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PROFESSOR DR. H. C. ISTVÁN HAZAY OCTOGENARIO

The  H u n g a ria n  geoscien tists  c o n g ra tu la te  P ro fesso r H azay  w ith  d is tin ­
gu ished  re sp ec t o f  his deep know ledge a n d  o u ts ta n d in g  h u m an  c h a ra c te r  a t  
h is  8 0 th  b ir th d a y  occu rring  on A pril 15, 1981.

P ro fesso r H azay  w as b o rn  in  B u d a p e s t in  1901. H e fin ished  h is  schools 
th e re , an d  g ra d u a te d  in  civil eng ineering  a t  th e  T echn ica l U n iv e rs ity  o f  B u d a ­
p e s t in 1922.

H e en te red  s ta te  service as lan d  su rv e y o r in  1923 and  g a in ed  a  lo t  of 
experiences in  all phases o f geodetic  an d  la n d  su rv ey in g  w orks fo r a b o u t 30 
y ea rs . H e w as especia lly  ac tive  in  n a tio n a l geodetic  co n tro l w orks ( tr ia n g u la tio n , 
p rec ise  levelin g ,g eo d e tic  a s tro n o m y  e tc .). H is o u ts ta n d in g  ab ilities m a n ife s te d  
th em se lv es  a lread y  in  h is y o u th , th u s  he rece iv ed  soon m anag ing  ta s k s , a t  
f i r s t  in  th e  geodetic  co n tro l n e t an d  su rv ey  o f  B u d a p e s t, la te r  in  th e  n a tio n a l 
la n d  su rv ey  o f H u n g a ry . F rom  1942 on, he becam e th e  head  o f th e  N a tio n a l 
L a n d  S urvey .

T o g e th e r w ith  th is  p ra c tic a l a c tiv ity , he  tu rn e d  successfully  to w ard s  
sc ien tific  researches an d  professional e d u c a tio n . H is f irs t papers a p p e a re d  in  
1930. H e ta u g h t A d ju s tm e n t a n d  G eodetic A stro n o m y  a t  special cou rses from  
1929 on. A fte r th e  successful so lu tion  o f  an  astro -geodetic  p ro b lem  o f th e  
H u n g a ria n  n a tio n a l co n tro l n e t, he w as aw ard ed  th e  docto r degree b y  th e  
T ech n ica l U n iv e rs ity  o f B u d ap est in  1934. H is f irs t  book ap p ea red  in  1938

1* Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



4 PROFESSOR HAZAY OCTOGENARIO

e n t i t le d  “ A d ju s tm e n t in  civ il engineering  p ra c tic e ” , w hich w as h o n o u red  b y  
th e  g o ld en  m edal o f th e  H u n g a ria n  S ociety  o f  C ivil E ng ineers an d  A rch itec ts . 
A lre a d y  a t  th a t  tim e  he  h a d  several new  id eas  an d  sc ien tific  re su lts  — 
u n fo r tu n a te ly  in  H u n g a ria n  language  — w hich  h a v e  becam e to p ics o f th e  in te r ­
n a t io n a l  in te re s t  q u ite  re c e n tly  an d  w hich  h a v e  been  genera lly  accep ted . On 
th e  b a s is  o f  his e d u ca tio n a l an d  sc ien tific  a c t iv i ty ,  he w as aw arded  th e  P ro fe s ­
so r t i t l e  a t  th e  T ech n ica l U n iv e rs ity  of B u d a p e s t in  1941.

I n  H u n g a ry , th e  e d u c a tio n  o f civil en g in ee rs  specialized  in  geodesy , s u r ­
v e y in g  a n d  m ap p in g  w as s ta r te d  in  1949. P ro fe sso r H azay  has p u t  all h is force 
in to  th e  service o f p ro fessiona l ed u ca tio n  fro m  1951, and  o b ta in ed  e m in e n t 
m e r i ts  in  its  o rg an iza tio n  an d  scien tific  g u id an ce . As P rofessor fo r N a tio n a l 
S u rv e y , M a th em a tica l C a rto g rap h y  e tc . a n d  H e a d  o f th e  D e p a r tm e n t o f 
G eo d esy , he founded  th e  know ledge in , th e  a t t i tu d e  tow ards an d  th e  a ffec tio n  
fo r  th e  pro fession  o f m a n y  g en era tions o f geodesists . Several o f his s tu d e n ts  
a n d  a ss is te n ts  h av e  becam e professors, o u ts ta n d in g  engineers or sc ien tis ts .

A s professor, he w ro te  le c tu re  no tes a n d  4 te x tb o o k s  w hich  w ere p u b lish ed  
in  s e v e ra l ed itions. H is ex ce llen t ed u ca tio n a l a n d  m anage ab ilities  a p p ea red  
on  th e  h ig h e s t level w h en  he w as D ean o f  th e  F a c u l ty  for Civil E n g in ee rin g  in  
1960 — 1964 and  su b se q u e n tly  re c to r  o f th e  U n iv e rs ity  till 1967.

I n  th e  m ean tim e he co n tin u ed  his sc ien tific  a c tiv ity . H e p u b lish ed  m ore 
th a n  100 p ap ers  an d  books p re sen tin g  new  sc ien tific  re su lts . In  a d d itio n  to  th e  
4 te x tb o o k s , he p u b lish ed  6 o th e r  sc ien tific  b o o k s , am ong th em  th e  “ A d ju s tin g  
C a lc u la tio n s  in  S u rv ey in g “ w h ich  has been  p u b lish e d  also in  E ng lish .

H is  m ost im p o r ta n t  sc ien tific  re su lts  a re  th e  follow ing: a new  th e o ry  o f 
th e  m ech an ica l p rinc ip les o f  a d ju s tin g , s ta tic  p rin c ip les  o f th e  m e th o d  o f v a r ia ­
t io n  o f  co -o rd in a tes , a  m e th o d  used  in  th e  a d ju s tm e n t o f th e  new  n a tio n a l co n ­
t r o l  n e t :  th e  so-called “ m e th o d  o f d o m in an t s ta t io n s ” ; th e  a d a p ta t io n  o f  th e  
G a u ss-K riig e r  p ro jec tio n  fo r H u n g a ria n  c o n d itio n s  w ith  th e  n ecessa ry  fo r­
m u la s  a n d  tab le s ; re p re se n ta tio n  o f ex te n d e d  a re a s  in  a  un ifo rm  p ro je c tio n  co­
o rd in a te  sy stem ; so lu tio n  o f a n u m b er o f o th e r  prob lem s in  co n n ec tio n  w ith  
p ro je c tio n s ; ap p lica tio n  of th e  f ic titio u s  o b se rv a tio n s ; special m eth o d  o f dev e l­
o p m e n t an d  ca lcu la tio n  o f tra v e rse  n e ts ; th e  tra n s fo rm a tio n  o f w eig h ts  in  
a d ju s tm e n t  and  its  ap p lica tio n  in  a d ju s tm e n t o f  geodetic  con tro l n e ts ; a d ju s t ­
m e n t o f  leveling  n e ts  fo r th e  d e tec tio n  o r re c e n t c ru s ta l m ovem ents b y  ta k in g  
in to  a c c o u n t th e  v e lo c ity  changes; th e o re tic a l in v es tig a tio n s  a b o u t th e  d a tu m - 
p ro b le m s  o f d iffe ren t reference  ellipsoids e tc .

T h e  H u n g a ria n  A cad em y  o f Sciences acknow ledged  his sc ien tific  m erits  
b y  e le c tin g  h im  its  co rresp o n d in g  and o rd in a ry  m em ber in  1967 an d  in  1976, 
re sp e c tiv e ly . F o r a long  tim e  he h ad  a le ad in g  ro le  in  th e  H u n g a ria n  g eodetic  
sc ience  as p re s id en t o f th e  G eodetic  C om m ission o f  th e  H u n g a rian  A cad em y  o f 
S c iences. H is b rig h t know ledge, zeal an d  w o rk in g  c a p ac ity  h av e  been  s tim u lu s  
fo r a ll o f  us.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981
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As a p p re c ia tio n  o f his m erits  in  te ch n ica l e d u c a tio n  an d  in  sc ien tific  
research , P ro fessor H a z a y  w as aw arded  severa l h o n o u rs . H e is ho lder o f  th e  
S ta te  K o ssu th -p rize , o f  th re e  g o v ern m en ta l a n d  tw o  m in is te ria l m edals, a n d  
o f  th e  tw o H o n o ra ry  M edals o f  H u n g a rian  geodesists. T he T echnical U n iv e rs ity  
o f  B u d ap est aw ard ed  h im  th e  t i t le  do c to r ho n o ris  cau sa  an d  th e  H o n o ra ry  
M edal of th e  U n iv e rs ity .

A t his 8 0 th  b i r th d a y  we express o u r sincere  w ishes in  th e  hope th a t  P ro ­
fessor H azay  w ith  h is am iab le , com m only  re sp e c te d  p e rso n a lity  an d  deep  
know ledge can fu r th e r  be  ac tiv e  for a long tim e  in  good h e a lth  for th e  d e v e lo p ­
m en t of his be loved  science, th e  geodesy an d  in  th e  e d u c a tio n  of new g en era tio n s  
o f  engineers an d  sc ien tis ts .

P . B iró

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981
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PUBLICATIONS OF PROFESSOR ISTVÁN HAZAY

A  )  Books

1. A d ju s tm e n t in  Civil E ngineering  P ra c tic e  (K ieg y en lítő  szám ítás a geodéziai g y a k o rla tb a n ).
Own ed ition , B u d ap es t, 1938. 380 p.

2. C o m p u ta tio n  of G auss-K riiger C o -O rd in a tes (w ith  A. T árczy -H ornoch) (G au ss-K rü g er koor­
d in á tá k  szám ítása). A kadém iai K ia d ó , B u d a p es t, 1951. 357 p.

3. T erre stria l P ro jec tio n s  (Földi v e tü le te k ) . A k ad ém ia i K iadó , B u d ap est, 1954. 508 p.
4. M anual of G eodesy, Vol. I —I I I  (E d ito r  an d  a u th o r  o f ab o u t one q u a rte r)  (G eodéziai K ézi­

k ö n y v  I —I I I ) .  K özgazdasági és Jo g i K ö n y v k ia d ó , B u d ap est, 1956— 1960. 2180 p.
5. N a tio n a l S u rvey  (O rszágos felm érés). T an k ö n y v k iad ó , B u d ap est, 1959. 360 p.
6. G eodesy (for “ M anual o f M ining” ) (G eodézia (B á n y ásza ti K ézikönyv  szám ára )) . M űszaki

K öny v k iad ó , B u d ap es t, 1965. 130 p.
7. P ro jec tio n s (V e tü le tta n ). T an k ö n y v k iad ó , B u d a p es t, 1965. 360 p.
8. A d ju stin g  C alcu lations (K iegyenlítő  szám ításo k ). T an k ö n y v k iad ó , B u d a p es t, 1966. 630 p.
9. N a tio n a l S u rvey  a n d  L and  C onso lidation  (w ith  L. S za lon ta i) (O rszágos fe lm érés és m űszak i

fö ldrendezés). T an k ö n y v k iad ó , B u d a p es t, 1967. 595 p.
2nd ed ition  in  1973.

10. A d ju stin g  C alcu la tions in  S urvey ing . A k ad ém ia i K iad ó , 1970. 630 p.
11. H igh-Scale S u rv ey in g  ( tex tb o o k ) (N a g y m é re ta rá n y ú  felm érések). T an k ö n y v k iad ó , 1979.

280 p.
12. G eodesy (E ng in eerin g  M anual) (G eodézia  (M érnöki K ézikönyv)) E d ited  b y  L. P a lo tá s  (in

press). 120 p.

В )  P apers in  jo u rn a ls

1. K in o -th eo d o lite  (K inó-teodo lit). G eodéziai K özlöny , 1930.
2. A d ju s tm en t o f th e  O rosháza n e tw o rk  w ith  B o ltz ’s m eth o d  (O rosháza belsőségi h á ló z a tá n ak

k iegyenlítése  B o ltz  m ódszere sze rin t) . Geodéziai K özlöny , 1930.
3. C o m p u ta tio n s o f low er o rder t r ia n g u la t io n  p o in ts  (A lsóbbrendű  három szögelési p o n to k  szá­

m ítása). Geodéziai K özlöny , 1931.
4. S tu d ies  for th e  d e te rm in a tio n  of th e  d im ensions a n d  position  of th e  re fe ren ce  ellipso id  best

ap p roach ing  th e  E a r th ’s surface  in  H u n g a ry  (V izsgálatok  M agyarország  fe lü le téh ez  leg­
jo b b an  sim uló  referencia  e llip szo id  m ére te in ek  és elhelyezésének m eg h a tá ro zásá ra ) . 
Dr. thesis, 1932.

5. S ta tic  a d ju s tm e n t o f co-ord inates. F o r  th e  use  o f th e  N ational Survey , l ith o g ra p h y  (S ta tik a i
k o o rd in áta-k ieg y en líté s). 1936.

6. S ta tisch e  K oord in a ten au sg le ich u n g . M ű sza k i és G azdaságtudományi E gyetem  S opron i B á n ya -
és K ohóm érnöki Osztályának K özlem énye i, 1939.

7. D ie Lösung zusam m en g ese tz te r A u fg ab en  m itte ls  s ta tisc h e r A usgleichung. M ű sza k i és Gaz­
daságtudom ányi Egyetem  Soproni B á n y a - és K ohóm érnöki Osztályának K özlem én ye i, 1942.

8. P ro jec tio n s, w ith  special respect to  H u n g a ria n  su rv ey in g  (V etü le tek , k ü lö n ö s te k in te t te l  a
hazai felm érésekre). M érnöki T o v áb b k é p ző  In té z e t  k iad v án y a , 1942.

9. A c tiv ity  o f th e  N a tio n a l L and  S u rv e y  (Az Á llam i Fö ldm érés m unkaköre). Geodéziai K özlöny ,
1947.

