ig . 5 in  
[5]) an d  th ere fo re  from  th e  m ap  on  Fig. 5 in  [5] th e  izolines are copied  in  ou r 
F ig . 6 w ith  d ash ed  lines for th e  p a r t  co rresp o n d in g  to  o u r Fig. 5.
— A s we know  from  [3] (p. 27), K ovács and  Meskó  use g raph ica l sm oo th ing  
a f te r  f ilte rin g  ( th e  r a te  o f w hich bein g  in  th e  in te rv a l  £  0.1 m gal). T he m aps

^  0,1 mgal

t0 ç= As

500 m 
’ s

Fig. 7. Residual m ap obtained from Fig. 4 using the filter  t0 q =  4s suggested by the author

Acta Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975



196 F. STEINER

in  F ig . 5 and  Fig. 7 o f th is  p a p e r  a re  n o t sm o o th ed . — In  a ll th re e  m ap s th e  
sm a ll c irc les ind icate  p ro d u c tiv e  boreho les.

F in a lly , le t us show  o n  a sec tion  how  im p o r ta n t  can  be th e  reso lv ing  
p o w e r  am o n g  th e  v a rious p ro p e rtie s  of th e  f ilte rs , u n d e r g iven  geological con
d it io n s  (see Fig. 8). On th e  b as is  o f th e  B o u g u er m ap  [4] we h av e  c a lc u la te d  for 
th e  f i l t e r s  tx q =  8s (m  =  4) a n d  t4 q =  14s th e  re sid u a l m ap s, fro m  w hich  we 
sh o w  in  F ig . 8 an  in te rv a l  o f  le n g th  o f 26 km s along th e  В  A  section  
s t a r t in g  from  p o in t B .  In  F ig . 8 th e re  is show n also th e  re f ra c tio n  section ;

Ю s

F ig . 8. Refraction section from  [4] and tw o residual sections obtained b y  usin g  the filters 
m  =  4 (tx Q =  8s) proposed b y  K o v á c s  and M e s k ó  and t, о =  14s suggested  b y  the author. 
N o te  th e  close correspondence (enhanced  b y  the dashed lines) betw een the seism ic section  
and th e  residual section obtained  b y  ti  Q =  14s (th is filter having a greater reso lv ing  power

th an  the filter  w ith  m =  4)
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th e  h ia tu s  on i t  m eans a ru t t le s  in  e lev a ted  s itu a tio n  h u t  im possib le  to  con
s tru c t  from  th e  seism ic m easu rem en ts .

A t th e  f irs t  m o m e n t, we fin d  th e  tw o  re s id u a l sections s im ila r  in  th e ir 
g re a t fea tu re . B u t a m o re  d e ta iled  co n sid e ra tio n  an d  com p ariso n  w ith  th e  
re fra c tio n  section  c lea rly  show  th a t  t4 q =  14s gives a m ore re liab le  a n d  b e tte r  
in te rp re ta b le  p ic tu re  in  th e se  geological co n d itio n s . T his su p e rio r ity  o f  f ilte r  
ti  q =  14s is due, besides to  its  g rea te r reso lv in g  pow er, to  th e  m u c h  sm aller 
in te rv a l of th e  la te ra l  e ffec t, too.

T h e  m ap  in  F ig . 5 a n d  th e  section  in  F ig . 8 in  th is  p a p e r  a re  enough  
to  see th a t  th e  conclusion  o f  a rtic le  [5] is ab so lu te ly  u n te n a b le .
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ПРАВИЛЬНОЕ ИСЬПОЛЬЗОВАНИЕ ГРАВИТАЦИОННЫХ ФИЛЬТРОВ

Ф. Ш ТЕЙНЕР

РЕЗЮМЕ

Использование и оценка гравитационных фильтров без тщательного анализа влия
ния фильтра для геологических информаций, учитывающего также и физическую сторону 
вопроса (например, если в интервале частот учитываются только переносные свойства 
фильтра), может привести к большим ошибкам, как это показывают ошибки работы [5]. 
При помощи предложенной в [6] «> — функции возможно для каждого конкретного 
случая выбрать соответствующий фильтр, с учетом всех геофизических требований. 
Вышесказанное иллюстрируется в статье картами, профилями и четырехугольными 
диаграммами.
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INFLUENCE OF TECTONICS ON THE DIRECTION 
OF INDUCTION ARROWS IN THE CARPATHIAN BASIN

A. Á D Á M -Á . W A L L N E R

G EO DETICA L AND GEOPHYSICAL R E S E A R C H  IN STITU TE 
OF T H E  H UN G ARIA N  ACADEMY O F SC IEN C ES, SOPRON

[M anuscript received O ctober 10, 1974]

The W iese arrows determ ined in the B akony M ts and its NW  environm ent show  
directions differing from  the countrywide average. R eason s of that have been stu d ied  and, 
b y  m eans o f statistica l investigation  of the directions, connection has been found betw een  
the direction o f the arrows and the transverse fau lt system s.

T he in d u c tio n  arrow s defined  by W ie s e  in  th e  fifties proved  to  b e  a u se 
fu l m eans o f  th e  te c to n ic a l research .

A s  it  is k n o w n , the length (C) and the direction (&) o f  the induction  arrow  
can be determined f ro m  the transformation fu n c t io n

A H Z =  A A H X +  В  А Н  y .

I n  case o f  two-dimensional structures the induction  arrow is perpend icu lar  
to the strike and  p o in ts  towards the form ation  o f  higher resistance.

In  th e  H u n g a ria n  B asin  (a p a rt from  its  n o r th w e s te rn  p art) th e  in d u c tio n  
arrow s a re  d ire c te d  to w ard s  th e  so u th , as sh o w n  in  th e  m ap (F ig. 1) as w ell 
as in  th e  d ia g ra m  o f d irec tio n  d is tr ib u tio n  (F ig . 2a) co n struc ted  f ro m  th is  
m ap . T h e ir  av e rag e  le n g th  is C =  0.193 (c a lc u la ted  from  20 arrow s).

T h is reg iona l c h a ra c te r  of th e  in d u ced  f ie ld  is produced  b y  th e  e ffec t 
o f th e  deep fa u lt  b e tw een  th e  In n e r  an d  O u te r  C arp a th ian s. T he d ire c tio n  
o f th e  in d u c tio n  arrow s tu rn s  over in  th e  a re a  o f  th e  deep co n d u c tiv e  fo rm a 
tio n s (ly ing  in  a d e p th  of 20 — 30 km , accord ing  to  th e  calcu lations of R o k it j a n - 
s k y ) an d  are  p re d o m in a n tly  d irec ted  to w a rd s  th e  cen tra l p a r t o f th e  b a s in . 
T he decrease of th e  len g th  of th e  in d u c tio n  a rro w s to w ard s th e  c e n tra l  p a r t  
of th e  b asin  can  be ex p la in ed  by  th e  decreasing  d e p th  of the  co n d u c tiv e  la y e r  
in  th e  u p p e r  m a n tle  a n d /o r  b y  sed im en ts.

T he arrow s d e te rm in ed  on th e  area  o f th e  c ru s ta l  anom aly  in  th e  B a k o n y  
M ts an d  in  i ts  n o rth w e s te rn  foreground  h av e  d irec tio n s  considerab ly  d iffe rin g  
from  th is  reg io n a l c h a ra c te r . In  case of v a r ia t io n s  w ith  a period (T ) g re a te r  
th a n  20 m in , th e  d irec tio n  s ta tis tic s  shows a w e s tw a rd  tu rn  aw ay o f th e  a rro w s 
from  th e  reg io n a l d irec tio n . In  case of s h o r te r  p e riods tw o m ax im a  c a n  be 
found  in  th e  d irec tio n s o f arrow s (see F ig . 26).

T he le n g th  o f th e  arrow s in  th e  m ax im u m  freq u en cy  sector is: C =  0 .11.
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F ig . 1. D irectional variations o f the induction arrows along the Carpathian M ts (a fter  B o n 
d a r e n k o ), 1. Russian Platform ; 2. depression before th e  Carpathian Mts and B asin; 3. Outer 
C arpath ian Mts; 4. Inner Carpathian Mts; 5. boundary zones between Outer and Inner Car

path ian  Mts; 6. original in d u ctio n  vector

N

t t

/ \  T < 2 0  m in  

Д  T > 2 0  m in

j
re g io n a l direction

a ) b;

Fig. 2. R egional direction o f th e  W iese arrows 
a )  in  the H ungarian B asin except NW  T ransdanubia; b) in NW  Transdanubia
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Fig. 3. EM sounding points and the m ain tectonic lines of N W  Transdanubia 1. outcrop of high  
resistiv ity  basem ent; 2. tectonic line o f second order; 3. tectonic line of first order; 4. W iese arrow; 5. MTS 

points; 6. isoline of tangent value of the relative telluric frequency sounding (R TFS) curve
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SCALE ■-

Ó Ю 20 3Ó АО 50 km

IDAPEST

Szentgotthard

â * L

E stim ated  depth  of Csurgó
a g e n ts  causing  a  ^ Ч  ' '
d is tin g u ish ab le  anom aly 
o n  th e  general anom aly 
m a p , greater than  30-AO t

B H  between 0-1 km 
llillilllll between 1 -2  km 
ill i III between 2 - A km 
i l l !  between A -8 km 
t a  beyond 8 km

F ig . 4. General depth-m ap o f th e  m agnetic m asses in  Transdanubia (after PoSGAY [2])

T h e  average arrow  d ire c tio n  ob ta in ed  fro m  v a ria tio n s  of T  >  20 m in  is 
p e rp e n d ic u la r  to  th e  tra n s v e rs e  fau lts  o f N W -S E  (N N W -SSE ) az im u th . H en ce , 
a c o n n e c tio n  betw een  th e m  c a n  be assum ed on  th e  basis of tw o -d im ensiona l 
m o d e ls . T h is is also obv ious fro m  Fig. 3 show ing  th e  in d u c tio n  arrow s a n d  th e  
m a in  fa u lts .  T he p laces o f th e  fau lts  in d ic a te d  a re  given only ro u g h ly . I t  is 
j u s t  th e  in d u c tio n  arrow s t h a t  w ould be s u ita b le  de term in ing  th e m  m ore  
e x a c tly .

I t  is in d ica ted  b y  m ag n e to te llu ric  so u n d in g  curves, too , th a t  th e  co n 
d u c tiv e  fo rm a tio n  in  th e  E a r th ’s crust h as  v a ry in g  th ickness, an d  its  th ic k 
n ess  is  a lw ays g rea te r  in  fa u l t  an d  frac tu re  zo n es [1].

A  connection  b e tw een  fra c tu re  zones a n d  v o lcan ic  fo rm ations, i.e . basic  
e ru p t iv e  rocks, m ain ly  b a s a lts  appearing  as m a g n e tic  anom alies, w as so u g h t
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N

F ig. 5. D istribution  o f the directions betw een m agnetic m asses in W estern  T ransdanubia  
a )  values w ith weight; b) w ithout weight

for. In  o rd e r to  do th a t ,  i t  w as in v e s tig a te d  on th e  basis o f th e  g e n e ra l m ap 
o f an o m alo u s bodies c o n s tru c te d  b y  P o sg a y  (F ig . 5 in  [2]), w h a t k in d  o f  con
n ec tio n  in  d irec tio n  ex is ts  be tw een  v o lc a n ite s  ly in g  n o r th w a rd s  fro m  the  
w este rn  b a s in  o f th e  L a k e  B a to la n  on a 30 X 100 k m  rec tan g le  a n d  v o lcan ite s  
ly in g  a ro u n d  th e m  w ith in  a rad iu s  o f 50 k m  (F ig . 4). T he d ire c tio n s  o f  th e  
con n ec tin g  lines b e tw een  th ese  v o lcan ites show  g re a te r  fre q u e n c y  in  th e  d irec
tio n  o f tra n sv e rse  f ra c tu re s  (F ig . 5). T h is d is tr ib u tio n  of d ire c tio n s  can  be 
b e t te r  en h an ced  in  th e  s ta tis t ic a l  in v e s tig a tio n , if  w eights (from  1 to  3) are 
g iven  to  th e  d irec tio n  acco rd ing  to  th e  m ass o f th e  vo lcan ites . (T h e  c o m p u te r  
p ro g ra m  o f s ta tis t ic a l  c a lcu la tio n s w as m ad e  b y  T a k á c s , w hom  th e  a u th o rs  
express th e ir  th a n k s  also here.)

I t  sh o u ld  be m en tio n ed  th a t  th e  sm allest C values o c c u rre d  in  th e  
n o rth e rn  p a r t  o f th e  B a k o n y  M ts (0 .0 5 —0.07), w hich  is in  good acco rd an ce
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w ith  th e  s ign ifican t in d ic a t io n  of conductive  fo rm a tio n s  on m ag n e to te llu ric  
c u rv e s . I t  can be a ssu m e d  t h a t  th is  area is te c to n ic a lly  m ore d issec ted  an d  
th e  a re a l varia tio n  o f th e  a rro w  direction m a y  in d ic a te , besides th e  tra n sv e rse  
f r a c tu re s ,  an in fluence  o f  lo n g itu d in a l ones in  th e  d is tr ib u tio n  (g rea te r th ic k 
n ess) o f  conductive  fo rm a tio n s .

T h e  river R á b a  c a n  b e  g iven  as th e  w e s te rn  b o u n d a ry  of th e  co n d u c tiv e  
fo rm a tio n . O utside o f th e  iso lin e  {25- 10o =  — 10, h o w ev er, th e  h o rizo n ta l con
d u c ta n c e  of th e  c o n d u c tiv e  fo rm atio n  is c o n s id e ra b ly  decreasing to w ard s  W  
a n d  N . In  the  n o r th , e .g ., th e  m easuring p o in t  L o v ászp a to n a  (L) lies o u t
s id e  th e  high c o n d u c tan ce  accu m u la tio n  zone, as in d ic a te d  by  th e  in d u c tio n  
a r ro w  d irec ted  n o r th w a rd  p erp en d icu la rly  to  th e  iso line —10.

T h u s , the  in d u c tio n  a rro w s are in  c o n n e c tio n  w ith  th e  m ain  te c to n ic a l 
lin e s , a t  f irs t w ith  t r a n s v e r s e  fau lts  and  f r a c tu re  zones in  th e  B ak o n y  M ts 
a n d  th e i r  foreground. A s i t  w as  referred  to  ab o v e , th e  con d u c tiv e  fo rm atio n s 
in  5 — 10 km  d ep th  are  a c c u m u la te d  in th e se  zo n es an d  th e y  th ic k e r  o u t (the  
S  v a lu e  increases).

Tabic I

List o f induction arrow s determined in and around o f  the Bakony M ts

T < 20 min T <  20 min

c ù c

Acsalag A 272° 0.17 214° 0.13

Bodonhely В 316° 0.15 248° 0.09
Lovászpatona L 347° 0.19 0° 0.15

В  akonyszentkirály Bkir 249° 0.05 192° 0.07

Porva p 257° 0.12 274° 0.06
Bakonybél Bbél 269° 0.13 225° 0.11

Ném etbánya N 327° 0.05 202° 0.07

Döbrönte Dö 307° 0.14 224° 0.05
Oroszi О 19° 0.14 258° 0.02
Somlóvecse Slov 257° 0.18 217° 0.20

Somlóvásárhely Sióvá 338° 0.10 220° 0.11

Pusztamiske Pm 108° 0.12 74° 0.11
Vigándpetend V 214° 0.07 213° 0.07

Balatoncsicsó Bcs 234° 0.09 223° 0.13
Zánka z 144° 0.12 110° 0.06
Balatonöszöd ö 164° 0.11 171° 0.11

Nagycsepely Ncs 125° 0.15 158° 0.09
Kisvásárhely К 239° 0.09
Sümeg(prága) s 218° 0.16 209° 0.02

Taliándörögd T 189° 0.16
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In  in v e s tig a tin g  th e  m a te r ia l n a tu re  o f th e  anom alo u s c o n d u c ta n c e , one 
o f th e  g u id ing  po in ts  o f v iew  can  be th e  conclusion, accord ing  to  w h ic h  P liocene 
alkalic  b a sa lts  w ere e ru p te d  th ro u g h  th e  fra c tu re  zones m e n tio n e d .

*

The data of induction arrows, given in the Table, com plete the lis t o f induction  arrows 
determ ined in  H ungary and published in [3].
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РОЛЬ ТЕКТОНИКИ В НАПРАВЛЕННОСТИ ИНДУКЦИОННЫХ СТРЕЛ В 
ВЕНГЕРСКОМ БАССЕЙНЕ

А. АДАМ -А . ВАЛНЕР

РЕЗЮМЕ

Авторы ищут причины образования стрел Визе, наблюденных в Северо-западной 
части Задунайского Края и имеющих направление, отличное от среднего значения в 
стране. С помощью статистического исследования направлений находят зависимость 
между направлением стрел и поперечными изломами.
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LASERENTFERNUNGSMESSUNGEN ZUM MOND, 
RADIOINTERFEROMETRISCHE BEOBACHTUNGEN 

DER QUASARE UND DIE SATELLITENALTIMETRIE 
IN IHRER BEDEUTUNG FÜR GEODÄSIE 

UND GEOPHYSIK
K. AR N O LD

ZENTRALINSTITUT FÜR PHYSIK DER ERDE, POTSDAM

[Eingegangen am  6. Januar 1975]
#

E ine w esentliche neue E ntw icklungsrichtung der Geodäsie ist die dreidim ensionale  
Geodäsie. Eine ihrer w ichtigsten  K om ponenten is t  die Satellitengeodäsie.

W ill man die D riftbew egungen der K ontinente entsprechend dem »spreading«-Phäno- 
m en, kurzperiodische Änderungen der Polbewegung und der R otation der Erde und ferner 
die K ugelfunktionen im  Schwerefeld der Erde von  höherer als 20. Ordnung bestim m en , dann 
werden die gegenwärtigen M ethoden der Satellitengeodäsie überfordert.

D ie Satellitenaltim etrie g esta ttet die B estim m ung der m ittleren Schw ereanom alien der 
K om partim ente bis herab zur Größe 1° X 1°. B eim  ersten Rechengang wird die Satelliten
bahn aus den m ittleren G eoidundulationen der 15° X 15°-K om partim ente errechnet und 
dann als fehlerfrei angenom m en. Dann berechnet m an die H öhen des Meeres über dem  Ellip
soid innerhalb der als Partia lsystem e aufgefaßten 15° X 15°-K om partim ente relativ  zum  
M ittelw ert dieser H öhen. E ine spezielle Ausgleichung ergibt das m ittlere N iveau  des Geoids 
und der H öhe des Meeres über dem  Geoid für die 15° X 15°-K om partim ente. D ie  Differenzen  
der G eoidundulationen innerhalb der 15° X 15°-K om partim ente folgen aus der Seegravim etrie. 
D am it erhält m an auch die H öhe des Meeres über dem  Geoid.

D ie  Laserentfernungsm essungen zum Mond an einer Station gestatten  bei einer Beob
achtungsperiode von  ca. 8 Stunden die Bestim m ung der geographischen L änge der Beob
achtungsstation , ihrer E ntfernung von der R otationsachse der Erde und der Entfernung  
zum  Mond. Erstrecken sich die Beobachtungen über einen M onat, so können die Länge, die 
B reite und der geozentrische R adius der B eobachtungsstation  bestim m t werden. Sim ultan
beobachtungen zum  Mond an zwei Stationen sind ähnlich auszuwerten w ie R adiointerfero
m etrie-B eobachtungen nach Quasaren. Man bestim m t hier drei Gruppen von  Unbekannten: 
Die R otationen der Erde um  drei orthogonale Achsen, relative Änderungen der Stationen  
auf Grund der K ontinentalverschiebung und die kosm ischen Positionen der Quasare.

Acta Geodaet., Geophys. et Montanist.  Acad. Sei. Hung. Tomus 10 (3 ) ,  p p .  207 — 238 (1975)

1. E in le itung

E in e  w esen tliche  neue E n tw ick lu n g srich tu n g  d er G eodäsie se it e tw a 
30 J a h re n  is t die d re id im ensionale  A uffassung  u n d  D u rc h fü h ru n g  v o n  geo
d ä tisch en  O p e ra tio n en : die d re id im ensionale  G eodäsie. D ie d re id im ensionale  
G eodäsie h a t  E in g a n g  g e fu n d en  bei den  k lassisch en  g eom etrischen  V erfah ren  
d e r G eodäsie, z. B . bei d en  T ria n g u la tio n e n  u n d  T rila te ra tio n en , in d em  m an 
h ie r ganz ex ak te  P ro je k tio n e n  der D re iecksne tze  im  d re id im en sio n a len  R au m  
v o n  d er E rd o b e rfläch e  a u f  das R eferenzellipso id  d u rc h fü h rt o d e r in d e m  m an 
n ach  den  R egeln  v o n  H o t in e  u . a. das N etz  gleich  an  der E rd o b e rf lä ch e  ohne 
R ed u k tio n e n  au sg le ich t.

Acta Geodaelica, Geophysica et Montanistica Acad. Sei. H ung. 10, 1975



2 0 8 К. ARNOLD

D ie  d re id im ensionale  A u ffa ssu n g  w urde w e ite r  v e rs tä rk t  d u rch  die in  den  
le tz te n  30 Ja h re n  s ta rk  e n tw ic k e lte  physika lische  G eodäsie. D ie B estim m u n g  
d e r  G e o id u n d u la tio n en  u n d  H ö h en an o m alien  aus S chw ereanom alien  is t  eine 
re a lis t is c h e  M öglichkeit g ew o rd en , ebenso wie d ie  E rm ittlu n g  d e r L o ta b 
w e ic h u n g e n  aus S chw ereanom alien .

M an  h a t die M ög lich k e it, die abso lu ten  K o o rd in a te n  einer S ta tio n  au f 
d e r E rd o b e rflä ch e  zu e rm itte ln ,  d. h ., m an  k a n n  die vom  S ch w erp u n k t der 
E rd e  au s  abgetragenen  re c h tw in k lig e n  k a rte s isch en  K o o rd in a ten  d er S ta tio n  
e rm it te ln .  M an b ed ien t sich  d a b e i zw eckm äßigerw eise des fo lgenden  K o o rd i
n a te n s y s te m s : Die Z -A chse w ird  vom  S ch w erp u n k t d er E rd e  aus ab g e trag en  
u n d  v e r lä u f t  in  R ic h tu n g  d e r  m ittle ren  R o ta tio n sa c h se  der E rd e  (m ittle re r  
E rd p o l) ;  die X —Y -E b e n e is t  d ie  Ä q u a to reb en e , sie v e r lä u f t  d u rch  den  S chw er
p u n k t  d e r  E rde und  is t s e n k re c h t zu r R o ta tio n sa c h se  der E rde .

I х / cos (p cos ü

\ Y =  Q COS <p sin  X

U J \s in <p /

Q s e tz t  s ich  zusam m en au s d em  R ad ius des m itt le re n  E rdellipso ids, Qe , aus 
d e r G eo id u n d u la tio n , N ,  u n d  aus der o rth o m e trisch en  H öhe, H.

Q =  Qe  +  N  +  H

D ie  geozentrische B re ite  99 e rg ib t sich au s d er du rch  astronom ische  
B e o b a c h tu n g e n  e rm itte lte n  B re ite , q>a, der aus S chw ereanom alien  ab g e le ite ten  
L o ta b w e ic h u n g  im  M erid ian , £, u n d  einer g en au  b e k a n n te n  R ed u k tio n sg rö ß e  
fü r  d e n  Ü berg an g  v o n  d e r e llip so id ischen  B re ite  z u r  geozen trischen  B re ite , öcp

N
cp =  <Pa — f  — .

F ü r  d ie geozentrische L än g e  X g ilt eine analoge F o rm el

cos <p

ij i s t  d ie  L o tabw eichung  im  e rs te n  V ertika l.
D u rc h  die E n tw ic k lu n g  d e r G rav im etrie  e n ts ta n d  die M öglichkeit, N ,  

£ u n d  aus S chw ereanom alien  Ag  zu e rm itte ln  u n d  d a n n  w e ite r die ab so lu ten  
K o o rd in a te n  X ,  Y, Z  zu  e rh a lte n .

D ie  m odernen  V e rfa h re n  d e r S a te lliten g eo d äsie  g e s ta tte n  es, die ab so 
lu te n  K o o rd in a te n  der g e o d ä tisc h e n  P u n k te  m it a n d e re n  M ethoden , näm lich  
d u rc h  d ie  B eobach tung  d e r S a te llite n  zu e rh a lte n .
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D ie B ah n  eines S a te llite n  im  d re id im ensiona len  R au m  w ird  b esch rieb en  
d u rch  die 6 K ep lerschen  B ah n e lem en te , die den  V erlau f d er B ah n e llip se  um  
die E rd e  beschre iben  (a — große H a lb ach se  d er B ahnellipse, e — ih re  E x z e n 
t r iz i tä t ,  со — A rg u m en t des P e rig äu m s, i — B ahnneigung , Q  — L än g e  des 
au fste ig en d en  K n o ten s , v — w ahre  A nom alie).

W äh ren d  sich d as  ab so lu te  g eodä tische  K o o rd in a ten sy stem  X ,  Y ,  Z  m it 
d er E rd e  m itd re h t, v e rw e n d e t m an  in  der Sate llitengeodäsie  e in  K o o rd in a te n 
sy s tem , das n ich t m itro t ie r t ,  so n d ern  das re la tiv  zu  den S te rn en  fe s t is t ,  w enn

Greenwich

Abb. 1. D ie Bahnbew egung eines E rdsatelliten im  astronomischen K oord in aten system

m a n  v o n  der P räzessions- u n d  N u ta tio n sb ew eg u n g  absieh t: E s  is t  d a s  a s tro 
nom ische K o o rd in a te n sy s te m  oder besser: das w ahre as tro n o m isch e  K o o rd i
n a te n sy s te m  x , y ,  z. D ie  г-A chse is t w ieder v o m  S chw erpunk t d e r E rd e  au s abge
tra g e n  u n d  h a t  die R ic h tu n g  d er m o m en tan en  (in s tan tan en ) R o ta tio n sa c h se  
d e r E rd e , die x ,  y -E b e n e  is t  die m o m en tan e  Ä q u ato reb en e , sie v e r lä u f t  d u rch  
den  S ch w erp u n k t d e r E rd e  u n d  is t se n k re c h t zu r m o m en tan en  R o ta tio n sa c h se  
z. D ie лг-Achse zeig t zum  m o m en tan en  F rü h lin g sp u n k t.

D ie x-, y - ,  « -K o o rd in a ten  des S a te llite n  ergeben sich aus d e n  6 B a h n 
e lem en ten  wie fo lg t

(  x ^ /cos L COS Я — sin  L  sin я sin P

\ y =  r  1 cos L sin it -f- sin  L  cos я cos i

w \s in  L sin i ;

L  =  со -f- v (A rg u m en t d e r B re ite ).
D ie B ah n  des S a te llite n  is t eine E llip se , in  deren  einem  B re n n p u n k t  der 

S ch w erp u n k t d er E rd e  lieg t (1. K ep le rsches G esetz). D ah e r h a t  m a n  a u to 
m a tisch  abso lu te  K o o rd in a te n .
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W äh ren d  die B a h n  des S a te lliten  im  m o m e n ta n e n  astronom ischen  
K o o rd in a te n sy s te m  x ,  y ,  z beschrieben  w ird , w e rd e n  die S ta tio n sk o o rd in a ten  
d e r  geodätischen  P u n k te  a u f  der E rd o b erfläch e  im  e rd fes ten  X ,  Y, Z -S ystem  
an g eg eb en . Die x, y ,  z -K o o rd in a te n  lassen  sich  in  die X ,  Y, Z -K o o rd in a ten  
u m re c h n e n . Die b e id en  K o o rd in a ten sy s tem e  la s se n  sich  du rch  R o ta tio n e n  um  
d ie  K o o rd in a ten ach sen  in e in a n d e r  ü b e rfü h re n . Z u n ä c h s t w ird  das x , y ,  z- 
S y s te m  um  die z-A chse im  G egenuhrzeigersinn  g e d re h t, bis die л;-A chse vom  
F rü h lin g sp u n k t aus in  d e n  M erid ian  von  G reen w ich  einschw enkt. D er D re h 
w in k e l is t  die S te rn z e it 0 .  W äh ren d  die z-A chse zu m  m o m en tan en  P o l zeig t 
(d e r  a u f  der E rd o b e rflä ch e  eine  variab le  L age h a t ) ,  h a t  die Z-A chse die R ic h 
tu n g  zum  m ittle ren  P o l. D ie se r  h a t  eine fe ste  L ag e  a u f  der E rd o b erfläch e .

M an erh ä lt also sch ließ lich  die X ,  Y ,  Z -K o o rd in a te n , indem  m a n  das
x ,  y ,  z-System  w eiter r o t ie r e n  lä ß t, näm lich  u m  die  x-A chse um  den W inke l rj 
u n d  u m  die y-A chse u m  d en  W inkel | .  D ie  T ran sfo rm atio n sg le ich u n g en  
zw isch en  den beiden  S y s te m e n  lau ten :

(jHR2<s,0;
I cos 0  sin  0  0 '

R z (@) =  I — sin 0  cos 0  0 ;
\ 0 O l )

(  1 0 ! \
S =  0 1 — n  .

\ — è + r )  1 ;

W ill m an die T ra n sfo rm a tio n sb e z ie h u n g  n o c h  in  einen allgem eineren  
R a h m e n  stellen, d a n n  s te l l t  m a n  fest, daß  die m o m e n ta n e  R o ta tio n sach se  der 
E rd e  (z-Achse) auch  n ic h t  f e s t  is t im  R au m . Sie v e rä n d e r t  ihre R ic h tu n g  im  
R a u m  a u f  G rund der P rä z e s s io n  u n d  N u ta tio n  d e r  E rd e . I s t  x°, y°, z° das x,
y ,  z -S y stem  zu einem  b e s tim m te n  Z e itp u n k t (E p o c h e : 1950.0), d an n  is t  also 
d a s  x°, y°, z°-System fe s t  im  R au m , und  es w ird  n ic h t  d u rch  die P räzession  
u n d  N u ta tio n  v e rä n d e rt. So f in d e t  m an als T ran sfo rm a tio n sb ez ieh u n g  zw ischen 
d e m  x°, y°, z°-System u n d  d e m  System  m it d en  K o o rd in a te n  X ,  Y ,  Z

( x \ f x ° \
Y  = S R 2(6>) N ■ P  y°

\ z ) \z ° ,

N i s t  d ie  N u ta tio n sm a tr ix , P  die P räzess io n sm a trix . Ih re  E lem ente  h än g en  
ab  v o n  den  Präzessions- u n d  N u ta tio n sk o n s ta n te n .
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Die b e o b a c h te te n  G rößen  sind  in  d er S a te llitengeodäsie  die R ic h tu n g  
v o n  d er B e o b a c h tu n g ss ta tio n  zum  S a te lliten  u n d  d ie  E n tfe rn u n g  zw ischen  d ie 
sen beiden  P u n k te n . D ie R ic h tu n g  w ird  m it p h o to g rap h isch en  K a m e ra s ,d ie  
E n tfe rn u n g  du rch  die M essung der L au fze it v o n  L ase rb litzen  b e s tim m t. D ie 
b e o b a c h te te n  G rößen  w erd en  d u rch  die K o o rd in a te n  d er beiden S ta tio n e n  aus- 
g ed rü ck t, u m  d a n n  d u rc h  L inearisie rung  die F eh lerg le ichungen  zu  e rh a lte n .

Bei der R ic h tu n g sm e ssu n g  zum  S a te llite n  a u f  seiner B ah n  im  R a u m  h a t  
m an  fü r  den b e o b a c h te te n  E in h e its r ic h tu n g sv e k to r  a"

, o -  * s - * Q .
i Г ’
XS -  XQ I

1 y X s ) (x q\ \
a° - Y s — ?

i XS — XQ A  %sj i z j j
1 ÍX0'\ ( x )

a° — SR 2(0 )N P  k o - \ Y
1 XS -  XQ i u ° L  U J Q-

F ü r die gem essen e E n tfe rn u n g  s erhält m an

s = /  (x s -  xq)2 = Í ( x ° \
SR z(0 )N P  / ) _

( X

U ° J s ( z

Die B eo b ach tu n g en  a° u n d  s sind  also a b h ä n g ig  v o n  den  räu m lich en  K o o rd i
n a te n  der S a te llite n b e o b a c h tu n g ss ta tio n , X q , Y q , Z q ; sie h än g en  fe rn e r  ab  
v o n  den  m o m en tan en  räu m lich en  K o o rd in a te n  des S ate lliten  x°s, y°si z°s- D iese 
K o o rd in a te n  w erd en  b e s tim m t aus den  6 B a h n e lem en ten , ih ren  k o n s ta n te n  
G liedern  u n d  ih re n  m it d er Z eit v ariab len  G lied e rn , wie sie du rch  das S ch w ere
fe ld  der E rd e  a u f tre te n , u n d  wie sie au ch  h e rv o rg e ru fen  w erden  d u rc h  die 
B rem sw irk u n g  d e r R e ib u n g  des S a te lliten  a n  d e r  A tm osphäre . D ie B e o b a c h 
tu n g e n  a° u n d  s h ä n g e n  fe rn e r ab  von den  E le m e n te n  der 4 M atrizen  S, R z (<9), 
N u n d  P . D ah er k a n n  m a n  im  P rinz ip  au ch  d ie  P o lk o o rd in a ten  f  u n d  7] in  ih re r  
ze itlichen  V e rä n d e rlich k e it aus S a te llite n b e o b a c h tu n g en  bestim m en . |  u n d  r] 
bew irken  p eriod ische  Ä n d eru n g en  in  d er R ic h tu n g  d er k leinen H a lb a c h se  des 
m ittle re n  E rd e llip so id s  v o n  der G röße 0,4". M an  k a n n  auch die S te rn z e it  0 ,  
also den  S tu n d en w in k e l des F rü h lin g sp u n k te s , e rm itte ln . In sb eso n d ere  k a n n  
m an  b estim m en , w iew eit die R o ta tio n sb ew eg u n g  d e r E rde  n ich t k o n s ta n t  is t, 
m an  k a n n  also die R o ta tio n ssch w an k u n g en  e rm itte ln . F estzu ste llen  b le ib t,  daß  
ein  zeitlich  k o n s ta n te s  G lied in  der S te rn z e it, also  gew isserm aßen d e r U h r
s ta n d , n ic h t u n a b h ä n g ig  b e s tim m t w erden  k a n n , sondern  daß  d ieser in  g le icher
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W eise  a u f  die b e o b a c h te te  R ic h tu n g  o d e r E n tfe rn u n g  ein w irk t w ie eine zu 
s ä tz lic h e  k o n s tan te  Ä n d e ru n g  der g e o zen tr isch en  L ängen  =  g eo g rap h isch en  
L ä n g e n  der B eo b a c h tu n g ss ta tio n e n . H ie ra u f  soll sp ä te r  noch  a u s fü h r lic h  e in 
g e g a n g e n  w erden. S ch ließ lich  tr e te n  in  d e n  A u sd rü ck en  fü r die B e o b a c h tu n g e n  
a° u n d  s noch die N u ta tio n s m a tr ix  u n d  d ie  P rä z e ss io n sm a trix  N u n d  P  auf. 
N u n d  P  hängen  ab  v o n  d e n  N u ta tio n s -  u n d  P rä z e ss io n sk o n s ta n te n . D urch  
d ie  P räzess io n  v e rä n d e r t  s ich  die R ic h tu n g  d e r R o ta tio n sach se  d e r  E rd e  im  
J a h r  u m  etw a  50", die N u ta t io n  b ew irk t p e rio d isch e  Ä nderungen  v o n  e tw a  9". 
D ie  P räzessions- u n d  N u ta tio n s k o n s ta n te n  s in d  aus lang fris tig en  a s tro n o m i
sc h e n  B eo b ach tu n g en  z iem lich  genau  b e k a n n t .  D ie m eisten  in  d e r  S a te ll i te n 
g eo d äs ie  an a ly sie rten  B a h n b ö g e n  sind  re la t iv  k u rz , sie sind m e is te n s  n ic h t 
lä n g e r  a ls wenige W o ch en  o d er w enige M o n a te . Bei solchen k u rz e n  B a h n e n  
k ö n n e n  die F eh ler in  d e r P rä z e s s io n sk o n s ta n te n  auch  bei sehr g e n a u e n  S a te l
l i te n b e o b a c h tu n g e n  n ic h t  w irk sam  w erd en , sie k ö n n en  in sbesondere  n ic h t  die 
G re n z e  erreichen , die d u rc h  die B eo b ach tu n g sfeh le r u n d  die U n s ic h e rh e ite n  
im  m a th e m a tisc h e n  M odell d e r S a te lliten g eo d äsie  en tstehen .

W ir  w erden ab er s p ä te r  sehen, daß  be i rad io in te rfe ro m e trisch en  B e o b ach 
tu n g e n  d e r Q uasare m it e in e r  höheren  B eo h ach tu n g sg en au ig k e it zu  rech n en  
se in  w ird , h ier w erden  au c h  die R este in flü sse  d e r R efrak tio n  g e rin g er sein , so 
d a ß  d a s  m a th em atisch e  M odell genauer se in  w ird .

A u s allen diesen G rü n d e n  h a t m an  g e fu n d en , d aß  m an bei e in e r  B eo b 
a c h tu n g  d e r Q uasare ü b e r  m eh rere  J a h re  h inw eg , ü b er 5 b is 10 J a h r e ,  die 
N u ta t io n s -  und  P rä z e ss io n sk o n s ta n te n  au s d en  ra d io in te rfe ro m e trisc h e n  
B e o b a c h tu n g e n  der Q u asa re  w ah rsch e in lich  u m  eine G rö ß en o rd n u n g  g en au e r 
b e s t im m e n  kann , als sie h e u te  noch  b e k a n n t sind .

W e n n  m an m it k lass isch en  B co b ach tu n g sm e th o d en  die W e rte  d e r  P r ä 
zessio n s- u n d  N u ta tio n sk o n s ta n te n  k a u m  w ird  verbessern  können , so is t  diese 
S i tu a t io n  bei den P o lk o o rd in a te n , bei d en  P a ra m e te rn  der P o lb ew eg u n g , f ,  
Tj, ä h n lic h .

A u s astronom ischen  B e o b a c h tu n g e n  d e r  geographischen  L än g e  u n d  
B re ite  k e n n t  m an die K o o rd in a te n  des m o m e n ta n e n  Pols re la tiv  zu m  m ittle re n  
P o l a u f  e tw a  +1. m  =  0,03".

H ie rb e i b erechnet m a n  |  u n d  r\, in d em  m a n  die B eo b ach tu n g en  w en ig 
s te n s  m e h re re r  Tage z u sa m m e n fa ß t, so d aß  m a n  p ra k tisc h  das M itte l d e r  P o l
k o o rd in a te n  £ u n d  r] w ä h re n d  dieses B eo b ach tu n g sze itrau m s e rh ä lt .  D u rch  
d ieses V erfah ren , das z u r  E rh ö h u n g  d er G e n a u ig k e it der R e su lta te  n o tw e n d ig  
is t ,  e r h ä l t  m an  a u to m a tisc h  eine g e g lä tte te  K u rv e  der | -  u n d  tj-W erte . D ie 
k u rz e n  P erio d en  von  e inem  T a g  oder e iner S tu n d e  können  g ru n d sä tz lic h  n ic h t 
e r f a ß t  w erd en . Die G eo p h y sik e r sind  a b e r  gerad e  heu te  d a ra n  in te re s s ie r t , 
s p o n ta n e  Ä nderungen  d e r | -  u n d  rj-W erte  zu  e rh a lte n , weil diese fü r  d ie  geo
p h y s ik a lis c h e  In te rp re ta t io n  v o n  b eso n d e re r B ed eu tu n g  sind. D u rc h  die 
g ro ß e n  E rd b eb en  erfo lg t z. B . eine sp o n ta n e  V erlagerung  von  E rd m a sse n ,
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d u rc h  die z. B . die T räg h e itsm o m en te  d e r E rd e  in  bezug a u f die 3 K o o rd in a 
te n a c h se n  X ,  Y ,  Z  v e rä n d e r t  w erden . W egen  d er K o n stan z  des D reh im p u lse s  
(D rall) Ico,

I a  c *  ] / ( I x t o x y  +  ( I y C O y f  +  ( I Z( 0 Z)*  ,

(I x, ly ,  I z: H a u p tträ g h e itsm o m e n te )

w ird  eine Ä n d e ru n g  von  I x sich  in  cox re f le k tie re n  u n d  daher zu e in er V e rä n d e 
ru n g  d er K o o rd in a te n  rj des P ols fü h ren . D ie S eism iker sind diesen Z u sa m m e n 
h ä n g e n  n ach g eg an g en  u n d  h ab e n  fe s tg e s te llt, d aß  die g rö ß ten  E rd b e b e n

Abb. 2. D ie B ew egung der m om entanen R otationsachse der Erde z relativ zu ihrer m ittleren  
R otationsach se Z. P 0: m ittlerer Pol; P : m om entaner Pol; Zgr: Lotrichtung G reenwich

Ä n d eru n g en  in  d er Po lbew egung  h e rv o rru fe n  kö n n en , die gerad e  n o ch  im  
B ere ich  d er m ittle re n  F eh le r der aus a s tro n o m isch en  B eo b ach tu n g en  e rh a lte 
n en  £- u n d  rj-W erte  liegen. D ah er w ird  m a n  gegenw ärtig  k au m  s ig n if ik a n te  
A ussagen  ü b e r  die V orgänge im  H y p o z e n tru m  eines E rd b eb en s aus d e r  A nalyse  
d er m it d en  gegenw ärtigen  M itte ln  e rh a lte n e n  P o lbew egungen  m a c h e n  k ö n 
nen . D u rch  eine A nalyse d er L ase ren tfe rn u n g sm essu n g en  zum  M ond  u n d  d er 
ra d io in te rfe ro m e trisc h e n  B eo b ach tu n g en  d er Q uasare  h o fft m a n , d ie  P o l
b ew eg u n g sk o o rd in a ten  I ,  r] u m  eine G rö ß e n o rd n u n g  genauer b e s tim m e n  zu 
k ö n n en , u n d  m an  h o fft au ch , k ü rzere  P e r io d e n  v o n  der L änge eines T ag es  u n d  
e in iger S tu n d e n  e rh a lte n  zu  kö n n en . D ie A nalyse  der P o lbew egungen  w ürde  
eine neue S tu fe  e rre ichen , u n d  m an  k ö n n te  zuverlässiger fe s ts te llen , w elche
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K rä f te  es sind , die d ie  P o lbew egung  v e ru rsa c h e n , v ielle ich t auch  K rä f te , die 
m it d e r  D y n a m ik  des E rd k e rn s  in  V e rb in d u n g  s teh en .

Schließ lich  s in d  die B eo b ach tu n g en  d e r  S a te llitengeodäsie  au ch  F u n k 
tio n e n  v o n  den  S ta tio n sk o o rd in a te n  im  e rd fe s te n  geodätischen  S y stem  X ,  Y ,  
Z .  M an  k a n n  die S ta tio n sk o o rd in a te n  in  e in em  g loba len  X , У, Z -S y stem  h e u te  
m it d en  g en au esten  B e o b a c h tu n g e n  a u f w en ige  M eter genau  b es tim m en ; aus 
D o p p le r- u n d  L a se rb e o b a ch tu n g e n  a u f e tw a  + 2 .5  m  genau. D ies is t  eine seh r 
e rs ta u n lic h e  G en au ig k e it, die m it den  k lass isch en  M ethoden , m it den  T r ia n g u 
la tio n e n , n ic h t zu  e rre ich en  w ar. Diese G e n a u ig k e it gen ü g t den m eisten  A n fo r
d e ru n g e n , sie g e n ü g t je d o c h  n ich t allen A n sp rü c h e n . Diese G enau igke it g en ü g t
z. B . n o ch  n ic h t, w en n  m a n  die d u rch  geologische K rä f te  v e ru rsa c h te n  gegen
se itig en  B ew egungen  d e r E rdscho llen  d u rch  M essung  b estim m en  w ill. E s  g ib t 
gew ich tige  G rü n d e  d a fü r , d aß  die K o n tin e n te  e n tsp re c h e n d  der W eg en ersch en  
K o n tin e n ta lv e rsc h ieb u n g s th eo rie  a u se in an d e r d r if te n . A us g eo m ag n etisch en  
M essungen  u n d  d er B estim m u n g  des A lters d e r G este ine  a u f dem  M eeresg ru n d  
des A tla n tisc h e n  O zeans h a t  m an  gefunden , d a ß  N o rd - u n d  S ü d am erik a  e in e r
se its  u n d  E u ro p a  u n d  A frik a  andererse its  sich  d u rc h  eine D riftb ew eg u n g  v o n 
e in a n d e r  en tfe rn e n . M an  re c h n e t m it e tw a  2 b is 3 cm  im  J a h r . E s h a n d e lt  s ich  
u m  die so g en an n te  » sea -floo r-sp read ing«-E rsche inung . Es w äre n u n  eine h e r
v o rra g e n d e  A u fg ab e  fü r  die G eodäsie, au c h  d u rc h  geom etrische M essungen  
dieses »sea-floor-sp read ing«  nachzuw eisen. W e n n  m a n  m it den M ethoden  d er 
S a te llite n g e o d ä s ie  e in ze ln e  P u n k te  a u f  e tw a  + 2 ,5  m  genau b estim m en  k a n n , 
so w ird  m a n  die B e o b a c h tu n g e n  ü b e r einen Z e itra u m  von m ehr als 200 J a h re n  
a u sd e h n e n  m ü ssen , u m  das »sea-floor-spreading« nachzuw eisen ; d enn  e rs t n a c h  
A b la u f  v o n  m e h re re n  h u n d e r t  J a h re n  w ird  sich  die E n tfe rn u n g  zw ischen  d en  
K o n tin e n te n  N o rd a m e rik a —E u ro p a  um  B e trä g e  g eän d ert h ab en , die die 
L ag e g e n a u ig k e it d e r S ta tio n e n  erre ich t, die m it d en  M ethoden d er S a te ll i te n 
geodäsie  ve rm essen  w o rd en  sind. W ir w erd en  seh en , daß m an h o fft, m it den  
L ase rm essu n g en  z u m  M ond u n d  m it den rad io in te rfe ro m e trisc h e n  M essungen  
n a c h  d en  Q u asaren  d en  m eß techn ischen  N ach w eis  d er K o n tin e n ta ld r if t sch o n  
in  10 b is 20 J a h r e n  e rb rin g en  zu können .

I n  d en  F e h le rg le ic h u n g e n  der S a te lliten g eo d äsie  tre te n  auch  die r ä u m 
lich en  K o o rd in a te n  x , y ,  z des S ate lliten  im  as tro n o m isch en  System  auf. D iese 
w e rd en  e r re c h n e t au s  d en  6 K eplerschen  B a h n e le m e n te n  und  ih ren  ze itlich en  
V e rä n d e ru n g e n , also  ih re n  S tö rungen . D ie B ah n s tö ru n g e n  w erden  d u rc h  
In te g ra t io n  der L ag ran g esch en  S tö ru n g sg le ich u n g en  e rh a lten . Ih re  U rsache  is t  
e in m al das G ra v ita tio n s fe ld  der E rd e , n ä m lic h  d ie  A bw eichung des G ra v ita 
tio n sfe ld es  von  dem  e in e r K ugel, wie sie d u rc h  e in e  K u g e lfu n k tio n sen tw ick lu n g  
b esch rieb en  w ird . M it den  gegenw ärtigen  B e o b a c h tu n g sm e th o d e n  d er S a te ll i
ten g eo d äsie , d u rc h  p h o to g rap h isch e  M essung d e r  to p o zen trisch en  R ic h tu n g  
zum  S a te llite n , d u rc h  B eo b ach tu n g  der E n tfe rn u n g  zum  S a te lliten  m itte ls  
L ase r u n d  d u rch  D o p p le rb eo b ach tu n g en  zu m  S a te llite n  h a t  m an  die K u g e l
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fu n k tio n e n  im  G ra v ita tio n sfe ld  d er E rd e  b is zu r 15. oder 20. O rd n u n g  b e s tim 
m en k ö n n en . D as w a r  ein  großer F o r ts c h r i t t  fü r  die Geodäsie. D em  e n ts p r ic h t  
e tw a  die B estim m u n g  der m ittle re n  S chw ereanom alien  der 1 5 ° x l5 °  g ro ß en  
oder d e r 10° X  1 0 °-K o m p artim en te  a u f  d e r E rd o b erfläch e . D am it d ü r f te n  diese 
M eßm eth o d en  die G renze ih re r L e is tu n g sfä h ig k e it e rre ich t h a b e n , m a g  m a n  
au ch  noch  soviel B eo b ach tu n g en  in  die A usgleichungen  in teg rie ren . U m  allen  
g eo d ä tisch en  A nfo rd eru n g en  ge rech t w erd en  zu können , b ra u c h t m a n  diese 
m ittle re n  Schw erew erte  fü r die 1° X  l° -K o m p a r tim c n te , m an  b e n ö tig t  also 
noch  m eh r D e ta ils , fü r  m anche A u fg ab en  sogar die M itte lw erte  d e r 0 ,1 °X 0 ,1 °-  
K o m p a rtim e n te , z. B. fü r die B es tim m u n g  d er L o tabw eichungen  au s S ch w ere
m essungen , fü r  die E rm ittlu n g  d e r H ö h en an o m alien  aus S ch w erean o m alien  
u n d  fü r  die B estim m u n g  der G e o id u n d u la tio n e n  im  B ereich d er O zeane  a u f  
+  10 b is + 2 0  cm  genau , um  die A b w eich u n g en  der M eeresoberfläche v o m  G eoid 
b es tim m en  zu k ö n n en , B e träge , die im  A tla n tik  m it e tw a 2 m  e rw a r te t  w erd en , 
u n d  die ih re U rsach e  in  den S trö m u n g e n  in  den O zeanen, in  m eteo ro lo g isch en  
E ffe k te n , im  S a lzgeha lt der O zeane u n d  in  anderen  Q uellen ih re  U rsach e  
h a b e n , so d aß  m a n  also R ücksch lüsse  a u f  diese E ffek te  ziehen k a n n .

2. S a te lliten a ltim etrie

B ei d er S a te lliten a ltim e trie  b e o b a c h te t m a n  also d irek t d ie  H ö h e  des 
S a te lliten  ü b e r  dem  M eer, das w ir z u n ä c h s t als Ä q u ip o ten tia lfläch e  u n d  d a m it 
als id en tisch  m it dem  G eoid an seh en  w ollen . D as V erfah ren  h a t  sch o n  seit 
e in iger Zeit in  d e r  F lu g n av ig a tio n  e in en  fe s ten  P la tz , die m o d ern en  F lugzeuge  
h a b e n  alle ein  L a n d e ra d a r, m it dem  sie be i d er L an d u n g  sehr g en au  d ie  H öhe 
ü b e r dem  E rd b o d e n  und  der L a n d e p is te  bestim m en  können . B ei d en  A pollo- 
F lü g en  zum  M ond h a t m an  fe rn e r  die H öhe des den M ond u m k re ise n d e n  
S a te lliten  ü b e r  d e r O berfläche des M ondes m itte ls  der A ltim e trie  b e s tim m t 
u n d  aus d iesen  B eo b ach tu n g en  die T o p o g rap h ie  des M ondes e rh a lte n . B eim  
L a n d e a n flu g  d e r A pollo-M ondfähre zu m  M ond bis zum  A u fse tzen  a u f  dem  
M ond w ar die B estim m u n g  der H ö h e  d e r M ondfähre über d er M o n d o b erfläch e  
m itte ls  R a d a r  v o n  en tsch e id en d er B e d e u tu n g . In  diesem  J a h r  w ird  d e r  S a te l
l i t  G EO S-C g e s ta r te t ;  er e n th ä lt  E in r ic h tu n g e n  zur S a te ll i te n a ltim e tr ie , so 
d aß  d am it d ieses M eßverfahen  au c h  in  d e r G eodäsie seinen E in z u g  h ä l t .  D as 
M eß v erfah ren  soll h ier n ic h t in  a llen  E in ze lh e iten  besprochen  w e rd e n , es soll 
n u r  sow eit b e h a n d e lt  w erden, w ie es n o tw en d ig  is t zum  V ers tä n d n is  d e r  s p ä te 
ren  g eo d ä tisch en  A nw endung. D er S a te llit  sen d e t senk rech t n a c h  u n te n  R a d a r 
im pu lse , die sich  in  F o rm  eines S trah len k eg e ls  nach  u n te n  a u sb re ite n . D er 
K egel ü b e rd e c k t einen b e s tim m te n  B ere ich  der E rd o b erfläch e  v o n  einigen  
Kilometern  D urchm esser. Die Im p u lse  w erden  an  der M eeresoberfläche  re flek 
t ie r t  u n d  v o m  S ate lliten  w ieder au fg efan g en . A us der L au fze it d e r  R a d a r im 
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p u lse  e rh ä lt m a n  v e rm itte ls  der L ich tg esch w in d ig k e it die H öhe ü b e r dem  
M eere.

I s t  t 2—t] die d o p p e lte  L aufzeit, c die L ich tg esch w in d ig k e it, d an n  is t  die 
H ö h e  des S a te lliten  ü b e r  dem  Meere gleich

H  =  у с(«2 -  h )  •

M an hofft, d ie H ö h e  H  ü b e r dem  M eere a u f  e tw a  + 2  bis + 1  m  b e s tim 
m en  zu  können , s p ä te r  b e i v erfe in erter M e ß te c h n ik  v ielle ich t noch  gen au er.

A b b .  3. Die Beobachtungsgrößen H  der Satellitenaltimetrie in ihrer Abhängigkeit von der 
Satellitenbahn und der Gestalt des Geoids

U m  aus den  b e o b a c h te te n  W erten  von  H  d ie  W e rte  N ,  die G eo idundu la- 
tio n e n , zu  e rm itte ln , b e n ö tig t  m an  zu n äch st d en  geozen trisch en  R a d iu sv e k to r 
r  des S ate lliten .

r  e rrech n et sich  au s d en  B ah n elem en ten  u n d  den  B ah n stö ru n g en  des 
S a te llite n .

D ie B a h n s tö ru n g e n  w erden  h e rv o rg e ru fen  d u rc h  das S tö rp o te n tia l, 
d u rc h  die Teile im  S ch w erefe ld  der E rde , die e ine  A bw eich u n g  von  der K u g e l
g e s ta lt  b ed eu ten . M an s e tz t  fü r  das S tö rp o te n tia l  T  eine K u g e lfu n k tio n sen t
w ick lu n g  an.

oo l

1=2 m = 0
n ln
r (+i P /m(sin cp) [Clm cos mX +  S lm sin mX]

k:  G ra v ita tio n sk o n s ta n te  
/и,: Masse der E rd e

R e : große H a lb a c h se  des m ittle ren  E rd e llip so id s .
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D ie Ä n d eru n g en  der 6 B ah n e lem en te  a, e, со, i, Q, M  ergeben  sich  au s den 
S tö rungsg le ichungen , die fü r  die A b le itu n g en  d e r 6 B ah n e lem en te  n a c h  der 
Z e it s tehen .

a • =  x i ,i

e‘ =  x.

8 T  

QM  

8 T

21 +  *2.
8 T

8 со

M - =  n  +  x B1
8 T

Эе
+  *6.2

ЭГ

8a

o d er in  M atrizen fo rm

=  А •

8 T

da

8 T

de 

8 T
8 со

8 T  

di 

8 T  

8 il 

8 T  

8 M

и =  а, e, со, i, , M .

D ie Ä n d eru n g en  der 6 B ah n e lem en te  folgen d a n n  m it
t

и =  \ ic dt.
to

W eil m an  in  der S a te llite n a ltim e tr ie  die M itte lw erte  d er G eo id u n d u la - 
t io n e n  fü r  1° X l° -K o m p a r tim e n te  b estim m en  w ill, h a t  m an  au ch  v o rg e sc h la 
g en , die S tö ru n g srech n u n g  d u rch zu fü h ren  in  A b h än g ig k e it von  P a ra m e te rn  des 
S chw erefeldes, die eben fa lls  als M itte lw erte  d ieser K o m p a rtim e n te  von  
1° X 1°.A u sd eh n u n g  zu  v e rs te h e n  sind .

M an k a n n  das S tö rp o te n tia l  d ars te llen  als F u n k tio n  der M itte lw e rte  der 
S chw ereanom alien  Ag  d e r 1°X  l° -K o m p a rtim e n te .

T  = <Pi( S , Q ) d a .

a

I
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D ie ze itlichen  Ä nderungen , d er B ahne lem en te  w  e rh ä lt m an  d a n n  n a c h  der 
G au ß sch en  F o rm  d e r L ag ran g esch en  S tö ru n g sg le ich u n g en

u- =  В
(KA

k 2 \ .
[k J

K 3 i s t  die A b le itu n g  des S tö rp o ten tia ls  in  R ic h tu n g  des R a d iu sv e k to rs  r. 
K 2 ze ig t in  die B ew eg u n g sric h tu n g  des S a te ll i te n , diese K o m p o n en te  K 2 liegt 
in  d e r  B ah n eb en e  des S a te llite n  und  is t se n k re c h t zum  R a d iu sv e k to r r. Die

A b b .  4. Die Satellitenbahnebene mit den beiden in ihr gelegenen Komponenten der Stör
beschleunigung K 2 und K 3, die durch das Gravitationsfeld der Erde hervorgerufen werden

d r i t t e  K om ponen te  is t  s e n k re c h t zur B a h n e b e n e  u n d  e rg än z t die beiden  
V e k to re n  K 3 u n d  K 2 zu  e in em  rech tw ink ligen  D re ibe in .

W eil in  der S a te llite n a ltim e tr ie  die N -W e rte  zu b estim m en  sin d , kann  
m a n  d as  S tö rp o te n tia l T  au ch  als F u n k tio n  d e r M itte lw erte  der N -W erte  
fü r  die 1° X  l° -K o m p a r tim e n te  ausdrücken .

T =  f f N  ■ 0n(S, Q) da =  ? ^  2  N - 0 2(S,Q)da.
4 n  J J  4 л

а

D u rc h  A b le itung  dieses A u sd ru ck es  n ach  d e r R ic h tu n g  der drei K o m p o n en ten  
K x, K 2, K 3 e rh ä lt m a n  d iese  drei K o m p o n e n te n  der S tö rb esch leu n ig u n g  als 
F u n k t io n  der N -W e rte  fü r  die 1° X l° -K o m p a r tim e n te .

D en  g eo zen trisch en  R a d iu sv e k to r  r des S a te llite n  e rh ä lt m an  also aus 
d e r  S tö ru n g srech n u n g  als F u n k tio n  der N - W e rte , r  =  r(iV). D ieser W e rt m uß 
g eg en ü b erg este llt w e rd e n  d em  feh lerfrei b e k a n n te n  R ad iu s  des m ittle re n  E rd- 
e llip so id s , der G e o id u n d u la tio n  u n d  der b e o b a c h te te n  H öhe H .  D ie F eh le r
g le ich u n g  la u te t d a n n  fo lg en d erm aß en , w en n  die zufällige V erb esseru n g  
v o n  H  is t:

1 H
V H  =  — H  — QS ' ----------a E e % —  sin 2 2cps +  r — N .

8 r
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D ie B e d e u tu n g  von  qs is t  d er A bb . 3 zu  en tn eh m en , das d r i t t e  G lied  ist 
e in  e llip tisches Z usatzg lied , das n u r  w enige M eter b e trä g t u n d  d u rc h  die A b
p la t tu n g  d er E rd e  a u f tr i t t .

G eh t m an  u n v o re in g en o m m en  an  die A usw ertu n g  d er F eh le rg le ich u n g  
d e r S a te llite n a ltim e trie , d a n n  w ird  m an  die E rd o b erfläch e  in  15° X  ^ “-K o m 
p a r tim e n te  F p e in te ilen , u n d  diese w e ite r u n te r te ile n  in jew eils 225 K o m p a r ti
m en te  der G röße l ° x l ° ,  in  die F läch en  F p.i, (i =  1, 2, . . .  , 225); u n d  m an 
w ird d ie  M itte lw erte  d er G eo id u n d u la tio n en  N pj  der F lä c h e n e le m en te  F pj  
als die zu  b es tim m en d en  U n b e k a n n te n  e in fü h ren .

F a ß t  m an  das ab so lu te  G lied  u n te r  d er B ezeichnung S  zu sam m en , 
d a n n  h a t  m an

(®w) p.i o.i +  r( ^ l . l ’ -^1.2’ iV ,„  7V„ N p.n p.l '

D ie L in ea ris ie ru n g  fü h r t  zu  fo lgendem  A u sd ru ck

(ун)р .í — ~p.i +  ^  x p.i.a.ß. — N P'i ;
a  ß

p - >  * =  1, 2,
i - + ß =  1 ,2 , 225

B e rü c k s ic h tig t m an  n och  eine ev en tu e lle  E rh eb u n g  des M eeresn iv eau s über 
d em  G eoid, d an n  fo lg t

oder
( v h ) p a  —  “ p./ +  2 2  x p.i.a.ß N x,ß —  N pJ — Cp.t

a ß

ÍVh ) p . i  =  “ P .i +  2 2  X p . i . a . ß  N ' . ß  ( X p . i . p . i  —  1) Np  j  —  Cp., »
a ß

* b e d e u te t, daß  n ic h t ü b e r  <x =  p  u n d  ß =  i zu sum m ieren  is t. D ie  K oeffiz ien 
te n  Xp.i.x.ß w erden  m it p . i . x .ß  v a riie ren , d a h e r  k an n  m an  a n n e h m e n , die U nbe
k a n n te n  N p j , Cp., lassen  sich  v o n e in a n d e r tre n n e n  u n d  d a m it  a u c h  durch  
A u flö su n g  des N o rm alg le ich u n g ssy stem s bestim m en .

E s lä ß t  sich ab e r zeigen, d aß  die K oeffiz ien ten  xp.i.x,ß w e se n tlic h  kleiner 
als e in s sin d , e tw a  u m  2 bis 3 G rö ß en o rd n u n g en

X p .i .a .ß  <'C 0,01 .

D a n n  is t d er E in flu ß  d er W erte  N x.ß', a  ^  p ,  ß  i; a u f  den  R e s tfe h le r  ( v h )p .i 

w esen tlich  k leiner als d e r E in f lu ß  von  iVp., u n d  Cp.í- E s g en ü g t d a n n , fü r  die 
U n b e k a n n te n

^ a . ß  1 *  P  , ß  1 ,

b e i d e r B erechnung  des R ad iu s  r des S a te llite n  N äh eru n g sw erte  e in zu fü h ren .
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M a n  w ird  dann  z w e ck m äß ig e r gleich die M itte lw e rte  N p der 15° X  15°-F lächen- 
e le m e n te  nehm en, w ie m a n  sie z. B. aus d er B a h n m e th o d e  der S a te lliten g eo 
d ä s ie  e rh a lte n  h a t. M an  m u ß  d an n  n ich t u n b e d in g t  a u f  die N p-W erte  z u rü c k 
g re ife n , m an  k an n  die ä q u iv a le n te n  S chw öreanom alien  Ag  nehm en  oder auch 
d ie  äq u iv a len ten  K u g e lfu n k tio n se n tw ic k lu n g e n . D iese N äh erungsw erte  N p 
d e r  15° X  1 5 °-K o m p artim en teg e lten  dann  als fe s te  W erte , sie w erden  z u m  
fre ie n  G lied a  m it h in zu g en o m m en .

D ie F eh lerg le ichung  h a t  dam it folgende F o rm

(vH)pJ =  -  ( N p,  +  Cp,-).

E s  soll zu n äch st n o c h  nach träg lich  d er B ew eis e rb ra c h t w erden , daß

Хр.ы.р <  0,01 .

D a z u  gehen wir von  fo lg e n d e m  G edanken au s:
B ei den b ish e rig en  B estim m u n g en  des S chw erefeldes der E rd e  aus 

S a te llite n b e o b a c h tu n g e n  n a c h  der B ah n m eth o d e  b e s tim m t m an  die P o sitio n  
d es  S a te lliten  im  R a u m  a u f  e tw a  + 5  m genau . A u s  d iesen  S a te lliten b eo b ach 

tu n g e n  folgen die M itte lw e r te  d er G eo id u n d u la tio n en  d e r 15° X  ^ “-K o m p a r ti
m e n te ,  also die N p-W e rte  m i t  einem  m ittle re n  F e h le r  von  ebenfalls e tw a  
+  5 m . B ei der lin ea ren  B ez ie h u n g  zwischen d e r B e o b a c h tu n g  u n d  der U n b e 
k a n n te n ,

vp + H p =  x* • ö N p ,
w ird  d e r  K oeffizient x*  a lso  g e n ä h e rt gleich e ins se in ; d enn  fü r die m itt le re n  
F e h le r  g ilt

m p =  к* • m Np

I s t  d a s  F lächene lem en t a b e r  n u r  1°X 1° groß, d a n n  is t  d er E in flu ß  des M itte l
w e r te s  d er G eo id u n d u la tio n en  in  diesem B ere ich  e n tsp re c h e n d  k leiner.

D  as F läch en e lem en t i s t  j e t z t  1 5 x 1 5  =  2 2 5 m a l k le iner. D ah er is t au c h  
d e r  K o effiz ien t x  in  d e r  b e tre f fe n d e n  F eh le rg le ich u n g  be i einem  l ° x l ° - K o m -  
p a r t im e n t  en tsp rechend  k le in e r . M an fin d e t a u f  d iesem  W ege als M itte lw e rt 
fü r  d ie  K oeffizienten  x pj ,a.ß,:

XP - i . a .ß  '■
225

-X* otd 0 ,005 .

D ie  b e tra c h te te n  K o e ff iz ie n te n  sind  also w esen tlich  k le in e r als eins, u n d  die 
N o rm a lg le ich u n g sm a trix  i s t  in  genügender A n n ä h e ru n g  bei p rak tisch en  A n 
w e n d u n g e n  gleich einer D ia g o n a lm a trix .
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I s t  die S treu u n g  der G eo id u n d u la tio n en  N  in n erh a lb  eines 1 5 ° x l5 ° -  
K o m p a r tim e n te s  im  q u a d ra tisc h e n  M itte l gleich m n, so in te re ss ie r t n o ch , wie 
s ta rk  sich  diese S treu u n g  der ЛГ-W e rte  in n e rh a lb  eines 15° X ^ “-K o m p a r ti
m en te s  a u f  die S a te lliten b ah n  a u sw irk t (A bb. 5). F ü r  eine u n g e s tö r te  B ah n

Abb. 5. D ie Abhängigkeit der Beobachtungsgrößen H  der Satellitenaltim etrie v o n  den ver
schiedenen Approxim ationen der Satellitenbahn und den G eoidundulationen

Np. i= Np +  öNp.j  -*■  N p +  Np., - ^ 2  Np., 
m l : A bw eichung durch m ittl. Fehler der N p-W erte
ms: Abw eichung durch Streuung der N - W erte innerhalb eines 15°Xl5°. K om partim ents

h a t  m a n  die K ep ler-E llipse. A us den  M itte lw e rten  der G e o id u n d u la tio n en  fü r 
die 15° X 15“-K o m p artim en te , aus d en  N p-W erten , e rm itte lt  m a n  m itte ls  der 
S tö ru n g sre c h n u n g  die R ech en b ah n  1. B eim  Ü bergang  von  d e r R e ch en b ah n  
1 z u r  w irk lich en  S a te lliten b ah n  m u ß  m a n  z u n äch s t die m ittle re n  F e h le r  der 
N p -W e rte  berü ck sich tig en . D as sin d  die S treu u n g en  m N. W ü rd e  m a n  vom  
p la u s ib e ls te n  A p p ro x im a tio n sw ert N p zum  w ah ren  W ert ü b e rg e h e n , d an n  
w ü rd e  m a n  von  der R ech en b ah n  1 z u r  R ech en b ah n  2 übergehen . D e r A b s tan d  
b e id e r b e trä g t  im  M itte l m/; m, w ird  im  M itte l e tw a  gleich тдг =  + 5  m  sein.
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G eh t m an  v o n  d e r  R ech en b ah n  2 zu r w irk lich en  S a te llite n b a h n  ü b e r, 
d a n n  m u ß  also noch  d e r  E in f lu ß  der S treu u n g  d e r N pj -W erte  in n e rh a lb  eines 
15° X 1 5 °-K o m p artim en te s  ab g esch ä tz t w erden .

M it
225

vp +  H p öz 0,005 • ö N p j  
/=1

fo lg t a ls A b sch ä tzu n g  im  M itte l

m s es; 0,005 • 5 -^ 2 2 5  — +  0 ,4  m  •

D e r  M itte lw e rt der ö N p ,■ is t  m n =  + 5  m; m s is t  also  w esen tlich  k le iner als m„.

0,4

5
=  0,07 <  1 .

F ü r  die genauere  U n te rsu c h u n g  der S t r u k tu r  d e r m /-W erte, also fü r  die 
B e s tim m u n g  der A b w eich u n g en  der w irk lichen  S a te llite n b a h n  von d er R ech en 
b a h n  1, die aus den  S tö ru n g e n  d er N p-W erte  e rm it te l t  w orden  is t, g eh t m an  
am  b e s te n  zu e in e r S tö ru n g srech n u n g  ü b e r. E s  liegen  keine B eziehungen  
zw isch en  den  S tö ru n g e n  d e r  S a te lliten b ah n  in  A b h ä n g ig k e it von  d en  G eoid- 
u n d u la tio n e n  vor. I c h  k a n n  aber diese S tö ru n g e n  als F u n k tio n  v o n  den  
S ch w erean o m alien  e n tw ic k e ln :

Ü berflieg t ein  S a te l l i t  ein 1 5 °X l5 °  großes K o m p a rtim e n t m it e iner 
S ch w erean o m alie  v o n  10 m g a l in  1000 k m  H ö h e , d an n  w ird  d a d u rc h  die 
S a te ll i te n b a h n  a u f e in em  600 km  langen  B ogen  u m  lediglich  1,5 m  g es tö rt. 
I s t  d e r  M itte lw ert d e r  S chw ereanom alie  des 15° X 1 5 °-K o m p artim en tes  a u f  
+  3 m g a l b e k a n n t, so fo lg t die B ah n stö ru n g  + 0 ,4 5  m.

Ü b erg an g  von  d e r  R ech en b ah n  4 zu r w irk lich en  B ah n  d u rch  B e rü c k 
s ic h tig u n g  der S tre u u n g  d e r  zlg-W erte in n e rh a lb  d e r 15° X ^ “-K o m p a r ti
m e n te :

S in d  die z lg -W erte  d e r  1° X 1 °-K o m p artim en te  in n e rh a lb  eines 1 5 °X l5 ° -  
K o m p a r tim e n te s  w ie zu fä llig e  V ariab le  ( + 2 0  m gal) v e r te ilt , d ann  e rg ib t sich 
b e im  Ü berfliegen  eines 1° X l° -K o m p a rtim e n te s  eine S tö ru n g  von  + 0 ,0 1 5  
M e te r, be i einem  600 k m  lan g en  Bogen. B eim  Ü b erflieg en  von  400 — l ° X l ° -  
K o m p a r tim e n te n  fo lg t d ie  S tö ru n g

+  0,015 • 400 m eter =  + 0 ,3  m .

600 k m , die obige L än g e  d e r  S a te lliten b ah n , is t  e tw a  der m ittle re  A b s ta n d  
zw eier P u n k te  eines 15° X 1 5 °-K o m p artim en tes . D iese V arianzen , + 0 ,3  m , 
+  0,4 m , sind eine G rö ß e n o rd n u n g  k leiner als die V arian z  der N pj - W erte , 
+  5 m .

Acta Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975



LASERENTFERNUNGSMESSUNGEN 223

D a h e r k a n n  m an  die S a te llite n b a h n  in  gen ü g en d er A n n ä h e ru n g  au s den 
M itte lw e rten  d e r 15° X 1 5 °-K o m p artim en te  e rrech n en . W ill m an  d ie  ö N pj -  
W erte  in  der e rs ten  I te ra tio n  berechnen , d a n n  gen ü g t es, die B a h n s tö ru n g e n  
aus d en  N p-W erten  d er n u llten  I te ra t io n  zu  e rm itte ln .

D ie N p -W erte  d e r e rs ten  I te ra t io n  e rh ä lt  m an  im  A n sch lu ß  a n  die 
B estim m u n g  d e r ö N pj - W erte  d u rch  eine b eso n d e re  A usg leichung  (ca . 200 U n 
b e k a n n te )  (keine D iag o n a lm a trix ). D ie V a ria n z  der b eo b ach te ten  H - W e rte  is t 
also in  e rs te r  L inie die V arianz  der N pj - W e rte . D ie S a te lliten b ah n  is t  w esen t
lich  g la t te r  als das P ro fil der iV-W erte.

D a m it g e s ta lte t  sich die A uflö su n g  d e r N orm alg le ichungen  zu  d ieser 
F eh le rg le ich u n g  m it den  U n b e k a n n te n  N pj  +  t,pj  re la tiv  le ic h t. I n  je d e r  
F eh le rg le ich u n g  t r i t t  n u r  eine U n b e k a n n te  au f. Die N o rm alg le ich u n g sm atrix  
h a t  die F o rm  einer D iag o n a lm atrix . M an m u ß  n ic h t in  einem  G uß  e in  S ystem  
v o n  2 0 0 x 2 2 5  =  45 000 U n b e k a n n te n  a u flö se n . M an w ird aus den  so g efunde
n en  N p j - W erten  die B e träg e

ö N pj  =  N pj
1

225
У N,p .i

e rrech n en ; d en n  n u r  diese w ird  m an  n a c h  d en  vo rsteh en d en  B e tra c h tu n g e n  
m it S ign ifikanz  bestim m en  können . D as m ittle re  N iveau  d er N p-W erte  in 
e inem  15° X 1 5 °-K o m p artim en te  is t d u rc h  eine besondere S ch lu ß au sg le ich u n g  
zu  e rm itte ln . G egebenenfalls is t die A usg le ichung  zu w iederholen .

W ären  die K o effiz ien ten  x pj M.p alle e tw a  von  der G rö ß e n o rd n u n g  1, 
d a n n  k ö n n te  m an  die N pj - W erte  u n d  C p.rW erte  v o n e in an d er tre n n e n  u n d  
das V erfah ren  d er S a te llite n a ltim e trie  w äre  noch  w eit e ffek tiv e r, w eil m an 
au ch  die A bw eichungen  des M eeres v o m  G eoid  fin d en  k ö nn te .

So k a n n  m a n  n u r  die Sum m e N pj  +  Çpj  e rm itte ln . W ill m a n  N pj  h ab en , 
d a n n  m uß  m an  N pj  n ach  a n d e ren  M eth o d en  bestim m en , z. B . au s  S chw ere
m essungen . W ill m an  N  a u f e tw a  + 1 0  bis + 2 0  cm bestim m en , e ine  G en au ig 
k e it, die in  d iesem  Z u sam m en h an g  n o tw e n d ig  w äre, d a n n  b ra u c h t  m an 
S chw erem essungen  a u f  der ganzen  E rd e  m it e in er G enauigkeit v o n  e tw a  1 m gal 
alle 10 km , oder m an  b e n ö tig t die b e tre ffe n d e  K u g elfu n k tio n sen tw ick lu n g  
bis e tw a  zu r O rd n u n g  n =  180 (3 • 104 K o effiz ien ten ). M it d e r  S ch lu ß au s
g leichung  k a n n  m an  fo lgenden G ed an k en  v e rb in d en :

V or d er S ch lußausg le ichung  k e n n t m a n  die W erte: N p (e rs te  N äh e ru n g s
w erte  fü r  die 15° X 1 5 °-K o m p artim en te ) u n d

225

<5 { N pJ +  t pj )  =  »Xpj ,  2  6 */>•/ =  0
1 = 1

(siehe A bb. 6).
D ie T o p o g rap h ie  des M eeres r e la t iv  zum  E llipso id  w ird  d a m it  du rch  

die W erte
N p +  ÔX p i  =  N  p j
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b e sc h rie b e n . N p is t  aus d e r n u llte n , dXpj  au s  d e r  e rs ten  I te ra tio n  u n d  e n t 
sp re c h e n d  genauer. B ei d er S ch lu ß au sg le ich u n g  s e tz t  m an  daher fü r  die T o p o 
g ra p h ie  des M eeres

N p  +  à N  p +  <5 Cp +  àXpj

N P u n d  öXp'i sind  b e k a n n t u n d  w erden  dem  a b so lu te n  Glied be igefüg t. ö N p 
u n d  d C p  sind  die U n b e k a n n te n . Sie gelten  fü r  e in  15° X  1 5 °-K o m p artim en t.

D ie  F eh le rg le ich u n g  fü r  die B e o b a c h tu n g e n  in  einem  15° X ^ “-K o m 
p a r t im e n t  w ird  d a m it:

*

200 225*
vp.i +  H PJ =  2  2  xp.i.*.ß[Nx +  +  <5N , ß] +

<x=l /3=1

+  [x p.i.p.i — 1 ]  [ N p  +  d N p +  ö N p ' j ]  k p  —  <5Cp —  àÇp.i  +  S p i

— 1

(D er S te rn *  b e d e u te t, d aß  n ic h t  ü b e r a  =  p  u n d  ß  =  i  zu sum m ieren  is t) . 
W eil Xp.i.pj 0,005, w eil Cp =  0, u n d  w eil die N p-W erte  u n d  öXpA b e k a n n t 
s in d , fo lg t

vp . r

200 225*

■ н рл =  2  2  * p.i.a.ß à N  p àÇp +  ‘ 7*
'p-i•

D ie B a h n s tö ru n g  d u rch  die V a rian z  der N -W e rte  in n e rh a lb  eines 1 5 ° x l5 ° -  
K o m p a r tim e n ts  b e trä g t  n u r  e tw a  + 0 ,4  m  =  m s u n d  k an n  v e rn a c h lä ss ig t 
w e rd e n  o d e r  aus den  ö N pA-W e rte n  b erech n e t w e rd e n , w enn  m an sie d u rc h  die 
^ p .i - W e r te  a p p ro x im a tiv  e rse tz t , oder w enn m a n  sie g rav im etrisch  b e re c h n e t, 
wie s p ä te r  b eh an d e lt w ird . E s fo lg t

200 (ohne p) 225
v p.i +  H p . i  ~  2  2  X P-‘-*ß  +

a = l  /3 = 1

+  öNp
225

1 +  2 Kp-i-p-ß
/3 = 1

ÜÇp  +  “ p .i

W egen  Xp.i.a.ß =  0,005 is t

225
2  xp.i-p-ß — 225 • 0,005 —y  von  der G rö ß en o rd n u n g  1.
/3=1

Die K o e ff iz ie n te n  bei ôN p u n d  öCp sind  d a m it d e u tlic h  v o n e in an d er u n a b 
h än g ig . D a m it  lassen  sich  die U n b e k a n n te n  ö N p u n d  öCp von e in an d er tre n n e n  
u n d  b e s tim m e n .
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H a t die E inze lm essung  die G enau ig k e it + 2  m  in  Я , d an n  fo lg t fü r  die 
G en au ig k e it v o n  ö N p u n d  ôÇp: + 2  m /^225  =  i 0 , 1 4  m. M an k e n n t  d a m it 
das m ittle re  N iveau  des G eoids u n d  die G e s ta lt d er O berfläche des M eeres.

E s s in d  noch  die A bw eichungen  des G eoids von  seinem  m ittle re n  N iv eau  
zu  b es tim m en . Diese e rh ä lt  m a n  m it d er S eeg rav im etrie . Im  B ereich  d es  u n te r -

Abb. 6. D ie M eeresoberfläche und das Geoid m it ihren m ittleren N iveaus re la tiv  zum  m ittle 
ren Erdellipsoid

su c h te n  15° X 1 5 °-K o m p artim en ts  u n d  in  e in em  G ü rte l von  e tw a  1000 km  
B re ite  u m  dieses K o m p a r tim e n t h e ru m  f in d e t  m an  m it d er S e e g ra v im e trie  
die S chw erew erte  a u f  + 2  b is + 3  m gal (alle 10 km ). A us diesen S ch w erew erten  
f in d e t m a n  die Ä n d eru n g en  d er H ö h en an o m alien  oder G e o id u n d u la tio n en  
ö N p.i im  B ere ich  des 15° X 1 5 °-K o m p artim en ts . Z ur A b le itung  des m ittle re n  
N iv eau s des Geoids in  d iesem  B ereich  b ra u c h t  m an  n ich t die S ch w erem essu n 
gen a u f  d e r ganzen E rd o b e rfläch e  m it d er G enau igkeit von  1 m g a l fü r  die 
1° X l° -K o m p a r tim e n te ; d en n  das m ittle re  N iveau , N p -f- ö N p, w ird  aus 
S a te lliten b eo b ach tu n g en  b e s tim m t.

E s  g ilt die B ed ingung :

225
y d N p., =  o .
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3

D er V orteil d e r  S a te llite n a ltim e trie  lie g t d a rin  b eg rü n d e t, d a ß  m an 
d isk re te  W erte d er G eo id u n d u la tio n en  d ire k t b e s tim m en  kan n , die M eßge
n a u ig k e it  der S a te ll i te n a ltim e tr ie  kom m t d ir e k t  zum  T ragen , ohne d aß  sie 
d u rc h  U nsicherheiten  in  den  S a te llite n b a h n s tö ru n g e n  w esen tlich  abge
sc h w ä c h t w ürde. W e n n  d ie  S a te lliten a ltim e trie  e ine  G enauigkeit v o n  + 1  bis 
+  2 m  h a t und  die G eo id u n d u la tio n en  e tw a  m it  d er gleichen G en au ig k e it zu 
b e s tim m e n  g e s ta tte t  — sch o n  aus einer E in ze lm essu n g  —, so e rsch e in t es 
z u n ä c h s t  verw underlich , d a ß  m an bei der B a h n m e th o d e  der S a te llitengeodäsie

A bb. 7. Q uasim ultanbeobachtungen eines Satelliten in  den P osition en  S1 and S2 an den beiden  
terrestrischen Stationen Q, un d  Q2 und Sim ultanbeobachtungen eines anderen Satelliten  m it

dem  parallaktischen W ink el у

w o h l d ie  E n tfe rn u n g  zu m  S a te lliten  m it L a s e rg e rä te n  a u f  + 1  m  bis + 2  m 
g e n a u  bestim m en  k a n n , d a g eg en  die E n tfe rn u n g  zw ischen  zwei S ta tio n e n  au f 
d e r  E rd e  aus einer E in z e lm e ssu n g  zum  S a te llite n  n u r  a u f  etw a + 1 0  bis + 1 5  m, 
u n d  e r s t  aus sehr v ie len  W ied e rh o lu n g sm essu n g en  m it einer G en au ig k e it von 
+  3 m  bis + 5  m.

D e r G rund is t d a r in  zu  suchen, daß die E n tfe rn u n g  zw ischen den  beiden  
S ta t io n e n  Çj(L n ich t d ir e k t  b e s tim m t w erden k a n n , sondern  in d ire k t au s  den 
B eo b a c h tu n g e n  sx u n d  s2 ab g e le ite t w erden m u ß , ebenso  wie aus dem  B a h n 
b o g en  d er Satelliten  S 1S 2, d e r  voll m it den  U n s ic h e rh e ite n  der b e rech n e ten  
B a h n s tö ru n g e n  b e h a f te t  i s t ;  fe rn e r w irken die U n s ic h e rh e ite n  in  den W inkeln  
y 1 u n d  y 2, die in d ire k t au s  d en  B eo b ach tu n g en  ab z u le ite n  sind. D ie F eh le r 
in d e n  S a te lliten b ah n b ö g en  u n d  in den W in k e ln  y 1 u n d  y2 dom in ieren  ü b er 
d e n e n  in  den S trecken  u n d  s2.

B esonders v o r te i lh a f t  d ü rf te  daher eine M e th o d e  sein, bei der d e r S a te l
lite n b a h n b o g e n  die L än g e  N u ll h a t und  d a h e r  fe h le rfre i b e k a n n t is t, u n d  bei 
d e r d ie  W in k e l^ u n d  y2 b zw . d e r W inkel у  fe h le rfre i gegeben sind; d en n  d an n  
fa lle n  die größten  F e h le rq u e lle n  fo rt, und  es w irk e n  n u r  noch die F e h le r  in  
d en  S treckenm essungen .
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E in e  solche M ethode s te llen  die L ase ren tfern u n g sm essu n g en  zu m  M ond 
d a r. D as P rin z ip  der L ase ren tfe rn u n g sm essu n g en  zum  M ond sei h ie r  k u rz  
U m rissen, sow eit es zum  V ers tän d n is  d e r geod ä tisch en  A n w en d u n g en  w ich tig  
is t.

D u rc h  die A pollo-M ondfähre u n d  d u rc h  die M ondfahrzeuge »L unochod« 
w u rd e n  S ä tze  von  T rip e lsp ieg e lreflek to ren  a u f  dem  M ond in s ta ll ie r t .  A n  der 
B e o b a c h tu n g ss ta tio n  w erden  m it einem  s ta rk e n  R ub in -L aser L ic h tb litz e  m it 
d e r ze itlichen  D au er von  1 0 _ 8 s u n d  m it e in er seh r hohen E nerg ie  v o n  10 Jo u le  
zu m  M ond geschick t. Sie d u rch lau fen  n a c h  dem  L aserg erä t z u n ä c h s t  einen

Mond

Abb. 8. D ie  Entfernungsm essungen zum  Mond s in  ihrer Abhängigkeit von  der räum lichen  
Position  des Mondes und der Lage der B eobachtungsstation  Q auf der E rdoberfläche

K o llim a to r, so daß  der S trah lu n g sk eg e l n u r  e inen  Ö ffnungsw inkel v o n  e tw a  
2,7" h a t .  D ieser K egel b e le u c h te t a u f  dem  M onde eine F läch e , d e re n  D u rc h 
m esser n u r  w enige K ilo m e te r b e trä g t . D e r S trah lungskegel w ird  z u n äch s t 
g en a u  a u f  den  R e fle k to r  a u f  dem  M ond au sg erich te t. D as e in fa llen d e  L ich t 
w ird  d a n n  zum  Sender z u rü c k g e sa n d t, in  p a ra lle le r R ich tu n g . D a m it  is t  der 
W in k e l y  in  d er A bb . 7 feh lerfrei gegeben. E r  is t  gleich 0,00". W ird  die L au f
ze it des L ich tes a u f  10 ~8 s gen au  e rm itte l t ,  d an n  k ann  m an  die E n tfe rn u n g  
v o n  d e r E rd e  zum  M ond a u f  e tw a  1,5 m  genau  aus e iner E in ze lm essu n g  
b e s tim m e n . In te g r ie r t  m an  ü b e r  100 L ase rb litze , so hofft m an , e tw a  0,15 m 
zu erreichen .

D ie R efrak tio n  an  d er A tm o sp h ä re  is t  bei E n tfe rn u n g sm essu n g en  e rh e b 
lich  w en iger b ed eu tu n g sv o ll als be i R ich tungsm essungen . B e s tim m t m a n  hei 
den  L ase ren tfern u n g sm essu n g en  zum  M ond den  R efrak tio n sk o e ffiz ien ten  an  der 
E rd o b e rfläch e  aus m eteoro log ischen  D a te n  — aus M essungen des L u ftd ru c k e s  
u n d  d e r L u ftfeu ch tig k e it an  d e r E rd o b e rf lä ch e  —, dann  k a n n  m a n  d en  R e fra k 
tio n se in flu ß , also den E in flu ß  d er A tm o sp h ä re  au f die S treck en m essu n g  zum  
M ond, m it e iner U n sich erh e it v o n  n u r  e tw a  0,06 m  genau  b e s tim m e n . Die 
Z e n itd is ta n z  des M ondes soll d abei 70° n ic h t übersteigen .
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B e tra c h te n  w ir z u n ä c h s t  E n tfe rn u n g sm essu n g en  zum  M ond a n  einer 
e in z e ln e n  S ta tion .

M an b e o b ach te t die E n tfe rn u n g  zw ischen d e r  S ta tio n  Q und  dem  M ond. 
"W egen der E rd ro ta t io n  w ird  s eine täg liche  P e rio d e  v o n  24 S tu n d en  h ab en . 

F ü r  die S trecke  s g ilt  d ann

l \ ( X \
S =  V (xQ — XS)2 = У — S(|, rj) Rz(ö) У

\ z j Q U / SJ

F ü h r e n  w ir hier P o la rk o o rd in a te n  ein, d an n  g ilt — w enn  zu n äch st f ,  Г/, 0  als 
fe h le r f re i  angenom m en w e rd e n  — s2 =  r2 -f- g2 — 2rg cos rp.

D rü ck en  w ir r, g, ip d u rc h  die räu m lich en  P o la rk o o rd in a te n  d er S ta t io n  
au s  u n d  d u rch  die B a h n e le m e n te  des S a te llite n , d a n n  fo lg t

s  =  /l(g , cp, А; а ,  e, со, i ,  Я ,  v * )

u n d  d ie  F eh lerg le ichung  l a u te t  nach  L in ea ris ie ru n g

ЭЛ ЭЛ ЭЛ ЭЛ .
v  = ------og --------- ocp -)--------- oA -f- > ------ o u  —  s  +  s0 , и  =  a , e , œ , i ,  n , v

q„  ЭА ^  Q--8g 9 <p d u

w o b e i v  die zufällige V e rb esse ru n g  bei der gem essenen  S trecke s ist. 
I n  genügender N ä h e ru n g  k an n  m an h ie r se tz e n

m it

ЭЛ , 9-Л ЭЛ
V =  -------d p  4 ----------- дер 4 ---------- OÀ -f- ОТ —  S - p  Sf) ,

8g dtp 9A

ô r =  —  du 
n Qu

( 1 )

M an f in d e t  durch  A b le itu n g  d e r F u n k tio n  Л  n a c h  g u n d  w enn m an bei k u rz e n  
M o n d b a h n e n  v* ш  k o n s t, s e tz t :

v  —  x 1 cos tp ■ dg — ■ g • sin ip • ôcp X2 • g cos g • ô A  -)- dr — s s o

cos <p -f- A  ■ cos v*

feá konst, bei 8 S tu n d e n

х г u n d  x2 sind sinus- u n d  co s in u s-F u n k tio n en  v o n  den  B ahnelem en ten  des 
M on d es u n d  der S te rn z e it 0 .  E s folgt:

v =  x1 <5(g cos q>) +  x 2 Q cos 99 • <5A +  ör — s -f- s 0. (2)
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D er Q u e rs tr ich  ü b e r  ör b e d e u te t, daß  h ier zu  ör n o ch  k o n s tan te  Teile h in z u 
g e tre te n  sind . D iese F eh lerg le ichung  g ilt, so lange  die B ah n e lem en te  des 
M ondes als k o n s ta n t  angesehen  w erden  k ö n n en , in sbesondere  die w ahre  A n o m a 
lie V * .  D iese V o rau sse tzu n g en  sind e rfü llt, w e n n  m a n  n u r  einen M o n d d u rc h 
gang  b e o b a c h te t, w en n  also die B e o b a c h tu n g e n  n u r  ü b e r 8 S tu n d e n  sich  
e rs treck en , ör is t  gew isserm aßen  ein k o n s ta n te r  F e h le r  in  der E n tfe rn u n g  zum  
M ond. S e tz t m a n  v o rau s , d aß  in  der E n tfe rn u n g  zu m  M ond keine p e rio d isch en  
F eh le r m it d e r P e rio d e  eines Tages a u f tre te n , d a n n  k a n n  m an  g cos cp, dA, ör 
v o n e in a n d e r tre n n e n  u n d  schon  aus einem  M o n d d u rch g an g  bestim m en , g cos <p 
is t  die E n tfe rn u n g  d e r B eo b ac h tu n g ss ta tio n  v o n  d e r  R o ta tio n sach se  d e r E rd e , 
g u n d  cp la ssen  sich  a u f  diese W eise n ic h t t re n n e n .

N im m t m an  an , d aß  w äh ren d  eines M ondd u rch g an g es von  8 S tu n d e n  
4 B e o b a c h tu n g e n  jew eils  im  A b s tan d  v o n  160 M in u ten  au sg efü h rt w u rd e n , 
so e rh ä lt  m a n  bei e in e r G enau igke it der E n tfe rn u n g sm e ssu n g  von  + 1  m  aus 
M odellrechnungen  fo lgende m ittle re  F e h le r  fü r  die U n b ek an n ten :

«he cos 9) =  +  2,2 m  

cos cp • m ; =  1,6 m

rrif =  +  1,8 m .

D e h n t m an  die B eo b ach tu n g en  d e r E n tfe rn u n g  zum  M ond a n  e in er 
S ta tio n  e inen  M o n a t u n d  länger aus, d a n n  s in d  die B ah nelem en te  des M ondes 
n ic h t m eh r k o n s ta n t;  der M ond d u rc h lä u f t  n äm lich  in  einem  M o n at e in m al 
seine B a h n . D ie w ah re  A nom alie v a r iie r t zw isch en  0° u n d  360°. In  d iesem  F a ll 
k a n n  m a n  g u n d  cp v o n e in an d e r tren n en .

F ü h r t  m an  w ä h re n d  30 T agen  tä g lic h  w ä h re n d  6 S tu n d en  6 E n tfe rn u n g s 
m essungen  aus, so h a t  m an  in sg esam t 180 B eo b ach tu n g en , ög, öcp, <5A, ör 
la ssen  sich  h e ra u s f ilte rn , u n d  m an  f in d e t  fo lgende  m ittle re  F eh le r b e i m 0 =  
=  + 1  m  als m itt le re r  F eh le r d er G ew ich tse in h e it:

m Q =  +  0,58 m  

Rrn,p =  +  0,66 m  

R  cos cp m x =  +  0,28 m  

m r =  +  0,75 m  .

W äre  die N eigung  d er M ondbahn  gegen d e n  Ä q u a to r  n ich t i =  29°, so n d e rn  
g rößer, z. B . i  =  90°, d a n n  ließen  sich  die U n b e k a n n te n  noch  b esse r tre n n e n .
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4

M iß t m an  s im u lta n  an  zwei S ta tio n e n  Q1 u n d  Q.2 die E n tfe rn u n g e n  zum  
M o n d , u n d  s2, d a n n  k a n n  m an  die D iffe renz  b ilden :

S12 — S2 S1 •

s12 i s t  m it  der Zeit v e rä n d e rlich , a u f  G ru n d  d e r  R o ta tio n  der E rd e , es h a t  eine 
tä g l ic h e  Periode . D u rch  die B ild u n g  der D iffe ren z  fallen  alle G lieder fo r t ,  die 
Sj in  g le ich e r W eise b ee in flu ssen  wie s2. E s  f ä l l t  v o r allem  die G röße ör h e rau s .

• Mond

Abb. 9. S im ultane Entfernungsm essungen zum Mond

D iese  G röße  h a t k o n s ta n te  u n d  ze itlich  v e rän d e rlich e  G lieder. D u rc h  die 
D iffe re n z b ild u n g  k a n n  m a n  also b e s tim m te  P a ra m e te r , die die B a h n  des 
M o n d es  ch a rak te ris ie ren , n ic h t  m eh r b e s tim m e n , weil sie h e rau sfa llen . D as 
s c h e in t  e in  N ach te il zu  sein . F ü r  die g eo d ä tisch en  A nw endungen  is t  es ab e r 
w ic h tig  fes tzu ste llen , d aß  die E lim in a tio n  d e r M o n d b ah n p a ram e te r  n u r  V o r
te ile  m i t  sich  b rin g t, w eil g eo d ä tisch  u n in te re s sa n te  P a ra m e te r  h e ra u sfa lle n  
u n d  d a m it  die B estim m u n g  d e r g eo d ä tisch en  P a ra m e te r  um  so le ic h te r  u n d  
b e s se r  m öglich  sein w ird .

D ie  beiden  gem essenen  S treck en  sx u n d  s2 b ilden  m ite in a n d e r e inen  
W in k e l , d e r n ich t g rößer als 1/60,3 R a d ia n te n  is t , d. h . n ich t g rößer a ls e tw a  
1°. F ü r  d ie B e tra c h tu n g  d er e rre ic h b are n  G en au ig k e it, fü r  F e h le ru n te rsu c h u n 
g en , k a n n  m an  beide S tre c k e n  als p a ra lle l an seh en .

B e i para lle len  S tra h le n , also bei e inem  u n en d lich  e n tfe rn te n  Z iel, h a t  
m a n  d ie  fo lgende B ez ieh u n g  zw ischen d er B eo b a c h tu n g  s12 u n d  d en  U n b e 
k a n n te n

( X Q.2 —  x Q .l)  a M  =  —  s 12 i

w o b e i xq .2 u n d  Xq-:l die rä u m lic h e n  g eo zen trisch en  K o o rd in a ten  der B e o b a c h 
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tu n g ss ta tio n e n  sind , sím is t  d er geozentrische E in h e itsv e k to r , der v o m  M itte l
p u n k t  d er E rd e  zum  L a se rre flek to r  a u f dem  M ond  zeig t.

E in e  B ez iehung  fü r  die B eo b ach tu n g  s12 v o n  d er obigen F o rm  fä l l t  a u c h  
bei d er B e o b a c h tu n g  eines Q uasars m it e in em  R a d io in te rfe ro m e te r  an . D ie  
g eodätische  V erw ertu n g  b e id e r B eo b ac h tu n g sv e rfah re n  soll d ah er z u s a m m e n  
d isk u tie r t w erden . Z u  diesem  Zweck m üssen  a b e r  z u n ä c h s t die B e o b a c h tu n g s 
m e th o d en  b esch rieb en  w erden , m it denen  in  d e r R ad io in te rfe ro m etrie  die 
Q uasare  b e o b a c h te t w erden .

5

E in  R a d io in te rfe ro m e te r  b e s te h t aus zw ei R ad io a n te n n e n , die im  A b s ta n d  
d  v o n e in a n d e r au fg es te llt sind  u n d  die g le ichzeitig  eine kosm ische R a d io q u e lle  
b eo b ach ten .

E ine  e in fa llende W ellen fron t w ird  m it d em  P h asen u n te rsch ied  Г

1 2 л
s12------- 2 л  = -----d ■ sin ß  =  Г  =  п л  ; п  =  1, 3, 5, . . .  ;

Я Я
b e o b ach te t.

1st Г  =  л ,  З я , 5 я , . . . , d an n  t r i t t  In te r fe re n z  auf. I s t  d er W in k e l ß  
k le in , d an n  e n ts p r ic h t dem  A u ftre ten  v o n  In te rfe re n z e n  die B ez ieh u n g

n — 1, 3, 5, . .  •

W eil d er W inkel ß  sich  m it der Z eit a u f  G ru n d  d er E rd ro ta tio n  v e rä n d e r t ,

A bb.  10. Beobachtung eines Quasars mittels eines Radiointerferometers mit den Antennen 
Q, und Q2. Die vom Quasar einfallende Wellenfront bildet den Winkel ß  mit der Basis
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ä n d e r t  sich  auch die P h asen v e rsch ieb u n g  Г .  D ie A nzahl der p ro  Z e ite in h e it 
b e o b a c h te te n  In te rfe ren z s tre ife n  is t

d r

dt

S chon  seit lan g en  J a h re n  b e o b a c h te t m an  in  der R ad io a s tro n o m ie  
R a d io s te rn e  m it In te r fe ro m e te re in r ic h tu n g e n , ohne daß  diese B eo b a c h tu n g e n  
f ü r  d e n  G eodäten  b eso n d ers  in te re ssa n t gew esen  w ären. W enn  diese M ethoden  
h e u te  au c h  in  der G eodäsie  d isk u tie rt w e rd e n , so lieg t das an  d e r e rh eb lich  
g e s tie g e n e n  G enau igke it, u n d  es is t in  d e r T a tsa c h e  b eg rü n d e t, d aß  m a n  je tz t  
s e h r  la n g e  B asen m it m eh re ren  ta u se n d  K ilo m e te r  L änge e in r ic h te n  k a n n .

F ü r  die B estim m u n g  des Z e itu n te rsch ied es

T  =
1

c
^12

m ü sse n  die U hren  a u f  den  S ta tio n e n  ()j u n d  Q2 a u f  10_7 bis 1 0 " 9 s g en a u  m it
e in a n d e r  verg lichen  sein . Solange die E n tfe rn u n g  d  zw ischen den b e id en  A n te n 
n e n  n u r  w enige 100 M ete r oder w enige K ilo m e te r  b e tru g , k o n n te  m a n  die

L änge d  der Basis des Interferom eters für den F a ll einer nicht punktförm igen R adioquelle

b e id e n  A n te n n e n  m it e inem  K ab e l v e rb in d e n  u n d  die an  den beiden  S ta tio n e n  
e in fa lle n d e n  W ellen in  e in er Z en tra le  re g is tr ie re n . Die V erzögerung  d e r L a u f 
z e it d e r  R ad iow ellen  a u f  ih re m  W eg d u rch  d as  K a b e l h a t m an  m it g e n ü g en d e r 
G e n a u ig k e it  beh errsch t.

M a n  b eo b ach te te  R ad io s te rn e , die e ine G röße von 10" oder 1 0 ' im  W in 
k e lm a ß  h a b e n . W äre d er R a d io s te rn  eine p u n k tfö rm ig e  L ich tquelle , die m o n o 
c h ro m a tis c h e  k o h ä ren te  S tra h lu n g  a u sse n d e t, d a n n  w äre die I n te n s i tä t  d er 
In te r fe re n z s tre ife n , w ie m a n  sie b e o b a c h te t, u n ab h än g ig  von  d er L än g e  d er 
B asis  d , u n d  m an  k ö n n te  sie au c h  m it In te r fe ro m e te rb a se n  von  ein igen  ta u s e n d  
K ilo m e te r  L änge b e o b a c h te n . In  W irk lic h k e it ab e r sind  die R a d io q u e llen  
n ic h t  p u n k tfö rm ig , sie h a b e n  eine e rh eb lich e  räu m lich e  A usdehnung , u n d  sie
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senden  in k o h ä re n te  S tra h lu n g  aus a u f  e inem  b re ite n  F re q u e n z sp e k tru m . J e  
g rößer die E n tfe rn u n g  der be iden  S ta tio n e n  is t , u m  so u n te rsch ied lich e r w er
den  au c h  die an  den  S ta tio n en  u n d  Q2 an k o m m en d en  S tra h lu n g e n  sei. 
U m  so g rößer w ird  au ch  die Z ahl d e r W ellen  sein, die in  Q1 u n d  Q2 a n k o m m e n  
u n d  m ite in a n d e r  in te rfe rie ren . D ie re la tiv e  I n te n s i tä t  der In te rfe re n z s tre ife n  
(y) w ird  d a h e r  m it w achsender E n tfe rn u n g  d e r In te r fe ro m e te ra n te n n e n  im m er 
schw ächer.

A us dem  V e rla u f der y -K u rv e  k a n n  m a n  R ücksch lüsse z ieh en  a u f  die 
V erte ilu n g  d er Q uellen im  R a d io s te rn . B ei e in er einzelnen p u n k tfö rm ig e n  
Q uelle is t  y  k o n s ta n t gleich 1. E s h a t te  b ish e r also gar keinen S inn , die I n t e r 
fe ro m ete rb as is  sehr w eit au szu d eh n en , w eil die S tre ife n in te n s itä t d a n n  zu 
gering  gew orden  w äre , als daß  m an  sie h ä t te  b eo b ach ten  k ö n n en , w egen  d er 
räu m lich en  A usdeh n u n g  der R ad io s te rn e .

N u n  h a t  m an  v o r n ich t a llzu  la n g e r  Z eit p u n k tfö rm ige  R ad io q u e lle n  
e n td e c k t, die m it re la tiv  großer I n te n s i tä t  au ss tra h le n . Es sind  die Q u asa re  
(q u as is te lla re  R ad ioquelle). Sie s ind  so k le in , d aß  m an  ihre In te r fe re n z  au ch  
noch  bei B asislängen  von  m eh reren  ta u s e n d  K ilo m ete rn  b e o b a c h te n  k a n n . 
D ie S y n ch ro n isa tio n  der U hren  a u f  d en  b e id en  e n tfe rn te n  S ta t io n e n  erfo lg t 
n ic h t m itte ls  eines K abe ls, das w äre  zu  u n g en au . D ie R eg is trie ru n g en  a u f  den  
beid en  S ta tio n e n  w erden  jew eils a u f  e in  M a g n e tb an d  genom m en; d ab e i w ird  
g leichzeitig  jew eils eine von  einer A to m u h r g es teu e rte  Z eitskala  a u f  d a s  M a g n e t
b a n d  ü b e rtra g e n . D ie S y n ch ro n isa tio n  d e r U h ren  erfolgt n ach  d e r M ethode  
der »fliegenden U hren«. D abei w ird  zw ecks U hrenverg le ich  eine d r i t te  
A to m u h r n a c h  den  beiden  S ta tio n e n  t r a n s p o r t ie r t .

D ie W ellen fro n t, die zum  Z e itp u n k t  im  P u n k t Qx e in tr if f t ,  e rre ic h t 
den  P u n k t  Q2 zum  Z e itp u n k t t2-t2 — h  =  T  die P h asen v erzö g eru n g . Z ur 
B estim m u n g  von

T  = Sl2 
c

w erden  die R eg is trie ru n g en  ^q(t), tp2{t) a u f  den  beiden  M a g n e tb ä n d e rn  e iner 
K re u z k o rre la tio n  un te rw o rfen . T  w ird  so b e s tim m t, daß die K re u z k o rre la tio n

\ Wi(*) +  T )  d t —*■ M axim um
t

ein M ax im um  w ird .
Als d irek te  B eo b ach tu n g sg rö ß e  g ew in n t m an  also die Z e itv e rz ö g eru n g  

T ,  o d e r d a rau s  ab g e le ite t die S treck e  s12.
F e rn e r  k a n n  m an  u n ab h än g ig  d a v o n  die sogenann te  S tre ife n fre q u en z  f  

gew innen , f  is t  die A nzahl d er In te rfe ren z s tre ife n , die in  e in e r  Z e ite in h e it 
b e o b a c h te t w erden .

j > __  _ü_ d s12 
J  ~  X dt
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I n te g r ie r t  m an  ü b e r  die Z e it, dann  e rh ä lt  m a n  w ieder eine S trecke

f d t  =

U

tJ dt
dt

ds12 is t  die Ä n d eru n g  d e r  S trecke  zw ischen d en  Z e itp u n k te n  tu u n d  t 0.
D as A u flö su n g sv erm ö g en  der Y L B I is t  e tw a  gleich 1" • 1 0 _3, d. h . 

Q u a sa re , deren  g eg en se itig e r W in k e lab s tan d  g rö ß e r als 1" • 10 _3 is t , w erd en  
als 2 g e tre n n te  Q u asa re  n o c h  w ahrgenom m en. W e llen fro n ten , die e inen  W in k e l 
v o n  #  =  1" • 10 _3 m ite in a n d e r  bilden, w e rd e n  als solche w ah rg en o m m en . 
W eg en

ds12 =  d  • &

e r h ä l t  m an  fü r  <3s12 die G enau igkeit

ós12 ->  +  0,06 m  .

O d e r, re c h n e t m an  m it  e in e r G enau igkeit in  d e r  B estim m ung  v o n  T  v o n
1 0 - 8s,

5i2 -*■ 1 0 -9 sec • с =  10-9 • 300 000 000 m  =  -!- 0,3 m .

0,3 m  b ez ieh t sich a u f  e ine E inzelm essung , 0 ,06 m  a u f  das M itte l zah lre ich er 
B e o b a c h tu n g e n .

F ü r  die S tre ifen freq u en z  n im m t m an  eine G en au ig k e it von + 1 0 -5 H z an . 
E s  soll sch ließ lich  a u f  die F rage e in g eg an g en  w erden : welche U n b e k a n n 

te n  k ö n n e n  aus R ad io in te rfe ren zm essu n g en  b e s t im m t w erden; w elches is t  die 
g ü n s tig s te  K o n fig u ra tio n  d e r  S ta tio n en  zw ecks B e s tim m u n g  dieser U n b e k a n n 
te n ,  u n d  w elche G e n a u ig k e it is t e tw a zu  e rre ic h en ?

L in e a ris ie rt m a n  die G leichung

( X Q .2 x Q .l) a M  =  s i2  •>

d a n n  e rh ä lt  m an die F eh le rg le ich u n g

v n  =  ^  A u öu — s12 +  (s12) 0
и

m it

и =  JY2_^, Fg— i, Z2_^; <5, oc; yjî %, % •

Als U n b e k a n n te  t r e te n  also  auf: die D iffe ren zen  d e r K o o rd in a ten  X ,  Y , Z  
d e r B e o b a c h tu n g s s ta tio n e n , die D ek lina tion  u n d  R ek taszen sio n  des Q u asars , 
die E le m e n te  der P o lb ew eg u n g sm a trix , eine k o n s ta n te  u n d  eine lin ea r  m it der 
Z e it fo rtsch re iten d e  V erb esse ru n g  der Z eit.
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Diese 9 U n b e k a n n te n  sind  n ic h t alle u nabhäng ig  v o n e in a n d e r , un te r 
ih re n  K oeffiz ien ten  b e s te h e n  v ie lm eh r 4 lin eare  B eziehungen.

S ta t t  9 U n b e k a n n te n  h a t  die F eh le rg le ich u n g  in  W irk lic h k e it n u r  5 u n ab 
häng ige  U n b ek an n te . D ie U rsache lieg t d a rin , daß  R o ta tio n e n  d e r  gesam ten 
E rd k u g e l um  ih re  3 A ch sen  (£, rj, x) zu  b e s tim m te n  L a g e ä n d e ru n g e n  der geo
d ä tisch en  P u n k te  A n laß  geben, u n d  d aß  an d ere rse its  auch  V e rsch ieb u n g en  der 
F estlan d sb lö ck e  o d er d er E rd k ru s te  zu  b e s tim m te n  V ersch ieb u n g en  der geo
d ä tisch en  P u n k te  A n laß  geben k ö n n en . D iese können  e rsc h e in e n  gerade, als 
w ä ren  sie du rch  die R o ta tio n e n  d er g e sam ten  E rd k u g el v e ru rs a c h t . Man 
b e o b a c h te t als V ersch ieb u n g en  d er S ta tio n e n , ohne u n te rsc h e id e n  zu  können 
zw ischen einer B ew egung  der K ru s te  r e la t iv  zum  M antel o d e r  e in e r  solchen 
des gesam ten  M an te ls .

Es soll n u n  e in  a llgem ein  g a n g b a re r  W eg zur A u sg le ichung  d e r  B eobach
tu n g e n  eines g lobalen  N etzes v o n  In te rfe ro m e te rs ta tio n e n  a u fg e z e ig t w erden. 
D ab e i soll d a ra u f  h ingew iesen  w erden , w ie die P o lb ew eg u n g en  |  u n d  r] und 
die rezen ten  B ew egungen  der E rd k ru s te  e rm itte lt  w erden k ö n n e n , neben  der 
D ek lin a tio n  des Q u asars .

B erü ck sich tig t m an  die 4 lin e a re n  A bhäng igkeiten , d a n n  w ird  m an auf 
fo lgende F eh le rg le ich u n g  g e fü h rt:

V 12 4 "  ^  B WÔ,V -f -  s 12 —  ( s 12)o  —  0  , (4)
W

ív =  av  a2, o3, ô, V* .

E s  gilt

<4 =  bZ2_x +  - ( X 2 -  X x) di -  i .  (Y2 -  Y J örj.
& Zj

(5 )
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D ie  fü n f U n b e k a n n te n  (3a15 ôa2, ôa3, ô(ô), ô(x*)  s in d  vone inander u n a b 
h ä n g ig ,  sie lassen sich t r e n n e n  u n d  durch eine A u sg le ic h u n g  nach  dem  P rin z ip  
27 Vyi —> M inim um  b e s tim m e n . D a m it k en n t m a n  a u c h  in  den G le ichungen  
(5) d ie  lin k e n  Seiten.

S e tz t  m an die ö X ^ ^  d Y 2- i i  ÄZ2- i  au f den  r e c h te n  Seiten  der G le ich u n 
g en  (5) gleich N ull, d. h ., d ie  Ä nderungen  der K o o rd in a te n u n te rsc h ied e  a u f  
G r u n d  tek to n isch e r V e rä n d e ru n g e n  seien gleich N u ll, d a n n  h a t m an  drei G le i
c h u n g e n  zu r B estim m ung d e r  d re i  R o ta tio n en  d e r E rd e ,  d | ,  ôr], öx. Bei m e h re 
re n  B a s e n  tre te n  Ü b e rb e s tim m u n g e n  auf.

W ill  m an  noch die te k to n is c h e n  V erän d eru n g en  h e ra u s f ilte rn , d an n  f ü h r t  
m a n  ô X 2- i ,  ÔY2- v  öZ2- x  a ls  zufällige G rößen e in , d ie m in im isiert w e rd en . 
M a n  f a ß t  die G leichungen (5) a ls  Fehlerg le ichungen  a u f , die nach  der M ethode  
d e r  k le in s te n  Q uadra te  a u fg e lö s t w erden,

(ó V a -j)2 +  ((5Y2_:l)2 +  (<5^2— 1 ) 2 —̂  M in im u m .

S t a t t  d ie se r  A usgleichung in  2 S tu fen  k ann  m a n  a u c h  eine A usgleichung in  
e in e m  G u ß  durchführen , in d e m  m a n  (5) in  (4) s u b s t i tu ie r t .

^ 1 2  +  ^4x2-i <5X 2—i  +  Л у 2 —1 <5Y2_! -j- Az2—1 3Z 2—! +  Açô£ +  Aqôrj +

+  A xôx-j- A 0ô(ô) -f- A x,ô x *  +  s12 — (*12)0 =  0.

U n te r  B e a c h tu n g  der G ew ich te  s e tz t  man

V1 2 P 1 +  (<5X2— j )2 p 2 +  (Ô Y 2- i ) 2p 3 +  ( ^ 2 - i )2P í  -*■ M inim um .

M an  b e s t im m t also die rä u m lic h e n  V ersch iebungen  d e r  S ta tio n sk o o rd in a te n  
д Х 2- г, á Y 2- ! ,  ôZ2- v  fe ld e rt d a n n  das alte N etz d u rc h  R o ta tio n e n  um  3 A chsen  
an  d a s  n e u e  N etz an u n d  b e s t im m t so die R o ta tio n e n , w ä h re n d  die re s tlich en  
K la f fu n g e n  in  den S ta tio n s k o o rd in a te n  den re z e n te n  E rd k ru s ten b ew eg u n g en  
z u g e sc h r ie b e n  w erden.

E s  sei be to n t, daß  m a n  vo rte ilh afte rw eise  z a h lre ic h e  Q uasare in  d en  
v e rs c h ie d e n s te n  D ek lin a tio n en  b e o b a c h te n  k an n .

6

S ch ließ lich  sei noch h in g e w ie se n  auf einzelne U n te rsu c h u n g e n  ü b e r die 
g ü n s t ig s te  V erteilung  der S ta t io n e n .

H a t  m an  nu r eine B asis  u n d  will m an die Ä n d e ru n g  der E n tfe rn u n g  
b e id e r  S ta t io n e n  y> neben d en  P o lb ew eg u n g en  £ u n d  rj b e s tim m e n , d ann  d ü rfen  
die b e id e n  S ta tio n en  n ich t in  O s t —W est-R ich tu n g  lieg en . E s  is t am  gü n stig sten ,
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w en n  die B asis sich  in  N o rd  S ü d -R ich tu n g  e r s tr e c k t , die S ta tio n e n  also  a u f  
dem  gleichen  M erid ian  liegen , hei einem  gegense itigen  A b s tan d  von  tp 110°.

V erz ich te t m a n  a u f  die B estim m u n g  v o n  | ,  b e s tim m t m an  n u r  die Ä n d e 
ru n g  d er gegenseitigen  E n tfe rn u n g  u n d  ry, d a n n  k ö n n e n  die S ta tio n e n  au c h  in  
O s t—W e s t-R ic h tu n g  liegen , also e tw a  a u f  d em  g leichen  P ara lle lk re is .

U n te rsu c h u n g e n  a n d e re r  A u to ren  (W a l t e r ) besagen , daß  eine in  O s t — 
W e s t-R ic h tu n g  v e rlau fen d e  B asis g u t is t fü r  die B estim m u n g  der Ä n d e ru n g  
d e r E rd ro ta tio n , d er P räzessio n , N u ta tio n  u n d  d e r Schiefe d er E k lip tik . E in e  
in  N o rd -S ü d -R ic h tu n g  v erlau fen d e  Basis is t  g u t  fü r  die E rm ittlu n g  d e r P o l
bew egung.

B eide U n te rsu c h u n g e n  h a rm on ieren  also . Z u r B estim m u n g  d er a s tro n o 
m ischen  P a ra m e te r :  P räzessio n , N u ta tio n , Schiefe der E k lip tik  m u ß  die 
B eo b ach tu n g sze it ab e r 5 b is 10 J a h re  b e tra g e n . M an  k o m m t d an n  a u f  eine 
G en au ig k e it, d ie  u m  eine G rößenordnung  b esse r  is t als bei k lassisch en  
V erfah ren .

D u rch  p ra k tisc h e  M essungen w urde d as  h ohe  A uflösungsverm ögen  d er 
V L B I w ied erh o lt b e s tä t ig t ,  d u rch  M essungen in  den  U .S.A . u n d  V e rb in 
d u n g sm essungen  zw ischen den  U .S.A . u n d  E u ro p a  (0,001").

D ie e n tsp rech en d e  hohe geodätische P u n k tg e n a u ig k e it v o n  w en igen  
Z e n tim e te rn  k o n n te  n och  n ich t e rre ich t w erd en . D ie G enau igkeit d e r m it den 
V L B I b e s tim m te n  P u n k te  w a r  lediglich e tw a  3 M eter bis 5 M eter. D e r G ru n d  
d a fü r d ü rf te  in  fo lgendem  zu  suchen  sein: B ei d e r B estim m u n g  des A u flö su n g s
verm ögens b e o b a c h te t m an  gew isserm aßen  Q u a sa re , die sehr nahe b e ie in a n d e r  
liegen , die R e fra k tio n  b e e in flu ß t beide S ich ten  in  g leicher W eise. In  d e r  D iffe
ren z  fä ll t  sie h e rau s . Bei d er B estim m u n g  d e r geodätischen  K o o rd in a te n 
u n te rsc h ie d e  dagegen  w irk t die R e frak tio n  fa s t  vo ll ein. W enn  m an  k u rz p e r i
odische Ä n d eru n g en  d e r K o o rd in a te n u n te rsc h ied e  b estim m en  w ill, w äre  die 
R e fra k tio n  s tä rk e r  e lim in ie rt. Bei der B e s tim m u n g  des A uflösungsverm ögens 
d ü rf te  au ch  ein  Z eitfeh le r w esentlich  g e rin g eren  E in flu ß  hab en  als be i d er 
B estim m u n g  d er geod ä tisch en  K o o rd in a ten u n te rsch ied e .
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ИЗМЕРЕНИЕ РАССТОЯНИЙ ДО ЛУНЫ ЛАЗЕРЕМ, 
РАДИОИНТЕРФЕРОМЕТРИЧЕСКИЕ НАБЛЮДЕНИЯ 

КВАЗАРОВ И СПУТНИКОВАЯ
АЛТИМЕТРИЯ В ИХ ЗНАЧЕНИИ ДЛЯ ГЕОДЕЗИИ И ГЕОФИЗИКИ

К . А Р Н О Л Ь Д  

РЕЗЮМЕ

Одним из существенно новых направлений в геодезии является трехмерная геодезия. 
Одна из ее самых важных составляющих есть спутниковая геодезия.

Если мы хотим определить дрифт континентов в соответствии с явлением смещения, 
короткопериодические вариации движения полюсов и вращения Земли, далее, конические 
функции в гравитационном поле Земли с порядком свыше 20, то настоящие методы спут
никовой геодезии будут не подходящими.

Спутниковая алтиметрия позволяет определить средние аномалии силы тяжести 
компартиментов до величины 1°Х 1°. При первом вычислении определяется орбита спут
ника из средних геоидундуляций компартимента 15°Х15°, затем принимается как безо
шибочная. Затем вычисляются высоты моря Над эллипсоидом внутри компартимента 
15°х 15°, взятого как частную систему, относительно среднего значения этих высот. При 
помощи специального уравнивания получается средний уровень геоида м высота моря Над 
геоидом для компартимента 15° X 15°. Разности ундуляций геоида в переделах компар
тимента 15° X 15° следуют моряной гравиметрии. Этим получается и высота моря над гео
идом.

Измерение расстояния лазерем до Луны на одной станции позволяет при одном 
периоде наблюдений около 8-и часов определить географическую долготу станции наблюде
ний, ее расстояние от оси вращения Земли и расстояние до Луны. Если наблюдения 
протягиваются больше чем один месяц, то можно определить долготу, широту и гео
центрический радиус станции наблюдений.

Симмультанные наблюдения на Луну на двух станциях можно также обрабатывать 
как радиоинтерферометрические наблюдения квазаро. При этом определяется три группы 
неизвестных: Вращения Земли вокруг трез ортогональных осей, относительные вариации 
станции на основе смещения континентов и космические положения квазаров.
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D ata  o f th irteen years (1961 —1973) were used  to  analyze the diurnal varia tion  of 
geom agnetic and earth current a ctiv ity  in N agycenk observatory. I t  was found th a t  sign ifi
ca n t changes occurred in the ratio o f different com ponents during the day and also  in dif
ferent seasons. It is argued th a t a noon anom aly can be caused by back-flow currents o f the  
auroral electrojet in  the earth’s crust. The diurnal changes affect also m agnetotelluric im 
pedances.

1. S everal p ro b lem s em erged in  re c e n t y e a rs  w hich induced  a d e ta ile d  
in v e s tig a tio n  of d iu rn a l changes in  th e  a c t iv i ty  o f th e  geom agnetic f ie ld . A n 
an a lysis  of geom agnetic  v a ria tio n s  show ed  [1] th a t  th e re  ex ists a n  a c t iv i ty  
p e a k  in  e a r th  c u rre n ts  a ro u n d  local no o n  (in  th e  period  range o f  h a y s , i.e. 
in  th e  h a n d  2 4 — 60 m in  of th e  processing  o f  d a ta  of th e  N a g y c e n k  o b se r
v a to ry ) . T h is p e a k  seem ed  to  be co n n ec ted  w ith  p u lsa tio n  a c tiv ity . I n  years  
w hen  th e  n o o n -p eak  o f a c tiv ity  was s ig n if ic a n t, th e  pu lsa tio n  a c t iv i ty  h ad  
a su m m er m ax im u m .

In d u c tio n  m e th o d s  are also faced  w ith  u n ex p la in ed  p h en o m e n a . T he 
s c a tte r  o f m ag n e to te llu ric  im pedances is in  th is  ran g e  hard ly  ex p licab le . A sig
n if ic a n t d iu rn a l change h as  been d e tec ted  in  th e  len g th  of in d u c tio n  (W iese) 
arrow s [2].

2. In  th e  p re se n t in v es tig a tio n  d a ta  o f  th e  N agycenk  o b se rv a to ry  
{(p =  47°38 ', X =  16°43 '; Ф =  47.2°, Л  =  98.3°) o f th e  years 1961 — 73 were 
u sed  [3], m a in ly  av erag e  values of th e  ra n g e s  in  th ree -h o u r in te rv a ls  o f  th e  
m ag n e tic  an d  te llu ric  com ponen ts. T hese  ra n g e s  h av e  linear sca les, a u n it 
co rresponds in  th e  m ag n e tic  co m p o n en ts  to  7 y ,  in  th e  electric  co m p o n e n ts  
to  1.8 inV /km .

F igu re  1 show s averages from  th e  w h o le  m a te ria l for tw o -m o n th s  in te r 
v a ls  o f th e  y ea r. E ach  g rap h  co n ta in s  th e  av e ra g e  values of m u tu a lly  p e rp e n 
d icu la r  p a irs  o f m ag n e tic  an d  elec tric  c o m p o n e n ts  (D  =  H y an d  E x; H  =  H x 
a n d  Ey). T h eo re tica lly , t h e 8 po in ts (m e a n in g  th e  8 th ree -h o u r in te rv a ls  o f th e  
day ) shou ld  lie on  a s tra ig h t line crossing  th e  origin. The g rap h s o f  H —E y 
d iffer from  th is  ru le  to  a lesser, those o f D  — E x to  a g rea te r e x te n t. I t  is c h a ra c 
te r is tic  in  b o th  cases th a t  a sm aller a c t iv i ty  co rresp o n d s to  th e  sam e m ag n e tic  
a c tiv ity  d u rin g  local n ig h t (po in ts 7, 8, 1, 2) th a n  during  local d a y . T h e  dif-
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Fig. 1. Mean values o f three-hour ranges from the years 1961 — 73 in  two m onths intervals for the com ponent pairs^-E^/D 
and E yIH : numbers refer to the three-hour intervals o f the day (e.g. 1 m eans 00 — 03 hLT)
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DIURNAL VARIATION OF GEOMAGNETIC ACTIVITY 241

fe rence  is m ost p ro n o u n ced  in  D —E x in  w in te r  m onths, w hen  a  d a y tim e  ra tio  
o f  0.5 is co n tra s te d  w ith  a n ig h ttim e  v a lu e  o f  1.0. This an o m aly  a p p e a rs  betw een  
06 — 15 hL T , i.e. i t  inc ludes th e  “ no o n  a c tiv i ty  peak”  [1]. T h e  d ifference is 
in  su m m er m uch  sm aller b e tw een  n ig h ttim e  an d  day tim e ra t io s  a n d  th e  ra tio  
i ts e lf  co rresponds n ea rly  to  th e  w in te r  d a y tim e  value (0.5 — 0 .7 ).

S ince ra tio s  d iffer from  th e  av e rag e  a round  local n o o n  in  th e  sam e 
d ire c tio n  in  b o th  g rap h s, th e y  c a n n o t co m p en sa te  each o th e r , i.e . th e  change 
o f  th e  ra tio  is also p re se n t in  th e  ra tio s  o f  th e  full field  v e c to rs .

F ig u re  2 rep re sen ts  d is tr ib u tio n  o f  th e  e a r th  cu rren t a c t iv i ty  (E x— E y) 
in  tw o -m o n th s  in te rv a ls . I n  w in te r  an d  e q u in o x  m on ths th e  g ra p h s  lie  approxi- 
m a tiv e ly  in  rad ia l d irec tio n  from  th e  o rig in . In  sum m er m o n th s ,  how ever, 
th e y  lie  ta n g e n tia lly  (n ea rly  p e rp e n d ic u la rly  to  th e  o thers). I n  th e  la t t e r  case 
th e  o v era ll a c tiv ity  does n o t change v e ry  m u ch  during  th e  d a y , b u t  th e  ra tio  
o f  th e  a c tiv ity  in  th e  tw o  co m p o n en ts  does change m uch. A s in  su m m e r the  
d aw n  values (00 — 09 h , p o in ts  1 — 3 in  F ig . 2) lie ap p ro x im a tiv e ly  a t  th e  same 
p lace  as on o th e r g rap h s, a su m m er d u sk  an o m aly  (09 — 24 h) c o u ld  be sup 
p o sed  (increase of E y a c tiv ity ) .
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T h e  changes of th e  r a t io s  E x/E y and  D / H  a re  show n  in  Fig. 3 d u rin g  
a  y e a r  (ac tiv ities here  a re  c o rre c te d , as an  a c t iv i ty  0 co rresponds in  av e rag e  
to  a  ra n g e  of 0.5, e tc .). T h e  r a t io s  change li ttle  in  A e a n d  w in ter, b u t in  su m 
m e r in  b o th  cases a h ig h ly  s ig n if ic a n t change o ccu rs . T h e  a c tiv ity  ra tio  E x/E y 
is b e tw e e n  O ctober a n d  M a rc h  1.23 +  0.02, th e  s u m m e r  m in im um  is a t  1.09, 
t h a t  m e a n s  a drop of 1 0 % . I n  D /H  the  co m p arab le  f ig u re s  are 0.93 +  0.03 in  
w in te r ,  0.74 in su m m er, th e  d ro p  is abou t 2 0 % .

Fig. 3. Changes o f  th e  ratios ExjEy  and D IH  during the year

Sum m arizing , i t  c a n  b e  s ta te d  th a t  in  a d d i t io n  to  th e  w ell-know n Ae- 
m a x im a  of geom agnetic a c t iv i ty  a significant y e a r ly  v a r ia t io n  could be d e te c te d  
in  th e  ra tio  of a c tiv itie s  o f  co rrespond ing  m a g n e tic  a n d  electric  co m p o n en ts  
as w ell as in  the  ra tio  o f  m a g n e tic  and electric  c o m p o n e n t pairs. E x tre m a  a re  
a ro u n d  sum m er and  w in te r  so lstices. In  su m m er th e  a c t iv i ty  of th e  m a g n e tic  
H  a n d  o f th e  electric E y c o m p o n e n t is increasing  in  re sp e c t to  th e  o th e r ones, 
f u r th e r ,  th e re  is a d iffe re n c e  betw een d ay tim e  a n d  n ig h ttim e  hours in  th e  
a c t iv i ty  ra tio  D —E x. D u r in g  th e  n ight a c e r ta in  a c t iv i ty  in  th e  m ag n e tic  
D  co m p o n e n t co rresp o n d s t o  sm aller E x a c t iv i ty  t h a n  during  day.

3. E lec tric  c o m p o n e n ts  can  be expressed  b y  m ag n e tic  com ponen ts in  
fo rm  o f a tensorial e q u a t io n :

E  =  Z  И  (1)

w h e re  Z is the  im p ed an ce  te n s o r .  As the  e le m e n ts  Z xx and  Zyy are g en era lly  
n o t  e q u a l to  zero, th e re  is  a  connection  n o t o n ly  b e tw e e n  th e  pairs D —E x 
a n d  H — Ey,  b u t also b e tw e e n  p a irs  of th e  sam e d ire c tio n . Therefore, a c tiv itie s  
c a n  s tr ic t ly  be co m p ared  o n ly  b y  corre la ting  b o th  e lec tric  com ponen ts w ith  
b o th  m agnetic  ones. I n  t h a t  case only th e  a b so lu te  v a lu es  of th e  im p ed an ce  
p la y  a  role, as phase s i tu a t io n s  are neglected .
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I t  shou ld  be re m a rk e d  th a t  th e  a c t iv i ty  was id en tified  in  th e  p re se n t 
case w ith  th e  a c t iv i ty  o f th e  b an d  24 — 60 m in . T his is n a tu ra lly  an  a p p ro x im a 
tio n , since s h o r te r  period  v a ria tio n s  (e v e n  p u lsa tions) can  c o n tr ib u te  to  th e  
ran g e . T he d a y tim e  m ax im um  o f s h o r te r  perio d  v a ria tio n s c a n  in c rease  in  
a c e r ta in  degree th e  ra tio  E /H . T he  an o m a lie s  described, h o w ev er, c a n n o t be 
e x p la in e d  b y  th a t ,  as, on th e  one h a n d , th e  am p litu d e  of p u lsa tio n s  has no 
y e a r ly  v a r ia tio n  o r its  m ax im um  is in  su m m e r, and , on th e  o th e r, th e  a m p litu d e  
o f p u lsa tio n s  is g re a te r  in  th e  c o m p o n en t E y .

C o m p u ta tio n s  w ere m ade using  th e  fo llow ing form ulae:

E x =  a H  -(- bD  

E y =  cH  +  dD

Fig.  4. Changes of the coefficients a d of Eq. (2) during the year left, from all in tervals  
of the day; right, from intervals 1, 2 and 6 — 8 (15 — 06 h)
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F ig u re  4  show s th e  values o f th e  coefficien ts a — d  fo r  tw o-m o n th s in te rv a ls  
of th e  y e a r ,  sep a ra te ly  fro m  all in te rv a ls  of th e  d a y  an d  from  th e  in te rv a ls  
1, 2 a n d  6 —8 (15—06 h). T h e  va lu es  co m p u te d  fro m  full days y ie ld ed  in  
w in te r  n e g a tiv e  values fo r th e  coeffic ien t 6, in  sp ite  o f its  being a m a in  im 
p e d a n c e . I n  such  cases co e ffic ien t a is g rea te r  t h a n  1. Coefficients c a n d  d  a re  
of a m o re  re g u la r  b eh av io u r. C o m p u ta tio n  m ad e  b y  o m ittin g  th e  hours a ro u n d

Fig.  5. T he surplus activ ity  around noon in the com ponents E x and Ey in different parts
of the year

lo ca l n o o n  y ielded  m ore rea so n ab le  re su lts . C oeffic ien ts  b and  c are a b o u t 1, 
a a n d  d  a re  qu ite  sm all. D u e  to  th e  sm all n u m b e r  o f d a ta , th e  s c a tte r in g  is 
n a tu r a l ly  r a th e r  high.

T h e  elec trical a c tiv itie s  o f th e  in te rv a ls  b e tw een  06 —15 h h a v e  b een  
c o m p u te d  using  th e  co e ffic ien ts  from  th e  a d ju s tm e n t  w ith  th e  om ission o f  th e  
h o u rs  a ro u n d  local noon . T h e  d ev ia tio n  o f  th e  m easu red  values fro m  th e se  
c o m p u te d  ones have b een  av e rag ed  an d  p lo tte d  in  F ig . 5 during  a y e a r . D a y 
t im e  e le c tr ic a l ac tiv ité s  in  th e  co m ponen t E x a re  in  w in te r a b o u t 3 5 —4 0 %  
h ig h e r  t h a n  expected .

4 . T h e  in v es tig a tio n s  h av e  been  c o n tin u e d  b y  com paring  a p p a re n t  
im p e d a n c e s  in  th e  c ritic a l in te rv a ls .

A  dozen of a p p ro p r ia te  v a ria tio n s  h a v e  b een  chosen from  J u n e  an d  
N o v e m b e r  1973, b o th  a ro u n d  local noon  a n d  m id n ig h t (Fig. 6). I n  sp ite  of 
a  r a t h e r  im p o r ta n t s c a t te r  m a in ly  a ro u n d  n o o n , som e a p p ro x im a tiv e  cu rv es 
c o u ld  be  d raw n. T ak in g  n ig h ttim e  va lu es  in  N o v em b er (a t 50 m in) as u n it ,  
th e  fo llow ing  values h a v e  b een  fo u n d  (for co m p ariso n  th e  ra tio s  o f th e  c o rre 
s p o n d in g  ac tiv ities a re  a lso  g iven):

I m p e d a n c e s A c t iv i ty  r a t io

E x/D E y I H E J D E t I H

November night 1.00 1.00 1.08 1.00

November day 1.3 0.85 1.62 1.20

June night 1.15 1.2 1.5 1.04

June day 1.6 1.15 1.47 1.14
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mV/km.y
Z

Fig.  6. The apparent im pedances Zxy (E J D )  and Zy x (E y IH) for variations recorded in  June 
and N ovem ber 1973 around 00 and 12 hLT

T here  is a c e r ta in  co n fo rm ity  in  these  d a ta . N ig h ttim e  an d  w in te r  va lu es  a re  
genera lly  low er th a n  d a y tim e  an d  sum m er ones. As th e  q u a n tita tiv e  d a ta  co r
resp o n d  also  ra th e r  w ell w ith  Fig. 5, i t  can  be sa id  th a t  th e  p rev ious re su lts  
h av e  b een  con firm ed  b y  th e  im pedance  v a lu es .

5. T h e re  are  tw o  d iffe ren t w ays to  desc rib e  th e  reg u la ritie s  fo u n d  in  th e  
d iu rn a l a n d  y e a rly  d is tr ib u tio n  o f geom agnetic  a c tiv ity .

A )  T h ere  are  th re e  d iffe ren t effects in f lu e n c in g  th e  a c tiv ity .
1. T h e  ra tio s  E x/E y a n d  D /H  have a y e a r ly  v a r ia tio n  w ith  m ax im u m  

in  su m m er an d  m in im u m  in  w in te r. T he ra t io s  E x/D  an d  E y/H  h av e  also 
su m m er m ax im a.

2. T h e  ra tio s  E x/E y an d  D /H  h av e  d aw n  m ax im a  an d  d u sk  m in im a. 
T he ra tio s  E x/D  a n d  E y/H  have  m ax im a a ro u n d  noon.

3. I n  th e  ra tio  E x/D  th e re  is an  an o m alo u s  increase  in  w in te r  b e tw een  
06 —15 h , o f ab o u t 4 0 % .

B )  T h ere  are  tw o  d iffe ren t effects in f lu e n c in g  th e  a c tiv ity .
1 .  T h e  e lec trica l a c t iv i ty  co rrespond ing  to  th e  sam e m ag n e tic  a c tiv ity  

is g re a te r  a ro u n d  no o n  th a n  in  o th e r tim es o f  th e  d ay .
2. T h is  su rp lu s  a c t iv i ty  is s tro n g ly  d e p e n d e n t on seasons: in  w in te r  i t  is 

m ore im p o r ta n t  (m a in ly  in  E x).
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T h e  e ssen tia l d ifference o f  th e  tw o  d esc rip tio n s is th a t  in  case A  th e  
a n o m a lo u s  w in te r  in te rv a l is b e tw e e n  06 —15 h , in  case В  b etw een  15 — 06 h 
(n ig h t) .

I n  o u r  opinion th e  f ir s t  p o ss ib ility  is m ore p ro b ab le  and  an  e x p la n a tio n  
sh o u ld  b e  looked  for on t h a t  b as is .

6 . T h e  effects A 1 an d  A 2  c a n  be caused  p a r t ly  b y  changes in  th e  d is ta n c e  
o f th e  so u rc e  (of th e  a u ro ra l e le c tro je t) , p a r t ly  b y  changes of th e  sp e c tru m .

T h e  e ffec t A 3  has sev e ra l ch a ra c te ris tic s  d iffering  from  th o se  o f  A 1  
a n d  A 2 .  T h e  m ain d ifferences a re :

a )  O n ly  the  ra tio  E x/D  is a ffec ted , in  E yIH  i t  is v e ry  sm all.
b)  I t s  appearance is a te m p o ra l one. I t  is m ost ch a ra c te ris tic  fo r  q u ie t 

in te r v a ls  o f  years w ith  h ig h  so la r  a c tiv ity  [1], n a tu ra lly  only  in  w in te r .
A s ex p lan a tio n , th e  ch an g es  o f th e  m ag n e to sp h eric  co n v ec tio n  w ere 

su g g e s te d  in  [1]. The new  d a ta  seem  to  c o n tra d ic t th is  idea . I t  is in ex p licab le  
so, w h y  does only th e  ra t io  E X!D  change. ( In  [1] on ly  d a ta  of th e  e lec tric  
c o m p o n e n ts  were used.)

A  second  possib ility  w o u ld  be flow -back  c u rre n ts  o f th e  a u ro ra l e le c tro 
j e t  in  th e  e a r th ’s c ru st. T h is  e x p la in s  its  ap p ea ran ce  m ain ly  in  th e  E x co m 
p o n e n t ;  a ll o th e r c h a ra c te r is tic s  can  be ex p la in ed  supposing  th a t  th e  su rp lu s  
e le c tr ic a l a c tiv ity  is th e  g re a te r  th e  s tro n g e r th e  e le c tro je t an d  th e  m o re  to  
th e  n o r th  i t  is flow ing.

7. T h e  anom aly  d esc rib ed  has a ce rta in  in fluence  on m a g n e to te llu r ic  
s o u n d in g . In  th a t  case e x p la n a tio n  В  could  be accep ted  accord ing  to  w hich  
lo n g e r  p e r io d  v a r ia tio n s  (b ay s) c a n n o t he used  in  w in te r  be tw een  15 — 06 hL T , 
as th e  sou rce  p a ram e te rs  a re  d iffe ren t. S ince w in te r  m o n th s (N o v e m b e r— 
F e b r u a r y )  are a t m o d era te  la t i tu d e s  less su itab le  fo r such m e asu rem en ts , th is  
m e a n s  n o  m ajo r d ifficu lty .
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О СУТОЧНОЙ В А Р И А Ц И И  ГЕОМ АГНИТНОЙ АКТИ ВН ОСТИ

Й. В Е Р Ё - А .  В А Л Л Н Е Р

РЕЗЮ М Е

На основе материала 13-и лет была проанализирована суточная вариация съемки 
геомагнитного и земного токов Надьценкской обсерватории (1961—73 гг.). Находили, что 
возникали значимые вариации в отношении различных составляющих как в суточном так 
и в сезонном ходе. Можно предполагать, что южную аномалию в суточном ходе причиняет 
ток, текущий в обратном направлении в полярной земной коре. Суточная вариация имеет 
влияние и на магнитотеллурический импеданс.
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GEOMAGNETIC PULSATIONS AROUND IMPULSES 
(ROLE OF THE PLASMAPAUSE)

J. VER Ő

GEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE 
OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[M anuscript received January 16, 1975]

A m echanism  is suggested  which can explain the variations in  the period of geom agnetic  
pulsations during and after si-like im pulses. I t  is supposed th at the outward m otion o f the  
plasm apause plays even  in  such cases an im portant role in the excitation  of short period 
pulsations.

I t  has been  su p p o sed  fo r a ra th e r  long  tim e  th a t  geom agnetic  im pulses 
■which m ean a d is to r tio n  o f  th e  m agn eto sp h ere  b y  th e  so la r w ind , h av e  effects 
also on geom agnetic  p u lsa tio n s . As f irs t, H irasaw a  e t al. [3] gave a d e ta iled  
analysis  o f th e  e ffec t on Pc5 pu lsa tions. T h e  p e rio d  o f these  p u lsa tio n s  de
creased  in  th e  f irs t  p h ase  o f th e  im pulses, co rresp o n d in g  to  a decrease o f m ag- 
n e tospheric  d im ensions. D u rin g  th e  second, re c o v e ry  p h ase , periods re tu rn  to  
th e  pre-im pulse level. T h is v a ria tio n  could be w ell ex p a in ed  b y  th e  changes 
o f th e  d im ension o f  th e  m agnetosphere .

T roitskaya e t al. [2] supposed  a s im ila r effect in  th e  sh o rte r  period  
ty p e s  (Pc 3 an d  4) o f  p u lsa tio n s , too .

In v es tig a tio n s  in  th e  G eodetical an d  G eo p h y sica l R esearch  I n s t i tu te  of 
th e  H u n g a rian  A cad em y  o f Sciences have  b een  s ta r te d  in d ep en d en tly . E a r ly  
re su lts  have  show n [4] th a t  in  case of sh o rt-p e rio d  p u lsa tio n s , tw o in d e p e n d e n t 
p h enom ena  occur. T h e  f i r s t  one is ra th e r  co m m o n : longer period  p u lsa tio n s 
(Pc 4 an d  5) d isa p p e a r d u rin g  or a fte r  im p u lses . T h e  second  p h en o m en o n  is 
m ore seldom ; a fte r  c e r ta in  im pulses (be n e g a tiv e  o r positive) sh o rte r  period  
p u lsa tio n s (Pc 3) a p p e a r. T hese pu lsa tions beg in  d u rin g  or im m e d ia te ly  a fte r  
th e  im pulses, and  la s t  a b o u t one ho u r a fte rw ard s . F ig . 1 show s av e rag e  a c tiv 
ities in  th e  b an d s  4 0 — 320 sec and  10—40 sec, ty p ic a l o f these p h en o m en a , 
follow ing an  im pulse  (ap p ea rin g  in th e  h a lf  h o u r  d en o ted  b y  0).

T his p ic tu re  c a n n o t be described  in  te rm s  o f  th e  H irasaw a  p h en o m en o n : 
a t  f ir s t , th e  change o f  th e  perio d  begins on ly  in  th e  m ax im u m  p h ase  o f  th e  
im pu lse , secondly, th e  sh o rt period  p u lsa tio n s la s t  s ig n ifican tly  lo n g e r th a n  
th e  im pulse  and  do  n o t  follow  th e  changes o f th e  d im ension  of th e  m a g n e to 
sphere.

I t  has been su p p o sed  th a t  pu lsa tions b efo re  an d  a f te r  im pulses h av e  
d iffe ren t origin a n d  t h a t  th e  sh o rte r  period p u lsa tio n s  (a fte r  th e  im p u lse )  are
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Fig.  1. C hanges in the activities o f pu lsations w ith  periods of 10 — 40 and 50 — 320 sec around
geom agnetic  im pulses. The im pulse occurs in the half hour denoted b y  “ 0”

c o n n e c te d  w ith  th e  p la sm a p a u se . I n  o rd er to  check  th is  e x p la n a tio n , reco rd s 
o f o b se rv a to r ie s  in  th e  a u ro ra l zone (a t  th e  surface section  of th e  p lasm a- 
p a u se ) a re  needed . As such  o b se rv a to rie s , reco rds from  N u rm ijä rv i a n d  S odan- 
k y lä  w e re  used  for fu r th e r  in v e s tig a tio n s . N u rm ijä rv i (N u, Ф =  57.8°) lies 
so m e w h a t to  th e  so u th  from  th e  p lasm ap au se , S o d an k y lä  (So, Ф =  63.8°) to  
th e  n o r th  of it. The cases s tu d ie d  w ere th e  sam e as in  [4].

A  ty p ic a l exam ple  o f th e  p u lsa tio n  a c tiv ity  in  th e  th re e  o b se rv a to rie s  
is sh o w n  in  Fig. 2. T he p u lsa tio n s , b o th  before an d  a fte r  th e  im p u lse , a re  v e ry  
s im ila r  in  N agycenk  an d  in  N u rm ijä rv i, in  b o th  o b se rv a to rie s  th e  a m p litu d e  
o f  th e  lo n g  period p u lsa tio n s  decreases , an d  in s tead  of th e m , s h o r te r  period  
p u ls a t io n s  appear. In  S o d a n k y lä , how ever, o n ly  th e  f irs t  p a r t  o f  th e  e v e n t can  
be  t r a c e d ,  i.e. th e  d isap p ea ren ce  o f th e  long  period  p u lsa tio n s . S h o r te r  period  
p u ls a t io n s  (Pc 3) do n o t a p p e a r . I n  m ost cases ( th e  reco rd  show n in  F ig . 2 is 
n o t  c le a r  enough to  see th e m )  P c  1 p u lsa tio n s  a p p e a r  im m e d ia te ly  a f te r  th e  
im p u ls e , th u s  su b s titu tin g  th e  la c k in g  P c  3 a c tiv ity .

T h o u g h  5 cases are v e ry  few  fo r s ta tis t ic a l  in v es tig a tio n s , F ig . 3 trie s  
to  i l lu s tr a te  th e  a c tiv ity  o f th e  th re e  ty p e s  o f  p u lsa tio n s in  th e se  o b se rv a to rie s . 
I t  is  rem ark ab le , t h a t  no  im p o r ta n t  d ifferences ex is t b e tw een  p o s itiv e  and 
n e g a t iv e  im pulses in  th is  re sp e c t. I n  Fig. 3, th e  a p p ro x im a tiv e  p o s itio n  o f th e  
p la sm a p a u se  is also show n (d e n o te d  b y  P p ). T here  P c  3 an d  P c  1 seem  to  change 
th e i r  ro les.

T h e  following m o d e l seem s to  be accep tab le  for th ese  ch an g es in  th e  
a c t iv i ty  o f pu lsa tions.

S m all in hom ogeneities in  th e  so lar w ind  cause overa ll g eo m ag n e tic  im 
p u lse s  (F ig . 5a). (F ig . 4 show s p a r ts  from  geom agnetic  reco rd s in  N u rm ijä rv i 
a n d  N ag y cen k . T he g en era l s im ila r ity  is r a th e r  poor, b u t  th e  sm all im pulse 
c a u s in g  th e  described  p h e n o m e n o n , d en o ted  b y  an  a rrow , is p re s e n t in  b o th  
s ta t io n s .)  These im pulses in te r r u p t  th e  e x c ita tio n  m echan ism  o f lo n g er-p erio d  
(P c  4) p u lsa tions (e.g. K e lv in —H elm h o ltz  in s ta b ility ) . T h is can  b e  d u e  to  th e
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Fig.  2. Typical exam ple o f the changes in  the pulsations around impulses. Top (Ä)-. earth- 
current record of N agycenk observatory, bottom  (B  and C): induction records from  N urm i-

järvi (N u) and Sodankylä (So)

decrease of th e  c u rv a tu re  o f  th e  m ag n eto p au se , as p roposed  by  T roitskaya  
e t al. [1], or b y  a n y  o th e r  agency. Fig. 5b show s th e  s itu a tio n  im m e d ia te ly  
a f te r  th e  a rr iv a l o f th e  im pu lse  a t  th e  m ag n e to p au se . L a te r , th e  whole m a g n e to 
sphere  gets com pressed , a n d  also th e  p la sm ap au se  m oves inw ard , s im ila rly  
to  th e  in itia l phase  o f g eom agnetic  storm s. T h is in w a rd  m o tion  causes P c  1 -ty p e
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Ц—  Ir"-' — - Imp

Fig.  3. R elative  im portance of different effects in  pu lsations around im pulses in  th e  three 
observatories Nc, Nu and So. Pp denotes the approxim ate position of the plasm apause. 
Top: all im pulses, bottom : p ositive  and negative im pulses separately (the num ber o f  cases

is very low)

02.06.1972 Nu BJ
Fig. 4. G eom agnetic records of an im pulse in N c (A)  and N u  (B )
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GEOMAGNETIC PULSATIONS AROUND IMPULSES 2 5 1

Fig.  5a H istory o f the pulsation activ ity  around a geom agnetic im pulse: situ ation  before 
the im pulse in  the solar w ind reaches the m agnetopause  

Fig.  56 The im pulse reaches the m agnetopause and stops the K elvin —H elm holtz in stab ility

Fig. 5c The com pression reaches the plasm apause and ex cites Pc 1 pulsations outside o f it  
Fig.  5d  The plasm apause begins to recover and m oves outwards. Inside of it , P c 3 pulsa
tions appear, outside P c 1 a c tiv ity  continues. M agnetopause in original position  already
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p u ls a tio n  o u ts id e  th e  p la sm asp h e re  (F ig . 5c). T h is  in w a rd  m o tio n  la s ts , h o w 
ever, fo r  a  sh o rt tim e , an d  a f te rw a rd  an  even  slow er o u tw ard  m o tio n  beg in s . 
T he o u tw a rd  m o tion  of th e  p la sm ap au se  in c rea se s  th e  a c tiv ity  o f p u lsa tio n s . 
T h is c a n  b e  p ro v en  b y  th e  in c reased  a c tiv ity  o f  p u lsa tio n s  on q u ie t d ay s  fo l
low ing  g eo m ag n e tica lly  m ore d is tu rb e d  day s (F ig . 6). T he s itu a tio n  d u rin g  
th is  o u tw a rd  m o tio n  is p re se n te d  in  F ig . 5d. A fte r  a b o u t one h o u r, th e  in it ia l  
s i tu a t io n  is  reach ed , an d  th e  lo n g er-p erio d  p u lsa tio n s  re tu rn .

T h e  p ic tu re  ou tlin ed  h ere  is n a tu ra lly  o n ly  a f i r s t  a p p ro x im a tio n . Som e 
c o n f lic tin g  ideas also ex ist. T h e  m ost serious one concerns th e  reg ion  w h ere  
P c  3 a n d  P c  4 are excited . I t  is supposed  th a t  s h o r te r  periods o rig in a te  a t  th e  
m a g n e to p a u se  or a t  le a s t o u ts id e  of th e  p la sm a sp h e re , w hereas P c  4 in  th e  
p la sm a sp h e re . This q u estio n  is, how ever, n o t  y e t  com plete ly  so lved , a n d  
re su lts  o f  th e  sa te llite  ATS y ie ld ed  c o n tra d ic to ry  evidences.

A n o th e r  open p o in t is th e  s im ila r effect o f  p o s itiv e  an d  n eg a tiv e  im p u lses , 
w h ich  n e e d s  also ex p lan a tio n .

Fig.  6. Spectra of pulsation on qu iet days follow ing days o f different activ ity ; 1 after dis
turbed days, 2 after average days, 3 after quiet days

T h e  im pulses w hich  p ro v o k e  th e  p h en o m en o n  described , a re  n o t  all 
c le a r ly  si-s. I t  is n o t e v id e n t u n d e r  w h ich  c ircu m stan ces can  th e se  e ffec ts  
p r e s e n t  them selves. T he d isap p ea ran ce  is m u c h  m ore  com m on, th e  ap p e a re n ce  
o f  th e  sh o rt-p e rio d  p u lsa tio n s  occurs a b o u t once in  a m o n th . F ig . 4 show s 
t h a t  th e  im pulse has n o t m u ch  g re a te r  a m p litu d e  in  th e  N o rth e rn  s ta tio n . 
T h e re  a re  cases w hen  th e  s itu a tio n  seem s to  be ad v an tag eo u s  fo r th e  w hole 
p h e n o m e n o n  (longer-period  p u lsa tio n s a re  p re se n t, geom agnetic  a c t iv i ty  is 
r a th e r  low ), and  th e  im p u lse  does n o t in d u ce  changes in  th e  p u lsa tio n  a c tiv ity .
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T he p u lsa tio n s a f te r  th e  im p u lses  can n o t be id e n tif ie d  w ith  th e  quickly 
d a m p ed  p u lsa tions described  b y  Lanzerotti e t al. [5], as th o s e  h av e  periods 
o f  a b o u t 40 sec, p re se n t th em se lv es  on ly  a t  th e  p la sm a p a u se  (in  N agycenk,

I  2 mv / km 21.12.1971 1820 UT

Nc

10 20 30 40
I_______________________ I_________________________I______________________L_

Fig.  7. The single sinusoidal pu lsation, w hich could be detected in the N a g y cen k  observatory  
out o f the four treated  by L a n z e r o t t i

fro m  4 cases only  in  1 su ch  p u lsa tio n s  could  be de tec ted , F ig . 7 ), an d  th ey  
h av e  a v e ry  d iffe ren t p a t te rn  o f a c tiv ity . The p u lsa tio n s d isc u sse d  in  the 
p re se n t p a p e r are m ore c h a ra c te r is tic  o f  low er la titu d es .

A fu r th e r  p o in t is t h a t  a r a th e r  g re a t p a r t  of these  p h e n o m e n a  appears 
a ro u n d  local noon.
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ГЕОМАГНИТНЫЕ ПУЛЬСАЦИИ ВО ВРЕМЯ ИМПУЛЬСОВ (РОЛЬ ПЛАЗМАПАУЗЫ)
Й . В Е Р Е

РЕЗЮ МЕ

В статье рассматривается механизм, могущий объяснить изменение периода пуль
саций за время Si-образных импульсов и после них. Предполагается, что движение во вне 
плазмапаузы и в таких случаях играет важную роль в возбуждении короткопериоди
ческих пульсаций.
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The Gaussian curve, su itable for the general characterization of the developm ent, can 
be used for the explanation  o f several phenom ena in m ining, too. The quantitative distribu
tion in time of a certain a c tiv ity  o f defin ite aim (m ining of m inerals, exploitation  technics, 
etc.) can be characterized by a curve corresponding to the kind of activ ity . On the basis 
o f the m axim a of the curves it  can be stated th a t the technical developm ent expressed in 
the qualitative change of the activ ities has an accelerating trend.

The total volum e of an activ ity  o f definite aim  increases so that the proportion of 
qualitatively  more developed technics increases in it  sim ultaneously, causing not only a 
quantitative, but also a qualitative developm ent of the total activ ity .

The paper g ives as first a study on the laws o f the developm ent of dem ands for minerals 
in the mining of energy sources.

Some law s o f d ev e lo p m en t in te rp re te d  as a c e r ta in  c o n s ta n t tre n d  o f th e  
change of th e  v a rio u s  m a te r ia l system s [1] h av e  gen era l v a lid ity  fo r all sy stem s. 
O ur in v e s tig a tio n s  u n d e r  progress have  th e  a im  to  s tu d y  th e ir  in fluence  on 
m in ing  and on sa tis fy in g  th e  dem ands fo r ra w  m a te ria ls , respective ly .

In  the developm ent o f  sa tis fy in g  the m inera l dem ands, two processes can 
be d istingu ished :

— the developm ent o f  dem ands, resp. consum ption  (p ro d u c tio n ), re
spectively,

— the developm ent o f  the technics and m ethods o f  sa tis fy in g  the dem ands  
(production  technics) .

These tw o  p rocesses o f developm ent are  n o t  in d e p e n d e n t o f each  o th e r, 
b u t  th e y  in te ra c t. M u tu a l genera l m otives can  be recognized  in  th e  law s of 
th e ir  d ev e lo p m en t, to o . F ro m  th e  tw o d ev e lo p m en t processes th e  f ir s t  one will 
be stu d ied  in  th is  p a p e r  a n d  ev en  th a t  red u ced  to  en e rg y  c a rry in g  m inera ls. 
O th e r m inerals w ill be re fe rred  to  on ly  in  so fa r  as to  d e m o n s tra te  th a t  p ro 
du c tio n  an d  co n su m p tio n  of th e  e n e rg y -carry in g  m inera ls  h av e  p a ra m o u n t 
p ro p o rtio n  in  th e  to ta l  co n su m p tio n  of m inera ls .

As for th e  h is to ry  o f th e  d ev e lo p m en t p rocesses s tu d ie d , th e  l i te ra tu re  
co n ta in s an  e x tre m e ly  la rg e  a m o u n t of p r im a ry  in fo rm a tio n  an d  o f in fo rm a 
tio n s derived  w ith  d iffe ren t aim s of in v e s tig a tio n . O n th e ir  basis, m a n y  k inds 
of p rognostics h a v e  been  p ro d u ced . W o rld w id e  su m m aries  an d  e v a lu a tio n  
are g iven only  in  re la tiv e ly  few  reference w o rk s: th e y  are  n o t u n ifo rm  in 
m ethod ics an d  som e o f th e m  are only in d ire c tly  in  a b s tra c te d  fo rm  availab le
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fo r u s . T h is  m ass of in fo rm a tio n s  of “ u n ev en  firm n ess”  re fe rrin g  to  a b ro a d  
scale in  sp ace  and  tim e , has b e e n  p u t  in  o rd er w ith  th e  aim , as a f i r s t  o b jec t, 
to  re c o g n iz e  large-scale (in  sp ace  a t  le a s t c o u n try w id e  b u t  r a th e r  c o n tin e n t
w ide o r  e v e n  global) tre n d lik e  re la tio n s  w ith  re sp ec t to  th e  n a tu re  o f d ev e lo p 
m e n t. M ore  ex ac tly : we t r y  to  w id en  so m ew h at th e  recogn itions in  th is  re sp ec t. 
In  th e  know ledge  of th e  law s o f  p a s t  d ev e lo p m en t, as a second o b je c t, we 
c r it ic a lly  ana lyse  th e  know n  p ro g n o stic s  accord ing  to  tech n ica l-eco n o m ica l 
c o n s id e ra tio n s  and  are an x io u s to  ex p la in  an d  m o tiv a te  o u r ow n id eas . (O ur 
f i r s t  a im  b y  ap p rec ia tin g  th e  g loba l tre n d s  is to  try ,  co m p arin g  th e m  w ith  ou r 
n a t io n a l  cond itio n s, to  m ake s ta te m e n ts  for sh o rte r  or longer v iew  co n cern in g  
th e  t r e n d s  in  degree an d  m e th o d s  o f th e  ex p lo ita tio n  o f th e  n a tio n a l m in era l 
re so u rc e s . Since, how ever, in  th e  f ir s t  line n a tio n a l p ro fessional c irc les are 
in te r e s te d  in  la tte r , these  s ta te m e n ts  w ill n o t be p re se n te d  here .)

F o r  a m ore ex ac t s tu d y  o f  su ch  p rob lem s a v e ry  la rg e  m a th e m a tic a l 
a p p a r a tu s  is needed [2] on a c c o u n t o f th e  u n c e rta in tie s  o f th e  in fo rm a tio n s  
a t  d isp o sa l, sim ple m a th e m a tic s  w ill do in  our case: d ev e lo p m en t r a te s  an d  
s t r u c tu r a l  changes can be a n a ly z e d  an d  ch a rac te rized  b y  th e  s im p le s t ra tio s  
as w ell as g raphically .

Law s o f  th e d evelop m en t o f  m in era l dem ands

T h e  recen t dev e lo p m en t o f  th e  w orldw ide p ro d u c tio n  o f m in era l m a te ria ls  
(fro m  th e  y ea rs  1950, 1963, 1968) w as rev iew ed  in  [3], w here  th e  d a ta  from  
a b ro a d  a re  m ain ly  b ased  on th e  p u b lic a tio n s  an d  ana lyses of B l o n d e l , V e n 
t u r a  a n d  Ca l l o t  [4, 5, 6, 7 , 8].

I n  th e  course of th ese  in v e s tig a tio n s  th e  p ro d u c tio n  o f 53 k in d s  o f raw  
m a te r ia ls  an d  m ining p ro d u c ts , re sp ec tiv e ly , w as an a ly zed  in  th e  fo llow ing 
a r ra n g e m e n t:

— energy  sources,
— m eta ls  and  ores,
— non-m eta llic  m in era ls .
T h e  s tu d y  was n o t e x te n d e d  over q u arrie s  a n d  g rav e l-p its  as w ell as over 

th e  m in in g  of raw  m a te ria ls  re p re se n tin g  a to ta l  p ro d u c tio n  v a lu e  o f  less th a n  
100 th o u s a n d  $ pro  y ea r.

T h e  basic  concep t o f th e  m in era l ra w  m a te r ia l c a n n o t be d e fin e d  in  
a th e o re tic a l ly  ex ac t w ay . E .g .,  b o th  b a u x ite  (i.e. an  ore) an d  iro n  (i.e. a m etal) 
a re  re g a rd e d  as m inera ls. T h is  is obv io u sly  in co rrec t from  th e  p o in t o f view  
o f sy s te m a tiz a tio n , since th e y  are  p ro d u c ts  ap p earin g  a t  d iffe ren t p h ases  of 
th e  p ro cess  m ining — e n r ic h m e n t — sm elting . S evera l p ro b lem s a rise  from  
th is .  D iffe re n t figures w ill b e  o b ta in e d  fo r th e  “ in -s itu ”  v a lu e  o f th e  m inera l 
re s e rv e s , w hen  s ta r tin g  fro m  p ro d u c ts  ap p ea rin g  a t  th e  en d  o f d iffe re n t p ro 
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cessing  phases o r r a th e r  th e  d iffe re n t m in e ra ls  (m ore ex ac tly : m in in g  p ro d u c t) 
w ith  m ore co m p o n en ts  w ill be p u t  in to  a q u ite  new  lig h t w ith  re sp e c t to  th e  
m ore  a n d  m ore successful p ro cesses  o f com plex  e x p lo ita tio n  [9, 10]. T he 
n ew est c o n sid e ra tio n s  fo r a s y s te m - th e o re tic a l ap p ro x im a tio n  o f th e  p rob lem  
in  H u n g a ry  [11] prom ise an  a d v a n c e m e n t to w a rd s  th e  so lu tion  o f  th e  p rob lem  
b y  m ean s o f a d is tin c tio n  b e tw e e n  “ p r im a ry ” , “ in te rm e d ia ry ”  a n d  “ u ltim e r”  
m in in g  p ro d u c ts . D ue to  th e  d ifficu ltie s  m en tio n ed , th e  “ to ta l  p ro d u c tio n  of 
m in e ra ls”  c a n n o t be n o w ad ay s  d e te rm in e d  b y  sum m ing up  th e  p ro d u c ts  of 
th e  d iffe ren t “ m in era ls”  (or th e  change o f  “ to ta l  p ro d u c tio n ”  c a n n o t be d e te r 
m in ed  from  th e  change of th ese  sum s). I t  m u s t be also ta k e n  in to  acco u n t 
t h a t  th e  less ad v a n c e d  th e  p rocessing  o f a m in era l, th e  b ro a d e r  th e  lim its  
w ith in  th e  q u a lita tiv e  c h a ra c te r is tic s  o f th e  m in e ra l v a ry . T hese fa c ts  are  ta k e n  
in to  acco u n t w h en  th e  “ to ta l  p ro d u c tio n  o f m in era ls”  are r a th e r  g iv en  b y  th e  
su m  o f th e  p ro d u c tio n  values an d  th e  q u a n t i ta t iv e  change of “ to ta l  p ro d u c tio n ”  
is c h a ra c te riz e d  b y  th e  d ev e lo p m en t in d e x  o f th e  sum s of p ro d u c tio n  v a lu es . 
T h is  in d e x  h as  been  deve loped  b y  th e  m en tio n ed  au th o rs  o f [3] b y  ta k in g  
in to  acco u n t th e  15 m in in g  p ro d u c ts  w h ich  com e to  90 — 9 5%  o f  th e  to ta l  
p ro d u c tiv i ty  on p rices c h a ra c te r is tic a l o f th e  y e a r o f in v e s tig a tio n . O n such  
a basis  a r a th e r  c o n s ta n t d ev e lo p m en t o f a ro u n d  5%  o f th e  w orldw ide  “ to ta l”  
p ro d u c tio n  o f m in e ra l raw  m a te ria ls  since 1950 h as  been  fo u n d  (w h ich  m eans 
th e  dou b lin g  o f th e  ra te  in  each  15 y ea rs) , b u t  w ith in  th a t  th e  d ev e lo p m en t 
o f  th e  p ro d u c tio n  of th e  d iffe ren t ra w  m a te r ia ls  w as b y  fa r n o t th e  sam e an d  
o f  c o n s ta n t r a te . T h e  to ta l  an d  th e  y e a r ly  m ean  change (in p e r c en t)  b e tw een  
1950 an d  1968 is show n in  T ab le  I  (p rices are  ro u n d ed  va lu es  c a lc u la te d  on 
u n c h a n g e d  $  v a lu e  o f th e  y e a r 1968).

Tabic I

Indices of the 
total change

Yearly mean increase 
(+) or decrease (—) of

quantity price value
volume quantity price value

volume

Energy carriers 248 80 197 +  5.1 — 1.3 +  3.8

M etals, ores 225 105 236 +  4.6 +  0.3 + 4 .9

N on-m etallic materials 318 98 312 +  6.6 — 0.1 +  6.5

T otal and mean, resp. 245 85 209 +  5.1 — 0.9 + 4 .2

F ro m  th e  d a ta  in  th e  ta b le  i t  can  be seen th a t  th e  d e v e lo p m e n t in  
q u a n t i ty  an d  v a lu e  o f th e  energy  sources is th e  sam e or n ea rly  th e  sam e as 
t h a t  o f th e  to ta l  raw  m a te ria l p ro d u c tio n . E n e rg y  sources are  n a m e ly  p re d o m 
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in a n t  in  v a lu e -v o lu m es (72 .7%  in  1968). T h is  p re d o m in a n t position  is th e  
re a so n  w h y  we deal m ore  d e ta iled ly  w ith  th e  d ev e lo p m en t ch a ra c te ris tic s  
o f th e  m in e ra l group o f en e rg y  sources.

Law s o f  th e  d evelopm ent o f  en ergy  dem ands

T h e  “ o u ts id e”  law s o f th e  dev e lo p m en t o f  e n e rg y  dem ands an d  p ro d u c 
tio n  o f  en e rg y  ca rrie rs , re sp e c tiv e ly , can  be g en era lized  over each  m inera l 
b ecau se  th e  valu e-v o lu m e o f th e ir  p ro d u c tio n  m ak es , as sa id , th e  3/4 p a r t  
of th e  v a lu e -v o lu m e  of th e  to ta l  m inera l m a te r ia l. A t th e  sam e tim e  th e  “ in n e r”  
s t ru c tu ra l  law s of th e  d e v e lo p m e n t of th e  p ro d u c tio n  of energy  sources has 
p a r t ic u la r  c h a ra c te r is tic s , because  th e  com m on fe a tu re  of all energy  ca rrie rs  
(in  w h ic h  th e y  differ fro m  o th e r  m ineral raw  m a te r ia ls )  is th a t  th e y  can  su b 
s t i tu te  e a c h  o th e r ( th e o re tic a lly  w ith o u t l im ita tio n )  in  th e  p ro p er co n su m p tio n . 
M any  sc ie n tis ts  an d  e x p e rts  all over th e  w orld  c o n tr ib u te d  to  th e  d isclosure 
of th e  “ g e n e ra l”  an d  “ sp ec ia l”  law s in  th is  in te rp re ta t io n . These re la tiv e  new  
a d a p ta t io n s  will be u sed  as basis in  th e  fo llow ing .

Q uan tita tive  development o f  production and  co nsum ption  o f  energy sources

T h e  com m on p ro p e r ty  o f th e  en e rg y -ca rry in g  m inera ls , n am ely  th a t  th e y  
can  s u b s t i tu te  each  o th e r , is b ased  on th e ir  en e rg y  c o n te n t expressib le in  h e a t 
q u a n t i ty .  T h e ir  p rocessing  in to  h e a t processes a ra w  m a te ria l o f “ u ltim e r”  
c h a ra c te r . T h e ir ro le in  sa tis fy in g  th e  en e rg y  d e m a n d s  of m an k in d  is p re 
d o m in a n t b u t  n o t ab so lu te . B esides m in era ls , o th e r  energy  sources ta k e  also 
p a r t  in  sa tis fy in g  th e  d e m a n d s . I t  is reaso n ab le  th e re fo re  to  inc lude  la t te r s  
in to  th e  in v e s tig a tio n , to o , so m uch  th e  m ore , b ecau se  en erg y -carry in g  m in era ls  
h a v e  ta k e n  p a r t  in  sa tis fy in g  th e  dem ands as e n e rg y  sources on ly  since 3 —4 
c e n tu r ie s .

T h e  shadow ed  p a r t  in  F ig . 1 [12] show s t h a t  th e  in accu racy  o f in te r 
n a tio n a l  d a ta  used  fo r th e  d ia g ra m  as w ell as th e  v a rio u s  possib ilities to  co n 
v e r t  d iffe re n t energy  sources from  one in to  a n o th e r , m ake even  th e  “ a c tu a l 
d a ta ”  in a c c u ra te .T h e  degree o f in accu racy , h o w ev er, is n o t too  high an d  th u s  al- 
low es th e  recogn ition  o f tre n d s : w hile a y e a rly  r a te  o f increase of 5 .1%  is show n 
in  th is  s tu d y  for th e  la s t  25 y e a rs , th e  m ean  y e a r ly  ra te  of increase fo r th e  f ir s t  
h a lf  o f  th e  c e n tu ry  is g iven  as 2 .0 —2.2 % . H en ce , th e  to ta l  d em an d  h a d  an  
a c c e le ra te d  increase in  th e  f i r s t  th ree  q u a rte rs  o f th e  c e n tu ry . T he co n su m p tio n  
p ro  p e rso n  increased  in  th e  la s t  f if te e n  y e a rs  in  av erag e  b y  3%  y e a r ly  an d  
is in  th e se  days m ore th a n  15 M W h /y ear. T h e  a m o u n t of th is  v a lu e  is w ell 
p e rc e p tib le  if  c o n v e rtin g  i t  in to  h u m a n  w o rk  [12]. T he energy co n su m p tio n  
o f 15 M W h /y ear m ean s fo r each  m em b er o f m a n k in d  a 150 tim es in crease
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of h is w o rk ing  c ap ac ity , i.e . th e  a c t iv i ty  o f  150 “ ro bo ts”  lies b e h in d  each 
h u m a n  b e ing  from  bab ies till  g rey b eard s. T h e  average  covers th e  c h a ra c te r is tic s  
o f co u n trie s  on v e ry  d iffe ren t levels. I n  th e  US th e  p resen t v a lu e  is n ea rly  
85 M W h/year (850 rob o ts) an d  175 M W h /y ea r (1750 robots) a re  e x p e c te d  for

Fig.  1. W orldwide consum ption o f energy sources (after Va jd a  [1 2 ]).
On the vertical axis M W h/year

th e  y e a r  2000, w hile in  som e w eak ly  deve loped  co u n trie s  it  is only 0.2 M W h /y ea r 
(2 ro b o ts).

T h e  va lu e  in  H u n g a ry  lies a t  30 M W h /y ea r (300 robo ts), t h a t  m eans 
t h a t  a t  a y e a rly  average  increase  of 5 %  th e  p re se n t level o f th e  U S  c a n  be 
re a c h e d  till th e  tu r n  o f m illenary .

O n th e  basis o f th ese  figures one h as  n o t  to  reckon w ith  a n y  k in d  of 
s a tu ra t io n  fo r th e  p re sen t. T he figu res also  d em o n stra te  th a t  th e  in c rease  
of p ro d u c tio n , th e  increase o f n a tio n a l in co m e also depend  on th e  in c rease  
of en erg y  co n su m p tio n . T he in v es tig a tio n s  show ed  a co rre la tion  b e tw e e n  th e
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tw o  l a t t e r  c h a ra c te ris tic s . A ccord ing  to  an  a n a ly s is  [13] covering th e  m em b er- 
s ta te s  o f  th e  U N O , th e  ch a ra c te ris tic s  of th e  s ta te s  lie a round  th e  fu n c tio n

lg e =  a b lg  n

w h ere  e is th e  en erg y  so u rce  consum ption  p ro  p e rso n  (in kp  of s ta n d a rd iz e d  
fue l), n  is th e  g lobal n a t io n a l  p roduct p ro  p e rso n  (G N P in  $), a a n d  b are 
c o n s ta n ts .  In  th e  case o f  th e  dim ensions c h o sen  h e re  a =  —0.34, b =  1.21. 
T h e  e n e rg y  co n su m p tio n  fo r  1 $ natio n a l p ro d u c t  sc a tte re d  be tw een  44 a n d  
6 k W h  accord ing  to  th e  econom ic and  g eo g rap h ic  co n d itio n s of th e  c o u n tr ie s  
s tu d ie d .

I n  connection w ith  tha t, attention can be called here to the connection between 
a stea d ily  affecting law  o f  the development in  m in in g , nam ely, the accelerated 
increase o f  the produced q u a n tity  and a general law  o f  development, n a m ely  the 
dialectical connection between quantitative and  qua lita tive  development. T he  in 
crease o f  the national incom e generally m eans the grow ing o f  m aterial goods; 
the grow ing  o f  m ateria l goods helps, under so c ia lis t distributing conditions, to 
bring  the com m unist society into being, w hile am ong  capitalist cond itions it 
fu r th e r  in tensifies the contradiction between the social character o f  p roduc tion  
and  the non-social character o f  distribution. A l l  th a t has to lead at last to the 
socia liza tion  o f  d istr ib u tio n . H ence, in the p er io d  o f  the accelerated developm ent 
o f  the production  o f  energy sources, in  some w a y  or other, the development o f  the 
p ro d u c tio n  conditions w ill speed up fo r  the advan tage o f  m ankind . The close cor
rela tion  h in ts at the p resen t importance o f  the m in in g  o f  energy sources in  the 
developm ent o f  p rod u c tio n  conditions.

M ain m a rk s o f  the developm ent o f  en ergy  structure

P ara lle l to  th e  q u a n t i ta t iv e  increase o f  p ro d u c tio n  and  c o n su m p tio n  o f 
e n e rg y  sources, th e  p ro p o r tio n s  of d iffe ren t e n e rg y  sources change w ith in  th e  
in c re a s in g  c o n su m p tio n . I n  th e  follow ings, w e sh o u ld  like to  com e n e a re r  to  
th e  law s w hich e x p la in  h o w  and  w hy does c h a n g e  in  th e  course o f t im e  th e  
e n e rg y  s tru c tu re  co m p o sed  from  th e  p ro d u c e d , resp . u tilized  q u a n ti t ie s  o f 
th e  d iffe re n t en erg y  sou rces.

Knowledge o f  energy sources

The knowledge o f  the u tilized and p o ten tia l energy sources o f  m a n k in d  m ust 
also  be studied in  its developm ent. This m akes, on the one hand, the problem  more 
d if f ic u lt ,  on the other, however, it preserves one fr o m  fa lse  conclusions due to 
a sta tic  view.
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W e ap p ro ach  th e  p ro b lem  e ith e r  from  th e  p o in t o f v iew  o f th e  co n ten t 
o f  know ledge (q u a n ti ty , q u a lity , area l d is tr ib u tio n  e tc . o f e n e rg y  sources) or 
from  its  ch a rac te ris tic s  (w ay , q u a n tity , q u a lity  e tc . o f th e ir  e x p lo ita tio n ) , i t  is 
su ita b le  for b o th  cases to  d iv ide  energy  sources in to  tw o  m a in  g ro u p s: rep ro 
ducib le-se lf-rep roducing  sources an d  “ in  s itu ”  ir re p ro d u c ib le  ones. Such 
a d is tin c tio n  has im p o rta n c e  m ain ly  from  th e  p o in t o f v iew  o f  th e  q u a n tita tiv e  
an d  s tru c tu ra l d ev e lo p m e n t. T he reason  w hy  we also s ta r t  f ro m  th is  classi
f ic a tio n  is to  d raw  a lm o s t a ll energy  sources b e ing  th e  o b jec t o f  m in in g  ac tiv ity  
(an d  irrep ro d u c ib le  “ in  s i tu ” ) in to  one g roup  an d  se p a ra tin g  th e m  from  other 
ones. I n  th is  w ay  a m o re  in ten se  s tu d y  o f th e  law s o f d e v e lo p m e n t in  m ining 
seem s m ore possib le, — w h ereb y  m u tu a l effects w ith  o th e r  so u rces  m u st be 
n a tu ra l ly  ta k e n  in to  acc o u n t, too .