10. M ath em atic  an d  m echanical p rin c ip les  o f th e  a d ju s tm e n t o f co -o rd in a tes (A k o o rd in á ta -  
k iegyenlítés m a te m a tik a i és m ec h an ik a i fogalm azása). Á lla m i Földm érés K özlem ényei, 
1949.
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11. T ra n s fo rm a tio n  of G a u ss -K rü g e r co-ordinates fro m  one  p ro jec tio n a l stripe  to  th e  neigh-
b o ro u s one (Á tsz ám ítá s  a  G au ss-K rüger v e tü le tű é i az  eg y ik  v e tü le ti sávról a szom szédos 
v e tü le ti  sávra). F öldm éréstani Közlem ények, 1950.

12. S tu d ie s  in  connection  w ith  th e  u se  o f th e  G au ss-K rü g er co -o rd in a tes  in  H u n g a ry  (V izsgála­
to k  a G auss-K rüger á b ráz o lá s i m ód m agyaro rszág i a lk a lm azásáv a l k ap cso la tb an ). M T A  
M ü sz . Oszt. K özi., 1951.

13. Z u r U m rech n u n g  der G au ss-K rü g ersch en  K o o rd in a te n  v o n  einem  P ro jek tio n ss tre ifen  in
d e n  b en ach b arten . A c ta  Technica , 1951.

14. T ran s fo rm a tio n  of G a u ss-K rü g er co-ordinates fro m  a  n a rro w er s trip e  to a b ro a d e r  one
(G auss-K rü g er k o o rd in á tá k  á tszám ítása  kesk en y  sáv ró l szélesebb sávra). Földm éréstani 
K özlem ények, 1951.

15. T ra n s fo rm a tio n  of G a u ss -K rü g e r co-ord inates b e tw een  d iffe re n t ellipsoids (Á tszám ítás  k ü ­
lönböző  ellipszoidokhoz ta r to z ó  G auss-K rüger k o o rd in á tá k  k ö zö tt). M T A  M ü sz . Tud . 
Oszt. K özi., 1952.

16. O n  th e  ad ju s tm e n t o f n a tio n a l a n d  co n tinen ta l n e tw o rk s  (A z országos és k o n tin e n tá lis  h á ló ­
z a to k  k iegyenlítésérő l). M T A  M üsz. Tud. Oszt. K ö zi., 1952.

17. T h e  C ongress on G eodesy a n d  G eophysics in  B u d a p es t (A  b u d a p e s ti  Geodéziai és G eofizikai
K ongresszus). F öldm éréstani Közlem ények, 1959.

18. D ie  T ran s fo rm a tio n  G au ss-K rü g ersch e r K o o rd in a ten  zw ecks D arste llu n g  in  k le inem  M aß­
s ta b v e rh ä ltn is . A cta  Technica , 1952.

19. U m re ch n u n g  zw ischen G au ss-K rü g ersch en  K o o rd in a te n , d ie versch iedenen  E llip so id en
angehören . Acta  T echnica , 1952.

20. Ü b e r  A usgleichung v o n  L an d estr ian g u lie ru n g sn e tzen  u n d  k o n tin e n ta len  T rian g u lie ru n g s­
n e tz en . A cta Technica, 1953.

21. M a th em a tica l princip les o f a  u n ifo rm  tab le  of confo rm al m ap s in  d ifferen t positions. (K ü lö n ­
böző  elhelyezésű sz ö g ta r tó  h en g erv e tü le tek  egységes tá b lá z a tá n a k  m a te m a tik a i a la p ja ) . 
Földm éréstani K özlöny , 1953.

22. Som e w ords on th e  scale o f m ap s  (N éh án y  szó a té rk é p i m é re ta rá n y ró l) . Földm éréstani K özle­
m ények, 1954.

23. M a th em atisch e  G ru n d lag e  zu r e inheitlichen  T abelle  v e rsch ied en e r an g eo rd n e ten  w in k e l­
t r e u e r  Z y lin d e rp ro jek tio n en . A cta  Technica, 1954.

24. Z e itg em äß e  F orm eln  fü r  R e d u k tio n e n  von w in k e ltreu en  Z y lin d erp ro jek tio n en . A cta  Tech­
n ica , 1955.

25. S tu d ie s  in  connection  w ith  th e  p ro jec tio n  betw een  d iffe re n t ellipsoids I — X I I  (V izsgála tok
a kü lönböző  e llipszo idok  k ö z ö tti  v e títé s  köréből I — X I I ) .  Geodézia és K artográfia , 1955.

26. D ie  U m rech n u n g  von d e r ste reo g rap h isch en  P ro je k tio n  u n d  de r konform en Z y lin d e rp ro je k ­
t io n  a u f  die G au ss-K rü g ersch e  P ro jek tion . A cta  Technica , 1955.

27. G e n au ig k e itsu n te rsu c h u n g  d e r T rian g u lie ru n g sp u n k te  bei R ich tu n g slin ien  v e rsch ied en en
G ew ichtes. A  B á n ya m érn ö k i és Földmérőm ér n öki K a ro k  K özlem ényei, 1955.

28. U n te rsu ch u n g e n  ü b e r d ie  P ro je k tio n  zwischen E llip so id en  u n d  ü b er die B estim m u n g  der
re la tiv e n  Lage de r E llip so id e  du rch  P ro jek tio n . A cta  Technica, 1956.

29. B e iträ g e  zur B estim m u n g  d e r K o n s ta n te n  bei der P ro je k tio n  zw ischen E llipso iden  u n d  der
L ag e  des E llipsoids. A cta  Technica, 1956.

30. D ie  L ösung  der K o o rd in a ten au sg le ich u n g  m it e inem  P u n k t  u n te r  B erü ck sich tig u n g  von
R ich tu n g sg ew ich ten . B á n ya m érn ö k i és Földm érőm érnöki K arok  Közlem ényei, 1956.

31. A z im u tred u k tio n  zw ischen  zw ei E rdellipsoiden. A cta  Technica , 1957.
32. C o m p u ta tio n  of a nodal p o in t  o f trav e rse s  w ith  f ic titio u s  d irec tio n  m easu rem en ts (Sokszöge-

lési csom ópont sz á m ítá sa  f ik t ív  iránym érési e red m én y ek k e l). Geodézia és K artográ fia , 
1957.

33. A  u n ifo rm  in te rp re ta tio n  of th e  b re a k  po in ts of tra v e rse s  o rien ted  a t  i ts  endpo in ts b y  several
d irec tio n s  (A v é g p o n tja in  tö b b irá n n y a l tá jé k o z o tt  sokszögvonal törésszögeinek egységes 
érte lm ezése). Geodézia és K artográ fia , 1958.

34. M echan ica l p rincip les o f th e  a d ju s tm e n t (A k iegyen lítés m ech an ik a i elvei). Geodézia és K a r ­
tográfia , 1959.

35. R e a liz a tio n  of th e  s ta tic  a d ju s tm e n t.  I. A d ju stm en t o f  single p o in ts  (A s ta tik a i k o o rd in á ta ­
k ieg y en lítés  v é g re h a jtá sa  I. E g y p o n to s k iegyenlítés). M T A  M üsz. Tud . Oszt. K ö zi., 1959.

36. R e a liz a tio n  of th e  s ta tic  a d ju s tm e n t.  I I .  A d ju stm en t o f sev e ra l p o in ts to g e th e r (A  s ta tik a i
k o o rd in á tak ieg y en líté s  v é g re h a jtá sa  I I .  T ö b b p o n to s  k iegyen lítés). M T A  M ü sz . T ud . 
Oszt. K özi., 1959.

37. Ü b e r  d ie  P roblem e der P ro je k tio n  zwischen zwei E llip so id en . A cta  Technica, 1959.
38. B e rec h n u n g  des po ly g o n alen  K n o te n p u n k te s  aus E rg eb n issen  der f ik tiv e n  R ich tu n g sm es­

su n g en . B ányam érnöki és Földm érőmérnöki K arok  K özlem ényei, 1959.
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39. A u sfü h ru n g  der s ta tisc h e n  K o o rd in a ten au sg le ich u n g  I. A usgleichung eines P u n k te s . A cta
Technica, 1959.

40. A u sfü h ru n g  der s ta tisc h e n  K o o rd in a ten au sg le ich u n g  I I .  G em einsam e A usg le ichung  m eh re ­
re r  P u n k te . A cta  Technica, 1959.

41. D ie m echanischen  P rin z ip ien  der A usg le ichung . A cta  Technica, 1960.
42. S ta tisc h e  K o o rd in a tenausg le ichung  m it  R ich tu n g sm essu n g en  ohne O rie n tie ru n g s r ic h tu n ­

gen. A cta Technica , 1960.
43. Som e w ords on c e r ta in  form ulas o f e rro r  l im its  (N éh án y  szó egy-két h ib a h a tá rk é p le trő l) .

Geodézia és K artográ fia , 1961.
44. S tu d ies  on th e  use o f  G auss-K rüger co -o rd in a te s  in  H u n g a ry  (V izsgálatok a G au ss-K rü g er-

féle ábrázo lási m ód  m agyarországi a lk a lm azásáh o z). É K M E  Tud . K özi., 1961.
45. D ie m echan ischen  P rin z ip ien  der A usg leichung . (T rav a u x  du  G roupe Spécial d ’É tu d e s  No 21

L ’A ssocia tion  In te rn a tio n a le  de G éodésie, A cadém ie  Polonaise des Sciences K ra k ó w , 
1961.)

46. U n te rsu ch u n g  zur A nw endung  der G au ss-K rü g ersch en  A bb ildung  in U ngarn . A cta  T echnica ,
1961.

47. Po lygonale  K n o te n p u n k tsy stem e . A cta  Technica , 1961.
48. S u m m er p ractice  fo r survey ing  and m ap p in g  s tu d e n ts  (Term elési g y ak o rla to k  a  fö ld m érő ­

m érn ö k képzésben). Geodézia és K a rtográ fia , 1962.
49. T he use  of d im ensional w eights in th e  a d ju s tm e n t  (D im enziós súlyok a lk a lm a zá sa  a  k i­

egyen lítő  sz á m ításb an ). Geodézia és K a rto g rá fia , 1962.
50. D im ensions for th e  su b s id ia ry  q u a n titie s  o f  th e  a d ju s tm e n t (A kiegyenlítés segéd m en n y isé-

geinek  d im enzió ja). Geodézia és K arto g rá fia , 1962.
51. D iscussion  on th e  p a p e r  by  Z. H e in em an n  “ Som e re m a rk s  on the  princip le  o f th e  s ta tic

a d ju s tm e n t”  (H ozzászó lás H e in em an n  Z o ltá n  „M egjegyzések a s ta tik a i k ieg y en lítés i 
e lvhez”  c. tan u lm án y h o z ). M T A  M íísz . T u d . Oszt. K özi., 1962.

52. D e te rm in a tio n  of th e  re liab ility  of fu n c tio n a l v a lu e s  d irec tly  from  th e  norm al e q u a tio n s  of
th e  co-o rd ina te  a d ju s tm e n t (F ü g g v é n y é rté k ek  m eg b ízh ató ság án ak  m e g h a tá ro z ása  köz­
v e tlen ü l a k o o rd in á ta-k ieg y en líté s  n o rm áleg y en le te ib ő l). Geodézia és K artográ fia , 1963.

53. C o m p u ta tio n  of th e  m ean  square e rro rs  in  co n n ec tio n  w ith  fic titio u s m ea su re m e n t re su lts
(À k ö zéph ibák  sz á m ítá sa  a f ik tív  m érési e red m én y ek k e l kap cso la tb an ). Geodézia és K ar-  
lográfia, 1963.

54. T he U se of D im ensional W eights in A d ju s tin g  C alcu la tions. A cta Technica, 1963.
55. S y stem s of nodes in trav e rse s  (Sokszögelési c so m ó p o n tren d szerek ). É K M E  T u d . K özi., 1963.
56. On th e  d e te rm in a tio n  o f th e  c h arac te ris tic  fu n c tio n  of conform al p ro jections w ith  th e  basic

e q u a tio n  of co n fo rm ity  (Szög tartó  v e tü le te k  je llem ző  függvényének  m e g h a tá ro z á sa  a 
szö g tartó ság  a lapegyen letéve l). Geodézia és K artográ fia , 1963.

57. On th e  o rth o d ro m e a n d  loxodrom e (A lo x o d ró m áró l és az o rtod ro ináró l). Geodézia és K artog­
rá fia , 1964.

58. О средней погрешности фиктивных наблюдений. Маркшейдерское дело в социалис­
тических странах. Москва, 1964.

59. B estim m u n g  der ch ara k te ris tisch e n  F u n k tio n  de r w in k e ltreu en  P ro jek tio n en  m it  H ilfe  der
G rundg le ichung  d e r konform en A b b ild u n g . A cta  Technica, 1964.

60. D im ension  of th e  S u b s id ia ry  Q u an tities  o f  A d ju s tm e n t. Acta  Technica, 1964.
61. T he p ic tu re  o f th e  deg ree-g rid  on a cy lin d ric  p ro jec tio n  w ith  oblique axis (A fo k h á ló z a t képe

ferd e ten g e ly ű  hen g erv e tü le ten ). Geodézia és K a rtográ fia , 1965.
62. T he significance o f T is so t’ s in d ica trix  (A T is so t- in d ik a tr ix o k  jelentősége.) É K M E  T u d . K özi.,

1965.
63. D ie B ed eu tu n g  de r T is so t-In d ik a tr ix . A cta  Technica , 1965.
64. On th e  problem  of indep en d en ce  of th e  f ic ti tio u s  m ea su re m e n t resu lts  used in th e  a d ju s tm e n t

o f tr ia n g u la tio n  n e tw o rk s  (H árom szögelési h á ló z a to k  k iegyenlítéséhez fe lh a sz n á lt f ik tív  
m érési e red m én y ek  függetlenségének kérdése). É K M E  Tud . K özi., 1966.

65. Ü b e r d ie F rage  de r U n ab h än g ig k e it de r au s  W in kelm essungen  in  allen K o m b in a tio n en  her-
rü h ren d en  f in g ie rten  M eßergebnisse. (D as  M arkscheidew esen  in den sozialistischen  L ä n ­
dern ) V EB  D e u tsc h e r Verl, fü r G ru n d s to ff in d u s tr ie , Leipzig, 1966.