D iffe ren t coals (inc lusive  p ea t) an d  h y d ro c a rb o n  o ccu rren ces (inclusive 
o il-sch ists and  o il-sands), th e  ores of rad io a c tiv e  m a te ria ls  a n d  th e  elem ents 
o f  rad io ac tiv e  m a te r ia ls  in  sea -w a te r be long  to  th e  g roup  o f  “ in  s i tu ”  irre 
p ro d u c ib le  energy  sources fo r th e  tim e  being . T h u s, w ith  th e  ex cep tio n  of 
la t te r ,  th e  energy  sources ex p lo itab le  b y  m eans o f m in ing  m e th o d s  a re  defined, 
to o .

H u m a n  m u scu la r s tre n g th , ag ric u ltu ra l refuse, w ood, g e o th e rm a l energy, 
e a r th  tid e  energy , th e  d ire c tly  usab le  en erg y  of S un  a n d  th e  e n e rg y  source 
g roup  arising  due to  i ts  e ffect, co n tin e n ta l w a te r  flow , th e  th e rm a l  m otion 
o f w in d  an d  sea-w ater can  be classed in to  th e  g roup  o f se lf-rep ro d u c in g  energy 
sources.

O pinions d iffer w ith  re sp ec t to  c lass ifica tio n  of th e  e n e rg y  sources — 
a t  f ir s t ,  in  consequence o f  th e ir  he terogeneous occu rring  fo rm s . T h e  above 
d is tin c tio n  is co m m o n ly  accep ted  an d  su its  o u r special m in in g  v iew -poin ts. 
H ere , nam ely  th e  p r im a ry  en erg y  sources, w h ich  are  th e  o b je c ts  o f  m in ing  — 
w ith  excep tion  o f w a te r-c a rry in g  g eo th erm al energy  — are c la ssed  in to  th e  
sam e group . O nly one en e rg y  source o f  o th e r  c h a ra c te r  n o t  e x p lo itab le  b y  
m ean s o f m ining m e th o d s , n am ely  th e  ra d io a c tiv e  m a te r ia l c o n te n t  o f sea
w a te r , occurs in  th is  g ro u p . In  th e  m ore e x a c t fo rm u la tio n  o f  th e  d ifferen t 
c lassify ing  p rincip les we can  s ta r t  from  th e  fa c t th a t  a lm o s t a ll p resen tly  
k n o w n  energy  sources c a n  be tra c e d  b ack  to  a com m on p ro p e r ty  o f some 
e lem en ts  in  th e ir  m a te r ia ls  w hich  reveals i tse lf  in  th e  ra d io a c tiv e  phenom enon . 
T h e  respec tive  ro le o f  th e  E a r th ’s c o n s titu tin g  e lem en ts w ith  su c h  p ro p e rty  
is  o f m in o r im p o rtan ce  fo r  th e  tim e  being. T h e  ores o f  r a d io a c tiv e  m a te ria ls  
a re  ex p lo ited  only  in  a sm all degree, rad io a c tiv e  m a te ria ls  o f  sea -w a te r , no t 
a t  all. A re la tiv e  sm all en e rg y  q u a n ti ty  is s im ila rly  re p re se n te d  b y  th e  geo
th e rm a l energy , a ssu m a b ly  se lf-rep roducing  b y  rad io a c tiv e  d ecay . R ad io ac tiv e  
p h en o m en a  ta k in g  p lace  on  th e  Sun h av e  an  im p o rtan ce  b y  sev e ra l orders 
g re a te r  in  developing a n d  rep ro d u c in g  th e  en erg y  sources: th e  p h o to -sy n th e s is  
in  th e  f lo ra  of th e  E a r th  becam e th e  basis  o f th e  “ c o n se rv a tio n  o f  energy”
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d u r in g  th e  geological ages s in c e  th e  C arboniferous. A p a r t  from  th e  fa c t  th a t  
th e  so c re a te d  coal and h y d ro c a rb o n  occurrences (inc lu siv e  p e a t, o il-schist etc .) 
a t ta in e d  a basic role in  s a t is fy in g  th e  energy d e m a n d s , th is  process is n o t 
f in is h e d  a n d  will no t cease in  th e  fu tu re , e ither. T h u s , th e se  are  a c tu a lly  self- 
r e p ro d u c in g  energy sources, to o ,  b u t  th e ir  rep ro d u c in g  speed  is a lm o st in sig n if
ic a n t  w i th  respect to  th e ir  e x p lo ita t io n  speed. E x a c t ly  th is  speed  difference 
is th e  re a so n  w hy th e ir  r e p ro d u c t io n  has no im p o r ta n c e  from  th e  p o in t of 
v iew  o f  m an k in d . S im ila rly  r e la t iv e  is th e  s itu a tio n , o f  course, w ith  re sp ec t 
to  th e  “ irre p ro d u c ib ility ”  o f  t h e  o re  deposits of ra d io a c tiv e  m a te ria ls : th e  speed  
d iffe re n c e  betw een fo rm a tio n  a n d  ex p lo ita tio n  is so g re a t  th a t  th e re  is p ra c ti
c a lly  n o  rep ro d u c tio n . E a c h  re p ro d u c ib le -se lf-re p ro d u c in g  en erg y  source is in  
c o n n e c tio n  w ith  the  r a d ia tio n  o f  th e  Sun (except g e o th e rm a l energy): th e  food 
re p ro d u c in g  the  h u m an  m u s c u la r  pow er from  d a y  to  d a y  is due to  th a t ;  
th e r e  is n e ith e r  flora (fluel w o o d ) n o r ag ricu lture  a n d  th e re fo re  no ag ricu ltu ra l 
re fu se  rep re sen tin g  an e n e rg y  so u rce  e ither w ith o u t i t .  T h e  ra d ia tio n  o f S u n  
a lso  m a n ife s ts  itself in  th e  e n e rg y  of flow ing w a te r , in  th e  w ind  en erg y , in  th e  
te m p e r a tu r e  difference b e tw e e n  d ifferen t layers o f  se a -w a te r  and , m oreover, 
i ts  h e a t  co n te n t can he e v e n  d ire c tly  u tilized .

E a r th  tide is th e  o n ly  p h en o m en o n  th a t  c a n n o t be  p ra c tic a lly  b ro u g h t 
in to  c o n n e c tio n  w ith  r a d io a c t iv i ty  for th e  tim e  b e in g  (o r we are  n o t in fo rm ed  
w h e th e r  th e  problem  is in v e s tig a te d ) . A t th e  sam e tim e , th is  c ircu m stan ce  
d ra w s  a t te n tio n  to  g ra v ity  e n e rg ie s  as well as to  th e  en erg y  b a c k g ro u n d  of 
e a r th ’s c ru s t  m ovem ents h a v in g  a speed d im ension o f geological age a n d  being  
p o ss ib ly  in  connection w ith  g r a v i ty  [14].

T h is  sum m ary  h as , in  th e  f irs t  line, th e  a im  to  d e m o n s tra te  th a t  th e  
d e lim ita t io n  of “ ir re p ro d u c ib le —self-reproducing”  a n d  “ rep ro d u c ib le—self- 
re p ro d u c in g ”  groups of e n e rg y  sources is th e o re tic a lly  on ly  re la tiv e  an d  th e  
b a s is  o f  sep a ra tio n  is th e  d iffe re n c e  of several o rd e rs  b e tw een  th e ir  se lf-rep ro 
d u c t io n  speed  and e x p lo ita t io n  speed. The o rd e r o f  sp eed  differences is, how 
e v e r , g re a t  enough to  m ak e  s u c h  a separa tion  q u ite  su ffic ie n t fo r th e  p rac tice .

E n e rg y  sources e x p lo ita b le  b y  m eans of m in in g  m e th o d s  d iffer from  th e  
“ ir re p ro d u c ib le -s e lf-re p ro d u c in g ”  energy sources in a sm u c h  as from  th e  “ self- 
r e p ro d u c in g ”  ones g e o th e rm a l energy  m ust be r a n g e d  here , from  th e  “ irre- 
p ro d u c ib le -se lf-re p ro d u c in g ”  e n e rg y  sources ag a in  th e  rad io ac tiv e  m a te r ia l 
c o n te n t  o f  sea-w ater m u s t  b e  ran g ed  am ong th e  sou rces “ u n ex p lo itab le  b y  
m e a n s  o f  m ining” . E n e rg y  so u rc e s  “ explo itab le  b y  m e a n s  of m in ing”  are , a f te r  
a ll, occurences of m in era ls .

I n  th e  following, th e  e n e rg y  sources h a v e  b e e n  g rouped  accord ing  to  
w h e th e r  th e y  are “ e x p lo ita b le  b y  m eans o f m in in g  m e th o d s”  or n o t, i.e. 
w h e th e r  th e y  are m in era l e n e rg y  sources or n o t. T h e  d iffering  c h a ra c te r  of 
t h e  know ledges of energy  so u rc e s  has been p o in te d  o u t. G eology, a science of 
g r e a t  h is to ry , gives th e  m e th o d  to  acquire th e se  know ledges. C oncerning th e
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non-m inera l en e rg y  sources th e  im p o rtan ce  o f geonom y, an  u p - to -d a te  w ay 
o f view  and  in te g ra tio n  o f scien tific  d iscip lines (invo lv ing  geology, to o ) becam e 
fu n d am en ta l [14]. T h is  is a basic  c ircu m stan ce  w ith  re sp ec t o f b o th  q u a n tity  
an d  q u a lity  o f know ledge.

T he d ev e lo p m en t o f th e  co n ten t of know ledge co rresp o n d in g  to  m ineral 
energy  sources is in  th e  f irs t  line q u a n ti ta t iv e  n o w ad ay s: in  consequence  of 
th e  b roaden ing  geological ex p lo ra tio n  a c tiv ity  (its  q u a n ti ta t iv e  a n d  q u lita tiv e  
developm ent) th e  a m o u n t of know n m ineral reserves is increasing . T h is  ju s tif ie s  
to  speak  ab o u t e x p e c te d  resources besides th e  m ore or less know n  ones (sim ilar 
to  o th e r m inera l resou rces). T he d ev e lopm en t of th e  c o n te n t o f  know ledge 
o f non -m inera l ra w  m a te ria ls  h as, on th e  c o n tra ry , q u a lita tiv e  c h a ra c te ris tic s  
in  th e  f irs t line: i f  th e  en erg y  source itse lf  (e.g. th e  e a r th  tid e  p h en o m en o n  
as energy  source) h as  b een  recognized, th e  “ q u a n t i ty ”  o f th e  en e rg y  source 
recognized can be d ire c tly  ca lcu la ted  w ith o u t an y  fu r th e r  “ e x p lo ra tio n ”  (e.g. 
s im ilar to  geological ex p lo ra tio n ). One has to  keep in  v iew , h o w ev er, th a t  
w hile th e  q u a n ti ty  o f m in era l energy  source can  be sy s te m a tic a lly  a n d  con
tin u o u s ly  increased  b y  m eans o f w ell-developed an d  fu r th e r  develop ing  m ethods 
in  case of no n -m in era l en erg y  sources, new  recogn itions o f p r im a rily  q u a lita tiv e  
sources, o b ta in ed  b y  th e  s tu d y  of th e  p h en o m en a  o f n a tu re  m ay  be th e  only 
w ay  o f ex p an d in g  th e ir  fie ld , an d  th e  p lan n in g  o f th is  a c tiv ity  is m ore  lim ited  
th a n  th e  form er.

C oncerning th e  re lia b ility  of th e  know ledge of q u a lity , q u a n t i ty  (geo
g rap h ica l ex ten sio n , e tc .) th e re  is a v e ry  g re a t q u a lita tiv e  d ifference betw een  
th e  d a ta  of “ k n o w n ”  an d  “ ex p ec ted ”  resources of m inera l en erg y  sources. 
T h e  new est d a ta  a n d  a k in d  of our own e s tim a tio n  are given in  th e  co m p ila tio n  
o f [12]. In  th e  e v a lu a tio n  o f th e  global d a ta  o f e s tim a te d  resources o f  m ineral 
en erg y  sources th e  d a te  o f  e s tim a tio n  has v e ry  g rea t im p o rta n c e , since th e  
c rité r iu m  of eco n o m ic ity , te ch n ica l level e tc ., p rognosed  fo r a c e r ta in  p e rio d , 
can  considerab ly  v a ry .

As for th e  d y n a m ism  o f th e  d a ta , e.g. “ in  1952, 15 • 3 • 10® t  w as th e  
e s tim a te d  sure oil re se rv e , w hich  w ould have  covered  th e  co n su m p tio n  on 
co n tem p o ra l level fo r 26 y ears . T his oil q u a n ti ty  w as co m p le te ly  p ro d u ced  
be tw een  1952 and  1965. In  th e  m eanw hile , th e  co n su m p tio n  p ro  y e a r  in c reased  
to  its  2.5-fold and  th e  re c e n tly  exp lo red  reserves w ere su ffic ien t fo r 33 y ears  
on th e  level of 1965”  [12]. I f  th e  in ev itab le  su b je c tiv ity  o f th e  d iffe ren t 
“ s ta t ic ”  e s tim a tio n s  (re fe rrin g  to  id en tica l tim e) is also ta k e n  in to  co n sid e r
a tio n , th e  o rder o f  in a c c u ra c y  in  th e  know ledge o f th e  q u a n t i ty  o f  energy  
so u rces  can  be v e ry  w ell perce ived . I t  is c h a ra c te ris tic  t h a t  a b o u t te n  y ea rs  
ago “ tw o lead ing  sc ie n tis ts  o f th e  w orld  of oil m ad e  an  e s tim a te  o f th e  to ta l  
oil resources of th e  w orld  in d ep en d en tly  from  each  o th e r  an d  . . . one’s w as 
3 1/2 tim es h igher th a n  th e  o th e r’s”  [15]. T he re lia b ility  o f q u a n t i ty  d a ta  of 
n o n -m in era l energy sources shou ld  be th eo re tica lly  b e tte r  th a n  th a t  o f  e s tim a t-
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in g  th e  reso u rces  of m in era l e n e rg y  sources. H o w ev er, th is  is n o t  th e  case y e t. 
A t a n y  r a te  “ if  we w a n t to  size u p  th e  p ro b ab le  reserv es  in  m in e ra l energy  
so u rces , o u r  m easuring  basis  w ill qu ick ly  v a ry , d ep e n d in g  on w h e th e r i t  is th e  
re se rv e s  in  generally  u sed  e n e rg y  ty p es  or fu tu re  techno log ies are  ta k e n  in to  
a c c o u n t, a n d  w h e th e r la t te r s  m e a n  th e  d e te c tio n  a n d  a p p lica tio n  o f know n  
o r q u i te  new  p ro d u c ts  or p ro cesse s”  [15].

A  le n g th y  d iscussion o f  th e  in accu racy  p ro b lem s in  e s tim a tin g  th e  
a m o u n ts  o f th e  w orld’s e n e rg y  sources is su p e rflu o u s . E v e n  a less p ro fo u n d  
re v ie w  o f th e  p rob lem  show s t h a t ,  a lth o u g h  d iffe re n t g lobal e s tim a tio n s  of 
th e  q u a n t i t ie s  of th e  in d iv id u a l sources gave re su lts  am o u n tin g  to  a m an ifo ld  
o f e a c h  o th e r , these  q u a n ti t ie s  o f  resources exceed  th e  p re sen t p ro d u c tio n  by  
s e v e ra l o rders. T hus th e y  c a n  h e  used , in  sp ite  o f  th e  considerab le  in a ccu racy  
in  r e s e rv e  ca lcu la tions, as a b as is  o f p red ic tio n s o f  d em an d -sa tis fac tio n , an d  
th e y  a re  n o t less re liab le  th a n  p red ic tions of o th e r  v i ta l  fac to rs  of th e  fu tu re  
o f  m a n k in d  (as food su p p ly , e n v iro n m en t h u r ts  e tc .).

H a v in g  m en tio n ed  a ll th e s e  in  advance , le t  us ex am in e  th e  d iffe ren t 
e s t im a te s  of various en e rg y  sources.

I n  T ab le  I I  tw o  k in d s  o f  d a ta  are com piled  fo r th e  coal, p e tro le u m  and  
gas re so u rces  of th e  w o rld  in  th e  ca tegory  “ e x p lo re d ”  (know n) an d  one in  th e  
c a te g o ry  “ p o ten tia l” .

Table II

Energy source Unit of measure

Statistical year book 
1972 of the UNO

Publication 
o f  V a j d a  [1 2 ]

„explored”
resources (known) exploitation

coefficient
potential
resources

Coal “ Standardized” 
109 t 6641 8600 0.5 7600

P etro leum 109 t 76 80 0.4 600

N a tu ra l gas 1012 m3 50 49 1.0 340

P etro leu m  extractable from  
oil sch ists and oil sands 109 t 1.0 600

T h e  tw o k inds o f  d a ta  e s tim a ted  p re su m a b ly  on th e  basis o f id e n tic a l 
so u rc e s , show a good a g re e m e n t for th e  ca teg o ry  “ e x p lo red ”  (know n). U ran iu m  
re se rv e s  of th e  w orld  are  g iv en  in  [16] as 0 .76 • 10e t ,  w hile acco rd ing  to  [12], 
t h e  ex p lo red  u ra n iu m  q u a n t i ty  ex p lo itab le  a t  expenses low er th a n  80 $/kg 
a m o u n ts  to  2.3 • 10° t  a n d  th e  p o ten tia l one to  5 • 10° t .  (As fo r th e  q u a n ti ty  
o f  th o r iu m  ores e x p lo ita b le  ch eap e r th a n  25 $ /kg , th e  f ig u res  are : 0.5 • 10e t  
t h e  k n o w n  and  1.5 • 10e t  th e  expected .) T h e  en e rg y  c o n te n t o f coal resources
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is e s tim a te d  to  60 — 120 • 10® T W h  [12] “ w h a t su rp asses  th e  to ta l  p r im a ry  
energy  d em an d  o f th e  y e a r  2000 b y  alm ost th re e  o rd e rs” . T h e  energy  c o n te n t 
o f  h y d ro ca rb o n  reso u rces  can  be e s tim a ted  as a b o u t 1/10 of th a t  o f coal re 
sources. T he en erg y  c o n te n t o f th e  ra d io a c tiv e  m a te r ia ls  m en tio n ed  com es 
to  th e  doub le  o f  t h a t  o f coal resources (by  su p p o sin g  m u ltip ly in g  re a c to rs ) . 
I n  connection  w ith  fo rm ers  th e  com pila tion  o f  d a ta  o f  “ som e possible en erg y  
sources o f th e  fu tu re ”  acco rd in g  to  [12] a re  w o r th  o f  a tte n tio n .

C oncern ing  th e  p o te n tia l  significance o f th e  o rd e r o f d eu te riu m  in  sea 
w a te r  th e  rea liza tio n  o f th e  fusion  by  d e u te r iu m —d e u te r iu m  reac tio n  w o u ld  
h av e  an  a lm o st u n p re d ic ta b le  im p o rtan ce : “ T h e  d e u te riu m  c o n te n t o f  one

Table III

Concentration Total reserves
Energy content 

of resource 
108 TWh

Potential energy 
resources 
108 TWh

Uranium and thorium in 1 km of 
the earth’s crust 12 ppm 4 • 1012t 10« 10

Uranium  content o f  sea-water 3 ppm 4 • 108 t 103 0.1

Deuterium  content o f  sea-water 156 ppm 1.9 • 10м t 1.3 • 108 101

m 3 w a te r  re p re se n ts  a fu s io n  energy  equal to  th e  h e a t  g e ttin g  free d u rin g  
b u rn in g  o f 300 t  coal . . . T h e  to ta l  w a te r m asses o f  th e  oceans com e to  1500-10® 
k m 3. A ssum ing  an  ex p lo ita tio n  w h ich  w ould decrease th e  o rig inal c o n cen tra tio n  of 
d eu te riu m  o f th e  oceans b y  1 % , we w ould g e t, b y  m ean s of fusion, an  en e rg y  
q u a n t i ty  500 th o u sa n d  tim es  m o re  th a n  all th e  en e rg y  reserves o f fossile o rig in  
o f th e  E a r th ”  [16].

As to  th e  n o n -m in era l, resp . co n tin u o u sly  rep ro d u c ib le—self-rep roducing  
en erg y  sources, th e  d a ta  in  T ab le  IV  are c h a ra c te r is tic , w here i t  m u s t be  
m en tio n ed  th a t  “ th e  p o te n tia l  en erg y  of m u scu la r  pow er rep ro d u ced  fro m  
food, a g ric u ltu ra l refuse an d  fuel w ood . . . soon ly  does n o t even  reach  th e

Table IV

103 TWh/year

According According
to [12] to [16]

Energy o f earth tide 576

Energy of continental water flows 23 — 33 3

Geothermal energy 17
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e n e rg y  d em an d  of m a n k in d ”  [12] a n d  th e  w in d  energy  com es o n ly  as a local 
e n e rg y  source  in to  q u es tio n .

T h e  q u a n tity  of g e o th e rm a l en e rg y  is a ro u g h  e s tim a te  r e la te d  to  th e  
k n o w n  occurrences. A ccord ing  to  a n o th e r  e s tim a te  [12], th e  g e o th e rm a l energy 
c o n te n t  o f  th e  3.5 km  th ic k  u p p e r  la y e r  o f  th e  e a r th ’s c ru st is b y  th re e  orders 
g r e a te r  th a n  th is , an d  th e  to ta l  g eo th e rm a l h e a t co n ten t o f th e  E a r th  su r
p a sse s  t h a t  of th e  fossile fu e l reserves b y  one o rder. A n e n e rg y  o f  1.5 • 109 
T W h /y e a r  rad ia tes  from  th e  S u n  to  th e  E a r th ,  “ ab o u t 30%  o f  i t  is d irec tly  
r e f le c te d  in to  th e  in te rp la n e ta ry  space, 4 7 %  is absorbed  in  th e  a tm o sp h ere , 
e a r th  a n d  ocean and  tra n s fo rm e d  in to  h e a t .  F u r th e r  23%  serves fo r  e v a p o ra 
t io n  in  connection  w ith  w a te r  c ircu la tio n . A li t t le  p a r t , a b o u t 0 .2 %  m a in ta in s  
th e  m o tio n s , cu rren ts  in  a tm o sp h e re  a n d  ocean . F in a lly , a s till sm a lle r  p a r t , 
a b o u t  0 .02 %  . . . is th e  sou rce  o f th e  in c re a se  of all liv ing  m a te ria ls  h y  m eans 
o f  p h o to sy n te s is  (and  is, in  a sm all f ra c tu re  o f i t ,  th e  source o f fossile  energies, 
to o )”  [16].

O ne has to  po in t o u t a lre a d y  even  h e re  th e  v e ry  h igh in v e s tm e n t dem ands 
o f  th e  e x p lo itab ility  of re p ro d u c ib le -se lf-rep ro d u c in g  sources. A  sing le exam ple 
is c i te d  in  th is  respect: “ S o la r energy  can  he th eo re tica lly  u tiliz e d  in  all its 
fo rm s . T h e  classical so lu tio n  w ould  be, how ever, to  in te rc e p t a sm all frac tio n  
o f  th e  4 7 %  otherw ise h e a tin g  th e  soil, th e  su rface  w ate rs an d  th e  a tm o sp h ere . 
T h is  co u ld  be u tilized  e ith e r  as d irec t th e rm a l energy  or b y  tra n s fo rm in g  i t  
in to  m ech an ica l or e lec trica l energy . S upp o sin g  an  in te rc e p tio n  a n d  t r a n s 
fo rm a tio n  effec tiv ity  o f 1 0 % , 2 %  o f th e  a rea  o f th e  U SA cou ld  d e liver th e  
t o t a l  en e rg y  dem ands o f th e  c o u n try  in  2000”  [16].

R eg ard in g  som e su m m ariz in g  q u a n t i ta t iv e  d a ta  of th e  en e rg y  sources 
k n o w n  now adays, we are  ju s t if ie d  to  re fe r to  ou r above s ta te m e n t  th a t ,  
a l th o u g h  th e  in accu racy  is n o t sm all, th e  fo recas tin g  of u t i l iz a t io n  is no t 
h in d e re d  b y  it ,  since th e  reserv es  av a ilab le  to d a y  in  coal, e .g ., b y  th re e  o rders 
s u rp a s s  th e  p ro d u c tio n  b y  sev era l o rders.

T ren d  and  rate o f  structura l change

F ig u re  2 shows th e  p a s t  d ev e lo p m en t o f th e  s tru c tu re  (p e rc e n tu a l dis
t r ib u t io n )  of energy sources used  b y  m a n k in d  as well as its  p re d ic tio n  u n til 
th e  m id d le  of the  n e x t c e n tu ry  b y  p re se n tin g  th e  re su lts  o f th re e  d ifferen t 
a u th o rs .

S ev era l im p o r ta n t conclusions can  be d raw n  from  th e  s tu d y  o f  th e  figure.
— In  such ca lcu la tio n s, resp . in  th e  d a ta  based  on an d  in  th e ir  processing , 

even th e  “ fa c ts”  are  u n c e rta in , n o t only  th e  “ p re d ic tio n s” . I t  can  be 
seen, e.g., t h a t  th re e  d iffe ren t shares of coal are g iven  b y  th e  th ree  
au th o rs  fo r th e  b eg in n in g  o f th is  c e n tu ry , and  th re e  d iffe re n t shares 
o f h y d ro ca rb o n s fo r  th e  b eg in n in g  o f th is  decade, i.e ., th e  answ ers of
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1800 1850 1 900 1950 2000 2050

------------ Vûjda [12] --------------- G.F. Ray [1 5 ] ..................E .Caok [17]

Fig. 2. D evelopm ent o f the structure of energy consum ption of the world.
On the vertical axis per cent, on the horisontal years a. C.

th e  th re e  a u th o rs  to  th e  question , w h en  d id  th e  coal co n su m p tio n  
or th e  h y d ro c a rb o n  co n sum ption  reach  th e  share  o f 5 0 % , d iverge so 
th a t  th e re  are  25 a n d  20 years, re sp ec tiv e ly , be tw een  th e  tw o  ex trem e 
values. T h is “ m arg in  o f e rro r”  is o b v io u sly  n o t less e ith e r  in  p rognostic  
assu m p tio n s, on  th e  c o n tra ry : i t  is rea so n ab le  to  be even  g re a te r  !

— R egard ing  th e  sequence  of energy sources succeeding  each  o th e r, it  
s trikes th e  eye t h a t  th e  tre n d  of d e v e lo p m en t p o in ts  fro m  th e  energy 
sources o f sm alle r specific  energy c o n te n t  to w ard s  th o se  o f g rea te r 
specific en erg y  c o n te n t. T he d a ta  o f specific  energy  c o n te n t (kW h/kg) 
are  p resen ted  in  T ab le  У [12].

— T he decrease o f  th e  sh are  of a ce rta in  e n e rg y  source doesn ’t  set in  
as a consequence o f  i ts  beg inn ing  to  ru n  sh o rt. T he d o u b tle ss ly  d im in 
ished  grow ing s to ck  w ould  have been  “ e x te rm in a te d ” , i f  coal had  
n o t been  d iscovered . In  th e  period o f m ax im u m  coal co n su m p tio n  
(in th e  f irs t  q u a r te r  o f  th is  cen tu ry ) th e  co a l resources o f  th e  w orld 
w ere e s tim a te d  b y  one o rder less t h a n  to d a y  [18]. T h u s  th e  reason  
o f “ change”  w as n o t  th e  e x h a u s tio n  o f  reserves, b u t  (besides v o lu 
m etric  reasons to  be discussed la te r  a n d  in  in te ra c tio n  w ith  them ) 
ch ie fly  th e  p ressu re  o f  econom ical effec ts .

T h is is fu n d a m e n ta lly  suggested  b y  th e  te n d e n c y  o f change of 
“ specific en erg y  c o n te n t”  discussed in  th e  foregoing  p a ra g ra p h , h u t 
m ost of th e  a u th o rs  dealing  w ith  th e  p ro b lem  h av e  c o n tr ib u te d  a
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Table V

kWh/kp Coefficient of norming 
to standardized fuel

F u e l w ood 2 . 3 -  4.5 0.38

B row n-coal 1 . 6 -  6.6 0.67

S to n e  coal 6 . 6 -  9.0 1.00

Crude oil 9 .2 -1 1 .0 1.30

N a tu ra l gas 9 .8 -1 1 .0 1.33

U ran iu m  and thorium in therm ic  
reactor (1.2 —2.4) ■105 2.8 • 106 

(theoretical 
equivalent un it)

U ran iu m  and thorium in m u lti
p ly in g  reactor (4 .1 -1 2 .2 ) • 10° 2.8 • 106 

(theoretical 
equivalent unit)

g re a t deal of d a ta  fo r  th e  recogn ition  o f th e  m a in ly  econom ical 
reasons of th e  “ c h a n g e  o f  energy  sources” .

— A n  acceleration  o f th e  s tru c tu ra l  change is in d ic a te d  b y  th e  decrease 
w ith  tim e of th e  d is ta n c e  b e tw een  th e  sh a re  cu rves. Since th e  period  
in v es tig a ted  in  th e  f ig u re  rep resen ts  th e  p e rio d  d u rin g  w h ic h  m inera l 
energy  sources b e c a m e  a lm o st general, i t  can  be s ta te d  t h a t  th is  
acceleration  p h e n o m e n o n  is th e  re flec tio n  of th e  sc ien tific -tech n ica l 
revo lu tion  of o u r age  in  m ining.

F u r th e r  considera tions co n cern in g  th e  c h a ra c te r  of th e  s t ru c tu ra l  change 
w ill b e c o m e  clear w hen re p re s e n tin g  sep ara te ly  th e  change in  sh a re  o f  d iffe ren t 
e n e rg y  sources by  m eans o f  cu rv es  w ith  d en sity -fu n c tio n s  c h a ra c te r .

S u c h  curves p re se n te d  in  F ig . 3 refer to  th e  fo llow ing:
— T he accelerated  d e v e lo p m e n t to w ard s b e t te r  energy  sources can  be 

n a tu ra lly  reco g n ized  ( th e  m ax im a a p p ro ach  each  o th e r) b u t  i t  can 
be clearly seen t h a t  a c e r ta in  energy  source  can  re a c h  o n ly  a 50 — 
70%  share as m a x im u m  in  th e  s tru c tu re . T h is is, besides sev e ra l o ther 
causes, obv iously  in  con n ec tio n  w ith  th e  in eq u a l g eo g rap h ica l d is
tr ib u tio n  of m in e ra l en e rg y  sources of th e  w orld  u n d e r ex p lo ita tio n  
fo r the tim e b e in g  as w ell as w ith  th e  u n ev en  c h a ra c te r  o f  th e  general 
developm ent, th e  l a t t e r  being  p a r tly  in  in te ra c tio n  w ith  th e  form er. 
C onsequently , a p ro je c tio n  of genera l d ev e lo p m en t law s can  be 
spoken abou t.

— It can be seen from  th e character of different prognostics th a t Cook 
[17] assumes, b esid es th e  long-term  stabilization  of the share o f coal 
and besides a considerable increase o f the share o f oil schists and

A c ta  Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975



DEVELOPMENT OF ENERGY SOURCES 269

Coal

— — V ajda [12]
-------- Ray [15]
---------  Caok [17]

Oil an d  g a s
(Oil s c h is ts  a n d  oil s a n d s )  

oil s c h is ts  e tc

Fig.  3. The worldwide change of the share o f d ifferent energy sources in  the energy structure.
On the vertical axis per cents

san d s, a re la tiv e ly  slow in c rease  o f  th e  share  o f n u c le a r  energy . 
A ccord ing  to  R ay  [15], th e  decrease  o f  th e  coal share  w ill be  th e  m ost 
in te n s iv e  till  th e  tu rn  o f th e  m illen a ry  an d  th e  slow est th e  decrease 
o f th e  share  o f h y d ro ca rb o n s, th e  la t te r  correspond ing  to  a n  increase  
o f “ m ed iu m  ra te ”  of th e  n u c le a r  en erg y  share . T h e  p re d ic tio n  of 
V a jd a  [12] lies som ew here b e tw een  th e se  “ ex trem e”  o p in io n s, w hich  
we accep t n o t only fo r t h a t  a n d  fo r th e  “ reg u la r”  c h a ra c te r  o f its  
cu rves (w h a t is th e  m ost rea so n ab le  in  such  cases), b u t  m a in ly  because  
we kno w  its  convincing  a rg u m e n t [12] in  detail.
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Connection between quantitative and structura l development

C o m b in in g  th e  p ro g n o stic  d a ta  of V a j d a  [12] in  F igs 1 an d  2, F ig . 4 is 
o b ta in e d . I t  can  be o b serv ed  from  th e  figu re  t h a t  th e  abso lu te  vo lum e o f th e  
p ro d u c tio n  o f each  p re se n tly  used  m inera l en e rg y  source  w ill increase till  th e  
tu r n  o f  th e  m illen ary . T h is m u s t be assum ed  fo r coal, to o , since coal p ro d u c tio n

Fig. 4. D is tr ib u tio n  of th e  w orldw ide  co n su m p tio n  of e n e rg y  sources (a fte r  V a jd a  [12]).
On th e  v e rtica l ax is 1012k  W h /y e a r

re m a in e d  a t  a b o u t th e  sam e level be tw een  1960 — 1970 in  sp ite  of an  in c rea se  
o f 5 0 %  o f th e  en erg y  d e m a n d  of th e  w orld  a n d  a red o u b lin g  of p e tro le u m  a n d  
gas p ro d u c tio n  w ith in  th a t .  T h o u g h  coal p ro d u c tio n  in  W este rn  E u ro p e  show ed  
s te e p  fa ll, th is  w as co m p en za ted  b y  th e  in c re a s in g  p ro d u c tio n  in  th e  S o v ie t 
U n io n  a n d  th e  U SA  (an d  le t  us ad d  P o lan d , to o ), [15]. I t  is know n from  s ta te 
m e n ts  o f  lead ing  p e rso n a litie s  t h a t  a co n sid erab le  increase  of coal p ro d u c tio n  
is p la n n e d  in  P o la n d  till  th e  tu r n  of th e  m ille n a ry , w hile th e  coal p ro d u c tio n  
p la n n e d  in  th e  S o v ie t U n ion  fo r 2000 is 1000 m illion  t ,  in  co m p ariso n  to
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670 m illion  t  in  1973. “ T h e  in c reasin g  ra te  o f c rude  oil d em an d  lies a t  ab o u t 
7 %  in  w orld  re la tio n s  (i.e. a red o u b lin g  w ith in  10 years)”  [15]. I n  possession 
o f  such  an d  s im ila r  in fo rm a tio n s , m a n y  econom ists  dared  to  fo re c a s t th e  tim e 
o f th e  e x h a u s tio n  o f th e  in d iv id u a l m in era ls . C oncerning th e  fossile  energy  
sources, th e  b est know n p essim istic  d iagnosis is th a t  of th e  so -ca lled  “ Club 
o f R om e” , accord ing  to  w h ich  th e  coal reso u rces  will be e x h a u s te d  in  2083, 
th e  oil resources in  1992 an d  th e  gas re so u rces  in  1994. O p tim is tic  e s tim a te s  
a re  also g iv en  in  th e  l i te ra tu re  [16]; one o f th e m  [19] gives th e  a b o v e  years 
o f  e x h a u s tin g  as 2500, 2100 an d  2015. A p a r t  from  ex trem e e s tim a tio n s , i t  can 
be s ta te d  th a t  m an k in d  tu rn e d  fro m  th e  f i r s t  in to  th e  second  th i r d  of th e  
“ coal epoch” .

I t  can  be said  w ith  g rea t p ro b a b il i ty  t h a t  th is  s ta te m e n t a lso  h o ld s  for 
all energy  sources p ro d u ced  b y  m in in g  m eth o d s . N am ely , h y d ro c a rb o n  re 
sources w ill ru n  o u t sooner th a n  coal resou rces, on th e  one h a n d , a n d  th e  ex 
h a u s tio n  of rad io ac tiv e  ores can  be aw a ited  b e tw een  1980 an d  th e  e n d  o f  th e  
c e n tu ry , on th e  o th er. “ T h is tim e , how ever, w ill he co n sid e rab ly  p o stp o n ed  
b y  th e  ap p lica tio n  o f th e  so-called  m u ltip ly in g  reac to rs”  [16].

B y  e x tra p o la tin g  o th e r  p red ic tio n s  [12] (F ig . 3), th e  e x h a u s tio n  tim e 
w ill be p o stp o n ed  in  th e  la t t e r  case t i l l  a b o u t 2100, w hereby , h o w ev e r, only 
m u ltip ly in g  reac to rs  w ill be ru n  from  a b o u t 2050 on. T hus, i f  w e e s tim a te  
th e  “ coal epoch”  of m an k in d  as 9 cen tu rie s , th is  w ill include a b o u t 2 cen tu rie s  
o f  h y d ro c a rb o n  age, ex p lo itin g  oil sch is ts  an d  sands, too  (see p re d ic tio n  of 
[17] in  F ig . 3) an d  a b o u t 1.5 cen tu rie s  o f rad io a c tiv e  ore epoch .

T h u s , th e  m in ing  o f en erg y  sources m eans a re la tiv e ly  s h o r t  h is to rica l 
p erio d , an d  w ith in  th is  th e  u tiliz a tio n  o f  h y d ro ca rb o n s  an d  ra d io a c tiv e  m a te 
ria ls  is on ly  an  “ ep isode”  in  th e  life o f m a n k in d .

A ccord ing  to  m ost o f th e  p red ic tio n s , th e  ap p lica tio n  o f fu s io n  energy  
w ill a rise  soon (betw een  2000 an d  2100), a n d  t h a t  will p ro b a b ly  be  c h a ra c 
te r is tic  o f a h is to rica lly  lo n g er perio d  th a n  m in ing . I t  m u st be a ssu m e d  th a t  
a t  th e  en d  th is  will rep lace  th e  coal co n su m p tio n  p re d o m in a n tly  a n d  on 
a w orldw ide  scale.

In  connec tion  w ith  th is  p rob lem  we can  p o in t ou t some law s o f  d ev e lo p 
m en t an d  som e conclusions d raw n  from  th e m , p a r tly  for longer (m illen a ry - 
c e n tu ry ), p a r t ly  fo r sh o rte r  ( c e n tu r y —decade) perspectives.

— W ith  regard to the para lle l between social conditions and  “epochs o f  
energy sources”  and  starting  fro m  the fa c t that p rim itive  energy sources 
( m uscular power, wood, agricultural refuse)  were characteristic o f  the 
p rim itive  com m unity , the slave society and  the feu d a lism , a n d  m ineral 
energy sources ( coal, hydrocarbons and the ores o f  radioactive m etals)  
have dom inated during  the build ing  up o f  capitalism  and socia lism , we 
m ay risk the assum ption  that fu s io n  w ill be the characteristic energy
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source o f  the developed com m unist society. T he “society o f  abundance"  
m ust obviously be based on the most abund a n t energy source. I n  the 
process o f  the w orldw ide form ation  o f  th is  society ( in  the series o f  basic 
phenom ena disclosed by historical m a teria lism ) ,  the development o f  
productive forces has a very im portan t role. Characteristic fo r  their 
present state is, fr o m  our p o in t o f  view, that in  the process o f  the accelerat
ed worldwide developm ent o f  energy dem ands no k in d  o f  “sa tura tion"  
can be spoken about, and this w ill be a ssum ably  the situa tion  till a 
world-wide u tiliza tio n  o f  fu s io n  energy on a large scale.

— The inner structure o f  the three great “ energy epochs" (p r im itiv e , 
m in in g  and fu s io n )  is , o f  course, not homogeneous. Though coal is the 
predom inan t energy source o f  the m in in g  epoch, other very im portan t 
energy sources have their role, too. T hey  can be regarded as innovations  
o f  orientation w hich appear inevitably d u rin g  the period o f  the develop
m ent o f  the large-scale innovation characterizing f in a l ly  the next period .

These “ in nova tions o f  orientation"  are not only historical necessities, 
but some general law s o f  development m en tioned  above are also va lid  fo r  
them (e.g. that they are economically more advantageous than those 
replaced and tha t they have a shortening cycle, what means the accelera
tion o f  developm ent), as well as they represent a k in d  o f ‘‘‘‘tra n sitio n "  
between two p red o m in a n t cycles ( the m in in g  o f  hydrocarbons represents 
a higher degree o f  the general development o f;m in ig , the u tiliza tion  o f  the 
ores o f  radioactive m inerals contributes to the development o f  the u ti l i
zation o f  fu s s io n  energy). Thus, the tra n sitio n a l role o f  innovations in 
tensifies the ‘‘‘‘charge" o f  predom inant cycles. Since they appear h istori
cally sim u ltaneously  w ith the cycle becom ing later predom inant, it  is a 
very im portan t ta sk  o f  science to recognize that one o f  the sim ultaneously  
occurring so lu tions which is perspective and  w ill become really p re 
dom inant.

— Both op tim istic  a n d  pessim istic  p red ic tio n s o f  the satisfaction o f  the 
dynam ically increasing  energy dem ands are know n. The p ess im is tic  
forecast o f  the “’Club o f  R om e" already m entioned is nothing else than  
the “transla tion"  o f  the M althusian  thesis fro m  “fo o d "  to “energy". 
The optim ists are un iform  in reasoning their predictions. There are 
standpoints sa y in g  “generalities"  as “ it w as proved o f  most o f  energy 
sources to be extendable or substitutable during  the history. Shortages 
often occurred and  were mostly solved by new technology" [ l b ] ,  but “all 
shortages were e lim inated  by the largescale application  o f  new energy 
fo rm s"  [2 0 ] . I n  other words: “The developm ent o f  energetics is deter
m ined by two fu n d a m en ta l circum stances. One is the continuous in 
crease o f  energy consum ption, the other the ingenu ity  o f  m a n k in d , that
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allows to sa tis fy  the increasing dem ands w ith  technically and  economi
cally more and  more advantageous energy sources''1 [ 1 2 ] .

The realists [11 ]  and [1 5 ]  start fro m  the standpoin t that only a small 
p art o f  the E arth  has been properly  explored and the developing sci
ences and technics o f  geology, geophysics and  geochem istry as well as 
the im proving e ffectiv ity  o f  exploitation and  u tiliza tion  fu rn ish es  the 
hope o f  large reserves fo r  a long time.

— In  the present period  o f  predom inating  m ineral energy sources, there 
is a hard economical com petition among differen t energy sources. Each  
state and economic integration strives to sa tis fy  the energy demands at 
m in im u m  costs and  m a xim u m  economic efficency. I t  fo llow s fro m  the 
m in ing  character o f  the production  that the m inera l reserves o f  a m ine  
fa ilin g  this com petition w ill be irreversibly inexploitable. T h is  has the 
appearance o f  w asting  the energy sources, in  fa c t it m eans, however, the 
loss o f  sources that turned invaluable. T h is is true, however only, i f  the 
non-com petitiveness has been objectively proved.

T he only rea l w ay  o f av o id ing  a “ fin a l loss”  is to  secure co m p etitiv en ess  
b y  m eans o f decreased  e x p lo ita tio n  costs.

P a ra lle l to  th e  d an g e r o f f in a l loss, a n o th e r  d an g er occu rs , n am ely  a 
“ sp a rin g ”  ex p lo ita tio n  o f  co m p e titiv e  occurrences, i.e . th e  “ co n se rv a tio n  of 
good sources” . T h is d an g e r has also been  recognized  b y  o u r N a tio n a l School 
o f  E conom y o f M ining R esources b y  u rg ing  an  in ten s iv e  e x p lo ita tio n  of still 
econom ical occurrences, due  to  th e  fo recast o f a g enera l a g g ra v a tio n  of th e  
co n d itio n s of eco n o m ic ity  [21]. T h is con cep t coincides w ith  th e  op in ion  of 
severa l foreign a u th o rs , ev en  th o u g h  th e y  p u t  i t  in  so m ew h a t d iffe ren t w ay.

F o r  in stan ce , th e y  p ro v e  i t  w ith  conv incing  a rg u m e n t t h a t  “ e ach  k ind  
o f  en erg y  has to  be ex p lo ite d  to  th e  u tm o s t in  i ts  due  tim e , o th erw ise  i t  becom es 
n o n -co m p etitiv e  w ith  re sp ec t to  a new  k in d  o f en erg y  so u rce”  [22]. F u r th e r  
“ th is  a rg u m en tin g  is su p p o rte d  b y  th e  h is to rica l d e v e lo p m en t o f  en e rg y  con
su m p tio n . B o th  in  E n g la n d  a n d  in  th e  c o n tin e n ta l E u ro p e  la rg e  coal reserves 
rem a in  u n ex p lo ited  p ro b a b ly  fo r ever, because th e ir  e x p lo ita tio n  is no m ore 
econom ical”  [15]. H ence , th e  fa c t t h a t  our tim e  is th e  age o f  m in e ra l energy  
sources and  w ith in  i t  p re d o m in a n tly  t h a t  o f coal, does n o t ab so lv e  th e  coal
m iners o f  th e  co u n trie s  from  th e  d u ty  o f a m ore in ten s iv e  re d u c tio n  o f  p ro d u c 
tio n  costs; m oreover: i t  m ean s a loss fo r th e  w hole m a n k in d  i f  — as con
sequence  of fa iling  i t  — e x p lo itab le  reserves o f en e rg y  sources w ill be lo s t for 
ever, due to  econom ical com pu lsion . T he ta sk s  o f th e  m in ing  o f en e rg y  sources 
in  H u n g a ry  m u st be d e fin ed  m a in ly  in  accordance  w ith  th is  co n cep t an d  th e  
k in d  o f energy  used  b y  th e  new  energy -consum ing  p la n ts  m u s t be chosen 
w ith  reg a rd  to  th e ir  in te ra c tio n .
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ОСУЩЕСТВЛЕНИЕ НЕКОТОРЫХ ОБЩИХ ЭКОНОМЕРНОСТЕЙ В ГОРНОЙ 
РАЗРАБОТКЕ НОСИТЕЛЕЙ ЭНЕРГИИ

К. ш и м о н

РЕЗЮМЕ

Пригодной для общей охарактеризации развития Гауссовской кривой можно 
объяснять и многочисленные явления в горных разработках. Распределение временной 
величины некоторой деятельности с определенной целью (разработка полезных ископаемых, 
техника производства и т. д.) в соответствии с качеством этой деятельности охарактеризу
ется какой-нибудь кривой. На основе максимумов этих привых можно установить харак
тер ускорения технического развития, выявляющегося в изменении качества деятель
ностей.

Полный объем деятельности с определенной целью растет таким образом, что по
вышается в нем и часть качественно более развитых решений, являющася причиной не 
только количественного, но качественного развития полной деятельности.

Закономерности развития потребностей в полезных ископаемых рассматриваются 
в статье сначала для горных разработок носителей энергии.
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THE ELECTRIC CONDUCTIVITY ANOMALY 
IN THE CARPATHIANS

I. I. R O K IT Y A N S K Y -S . N. K U L I K - L .  M. L O G V IN O V -V . N. S H U M A N  

[M anuscript received February 1, 1975]

The induction  vectors discussed b y  W i e s e  [19], J a n k o v s k y  [6 ] , Á d á m  [1], R i t t e r  [10], 
Ca l o t a  et al. [4], Á d á m  et al. [2], B o n d a r e n k o  e t al. [3] clearly mark the e lectr ica l con
d u ctiv ity  anom aly in the folded Carpathians all along their strike at more th a n  1000 km  
distances (F ig. 1).

In  1973 the In stitu te  o f  G eophysics o f the A cadem y of Sciences o f  th e  U krainian  
SSR  perform ed additional m agneto-variation and m agneto-telluric observations in  th e  frame 
o f K A PG , for the specification o f the param eters o f  th e  anom alous body under th e  Car
pathians. The observations included synchronous registration  of the m agnetic f ie ld  com 
ponents o f the variations at seven points (on the S — P  profile 5 points, and at po in ts Y  and R  
(F ig . 1), in the southern part o f the Soviet Carpathians and also m agneto-telluric observa
tions in  a wide range o f frequencies (T  =  15 sec — 1 d ay) above the axis o f the anom alous  
body in poin t R.

1. The W iese vectors

F ig u re  1 p re sen ts  th e  su m m ary  m ap  o f th e  W iese vecto rs p lo t te d  b y  
p rev io u s in v es tig a tio n s  a n d  b y  th e  p re se n t a u th o rs . I t  should  be k e p t  in  m in d  
th a t  W iese v ec to rs  are o rien ted  from  th e  an o m a lo u s  co n d u c tin g  b o d y  p e r
p e n d icu la rly  to  i ts  axis.

I n  th e  w este rn  an d  Sov ie t C a rp a th ian s  th e  v ec to rs  are c learly  o r ie n te d  
aw ay  fro m  th e  line passing  th ro u g h  th e  fo ld ed  C a rp a th ian s , t h a t  a llow s to  
d raw  th e  an o m a ly  axis w ith  c e r ta in ty . I n  th e  S o u th e rn  C arp a th ian s th e  o b se r
v a tio n a l p o in t n e tw o rk  is th e  m ost dense, th e  v e c to rs  d isp lay  c o n tra d ic to ry  
b e h a v io u r  in  som e places, t h a t  m ay  be due to  a  s t ru c tu ra l  change o f  th e  so u rce  
o f th e  v a r ia tio n , to  th e  com plex  co n fig u ra tio n  o f  th e  anom alous b o d y  (b ra n c h e s)  
or to  p lo tt in g  e rro r.

2. The profile cu rves

E s tim a tio n s  o f  th e  m ax im u m  possib le  d e p th  o f th e  u p p er edge o f  th e  
anom alo u s b o d y , ca rr ied  o u t by  R o k ity a n sk y  [11] according to  th e  W iese 
v e c to r  p ro jec tio n s , gave th e  follow ing v a lu es : in  th e  W estern  C a rp a th ia n s  
(a long  D SS p ro file  V I) 20 k m , in  th e  S o u th e rn  C a rp a th ia n s  40 km . T h is  r e s u lt  
m ay  be in te rp re te d  as an  increasing  d e p th  of th e  an o m alo u s body  in  th e  s o u th 
e rn  d irec tio n , o r as th e  ex ten sio n  o f its  w id th . T h e  l a t te r  ex p lan a tio n  is m ore  
p ro b ab le .
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Fig. 1. Map of the induction vectors o f W i e s e  in the Carpathians. 1. Surface electric conductiv ity  anom a
lies; 2. deep electric conductiv ity  anom alies; I. Carpathians; II. Forcarpathian depression; III. Pannonian  
Basin; IV. Transylvanian Basin; V. H ungarian Central M ountains; V I. Dinarides; V II. Ukrainian Shield; V III. 
Belorussian m assif; IX . Alps; X . Foralpine depression; X I.B ohem ian  m assif; X II . North-G erm an —Polish  

basin; X III . Pripyatian basin; X IV . Dnieper —D onets depression; XV. Voronezh m assif
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Di.
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Fig. 2. Dependence o f the variations of the m agnetic fie ld  com ponent on position  along the  
profile S — P  (Fig. 1), norm alized w ith respect to  the K iev  observatory. The calculated  
curves were received according to the formula for a circular cylinder w ith its centre being

at h =  30 km  depth

B ondarenko  e t al. [3] rep o rted  th e  re su lts  o f th e  profile  m e a su re m e n ts  
o f th e  Z  an d  H  co m p o n en ts  of th e  bay-like  v a r ia tio n s  on th e  te r r i to ry  o f  th e  
S o v ie t C a rp a th ian s . T he m ax im u m  possible d e p th  of th e  up p er edge o f  th e  
co n d u c to r, accord ing  to  th e se  g raphs, is a b o u t 30 km .

S ynchronous o b se rv a tio n s perfo rm ed  on th e  S-P  profile (F ig . 1) in  th e  
S o u th  of th e  S o v ie t C a rp a th ia n s  in  th e  sam e fre q u e n c y  range m ade i t  possib le  
to  d e te rm in e  th e  d e p th  o f th e  u p p e r edge w h ich  is 30 km  (Fig. 2).

3. M agnetotelluric soundings

T h e d e p th  o f th e  u p p e r  edge of th e  c o n d u c tin g  body , d e te c te d  b y  th e  
m a g n e to v a ria tio n a l in v e s tig a tio n s  can be d e fin e d  m ore precisely b y  th e  M TS 
d a ta .  F o r  in s tan ce , MTS d a ta , received  b y  P ra u s  [9] in  the  W e s te rn  C ar
p a th ia n s  on DSS p ro file  Y I, give a d e p th  o f  1 5 —20 km .
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F ig . 3. T he MTS longitudinal curve over the anom alous bod y axis in the point R  (R akhov); 
1 — Qrp va lu es received on separate variations from  th e  rapid run records; 2 — th e  sam e

from  the Bobrov sta tio n

F ig . 4. The induction vectors Cu and Cv for th e  observation points Y  and R
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In  o rd e r to  place th e  M TS p o in t on th e  anom alous body ax is , w e c a rrie d  
o u t specia l m a g n e to v a ria tio n a l p ro file  in v e s tig a tio n s  w ith  a sm all s te p  (3 — 
4 km ) t h a t  m ade possible to  d e te rm in e  th e  p o s itio n  of th e  axis o f th e  a n o m a l
ous b o d y  w ith  g rea t accu racy . T he M TS s ta t io n  w as supplied  w ith  q u ic k  an d  
slow  reco rd in g  fac ilities  th a t  allow ed to  p ro cess  th e  v a ria tio n s f ro m  15 sec 
to  1 -d ay  perio d  ran g s. T he received  lo n g itu d in a l (w ith  respect to  th e  a n o m a ly  
s trik e ) M TS cu rve  (F ig . 3) is ch a ra c te riz e d  b y  a re liab le  le ft descen d in g  b ra n c h , 
b y  a m in im u m  in  th e  7 0 —200 sec ran g e  a n d  b y  i ts  c lear ascending r ig h t  b ra n c h .

T h e  d e p th  o f th e  u p p e r edge, a cc o rd in g  to  th is  cu rve , is 16 k m , an d  
th e  b o d y ’s a p p a re n t lo n g itu d in a l c o n d u c tiv i ty  is 1000 Q ~l .

4. P rocessing  o f  th e  p o in t observations

B esides processing  th e  p o in t o b se rv a tio n s  b y  W iese’s te c h n iq u e , we also 
u sed  a m p litu d e -p h ase  processing based  on th e  lin e a r  re la tion

Z  =  A H  +  B D  (1)

w here  a ll v a lu es  fig u rin g  in  E q . (1) are  com plex .
T h e  re la tio n s  Cu =  R e A i  -j- R e B j, Cv =  I m A i  -(- Im B j  d e te rm in e  th e  

rea l a n d  im a g in a ry  in d u c tio n  arrow s [15].
F ig u re  4 gives an  exam ple  o f su ch  a p re se n ta tio n  of th e  p ro cess in g  

re su lts  fo r th e  o b se rv a tio n a l p o in ts  Y  a n d  R  in  th e  period range T  f ro m  23 sec 
to  120 m in.

5. Frequency response o f  th e  an om alou s field

In  p o in t Y  a la rge  anom alous f ie ld  is o b serv ed  in  th e  Z  c o m p o n e n t, 
w hile th e  h o rizo n ta l co m p o n en t o f th e  an o m alo u s  fie ld  does n o t ex c e e d  10 — 
15%  o f  th e  n o rm a l fie ld . T h is fa c t gives th e  p o ssib ility  to  consider th e  co e f
f ic ie n ts  A  or В  o f E q . (1) as th e  a p p ro x im a te  fre q u e n c y  response of th e  a n o m a l
ous f ie ld . F ig u re  5 p re sen ts  A  as fu n c tio n  o f  ][T • I t  is ch a rac te ris tic  t h a t  fro m  
У21 =  60 th e  v e rtic a l co m ponen t o f th e  o b se rv ed  fie ld  begins to  in c rea se  
sh a rp ly  w hich  is p ro b a b ly  due to  a co n sid e rab le  g ro w th  of th e  n o rm a l co m 
p o n e n t Z n. To exclude th e  in fluence  o f Zirii th e  synchronously  re c o rd e d  co m 
p o n e n t Z  w as s u b tra c te d  in  p o in t R , w here  Z a is close to  zero. T h e  re s u lts  o f 
th e  c a lc u la tio n  o f th e  no rm alized  an o m alo u s f ie ld  hz w ith  such s u b tra c t io n s  
fo r each  in d iv id u a l case are show n in  F ig . 5 b y  po in ts . A fte r s u b tra c t io n , 
how ever, th e  anom alous fie ld  in  th e  lo w -freq u en cy  range decreases slow er 
w ith  th e  g ro w th  o f period  th a n  th e  K iro v o g ra d  anom aly  freq u en cy  c h a ra c 
te r is tic s  a n d  th e  n o rm a l g lobal im p ed an ce  [12]. N ote  th a t  th e  e d d y  ty p e  
an o m a ly  decreases m ore qu ick ly  th a n  th e  n o rm a l im pedance , th u s  th e  a n o m a l
ous fie ld  o b served  a t  long periods m a y  b e  co nsidered  w ith  c e r ta in ty  as an  
an o m a ly  o f co n d u c tiv e  n a tu re .
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1.0

F ig . 5. Frequency characteristics of the anomalous fie ld  in  th e  observation point У  (Y asinya)
1. Modules A (E q . 1)

2. h. \2y \ -  IZ R 
\ H y \

F ig . 6. Graphs of the dependence between the layer’s fic titio u s total conductiv ity  .S j  = Ojh 
and th e  longitudinal cross-section  conductivity G =  OjQ o f  elliptical cylinders w ith  d ifferent 
a x is  ratios. The ind ex  o f  the curves at their left end is th e  minor semiaxis o f  the elliptical 
cylinder in  km , values on  the right o f the curves are S  to ta l conductivity o f the layer w ith

thickness h =  2a
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H av in g  co m p ared  th e  o b ta in ed  e x p e rim e n ta l frequency  c h a ra c te r is tic s  
o f th e  anom alous fie ld  w ith  th e  th e o re tic a l responses of tw o -d im en s io n a l 
anom alies o f co n d u c tiv e  n a tu re  [13], fo r  th e  to ta l  lo n g itud ina l c o n d u c tiv i ty  
o f  th e  tw o -d im en sio n a l co n d u c to r Gmjn == aiQ = 1  — 2 • 108 1 2 m  w as 
o b ta in ed .

I n  th e  lo w -frequency  range th e  d ecrease  o f  a conductive ty p e  an o m a lo u s  
f ie ld  is d e te rm in ed  by  th e  im pedance . T h e  slow  decrease of the  an o m a lo u s  fie ld  
m a y  be due to  a h igh  im pedance  va lue , w h ich  is confirm ed b y  th e  M T S curve  
o b ta in e d  in  p o in t R  (F ig . 3). T his fac t, in d ic a tin g  th e  increased  v a lu e  o f  th e  
e lec tric  fie ld  in  th is  reg ion  a t low  freq u en c ies , m ay  be accoun ted  fo r  b y  sug 
g esting  th a t  th e  C a rp a th ia n  electric  c o n d u c tiv i ty  anom aly  c o n n e c ts  la rg e r 
co n d u c to rs  th a n  itse lf. Such co n d u c to rs  m a y  be  th e  N o rth  G e rm a n  e lec tric  
c o n d u c tiv ity  an o m aly  in  th e  n o r th  and  th e  B lack  Sea in  th e  s o u th . In d e e d , 
th e  e lec tro m ag n etic  fie ld  is form ed in  som e vo lu m e V, th e  size (L) o f  w hich  
is co m p arab le  to  th e  w ave leng th  of th e  f ie ld  in  th e  ea rth . F o r sm a ll perio d s, 
th e  size L  is n o t la rge  an d  these  tw o large c o n d u c tin g  zones do n o t a p p re c ia b ly  
effect th e  c u rre n t sy stem  d e te rm in ing  th e  im p ed an ce  in  th e  o b se rv a tio n a l 
p o in t. B u t L  increases w ith  th e  period  a n d  th e  d is ta n t conducto rs m e n tio n e d  
m ay  in flu en ce  th e  m easu red  m ag n e to te llu ric  f ie ld  in  th e  C a rp a th ia n s .

6. E stim ation  o f  param eter G accord in g  to MTS resu lts

T he lo n g itu d in a l co n d u c tiv ity  G c a n  be  also estim a ted  b y  u s in g  th e  
ascend ing  b ra n c h  o f th e  MTS lo n g itu d in a l cu rv e  in  p o in t R  over th e  ax is  of 
th e  anom alous fie ld . F o r  th a t  purpose we use  th e  lo n g itud ina l c u rv e s  qt p re 
se n te d  in  th e  book  [7] over co n d u c tin g  e llip tica l cylinders b u r ie d  in  
a h o rizo n ta lly  s tra tif ie d  m edium  and  d e te rm in e  th e  em pirical re la tio n sh ip  
b e tw een  th e  f ic titio u s  to ta l  c o n d u c tiv ity  S f  o f  th e  lay er o b ta in ed  f ro m  th e  
ascend ing  b ran ch es  o f th e  curves Qt , an d  th e  to ta l  long itu d in a l c o n d u c tiv i ty  
G of th e  e llip tica l cy lin d er. The o b ta in ed  d ep en d en c ies  Sf  and G fo r  c y lin d e rs  
o f d iffe ren t ra tio n s  of th e ir  axes to  th e  b u ry in g  d e p th  are show n in  F ig . 6. 
A ccord ing  to  th e se  g rap h s, th e  v alue  G =  1 — 2 • 108 Í2-1 m c o rre sp o n d s  to  
th e  f ic titio u s  lo n g itu d in a l c o n d u c tiv ity  S f  =  1000 Í2 -1, de te rm in ed  acco rd in g  
to  th e  ascend ing  b ra n c h  o f th e  MTS curve in  p o in t R , w h a t confirm es th e  d a ta  
of m a g n e to v a ria tio n a l p ro filing .

7. G eo log ica l in terp retation  o f  the C arpathian electric  con d uctiv ity  a n o m a ly  
based on  th e  ideas developed by H y n d m a n  and H yndm an [5 }

T he p o sitio n  o f th e  ax is line o f th e  a n o m a lo u s  body  on th e  te c to n ic  m ap  
(F ig . 1) show s th a t  th e  co n d u c tin g  b o d y  is lo c a te d  in  th e  C a rp a th ia n  fly sch  
zone, i.e. in  h ig h ly  d is loca ted  sed im en ta ry  fo rm a tio n s  of 10 — 20 k m  th ic k n e s s .
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A c c o rd in g  to  seism ic d a ta ,  seism ic w ave v e lo c itie s  sh a rp ly  increase in  th is  zone 
w ith  d e p th ,  w hich  in d ic a te s  th e  m e tam o rp h ic  tra n s fo rm a tio n s  of th e  ro ck s , in  
p a r t ic u la r ,  th e  decrease o f th e ir  com paction  a n d  p o ro s ity . As i t  is k n o w n , th e  
e le c tr ic  c o n d u c tiv ity  o f g re a t m asses of rocks is d u e  to  th e  presence o f m in e ra l
ized  p o ro u s  m o istu re , th e  q u a n t i ty  of w hich  d ec reases  w ith  th e  ro ck ’s co m 
p a c tio n . I t  is n o t to o  p ro b a b le  th a t  in  su ch  c o n d itio n s  th e  narro w  zone of 
h ig h ly  m in e ra liz e d  po ro u s w a te rs  w ould e x te n d  fo r  m a n y  h u n d red  k m  in  th e  
su b su rfa c e  lay e rs . T he C a rp a th ia n  electric  c o n d u c tiv i ty  anom aly  a p p e a rs  to  
be c o n n e c te d  w ith  th e  m e ta m o rp h ic  changes o f  th e  sed im en tary  rocks u n d e r  
th e  in f lu e n c e  of te m p e ra tu re  a n d  pressure a t  d e p th s  of 10—25 km . T h e  se d i
m e n ta t io n  in c lu d ed  tw o  s tep s  o f  th e  A lpine g éo sy n c lin a l stages: th e  f i r s t  s te p  
in  th e  M esozoic era, th e  second  one ( th a t  o f  f ly sc h )  — from  C re taceo u s to  
E o cene-O ligocene  — th e  geosyncline being  d isp la c e d  from  th e  in n e r  zone o f 
th e  C a rp a th ia n s  to w a rd s  th e  o u te r  zone [18]. A t  th e  end of th e  E o cen e  th e  
s ta g e  o f  u p lif t  begins t h a t  h a s  b ro u g h t th e  C a rp a th ia n  region to  i ts  p re s e n t  
fo rm . I t  is possible t h a t  th e  v e loc ity  of se d im e n ta tio n  in  th e  geosy n c lin e  
c o n s id e ra b ly  exceeded  th e  v e lo c ity  of w arm in g  u p  o f  y o u n g  se d im e n ta ry  s t r a ta .  
T h e re fo re , a lth o u g h  th e  lo w er lay e rs  of th e  s e d im e n ta ry  com plex w ere d ip p in g  
a t  15 k m  d e p th  an d  m ore , a t  f ir s t  th e re  w ere  o n ly  low  te m p e ra tu re  fac ies  o f 
m e ta m o rp h ism  w hich  p re se rv e d  considerab le  q u a n t i ty  of vo la tile  su b s ta n c e s  
in  th e  ro c k s , w a te r  in  th e  f i r s t  p lace [17]. D u e  to  g ra d u a l w arm ing  u p , th e  f ro n t  
o f  m e ta m o rp h ism  p ro g ressed  up w ard s. A  co n sid e rab le  tim e h av in g  p a sse d , 
th e  te m p e ra tu re  in  th e  lo w er p a r t  o f th e  s e d im e n ta ry  com plex has in c re a se d  
u p  to  re la tiv e ly  h igh  v a lu e s , as th e  o v e rly in g  se d im e n ta ry  s t r a ta  h a v e  low  
th e r m a l  c o n d u c tiv ity  a n d  sc reen  th e  h e a t o u tf lo w . T he progressing  w a rm in g  
u p  to  th e  low er p a r t  o f th e  sed im en ta ry  c o m p le x  leads to  m e ta m o rp h ism  
fac ies  o f  ev e r h igher te m p e ra tu re  w ith  w a te r  re le a se  and  fo rm a tio n  o f  in te r 
g ra n u la r  m elting . E x p e r im e n ts  have been  c o n d u c te d  [16], show ing  t h a t  a t  
te m p e ra tu re s  as low  as 3 0 0 —450 °C m eltin g  m a y  o ccu r coexisting  w ith  h ig h ly  
m in e ra liz e d  w a te r  so lu tio n s. T h e  m eltings are  th e  m o st a b u n d a n t in  th e  a m p h i
bo le  fac ie s  of m e tam o rp h ism , ta k in g  p lace a t  400  — 700 °C. These m e ltin g s  are  
fo rm e d  w ith  w a te r p re se n t, th e  su ffic ien t q u a n t i ty  of the  la te r  b e in g  a b o u t 
1 — 2 % . T h e  w hole v o lu m e  o f  th e  rocks c a n n o t  b e  sub jec ted  to  m e ltin g , b u t  
th e  m o s t  fusible co m p o n en t in  th e  p resence  o f  w a te r , w hich is lo c a te d  in te r -  
g ra n u la r ly  betw een  th e  g ra in s  of in fusib le  c o m p o n e n ts , m ay fo rm  th e  b o u n d  
s y s te m . W ith  m elting  fo rm a tio n  th e  e lec tr ic  c o n d u c tiv ity  of rocks s h a rp ly  
in c re a se s . E x p e rim e n ts  on  g ra n it specim ens in  w a te r  v ap o u r [8] show  t h a t  
u n d e r  p ressu res , co rre sp o n d in g  to  10 — 20 k m  d ep th s  a t  te m p e ra tu re s  of 
600 — 650 °C, th e  specific  e lec tric  c o n d u c tiv ity  rises up to  1 Í2-1 m _1. T h u s , 
th e  su g g e s te d  e lec tric  c o n d u c tiv ity  o f th e  a n o m a lo u s  body  u n d e r  th e  C ar
p a th ia n s  m ay  be a c c o u n te d  fo r b y  th e  o c c u rre n ce  of m elting  in  th e  p rocess 
o f  re g io n a l m e tam o rp h ism . D eeper facies o f  re g io n a l m e tam orph ism  (g ra n u litic
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a n d  eclogite) are  ch a rac te rized  b y  th e  absence  o f w a te r  in  th e  ro ck s , th e re fo re , 
th e  la y e rs  h a v in g  passed  th ro u g h  th e  am p h ib o lite  facies m a y  n o t  co n ta in  
th e  fusions desp ite  th e  h ig h er te m p e ra tu re  an d  pressure. H en ce  th e  lay e r 
o f in c rea sed  c o n d u c tiv ity  o f  such  n a tu re  is o f  lim ited  th ickness a n d  th e  u n d e r
ly in g  lay e rs  m a y  be  o f h ig h  re s is tiv ity .

P ro ceed in g  from  th is  a ssu m p tio n , we t r y  to  exp la in  th e  n a rro w  lo ca liza tio n  
o f  th e  co n d u c tiv e  lay e r in  th e  h o riz o n ta l p lan e  th a t  is c h a ra c te r is tic  o f th e  
W e s te rn  an d  E a s te rn  C a rp a th ia n s . I n  th e  w ork  of S c h e f f e r  [1 4 ]  d a ta  are 
p re se n te d  on th e  g eo th e rm al g ra d ie n t o f th e  C a rp a th ian s  a n d  th e  fram ed  
P a n n o n ia n  a n d  T ra n sy lv a n ia n  B asins. T he P a n n o n ia n  B asin  is c h a ra c te r iz e d  
b y  a v e ry  h igh  geo th erm al g ra d ie n t, in  th e  reg ion  o f th e  W este rn  a n d  E a s te rn  
C a rp a th ia n s  i t  decreases u p  to  th e  n o rm a l va lu es  ty p ic a l o f th e  p la tfo rm  
w hen  passing  from  th e  in n e r zone o f th e  C a rp a th ia n s  to  th e  o u te r  zo n e . T h u s 
th e  h e a t  flow  source w arm in g  u p  th e  s e d im e n ta ry  s t r a ta  is m o re  in te n s iv e  
in  th e  in n e r  zone an d  less in te n s iv e  in  th e  o u te r  one.

As s ta te d  above, se d im e n ta tio n  in  th e  in n e r  zone of th e  C a rp a th ia n s  
to o k  p lace  ea rlie r th a n  in  th e  o u te r  one. T h u s  i t  is p lausib le  to  su g g est t h a t  th e  
se d im e n ta ry  s t r a ta  o f th e  C a rp a th ia n s ’ in n e r  zone h a d  been w arm ed  u p  ea rlie r 
a n d  passed  th ro u g h  th e  ac tiv e  p h ase  o f reg io n a l m etam o rp h ism  c o n n e c te d  
w ith  fusion  fo rm a tio n  an d  e lec tric  c o n d u c tiv ity  increase. T he C a rp a th ia n s ’s 
o u te r  zone, ch a rac te rized  b y  y o u n g e r sed im en ts  an d  th e  leas t a c tiv e  h e a t  flow  
source, does n o t a p p e a r to  h av e  b een  w arm ed  up  to  th e  ac tive  ph ase  o f  reg io n a l 
m e ta m o rp h ism  as i t  w as th e  case w ith  th e  c e n tra l zone of th e  f ly s c h  C ar
p a th ia n s . N a tu ra lly , d e p a rtu re s  fro m  th is  g enera l p ic tu re  m ay  ta k e  p lace  due  
to  th e  h e a t  flow  inhom ogeneities in  d iffe ren t te c to n ic  blocks.

T h e  g eo th e rm al g rad ien t in  th e  T ra n sy lv a n ia n  B asin  a p p ro x im a te ly  
eq u a ls  th e  v a lu es  on th e  p la tfo rm . T h ere fo re , th e  sed im en ta ry  s t r a t a  in  th e  
S o u th e rn  C a rp a th ian s  m ust be w arm ed  up  m ore u n ifo rm ly  in  th e  h o r iz o n ta l 
p lan e . T h is is in  ag reem en t w ith  th e  g rea t w id th  o f  th e  electric  c o n d u c tiv i ty  
an o m a ly  u n d e r  th e  S o u th e rn  C arp a th ian s .
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АНОМАЛИЯ ЭЛЕКТРОПРОВОДНОСТИ НА КАРПАТАХ

И . И . Р О К И Т Я Н С К И Й - С .  Н . К У Л И К - л .  В . Л О Г В И Н О В - В .  Н . Ш У М А Н

РЕЗЮМЕ

В статье представлены новые результаты МВП и МТЗ, в Советских (Северо-восточ
ных) Карпатах. Дается обзорная картина всей карпатской аномалии. Предлагается 
петрологическая и геотермическая интерпретация образования аномолии.
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STATISTICAL BASIS
FOR GEOMAGNETIC INDUCTION THEORY
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[M anuscript received April 20, 1975]

G eom agnetic induction theory has been so far form ulated only in a determ inistic  way, 
using M axwell’s equations and solving them  for d istinct incident primary fields in  connec
tion w ith  special conductiv ity  structures o f the E arth, or b y  solution of the inverse geom agnetic  
induction problem. These approaches do not account for the stochastic distribution  o f con
d u ctiv ity , a situation  which seems to be more realistic in m ost practical cases. The present 
paper reconsiders geom agnetic induction  theory on the basic assum ption th a t the conduc
tiv ity  o f the E arth is the sum of two parts: a regular slow ly varying condu ctiv ity  cr0(x), and 
a stochastic  contribution <7,(x) varying on a m uch sm aller scale. I t  is shown th a t M axwell’s 
equations can be split into equations describing the regular and the stochastic fields, respec
tiv ely , but the equation for the regular fields contains a term  arising from the contribution  of 
the stochastic  conductiv ity  distribution. Solving the equation for the stochastic  fie ld  in 
“ linear” approxim ation, the correlation tensor of the geom agnetic induction field  is introduced. 
I t  can be convenien tly  used to calculate the m ean-square deviation /стДж)2 o f the conduc

t iv ity  fluctuation . Being expressed by the correlation tensor, this inform ation can be con
ven ien tly  achieved using a m easurable qu antity  appropriate for the real situation . For sim 
p licity  the results are given for an in fin ite  m edium . In th at case the correlation to  the equa
tion for the global fields is exp lic itely  calculated . The equations which arise are com plicate  
integro-differential equations from which neither B 0 nor E 0 can be elim inated. C onsequently, 
for real interactions simple m odel calculations of the condu ctiv ity  are only o f m inor im por
tance since their result is strongly in fluenced  by the stochastic  distribution o f condu ctiv ity .

T he progress in  th e  th e o re tic a l an d  ex p e rim en ta l s tu d y  o f th e  e lec tric  
c o n d u c tiv ity  or(x) of th e  E a r th  has its  fu n d a m e n ts  m ain ly  in  th e  c o m p u ta tio n  
of th e  in d u c tio n  of a p rim a ry  m ag n e to - or ionospheric  m agnetic  f ie ld  in  som e 
m ore or less sim ple c o n d u c tiv ity  m odels of th e  e a r th , due to  th e  p e rs is te n t 
e ffo rts  o f m ag n e to te llu ric s  an d  m a g n e to -v a r ia tio n a l sound ing  (see, fo r in s ta n c e  
Schmucker [9], A shour [1], J ones  — P ascoe [2], W e a v e r—T homson  [15], 
W eidelt  [16], T reumann  [10; 11; 12] an d , fo r th e  o lder l i te ra tu re ,  R iki- 
take [5]; fo r a review  of th e  m a g n e to -v a r ia tio n a l sound ing  m eth o d  th e  read e r 
is re fe rred  to  R oicityansky’s [6] m o n o g rap h y ). P re su m ab ly , th e  m o st e ffec tive  
v e rsion  o f th a t  th e o ry , w here th e  m odel c h a ra c te r  o f th e  c o n d u c tiv ity  s tru c tu re  
en te rs  on ly  th ro u g h  th e  a ssu m p tio n  on its  one-d im ensional d e p th  d ep en d en ce , 
is th e  inverse  analysis o f th e  geo m ag n etic  in d u c tio n  prob lem  g iven  b y  W e i
delt  [17]. I t  allow s for a d irec t ca lcu la tio n  o f th e  v e rtica l sp a tia l d ep en d en ce  
of c o n d u c tiv ity  from  th e  su rface  v a lu es  o f th e  m ag n etic  an d  e lec tric  in d u c tio n  
fie lds, re sp ec tiv e ly , th e  m ag n e to te llu ric  e lem en ts . T h is m eth o d  is b a se d  on  th e  
so lu tio n  o f an  in te g ra l eq u a tio n  fa m ilia r  from  q u a n tu m  sp ec tra l an a ly s is . In  
p rinc ip le , th e  ex ten sio n  of th e  in v erse  m e th o d  to  th ree  d im ensions seem s to
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be p o ssib le . Such a p ro ced u re  w ould  becom e free  from  an y  a p rio ri m odel 
a s su m p tio n s  on th e  c o n d u c tiv ity  s tru c tu re . S in ce , how ever, th e  in v erse  geo
m a g n e tic  in d u c tio n  p ro b lem  is ill-posed in  th e  sense th a t  its  so lu tio n  v e ry  
se n s itiv e ly  depends on th e  e x a c t know ledge o f  th e  fie ld  d is tr ib u tio n  a t  th e  
E a r th ’s su rface , th e  q u e s tio n  arises if  i t  w ill g ive  th e  rea l s tru c tu re  o f th e  co n 
d u c tiv i ty  in  th e  case w h en  th e  la t te r  is c o n s id e ra b ly  co m plica ted  b y  s ta t i s t i 
ca lly  d is tr ib u te d  co n d u c tin g  inclusions d iffe rr in g  fro m  th e  over-all co n d u c tin g  
s tru c tu re . T h e  a p p lic a tio n  o f th e  inverse th e o ry  to  p ra c tic a l p rob lem s show s 
th a t  th e  re su lt  is a sm o o th  dependence of c o n d u c tiv i ty  on d e p th  w h ich  —■ 
in  th e  ex am p les  of W e id e l t  [17] — is v e ry  w ell a p p ro x im a te d  by  th e  m ag n e to - 
te llu r ic  s tra tif ie d  E a r th  m odels.

I t  is , of course, n a tu ra l  to  assum e th a t  th e  c o n d u c tiv ity  in  th e  E a r th  is, 
a t le a s t  to  a c e r ta in  degree , ran d o m ly  d is tr ib u te d . I n  th a t  case, how ever, th e  
ov er-a ll c o n d u c tiv ity  s tru c tu re  w hich we d e n o te  b y  <rn(x) an d  w hich  is fo u n d  
b y  m ag n e to te llu ric s  or b y  th e  inverse m e th o d , can  be considerab ly  in flu en ced  
b y  th e  f lu c tu a tin g  p a r t  ffj(x). M oreover, as i t  w ill be  show n below , th e  sy s tem  
of e q u a tio n s  on w hich  b o th  th e  m a g n e to te llu ric  a n d  th e  inverse  m e th o d s  are  
b a sed , chan g es due to  th e  s to ch as tic  p a r t  o f  th e  c o n d u c tiv ity .

B o th  th ese  a rg u m e n ts , th e  dependence  o f  th e  in v erse  m e th o d  on  th e  d is
tr ib u t io n  o f th e  fie ld  q u a n tit ie s  on th e  su rface  a n d  th e  s ta tis tic a l s tru c tu re  of 
th e  E a r th ’s c o n d u c tiv ity  n ecessita tes  a s ta t is t ic a l  fo rm u la tio n  o f geo m ag n etic  
in d u c tio n  th e o ry . I n  i ts  m o st sim ple v e rs io n  su ch  a fo rm u la tio n  h as  b een  
re c e n tly  p u t  fo rew ard  b y  T reum ann  [13] a n d  Sc h ä f e r —Treu m a n n  [7] fo r 
an  in f in i te  co n d u c tin g  m ed ium . O f course, su c h  a  m odel is n o t a p p ro p r ia te  
fo r a p p lic a tio n  to  th e  re a l p ro b lem  of th e  d e te rm in a tio n  of th e  E a r th ’s co n 
d u c tiv i ty  d is tr ib u tio n , fo r t h a t  goal one h a d  to  solve th e  in d u c tio n  p ro b lem  
fo r a f in i te  E a r th . C a lcu la tio n s  in  th is  d ire c tio n s  are  u n d e r w ay. O n th e  o th e r 
h a n d , i t  h as  been  show n  th a t  g iven  a k n o w n  o v er-a ll dependence o f th e  con
d u c tiv i ty , w hich , fo r in s ta n c e , can  be o b ta in e d  fro m  m ag n e to te llu ric s  or from  
in v e rse  th e o ry , th e  m ean  sq u a re  d ev ia tio n  o f  th e  c o n d u c tiv ity  in  d e p e n d 
ence on space can  be d e te rm in ed . A crucia l ro le  is p lay ed  in  such  a ca lcu la tio n  
b y  th e  c o rre la tio n  te n so r  К у  =  В,В; o f th e  g eo m ag n e tic  in d u c tio n  f ie ld , w here 
th e  b a r  in d ic a te s  sp ace -tim e  average .

I n  th e  p re se n t p a p e r  w e derive th e  g e n e ra l e q u a tio n s  fo r th e  s ta t is t ic a l  
t r e a tm e n t  of th e  geo m ag n etic  in d u c tio n  p ro b le m . W e show  th a t  th e  basic  
e q u a tio n  o f g eom agnetic  in d u c tio n , A m p ere ’s law , is con sid erab ly  changed  
i f  th e  c o n d u c tiv ity  s tru c tu re  h as  a s to ch as tic  p a r t  o^. F o r an  in fin ite ly  ex te n d e d  
m ed iu m  th e  new ly  a ris in g  te rm s  will he e x p lic ite ly  ca lcu la ted .
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1. E lec tro d y n am ic  fundam entals

The general analy sis  o f th e  g eo m ag n e tic  in d u c tio n  p ro b le m  is based  on 
M axw ell’s eq u a tio n s  an d  O hm ’s law

3
—  X в  =  Hoi *
ox

ЭВ

0t

9 0
• B =  —

Эх 0x

j =  ОЁ

( 1)

H ere, all th e  fie ld  q u a n tit ie s  are  a ssu m ed  to  be th e  sum  o f  a  g lobal field 
B 0, E 0, d eno ted  b y  a su ffix  0 a n d  re fle c tin g  th e  over-all re sp o n se  o f  th e  con
d u c tiv ity  s tru c tu re  to  a p r im a ry  in c id e n t fie ld , and  a s to c h a s tic  p a r t  B x, E x. 
T h e  la t te r  include all fie lds w hich  can  be  a t tr ib u te d  to  th e  a d d it io n a l  action  
o f th e  f lu c tu a tin g  p a r t  o f th e  c o n d u c tiv ity . H ence, we h a v e  assu m ed  the 
c o n d u c tiv ity  itse lf  to  be th e  sum  o f an  o v er-a ll co n d u c tiv ity  c r 0 ,  a n d  a s tochastic  
p a r t  c q :

ff(x) =  <t0(x) +  o-i(x) (2)

Since Oj^x) f lu c tu a te s  in  space, w e assum e th a t  its  m e a n  v a lu e  tak en  
o v er th e  c h a rac te ris tic  d im ensions o f th e  f lu c tu a tio n  v an ish es : a j x )  =  0.

T h en  we have

B (x ) =  B 0(x) +  B xx ) . E (x) =  E 0(x) +  E x( x ) ,

B (x) =  B o(x ) » E  (x) =  E 0( x ) , <r(x) =  <r0( x ) . (3)

In tro d u c in g  th e  f i r s t  row s o f  E q s (3) an d  (2) in to  E q . (1), a n d  tak in g  
th e  average  show s th a t  th e  g lobal fie lds sa tis fy  th e  follow ing s y s te m  o f dif
fe re n tia l equa tions [7]:

Э . 8 „  0
— X B 0 --  flgjg , — • B0 --  — jo — 0
0X 0X 0X

(4)
0 „  0Bn . ____

— X E q — —— , J0   (TqE q -J- CjE]̂
0X 0 f

T h e basic  a ssu m p tio n  u n d e rly in g  th is  tre a tm e n t is th a t  th e  sca le  len g th  
o v er w h ich  a rem ark ab le  change in  th e  ov er-a ll fields occurs is m u c h  larger 
th a n  th e  ch a rac te ris tic  d im ension  o f th e  f lu c tu a tio n . In  su ch  cases  p ro d u c ts  
o f th e  ty p e  F 0F t av erag e  o u t, since F 0 c a n  be considered as c o n s ta n t  during  
th e  av e rag in g  p rocedure . F o r  s tro n g ly  inhom ogeneous cases, h o w ev e r, w here 
th e  over-a ll fields change ra p id ly  in  space , such  p roduc ts h a v e  to  be  ta k e n  
in to  acco u n t.
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B y  in spec tion  of E q . (4) w e f in d  the  m ean  f ie ld  sa tis f ie s  th e  usual M ax
w ell’s e q u a tio n s , w here o n ly  th e  defin ition  of th e  m e a n  c u rre n t density  has 
b een  c h an g ed . This b e h a v io u r  is  clear since j  is th e  o n ly  non lin ear q u a n tity  
w h ich  e n te rs  E qs (1). H o w e v e r, w ith  th e  m od ified  c u r r e n t  j 0, th e  rig h t-h an d - 
side o f  A m pere’s law d iffers  f ro m  th e  usual f ir s t  M axw ell eq u a tio n  used in  
g eo m a g n e tic  induction  th e o ry

3
— X B0 =  /г0(Т0Е 0
ox

(5)

b y  th e  ad d itio n a l te rm  o'1 E j. T h is  te rm  reflec ts  th e  g loba l response of th e  
s to c h a s tic  p a r t of the  c o n d u c t iv i ty  and  co n trib u tes  to  th e  over-a ll field d is tr ib u 
tio n . T h e  fu n d am en ta l e q u a t io n  is th en  for B 0

ЛВ0 Ja0o'0(x) — уИоЕо X /“ о 1
Ot OX ox

S im ila r ly , for E 0 we h a v e  th e  eq u a tio n

9 9 9E0 9 =
X  X E 0 —  / с о  _ Ио _ ^ î - ^ i  • 

Эх Эх 9t at

( 6 )

( 7 )

A ssu m in g  th e  m edia to  b e  f re e  o f space charges, i.e . n eg lec ting  ju m p s in  th e  
c o n d u c tiv i ty  d is tr ib u tio n  a n d  restric tin g  ou rse lv es  to  su ffic ien tly  low  f re 
q u e n c ie s , Eqs (6) an d  (7) b eco m e, after rep la c in g  th e  tim e  d iffe ren tia tio n  
b y  — ico.

ZlB0(x, co) +  iju0oxr0(x) B 0(x, w) yH0E o (x ’ to) X
9x

X ( 8 )

J E 0(x, m) +  i f i0ioe0(x) E 0(x, co) =  — i<x>u0 a1 E x (9)

re sp e c tiv e ly . These are  th e  eq u a tio n s  describ ing  th e  m ean  over-all fie ld  in  
a m e d iu m  of a sp a tia lly  f lu c tu a t in g  co n d u c tiv ity . O f cou rse , as so fa r n o th in g  
is k n o w n  about th e  te rm  ctjE j, E qs (8) an d  (9) a re  o f  l i t t le  use and  m u s t be 
su p p le m e n te d  by  e q u a tio n s  fo r  E j and  a ru le  fo r  ta k in g  th e  average o f th e  
p ro d u c t  ctjEj. In  a d d itio n  to  th is , also th e  u su a l e lec tro m ag n etic  b o u n d a ry  
c o n d itio n s  have to  be s u p p lie d  a t  the  su rface  o f  th e  E a r th . The re m a in d e r 
o f  th is  p ap e r is d ev o ted  to  th e  calculation  of th e  te r m  o-jE j for th e  m ost sim ple 
case  o f  an  in fin ite  m ed iu m .
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2. T he f lu c tu a tin g  fields

T he e q u a tio n  fo r th e  f lu c tu a tin g  fields can  be easily  fo u n d  by  s u b tra c tin g  
E q s  (4) from  (1). T h e  re su lt is [7]

—  x B j  =  /t0ffiE o +  / ^ o E i  +  / V 4 E i -  ,“otfiE i 
ox

SBj
9t

( 10)

T h e so lu tion  of E q s (10) req u ires  th e  know ledge o f th e  fie lds E 0, B 0 w hich 
a p p e a r  in  th e  e q u a tio n s  as inhom ogeneities. S ince th ese  fie lds th em se lv es  
d ep en d  on E t in th e  m a n n e r  g iven b y  E qs (8) a n d  (9), re sp ec tiv e ly , th e  sy stem s 
o f eq u a tio n s  for th e  over-a ll an d  th e  f lu c tu a tin g  fie lds are  coup led . W ith o u t 
som e sim plify ing assu m p tio n s , th e  solu tions w ou ld  lead  to  d ifficu ltie s  w hich , 
in  v iew  o f th e  co m p lica te  sp a tia l dependences o f ^„(x) an d  ff1(x ), w o u ld  m ake 
th e  analysis  u n tra c ta b le . O ne such  sim plify ing  a ssu m p tio n  is th e  a lread y  
m en tio n ed  su p p o sitio n  o f d iffe ren t scale len g th s  fo r th e  g lobal an d  s to c h a s tic  
q u a n titie s . C o n seq u en tly  a Q, E 0 an d  B (l can  be  considered  as c o n s ta n t w hen  
so lv ing  E qs (10) fo r  E j, B j. W e no te  how ever t h a t  such  an  a ssu m p tio n  is n o t 
n ecessarily  req u ired  fo r E 0, B 0, since these  q u a n tit ie s  a p p e a r on ly  in  th e  in 
ho m o g en e ity  of th e  sy s tem  (1). A m ore serious d iff ic u lty  arises from  th e  “ non- 
- lin e a r ity ”  in  th e  space d ependence  w hich en te rs  th ro u g h  tr1E 1 an d  o^Ej. To 
av o id  i t ,  we in tro d u ce  th e  lineariz ing  assu m p tio n  th a t  <Tj/a0 1. T h e n  E t, 
B j are  f irs t-o rd e r q u a n tit ie s  in  th e  p a ra m e te r  o jcr0, an d  hence OjE j , (tjE j, 
in  a f ir s t  ap p ro x im a tio n , can  be neg lected  co m p ared  w ith  th e  re m a in in g  te rm s  
in  E q s (1). B y th is  a ssu m p tio n  th e  f irs t o rd e r p ro b lem  for th e  f lu c tu a tin g  
fie ld s becom es lin ea r, w h ich  can  be solved b y  lin e a r  analysis  fo r a n y  given 
<7„, B 0, E 0 and g eo m etry  o f th e  E a r th :

8
— —  X  B j  =  / i o ° o E i  - f -  ^MqO'j E q 
ox

9B t 

91
—  • B, =  0 
Эх

( и )

F o r  an  in fin ite  m ed ium  th e  so lu tio n  can be ach ieved  b y  F o u r ie r  an a ly sis  [8J : 

B1(x ,t )=
(2 л)*

H ere

— Í dm dk ftKT^k) B 0(co)
(12)I it lX) It JV4 J ----------  c

к? — im/u0cf0

J T d \e ,k x ^ ( x ) (13)
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is  t h e  F o u rie r  tran sfo rm  o f  th e  f lu c tu a tin g  c o n d u c tiv ity . T he e q u a tio n s  for 
a  c o n d u c tin g  half-space s i tu a te d  a t  г > 0  are

/JB j =  0 for z  <  0

Л В ! — Ц0a 0 =  ц 0а 1 -^ 2 -  fo r  г >  0 (14)
dt dt

s u b je c te d  to  th e  a p p ro p r ia te  b o u n d a ry  co n d itio n s a t  z =  0 a n d  г =  + ° o  
(Tr e u m a n n  — in  p re p a ra tio n ) .

3 . S tatistica l trea tm en t

I t  h as  been show n b y  S c h ä f e r  an d  T r e u m a n n  [7] fo r th e  case o f an 
in f in i te  m edium  th a t  th e  f lu c tu a t in g  fields can  be c o n v en ien tly  u sed  fo r th e  
d e te rm in a tio n  of th e  m o d u lu s  o f th e  c o n d u c tiv ity  f lu c tu a tio n . T h e  q u a n t i ty  
o f  in te r e s t  is th e  s ta t is t ic a l  f ie ld  co rre la tio n  te n so r  К ц  d e fin ed  as

K ij  -= B B  =  B UB 0 - f  B 0B 1 -)- B .B q -(- B 1B 1 (15)

S in ce  th e  cha rac teris tic  f lu c tu a t io n  scale le n g th  is sm all co m p ared  w ith  th e  
c h a ra c te r is t ic  dim ension o f  th e  zero -o rder fie ld  changes, th e  m ix ed  p ro d u c ts  
B qB ĵ a n d  B jB q average o u t . So we have

Kij  =  B 0B 0 +  B Ä  (16)

w h e r e

B ^  =  B ^ x  +  f ,  t +  r) B 1(x, t j . (17)

C a r ry in g  o u t th e  in te g ra tio n s  inv o lv ed , one f in d s  t h a t  K i]  is a fu n c tio n  o f B (, 
a n d  I cTj^k) I2 w hich can  be  co n sid e red  as an  in te g ra l e q u a tio n  fo r  th e  la t te r .  
F o r  t h e  case of an  in f in ite  m ed iu m  th is  in te g ra l eq u a tio n  is o f  th e  ty p e  of 
F o u r ie r  in teg ra ls  [7] a n d  c a n  be solved fo r | сгх(к) |2. T h en , tra n s fo rm in g  back  
to  t h e  (Q -space:

af (C, r )  l a  о =  — -—  ( dco dk
(2n f  J

0(k) +
(2 n)

K ij(к , со) - B ô ^ -  со)

1 + k4
ovulai

В 0- г(ш)

(18)

I

H e re  th e  average is ta k e n  o v e r th e  c h a ra c te r is tic  perio d  a n d  f lu c tu a tio n  
le n g th ,  respective ly , a n d  К ц (к ,  со) is th e  tra n s fo rm  o f th e  fie ld  c o rre la tio n  ten so r 
K ij(C , r ) ,  w hich is a m e a su ra b le  q u a n ti ty  c h a ra c te r is tic  of th e  n a tu ra l  s itu a tio n
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in  th e  m easu rem en t o f th e  com ponen ts of th e  geom agnetic  v a r ia tio n  f ie ld , in 
c lud ing  th e  s ta tis t ic a l  p ro p e rtie s  of th e  fie ld  a n d  th e  m e th o d  of m e a su re m e n t. 
T h e  d ependence  o f a~ vs. r ,  th e  freq u en cy  со re f le c ts  th e  fac t o f  th e  f in ite  
p e n e tra tio n  d e p th  fo r an  in d u c in g  fie ld  in to  a  co n d u c tin g  m ed iu m , w h ich  
leads to  th e  re su lt t h a t  in fo rm a tio n  from  th e  c o rre la tio n  ten so r c a n  o n ly  be 
ach ieved  dow n to  a c e r ta in  fin ite  d e p th , d e p e n d in g  on th e  used  re a l tim e  
re sp ec tiv e ly  perio d  o f th e  v a r ia tio n  field .

T h e  possib ility  o f d e te rm in a tio n  of th e  m e a n  p ro p ertie s  of th e  f lu c tu a tin g  
p a r t  o f  c o n d u c tiv ity  from  th e  co rre la tio n  te n s o r  o f  th e  geom agnetic  v a r ia t io n  
fie ld  suggests a p ra c tic a l use of th is  so fa r  n eg lec ted  q u a n tity .

I n  a n o te  su b seq u en t to  th e  p ap er [8] i t  w as show n th a t  th e  P a r k in 
so n — W iese v e c to r  o f geom agnetic  deep so u n d in g  is a d irec t co n seq u en ce  of 
th e  in v a ria n c e  p ro p e rtie s  o f th e  fie ld  c o rre la tio n  te n so r for tw o -d im en sio n a l 
c o n d u c tiv ity  s tru c tu re s . O ne can  there fo re  e x p e c t t h a t  th e  recen tly  p ro p o se d  
geom agnetic  in d u c tio n  te n so r  [3; 4] w h ich  co n n ec ts  th e  p rim a ry  in c id e n t 
m ag n e tic  fie ld  w ith  th e  seco n d ary  in d u ced  p a r t  o f geom agnetic  v a r ia tio n s , 
is d ire c tly  re la te d  to  th e  geom agnetic  fie ld  c o rre la tio n  tenso r. A n in v e s tig a tio n  
in  th is  d irec tio n  w ould  be o f  in te re s t since th e  d e riv a tio n  of th e  in d u c tio n  
te n so r  fro m  m odel ca lcu la tio n s  seems to  be a n  e x tre m e ly  d ifficu lt t a s k  [4].

4. T he equa tion  for th e  g lobal field

In  th is  la s t sec tio n  we consider th e  q u e s tio n  how  th e  f lu c tu a tin g  co n 
d u c tiv ity  s tru c tu re  in flu en ces th e  over-all g eo m ag n e tic  field . In  o th e r  w ords, 
we d e te rm in e  th e  s tru c tu re  o f th e  te rm  cqÈj  ̂ in  E q s  (8) an d  (9) fo r th e  g loba l 
fie ld  v e c to rs . Such a ca lcu la tio n  is based  on  th e  know ledge o f th e  f ir s t-o rd e r  
fie lds. S ince i t  w ill be tu r n  o u t th a t  a v e ry  co m p lica te  non linear in teg ro -d if-  
fe re n tia l e q u a tio n  arises, we will re s tr ic t o u rse lv es  to  th e  m ost sim p le  case 
o f an  in f in ite  m ed ium  fo r w hich  th e  a n a ly tic a l re su lts  h av e  a lread y  b een  g iv en  
in  th e  p rev io u s section .

So fa r , th e  e q u a tio n s  fo r th e  global fie ld s  h a v e  been  given in  im p lic ite  
fo rm . T o  proceed , we f ir s t  e lim in a te  E x from  th e  te rm  o'1E 1 b y  use o f th e  e x p re s 
sion re su ltin g  from  E q . (11)

E i =  -  X B j — —  E 0 (19)
*oMo 9 x  ° o

T a k in g  in to  acco u n t t h a t  cr^x) is a rea l fu n c tio n  o f  space and  reca llin g  th e  
d e fin itio n  o f th e  average  as an  in teg ra l over sp ace , th e  f irs t  M axwell e q u a tio n  
(4) becom es

X B 0(eo) =  (i0 \a0 ----- — ) E 0(<o) +  —  X B^co) (20)
Эх l «Го } <7о 9x
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F ro m  th is  eq u a tio n  i t  c an  be  rea lized  th a t ,  h a v in g  o b ta in ed  th e  so lu tio n  for 
th e  f i r s t -o rd e r  prob lem  a n d  being  able to  ex p re ss  of b y  m easu rab le  fie ld - 
d e p e n d e n t  q u an titie s , an d  cr0, E q . (20) re p re se n ts  a closed eq u a tio n  fo r th e  g lobal 
f ie ld  in  w hich  th e  in flu en ce  of th e  f lu c tu a tin g  co n d u c tiv ity  is ta k e n  in to  
a c c o u n t. C learly , th is  e q u a tio n  rep laces th e  u su a l basic  eq u a tio n  o f m ag n e to - 
te l lu r ic s  a n d  geom agnetic  in d u c tio n  th e o ry  in  th e  case w hen th e  o v er-a ll d e p th -  
d e p e n d e n t  s tru c tu re  o f th e  co n d u c tiv ity  o f  th e  e a r th  is su p erim p o sed  b y  a 
sp a c e -d e p e n d e n t s to ch as tic  p a r t .  N o te  th a t  a  hom ogeneous d1 does n o t  change 
th e  u s u a l  m ag n e to te llu ric  s itu a tio n  a fte r  a v e ra g in g  over a scale la rg e r  th a n  
its  c h a ra c te r is tic  v a r ia tio n  le n g th . I n  t h a t  case th e  second te rm  in  E q . (20) 
v a n is h e s  since B j becom es sp a ce -in d ep en d en t a f te r  averag ing , a n d  th e  g lobal 
c o n d u c t iv i ty  o 0 is sh ifted  o n ly  to  th e  s lig h tly  sm alle r value Oq =  d0 — a \  /cf0 
w h e re  a \ s= <r?(co) d ep en d s  on th e  fre q u e n c y  sp ec tru m  o f th e  v a r ia tio n  
f ie ld  th ro u g h  the  fie ld  c o rre la tio n  te n so r K y (£, со) in  E q . (18). T h e  E a r th  
b e h a v e s  like a less c o n d u c tin g  m edium .

I n  th e  case of an  in f in ite  m ed ium  w e a re  a lready  in  th e  p o s itio n  to  
d e te rm in e  th e  explic ite  fo rm  of th e  r ig h t-h a n d  side of E q . (20). Id e n tify in g  
C w i th  th e  global scale x , erf is g iven b y  E q . (18). T he re m a in in g  te rm  
O i(3/8x) X В j/Cfl is easily  c a lc u la ted , using  B x fro m  Sch ä fer  and  T r e u m a n n  [7] 
a n d  ta k in g  th e  average . T h e  re su lt is

—  X B x(co) 
<fn Эх (2л)

—  ( d kя)3 J
ik 2

wfi0a0
X

X [B01(со, х) • к /у(со, к) • В 0 4( — to, x)] X [к X В0(со, х)]
( 21)

T h is  is  th e  expression to  be  u sed  on th e  r ig h t-h a n d  side of E q . (20). I n te g ra t in g  
w i th  re sp e c t to  со, we f in d  fin a lly

o', Э — i
—  ------ X B j =

Эх (2л)' Jd k  dco 1 —
ik 2

C O / C f l C o
X [к  X B a(co, x)] ex p  ( — icot)

[B (, 4(co, x) ■ K,y(co,k) ■ B0 4(co, x)] X
( 22)

I n  th is  in teg ra tio n  th e  f i r s t  te rm  on th e  r ig h t-h a n d  side of E q . (20) becom es 
a n  o p e ra to r  acting  on E 0(co). O n th e  o th e r  h a n d , th e  co-dependent v e rs io n  of
o i,

i)s
к4

to2/í oOo
X

X [B q 4(co) • K ,;(co, к ) • B q x( — со)] 

=  o%I(œ, x; B q, K,7) ,

X (23)
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to g e th e r  w ith  E q . (21) can  be used  in  E q s (8) a n d  (9), resp ec tiv e ly , to  e x p re s s  
th e  te rm  о'1Ё 1(со) tro u g h  K (-y(co, k) an d  th e  g lobal fie ld s them selves:

• » A W  =  —  —  X  B x(o>) -  E 0(co) (24)
f*o a o °x a o

Such  a p ro ced u re  closes th e  eq u a tio n s  fo r th e  o v er-a ll fie ld  d is tr ib u tio n . T h e se  
e q u a tio n s  are , how ever, v e ry  com plica te , a n d  no  lo n g er separab le  fo r  E 0(eo) 
a n d  B 0(co) as in  th e  case o f th e  u su a l geo m ag n e tic  in d u c tio n  th e o ry . T h e  fu ll 
sy s tem  o f eq u a tio n s  consists now  o f th e  e q u a tio n  (8), (9), (24), (18), a n d  (21), 
rep lac in g  M axw ell’s eq u a tio n s , th e  f ir s t  of w h ich  (20) has th e  fo rm

0
—  X B0(co) =  ^ 0<r0[ l  — I(ft>, x; B 0; K ,;)] E 0(co) +  equ. (2 1 ), (25)
ox

w here I  is g iven  b y  th e  rig h t-h an d -s id e  o f E q . (23), an d  is a fu n c tio n  o f  B 0(co) 
a n d  o f th e  fie ld  co rre la tio n  ten so r. T hese ex p ressio n s, to g e th e r w ith  F a r a d a y ’s 
law , fo rm  th e  basis o f geom agnetic  in d u c tio n  th e o ry  in  an  in f in ite  m e d iu m . 
F o r  th e  f in ite  E a r th  th e y  h av e  to  be rep laced  b y  th e  ap p ro p ria te  e x p re ss io n s .

5. Conclusions an d  su m m a ry

I n  th e  p re se n t p a p e r we h av e  reco n sid e red  th e  fu n d am en t of g e o m a g n e tic  
in d u c tio n  th e o ry , ta k in g  in to  acco u n t th a t  th e  c o n d u c tiv ity  in  th e  E a r th  m ig h t 
be s ta t is t ic a l ly  d is tr ib u te d . Such an  a p p ro a e h  offers th e  possib ility  to  d e te r 
m ine th e  m o d u lu s o f th e  s ta tis t ic a l  p a r t  o f  th e  co n d u c tiv ity  a n d  i t s  sp a c e  
d ep en d en ce  fro m  a m easu rab le  q u a n ti ty ,  th e  f ie ld  co rre la tion  te n so r . O n  th e  
o th e r  h a n d , i t  show s th a t  th e  ex istence  o f such  a s to c h a s tic  p a r t in  th e  E a r t h ’s 
c o n d u c tiv ity  con sid erab ly  changes th e  e q u a tio n s  w hich u n d erly  t h e  geo
m ag n e tic  in d u c tio n  th e o ry , p ro b a b ly  m ak in g  th e m  alm ost in t r a c ta b le  fo r  
m odel ca lcu la tio n s. H ow ever, since we m u s t e x p e c t th a t  the  c o n d u c t iv i ty  
s tru c tu re  w ith in  th e  E a r th  is on ly  in  som e r a th e r  ra re  cases a sim ple  o n e , th e  
a ssu m p tio n  a b o u t its  s ta tis tic a l d is tr ib u tio n  seem s to  be d ic ta ted  b y  n a tu r e .  
C o n seq u en tly , th e  in fo rm a tio n  a b o u t th e  c o n d u c tiv ity  from  fie ld  m e a s u re 
m e n ts  a n d  m odel ca lcu la tio n s or th e  so lu tio n  o f th e  inverse p ro b lem s c a n  b e  
co n sid e rab ly  fa lsified  due to  th e  p resence o f  <rx a n d  th e  f lu c tu a tin g  f ie ld s  E x, 
Bx co n n ec ted  w ith  it . O f course, a n  e x tre m e ly  p rec ise  m easu rem en t o f  th e  f ie ld  
co m p o n en ts  w ould  allow  fo r an  a c cu ra te  d e te rm in a tio n  of a by  m e a n s  o f  th e  
in v erse  m e th o d . Since such  m easu rem en ts  a re  im p o ssib le  in  p rac tice  w i th  th e  
re q u ire d  p rec ision , th e  s ta tis tic a l t r e a tm e n t  seem s to  be m ore a p p ro p r ia te  th a n  
th e  u su a l d e te rm in is tic  in d u c tio n  th e o ry , a t  le a s t  u n til  th e  inverse th e o r y  h a s  
b een  b a se d  on eq u a tio n s  (8) an d  (9). T he s ta t is t ic a l  p rocedure  s ta r ts  o u t  f ro m
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th e  f ie ld  co rre la tio n  te n s o r , w hich co m p reh en d s  th e  s ta tis tic a l p ro p e rtie s  of 
th e  f ie ld s  in  d ependence  on  th e  chosen c o rre la tio n  len g th s  a n d  tim e s . B y  m eans 
o f  th is  te n so r  th e  m e th o d  offers the  p o ss ib ility  o f  a d irec t d e te rm in a tio n  o f th e  
sp a c e  dependence  o f  th e  m ean  square  d e v ia t io n  of th e  c o n d u c tiv ity  from  
a g lo b a l value a 0 w h ic h  is free for e lev a tio n . H e n c e , one can  su g g est t h a t  in  
a f i r s t  a p p ro x im a tio n  i t  w o u ld  be co n v en ien t to  d e te rm in e  a0 from  th e  in v erse  
p ro b le m  o f m ag n e to te llu ric s  or a m odel c a lc u la tio n . This done, th e  n e x t  s tep  
w o u ld  be to  use th e  f ie ld  co rre la tion  te n so r o f  th e  geom agnetic v a r ia t io n  fie ld  
a n d  th e  value a 0 o f  th e  over-a ll c o n d u c tiv ity  to  calcu late  th e  a m p litu d e  of 
t h e  s ta t is t ic a l  d e v ia tio n  ( a \ )X 2 and  its  s p a t ia l  dependence to  f in d  th e  reg ions 
w h e re  a a is a rea so n a b le  ap p ro x im atio n  o f  th e  co n d u c tiv ity  s tru c tu re  o f th e  
E a r th  an d  to  exclude  th o se  regions w here i t  is n o t.

I n  th e  p re se n t p a p e r , how ever, th e o ry  h a s  still no t been  b ro u g h t to  
a d ire c t  a p p licab ility  to  th e  E a rth . T his w o u ld  requ ire  th e  so lu tio n  o f th e  
p ro b le m  for th e  f in ite  E a r th  in stead  of an  in f in i te  m edium , w hich w ill be g iven 
in  a  su b se q u e n t p a p e r .

T h e  ca lcu la tio n s o f  th e  e lec tro m ag n e tic  in d u c tio n  in  th in  sh e e ts  w ere 
also  successful. T h e y  w ill be pub lished  as so o n  as possible e lsew here  [14].
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СТАТИСТИЧЕСКОЕ ОБОСНОВАНИЕ ТЕОРИИ ГЕОМАГНИТНОЙ ИНДУКЦИИ

Р . Т Р А Й М А Н Н - К .  Ш Е Ф Е Р  

РЕЗЮМЕ

Теория геомагнитной индукции была сформулирована до сих пор только на детер
министическом основании, применением уравнений Максвелла, путем решения их для 
первичных полей с приложением структур Земли со специальной проводящей способностью 
или же путем решения обратной проблемы геомагнитной индукции. Эти методы не учиты
вают стохастическое распределение проводящей способности, хотя это в большинстве 
случаев практики ближе к истине. В настоящей статье опять рассматривается теория 
геомагнитной индукции на том основании, что проводящая способность Земли-складыва- 
ется из двух частей: одна систематическая, медленно изменяющаяся <70(х), а вторая сто
хастическая <7i(x), изменяющаяся в намного меньшей мере. Покажем, что уравнения 
Максвелла в этом случае могут быть разделены на уравнения, описывающие стохасти
ческое поле и на уравнения, соответствующие стохастическому полю, но уравнение для 
систематической части поля содержит член, возникающий вследствие стохастического 
распределения проводящей способности. Решив уравнение стохастического поля в линей
ном приближении вводим корреляционный тензор геомагнитного индукционного поля. 
Его можно целесообразно применять для средней квадратической величины изменяемоси 
проводящей способности /о ,(х)-. Эту информацию, выраженную корреляционным тен
зором, можно использовать для описания истинного положения измеряемой величиной.

Пля простоты результаты даются для бесконечной среды. В этом случае корреляция 
с уравнением, действительным для глобадьного поля, может быть вычислена в явном виде. 
Полученные уравнения являются очень сложными интегрально-дифференциальными 
уравнениями, из которых не могут быть исключены ни В0, ни Е„. Следовательно, в случае 
истинных взаимодействий простые модельные вычисления проводящей способности 
имеют только малое значение, ибо на результаты существенно влияет стохастическое 
распределение проводящей способности.
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B y the various R em ote Sensing techniques i t  is alw ays necessary to  establish  an 
appropriate m athem atical relationship betw een the object space and the im age space. This 
w ay we can locate geom etrically the inform ations gathered b y  rem ote sensing techniques. 
The m ost general expression ot this m athem atical relationsh ip is called here sensogram m etry  
which is the m ain working field  of the photogram m etrists.

In tro d u c tio n

“ R em ote  S ensing”  essen tia lly  m eans to  acqu ire  in fo rm a tio n  ab o u t 
d is ta n t  o b jec ts  w ith o u t com ing  in to  ph y sica l c o n ta c t w ith  th e m . T h is ty p e  
o f  in fo rm atio n  g a th e r in g  is o f  course an  an c ie n t p ra c tic e  since seeing , h ea rin g  
an d  sm elling ca n  be consid ered  a p rim itiv e  fo rm  o f rem o te  sensing . R ecen t 
techno log ica l a d v an ces , how ever, m ade i t  possib le  to  am p lify  a n d  e x te n d  th e  
cap ab ilitie s  of th e  n a tu ra l  senso ry  pe rcep tio n  b y  th e  d ev e lo p m en t o f  a v a r ie ty  
o f  in s tru m e n ts  to  serve  as sensors. T h u s, rem o te  sensing  is ev o lv in g  in to  an  
in c reasing ly  so p h is tic a te d  a r t.

T he signals rece iv ed  b y  sensors are  w aves o f en e rg y  re fle c ted  o r e m itte d  
b y  ob jec ts . B y  an a ly s in g  th e se  re tu rn s , v a lu ab le  in fo rm a tio n  can  be gained  
a b o u t th e  physica l, b io log ical an d  chem ical p ro p e rtie s  o f th e  ob jec ts  in  qu estio n .

M any sensors a re  cap ab le  o f reco rd ing  o n ly  th e  a m p litu d e  o f th e  signals 
in  a p o in t-b y -p o in t m ode an d  d isp lay ing  i t  in  a d ig ita l o r g ra p h ic a l fo rm . 
A  p ro file  reco rd  m a y  be o b ta in e d  b y  scan n in g  th e  o b jec t w ith  th e  sensor. 
Som e sensors also p e rm it to  m easure  or d e te rm in e  th e  d irec tio n  fro m  w hich  
th e  signal is e m a n a tin g . T h e  in te n s ity  reco rd  o f th e  signals m ay  th e n  be a r 
ran g ed  in to  tw o -d im en sio n a l a rra y  or im age. S uch  a d isp lay  is a c tu a lly  a p ro jec 
tio n  of th e  ob jec t. N ow , i t  can  be d e te rm in ed  fro m  w hich  p o in t in  th e  o b jec t 
o r scene has th e  signal o rig in a ted  an d  one can  also re c o n s tru c t th e  sh a p e , size, 
p o sitio n  an d  o r ie n ta tio n  o f th e  o b jec t, p ro v id ed  th a t  th e  g eo m etric  re la tio n s  
o f th e  p ro jec tio n  are  k now n . To derive such  in fo rm a tio n  from  im ag es is th e  
re sp o n sib ility  o f p h o to g ra m m e tr is ts , w ho m u st th e re fo re  concern  th em se lv es  
w ith  all ty p es  o f  sensors, w h ich  are capab le  o f  im age fo rm atio n .

* D edicated to  the 75th  b irthday o f  Professor A. T á r c z y - H o r n o c h .
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Im a g e  form ing  sensors

T a b le  I  sum m arizes th e  p rin c ip a l c h a ra c te r is tic s  of im ag e  fo rm in g  
sen so rs  c u rre n tly  av ailab le .

Table I
Image forming remote sensors

Sensor Type Spectral region 
(wave-length)

Angular
resolution,

mrad
Mode of operation

Photographic frame 0 .3 5 - 1.0 fim 0.1 Passive, directional
cam era strip 0 .3 5 - 1.0 /im 0.1 system s

panoramic 0 .3 5 - 1.0 fim 0.015
vidicon 0 .3 5 - 0.7 fim 0.2

Scanner multi-spectral 0.3 - 3.0 fun 0.05 Passive, directional
infrared 3.0 - 14.0 flln 3 system s
ultraviolet 0 .1 5 - 0.35 fim 3
microwave 0.1 - 100 cm 10

Radar real aperture 1.0 - 100 cm 3 A ctive, ranging
synthethic aper. 1.0 - 100 cm 2 system s

Sonar side-looking 1 cm 5 A ctive, ranging

B y  fa r, the  m ost w id e ly  used  sensor is th e  p h o to g ra p h ic  cam era . Im ag e  
fo rm a tio n  occurs in  an  e m u ls io n  b y  a chem ical process. T h is chem ical re a c tio n  
is in i t i a te d  b y  e le c tro m a g n e tic  ra d ia tio n  re fle c ted  from  ob jec ts  an d  p ro je c te d  
o n to  th e  em ulsion th ro u g h  len s  system s. P h o to g ra p h ic  em ulsions are  on ly  
se n s it iv e  to  rad ia tio n  in  th e  A =  0.3 ц т  to  A =  1.0 fim w av e-len g th  reg ion  
w ith  th e  excep tion  of X - ra y s  (A =  0.03 n m  to  10 nm ) a t  a v e ry  close ran g e . 
I t  is  possib le , how ever, to  p ro d u c e  im ages n o t  o n ly  in  grey  levels b u t  also 
in  co lo u r.

A n  a lte rn a te  p ro d u c t to  th e  p h o to g rap h ic  em ulsion  av a ilab le  fo r  im age 
fo rm a tio n  in  the  a fo re m e n tio n ed  w av e-len g th  reg ion  is th e  v id ico n  im ag ing  
tu b e ,  o n  w hich p h o sp h o r p a r tic le s  produce  a lu m in escen t im age an d  sto re  i t  
fo r  a l im ite d  tim e period . T h e  face  of th e  tu b e  m u s t be p h o to g ra p h e d  to  o b ta in  
a  p e rm a n e n t record . Y id ico n  cam eras are b e ing  used  w hen  im ages are  t r a n s 
m i t te d  over long d is tan ces . I n  th is  case th e  lu m in escen t im age is f i r s t  e le c tro n 
ic a lly  scan n ed  to  o b ta in  p o in t-b y -p o in t den sities . T h is signal is th e n  t r a n s 
m i t te d  to  a receiv ing  s ta t io n ,  w here i t  is re c o n s tru c te d  on th e  face o f a ca thode- 
r a y  tu b e  and  reco rded  p h o to g ra p h ic a lly .

M ost p h o to g rap h ic  ca m e ra s  expose th e  em ulsion  b o u n d ed  b y  th e  focal 
p la n e  fram e  alm ost in s ta n ta n e o u s ly . In  som e, how ever, th e  p ro je c tio n  ta k e s  
p la c e  th ro u g h  a n a rro w  s lit  an d  an  im age o f a la rg e r fo rm a t is p ro d u ced  b y  
sc a n n in g . The co n tin u o u s s t r ip  an d  p an o ram ic  cam eras  fa ll in to  th is  ca tego ry .

O u tsid e  th e  A =  0.3 /tm  to  1.0 fim w a v e -le n g th  reg ion  o f th e  e lec tro 
m a g n e tic  spec trum  th e  re g is tra t io n  of an  im ag e  in  tw o -d im en sio n a l a r ra y  b y
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d irec t p ro je c tio n  becom es d ifficu lt o r im po ssib le , since th e  p h o to g ra p h ic  
em ulsion  an d  p h o sp h o r pa rtic le s  are in sen sitiv e  to  such  ra d ia tio n . T herefo re , 
q u a n tu m  d e tec to rs  o r d em o d u la to r  c ircu its  o f  v a rio u s  ty p e  m u st be em ployed  
fo r  sensing  th e  in te n s i ty  o f th e  received  ra d ia tio n  signal. A d e te c to r  can  
process on ly  a single signal a t  a ce rta in  in s ta n c e . To be m ore specific , all 
signals rece iv ed  a t  a p a r tic u la r  m o m en t a re  in te g ra te d . T he size o f  th e  sp o t 
on th e  o b jec t from  w here  signals are rece iv ed  a t  th e  sam e m o m en t define 
th e  sp a tia l  re so lu tio n  o f th e  system . N a tu ra lly , i t  is desirab le  to  keep  th e  spo t 
size as sm all as possib le  an d  th u s  th e  r a d ia tio n  from  ob jec ts  o f ex ten d ed  
d im ensions m u s t be co llected  b y  scann ing . I n  one d irec tion  th is  is ach ieved  
b y  th e  fo rw ard  m o v em en t of th e  sensor i t  self. S cann ing  a t  r ig h t angles to  th is  
p a th  is accom plished  b y  m echan ical m e a n s , su ch  as ro ta tin g  p rism s fo r th e  
passive  in fra red  an d  u l tra v io le t  sensors an d  ro ta t in g  a n te n n a s  fo r th e  passive 
m icrow ave rad io m e te rs . T  his scann ing  ac tio n  p ro v id es  th e  d irec tio n a l in fo rm a
tio n . In  ac tive  m icrow ave system s, such as side look ing  a irbo rne  ra d a r , th e  signals 
are  se p a ra te d  b y  th e  m easu rem en t of th e  tim e  in te rv a l  be tw een  th e  tra n s m it te d  
a n d  th e  received  e n e rg y  pulse . These devices p ro v id e  ran g e  in fo rm a tio n  ra th e r  
th a n  d irec tio n a l d a t a .

A v isu a l tw o -d im en sio n a l im age is p ro d u c e d  b y  m o d u la tin g  th e  in te n s i ty  
o f th e  e lec tric  c u rre n t th ro u g h  a glow tu b e  o r ca th o d e  ra y  tu b e  b y  th e  signal, 
com ing  from  th e  d e te c to r . T he in te n s ity  m o d u la te d  lig h t spo t is th e n  focused  
on a co n tin u o u sly  m o v in g  p h o to g rap h ic  film  in  syn ch ro n ism  w ith  th e  scann ing  
ac tio n  o f th e  receiver. T he re su lt is a s tr ip  im age.

S ensogram m etry

T he an a ly tic a l re la tio n sh ip s  betw een  o b je c t an d  im age space is d efin ed  
b y  th e  co llin ea rity  co n d itio n , w hich  expresses th e  fa c t, th a t  an  o b je c t p o in t, 
th e  co rrespond ing  im age p o in t an d  th e  p ro je c tio n  cen tre  all lie on th e  sam e 
s tra ig h t line. T h e  p ro je c tio n  itse lf  can  be d esc rib ed  m a th e m a tic a lly  b y  th e  
p ro jec tiv e  eq u a tio n .

M  / X/ -  x 0) ( Х Л
Y i  =  S,[M ] Zi -  У о + Y  A (1)
Z i )  \ - / - o j {Z J

w here X Y,-, Z,- =  co o rd in a tes  of a p o in t in  th e  o b jec t space co o rd in a te  
sy stem ,

S i =  scale fac to r, 
m  =  th ree -an g le  ro ta tio n  m a tr ix , 

x h y (, f  =  co o rd in a tes  o f an  im age p o in t in  th e  im age co o rd in a te  
sy stem ,

x 0, y i,  0 =  co o rd in a tes  o f th e  p e rsp ec tiv e  cen tre  in  th e  im ag e  sy stem , 
X 0, Y 0, Z 0 =  co o rd in a tes  of th e  p e rsp ec tiv e  cen tre  in  th e  o b je c t space 

sy stem .
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N u m e ro u s  object p o in ts  a re  p ro je c te d  o n to  th e  im age p lane a t  th e  m o m en t 
o f  e x p o s u re  i f  th e  im aging  is d o n e  w ith  a co n v en tio n a l fram e  cam era  a n d  M , 
x 0, y 0, f ,  X 0, Y 0, Z 0 h av e  v a lu e s  w h ich  are  v a lid  fo r  all o f th ese  im ag e  p o in ts . 
H o w e v e r , w hen  dynam ic im a g in e  system s are  em ployed , on ly  a single p o in t 
o r a s m a ll  group of p o in ts  a re  p ro jec ted  a t  a g iven  in s ta n t. C o n seq u en tly , 
c e r ta in  e le m e n ts  of th e  p ro je c tiv e  eq u a tio n  becom e a fu n c tio n  o f tim e  a n d  th e  
tw o -d im e n s io n a l a rray  o f im ag e  p o in ts  becom es also tim e  d e p e n d e n t, w hich  
is e x p re s s e d  b y  th e  e q u a tio n :

(Xt)

Yi
=  Si[AMj] [M 0]

Xi - * 0'
Л  -  Jo +  |[Ц + 1 P i

\Z i ) U o J \AZj )

w h e re  X 0, Y 0, Z 0 =  c o o rd in a te s  of a p e rsp ec tiv e  cen tre  a t th e  tim e  t 0 w hich 
is u sed  as a reference  fo r th e  s tr ip  ( in itia l p e rsp ec tiv e  
cen tre ) ,

A X j , A Y j , A Z j  =  c o o rd in a te s  o f th e  p e rsp ec tiv e  cen tre  a t  th e  tim e  tj 
( in s ta n ta n e o u s  p ersp ec tiv e  cen tre ) w ith  re sp ec t to  X 0,
Y  71 о» ^ J (y>

[M0] =  ro ta t io n  m a tr ix  a t  th e  tim e  t0, th e  o r ie n ta tio n  o f  th e
p ro je c tio n  asso c ia ted  w ith  th e  in itia l p e rsp ec tiv e  cen tre , 

[zlMj] =  ro ta t io n  m a tr ix  w hich  expresses th e  o r ie n ta tio n  o f  th e  
p ro je c tio n  a t  th e  tim e  t0 w ith  resp ec t to  t h a t  a t  tj.

E q u a tio n  (2) c learly  in d ic a te s  th a t ,  in  p h o to g ra m m e tric  te rm in o lo g y , 
th e  e x te r io r  o rien ta tio n  o f  th e  p ro jec tio n  sy s tem  is c o n tin u o u sly  ch an g in g  
as a  fu n c tio n  of tim e. I t  is n o  lo n g er possib le  to  re la te  a la rge  a r ra y  o f  im age 
p o in ts  t o  th e  object space b y  a single se t o f e q u a tio n s . T he re a l- tim e  im ag e  is 
a  d o t  o r  a line and  a s tr ip  im ag e  is a com posite  o f th e se  e lem en ts , e a c h  w ith  
i t s  o w n  un ique  values fo r th e  p ro jec tiv e  eq u a tio n .

T h e  solution of th is  g eo m etrica l p ro b lem  p re sen ts  a un iq u e  challenge to  
p h o to g ra m m e tr is ts . I t  is a n  im p o r ta n t  ta sk , since p ro p er co rre la tio n  a n d  com 
p a r is o n  o f d a ta  o b ta in ed  b y  v a rio u s k in d s o f sensors is o n ly  p ossib le  if  all 
im a g e s  are  b ro u g h t to  a co m m o n  g eom etrica l base . T he prob lem  is co m p o u n d ed  
b y  th e  fa c t th a t  som e o f th e  p h o to g rap h ic  cam eras used  fo r re m o te  sensing  
a re  n o t  co n stru c ted  to  su ch  rig id  s ta n d a rd s  as th e  precision  m ap p in g  cam eras. 
O th e r  sensors co n ta in  m o v in g  op tica l an d  m echan ica l p a r ts  a n d  e lec tron ic  
c o m p o n e n ts . Thus, th e  in te rn a l  g eo m etry  of m a n y  sensors is ra th e r  co m p lica ted , 
a t  t im e s  u n stab le  a n d  ca n  cause  s ig n ifican t a m o u n t of d is to r tio n . In d eed , 
a  s t r i c t  so lu tion  by  a c o n v e n tio n a l p h o to g ra m m e tric  ap p ro ach  is no  longer 
p o ss ib le .

E v e n  the  n am e “ p h o to g ra m m e try ”  does n o t express a c c u ra te ly  th e  
a c t iv i t ie s  involved. I t  is d e riv e d  from  th e  G reek  w ords “ p h o to s”  m ean ing
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“ lig h t” , “ g am m a”  m ean ing  “ th a t  w h ich  is d raw n  or w r itte n ”  a n d  “ m e tró n ”  
m ean in g  “ to  m easu re” . T he com posite  o f th e  ro o t w ords th e re fo re  signifies 
“ m easu rin g  g rap h ica lly  b y  m eans o f l ig h t” . S evera l rem ote  sen so rs  op era te  
fa r  ou ts id e  th e  visib le lig h t reg ion  or, like  th e  side-looking im a g in g  so n a r, do 
n o t u tilize  th e  e lec tro m ag n etic  sp e c tru m  a t  all. T herefore, i t  is p ro p o se d  to  
rep lace  th e  ro o t w ord  “ p h o to "  w ith  “ senso” , w h ich  is derived  f ro m  th e  L a tin  
w ord  “ sensus” , th e  p a s t p a rtic ip le  o f “ s e n tire ”  m eaning  to  p e rc e iv e  o r feel 
an d  a d o p t th e  expression  “ se n so g ra m m e try ” * to  id en tify  all a c tiv it ie s  p e r ta in 
in g  to  th e  geom etrica l aspec ts  o f rem o te  sensing . S im ilarly , th e  p ro d u c t  of 
a n o n -p h o to g rap h ic  im age-fo rm ing  sy stem s shou ld  he called  “ se n so g ra m ” .*

I t  is im possib le to  p re se n t th e  e le m e n ts  o f sen so g ram m etry  in  deta ils  
in  su ch  a sh o rt p ap e r, on ly  th e  basic  p rin c ip le s  can  be o u tlin ed . E sse n tia lly , 
th e  ta s k  is to  ev a lu a te  eq u a tio n  (2), a n d  w hile  doing so, th e  m a in  d ifficu lty  
to  overcom e is th e  tim e  d ep en d en cy  of th e  e lem en ts . T hree a l te rn a tiv e s  are 
open:

1 .  To in s ta ll th e  sensor on a s ta b iliz e d  m o u n t, w hereby  c h a n g e s  in  th e  
a n g u la r  o r ie n ta tio n  e lem ents becom e n eg lig ib le . C onsequen tly , m a tr ix  [My] 
red u ces to  a u n it m a tr ix  a n d  th e  ro ta t io n  an g les  in  [M0] are  zero  o r  have  
know n  values. C o n stan t speed, a lt i tu d e  a n d  d irec tio n  are m a in ta in e d  b y  a u to 
p ilo t. C learly , th is  is th e  m ost co n v en ien t a lte rn a tiv e , since a g eo m e trica lly  
co rrec t im age is read ily  av a ilab le  from  th e  o u tp u t  o f th e  sensor. O n  th e  o th e r 
h a n d , s ta b iliz a tio n  is a v e ry  co stly  p ro p o s itio n , especially , if  th e  sen so r has 
a  la rg e  m ass.

2. To reco rd  th e  e x te rio r  o r ie n ta tio n  p a ra m e te rs  an d /o r th e i r  changes 
d u rin g  f lig h t, w h ereb y  th e  e lem en ts  o f th e  ro ta t io n  m atrices a n d  th e  coo rd i
n a te s  o f th e  persp ec tiv e  cen tres  becom e k n o w n  q u an titie s . I t  is a d esirab le  
a lte rn a tiv e , since i t  p rov ides all th e  d a ta  n e c e ssa ry  to  produce a g e o m e trica lly  
co rrec t im age. O n th e  o th e r h a n d , a co llec tion  o f so p h is tica ted  in s tru m e n ta t io n  
an d  a su itab le  vehicle to  in s ta ll i t ,  a re  n eed ed , th u s  cost is ag a in  r a th e r  h igh. 
I n  a d d itio n , a com plex  h a rd w are  an d  so ftw a re  fa c ility  is req u ired  fo r  d a ta  and  
im age processing , w hich  is an  ad d ed  ex p en se .

3. To m odel th e  changes o f th e  o r ie n ta tio n  elem ents b y  m a th e m a tic a l  
fu n c tio n s  an d  th e n  use th e se  to  co m p u te  th e  v a lu es  of th e  ro ta t io n  m a tric e s  
an d  th e  pe rsp ec tiv e  cen tre  co o rd in a tes .

T h is  is c e rta in ly  a va lid  a p p ro ach , h o w ev er, i t  can n o t p ro v id e  a n  ex ac t, 
s tr ic t  so lu tio n , since values of th e  o r ie n ta tio n  e lem en ts  m ay  o sc illa te  a t  a h igh 
freq u en cy  an d  in  a ran d o m  fash ion  w h ich  m ak es an  ex ac t m o d elling  im p o s
sib le. I n  a d d itio n , considerab le  a m o u n t o f  c o n tro l d a ta  is needed  to  e v a lu a te  
th e  m a th e m a tic a l functions.

* According to the author’s knowledge, th is term in o logy  is being proposed in  this 
paper for the first tim e.
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I t  is ev id en t th a t ,  u n d e r  p re sen t c ircu m stan ces , n o n e  of th e  a lte rn a tiv e s  
can , b y  th em selv es , p ro v id e  a feasib le so lu tion  to  se n so g ra m m e try  and  a co m b i
n a tio n  o f  th e  th ree  choices ap p ea rs  to  be th e  b e s t  a l te rn a tiv e . T herefo re , i t  is 
reco m m en d ed

— to  dam pen  th e  h ig h  freq u en cy  o sc illa tio n s o f  th e  o rien ta tio n  e lem en ts  
b y  s ta b iliz a tio n ;

— to  record  a t  re g u la r  in te rv a ls  th e  c h a n g e s  in  those o r ie n ta tio n  ele
m en ts , w h ich  h a v e  th e  m ost c ritica l in f lu e n c e  on th e  im age g eo m e try ;

— to  reinforce th e  o rie n ta tio n  d a ta  w ith  g ro u n d  con tro l d a ta  an d  
em ploy  an  in te rp o la t io n  procedure to  g e n e ra te  a con tin u o u s re c o rd  
o f th e  e x te r io r  o rie n ta tio n .

The d a ta  th u s  o b ta in e d  can th e n  b e  u se d
— to  correct a n a ly tic a lly  th e  co o rd in a tes  o f  in d iv id u a l po in ts ;
— to  p roduce a g eo m etrica lly  co rrec t g ra p h ic a l p lo t u n d er c o m p u te r  

con tro l;
— to  produce a re c tif ie d  p r in t in a c o m p u te r  co n tro lled  re c tif ie r-p r in te r ;
— to  p roduce a g eo m etrica lly  co rrect d ig ita l  im age.

T h e  above fo u r i te m s  are  th e  p rin c ip a l p ro d u c ts  of sen so g ram m etry . 
T h e  la s t  one w ould re q u ire  an  in teg ra ted  d ig ita l  im ag e  processing te c h n iq u e , 
w h e re b y  b o th  th e  q u a l i ta t iv e  and  q u a n tita tiv e  in fo rm a tio n  co n ten t is p ro ces
sed  a n d  s to red  s im u ltan eo u sly . I t  would c e r ta in ly  be th e  m ost ad v an ced  p ro d u c t 
a n d  is th e  u ltim a te  goal o f sensog ram m etry .

So fa r, th e  e x te r io r  o r ie n ta tio n  of th e  se n so r w as only considered , how 
ev er, th e  in te rio r  o r ie n ta t io n  m ust also be k n o w n  fo r th e  ev a lu a tio n  o f E q u a 
tio n  (2). T herefo re, p ro c e d u re s  m ust be e s ta b l is h e d  fo r th e  c a lib ra tio n  of 
senso rs a n d  for th e  c o rre c tio n  of th e  im ag ery . F u r th e rm o re , m any  sensors do 
n o t h a v e  a p roper in te rn a l  geom etric  re ference  sy s te m  and  th u s  som e in s t r u 
m e n ta l design changes are  also requ ired . T h e  in te rn a l  geom etry  o f  sensors 
poses a considerab le  p ro b le m  an d  m ust be d e a lt w ith , regardless of th e  a p p ro ach  
ta k e n  fo r  h an d lin g  th e  e x te r io r  o rien ta tio n .

P re se n tly , a c tiv itie s  in  sen so g ram m etry  a re  r a th e r  sca tte re d  a n d  re s t 
w ith  a few  in te re s te d  in d iv id u a ls . The o n ly  c o n c e n tra ted , o rgan ized  e ffo rt 
b e in g  m ad e  is by  th e  W o rk in g  G roup on th e  “ G e o m e try  of R em o te  Sensing  
S y s te m s”  of C om m ission I I I  o f th e  In te rn a t io n a l  S o c ie ty  of P h o to g ra m m e try  
w h ic h  w as o rgan ized  in  1973. So far, a few  o f th e  problem s w ere d e a lt w ith  
an d  m a n y  rem ain  u n re so lv e d . S en so g ram m etry  is th e  p h o to g ra m m e try  o f th e  
sp ace  age, a u n iq u e  ch a llen g e  and  has y e t  to  b e  explored  and  developed .
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Э. Э . Д Е Р Е Н И

РЕЗЮМЕ

М Н Е Н И Е  О Д Н О Г О  Ф О Т О Г Р А М М Е Т Р И С Т А  О “ R E M O T E  S E N S IN G ”

Различными техниками “remote sensing” всегда встает необходимость создать 
связь между пространствами предмета и картины. Так, геометрически можем фиксировать 
место собранных с помощью „remote sensing” информаций. Самое общее выражение этой 
математической зависимости называем сенсограмметрией, являющейся главной областью 
работы фотограмметристов.
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OF GEOMAGNETIC MICROPULSATIONS
V. COM PARISON OF T H E  GEOM AGNETIC PU L SA T IO N  ACTIVITY

AT T H E  O B SE R V A T O R IE S NA G Y CENK , N IE M E G K  A N D  SO D A N K Y L Ä
c  •

L. TAKÁCS
GEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE 
OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[M anuscript received June 10, 1975]

Using the pulsation data and indices defined in the previous part o f th is series, com 
parisons were m ade w ith  the records of three European observatories. Conclusions are drawn 
about the applicability o f the m ethod for such com parisons as well as on the distribution of 
pulsations at different latitudes. I t  is shown that a three-hour index w ould be necessary for 
detailed investigations.

1. Introduction

T he s tu d y  o f  th e  geom agnetic  p u lsa tio n s  p ro v id es  v a lu ab le  in fo rm a tio n  
a b o u t th e  processes in  th e  m agnetosphere . I t  is v e ry  in te re s tin g  in  t h a t  re sp ec t 
to  com pare  p u lsa tio n s  reco rd ed  a t  d iffe ren t o b se rv a to rie s , in  p a r t ic u la r  a t 
o b se rv a to rie s  a t  d iffe ren t la titu d e s .

W e have co m p ared  th e  p u lsa tio n  a c tiv ity  c h a ra c te r  figu res o f  th e  obser
v a to rie s  N agycenk , N iem egk  and  S o d an k y lä . T hose  th re e  o b se rv a to rie s  are 
a t  v e ry  d iffe ren t m ag n e tic  la titu d e s , N ag y cen k  a t  47 .2°, N iem egk  a t  52.2°, 
S od an k y lä  a t  63.8°, in  th e  v ic in ity  o f th e  a u ro ra l e lec tro je t.

W e used  fo r o u r in v es tig a tio n s  th e  6 m m /m in  p a p e r  speed  e a r th  c u rre n t 
reco rds o f th e  f i r s t  17 day s o f M arch 1973. A m p litu d es  w ere d e te rm in e d  in  
12 perio d  b an d s  b y  th e  m e th o d  described  in  th e  f i r s t  p a r t  o f th is  series ([1], 
T ab le  I I I ) .*  O ne o f th e  pu rp o ses  o f our in v e s tig a tio n s  w as to  te s t  th e  ap p li
c ab ility  of th e  c h a ra c te r iz a tio n  m eth o d  fo r c o m p a ra tiv e  s tu d ies  o f  th e  d a ta  of 
d iffe ren t o bserva to ries.

T he com parison  w as m ade m ore d ifficu lt b y  th e  su b jec tiv e  e lem en ts  of 
th e  c h a ra c te riz a tio n . T h e  d a ta  of th e  o b se rv a to rie s  N ag y cen k  an d  S o d an k y lä  
w ere d e te rm in ed  b y  th e  p e rso n a l o f our in s t i tu te , b u t  th o se  o f th e  o b se rv a to ry  
N iem egk  w ere d e te rm in e d  th e re  accord ing  to  th e  sam e m e th o d  b u t  so m ew h at 
d iffe ren t co n v en tio n s. T he m o st im p o r ta n t d ifference w as th a t  a t  o u r in s t i tu te  
on ly  th e  m ost ty p ic a l tw o  o r th re e  period  b a n d s  w ere p icked  o u t in  ev e ry  h a lf  
h o u r, in  N iem egk, how ever, som etim es th e  a c tiv itie s  o f even  fiv e  ne ig h b o u rin g  
period  b an d s  w ere id e n tif ie d , causing  s tro n g  co rre la tio n s  b e tw een  th e  n e ig h b o u r
ing  perio d  bands.

* The lim its o f  those bands are shown in Fig. 1 together w ith the lim its o f  the Pc
bands.
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W e  h a v e  com pared also th e  p u lsa tio n s o f th e  f i r s t  17 day s o f M arch  1974 
a t  N a g y c e n k  and  S odanky lä . T h e  geom agnetic  a c t iv i ty  in  th a t  p a r t ic u la r  tim e  
in te rn a l  w as m uch higher th a n  in  M arch  1973. (The av erag e  27 K p v a lu e  w as 24,
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F ig . 1. T he lim its o f the period bands

w h ile  i t  w as only 17 in  M arch  1973.) W e h av e  co m p ared  th e  e a r th  c u rre n t 
re c o rd  a t  N agycenk  w ith  th e  G ren e t ty p e  reco rd  a t  S o d an k y lä . T h e  re su lts  
sh o w e d  th a t  our c h a ra c te r iz a tio n  m ethod  m akes possib le  th e  co m p ariso n  of 
d if fe re n t  ty p e  of records.

2. The ch o ic e  o f  th e  data preparation  in terval

F o r  stu d y in g  th e  co n n e c tio n s  betw een  th e  p u lsa tio n  a c tiv itie s  a t  v a rio u s 
s ta t io n s ,  co rre la tions h a v e  b e e n  com pu ted . B ecause  o f th e  la rg e  a m o u n t of 
d a ta ,  w e did no t use th e  a m p litu d e s  in  every  h a lf  h o u r im m ed ia te ly , b u t  we 
h a v e  su m m ed  th em  u p  fo r  a lo n g er period.

F ig u re  2 shows th e  c o rre la tio n  betw een  th e  a m p litu d e s  o f th e  15 — 30 sec 
p e r io d  pu lsa tions (P 4 -P 6 ) a t  N agycenk  an d  S o d an k y lä  as a fu n c tio n  of th e  
in te r v a l  o f su m m ation . I t  c a n  be seen th a t  a s tro n g  decrease o f th e  co rre la tio n  
c o e ff ic ie n t takes p lace b e tw e e n  th e  in te rv a ls  o f 3 h o u rs  an d  1 h o u r. (T here are 
so m e  in d ica tio n s  [2] t h a t  a t  m u c h  sh o rte r in te rv a ls  of p re p a ra tio n  — a t  som e 
m in u te s  — th e  c o rre la tio n  increases again .) W e h av e  chosen  a su m m atio n  
p e r io d  o f 3 hours fo r th e  f u r th e r  in v estig a tio n s, because  in  t h a t  case
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Fig. 2. Correlation coefficient betw een the am plitudes o f  15 — 30 sec pulsations at N agycenk  
and Sodankylä as a function of the sum m ation  interval o f am plitudes

— th e  in te rv a l is n o t  to o  long an d  so i t  c an  follow  th e  changes o f  th e  
a c tiv ity ,

— we could  ge t n e a rly  as s tro n g  co rre la tio n s  as in  th e  case o f d a ily  sum s,
— we h av e  h a d  136 d a ta  in  every  p e rio d  b a n d , w hich w as en o u g h  fo r 

s ta tis tic a l in v es tig a tio n s .

T here  are  sy s te m a tic  erro rs in  th e  reco rd  p re p a ra tio n  because o f  th e  s u b 
je c tiv e  e lem ents an d  th e  d iffe ren t record ing  sy s tem s. T he in fluence  o f th e m  
could  be red u ced  b y  usin g  c h a rac te r  figu res in s te a d  o f th e  sum m ed  a m p li
tu d e s  [1]. C orre la tions b e tw een  ch a rac te r fig u res  show  th e  s im ilarities o f  th e  
genera l course o f th e  p u lsa tio n  a c tiv ity , w hile  th e  co rre la tions b e tw een  th e  
a m p litu d e s  are to o  sen sitiv e  to  th e  coincidence o f  th e  ex trem ely  large a c tiv itie s , 
a lth o u g h  th e  d ifferences be tw een  th em  are n o t  to o  la rge .

T herefo re , fo r th e  fu r th e r  in v estig a tio n s th e  p u lsa tio n s  have been  c h a ra c 
te rized  b y  fiv e -s tep  c h a ra c te r  figures d e te rm in e d  in  12 period  b an d s  in  ev e ry  
3 hours.

3. In v estig a tio n  o f  the correlation  m atr ices in  1973

3.1. Correlations between the period bands at the same observatory

C orre la tion  coeffic ien ts  h av e  been co m p u te d  b e tw een  th e  perio d  b a n d s  
o f th e  sam e o b se rv a to ry . T h e  co rre la tion  m a tric e s  are  show n in T ab les l a —c. 
N a tu ra lly , th e y  are  sy m m etrica l w ith  1-s in  th e  d iagona l. (O nly co rre la tio n s  
o f ab so lu te  va lues h ig h e r th a n  0.2 are in d ica ted .)

T h e  d is tan ce  b e tw eep  N agycenk  an d  N iem eg k  is n o t  too  large. T h ere fo re , 
th e  differences b e tw een  th e  co rre la tio n  m atrices  o f  th o se  observato ries a re  n o t
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B a n d

p i

P2
P3
P4
P5
P6
P7
P8
P9
P10
P l l
P12

Table la
Correlation coefficients between the period bands at the same observatory in March 1973

Nagycenk

P I P2 P3 P4 P5 P6 P7 P8 P9 P10 P l l P12

1
l .33 - . 2 0 .30

.33 1 .41
.41 1 .48 - .2 2 - .2 1

- . 2 0 .48 1 .58 - . 3 7 - .2 1

,58 1 .47 - .3 1 - .2 5 - .2 2

.47 1 .32 - .3 3

- . 2 2 .32 1

- .2 1 - . 3 7 - .3 1 1 .40

.30 - .2 1 - . 2 5 .40 1 - . 2 2

- .2 2 - . 3 3
- . 2 2

1

1

Table lb
Niemegk

Band P I P2 P3 P4 P5 P6 P7 P8 P9 P10 P l l P12

p i 1 .30
P2 .30 1 .31 .29 .29 .36 .45 .31

P3 .31 l .47 .50 .53 .49 .43 .26 .33 .38

P4 .4 7 1 .54 .34 .37 .37 - . 2 0 .21 .42

P5 .29 .50 .54 1 .57 .52 .54 .23 .28

P6 .29 .53 .34 .57 1 .66 .57 .24 .26

P7 .36 .49 .37 .52 .66 1 .62 .23

P8 .45 .43 .37 .54 .57 .62 1 .25 .26

P9 .26 .25 1

P10 - . 2 0 1 .28

P l l .33 .21 .23 .24 .28 31 .36

P12 .31 .38 .42 .28 .26 .23 .26 .36 1
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Table Ic

Sodankylä

Band PI P2 P3 P4 P5 P6 P7 P8 P9 P10 Pll P12

p i 1
P2 l .75 .23 .29 .41 .48
P3 .75 1 .20 .20 .28 .41
P4 .20 1 .61 .35 .25
P5 .61 l .59
P6 .35 .59 1 .42
P7 .42 1 .23
P8 .28 1 .26
P9 .23 .26 1 .24
P10 .29 .24 1 .36 .25
P l l .41 ■ .28 .36 1 .30
P12 .48 .41 .25 .25 .30 1

Table lia
Correlation coefficients between the period bands at different observatories in  March 1973

Nagycenk—Niemegk

Nagycenk

Band PI P2 P3 P4 P5 P6 P7 P8 P9 P10 Pll P12

p i .28 .29
P2 .24 .35 .22 .22 .23 - . 2 0
РЗ .20 .38 .54 .41 .23
P4 .46 .43 .23 —.31
P5 .21 .50 .62 .52 .24 - . 3 2

b£
g P6 .44 .58 .49 .24 - . 2 9
О P7 .30 .53 .57 .45 .24 - . 2 5

« P8 .33 .47 .45 .33

coN

P9 .20 .31 .32
P10 .27 .34
P l l .26 .24 .42 .20 .41 .26
P12 .30 .42 .22 .30

0 5
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Table l ib
Nagycenk — Sodankylä

Nagycenk

Band PI P2 P3 P4 P5 P6 P7 P8 P9 P10 P ll P12

p i

P2 .21 .40 .42 .22
P3 .21 .42 .40 .22
P4 .52 .41 .31

:d P5 .44 .46 .39 - . 2 8 - . 2 2
P6 .31 .51 .47 .29 - .2 5 - . 2 0

« P7 .25 .37 .38 - . 2 2
ОCD P8 .24 .32 .20

P9 .24 .33
P10 .23 .26 .29
P l l .24 .27 .21 .35 .25
P12 .22 .26

Table l ie
Niem egk— Sodankylä

Niem egk

Band PI P2 P3 P4 P5 P6 P7 P8 P9 P10 Pll P12

p i .29 .27
P2 .32 .29 .20 .21 .30
P3 .32 .31 .24 .28
P4 .34 .47 .49 .47 .43 .35 .40 .26 .34

:cd P5 .30 .45 .45 .51 .31 .32 .29
P6 .27 .38 .54 .60 .42 .40 .22

cs
nS P7 .29 .42 .43 .33
ОCD P8 .22 .25 .24

P9 .26 .27
P10 .22 . .30 .25 .33
P l l .24 .29 .24 .31 .38 .29
P12 .24 .24 .37 .25
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cau sed  m ain ly  b y  th e  d ifferences in  th e  m ic ro p u lsa tio n  a c tiv ity , b u t  b y  th e  
d iffe re n t p re p a ra tio n  co n v en tio n s , m en tio n ed  in  th e  in tro d u c tio n . T h e  cor
re la tio n s  are m uch  s tro n g e r  in  N iem egk, in  p a r tic u la r  be tw een  th e  su b -b an d s  
o f  th e  P c  3 h an d .

T h e  e lem en ts o f th e  co rre la tio n  m atrices  n e a r  th e  d iag o n a l show  th a t  
th e  n e ig h b o u rin g  period  b a n d s  are  n o t in d e p e n d e n t. C orrelations are  th e  la rg e s t 
b e tw een  th e  su b -hands o f th e  P c  3 b an d , in d ic a tin g  th a t  m ore o f  th e m  are 
g e n e ra te d  u n d e r sim ilar co n d itio n s. T he b o u n d a rie s  are th e  s h a rp e s t in  th e  
P c  4 b a n d .

I n  N iem egk and  S o d a n k y lä  th e re  are h ig h er p ositive  co rre la tio n s  be tw een  
th e  sh o rte r-p e rio d  P c 3 a n d  th e  P c  5 b ands. I n  N agycenk  th e y  a re  n o t, b u t 
th e re  a re  som e s ig n ifican t n e g a tiv e  co rre la tions b e tw een  th e  P c  4 a n d  P c  3, 
P c  5 b an d s . (U sing c h a ra c te r  f ig u re s , d e te rm in ed  from  daily  sum s, th e re  are 
h ig h  co rre la tio n s be tw een  P c  3 a n d  P c  5 h a n d s  in  N agycenk , to o . A lso som e 
n e g a tiv e  co rre la tions a p p e a r  b e tw een  th e  P c 3 a n d  P c  4 b an d s in  N iem eg k  and  
S o d an k y lä  too , b u t  w ith  sm a lle r  ab so lu te  va lues. (T hey  show  th a t  th e  a c tiv itie s  
in  th e  period  b ands P c  3 a n d  P c  5 occur to g e th e r , w hile th a t  in  th e  P c  4 b a n d  
g en era lly  occurs alone.)

3.2. Correlation m atrices between d ifferen t observatories

In v e s tig a tin g  th e  la t i tu d e  dependence o f th e  p u lsa tio n  a c tiv ity , th e  m ost 
im p o r ta n t  too l is th e  an a ly s is  o f th e  co rre la tio n  m atrices b e tw een  p e rio d  
b a n d s  o f  tw o  d ifferen t o b se rv a to rie s . T hey  can  be fo u n d  in  T ab le s  I I o —c.

M ost of th e  h igh co rre la tio n s  are  n ear th e  m a in  d iagonal, show in g  th e  
connec tio n s betw een  th e  a c tiv itie s  in  th e  sam e — or a d ja c e n t — p e rio d  b an d s . 
T h e  co rre la tio n s are th e  h ig h e s t in  th e  su b -b an d s o f  th e  P c  3 b a n d , in  ag ree
m e n t w ith  earlier s im ilar in v e s tig a tio n s  b e tw een  th e  o b se rv a to rie s  F ü r s te n 
fe ld b ru c k  an d  N agycenk  [3]. W e h av e  o b ta in ed  h igh  co rre la tions in  a q u ite  
la rg e  perio d  range, in  a g re e m e n t w ith  th e  fa c t t h a t  th e  d iffe ren t p e rio d  P c  3 
p u lsa tio n s  are g en era ted  u n d e r  sim ilar cond itions. T he P c  2 ( id e n tic a l w ith  
P  2) b a n d  is n o t iso la ted  from  P c  3, b u t  i t  is seen — in  p a r tic u la r  in  T a b le  III» 
b u t  also in  T ab les  Ic, l i e  a n d  l i a  — th a t  th e re  is a q u ite  sh a rp  se p a ra tio n  
b e tw een  th e  p u lsa tions w ith  p e riods sh o rte r or lo n g er th a n  15 sec. T h a t  t e n d 
en cy  is th e  s tro n g est in  S o d a n k y lä  a n d  i t  is n o t seen in  N iem egk a t  all.

W e h av e  got th e  lo w e s t co rre la tio n  coeffic ien ts be tw een  th e  p u lsa tio n  
a c tiv itie s  in  th e  P c  4 b a n d , show ing  th e  m ore loca l occurrence o f  t h a t  ty p e . 
I n  th e  P c  5 h a n d  th e re  are  m ed iu m  co rre la tions. T hose  resu lts  are  in  a g re e m e n t 
w ith  [3], to o . T h e  se n s itiv ity  o f  o u r record ing  sy s tem  is low in  th e  P c  1 b a n d , 
so th e  occu rren ce  freq u en cy  o f th e  P c  1 p u lsa tio n s is on ly  consid erab le  in  th e  
v ic in ity  o f th e  po la r cap . (T h ere  w ere only tw o  P c  1 ev en ts  in  N ag y cen k .)
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T h e re  is m edium  c o rre la tio n  b e tw een  the  P c  1 b a n d  o f N iem egk an d  S odan k y lä  
(T ab le  l ie ) .

In te rp re tin g  th e  e le m e n ts  of the  c o rre la tio n  m a trices  fa r  from  th e  m ain  
d ia g o n a l (Tables H a —c), o n e  has to  ta k e  in to  ac c o u n t th e  d iffe ren t record- 
p ro c e ss in g  conventions. T h e  b e s t exam ple o f th is  is th e  in te rp re ta tio n  of the  
c o r re la t io n  m a trix  b e tw e e n  N agycenk  an d  N iem eg k . T he sense o f th e  h igh 
c o r re la tio n s  betw een  th e  sh o rte r-p e rio d  P c  3 p u lsa tio n s  in  N ag y cen k  an d  th e  
P c  5 b a n d  in  N iem egk o r th e  sign ifican t n eg a tiv e  co rre la tio n s  be tw een  th e  P c  4 
b a n d  in  N agycenk  a n d  th e  P c  3 in  N iem egk is th e  sam e: th e  p u lsa tio n  a c tiv ity  
is h ig h  e i th e r  in  th e  sh o r te r -p e r io d  su b -bands o f th e  P c  3 b an d  an d  in  th e  P c 5 
b a n d  to g e th e r  or in  th e  P c  4 b a n d . The co n n ec tio n  b e tw een  P c  3 a n d  P c  5 p u l
s a tio n s  decreases w ith  th e  increasing  d is ta n c e  o f th e  o b serv a to ries . T h a t 
b eco m es m ore obvious ta k in g  in to  acco u n t t h a t  th e  co rre la tio n  b e tw een  the 
P c  3 a n d  P c  5 b an d s is th e  h ig h est in  S o d a n k y lä  (T ab le  Ic).

3.3. The latitude dependence o f the P c  3 p u lsa tio n 's  period

T h e  s tu d y  of th e  la t i tu d e  dependence o f th e  P c  3 p u lsa tio n ’s perio d  is 
v e ry  im p o r ta n t  from  th e  p o in t  of view  o f m ag n e to sp h e ric  processes. I t  was 
in v e s t ig a te d  by  a lo t  o f  researchers, co m p arin g  th e  average perio d  o f th e  
P c  3 p u lsa tio n s  reco rd ed  in  observato ries a t  d iffe re n t la titu d e s  [4]. U sing  our 
c o rre la tio n  m atrices, w e c o u ld  t r y  an o th e r a p p ro a c h  fo r s tu d y in g  th e  la titu d e  
d ep en d en ce  of th e  p e rio d .

T h e  corre la tion  co e ffic ien ts  are h igh  in  a q u ite  w ide range  in  th e  P c 3 
p e r io d  b an d . The m a x im u m  o f th em  is n o t e x a c tly  in  th e  m ain  d iagona l, show 
in g  th e  la titu d e  d ep en d en ce  of th e  period. F o r  ex am p le , th e  0.51 co rre la tio n  
b e tw e e n  th e  P  5 b a n d  in  N ag y cen k  and  th e  P  6 b a n d  in  S o d an k y lä  is h igher 
t h a n  th e  neighbouring  ones (T able H a), th u s , w h e n P  5 p u lsa tio n s w ere recorded  
in  N ag y cen k , th e n  p u ls a tio n s  w ith  so m ew h at lo n g e r period  w ere fo u n d  in  
S o d a n k y lä .

W e have e s tim a te d  th e  period d ep en d en ce  b e tw een  th e  p u lsa tio n s  a t 
N a g y c e n k  and  S o d a n k y lä  in  th e  follow ing w a y : W e have  re p re se n te d  th e  
c o rre la tio n  coefficien ts as a function  o f th e  d ifference b e tw een  th e  serial 
n u m b e r  of th e  period  b a n d s , i.e . along lines, p e rp e n d ic u la r  to  th e  m a in  d iagonal
(F ig . 3).

B y  f i t t in g  of a p a ra b o le , th e  m ax im a  o f th e  curves h a v e  b een  d e te r
m in e d . (T hey  are in d ic a te d  in  th e  fig u re .) T h e ir  d is tan ce  fro m  th e  d iagonal 
is a  m easu re  of th e  la t i tu d e  dependence o f th e  P c  3 period. I n  average , the  
s e r ia l n u m b e r of th e  P c  3 sub-hands a t  S o d a n k y lä  is g rea te r  th a n  th a t  a t 
N a g y c e n k  w ith  0.23, co rresp o n d in g  here  to  a p e rio d  increase b y  1.2 sec.

T he in v e s tig a tio n s  o f  Cz. Miletits, J .  [4] show ed th a t  th e re  are  b o th  
la ti tu d e -d e p e n d e n t a n d  la titu d e -in d e p e n d e n t p u lsa tio n s . T herefo re , t h a t  value

A cta  Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975
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N a g y c e n k

a ; b ;

Fig. 3. Correlation coefficients betw een N agycenk and Sodankylä along lin es, perpendicular
to the m ain diagonal

a: the order of representation; 6: the correlations as a function of the d ifference between
the serial number o f the bands

m a y  n o t be in te rp re te d  as th e  period  change o f in d iv id u a l p u lsa tio n s , b u t  only 
show s th e  ex istence o f  p u lsa tio n s  w ith  la titu d e -d e p e n d e n t p e r io d  in  th is  
17- d a y -in te rv a l.

S im ilar in v e s tig a tio n s  o f th e  periods a t  N iem egk fa iled  b e cau se  o f th e  
h ig h ly  d ifferen t p re p a ra tio n , a lth o u g h  th e y  w ould  be v e ry  in te re s t in g , because 
i t  w ould  m ake possib le  to  con tro l th e  m e th o d , com paring  th e  th re e  dif
ferences.

4. C orrelations b etw een  N agycen k  and Sodankylä in  1 9 7 4

W e h av e  d e te rm in ed  th e  m atrices fo rm ed  from  th e  c o rre la tio n  coeffi
c ien ts  b e tw een  th e  d iffe ren t period  b an d s a t  th e  sam e o b se rv a to ry  (T ab le  I l i a ,
b). T h ey  are v e ry  s im ila r to  th e  co rrespond ing  m atrices  in  M arch  1973 (Table 
la ,  c), in  sp ite  of th e  fa c t th a t  a G re n e t- ty p e  reco rd ing  sy s tem  w as used  in 
S o d an k y lä . This is v e ry  im p o r ta n t  as i t  p roves th a t  ou r c h a ra c te r iz a tio n  m akes 
possib le  th e  com parison  o f  p u lsa tio n s reco rd ed  b y  system s o f d iffe re n t fre 
q u e n c y  ch arac te ris tic s .

T he co rre la tions b e tw een  th e  ne ig h b o u rin g  b an d s  a t  N a g y c e n k  becam e 
so m ew h at less th a n  th o se  in  1973. B ecause o f th e  sam e reco rd in g  sy s te m  and 
p re p a ra tin g  person  i t  w as a t t r ib u te d  to  th e  g re a te r  geom agnetic  a c t iv i ty .  The 
decrease  of th e  c o rre la tio n  coeffic ien ts is observab le  also in  S o d a n k y lä , in  
p a r t ic u la r  betw een  th e  P c  5 an d  P  2, P  3 b an d s; even  th e re  are  som e n eg a tiv e  
c o rre la tio n s  betw een  th e  P  6 — P  7 an d  th e  P  2 an d  P  12 b a n d s .

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. H ung. 10, 1975
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Table I l ia  u
Correlation coefficients between the period band at the same observatory in March 1974 о

Nagycenk _______________

Band PI P2 P3 P4 P5 P6 P7 P8 P9 P10 Pll P12

p i 1 .25
P2 1 .34

P3 .25 1
P4 l .23 - . 2 3 - . 2 4 - .3 1 - .2 3
P5 .23 1 - .6 3 - . 2 7 - .3 7 - .2 7 - .2 1

P6 .63 1 .54 - .2 1 - . 3 2 - . 2 9

P7 - . 2 3 .54 1 - . 2 3

P8 - . 2 4 - . 2 7 - .2 1 1 .23

P9 - .3 1 - . 3 7 - . 3 2 .23 1 .36

P10 - . 2 3 - . 2 7 .36 ' 1

P l l - . 2 1 - .2 9 - . 2 3 1

P12 .34 1

Table IHb
Sodankylä

Band PI P2 P3 P4 P5 P6 P7 P8 P9 P10 Pll P12

p i 1
P2 l .35 - . 3 6 - . 3 4 .22 .20 .22 .20

P3 .35 1 .31 .27 .20

P4 .31 l .49
P5 .49 1 .31
P6 - . 3 6 .31 1 .48 - . 3 0

P7 - . 3 4 .48 1 .21 - .2 1

P8 .21 1 .23

P9 .22 .27 .23 1 .21

P10 .20 .21 1 .45

P l l .22 .20 .45 1 .21

P12 .20 - . 3 0 - .2 1 .21 1

T
A

K
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T he decrease o f  th e  co rre la tions as a consequence  of th e  in crease  o f th e  
geom agnetic  a c t iv i ty  is th e  m ost s trik in g  in  th e  co rre la tio n  m a tr ix  be tw een  
th e  perio d  b an d s  a t  N ag y cen k  and  S o d an k y lä  (T ab le  IY), W e have  d e te rm in ed  
th e  la t i tu d e  d ep en d en ce  o f th e  P c 3 period  b y  th e  m eth o d  described  in  p a r t  3.3. 
T he periods w ere lo n g er in  S odanky lä  b y  3.7 sec, in d ica tin g  t h a t  th e re  
w ere m ore p u lsa tio n s  w ith  la ti tu d e -d e p e n d e n t perio d  or (and) th e  period  
dependence w as s tro n g e r in  th a t  in te rv a l w ith  h ig h er geom agnetic  a c tiv ity .

T ab le  Y show s th e  sam e co rre la tion  m a tr ix  as T ab le  IV , b u t  u sing  c h a ra c 
te r  figu res d e te rm in ed  from  daily  sum s. I t  is a n ice exam ple  o f n o n -a p p li
c a b ility  of d a ily  c h a ra c te r  figures fo r in v e s tig a tio n s , dealing  w ith  th e  la t i tu d e  
dependence o f p u lsa tio n  a c tiv ity  or period .

5 . C onnections b etw een  the geo m a g n etic  activ ity  and pu lsation s

W e have in v e s tig a te d  th e  connections b e tw een  th e  geom agnetic  a c tiv ity  
an d  pu lsa tio n s. C o rre la tio n  coefficients h a v e  b een  co m p u ted  b e tw een  th e  geo
m a g n e tic  K p  in d ex  a n d  th e  3 h o u rly  c h a ra c te r  figu res in  ev ery  perio d  b an d . 
B ecause  of th e  d iffe ren t p re p a ra tio n , th e  d a ta  o f th e  o b se rv a to ry  N iem egk  
w ere n o t  used.

F igu re  4a  show s th e  average of th e  re su lts , d e te rm in ed  from  th e  d a ta  
o f th e  tw o  1 7 -d ay -in te rv a ls . T he co rre la tio n  coeffic ien t be tw een  K p  a n d  th e  
c h a ra c te r  figu res a t  N ag y cen k  (full line) is th e  h ig h est a t  th e  p e rio d  b an d s  
from  P  2 to  P  5 (5 — 25 sec). B etw een  th e  p e rio d  b an d s P  6 an d  P  10 (25 — 
120 sec) th e re  is no  co n n ec tio n  betw een  th e  p u lsa tio n  a c tiv ity  an d  K p . ( I t  is 
in te re s tin g  th a t  th e  P  6 — P  8 sub -bands o f  P c  3 beh av e  in  th e  sam e  w ay  as

a .

Fig. 4. Correlation coefficients between the 3 hourly  pulsation character figures at N agy
cenk (full line) and Sodankylä (broken line) and th e  geom agnetic K p index. The averages 

(a )  and the differences (b )  o f the correlation coefficients in March 1973 and 1974
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Table TV
Correlation coefficients between the period bands at Nagycenk and Sodankylä in  March 1974

Nagy ce nk

Band PI P2 P3 P4 P5 P6 P7 P8 P9 P10 P l l • P12

p i .41
P2 - . 4 0 - .3 2 .34
P3 .21 - .2 1 — .20 .23
P4 .43

:as P5 .35 .40 - .3 2 - . 3 0
p* P6 .48 .40 .20 - .2 1 - . 2 2
03 P7 .31 .39 .33
о

Сn P8
P9 .23

P10 .21
P l l .20 .20 .32 .28

P12 - .2 1

Table V
The same as Table I V  but using daily character figures fo r  the computations

Nagycenk

B a n d P I P 2 P 3 P 4 P 5 P 6 P 7 P 8 P 9 P 1 0 P l l P 1 2

p i .56 .50 .43

P2 .33 .57 .41
P3 .36 .35 .33
P4 .49 .41 .33

^3 P5 - . 3 2 .78 .65 .32
P6 - . 3 5 .42 .60 .51 .58

rt
ПЗ P7 • .30 .58 .53
О

CD P8 - . 3 0 .43 .62 - . 3 0

P9 - . 3 9 .37 .60 .56

P10 .57 .33 .50 .33

P l l .53 .36 - .5 1 .69 .57

P12 .49 .31 - .4 6

3
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th e  P c  4 b a n d .)  T h e  am p litu d e  o f  P c  5 (P  11 — P  12) increases w ith  th e  in 
creasing  geo m ag n e tic  a c tiv ity  aga in . T h e  co rre la tions betw een  K p a n d  th e  
p u lsa tio n  c h a ra c te r  figures a t S o d an k y lä  (b ro k en  line) are g e n e ra lly  g rea te r 
th a n  th a t  a t  N ag y cen k . T he d ifference is th e  m ost sign ifican t in  th e  P c  4 and  
P c  5 b an d s.

T he d ifference betw een  th e  c o rre la tio n  coefficients d e te rm in e d  fro m  th e  
d a ta  in  M arch  1973 an d  1974 in d ica tes  th e  in flu e n c e  of the  g re a te r  g eo m ag n e tic  
a c tiv ity  in  th e  seco n d  in te rv a l (F ig. 46). T h e  co rre la tions decrease, in  p a r t ic u la r  
in  th e  P  6 b a n d . T h e  p u lsa tio n  a c tiv ity  a t  S odanky lä  (a t h ig h e r la t i tu d e )  is 
m ore sensitive  to  th e  increase o f th e  g eo m ag n e tic  ac tiv ity .

6. Conclusions

T h e  m ain  p u rp o se  of th e  p re sen t in v e s tig a tio n s  was to  te s t  th e  a p p lic a b i
l i ty  of o u r c h a ra c te r iz a tio n  m ethod  fo r th e  co m p ariso n  of th e  p u lsa tio n  a c tiv ity  
a t  d iffe ren t o b se rv a to rie s . The resu lts  show  t h a t  th e  in tro d u c tio n  o f  c h a ra c te r  
figu res p ra c tic a lly  e lim in a tes  th e  in flu en ce  o f  th e  d ifferent fre q u e n c y  c h a ra c te r 
istics o f th e  reco rd in g  system s. I t  red u ces  th e  sub jec tive  erro rs to o , b u t  th e  
exam ple  o f th e  d a ta  a t  N iem egk d irec ts  a t te n t io n  to  th e  necessity  o f  a n  o b jec 
tiv e  p re p a ra tio n  m e th o d , w hich is rea lizab le  b y  using  dig ital re c o rd in g  sy s tem s 
an d  u n ified  e v a lu a tin g  p rogram s.

T h e  co m p ariso n  o f T ab le  IV  a n d  V  (a n d  some o th e r e x a m p le s , n o t 
re p o rte d  here) show s th a t  th e  daily  c h a ra c te r  fig u re s  give too  ro u g h  in fo rm a tio n  
fo r such  in v e s tig a tio n s . U sing 3 h o u rly  c h a ra c te r  figures, we h a v e  g o t b e t te r  
re su lts , even  th e  la t i tu d e  dependence o f th e  p e rio d  of Pc 3 p u ls a t io n  could  
be stu d ied .
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ОПЫ ТНЫ Е РЕЗУЛЬТАТЫ , СВЯЗАННЫ Е С ОДНИМ НОВЫМ 
МИКРОПУЛЬСАЦИОННЫМ ИНДЕКСОМ

V. СОПОСТАВЛЕНИЕ АКТИВНОСТЕЙ Г ЕО М А Г Н И Т Н Ы Х  ПУЛЬСАЦИЙ В 
О БСЕТВАТО РИ ЯХ В Н А Д Ь Ц ЕН К Е, Н И М Е Г К Е  И СОДАНКИЛЕ

Л .Т А К А Я

РЕЗЮМЕ

При помощи пульсационных данных и индексов, определенных в предыдущих 
частях этой серии, сопоставлялись регистрации трех европейских обсерваторий. Были 
сделаны выводы как о применяемости метода для таких сопоставлений, так о распреде
лении пульсаций на различных широтах. Было доказано, что для более подробных иссле
дований требовались бы трехчасовые пульсационные индексы.
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ON GRAVIMETRIC GEOID COMPUTATIONS*
D. NAGY

GRAVITY DIVISION, EARTH PHYSICS BRANCH, DEPARTMENT OF ENERGY, 
MINES AND RESOURCES, OTTAWA, CANADA

[M anuscript received M ay 10, 1975]

Prelim inary investigations using gravity  data available for Canada and the northern 
part o f the U nited States were carried out to obtain num erical estim ates o f  the truncation  
error in the calculation of the “ residual” geoidal height due to the variations o f  the “ local” 
gravity  field.

Com putations for 20 stations placed along tw o profiles ind icate th a t the average 
truncation error am ounts to  —5.8 m, —4.2 m  and —0.8 m if  the integration  is carried out 
to angular distances o f 8°, 10° and 20°, respectively.

In tro d u c tio n

D ue to  several fac to rs , such  as sa te llite  techno logy , in c rea sed  d em an d  
fo r geodetic  accu racy  a n d  ex ten sio n  of su rface  g ra v ity  coverage  o v e r large 
p a r ts  o f th e  globe, th e re  is a renew ed in te re s t  in  geoid c o m p u ta tio n  b o th  
from  astro -geodetic  an d  g ra v ity  d a ta . In  th is  p a p e r o u r d iscussion  w ill be 
lim ite d  to  geoid d e te rm in a tio n s  using  su rface g ra v ity  d a ta .

A lth o u g h  su rface g ra v ity  d a ta  are  u sed , in  a sense i t  m a y  b e  called 
a co m b in a tio n  so lu tion  because  u su a lly  a sa te llite  derived  geoid is used  as 
a reference  surface to  w hich  th e  geoidal h e ig h t changes cau sed  b y  “ loca l” 
g ra v ity  v a ria tio n s  o b ta in e d  fro m  surface g ra v ity  d a ta  are  c a lc u la ted . W h ereas  
th e  c o m p u ta tio n a l p ro ced u res  o f th e  v a rio u s in v es tig a to rs  are b a s ic a lly  th e  
sam e, th e re  seem s to  be som e difference o f op in ion  as to  w h a t c o n s titu te s  
“ loca l”  v a ria tio n s , i.e. how  fa r  to  ca rry  o u t th e  in te g ra tio n  o f su rface  g ra v ity  
d a ta . A s th e  lim it o f in te g ra tio n  p lay s a m a jo r  role in  th e  a c c u ra cy  o f th e  
“ re s id u a l”  geoid, som e re su lts  o b ta in ed  d u rin g  th e  geoid c o m p u ta tio n  fo r 
C an ad a  will be given w ith  som e reco m m en d a tio n s fo r th e  lim it o f in te g ra tio n .

C om puta tional p rocedure

T h e  geoidal h e ig h t, N ,  can  be ca lcu la ted  from  S t o r e s ’ w ell-know n  
fo rm u la :

N  =  - ^ - [ s ( V>)Agdcr =  K  
4 лС  J

* D edicated to the 75th birthday of Professor A. T árczy-H o rn o ch .
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w h ere  R  
G

da
a n d

is the  m ean  ra d iu s  of th e  ea rth ,
is the  m ean  g ra v i ty  of the  e a rth ,
is the  F ree  A ir  A n o m aly ,
is the  su rface  e le m e n t of the  u n it  sp h ere

S(ip) =  cosec ip/2 — 6 sin  ip/ 2 -f- 1 — 5 cos ip — 3 cos ip In (sin y>]2 sin2 ip/2)

ip being th e  a n g u la r  d is tan ce  betw een  th e  c o m p u ta tio n  p o in t an d  th e  
p a rticu la r su rface  e lem en t.

E q u a t io n  (1) can be re w r i t te n  in to  the  form :

N  =  K  J  S(ip) A g d a  +  K  J S(ip) A gsda  -  K  J  S(ip) Agsda  ,

w h e re  A gs is th e  s a te llite  d eriv ed  g rav ity  an o m a ly  an d  can  be ca lcu la ted  
f ro m  th e  corresponding  sp h e ric a l harm onic coeffic ien ts .

T h e n

N  =  K  J  S(ip) A g sda  +  K  J  S (y )  {A g  -  Ags} d a . (2)

T h e  in te g ra tio n  m u st be c a rr ie d  ou t over th e  w ho le  su rface . The f irs t  te rm  
is o b v io u sly  th e  sa te llite  g eo id a l height, N s, th e  seco n d  te rm  is th e  “ re s id u a l”  
g eo id a l he igh t due to  th e  d ifference be tw een  su rface  an d  sa te llite  g ra v ity  
a n o m a ly . To ev a lu a te  th e  in te g ra l in  (2), th e  seco n d  te rm  will be sp lit in to  
tw o  reg ions: D t th e  “ lo c a l”  region cen te red  a ro u n d  th e  c o m p u ta tio n  p o in t 
a n d  D 2 th e  “ d is ta n t”  zone w h ich  is the  re m a in in g  su rface  area . T h u s eq u a tio n  
(2) becom es

N  =  N s +  К  f S(ip){Ag  -  Zlgs} da +  К  j S(ip){Ag -  Ags} da  . (3)

D, D,

A p a r t  from  some v a r ia t io n s  in  co m p u ta tio n a l p ro c e d u re s , eq u a tio n  (3) is th e  
b a s is  o f  m ost recen t geo id  c o m p u ta tio n s , fo r e x a m p le  Ma r s h  an d  V i n c e n t  [2],  
K a h l e  and  Ta l w a n i  [1 ] ,  N a g y  and  P a u l  [3].