66. Ü b e r d ie L oxodrom en u n d  die O rth o d ro m en . A cta  Geod., Geoph. M ont. H ung ., 1966.
67. H u n g a rian  geodetic p ro jec tio n s and th e ir  fu tu re  p ro b lem s (A m agyar geodéziai v e tü le te k  és

jö v ő  kérdéseik). M T A  X .  Oszt. K özi., 1967.
68. I l lu s tra tio n  of e x te n d ed  areas in a un ifo rm  p ro jec tio n  system  of co-ordinates (N a g y o b b  te r ü ­

le tek  áb rázo lása  egységes v e tü le ti k o o rd in á ta re n d sz e rb e n .)  Geodézia és K artográ fia , 1967.
69. On th e  a d ju s tm e n t o f v e rtica l crustal m o v em e n t n e tw o rk s (A v ertik ális  kéregm ozgási h á ló ­

z a to k  k iegyenlítése). Geodézia és K artográ fia , 1967.
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70. D ie  A usgleichung  von N iv e llem en tsn etzen  fü r d ie B e o b ac h tu n g  de r v e rtik a len  E rd k ru s te n ­
bew egungen . (D as M arkscheidew esen in  den  so z ia lis tisch en  L än d ern ) M iskolc, 1967.
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листических странах. Том 4. Москва, 1969.
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78. O n th e  a d ju s tm e n t o f tr ia n g u la tio n  ne tw orks w ith  a ll len g th s  and  angles m easu red  (V a la ­
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PROFESSOR DR. LAJOS HOMORÓDI SEPTUAGENARIO

T he ra p id  d evelopm en t of th e  la s t  h a lf  c e n tu ry , th e  new ta sk s , th e  change 
in  m easu rem en t an d  co m p u ta tio n  tech n ics  p ro d u ced  an  increasing  sp ec ia liza ­
tio n  in  every  fie ld  o f science in c lu d in g  geodesy . A t p resen t th o se  d ea lin g  w ith  
th e o re tic a l geodesy are  no t fam ilia r w ith  th e  p roblem s of p h o to g ra m m e try , 
su rv ey o rs  know  on ly  superfic ia lly  a b o u t th e  p rob lem s of a d ju s tm e n t. P ra c tic a l 
e x p e rts  w ork  q u ite  in d ep en d en tly  from  th e o re tic ia n s  and  research  w o rk ers . 
T he n u m b e r of sc ien tis ts  o r engineers w ho p ro d u ced  sign ifican t re su lts  in  sev era l 
a reas  of geodesy, b o th  in  th eo re tica l a n d  p ra c tic a l problem s is even in te rn a t io n ­
a lly  v e ry  low . I t  is th e  g rea t luck  o f H u n g a r ia n  geodesists th a t  one o f  th e se  
ex cep tio n a l p erso n a lities  D r . La jo s  H o m o ró di  lives an d  w orks am ong  us.

P ro fessor H o m o ró di  was b o rn  in  A rad  in  1911. A fter co m p le tin g  th e  
T ech n ica l U n iv e rs ity  in  B u d ap est, he  g ra d u a te d  in  1934. In  1944, he w as a w a rd ­
ed th e  d o c to r degree w ith  his w ork  on  “ E rro r  sources of high p rec ision  d is ta n ­
ces m easu rem en ts  w ith  ro d s” . I n  1952, he o b ta in e d  th e  t itle  C a n d id a te  of 
T echn ica l Sciences on  th e  basis o f h is e a rlie r sc ien tific  ac tiv ity . In  1962, a w ork  
e n title d  “ S o lu tion  o f coord inate  tra n s fo rm a tio n s  necessary  fo r th e  a p p lic a tio n  
o f  th e  new  n a tio n a l tr ia n g u la tio n  n e t”  b ro u g h t h im  th e  t i t le  D octo r o f T ech n ica l
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S ciences. T he H u n g a ria n  A cadem y  of Sciences e lec ted  him  co rrespond ing  an d  
o rd in a ry  m em ber in  1973 a n d  1979, re sp ec tiv e ly .

B e tw een  1934 an d  1959, he occupied d iffe re n t positions a t th e  N a tio n a l 
L a n d  S u rv ey , th u s  he w as fo r  a tim e  D ire c to r  o f  th e  Surveying  an d  M ap p in g  
E n te rp r is e  in  B u d a p e s t. S ince 1959, he h as  b een  w orking  a t  th e  u n iv e rs ity , 
a t  f i r s t  in  th e  In s t i tu te  of T h eo re tica l G eodesy, la te r  in  th e  In s t i tu te  o f P h o to - 
g ra m m e try . In  1962 he w as n o m in a ted  to  P ro fe sso r a t  th e  T echnical U n iv e rs ity  
fo r C iv il E n g in eerin g  an d  T ra ffic , w here he w as D e p u ty  R ec to r b e tw een  1962 
a n d  1964 an d  D ean  o f th e  Facvdty  for C ivil E n g in ee rin g  betw een  1964 an d  
1967. H e  was D irec to r o f th e  In s t i tu te  fo r G eodesy  a t  th e  T echnical U n iv e rs ity  
B u d a p e s t b e tw een  1971 a n d  1978.

H e  acqu ired  th e  know ledge necessary  fo r  a fru itfu l w ork  in  p ra c tic a l 
g eo d esy  in  th e  tr ia n g u la tio n  an d  polygon w o rk s o f B u d ap est, fu r th e r  in  th e  
su rv e y in g  m ade b y  th e  N a tio n a l L and  S u rv ey . F ro m  1942 on, he to o k  p a r t  in  
th e  h ig h  precision  tr ia n g u la tio n  of th e  c o u n try . A fte r  th e  w ar his ex p e rim en ts  
w ere  u tiliz e d  in  p lan n in g  a n d  organizing  th e  n ew ly  s ta r te d  geodetic  w orks. 
In  th e  d ev e lo p m en t of th e  f i r s t  o rder c h a in -sy s te m  he h ad  ta k e n  an  im p o r ta n t  
ro le  b o th  b y  personal c o n tr ib u tio n s  and  b y  th e  fo rm u la tio n  of m easu rem en ts  
an d  c o m p u ta tio n  p re sc rip tio n s .

B esides his p ra c tic a l a c tiv ity  he fo u n d  a lw ay s tim e  to  w rite  p ap ers  w hich  
re f le c t th e  h igh  th e o re tic a l level used in  th e  so lu tio n  of p rac tica l p ro b lem s. 
H e  d e a lt  in  th em  w ith  th e  accu racy  of th e  a n g u la r  and  d istance m easu rem en ts  
o f p o ly g o n s  in  u rb a n  areas as well as w ith  th e  te s t in g  of th e  in s tru m e n ts  u sed . 
I n  se v e ra l of his p ap ers  he d iscussed  th e  basic  p rob lem s of f ir s t  o rd e r n a tio n a l 
t r ia n g u la t io n  like p o sitio n  an d  o rien ta tio n  o f  th e  n e tw ork , in fluence  o f th e  
d im en s io n  of th e  ellipsoid  u sed , d e te rm in a tio n  o f th e  deflections of th e  v e r tic a l, 
re d u c tio n  of m easu rem en t re su lts , a d ju s tm e n t o f  th e  netw ork . H e t r e a te d  th e  
in tro d u c t io n  of th e  new  p ro je c tio n  system  an d  p rob lem s in  connection  w ith  th e  
d e v e lo p m e n t of th e  fo u r th  o rd e r n e tw ork . In  co n n ec tio n  w ith  th e  a p p lic a tio n  
o f  th e  n a tio n a l n e tw o rk , he early  recognized th e  necessity  to  e s tab lish  prec ise  
le v e lin g  netw orks fo r en g in ee rin g  purposes, a n d  also  pub lished  th e  re su lts  o f h is 
in v e s tig a tio n s  in  th is  co n n ec tio n .

H is  w ide th e o re tic a l a n d  p rac tica l know ledge  has been used  since 1940 
in  te a c h in g , too . H e le c tu re d  geodesy an d  th e o re tic a l geodesy a t  co rresp o n d in g  
c o u rse s . Since 1954, he h as  been  tak in g  p a r t  in  u n iv e rs ity  ed u ca tio n  w ith  lec­
tu r e s  o n  th e o re tic a l geodesy . L ec tu re  no tes fo r  th e se  w ere predecessors o f  th e  
te x tb o o k  p u b lished  in  1966, being  th e  f i r s t  H u n g a r ia n  tex tb o o k  on T h eo re tica l 
G eo d esy . Since 1959, m o st o f his tim e  has b een  sp e n t fo r u n iv e rs ity  e d u c a tio n . 
H e  le c tu re d  in  T h eo re tica l G eodesy b e tw een  1959 an d  1978, in  P h o to g ra m m e try  
since  1963. F o r sh o rte r  t im e , he also le c tu re d  G eophysics and  B asic N e tw o rk s  
in  G eodesy . M ost o f th e se  w ere accom pan ied  b y  lec tu re  no tes, to o . H e  ta k e s  
also  p a r t  in  p o s tg ra d u a te  ed u ca tio n . H e p u b lish e d  n o t only papers on  e d u c a tio n
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in geodesy, b u t  led th e  com pila tion  o f th e  p ro g ra m  for s tu d en ts  in  geodesy  in  
th e  fram ew ork  of th e  u n iv e rs ity  reform .

As P rofessor a t th e  In s t i tu te  o f P h o to g ra m m e try , he took  an  a c tiv e  p a r t  
in  researches an d  so lu tions of p rac tica l p ro b lem s. H e analyzed  th e o re tic a l qu es­
tio n s in  a n a ly tic  ae ro tr ia n g u la tio n , an d  p u b lish ed  severa l papers on th e  non- 
ca rto g rap h ic  use o f p h o to g ram m etry .

P ro fessor H omorÓd i  pub lished  m ore t h a n  h u n d re d  papers an d  n e a rly  150 
recensions an d  review's. A p a r t  o f th ese  p u b lic a tio n s  lias a lready  been  m e n tio n ­
ed. H is sc ien tific  p o r tra i t ,  how ever, w ould n o t be com plete  w ith o u t m en tio n in g  
th e  tech n ica l new s from  ab ro ad  w hich  he in tro d u c e d  in  H un g ary , su ch  as e.g. 
q u a rtz  clocks in  1937, a tom ic  clocks in  1950, geodetic  use of h igh  c a p a c ity  
com pu ters in  1954, an d  o f sa te llite s  in  1964.

H e p ro m o ted  geodesy a t hom e an d  a b ro a d  b y  a w ide-rang ing  p u b lic  
a c tiv ity . H e is fo u n d er-m em b er of th e  S o c ie ty  o f  G eodesy and  C a rto g ra p h y , 
an d  w as ch a irm an  of th is  Society  betw een  1962 an d  1980. A t p re se n t, he is 
a sso c ia te  ch a irm an  of th e  Society. H e has ta k e n  p a r t  from  th e  b eg in n in g  in  th e  
a c tiv ity  o f th e  C om ission of G eodesy of th e  H u n g a r ia n  A cadem y o f Sciences, 
w here he has p resided  since 1975. H a  ta k e s  an d  to o k  p a r t  in th e  a c tiv ity  o f o th e r  
com issions, too .

P ro fessor H omorÓd i  is also well k n o w n  o u ts id e  of H u n g ary . H e has 
p a r tic ip a te d  fo r n ea rly  th re e  decades in  th e  a c t iv i ty  o f th e  F éd é ra tio n  I n te r ­
na tio n a le  des G éom ètres (F IG ), w here he w as b e tw een  1972 and  1974 vice- 
ch a irm an , be tw een  1975 an d  1976 ch a irm an  o f C om m ission  2 (E d u ca tio n ). H e is 
also ac tiv e  in IS P  and  U G G I, th u s  p ro m o tin g  th e  re p u ta tio n  of H u n g a ria n  
geodesy .

As an  ap p rec ia tio n  o f P ro fessor H o m o r o d i’s m erits , he w as aw ard ed  
severa l tim es, from  w hich  tw o g o v e rn m en ta l m ed als , th e  L ázár D eák  an d  
F asch in g  A n ta l m edals o f H u n g a ria n  geodesists, th e  price  of th e  A sso c ia tio n  of 
H u n g a ria n  T echn ical Societies and  a h o n o ra ry  d ip lo m  o f F IG  shou ld  b e  m e n ­
tio n ed  here.

W e w ish P ro fessor H omorÓd i  a t  his se v e n tie th  b ir th d a y  good h e a lth  for 
m an y  years  com ing, th a t  his a c tiv ity  shou ld  n o t  cease, th a t  we could  re a d  h is  
p ap e rs , h ea r h is lec tu res  an d  his op in ion  a b o u t th e  problem s arising  o n  th e  
d iffe ren t fields o f geodesy.
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GEODYNAMIC ASPECTS OF REPEATED 
GEODETIC LEVELINGS AND GRAVITY ORSERVATIONS

P. B IR Ó

TECHNICAL UNIVERSITY OF BUDAPEST 

[M anuscrip t received S ep tem b er 23, 1980]

T heo re tica l in v es tig a tio n s  show  t h a t  tim e changes o f  g eo p o ten tia l or e levation  d ifferences 
o f bench  m ark s  c h arac te rize  tru e  v e r tic a l m o v em en ts  o f  E a r th ’s surface  (or c ru st) on ly  in  ex ­
cep tional cases, w h ich  do n o t ex is t in  th e  case o f o u r rea l E a r th .  As fa r as tru e  v e rtica l d isp lace ­
m en ts o f g ra v ity  s ta tio n s  c an n o t be de te rm in ed , o b se rv ed  changes o f g rav ity  a re  in su ffic ien t 
in fo rm a tio n  to  conclude  to  th e  n o n -tid a l v a ria tio n s  o f E a r th ’s g ra v ity  field. T h eo re tic a l an d  
p rac tica l experiences show  th a t  th e  changes o f g ra v ity  d ifferences a n d  of heigh t d ifferences are 
in  linear co rre la tio n . T h ereb y  re p ea te d  precise g ra v ity  m ea su re m e n ts  m ay  be in  p rin c ip le  su b ­
s t i tu te d  for re p ea te d  geodetic  levelings as a  m ore econom ica l a n d  ra p id  m ethod  esp ec ia lly  for 
long d istances. A new  co n tin e n ta l n e tw o rk  schem e h a s  b een  suggested  fo r stu d y in g  re c e n t v e r­
tica l m o vem en ts . A t te n tio n  is called to  possible co n sid erab le  irreg u la r  local changes o f  E a r th ’s 
g ra v ity  fie ld  w ith in  re s tr ic te d  ranges. I t  is recom m ended  to  c a rry  o u t rep ea ted  s im u lta n eo u s  
precise g ra v ity  m ea su re m e n ts  a n d  geodetic  levelings co m p le ted  b y  th e  ob se rv atio n s o f  th e  
v e rtica l g ra d ie n t o f g ra v ity  a long  several te s t lines a n d  a reas.

Introduction

G eodetic levelings an d  precise o b se rv a tio n s  o f  g ra v ity  as well are  c a rr ie d  
ou t in  th e  g ra v ity  fie ld  and  on th e  to p o g rap h ic  su rface  o f th e  E a r th . T h e  u p  to  
d a te  d y n am ic  v iew  o f geodesy requ ires to  assu m e th e  secu lar and  long  p e rio d ic  
tim e  v a ria tio n s  b o th  o f th e  p h ysica l figure an d  o f th e  g ra v ity  field o f th e  E a r th  
[e.g. B a r t a  1979, B o u l a n g e r  1979, T orge  1979 e tc .] . T he m en tioned  tim e  
v a r ia tio n  o f th e  fo rm er is u su a lly  te rm ed  as “ recent crustal movement” w hile  
th a t  of th e  la t te r  as “ non-tidal variations o f  g ra v ity” . (B ecause of d isp lacem en ts  
of th e  to p o g rap h ic  su rface  can  be observed  an d  we are  n o t convinced th a t  th e se  
are  rea lly  fo llow ed b y  th e  en tire  c ru st, th e  te rm  “ surface d isp lacem ent (or  
m ovem ent) ” w ill he p re fe rred  in s te a d  of “ c ru s ta l m o v em en t” .)

T here  is no  d o u b t th a t  b o th  geodetic levelings an d  g rav ity  o b se rv a tio n s  
(e ither ab so lu te  or re la tiv e ) are in fluenced  b y  th e  m en tioned  tim e v a r ia tio n s . 
T herefo re  th e  in v e s tig a tio n  of th e  true p h ysica l interpretation  of th e  re su lts  o f 
th e  m en tio n ed  geode tic  o b serv a tio n s is needed .

Repeated geodetic levelings

G eodetic leveling  is th e  u su a l m ethod  o f d e te rm in in g  heigh t d ifferences 
betw een  n e ig h b o u rin g  bench  m arks. R ep ea ted  geodetic  levelings are  th e  co m ­
m on m eth o d  o f d e te rm in in g  v e rtic a l surface d isp lacem en ts  (so-called “ re c e n t 
c ru s ta l m o v em en ts” ). In  b o th  cases th e  e q u ip o te n tia l surfaces o f E a r th ’s
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g r a v i ty  fie ld  serve as th e  reference sy s tem  o f he igh ts. B asic a ssu m p tio n  in 
d e te rm in in g  he ig h ts , in  p a r tic u la r , v e rtic a l su rface  d isp lacem ents is th e  s ta b il­
i t y  o f  o u r reference sy s tem , th a t  is, th e  lo c a tio n  of all level su rfaces in  space 
a re  su p p o sed  to  he u n ch an g eab le  (i.e. th e y  do  n o t v a ry  w ith  tim e).

H a v in g  n o w ad ay s m ore and  m ore th e o re tic a l and  p ra c tic a l in fo rm a tio n  
a b o u t  v a ria tio n s  o f E a r th ’s g ra v ity  fie ld  w e h av e  to  check

th e  in fluence  o f  v a r ia tio n  w ith  t im e  o f E a r th ’s g ra v ity  fie ld  on  th e  
h e ig h ts  o f  bench  m ark s ,

— th e  in te rp re ta tio n  o f  th e  observed  te m p o ra l changes o f h e ig h ts  an d  of 
g r a v i ty  i.e. to  ex p la in  th e ir  tru e  p h ysica l m ean in g .

T h eo re tic  in v e s tig a tio n s  led to  th e  fo llow ing  basic re la tio n sh ip s  fo r tw o 
m o d e ls  o f d ifferen t com plex ities an d  for th e  re a l E a r th  [B iró 1971 — 1979].

I n  th e  sim ple case o f  an  e a rth  m odel w ith  perfec tly  rigid  c ru s t u n ab le  to  
a n y  d e fo rm a tio n , no v e r tic a l surface m o v e m e n t could  arise. A n y  ch an g e  o f  the  
p o te n t ia l  o f our b en ch  m ark s  w ould u n am b ig u o u s ly  show  th e  v a r ia t io n  w ith  
t im e  o f  th e  g rav ity  fie ld , o r vice v ersa , ch an g es o f the  surface g ra v ity  w ould 
le a d  to  unam b ig u o u s conclusions on th e  ch an g e  o f th e  p o ten tia l. T he d isp lace­
m e n t  o f  th e  e q u ip o te n tia l surfaces o f th e  g ra v ity  field  is expressed  b y

ô N r =
ô W  

g
( 1 )

w h e re  ô N r is th e  d isp lacem en t of th e  e q u ip o te n tia l  surface o f th e  m odel e a r th  
o f  p o te n t ia l  W , ÔW  b e in g  th e  tim e  v a r ia tio n  o f  th e  p o ten tia l a t  th e  te s te d  p o in t 
(i.e . b e n c h  m ark), g  th e  g ra v ity  a t th e  sam e p o in t.

L e t th e  second m odel be a m odel e a r th  w ith  elastic c ru s t, d efo rm ab le  
u p o n  g ra v ity  fie ld  changes. C onsequen tly , f ie ld  changes n o t on ly  cause  the  
d isp la c e m e n t o f th e  e q u ip o te n tia l su rfaces, b u t  th is  d isp lacem en t w ill be fol­
lo w ed  b y  th e  elastic  d e fo rm a tio n  o f th e  to p o g ra p h ic  surface (F ig . 1). A cco rd ­
in g ly , th e  position  o f o u r b en ch  m ark  P  re fe rr in g  to  th e  e q u ip o te n tia l surfaces 
o f  th e  g ra v ity  fie ld , i.e . its  h e igh t above th e  sea level H P w ill ch an g e  by
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ÔH p =  — nip =
W'p, —  W p  =

5  Í
( 2)

In  general, i t  h as  to  be assum ed  th a t  th e  tim e  v a ria tio n s o f  th e  g ra v ity  
f ie ld  a re  d iffe ren t in  d iffe ren t s ta tio n s  a t  th e  m odel surface. L e t ô W p, and  
ÔWq, be th e  v a r ia tio n  of th e  g eo p o ten tia l a t  p o in ts  P '  and Q' re sp ., th e  h e ig h t 
d ifference  H qP b e tw een  p o in ts  P  an d  Q w ill ch an g e  by

&Hqp — H q‘P' H QP :
1

g
----- (ÔW P- ÔWQ) , (3)

I t  should  be n o ticed  th a t  th is  is th e  d ifference  of d isp lacem en ts  o f  th e  
te s te d  bench  m ark s  re fe rred  to  th e  e q u ip o te n tia l surfaces of th e  g ra v ity  field . 
S ince, how ever, th e  e q u ip o te n tia l surfaces th em se lv es  are sh ifted  in  th e  space, 
(3) fails to  in d ica te  th e  t ru e  v e rtic a l m o v em en ts  o f the  p o in ts . I n  o u r sim ple 
m odel, beside e la stic  defo rm atio n s follow ing g ra v ity  field v a ria tio n s , no o th e r, 
e .g . geological su rface  m ovem en ts have  been  assum ed  to  occur.

U sing for q u a lita tiv e  d iscussions L o v e’s th eo ry  of E a r th ’s e la s tic ity  
( in s te a d  of a v isco-e lastic  m odel), th e  tru e  v e r tic a l d isp lacem ents o f  p o in ts  P  
an d  Q on elastic  m odel su rface  can be e s tim a te d  b y

being

ôr =  h*Ô N r =  — — ÔH 
D

ÔW 1 Wp- —  W p ÔH

g “ g  D D

(4)

w here  D  — 1 — h* -f- k*; h* and  k* be ing  specia l values of L ove’s n u m b ers .
T he difference b e tw een  th e  tru e  v e r tic a l d isp lacem ents of p o in ts  P  and  

Q w ill he

Ôrp -  ôrQ = (5)

As th e  d ifference o f  E qs (3) and  (5) exp ressing  th e  difference b e tw een  th e  tru e  
an d  th e  re la tiv e  d isp lacem en t of m odel su rface  p o in ts , we o b ta in

d =  ôH qp — (ôrP — ôrQ) = 1 +
D

ô H  Q P  — 1 , b W r ’
1 d )

ÔWn
(6)

th a t  w ould  be zero on ly  fo r q u ite  ex cep tio n a l va lues of h* and  k*; in  genera l, 
how ever, i t  is s ig n ifican tly  non-zero . T he d ifference  depends on th e  rea l va lues 
o f  th e  L ove’s n u m b ers . T h e ir em pirical va lu es  b e ing  know n only  fro m  o b se rv a ­
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tio n s  o f  re la tiv e ly  sh o rt-p e rio d  phenom ena, d e te rm in a tio n  of special v a lu es  o f  
L ove’s n u m b ers  for long  period  or secu lar v a r ia tio n s  o f th e  g rav ity  fie ld  needs 
fu r th e r  in v es tig a tio n s .

A nyhow , from  th e  av a ilab le  d a ta  i t  c a n  be s ta te d  th a t  b o th  th e  re la tiv e  
h e ig h t d ifference an d  th e  tru e  location  in  sp ace  o f  surface po in ts in  a  g ra v ity  
fie ld  v a ry in g  w ith  tim e  are in  general tim e -d e p e n d e n t, even if  no k in d  o f  geo­
log ical m o v em en t in te rv e n e d . T hus, a due c ircu m sp ec tio n  is needed w h en  in te r ­
p re tin g  observed  changes o f he ight d ifferences.

In  th e  general case o f o u r real E a rth , v e r tic a l d isp lacem ents o f  E a r th ’s 
su rface  are  caused , — in ad d itio n  to  e la s tic  defo rm atio n s e fo llow ing tim e  
v a r ia tio n s  o f th e  g ra v ity  fie ld , — also by  o th e r  u nknow n  m ovem ents b, e.g. 
th o se  o f  geological o rig in  (F ig . 2). T he co m p le te  E a r th  surface d isp lacem en t is 
th u s  a  r e s u lta n t  o f d iffe ren t effects, hence also  th e  observed  v a ria tio n s  o f  th e  
su rface  g ra v ity  are  com posed  b o th  o f  th e  e ffec t o f  surface d isp lacem en ts an d  
o f  fie ld  changes.

Fig. 2

In  th is  general case, to o , geodetic levelings lead  only  to  re la tiv e  d isp lace ­
m e n ts  o f  E a r th ’s su rface  re fe rred  to  th e  e q u ip o te n tia l  surfaces o f th e  g ra v ity  
fie ld  w h ich  can be exp ressed  b y  (2) w here bW p. is th e  v a ria tio n  of g eo p o ten tia l 
on  E a r th ’s surface d isp laced  b y  several causes.

I n  ca lcu la tin g  th e  tru e  vertica l d isp la c e m e n t o f E a r th ’s su rface  br th e  
r e la tiv e  d isp lacem en t m  o u g h t to  be red u ced  b y  th e  d isp lacem ent o f th e  eq u i­
p o te n tia l  su rfaces o f th e  g ra v ity  field  (F ig . 2):

brp =  bN p  — m p =  b N p  -f- b H p . (7)

U n fo rtu n a te ly , how ever, in  th e  t im e  b e in g  no exact m eth o d  can  be 
su g g ested  for ca lcu la tin g  b N  from  th e  te m p o ra l g ra v ity  va ria tio n s like  in  case 
o f  a  r ig id  E a r th  b o d y  or of p u re ly  elastic  d e fo rm a tio n s , nam ely  now  i t  c o n ta in s  
v a r io u s  un k n o w n  effects. T h is is w hy  re sea rch es  to  determ ine  th e  ab so lu te  
d isp la c e m e n t of e q u ip o te n tia l surfaces by  o th e r  m eans, or to  d e te rm in e  th e
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secu la r v a ria tio n  of th e  g ra v ity  ^field from  th e  o b se rv a tio n  o f  t h a t  o f some 
o th e r  physical field  (e.g. th e  E a r th ’s m agnetic  field) a re  o f g re a t im p o rtan ce . 
T h ere  h a v e  been p u b lish ed  som e m odel in v es tig a tio n s  fo r d iffe re n t specific 
m odels esp . for e a r th q u a k e s  g iv ing  form ulae  fo r th e  e s tim a tio n  o f  th e  real 
v e r tic a l d isp lacem en t o f  th e  g ro u n d  su rface , b u t th e y  can  n o t  be accep ted  as 
e x a c t so lu tion  for o u r gen era l case [W hitcom b  1976, W a l s h  a n d  R ice 
1979].

U n til no re le v a n t re sea rch  re su lt is av a ilab le , one m u s t be aw are  t h a t  th e  
v e r tic a l surface m o v em en ts  o bserved  b y  usu a l re p e a te d  geodetic  levelings are 
b u t  re la tiv e  values re fe rred  to  th e  e q u ip o te n tia l su rface w hich  m a y  s ig n ifican tly  
d iffer from  th e  tru e  su rface  d isp lacem en ts .

Repeated gravity observations

I t  is know n th a t  o b served  g ra v ity  a t th e  E a r th ’s su rface  is a fu n c tio n  of 
th e  lo ca tio n  of th e  s ta tio n  on one side and  th a t  o f  th e  d is tr ib u tio n  o f  E a r th ’s 
m asses on th e  o th e r side. A ssum ing  a tim e  v a r ia tio n  o f  b o th  v a riab le s , th e  
v a r ia tio n  of g ra v ity  will be

4* ” 5 * *  +  ^ 4г (8)o v  o W

being  g  th e  g ra v ity  v ec to r , d W  th e  tim e  v a r ia tio n  of th e  p o te n tia l  o f  E a r th ’s 
g ra v ity  fie ld  — as befo re  — cau sed  by  a re d is tr ib u tio n  o f  E a r th ’s m asses and  
V th e  d isp lacem en t v e c to r  o f th e  s ta tio n .