T he usual s im p lif ic a tio n  fo r equa tion  (3) is ach iev ed  b y  assum ing  th a t  
fo r  th e  region D 2, th e  s a te ll i te  derived g ra v ity  an o m a ly  is a su ffic ien tly  good 
a p p ro x im a tio n  to  th e  su rfa c e  g rav ity , i.e. A g  =  A gs, th u s  fu r th e r  reduc ing  
e q u a tio n  (3). In tro d u c in g  th e  residual geoidal h e ig h t N r, due to  local g ra v ity  
w ith in  D 1, one gets ( in te g ra t io n  rep laced  b y  su m m a tio n ):

D |

N r  =  N _ N s =  ' £  S (v > ){ A g -A g s} d a  (4)
4 nG

T he region D 1 c a n  b e  defined  by  th e  a n g u la r  d is tan ce  ip1 d raw n  fro m  th e  
c o m p u ta tio n  p o in t to  th e  lim it of region. O u r p u rp o se  here  is to  show  th e  
re la t io n  betw een ip1 a n d  th e  expected  accu racy  o f  th e  re sid u a l geoid.
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The com puta tions

T he d a ta  se t u sed  in  th ese  c o m p u ta tio n s  consisted  o f  1/2° eq u a l area  
averages over th e  su rv ey ed  p a r t  o f C anada  an d  th e  n o r th e rn  se c to r  of U.S. 
an d  1° X  1° m eans a t  th e  so u th e rn  p a r t  o f th e  a rea . T h e  po sitio n s o f  th e  centers 
o f b locks are show n in  F ig u re  1. T he resid u a l g ra v ity  an o m a ly  (F ig u re  2) over 
C an ad a  is show n to g e th e r  w ith  th e  positio n  o f 20 p o in ts  d iscu ssed  la te r . For 
each  p o in t using  e q u a tio n  (4) a h is to g ram  w as p re p a re d  w ith  one degree  in te r 
v a l. U sing th e  n o ta tio n

max
s max =  2  s ‘

i = i

th e n  from  th e  h is to g ra m  th e  desired  p a r tia l  sum s could  be o b ta in e d . The 
u p p e r lim it o f su m m a tio n , m ax  (in degrees), w as o b ta in ed  d u rin g  th e  com 
p u ta t io n  as th e  lim it o f a reas  w as reach ed  (v a ry in g  from  28° to  36°). A plo t 
o f th e  accu m u la tiv e  sum  o f residua l geoid h e ig h t fo r each  s ta t io n  is given in 
F ig u re  3 for s ta tio n s  a t  la t i tu d e  60° an d  in  F ig u re  4 for s ta tio n s  a long  longi
tu d e  90° W . T he p a r t ia l  sum s an d  som e differences are  g iven  in  T ab le  I.

Table I

№ Ф A S. Sio S20 • ^max ■'’max S8 ^max Sio ^mia $20 max°

11 60.0 115 0.59 — 1.61 — 4.31 — 5.54 - 6 .1 3 — 3.93 — 1.23 36
12 60.0 110 — 0.44 — 3.08 — 6.46 — 7.39 — 6.95 — 4.31 — 0.93 36
13 60.0 105 — 1.23 — 2.35 — 7.03 — 7.77 — 6.54 — 5.42 — 0.74 33
14 60.0 100 — 4.46 — 5.22 — 9.66 — 10.38 — 5.92 — 5.16 — 0.72 31
15 60.0 95 — 7.63 — 8.66 — 13.23 — 13.75 — 6.12 — 5.09 — 0.52 28

16 60.0 90 — 6.15 — 7.71 — 12.01 — 12.60 — 6.45 — 4.89 — 0.59 27

17 60.0 85 — 6.46 — 8.76 — 11.86 — 12.74 —  6.28 —  3.98 —  0.88 30
18 60.0 80 —  7.01 —  9.06 —  12.35 —  13.15 — 6.14 —  4.09 —  0.80 32
19 60.0 75 — 1.93 — 4.95 — 8.34 — 8.82 — 6.89 — 3.87 — 0.48 35

20 60.0 70 — 4.33 — 6.45 —  10.53 — 10.80 —  6.47 —  4.35 —  0.27 36
1 60.5 90 —  6.48 —  8.11 — 12.19 —  12.87 —  6.39 —  4.76 — 0.68 28
2 61.0 90 —  7.14 —  9.08 —  12.62 —  13.47 —  6.33 —  4.39 —  0.85 28

3 61.5 90 —  7.52 —  9.44 - 1 2 .6 4 —  13.64 —  6.12 —  4.20 —  1.00 28
4 62.0 90 —  7.94 —  9.81 —  12.77 —  13.75 — 5.81 —  3.94 —  0.98 28
5 62.5 90 —  8.17 —  9.78 - 1 2 .6 7 —  13.61 —  5.44 —  3.83 —  0.94 28
6 63.0 90 — 7.67 — 9.02 — 11.75 — 12.72 — 5.05 — 3.70 —  0.97 28

7 63.5 90 —  6.70 —  7.80 — 10.45 — 11.38 —  4.68 — 3.58 —  0.93 28
8 64.0 90 —  5.95 —  6.75 -  9.26 — 10.18 —  4.23 —  3.43 —  0.92 29
9 64.5 90 —  5.97 —  6.53 — 8.83 -  9.78 —  3.81 —  3.25 —  0.95 29

10 65.0 90 —  6.17 - 6 .7 1 — 8.87 — 9.87 —  3.70 —  3.16 —  1.00 29
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D iscussion

F o r  a ll po in ts in  F ig u re s  3 an d  4 th e  c o rre la tio n  betw een  th e  re s id u a l 
g ra v i ty  m a p  and  th e  change in  geoidal h e ig h t is v e ry  clear in  th e  v ic in i ty  of 
th e  c o m p u ta tio n  po in ts . T hese  p ro files w ere se lec ted  a t  ab o u t th e  c e n te r  of 
th e  m a p  a re a  w here use can  be  m ade o f th e  m ax im u m  am o u n t o f d a ta .  In  
F ig u re  3 th e  po in ts are sp aced  a b o u t 2.5° a n g u la r  d istance . A lth o u g h  a ru le  
c a n n o t b e  s ta te d , i t  seem s t h a t  th e  su m m a tio n  p icks up  m ost o f  th e  con
t r ib u t io n  a t  V =  20°. T h e  sh a p e s  of th e  cu rv es  a n d  th e  m ag n itu d e  o f  p a r tia l  
sum s a re  q u ite  d ifferen t w ith in  th a t  ran g e . F ig u re  4 shows th e  sam e  basic  
c h a ra c te r is t ic s  except t h a t  d u e  to  0.5° sp ac in g  o f  th e  po in ts , th e  changes 
b e tw e e n  neighbours are n o t  as p ro n o u n ced . N u m erica l in fo rm a tio n  is given

10* 2 0 °  10° 2 0 °  3 0 °
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Fig. 4. A ccu m u la tiv e  h isto g ram  o f resid u al geoidal h e ig h t along long itude  90°W  w ith  dtp =  0.5°

a b o u t th e  p o in ts  in  T ab le  I .  T he co o rd in a tes  o f each  p o in t are g iv en . T h en  
th e  p a r t ia l  sum s up  to  (and  inc lud ing) 8°, 10°, 20° an g u la r d is tan ces  an d  th e  
m a x im u m  a t  w hich  d a ta  w ere av a ilab le , a re  lis ted . N ex t, th e  d iffe rences b e 
tw een  th e  to ta l  c o n tr ib u tio n  an d  th e  ab o v e-m en tio n ed  p a r tia l sum s a re  g iven . 
T hese  d ifferences in d ica te  th e  c o n tr ib u tio n  m issing  from  th e  re s id u a l geoid  if  
th e  su m m a tio n  s tops a t  th e  p a r tic u la r  a n g u la r  d istance . F o r e x a m p le , fo r 
p o in t №  14, i f  th e  su m m atio n  is ex te n d e d  to  x p  =  8 ° ,  th e n  a — 5.92 m  c o n tr i
b u tio n  is neg lec ted . T he av erag e  m issing c o n tr ib u tio n  fo r S max — S 8 is —5.8 m 
dec reasin g  to  —4.2 m fo r S max — S 10. I t  a m o u n ts  to  —0.8 m fo r S max — S?0.
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T h is  b eh av io u r is o f  cou rse  expected  from  th e  ex am in a tio n  of th e  fu n c 
tio n  F(ip) =  S(ip) sin ip im p lie d  in  eq u a tio n  (4). T h is  fu nc tion  h as  a local 
m a x im u m  a t  ab o u t tp =  8°; a t  ab o u t ip =  18° i t  h a s  th e  sam e value  as a t  th e  
o rig in  a n d  a fte r  ip =  20° i t  decreases ra p id ly  b eco m in g  zero a t  a b o u t 40°. 
T h u s , u n le ss  th e  re s id u a l an o m a ly  is id en tica lly  zero  ou tside of 8°, i.e. Ag  =  
=  A g s w h ich  is n o t a re a so n a b le  a ssum ption , th e re  is a sizable c o n tr ib u tio n  
u p  to  th e  f irs t  zero o f th e  S to k es  function , th e  b ig g es t p a r t  of it  being  in  th e  
ra n g e  o f  8 °—20°.

I n  th e ir  global d e ta ile d  geoid c o m p u ta tio n s  Marsh and V in c en t  [2] 
u sed  a  2 0 ° x 2 0 °  a rea  c e n te re d  a round  th e  c o m p u ta tio n  po in t. U sing  th e  
en c lo sed  a rea , th is  co rre sp o n d s  to  angu la r d is ta n c e s  o f a b o u t 11.3°, 10°, 8° an d  
4.7° a t  la ti tu d e s  of 0°, 40°, 60° and  80°, re sp e c tiv e ly . The accu racy  o f  th e  
d e ta ile d  g rav im etric  geoid  w as assessed b y  th e m  a t  2 m  on th e  c o n tin e n t of 
N o r th  A m erica . O n th e  b as is  o f th e  p re sen t s tu d y  su ch  a claim  seem s to  be 
h ig h ly  op tim istic .

A lth o u g h  th e  c o m p u ta tio n a l resu lts fo r a rb itr a r i ly  selected  m odel and 
c o m p u ta tio n  po in ts  c a n n o t be  ta k e n  as co n c lu siv e , i t  seem s th a t ,  in  o rd e r to  
a c h ie v e  an  accu racy  o f  a b o u t 2 m and  w ith  a llow ance  fo r some o th e r  sources 
o f  e r ro rs  as well, th e  l im it  o f  in teg ra tio n  sh o u ld  be  ex ten d ed  to  an  a n g u la r  
d is ta n c e  o f 20° or m ore .

A s th e  tru n c a tio n  e r ro r  m ay  be th e  la rg e s t source  of e rro r in  ca lcu la tin g  
th e  re s id u a l geoidal h e ig h t, i t  seem s a m ore th o ro u g h  in v es tig a tio n  b a se d  u p o n  
co m pu ta tiona l resu lts  is n eed ed .
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О ВЫЧИСЛЕНИИ ГРАВИТАЦИОННОГО ГЕОИДА
Д. Н А Д Ь

РЕЗЮМЕ

При помощи происходящих с северных частей Канады и Соединенных Штатов гра
витационных данных проводились предварительные исследования для получения числен
ных оценок об ошибках усечки в вычислении «резидуальных» высот геоида, возникающих 
вследствие изменений локального гравитационного поля.

На основе вычислений для 20 станций, лежащих На двух профилях, средняя ошибка 
составляет —5,8 м, —4,2 м и —0.8 м при проведении интегрирования до угловых растоя- 
ний 8°, 10°, 20° соответственно.
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INVESTIGATIONS TO THE DEVELOPMENT 
OF ZÖLLNER-SUSPENSION HORIZONTAL PENDULUMS

GY. A L PÁ R

GEODETICAL AND GEOPHYSICAL RESEARCH INSTITUTE 
OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[M anuscript received June 10, 1975]

The paper presents ideas for the m odification  o f horizontal pendulum s w ith  Z ö lln er- 
typ e  suspension, in order to im prove the reliability  o f records w ith these in strum ents. The 
problem s of suspension, calibration, m ounting and recording are discussed, then a new  in stru 
m ent type is proposed which w ould elim inate several problem s of these pendulum s.

F ro m  am ong  h igh-precision  c linom eters, h o rizon ta l p e n d u lu m s w ith  
Z ö lln e r-ty p e  suspension  are  th e  m ost com m on  in s tru m e n ts  o f  c lin o m e tric  
tid a l reco rd ings. T he tw o  m o st ty p ic a l c o n s tru c tio n s  are th e  m e ta l-b a se d  
Tom aschek  — Ellenberger p en d u lu m  (in  th e  fo llow ing Т Е ) and  th e  V erbaandert— 
M elchior (in  th e  follow ing YM) p e n d u lu m , u sin g  q u a rtz  tech n iq u es (see e.g. 
Melchior [9]). B o th  ty p es  are  co n n ec ted  to  p h o to -reco rd e rs , using  th e  Poggen- 
dorj p rinc ip le  an d  th e y  can  reco rd  t i l t  angles w ith  an  accu racy  o f  a b o u t 
2 • 1 0 ~ 4 in  a d e q u a te  cond itions. (T he accu racy  is m ean t here  in  th e  sense 
o f L ecolazet [8] as an  “ in n e r  m ean  sq u are  e r ro r” .)

T hese p en d u lu m s do n o t reco rd , how ever, a lw ays and  ev ery w h ere  id e n 
tic a lly  (see e.g. [2]). Such p rob lem s h av e  also em erged  a t th e  c lin o m e tr ic  
reco rd in g  o f e a r th  tid es  in  th e  G eodetica l an d  G eophysica l R esearch  I n s t i tu te  
of th e  H u n g a ria n  A cadem y o f Sciences (and , e a rlie r, in  th e  G eodetical R e se a rc h  
L a b o ra to ry  o f  th e  A cadem y), m a in ly  w ith  th e  Т Е  p endu lum s used in  th e  e a r ly  
phase  o f th e  record ings.

T h is n ecess ita ted  to  in v e s tig a te  th e  c o n s tru c tio n  o f Zöllner-su sp e n s io n  
p en d u lu m s an d  th e n , based  on th e se  experiences, to  ta k e  steps to  im p ro v e  
th em .

The problem  o f suspension

T h e  e q u a tio n  o f m o tion  o f  Z td /ner-suspension  pendu lum s h a v e  b een  
t r e a te d  in  d e ta ils  b y  J obert [7]. Mittelstrass [10] s tu d ied  th e  p ro b le m s 
o f th e  suspension  co n stru c tio n  a n d  he also d e a lt w ith  th e  fu r th e r  d e v e lo p m e n t 
o f Т Е  p en d u lu m s used  in  our I n s t i tu te .

H is re su lts  show  u n am b ig u o u sly  t h a t  th e  suspension  g eo m etry  o f  Т Е  
p en d u lu m  cou ld  be s ig n ifican tly  im p ro v ed  w ith  a new  co n stru c tio n . F ig . 1 
show s a sk e tch  of th e  susp en sio n  o f Т Е  p en d u lu m s w ith  ap p ro x im a te  d im en -
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Fig. 1

sions. Mittelstrass [10] aimed at only m inor changes of the construction  
o f  Т Е  pendulum s, th u s h is im provem ents included  only a shortening o f the  
suspension basis b to  ab ou t 8 mm, further a change of the original suspension  
bands to  steel wires Y 4A S of 0.05 mm d iam eter being artificially  aged, in  
sp ite  o f the rigid ity o f  th e  steel alloy.

B y  th e  re d u c tio n  o f  th e  basis 6, h o w e v e r, th e  o therw ise h ig h  s tre ss  of 
th e  u p p e r  suspension  b a n d  fu rth e r  in creases , s e tt in g  qu ick ly  a l im it  to  th is  
p o ss ib ility . I t  is w ell-k n o w n  from  d iffe ren t in v es tig a tio n s  and  also from  our 
ow n experiences t h a t  b y  choosing th e  ang les « a n d  ß  possib ly  sm a ll b e tw een  
th e  th e o re tic a l ax is  A B  a n d  th e  suspension  b a n d s  w hich are e q u a lly  lo ad ed  
fo r  to rs io n  an d  in  th e  v ic in ity  of th e  c lam p s also  for ben d in g , th e n  due to  
th e  decrease o f th e  sh if t  o f th e  so-called  m o m en tan eo u s  ro ta t io n  cen tres  
in  th e  v ic in ity  of th e  c la m p s ,'th e  geom etry  o f  th e  suspension  becom es m ore  a d v a n 
ta g e o u s . This can  be  ad v a n ta g e o u s ly  in flu e n c e d  also b y  increasing  th e  h e ig h t h. 
T h e  to rs io n a l re s to r in g  m om en t of th e  lo n g e r  b ands, n ecessary  fo r such  
suspen sio n  g eo m etry , a lso  gets sm aller. I t  c a n  be  expec ted  th a t  a h o rizo n ta l 
p e n d u lu m  c o n s tru c tio n  w ith  great h e ig h t h  a n d  w ith  th e  sh o r te s t  possible 
b as is  b, d e te rm in ed  b y  th e  e lastic ity  lim it  o f  th e  suspension b a n d s  used  (in 
th e  follow ing h b) sh o u ld  have m ore a d v a n ta g e o u s  opera tio n  c h a ra c te ris tic s  
th a n  p resen t c o n s tru c tio n s .

T he problem  o f ca lib ra tio n

T he d e te rm in a tio n  o f  th e  scale v a lu e s  o f  h o rizo n ta l p en d u lu m s a n d  of 
o th e r  h igh-precision  c linom eters is a m u c h  d iscussed  problem  w h ich  w ould  
n a tu ra l ly  requ ire  an g le  é ta lo n s of an  a c c u ra c y  correspond ing  to  th e  accu racy
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o f th e  m easu rem en ts . T h e  p re sen t p rac tice  uses e ith e r  a n  in d ire c t m ethod  
b ased  on th e  o b se rv a tio n  o f sw ing-tim es or a d irec t m e th o d  to  be  realized  by 
a t i l t  o f th e  in s tru m e n t w ith  a “ know n”  angle.

T he prob lem s o f th e  d e te rm in a tio n  o f th e  scale v a lu e  b y  observ ing  the  
sw ing-tim e are p a r tia lly  in h e re n t in  th e  m easu rem en t o f sw in g -tim es , p a rtia lly  
th e y  are  caused b y  th e  special co n s tru c tio n  o f th e  p e n d u lu m  b o d y  (rem ov
ab leness, accessory  ed g e-b earin g , ju s tif ia b le  b an d -c lam p in g ). T h e  accu racy  of 
th e  m easu rem en t o f th e  sw ing-tim e could  be in s tru m e n t- te c h n ic a lly  increased, 
b u t  th e  oscillations o f h o riz o n ta l p en d u lu m s are  m o d u la te d  b y  d iffe ren t d is
tu rb a n c e s , and  ju s t  th e se  d is tu rb an ces  lim it th e  accu racy  o f  th e  m easu rem en t 
o f  sw ing-tim es. I t  can  be  ex p ec ted  th a t  th e  co n s tru c tio n  h >  b p ro p o sed  here 
w ill re su lt in  an  im p ro v e m e n t also in  th is  fie ld , as th e  su sp en sio n  geome
t r y  ap p ro x im ates  b e t te r  th e  idea l case.

In  case o f th e  d ire c t scale v a lue  d e te rm in a tio n  h o r iz o n ta l pendu lum s 
ly in g  on th ree  p la te -sc rew s are t i l te d  w ith  th e  aid of a c ra p a u d in e  (pressure- 
b o x  w ith  m em b ran e , D ruckdose) below  one of th e  p la te -sc rew s  an d  being 
u n d e r  th e  p ressu re  o f m ercu ry  co lum n o f changeab le  h e ig h t a ro u n d  th e  axis 
o f th e  peak  of th e  o th e r  tw o  p la te -sc rew s b y  a sm all angle (som e h u n d re d th  
o f  an  angle second) [9]. T he “ a rm ”  o f th e  t i l t ,  i.e. th e  le n g th  o f  th e  tilting  
ang le-arm s is in  case o f th e  u su a l d im ensions o f th e  in s tru m e n t a b o u t 300 mm, 
th e re fo re  th e  n ecessary  m ean  sq u are  e rro r o f th e  ca lib ra tio n  an g le , +0.0001" 
m eans a m ean sq u are  e rro r  o f + 0 .1 5  m[i a t  th e  m e asu rem en t o f  th e  arc w ith  
th e  c rapaud ine . T h e  c a lib ra tio n  o f th e  c rap au d in e  is m ad e  w ith  a special
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in te r f e ro m e te r .  L ittle  a t te n t io n  is  p a id , how ever, to  th e  v e r tic a l m icrom ove
m e n ts  o f  th e  axis c o n s titu te d  b y  th e  peaks of th e  p la te -sc re w s , a co n s tru c tio n  
b e in g  a lre a d y  ou t of d a te  in  p re c is io n  m echanics, n o t  m e n tio n in g  th e  opposi
t io n  o f  th is  calib ration  m e th o d  to  th e  basic p rin c ip le  t h a t  h o rizo n ta l p e n d u 
lu m s  s h o u ld  be possibly p u t  im m e d ia te ly  on th e  so lid  b a se m e n t rocks. As such  
a d i r e c t  scale  value d e te rm in a tio n  h as  the  und en iab le  a d v a n ta g e  of th e o re tic a l 
s im p l ic i ty ,  i t  would be e x p e d ie n t  to  su b stitu te  th e  w eak  p a r ts  o f th e  p ra c tic a l 
s o lu t io n  — firs t  of all, th e  o u td a te d  axis, by b e tte r  c o n s tru c tio n s . M ost ev id en t 
s o lu t io n  w o u ld  be th e  so -ca lled  c ro ssed  sp ring-jo in t [6] w h ic h  is now  ex ten siv e ly  
u se d  a t  th e  precise axis so lu tio n s  o f  sm all ro ta tio n s . I n  case o f th e  suspension  
g e o m e try  w ith  h b, th e re  is  a n  obvious possib ility  to  p lace  th e  legs o f  th e  
c a l ib r a t io n  angle in to  a n e a r ly  v e r tic a l position  in s te a d  o f  th e  p resen t n ea rly  
h o r iz o n ta l  position. The c o n s tru c t io n  is rep resen ted  in  F ig . 2. T he figure show s 
f r o n t  a n d  side views of th e  c ro sse d  sp ring -jo in t (cs), th e  p e n d u lu m  bo d y  (i), th e  
f r a m e  o f  th e  Z o l/ner-suspension  (К ), in  th e  low er p a r t  o f  th e  fro n t v iew  p  
s y m b o liz e s  the  force c a rry in g  o u t  th e  d e te rm in a tio n  o f  th e  scale v a lue .

The problem  o f  m ou n tin g  o f th e in stru m e n t

I n  connection w ith  th e  sca le  value d e te rm in a tio n , we h in te d  a lread y  a t  
th e  p ro b le m  of the stab le  c o n n e c tio n  of h o rizon ta l p e n d u lu m s  w ith  b asem en t 
ro c k s . H o rizo n ta l p e n d u lu m s a re  b ro u g h t w ith o u t e x c e p tio n  in to  m easu re 
m e n t  p o s itio n  w ith  th re e  p la te -sc re w s  according to  th e  k n o w n  rules o f s tab le  
in s tru m e n t-m o u n tin g . T h e  c o n n e c tio n  betw een  p la te -sc rew s  and  b asem en t
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ro ck s is, how ever, even  now  a m uch  d iscussed  p ro b lem  an d  m ain ly  im m e d ia te ly  
a fte r  m o u n tin g  th e  h o rizo n ta l pen d u lu m s, so m etim es s till la te r  g re a t in s t r u 
m en ta l d rif ts  a re  caused  b y  th e  slow s ta b iliz a tio n  of th is  co n n ec tio n , an d  
by  th e  e q u a liz a tio n  of th e  H ertz s tresses in  so lid  bodies p u t one a b o v e  th e  
o th e r [5]. T h e  s tu d y  of th is  p rob lem  lead  to  th e  id ea  to  p u t th e  h b co n 
s tru c tio n  in to  a v e rtic a l tu b e -lik e  in s tru m e n ta l  casing  an d  to  m o u n t th e m  
sim ila rly  to  p rec ision  w a te r  tu b e  level in s tru m e n ts  [3] ve rtica lly , w h e n  th e  
com plete  w eig h t o f th e  in s tru m e n t is c a rr ie d  b y  a spherica l h e a d e d  globe 
cock being  fa s te n e d  to  a v e rtic a l w all cu t fro m  th e  b asem en t rock. T h is  m e th o d  
of th e  m o u n tin g  o f th e  in s tru m e n ts  is re p re se n te d  in  Fig. 3. T he e x p e c te d  
a d v a n ta g e  o f th e  so lu tio n  is t h a t  th e  s ta b iliz a tio n  p rocess an d  th e  e q u a liz a tio n  
o f th e  H ertz  Stresses in  th e  spherica l h ead ed  globe cock ( / )  and  in  th e  u p p e r  
p a r t  o f th e  in s tru m e n t casing  can  re su lt o n ly  in  v e rtic a l m o vem en ts i f  th e  
sm all fr ic tio n  on th e  a d ju s tin g  screw s t is n eg lec ted . T his so lu tion  p ro v e d  good 
a t w a te r  tu b e  level in s tru m e n ts  an d  i t  will m e e t th e  dem ands of th e  m o u n tin g  
of h o rizo n ta l p en d u lu m s.

The problem  o f  record in g

W e h av e  a lread y  m en tio n ed  in  th e  in tro d u c tio n  th a t  h o rizo n ta l p e n d u 
lum s w ith  Zó'ííner-suspension use genera lly  p h o to -reco rd in g . A single e x c e p tio n  
is th e  O strovsky  p en d u lu m  [11], w hich  uses p h o to -e le c tr ic  record ing  a n d  m ean s  
a w ay -se ttin g  c o n s tru c tio n . T hese p en d u lu m s a re , p ro p erly  speak ing  n o  m ore  
Z ö llner-suspension  ty p e s , b u t  th e y  are n e a re r  to  th e  Rebeur — P aschw itz  so lu 
tio n . T h e  m ost u p - to -d a te  precision  c lin o m ete r c o n s tru c tio n s  using sim p le  v e r 
tic a l p en d u lu m s ap p ly  elec tric  reco rd ing  rea lized  b y  th e  so-called c a p a c itiv e  
tra n sd u c e rs  (see e.g . th e  B o h rlo ch g eze iten p en d e l o f  th e  A skania  [1] a n d  th e  
D IA X  B ro a d b a n d  T iltm e te r-H o riz o n ta l A cce le ro m ete r [4]). The g re a t a d v a n 
tag e  o f th is  l a t te r  c o n s tru c tio n  is t h a t  th e  p lace  d e m a n d  is sm all in  th e  i n s t r u 
m en t casing , no  h e a t sources like electric  b u lb s  b e lo n g  to  th e  in s tru m e n t, a n d  
th e  e lec tric  signal p ro d u ced  b y  th e  in s tru m e n t ca n  be  recorded  by  co m m erc ia l 
e lec tron ic  reco rd in g  in s tru m e n ts  b y  in te rm e d ia tin g  ap p ro p ria te  in te r fa c e s  
(even a t  g re a te r  d istances). C apacitive  tra n sd u c e rs  are  in  these  v e r tic a l p e n d u 
lum s th re e -p la te  d iffe ren tia l condensers in  AC b rid g e-c ircu its  and  in  th e  b e s t 
ex isting  co n s tru c tio n s  (e.g. D IA X ) d isp lacem en ts  o f 0.05Â =  5 • 10 ~9 m m  
can  a lre a d y  be reco rd ed . Since th e  new est v e rs io n s  of o th e r in s tru m e n ts  are  
also m ad e  w ith  su ch  cap ac itiv e  tra n sd u c e rs  (g rav im ete rs , p recision  m a n o 
m eters , g en era lly  m ic ro m ete rs), its  use seem s also  obvious for th e  Z ö lln er
suspension  p en d u lu m s.

T h e  cap ac itiv e  tra n sd u c e rs  (CT) m u st be  u sed  w ith  horizon ta l p e n d u lu m s  
in  fo rm  o f d iffe ren tia l condensers w ith  w id er th a n  u su a l air-gap d u e  to  th e  
c ircu m stan ces o f th e ir  o p e ra tio n  (F ig . 4). T h e  in c rea se  o f th e  air-gap d  r e s u lts
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top - view

X : places of band clamping 

О '■ theoretical rotation axis 

d : air gap

DK' differential condenser

Fig. 4

in  a decrease  of th e  d isp lacem en t re so lu tio n . A t th e  sam e tim e  a m in im u m  
a ir-g a p  o f 5 m m  m u s t be used  in  Zöllner-suspension  h o rizo n ta l p en d u lu m s 
d u r in g  th e ir  in s ta lla tio n , a n d  also la te r  on , d u e  to  th e  zero -po in t d r if t  o f  th e  
b a n d  su spension , in  c o n tra s t  to  th e  d v a lu e  o f  1.52 m m  in th e  m en tio n ed  
D 1 A X  co n stru c tio n . I n  o u r ex p erim en ta l s tu d ie s  d  values of 10 m m  w ere  used 
in  c o n n e c tio n  w ith  a sim ple Z ö ííner-suspension , th e  angle m a g n ific a tio n  of 
w h ic h  (a s ta tiz a tio n ) cou ld  w ell com pensate  th e  decrease of th e  C T -scale v a lue . 
T h is  so lu tio n  has co n se rv ed  all a d v a n ta g e s  o f  th e  electric reco rd in g , from  
a m o n g  w h ich  th e  a b a n d o n in g  of th e  5 m  lo n g  lig h t-a rm  necessary  fo r th e  p h o to 
re c o rd in g  shou ld  be m e n tio n e d  from  th e  p o in t  o f  view  of th e  lo c a tio n  o f  th e  
in s tru m e n ts ,  as th is  m e a n t m any  expenses a n d  difficulties in  fo rm in g  th e  
re c o rd in g  room s.

A  sy n th esis  o f d evelop m en t possibilities

I t  is c lear fro m  w h a t has been sa id  a b o v e  th a t  th e  v a r ia n t  h  b of 
Z ö lln e r -suspension  h o riz o n ta l pendu lum s c a n  b e  w ell com bined w ith  th e  d irec t 
c a l ib ra t io n  in  a v e rtic a l a rran g em en t, an d  su c h  a constru c tio n  can  be  w ell f i t te d  
in to  a  v e rtic a l tu b e -ca s in g , w hich can  be s ta b ly  and  sim ply m o u n te d  to  th e  
b a s e m e n t in  a “ w all-c lock  m o u n tin g ”  ( th e  a rra n g e m en t of th e  in s tru m e n t  in  
F ig . 3 can  be called  s h o r tly  so). C om bining i t  w ith  th e  ad v an tag eo u s  re c o rd in g  
p o ss ib ilitie s  allow ed b y  CT th e  p ro d u c tio n  o f  a new  p endu lum  ty p e  show n  in 
F ig . 5 seem s possib le. I t s  m ain  c h a ra c te r is tic s  are  th e  follow ing:

T h e  h ead  F  fo r th e  suspension o f  th e  in s tru m e n t can  be r o ta te d  w ith  
re s p e c t  o f th e  casing so t h a t  c linom etric  re c o rd in g s  can be m ade w ith  th e  sam e 
in s t r u m e n t  in  an y  a z im u th a l d irection . T h e  circle level L  on th e  in s tru m e n t
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h ead  w hich  can  be ro ta te d  a ro u n d  a sim ple cy lin d rica l axis, serves fo r  enab ling  
a qu ick  in s ta lla tio n  of th e  in s tru m e n t. I t s  ro ta tio n  is necessary  fo r th e  a d ju s t
m en t of th e  circle level an d  fo r check ing  its  a d ju s tm e n t, b u t  a t  th e  sam e  tim e  
i t  m akes th e  o b se rv a tio n  of th e  b u b b le  m ore com fortab le  m a in ly , in  con fined  
space. I n  th e  p ro p er tu b e -lik e  casing  H  w ou ld  be lo ca ted  th e  b o d y  o f the  
h o riz o n ta l p en d u lu m  w ith  th e  suspension  h b ca rry ing  th e  m id d le  p la te  of 
a CT th re e -p la te  d iffe ren tia l co ndenser (F ig . 6). F o r sim ple c u r re n t- in p u t

F ig . 5 F ig . 6

su p p ly  m eta l-w ire  suspension  is p re fe rred  w hich  can  be ta k e n  o f  e q u a l v a lue  
w ith  th e  so lu tions based  on th e  q u a r tz  te ch n iq u es  in  case of ca re fu lly  ag ed  an d  
d im ensioned , rost-free  steel-w ires.

T he o u te r p la te s  o f th e  d iffe ren tia l condenser are  m o u n ted  in  casin g  H  
e lec trica lly  iso la ted  from  i t ,  w here  th e  d is tan ce  d  is su itab ly  a d ju s ta b le  from  
o u ts id e  in  o rder to  p ro m o te  th e  f in a l in s ta lla tio n  of th e  in s tru m e n t w h ich  h ad  
b een  a p p ro x im a te ly  a lread y  in s ta lle d  w ith  th e  help  of th e  circle lev e l. T he 
sh ie lded  cables of th e  d iffe ren tia l condenser are  connected  to  th e  e lec tric  
m odule  E  in  th e  b o tto m  o f th e  casing  w here th e  elem ents o f th e  AC bridge 
are  p u t. P re se n t c ircu itries allow  to  design so lu tions being fu lly  in d e p e n d e n t
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of th e  e lec tric  n e tw o rk . T h is  w ould co n sid e rab ly  increase  th e  se c u rity  of 
c o n tin u o u s  record ing  b y  e lim in a tin g  m o m e n ta n e o u s  “ n e tw o rk  b lack -o u ts”  
an d  o th e r  ne tw o rk  d is tu rb a n c e s , while a t p laces fa r  from  in h a b ite d  a reas  th is  
w o u ld  b e  th e  only eco n o m ica l so lution. F ro m  th e  elec tric  m odule fu r th e r  
co n n ec tio n s  lead  to  th e  e n e rg y  supp ly  an d  to  th e  am p lifie r-reco rd e r m odules.

T h e  d a ta  ca rrie r o f  th e  record ing  shou ld  be  c a sse tte  m ag n e tic  ta p e , on 
w h ich  th e  signals from  th e  CT w ould be re c o rd e d  w ith  ad eq u a te  d e n s ity  in  
d ig ita l fo rm , to g e th e r w ith  th e  co rrespond ing  tim e -m a rk s . I t  seem s to  be 
a re a lis tic  possib ility  to  sam p le  signals from  th e  CT a t  such  a ra te  t h a t  each 
o sc illa tio n  o f th e  p e n d u lu m  cou ld  be re c o n s tru c te d  a n d  checked , re sp ec tiv e ly . 
T h u s , th e  sw ing-tim e co u ld  be  co n tinuously  c o n tro lle d , m eaning  an  in fo rm a 
tio n  im p o r ta n t  from  th e  p o in t  of view  of m o n ito r in g  th e  scale v a lu e  o f th e  
h o r iz o n ta l p endu lum s, f u r th e r  th e  u n d is tu rb e d n e ss  o f  th e  oscilla tions could 
also be  m o n ito red , an d  in  case of a d is tu rb a n c e  a  w a rn in g  signal shou ld  also 
be reco rd ed , signalizing t h a t  th e  c o n tin u ity  o f th e  reco rd  has been d is tu rb e d . 
T h ese  c o n tro l fu n c tio n s co u ld  be realized  w ith  th e  help  of a m icroprocessor 
on th e  leve l o f a sc ien tific  p o ck e t-ca lcu la to r a n d  th is  tech n iq u e  w ou ld  also 
en ab le  a rb itra ry  d ig ita l f i l te r in g , resu lting  in  a re co rd in g  w hich w ould  co n ta in  
in  a d d itio n  to  c lo ck -m ark s on ly  “ sm oo thed”  CT signals. T he d ig itized  d a ta  
series cou ld  be th e n  s im p ly  fed  in to  co m p u te rs  fo r fu r th e r  d a ta  p re p a ra tio n  
a n d  fo r  th e  usual an a ly s is . T h ere  are no o b stac le s  ca rry in g  o u t a s im u lta 
neous ana lo g  (pencil) re c o rd in g  contro lled  by  th e  c o n tin u o u s  electric  signal of CT.

T h e  usual a u to m a tic  ex ecu tio n  of th e  c a lib ra tio n  could  be also u p d a te d  
in  case  o f  th e  p roposed  v e r t ic a l  co n stru c tio n . A s th e  fram e К  in  F ig . 2 is in  
n o rm a l o p era tio n  in  a n ea r-eq u ilib riu m  p o sitio n , a v e ry  sm all force p  is su f
f ic ie n t fo r  th e  scale v a lu e  d e te rm in a tio n . F o r  th is  pu rpose  a p iezoelectric  
c ry s ta l  c an  be used. I t s  d e fo rm a tio n  due to  e le c tr ic  vo ltages can  su b s titu te  
th e  c ra p a u d in e . T h is w o u ld  elim inate  th e  m e rc u ry  techn ics u n co m fo rtab le  
fro m  m a n y  aspects. I t  is , how ever, n ecessary  to  ca lib ra te  th e  p iezoelectric  
c ry s ta l  an d  th e  s tab iliz ed  v o ltag e  used. F o r  th is  p u rp o se  an  in te rfe ro m e te r  
m ir ro r  I  can  be m o u n te d  to  th e  b o tto m  o f th e  f ra m e  К  in  Fig. 5, w h ich  could  
be th e  re flec tin g  su rface  o f  one arm  o f a M ich elso n - ty p e  m u ltip le  b e a m  in te r 
fe ro m e te r  to  be t r e a te d  elsew here. A c o n tin u o u s  in te rfe ro m e tric  ca lib ra tio n  
c a n n o t be  used, as th e  c lim a tic  conditions of c lin o m e tric  record ings are  genera lly  
n o t  fav o u ra b le  for su ch  d e lica te  op tica l so lu tio n s.

C onclusion, fu tu re v ista s

T h e  ho rizon ta l p e n d u lu m  co n stru c tio n  p ro p o sed  in  th is  p a p e r offers im 
p o r ta n t  ad v an tag es due  to  i ts  m ore sc ru tin ized  p rec ision -m echan ica l co n stru c 
t io n  a n d , m ain ly , to  th e  p o ssib ility  of e lec tric  (CT) record ing . I t  sh o u ld  also 
be  m e n tio n e d  th a t  a c o o rd in a tio n  of th e  Z ö llner-suspension  an d  CT m ag n ifica 
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t io n  includes p ossib ilities  w h ich  s tim u la te  reco rd ing  w ith  d iffe re n t angle- 
m ag n ifica tio n  due to  d iffe ren t sw ing tim es, a n d , on th e  o th e r  h a n d , experi
m e n ta l record ing  w ith  m ax im u m  m ag n ifica tio n . T he tu b e - lik e  constru c tio n  
is also ad v an tag eo u s  from  th e  p o in t o f v iew  o f pe rsp ec tiv e  p la n n in g  of clino
m e te rs  fo r borehole  use. I n  a less sen sitive  v a r ia n t  such  c lin o m e te rs  can  also 
be  used  for th e  reco rd in g  o f t i l t in g  m o v em en ts  of big b u ild in g s  a n d  co n stru c 
tio n s , s im ilarly , th e y  cou ld  be used  for th e  d e tec tio n  of rock  m o v e m e n ts . In  the  
l a t te r  case, care sh o u ld  be p a id  to  th e  so lu tio n  of th e  p ro b le m s o f therm al 
in su la tio n .
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ИССЛЕДОВАНИЯ ДЛЯ ДАЛЬНЕЙШЕГО РАЗВИТИЯ НАКЛОНОМЕРОВ 
С ПОДВЕШИВАНИЕМ ЦЁЛЛНЕРА

Д Ь . А Л П А Р

РЕЗЮМЕ

В статье рассматриваются соображения для дальнейшего развития наклономеров 
с подвешиванием Цёллнера с пелью обеспечения лучшего тождества регистраций, сделан
ных этими приборами. Рассматриваются проблемы подвешивания, эталонирования, уста
новления и регистрации. Предлагается новый тип прибора для устранения ппоблем этих 
наклономеров.
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ÜBER DIE ZWISCHENORIENTIERUNG  
YON OFFENEN THEODOLITPOLYGONZÜGEN 

DURCH KREISELMESSUNGEN
A. TÁRCZY-HORNOCH

GEODÄTISCHES UND G EO PH Y SIK A LISCH ES FORSCHUNGSINSTITUT 
D E R  U NG ARISCHEN A K A D EM IE D E R  W ISSEN SCH A FTEN , SOPRON

[Eingegangen am 1. September 1975]

Wenn der im Anfangspunkt orientierte gestreckte offene Polygonzug entsprechend 
lang is, so können auch die im Vergleich zur Winkelmessung wesentlich ungenaueren Zwi
schenorientierungen an den, oder in der Nähe der günstigsten Seiten mit dem Kreisel eine 
merkliche Genauigkeitssteigerung und so bei einem zu erreichenden mittleren Querfehler 
des Endpunktes eine merkliche Arbeitsersparnis geben. Wird aber zur Zwischenorientierung 
eine von der günstigsten weiter hegende Seite verwendet, so kann der entstehende mittlere 
Querfehler des Endpunktes größer werden als jener des nur am Anfang orientierten Polygon
zuges. Die Zwischenorientierung ist dann nicht vorteilhaft, sondern nachteilig. Ähnliches 
gilt, wenn die Anzahl n der Polygonpunkte die Bedingung (8a) nicht erfüllt.

Die zur Orientierung günstigste Seite wird je nachdem, ob der an die Kreiselmessung 
angeschlossene Polygonzugteil im Vergleich zur mit Kreisel orientierten Seite einseitig 
(Abb. 1), oder symmetrisch (Abb. 2) hegt, mit Hilfe der Gl. (5) oder Gl. (8) ermittelt. Für 
mehrere Zwischenorientierungen gilt die Gl. (8c).

E in e n  m erk lich en  F o r ts c h r i t t  b e d e u te te  im  V erm essungsw esen d as  E r 
scheinen  d er K re ise lin s tru m en te . D ies b e tr if f t  besonders die P o ly g o n zü g e  u n d  
P o ly g o n n e tze , wo au ch  hei S ich tv e rh in d e ru n g en  O rien tierungen  m ög lich  sind . 
D esha lb  e rh ie lten  die K re ise lo rien tie ru n g en  au ch  fü r  die u n te rird isc h e n  M es
sungen , so au ch  fü r  die E in rechnungszüge  eine  e rh ö h te  B ed eu tu n g . W ir  se lb st 
h ab e n  h ie rü b e r d re i A rb e iten  v e rö ffen tlich t [1, 2, 3], zu denen n och  d ie A rb e i
te n  [4, 5] von  H a lm o s  u n d  S ü t t i [6] a n g e fü h r t  w erden m ögen.

A us den an g e fü h rte n  U n te rsu ch u n g en  g e h t hervo r, daß  sow ohl be im  
im  A n fa n g sp u n k t n ic h t o rien tie rten  offenen  Po lygonzug , als au c h  im  E in 
rech n u n g szu g  — gleich genaue P o lygonw inke lm essungen  v o ra u sg e se tz t — zu r 
K re ise lo rien tie ru n g  jen e  Seite am  g ü n s tig s te n  is t, deren  P ro je k tio n  a u f  die 
V erb indungslin ie  des A nfangs- u n d  E n d p u n k te s  den  H a lb ie ru n g sp u n k t der 
V erb indungslin ie  e n th ä lt  (Vgl. [1; S. 143]).

N u n , bei den  o b ertäg ig en  P o lygonzügen , ab e r auch beim  S to lle n b e rg b a u  
is t  es seh r le ich t, den  P o lygonzug  im  A n fa n g sp u n k t des P o lygonzuges d u rc h  
W inke lm essung  an  einen  gegebenen P u n k t  zu  o rien tie ren , da ja  die A u sg an g s
p u n k te  m e is t tr ig o n o m etrisch e  P u n k te  sind  u n d  so S ich tv e rh in d e ru n g en  k a u m  
a u f tre te n . B ed en k t m an , daß  die W in k e lm essu n g  in  der R egel v ie l g en au e r 
als die K re ise lo rien tie ru n g  is t u n d  au ch  v ie l w en iger Z eit in A n sp ru ch  n im m t, 
so is t es n ic h t u n in te re ssa n t zu u n te rsu ch en , ob u n d  in  w elchem  B ere ich  eine 
K re ise lo rien tie ru n g  die G enau igke it des T heodo litpo lygonzuges e rh ö h e n  k a n n .
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Z u r  ü b e rs ich tlich e ren  m a th em a tisch en  B e h a n d lu n g  sollen h ie r im  fo l
g en d en  g es treck te  g le ichseitige offene Züge m it gleich  genauen W in k e lm es
su n g en  v o ra u sg e se tz t w erd en , in  w elchem  F a lle  n u r  der m ittle re  Q u erfeh le r 
des E n d p u n k te s  des Z uges zu  u n te rsu ch en  is t ,  d a  die L ängenm eßfeh ler, die 
in  d e r  R ic h tu n g  des Zuges w irksam  sind , v o n  d en  S tellen  der O rie n tie ru n g  
u n a b h ä n g ig  sind.

E s  sei a u f  A b b . 1 d er offene g estreck te  P o ly g o n zu g  m it dem  A n fan g s
p u n k t  A  u n d  m it dem  E n d p u n k t n  d a rg e s te llt . D ie gleich angenom m ene  
S e ite n lä n g e  sei s. D ie S eite  A, 1 w urde d u rc h  W inkel-, die Seite x , x  1 
d u rc h  K re ise lm essu n g  o rie n tie rt. Alle ü b rig e n  S e iten  sind du rch  W in k e l
m essu n g en  angeschlossen . B is zum  P u n k t x  so ll der Polygonzug x  S e iten  
h a b e n : d a n n  is t A , x  =  sx . D ie A nzahl d er S e ite n  v o n  x  bis n s e iy ,  w esh a lb  
x , n  =  sy  w ird .

W ie  soll n u n  x  g ew äh lt w erden, d aß  b e i d iesem  Polygonzug  be i M es
su n g en  v o n  der gleichen Z e itd au e r der m itt le re  Q uerfeh le r des E n d p u n k te s  n 
am  k le in s te n  w erd e?  M an k ö n n te  zu n äch st m e in en , daß  h ierzu  je n e , n a c h  
den  x  S e iten  fo lgende S eite  x , x  -j- 1 am  g ü n s tig s te n  w äre, bei d er die d u rc h

A d d itio n  d er B rech u n g sw in k e l en ts teh en d e  m itt le re  F eh ler der S eite  x , x  -j- 1 
d en  m itt le re n  F e h le r  d er K re ise lo rien tie ru n g  e rre ic h t, bzw. ü b e rsc h re ite t. 
B eze ich n en  w ir den  m itt le re n  F eh ler der B rech u n g sw in k e l m it -^rmw, je n e n  
d e r  K re ise lm essu n g  m it + m ^ , so k ö n n te  n a c h  A b b . 1 dieser x  W e rt au s  d er 
B ez ieh u n g

-  m 2
I m w I >  I m k I bzw . x  — — (1)

m l

e r re c h n e t w erden . N u n  is t  ab er zu b ed en k en , d a ß  w ir den m itt le re n  Q u e r
fe h le r  des E n d p u n k te s  n  suchen  u n d  d a r in  is t  d e r  m ittle re  F eh le r des W in 
kels  in  A  linear u m  so m eh r w irksam , je  w e ite r  x  von  A  lieg t. Ä h n lich es  g ilt 
a u c h  v o m  W in k elfeh le r in  1 usw . So k a n n  in  b ezu g  au f den m itt le re n  Q u er
fe h le r  des E n d p u n k te s  eine andere als die d u rc h  Gl. (1) b e s tim m te  x  Seite  
w e se n tlic h  g ü n stig e r sein.

B e k a n n tlic h  is t d er m ittle re  Q uerfeh ler m qx des P u n k te s  x  e ines g le ich 
se itig e n  P o lygonzuges n a c h  A bb. 1 aus d e r R e ih e :

m* =  +  2- +  . . .* > )  =  ’A  _ g , +  l )  ( « + ! ) «
p2 P2 6
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h ier

m q x  =  ±  — '51 S X
(x +  1) (2x  +  1)  ̂ ^  ±  s x  Í  x^

Q 36x
( 2)

F ü r  unsere  U n te rsu ch u n g en  g en ü g t es m eistens, die e in fachere zw e ite  G leichung 
zu  verw enden .

Ä hnlich  e rh a lte n  w ir a u f  die Seite  x , x  +  1 bezogen d en  d u rch  die 
W inkelm essung  v e ru rsa c h te n  m ittle re n  Q uerfeh ler m q<n,w des P u n k te  n :

m„
q . n . w  —  ± -----^ s ( y-»Ff1

(2a)

D e r d u rch  die K re ise lo rien tie ru n g  v e ru rsa c h te  m ittle re  Q u erfeh le r ist
w eite rs  :

W - ± —  > -y  (2 b)
Q

So w ird  das gesam m te m itt le re  Q u e rfe h le rq u ad ra t m 2q,n des P u n k te s  n :

m q,n — m q,x m q,n,w “t* m q,n,k 

B erü ck sich tig t m an , daß  

is t , so w ird  aus Gl. (3)

' 2*3 s2(y  — l ) 3
+

y  — n  — X

+  - ± sy  (3)
Q2

(3a)

2  х л 2 (re — 1 — x )3 , 2 . .»
mjj,------ h mj, —-------------------[- тдге — x y

3

=  —  » i  —  +
x 3 (n  —  1 — яг)3

+  m K n  — x)2

D ie e x tre m e n  W erte  als F u n k tio n  von  x  n im m t m \ n bei

(3b)

dm,Q,n _,dx = 0  =  —  {mi(x2 +  (n — 1 — x)2 • (— 1)) +  m2 2(n — x) • (— 1)} =  

=  ~j{m'Í(2(n — 1) я: — (n — l)2) — 2 m\(n — л;)}
(4)

an . D a  —  n ich t N ull is t, s e tz t  m an  den  großen  K la m m e ra u sd ru c k  g leich  N ull.
Q2
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3 6 0 A. TÂRCZY-HORNOCH

D a ra u s  w ird  der einzige W e r t  fü r  x :

2n m 2 -f- (n — l ) 2 m l

2 ( m l  +  ( n  — !) m l )

D a ß  es sich dabei u m  e in  M inim um  h a n d e lt, ze ig t d er po sitiv e  W e rt 
(2 (n  — 1) m l  -|- 2m 2) des z w e ite n  D iffe re n tia lq u o tien te n  von  Gl. (3b) n ach  x .

E s  sei hier h e rv o rg e h o b e n , daß  die zu r K re ise lo rien tie ru n g  zu v e rw en 
d e n d e  g ü n stig ste  Seite im  F a l le  d er A bb. 1 die n a c h  x  fo lgende Seite  is t u n d  
d ie  n a c h  Gl. (5) b e re c h n e ten  n ic h t  ganzen Z ah len  au f- oder ab zu ru n d en  sind , 
w eil in  unseren  U n te rsu c h u n g e n  n u r  die ganzen  Z ah len  einen  geom etrischen  
S in n  h a b e n . Auch n e g a tiv e  x -W erte  haben k e in en  geom etrischen  Sinn.

E s  is t  n ich t u n in te re s s a n t ,  einige Sonderfälle  d e r  Gl. (5) zu u n te rsu ch en . 
W e n n  m w gleich N ull is t , so w ird  aus Gl. (5) x  =  n , d . h . im  P o lygonzug  se lb st 
i s t  in  d iesem  Falle k e ine  S e ite  m it Kreisel zu  o rie n tie re n , da  ja  m an  h ie r alle 
R ic h tu n g e n  von A  aus fe h le rfre i e rhä lt. E rre ic h t d agegen  m w den  W ert mft,

so e rg ib t  sich aus Gl. (5) x  = -
+  1
2 n = T  +

1

2n
— — . In  d er T a t sind  in  d ie

sem  F a lle  die A n fa n g s r ic h tu n g e n  (A , 1) u n d  (яг, яг -)- 1) gleich genau  u n d  so 
d ie  a n  diese angeschlossenen  P o lygon te ile  gleich g ro ß . D er n ich t ab g e ru n d e te  

n 1
h a t  s e in e n  G ru n d  darin , d aß  d ie  A usgangsg leichung  n achW e r t  яг =

2 2n
G l. (2a) eine kleine A b ru n d u n g  en th ä lt. W enn  dagegen

n — 1 n  1 ' n
au s  G l. (5) яг =  —-------- - = -------------=  —

0 is t, so w ird  

D er e tw as  k le inere  W ert von  x  e rk lä r t

s ic h  d a d u rc h , daß h ie r  d ie  feh lerfreie  R ic h tu n g  (яг, лг -j— 1) n ich t m it (А , 1) 
s o n d e rn  m it der feh le rfre i v o rau sg ese tz ten  A n sc h lu ß ric h tu n g  in  A  als g leich
w e r t ig  anzunehm en is t.

A u f  G rund der a n g e s te ll te n  U n te rsu ch u n g en  k a n n  festg este llt w erden , 
d a ß  im  Falle der M essung n a c h  A bb. 1 die zu r K re ise lo rien tie ru n g  g ü n stig ste  
S e ite  in  der zw eiten H ä lf te  d es  Polygonzuges lie g t u n d  zw ar um  so n ä h e r  dem  
H a lb ie ru n g sp u n k t des P o ly g o n zu g es , je  m ehr sich  d e r  W inkelm eßfeh ler dem  
O rien tie ru n g sfeh le r m/£ n ä h e r t .

E s  sei hier b e m e rk t, d a ß  es zur Z w isch en o rien tie ru n g  noch  eine bessere 
S e ite  a ls die nach  яг fo lg e n d e  x , x  -f- 1 Seite g ib t. A u f  A bb . 2 is t diese Seite

__ s x S .y

/гт\ /£\
------------ч

А 1 2 X

Fig. 2

Р  г n

A cta  Geodaetica, Geophysica et M ontanistica  Acad. Sei. Rung. 10, 1975



ZWISCHENORIENTIERUNG DURCH KREISELMESSUNGEN 3 6 1

in  d e r m ittleren  Seite p , r v o n  s • y  angegeben w orden . I n  d iesem  F a lle  w er
d en  die W inkel der P o ly g o n se iten  von  d er o rie n tie rte n  S eite  p , r beiderseits 
sy m m etrisch  gem essen u n d  das m ittle re  F e h le rq u a d ra t v e rk le in e r t  sich 
d a d u rc h  auf:

m 2
4.П ml ^ f  +  2

Q2 Q2

- ,2 i ü i , ( y - m
Q2 \ 3 +  12 )

+
2

—ü- s2y2 
Q2

( 6)

W e n n  y  geradezahlig  is t , so u n te rsch e id en  sich die S e iten zah len  be id e rse its
y  y  . у  — 1

d u rc h  eins: — und-— — 1. D eren  M itte lw ert is t w ie d e r---------- , so d a ß  dieser
2 2 2

W e rt m it g u te r N äh e ru n g  au ch  in  diesem  F a lle  v e rw en d e t w erd en  k an n .
D er V ergleich von  Gl. (6) m it Gl. (3) zeig t so fo rt, d aß  das a u f  s • у  e n t

fa llen d e , du rch  W inkelm essungen  v e ru rsach te  m ittle re  Q u e rfe h le rq u a d ra t des 
E n d p u n k te s  h ier n ach  A bb . 2

rm l  s2 l y -  l f

t p2 T  [— J ’

dagegen  im  Falle der A bb . 1:

- T ’ - C v - 1)3
É? 3

is t .  L e tz te re r  W ert is t v ie rm a l g rößer als das e rs te re  m ittle re  Q u e rfeh le r
q u a d ra t .  Im  m ittle ren  F e h le r  se lb st b e d e u te t die K re ise lo rien tie ru n g  n ach  
A b b . 2 noch  im m er die V erm in d eru n g  des d u rch  die W in k e lfeh le r in  s • у  
v e ru rsa c h te n  m ittle ren  Q uerfeh lers a u f die H ä lfte . D ie ü b rig en  F e h le rte ile  in  
G l. (3) w erden  d ad u rch  a lle rd in g s n ich t v e rm in d e rt.

D ie s ta rk e  V erm in d eru n g  des du rch  die W inkelfeh ler in  s • у  v e ru rsa c h 
te n  m ittle re n  Q uerfehlers des E n d p u n k te s  bei der W ah l d er S eite  p , r zu r 
O rie n tie ru n g  v e rä n d e rt au c h  den  g ü n stig s ten  W e rt x . U m  den  g ü n s tig s te n  
W e rt v o n  x  fü r den F a ll d e r A bb . 2 zu  e rh a lte n , e rse tzen  w ir in  G l. (6) w ieder 
у  n a c h  Gl. (3a) d u rch  n  — я;. So w ird :

m l , n  =  ■ m 'l —  +  2m 2
n — 1 — x  \ 3 1

+  m l(n  — x f  =

=  —  m ‘i —  +  m l
(n  -  1 -  x )

12
-  +  m l(n  — x f

(6a)

U m  die S tellen  der e x tre m e n  W erte  von zu e rh a lte n , se tzen  w ir auch

Acta Geodaetica, Geophysica et Montanislica Acad. Sei. H ung. 10, 1975



362 A. TÁRCZY-HORNOCH

h ie r  d e n  e rsten  D iffe ren tia l q u o tie n te n  n ach  ж g le ich  N u ll:

dmiQ.n
dx

I m2wx=  0 =  —  Ьге^ж2 +  2m l(n  — ж )(— 1) d---------m 2w(n — 1 — a: ) 2 ( — 1)1 =

Зж2 m l +  2 \ - r (n — 1 )m 2w +  m2k ---- (re — l ) 2 -f- 2nm
4

(? )

D a  ----  n ich t N ull is t, w ird  au s  dem  K lam m erau sd ru ck
в 2

3m \,x2 +  (2 (re — 1) nit, -f- 8т£)ж — ((re — l ) 2 ml, +  8remf-) =  0 (7a)

D a ra u s  w ird  u n te r B e rü c k s ic h tig u n g , daß  n u r  e in  p o s itiv e r  ж-W e rt e inen  geo
m e tr is c h e n  Sinn h a t:

-  (2(n
X  =  ------

l ) m 2, +  8 m |) 4 -  f ( 2 ( r e - l ) r e t2, +  8 m |)2+ 1 2 m |,( ( re
6т%

l ) 2mjj,+8rewi%)

( 8 )

M a n  e rh ä lt  tro tz  d er q u a d ra tis c h e n  G leichung fü r  ж n u r  e inen  b ra u c h b a ren  
W e r t .  D aß  dieser e in  M in im u m  is t, zeigt d e r zw eite  D iffe re n tia lq u o tien t aus 
G l. (7 ):

d2ml n
dx2

~~ j - ~  ж +  (re -  l )m 2 +  2 m | |> 0

D a m it  diese O rien tie ru n g  z u r  G en au ig k e itss te ig e ru n g  b e itrag e , m uß  d er aus 
d e m  offenen n ich t z w isch en o rien tie rten  Z ug g e rech n e te  W e rt n a c h  Gl. (2) 
g rö ß e r  sein, als der n a c h  G l. (6) bzw. (6a) m it d em  d u rch  Gl. (8) b es tim m ten  
ж b e re c h n e te  W ert. W ir su ch en  deshalb , w elchen  W e rt re an n eh m en  m uß, 
d a m i t  diese B ed ingung  s e lb s t  hei der K re ise lo rien tie ru n g  an  d er le tz te n  Seite 
e r fü l l t  w erde. W ir v e rw e n d e n  hierzu die g en au e re  Gl. (2), w obei fü r  den , n u r 
a m  A n fan g  o rien tie rten  P o ly g o n zu g  ж =  re, fü r  d en , au ch  an  d er le tz te n  Seite 
o r ie n tie r te n  ж =  re — 1 w ird .
M ith in

s2 re(re +  1) (2re +  1) >  " 4  (re -  1) re(2( re -  1) + 1  ) +  ™ k_ s 2 . p  bzw
Q2 6 Q2 6 Q2

2 re3 +  Зге2 -f- re — 2re3 -f- Зге2 — re ,  2 i ,
----------------------------------------------------m ;>  m k , d a ra u s  n*m„ >  ,

o d e r

re >
m.

1 8 a)
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D a m it eine K re ise lo rien tie ru n g  den  W e rt des am  A n fan g  o r ie n tie rte n
P o ly g o n zu g es h e ra b se tz t, m u ß  also die A n z a h l n  der P u n k te  d e r  B ed ingung  
(8a) en tsp rech en . J e  g rößer n  is t, u m  so g rö ß er w ird  m2>n des n u r  am  A nfang  
o r ie n tie r te n  Zuges im  V ergleich  zu  des an d eren  Zuges.

M an k a n n  zu r Z w isch en o rien tie ru n g  au ch  2 S eiten  v e rw e n d e n . W ir 
w ollen  im  fo lgenden  n u r  die d er A bb . 2 e n tsp rech en d en  sy m m e trisc h e n  M es
su n g en  u n te rsu ch en , in  w elchem  F alle  n a c h  A bb . 3 die A usgangsle ichungen

m
m l  „ x 3

4,n — s2 —  +  2 —  s2v2 +  4 —m w S2 ( J  — 1 )3

~<F "з (6b)

u n d

sin d .

У =
n  —  X

B ei b Z w ischenorien tierungen  w erd en :

*q,n
~ 3  , „ 2  2 „2

s2 —  +  b —  s 2y 2 +  2b —  
о2 3 p2 p2 3

1 I3 (6c)

u n d

D u rch  E in fü h ru n g  d er le tz te re n  B eziehung  in  die vo rangehende e rg ib t sich:

(6d)m 2 _  , 2 ^ ,  my_ ,2Q,n -  d I ®
(n — я;)2 ( m l  2 (n — b — x )3

~ "T- s
12b2

D e r N u ll-g ese tz te  e rs te  D iffe re n tia lq u o tien t n a c h  x  w ird  d a rau s n a c h  K ü rzu n g
, s2
d u rc h  —— :

1 -
4b2

m ix 2 + ( " -  b) m 2 , 
2b2

x _ l { n - b f m l  + 2 п т Ц = 0  (?b)
\ 4b2 b j
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u n d  au s dieser:

—(2(re—6)m |,+86w i£)+^(2(re — 6)rei£,-f86mf)2+ 4 (4 6 2—l)m£,((re—6)2m£,+86rereif)
2(4fc2- l ) m =

(8b)

B ei 6 =  1 e n ts te h t d a ra u s  die vorherige G l. (8). B ei 6 =  2 die fo lg en d e  
Gl. (8c):

x  =
(2(re—2)nt£,-|- 1 6 т£ + )|/ (2(re — 2) mrw +  16m|)2+60m ^ ((re — 2)2 ni£,+ 16rerei2)

30rei£,
(8c)

E s  sei h ier sogleich  b e m e rk t, daß  d er k le in e re  W ert mqyl, noch  n ic h t 
b e sa g t, d aß  der zw isch en o rien tie rte  Zug im m er au c h  günstiger is t. E ine  K re i
se lm essu n g  b ra u c h t n ä m lic h  v iel m ehr Z eit, als e in e  W inkelm essung , so d aß  
o ft d e r  k le inere  W ert reij) „ an  Stelle der K re ise lo rien tie ru n g  w irtsch a ftlich e r 
d u rc h  W ied erh o lu n g  e in ze ln e r W inkelm essungen  e rre ic h t w erden k a n n . D ies 
soll in  e in er eigenen S tu d ie  noch  au sfü h rlich er b e h a n d e lt  w erden.

E s  is t n ich t u n in te re s s a n t, die E rgebn isse  a n  Z ah lenbeisp ielen  zu  d em o n 
s tr ie re n . E s sei h ier ein  o ffener P olygonzug m it s =  100 m, m w =  + 3 "  u n d  
reift =  + 1 0 "  (alte  S ek u n d en ) angenom m en.

D a m it die Z w isch en o rien tie ru n g  an  d e r g ü n s tig s te n  Seite eine V e r
k le in e ru n g  von  m 2qn im  V erg leich  zu jen em  des n u r  am  A nfang o r ie n tie r te n  
Z uges b rin g e , m uß  n a c h  d e r B edingung (8a) h ie r  re +  4 sein, da bei re =  4

b e re its  4 e rfü llt is t. J e  größer reift u n d  je  k le in e r m~v is t, u m  so g rö ß er

m u ß  re sein , d am it die Z w isch en o rien tie ru n g  e rw ogen  w ird . W ir w ollen in  den  
fo lg en d en  B eispielen  re =  20 annehm en.

W en n  der P o ly g o n zu g  keine Z w isch en o rien tie ru n g  h a t, so w ird  in  
G l. (2) X =  20 u n d  m a n  e rh ä lt  h ier den m itt le re n  Q uerfeh ler des E n d p u n k te s
re in  m m :

100 000
m  n — + ----------  • 3 • 20

q' 206 265
20

=  +  0,485 • 60 • 2,582 =  +  75,1 m m

W e n n  je tz t  der P o ly g o n zu g  im  Sinne d er A b b . 1 auch  zw isch en o rien tie rt 
w ird , so is t  zu n äch st n a c h  Gl. (5) der g ü n stig s te  W e rt x  zu berechnen :

X  —
4 0 -1 0 0  +  192-9 _  7249 

2(100 +  19 -9 ) ~  542
=  13,37 =  13
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M it d iesem  W erte  e rh a lte n  w ir aus Gl. (3b):

m qn — ±  0,485 1/ 6591 +  648 +  4900 =  0,485 f 12139 =  0,485 -1 1 0 ,1 8  =

== + 5 3 ,4  m m

Im  F alle  der Z w ischenorien tie rung  n a c h  A bb . 2 w ird  hier der g ü n s tig s te  W e rt 
X  n ach  Gl. (8):

(3 8 •9  +  800) +  V(38 • 9 +  800)2 +  12 • 9(361 • 9 +  1600Ö) _  19 Q л 4
54

D e r hiesige Æ-Wert is t  e tw as k le iner, als d e r vo rherige , doch e rh a lte n  w ir in  
u n se rem  Z ahlenbeisp ie l d u rch  A u fru n d u n g  d en  gleichen W ert x  =  13. E s w ird  
j e t z t  d e r m ittle re  Q uerfeh ler +  m9i„ des E n d p u n k te s  nach  Gl. (6a):

m q<n =  ±  0,485 У6 5 9 1 +  162 +  4900 =  ±  0,435 • 107,95 =  ±  52 ,4  m m

E in  V ergleich  dieses W ertes  m it + 5 3 ,4  m m  ze ig t, d aß  die O rie n tie ru n g  an  der 
in  d er M itte  von  s • у  gew äh lten  S eite  d en  m ittle re n  Q uerfeh ler des E n d 
p u n k te s  h ier n u r  un w esen tlich  h e ra b se tz t , obw ohl der A nte il d e r  W in k e l
fe h le rq u a d ra te  in  s ■ у  sich von  648 a u f  d en  V ierte lte il 162 v e rm in d e r t  h a t. 
D er G ru n d  h ie rfü r lieg t d a rin , d aß  die b e id en  anderen  F e h le rq u a d ra ta n te ile  
e tw a  u m  eine G rö ß en o rd n u n g  größer sind  u n d  so die V erm inderung  v o n  648 a u f 
162 sich  n u r  sehr w enig  ausw irken  k an n .

G anz b ed e u te n d  is t der E in flu ß  d er Z w ischenorien tierung  in  V erg leich  
zum  m ittle re n  Q uerfeh ler des E n d p u n k te s  im  Polygonzug ohne Z w ischen 
o rien tie ru n g . D er W e rt + 7 5 ,1  m m  is t im  V erg le ich  zu + 5 2 ,4  m m  u n d  + 5 3 ,4  
m m  ab so lu t genom m en ein ru n d  | 2 -m a l g rö ß ere r m ittle re r F e h le r . W ollte  
m an  d a h e r die m ittle re n  F eh le r + 5 2 ,4 , bzw . + 5 3 ,4  m m  in  u n se re m  F alle  
im  P o lygonzug  ohne Z w ischenorien tie rung  bei gleichm äßiger W in k e lv e r te i
lu n g  e rre ichen , so m ü ß te  m an  alle 20 B rechungsw inke l ru n d  zw eim al m essen 
(wie w ir d a ra u f  im  an d eren  Z u sam m en h an g  zu rü ck k eh ren ) u n d  d ie  so e rfo r
derlichen  40 W inkelm essungen  e rfo rd e rn  in  d er Regel m ehr Z e it, als die 19 
W inkelm essungen  u n d  eine K reisel O rien tierung .

D ie v o rherigen  F es ts te llu n g en  g e lten  a llerd ings n u r d a n n , w en n  zu r 
Z w isch enorien tie rung  die g ü n stig s te , oder d ieser naheliegende S e ite  v e rw en 
d e t w erden  k an n . W en n  z. B. in  u n se rem  B eispiel an Stelle v o n  x  =  13 n u r  
x  —  4 v e rw en d e t w ird , so is t у  =  20 — 4 =  16, und  m an e rh ä lt  in  d iesem  
F a lle  n ach  Gl. (6) bei e inm aliger M essung d e r  W e rte  mqn =  + 8 1 ,6  m m , also 
einen  g rößeren  W ert, als beim  n u r  am  A n fan g  o rien tie rten  P o ly g o n zu g . Die 
Z w isch en o rien tie ru n g  is t h ie r n ich t v o r te ilh a f t , sondern  n ach te ilig , ebenso , 
wie im  F a lle , d aß  n  der B ed ingung  (8a) n ic h t en tsp rich t.
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A n d ere rse its , w en n  zw ei Z w isch en o rien tie ru n g en  vorgenom m en w erd en  
u n d  b e id e  an  den g ü n s tig s te n  Stellen, so w ird  z u n ä c h s t nach  Gl. (8c) fü r  
b =  2 d e r  g ü n stig ste  W e rt x:

-  (2 ■ 18 • 9 +  1600) +  V(2 • 18 • 9 +  1600)2 +  60 • 9(324 • 9 +  320 • 100)
3(Ь 9

=  _ 1 =  1 M 6  *  I0
^ < u

D a m it  w erd en

u n d  m q n n ach  Gl. (6b):

m q<n =  ±  0,485 Y 3000 +  2 • 2500 +  96 =  ±  43,6 m m  .

D u rc h  die zw eite Z w ischenorien tie rung  an  d e r g ü n s tig s te n  Stelle v e rk le in e r t 
s ich  I m q n I um  w eitere  9 m m . W enn  m an  a b e r  b e d e n k t, daß  die e rs te  Z w i
sc h e n o rie n tie ru n g  an  d e r d ieser e n tsp rech en d en  g ü n stig s ten  Stelle den  m i t t 
le re n  Q uerfeh le r des E n d p u n k te s  von  + 7 5 ,1  m m  m it + 2 2 ,7  m m  a u f  + 5 2 ,4  
m m  v e rm in d e r t  h a t ,  so e rsehen  w ir d a ra u s , d a ß  bei der O rien tie ru n g  die 
e rs te  Z w isch en o rien tie ru n g  am  w irk sam sten  is t.

W  as gesch ieh t n u n , w en n  der P o lygonzug  n u r  zw ischenorien tiert w ird  
u n d  so die T h e o d o lito rie n tie ru n g  am  A nfang  des Polygonzuges feh lt?  In  d ie 
sem  F a lle  e n tfä llt  in  d en  A b b . 1 u n d  2 d er T eil s • x  u n d  es w ird im  P o ly g o n 
zug  n a c h  A bb. 1 die S eite  A ,  1, im  P o ly g o n zu g  n a c h  A bb. 2 die m ittle re  
S e ite  p ,  r du rch  K re ise l o rie n tie rt. Die m it t le re n  Q u erfeh le rq u ad ra te  w er
d en  in  d iesem  F a lle :

N a c h  A bb. 1:
2 S2 f 2 (»I — l) 3 2 ,)

m g,n =  — \ m l ----- ^ - t -  +  m 2kn “ I (9)

I n  u n se re m  B eispiel:

m q<n =  0,485 Y 20 577 +  4 0 000  =  ±  0 ,485 • 246,1 =  119,4 m m

N a c h  A bb. 2:

П j  +  m 2kn (» -  l ) 3 
12

(9a)

M it u n se re n  W erten :

m q n =  0,4851^5143,8 +  40000 =  ±  0,485 • 212,5 =  +  103,1 m m
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A us den e rh a lte n e n  Z ah len w erten  ersehen  w ir, d aß  bei e inem  e n tsp re 
ch en d  langen  P o ly g o n zu g  w eder die A n fan g so rien tie ru n g  m it W inkelm essung , 
n och  die Z w isch en o rien tie ru n g  allein , so n d ern  n u r  b e ide  zu sam m en  einen 
re la tiv  g u ten  m ittle re n  Q uerfeh ler des E n d p u n k te s  geben . E s is t  übrigens 
in te re s sa n t, d aß  bei d e r Z w ischenorien tierung  alle in  die U n te rsch ied e  der 
m ittle re n  Q uerfeh ler des E n d p u n k te s  zw ischen den O rien tie ru n g en  n a c h  A bb. 1 
u n d  A bb . 2 schon  g rö ß er sind.*

A uch bei den  P u n k tb e s tim m u n g e n  m it P o ly g o n zü g en  s t r e b t  m an  eine 
m öglichst genaue E rm itt lu n g  d er P u n k te  an . E s k o m m en  a b e r F ä lle  vor, wo 
m an  erre ichen  soll, d aß  d er m ittle re  Q uerfeh ler des E n d p u n k te s  einen be
s tim m te n  W e rt n ic h t ü b e rsc h re ite t. Die G röße dieses W erte s  en tsch e id e t 
d an n , w elche F o rm  d er M essung des Polygonzuges m a n  w ä h lt. E n tsp r ic h t 
au ch  d er m ittle re  Q uerfeh le r des n u r  am  A nfang  o r ie n tie r te n  P o lygonzuges, 
so k a n n  m an diesen v erw en d en . S ind  k leinere m ittle re  Q u erfeh le r des E n d 
p u n k te s  erfo rderlich , so v e rb in d e t m an  den  e n tsp rech en d  lan g en  P o lygonzug  
m it Z w ischenorien tierung . D ie Z w ischenorien tie rung  ohne A n fan g so rien tie 
ru n g  h a t  nach  den  e rh a lte n e n  Z ah lenergebn issen  bei den  g eo d ä tisch en  M essun
gen  re la tiv  se lten  p ra k tisc h e  B ed eu tu n g .

W enn  die G en au ig k e itsfo rd e ru n g en  noch  g rößer s in d  u n d  auch  der 
sow ohl am  A nfang , als au ch  d u rc h  K reiselm essung  im  Z ug o rie n tie r te  P o lygon
zug  e inen  größeren  m itt le re n  F eh le r, als der zu  e rre ich en d e , lie fe rt, so k an n  
die H e rab se tzu n g  des m itt le re n  Q uerfehlers des E n d p u n k te s  d u rch  M essungs
w iederho lung , oder d u rc h  w eite re  Z w ischenorien tierung  e rre ic h t w erden . E ine 
M ethode h ierzu  w äre die fo lgende. A us dem  P o lyg o n zu g  m it je  e in er M es
sung  e rh a lten  w ir den  m ittle re n  Q uerfeh ler n des E n d p u n k te s . W enn
d e r erfo rderliche m ittle re  Q uerfeh ler -  m eqn is t , so is t die erforderliche 
Z ah l к  der W ied erh o lu n g  in  b e k a n n te r  W eise:

k  = m \ ) , n

, q ' n

( 10)

D och is t die obige L ö su n g  n ich t die beste , da  die W ied erh o lu n g en  n ich t 
ü b e ra ll gleich w irk sam  sind . E s is t d ah e r oft besser, die W ied erh o lu n g szah len  
d u rch  die beste  V erte ilu n g  d e r M essungen, sow ohl a u f  W inke l, als auch  a u f  
R ich tu n g en , also d u rc h  die g ü n stig s te  G ew ich tsv erte ilu n g  zu  b estim m en , wie 
w ir d a ra u f  in  e iner e igenen  S tu d ie  noch  zu rü ck k eh ren .

* N och größer werden diese Unterschiede, wenn der m ittlere Fehler m/( der K reisel
orientierung kleiner als 10" sein kann und so das Glied 40 000 unter dem  W urzelzeichen in 
den Gin. (9) und (9a) sich stark verkleinert. So wären z. B. bei mJ; =  + 5 "  die W erte im  ersten  
Falle: mif„ =  +  0,485 /2 0  577 +  10 000 =  + 8 4 ,8  mm , im zw eiten Falle: mgn  =  +  0,485- 
• /5 1 4 4  + ’ 10 000 =  ± 5 9 ,7  mm .
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О ПРОМЕЖУТОЧНОМ ОРИЕНТИРОВАНИИ СВОБОДНЫХ ТЕОДОЛИТНЫХ 
ХОДОВ ГИДРОСКОПИЧЕСКИМИ ИЗМЕРЕНИЯМИ

А. Т А РЦ И -Х О РН О Х  

РЕЗЮМЕ

В случае соответствующей длины теодолитного хода, ориентированного в началь
ной точке, значительно менее точные по сравнению с угловыми измерениями промежуточ
ные ориентирования гироскопом на наивыгоднеишей стороне или вблизи ее могут при
вести к значительному повышению точности и так, при достигаемой средней квадратической 
ошибке конечной точки хода дать существенную экономию в работе. Но если промежу
точное ориентирование проводится далеко от наивыгоднейшей стороны, то получаемая 
средняя квадратическая ошибка может оказаться больше чем при ходе, ориентированном 
только в начальной точке. В этом случае промежуточное ориентирование не только что не 
имеет преимущество, но даже вредно. Подобное имеет силу, если число п пунктов теодо
литного хода не удовлетворяет условию (8а).

Наивыгоднейшая сторона для ориентирования определяется по формуле (5) или 
(8) в зависимости от того, что примыкающая к гироскопическому измерению часть хода по 
сравнению с гидроскопически ориентированной стороной занимает одностороннее (рис. 1) 
или симметричное (рис. 2) положение. При больших промежуточных ориентированиях 
можно применять уравнение (8с).
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V. S. V u tu k u r i~ R .  D. Lama — S. S. Satuja

H A N D B O O K  ON M ECHANICAL P R O PE R T IE S O F ROCK

TransTech Publications, 1974. 280 paper, 200 figures. $ 40

TransTech Publications has given a pleasure to  specialists by publishing a series on 
rock- and soil m echanics edited b y  Professor Dr. WÖHLBIER, a well-known scien tist in  the  
field  of rock m echanics. The sixth  volum e o f the series presents techniques and m ethods for 
the determ ination of m echanical properties o f rocks and the results of such in vestigation s  
in two volum es.

The authors o f the H andbook on M echanical Properties o f Rock — У. S. Vutukuri 
(U niversity o f N ew -South-W ales), R. D. Lama (U n iversity  o f  Karlsruhe), and S. S. Saluja 
(Banaras H indu U niversity) are well-known scientists.

The first volum e introduces the preparation o f specim ens for laboratory te s ts  (11 
pages), then presents the inner reactions and the com pression strength of rocks under the  
influence of high pressures in great details (73 pages). I t  discusses and compares the m ethods  
for the determ ination of tensile strength (54 pages), and the m ethods of the stu dy  o f  shear 
strength (33 pages). B iaxial and triaxial tests and general results arc summarized in 76 pages. 
The first volum e is supplem ented b y  appendices, devoted  to  “ S tiff” instrum entation. The 
chapters are closed by sum m aries, conclusions and w ell-chosen references, bu t no critical 
com parisons are generally made. This task is left to the reader absorbed in the stu d y  o f the 
references.

Those interested  in  equipm ent, instrum ents and accessories applicable and necessary  
for the investigations m ay hope that the second volum e w ould m eet their dem ands.

This does not m ean sim ply the lack of catalog-like enum erations. Those fam iliar w ith  
rock m echanical laboratory tests know  how much their results depend on the experim ental 
equipm ents and conditions, specim ens, while a superficial observer would attribute them  to 
the properties o f rocks. This is w hy m any reader will m iss the detailed description o f th e  ex 
perim ental equipm ents.

Another question which cannot be answered before the publication of the second volum e  
is how does a piece of rock becom e a “ specim en”  brought in to  the laboratory to  obtain  
inform ations o f its  properties about the m echanical param eters of the environm ent of 
its place of origin. This im portant question will be dea lt w ith  in all probability.

The first volum e of the “ H andbook on M echanical Properties o f R ock” is recom 
m ended b y  the recensent to  the specialists, as it  g ives a good and nearly com plete account  
on test m ethods, should they  belong to the European or the Anglo-Saxon routine, and also as 
he expects m uch of the second volum e.

I should like call atten tion  to the following, w ell-w ritten  sections:
Stress distribution in  cylindrical specim ens under uniaxial and biaxial com pres
sion;

— end-surface effect;
— change o f the strength in  case o f specim ens o f identical height-diam eter ratios, 

but of changing diam eter;
— testing  of irregular specim ens in strength investigation s;
— the effect o f liquids on strength;

the changes o f strength in  case o f high and very  high rate o f loading;
-  the effect o f rock tem perature on strength.

The experim ental results and conclusions m ay count on general interest.
An actual problem  in our country too is the post-failure behaviour of rocks in ten sive ly  

studied in  countries w ith  developed m ining — this question  is dealt w ith in a 9-page su m 
m ary and in an appendix.
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F in a lly , for sake of the arrangem ent and app lication  of the experim ental resu lts, the 
first v o lu m e  shortly sum m arizes Mohr’s, Coulomb’s and G riffith’s failure criteria.

A fter  the first volum e o f th e  H andbook on M echanical Properties o f R ock w e look  
forw ard w ith  great hopes to  th e  second volum e.

R . Richter

M . S c h u lz—L. J. Lanzerotli

P A R T IC L E  D IF F U S IO N  IN  T H E  R A D IA T IO N  B E L T S  

Springer-V erlag, Berlin —H eidelberg—N ew  York, 1974. 215 pp. 83 figs

T he authors sum m arize those phenom ena, w h ich  are o f primary interest from  th e  point 
o f v iew  o f  radiation-belt investigations. After a short review  of the basic know ledge in  the 
f ir s t  ch apter (Adiabatic invarian ts and M agnetospheric M odels), the processes resu lting in  
ra d ia tio n -b e lt evolution are treated . The relation betw een  the violation of adiabatic invariants 
and p a r tic le  diffusion, as w ell as th e  phenom ena accounting  for the violation (collisions, wave- 
p artic le  interactions, cyclotron and bounce resonance, m agnetic and electrostatic  im pulses) 
are d ea lt  w ith. The theoretical discussion in  the f ir s t  part o f the book is supp lem ented  by 
stu d ies o f  observational results and by a description o f the methods of em pirical analysis.

P . Bencze

S. J .  B auer

P H Y S IC S  OF PL A N E T A R Y  IO N O SP H E R E S

Springer-V erlag, Berlin — H eidelberg—N ew  York, 1973. 230 pp. 89 figs

T he 6th  volum e o f  the succesful series “ P hysics and Chemistry in  Space’’ represents, 
on th e  basis o f the physics o f ionized m edia, the in teraction  of solar electrom agnetic and 
corpuscular radiation w ith  th e  E arth’s upper atm osphere, as well, as w ith  th e  atm osphere  
o f  o th er  planets. The obvious m anner of discussion (neutral atmospheres, sources o f  ioniza
tio n , chem ical processes, p lasm a transport processes, m odels o f planetary ionospheres, each  
trea ted  in  a separate chapter), assures an easy rev iew  o f  the com plicated processes taking  
place in  planetary atm ospheres. O f special in terest are the chapters on experim en ta l tech
n iq u es an d  the observed properties o f planetary ionospheres.

P .  Bencze

Ch. B .  Officer

IN T R O D U C T IO N  TO T H E O R E T IC A L  G EO PH Y SIC S  

Springer-V erlag, Berlin —H eidelberg—New York, 1974. 385 pp. 118 figs

T he author of this un ique m onograph tries to  sum m arize the m ost im portant theoret
ica l rela tion s, which the reader m eets in  geophysics. A ll the different branches o f geophysics 
(geo th erm ics, oceanography, seism ology, gravity  and geom agnetism ) are approached from  
th e  side o f  physics. E ach o f these  topics is preceded b y  a short section, devoted  to  basic 
p h y sica l law s which are then  applied for the discussion o f geophysical problem s. A t th e  same 
t im e , th e  book shows the interdependence of the d ifferent branches of geophysics as regards 
th e ir  fundam ental equations. For a better understanding of the book there are problem s 
g iv en  a t  the end of each paragraph.

P .  Bencze

t <
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Prof. Dr. h. c. Dr. ISTVÁN HAZAY 75 JAHRE

Prof. Dr. I. H azay fe ierte  a m  15. April seinen 75. G e b u r ts ta g .  Die 
G eo d ä ten  U ngarns  beg lückw ünschen  ihn zu diesem A nlaß  aus g anzem  H erzen  
u n d  w ünschen , daß  er noch lange J a h r e  h indu rch  in g u te r  G esu n d h e i t  und  
in voller T a tk ra f t  zu G unsten  d e r  ungarischen und der in te rn a t io n a le n  geo d ä 
tischen  W issenschaft  in seinem  so geliebten Fachgeb ie t  t ä t ig  sei.

P rofessor H azay  w urde im  J a h r e  1901 in B u d a p e s t  geboren. D o r t  a b 
solvierte er seine Schulen. Sein Ingen ieu r-D ip lom  erw arb  er an  der T ech n isch en  
U n iv e rs i tä t  B u d ap es t  i. J .  1922. Seine T ä tigke it  begann  er 1923 be im  S t a a t 
lichen Verm essungsdienst u n d  b e s t a n d „1929 die dam als  übliche Ingen ieu r-  
F ac h p rü fu n g  für  T riangulierung . W ä h re n d  seines 30-jährigen W irkens  in  der  
P rax is  n a h m  er an säm tlichen  ve rm essungstechn ischen  A rbe it  teil, so in  der  
T riangu lie rung  höherer und  n ied e re r  O rdnung, im P räz is ions-N ive llem en t,  
in der  Astrogeodäsie und  in d e r  S tad tv e rm essu n g .  Infolge seiner h e rv o r r a 
genden F äh igke iten  wurde er schon  ganz ju n g  m it le itenden  F u n k t io n e n  b e 
t r a u t :  so von  1932 an in der T r ian g u l ie ru n g  und  D e ta i lve rm essung  der  H a u p t 
s t a d t  B u d ap es t ,  sp ä te r  von 1938 im  F inan zm in is te r iu m  in der  Z e n tra le n  A u f
s ich tsbehörde  des S taa tlichen  V erm essungsdienstes .  Vom J a h r e  1942 an  le i te te  
er den  S taa t l ich en  V erm essungsd ienst.

1 Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 1975
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N eben  diesen A u fg a b e n  begann  er schon sehr  ju n g  seine wissenschaftliche 
u n d  L eh r tä t ig k e i t .  Seine e rs ten  A rbeiten  e rsch ienen  i. J .  1930. Seit 1929 hielt 
er an  dem  F ach k u rs  d e r  Ingen ieure  für T rian g u l ie ru n g en  V orträge  ü b e r  A us
g le ichungsrechnung , s p ä te r  auch über A stro-G eodäsie . E r  p rom ov ie r te  (Dr. 
te c h n .)  i. J .  1934.

Z ur  A nerk en n u n g  se iner  w issenschaftlichen und  L e h r tä t ig k e i t  w urde  er 
an  d e r  dam als  in Sopron  w irkenden  Berg- u n d  H ü t te n m ä n n is c h e n  F a k u l tä t  
de r  kgl. ung. P a la t in  J o s e p h  U nivers i tä t  fü r  Technische- u n d  W ir tsch a f ts 
w issenschaften  zum  P r iv a td o z e n t  hab il i t ie r t .  Seit dieser Zeit h ie lt  er regel
m ä ß ig  V orträge  in S opron . Die A usbildung der  V erm essungsingenieure  begann 
n a c h  dem  zweiten W e l tk r ie g  zuerst in Sopron . Seit 1951 w irk te  er am  L ehr
s tu h l  fü r  »A ngew andte  Geodäsie« der F a k u l t ä t  fü r  Verm essungswesen vorerst 
als G astprofessor, seit  1953 als L eh rs tu h l in h ab e r  der Lehrkanzel.  Seine Ver
d ien s te  in der A u sb i ld u n g  de r  Verm essungsingenieure  sind hervorragend .

N ach  der Umsiec1 u n g  der A bte i lung  fü r  V erm essungsw esen im J a h re  
1959 n ach  B u d ap es t  w u rd e  er m it der L e i tu n g  der  Lehrkanzel  fü r  »Höhere 
Geodäsie» be treu t .  E r  be te i l ig te  sich sehr a k t iv  an  der F ü h ru n g  der  F a k u l tä t  
u n d  d e r  U n ivers i tä t .  In  den  Ja h re n  1960— 1964 w ar  er D ekan  der F a k u l tä t ,  
n a c h h e r  bis 1967 B e k to r  d e r  Technischen U n iv e rs i tä t  fü r  Bau- u n d  V erkehrs
wesen B udapest .  Als P ro fessor  erw arb er großes A nsehen und  A ch tung  im 
K re ise  seiner S tu d e n te n .  Seine k laren  u n d  le ich t ve rs tän d l ich en  V orträge, 
sow ie seine Liehe zu m  F a c h g e b ie t  haben  seine S tu d e n te n  s te ts  sehr bee indruck t .

N ebst  seiner h e rv o r ra g e n d en  L eh r tä t ig k e i t  sind auch  seine w issenschaft
l ichen Forschungsergebn isse  sehr b e d eu ten d .  Die neuen  theore t ischen  G ru n d 
lagen  der  s ta tischen  A usgle ichung  sind m it  seinem  N am en  ve rb u n d en .  Diese 
F o rsc h u n g s re su l ta te  w u rd e n  1938 in se inem  B uch  »Ausgleichungsrechnung 
d e r  p rak tischen  Geodäsie» veröffen tlich t.  Dieses W erk  w urde  seitens des ehe
m aligen  Vereins der  In g e n ie u re  und  A rc h i te k te n  m it  der Goldm edaille  ausge
ze ichne t .