T em p o ra rily  n eg lec tin g  th e  effect of th e  h o rizo n ta l co m p o n en ts  o f  v, for 
th e  v e r tic a l co m p o n en t o f  th e  v a r ia tio n  o f g ra v ity  c a n  be w ritte n

ô g  = 8&
rill

d r +  - ^ - d W
riW

(9)

b eing  dr th e  v ertica l c o m p o n en t o f v, i.e. th e  t ru e  v e r tic a l d isp lacem en t o f th e  
E a r th ’s surface.

F o rm u la  (9) w ith  o b serv ed  changes of su rface  g ra v ity  on  th e  le f t side 
is one eq u a tio n  w ith  tw o  u n k n o w n s dr and  dW . I t  could  be so lved  fo r d W  only 
in  t h a t  case if  th e  d e te rm in a tio n  o f th e  rea l v e rtic a l d isp lacem en t dr o f th e  
s ta t io n  w ere possible.

In  th e  sim ple case o f  th e  m odel w ith  rig id  c ru s t th e re  is no  su rface  m ove­
m e n t, i.e . dr =  0 an d  (9) lead s to  a un iq u e  so lu tio n  fo r d W  th e  t im e  v a r ia tio n  of 
th e  g ra v ity  field  being

d g =  ^ - d W =  C - 'd W  (10)riw
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w ith

C i _ M M . _ J j . i t .  (Il)
a h dw g эя

E q u a tio n  (10) is a b a s ic  re la tio n  betw een  v a r ia t io n  o f  g ra v ity  an d  th a t  o f 
th e  p o te n t ia l  in  th e  sam e p o in t  o f th e  space.

I f  E a r th ’s c ru s t sh o w ed  p u re  elastic d e fo rm a tio n  i t  cou ld  be d e te rm in ed  
b y  u s in g  Love’s th e o ry  o f  E a r t h ’s e las tic ity  b e in g  <5r th e  single co m ponen t of 
th e  t r u e  v ertica l d isp la c e m e n t o f  E a r th ’s su rface . I t  cou ld  be ca lcu la ted  in  the  
te rm s  o f  th e  observed c h a n g e  o f  e levation  an d  L o v e ’s n u m b ers  b y  fo rm id a  (4) 
(see F ig . 1), or m ore e x a c tly  b y  a visco-elastic  m odel.

U n fo rtu n a te ly  in  th e  general case (F ig. 2) th e  v e r tic a l d isp lacem en t of 
E a r t h ’s surface

dr =  b +  e (12)

is th e  re s u lta n t  of m ore co m p o n e n ts  (elastic  a n d  o th e r  d efo rm atio n s) an d  we 
do n o t  know  any  e x a c t fu n c tio n  e ither fo r ôr =  ôr(ôH ) or fo r ôr =  ôr(ôg) 
d e te rm in in g  un iquely  th e  c o m p le te  tru e  v e r tic a l d isp lacem en t in  th e  te rm  of 
th e  v a r ia t io n  of h e ig h t o r  t h a t  o f th e  g ra v ity . (Som e a u th o rs  suggested  th e  
a p p lic a t io n  of S toke’s in te g ra l  fo rm u la  for ôr =  ôr(ôg) h u t  we d id  n o t succeed 
in  p ro v in g  the  co rrec tness o f  th is  ap p lica tion  b y  th e  th e o ry  o f p o ten tia l.)

I t  should  be n o tic e d  t h a t  rep ea ted  d e te rm in a tio n  o f geocen tric  coord i­
n a te s  o f  th e  s ta tio n  b y  s a te l l i te  geodesy w ould re su lt  in  th e  need ed  tru e  surface 
d isp la c e m e n t ôr only  in  th e  case  if  th e  d isp lacem en t o f th e  g eocen tre  could  be 
s im u lta n e o u s ly  d e te rm in ed .

A s we do no t see a n y  o th e r  possib ility  fo r th e  d e te rm in a tio n  o f th e  tru e  
v e r t ic a l  d isp lacem ent o f  E a r t h ’s surface a t th e  tim e  being , we cam e to  th e  con­
c lu s io n  th a t  it seems not to be possible w ithout fu r th e r  in form ation  to conclude 
fr o m  observed changes o f  su rface  gravity to the п о п -tida l varia tions o f  E a rth ’s 
g ra v ity  f ie ld .  I t  seems t h a t  n e i th e r  geodetic leve lin g  n o r sa te llite  geodesy itse lf 
le a d s  to  th e  needed fu r th e r  in fo rm a tio n .

G eodynam ic use o f  repeated geodetic levelings and gravity observations

L e t  th e  v a ria tio n  o f  g r a v i ty  on the  rea l E a r th ’s su rface  (F ig . 2) expressed
b y  (9)

ôg =  g'p- -  g P =  ôr +  Ô IF. 8 8P 8 p  d H  I "  Q W (13)

R e p la c in g  (7) for ôr, (2) fo r  ô H p , (10) and  (11) fo r d g ld W  an d

a =  M
g
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in  (13) we get

ôg =  g p ' - g p = - - ^ !  ( R7;. -  Wp) =  С- l  {W'p- -  Wp) (14) 
g ЭЯ

■which is th e  g en e ra liza tio n  o f (10) for th e  conversion  o f th e  v a r ia t io n  o f  p o te n ­
t ia l  to  th a t  of th e  g ra v ity  on th e  d isp lac ing  E a r th ’s su rface .

B y  d iv id ing  b o th  sides o f (14) b y  g  we g e t w ith

g  ЭЯ J
th e  re la tio n

B(g'p- - g p )  =  ~  W p ’ ~ W p  =  Ô Hp  (15)
g

w hich  leads to  th e  conclusion  th a t  changes o f g eo p o ten tia l (or th a t  o f th e  he ig h t) 
can  be de te rm in ed  e ith e r  b y  rep e a te d  leveling  or in  p rinc ip le  b y  re p e a te d  g rav ­
i ty  observa tions w ith  a k n o w n  v e rtic a l g ra d ie n t o f g rav ity .

T he sam e re la tio n  is v a lid  for th e  case o f m easu rem en ts  b e tw een  neigh­
b o u rin g  bench m ark s as follow s:

Bp ôgp■ -  Bq ôgQ- =  -  W p  -Ô W ç -  =  ш ^р =  0{Hp _  H < ? )  ( 1 6 )

§
being

ôgp- -  ôgQ. =  (gp. -  gP) —  (gQ. -  gq)
an d

bWp. -  SWQ. =  (W'p.~ Wp) - ( W ’q . -  Wq).

E q u a tio n s  (15) an d  (16) show  th a t  re p e a te d  g ra v ity  o b se rv a tio n s can  in  p r in ­
ciple be su b s titu te d  fo r re p e a te d  geodetic  levelings i f  th e  v e r tic a l g rad ien t 
(i.e. fa c to r  В ) is know n  [B iró  1973]. B o th  k in d s  o f o b se rv a tio n s  y ie ld  th e  
change o f th e  p o te n tia l  d ifference o f th e  b ench  m ark s. T he experiences b y  
N ak ag aw a  an d  Sa t o m u r a  (1977), J acheiss  (1978), T orge  (1979) an d  some 
o th e r au th o rs  do co incide w ith  th is  th e o re tic a l conclusion.

T his conclusion h as  led  to  th e  suggestion  th a t  ex ten d ed  leve ling  lines for 
d e te rm in in g  th e  re la tiv e  c ru s ta l m ovem en ts can  be rep laced  or co n tro lled  by  
rep e a te d  precise g ra v ity  m easu rem en ts [B iró  1975, N a k a g a w a  an d  Sato­
m u ra  1977]. C onsidering  th e  accu racy  o f  m odern  abso lu te  or re la tiv e  precise 
g ra v ity  observ a tio n s th e y  are  safely  co m p arab le  to  th e  re lia b ility  o f  a leveling  
o f severa l h u n d red  or 1000 to  1500 km  len g th .

T herefore a new  possib le schem e o f v e rtic a l c ru s ta l m o v em en t con tro l 
n e t p resen ted  in  F ig . 3 has been  suggested  [ B iró 1975, 1979].
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F ig . 3. S u g g e ste d  scheme of a c o n tin e n ta l  con tro l n e tw o rk  fo r s tu d y in g  recen t v e r tic a l su rface  
m o v e m e n ts . L egenda: 1 — su p e r c o n tro l p o in t (w ith  ab so lu te  g ra v ity  m easu rem en t), 2 — 
re g io n a l c o n tro l po in t, 3 — reg io n a l c o n tro l p o in t w ith  t id e  gauge, 4 — ioca l re ference s ta tio n , 
5 — g ra v im e tr ic  connections, 6 — reg io n a l leveling lines, 7 — local system s fo r s tu d ies  o f

c ru s ta l m ovem ents

R e la tiv e  surface (c ru s ta l)  m ovem ents can  be  d e te rm in ed  by  usu a l re p e a t­
ed g e o d e tic  levelings in  local sy s tem s re la ted  to  th e  level su rface o f local re fe r­
ence s ta t io n s  Qj. These re fe ren ce  s ta tio n s  can be co n n ec ted  to  each o th e r  and 
to  re g io n a l contro l po in ts  S, b y  reg ional geodetic  leveling  lines. Som e o f these  
on th e  sh o re  should be c o n n e c te d  to  tide  gauges (i.e. to  th e  c u rre n t m ean  sea 
lev e l). R eg iona l contro l p o in ts  shou ld  be co n n ec ted  to  each  o th e r an d  to  som e 
su p e r  c o n tro l points w ith  k n o w n  abso lu te  g ra v ity  b y  re la tiv e  precise g ra v ity  
m e a su re m e n ts . A bsolute g ra v i ty  observa tions sh o u ld  be com ple ted  w ith in  th e  
p o ssib le  sh o rte s t tim e in te rv a l  (q u asi s im u ltan eo u sly ) in  th e  en tire  n e t.

N a tio n a l vertica l c o n tro l n e ts  could serve  fo r local sy stem s. A verage 
d is ta n c e  o f  local reference s ta t io n s  (reference ben ch  m arks) can  be a b o u t som e 
h u n d re d  k ilom eters, av erag e  d is ta n c e  of reg ional co n tro l po in ts  could  be sug ­
g e s te d  as 1000 to  2000 km . O n th is  w ay  th e  re lia b ility  o f re la tiv e  c ru s ta l m ove­
m e n ts  co u ld  be increased  v e ry  econom ically . T h e  on ly  one q u estio n  is th e  
k n o w led g e  o f  the  ac tu a l v a lu es  o f  fac to r В  in  (15) an d  (16), th e re fo re  i t  shou ld  
be e m p ir ic a lly  de te rm ined  a t  th e  g rav ity  s ta tio n s .

F o rm u la  (16) can be ch eck ed  em pirically  w ith  th e  conclusions deduced  
th e re f ro m  b y  sim u ltan eo u sly  o b se rv in g  b o th  q u a n titie s . Special precise g ra v ity  
lines (a s  fo r exam ple th e  F e n n o sc a n d ia n  lan d  u p lif t  g ra v ity  line [ K i v in ie m i  
1977], o r  th e  E —W g ra v ity  lin e  in  th e  G D R  [ E l s t n e r  e t al. 1978] an d  sim ilar 
o th e rs )  w ill give very  im p o r ta n t  in fo rm atio n  also fo r th is  pu rpose  if  also v a ria -
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tio n s  o f  he igh t d ifferences w ill be s im u ltan eo u sly  observed  d ire c tly  b y  repeated  
geode tic  leveling be tw een  th e  s ta tio n s .

N ak ag aw a  an d  S a t o m u r a  (1977) succeeded  in  m ak ing  re p e a te d  sim ul­
ta n e o u s  g rav ity  o b se rv a tio n s  and  precise levelings a ro u n d  L ake B iw a (Jap an ) 
b e tw een  1971 and  1976. T h ey  have  15 b en ch  m ark s on a line o f  a b o u t 90 km  
an d  m ade o b se rv a tio n s  ev e ry  y ear by  L aC oste-R om berg  G g ra v im e te rs . In  
th e ir  p ap e r th e y  h av e  g rap h ica lly  show n th e  g ra v ity  change an d  th e  changes of 
e lev a tio n s of bench  m ark s  and  s ta te d  th e  o bv ious co rre la tion  o f  b o th  m easure­
m en ts .

Wi t h  k ind  allow ance o f  th e  au th o rs  we checked n u m erica lly  th is  corre­
la tio n  an d  got a c o rre la tio n  fac to r o f —0.63 w hich  is no t to o  low , b u t  also no t 
v e ry  h igh . B u t g ra v ity  change and  changes o f e levations above th e  sea level 
a re  loaded  b y  m an y  u n c e rta in tie s  (i.e. u n k n o w n  changes o f  g ra v ity  and  th a t 
o f th e  e levation  o f th e  reference s ta tio n , inhom ogeneous re lia b ility  o f  d a ta  etc.). 
T h erefo re  i t  is m ore usefu l to  check th e  c o rre la tio n  of changes o f g ra v ity  differ­
ences and  o f h e igh t d ifferences betw een  n e ig h b o u rin g  bench m a rk s  b y  form ula 
(16) assum ing  a p p ro x im a te ly  being BP =  Bq — B. O b se rv a tio n s  (g rav ity  
m easu rem en t and  geodetic  leveling) d ire c tly  re su lt in these  ch an g es w ithou t 
m ak in g  any  a ssu m p tio n , an d  m ost p ro b a b ly  w ith  n early  th e  sam e  accuracy  
fo r an y  couple o f s ta tio n s . B etw een  15 b en ch  m arks one gets 14 differences. 
G ra v ity  observa tions w ere availab le  from  4 or 5 years and  levelings from  1971 
a n d  1975/1976. A ccord ing  to  th is  fac t we h ad  a se t of d a ta  fo r th e  change of 
h e ig h t differences ô ( H P — H q) betw een  1971 and  1975/1976 a n d  a n o th e r set 
o f  d a ta  for th e  change o f  g ra v ity  differences o f  neighbouring  b en ch  m arks for 
th e  sam e tim e  in te rv a l (F ig . 4). This la t te r  has been ca lcu la ted  accord ing  to 
tw o  a lte rn a tiv e s :

a )  as th e  d ifference  o f th e  observed  g ra v ity  d ifference o f  1971 and 
1975/1976, w hen also levelings w ere co m p le ted  (observed ch an g es o f g rav ity  
d ifferences);

b)  for th e  tim e  in te rv a l o f th e  levelings, f ittin g  a s tr a ig h t  line by  the 
le a s t squares m ethod  to  th e  observed  g ra v ity  d ifferences o f each  couple of 
ne ighb o u rin g  bench  m ark s in  each o f th e  y ea rs  betw een 1971 a n d  1975/1976 
(predicted  changes o f  g ra v ity  differences).

A pply ing  b o th  se ts  o f changes o f g ra v ity  d ifferences 0(gP — gç) th e  cor­
re la tio n  of th em  w ith  th e  changes of h e ig h t differences has been  te s te d , yielding 
th e  co rre la tion  fac to rs  o f  r  =  —0.84 an d  r  =  —0.70 for o b serv ed  an d  for p re ­
d ic ted  changes of g ra v ity  differences re sp ec tiv e ly , show ing a s ig n if ican t corre­
la tio n  o f th e  an a ly zed  q u a n titie s .

C orrelation  fa c to r  for th e  p red ic ted  g ra v ity  changes is less significant 
th a n  th a t  for th e  o b serv ed  ones. This m ay  be a t tr ib u te d  to  th e  fa c t th a t  g rav­
i ty  changes o f all th e  ben ch  m arks a re  n o t rea lly  linear. T h e  d ev ia tio n s of 
o b se rv a tio n s from  th e  “ lea s t sq u ares”  s tr a ig h t  line are  only  p a r t ly  due  to  errors
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Z
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o f o b sé rv a tio n s , p a r tly  th e y  sh o w  re a l differences o f  g ra v ity  changes b e tw een  
th e  d if fe re n t  years. I t  m eans t h a t  g ra v ity  changes a re  m o st p ro b ab ly  “ ra p id ”  
( ir re g u la r ) , local v a ria tio n s  a n d  in  m o st p a r t n o t reg io n a l, secu lar ones ( tre n d s  
h a v e  d if fe re n t  signs).

C h eck in g  th e  c o rre la tio n  o f  th e  bo th  co m p le te  se ts  o f o b se rv a tio n s b y  
f i t t in g  a  m ean  ad ju stin g  s t r a ig h t  line  respecting  also  th e  d iffe ren t w eig h ts  o f 
th e  d if fe re n t  k inds of o b se rv a tio n s  w e got as re su lts

В  =  — 85 • 109 s2 ( =  —0.85 m /m gal) an d  

В  1 =  — 11.8 • 1 0 ~ 6 s ~ 2 ( =  — 1.18 m gal/m ) resp .

I t  m u s t  be m en tioned  t h a t  o n ly  a few o f th e  p a irs  o f o b serv a tio n s do 
exceed  th e  am o u n t o f th e ir  m e a n  sq u are  error. S e lec tin g  o n ly  th is  th re e  p a irs  
of o b se rv a tio n s  w hich can  b e  re g a rd e d  s ign ifican t, th e  d irec t d e te rm in a tio n  
o f th e  f a c to r  В  and  its  re c ip ro c a l re su lts  in

78 <  В  <  — 32 • 10“ 9 s2 resp . —30.9 <  B 1 <  — 12.8 • 1 0 ~ 6 s - 2

(— 0 .7 8  <  В  < / — 0.32 m /m g a l re sp . —3.09 <  jB _ 1 <7 — 1.28 m gal/m )
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or in  average

В  =  —60 • 1 0 _9 s2( =  —0.60 m /m gal) and  

B - 1 =  - 1 6 . 7  • 1 0 -«  s - 2( =  — 1.67 m gal/m ).

T o r g e  (1979) re p o rte d  th e  analysis o f  g ra v ity  and  h e ig h t v a r ia tio n s  in  
N o r th e rn  Ice lan d . H e go t fo r th e  g ra v ity -h e ig h t-v a ria tio n  ra tio  (i.e. re c ip ro ca l 
fa c to r  В ~ г) f igu res be tw een  — 1.2 • 10- e s -2 and  —4.3 • 1 0 - ° s - 2 (— 0.12 
a n d  —0.43 m gal/m ) and  re p o r te d  an  an o m alo u s v alue  o f — 13 • 1 0 - 6 s - 2 
( +  1.3 m gal/m ) ! F u r th e r  th e o re tic a l and  em piric  figures are  re fe rre d  b v  
J a c h e n s  (1978).

A ll these  experiences call th e  a tte n tio n  to  th a t  th e  g ra v ity -h e ig h t-v a r ia ­
tio n  ra tio  (the  rec ip rocal fa c to r  В ~ г) can v a ry  betw een  v e ry  e x tre m e  v a lu e r  
b e in g  som e tim es m ore or less t h a n  t he  th e o re tic a l (free a ir ty p e ) one a n d  show  
co n sid erab le  irre g u la r  local changes w ith in  re s tr ic te d  ranges (few k ilo m e te rs  
espec ia lly  in  ac tiv e  reg ions). D ed u c tio n  o f a n y  m ean  value for th e  f a c to r  B ~1 
ev en  fo r v e ry  re s tr ic te d  a reas  can  be  v e ry  m islead ing . T herefore  fu r th e r  in v e s ti­
g a tio n s  b y  re p e a te d  s im u ltan eo u s  precise grav i ty  observ a tio n s, g eo d e tic  level­
ings an d  d irec t o b se rv a tio n s  o f  th e  v e rtic a l g ra v ity  g rad ien t a long  d iffe ren t 
t e s t  lines in  d iffe ren t areas o f  th e  w orld  are o f  o u ts ta n d in g  in te re s t in  th e  fu tu re .
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ГЕО ДИНАМИЧЕСКИЕ ОТНОШЕНИЯ ПОВТОРНЫХ ТОЧНЫХ НИВЕЛИРОВАНИЙ 
И ИЗМЕРЕНИЯ ГРАВИТАЦИОННОГО УСКОРЕНИЯ

П. БИРО

РЕЗЮМЕ

Проведенные теоретические изучения показывают, что изменение разности высот 
точек на поверхности Земли или высоты точек над уровнем моря по времени характеризует 
реальную вертикальную дислокацию поверхности только в идеальных случаях, не сут- 
ществующих в случае нашей Земли. До тех пор, пока геодезическими методами невоз­
можно определить реальные вертикальные дислокации наших гравитационных основных 
точек, нельзя вывести однозначное заключение из наблюденных гравитационных изме­
нений этих точек на те изменения поля силы земного притяжения по времени, которые про­
исходят не из явления приливы-отливы. Доказано, что изменение высоты поверхностных 
точек и гравитационного ускорения пропорционально друг другу. Фактор пропорцио­
нальности пропорционален вертикальному градиенту гравитационного ускорения и в 
зависимости геологической структуры изменяется даже и на тесной территории в широких 
пределах. На основание японских измерений автор показывает пример для эмпирического 
определения этого фактора. В завершение он обращает внимание не важность установле­
ния таких испытательных линий (территорий), где по систематическим временам произ­
водятся повторянное симултаническое точное нивелирование, абсолютные и релятивные 
измерения гравитационного ускорения и определение вертикального градиента гравита­

ционного ускорения в каждых наблюденных точках.

Acta Geodaetica, Geopliysica et Montanistica Acad. Sei. Hung. 16, 1981



Acta Geodaet., Geophys. et Montanist. Acad. Sei. Hung. Tomas 16 (!)•, pp. 27—39 (1981)

EVALUATION OF AUTOMATIZED GYROTHEODOLITE 
MEASUREMENTS WITH SPECIAL RESPECT TO MOM 

GYROTHEODOLITES

F. H A L M O Sf
DR. TECHN. SCI.

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE 
HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[M anuscrip t received Ju n e  25, 1979]

Precise az im u th s  a re  d e te rm in ed  b y  g y ro theodo lites in d iffe ren t m easu rem en t cases a t  
th e  surface  or in  su b su rface  m easu rem en ts . A fter a sh o rt in s tru m e n ta l d esc rip tion , th e  th eo re ti­
cal p ro b lem s o f th e  a n a ly s is  o f  th e  m easu rem en t re su lts  are  p re sen ted . B ased  on  th e  m a th e m a ­
tic a l th e o ry  of th e  e v a lu a tio n , a qu ick  an d  sim ple m eth o d  is p roposed  fo r th e  d e te rm in a tio n  of 
th e  in s tru m e n ta l c o n s ta n t  a n d  o f az im u th s . T echnical so lu tion , th eo re tica l in v estig a tio n s and 
som e re su lts  o f p ra c tic a l ex am p les a re  g iven . T he m ean  sq u are  e rro r o f  a double az im u th  d e te r ­
m in a tio n  will be  i  2 — З" b y  using  th e  m easu rem en t m eth o d  p roposed  in th e  p ap er.

1. Introduction

T he increase o f  th e  accu racy  o f gy ro th eo d o lite s , th e  developm ent o f  an 
a u to m a tiz e d  o b se rv a tio n  an d  ev a lu a tio n  system  led to  h igh  accu racy  az im u th  
d e te rm in a tio n s  by  g y ro th eo d o lite s  [1 — 7]. F rom  th e  in s tru m e n t ty p es , MOM 
Gi-B21 (1972 — 73) shou ld  be m en tio n ed  w hich  has a m ean  sq u a re  e rro r  in 
a z im u th  o f ^ 2  — 3" fo r a single m easu rem en t, fu r th e r  GYMO Gi-B1A (1974) 
w hich  is a com m on c o n s tru c tio n  o f th e  H u n g a ria n  firm  MOM and  th e  C anad ian  
firm s T e llu ro m ete r a n d  P lessy  [8].

T he d e te rm in a tio n  o f th e  equ ilib rium  p o sitio n  (re s t position) o f  th e  
p en d u lu m  system  in  b o th  th e  gyroscopic an d  th e  free  sw inging case is ca rried  
o u t b y  th e  a u to m a tic  m easu rem en t o f tra n s i t  tim es  an d  th e ir  n u m erica l ev a ­
lu a tio n . D ig ita l, o b je c tiv e  tr a n s i t  tim e  m easu rem en ts  h av e  severa l a d v a n ta g e s :

a )  no v ib ra tio n  erro rs due to  m an ip u la tio n s  w ith  th e  in s tru m e n t;
b)  no su b je c tiv e  erro rs in  th e  o b serv a tio n s o f  th e  follow ing o f  th e  sw ing­

ings, w hich m eans an  increase  o f th e  accu racy  b y  a t  leas t one o rd er o f m ag n i­
tu d e ;

c)  tra n s it  tim e s  can  be a c cu ra te ly  o bserved  in case o f  m edium  sized 
a m p litu d e s  ( i 4 0 ' )  an d  th e  irreg u la r to rs io n a l re s is tan ce  of th e  suspension  
b a n d , as well as sm all d is tu rb an ces  o f th e  p en d u lu m  m o m en tum  are  e lim in a t­
ed  [2];

d )  in  case o f  m ed ium  sized am p litu d es , th e  reversion  po in ts  can  be o b ­
served  on th e  scale o f  th e  au to co llim a to rs , w hich  enab les th e  use o f  com bined  
m easu rem en t m e th o d s  [9];
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e )  using  m easu rem en ts  w ith  an d  w ith o u t follow ing in  tu rn  a t  a  single 
s ta t io n , th e  to rs io n a l coeffic ien t m o st c h a ra c te r is tic  fo r th e  m easu rem en t con­
d itio n s  can  be d educed  [2, 7, 9];

f )  b y  m easu ring  th e  t r a n s i t  tim es  a t  th re e  p o sitions w ith  p h o to d io d es, 
th e  d ifferences of th e  t r a n s i t  tim es c a n  be o b ta in e d , to o , w hich  enab les th e  use 
o f  th e  t r a n s i t  tim e  d iffe ren ce-m eth o d  [1, 9, 10];

g )  using  lig h te r  m a te r ia l  for th e  p en d u lu m  housing , th e  w e ig h t an d  th e  
to rs io n a l d is tu rb in g  effect d u rin g  th e  p recessional m o v em en t can  be decreased , 
th u s  th e  accu racy  can  be in c reased ;

h )  th e  con tin u o u s m e a su re m e n t o f tr a n s i t  tim es enab les a s ig n ifican t 
d ec rea se  of th e  c o m p u ta tio n  an d  th e  in tro d u c tio n  of sim plified  e v a lu a tio n  
m e th o d s  [8], or even  a r ig o ro u s  e v a lu a tio n  p ro g ram  can  be se t u p  [11];

i )  in  ad d itio n  to  th e  d ig ita l d isp lay  o f th e  tim e  va lues, an  aud io  signal 
re m in d s  to  th e  co n tin u o u s re a d o u t o f  d ig ita l tim e  v a lu es , i f  th e  in s tru m e n t is 
n o t  a reco rd ing  one.

2. The au to m a tized  tra n s it- tim e  m easu rem en t

2.1 Technical description

I n  case of a u to m a tiz e d  tra n s i t- t im e  m easu rem en ts  th e  l ig h t re flec ted  
fro m  th e  m irro r o f th e  sw ing ing  sy stem , consisting  o f  th e  gyroscope an d  of th e  
su sp en sio n  b an d  m u st n o t be  read  o u t th ro u g h  th e  au to co llim a to r as in  case o f  
g y ro th eo d o lite s  MOM G i-B l a n d  G i-B 2, b u t  i t  a rriv es  th ro u g h  a s lit to  p h o to ­
d iodes. T he lig h t signals re s u lt  in  e lec tric  im pulses w hich  d rive  a  q u a r tz -s ta b i­
liz ed  im p u lse-co u n ter, th u s  tra n s it- t im e s  can  be m easu red  an d  reco rd ed  th e o re ­
t ic a l ly  w ith  an  accu racy  o f  h u n d re d th  o f seconds. T he in s tru m e n t inc ludes 
g e n e ra lly  one slit an d  2 — 3 p h o to d io d es  (p h o to tra n s is to rs ) . In  case o f  th e  in s tru ­
m e n t MOM G i-B l tw o p h o to d io d es  are  used  re c e n tly , one o f  th e m  being  n ea r 
to  th e  scale d iv ision  + 1 0 ,  th e  o th e r  n e a r to  — 10, th a t  m eans th e  angle A x  
b e tw e e n  th e m  is a p p ro x im a te ly  600".