U nse r  T r ian g u l ie ru n g sn e tz  höherer O rd n u n g  w urde  w ä h ren d  des zweiten 
W eltk r ieges  teilweise v e rn ic h te t ,  die M eßpro toko lle  sind verloren  gegangen. 
Seine M ethode der  d o m in ie renden  P u n k te  gab  die M öglichkeit, aus den, an 
d en  N e tz p u n k te n  d r i t t e r  O rdnung  d u rch g e fü h r ten  Messungen ein fingiertes 
N e tz  e rs ter  O rd n u n g  zu berechnen.

Seine F o rsch u n g en  a u f  dem Gebiete der  A n w endung  der G auß-K rüger  
P ro je k t io n  in U n g a rn  u n d  die Z usam m en ste l lu n g  der d a m it  v e rbundenen  
T ab e l len  seien eigens he rvo rgehoben .  Die d iesbezüglichen Forschungsergebnisse  
erm öglichen  die D a rs te l lu n g  großer G ebiete  in einem einheitlichen K oord i
n a te n sy s te m . A u ß e rd em  sc h u f  er zahlreiche b e d e u te n d e  neue M ethoden zur 
L ö su n g  anderer  g eo d ä t isch e r  Probleme, so z. B. die A n o rd n u n g  der K n o te n 
p u n k t e  von Po lygonzügen ,  die B es t im m u n g  d e r  gegenseitigen Lage von v e r 
sch iedenen  te r re s tr isch en  Ellipsoiden, usw. Seine E rgebnisse  a u f  dem  Gebiete
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der B e rechnung  der N ive ll ie rungsne tze  z u r  B es t im m u n g  der v e r t ik a len  E rd -  
k rus ten -B ew egungen  s in d  ebenfalls sehr b e d e u te n d .

Z u r  A n erk en n u n g  seiner h e rv o rrag en d en  V erdienste  w urde  er 1955 
m it dem  K o ssu th -P re is ,  sp ä te r  m it der  Jub iläum s-M edaille  der  B efre iung  
ausgeze ichne t .  E r  e rh ie lt  zweimal die G oldm edaille  des V erd iens to rdens  der 
A rb e i t  u n d  zweimal d en  Titel eines h e rv o rrag en d en  M itarbeiters  des U n te r 
r ich tsw esens .  E r  w urde  m it  der »Lázár— Deák« Medaille des G eodätischen  
und  K a r to g rap h isch en  Vereins u n d  der, se itens  des B u d ap es te r  U n te rn eh m en s  
für  V erm essung  und  K a r to g ra p h ie  g e g rü n d e te  »Fasching Antal« G edenks- 
Medaille ausgezeichnet.

Z u r  W ürd igung  seiner w issenschaftl ichen  T ä t ig k e i t  wurde  er im  J a h r e  
1967 z u m  ko rrespond ie renden  Mitglied der  U n g ar ischen  A kadem ie der  W issen 
schaften  gew ählt  und  als V ors i tzender  m i t  der  L e itung  der akadem ischen  
»G eodätischen-W issenschaftl ichen K om m iss ion»  b e t re u t .  Im  J a h re  1972 w urde 
er seitens der  Technischen  U n iv e rs i tä t  B u d a p e s t  zu r  A nerkennung  seiner V er
dienste  im technischen H ochschu lw esen  u n d  in  der  W issenschaft m i t  der 
Jub iläum s-M edaille  der U n iv e r s i tä t  ausgezeichnet.  Die Technische U n iv e rs i tä t  
B u d ap es t  verlieh ihm den  T i te l  Dr. h. c. im  J a h r e  1975.

Professor  Dr. I. H a z a y  v e rd a n k t  es se inem  liebenswürdigen W esen  u n d  
seinen au ßero rden tl ichen  F achkenn tn issen ,  d a ß  er als führende  Persön lichke it  
des ungarischen  Verm essungswesens geliebt u n d  geehrt  wird. Möge e r  noch 
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SOME NOTES ON THE TRANSFER PROPERTIES  
OF TWO-DIMENSIONAL POLYNOMIAL-FITTING

F. K O V Á C S -A . M ESKÓ
GEOPHYSICAL PROSPECTING CO OF THE HUNGARIAN OIL AND GAS TRUST, BUDAPEST 

[M anuscript received Decem ber 1, 1974]

This paper is a rep ly to the previous paper [2] entitled  “The proper use o f gravitational 
filters” . The order of presentation  follow s that o f the discussed paper. It w ill be shown that

a)  all sets of coefficients suggested in [1] do have disadvantageous transfer properties,
b)  the so called w  function  defined in [1] cannot be used for choosing su itab le filters,
c)  the equation used in [2] (Eq. (1) in the cited paper) has no role w hatever in deriving 

filters and cannot be used in exam ing the performance of filters, and
d)  the transform ations t 4, t2, t0 do have d irectivity while has no d irec tiv ity .
It is also pointed out th a t the uninterpretable m aps obtained by the filters published  

in  [1] are not the failures o f the present authors but the failures o f the form ulas. Other for
m ulas m ay give slightly worse or better maps but the general conclusion still m ust be that 
none o f the formulas published in [1] are advantageous in routine processing.

D erivation  o f  tw o-d im en sion a l n um erica l filters
(Some reflections on Section 1 o f  the discussed p a p e r )

T h e  necessity o f  t ra n s fo rm in g  g rav i ty  m aps  in o rder to  m a k e  possible 
geological in te rp re ta t io n  is a com m onplace  since th e  ex p lo ra t ion  in d u s t r y  has 
been  us ing  such t r a n s fo rm a t io n s  for th e  las t  40 years.

I t  is duly  m en tio n ed  in [2] t h a t  Dean  was th e  f i rs t  who w ro te  dow n ex
p lic it ly  t h a t  all linear t ra n s fo rm a t io n s  can be considered as l inear f i l te rs .  D ean , 
how ever ,  did not c o m p u te d  ac tu a l  t ran sfe r  func tions  belonging to  a n y  p rac tica l  
fo rm u las ,  though  he de r iv ed  th e  genera l expressions which can  be used  in th e  
case o f  an a rb i t ra ry  set o f  coefficients . One of th e  p resen t  au th o rs  w as th e  f irs t  
who pu b l ish ed  transfer  fu n c t io n s  of  practical fo rm ulas  [4] and  discussed th e ir  
p ro p e r t ie s  b y  using t r a n s fe r  func tions .  L a te r  on new  sets o f  fi l te rs  h av e  been 
suggested  an d  have been p u t  in to  p roduc tive  use [7], [10]. F o r  va r io u s  reasons 
tw o-d im ens iona l  non -d irec t ive  Gaussian  functions were suggested , i.e. th e  
t ra n s fe r  func tion  of th e  low pass  is S ( f ' )  = exp [ (fc/)2]. One of th e  reasons  is
th a t  in  th e  spatia l  dom ain  th e  f i l te r  size for a given b a n d w id th  is m in im u m  if 
th e  t r a n s fe r  function has  G auss ian  shape. T he  G aussian  func tion  has  been  
used  p rev ious ly  for sm o o th in g  purposes  b u t  i ts  app lica t ion  as th e  t r a n s fe r  
func tion  o f  regional fi l te rs  a n d  i ts  co u n te rp a r t  as t ran sfe r  func tion  o f  re s idua l  
fi l te rs  w as again  first sugges ted  by  one o f  the  p resen t  au tho rs .  E . C. B u l l a r d  
who co m bined  Gaussian sm o o th in g  w ith  ana ly tica l  dow nw ard  c o n t in u a t io n  
never  in te n d e d  to use it  for c o m p u ta t io n  o f  residual fie Ids [7].
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T h e  se ts  o f  filters satisfy  t h e  following req u irem en ts :
a )  Zero-phase w ith o u t  a n y  p h ase  reversals (because  th e  t ran s fe r  func tion  

is rea l  a n d  positive).
b)  D irec tion  in d ep en d en cy  (because the  t r a n s fe r  has  c ircu lar  sy m m etry ) .
c )  Suffic iently  sm o o th  t r a n s i t io n  betw een p a s s -b a n d  an d  re jec t hand  

(w hich  assures  th a t  the  a c tu a l  t r a n s fe r  does no t  show  th e  G ibbs’ phenom enon).
d )  Sufficient v e r s a t i l i ty  (because w ith  th e  p a ra m e te r  к  th e  cu to ff  

f r e q u e n c y ,  or in the case o f  a b a n d p a s s  w ith  k l a n d  k2 t h e  tw o cu to ff  frequencies , 
can  be  controlled).

T h e se  properties are  a d d i t io n a l  to  the “ m in im u m  size for a given b a n d 
w i d t h ”  p roperty .

I t  has  been re p e a te d ly  p o in te d  ou t t h a t  sam p lin g  th e  con tinuous  w eig h t
in g  f u n c t io n  (i. e. p roduc ing  a s e t  of weights on a re g u la r  grid) and  t ru n c a t in g  
th e  s e t  to  a finite size m a y  in f luence  the  a c tu a l  t r a n s fe r  function . Sam pling  
in v o lv e s  aliasing and t r u n c a t io n  involves con v o lu t io n  w ith  th e  cylinder

t(r) =  1 if  r < R t

=  0 if r <  R.

Aliasing and th e  co n v o lu t io n  m ay  in t ro d u c e  phase  reversals  as well 
as d i re c t iv i ty  or m ay  se t  u p  G ibbs  phenom ena .

Therefore  a range  o f  p a r a m e te r  к has b een  d e te rm in e d  where these  effects 
a re  negligibly small.

T h e  ad ju s tm en t  o f  t h e  p roper  cu to ff  f req u en cy  for given geophysical 
p ro b le m s  has been in v e s t ig a te d  by  model c o m p u ta t io n  as well as b y  analyses 
o f  re f lec t ion  seismic m e a su re m e n ts ,  geological s t ru c tu re s  (supported  by  bo re 
ho le  d a ta )  and f i l te red  g r a v i ty  maps. More t h a n  a dozen p rospec tion  areas 
h a v e  been used for th e se  inves t iga t ions .  T hese  also have  been reviewed m an y  
t im e s .  (See e.g. [11] [14], [15].) Therefore th e  p re se n t  au th o rs  feel t h a t  the  
co n n ec t io n  between f i l t e re d  m aps  and geology or p rac t ica l  geophysics is sound. 
I t  is based  no t on g r a v i ty  fields of  mass p o in ts  as in [1] or [2] b u t  on real 
s i tu a t io n s  and rea lis tic  m o d e l  com pu ta t ions .

Geological co n d i t io n s  should  be ta k e n  in to  conside ra t ion  b u t  as a m a t te r  
o f  fa c t  g rav ity  fields a re  n o t  p roduced b y  se p a ra te  m ass po in ts  b u t  are m ain ly  
d u e  to  the  u n d u la t io n s  o f  interfaces b e tw een  layers  w ith  d ifferen t specific 
densities . The f i l te red  m a p s  are supposed to  re f lec t  th e  u n d u la t io n s .  The 
m e a su re  of p erfo rm ance  is w h e th e r  one can  d ra w  va lid  geological conclusions 
f ro m  th e  filtered m a p s  or  n o t .  Therefore th e  f i l te rs  should  rem ove  a p a r t  of th e  
i n p u t  bu t should not d i s to r t  w ha t  is left. P h a se  reversals , G ibbs’ phenom ena  
as  well as d irec t iv i ty  in  t h e  transfe r  func tion  a re  d is to r t ions  and  do have  geo
p hys ica l  consequences. T h e  f irs t  two m a y  give rise to  spurious anom alies, the  
l a t t e r  suggests f ic t i t io u s  s t ru c tu ra l  t ren d s .
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All these  properties  can  be es tab lished  by  ana lys ing  the  actual t r an s fe r  
functions.

The essence o f  paper  [1] w h a t  we co m m en ted  in [3] is su m m arized  now in 
[2] as follows “ th e  basic idea”  is t h a t  “ we m u s t  give fu n d a m e n ta l  role to  eq. 
[9], when e x a m in in g  and der iv ing  th e  t r a n s fo rm a t io n .”  This E q . [9] read s  in 
both  papers

r(x i У) =  Ш  У-> ~) w (x  x , y  — y , z ) d x  dy  dz. (1)

The t ran s fo rm a tio n s  t 0, t2, t4, however, were derived by  po lynom ia l  
f i t t in g  (see [1]) a n d  Eq . (1) obv iously  has  n o th in g  to  do w ith  po lynom ia l  f i t 
ting. The sam e eq u a tion  was n o t  used in “ ex am in in g  th e  t r a n s fo rm a t io n s” 
either. D en s i ty  d is tr ibu tions  are  n o t  in v es t iga ted  in [1], only g ra v i ty  fie lds  of 
single mass p o in ts  a t fixed d ep th s .

There is an  obvious reason  w h y  th is  e q u a t io n  has never  been used  in 
spite  of its so-called “ fu n d a m e n ta l  role” , th e  th ree -d im ens iona l  w (x  x, 
y  y , z) has, as a m a t t e r  of fac t ,  never  been p ro p e r ly  defined.

A ccording to  [2] resolving pow er is no t so im p o r ta n t  af te r  all and  i t  was 
used to  show t h a t  f i l te rs  “ really  differ from each o th e r”  and  “ th e  reasonab le  
spacing of f i l te r  size for the  four  se ts  o f  fi l te rs  in v e s t ig a te d  being a b o u t  2S ; S,  
as usually, m eans  th e  grid spac ing” . (Q u o ta t ion  f ro m  [2]).

One can  fu lly  agree it  could be p ro v ed  t h a t  “ th is  th ree  m ap t r a n s f o r m a 
t io n s” ‘"differ f rom  each other a n d  f ro m  < /’. T he  only  re m a rk  m ay  be t h a t  it  
could be guessed w ith o u t  any  inv es t ig a t io n  t h a t  ad ju s t in g  fourth - ,  second- 
an d  zero degree po lynom ials  to  a surface w ould  give d ifferent results.

F il te r  size, on th e  o ther h a n d ,  is always (2k  -f- 1)S therefore  i t  w ould  be 
r a th e r  difficult to  change the size b y  a n y th in g  else b u t  ex ac t ly  2S.

D iscussion  o f  Section  2

Sub-section 2A  of [2] enlists som e p ropert ie s  o f  th e  f ilters  which i t  con" 
siders essential. T hese  are la te ra l  effects, in te rv a l  o f  d e p th  and  the  size o f  th e  
fil te r .  The presen t au th o rs  th in k  th a t  all p roperties  (inc lud ing  these an d  m a n y  
others)  are co n ta in e d  in the  t ra n s fe r  func tion  of  th e  f i l te r .  Therefore  i t  seems 
to  be sufficient as well as necessary  to  in v es t ig a te  th e  tran sfe r  func tions  i n 
s tead  of defin ing  m a n y  clumsy p ropert ies .

I t  m ay  be m e n tio n e d  e.g. t h a t  f i l te rs  w ith  a r b i t r a r y  small la te ra l  effects 
can  be construc ted .  L a te ra l  effects for th e  d e p th  h a p p ro a c h  zero if  th e  t r a n s fe r  
func tion  is

2 ^ 1  f + Ц
/ у )  =  e

F ilte rs  w ith  th e se  transfe r  func tions ,  however, are  n o t  used in p rac t ice  
because they  p ro d u ce  f ic tive  anom alies , enhance  ra n d o m  noise, etc.
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S ub-sec tion  2 B  d iscusses d irec tiv ity .  F i r s t  it  claims w ith in  one sen tence  
th e  “ no  one o f  th e  four t r a n s fo rm a t io n s”  are  d irec t ive  and th a t  “ all f i l te rs  are 
d i r e c t iv e ” . T hen  i t  asks w h e th e r  d irec t iv i ty  can  he de tec ted  hy  “ n o th in g  else 
as t h e  d ra w in g  of the  tw o-d im ensiona l  t ra n s fe r  fu n c t io n ”  and at la s t  it  chances 
th e  r e m a r k  th a t  “ th e ir  (i.e. th e  presen t a u th o r s ’) m e th o d  is un ab le  to  te ll  th e  
r a t e  o f  d i re c t iv i ty ” . (Q u o ta t io n s  from [2].)

T h e se  s ta tem en ts  are  n o t  su p p o r ted  b y  a n y  co m p u ta t io n a l  evidences. 
T h o u g h  d irec t iv i ty  has  been  v e ry  clearly d e f ined  and  th e  connec tion  be tw een  
d i r e c t iv i ty  and  tw o-d im ensiona l  t ransfe r  fu n c t io n  has been described in m an y  
s t a n d a r d  un iv e rs i ty  te x tb o o k s  and  in lec tu re  no tes ,  e.g. in [14], [15], besides 
in  a series of papers [4], [6], [8], [9], a s h o r t  review  is given below.

A  tw o-d im ensional t ran s fe r  func tion  S ( f x, f y) describes how th e  am p li
t u d e s  a n d  phases o f  th e  ( tw o-d im ensional)  h a rm o n ic  com ponen ts  o f  th e  in p u t  
a re  c h an g ed  by  th e  f i l te r .  I f  th e  t ra n s fe r  fu n c t io n  is real th e  p h ase  can he 
c h a n g e d  b y  0, where S ( f x, f y) is pos itive  or b y  n,2  (phase reversa l)  where 
S ( f x, f v) is negative . A n y  given h a rm on ic  c o m p o n en t  can be u n a m b ig u o u s ly  
c h a ra c te r iz e d  by  f r ( rad ia l- f requency)  and  a  (d irection  angle or az im u th )  in 
s t e a d  o f f x an d  f y. Correspondingly , th e  t r a n s fe r  func tion  can also be considered 
as  a fu n c t io n  of f r and  a .  T he  t ra n s fe r  fu n c t io n  is d irection in d e p e n d e n t  or 
n o n -d i re c t iv e  if i t  does no t  ac tua lly  d e p en d  on th e  var iab le  a .  O bviously  for 
S ( fx - fy )  =  S(fr) the  co n tou rs  of the  tw o-d im ensiona l  S ( f r, a.) really  becom e circles.

T h e  physical in te rp re ta t io n  is also s t ra ig h tfo rw ard .  N on-d irec t ive  filters 
do n o t  behave  d iffe ren tly  aga ins t  co m p o n en ts  w ith  th e  sam e fixed  radial- 
f r e q u e n c y  even if  th e y  h ave  differen t az im u th s .  As a resu lt  a non-d irec t ive  
f i l t e r  does no t favour  any  d irection . F ig u ra t iv e ly  speaking, th e  f i l te r  conserve 
t h e  re la t iv e  weights o f  com ponen ts  w ith  a given rad ia l frequency  f r and w ith  
v a r io u s  azim uths.

D irec t iv i ty ,  the re fo re ,  can he u n am b ig u o u s ly  described b y  th e  t ran sfe r  
fu n c t io n .  The ra te  o f  d irec t iv i ty  can also be ob ta ined  from th e  t ra n s fe r  func 
t io n .  T here  are w ays  to  visualize th e  r a t e  o f  d irec t iv i ty  m ore  clearly . One of 
t h e  p re sen t  au tho rs  u sed  such a m e th o d  [4], [6], [9]. [10]. T h e  w ay  of p resen 
t a t i o n ,  however, is insign if ican t ,  th e  tw o-d im ensiona l  t ra n s fe r  fu n c t io n  con
t a in s  all the  in fo rm atio n s  (including th e  ra te  of d irec tiv ity ) .

T he  t ransfe r  func t io n s  of t 0, t2, t4 show  d i rec t iv i ty  v e ry  c learly , those  of 
do  no t .  Therefore  th e  cited sen tences of  p o in t  2 В  of th e  discussed p ap e r  [2] 

a re  n o t  valid.
W e m ay  co m m en t  a t  last  t h a t  th e  i n p u t  has no th ing  to  do w ith  the  d irec

t i v i t y  of  the  f i l te r .  E x p e r im e n ta t io n  w i th  var ious  models is v e ry  a p t  to illus
t r a t e  d irec t iv i ty  or can  be used to  convince  th e  novice of  tw o-d im ensiona l  
f i l t e r  theo ry  th a t  such  effect exists b u t  i t  is n o t  a p roper  tool for in v es t iga t ing  
d i rec t iv i ty .  I f  e.g. th e  in p u t  do n o t  co n ta in  such rad ia l  f requencies where 
d ire c t iv i ty  is s ign if ican t  the  result will n o t  show t h a t  th e  f i l te r  is d irec tive .
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This ty p e  of ex p e r im e n ta t io n  can lead to  u n p le a s a n t  surprises. I t  m igh t  h a p 
pen t h a t  a f i l te r  is be lieved  non-d irec tive  due to  th e  insuffic ient e x p e r im e n ta 
tion  and  is th en  app lied  to  p rac t ica l  d a ta  which co n ta in  rad ia l  frequencies up  
to  th e  N yqu is t  f req u en cy  w hen  s trong  d i rec t iv i ty  u n ex p ec ted ly  reveals  itself.

D iscussion  o f Section  3

This section begins w i th  th e  promise t h a t  “ i l lu s t ra t io n  of th e  ie-functions” 
will be given. No i l lu s tra t io n s  of  th e  ic-functions follows, on acco u n t  of the  
difficulties o f  th e  ca lcu la t ions  involved. No c o m m e n t  is necessary  to  deal w ith  
th is  p a ra g ra p h  excep t t h a t  E q .  (1) does no t show how  w ( x ' , y ' ,  z') “ is to  c o m p u te ”  
because  i t  r a th e r  shows how  w(x',  y ' , г') is supposed  to  be used.

Fig. 1. R esidual gravity obtained by <410s
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“ R e c ta n g le  d iagram s”  a re  show n w ith  th e  in ten t io n  to  i l lu s t ra te  the  
“ in te r v a l  o f  d e p th ”  of  th e  filters.

T h e  p re sen t  au th o rs  do n o t  th in k  th a t  th is  w ay  of p re s e n ta t io n  reveal 
m u ch  o f  t h e  action of th e  f i l te rs .  T here  are also serious d o u b ts  t h a t  th e  d i
m ens ions  o f  th e  prisms are co rrec t ly  ind ica ted .

Fig. 2. R esidual gravity obtained by i 412s

W e do no t  tvan t,  h o w ev er ,  to  go in to  such details  in  th e  p re sen t  discus
s ion  a n d  accept t h a t  t4 is n o t  a good f i l te r  for th e  geological s i tu a t io n  in th e  
Szeged  area. A c tua lly  we also cam e to  th e  sam e conclusion in  [3]. We disagree, 
h o w ev e r ,  th a t  resu lts  are  h a d  only because  th e  w rong  f i l te r  has been used. 
W e  claim  th a t  the  f i l te r  in i tse l f  has d isad v an tag eo u s  enough  p roperties  as its
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t ra n s fe r  fu n c tio n  show s, see in [3]. T h is  f i l te r  has heen chosen because  so m uch 
em phasis  was la id  on resolving p ow er in [1] and  th is  f ilte r  has th e  la rg est 
reso lv ing  pow er. I n  o rder to  be su re  o f  th e  conclusion we a c tu a lly  c o m p u ted  
th e  o u tp u t m aps correspond ing  to  t4 10s, 12s an d  14s as w ell b u t  d id  no t 
p u b lish  them .

T hese  m aps are g iven  now as F igs 1 3, t2 8s is show n in F ig . 4. A cco rd ing
to  [2] in  th e  region (Szeged area) t 0 tra n s fo rm a tio n s  give th e  good f ilte rs  i.e. 
th e  a u th o r  realizes t h a t  th e  so m uch  em phasized  reso lv ing  pow er is n o t n ec 
e ssa ry  a f te r  all.

T h e  im pressive sound ing  {„-tran sfo rm atio n  m eans th a t  th e  reg io n a l is 
th e  av e rag e  o f g ra v ity  values w ith in  a circle. T he {„-transfo rm ation  is equ i-
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v a le n t  w i th  s u b tra c t in g  th is  average  from th e  orig inal va lue . This “ n e w m e th o d ”  
was dev ised  a t  th e  v e ry  beg inn ing  of g rav i ty  ex p lo ra t io n ,  m ore  t h a n  40 years  
ago. I t  is usually  good for a rough es t im a tio n  of  th e  regional effect b u t  of 
course  i t  has been o u t -d a te d  for  a t  least th e  la s t  tw o  decades. Coefficients are

Fig. 4. Residual gravity obtained  by 12 8s

given  for rem oving  th e  average  as if  th e re  w ere  a n y  geophysicists  who could 
n o t  co m p u te  1/IV and  1 — (1/iV); N  be ing  th e  n u m b e r  of po in ts  w ith in  a 
circle o f  given ra d iu s ,  (w here 1 (1/N) gives th e  cen tra l  coefficient, — 1/IV
gives all th e  o th e r  coefficients .). To p r in t  th e se  ta b le s  to o k  3 and  a ha lf  pages!

A n old m e th o d ,  how ever ,  is n o t  necessarily  a b a d  one. T he  p resen t  a u th o rs  
ag ree  t h a t  if  one h as  a d esk  calcu la tor  o n ly  a n d  w an ts  to  e s t im a te  regionale
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Fig. 5. Transfer function of the transform ation t0 4s

Fig. 6. Transfer function  o f the transform ation t0 8s
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4 s  tn(x,y)
Fig. 7. Residual gravity ob ta ined  by t0 4s

t h e  c o m p u ta t io n  of  th e  averages is an a d v isa b le ,  easy w ay  to  do it. N e v e r 
th e le ss  as soon as m u lt ip l ica t io n  is n o t  a p ro b lem  w eighted averages  w ork  
b e t t e r .  In  order to  p ro v e  t h a t  po in t  th e  t r a n s f e r  functions of 4s and  t n 8s 
a re  show n as Figs 5 a n d  6.

These t ran s fe r  fu n c t io n s  show d i r e c t iv i ty  and  oscillations in th e  pass- 
b a n d .  T here  is an  im p ro v e m e n t  w ith  re sp e c t  to  th e  transfe r  fu nc tions  of  th e  
t., a n d  t, series, b u t  p ro p e r t ie s  of these f i l te r  a re  still far from be ing  ideal.

T he  residual m a p s  o b ta in ed  b y  th e  f i l t e r  t 0 4s and t 0 8s are  shown in 
F igs  7 and  8. D ire c t iv i ty  an d  the  presence  o f  f ic tive  anom alies is still o b 
v ious .
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Fig. 8. Residual gravity obtained  by l„ 8s

The la s t  exam ple  o f  Section 3 could n o t  be dea lt  w ith  because  o f  th e  
lack  of d a ta .

Concluding rem arks

W e m a in ta in  and  em phasize t h a t  th e  t r a n s fe r  functions u n a m b ig u o u s ly  
describe th e  p ropert ie s  o f  any  linear f i l te r ,  revea l  d irec tiv ity  and  o th e r  d isa d 
v an ta g e o u s  p ropert ies  such as e.g. oscilla tions in th e  passband . T h e  fi l te rs  
suggested  b y  [1] do have  these  d isad v an tag eo u s  properties. T h o u g h  c o m p u ta 
tions of  a n y  n u m b e r  o f  in p u t  can n o t  give a n y th in g  else, for th e  sake  o f  co m 
parison , a se t  o f  f i l te red  m aps  was given. T hese  i l lu s tra ted  the d isa d v a n ta g e o u s  
p ropert ie s  o f  th e  form ulas  published  in [1] on prac tica l  da ta .
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W e also m a in ta in  a n d  em phasize t h a t  f i l te rs  derived d irec t ly  f ro m  f i l te r  
t h e o r y  are free f rom  these  d isad v an tag eo u s  properties , because  care  can  be 
t a k e n  to  m ak e  th e m  free o f  these  p roper t ie s .  T h e  cu to ff  f requency  for  a high- 
p ass  or  th e  tw o c u to f f  frequencies for  a b a n d p a s s  give a p p ro p r ia te  con tro l  
t o  a d ju s t  f ilters  to  th e  geological p rob lem . T h e  presen t au th o rs  h av e  reasons  
to  k n o w  t h a t  these  s ta te m e n ts  are va lid  n o t  on ly  because th e y  a re  b ased  on 
so u n d  theo re t ica l  p r incip les  b u t  from th e i r  ow n prac tica l  experiences collected 
d u r in g  th e  la s t  six yea rs  o f  processing a n d  in te rp re t in g  g rav i ty  d a ta .

Dr. St e i n e r  is r ig h t  w hen  saying t h a t  t h e  application  of his coeffic ien ts  
r e su l ts  in  failures. These  are , however, n o t  t h e  failures of p ap e r  [3], d iscussing 
th e  fo rm u las  b u t  th e  fa ilures of the coeffic ien ts .

T ak in g  in to  conside ra t ion  any  p h ys ica l  re la tion  or geological in fo rm a 
t io n s  w ould  n o t  rem ove  d irec t iv i ty  or decrease  th e  ripples of th e  G ib b ’s oscil
la t io n  b y  one bit.

T h e  conclusion has  to  be again t h a t  t h e  coefficients suggested  in  [ l ]  
cou ld  n o t  be effectively  used  in processing g r a v i ty  da ta .
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НЕКОТОРЫЕ ЗАМЕЧАНИЯ К ПЕРЕНОСНЫМ СВОЙСТВАМ ПРИЛОЖ ЕНИЯ
ДВУМЕРНЫХ ПОЛИНОМОВ

Ф . К О В А Ч  А. М Е Ш К О

РЕЗЮМЕ

Эта статья является ответом на статью «О правильном использовании гравитацион
ных фильтров» [2]. Порядок изложения соответствует порядку спорной статьи. Докажем, 
что

а )  каждая, предложенная в [1] серия коеффициентов имеет невыгодное переносное 
свойство,

б )  т. н. io - функция, определяемая в [1], не может быть применена для выбора со
ответствующих фильтров,

в )  использованное в [2] уравнение (уравнение [1] статьи) не играет роль при выводе 
фильтров и не может быть применено при опенке эффективности фильтров, наконец,

г )  преобразования t4, i2, t0 зависят от направления, а (, - нет.
Покажем, что неинтерпретируемые карты, полученные фильтрами, изложенными в 

[1], являются следствием не ошибок авторов, а формул. Другие формулы могуть дать 
немного лучший или худший результат, но общим следствием будет, что из формул, из
ложенных в [1], ни одна не пригодна в рутинной обработке.
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PLASTIC STATE AND DETERIORATION OE ROCKS
I. B O U N D A R Y  CO NDITIO NS OF ROCK PLASTICITY  

CS. ASSZONY I
HUNGARIAN COAL TRUST, TATABÁNYA, HUNGARY

R. RICH TER
TECHNICAL UNIVERSITY FOR HEAVY INDUSTRIES, MISKOLC 

[M anuscript received Ju ly  10, 1975]

In this series o f articles consisting of three parts, the authors have traced the changes 
of the m echanical state  o f rock environm ent around m ining spaces from the e la stic  state 
through plastic state till deterioration.

The sequence of ideas o f earlier published papers [1, 2] giving a general description of 
m aterial behaviour due to different m echanical effects, i.e. the generalization w ith respect to 
the m oving m aterial is highly su itable for rock-mechanical applications. In this paper reference 
will he made already to the idea th a t the analysis o f energy transport and energy equilibrium  
gives a possibility  to fit  the different kinetic (deform ation) states into a uniform  system  and 
to reveal causes and conditions o f their developm ent. The conditions of the extrem e states  
-  plastic flow , material deterioration, failures — are given by the conventional theories 

separately, as failure and p lastic ity  theories generally based on working hypotheses and 
em pirical connections. The aim o f this series o f arcticles, together w ith the papers [1, 2], 
is to prove the possibility o f describing and explaining the m echanical behaviour of a given  
m aterial system  (here the dom ain o f the earth’s crust disturbed by mining openings) by means 
o f a uniform theory, whereby it does not m atter whether the deform ation is sm all or great, 
the change o f form slow or rapid, and elastic or plastic state is to be dealt with.

The first paper gives the boundary conditions of plastic state , the second, the behaviour 
of the m aterial in the plastic state , while the conditions of the failure or rocks are discussed  
in the third one.

I t  was show n in p a p e r  [2] t h a t  the  m echanical s ta te  o f  a sy s tem  exposed 
to  m u tu a l  m echanical effects, such as the  rock m a n t le  su rro u n d in g  th e  m ining 
openings being displaced in space an d  tim e, is d e te rm ined  b y  th e  energy  t r a n s 
p o r t  ( tak ing  place in th e  sys tem  as a consequence of open ing  ac t iv i ty ) .  E n erg y  
and  m o m e n tu m  flow will s t a r t  w ith  th e  opening a c t iv i ty  u n d e r  th e  effect of 
th e  g ra v i ty  field and  th e  p o te n t ia l  energy accu m u la ted  in th e  e a r th ’s c rus t  
respec tive ly .  T he  occurring change ten d s  to  com pensa te  th e  in h o m o g en e i ty  
o f  th e  system  in th e  sense “ ro c k ” -“ open ing” , i.e., i t  ac ts  tow ard s  th e  hom o
gen iza tion  of  th e  k inetic  field caused b y  opening ac t iv i ty .  T he  reason , w hy 
th is  ten d en cy  of m a te r ia l  b eh av io u r  does no t  succeed is, in  general,  th e  m a te r ia l  
b u i l t  in  (support ing  e q u ip m e n t ,  rubb le ,  d e tr i tu s )  t h a t  behaves  d iffe ren tly  as 
th e  en v iro n m en t  on th e  one h a n d ,  and th e  g rav i ty  field, which can be re g a rd e d  
as th e  s tead y  source of  m o m e n tu m  on the  o the r ,  an d  these  te n d  to g e th e r  to  
m a in ta in  th e  inhom ogeneous d is t r ib u t io n .

T he  m o m en tu m  t r a n s p o r t  inc lud ing  t h a t  of k inetic  and  in te rn a l  energy  
can  ta k e  place in the  m a te r ia l  s t ru c tu re  in b o th  convective and  conductive 
w ays. F o r  liquids and  gases, th e  convection  f lux  (w ith  m acroscopic  d isplace
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m e n t)  is charac ter is t ic ,  w h e re b y  th e  m o m e n tu m  is t r a n s p o r te d  by  th e  m a te 
rial p a r t s  them selves. In  case o f  solid bodies th e  m a te r ia l  p a r ts  c a n n o t  be 
freely  d isp laced ,  thus  th e y  a re  forced  to  pass th e i r  en e rg y  an d  th e  m echan ical 
m o m e n tu m  to  the  ne ig h b o u r in g  p a r t s  in  diffuse w a y  from  th e  sp o t  of m o
m e n tu m  in p u t  on. In  o th e r  w o rd s ,  for solid bodies th e  conduc tive  t r a n s p o r t  
(w i th o u t  m acroscopic d isp la c e m e n t)  is m ain ly  cha rac te r is t ic .

I n  th i s  concept it  is well u n d e rs ta n d a b le  w h a t  stress is [2]: the conductive 
m om en tu m  f l u x  f low ing  through a surface element o f  a given normal. Since th is  
d e f in i t io n  expresses th e  essence o f  th e  concept of s tress , it  allows n o t  only  to  
d e te rm in e  th e  s ta te  of s tress  on  ob jec tive  physica l bases, b u t  i t  also gives th e  
reasons  in  its arising a n d  change .

E a c h  change of m e c h a n ic a l  ch a ra c te r  is in connec tion  w ith  ene rgy  t r a n s 
p o r t .  as  follows from th e  bas ic  physica l laws given in th e  papers  c ited  [1, 2]. 
T h e  m o m e n tu m  t ra n s p o r t  o f  t h e  solid e a r th ’s c ru s t  has co n d u c t iv e  cha rac ter .  
W ill,  how ever ,  a level in  t h e  ene rgy  t ransm iss ion  be reached , a t  which the  
e n e rg y  c a n n o t  be c o n d u c te d  b y  th e  m a te r ia l  in  a diffuse w ay ,  convective 
t r a n s p o r t  has to  tak e  p lace; t h e  m a te r ia l  s ta r ts  to  flow, p lastic  s t a t e  is se t t ing  
in  [2].

W h a t  we have to  say  in  connection  w ith  th is  sub jec t ,  has been  d ivided 
in to  t h r e e  parts.

In  th e  present p a p e r ,  t h e  conditions of  th e  dev e lo p m en t  of  p lastic  s ta te  
a n d  th e  m a th em a tica l  fo rm  o f  the  b o u n d a ry  cond it ion  are g iven. The t r e a t 
m e n t  will have a d ua l  c h a ra c te r .  We consider th e  m a te r ia l  below th e  flow' 
b o u n d a r y  to be descr ibab le  b y  th e  sim plest hom ogeneous- l inear  m a te r ia l  law, 
i.e. b y  th e  s tan d a rd  m o d e l  o f  P o y n t i n g  T h o m s o n , p a r t ly  because  we have 
p ro v e d  the  app licab il i ty  of  th is  model in earlie r  papers , p a r t ly  because in 
th i s  w a y  th e  rea lity  o f  p la s t ic i ty  condition  on th e  basis o f  a c tu a l ly  m easured  
r e su l ts  can be proven . N ew erthe less ,  th e  re su lts  deduced  are  no t lim ited to  
m a te r ia l s  describable b y  t h e  s ta n d a rd  m odel. W e  deduced  a genera l p las t ic i ty  
c o n d i t io n  which is th e  on ly  possible p la s t ic i ty  b o u n d a ry  cond it ion  of m echan i
cal co n t in u a ,  based on  energetics .

In the  second p a r t  o f  th e  series o f  artic les, th e  d e te rm in a t io n  of  th e  m a te 
r ia l  eq u a t io n  of th e  ro ck  passing  in to  p las t ic  s t a t e  is dea l t  w ith .  H ere  th e  
ro c k  is regarded as a standard  m ed ium  w ith in  th e  elastic  ran g e  and we t r y  to  
desc r ib e  the  b eh av io u r  o f  th e  m a te r ia l  in p la s t ic  s ta te .  C oncretiz ing th e  in 
v es t ig a t io n s  on the s t a n d a r d  bo d y  suggests th e  re s tr ic t ion  o f  general va l id i ty .  
H o w e v e r ,  we could n o t  follow a n y  o th e r  w ay , since we s tr ive  for th e  d e te rm i
n a t io n  of the concre te  m a te r ia l  equa tion .  T h e  m e th o d  of syn thes is  and  th e  
r e s u l t s  to  be fixed, how ever ,  can be genera lized  to  m a te r ia ls  differing from 
th e  s ta n d a rd  m odel, too . In  th is  second p a r t  we will show a possible synthesis  
fo r  th e  construc tive  co m p ar iso n  of theo re t ica l  conclusions a n d  p ractica l ex 
p e r im e n ts .  By in v e s t ig a t in g  th e  resu lting  possibilities, on th e  basis of e limi
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n a t io n ,  th e  fu n c t io n  class of th e  m a te r ia l  laws coining in to  considera t ion , 
in certa in  cases even  the ir  ac tu a l  fo rm  can  be found.

The th ird  p a r t  of the  series deals  w ith  the  failure and  d e te r io ra t io n  o f  
rocks. The s t a te m e n ts  in th is  p a p e r  are  q u ite  general and  give th e  defin it ion  
o f  th e  fa ilure  cond it ion  o f  a c o n t in u u m  of a rb i t ra ry  s ta te  equ a t io n .

The p u b l ica t io n  of th e  in v es t ig a t io n  results  in th ree  p a r t s  was necessary , 
am o n g  o thers ,  on account of th e ir  vo lum e . One m ust  n o t  fo rge t ,  how ever, 
t h a t  th e  b e h a v io u r  of the  very  sam e m a te r ia l  (nam ely , rock e n v iro n m en t)  
will be t raced  in  all th ree  p a r ts  from  e las t ic i ty  th ro u g h  p la s t ic i ty  till  de te r io 
ra t ion .

In  th e  p re se n t  series, inclusive p ap e rs  [1, 2], we have  e s tab lished  and  
m ade  ava ilab le  for researchers and  users  o f  geom echanics th e  theo re t ica l  
bases of  a u n ifo rm  theore t ica l  sys tem  t h a t  opens th e  deeper recogn it ion  of the  
reasons of  p h en o m en a  occurring as consequence  of  m ining a c t iv i ty .  T hus  it  
even  gives a q u a l i ta t iv e  o rien ta t ion  for th e  solution of p rac t ica l  problem s, 
i f  th e  ac tua l  m echan ica l  charac ter is t ics  o f  th e  rock and  th e  su p p o r t  eq u ip m e n t  
are no t  know n, from  the  d is tu rb an ce  o f  th e  equilibrium  of rock m a n t le  till 
the  d e te r io ra t ion  o f  rock: its closing, i ts  sp l i t t ing .

Pre lim inary  rem ark s

N early  all o f  th e  classical b o u n d a ry  conditions of p la s t ic i ty  a re  in  con
nec tion  w ith  one of  th e  following assu m p tio n s :

in  e lastic  s ta te , th e  m a te ria l can  be described  by  H o o k e ’s law ,
th e  p las t ic i ty  (flowing) condition  can  be defined w ith  a d e f in i te  stress
s ta te .

In  th e  p ap e rs  pub lished  on th is  to p ic  we proved  th a t  
th e  rock m a n tle  show s, even in  e la s tic  s ta te , rheological (creep ing , re la x a 
tio n  etc .) p ro p e rtie s , consequen tly  H o o k e ’s law  does n o t m ean  an  a c c e p t
ab le ap p ro x im a tio n ,
th e  se t t in g  in  o f  p las t ic  s ta te  is n o t  co nnec ted  w ith  the  stress s ta te ,  b u t  
-with the  level o f  energy  in troduced  in to  th e  system  (with the  de fo rm a tio n  
work).

I t  follows a l re a d y  hence th a t  th e  conven tiona l  p la s t ic i ty  cond it ions  
n eed - to -b e  checked a n d  de te rm ined  on re liab le  physical basis.

T he  inv es t ig a t io n  o f  th e  energy t r a n s p o r t  in solid bodies, th e  dev e lo p 
m en t  o f  convective  f lu x  show th a t  th e  s e t t in g  in of plastic  s ta te  is connec ted  
to  a th resho ld  va lue  of  energy alone. In  o th e r  words, the  energy in tro d u c e d  
in to  a sys tem  (the  d e fo rm ation  work) p roduces  p e rm a n e n t  d e fo rm ation ,  i f  it  
exceeds a th resh o ld  value . The p e rm a n e n t  de fo rm a tio n  indicates a change  in 
the  s t ru c tu re  of th e  m a te r ia l ,  a t  which it  c a n n o t  regain, in spite  o f  re lieving 
the  load ing , its  original fo rm  and s ta te ,  respec tive ly .  I .e ., the  reve rs ib i l i ty  of
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the  m ech an ica l  process ceases. This  condition  is n a tu ra l ly  connected  w ith  
cases, w h ere  th e  ex is tence  o f  a p las t ic i ty  b o u n d a ry  w ith in  th e  con tinuous  
de fo rm ation  ran g e  is supposed  and  p e rm a n e n t  d e fo rm a tio n s  occur only a f te r  
exceeding th is  limit.

A c tu a l ly ,  one has to  coun t w ith  the  following cases:
1. P las t ic  and  p e rm a n e n t  defo rm ations  occur w ith in  th e  to ta l  d e fo rm a

tion  ran g e  con t in u o u s ly  or g radua lly ,  b u t  to g e th e r ;  hence plastic  d is to r t ions  
a lready  occu r  a t  v e ry  sm all defo rm ations.

2. D e fo rm a tio n s  below th e  th resho ld  of  p la s t ic i ty  are to ta l ly  e lastic  
or can  be  reg a rd ed  as elastic , an d  plastic  (p e rm a n e n t)  deform ations occur 
only a f te r  exceeding  th e  th resh o ld .  E ven  w ith in  th is  case, fu r th e r  possibilities 
exist:

2.1 D efo rm a tio n s  occurring  beyond  th e  b o u n d a ry  o f  p la s t ic i ty  are 
en tire ly  p e rm a n e n t .

2.2 O n ly  a p a r t  o f  th e  defo rm ations  occurr ing  b eyond  th e  b o u n d a ry  
of p la s t ic i ty  will be p e rm a n e n t .

T h e  ques t ion , w hich  of th e  cases m en tio n ed  is to  be accepted, can  on ly  
be dec ided  in  an ex p e r im en ta l  way.

W e  o m i t te d  from the  list th e  th i rd  case, in  w hich  th e  d e fo rm ation  is 
e n t i re ly  irreversib le ,  th e  energy  in tro d u ced  in to  th e  sys tem  can n o t  be rega ined  
even  p a r t ia l ly ,  because  th e  rock  is unab le  to  s to re  p o te n t ia l  energy a n d  t h e r e 
fore all de fo rm a tio n  is p e rm a n e n t .  The reason , w h y  th is  possibility  has been  
neg lec ted  is double:
— on the one hand , we found  elastic  p roper t ie s  in  each  of th e  rock  m a te r ia ls  

in v e s t ig a te d ,
on the other hand , th e  m a te r ia l  co n s tan ts  m u s t  an y w ay  be d e te rm in e d  in 
e x p e r im e n ta l  w ay , an d  in  such cases zero v a lu e  w ould  anyw ay  be o b ta in e d  
for  th e  elastic  co n s tan ts ,  th u s  we can re la te  o u r  investiga tions to  th e  g en e r
al case, from  w hich  a special case can  a lw ays  be derived.

F o r  th e  sake o f  u n ifo rm  t r e a tm e n t  we will sh o r t ly  review in th e  fo llow 
ings th e  energy  re la t ions  of  th e  elastic s ta te  in  o rder  to  establish  th e  fo rm al 
bas is  for th e  m a th e m a t ic a l  fo rm ula t ion  of th e  p la s t ic i ty  condition.

The energy relations o f th e  e lastic  sta te

A ccord ing  to  our inves t iga t ions  h i th e r to  лее consider th e  rock  as de- 
sc r ibab le ,  in  th e  e lastic  range ,  b y  th e  so-called standard  model of P o y n t i n g — 
T h o m s o n , th e  m a te r ia l  eq u a t io n  of w hich  is:

T  2 G  E  +  2 r ,  Ê  r T  
T 0  =  3 K E 0 ,  T 0 = 3 K E 0 ,
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where T  and E  a re  th e  dev ia t ion  tensors o f  stress and  de fo rm a tio n ,  ch a ra c te r 
izing the  s ta te  o f  d is to r t io n ,  T „  and E ( )  spherica l tensors desc r ib ing  the  iso
trop ic  volum e change , G th e  sliding elastic  m odule , rj th e  v isco s i ty  coefficient 
( in te rna l  fric tion  coefficient) , т  th e  re laxa tion  co n s tan t ,  К  t h e  com pressib ili ty  
m odule . (Po in t  above  m eans  der iva tion  accord ing  time.)

The stress ( F )  a n d  defo rm ation  ( D )  ten so rs  can he p ro d u c e d  b y  means 
of  the  well-known ad d i t io n :

F  T  +  T ( )  and D  E  - f -  E ( ) .

The w ork o f  th e  in te rn a l  forces referred  to  th e  volum e u n i t ,  i.e. th e  so- 
called deformation work  can  be deduced from  th e  connection  [2]:

tTU
dt

F  :  9  ( V c u )
dt

( 2 )

w here  u is th e  d isp lacem en t  vec to r .  I t  follows from  the  s y m m e try  o f  th e  stress 
tenso r  t h a t  (2) can  also be w r i t te n  in th e  following form:

d-Xt

dt
F  :

dt

l
(V о u +  u о V) F :  D

resp.

F  :  D  —  o x è x  +  a y è y  - f  a  J ,  +  r x y ÿ x y  +  r y z ÿ y z  +  r z x ÿ z x  .

F ro m  the  efficiency connec tion  (2a), th e  d e fo rm ation  w ork  will be

d V .  : F  : D  dt

(2a)

(2b)

and

г  г  0 D  f
■V. =  F  : D  dt =  F  : ^  dt F  :  d D

(4)

(oxdex +  a dev +  (r2dti2 +  rxvdy  - f  r  zdy  +  r zxdyzx)

respectively .
T he  energy  in t ro d u c e d  in to  th e  m a te r ia l  sy s tem  (let us consider  e.g. th e  

p ressure  ex p e r im en t  o f  a te s t  body) will be p a r t ly  t ran s fo rm ed  in to  e lastic  
potential  energy, p a r t ly  sp e n t  to  overcome th e  in te rn a l  friction, i.e.:

=  Ф 4- £ (5)
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w here  Ф is th e  potentia l  e n e rg y  ( th e  work of e lastic  defo rm ations) ,  which  can  
be re g a in e d  a t  th e  cease (release) o f  loading, £ th e  d iss ipa tion  energy t h a t  will 
be s c a t t e r e d  during  the  w o rk .

I n  a n o th e r  form we can  d iv ide  the  d e fo rm a t io n  w ork  in to  tw o  p a r ts ,  
too; n a m e ly  in to  the d is to r t io n  w ork  0Г:

E
О С '  =  )  T  :  d E  ,  ( 6 )

о

a n d  th e  w ork  of volum e c h a n g e  l3l£0:

O f 0  =  ) ' T 0  :  d E „  ,  ( 7 )
о

w h ere
4  =  Of +  OE0 . (8)

A c c o rd in g  to  our suppos it ions ,  isotropic vo lum e  change  (defo rm ation  m ade  in 
h y d r o s t a t i c  state) does n o t  p roduce  p e rm a n e n t  de fo rm ations ,  there fo re  the 
fo l low ing  connections ex is t :

o r  =  Ф' +  £ ,
(9)

at„ — Ф0 ,

w h e re  Ф =  Ф' -)- Ф0, i.e. one  p a r t  of the  e n e rg y  sp en t  for d is to r t ion  will be 
s to re d  as po ten tia l  en e rg y ,  a n o th e r  will be t r a n s fo rm e d  in to  h e a t ;  th e  energy 
s p e n t  for  volume change  will he entirely s to re d  as po ten tia l  energy.

Uniaxial stress s ta te

W h e n  d e te rm in ing  th e  p lastic ity  th re sh o ld ,  wre shall com pare  our th eo 
r e t ic a l  results  with th o se  o f  uniaxial e x p e r im en ts  in  lab o ra to ry ,  a n d  therefore  
i t  is su i tab le  to in v e s t ig a te  some energy s to r in g  and  t r a n sp o r t in g  properties  
o f  t h e  s tan d a rd  m odel in  un iax ia l  stress s ta te .

The material eq u ation  of the Po y n tin g  T homson body will be, in 
case o f  uniaxial stress sta te :

a =  Ее  - f  Xe — Da ,

a =
Em

m 2
( e +  2 e„ ) ,

( 10)

w’h e re  e is the ex ten s io n  in  stress d irec tion , ev in  t ransversa l  d irec tion , E  the  
e la s t ic i ty  module, X t h e  l inear  v iscosity  coeffic ient (creeping coefficient), D
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th e  re laxa tion  coefficient, m th e  Poisson n u m b e r  and

E  =  “ ± I .

A =  2»/ m +  1

0 =  2 r m  1 - f  — — ----- 2
3m G 3m

The d e fo rm ation  w ork  is:

l5l f  =  j  F  : d  D  \ o d e .
о 6

( H )

Acta Geodaetica, Geophysica el M ontanistica Acad. Sei Hung. 10, 1975

Fig. 1. Relaxation o f stresses in case of different deform ation velocities
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L e t  us s tu d y  two e x p e r im e n ts  a n d  d e te rm in e  he reby  th e  d if fe ren t  kinds 
° f  energ ies .

R ela xa t io n  experiment. L e t  u s  su b jec t  a te s t  b o d y  to  a p ressure  ex p e r im e n t  
ac c o rd in g  to  the  following p ro g ra m :

P h ase  l : T h e  te s t  b o d y  sh o u ld  b e  loaded  w ith  c o n s ta n t  de fo rm ation  
ve loc ity  é =  é0 as long as i t  does n o t  reach  th e  ex tens ion  
value

P h a se  2: The d e fo rm a tio n s  should  be freezened a t  th e  v a lu e  e =  f* 
and th e  re la x a t io n  of  th e  s tress  recorded.

Ph ase 3:T h e  test body should be unloadened gradually.
T h e  connections of  th e  r e la x a t io n  ex p e r im e n t  were d iscussed a n d  deduced  

in d e ta i l  in  the  papers  |9  11]. H ere  we show  on ly  the  re su lts  on Fig. 1 for
th r e e  d iffe ren t  d e fo rm ation  velocities .

In  the course o f the experim ent, th e  stresses will gradually decrease 
after th e  loading phase (1) to the stress values determ ined by H ooke’s lawe 
and th e  test body will regain its  original form , if  the p lastic ity  boundar,( 
has n ot been exceeded. y

T h e  shaded area  on th e  figure  deno tes  th e  energy in t r o d u c e d  in to  th  
s y s te m ,  th e  defo rm ation  w ork , th e  e x te n t  o f  w hich  is in th e  th re e  cases as 
fo llow s:

a nd

e*

Tl *_< »  =  j  ode =  j 1 ede =  
1}

1 Я 2
•>

2 0
0 0

U 1 E  
J

e + —  -  # 
E

' e

1 — e i„ o

0

=  1 E e l  +  E  
2 E
** €*

=  j ode =  j Eede =  ^ E e l ,

0 0

( 12 )

(13

T h a t  is, the work spent fo r  the deformation o f  the body is the function  o f  
deformation velocity; i t  is t h e  g rea te r ,  th e  qu icker  th e  p re sc r ib e d  deform ation  
o u g h t  to  be reached.

T he  energy re leased  a t  u n load ing ,  w hich  is e q u iv a le n t  w i th  th e  p o ten t ia l  
e n e rg y  s tored in  th e  sy s te m , — will be  in  each case

о
f  1— Ф =  ! ode =  -—— ' (14)

Acta Geodaetica, Geophysica et M ontanistica Acad. Sei. H ung. 10, 1975



PLASTIC STATE OF ROCKS 397

Fig. 2. P o ten tia l energy preserved in the m aterial and the distribution of disperse energy in 
case of different deform ation velocities

F ollow ing  from th e  com parison  of th e  connec tions  (12) and  (14), we will 
ob ta in  for th e  energy  sp en t  to  overcom e th e  in te rn a l  friction of th e  m a te r ia l  
which can  be  considered as a loss in th e  p re se n t  case and  will be t r a n s fo rm e d  
into h e a t  d u r in g  defo rm ation :

£  =  «II -  ф  . (15)

T he  d is t r ib u t io n  o f  th e  p o te n t ia l  energy  a n d  th e  energy d is s ip a t io n  is 
shown in F ig . 2. On its basis, th e  following conclusions can be d raw n:

1. T h e  w ork  needed to  th e  defo rm atio n  of  a bo d y  describable  b y  th e  
standard  m odel  is th e  g rea te r ,  th e  qu icker  th e  defo rm ation  ough t to  be p e r 
formed.

2. A m in im u m  energy level exists  a t  w hich  th e  deform ation  w o rk  will be 
en tire ly  t r a n s fo rm e d  in to  p o te n t ia l  energy. This m in im u m  energy level occurs
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Fig. 3. Energy distribution in  creeping experim ents o f  different deformation velocities

a t  standard  models in case o f  very  slow d e fo rm a tio n s .  In  th is  case th e  in te r 
n a l  p a r t s  in the  m a te r ia l  h av e  tim e to  be a r ra n g e d ,  and  in th is  case th e  m ech 
a n ica l  change of s ta te  can  be regarded as p e r fec t ly  reversible or free of  loss, 

in  a w ay  th a t  satisf ies  th e  requ irem ents  o f  p rac t ice .
3. The potential energy Ф belonging to a given deformation level has 

to  be calculated according to H ooke’s law.
4. The d iss ipa tion  energy  £ belonging to  a given defo rm ation  level is 

a lw a y s  a function of  defo rm atio n  velocity .
Creeping experim ent. The above s t a t e m e n ts  have also been  p ro v ed  b y  

c reep in g  experim ents .  F ig .  3 shows th e  cu rv es  <7 e  correspond ing  to  th e  
fo llow ing program  o f  expe r im en t:

PI, ase 1 : T he  te s t  b o d y  will be loaded  w i th  co n s tan t  d e fo rm ation  ve loc ity  
£ =  e0 till  th e  loading v a lu e  a ,..
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Phase  2: The load ing  will be k e p t  c o n s ta n t  a t  the value  a =  с * ,  i.e.
it  will no t  be increased, a n d  th e  extension, t h a t  is th e  creep ing  
of the  te s t  body , recorded.

Phase 3: T he  te s t  b o d y  will be g ra d u a l ly  un loaded.
Fig . 3 shows th e  phases  loading, c reep ing  and  unloading a t  d if fe ren t  

de fo rm a tio n  velocities. On the  figure  one can  see th e  energy co n d i t io n s ,  too, 
and  d ra w  th e  conclusions correspond ing  to  th e  re lax a t io n  ex per im en t.

F o r  th e  d e te rm in a t io n  o f  th e  b o u n d a ry  cond it ion  of p la s t ic i ty ,  we also 
w a n t  to  use th e  d a ta  o f  th e  un iax ia l p ressure  ex per im en t,  since t h e  p la s t ic i ty  
con d i t io n  correspond ing  to  the  spa tia l  s tress  s t a t e  m u s t  be, in e x t r e m e  case, 
in ag reem en t  w ith  th e  f lowing cond it ion  d educed  from th e  m e a s u re m e n t  
re su lts  o f  th e  u n iax ia l  ex per im en t.  I t  is the re fo re  useful to  quo te  th e  energe tic  
connec tions  o f  th e  un iax ia l stress s ta te .

T h e  stress  and  de fo rm a tio n  tensors a n d  dev ia to rs ,  respec tive ly ,  a re  in 
case o f  th e  one-axial p ressure  exp e r im en t  th e  following:

2
a 0 0 a a„ 0 0 G

3
0 0

F  = 0 0 0
l

’ a t) q ’ T  =  0 - <*0 0 = G
1

aз 0

0 0 0 0 0 о  0 0 0
1

a
3

f 0 ()

D 0 ev 0

0 0 e„

2
0 3 (e О

1

0 0

() ff eo 0 0
3

(e„ e)

1

0

0 « e„ «о 0 0
3 (c„ f )

an d  th e  energies referred  to  a volum e u n i t  can  be ca lcu la ted  as follows: 
The deform ation work:

D e
O f  I  F  : d D  = \  a d e .

0 (I
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T h e  distortion work:

E

n r  =  I T  : dE  j [(ex ex0) d(e - e 0) -  2cr0 d(ev e0)]

0 0,0

e,ev

0 0

( 1 6 )

T he work o f  (e la stic ) volume change:

E0 e0 e ev

=  Фо =  j T 0 : d E 0 =  3 J  a 0d s 0 =  ^ J o d e + -  j adev . (17)
0 0 0 0

T he elastic deform ation w ork:

e

Ф =  Г Ее de =  * Ее2. (18)
0

The elastic distortion w ork:

e ev

(19)

Plastic ity  condition at un iax ia l  stress state

F o r  th e  d e te rm in a t io n  of th e  b o u n d a ry  co nd it ion  of p la s t ic i ty  лее m ake  
use o f  th e  results  o f  an  e x p e r im en t  series c a r r ie d  ou t for o ther  p u rp o ses ;  th u s  
i t  c a n  be  assum ed t h a t  i t  does n o t  co n ta in  su ch  distortions as th e  re su l ts  of 
l a b o r a to r y  m easu rem en ts  carried  ou t d e f in i te ly  fo r  p roving a hypo thes is .

K b E C Z E K  discusses in  his p ap e r  [ 6 ]  a rheological d e te r io ra t ion  ex p e r i
m e n t  ca rr ied  ou t on a te s t  bo d y  from  Silesian coal. I t  had  the  a im  to  de te rm in e  
th e  e x t re m e  stress o f  d e te r io ra t io n  and  to  define; the  correla tion  connec tion  
ex p re ss in g  th e  e x trem e  stress  in d ep en d en ce  on deform ation ve loc ity .  The 
m e a s u r in g  results  are  com piled  in Tab le  I.
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L e t  us  t a k e  from th e  tab le  th ree  d a t a  series corresponding to  th re e  
d if fe ren t  d e fo rm ation  velocities: to  th e  g re a te s t ,  to  the  sm allest a n d  to  a 
m ed ium  one, an d  s tu d y  th e m  closely. Fig. 4 shows th e  values rece ived  a t  these  
th ree  ex p e r im e n ts  as well as th e  a p p ro x im a t io n  curves drawn to  t h e m .  T he  
figure  suggests  th e  following considera tions :

1. D iffe ren t  s tress-defo rm ation  connec tions  a re  obta ined  in case  o f  each 
d iffe ren t  d e fo rm ation  velocity , th u s  th e  m a te r ia l  investiga ted  has rheo log ica l 
p ropert ies .

2. In  case o f  the  defo rm ation  ve locity  è 0.5 m in - 1 , a linear c o n n ec t io n  
w ith  good ap p ro x im a tio n  (w ith  24.60 k p /c m 2 and  3 .8 %  relative error)  is rece iv 
ed, th u s  th e  ex trem e  case

£ —*■ oo

is ap p ro a c h e d  in an accep tab le  m a n n e r  b y  th is  case, th u s  co rrespond ing  so to  
th e  m a te r ia l  eq u a t io n  of th e  s ta n d a rd  m ed iu m , too :

[in case o f  £ —* oo],

3. In  case of th e  defo rm ation  ve locity  s =  3 • 10-6 m in - 1 , t h e  c o n n e c 
tion  a e can  also be regarded  as l inear u n t i l  a ce r ta in  limit (in t h e  ran g e  
u n d e r  th e  p la s t ic i ty  th resho ld ;  s ta n d a rd  e rro r ;  5.4 kp /cm 2, r e la t iv e  e rro r :  
1 ,68% ), hence  th e  ex per im en t app roaches  in  th is  case £ —<- oo, in c o r r e s p o n d 
ence to  th e  connection

a =  Е е  [in case o f  £ — oo]

and  th e  m a te r ia l  reveals p ropert ie s  co rrespond ing  to  the  s ta n d a rd  m odel.
4. I n  case of th e  de fo rm a tio n  ve loc ity  s — 1.93 • 10- 4  m in- 1  >  0, th e  

form  of th e  s t ress-defo rm ation  curve  corresponds  to  th e  standard  m odel .
S u m m in g  up: The ex p er im en ta l  resu lts  can he well app roached  b y  th e  

s ta n d a rd  m odel.
I n  th e  followings th e  th ree  m e a su re m e n ts  m en tioned  will be  closely 

s tud ied  again .
D eform ation velocity è —*• 0. T he  m easu red  re su lts  of the  slowest e x p e r i 

m e n t  are  re p re sen ted  in Fig. 5. T he  las t  m easu red  points  show a f l a t t e n in g  
of th e  fu n c t io n ,  i.e. passing th e  p la s t ic i ty  th re sh o ld ;  so we left them  u n re g a rd e d  
in th e  co rre la t ion  analysis.

T h e  re su l t  received from th e  ca lcu la t ion  is:

a =  Е е  =  47 474 e .
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Table I

Measured data o f  K l e c z e k ’s

L o a d in g
[ k p /c m a]

D e fo rm a tio n v e lo c i ty  [ • 10 * m in  lJ

o.o:n 0.062 0.146 0 .3 1 6 0.728 1.93 3 .1 6

0.0 0 0 о 0 0 0 0

71.4 13 13 13 l i и 10 5

142.8 30 26 24 23 22 19 11

214.2 45 43 36 36 32 28 17

285.7 6 i 54 52 46 41 40 26

357.1 75 66 61 57 51 48 33

428.5 89 81 70 67 63 59 40

500.0 105 97 83 81 75 68 51

571.4 122 114 96 92 86 80 62

642.8 137 129 113 103 96 89 72

714.2 161 147 130 121 108 100 84

785.7 184 170 148 135 122 111 95

857.1 197 181 159 138 128 108

868.0 240 — - — -

900.0 231 — — — -

918.7 207 — — -

928.5 — 160 143 120

930.0 181 — — -

973.8 183 — —

1000.0 — 136

1016.2 167 -

1039.5 152

The in te rp re ta b le  in te rva l  of th e  s t r a ig h t  line ex tends to  th e  value

sk0 =  13.7 . . . 15.0 ■ 1 0 - 3

t h e n  sets in the  p la s t ic  s ta te ,  thus  one o f  th e  va lu es  lying in th is  in te rv a l  can 
be  accepted  as th e  p la s t ic i ty  threshold o f  t h e  case  g —*- 0. At a v e ry  sm all  de
fo rm a t io n  velocity  (as we have seen in  th e  foregoing p a ra g ra p h )  th e  to ta l  
e n e rg y  in troduced  in to  t h e  system will be  s to re d  as po ten tia l  energy .
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laboratory experiment [6]

L o a d in g
k p /c m 2

D e f o r m a t io n  [1 0  ‘ ]

D e f o r m a t io n  v e lo c i ty  [1 0  4 m in  ']

5 .3 8 8 .87 27 .2 54 .1 109 1670 500 0

0 . 0 0 0 0 0 0 0 0

7 1 . 4 5 5 6 6 6 6 6

1 4 2 . 8 1 1 1 0 и 1 0 и и 1 3

2 1 4 . 2 2 0 1 8 1 6 1 5 1 8 1 7 1 9

2 8 5 . 7 2 7 2 6 2 5 2 2 2 6 2 4 2 6

3 5 7 . 1 3 5 3 4 3 2 2 9 3 4 3 1 3 3

4 2 8 . 5 4 1 4 1 3 9 3 5 4 3 3 5 4 0

5 0 0 . 0 4 8 4 6 4 8 4 2 4 6 4 2 4 7

5 7 1 . 4 5 1 5 5 5 5 4 9 5 3 4 7 5 2

6 4 2 . 8 6 7 6 3 6 1 5 4 6 0 5 6 5 7

7 1 4 . 2 7 5 6 9 6 7 6 1 6 5 6 0 6 2

7 8 5 . 7 8 5 7 6 7 5 6 7 7 3 6 7 6 8

8 5 7 . 1 9 9 8 4 8 2 7 3 7 6 7 3 7 4

9 2 8 . 5 1 1 3 9 2 8 9 8 0 8 3 7 9 8 2

1 0 0 0 . 0 1 2 9 1 0 0 9 9 8 7 8 7 8 4 8 6

1 0 7 1 . 4 1 1 3 1 0 5 9 3 9 2 9 1 9 2

1 0 7 9 . 9 1 4 3 —

1 1 1 2 . 3 1 2 2 — __

1 1 4 2 . 3 — 1 0 1 9 9 9 7 9 7

1 1 5 3 . 3 1 1 8 —

1 1 9 3 . 3 1 0 8 — __

1 2 1 4 . 2 1 0 6 — 1 0 3

1 2 3 9 . 0 1 1 4 __

1 2 7 3 . 3 1 0 4 __

1 2 8 5 . 7 1 0 6

1 3 3 0 . 4 1 1 2

D eform ation velocity è ->- oo. The results  o f  th e  m os t  rap id  e x p e r im en t  
a n d  th e  corresponding  co rre la t ion  s tra igh t  line a re  show n in Fig. 6. T he  la s t  
resu lt  was left un reg a rd ed  in  th e  analysis, since th e  va lue  m easu red  a t  la s t  
will a n y w ay  be u n ce r ta in  due  to  th e  sudden d e te r io ra t io n  of  th e  te s t  b o d y  a t  
th is  g rea t  defo rm ation  ve loc ity .  T he  connection rece ived  is:

a Á e =  114 991 e ,
ê
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2.

3.

1.

Fig. 4.  Measuring results o f un iax ia l pressure experim ent and the approxim ating curves

Fig. 5. Measuring results and correlation function in case o f an experim ent w ith  very slow
deformation ve loc ity
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Fig. 6. Measuring results, correlation function  and energy distribution in case o f m easure
m ents at very high deform ation velocity

a n d  th e  specific ex tension  corresponding  to  th e  d e te r io ra t ion  va lue :

£* 10.6 • 1 0 - 3

I t  can he seen from th e  s tra igh t  line in Fig. 6 t h a t  in  case o f  a very high 
deform ation velocity the m aterial cannot p ass into p la stic  state. N am ely ,  w ould  
th e  te s t  bo d y  have  been un lo ad ed  before de te r io ra t io n ,  th e  re tu rn  to  th e  origin 
w ould  h av e  ta k e n  place along th e  sam e equ a t io n .  T h u s  we can suppose  t h a t  
in  case о /  á — oo the p la s tic ity  condition is equal to the fa ilu re  condition.

D eform ation velocity è >  0. The results  o f  th e  exp e r im en t  ca rr ied  ou t  
w ith  th e  d e fo rm ation  ve loc ity  б =  1.93 • 1 0 ~ 1 m in -"1 an d  th e  a p p ro x im a t in g  
curve  are  shown in Fig. 7. A t  th e  s ta n d a rd  m odel th e  s tre ss-de fo rm ation  cu rv e  
te n d s  to w a rd s  th e  a s y m p to te  w ith  th e  p itch  angle a rc ta n  E . T herefo re  th e  
lim it o f  th e  e lastic ity  range  w as ta k e n ,  in case of  th is  m ea su re m e n t ,  a t  th e  
p o in t  w here  th e  curve  bends b ack  from  the  a s y m p to te ,  i.e. a t  th e  v a lu e

ek =  12.0 . . . 12.9 • 1 0 - ' ' .

Possible p la stic ity  conditions. C om paring th e  resu lts  received in th e  th re e  
exp er im en ts  we can see t h a t  e.g. th e  differences be tw een  th e  areas below th e  
curves ( th e  values  of d e fo rm ation  work) are n o t  too  g reat.  On th is  basis , th e
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c o n d i t io n  of  p la s t ic i ty  in  case of  one-axial s tre ss  s t a t e  could ev e n tu a l ly  be as 
follows:

The m ateria l is able only to a defin ed  deform ation  
work w ithout perm anent change in  its structural 
elements, resp. arrangement o f  its elements.

A ccord ing ly , the b o u n d a ry  cond it ion  of  the  t r a n s i t io n  in to  the  p lastic  s ta te  is

I ade =  s\Ik. 
ó

If ,  however, th e  d i s to r t in g  d e fo rm ation  AT w as de te rm in ed  in th e  above 
th r e e  experim ents ,  a s im ila r  accordance can  be observed , th u s  th e  cond it ion

E
Of' =  \  T: dE =  V.'k

о

cou ld  also be accep ted  as p la s t ic i ty  condition  on  t h e  basis of th e  m easu rem en ts .
T h e  m easured  re su l ts  give th e  th re sh o ld  v a lu e  of  p la s t ic i ty  b u t  w ith  a 

c e r ta in  divergence, i.e. e rro r ;  the  b o u n d a ry  con d i t io n  can be d e te rm in e d  only 
w i th  an  a p p ro x im a t iv e  c h a ra c te r  from th e  s y s te m  of d iscrete  a - e values 
rece iv ed  from  th e  e x p e r im e n ts  with d iffe ren t  d e fo rm a tio n  velocities. I n  Fig. 8 
th e  enveloping cu rve  of  th e  possible p la s t ic i ty  b o u n d a ry  curves is - s h e w n . 
I n  t h e  following we sha ll  in ves t iga te ,  w hich  o f  all th e  possible energe tic  condi
t io n s  can  be accepted  f rom  theore t ica l  p o in t  o f  view a n d  w hich  show  sa t is 
f a c to r y  accordance w i th  th e  b o u n d a ry  cu rves  o b ta in ed  from  ex p e r im en ta l  
d a ta .

*
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F ig .  8 .  P la s tic ity  b o u n d a ry  cu rves p ro b ab le  on th e  basis o f K l e c z e k ’s e x p e rim e n ts  [6]

As we h av e  seen, th e  connec tion  be tw een  the energy in t ro d u c e d  in to  the  
sys tem  th e  w ork  of in te rn a l  forces and  th e  different k in d s  o f  energies 
d iv ided  in to  th e  p a r ts  caus ing  p u re ly  d is to r t ion ,  resp. pure ly  v o lu m e  change , 
is as follows:

Of -  “1Г +  -tl0 =  Ф +  £ ,

■U' =  Ф' +  £ ,  =  Ф 0 .

In  correspondence to  th is ,  th e  possible b o u n d a ry  conditions a re  th e  fol
lowing:
1. T he  se tt ing- in  of th e  p lastic  s ta te  is th e  func tion  of the  e lastic  energy :

1.1 T he  func tion  of th e  e lastic  d is to r t ion  w ork  [Ф']
1.2 The func tion  of th e  e lastic  vo lum e change  work [Ф0]
1.3 The func tion  of th e  e lastic  p o te n t ia l  energy  the  to ta l  e la s t ic  d e 

fo rm a tio n  work [ф =  ф '  -j- ф ()]
2. I t  is th e  func tion  of th e  d ispersion energy  £.
3. I t  is the  func tion  of  defo rm atio n  w ork:

3.1 T he  func tion  of th e  d is to r t ion  work [“11' =  Ф' -j- £]
3.2 The func tion  of th e  vo lum e change w ork  [“11 () ; Ф0]
3.3 The func tion  of th e  de fo rm a tio n  work [“11 =  “11' -)- “lf0]

1. In vestigation  o f  th e p lasticity  con d ition  as 
function  o f  e lastic  d eform ation  work

In  th e  course o f  our inv es t ig a t io n  we shall discuss the  cases of  t h e  u n i 
ax ia l e x p e r im en t  in m ore de ta il :  v e ry  slow and  ve ry  quick  de fo rm ations ,  be-
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cause th e  connections are  he re  m u ch  simpler and  th e  deduc tions  for th e  case 
0 <  e <  oo can be done ana lo g o u s ly .

D eform ation velocity è —► 0. I n  case of ve ry  sm a ll  defo rm ationa l changes 
th e  m a te r ia l  equation  will be ,  in  a uniaxial s tress  s t a t e ,  simplfied in to

a =  Е е  (20)

H ooke's  law , and from th e  v o lu m e  change e q u a t io n

c r -  E m w ( e  +  2 e „ ) ,  ( 2 1 )
m  2

b y  su b s t i tu t in g  Eq. (20) in to  E q .  (21), the  c o n n ec t io n

e
ev = ------

m
( 22)

w ell-know n  from e la s t ic i ty  th e o ry ,  can he d e r iv ed  for  th e  transversa l  ex tension .
I n  case of e lastic  s t a t e ,  th e  to ta l  energy  c o n su m e d  will be s to red  as po

t e n t i a l  energy, hence

<T.
ЛЛ =  j  ode =  -1 Eel0 =  Ф | ,^0 (23)

0

w h ere  ek0 denotes t h e  e x te n s io n  belonging to  t h e  p la s t ic i ty  b o u n d a ry  in  case 
o f  £ —► 0.

On the basis o f  E q s  (16) and (17)

W = l Eef!0+  X- — 4 o =  I E  m +  (24)
«3 3 m 3 m

a n d

e ev

^ 0 =  1 I ode +  2 I odev =  1 — ~  4 o  =  ф о I «—о - (25)
3 J  3 J 3 2m

о 0

F ig .  9 shows, a t  d i f fe re n t  Poisson num bers ,  t h e  division of the  elastic  d e fo rm a
t io n  work into d i s to r t io n  and  volume ch a n g e  p a r ts .

D eformation velocity  è — oo. In  th is  case th e  m a te r ia l  equa tion  co rresp o n d 
in g  to  the one-axial s t re ss  s ta te  will he:

о =
A
&

e ( 2 6 )
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Fig. 9. D istribution o f potential energy as a function o f the Poisson num ber

a n d  the  t ran sv e rse  ex tens ion  can be w r i t te n  from  E q .  (21) b y  us ing  E q .  (26) 
in  th e  form:

1 I A m 2

2 ! ti Em
1 (27)

Let us deno te  th e  specific ex tension  co rrespond ing  to  th e  b o u n d a ry  of 
p las t ic i ty  by  ekoo in case o f  è —► <». Then

0 \ s „ = 12 E 4 „  (28)

and , according of E q .  (17):

ek oo 6*- oo
1 Г А 2 Г Я 1 т 2

=  —

-fсо"ССо е 1 d f =
3 J  0 3 J /> 2 0 Е т

0 0 (29)
1 / А | 2 т 2

” 6 ( & ) Е т
4 «

1 1 /
= [Ф Ф0 Я 4 . ек*> • (30)

2 6 {> Е т

L et us in v es t ig a te  on th e  basis o f  E qs  (23) (25) and  (28) (30) the
o u n d a ry  conditions ex p r i  m able by  the  elastic defo rm atio n  work.

P lastic ity  condition expressed by the po ten tia l energy

T h e  b o u n d a ry  cond it ion  of  p la s t ic i ty  de te rm in ed  b y  th e  e lastic  de fo r
m a tio n  says:

The boundary o f  the p la stic ity  o f  rocks is determ ined  
by the threshold energy level Фк that can still be
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absorbed by the m ateria l through elastic deform ation.
In  other words: the rock rem ains in  elastic state as 
long as

Ф == 2G f E : dE +  3К  f ' E„ : dE„ <  Фк . (31)
Ó 0

I n  accordance  with th is ,  th e  condition

Ф  I  .  =  Ф  I  . .  =  Ф  I  •  =  Ф , ,

m u s t  b e  fulfilled on the  b o u n d a r y  of j)lasticity. T h is  gives, b y  using  E qs  (23) 
a n d  (28), th e  connection

2 E e l ,  =  J E e l0

a n d  th e  condition

Cfco =  (32)

r e s p e c t iv e ly ;  i.e. in th is  case th e  setting-in  o f  th e  p las t ic  s ta te  is ind ep en d en t  
f ro m  t h e  deform ation  ve lo c i ty  or t im e  factor.

I n  Fig. 10 th e  d e fo rm a t io n s  sfc0, t a k e n  on th e  basis o f  th e  d a ta  of 
t h e  one-ax ia l  experim en t,  f u r th e r  th e  b o u n d a ry  cond it ion  (b o u n d a ry  curve) 
c o r re sp o n d in g  to  (32) a re  d r a w n  w ith  a th ick  line, a n d  th e  b o u n d a ry  condition

Fig. 10. P lasticity boundary (continuous line) belonging to the condition Ф =  Ф/. compared
w ith  results o f the experim ents
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in te rv a l  ta k e n  as p robab le  from th e  experim en ta l  «lata, w ith  a th in  line. On 
th e  basis o f  th e  curves (considerab ly  d ifferring  from each o th e r)  visible in the  
f igure ,  it  seems p robab le  t h a t  th e  p la s t ic i ty  boun tla ry  is n o t  a func tion  of the  
elastic  p o ten t ia l  energy  s tored  in the  m a te r ia l  anti hence (31 32) canno t be
accep ted  as a b o u n d a ry  condition .

This s t a t e m e n t  is sensibly n o t  convincing enough. K e e c z e k ’s experim ents  
do n o t  su ppor t  th is  hypo thes is  indeed , b u t  it  m a y  h a p p e n  t h a t  i t  can be 
accep ted  as a co rrec t  and  p robab le  condition  w hen  in v e s t ig a t in g  o the r  m a te 
rials. This also m eans  th a t  accep ting  or re jec ting  th e  p la s t ic i ty  condition  can
n o t  be based on la b o ra to ry  experim en ts  alone. I f  th e  h y p o th es is  discussed is 
theore t ica l ly  perm issib le  (nam ely , if  it  does no t h u r t  an y  physica l  law), then  
i t  m a y  be possible t h a t  it  c a n n o t  be applied  to  the  m a te r ia l  in v es t ig a ted ,  b u t  
m eans  a real p la s t ic i ty  condition  for o th e r  m ateria ls .  On th e  o th e r  side, if  its 
applica tion  ca n n o t  he p e rm it te d  on the  basis of theo re t ica l  considerations, 
i t  canno t be accep ted  w i th o u t  reserve even in  cases w hen  i t  has been proved 
or seemed to  be s tro n g ly  probab le ,  and can be used a t  m os t  on ly  tem pora r i ly ,  
for lack  of a b e t t e r  p las t ic i ty  condition , b u t  can by  no m eans  reg a rd ed  as a 
real b o u n d a ry  cond ition .

On the  basis  o f  th is  sequence of ideas we can re jec t  th e  supposition  
th a t  th e  se tt ing-in  of  p las t ic i ty  s ta te  is th e  law of elastic d e fo rm a tio n  work 
alone. Fig. 10 shows clearly , n am ely , t h a t  th is  b o u n d a ry  c o n d i tm n  is, in case 
of  th e  standard m odel, no t an  energy condition  in fac t,  b u t  a defo rm ation  
c o n d i t io n ,  the  p rincip le  of  m ax im u m  deform ation , so it does no t  belong 
to  th e  theories o f  energetics. T h u s  its re jec tion  as p la s t ic i ty  b o u n d a r y  condi
tion  is reasonable  from  theo re t ica l  p o in t  of view, too.

P lastic ity  condition expressed by the work o f  elastic volum e change

I t  is generally accep ted  t h a t  th e  h y d ro s ta t ic  stress s ta te  p ro d u c in g  volume 
change alone, n ev e r  proiluces e i the r  plastic  de fo rm ation  or d e te r io ra t io n  in 
th e  m ateria l .  This follows from  th e  experim en ta l  results ,  too. N am e ly ,  from 
th e  condition

Ф.. |^o =  Ф«. |i —

b y  m eans  of  fo rm ulae  (25) and  (29) the  connec tion

«IE

is o b ta in ed ,  the  b o u n d a ry  curve  of  which is p resen ted  in Fig. 11. T h is  shows 
th e  i r rea l i ty  of th e  b o u n d a ry  curve  ob ta in ed  on th e  basis o f  th e  supposit ion . 
In  o th e r  words: the  pr inc ip le  of elastic  volum e change w ork c a n n o t  be accept-
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ed as t h e  boundary  c o n d i t io n  o f  p lastic ity , because  it  is d isproved by  bo th  
practical e x p e r im e n ts  an d  
experim enta l re su l ts  shown.

S u c h  a b o u n d a ry  cond it ion  does no t  correspond to  
— theoretical p rem issae ,

s ince  th i s  is not an en e rg e t ica l ,  h u t  a stress b o u n d a r y  condition , as proved 
b y  F ig .  11.

Plasticity condition expressed by the elastic distortion work 

F ro m  the condition

Ф' =  constan t =  Ф ‘к

b y  m a k in g  Eqs (29) a n d  (30) equa l  to  each o th e r ,  we can  deduce the  connection

1
2 rn

3 m
Я

» E
(m  2) (33)

T h e  b o u n d a ry  curves co rresp o n d in g  to (33) are  show n in Fig. 12. I t  can he 
seen  from here t h a t  th e  ex p er im en ta l  d a ta  c o n t ra d ic t  to  th e  condition . In  
case  o f  Poisson n u m b e rs  sa t is fy ing  the cond it ion

3 m > ( m 2 )
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Fig. 12. P lasticity  boundary curve belonging to the condition  Ф' Ф£ as a fun ction  o f the
Poisson num ber

(cca above m =  5), (33) has no real so lu tion  a n d  ca n n o t  be accep ted  t h e o r e t 
ically e ither . Thus , th is  condition has to  be re jec ted ,  too, and co n se q u e n t ly  
th e  s ta te m e n t  can be m ad e  th a t  the d e v e lo p m e n t  of  plastic s ta te  is n o t  d e te r 
m ined b y  the  e lastic  d is to r t ion  work.

2. P lastic ity  condition  as fu n ction  o f  energy spent to
overcom e internal friction

The d iss ipa tion  energy , the  hea t  re leased  in  th e  material in cou rse  of 
doing work, ca n n o t  be charac ter is t ic  for the  p la s t ic i ty  threshold of  t h e  m a te 
rial. I t  can be seen in F ig . 2, nam ely , t h a t  in case  o f  slow deform ation  ve lo c i ty  
(e -*• 0) £ 0, i.e. i t  w ould follow from co nd it ion

£(8) =  £ fc

t h a t  in case of  ê -*• 0 the  m a te r ia l  could no t  pass  in to  plastic s ta te  d u e  to  th e  
effect of any  loading a n d  deform ation , w h a t ,  on  th e  one hand, would  c o n t r a 
d ic t  to  well-known fac ts  and , on the o ther,  i ts  generalization  would lead  to  
the  absurd  cond it ion  £  0.

3. P lastic ity  condition  as fu n ction  o f  in tern al forces

As a resu lt  o f  th e  analyses  in points  1 a n d  2, i t  can be s ta ted  t h a t  th e  
plastic  s ta te  can  he a fu n c t io n  of  defo rm ation  w ork  (elastic and d is s ip a t io n  
energy together)  alone.
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F o r  sake  of analysis  le t  us  recall the  c o n n ec t io n s  of defo rm ation  w ork :  
In  case o f  deformation velocity  g —>- 0:

- - E elo ,

e\j> I __  ^ T? m  ^  P 2WoU->0 — It, е к0 1
3 2m

e \ l '  I __  1 JT 171 ^  ^  p 2u  U '-o — t j  £ao •
3 m

In  case o f  deformation velocity  g

1 A
Oil

2 0
£Ä» .

^ „ l i —

Of'lv-

/  ■
& ,

1 A

2 0

E m

1 A m  2

3 /> E m

(23)

(24)

(25)

(34) 

(29)

(35)

P lastic ity  condition expressed by deformation work

W e have a lread y  seen in the  foregoing p a r t  th a t ,  on the basis o f  th e  ex
p e r im e n ta l  da ta ,

V, =  c o n s ta n t  =  eitk (36)

can  be  ta k e n  w ith  p ro b a b i l i ty  as b o u n d a ry  condition . 
B y  using E qs  (23) a n d  (34), the  c o n n e c t io n

e AO
0 E  £"”

(37)

can  be  deduced. T h e  corresponding  b o u n d a r y  curve  can be seen in  Fig. 13. 
T h is  cu rv e  comes n e a r  to  th e  u pper  lim it o f  t h e  possible in terval,  a n d  t h e  differ
en ce  could  have been  ev en tu a l ly  a t t r ib u te d  to  m easuring errors; never the less ,  
i t  c a n n o t  be accep ted  as b o u n d a ry  co nd it ion .  M aking an e x p e r im e n t  in  m ind, 
n a m e ly ,  we shall f ind  a con trad ic t ion  w h ic h  is not in accordance  w ith  our 
p ra c t i c a l  knowledge.
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Fig. 13. P lasticity  boundary curve belonging to the condition

Is  th e  body  h y d ro s ta t ic a l ly  loaded , the  de fo rm a tio n  work

et. tjt, 9
^  3 I a nd e 0 9 К  ) e0d e0 K e ^  =  TEn Ф 0

0 6 4

will be en tire ly  tran s fo rm ed  in to  elastic  (volum e changing) p o te n t ia l  en e rg y  
t h a t  c a n n o t  bring a b o u t  a p las t ic  s ta te ,  as com m only  know n. T hus  also h y p o t h 
esis (36) m u s t  be re jec ted , too. I t  is w orth ,  how ever,  o f  s tudy ing  th e  h y d r o 
s ta t ic  s tress  s ta te  from energe tic  aspec t  more closely.

Accord ing  to  eq u a tion

(T0 = 3 K s 0 К в

th e  specific  vo lum e change в  is p ropo r t iona l  to  th e  stress caus ing  i t .  T h e  
h y d ro s ta t ic  pressure  ex p e r im en ts  show ed, however, th e  existence of a b o u n d a r y  
defo rm atio n ,  depending  on th e  m a te r ia l  beyond  which the  vo lum e o f  th e  
m a te r ia l  c a n n o t  be decreased, i.e. b eyond  th a t  b o u n d a ry  the  m a te r ia l  can  he 
reg a rd ed  as “ incom pressib le” . T h is  b o u n d a ry  is shown for d ifferen t Poisson  
n u m b e rs  in l'ig. 14.

T he  l i te ra tu re  dealing w ith  p la s t ic i ty  genera lly  assumes the  in c o m p re s 
s ib i l i ty  of  th e  m edium  in case o f  a w ell-developed plastic  s ta te .T h is ,  h o w ev er ,  
does n o t  m ean  th e  p la s t ic i ty  b o u n d a ry  a t  all, because , e.g. accord ing  to  Fig. 
14, in case of  a Poisson  n u m b e r  m  =  2, a p las t ic  s ta te  could never  deve lop , 
th is ,  how ever ,  con trad ic ts  o u r  experiences. W hereas  th e  existence of  a b o u n d a r y
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Fig. J4.  The material equation  of volume change in case o f different Poisson num bers and
the lim it o f com pressib ility

s t a t e  can  be supposed  w h ich  can be described  w i th  the  condition

Ф 0 =  Ф™ах (38)

a n d  th is  divides th e  p la s t ic  s ta te  in to  tw o p a r t s ,  nam ely  
th e  plastic range in case of

Ф о <  C ^ -

an d  th e  range o f  tota lly  developed plastic state in  case of

Ф0 =  ф™ах,

P la stic ity  condition expressed by deform ation work

A fte r  the ana lyses  carried  out so fa r  o n ly  th is  energetic cond it ion  re m a in 
ed, su i tab le  to d e te rm in e  th e  p lastic ity  th re s h o ld :

=  c o n s ta n t  =  . (39)

All o ther w o rk in g  hypo theses  have c o n ta in e d  theore tica l con trad ic t ions ,  
a n d  m o s t  of th e m  c o n t ra d ic te d  practica l fac ts ,  too. E ven  for th is  on ly  reason 
we sh o u ld  have  a l r e a d y  found  th a t  we h a v e  to  accep t the theory o f  distorting  
deform ation work as th re sh o ld  value, even  i f  th e  experim enta l  re su lts  of [6] 
w o u ld  n o t  prove th is .  In  th is  case the  rea so n s  of  dev ia tion  ough t be looked 
fo r  in th e  exp e r im en t .
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L et us s tu d y  E q . (39) in the  light of K e ec zek ’s labora to ry  re su l ts .  
B etw een  th e  de fo rm ation  values b e lo n g in g  to  the  plastic  s t a t e ,  the  

following connec tion  can be deduced from E q s  (24) and (35):

_  ' Г Г  А г
£*° “  2 ED m +  1 DE

(m  2) (40)

By tak in g  b o th  e x t re m e  values of m  in to  cons ide ra t ion ,  this e q u a t io n  will 
ta k e  th e  forms

fcA'0 lm=2
DE

ek0 m — - / 3 A 1 A

' 2 DE 2 DE

In  course of  K e e c z e k ’s experim en ts  the  P oisson  n u m b e r  of the rock sam ples  
has no t been d e te rm in ed ,  hence an exact com par ison  is not possible. S u b 
s t i tu t in g  th e  values

=  114 991 k p /cm 2, E  =  47 474 kp/cm 2

ek„ =  10.6 • 1 0 - 3, ek0 =  13.7 . . . 15.0 • 10- 3

rece ived  from th e  e x p e r im en ts  in to  connec tion  (40) one obtains for m :

m =  2.96 . . . 4 .32 ;

Fig. 15. P lasticity  boundary curves belonging to the cond ition  “It' =  in case o f d ifferent
Poisson numbers
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T his  m e a n s  t h a t  (39) can  be ta k e n  as real p la s t i c i ty  condition on th e  b as is  of 
m e a s u re d  d a ta .  On the o th e r  side, following f ro m  theoretical co n s id e ra t io n s ,  
(39) is t h e  on ly  real energe tic  condition.

T h e  possible b o u n d a ry  curves for t h e  d ifferen t Poisson  n u m b e r s  are 
sh o w n  in Fig. 15.

S um m ary

I n  course  of th e  inv es t ig a t io n  o f  th e  developing  conditions o f  p lastic  
s t a t e  w e  s ta r te d  from th e  basic  physical a s su m p t io n  th a t  the  s e t t in g - in  of 
p la s t ic  s t a t e  is no t in d irec t  connection  w i th  t h e  stress s ta te  and th e  d e fo rm a 
t io n s ,  b u t  w ith  the  w ork ing  (energy abso rb ing )  cap ac i ty  of th e  m a te r ia l .

H a v in g  analyzed  all energetic  possib ili t ies , a single condition cou ld  have 
b een  f o u n d  which fulfilled th e  th eo re t ica l  considera t ions  as well as p roved  
to  be  p ro b a b le  on the  basis o f  experim en ta l  d a t a .  This plastic ity  co n d i t io n  is 
as fo llow s:

The m aterial rem ains in an elastic as long as the 
distortion work o j the energy introduced into the 
material system  ( in  dependence o f  the material- 
characteristics )  does not reach a boundary
value, since the strctural elem ents o f  the material 
cannot bear greater energies w ithout perm anent 
deformation. T h u s, the conditions o f  the develop
ment plastic  state is:

E
M ' =  (  T :  d  E  : >  e \ i 'k .  ( 4 1 )

ó

A ccord ing ly , th e  following ranges can  be  d istinguished w ith in  t h e  i n te r 
v a l  o f  con t in u o u s  defo rm ations :

R ange o f  elasticity. W ith in  th is  ra n g e  m echan ical  changes o f  s t a t e  are 
r e v e rs ib le  in th e  sense t h a t  th e  body  will re g a in  i ts  original form  a f t e r  u n lo a d 
ing . (T heore t ica l ly ,  how ever ,  the  w ork  s p e n t  to  deform ation c a n  o n ly  be 
re g a in e d  w ith o u t  loss in t h e  loading case o f  è — 0.) The cond it ion  o f  elastic  
d e f o r m a t io n  is:

Т Г  =  :  d E  <  4 ' k  .  ( 4 2 )
ó

R ange o f  p lastic  state. The bo d y  com es in to  a plastic s ta te ,  if

T T  =  \ T  :  d E  >  4 ' k .  ( 4 1 )
0
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Range o f  totally developed p lastic  state. I f  th e  b o d y  is un ab le  for fu r th e r  
vo lu m e  change (is incom pressib le) ,  the  work o f  e lastic  vo lum e  change has 
reach ed  th e  m ax im um  energy  level p reservable  by  th e  m a te r ia l :

Ф» ' T„ : dE„ Фтах
о

th e n  we can  speak  ab o u t  th e  to t a l l y  developed plastic  s ta te .
A t  th e  beginning of th e  p a p e r ,  in the  p a r t  “ p re l im in a ry  re m a rk s” , all 

possib ili t ies  of th e  sep a ra t io n  o f  elastic  and p lastic  s ta te s  were e n u m e ra te d  
a n d  we referred  our in v es t iga t ions  to  the  m ost general case, i.e. we supposed  
t h a t  over  a cer ta in  energy level th e  m a te r ia l  comes in to  a p las t ic  s ta te .  This 
inc ludes th e  special case, too , w here  elastic and  p lastic  de fo rm ations  occur 
a l re a d y  beginning  from v e ry  sm all  deform ations,  since th e n

Of'. -  0 .

In  Fig. 16 the  b o u n d a ry  energies and the  correspond ing  e la s t ic i ty  and  
p la s t ic i ty  in te rva ls  are i l lu s t ra te d  for the  case o f  s te a d y  energy  in p u t .

Fig. 16. E lasticity  and p lastic ity  intervals in case o f steady  energy input
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СОСТОЯНИЕ ПЛАСТИЧНОСТИ И РАЗРУШЕНИЕ ПОРОД
I. П Р Е Д Е Л Ь Н Ы Е  У С Л О В И Я  П Л А С Т И Ч Н О С Т И  П О Р О Д  

Ч .  А С С О Н И - Р .  Р И Х Т Е Р

РЕЗЮМЕ

Авторы в своей трехчастностной статье провожают изменения механического со
стояния мантии пород около горных выработок от упругого состояния через состояние 
пластичности вплоть до разрушения.

Ход мыслей статьи [1 — 2], дающей общее описание вещественного поведения породы 
вследствие различных механических воздействий, обобщение участвующего в движении 
вещества очень пригодна для аппликации механики пород. В статье уже находится ссылка, 
что анализ транспорта и баланса энергии дает возможность для включения отдельных 
состояний движения (деформаций) в единую систему, для раскрытия причин и условий 
их образования. Условия предельных состояний — пластичное течение, разрушения, разло
мы — задавались конвенциональными теориями в раздельности, как теории разлома и 
пластичности, поддержавшись в основном на рабочие гипотезы и эмпирические зависи
мости. Наша серия статьей вместе со статьей [1—2] имеет цель доказать, что данная мате
риальная система — в нашем случае область, возмущенная горными выработками — т. е. ее 
механическое поведение может быть описано и объяснено единой теорией, независимо от 
того, что речь идет либо о малых или больших деформациях, либо о медленных или высо
коскоростных изменениях фигуры, либо об упругом или пластичном состоянии.
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AZJMUTBESTIMMUNG HOHER GENAUIGKEIT 
MIT SONNEN-BEOBACHTUNG

GY. A L P Á R -G Y . SZÁ DECZ K Y -K AR DO SS
GEODÄTISCHES UND GEOPHYSIKALISCHES FORSCHUNGSINSTITUT DER UNGARISCHEN 

AKADEMIE DER WISSENSCHAFTEN, SOPRON

E. BOI)
INSTITUT FÜR VERMESSUNGSWESEN, BUDAPEST 

[Eingegangen am  22. August 1975]

Mit der Anwendung von neuen instrum ent- und m eßtechnischen M öglichkeiten kann bej 
der A zim utbestim m ung m ittels Sonne eine hohe G enauigkeit erzielt werden.

Der M ittelwert der 40 M eßsätze dieser M ethode weicht von dem in 12 Sätzen m it Polar
stern-B eobachtungen erzielten M eßergebnis nur um  0,28" ab.

Die A z im u tb es t im m u n g  m it  Hilfe d e r  Sonne wird allgemein n ic h t  für 
eine genaue M ethode gehalten . S c h ä d l i c h  be r ich te te  bereits  in  se iner  A rb e i t  
[13] von  der  A z im u tb es t im m u n g  der  D re iecksse iten  I I .  O rdnung  m it  Sonnen- 
B e o b a c h tu n g ,  hei welcher V ersuchsm essungen  m it  einem Wild T h e o d o l i t  T4 
u n d  e iner Q u a rz u h r  du rch g e fü h r t  w u rd en .  Man k a n n  über  ähn liche  U n te r 
suchungen  auch  in der A rbeit  von  Husti [9] lesen, bei welchen a b e r  die V er
suchsm essungen  m it  einem, m it  Roelofs P r ism a  versehenen  T heodo li t  W ild  T2 
u n d  d em en tsp rech en d  m it  geringeren G enau igke its -A nforderungen  d u rc h g e 
fü h r t  w u rd en .  In  beiden Fällen  w u rd e  die sog. Z e itaz im u t-M ethode  (siehe 
A b sc h n i t t  1.1) angew endet u n d  die E rgebn isse  der  Versuchs-M essungen w u r 
den m i t  dem , m it  Hilfe des P o la rs te rn s  (bzw. m it  verschiedenen M ethoden )  
b e s t im m te n  A z im u t  verglichen. D ieser Vergleich weist a u f  das V o rh an d en se in  
von  u n g e k lä r te n  Fehlerquellen  bei be iden  Messungen hin und  so sch ien  die 
D u rc h fü h ru n g  von weiteren V ersuchsm essungen  fü r  berechtig t.

Bei unse ren  U n te rsuchungen  zur  B es t im m u n g  des S o nnen-A z im uts  
d a c h te n  w ir auch  die E in fü h ru n g  von  solchen neuen  meß- und  r e c h e n te c h 
n ischen  M öglichkeiten  (siehe in diesem  Z u sa m m e n h a n g  z.B. [4]), die die b is
herigen , zweifellos u m s tänd lichen  Meß- u n d  B erechnungsa rbeiten  w esen tl ich  
ve re in fachen . So t r e te n  die a rb e i tso rg an isa to r isch en  Vorteile der bei T a g e s 
l ich t d u rc h fü h rb a re n  genauen A z im u tb e s t im m u n g  w ieder in den V o rd e rg ru n d .  
In  diesem  Z u sam m en h an g  soll noch eigens e rw ä h n t  werden, d a ß  u n lä n g s t  
(1973) die S tu d ien g ru p p e  6E  der F I G  schon die K o n s tru ie rung  von  K re ise l
th eodo li ten  m it  einer A z im u tb es t im m u n g s-G en au ig k e i t  von ^  1" — ^ 2 "  
vorsch lug . Bei der  B es tim m ung  d e r  In s t ru m e n te n k o n s ta n te  von  K re ise l
th eo d o l i ten  so g roßer G enauigkeit ,  bzw. hei deren zeitweiliger K o n tro l le ,  be
s te h t  eine v o r te i lh a f te  Möglichkeit zu r  A z im u tb es t im m u n g  m it S onnen -B e-  
o b a c h tu n g .
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I

D ie  M eth o d en  u n d  In s t ru m e n te  der m i t  H ilfe  der Sonne d u rc h g e fü h r te n  
A z im u tb e s t im m u n g  sind in  der  F a c h l i t e r a tu r  e ingehend  e rö r te r t  (siehe z.B. 
[12]). D ie  im L aufe  de r  h ie r  zu e rö r te rn d e n  P rü fu n g e n  a u fg e tau ch ten  p r a k 
t i sc h e n  P ro b lem e  ge r ingerer  bzw. größerer  B e d e u tu n g  rech tfe r t igen  die a u s 
fü h r l ich e re  B esch re ib u n g  unse re r  M ethode, des In s t ru m e n te s  und  des M eß
v e r fa h re n s .  D a m i t  soll auch  die E in fü h ru n g  d e r  Sonnen-A zim ut B e s t im m u n g  
in d e r  P ra x is  g e fö rde r t  w erden.

1.1. D ie Theorie der Z e ita zim u t-M essu n g  m it H ilfe  der Sonne

Die Z e i ta z im u t-B e s t im m u n g  m it Hilfe der  S onne  is t  in die G ruppe  der  in 
d i r e k te n  M ethoden  e inzu re ihen  [5]. Bei d ieser  M ethode  wird bei der  A nzie lung  
der  M it te  der Sonnen-Sche ibe  m it te ls  T h e o d o l i t  gleichzeitig die U h rze i t  ( U) 
abge lesen , u n d  es w ird  sowohl bei der Sonnen -A nzie lung  ( V p) als auch  bei 
der  A nz ie lung  des te r re s t r i s c h e n  P u n k te s  ( V T) am  Theodolit  eine h o r izon ta le  
K re isa b le su n g  d u rch g e fü h r t .

V o r  u n d  n ach  d e r  M essung w ird  d u rc h  Z e its ig n a l-E m p fan g  der  U h r s ta n d  
fe s tg es te l l t ,  der  bei de r  A n w endung  einer in  S te rn ze i t  gehender A rb e i tsu h r  
m i t  fo lgender  F o rm e l  b e rech n e t  w erden  k a n n :

A U  =  U TO  +  0 OGr +  r i n U TO h Xe - U 0 +  (U T 2  U TC ) +

+  (U T C  Sign) AX A T S + U ^ - A ( N '  +  N ")  +  v

w orin :

U TO

к
( U T  2

das reg is t r ie r te  Zeits ignal (oder d e r  M it te lw er t  der reg is t r ie r ten  
Signale),
die im  Z e i tp u n k t  des Zeitsignals  an  d en  A rbe itsuh ren  abgelesene 
Zeit (oder d e r  M itte lw ert  m e h re re r  Zeitsignal-Ablesungen), 
scheinbare  S te rn ze i t  um  0h W e ltz e i t  (A p p a re n t  Sidéral Time), 
der M u lt ip l ik a t io n s fak to r  bei d e r  LTmrechnung von m i t t le re r  Zeit 
a u f  S te rn ze i t  (W e r t :  9,856 47s/h),
genauer  W e r t  der  geographischen  L ä n g e  des S ta n d p u n k te s ,
UTC), ( U TC  Sign) =  die a u f  U T C  bezogenen Z e i ts ig n a l-K o rrek 
t ionen ,

AX
t"W  , . .

 ̂ (x sin/. 
15

y  cos X) ( 2 )

die K o r re k t io n  wegen der P o lsc h w a n k u n g
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J ( iV ' -(- N ") = täg liche  Ä n d eru n g  d e r  G le ichung  des Ä qu in o k t ien  (E q u a t io n  
of  E qu inoxes)

A T S - V erbesserung  für  S ch w an k u n g en  der  R o ta t io n sg esch w in d ig k e i t  der  
E rd e

V  —  du rch  die A usb re i tungsgeschw ind igke it  der Radiowellen  v e ru r s a c h te  
Laufze itverbesserung

beze ichnen .
D e r  W e r t  des U hrganges j  w ird  aus w en igs tens  zwei Z e its igna lem pfängen  

b e re c h n e t :

j s l  h — AU., /1U , 

U T 0 2 U T 0 1
(3)

S om it  k ö n n e n  die D urchgangsze iten  sä m tl ic h e r  S on n en -B eo b ach tu n g en  m it  
der  F o rm el:

Я 1 =  U +  A U . + Ä U  l / n) (4)

b e re c h n e t  w erden . D an ach  w erden  die D urchgangsze iten  a u f  E p h e m e r id e n ze i t  
u m g erech n e t :

E  7/1 +  Ле 0 O|Gr r u ( m  +  Л, - 0 OOr)h +  A T  (5)

w orin  r n  =  9,82956s (U m rechnung  von  S te rnze it  au f  m it t le re  Z e it) ,
A T  =  E p h e m e r id e n -K o rre k t io n  is t.

D e r  S tun d en w in k e l  der Sonne w ird  m i t  der Form el:

T I  H l  I U ( 6)

b e rech n e t ,  w orin  (R4) die R ek taszension  d e r  Sonne im Z e i tp u n k t  d e r  M essung 
beze ichnet .  D er  A z im ut der M itte  d e r  Sonnenscheibe  ist im  Z e i tp u n k t  der 
Messung:

tg ( ,1 3 )
sin ( T I )

sin <pe cos (T I )  — COSÇ5e tg (D 4 )
(7)

w orin  <pe -- den genauen  W e r t  der  geograph ischen  Breite des S ta n d p u n k te s  
u n d

(744) die D ek lina tion  der Sonne im Z e i tp u n k t  der Messung b e d e u te n .  
E s  sei b e m e rk t ,  d aß  die a u f  die E p h e m e r id e n ze i t  E  bezogenen W e r te  von  
(774) u n d  (D4) aus dem A stronom ischen  J a h r b u c h  durch  In te rp o la t io n  a b g e 
le i te t  w erden  müssen.
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D e r  n ach  S üden  o r ien t ie r te  A z im u t-W e r t  des terres tr ischen  P u n k te s  
k a n n  m i t  der  G leichung:

A  =  A 3  -)- VT — V p i • c tg  z  -)- abb (8)

b e re c h n e t  werden, w orin :
V T =  die a u f  den te r re s t r i s c h e n  P u n k t  bezogene  horizonta le  K re isab lesung , 
Vp =  a u f  die S o n n en -B eo b ach tu n g  bezogene ho rizon ta le  K reisab lesung , 
i Q u e r -K o m p o n e n te  de r  Stehachsenschiefe  bei der Sonnen-Anzielung,

sin (T I)  cos (D 4)
sin z =  v ’ ------  — (9)

sin (A 3 )

abb =  V erbesserung  w egen  der täglichen A b e r ra t io n  

beze ichnen .
Z u r  K lä ru n g  des Vorzeichens des e r w ä h n te n  Q uer-K o m p o n en ten  der 

S tehachsensch ie fe  soll A bb. 1 in B e trach t  gezogen werden. H ier  b e d e u te t  
Z 20  die  R ic h tu n g  d e r  Lotlin ie , w orauf  die H o r izo n teb en e  rech tw inke lig  is t .  
Z xO b e d e u te t  die augenb lick liche  Position de r  In s t ru m e n te n -S te h a ch s e ,  und  
die in  E ,  Z, W x V e r t ik a le  fa llenden K o m p o n e n te n  d e r  Achsenschiefe soll m it  
i b eze ich n e t  werden. Zw ecks einfacherer Ü b e rs ic h t  sei vorausgesetz t ,  d aß  sich 
die S onne  w ä h ren d  d e r  B eo b ach tu n g  in d e r  S Z X N  M eridianebene b e f in d e t ,  
fe rne r ,  d a ß  die räu m lich e  L age des In s t ru m e n te s  festgelegt ist, u n d  d aß  die 
(i • c tg  2 ) K o rrek t io n  zum  R ich tungsew rt  V p addiert w ird, um  den r ich t ig en  
R ic h tu n g sw e r t  zu e rh a l te n .  Dies bedeu te t  l a u t  A b b ild u n g  soviel, daß  a n s t a t t  
d e r  R ic h tu n g  1, in d e r  T a t  die m it 2 beze ichnete ,  feh lerhafte  R ich tu n g  e inge
s te l l t  w ird .  L a u t  u n se re r  A b b ildung  ist dies n u r  in  jen em  Falle möglich, w enn  
d e r  ös tl iche  A st E .,W 2 ü b e r  dem  H orizont liegt.

F a l ls  das 0 E n d e  der  m i t  d u rch lau fender  E in te i lu n g  versehenen A lh ida- 
den libelle  a u f  der  Seite  des Höhenkreises i s t ,  so s ind  in östlicher H öhenkre is-  
L ag e  lE1, die A b le su n g en  der beiden E n d e n  der  Blase. In  der n ä c h s te n
F e rn ro h r la g e ,  d.h. w en n  d e r  Höhenkreis  (u n d  d as  0 Ende) in die w estliche  
F e rn ro h r la g e  ge lang t,  so s ind  lw x und lw „ die abgelesenen  W erte  der  B la sen 
en d e n ,  u n d  so ist n a c h  d e r  im  Seitenriß d a rg e s te l l te n  Skizze der Abb.:

sg i =  -f- , falls (lwд -f- l W'2) >  (ü;,i +  ^£,2) (Ю)

u n d  die a u f  die S o n n en -R ic l i tu n g  bezogene Q u e r -K o m p o n e n te  der S te h a c h se n 
schiefe:

i  ' \ } w ,  1 +  2 ~ Ü e , 1 +  ^£,2 )] •
4

( 11 )
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F a l l s  aber  das 0 E n d e  d e r  Libelle au f  der  Seite  des Höhenkreises lieg t,  die 
B e z e ic h n u n g  der Kreislage je d o c h  w ährend  d e r  M essung m it der Lage des, 
an d ie  en tgegengese tz te  Seite  m o n tie r ten  A b leseoku lars  erfolgt, d a n n  b e 
d e u te n  lE x u n d  lp 2 die A b lesu n g en  der L ibe llenenden  in östlicher O kular lage  
u n d  lw  j u n d  lw J die A b lesungen  der L ibe llenenden  in  westlicher O kular lage . 
I n  d ie sem  Falle , u n d  dies is t  die Lage im Falle  des Theodolits  W ild T3, i s t  l a u t  
A b b ildungs-S k izze  2b:

sg i =  —1 , falls (lE i  +  lp:-,) 2> Ow,l hv:i) (1“ )

die b e t re f fe n d e  Q u e r -K o m p o n en te  der S tehachsensch ie fe ,  aber

'  ̂ \ } e ,i  +  h-:,2 ~  V w ,i  +  ^W’)] (1 )̂

w orin  r  d e n  in Gl. (11) u n d  (13) vo rk o m m en d en  L ibe llen -Parsw ert b e d e u te t .

1.2

M it B erücksich tigung  u n se re r  M öglichkeiten  u n d  G egebenheiten  zu r  
S o n n e n -A z im u tb e s t im m u n g ,  w u rd e  der T h eo d o li t  W ild T3 No. 26851 des 
G e o d ä t is c h e n  und  G eophysikalischen  F o rsc h u n g s in s t i tu ts  der U ngarischen  
A k a d e m ie  d e r  W issenschaften  so u m g eän d e r t ,  d a ß  die Sonnen-A nzielungen 
b e q u e m  u n d  mit großer G enau ig k e i t  d u rc h fü h rb a r  seien. Zu diesem Zw ecke 
w u rd e  d as  F e rn ro h ro k u la r  des In s t ru m e n te s  a b m o n t ie r t  und  an dessen Stelle  
ein, be i f rü h e re n  In s t ru m e n te n -U n te r su c h u n g e n  sich bereits  gu t b ew äh r te s  
P r i s m e n -S y s te m ,  zur K oinz idenz-A nzielung  m it  H a lb -B ild e rn  e ingebau t  [11]. 
D as P r ism e n -S y s te m  u n d  d e r  optische S t ra h le n g a n g  wird a u f  G ru n d  der  
A rb e i t  [14] in  Abb. 3 gezeigt. H ie r  sei b e m e rk t ,  d a ß  auch  beim F e rn ro h r  des 
K re ise l th eo d o l i ts  MOM Gi-C2 vo r  dem O k u la r  ein solches P r ism en -S y s tem  
a n g e w e n d e t  wird. Das P r ism en -S y s tem  selbst ist in  der Schw ingungsbeoabch- 
tu n g s -E in r ic h tu n g  des K re ise l theodo li ts  MOM G i-B l ,  sowie in der Kreisablese- 
O p t ik  d e r  Theodolite  MOM T e-E 6  und  T e-E7 ebenfa lls  angewendet.

I)  a aus  technischen  G rü n d e n  die F a d e rk re u z -P la t te  des F e rn roh res  des 
T h e o d o li ts  W ild  T3 n ich t  a u s m o n t ie r t  w erden  k o n n te ,  und  bei der A n w endung  
des P r ism e n -S y s te m s  la u t  A b b .  3 die B ildebene a u f  die Seheidekante  V  an  der  
O k u la rse i te  fallen m uß te ,  h a b e n  wir das F e rn ro h r  a u f  G rund  der in A bb . 4 
geze ig ten  Skizze »umfokussiert.«  G lücklicherweise konn te  dem g e n a n n te n  
W ild  T 3  T h eodo li t  das, der  B ilde ins te l lung  d ienende  negative  Glied (0„) noch  
ü b e r  d ie ,  d e r  unendlichen  Z ie lcn tfernung  en tsp re c h e n d en  Lage zum  f i s é n  
Glied Oĵ  des O bjek tives  a n g e n ä h e r t  werden. So k o n n te  die Sonne in der E b e n e  
F  a b g e b i ld e t  werden, ohne d a ß  die R F a d e n p la t t e  die A bbildung  b e m e rk e n s 
w er t  g e s tö r t  h ä t te .
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Dieses Teilproblem  wird deshalb  e rw äh n t ,  weil wegen d e r  gesch ilder ten  
N o tlö su n g  n ich t  e rw a r te t  w erden  k o n n te ,  d aß  bei der S onnen-A nzie lung  die 
Vorte ile  des K oinz idenz-Prinzips  in vollem M aße a u sg e n u tz t  w erden  können . 
W ä h re n d  der  Messungen k o n n te n  wir ta ts ä c h l ic h  eine gewisse Ä n d e ru n g  des 
K oll im ationsfeh le rs  des F e rn ro h re s  w ah rn eh m en ,  die m i t  g roßer  W a h rsc h e in 
l ichke it  a u f  die provisorische  A r t  d e r  von Uns angew ende ten  op tischen  L ösung  
z u rü c k zu fü h ren  ist.  F ü r  Kollegen m it E x p e r im en tie r -G e is t  s ind  ev. diese 
E r fa h ru n g e n  t ro tz d e m  von N u tzen .  M it ähn lichem  Zweck sei b e m e rk t ,  daß 
z u r  bequem en  B ed ienung  des T heodo li ts  das neben  dem  F e rn ro h r  befind liche  
K re isab lese-M ikroskop  m it einem  geb rochenen  O ku la r  a u sg e rü s te t  w erden 
m u ß te .  N ach  der  U m ä n d e ru n g  w ar  abe r  die M öglichkeit gegeben, d aß  man 
d u rc h  die K oinzidenz der  im O ku la r  s ic h tb a re n  zwei, in en tgegengese tz te r  
R ic h tu n g  sich bew egenden  H a lb b i ld e r  der  Sonnen -S che ibe , u n m i t t e lb a r  die 
M itte  der  Sonne anzielen k o n n te  (Abb. 3); d ieselbe op tische  L ösung  k o n n te  
au ch  bei der A nzie lung  der te rre s t irschen  P u n k t e  ang ew en d e t  w erden .  (Bei 
d e r  Sonnen-A nzie lung  b e d e u te t  der  a u f  das  O k u la r  gese tz te  T u rm a l in -F i l te r  
den  einzigen U ntersch ied ; dies h a t t e  ab e r  gar  keine W irk u n g  a u f  die Zielachse 
des Fernrohres) .
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Abb. 5

Bei der A n w endung  d e r  Zeitaz irnu t-M ethode ist n a tu rg e m ä ß  auch  Z e it
m e ssu n g  erforderlich; bei d e r  B estim m ung  des S o n n en az im u ts  ist sogar die 
G e n a u ig k e i t  der Z e i tm essu n g  von  aussch laggebender B ed eu tu n g .  Zu diesem 
Z w eck e  s tand  uns le ider n u r  ein, zu den W ild T heo d o li ten  T4 f rüher  üb licher 
N a r d in  C hronom eter u n d  ein F a v a g  C hronograf zu r  V erfügung. Es soll aber  
e r w ä h n t  werden, daß  h e u tz u ta g e  bereits solche Z e i tm eß e in r ich tu n g en  zu haben  
s in d ,  wie das in Abb. 5 geze ig te  Chronofax 103 der  F i rm a  N ew tek , in welchem  
eine  Q uarzuhr ,  ein R ad io s ig n a l-E m p fän g e r ,  u n d  ein D ru ck -C h ro n o g ra f  in 
e in e m  Gehäuse u n te r g e b r a c h t  sind. Diesbezügliche E inze lhe iten  k önnen  aus 
d e r  A rb e i t  [8] e n tn o m m e n  w erden . Als eine in te re s sa n te  Möglichkeit soll der 
H P -5 5  T aschen -C om pu te r  d e r  F irm a  H e w le t t -P a c k a rd  e rw ä h n t  w erden  (Abb. 
6), d e r  auch als d ig ita le  S to p p u h r  m it ^  0 ,0 1 %  G enau igke it ,  (Anzeige bis 
0,01 Sekunden , S pe iche rung  v o n  10 Teilzeiten) a n w e n d b a r  ist. Da der  Z e i t 
s ig n a l-E m p fan g  h e u tz u ta g e  ke ine  eigene spezielle E in r ic h tu n g  e rfordert ,  wäre 
es w ünschensw ert ,  die G e n a u ig k e i t  der Zeitm essung  im  Fe lde  auch m i t  einem 
e n tsp re c h e n d en  t r a n s is to r is ie r te n  R ad ios igna l-E m pfänger  u n d  m it Hilfe eines 
H P -5 5  Taschen-C om puters  zu prüfen.

1.3. P raktische A u sfü h ru n g  der M essung

D er  Vorteil der  m it  H ilfe  der  Sonne d u rc h g e fü h r te n  A z im u t-B es t im m u n g  
is t ,  d a ß  m an  auch bei T ag e  b eobach ten  k ann .  R a m s a y e r  e rw äh n t  in seiner 
A r b e i t  [12] (Seite 664) n o c h  als Nachteil die w esentlich  geringere G enau igke it  
d ie se r  M ethode im V ergleich  z u m  Messen der F ix s te rn e .  U n te r  den w ich tigs ten  
G r ü n d e n  der geringeren G e n au ig k e i t  werden jen e  rege lm äßigen  Fehlerquellen  
e r w ä h n t ,  die in Folge d e r  e inse itigen  E rw ä rm u n g  der  L ibellen, des Theodolits
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Abb. 6

а т м о * Compucorp 326 Scientist

Abb. 7

u n d  ev. des S ta tiv e s  a u f tre te n , ferner die s ta r k  e ingesch ränk te  M öglichkeit 
zu r A usw ahl d er v o r te ilh a f te s te n  th eo re tisch en  L age der S o n n en -B eo b ach tu n - 
gen, sowie die im  V erg leich  zu den S te rn k o o rd in a te n  geringere G enau ig k e it 
d er S o n n e n -K o o rd in a te n . E r  m ein te  1970 n o ch , d a ß  die, m it H ilfe d e r Sonne 
d u rch g efü h rte  A z im u tb estim m u n g s-M eth o d e  n u r  in  jenem  F alle  zu em pfehlen  
sei, w enn das G enau ig k e itse rfo rd ern is  n ic h t s tre n g e r  als is t.

D ie K ritik  d er von  u n s en tw icke lten  u n d  vorgesch lagenen  M ethode  wird 
in  P u n k t 3.1 e rö r te r t . Z u r D u rch fü h ru n g  d e r  p ra k tisc h e n  M essung w ird  fol
gendes P ro g ram m  vorgesch lagen :

1. N ach der so rg fä ltig en  E inste llu n g  d e r S teh ach se  des T h eo d o lits  in die 
L o tlin ie , w ird in e rs te r  F e rn ro h rlag e  d er te r re s tr is c h e  P u n k t an g ez ie lt und 
d er H o rizo n ta lk re is  ( V r ) abgelesen;

2. D ie A nzielung  d e r Sonne in e rs te r  F e rn ro h rla g e ; die B e o b a c h tu n g  der 
D u rch g an g sze iten  (17) im  M om ent der sch e in b a re n  K oinzidenz d e r beiden
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w egen d e r  F e rn ro h r-O p tik  sich  in  en tg eg en g ese tz te r R ich tu n g  bew egenden  
H a lb -B ild e r  der S onnensche ibe ; A blesung  des H orizo n ta lk re ises  ( V p); zur 
B e re c h n u n g  der au f die R ic h tu n g  der Sonne bezogenen  Q u e r-K o m p o n en ten  der 
S teh a c h se n sc h ie fe  A blesung  d e r beiden  B lasen -E n d en  der A u fsa tz lib e lle  oder 
d e r A lh id ad en lib e lle  (z.B . lF l  u n d  1E2);

3. N ochm alige A n zie lu n g  d er Sonne in  d e r e rs ten  F e rn ro h rla g e  w ie im  
S c h r i t t  2 beschrieben;

4 . A nzielung des te rre s tr is c h e n  P u n k te s  in  der ers ten  F e rn ro h rla g e , 
A b le su n g  des H o rizo n ta lk re ises;

5 . A nzielung des te rre s tr is c h e n  P u n k te s  in  der zw eiten  F e rn ro h rla g e , 
A b le su n g  des H o rizo n ta lk re ises;

6. A nzielung  der S onne in  der zw eiten  F ern ro h rlag e  wie im  S c h r i t t  2 
b e sc h r ie b e n , A blesung d er b e id en  B lasenenden  d er Libelle ( z .B .  l w x und

7. W iederho lung  der A nzie lung  der S onne in  der zw eiten  F e rn ro b rla g e  
la u t  S c h r i t t  6.

8. A nzielung des te r re s tr isc h e n  P u n k te s  in  der zw eiten F e rn ro h ria g e , 
A b le su n g  des H o rizo n ta lk re ises .

D ie  in  den S ch ritten  1 8 beschriebenen  O p era tio n en  b ilden  eine  Serie.
E s i s t  zw eckdien lich  die n ä c h s te  Serie in  der dem  S ch ritt 8 en tsp re c h e n d en  
F e rn ro h r la g e  fo rtzuse tzen , a b e r  im  Falle d er M essung von n Serien  w ird  der 
H o riz o n ta lk re is  vor je d e r  Serie  m it dem  W e rt (180°/n) w e ite rg es te llt, d a m it 
die W irk u n g  der reg e lm äß ig en  T eilungsfeh ler v e rm in d e rt w erde.

B ei d er A nzielung d e r S onne m uß u n b e d in g t ein  d u n k le r F a r b f i l te r  a n 
g e w e n d e t w erden, weil die u n m itte lb a re  A n zie lung  A ugenbeschw erden  her- 
v o r ru fe n  k an n . Die F e rn ro h re in s te llu n g  a u f  die Sonne (d .h . «A ufsuchen» und  
, ,G ro b e in s te llu n g ” ) d a rf  au ch  n ic h t ohne F a rb f i l te r  geschehen, so n d e rn  m an 
soll z .B . h in te r  das O k u lar des F e rn ro h res  ein  w eißes B la tt h a lte n  u n d  das 
F e rn ro h r  so einstellen, d aß  d as  a u f  das P a p ie r  p ro jiz ie rte  S onnen-B ib l in  die 
M itte  d e s  m itp ro jiz ie rten  B ildes des F ern ro h r-G esich tsfe ld es  falle.

D ie  M ethode w urde  in  d e r  P rax is  e rp ro b t. M it dem , in  A b s c h n itt  1.2 
b e sc h rie b e n en  u m g eän d erten  T h eo d o lit W ild  T3 w u rd en  40 Serien gem essen : 
29. A u g u s t , 1971 N a c h m itta g , Serien  (1 8); 30. A ugust N a c h m itta g , Serien
(9 2 8 ); 31. A ugust V o rm itta g , Serien  (29 36); N a c h m itta g , Serien  (37 40).
D ie B eze ich n u n g  der F e rn ro h rla g e  erfo lg t m it A ngabe der Lage des A b lese 
o k u la rs .

E s  sei bem erk t, d aß  sich  die u m g eän d e rte  F ern roh rop tik~ bei d e r S onnen- 
A n zie lu n g  sehr gut b ew äh rte . W ir k o n n te n  sogar bei sch le ie ra rtig  b ed eck tem  
H im m el se h r  gute M eßergebnisse  erzielen.

A ls w e ite re r V orteil sei b e m e rk t, daß m an  w ed er H öhenkre is-A b lesungen , 
noch  T e m p e ra tu r-  und  L u ftd ru ck -A b le su n g en , die zu r B erechnung  d e r H ö h e n 
re f ra k tio n  n ö tig  sind, d u rc h fü h re n  m uß , w o durch  die M eßzeit v e rk ü rz t  w ird .
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D a die genaue Z e itb es tim m u n g  ein H au p te rfo rd e rn is  d er M ethode ist, 
m üssen  w ir uns d am it n äh e r besch äftig en .

Bei der A nzielung  der Sonne w äre  die A nw endung einer, die m ittle re  
Z eit angehenden  Q u arzu h r am  zw eckd ien lichsten  gewesen, da a b e r  eine solche 
n ic h t v o rh an d en  w ar, b ed ien ten  w ir uns eines in S te rn ze it geh en d en  N ard in - 
C hronom eters. N eb st den  ry th m isc h e n  Z eitsignalen  reg is tr ie r ten  w ir auch  die 
Z eitsignale  d er d au ern d  sendenden  S ta tio n e n  m it der K oinzidenz-M ethode» 
Im  F a lle  e iner in  S te rn ze it gehenden  U h r k an n  m an m it D au er-S ig n a len  in 
u n g efäh r je  6 M inuten  eine K o inzidenz  h e rste llen ; die zwei Z e it-A rte n  v e r
sch ieben  sich näm lich  je  S ekunden  g eg en e in an d er um  0,002738s. D er U n te r
sch ied  zw ischen den beiden  E m p fan g s-M eth o d en  is t ab er je n e r , d aß  bei den 
rh y th m isch en  S ignalen  zw ischen den S ignalan fängen  w eniger, bei den D au e r
signalen  ab e r m ehr Z eit vergeh t, als zw ischen  den S igna lan fängen  d e r in S te rn 
zeit gehenden  U h ren , so daß  m an  bei dem  rh y th m isch en  E m p fa n g  das E nde 
d er K oinzidenz , bei den D au ersig n a len  ab e r deren  A nfang  b e o b a c h te n  m uß. 
B ei einem  rh y th m isch en  Z eitsignal v e ru rsa c h t die U n sich erh e it in  A U  e inen 
F e h le r  von 0,014's, bei dem  k o n tin u ie rlich en  aber 0 ,0027s.

Z u r B eo b ach tu n g  der D u rch g an g s-Z e itp u n k te  d ien te  u n s  ein F av ag  
C hronograph  m it zwei S ch re ib stiften . Bei e iner B an d g esch w in d ig k e it von 1 
cm sec-1 k o n n te n  die D urchgänge  0,018 genau  ausg ew erte t w erd en . Zu einem  
S ch re ib s tift des C hronographs w u rd e  ein C hronom eter, zum  a n d e ren  ein 
T a s te r  angeschlossen , m it w elchem  im  Z e itp u n k t des S o n n en d u rch g an g es der 
S tro m k re is  des S ch re ibstiftes geschlossen w u rd e . Z u r A u ssch a ltu n g  d er S ch re ib 
s t if t-P a ra l la x e  w urden  die R ollen  d e r S ch re ib stifte  je  F e rn ro h rla g e  um ge
ta u sc h t.

2

2.1 Datenverarbeitung

Um  die Z w eckm äßigkeit d er D a te n v e ra rb e itu n g  zu v e ran sch au lich en , 
soll ein vo lls tän d ig es  Z ahlenbeisp iel a n g e fü h rt w erden. Z u r A u sw ertu n g  der 
M eßergebnisse d er M essungen n 1, г 1 sei v o re rs t die B e rech n u n g  des 
U h rs tan d es  u n d  des U hrganges a n g e fü h rt. Im  w eiteren  w erden  die N um m ern  
d er B erechnungsfo rm el, und  falls ein  W e rt von einer T abelle  zu  en tn eh m en  
is t, die bezogene L ite ra tu r  und die e n tsp rech en d e  S e iten n u m er in  der S palte  
d er B em erk u n g en  an g e fü h rt.

2.11 Die B estim m ung  des Standes und  des Ganges der Arbeitsuhr

V or der M essung w ar um  29,612 A u g u st 1971 ein Z e its ig n a l-E m p fan g , 
S en d e r-S ta tio n  D IZ .:
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U T O 14h 40m 44,000s = 14,6789'’ B em erkung :
A us Z e its ig n a l-E m p fan g

т ш  U T O  = + 2 24,680 [1] p,485.

® 0 , G r 22 26 11,849 [1] p.482.

К +  1 20 19.119

= 14 29 39,648
- u 0 14 29 53,000 = 14,498” A us Z e its ig n a l-E m p fan g

2Л = — 0m 13,3520s (14)

Z u r  B e rech n u n g  d er F o rm e l (2):

— sin Я =  +  0 ,0243; -|—  ^  ̂ cos Я =  -(-0,0666 .
15 15

Z u r B e rech n u n g  der F o rm el (1) w erden die W erte  d er G lieder (U T 2  U T C ), 
X , y , A T S in  je  fü n f T agen  angegeben ; so ist die B e rech n u n g  w esentlich  e in facher, 
w en n  sie in ein einziges G lied  zusam m engezogen w erden , und  die Sum m e

( U T 2  U TC ) -  A l  — A T S

w ird  a u f  UTO'1 in te rp o lie rt.

X

У

1971
A ugust 26,0

=  + 0 ,2 4 9 "  
=  + 0 ,3 7 7

1971
A ugust 31,0

+  0,225"
+  0,378

B em erkung

[7] p. В - 1 8 .

( U T 2 — UTC)
-  Л T s

0.0963s 0,0986s .

( U T 2  U T l ) =  + 0 ,0 1 8 4 +  0,0210 [7] p. В - 1 5 .
A l =  + 0 ,0 3 1 1 + 0 ,0 3 0 6 aus (2)

12 =  —0,0468s 0,0470s

A us d en  beiden  W erten  a u f  A u g u st 29,612 in te rp o lie r t:

2:2 =  0,0470s . (15)

I n  d er F orm el (1) is t d e r W ert von (U T C  Sign) -)- v von der S en d e 
s ta t io n  ab h än g ig ; diese w ied er zusam m engezogen: F ü r  S en d esta tio n  D IZ , fü r 
A u g u s t 1971:

( U T C  S ign) =  + 0 ,0000s [7] p. C -1 3 .
v _  -f0 ,0030

2:3 =  + 0 ,0030s (16)
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Schließ lich  w ird d ie  Ä q u in o k tien -G le ichung  täg lich  angegeben:

N '  =
N "  =

( N '  4 - N ")  =

1971
29. A u g u st

4 -0 ,808s
- 0 ,0 1 4

+  0 ,794s 
zl(iV' +  N ”)

1971
30. А u g u s t

+  0.807s I
0,010

+  0,797s 
4-0 ,003s

[1] p. 482.

D ieser W ert w ird  a u f  29,612 A ugust in te rp o lie r t:

^ - A ( N ’ +  JV") =  + 0 , 0018s (17)
24

Schließlich  e rh a lte n  w ir den W ert (1), fa lls die A usdrücke (14, 15, 16, 17) 
zusam m engezogen  w erden :

F ü r  14.498" A U  - 13,394s . (18)

D er Z e its ig n a l-E m p fan g  nach  den  S onnenazim ut-M essungen  erfo lg te 
am  29,751" A ugust 1971, S en d esta tio n  RW M .

U TO  18h 01m 00 ,000s
U „ 17 50 43,966 =  17,846"

D er W ert von (14) is t nun : 

2 1  15,4170s

F ü r  A u g u st 1971, S en d esta tio n  R W M :

(U T C -Sign) =  + 0 , 0752s [7] p . C - 1 3 .
V  = 4-0 ,0060 

2 3  = 4 -0 ,0812s

D er a u f  29,751, 1971 in te rp o lie rte  W e rt:

E L w  +  N " )  =  4 - 0 ,0023s
24

d. h. der W ert von  (1):

fü r  17,846" A U  =  15,380s (19)
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4 3 4 GY. ALPÄR et ul

D e r  G ang  der A rb e itsu h r  n ach  F orm el (3) a u f  G ru n d  von (18) u n d  (19):

j  =  0,5932s/h.

2.12. U m rechnung der Zeit der Beobachtung a u f  die Ephemeriden-Zeit

D  ie a n  der U hr bei d e r M essung abgelesene Z e it sei m it U, die m it F o rm e l 
(4) b e re c h e n b a re  D u rch g an g sze it der S o n n en -B eo b ach tu n g  m it H l ,  d ie m it 
F o rm e l (5) berechenbare E p h e m e rid e n  Zeit m it  E  bezeichnet.D en  b e s te n  
W e r t  f ü r  die A T  E p h em erid en -K o rrek tio n  in d er le tz te n  Form el f in d e t m an  
u n s e re r  M einung  nach in [3] (S e ite  643) m it d er B eze ichnung  J T 0:

F ü r  1971,5 A T n =  +  42 ,002s 
F ü r  1972,5 JT n =  +  43 ,0 1 1 s

Jä h rlic h e -Ä n d e ru n g  +  l,0 0 9 s,a

A u f G ru n d  dessen ist unser W e r t  fü r 29. A ugust 1971 1971,66

A T  - = +  42,02s . (20)

D ie be i M essu ng n = l , i =  1 abgel»;sene U h rze it:

B em erkung
и =  1 5h 43 m 02.28s = 15 ,717h Zeit der MtÎ S S U I lg

= 13,39 aus (18)

ä u -  U „) = — 0,73

H l =  15h 42 m

(ЯОcd (21)

^o,Gr +  0 13 29.03
r n ( H l  +  G ®0,Gr) =  — 2 36,66 [1] p. 488.

A T = +  42,02 A us (20)

E 15h 5 4 m 22.5 5S = 15.9C6211 (22)

D ie  a u f  G rund  der F o rm e ln  (6) und  (7) e rfo lg te  B erechnung, die I n te r 
p o la tio n  d e r  S o n n en -R ek taszen sio n  (R4) u n d  D e k lin a tio n  (D4) in b eg riffen , 
e rfo lg te  m it  dem  M ikro -C om puter C om pucorp B e ta  326 S cien tist, deren  b e 
so n d e re  V o r te ile  fü r diese B e rech n u n g en  n a c h s te h e n d  e rö r te r t  w erden.

2.13

Z u r D u rch fü h ru n g  der R e c h e n a rb e it der g en au en  S o n n en az im u t-B estim - 
inung  sc h ie n  die C om pucorp B e ta  326 S c ien tis t M ik rorechenm asch ine  seh r 
g ee ig n e t. E in  E xem plar w u rd e  u n s  vom  U n g arisch en  F lan d e lsv e rtre te r d er 
F irm a  H U N IC O O P  zuvorkom m enderw eise  zu r V erfü g u n g  gestellt. D a m it 
w ollen w ir  n ic h t  b eh au p ten , d a ß  ein  anderes R e c h e n g e rä t ähnlicher K a p a z itä t  
zu r A n w e n d u n g  bei S o n n en az im u t-B erech n u n g en  n ic h t zw eckdienlich w äre  
(B e n n e t  h ie lt  in  [4] z. B. den  H P  45 T a sc h e n c o m p u te r  fü r diese Zw ecke am  
g e e ig n e te s te n ), aber wir w ollen im  N ach steh en d en  die A u fm erk sam k eit d e r
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Tabelle I/А Tabelle I /В

KEY DISPLAY ST0 ST, ST2 ST3 ST* ST5 ST6 ST, STg

7 CSD
.2 ©
J INPUT ЧБ

< ЧБ

5 INPUT ЧБ 4 5

6 ЧБ 4 5
7 INPUT 4 Б  4 5  5 5 .  HOD
<9 © *
9 © FI

10 ©
11 INPUT ID Cl  3 4 . 0 0 0 0
12 Ü q) D1

13 © D1 FI D1

IA [clear)

15 INPUT 5  4D З Б . 4 0 0 0  ■
16 © D2 __
17 © D2 FI D1 D2

18 [ clear]

19 INPUT 5  I5  0 5 . 1 0 0 0

2 0 © D3

21 © D3 FI D1 D2 D3
2 2 [clear]

23 INPUT 10 3 1  3 4 . 1 0 0 0
2t, ©
25 INPUT 1 5 .
2 6 © 15Б 51 1 0 . 5 0 0 0
2 7 © R2

28 © R2 FI D1 D2 D3 R2

»
(clear)

30 INPUT ID 31 0 3 . 4 1 0 0
31 ©
32 INPUT 1 5 .
33 © 15 1 4 5  5 1 . 1 5 0 0

34 © R 3

35 © R3 F1 D1 D2 D3 R2 R3

36 [clear]

37 INPUT 1 5 . 5 0 Б З
-
3\ © El
3 9 INPUT 3 4 .
AO © E2

Al © E2 F'
A2 © E2 FI D1 D2 D3 R2 R 3 E2

A3 [ clear]

44 ©

45 © D2

46 Q D 2 -

4 7 © D 2 - C

A8 © D 2- CC __
A9 © D2-CC

50 © CCD2

51 Q CCD2 -

52 © CCD2-

53 © CCD3

5A © CCD2-D3)

55 © CCD2-D33X

56 © CCD2-D37X

57 © CE2 _
56 © CCD2—D33X E2)  =  CD6

59 © D 2 - C D 6 +

60 © D2-CD6+C

61 © D2-CD6+CC

62 © D2-CD6+CC

63 © CCD2

64 © CCD2X

65 © 3 3 . 0 0 0 0 0 0 0 0 0
66 © CC2D2-

67 © CC2D2 -

68 © D3

69 Q CC 2D2- D3 -

70 © C C 2 D 2 - D3 -

71 © D1

72 © CC2D2-D3 -  D13 =CD7

73 © CD7X

74 © CD7X

75 © CE2

76
© CE2X __

77 © CE2XC

K E Y d i s p l a y s t 0 S T , S T 2 rS T * S T 5 s t 6 s : 7 S-,g

76 © ( E 2 X C F I D1 D 2 D 3 R 2 R 3 E 2

79 © C C E 2

80

81

C C - E 2

© C C - E 2 +

8 2
и Ш 3  1 . 0

83 © C C 1 - E 2 )

QA © С С 1 - Е 2 3 /

85 Ш 1 3 . 0

8 6 © C D 7 X E 2 X C 1 - E 2 ) / 2  =  D 8
r

8 7 ©  D 2 - C D 6 + D 8 ) = D 4

8 8 GÜD T A N  D 4

89 © 0 . 1 Б Б 3 5 3 Б 5 0

9 0 © D 5 F I D1 D 2 D 3  R 2 R 3 E 2 D 5

91 (clear)

92 ©
93 © R  2

9A © R 2  +

95 © R 2 + C

9 6  © R 2 + C C

9 7 © R 2 - K C

98 © C C R 3

99 Q C C R 3 -

100 © C C R 3 -

101 © C C R 2

102 © C C R 3 - R 2 )

103 . © C C R 3 - R 2 7 X

10A © C C R 3 - R 2 3 X

105 © E 2

106 © ( C R 3 - R 2 J X E 2 )

107 © R 2 + C C R 3 - R 2 ) X E 2 3 = R 4

108 ® a ) R 4

109 © R 4 F I D1 D 2 D 3 R 2 R 3 E 2 D 5 R  4

110 (clear)

111 © C
—

112 I N P U T 1 15 43 40  . 1 5 0 0
m © ( H 1 X

11A I N P U T I 15 .
115 © C H 1 X 1 5 )

116 © C H 1 X 1 5 ) -

117 © C H 1 X 1 5 3 -

ив © R  i

119 © C H 1 X 1 5 3 - R A  =  T1

120 © T1 F 1 D1 D 2 D 3 R 2 R 3 E 2 D 5 R i

121 © T1 F1 D1 D 2 D 3 R 2 R 3 E 2 D 5 T1

122 (clear)

123 ©
12A © T1

125 S I N C T 1 )

126 © S I N C T 1 3 /

127

128 

129

© S I N  CT1D/C

© S I N  CT1D/CC

© S I N C T 1 3 / C C

130 ® C C F 1

131 GÜEI ( C S I N C F 1 )

132 © C C S 1 N C F 1 3

133 © C C S I N C F D X

134 © CCT1

135 (TÔT) C C C O S C T 1 )

136 © t C S I N C F D X C O S  CT13 3 =C T2

137 Q ( T 2 -

138 © C T 2 - C _ _
139 © C T 2 - C

1AO © (C D 5

1A1 © C C D 5 X

1A2 © C C D 5 X

143 © CCF1

144 (côs) C C C O S C F 1 3

145 © C C D 5 X C O S C F m = C T 3

1A6 © C T 2 - T 3 )

147 (HD - C T 2 - T 3 )

1A8 © A 2 E - S I N C T 1 3 / Í T 2 —ТЗЭ

149 CD E B . 333BIB543
150 В1.Э1195Б5ВВ
151 CD
152 & B1 50 4 0 . Б 4 3 1
153 [reset] F1 D1 D 2 D 3 R 2 R 3 E 2 D 5 T1
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sich m it B erechnungen  der h ö h eren  G eodäsie befassenden  K ollegen  a u f  
einige solche E ig en sch aften  des C om pucorp  B eta  326 M odells h in le n k e n , die 
bei an d eren  F ach g eb ie ten  ev. von  g e rin g ere r B ed eu tu n g  sind , fü r u n s  ab er 
einen en tsch e id en d en  V orteil b e d e u te te n .

D ie T a s ta tu r  und  die A n ze ig e -E in h e it des C om pucorp B e ta  326 M icro
co m p u te rs  w erden  an A bb. 7 gezeig t. Als e rs te  w esentliche u n d  unseres 
W issens in der K ateg o rie  so lcher k le in e r  R echenm asch inen  a lle in s te h e n d e  
E ig e n sc h a ft is t die M öglichkeit d e r unmittelbaren  e in fachen  T a s ta tu re in g a b e  
d e r W in k e lw erte  im  F o rm a t von 360° G rad , M inute , S ekunde (im F o lg en d en  
GM S), bzw. d er Z e itw erte  in äh n lich em  F o rm a t. Die gu t ü b ers ich tlich e  E rsc h e i
n u ngsfo rm  dieses GMS F o rm a ts  an  d e r A nzeige-E inheit k a n n  in  S p a lte  »dis
play« der T ab e lle  IA , В b e tra c h te t  w erden . Es sei n u r  nebenbei e rw ä h n t, daß  
w ir die aus g u t le sbaren , 8 m m  g roßen  Z iffern  bestehende A n ze ig ee in rich tu n g , 
g egenüber a n d e ren  L ösungen  fü r  seh r bequem  h a lten .

Als eine an d ere  v o rte ilh a fte  E ig en sch a ft sei e rw äh n t, daß  alle v ie r  G ru n d 
re c h en o p e ra tio n en  im  GMS F o rm a t ohne E in sch rän k u n g  d u rc h fü h rb a r  sind , 
m an  k a n n  sogar die D a ten  in  diesem  F o rm a t speichern  und  au fru fen  u n d  auch 
die sog. R e g is te r-A rith m e tik  (siehe z. B. [6]) k an n  angew endet w e rd en . D as 
A ddieren  u n d  S u b tra h ie re n  d er W in k e lw erte  is t im V erm essungsw esen  oft 
a n g e w a n d t; die gegenseitige U m rech n u n g  d er W inkel- und  Z e itw e rte  is t aber 
bei den B erech n u n g en  der h ö h eren  G eodäsie eine häu fig  v o rk o m m en d e  A uf
gabe. W enn h ie rzu  noch b e rü c k s ic h tig t w ird , daß  alldies m it d iesem  Micro- 
co m p u te r  m it 0,0001" »R echenschärfe«  d u rch g e fü h rt w erden  k a n n  (siehe 
w ieder die »display« S pa lte  d er T ab e lle  lA .B ) ,s o  is t es o ffen sich tlich , d aß  den 
E rfo rd e rn issen  d e r  höheren G eodäsie h ier w eitg eh en d  en tsp ro c h e n  w erden  
k an n .

E in  w e ite re r, ev. n ich t in so lchem  M aße a lle in steh en d er V orte il d e r Com 
p ucorp  B e ta  326 M ik ro rechenm asch ine  is t. daß  die M ik ro p ro g ram m e der 
W in k e lfu n k tio n en  e rs tau n lich  g enau  s ind  (w ahrschein lich  ist die L age bei den 
ü b rig en  m ik ro p ro g ram m ierten  F u n k tio n e n  äh n lich ; diese w aren  a b e r  bei d ieser 
A rb e it n ich t e rfo rd e rlich ) und  sie sin d  lau t unseren  U n te rsu ch u n g en  z. B . m it 
den  zw ölfstelligen T abe llen  [10] g le ichw ertig . Es b ed e u te t einen  g ro ß en  V or
te il u n d  eine rech en tech n isch e  S ich erh e it bei den  m it M ik rom asch inen  d u rc h 
g e fü h rten  trig o n o m etrisch en  B e rech n u n g en , daß  es sich bei dem  A ufsuchen  
d er W in k e lfu n k tio n en  bzw. deren  A rg u m en ten  k au m  u m  ein S u ch en , so n d ern  
eher um  die B e tä tig u n g  von e iner bzw . von zwei T as ten  h a n d e lt, u n d  die In te r 
p o la tio n , die ü b rig en s oft die Q uelle von  „m en sch lich en ”  I r r tü m e rn  is t , ab so lu t 
e n tfä llt .

D ie ü b rig en  allgem einen K e n n w e rte  des C om pucorp B e ta  326 S c ien tis t 
M ik rocom pu ters können  w ir ku rz  fo lg en d e rm aß en  zu sam m en fassen : E r  k an n  
m it e in fachen  T a s ta tu re in g ab e-S eq u en zen  p ro g ram m ie rt w erden  m a n  p fleg t 
d ies wegen dem , in T abelle 1A, В s ic h tb a re n  P ro g ra m m -S c h re ib fo rm a t auch
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» N o tizb u ch -P ro g ram m ieru n g «  (english sc ra tc h p a d  p rogram ing) zu n e n n e n ,— 
das ü b e rau s  leicht e r le rn t  w erden  kann ; im  K e rn -S p e ich e r des M icrocom puters 
k ö n n e n  160 P ro g ra m m sc h r it te  (d.h. T a s te r-B e tä tig u n g en )  und  12 Z ah lenw erte  
m it 10 D ezim alstellen  g le ichzeitig  gespeichert w erd en ; es is t auch  eine A n 
sch lußm ög lichkeit e ines K ase tten -M ag n e tb an d -S p e ich ers  v o rh an d en  (die 
P e rip h e rie -E in h e it T y p  392), an der u n g e fä h r 100 000 P ro g ram m -S ch ritte , 
o d e r 9000 Z ah lenw erte  so g espeichert w erden  k ö n n e n , daß  zw ischen dem M ikro
c o m p u te r  und dem M ag n e tb an d -S p e ich er eine in te ra k tiv e  V erb in d u n g  hohen  
G ra d e s  hergestellt w e rd e n  k a n n ; der M ic ro co m p u te r  is t m it m ehr als 100 
s e h r  w irkungsvo llen , a llg em ein  b rau ch b aren , a u f  T a s te rn  »konfektionierten« 
[d .h . in  sog. ROM (R e a d  O nly  Memory) v o rp ro g ra m m ie rten ] M ik rop rog ram 
m en  versehen , von  w e lch en  z.B. die au f QMS F o rm a t und  a u f  die trigo- 
n o m e tr isc h e n  F u n k tio n e n  bezogenen schon b esp ro ch en  w urden ; die H a n d 
h a b u n g  des M ik ro co m p u te rs  ist a lgebraisch  o r ie n tie r t , sie is t auch  zur 
A n w e n d u n g  bei v ie r fa c h e n  K lam m erau sd rü ck en  u n m itte lb a r  geeignet u n d  
is t  ausgesprochen a u f  w issenschaftliche B erech n u n g en  e ingeste llt [6]. 
D er M ikrocom puter is t  m it den e in g eb au ten  u n d  a u flad b a ren  B a tte r ie n  
au ch  im  Felde, sa m t d en  K ase tten -M ag n e tb an d  P erip h erien  a rb e its fäh ig  und  
k a n n  m it Hilfe der e n tsp re c h e n d e n  P rog ram m e (d ie von  der F irm a  C om pucorp 
au c h  fertig  geliefert w e rd e n )  auch als d ig ita le  S to p p u h r  angew endet w erden.

2.2 Sonnenazimut Berechnung

W ie bereits am  E n d e  von A b sch n itt 2.12 e rw ä h n t, w urde die In te r 
p o la tio n  der R4, D 4 W e r te ,  sowie die L ö su n g  d e r G leichungen (6) u n d  (7) 
m it  dem  Com pucorp 326 S c ien tis t M ik ro co m p u te r d u rch g efü h rt. D ie T a s te r 
seq u en z  des C o m p u ters , d ie  am A nzeige-R eg ister (d isp lay) n ach e in an d er e r
sche inenden  W erte  u n d  d ie  in  den D a ten -S p e ich ern  v o rh an d en en  Z ah len -W erte  
w e rd e n  in Tabelle IA , В gezeigt. In  der d isp la y -S p a lte  w erden  die bei der 
B erech n u n g  der M essu n g en  N r. n =  1, i =  1 e rsch e in en d en  W erte  angegeben.

Die ausführliche  E in g a b e  der W in k e lw erte  h ab en  w ir in den S ch ritten  
3 6 gezeigt, bei w e ite re n  in p u t-S te llen  w urde  d ie  ausfüh rliche  W inkele ingabe
n ic h t  m ehr angegeben.

Die S chritte  11, 15, 19 geben die W erte  d e r  sche in b aren  Stelle d er S on
n e n d ek lin a tio n  fü r die m it (x  1), .r und  (л: -\- 1) b e z e ic h n te n  Tage a u f  die 
0h E p h em erid en ze it ( D l ,  D 2 und D3) an , v o ra u sg e se tz t, daß die M essung 
am  x -te n  Tag im Z e i tp u n k t  E l  erfolgte. Die S c h r i t te  23 und  30 sind die W erte  
d e r  S o n n en -R ek taszen sio n  a u f  die 0h E p h e m e rid e n ze it des m it x und  (x  -|- 1) 
b eze ich n e ten  Tages (R 2 ,R 3 ) . (Die gen an n ten  W e rte  w urden  den e n tsp rech en 
d en  S p a lten  von [2] S e ite  20 und  21 en tn o m m en .)

In  den S c h ritte n  37 42 w urde die U m re c h n u n g  der E p h em erid en ze it
E l  a u f  Z ehnteltage d u rc h g e fü h r t.
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In  den S c h ritte n  44 87 e rfo lg t die B erech n u n g  d e r S onn en -D ek lin a tio n ,
a u f  Z e itp u n k t (*d -f- E2) b ezogen , m it In te rp o la tio n  zw eiten  G rades m it d er 
F orm el :

D 4 1)2 ((D2 - D 3 )x E 2 )  +  ((D2. x 2  -  D3 -  D l )  x K 2  x ( l  E 2 ) /2 )=

=  D2 (D(> +  1)8) . (23)

In  den  S c h ritte n  92 107 w ird  die In te rp o la tio n  d er S o n n en rek taszen sio n  a u f
den  Z e itp u n k t (я;'1 -f- E2) d u rc h g e fü h rt:

R 4 =  R2 +  ((R 3 -  R 2) x  E 2 ) . (24)

In  den S c h ritte n  111 ' 119 e rfo lg t die B erech n u n g  des S tundenw inke ls d er 
Sonne au f G ru n d  der F orm el (6); in den S c h ritte n  124 148 w ird m it H ilfe
d er Form el (7) d e r T angens des a u f  die S o n n en m itte  bezogenen  A zim uts b e 
rech n e t.

Es sei b e m e rk t, daß d e r S c h r it t  147 zur B e rech n u n g  bei i — 1 n u r  in  
jen em  Falle n ö tig  is t, wenn d e r  W inke lw ert a u f das zw eite  oder v ie rte  V ie rte l 
f ä ll t ;  in d iesem  F alle  m uß  m a n  diesen S c h r it t  w egen  E in d eu tig k e it d e r 
w eiteren  B erechnungen  an w en d en .

Im  S c h r itt  152 e rh a lten  w ir den W ert von  A 3. N ach  B eend igung  d er 
B erechnung  d e r B eo b ach tu n g  N r. i — 1 (S c h ritt N o. 153) erfo lg t die B e rech 
n u n g  der w eite ren  M essungen v o n  gleichem  S ta n d p u n k t  aus am  seihen T ag . 
In  diesem  F a lle  k eh ren  w ir zu S c h r it t  37 zu rü ck  u n d  die B erechnung  d e r 
B eo b ach tu n g  N r. i =  2, 3 . . . n  w ird  h ier beg innen . W enn  die B erech n u n g  
von  B eo b ach tu n g en  am g le ichen  S ta n d p u n k t, je d o c h  an  anderen  m it x  b e 
z e ic h n te n  T ag en , d u rc h g e fü h rt w ird , d ann  w erden  d ie neuen  (x  — 1), x  u n d  
{x -f- 1) täg lich en  D ek lin a tio n en  u n d  R ek taszensionen  v o m  S c h ritt  N r. 11 a u s 
gehend  e in g e fü h rt u n d  die B e rech n u n g  so w e ite rg e fü h rt.

Es w urden  säm tliche in p u t-W e rte  der M essungen  i 160 in S p a lten  3 
u n d  4 und die m it C om puter b e rech n e ten  A 3-W erte  in  S p a lte  5 in T abelle  I I  
zu sam m en g este llt. D er S c h ritt N r. 147 w urde v o n  d e r M essung i =  7 a n g e fa 
ngen  in  d e rB e rech n u n g  an g ew en d e t.

3. D ie Z u sa m m en ste llu n g  der m it H ilfe der S on n e erfolgten  
Z eita z im u t-B eo b a ch tu n g en

In  S p a lte  6 d e r T abelle  I I  w urden  die W e rte  ( V r  Vp) »je h a lb e  
F ern rohrlage« , d. h . je  M essung zusam m en g este llt; n a tu rg e m ä ß  w urden  bei 
e in er jeden  O rien tie ru n g  die S u m m en  von je  zwei A b lesungen  v o n e in an d e r 
su b tra h ie r t. In  d e r  le tz ten  S p a lte  d er T abelle w u rd en  die W erte  der F o rm el

A S  =  A 3  +  ( V T -  V p ) (25)
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T abelle  II

i \ E , Г7. 1 p A

1 15.90621’ 15h42m48,16s +  87°58'40,6437" 138°09'30,9" 226°08'11.54
2 15.9180 15 43 30,32 88 06 23,6750 138 01 45,0 226 08 08.68
3 15,9839 15 47 28,54 88 49 54.8137 137 18 18,3 226 08 13,11

4 15,9950 15 48 08.67 88 57 13,8346 137 10 58.8 226 08 12,63

5 16,0606 15 52 05,50 -f 89 40 20,1021 136 27 49,3 226 08 09.40

6 16.0707 15 52 41,76 89 46 55,3976 136 21 15,0 226 08 10,40

7 16.1451 15 57 10,50 - 8 9  24 19,9227 136 32 27,2 46 08 07,28

8 16,1564 15 57 51.15 89 16 58.2788 135 25 08,2 46 08 09,92

9 16.2459 16 03 14,70 88 18 29.2259 134 26 36,5 46 08 07,27

10 16,2574 16 03 55,91 88 11 03,0348 134 19 11,6 46 08 08,57

11 16.3133 16 07 17,56 87 34 41,8087 133 42 48.6 46 08 06,79

12 16.3227 16 07 51.42 87 28 35,8785 133 36 41,8 46 08 05.92

13 16.3772 16 11 08.18 - 8 6  53 11,1305 133 01 15,1 46 08 03,97

14 16.3869 16 11 43,60 86 46 48.9112 132 54 56.2 46 08 07.29

15 16,4444 16 15 10.76 86 09 35.0787 132 17 45,5 46 08 10,42

16 16.4536 16 15 43,96 86 03 37.3012 132 11 50.8 46 08 13,50

17 16,4968 16 18 20.23 - 8 5  35 33,9793 131 43 41,7 46 08 07,72

18 16,5063 16 18 54.39 85 29 26,1658 131 37 39.0 46 08 12,83

19 16.5544 16 21 47,68 84 58 20.9651 131 06 28,8 46 08 07,83

20 16.5645 16 22 24,44 84 51 45.4174 130 59 49.9 46 08 04,48

21 16.6253 16 26 04.46 84 12 18,7340 130 20 20.9 46 08 02.17

22 16,6360 16 26 42.49 84 06 29,7871 130 13 35,1 46 08 05.31

23 16.6831 16 29 32,60 83 35 00,6849 129 43 09.3 46 08 08,62

24 16.6911 16 30 01.62 83 29 48,6707 129 37 59,6 46 08 10,93

25 16.7304 16 32 23,19 83 04 26.6307 129 12 29.5 46 08 02,87

26 16.7423 16 33 06.44 82 56 41.6278 129 04 54.2 46 08 12.57

27 16,7944 16 36 14,09 82 23 04.0219 128 31 13,7 46 08 09,68

28 16.8039 16 36 48.75 82 16 51.2981 128 25 01.8 46 08 10,50

29 16,8520 16 39 42.14 81 45 46.4591 127 53 59,6 46 08 13,14

30 16.8618 16 40 17,65 81 39 24,4527 127 47 34,2 46 08 09,75

31 16.9084 16 43 05.83 81 09 14,7495 127 17 24,0 46 08 09.25

32 16.9195 16 43 46.44 81 01 57.6040 127 10 06,6 46 08 09,00

33 14.3208 14 11 21,34 +  68 58 48,8097 157 09 07,9 226 07 56,71

34 14,3375 14 12 21,87 69 11.58.0567 156 56 01,6 226 07 59,66

35 14,4031 14 16 18,33 70 03 00,9550 156 05 19,6 226 08 20,56

36 14,4126 14 16 52,51 70 10 21,0710 155 57 52,5 226 08 13,57
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n i E 3 f / , VT У P Л

37 14,S652h 14h26"'03,628 +  72°07'10,0285" 154°0Г02,9" 226°08'12,93"

10
38 14,5747 14 26 38.19 72 14 24,3889 153 53 37,3 226 08 01,69

39 15,1497 15 01 14,05 79 12 38,1293 146 55 19,6 226 07 57,73
40 15,1620 15 01 58,01 79 21 11,4799 146 46 56,3 226 08 07,78

41 15.2053 15 04 34,37 +  79 51 30,5807 146 16 36,4 226 08 06,98

11
42 15.2158 15 05 12,33 79 58 51,0727 146 09 19,4 226 08 10,47

43 15.2641 15 08 06,84 80 32 30,1129 145 35 45,0 226 08 15,11

44 15.2754 15 08 47,72 80 40 21,6914 145 27 51,1 226 08 12,79

45 15.3194 15 11 26,67 +  81 10 50.3827 144 57 23,7 226 08 14.08

12
46 15,3287 15 12 00,00 81 17 12,8574 144 50 59,4 226 08 12,26

47 15,3718 15 14 35,08 81 46 48,1790 144 21 20,4 226 08 08,58

48 15,3834 15 15 17,21 81 54 49,2870 144 13 20,6 226 08 09,89

49 15.4269 15 17 54,41 4  82 24 40,0088 143 43 30,9 226 08 10.91

13
50 15.4357 15 18 26,34 82 30 42,9061 143 37 28,4 226 08 11,31
51 15.4865 15 21 29.79 83 05 22,5644 143 02 39,3 226 08 01.86

52 15,4959 15 22 03,37 83 11 42,2699 142 56 25,7 226 08 07,97

53 15.5415 15 24 48,34 +  83 42 43,5927 142 25 28,4 226 08 11.99

14
54 15.5503 15 25 20,00 83 48 40,0250 142 19 28.8 226 08 08,83
55 15,6043 15 28 35,05 84 25 10.6427 141 42 56,2 226 08 06,84

56 15,6149 15 29 13,14 84 32 17,3850 141 35 54,7 226 08 12,09

57 15,6535 15 31 32.46 +  84 58 15.4866 141 09 50,0 226 08 05,49

15
58 15,6623 15 32 04,07 85 04 08,3952 141 03 57,9 226 08 06,30

59 15,7147 15 35 13,28 85 39 16,3850 140 28 53,2 226 08 09,59

60 15,7231 15 35 43.50 85 44 52,3689 140 23 17,3 226 08 09,67

61 15,7704 15 38 34,43 +  86 16 29,3347 139 51 41.3 226 08 10,63

16
62 15,7795 15 39 07,59 86 22 36,6891 139 45 31,9 226 08 08,59
63 15.8259 15 41 54,44 86 53 21,8660 139 14 47,7 226 08 09,57

64 15,8348 15 42 27,31 86 59 24.8033 139 08 45,6 226 08 10,40

65 15,8759 15 44 54,99 +  87 26 32,9196 138 41 30,7 226 08 03,62

17
66 15,8852 15 45 29.00 87 32 47,3585 138 35 21,0 226 08 08,36

67 15,9274 15 48 01,02 88 00 38,6239 138 07 32,3 226 08 10,92
68 15,9361 15 48 32,60 88 06 25,3483 138 01 41.1 226 08 06.45

69 15,9824 15 51 19,49 +  88 36 55,0800 137 31 16.3 226 08 11,38

18
70 15,9911 15 51 51,09 88 42 41,0737 137 25 27,7 226 08 08,77

71 16,0336 15 54 24,80 89 10 42.0174 136 57 28,4 226 08 10,42

72 16.0424 15 54 56.38 89 16 26.9569 136 51 43,4 226 08 10,36
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n *• H, A У  T Уp A

73 16.0843*' 15h57"'27 ,638 +  89°43'57,2330" 136°24'11.5" 226°08'08,73"

19
74 16,0938 15 58 02,01 89 50 11,9473 136 18 01,6 226 08 13,55

75 16,1358 16 00 33.60 — 89 42 17,5620 135 50 26,7 46 08 09,14

76 16.1440 16 01 03,04 89 36 57,3403 135 45 04,0 46 08 06,66

77 16,1899 16 03 49.99 -8 9  06 43.1295 135 14 55,5 46 08 12,37

78 16,1982 16 04 18,87 89 01 29,6449 135 09 37,9 46 08 08,26
20

79 16,2448 16 07 07.00 88 31 06,0394 134 39 17,2 46 08 11,16

80 16,2533 16 07 37,66 88 25 33,7770 134 33 48,0 46 08 14,22

81 16,2909 16 09 53,69 - 8 8  01 00,6050 134 09 10,0 46 08 09,39

82 16,2995 16 10 24,30 87 55 28,7978 134 03 42,2 46 08 13,40
21

83 16,3403 16 12 51,73 87 28 54,7874 133 37 03,8 46 08 09,01

84 16,3484 16 13 21,16 87 23 36,6711 133 31 45,3 46 08 08,63

85 16,3884 16 15 45,24 -  86 57 40.1825 133 05 53,2 46 08 13,02

86 16,3965 16 16 14,78 86 52 21,2168 133 00 30,2 46 08 08,98
22

87 16,4464 16 19 14,64 86 20 00,3174 132 28 09,0 46 08 08,68

88 16.4553 16 19 47,04 86 14 10,8582 132 22 24,6 46 08 13,74

89 16,4931 16 22 03,20 -  85 49 42,8712 131 57 56,2 46 08 13,33

90 16,5018 16 22 34,50 85 44 05,5330 131 52 19,0 46 08 13,47
23

91 16,5470 16 25 17,91 85 14 44,9497 131 22 57,8 46 08 12,85

92 16,5551 16 25 46,90 85 09 32,7174 131 17 40,1 46 08 07,38

93 16,5939 16 28 07,18 —84 44 22,1387 130 52 37,0 46 08 14,86

94 16.6018 16 28 35,68 84 39 15,3040 130 47 23.0 46 08 07,70
24

95 16,6444 16 31 09,59 84 11 38,5495 130 19 50,5 46 08 11,95

96 16,6521 16 31 37,13 84 06 42,1460 130 14 56,1 46 08 13,95

97 16,6886 16 33 49,41 - 8 3  42 58.5011 129 51 09,3 46 08 10,80

25
98 16,6993 16 34 27,56 83 36 07,9614 129 44 20,6 46 08 12,64

99 16.7401 16 36 55,24 83 09 38,6756 129 17 51,3 46 08 12,62

100 16.7472 16 37 20,57 83 05 06,0896 129 13 10,9 46 08 04,81

101 16,7908 16 39 57,87 - 8 2  36 53,1333 128 45 05,1 46 08 11,97

26
102 16,7996 16 40 29,40 82 31 13,7466 128 39 20,0 46 08 06,25

103 16,8435 16 43 08,34 82 02 42,6694 128 10 55,1 46 08 12,43

104 16,8523 16 43 39,72 81 57 04,7953 128 05 17,5 46 08 12,70

105 16,8939 16 46 09 97 - 8 1  30 06,5713 127 38 16,4 46 08 09,83

106 16,9011 16 46 36,05 81 25 25.6088 127 33 40,5 46 08 14.89
27

107 16.9351 16 48 39.02 81 03 20,5100 127 11 30,1 46 08 09,59

108 16.9435 16 49 09,20 80 57 55,2122 127 06 04,2 46 08 08,99
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n E, Я, 1 V1-Vp A

109 16.97771' 16h51m12,50s — 80°35'45,7747" 126°43'56,2" 46°08'10,43"

28
110 16,9852 16 51 39,68 80 30 52,6135 126 38 58,6 46 08 05,99
111 17,0260 16 54 06,97 80 04 23,3007 126 42 32,3 46 08 08,90
112 17,0341 16 54 36,31 79 59 06,5622 126 07 14,8 46 08 08,24

113 6,2934 6 12 20,55 78 08 48,9384 304 16 49,9 226 08 00,96

29
114 6,3075 6 13 11.36 77 58 48,8024 304 06 46,9 226 07 58,10
115 6,3551 6 16 02,78 77 24 57,0500 303 33 07,6 226 08 10,55
116 6,3657 6 16 41.26 77 17 19,4058 303 25 31,2 226 08 11.79

117 6,4302 6 20 33,86 76 31 01,1351 302 39 13,4 226 08 12,26
118 6,4396 6 21 08,20 76 24 09.1384 302 32 23,5 226 08 14,36

30
119 6,4931 6 24 21,33 75 45 23,1491 301 53 24,3 226 08 01,15
120 6,5037 6 24 59,79 75 37 38,1033 301 45 40,3 226 08 02,20

121 6,5544 6 28 02,46 -7 5  00 40.7649 301 08 43,5 226 08 02,74

31
122 6,5625 6 28 31,60 74 54 45,7193 301 02 46,5 226 08 00.78
123 6,6087 6 31 18,65 74 20 43,1134 300 28 57,7 226 08 14,59
124 6,6189 6 31 55,33 74 13 12,9406 300 21 28,7 226 08 15,76

125 6,6555 6 34 07,61 - 7 3  46 04,3576 299 54 21,5 226 08 17,14

32
126 6.6651 6 34 42,40 73 38 54,6917 299 47 08,4 226 08 13,71
127 6,7139 6 37 38,38 73 02 32,5703 299 10 37,4 226 08 04,83
128 6,7238 6 38 14,01 72 55 08,9648 299 03 08,5 226 07 59,54

129 6,7688 6 40 56,21 72 21 21,6806 298 29 24,2 226 08 02,52

33
130 6,7786 6 41 31,71 72 13 56,2386 298 21 53,6 226 07 57,36
131 6,8225 6 44 10,12 71 40 40,8266 297 48 54.6 226 08 13,77
132 6.8323 6 44 45,42 71 33 14,4243 297 41 29,2 226 08 14,78

133 6.8781 6 47 31,00 70 58 11.8272 297 06 26,3 226 08 14,47

34
134 6,8861 6 47 59,95 70 52 02,7228 297 00 19.6 226 08 16.88

135 6,9368 6 51 02,96 70 12 58,9622 296 23 1 1,4 226 08 12,44
136 6,9450 6 51 33,26 70 06 29,1905 296 14 31,8 226 08 02,66

137 7,0234 6 56 15,66 -  69 05 31,3825 295 13 33,0 226 08 01,62
138 7,0315 6 56 44,62 68 59 13,7164 295 07 13,5 226 07 59,78

35
139 7,0699 6 59 03,50 68 28 55,7569 294 37 15,2 226 08 19,44

140 7,0791 6 59 36,43 68 21 43,0393 294 30 00,3 226 08 17,26

141 7,1283 7 02 34,19 67 42 35,9144 293 50 53,6 226 08 17,69

142 7,1364 7 03 03,48 67 36 07.3317 293 44 31,3 226 08 23,97
36

143 7,1764 7 05 27,80 67 04 04.9486 293 12 09,2 226 08 04,25

1 144 7,1843 7 05 56,42 66 57 42,1763 293 05 51,6 226 08 09,42
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n i E , H, --1» V T - V p A

145 15,0836 h 15l’0 l " 'l l , 7 0 8 +  78°13 '44.7048" 147°54'24,5" 226°08'09,20"

146 15.0915 15 01 40,42 78 19 22.4101 147 48 50.2 226 08 12.61
37

147 15,1383 15 04 29.13 78 52 20.2568 147 15 55,7 226 08 15,96

148 15,1466 15 04 59,15 78 58 11.1594 147 09 55,9 226 08 07,06

149 15,1841 15 07 15,66 +  79 24 46,7919 146 43 27,4 226 08 14.19

150 1.5,1935 15 07 48,64 79 31 06,5900 146 37 00,4 226 08 06.99
38

151 15,2576 15 11 39,76 80 15 45,1044 145 52 23,5 226 08 08,60

152 15,2656 15 12 08,88 80 21 21,3896 145 46 46.4 226 08 07,79

153 15,6578 15 35 44,72 +  84 49 05,0806 141 19 06,0 226 08 11,08

154 15.6661 15 36 14.46 84 .54 37.1796 141 13 36.1 226 08 13,28
39

155 15,7035 15 38 29,50 85 19 42.8068 140 48 31.9 226 08 14,71

156 15,7120 15 39 00,09 85 25 23,3365 140 42 45,4 226 08 08,74

157 15,7493 15 41 15,03 +  85 50 23,2605 140 17 51.9 226 08 15,16

158 15,7571 15 41 42.97 85 55 33,3645 140 12 40.4 226 08 13,76
4(1

159 15,8032 15 44 29.30 86 26 16.3965 139 41 53.5 226 08 09.90

160 15,8117 15 45 00.13 86 31 57,4480 139 36 20,2 226 08 17.65

je  M essung  zu sam m en g este llt; dies is t ein  so lcher v o rläu figer A z im u tw ert d er 
te r re s tr is c h e n  R ic h tu n g , d e r den A u fste llu n g sfeh le r der S tehachse , einen  ge
w issen  Teil der F e rn ro h rk o llim a tio n  u n d  die W irk u n g  der täg lich en  A b e rra tio n  
e n th ä l t .

In  Tabelle I I I  w u rd en  satzw eisen  M itte lw e rte  der A 5  W erte  zusam m en g e
s te l l t ,  die schon von dem  K o llim a tio n sfeh le r des F e rn ro h res  b e fre it sind , w oraus 
a u f  G ru n d  der F o rm eln  (8) bzw . (13) die sa tzw eisen  A z im u tw erte , sowie deren  
M itte lw e r te  b e rech n e t w e rd en ; dies soll vom  m o m en tan en  Pol a u f  den  m ittle re n  
P o l m it der Form el

d a p =  (X sinA -  y  cosÂ) sec <p

u m g e re c h n e t w erden.
D er M itte lw ert d e r 40 S ätze is t:

46° 08' 08,72" (fü r  A ugust 30,74; 1971)

zlap =  -  0,67"

A  =  46° 08' 08,05" ±  0,46"

(26)

(27)

E s  sei b em erk t, d aß  d e r aus n =  40 S ä tz e n  b erechne te  m ittle re  F eh le r 
e in es  S a tzes  lau t u n se ren  B erech n u n g en  d en  W e rt ^  2,89" ergab .
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n

1
2
3
4
5
6

7
8
9

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

AZIMUT В ESTI М MU NC 4 4 3

Tabelle  III
Mittelwert

А ь -(‘«К г-аЬЬ) А 1

46°08'11,49" 2,34" 46°08/13,83" — 5,11'
08 09,25 • 1,53 08 10*78 2,06
08 07,14 +  0.66 08 07,80 ! 0,92
08 08,80 +  0,21 08 09,01 0,29
08 08,22 0,57 08 07,65 -  1,07
08 06,76 0.26 08 06,50 +  2,22
08 08,91 0,22 08 08,69 +  0.03
08 10,29 0,08 08 10.21 1.49
08 07,62 1.4.3 08 06,19 +  2,53

46 08 05,03 3,74 46 08 01,29 ; 7,43
08 11.34 +  1,10 08 12,44 3,72
08 11,20 0,48 08 10,72 2,00
08 08,01 2,38 08 05,63 • 3,09
08 09,94 0,91 08 09.03 0,31
08 07,76 1,12 08 06,64 +  2.08
08 09.80 1,46 08 08,34 +  0,38
08 07,34 1,88 08 05,46 +  3,26
08 10,23 1.42 08 08,81 0.09
08 09,52 1.72 08 07,80 1 0.92

46 08 11,50 1.05 46 08 10,45 1,73
08 10,11 0,71 08 09,40 0,68
08 11,11 0,52 08 10,59 1.87
08 11,76 0,57 08 11,19 2,47
08 12,12 0,46 08 11,66 2,94
08 10,22 0.43 08 09,79 1.07
08 10,84 0,34 08 10,50 1.78
08 10,83 0,25 08 10,58 1.86
08 08,39 0,16 08 08,23 +  0,49
08 05,35 4,51 08 00,34 +  7,88

46 08 07,49 1,20 46 08 06,29 +  2,43
08 08,47 -0,68 08 07,79 +  0,93
08 08,81 1.16 08 07,65 +  1.07
08 07,11 2,70 08 04,41 +  4.31
08 11.61 1,83 08 09.78 1.06
08 09,53 0,40 08 09,13 0,41
08 13,83 +  1,16 08 14.99 6,27
08 11,21 2,70 08 08,51 +  0,21
08 09,39 2.44 08 06,95 + 1,77
08 11,95 1,22 08 10,73 2,01

46 08 14,12 1,46 46 08 12,66 3,94

M ittelwert: 46 08'08,72" +  0,46"
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3.1 Vergleich der Sonnenazi m u t -Beobachtung m it den Beobachtungen des Polar
sterns

A u ß e r  tien  in  P u n k te n  1.3 b esch rieb en en  S o n n en az im u t-B eo b ach tu n g en  w urde  
vom  g le ich en  S ta n d p u n k t aus am  26. A u g u st 1971 m it einem  T h eo d o lit W ild 
T4 d ie  A z im u tb es tim m u n g  m it H ilfe des P o la rs te rn s  d u rc h g e fü h rt (siehe 
T ab e lle  IV . Es w urde derselbe te r re s tr isc h e  P u n k t angezielt; d e r M itte lw ert 
d e r n =  12 S ätze is t:

46° 08 ' 09,01" (fü r A u g u st 26,24; 1971)

zlap — 0,68

A  =  46° 08' 08,33" ±  0,24 (28)

B ei den  P o la rs te rn -M essu n g en  e rgab  sich der m ittle re  F e h le r  eines Satzes 
aus n  — 12 Sätzen  fü r ^  0,85".

D ie  W erte  (27) und  (28) v erg lichen , k o n n te n  w ir die F o lg e ru n g  ziehen, 
d aß  im  F a lle  von genügenden  W ied erh o lu n g en  auch  die m it H ilfe  d e r Sonne 
d u rc h g e fü h r te  Z e ita z im u t-B e o b ac h tu n g  ein  ähn lich  gu tes E rg eb n is  lie fert, 
wie d ie  P o la rs te rn -B e o b a c h tu n g , v o ra u sg e se tz t, daß  die geograph ischen  
K o o rd in a te n  des S ta n d p u n k te s , v o r a llem  d er präzise W ert v o n  X b e re its  
b e k a n n t  sind , weil der aus d er S o n n en -B eo b ah c tu n g  b e rech n e te  A zim u t m it 
dem  W e r t  von  X seh r s ta rk  k o rre lie r t is t.