T h e  sy m m etry  axis o f  th e  tw o  ph o to d io d es is th e  lim b  d iv ision  corres­
p o n d in g  to  th e  p re lim in a rily  d e te rm in ed  N o rth  d irec tio n  (xh ), th e o re tic a lly  
co in c id in g  w ith  th e  zero d iv is io n  o f th e  au to co llim a to r scale. T he t r a n s i t  tim es 
fo llow  each  o th e r in  a  logical sequence . So e.g. in  case of tw o-sid ed  sw ingings, 
th e  t im e  m easuring  device is se t to  zero  w hen  th e  lig h t crosses th e  f i r s t  (L) p h o ­
to d io d e , th e n  th e  f ir s t  t r a n s i t  tim e  is m easu red  on th e  r ig h t-h a n d  side p h o to ­
d io d e  (R ) as t10 =  0. R each in g  th e  r ig h t ex trem e  p o sitio n  o f th e  sw ing, th e  
re v e rs io n  p o in t nx can  even  be  re a d  o u t in  scale d iv isions on th e  au to co llim a to r 
(F ig . 1). As n e x t th e  lig h t s lit is crossing  again  th e  p h o to d io d e  R  an d  th e  tra n s i t  
t im e  tn  is m easured  w hich  m u s t be  a lread y  reco rd ed  in  th e  p ro toco l. Now
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com e in  tu r n  th e  tr a n s i t  tim es t12, t13 on th e  le f t-h a n d  side photodiodes w h ich  are 
also re m a rk e d  in  th e  p ro toco l. I f  necessary , th e  p o sitio n  of th e  rev e rs io n  p o in t 
n 2 can  also  be read  o u t be tw een  th em  in scale d iv isions. In  case of g y ro th eo d o - 
lite s  MOM Gi-B th e  co n d itio n  fo r th is  p o ss ib ility  is th a t  th e  a m p litu d e  o f  th e  
sw ing ing  shou ld  n o t be g re a te r  th a n  ^ 4 0 ' ,  d u e  to  th e  ex tension  o f  th e  scale 
d iv isions. A t la s t th e  t r a n s i t  tim e  f14 is read  o u t a t  th e  tra n s i t  on th e  p h o to d io d e  
R .  T he  t im e  va lu e  of *14 is s im u ltan eo u sly  th e  f ir s t  m easured  value o f  th e  n e x t 
fu ll sw inging , i.e. t21 =  0. A fte rw ard s th e  m easu rem en t is carried  on a u to m a t i ­
cally . T h e  d a ta  o f th e  im pulse  c o u n te r  are  d isp lay ed  till th e  n e x t t im e  v a lu e  
ap p ears . T h is is accom pan ied  b y  an  aud io  signal as w arn ing . The se ria l n u m b e r  
o f th e  v a lu e  is also d isp layed . D isp layed  va lu es  can  also be p rin te d  o iit  o r re ­
co rded  on  p u n ch ed  or m ag n e tic  ta p e  in  o rd e r to  enab le  fu r th e r  p ro cess in g  in 
on-line sy stem .

2.2 Problems o f  observation technics

In  o rd e r to  e lim in a te  h ysteresis-like  d r if ts  re su ltin g  from  w a rm in g  u p  of 
th e  suspension  b an d s, i t  is adv isaeab le  to  ru n  th e  m o to r before th e  f ir s t  m e a su re ­
m en t som e 5 —15 m in u tes  depend ing  on th e  o u ts id e  te m p e ra tu re , f u r th e r  to  
le t th e  p en d u lu m  free ly  sw ing b y  a rre s tin g  i t  in  a positio n  s ig n if ican tly  d iffer- 
rin g  from  th e  to rs io n free  p o sition  for a s ig n if ic a n tly  long tim e.

T h e  h ig h -accu racy  a z im u th  d e te rm in a tio n  req u ires  a p re lim in a ry  o rie n ­
ta t io n  o f  th e  in s tru m e n t in  th e  N o rth  d irec tio n  w ith  th e  possible h ig h e s t accu- 
гасУ ( i 2 0  — 30"). T he to rsion -free  position  o f  th e  suspension  b an d  c a n  be b es t 
re g u la te d  in to  th e  zero d iv ision  of th e  a u to c o llim a to r  scale (w ith  a n  acc u ra cy  
o f  ^ 1  scale  d iv isions). T he c e n tr ip e ta l force due  to  th e  ro ta tio n  o f th e  E a r th  
a n d  th e  gyroscopic m o m en tu m  due to  th e  ro ta t io n  o f th e  gy roscope  (M q) 
to g e th e r  w ith  th e  to rs io n  m o m en tu m  o f th e  suspension  b an d  (M free) g ive as 
v e c to ria l r e s u lta n t  th e  re s t p o sitio n  w ith  to rs io n  (F ig . 2) (N0). In  case o f  a well 
a p p ro x im a te d  p re lim in a ry  N o rth  th e  gyroscopic  sw ingings are n ea rly  s y m m e tr i­
cal in  re sp ec t o f th e  zero d iv ision  of th e  a u to c o llim a to r scale. I f  th e  to rs io n -free  
p o sitio n  o f  th e  b an d  has also a  v a lue  n ea r to  zero, th e  sw inging is also sy m m e tri-
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Fig. 2

cal in  re sp ec t to  i t .  I f  th is  is n o t th e  case, a slow  change of the  to rs io n -free  posi­
t io n  w ill he found  d u rin g  th e  whole tim e  o f  th e  m easu rem en t due  to  th e  
c o u n te ra c tio n  b e tw een  th e  gyroscopic m o m e n tu m  and  th e  to rsiona l m o m en tu m  
o f th e  h a n d , i.e. a slow  d r if t  o f th e  to rs io n -free  positio n  tow ards th e  re s t  posi­
tio n  w ill he found . S ince th e  gyroscopic m o m e n tu m  is ab o u t fo u r-fiv e  tim es 
g re a te r  th a n  th e  to rs io n a l m om en tum  o f th e  b a n d , only a sligh t change o f  th e  
to rs io n a l c o n s ta n t is to  be expec ted  in  con seq u en ce  of th e  effects o f forces.

As i t  is know n, th e  coeffic ien t of th e  to rs io n a l m om entum  c is:

( 1 )

w h ere  7 \0) is th e  sw inging  tim e  w ith  fo llow ing, T Wf is th e  sw inging tim e  w ith ­
o u t  fo llow ing . A ccord ing  to  experiences i t  c an  be  s ta te d  th a t  th e  te m p e ra tu re  
effec ts  d u e  to  ru n n in g  an d  c u rren t in p u t, f u r th e r  th e  effects o f m echan ica l 
s tre sse s  re su lt in  changes o f  th e  sw inging tim e  in  the  order of 1 s (T ab le  I). 
T h is m ean s a change a lre a d y  in  th e  th ird  d ig it o f  c, an d  th is  causes an  e rro r  o f 
a b o u t one  second o f  arc  in  th e  d e te rm in a tio n  o f  th e  re s t position . To th ese , th e  
e ffec t o f  th e  change o f geograph ica l la titu d e  is a d d e d . T herefore i t  is adv iseab le  
to  d e te rm in e  th e  c v a lu e  co rrespond ing  to  th e  e n v iro n m e n t of th e  m easu rem en ts  
d ire c tly  from  th e  re su lts  o f th e  m easu rem en ts . F o r  th is  purpose, e x a c t sw ing­
ing  t im e s  w ith  and  w ith o u t follow ing are n e e d e d  a t each s ta tio n . In  case o f 
in s tru m e n ts ,  w hich enab le  au to m a tic  fo llow ing  b u t  th e  a u to m a tic s  can  be 
sw itc h e d  off, th is  p o ss ib ility  is ensured . T he sw in g in g  tim es T  can be d e te rm in e d  
in  case  o f  in s tru m e n ts  w ith  au to m a tic  d e te rm in a tio n  of tra n s i t  tim es  w ith  a 
v e ry  h ig h  accu racy  (T  =  t14). I t  is th ere fo re  conc luded  th a t  o b se rv a tio n s  are 
n ec e ssa ry  a t  each s ta t io n  w ith  and  w ith o u t fo llow ing . A m ore a c c u ra te  N o rth  
d e te rm in a tio n  n ecess ita te s  an y w ay  a severa l t im e s  rep ea ted  d e te rm in a tio n  o f  
th e  N o r th  d irec tio n  w ith  th e  gyroscope.
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Table 1

Changes o f  the torsional constant c

No. Value of e Temperature, °C Place of the measurement

l 0.111 19

2 0.109 30 22 laboratory

3 0.110 70

4 0.110 82
14 subsurface m easurem ent

5 0.109 39

6 0.108 33

7 0.109 52 2 0 - 2 5 field m easurem ent

8 0.108 97

9 0.111 02

m ean  value 0.109 77

2.3 Computational problems o f  the automatic gyroscopic North determination

T h e p resen t p a p e r discusses m ain ly  th e  so lu tion  "with tw o p h o to d io d es  
a s  th a t  w ith  th ree  pho tod iodes has a lread y  b een  discussed earlier [2, 4 ]. A ccord­
in g  to  F ig . 3 le t us den o te  these  tw o p h o to d io d es  (p h o to tran s is to rs) b y  L  an d  R .  
L e t  th e  angle be tw een  th em  he Aa. (in case  o f  MOM Gi-B21 600"). T h e  re s t 
p o s itio n  w ith  to rsion  to  be dete rm in ed  sh o u ld  be N 0. The m easured  tim e  values 
a re  tl0 =  0, tn , t12, t13, t14 =  t20, t21 . . . t24, t3, . . . i34, (t|j). I f  m ore fu ll sw ingings 
a re  o b se rv ed , th e  a lgeb ra ic  average  o f th e  co rrespond ing  tim e  v a lu e s  can  be 
u sed . L e t aM be th e  lim b  read  o u t co rresp o n d in g  to  the geom etric  c e n tra l  line 
o f  th e  tw o  p h o tod iodes and  A  th e  a m p litu d e  o f  th e  swinging. T h e  p o sitio n  of 
th e  p en d u lu m  in th e  m om en t tt can  be g iven  on th e  lim b circle in case  o f m eas­
u re m e n ts  w ith  follow ing in th e  form  [2]:

N ti =  ocM -f  A  sin
2 л

Tton
• ex p +  const ( 2)

w here  f a is th e  d am ping  coeffic ien t o f th e  p en d u lu m , and th e  c o n s ta n t  m eans 
th e  d ev ia tio n  o f th e  gyroscopic axis from  th e  N o rth  (due to  e.g. b a n d  to rsion  
or o th e r  d is tu rb in g  fac to rs). B y s u b s ti tu t in g  th e  tim e  values t tj  fo r tt th e  res t 
p o sitio n  N q is o b ta in ed  by  ta k in g  th e  e x p o n e n tia l te rm  equal o n e , w h a t is 
here  an y w ay  an  allow ed neglection :
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B e oc h th e  d istance  o f th e  p h o to tra n s is to r  R  fro m  th e  reversion  nv  a n d  x L th e  
d is ta n c e  o f  th e  p h o to tra n s is to r  L  from  th e  re v e rs io n  n 2. In  th is  case i t  c a n  be 
w r i t te n  [2]:

A  cos
2 л  ( t

T foil

h i
2

A x 2 л  iT

loll

foil (fig t12)

(4)

COS
foil

COS 7 1  — - 7 1  h s  f
Г , ol,

[ fo il /

COS (*13 *12)

Tfoll .
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S im ila rly  i t  can  be w r itte n :

л  Í 271A  cos -------------

L T ton

(* 1 3 *12)
* L 1 2  j

+  Zla A  cos
K l

T  foil —  *11 j

COS n  t̂ l 3  <12^1
TfOii J

T T  *u  1
T foIIJ

L e t us in tro d u c e  th e  n o ta tio n s :

*11 = ®1’ fl.3 1̂2 -

N ow  E qs 4 an d  5 can  be w ritte n  as i

d !cos n  —
x R s

x R -f- A x do
COS 71 ----

cos \ n
foil

71 - *11

foil

^2’ Ĵ4 — Т Ш  —

cos 180
dx
s

cos 180 —

e

7
an d

cos 180 —

ocL +  Aoc cos 180—

s I =  _ _ /
e

w here

cos 1180 A

COS 180

=  e

= / •

F o r th e  re s t p o sitio n  ( N q) th e  follow ing c o n n ec tio n  holds:

жт, a R — a ,
NÓ =  «м  -  „ -

A ccord ing  to  E q s 7 an d  8. th e  values o f ocr an d  a^ are  o b ta in ed  as:

A x  • e
x a =

e + f

(5)

(6)

(7)

( 8)

(9)

( 10)

( П )

( 12)
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a ЛЛ • /
L e + f

B y  s u b s t i tu t in g  th e  E q s  12 a n d  13 in to  11 one g e ts :

A x  e f

( 13)

^ 0  =  x M -
2 e + f

(14)

w h e re  A x  =  600", is th e  a n g u la r  d istance  b e tw een  th e  tw o pho tod iodes ex p re s ­
sed  in  an g le . E q. 14 ho lds fo r  m easu rem en ts  w ith  follow ing. I f  a m e asu rem en t 
w i th o u t  follow ing is m ad e , th e s e  fo rm ulas w ill be  som ew hat m od ified  d u e  to  
th e  la c k  o f following, th u s  e .g . in s te a d  of E q . 14, th e  follow ing e q u a tio n  is to  
be  u s e d :

JVi =  «
A x

M (1 +  c) e — f  
e + f

(15)

w h e re  c is ob ta ined  from  th e  sw ing ing  tim e  d ed u ced  from  m o m en tan eo u s e x a c t 
t r a n s i t  tim e  m easurem ents (i14 =  T ).