In  diesem  Z u sam m en h an g  e rw äh n en  w ir unseren  V orschlag : ln  K e n n tn is

T abelle IV

Mittelwert
( Azimut-Messung mit dem Polarstern, die Zusammenstellung der Mittelwerte der Sätze)

n 4 , -(ic tg  z-abb) A V

1 4 6 ° 0 8 '0 9 ,8 9 " - 1 , 8 0 " 4 6 ° 0 8 '0 8 ,0 9 " +  0 ,9 2 "

2 0 8  0 3 ,8 4 + 2 , 1 0 0 8  0 7 ,9 4 +  1 .0 7

3 0 8  0 8 ,2 4 +  0 ,6 9 0 8  0 8 ,8 3 +  0 .1 8

4 0 8  0 7 ,7 3 +  1 ,2 7 0 8  0 9 ,0 0 ■ 0 .0 1

5 0 8  0 4 ,7 1 +  2 ,7 3 0 8  0 7 ,4 4 +  1 ,5 7

6 0 8  0 9 ,4 5 +  0 ,0 9 0 8  0 9 .5 4 - 0 , 5 3

7 0 8  0 9 ,4 3 +  0 ,6 9 0 8  1 0 .1 2 —  1 ,1 1

8 0 8  0 7 ,8 4 +  1 ,9 1 0 8  0 9 ,7 5 - 0 , 7 4

9 0 8  0 5 ,7 8 +  2 .8 4 0 8  0 8 ,6 2 +  0 ,3 9

10 0 8  0 7 ,5 3 +  1 .7 3 0 8  0 9 ,2 6 -  0 ,2 5

11 0 8  0 7 ,1 3 +  2 ,7 5 0 8  0 9 .8 8 - 0 , 8 7

12 0 8  0 6 ,6 9 +  2 .9 5 0 8  0 9 ,6 4 - 0 . 6 3

M itte lw ert: 4 6 ° 0 8 '0 9 ,0 1 " +  0 .2 4 "
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des N äh eru n g sw ertes  X0 des S ta n d p u n k te s , sowie m it genügend  viel S ä tzen  
von S o n n en az im u t-B eo b ach tu n g en  und  P o la rs te rn -B e o b a c h tu n g en , aus den 
D ifferenzen  d e r b e rech n e ten  A zim ute , k an n  d er E rg än zu n g sw ert AX der 
geograph ischen  Länge u n d  d e r  genaue A z im u tw ert A  ab g e le ite t w erden . A us 
der F eh le rg le ichung  au f S. 667 in  [12] k ann  m an  n ach  S u b s titu tio n  von  dcp 0, 
dö =  0 u n d  dt dX fo lgendes au fschre iben :

dA  =  (sin  cp -(- ctgz cos A d cos cp) dX (29)

w orin A d d ie n ach  Süden o r ie n tie r te  A zim u tb eze ich n u n g  is t.
F a lls  b e rech n e t w ird , w elche Ä nderung  im  W e rt d A  d e r Ä n d eru n g  d).

=  I s = 15" en tsp ric h t, so is t  bei d er M essung N r. (i =  1) d er A z im u tb estim - 
m ung  m it H ilfe  der Sonne B , +11.02 ''^s im d bei d er M essung N r. (i 52) 
.Bj =  —|— 10,79 ',/s. Bei P o la rs te rn -M essu n g en  e n tsp r ic h t dem  dX =  I s bei dem  
Satz  (re 1) ab e r eine Ä n d e ru n g  von B., =  -f- 0 ,31"/s u n d  bei dem  S a tz  (re 
=  12) eine Ä nderung  von B 2 =  -)- 0,28"^s.

Z ur ta tsä c h lic h e n  B es tim m u n g  des E rg än zu n g sw ertes  d er g eo g rap h i
schen L änge w ird  folgendes em pfoh len . M an b e re c h n e t a u f  G ru n d  v o n  (29) 
fü r säm tlich e  S ätze der S o n n en az im u t-B eo b ach tu n g en  die a u f  I s bezogenen  
ß ,  Ä n d eru n g en  und b ildet fü r  säm tlich e  S ätze die D ifferenz (A., A x). wo 
A l den aus den S o n n en az im u t-B eo b ach tu n g en  s tam m en d en  sa tz  w eisen 
A z im u tw ert, A., aber den  au s P o la rste rn -M essungen  s tam m en d en , aus s 
S ätzen  b e rech n e ten  A z im u t-M itte lw ert bezeichnet. B., sei die a u f den  M itte l
w ert der P o la ris -B eo b ach tu n g en  bezogene A z im u t-Ä n d eru n g  fü r  AX =  l 4. 
So k an n  m an  aus dem  a u f  die S o n n en -B eo b ach tu n g en  au fsch re ib b a ren  Z u 
sam m enhang

dX
A", A'{

B"J* ß '[/s
(30)

satzw eise je n e  (//.-W erte b e rech n en , deren  M itte lw ert den  w ahrsche in lichen  
E rg än zu n g sw ert der g eo graph ischen  Länge an g ib t.

4

M an k an n  m eh rere  n ü tz lich e  F o lgerungen  aus u n se ren  V ersuchsm essungen  
fü r  S o n n en z im u t-B estim m u n g  ziehen .

Z u erst k a n n  festg este llt w erd en , daß  w ir tro tz  d er p rov iso rischen  In s tru -  
m en ten -Z u sam m en ste llu n g  e in en  so genauen  A z im u tw ert e rh ie lten , d e r die 
p rak tisch e  E in fü h ru n g  d er m it S onnenanzie lung  v e rb u n d en en  Z e itaz im u t- 
M ethode re c h tfe r tig t. Die A n w en d u n g  einer en d g ü ltig en  u n d  g u t ju s t ie r te n  
In s tru m e n te n -K o n s tru k tio n , sow ie die E in b ez ieh u n g  d e r ze itg em äß en  Z e it
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m e ß te c h n ik  e rm öglich t die w eitere  S te ig e ru n g  d e r G en au ig k e it d er S onnen
az im u t-B estim m u n g . E in e  w ich tige R olle sp ie lt h ierbei die V erw irk lichung  
d e r v o n  uns an g ew en d eten  S onnenanzie lung  m it In v e rt-K o in z id e n z  w odurch  
eine  bessere  S y n ch ro n is ie ru n g  der S onnen an z ie lu n g  u n d  d e r Z e itm essung  als 
b ish e r  v e rw irk lich t w u rd e .

D ie m it der S o n n en an z ie lu n g  v e rb u n d en e  Z e itaz im u t-M eth o d e  is t wie 
b e k a n n t  zur g le ichze itigen  B estim m u n g  d e r geograph ischen  B re ite , L änge und 
des A z im u ts  geeignet. I n  u n se ren  P rü fu n g en  w u rd en  zw ar m it a n d e ren  M etho
d en  b es tim m te , u n d  fü r  en d g ü ltig  angenom m ene  geograph ische  B reiten  und 
L ä n g e n w e rte  an g ew en d e t, d e r Z usam m enhang

dA  =  (sin cp -|- co tg s  cos ip cos A D) d). — ctgz sin A Ddcp

s te l l t  jedoch  einen w ic h tig e n  d ifferen tie llen  Z u sam m en h an g  zw ischen den 
geo g rap h isch en  K o o rd in a te n  dar. Dies is t also  bei dem  von  u n s  erzielten  
G en au ig k e itsn iv eau  d e r S o n n en -B eo b aeh tu n g en  bere its  zu r V e rd ich tu n g  der 
W e rte  (/ und ?.. zu r B e s tim m u n g  d er L o tab w eich u n g s-N e tze , bzw. zu r A zim ut- 
K o n tro lle  der T ria n g u la tio n sn e tz e  gut an w en d b a r. H insich tlich  d ieser A rbeiten  
is t  es n ic h t ohne B e d e u tu n g , daß  m an diese au ch  am  T age d u rc h fü h re n  kann .

Schließlich k a n n  m a n  im  Z u sam m en h an g  m it d er A n w endung  der 
K re ise lth eo d o lite  die K o n tro lle  der In s tru m e n te n -K o n s ta n te n  v o rte ilh a ft 
au ch  m it der S o n n en az im u t-B estim m u n g  d u rch fü h ren . M it d ieser M ethode 
k a n n  m an  die In s tru m e n te n -K o n s ta n te  d er K re ise lth eo d o lite  g ro ß er G enau ig 
k e it au ch  in der N äh e  d e r M eßstelle b e s tim m en , und  dies is t w egen der vom  
T ra n s p o r t  h e rrü h ren d en  D e ju s tie ru n g en  eine v o rte ilh a fte  M öglichkeit. In  
d iesem  Z usam m enhang  m u ß  eigens d a ra u f  h ingew iesen w erd en , d aß  der MOM 
A u fsa tzk re ise l-T h eo d o lit Gi C2 bere its  m it einem  solchen F e rn ro h r  herge
s te l l t  w ird , m it w elchem  die M öglichkeit d er K o inzidenz-A nzielung  gegeben 
is t . So kann  die S o n n en an z ie lu n g  m it dem selben  In s tru m e n t d u rch g e fü h rt 
w e rd e n , w om it auch d ie  K re ise l-A z im u tb estim m u n g  erfo lg te . D a der T heo
d o li t te i l  dieses In s tru m e n te s  eine K re isab lesu n g  von 1" G en au ig k e it (ge
s c h ä tz t  0,1") erm ö g lich t, k a n n  zu einer S o n n en az im u t-B es tim m u n g  von  dieser 
G e n a u ig k e it ohne je d e  U m ä n d e ru n g  v o r te ilh a f t  ang ew en d et w erden .

Zum  Schild! soll noch  bem erk t w erd en , daß  die U n te rsu c h u n g  der 
g e n a u e n  S o n n en az im u t-B estim m u n g  noch  w eite re  F o rsch u n g sm ö g lich k e iten  
b ie te t ,  w orauf noch in  e in e r  anderen  S tu d ie  gegebenenfalls zu rü ck g ek eh rt 
w e rd en  soll.
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О П Р Е Д Е Л Е Н И Я  АЗИМ УТА С ВЫ СОКОЙ ТОЧНОСТЬЮ  ПРИ ПОМОЩИ  
Н А БЛ Ю ДЕ Н И Я  СО Л Н Ц А

ДЬ. АЛПАР ДЬ. САДЕЦКИ-КАРДОШШ Э. БОД

РЕЗЮ М Е

С применением новых инструментальных и методических возможностей при опре
делениях азимута посредством Солнца можно добиться высокой точности.

Среднее значение из 40 серий измерений этим методом отличается от полученного с 
помощью наблюдений за Полярной в 12 сериях только на 0,28”.
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The connections between ionospheric absorption and atmospheric electricity have been  
investigated  by using absorption data m easured at three transmission paths and potential 
gradient data of two observatories. The selection  o f absorption events was checked on the 
basis o f three independent data series. The increased potential gradient follow ing certain  
enhancem ents of ionospheric absorption has been revealed for the year 1966, too. An analysis 
o f several atm ospheric parameters (potential gradient, air-conductivity, condensation  nuclei) 
has shown that the increase of potential gradient can hardly be understood on the basis o f 
variations of local factors, thus a tentative interpretation given earlier [1] m ay be preserved  
for the recent results, too.

1. I n t r o d u c t i o n

C erta in  ev en ts  o f ionospheric a b so rp tio n  can be folloAved b y  an  in crease  
o f th e  a tm o sp h eric  e lectric  p o ten tia l g ra d ie n t m easu red  n ear th e  g ro u n d . T his 
w as show n by  sev era l analyses d esc rib ed  ea rlie r (M ä r c z  [ 1 ] ) .  T h e an a ly ses  
w ere based  on p o te n tia l  g rad ien t d a ta  o f  tw o  observato ries (N ag y cen k , cp =- 

47°38' N, H u n g a ry , and  Sw ider, <p =  52°07' N , P o land ) and  on a b so rp tio n  
d a ta  derived  from  m easurem ents a t  th e  N ag y cen k  C eskoslovensko (272 kc s) 
tran sm iss io n  p a th . In  these in v e s tig a tio n s  n ig h t- tim e  observ a tio n s from  th e  
1967 1970 in te rv a l w ere used.

I t  seem ed a p p ro p ria te  to  check  w h e th e r  th e  p o ten tia l g ra d ie n t w ould  
also reveal th e  e ffec t m entioned w h en  se lec ting  ab so rp tio n  ev en ts  on th e  
basis  o f  d a ta  deriv ed  from  m easu rem en ts  a t  severa l o th e r tran sm iss io n  p a th s . 
In  o rd e r to  e x ten d  th e  in v estiga tions to  a fu r th e r  in te rv a l, d a ta  o f a y e a r  n o t 
in c lu d ed  in th e  p rev io u s analyses [1] h av e  been  used in th is case.

A d d itio n a lly , i t  seem ed reaso n ab le  to  in v e s tig a te  th e  b eh av io u r o f  o th e r  
a tm o sp h e ric  p a ra m e te rs  availab le  from  p eriods d u rin g  w hich th e  Sw ider 
p o te n tia l  g rad ien t show ed an e n h a n c e m en t assoc ia ted  w ith  e x tra te r re s tr ia l  
in fluences [1].
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2. R esults

2.1 A n a ly se s  o f  potentia l gradient data in  dependence o f  ionospheric absorption  
measured at several transm iss ion  paths

N ig h t a b so rp tio n  d a ta  derived  from  m e a su re m e n ts  a t th ree  co n v en ien tly  
lo c a te d  tran sm iss io n  p a th s  vvere chosen to  se lec t key  days for th ree  s im u lta 
neous su p erp o sed  epoch  ana lyses. T he tra n sm iss io n  p a th s  and  th e  frequenc ies 
used  a re :

1. P rûhon ice-C eskoslovensko  272 kc/s (49.6° N)
2. K iih lu n g sb o rn -K a lu n d b o rg  245 kc/s -  (54.9e N)
3. K ü h lu n g sb o rn  D eu tsch lan d sen d er 185 kc/s  (53.4 N)

(The g eograph ic  la t i tu d e  o f  each reflec tion  p o in t is given in  b rack e ts .)
D a ta  m easu red  in  1966 w ere used for th e  an a ly se s . A t f irs t, like in p rev io u s 
an a ly se s  [1], an  excessive ab so rp tio n  of a t  le a s t 30 p er cen t above th e  a c tu a l 
m o n th ly  m ean  w as re q u ire d  for selecting a d a y  as k ey  day . Since th is  c r ite r io n  
w as n o t  fu lfilled  in  a su ffic ien t n u m b er of cases b y  th e  d a ta  of th e  th ird  t r a n s 
m ission  p a th  (185 kc/s), th e  crite rion  was c h an g ed  in  th is case. D e m an d in g  
o n ly  a 20 p er cen t a b so rp tio n  en h an cem en t, 14 k ey  days could be co llec ted . 
U sing  th e  o rig inal c r ite r io n  for th e  f irs t tw o  p a th s ,  th e  n um ber of k ey  d ays 
w as 17 fo r th e  f irs t  tran sm iss io n  p a th  an d  6 fo r  th e  second. N ig h t averages 
(0000 4000 GMT) o f th e  N agycenk  an d  S w ider p o te n tia l g rad ien t w ere used
ag a in  in  th e  analyses. T he m ean  d e p a rtu re s  o f th e se  values from  th e  m o n th ly  
m ean  a re  show n in F ig . 1. Seven days b efo re  an d  a fte r  th e  key  day s w ere 
in v e s tig a te d . N ag y cen k  d a ta  d id  no t rev ea l th e  effect a t  all. A clear in crease  
o f p o s itiv e  d e p a rtu re s  a f te r  key  days w as fo u n d  fo r Sw ider, if  th e  se lec tion  of 
e v e n ts  h a d  been ca rried  ou t on the  basis o f  an o m alo u sly  high values o f a b so rp 
tio n  m easu red  a t 245 kc/s. T he peaks on d ay s  an d  “ -(-3”  in d ic a te  an
asso c ia tio n  of S w ider p o te n tia l  g rad ien t w ith  e x tre m e  ab so rp tio n  ev en ts  in th e  
y e a r  1966, too . R esu lts  of th e  tw o rem ain in g  an a ly ses  show, how ever, sm a lle r 
effec ts .

In  a fu r th e r  s tu d y , a s im u ltaneous in v e s tig a tio n  of th e  a b so rp tio n  ev en ts  
o b se rv e d  a t  the th re e  tran sm issio n  p a th s  w as m ad e . O nly those  a b so rp tio n  
en h a n c e m en ts  w ere considered  where q u ite  s im u lta n e o u s ly  an  a p p ro p r ia te  
in c rea se  o f ab so rp tio n  o ccu rred  on a t le a s t one o u t  o f th e  tw o o th e r tra n s m is 
sion  p a th s . Lags o f  n o t m ore th a n  ^ 3  d ay s , how ever, w ere p e rm itte d . T he 
a p p lie d  c rite rio n  was fu lfilled  in 1966 in  seven  cases. T he d a te  o f th e  a b so rp tio n  
e n h a n c e m e n t o ccu rrin g  f ir s t  was reg a rd ed  as k ey  d a y  in a superposed  epoch  
a n a ly s is . M ean v a lu es  o f p o te n tia l g rad ien t d e p a r tu re s  (de te rm ined  s im ila rly  
as ea rlie r)  are show n in  th e  left p a r t  o f F ig . 2 fo r th e  in te rv a ls  p reced in g  an d  
fo llow ing  th e  se lec ted  k ey  days. As ex p ec ted  on th e  basis o f p rev ious re su lts  
(F ig . 1), N agycenk  d a ta  do no t show a n y  e ffec t b u t  an  increase o f S w ider 
p o te n tia l  g rad ien t c an  be seen betw een  th e  d a y s  “ -j-2” and  “ -(-5” . A cco rd ing
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Anomalously high ionospheric absorption ( 272 , 245 and 185 kc/s)

first I event lastievent
key * day key ? day
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Fig. 2.  M ean departures o f  potentia l gradient night averages from the corresponding m onth ly  
m eans around key days selected on the basis o f three sim ultaneous absorption series m easured

in 1966

to  a ^ 2- te s t  th is  is s ig n ifican t a t  th e  90 p e r c en t level. (A pply ing  th e  te s t  to  
d e p a r tu re s  of th e  in te rv a l betw een  th e  d a y s  “  +  1”  and “ -(-5”  like in  th e  
m a jo r i ty  o f p rev ious cases [1] th e  sig n ifican ce  d id  no t reach  even  th e  80 per 
c e n t  lev e l, because o f th e  r a th e r  large n e g a tiv e  d ep artu res  on d a y  
I n  F ig . 2, geom agnetic  a c tiv ity  is re p re se n te d  by ,4,,-indices o f th e  N iem egk
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o b se rv a to ry . In  th e  le f t p a r t  of the  F ig ., th e  m e a n  level of a c tiv ity  b e tw een  
clays “  7”  and  “  1”  is q u ite  sim ilar to  th a t  fo llow ing  th e  key clays (fro m
clay to  day  as ind ica ted  by  th e  h o riz o n ta l lines. A c tiv ity  on key
clays is ra th e r  en h an ced . T h is is show n b y  th e  m ean  v a lu e  o f ,4^-indices b eco m 
ing  a b o u t tw o tim es la rg e r  on these  d a y s  th a n  th e  m ean  levels o f a d ja c e n t 
in te rv a ls .

R esu lts  p re sen ted  in  th e  righ t p a r t  of F ig . 2 w ere derived  from  a n o th e r  
superposed  epoch a n a ly s is . In  th is case, th e  d a te  o f  th e  last ab so rp tio n  e v e n t 
o u t o f  tho se  p ara lle l ones in the  th re e  d a ta  series (272, 245 and  185 kc/s) 
w as accep ted  as key  clay. T he N agycenk  d a ta  do n o t show  any  effect. T h e  in 
crease of Sw ider p o te n tia l  g rad ien t is s im ila r to  t h a t  in  th e  left p a r t  of F ig . 2, 
b u t  i t  begins a lread y  on th e  “ 0” day a n d  a fte r  a th re e -d a y -d u ra tio n  th e  e ffec t 
is over. In  th e  in te rv a l be tw een  clays “ 0”  an d  th e  positive d e p a r tu re s
are  sig n ifican t a t th e  80 p er cent level. T h e  e a rlie r  s ta r t  o f th e  effect (as co m 
p ared  to  th e  resu lts  in th e  left p a rt of th e  F igure) is co n n ec ted  w ith  th e  d iffe re n t 
a rra n g e m en t of key d ay s . This also re su lte d  in  a  s lig h tly  h igher m ean  leve l o f  
Ali(-indices before k ey  d a y s , th a n  a f te r  th e m . T h e  p e a k  v alue  once m ore occu rs 
on th e  “ 0”  clay, it  is n o t  so high, how ever, as p rev io u sly .

2.2 Analyses  using data o f  potential gradient, air-conductivity  and condensation
nuclei

At th e  Sw ider o b se rv a to ry , the  c o n tin u o u s  reco rd in g  o f p o ten tia l g ra d ie n t 
is supp lem en ted  b y  th e  m easu rem en t o f p o s itiv e  a ir-co n d u c tiv ity . I n  th e  
p resen t stud ies c o n d u c tiv ity  d a ta  o f th e  in te rv a l b e tw een  0000 an d  4000 GM T 
have been averaged  fo r ch a rac te riz in g  n ig h t c o n d itio n s  o f c o n d u c tiv ity  n e a r  
th e  g round  in 1967 1968. S im ilarly  d e te rm in e d  n ig h t averages o f th e  p o te n tia l
g ra d ie n t w ere av a ilab le  fo r the  sam e y ea rs  from  e a rlie r  analyses [1]. In  a d d i
tio n , th e  n u m b er o f  co n d en sa tio n  nuc le i m easu red  also a t  Sw ider each m o rn in g  
b e tw een  0550 and  0620 GMT (i.e. close to  th e  in te rv a l  w here th e  c o n d u c tiv ity  
and  p o te n tia l g ra d ie n t d a ta  were ta k e n  from ) h a s  also been analysed .

Fig. 3 shows th e  m ean  d e p a rtu re s  of p o te n tia l  g rad ien t, p o s itiv e  air- 
c o n d u c tiv ity  and  n u m b e r  o f co n densa tion  nucle i from  th e ir  m o n th ly  av e rag es  
in  in te rv a ls  a ro u n d  c e r ta in  ab so rp tio n  ev en ts  o b serv ed  in 1967 and  1968, 
resp ec tiv e ly . R e la tio n s  betw een e x tra te r re s tr ia l  effects and  c o n d u c tiv ity  
m easu red  n ear th e  g ro u n d , as well as be tw een  th e  fo rm er and  c o n d en sa tio n  
nuclei are n o t su pposed . B o th  p a ra m e te rs  w ere used  to  enable a c o m p ariso n  
of th e ir  v a ria tio n s  w ith  s im ultaneous changes o f  p o te n tia l g rad ien t fo llow ing  
selected  ab so rp tio n  e v e n ts . P ositiv e  a ir -c o n d u c tiv ity  f lu c tu a tin g  d u rin g  
th e  in te rv a l from  d a y  “  7”  till d a y  “ -)-2” a ro u n d  th e  m ean level in  1967
an d  being m ostly  a b o v e  i t  in 1968 su d d en ly  decreases on d ay  “ -)-3”  in  
b o th  years. The decrease  la s ts  four d ay s in  1967, be ing , how ever, ra th e r  m od-
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Anomalously high absorption 272 кс/з Anomalously high absorption 272 kc/s

Fig. 3. Changes of potentia l gradient, positive a ir-conductivity and condensation  n u cle i 
m easured at Swider around days w ith anom alously high ionospheric absorption in  1967 and

1968

e ra te  a f te r  d a y “ -)-4” . I n  1968 days “ 4 -3 ”  an d  “ -|-4”  are c h a ra c te r iz e d  b y  
c o n d u c tiv itie s  well below  th e  no rm al level. A t th e  sam e tim e  th e  n u m b e r  of 
c o n d e n sa tio n  nuclei show s increased  v a lu es  (F ig . 3). These la t te r  cou ld  p a r tly  
e x p la in  th e  decrease o f c o n d u c tiv ity  [2], th e  lack  o f ion d a ta , h o w ev er, does 
n o t  a llow  a deta iled  in te rp re ta t io n . N ev e rth e le ss , i t  can he su p p o sed  these
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co n d u c tiv ity  changes observed  n e a r  th e  g ro u n d  a re  due to  in fluences o f local 
fac to rs.

3. D iscussion

T he resu lts  o f  Section 2.1 h av e  show n an assoc ia tion  o f Sw ider p o te n tia l 
g ra d ie n t w ith  c e r ta in  ab so rp tio n  ev en ts  for th e  y e a r  1966, too . In  an  earlie r 
s tu d y  in v es tig a tin g  th is  associa tion  for severa l o th e r  y ea rs  [1], th e  selection  
o f k ey  days w as a lw ays based on ab so rp tio n  d a ta  m easu red  a t  th e  N agycenk  
C eskoslovensko (272 kc/s) tran sm issio n  p a th . T he p re se n t analyses h av e  show n 
th a t  a selection ta k in g  in to  acco u n t sim u ltan eo u s a b so rp tio n  d a ta  o f several 
transm issio n  p a th s  su p p o rts  th e  re su lts  o f p rev io u s in v es tig a tio n s  [1]. I t  
tu rn e d  out, how ever, th a t  no u n ifo rm  crite rio n  can  be se t for th e  choice of 
ab so rp tio n  ev en ts . D em and ing  an  excessive a b so rp tio n  of a t  least 30 per cen t 
above the  ac tu a l m o n th ly  m ean  w as su itab le  to  se lect a p p ro p ria te  key  days 
in case of tw o d iffe ren t tran sm issio n  p a th s , w hile for th e  th ird  p a th  th e  c ri
te r io n  had  to  be changed . I t  seem s reaso n ab le  th a t  th e  choice o f an  accep tab le  
c rite rio n  should be su p p o rted  by  a p re lim in a ry  te s t  o f th e  d a ta  series used.

It should he m en tioned  th a t  ab so rp tio n  ev en ts  are  n o t eq u a lly  f req u en t 
a t  th e  d ifferen t tran sm issio n  p a th s . A ccording to  F ig . 1, th e  n u m b e r of ev en ts  
a t  245 kc s w as a b o u t th e  th ird  (6) o f th o se  o bserved  a t  272 kc/s (17) in  sp ite  
o f using  th e  sam e c rite rio n  of se lec tion  in  b o th  cases. T hough  th e  en h an cem en t 
o f th e  Sw ider p o te n tia l  g rad ien t h a s  been th e  c lea re s t follow ing th e  fo rm er six 
ev en ts  observed a t  th e  K iih lu n g sb o rn -K a lu n d b o rg  tran sm issio n  p a th . I ts  
re flec tio n  p o in t is s i tu a te d  a t th e  h ig h est geograph ic  la ti tu d e  (<p =  54.9° N) 
o u t o f those in c lu d ed  in  th e  an a ly ses . D ue to  th is  geographic  lo ca tio n , th e  
se lection  of effec tive  ab so rp tio n  ev e n ts  m igh t be  m ore ad v an tag eo u s  in  th is  
case th a n  in th e  o th e r  ones.

As also show n in Fig. 1, th e  N agycenk  p o te n tia l  g ra d ie n t did n o t in d ica ted  
an y  effect a t  all. T h is is in acco rd an ce  w ith  ea rlie r re su lts  [1] an d  su p p o rts  
th e  assum ption  o f th e  la titu d e  d ep en d en ce  o f th e  effect.

T he analyses o f Section  2.2 in te n d e d  to  check w h e th e r th e  en h an cem en t 
o f p o ten tia l g ra d ie n t found  in  se lec ted  in te rv a ls  w ere m erely  a re su lt o f a p p ro 
p r ia te  c o n d u c tiv ity  changes, or o th e r  e. g. e x tra te r re s t ia l  fac to rs  could 
c o n tr ib u te  to  th is  effec t, too.

E arlie r in v es tig a tio n s  [2] o f S w ider d a ta  h in te d  a t  a q u ite  s im ila r b e h a v 
io u r o f positive an d  neg a tiv e  co n d u c tiv itie s . In  F ig . 3, changes o f average  
va lu es  of d iffe ren t a tm o sp h eric  p a ra m e te rs  w ere show n. C onsequen tly , th e  
know ledge of v a r ia tio n s  in tw o o u t o f  th e  th re e  p rin c ip a l a tm o sp h eric  e lectric  
p a ra m e te rs  (i.e. E  fie ld  s tre n g th  an d  A  to ta l  co n d u c tiv ity  d e te rm in ed  by 
th e  sum  of th e  p o la r  co n d u c tiv itie s : A + -f- A-  =  .1) could  allow  som e ca lcu la 
tio n s , w ith o u t a p o ssib ility  o f c o n tro l, how ever, because  o f th e  lack  o f air-
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e a r th  (i L conduction  a n d  i c — convection) c u rre n t (density ) d a ta . W e have  
b een  aw are  of the  fac t t h a t  ca lcu la tio n s using  average  values o f  p rin c ip a l 
a tm o sp h e r ic  electric p a ra m e te rs  can n o t be reg a rd ed  as n ecessarily  ac c u ra te , 
since  O h m ’s law is n o t sa tis f ie d  fo r average  values in  each case.

T h u s , only q u a lita tiv e  co n sid e ra tio n s  could be given on th e  basis  o f th e  
e q u a tio n  [3]:

w h ere  th e  m eaning of th e  sy m b o ls  has been given earlier.
A ccord ing  to e q u a tio n  (1) an  increased  p o te n tia l g rad ien t can  be derived  

fro m  a n  increase of i L, a n d /o r  from  a decrease o f c o n d u c tiv ity . T h e  la t te r  case 
is m o re  obvious if  one a ssu m es th e  co n stan cy  o f i L, (of course, th e  co n stan cy  
o f  i L is a ra th e r  a rb itra ry  a s su m p tio n , an y w ay , its  v a r ia b ility  can  be overru led  
b y  t h a t  o f  th e  c o n d u c tiv ity  n e a r  th e  g round). As reg a rd s th e  re su lts  o f  F ig . 3, 
in  1967 th e  p o ten tia l g ra d ie n t en h an cem en t betw een  day s “ 0”  an d  
w as n o t  accom panied b y  an  a p p ro p ria te  c o n d u c tiv ity  decrease. In  1968 th e  
c o n d u c tiv i ty  on day  “ -(-1”  b a re ly  differs from  th e  no rm al level w hile a t  th e  
sam e  tim e  th e  p o ten tia l g ra d ie n t s ig n ifican tly  increases. N eg a tiv e  d e p a rtu re s  
o f  c o n d u c tiv ity  like th o se  s ta r t in g  in  b o th  years on d ay  “ 4 -3”  p a r t ly  exp la in  
th e  co rrespond ing  p o te n tia l  g ra d ie n t en h an cem en ts , b u t th e y  are  in su ffic ien t 
to  a c c o u n t for the to ta l  e ffec t.

C onsequently , th e  in c rea sed  p o te n tia l g ra d ie n t observed  d u rin g  in te r 
v a ls  fo llow ing ionospheric  a b so rp tio n  ev en ts  c a n n o t be a t t r ib u te d  to  local 
c o n d u c tiv i ty  varia tio n s a lo n e . T h u s, fac to rs  being  m ore effective d u rin g  these  
p e r io d s  th a n  local ones sh o u ld  also be so u g h t for. W ith o u t re p e a tin g  the  
co n s id e ra tio n s  given in  [1], th e y  are  m ost likely  in fluences o f  e x tra te r re s tr ia l  
o rig in .
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О СВЯЗЯХ ИОНОСФЕРНОГО ПОГЛОЩЕНИЯ И АТМОСФЕРНОГО 
ЭЛЕКТРИЧЕСТВА НА ОСНОВЕ ИСПЫТАНИЙ НЕСКОЛЬКИМИ ПАРАМЕТРАМИ

Ц>. МЕРЦ

РЕЗЮМЕ

Для исследования связей между ионосферным поглощением и атмосферным элек
тричеством были использованы данные поглощения, определенные на трех линиях измере
ния и данные о градиенте потенциала электрического поля атмосферы в двух обсерваториях. 
Была проверена возможность выбора событий поглощения (сутки, характерные большим 
поглощением) на основе трех независимых серий данных. Вслед за ростом поглощения 
в некоторых случаях и на 1966-ой удалось выявить повышенные значения градиента по
тенциала. Совместное исследование некоторых атмосферных параметров указало на то, что 
увеличение градиента потенциала трудно объяснить изменениями лишь локальных фак
торов, и так, одна ранняя интерпретация [1] оказалась справедливой и на основе настоя
щих результатов.
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DETERMINATION OF THE POSITION OF THE 
MAGNETOPAUSE FROM GEOMAGNETIC PULSATION

INDICES
.1. VERŐ

GEODETICAL AND G EO PH Y SICA L RESEARCH IN ST ITU TE OF TH E  
HUNGARIAN ACADEM Y OF SCIENCES, SOPRON

[Manuscript received Septem ber 2, 1975]

A com paiison of 56 m agnetopause positions (Prognoz and Prognoz 2) w ith geom agnetic 
pulsation data shows, that the former can be determ ined with an RMS error less than 1.0 Rß  
(E arth radius) using the latter.

1. V i n o g r a d o v  e t  al. [1] c o m p a re d  d a ta  on th e  position  of  the  m a g n e to 
pause  w ith  s im u ltaneous  geom agnetic  pu lsa tion  periods (Pc 2 4). D a ta  of
th e  satell i tes  P rognoz  and Prognoz-2  were used from  the  in te rv a l  April 
D ecem ber ,  1972. As th e  o rb it  of th e  sate llites  w as chang ing  (with a longitudinal 
d rif t  ra te  of 4° per  revolu tion , i.e. p e r  96 hours), dev ia t ions  from  a m ean  m ag
ne topause  position  (10 R f a t  12 h, 14.3 R E a t  6 h) were used. D a ta  of 56 
m agne topause  crossings were se lec ted  (no m u lt ip le  and  unc lea r  crossings), 
and a correla tion  coefficient o f  0.56 ^  0.18, s ign if ican t on th e  1 %  level, was 
found between th e  devia tions from  a m ean  m ag n e to p a u se  position  (zlJR) and 
s im ultaneous  pu lsa t io n  periods (T ) .  T he  pu lsa tion  d a ta  are derived  from  the 
records o f  th e  observa to r ies  I r k u t s  a n d  Borok.

I t  is in te res t in g  to  no te  t h a t  th e  correla tion  coefficient b e tw een  AR  
and  K p  (0.58) is n e a r ly  th e  same as t h a t  be tw een  A R  a n d  T, and  d a ta  grouped  
according to  K p -v a lu es  have conside rab ly  w eaker  co rre la tions.  V in o g r a d o v  
et al. concluded t h a t  the re  is no c lear  dependence of  p u lsa t io n  periods on the  
m agne topause  position .

2. As pu lsa tion  indices were p ro v ed  to he useful tools for th e  d e te rm in a 
t ion  of cer ta in  in te rp la n e ta ry -m a g n e to sp h e r ic  p a ra m e te rs  (e.g. so lar wind 
velocity , V e r ő  [2]), an in v es t ig a t io n  was s ta r te d  w ith  these  d a ta ,  too. The 
d a ta  set was s ign if ican tly  smaller th a n  for the  solar wind (from th e  56 crossings, 
only 46 could he used  due to  th e  lack  o f  pu lsa tion  a m p l i tu d e  indices), therefore  
th e  sam e m e th o d  could no t be a p p l ie d  (for th e  p u lsa t io n  indices see H olló  
et al. [3] and  T á t r a l l y a y  V e r ő  [4]).

Mean values  o f  th e  pu lsa t ion  indices in th e  12 b a n d s  used  in the  processing 
of N agycenk  d a ta  (b o th  occurrence f requency  ( / )  and  a m p l i tu d e  (a) indices) 
are shown in Fig. 1 for 6 d ifferen t g roups  of the  m ag n e to p au se  d is tance . In  a d 
dition , m ean  values of  K p .  T  (N agycenk  l inear te llu ric  a c t iv i ty  index)  and  t 
(pu lsa tion  periods in I rk u t s k  and  B orok) from  V i n o g r a d o v  e t  al. [1J are also 
given.
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Fig. 1. Changes of some param eters in function of A R  (horizontal axis), the m om entanous 
deviation of the m agnetopause position from  an average, in E arth radii 

a)  t,  period of pulsations in sec as given by Vinogradov, 2 T  N agycenk earth current linear 
a c t iv ity  index, F K p  p lanetary geom agnetic activ ity  index; b —f  P ulsation  indices P l —P12 

dotted: am plitude ind ices, continuous: occurrence frequency indices
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The num bers  of  cases in  these  g roups  are  as follows (num bers  in b rack e ts  
in d ic a te  “ spurious”  d a ta ,  i.e. cases w hen  tw o  m ag n e to p au se  v a lu es  were 
g iven  b y  V in o g r a d o v  e t  ah , or w h en  th e  R -va lues  surpassed  20 i.e. when  
crossings take  place a t  ea r ly  or la te  hours).

Л и Total number of cases “Spurious”
cases

less than 2.0 6 (3)
2.0 1.0 7 (5)
0.9 0.0 6 (2)
0.0 -  0.9 13 (3)

+  1.0 -  + 1 .9 8 (1)
More than + 2 .0 6 (2)

Total 46 (16)

N ext,  the  sam e set o f  days w as  g rouped  in to  6 groups of  th e  sam e  sizes 
acco rd ing  to  th e  following c r ite r ia :

a )  E K p ; in th is  case th e  limits  be tw een  groups are 9o, 13 + , 15o, 17 +
2 3 _ .

b) t as g iv e n  b y  V in o g r a d o v  e t  a l . ;  l im i ts  a re  20, 25, 28, 31, 37  sec.
c) E T ,  th e  N agycenk  l inear te l lu r ic  a c t iv i ty  index; l im its  are  6 ,7 ,  12, 15, 

24.
d )  A com bina tion  of  values d ed u ced  from  pu lsa t ion  indices. T h e  following 

indices were used: P 3 ( / ) ,  P5(a), P 5 (a  / ) ,  P I  1(a). P l l ( a  / ) .  L e t te r s  in b r a c k 
e ts  refer to th e  ty p e  o f  th e  in d ex  used, a m eans am p li tu d e ,  f  occurrence  
f req u en cy  index, a f  th e i r  difference.

T he  RMS dev ia t ions  o f  ran k s  (groups) fo rm ed  on th e  basis o f  P rognoz  
m ag n e to p au se  crossings and  o f  c r i te r ia  a d a re  th e  following (as th e  l im its  of 
th e  R -groups differ by  1 in R E, RM S dev ia t ions  are  given in R,.;).

All days
Accepted days 

(without “spurious” 
days)

Number of cases 
with errors 
more than

±1 Яй

E K p  + 1 .6 5 +  1.2 ( +  1.0) 8(1)

t + 1 .5 5 ± 1 -3  ( ±  1-1) 7(1)

E T  + 1 .1 5 +  0.8 ( +  0.9) 2(1)

P 1 - P 1 2  + 1 .4 +  0.95 ( +  1.3) 3(3)

Since “ spurious”  days have  m u c h  h igher  RMS errors th a n  th e  o th e r  
d a y s ,  th e y  will n o t  be ta k e n  in to  a c c o u n t  in  w h a t  follows.

E rro rs  are g rea t  in case of E K p  a n d  t, t h e y  are  s ign if ican tly  less in  case 
o f  P I  — P12, and  sm allest  for E T .
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T he superio rity  o f  t h e  local E T  a c t iv i ty  in d e x  over E K p  is r a th e r  su rp r is 
ing ;  no  unam biguous  in te r p r e ta t io n  can be offered . A t e n ta t iv e  a rg u m e n ta t io n  
m ig h t  be th a t  sh o r t-p e r io d  va r ia t ions  are b e t t e r  expressed  by  E T ,  be ing  a te l 
lu r ic  a c t iv i ty  m easure , t h a n  b y  E K p ,  and th e  a c tu a l  m agne tospheric  d im ension 
is b e t t e r  indicated  b y  th e s e  shorte r  period v a r ia t io n s  (“ sho r t  per iods”  m ean  
h e re  periods sho rte r  t h a n  th e  charac ter is t ic  per iod  of  subs to rm s ,  i.e. some 
m in u te s  to  some te n s  o f  m inu tes) .  This a rg u m e n ta t io n ,  o f  course, is no t  too 
conv inc ing .

T he  position of  t h e  m ag n e to p au se  can  be d e te rm in ed  from th e  period  of 
t h e  s im ultaneous g eo m a g n e t ic  pulsations w i th  a b o u t  th e  same accuracy , as 
f ro m  K p .  A similar con c lu s io n  has been m a d e  b y  V ino g ra d o v  et al. (op. cit.).

A subjectively  chosen  sam ple (d ) t a k e n  f ro m  P l  P12, co n ta in ing  only 
5 ind ices  out of 24, y ie ld s  m u c h  b e tte r  re su l ts  t h a n  th e  s im u ltaneous  period t. 
B ased  on them , th e  p o s i t io n  of the m a g n e to p a u se  could be de te rm in ed  w ith  
an  accu racy  of a b o u t  % 1 /J ^ ,  more th a n  ^ 1 7 %  e rro r  occurring  only  in 10%  
o f  all cases.

3. We have also t r ied  to  com pute  AH  f rom  th e  pu lsa t ion  indices P I  P I 2 
(/• «) b y  m cans of d i s c r im in a n t  analysis. T h e  re su l ts  were n o t  superior  to  t h a t  
d e sc r ib ed  earlier, b u t  t in 1 num erica l  coefficients o f  th e  indices deserve some 
a t t e n t io n .  The RMS e r ro r  o f  A R  was in case o f  b o t h / a n d  a indices % 1 .1 — 2.1, 
n o n e  o f  them  was m u c h  b e t t e r .  This is r a th e r  surp r is ing , as in case of  th e  dis
t a n c e  of  the  m a g n e to p a u s e  spec tra l- type  ( / )  indices ough t to  yield b e t te r  
re su l ts .

A trial was also m a d e  w ith  a set of b o th  a a n d / i n d i c e s  (P2, P3, P5, P6, 
P 9 ,  P l l ) .  The coeffic ien ts  o f  th e  a and / ind ices  a lw ays were of opposite  sign, 
th  ose of  a being some 3 5 t im es  greater, show ing  t h a t  index  a a n d  th e  differ
ence  a f  have r a th e r  in d e p e n d e n t  in fo rm ation .

Fig. 2 conta ins  t h e  coefficients of th e  d isc r im in an t  analysis. I t  shows 
t h a t  a decrease of th e  in d ices  of the bands 5 -  10, 25 30, 40 60 an d  300 600 
sec h in ts  supposing  th e  co n s tan cy  of all o th e r  indices — a t  a con trac t io n  of 
th e  m agnetosphere ,  in  all o th e r  cases m ag n e to sp h e r ic  co n trac t ions  are  accom 
p a n ie d  by  increasing ind ices .  G reatest  in fo rm a t io n  from th is  p on t  o f  view is 
c o n ta in e d  by  P3 P5 , P7 a n d  P l l  (5 15, 30 40 and  120 300 sec). Two 
p o in ts  should be espec ia l ly  m entioned: th e  g r e a te r  ac t iv i ty  of  th e  5 10 sec 
b a n d  h in ts  a t  g rea te r  d im ensions  of the  m a g n e to sp h e re ,  in sp ite  of a r a th e r  
close positive connec tion  w i th  geom agnetic  a c t iv i ty .  P2 had low corre la tion  
w i th  solar wind v e lo c i ty ,  to o  [2]. The b a n d  of 30 —40 sec has an opposite  
c h a ra c te r :  it  a cco m p an ies  geom agnetical ly  q u ie t  periods, h u t  its  a c t iv i ty  
in c reases  when the  m a g n e to s p h e re  is sm aller  (cf. also Fig. 1).

4. As the  sam ple  o f  m ag n e to p au se  c rossing  d a ta  was too  small, i t  can n o t  
be d e f in i te ly  concluded  t h a t  pulsation  indices a re  m ore su itab le  for th e  d e te r 
m in a t io n  of the  pos i t io n  o f  th e  m agne topause  t h a n  t ra d i t io n a l  a c t iv i ty  mea-
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Fig. 2. Coefficients from the discrim inant analysis for P l P12 
Thin: from occurrence frequency indices 

Thick: from am plitude indices
Triangles: from  a combination o f am plitude and occurrence frequency ind ices

sures. I t  is, how ever, clear t h a t  p u lsa t io n  indices of  whole days are  m ore  effec
t iv e  tools for t h e  es t im ation  of  t h e  d is tance  of  th e  m ag n e to p au se  t h a n  th e  
s im u ltaneous  per iods  of  pu lsa tions.  T h is  m eans  th a t  sho r t  period f lu c tu a t io n s  
in  a n y  of the  tw o  phenom ena  (m ag n e to p au se  a n d  pulsations)  are less im p o r t a n t  
th a n  th e  im p ro v e m e n t  due to  th e  s ta t i s t ic a l ly  m ore s tab le  p u lsa t io n  d a ta  of 
whole days. As K p  and T  y ie lded  q u i te  d ifferent results ,  no u n a m b ig u o u s  
com parison  can be m ade  with  g eo m agne tic  ac t iv i ty ,  it  can be s ta te d ,  how ever,  
t h a t  th e  accu racy  o b ta ined  in n o t  m u ch  lower th a n  when using g eom agne tic  
pu lsa t io n  indices. A p a r t  of th e  d ev ia t io n s  can  be a t t r ib u te d  to  energe tic  
partic le  events: h a v in g  om itted  d a t a  on crossings when th e ir  f lu x  w as  high, 
th e  RMS error o f  th e  m ag n e to p au se  position  with Pl P12 dec reased  by  
a b o u t  30% , from 0.95 R E to  0 .65I?E.
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ОПРЕДЕЛЕНИЕ ПОЛОЖЕНИЯ МАГНИТОПАУЗЫ ПО ГЕОМАГНИТНЫМ 
ПУЛЬСАЦИОННЫМ ИНДЕКСАМ

Й . П Е Р Е

РЕЗЮМЕ

Сравнение 56 положений магнитопаузы (Прогцоз п Прогноз 2) с геомагнитными 
сульсационными индексами показало, что первые могут быть определены из последних 
но средней квадратической ошибкой, меньшей ±  1,0 КЕ (радиуса Земли).
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VERBINDUNG VON ZWEI NIVELLIERUNGSNETZEN 
ZUR BESTIMMUNG VON 

VERTIKALGESCHWINDIGKEITEN
W. K HRISTOV

M I T G L I E D  D E R  B U L G A R I S C H E N  A K A D E M I E  D E R  W I S S E N S C H A F T E N ,  S O F IA  

E H R E N M I T G L I E D  D E R  U N G A R I S C H E N  A K A D E M I E  D E R  W I S S E N S C H A F T E N ,  B U D A P E S T

[Eingegangen am 10. September 1975]

Es seien zwei doppelt nivellierte Netze zur Herlcitung von Vertikalgeschwindigkeiten 
beobachtet. Zu deren Verbindung müssen mindestens zwei Verbindungslinien vorhanden sein.

E s seien zwei N ivellierungsnetze  zu r  B es tim m ung  von V e r t ik a lg e 
schw ind igke iten  b eo b a c h te t  werden. D iese sollen m ite in an d e r  v e rb u n d e n  sein. 
D as  e rs te  Netz  m uß  e inen P u n k t  völlig b e s t im m t  h ab en  (Höhe und  V e r t ik a l 
geschw indigkeit)  oder fü r  zwei P u n k te  j e  eine H öhe , oder H öhe u n d  V e r t ik a l 
geschw ind igkeit;  es s ind  also zur B e re c h n u n g  des e rs ten  Netzes zwei  D a te n  
e rforderlich . Das zweite  N etz  m uß von  d em  e rs ten  N etz  w iederum  zwei Daten  
erhalten. Mehr als zwei D a ten  e r fo rd e rn  eine Ausgleichung. D ie A nzah l  
d e r  B ed ingungsg le ichungen  ist nach d e r  Regel b e s t im m t:  A nzahl d e r  B e o b 
ach tu n g sg rö ß en  (H öhenun tersch iede)  m in u s  A nzahl der U n b e k a n n te n  für  
jed en  K n o te n p u n k t  zwei (H öhe  u n d  V ertika lgeschw ind igkcit ) ,  wobei zwei 
D a te n  als b e k a n n t  gelten  müssen. W e n n  jedes  N ivellierungsnetz  d o p p e l t  
n ive llie r t  wird, so en tsp rech en  jedem  geschlossenen Polygon zwei B e d in g u n g s 
gle ichungen . Siehe die A rbe it  [1].

E s sollen die be iden  selbständig  n a c h  B ed ingungen  ausgleichenen Blöcke 
A und  B. (siehe A bb. I ) 1 m ite inander  v e rb u n d e n  werden.

19 

16

10

7

A*
CD.

20 21

17 18

U 15

11 12

8 9

5 6

2 3

D er Block A h a t
24 (18 2) 8

1 2,5,8 und 11, 14, 17, 20 sind zweimal, wogegen 7,10 und 9,12 einmal gemessene Linien
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B ed ingungsg le ichungen ,  näm lich  24 N ivellierungslin ien  m inus (9 l ) x 2  
U n b e k a n n te n ,  da sä m tl ic h e  D a ten  des P u n k te s  1 b e k a n n t  sind.

D er  Block В h a t
34 -  (24 2) =  12

B edingungsg le ichungen , näm lich  34 N ivellierungslin ien  m inus (12 l ) x 2  
U n b e k a n n te n ,  da d e r  B lock  В du rch  die be iden  V erb indungslin ien  zwei B e 
k a n n te n  vom Block A e rh ä l t .

F ü r  die beiden B löcke A und В hab en  w ir  in sgesam t

60 (21 1)2 =  20

B ed ingungsg le ichungen .
E s  ist klar, d a ß  w ir: im  ersten Block А 12 V erbesserungen  w(-■ der U n te r 

sch iede  hjj für das e rs te  N ivellem ent u n d  12 V erbesserungen  г>’,; der U n t e r 
sch iede  h'jj für  das zw eite  N ivellem ent e rh a l ten .  I m  zweiten B lock h a b e n  wir 
17 V erbesserungen  v t] de r  U ntersch iede  h:j f ü r  das  erste N ivellem ent u n d  17 
V erbesserungen  г de r  U ntersch iede  /i 'iy fü r  d a s  zweite N ivellem ent.  Die 
H ö h en u n te rsch ied e  hg 12 u n d  h7 10 e rha lten  keine  V erbesserungen.

H ä t t e n  wir eine d r i t t e  V erbindungslin ie  8 11. so wäre eine zusä tz l iche
B ed ingungsg le ichung  erforderlich .

Mit T 0 beze ichnen  wir die N orm alepoche  u n d  mit

f Tjj =  T 0 -f- tjj
[ T i j  —  T  0 +  *ii j

beze ich n en  wir die B eobach tungsepochen .
U m  das N ive ll ie rungsne tz  berechnen  zu können , d.h. die H öhen  // ,  

u n d  die V er t ika lgeschw ind igkeiten  V] ab zu le i ten ,  m üssen  wir im ers ten  B lock  
die H ö h e  / / ,  fü r  die N orm alepoche  und  die G eschw indigkeit  F ,  als b e k a n n t  
vo rau sse tzen .  D iesbezüglich  gilt der Z u sa m m e n h a n g :

, _ T (hij+v'ij)(h,j +  v,j) (hij + Vij)
V j  V i I r

lij lij

u n d  weiter:
H j  =  H i +  (Л,у +  v u ) -  ( V j  F,) • t,7

=  l{ + (h'jj +  v'ij) -  ( Vj F,) • t'ij.

U m  den zw eiten  B lock  zu berechnen, e r re c h n en  wir zunächst  die G eschw in 
d igkeitd ifferenzen  F ,„  V-j und V l2 Vy. Z u  d iesem Zwecke w erden  die 
zwei Gleichungen für  die a u f  die N orm alepoche  red u z ie r ten  H ö h en u n te rsch ied e
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VERBINDUNG VON NIVELLIERUNGSNETZEN 4 67

u n d  fü r  die Geschvvindigkeitsunterschiede aufgeste ll t :

^ 7 ,1 0  ( Г , 0  ~  K )  *7,10 " b  (^*10,11  “Ь  « 10, l l )  “I-  ( ^ 11,12 “b  *̂ 11,12) ~t~

~t“ ^*12,9 ( V »  ^ 12)  '  *12,9 “t-  (^*9,8 “Ь  « 9 ,в ) " Ь  (^*8,7 V  « 8 ,7 ) =  ^

(V10 -  V,) + (Vn - vi0) +  (V, Vu) +  (V7 -  V,) = 0

H ier  sind
V7-  va

u n d
Т / I /  __ ( ^ 10,11 “Ь  « 10, l l )  ( V 1 0 , l l  ~ b  « 10,11)
V 12 * 10 — ,

*10,11 *10,11

, ( * i l ,12 +  « 1 1 ,12 ) ( « 11,12 • « 11,12)

*11,12  *11,12

b e k a n n t ,  und  V 10 V7, Vg — V 12 u n b e k a n n t .
W eite r  h a b e n  wir die G leichungen:

Vu, V, +  (Vu, v 7), v 12 = v 9 ~ ( v 9 V ï2)

H 10  1 ^ 7  “1“ ^ 7 p 0  ( Vu, V7) * 7 , 1 0 ’ Я 12 = H 9  “b ^*9 ,12 (Vu ^ 9 )  '* 9 ,1 2 -

W enn die V erb indungslin ien 7 10 und  9 12 an  der L■andesg:renze (siehe
A bb. 2) ab b rech n en  und  die e inzelnen A b sc h n i t te  zu versch iedenen  Zeiten  
b eo b a c h te t  w orden  sind, so m üssen  längs der  G renze parallel lau fen d e  L in ien  
b e o b a c h te t  w erden . D ann  hab en  wir 6 B eobach tungslin ien  m in u s  2 x 2  
K o o rd in a ten ,  also 2 B es t im m u n g sd a ten ,  die u n s  gerade reichen.

10 12

7 *9

SCHRIFTTUM

1. H b is t o v , W. K.: Über die Ableitung der Vertikalgeschwindigkeiten der Erdkruste aus z we 
Nivellierungen nach Bedingungsgleichungen. Acta Geod. Geoph. Mont. Hung. 10 
(1975).

СОЕДИНЕНИЕ ДВУХ НИВЕЛИРНЫХ СЕТЕЙ ДЛЯ ОПРЕДЕЛЕНИЯ 
ВЕРТИКАЛЬНЫХ СКОРОСТЕЙ

В. К. ХРИСТОВ

РЕЗЮМЕ

Пусть будут отнаблюдены два, дважды измеренных нивелирных сети для выведения 
вертикальных скоростей. Для их соединения необходимо иметь по крайней мере две 
привязочных линии.

7 Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 10, 1975
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DER EINFLUSS DES ZINSFUSSES AUF DIE GRÖSSE 
DER RERGWERKSBETRIEBE

J. ZAMBÓ
O. MITGLIED DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN 

[Eingegangen am 10. O ktober 1975]

Die beiden m eist kennzeichnenden optim alen  Param eter der Bergwerksbetriebe: die 
Förderkapazität (in 106t  (Jahr) und der dem B etrieb zugehörige, abbaubare M ineralvorrat 
sind vom  Zinsfuß abhängig, wenn für den R ü ck la u f der Investitionskosten das verzinste  
Verfahren angew endet wird. Je höher der Zinsfuß ist, um so größere Werte ergeben sich für die 
optim alen Param eter.

die
Die E r f a h ru n g  leh r t ,  daß  die In v es t i t io n sk o s te n  

R egressionsform el

« <1/<

der B ergw erke du rch

g u t  a n g en äh e r t  w erden , worin die F u n k t io n  K l die In v e s t i t io n sk o s te n ,  q 
als u n ab h än g ig  v a r iab le  Größe die F ö r d e r k a p a z i t ä t  des Bergwerks (in t / J a h r )  
b ed eu ten .  Der K oeff iz ien t  a und  der E x p o n e n t  // können  m it dem R e g re ss io n 
ve rfah ren  e rm i t te l t  w erden . Der K o e ff iz ien t  a is t  von der W ä h ru n g ,  sowie 
von den geologischen u n d  L a g e ru n g sv e rh ä l tn is sen  abhängig, w ä h re n d  der 
E x p o n e n t  /i im  a l lgem einen  einen W ert  von  0,8 h a t  und von den geologischen 
V erhä ltn issen  p ra k t i s c h  u n abhäng ig  ist (Siehe: 1.S.68).

V orerst  sei angenom m en, daß  die In v es t i t io n sk o s ten  sam t Z in sen  in 
der  Betriebszeit  w ieder  e ingebrach t w erden .  D e r  besseren Ü b e rs ich t  h a lb e r  

w ird  die in te rk a la r isch e  Zeit der In v e s t i t io n  a u ß e ra c h t  gelassen. F e r n e r  sei 
au ch  von der  An- u n d  Auslaufszeit des B e tr ieb es  abgesehen und a n g e n o m m e n ,  
d aß  sich die F ö r d e r k a p a z i t ä t  in der B e tr ie b sz e i t  ( N  Jah re )  n ic h t  ä n d e r t .  
D em en tsp rech en d  h a t  diese U n te rsu ch u n g  n u r  grundsätz liche  B e d e u tu n g .

U n te r  solchen P rä m is se n  be tragen  die jä h r l ic h e n ,  verz insten  R ü c k la u f 
kosten  der  In v e s t i t io n

D ar in  ist

Ki,o =  b K i
P

- N

N

p  =  1 +
/1

100

ô =  p  -  l

7* Acta Gcodaetica Geophysica et Monlanistica Acad. Sei. H ung. 10, 197ő



4 7 0 J. ZAMBÓ

A al)er d e r  Z insfuß in % ,  (J de r  gew innbare  M in era lv o rra t .  
D ie  spezifischen, v e rz in s ten  R ü c k la u fk o s te n  betragen:

öa p N

q l~^ p N 1

E b e n s o  zeigt die E r fa h ru n g ,  daß die j ä h r l ic h e n  B etriebskosten  m i t  g u te r  
A n n ä h e ru n g  du rch  die Inva r iab le  (q u n d  Q) Regressionsform el

K ,  bq’Q'

a u s g e d rü c k t  wird. D e r  K oeff iz ien t  b ist  h ier  a u c h  v o n  der W ährung , d en  geolo
gischen u n d  L agerungsverhä ltn is sen  abhäng ig . D e r  E x p o n en t  v is t  a l lgem ein  
k le ine r  als E ins  u n d  g rößer als N ull ;  sein W e r t  l ieg t  m eist bei 0,9. D er E x p o n e n t  
со is t  g rö ß e r  als Null u n d  k le iner als E ins; sein W e r t  ist im allgemeinen n ä h e r  
bei N u ll .

F ü r  die spezifischen B e tr iebskos ten  gilt die Beziehung

k 2

für  d ie  g esam ten  ve rz in s ten  spezifischen K o s te n  aber

A- =  A-, -|— k 2 +  b Q"
q1-'

Sind  g rundsä tz l ich  sowohl die F ö r d e r k a p a z i t ä t ,  als auch der a b z u b a u t  
ende  M in e ra lv o r ra t  u n b e g re n z t  und k önnen  sich frei verändern , so k a n n  mi- 
A n a ly se  der  ex trem en  W e r te  nachgew iesen w erden , daß die spez if ischen  
K o s te n  d a n n  m in im al sind, w enn die fo lgende  Gleichheit erfüllt  w ird

( 1  p ) ( p N 1 )  +  1 v =  l

N  ln p  со

D ie N  J a h r e  k ö n n en  u n te r  den a n g eg eb en en  Bedingungen als o p t im a le  
B e tr ie b sz e i t  b e t r a c h te t  w erden . N  ist  von  d e n  Koeffizienten (a u n d  b) der 
R eg re ss io n s fu n k t io n  n ich t  abhäng ig , also u n a b h ä n g ig  von der W ä h ru n g .  

W ird  die S u b s t i tu t io n

1 p
A
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d u rc h g e fü h r t ,  dann  ist

p N =  A  N  ln p  -f- 1.

Zwei Z insfüße seien gew äh lt ,  uzw. A =  12%, bzw. A  =  6 % .  Bei A =  1 2 % , ist

1,12n  =  0,11333 A  N  +  1
Bei A  =  6 %  aher ist

1 ,06^ =  0,05827 A  N  +  1

Die graphische L ösung  der  le tz teren  beiden G leichheiten  is t  in  A bb .  1, 
bzw. A bb . 2 zu sehen. A u fg ru n d  von  diesen k a n n  A bb. 3 en tw orfen  w erden . 
Die K u rv e  p  1,12 zeigt bei einein Zinsfuß von A =  12%  die dem  M in im um  
der  ve rz in s ten  spezifischen K o s te n  zugeordnete  B e tr iebsze it  in J a h r e n ,  w ä h 
rend  sich die K urve  p  =  1,06 a u f  den Zinsfuß A  =  6 %  bezieht. A b b .  3 zeigt 
auch  die Ä nderung  d e r  Y erh ä l tn iszah l

N ,  N c
=  <P =

N ,  N u

Man e rk e n n t ,  daß die optimale Betriebszeit in hohem M aße  vom Z in s fu ß  und  
der Größe A  abhängig ist.

N

Abb. 1

A d a  Gendaelica, Geophysica et Montaniatica Acad. Sei. Hung, 10, 1975
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N

Abb. 2

60

A b b . 3

V
-  2 5

- 2.4

-  23

-  2 2 

-  2.1 

-  20 

- 19

A d a  Geodaetica, Geophysica el M onlanislica  Acad. Sei. Hung. 10, 1975



EINFLUSS UES ZINSFUSSES 4 7 3

Die der op tim alen  B e tr ieb sze i t  zu geo rdne ten  op tim alen  g e w in n b a re n  
M inera lvo rrä te  (Q), sowie die jä h r l ic h e  op tim ale  F ö rd e rk a p a z i tä t  (q) k ö n n en  
du rch  folgende G leichungen au sg ed rü ck t  w erden :

bpNßv+w-p __ y  ----------r -----------
m A 2N i+f1- 1’ ln p

, öpN
g V + W - f l  _  y   ----------------------Г " --------------------------------

ftb42iY1+“ l n p

W ie m an  sieht,  s ind die o p t im a len  G rößen  Q u n d  q unabhäng ig  v o n  d e r  W äh- 
a

ru n g ,  da y  =  —  eine d im ensionslose Zahl ist. 
b

W erden  die zu zwei versch iedenen  p -  W e r te n  gehörigen o p t im a le n  a b b a u 
b a ren  M inera lvorrä te  m it  Qj u n d  Q2 bezeichnet,  u n d  ist

<?2
d a n n  ist

ДН-—M =  i l  y l +M-v P l ' l n Pl
02 P 2 i ] n Pl

W erd en  ab e r  die zu zwei versch iedenen  p -W erten  gehörigen o p t im a le n  
jäh r l ich en  F ö rd e rk a p a z i tä te n  m it  </, und  q2 bezeichnet,  dann  l a u t e t  bei

C =  - ^
42

die Gleichung

_  А  „1+«. P " ' l n P *
0 2 P 2 i l n P l

Solch große V orkom m en , bei denen  Q u n b e g re n z t  ist, sind im a llgem einen  
selten . H ä u f ig e r  sind jen e  V o rk o m m en , bei denen  der Ç-W ert geg eb en ,  d. h. 
Q =  k o n s ta n t  ist. In  diesem Fall  k a n n  die op t im a le  Betriebszeit  a u s  fo lgender  
G leichheit  e r rech n e t  w erden:

1 -  V (p N -  Ï ) 2
[ N i n p  ( I  p ) ( p N 1)] — Ç'|V - f t ü — /X

H iefü r  ein Zahlenbeispiel:
Als E rgebn is  des R egress ionsverfahrens  sei p  =  0,80, v =  0,93, со =  0,14, 
у  =  7 ,5,wenn die D im ension  v o n  u n d  K 2 10e G eldeinheiten  e n t s p r i c h t ,  die 
D im ension  von  Q 106 t, die D im ension  von  q ab e r  1 0 ° t / J a h r  ist.
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Bei A =  6 %  is t

N 6 =  27,8 Jah re  
QB =  28,5 • 106 t 
q 6 =  1,0 • 10° t / J a h r

bei A  =  12%  a b e r :

N 12 =  14,3 Jah re  
QÜ =  269,2 • 106 1 
q t2 =  18,9 • 10c t / J a h r

m ith in  also

I  =  9 ,5 ; C =  18,8; q> =  — = 2
Д

A nders  ve rh ä l t  es s ich ,  wenn der a b b a u b a r e  M inera lvorra t  gegeben ist 
u n d  h ie rzu  die op tim ale  B e tr ieb sze i t  gesucht w e rd e n  soll. E s sei Q =  10 • 10ct. 
D a n n  is t  die op tim ale  B e tr ieb sze i t  durch  fo lgende  Beziehungen gegeben:

7 ,5  h P N N °'Vt ГдГ1пр — 0 , 2 ( p N  —  1 ) ]  =  1 0 0 0’27 
0,07 (p N -  l ) 2 L F П

А =  6 % : A e =  23,5 Jah re ;  qCl =  4 ,26  • IO6 t / J a h r

А =  12%: N 12 =  15,9 Jah re ;  ql2 =  6 ,29 • IO6 t / J a h r

<p= I  =  1,48

I s t  p  =  1, d.h. Zl =  0 % ,  dann gelten fü r  d e n  Fa ll  ohne V erz insung  die 
G le ichungen

N о

N %~v+1 =  у
(1

p
v) Q”‘-ii +v

0,8
0,07 • 1000’27

o,87 — 39 ;9 Jah re .

Z usam m enfassend  k a n n  festgestellt wre rd e n ,  d aß  ein e rh ö h te r  Z insfuß 
z u r  A usges ta l tung  eines um fangre ichen  B erg w erk sb e tr ieb es  von g roßer  F ö r 
d e r k a p a z i t ä t  und r e la t iv  k u rz e r  Betriebszeit a n t r e ib t .  H a n d e l t  es sich aber 
n u r  u m  einen b e sc h rä n k te n  M inera lvorra t,  so ü b t  d e r  Z insfuß n u r  e inen schw ä
ch e re n  E in f luß  au f  E r w e i te r u n g  der P ro d u k t io n s e in h e i t  aus.

SCHRIFTTUM

1 . Z a m b ó , J.: Optimum lica tio n  o f  mining facilities. A kadém iai Kiadó, Budapest, 1968.
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ВЛИЯНИЕ СТАВКИ ПРОЦЕНТА НА ВЕЛИЧИНУ ГОРНЫХ ПРЕДПРИЯТИЙ
Й.  З А М Б О

РЕЗЮМЕ

Два самых оптимальных параметра горных предприятий, производственная ем
кость ( 10г' тонн/год) и вырабатываемое на предприятии минеральное богатство (10е т.), 
зависят от ставки процента, если применять метод процентов при возвращении капиталь
ных вложений. Чем больше ставка процента, тем больше и оптимальные параметры.

Acta Geoduetica, Geophysica et M ontanistica Acad. Sei. Hung. 10, 1975
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ADDENDUM
N U C L E A R  M IN IN G  OF PO U PU Y R O U S CH ALCO PYRITE ORES U N D E R  I N  S I T U

CONDITIONS

Acta Geod. Geoph. Mont. Hung.,  10 (1975) 173 —188.

G. T A R JÁ N

A re c e n t  p ap e r  of  R. L. B r a u n  a n d  R . G. M a l l o n : “ C o m b in ed  leach- 
c ircu la t ion  for p red ic t ing  in  situ  copper  leach ing  of p r im ary  su lf id e  ore” 
T ra n sa c t io n  SM E /A IM E  (258) J u n e  1975, pp . 103 110, can be con s id e red  as
c o n t in u a t io n  o f  th e  pub lica t ion  b y  L e w i s  a n d  B r a u n , referred as [3] in  m y  
a b o v e -q u o ted  article. In  th e  following d iscussion I  would like to  rev iew  th e  
m a in  conclusions of  th is  paper ,  w i th o u t  specify ing  th e  applied m e th o d  of 
ca lcu la tion .

S k e tch  A  o f  Fig. 1 shows th e  f low -d iag ram  of in-situ  leaching b y  oxygen. 
F ro m  th e  w ater-f looded  ch im ney  th e  cup rous  so lu tion  is delivered b y  a low- 
p ressure  p u m p  run n in g  u n d e r  w a te r  level to  th e  chemical copper r e c u p e ra t in g

_______In Chemical 
Cu - récupéra- 
tion

°2 i=oü= — Surface
r

ж
Water level

Fig. l . A  — Schem e o f the in situ leaching process using oxygen. В  — O xygen  b u b b le !  
ecction (shaded) and bubble-free section o f the chim ney for 3 feeding p ipes

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. H ung. 10, 1975
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p l a n t  o p e ra ted  by so lven t  ex trac t ion  or c e m e n t in g  m ethods, while th e  liquid 
free f ro m  Cu and th e  cu p ro u s  solution of n o t  a d e q u a te  concen tra t ion  is c ircu 
la te d  b y  a pum p located  on th e  surface w hich  delivers them  to th e  ch im ney  
b o t to m .  T he  c ircu la ted  o xygen  accum ula ted  on to p  of  the ch im ney , as well 
as t h e  fresh  oxygen (i.e. th e  “ leaching”  agent)  can  be  fed e.g. by  in jec t ion  to  th e  
d e sc e n d in g  b ranch  o f th e  p ipe.

T h e  am o u n t  of c o p p e r  leached out in  s itu  w as  ca lculated  in p a p e r  [3] b y  
s e p a r a t in g  th e  process o f  leach ing  from t h a t  o f  c ircu la ting  th e  so lu tion . The 
c a lc u la t io n  was based on an  0 2 concen tra t ion , considered  as c o n s ta n t  during  
th e  co m p le te  period o f  leach ing , which h a d  b een  ob ta ined  from th e  oxygen  
c o n s u m p t io n  of chem ical reac tions  and from  i ts  average  d is tr ib u t io n  d u r ing  
th e  c ircu la t ion  of th e  so lu tion  within th e  c h im n e y .  In  the recen t  p a p e r  of 
t h e  a u th o r s  a decreasing  a m o u n t  of 0 2 c o n su m p t io n  is assumed for th e  p ro 
g re ss in g  process of leach ing , while the oxygen  c o n cen tra t io n  in these sections 
o f  t h e  ch im ney  c o n ta in in g  O., bubbles and  free f rom  them , respec tive ly ,  are 
a s s u m e d  as different (to  th e  bubble-free sec tion  dissolved oxygen will be added  
b y  c irc u la t in g  the  so lu tion  w ith in  the ch im ney) .

T h e  equa tion  for th e  chemical reaction  p rocess  of dissolution o f  sulfide 
m in e ra ls  can be w r i t te n  for  a mol ra tio  of  P / K p  -  2 as CuFeS2 - |-2FeS2 -f-

+  4 -  0 2 +  43 H 20  -  Cu-+ +  Fe3(S 0 4)2( 0 H ) 3 ■ 2 H 20  +  ! SH +  - 1 SO*“  +  
4 6 3 3

16 _ 15
FI + and for a m ol ra t io  of P /K p  =  1 as CuFeS , -j- FeS2 -)- —  O., -)- 

3 2

+  -33 H 20  -  Cu2 + +  F e 3( S 0 4)2(0 H )5 • 2 H 20  +  S° +  7-  S 0 | "  +  j  H  + .

F o r  P /K p  =  1 b o th  th e  0 2 co n su m p tio n  a n d  th e  volume of th e  acid 
fo rm e d  are  lower t h a n  for P /K p  =  2. I f  m a n y  ca lc i te  and  other acid consum ing  
s to n e s  a re  present, a d d i t io n  of sulfuric acid  m a y  become necessary . B y  the  
r e a c t io n s  of  calcite or o th e r  n o t  useful m ine ra ls  th e  produced H + ions will be 
c o n s u m e d  b y  s im u ltan eo u s  calcium su lfa te  fo rm a t io n ,  and e. g. b y  Mg2 + 
a n d  AFi+ exchange. So, th e  p H  value will be s tab i l iz ed  a t  about 2 on accoun t 
o f  t h e  bu ffe r  effect o f  H + reactions. This v a lu e  is low enough to  p re v e n t  th e  
b as ic  co p p er  su lfate  C u 2 + from  being rem oved  as p rec ip i ta te ,  and  h igh enough 
to  d ec rease  the  ra te  o f  d e c re p i ta t io n  of ore. I f  t h e  ores also conta in  ferro  iron 
( F e 2 + ) th e  0 2 c o n su m p tio n  is som ew hat h igher ,  since F e 2+ will be oxid ized  by  
0.25 m ol o f  0 2 to  1 m ol o f  F e 3 + .

L each ing  s ta r ts  on th e  external surface  o f  ore pieces and th e  n e a rb y  
su lf id e  m inerals , th e n  i t  con tinues  in th e i r  in te r io r ,  in to  which th e  leaching 
a g e n t  m a y  p e n e t ra te  th ro u g h  the  a lready  e x is t in g  cracks or th ro u g h  those 
f o rm e d  during  th e  p rocess  o f  leaching.

I n  ca lcu la ting  b y  c o m p u te r  the  v o lu m e  affec ted  by leach ing , th e  0 2 
c o n c e n t r a t io n ,  the  s to ch io m e tr ic  o x y gen - to -copper  ra tio , the  Cu c o n te n t  o f
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ore, its  size d is tr ib u t io n  and th e  degree o f  p a r t ia l  decrep ita tion  of  p ieces for a 
long las t in g  leach ing  process were all t a k e n  in to  account.

T h e  ca lcu la tions have been pe rfo rm ed  for th ree  ores of v a r io u s  g ra n u lo 
m e t ry  1 -11-3 as shown by  d raw ing  A )  in  Fig. 4 using  different o th e r  p a ra m e te rs  
as Cu pe rcen t ,  P /K p  mol ra tio ,  ch im ney  size (R  m), ra te  of c i rcu la ted  solu tion  
(q cu .m /m in) ,  n u m b e r  of  oxygen feeding pipes (re), which also gives th e  bubb le  
ra t io  in th e  ch im ney  (B  percent).

D a ta  on th e  size ranges 1-II-2 are  also lis ted  on Table 1(1: s to n e s  from  
an  open-cas t m onzon ite  mine, I I :  s ta n d a rd  d is t r ib u t io n ,  2: size d i s t r ib u t io n  of 
(P iledriver)  g ran i te  from a 61-k t n u c lea r  chim ney).

T he  ra te  of chemical reactions,  th e  diffusion coefficient a n d  so lub il i ty  
of  oxygen  h av e  all been affected b y  th e  te m p e ra tu re .  F or  th e  ca lcu la t io n  
60 CC in itia l  t e m p e ra tu re  was assum ed  w h ich  g radually  increased b y  de
d u c t in g  th e  h e a t  loss of ch im ney to  90 °C due to  the  hea t  evo lv ed  d u r in g  
leaching. B y  th e  ox idization  of p y r i te s  a n d  chalcopyrites, for m ol ra t io s  of 
P, K p  =  2 — 1 0.5 th e  a m o u n t  of evolved  h e a t  were 4.39 2.93 2 .20 M ega
jou le  mol of Cu. H av in g  reached  90 °C no f u r th e r  increase in t e m p e r a tu r e  was 
considered. T here  were two reasons to  select 90 °C “ as top  limit v a lu e ” : 1) the  
surface t r e a te m e n t  of  the  cuprous so lu tion  is easier and 2) there  is a reduced  
possib ili ty  t h a t  deleterious secondary  re ac t io n  occurs w ith in  t h e  ch im ney . 
Sulfide d isso lu tion  is p roport iona l  to  th e  c o n c e n tra t io n  of oxygen a n d  depends  
on th e  degree o f  solubility  a t  given t e m p e ra tu re  and  partia l  p re ssu re  on th e  
a m o u n t  of  0 2 fed in, on th e  geom etric  d ispersion  of the  la t te r ,  on th e  r a t e  of 
in te rn a l ly  c ircu la ted  oxygen -con ta in ing  so lu tion  an d  on the c o n s u m p t io n  of 
th is  so lu tion  due to  chemical reactions. I n  th e  com puterized  ca lcu la t io n s  all 
these  fac to rs  h ad  been ta k e n  in to  acco u n t  (for sm all dissolved oxygen  c o n te n ts  
th e  a lread y  dissolved copper m ay  p re c ip i ta te  from  th e  solution as se c o n d a ry  
sulfides).

Table I

Size range I I  2 and 1

X  cm 

Xmax

»r%
II 2 1

90 190 45

0.1 6 5 18

l 12 9 36

10 60 40 71

30 85 70 93

60 97 86 100

90 100 93 100
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T h e  system  used  for oxygen  feeding (a n d  a t  th e  same tim e for c i rcu la t ing  
th e  so lu tion )  consists o f  one or more p e r fo ra te d  pipes in nearly  h o r izon ta l  
d isposit ions ,  located  on  th e  chim ney b o t to m . A scend ing  oxygen bubb les  go 
p a r t ly  in to  solution a n d  as th e y  move b e tw een  th e  rock pieces th e y  m a y  also 
la te ra l ly  dev ia te  from  th e  vertical.  The v o lu m e-f rac t io n  of the  p a r t  o f  th e  
c h im n e y  co n ta in ing  d ispersed  oxygen bu b b les  c a n  he calculated in  fu n c t io n  
of  th e  size d is t r ib u t io n  of  ore of th e  cross-section of  the chim ney and  o f  th e  
p a th  len g th  of th e  gas bu b b les  entering a t  t h e  b o t to m .  The frac tion  of  cross- 
sec t ion  con ta in ing  0 2 bu b b le s  in th e  c h im n ey ’s ha lf-he igh t  — which also can 
be conside red  as th e  av e rag e  volum e frac t io n  fo r  th e  chim ney is show n for 
th re e  o x ygen  feeding pipes  b y  the  shaded  sec t io n  on drawing В ) o f  F ig . 1. 
F o r  o x y g en  feeding p ipes  v a ry in g  in  n u m b e r  (n —  1 to  5) the ca lcu la ted  f ra c 
tions o f  th e  volum e of c h im n e y  contain ing 0., b u b b le s  (B  percent) are com piled  
for th e  1-II-2 size ranges  in  Table  II .  I t  is seen t h a t  these volum e frac t ions  
h a rd ly  v a r y  un d er  p rac t ica l  conditions w ith  th e  ra d iu s  R  of the  c h im n ey  and  
w i th  t h e  L /R  ratio .

D a t a  on the  re le v a n t  ch im ney  are lis ted  in  T ab le  I I I .  (F  sq. m  is cross- 
sec t ion  o f  th e  ch im ney , T , in  i, weight o f  th e  b la s te d  rocks, Q cu. m  vo lu m e  
of l iq u id  w ith in  the  m ass  o f  rocks of p o ro s i ty  p  o f  th e  chimney. O n to p  of 
th e  c h im n e y  th e  p a r t ia l  p ressure  of oxygen  was ta k e n  as 3.62 ■ 106 Pascal.)  
E . g. fo r  R  =  40.45 m  th e  va lue  of “ b u b b le d ”  v o lu m e  В  = 24.6 p e rc e n t  for 
n  =  3, size range I I ,  is given by  th e  shaded  s t r ip  o f  60 -|- 81 -(- 60 =  201 m 
le n g th  a n d  6.3 m w id th  show n  on drawing В )  o f  F ig .  1 ( F B =  201 • 6.3 =  1267 
sq. m , F  — 5140 sq. m , B  =  F b]F  =  1267/5140 — 24.6 percent).

Table II

0 2-bubbled volume fraction o f  the chimney ( B  percent)  fo r  oxygen feeding pipes o f  varying number
( n )  for size ranges 1 -II -2

n  = 1 2 3 4 5

1 6.6 11.4 16.4 21.6 26.6

II 9.9 17.2 24.6 32.4 39.9

2 13.0 22.6 32.5 42.6 52.6

Table III

Chimney data

R  m L  m L / R F  m2 T  106t Q 103m3 P

25.96 145 5.60 2120 0.65 73 0.23
40.45 345 8.56 5140 4.1 277 0.15
48.30 491 10.20 7330 8.4 472 0.13
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Because of  th e  differences in d ens i ty  b e tw een  the  bubb le -co n ta in in g  
an d  bubble-free  l iqu id  “ co lum ns” , th e re  occurs in  th e  in terstices of  rock  m ass  
an  in te rn a l  u p w a rd  m o v e m e n t  of l iqu id  in th e  b u b b le d  zone and  a d o w n w a rd  
one in th e  bubble-free  zone, due to  w hich  th e  a m o u n t  of  oxygen h a v in g  gone 
in to  so lution in th e  b u bb led  zone is t ran sfe rred  b y  convection  to the b u b b le -  
free zone. A t  a n y  po in t  o f  the  ch im ney  the  co n c e n tra t io n  of  dissolved o x y g e n  
can  be ca lcu la ted ,  p rov ided  th a t  th e  a m o u n t  o f  locally  dissolved oxygen , th e  
ra te  of l iqu id  flow, depend ing  on b o th  the  g ra n u lo m e t ry  an d  porosity  o f  th e  
rock  m ass, as well as th e  volum e of oxygen co n su m ed  by  chemical reac t io n s  
are  known.

The va r ious  p a ra m e te rs  and  th e  results  o f  ca lcu la tion  ob ta ined  for  th e  
d issolving - c ircu la t ing  process (recovery  d a t a  in  m e  percen t on th e  d isso lv 
ing  process las t ing  5 1/2 resp. 7 1/2 years) are  p re se n te d  in Table  IV.

F o r  th e  case No 1 th e  requ ired  vo lum e o f  oxygen  will be fed to  th e  c i r 
cu la ted  liquid , p u m p e d  a t  a ra te  of p  =  5.28 cu. m /m in  from the  to p  p a r t  o f  
ch im ney, p rio r  to  its  f lowing back  to  th e  b o t to m .  As ind ica ted  by  th e  c a lc u la 
t ions  th e  ra te  o f  oxygen  feeding ( ( \  kg/m in) a n d  th e  a m o u n to f  copper  r e c o v 
e ry  (m Cu percen t)  v a r y  w ith  t im e  as show n in  T a b le  V. In  columns a a n d  b 
recovery  d a ta  for th e  bu b b led  zone (В  24.6 vol • percent) and th e  b u b b le -  
free one (75.4 vol • pe rcen t) ,  are s ep a ra te ly  given. Differences in th e  e x t e n t  
o f  d issolution in  zones a a n d  b, (84 pe rcen t  a n d  67 percen t Cu recoveries , 
respec tive ly ,  in 5 1/2 years)  result from th e  d if fe ren t  oxygen co n c e n tra t io n  
in these  zones.

Table IV

Parameters and results of the calculation of the dissolving — circulating process

No. Cu % P/Kp S iz e range R  in q m“/p n B%
mCu%

5 1/2 7 1/2

l 0 . 5 1 и 4 0 . 4 5 5 . 2 8 3  2 4 . 6 7 0 . 8 8 0 . 3

2 0 . 5 1 2 4 0 . 4 5 5 . 2 8 3  3 2 . 5 6 3 . 7 6 9 . 9

3 0 . 5 1 1 4 0 . 4 5 5 . 2 8 3  1 6 . 4 5 3 . 9 6 7 . 6

4 0 . 5 1 2 4 0 . 4 5 1 1 . 3 0 5  5 2 . 6 6 7 . 3 7 2 . 3

5 0 . 5 1 1 4 0 . 4 5 8 . 1 0 4  2 1 . 6 7 0 . 8 8 2 . 4

6 0 . 5 0 , 5 II 4 0 . 4 5 3 . 4 2 3  2 4 . 6 7 0 . 8 8 1 . 3

7 0 . 5 2 II 4 0 . 4 5 8 . 8 8 4  3 2 . 4 7 0 . 8 7 8 . 8

8 0 . 5 1 II 4 8 , 3 0 1 0 . 3 8 5  3 9 . 8 7 0 . 8 8 0 . 2

9 0 . 5 1 II 2 5 . 9 6 0 . 5 0 1 1 0 . 0 7 0 . 8 8  0 . 3

1 0 1.0 1 II 4 0 . 4 5 5 . 2 8 3  2 4 . 6 4 9 . 8 6 1 .  1

1 1 1 , 0 1 II 4 0 . 4 5 2 3 . 2 5 * 3  2 4 . 6 5 7 . 5 6 7  . 5

* foi 3.58 years then q — 7.55
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A s regards  th e  whole ch im ney  70.8 p e rc e n t  copper recovery  is given in 
size r a n g e  I I  for 5 1/2 y ears  (Table IV , N o  1). This am o u n t  is dec reased  for 
size r a n g e  2 (No 2), to  63.7 pe rcen t  since c o p p e r  is leached ou t a t  a slower ra te  
f ro m  la rg e r  pieces of  th e  coarser f rac t io n  a n d  for range 1 (No 3) to  53.9 p e r 
c e n t ,  since liquid is f lowing (by convec tion)  a t  a lower ra te  due to  th e  h igher 
f r ic t io n a l  resis tance  of  th e  m ass of  rock  c o n ta in in g  more fines. A ccord ingly , 
th e  p re sen ce  of a large a m o u n t  of ex tra - f ine  g ra ins  (< / 1 mm) in th e  rock  mass 
has  a m o re  deleterious effect th a n  t h a t  of th e  too  coarse ones ( > 1  m). T he  da ta  
of N os  4 and  5 shown th e  favourab le  effect o f  a more intense l iqu id  c ircu la tion  
(q) fo r  size ranges 2 a n d  1, respectively , w hile  in  cases 6 and  7 t h e  influence 
o f  p y r i t e  co n ten t  o f  th e  ore on th e  c i rc u la te d  liquid q are p o in te d  ou t .  To 
a c h iev e  th e  same a m o u n t  o f  copper r e c o v e ry  (m =  70.8 pe rcen t) ,  for the  
re s p e c t iv e  mol ra tios  0.5 a n d  2 P /K p , 64 p e rc e n t  resp. 168 percen t  o f  t h e  value 
g iv en  u n d e r  No 1 are requ ired . Nos 8 a n d  9 represen t the  effect o f  th e  size of 
t h e  c h im n e y ,  while Nos 10 and  11 give th e  effect of Cu con ten t  o f  t h e  ore on 
th e  r a t e  o f  liquid c ircu la tion  q and  on c o p p e r  recovery , respectively . F o r  1 p e r
c e n t  Cu co n ten t  it  p roved  to  be a d v a n ta g e o u s  to  use a higher l iqu id  c ircu la tion  
r a t e  q a t  th e  in itia l s tage  of  o f  th e  d isso lv ing  process (for ~ 3 . 5  y e a rs  during  
w h ich  th e re  is a re la t ive ly  high chemical o xygen  consum ption  in  th e  bubb led  
zone) t h a n  subsequen tly .

Table V

Decrease in the volume o f  freshly-fed  0 2 and increase in copper recovery with increasing dissolving
time

Year 02kg/min mCu%
n %

6

0 36.0 0 0 0
l 30.6 17 26 14
2 26.4 33 53 27
2 22.2 47 69 39
4 18.3 58 77 52
5 14.4 67 82 63

s' 13.2 71 84 67
6 12.0 73 85 70
7 9.6 79 87 77

i 9.0 80 88 78
8 8 4 82 89 80
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TOPICS IN  A P P L IE D  PHYSICS  
F O U N D E D  BY LOTSCH, H. к . V.
Vol. 5.

M ÖSSBAUER SPECTROSCOPY  

Editor: Go n s e r , U.
96 figs. X V III, 241 pages. 1975. Cloth DM 70, ; US $ 30.10
Berlin H eidelberg -N ew  York, Springer-Verlag

W ithin a few  years after Mössbauer’s discovery o f the recoil-free y  resonant absorption, 
this interesting effect becam e the basis o f a new, w idely applicable spectroscopic technique. 
A great number of excellent books and articles describe the basic aspects and possible appli
cations of this m ethod but m ost of them  are written for experts actively  engaged in applying  
this tool. This book is prim arly aimed at the non-expert, i.e. at chem ists, biologists, geologists, 
m etallurgists who are interested in the possible applications o f the Mössbauer effect on their  
own field.

The first chapter is a brief but very clear sum m ary of the basic principles. In the follow 
ing five chapters the wide applicability of the m ethod is dem onstrated in chem istry, m agnet
ism , biology, geology and m etallurgy. As it is im possible to discuss all the possibilities in such  
a short book, the most im portant and im pressive problem s were selected. For exam ple, to 
show the applicability  in geology and m ineralogy the analysis o f lunar samples is discussed. 
Valuable inform ation could be gained about the oxidation  state and site preference of iron in 
different minerals and — through the analysis of ordering processes -  about the therm al 
history of rocks.

This short introductory book may be useful for all o f those people who are interested  
in what have been done and what can be done w ith this tool on their own field.

L. Takács
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