F o r  th e  d e te rm in a tio n  o f  th e  zero p o in t co rrec tio n  o f th e  b a n d  to rs io n  
o b s e rv a tio n s  sim ilar to  th o se  described  in  th e  preceed ings are to  be ca rried  
o u t  w i th  non  ro ta tin g  g y ro sco p e , i.e . free sw ingings are  to  be observed . Since 
th e  c o m p u ta tio n a l fo rm u las  a re  id en tica l w ith  th o se  for gyroscopic sw ingings, 
fo r  t h e  sake  of d is tin c tio n  th e  v a lu es  m easured  h e re  are deno ted  b y  an  u p p e r 
lin e . T h e  to rs io n a l co rrec tio n  d e n o te d  by  A N  can  be  w ritte n  as follow s:

N  =
A x - c e'

e’ + f  ‘
(16)

L e t  u s  in tro d u c e  for th e  te rm  c o n ta in in g  A x  in  E q s 14 an d  15 th e  n o ta t io n  g, 
fo r  th e  rem ain in g  fa c to r  th e  n o ta t io n  L, th e n  one gets:

ÍVÓ == aM — gL -

C a rry in g  o u t the  sam e fo r th e  te rm s  in  E q . 16 one gets:

(17)

w h e re  :
A N  =  h M (18)

(19)

M  = e ' - f
е ' + Г ‘

(20)
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T h e co rrec ted  re s t  p o s itio n  (JV0) is co m p u ted  from  th e  fo llow ing fo rm u la :

N 0 — х м  — g L  “Ь Л М  =  « м  “b  6 N q. (2 1 )

T h u s w e reached  th e  e q u a tio n  w h ich  is u sed  in  th e  fac to ry  MOM fo r th e  sche­
m a tiz e d  d e te rm in a tio n  o f  th e  re s t  positio n  in  case o f th e  g y ro th eo d o lite s  MOM 
G i-B 21. I f  n o t only  one, b u t  sev e ra l fu ll sw ingings are observed  — w h a t is 
g en era lly  th e  case —, one gets e.g . fo r tw o fu ll sw ingings:

*11 - ( -  t 21 =  ^ 1  ? *13 “ I" *23 *12 *22 =  ^ 2  » *14 ~ Ь  *24 =  S - ( 2 2 )

In  case o f  th ree  full sw inging  perio d s:

*11 ~ h  *21 " b  *31 =  *^1’ *13 *23 *33 *12 *22 *32 =  d>>■ *14 ‘ !" *24 " ’ '  *34 = =  S - ( 2 3 )

A fte r  fin ish in g  th e  m easu rem en ts  one needs ab o u t 10— 12 m in u te s  for 
th e  co m p u ta tio n s , w hen  using  a sim ple  ca lc u la to r  w ith  tr ig o n o m e tric  fu n c tio n s . 
I n  ease of a p ro g ram ab le  p o ck e t ca lcu la to r  i t  ta k e s  2 —3 m in u tes  o f  c o m p u ta ­
tio n .

I t  follows from  E q . 11 th a t  i f  one ta k e s  th e  algebraic average  o f  th e  tim e
1

v a lu e  differences m easu red  a t  th e  p h o to tra n s is to rs  L  and  R  —  [с//Д| -f- d t^ ]  =  

=  dtjvr( one gets a tim e  va lu e  co rrespond ing  to  th e  th eo re tica l g eo m etric  cen ­

t r a l  line (M ). T he necessary  a m p litu d e  va lu es  can  be o b ta in ed  b y  u s in g  th e  
rev e rsio n  p o in ts  nv  n2. n3 . . . from  th e  F o x — S chuler form ula. In  case o f  a  p u re  
t r a n s i t  tim e  m easu rem en t, th e re  is no need  to  k now  th e  am p litu d es as sh o w n  by  
fo rm u las  p resen ted . In  case o f a c o m b in a tio n  o f tr a n s i t  tim es an d  rev e rs io n s , 
an  in d e p e n d e n t N o rth  d e te rm in a tio n  can also  be  ca rried  ou t b y  m ean s o f  th e se  
v a lu es . I f  one tak es  in to  acco u n t th e  fo rm u la

A t [(d*R, — <Rrt) +  — dtlr)] (24)

on th e  basis o f  th e  tim e  differences dt , th e n  b y  ta k in g  in to  acco u n t th e  lin ea r  
te rm  one gets:

W  =  (25)
2 ■* toll

w here A  m eans again  th e  a m p litu d e  co m p u ted  from  th e  reversion . I n  E q . 25, 
A  is m easu red  in seconds o f arc  an d  At  and  T foM in  seconds of tim e . T a k in g  in to
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a c c o u n t th a t  th e  re v e rs io n s  a re  read  ou t in  th e  sca le  d ivisions of th e  au to co lli­
m a to r ,  i t  is n ecessary  to  ta k e  in to  accoun t th e  v a lu e  o f th e  scale d iv isions in  
seco n d s of arc (20 — 30").

In  case of m e a su re m e n t w ith o u t fo llow ing  one  has th e  follow ing fo rm u la :

N l  =  « M =  - ? r ( l  +  c ) A A t  (26)
2 i  wt

w h e re  T Wf is th e  fu ll sw in g in g  tim e w ith o u t fo llow ing .

2 .4  Measurement a n d  observational program a n d  the evaluation o f  the results

T he o b se rv a tio n a l p ro g ra m  for th e  a u to m a tiz e d  tra n s it  tim e  m e a su re ­
m e n ts  consists o f th e  fo llow ing  steps:

1. Short free sw in g in g  and  run n in g  o f  th e  m o to r in  o rder to  e lim in a te  
d is tu rb in g  to rsions a n d  to  ensu re  co n stan t in n e r  te m p e ra tu re . M easu rem en t of 
th e  o u te r  d irections (3 — 5 m inu tes).

2. D e te rm in a tio n  o f  th e  zero position  o f  th e  suspension  b an d  d u rin g  a 
fu ll free  sw inging (2 — 2.5 m in u tes).

3. Speeding u p  th e  m o to r , th e n  d e s a r re ta t io n , th e n  th e  m e asu rem en t of 
th e  t r a n s i t  tim e o f a fu ll o r  o f  a h a lf  sw inging in  o rd e r to  o b ta in  an  accep tab le  
a p p ro x im a tiv e  N o r th  d ire c tio n  (10—15 m in u te s ) .

4 . A fter a r e p e a te d  s t a r t  th e  d e te rm in a tio n  o f  th e  tra n s it  tim es an d  re v e r­
s ion  p o in ts  of th ree  fu ll sw ingings w ith  fo llow ing  fo r th e  d e te rm in a tio n  o f  th e  
e x a c t  N o rth  d irec tio n . T h e  read in g  on th e  lim b  m u s t be set to  th e  p re lim in a ry  
a p p ro x im a tiv e  N o rth .

5. A fter b re a k in g  th e  m o to r th e  o b se rv a tio n  o f  a fu ll free sw inging ( t r a n ­
s it  tim e s  and  reversions) fo r  th e  d e te rm in a tio n  o f  th e  zero p o in t p o sitio n  o f th e  
su sp en sio n  b and  to  be  u se d  in  th e  fina l c o m p u ta tio n  o f th e  to rsiona l co rrec tio n .

6. The m e a su re m e n ts  o f  th e  d irections o f  o u te r  po in ts .
7. W ith  re p e a te d  sp eed in g  up of th e  m o to r  th e  observ a tio n  o f t r a n s i t  

t im e s  an d  reversions d u r in g  th re e  full sw ingings w ith o u t following. B efore th e  
m easu rem en ts  th e  re a d in g  on  th e  lim b m u s t b e  se t to  th e  value d e te rm in ed  
ea rlie r .

8. R ep e titio n  o f  th e  m an ipu la tions d e sc rib e d  in  5. and  6. in  o rd e r to  
d e te rm in e  the  c o rrec tio n s .

9. In  case o f h ig h  p rec is io n  az im u th  d e te rm in a tio n s , i t  is adv iseab le  to  
r e p e a t  th e  steps 4 a n d  8 once  or tw ice.

10. E v a lu a tio n  o f  th e  m easurem ent d a ta ,  d e te rm in a tio n  o f th e  m o st 
p ro b a b le  values an d  th e i r  m ean  square e rro rs .

T he in s tru m e n ta l c o n s ta n t  (A) is d e te rm in e d  from  ca lib ra tio n  m easu re ­
m e n ts  on a s ta tio n  w ith  k n o w n  azim uths. T h e  o b se rv a tio n  an d  c o m p u ta tio n  
p ro g ra m  is id en tica l w ith  t h a t  described.
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F or illu s tra tio n  we p re se n t th e  schem e u sed  in  th e  firm  MOM for th e  
in s tru m e n t MOM GÍ-B21 (T able  I I ) .  The f irs t  b lo ck  co n ta in s  d a ta  on th e  s ta ­
tio n  and  th e  m easu rem en t.

Table II

P r o t o c o l C0=0.11355 Лог=600" Page no.
Instrumentai-В 21 Time 1974.06.17. Surveyor; XY

No. of the instr.:06 8266 Station-GM 5 Recorder1 NN
Gyroscopic measurement;

F I F I F I M l 180Í 1 |cos| g
1 *229.83 *229.43 =459.26176.0029 0.2419 [334.07 I
2 '273.84 '273.53 =452.31 174.8527 0.2613 Г П  fgLl3 *499.97 *499.71 *
A *543.97 *543.71 -1087.é8| 00194

*0.5032 -0.03861 1 -12.9 1

Free swinging:

F I F I F I M I l18°5 I h
1 * 39.36 *3921 =7857 170 2110 0.3386 1 ЗА 07 1
2
?

'5114 
♦ ftfi fl7

-51.16 
+fift 77 + -75.29 169.2800 03862 Гм-] [ьм1

4 * 100.71 *100.72 =201.431 -0.0476
*0.7248 -0.06577 1*2 2

E ä 7 J
Azimuth

GM 6
J, 323- 52-45
Jl 143-53-14
Д 90-47-40.0

-°<м232-26-1Q0
218-21-30.2

-ÍN,, 10.7
218-21-195

+J 323-52-59.5
“А 182-14-19.0
A=A-(XM-SN0+J

Д
GM 6

J, 323-52-45
Jj 143-53-14
A 182-14-190
-J 323-52-590

218-21-19.5
*«M232-26-10.0

90-47-295
*NC 10.7
= A 90-47-40.2
A-A-JorM+íN0

A t th e  le ft h a n d  side o f b lock  2 one can  f in d  th e  tim e  values o f  tw o  fu ll 
tij (gyroscopic m easu rem en t). T he values 10, 20 , 30 a t  th e  co lum n’s h e a d  are  
th e  n u m b ers  o f th e  sw ingings (i) and  th e  v e r tic a l co lum ns co n ta in  th e  t r a n s i t  
tim es  (j).  A t th e  r ig h t h a n d  side of th e  b lock th e re  are  deduced  values w h ich  
can  be sim ply  o b ta in e d  fro m  th e  form ulas p re se n te d  in  th e  p resen t p a p e r . As a 
re su lt one o b ta in s  th e  d e v ia tio n  (gL ) of th e  re s t  p o s itio n  b u rd en ed  b y  th e  to r ­
sion from  th e  sy m m e try  ax is o f th e  tw o p h o to tra n s is to rs .
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T h e  th ird  b lock  co n sis ts  o b se rv a tio n a l a n d  c o m p u ta tio n a l d a ta  on th e  
free  sw ingings. The re su lt  is th e  to rs io n a l co rrec tio n  hM .  A cco rd ing  to  E q . 21, 
a  s u m m a tio n  of th e  te rm s  g L  an d  h M  y ie lds 3 N 0. This ad d ed  to  th e  lim b  read  
o u t  ад!, one gets th e  v a lu e  N 0.

T h e  fo u rth  b lock c o n ta in s  th e  schem es b o th  for th e  d e te rm in a tio n  o f th e  
a z im u th  A  and for th e  d e te rm in a tio n  o f th e  in s tru m e n ta l c o n s ta n t  A.  The 
d ire c t io n  values m easu red  in  b o th  po sitio n s o f th e  telescope a re  d en o ted  by  
J p  J 2. I f  th e  in s tru m e n ta l c o n s ta n t A  is looked  for, a d irec tio n  w ith  k n o w n  azi­
m u th  A  (or several such  d irec tio n s) are  needed . Vice versa , i f  th e  a z im u th s  A  
a re  u n k n o w n , th e  in s tru m e n ta l  c o n s ta n t A is necessary . In  fo rm  o f  e q u a tio n s :

A =  A - I  +  *M +  W 0 (27)
a n d

A  =  A  — ocm — 3N 0 -f- J ,  (28)

re sp e c tiv e ly . H ere I  d en o tes  th e  average  v a lu e  o f th e  tw o te le sco p e  p o sitio n s. 
I n  ca se  o f  m easu rem en ts to w a rd s  sev era l ta rg e ts , several a z im u th s , o r  severa l 
in s tru m e n ta l  co n stan ts  ca n  be  d e te rm in ed . In  case of rep e a te d  m e a su re m e n ts  
th e  a lg eb ra ic  average o f  th e  va lu es  is used.

T h is  m ethod  ensures a n  a z im u th  d e te rm in a tio n  w ith  a m ean  sq u a re  e rro r 
o f  ^ 2  — 3" depending on  th e  m o m en tan eo u s cond itio n s. Som e em p iric  d a ta  can  
b e  fo u n d  in  T able I I I .  T hese  are  deduced  fro m  tw ice re p e a te d  m e a su re m e n ts  
w ith  a n d  w ith o u t fo llow ing c a rrie d  o u t w ith in  fie ld  cond itions, a t  n o rm a l m e te ­
o ro lo g ic a l conditions.

Table I I I

Azimuth determination as the average of two measurements with and without following

1 2 3 4

m e a s u r e m e n t

1 207°38'40.9" 90°47'44.8" 116°45'18.3" 35°07'27.8"

2 46.7" 51.6" 13.3" 28.9"

3 48.9" 45.2" 15.8" 32.5"

4 44.3" 48.3" 18.9" 26.2"

5 45.8" 44.5" 14.8" 29.9"

A v e rag e  value 207°38'45.3" 90°47'46.9" 116°45'16.2" 35°07'29.1"

M ean  sq u a re  error of a

sing le  m easurem ent ± 2 .8 " ± 2 .7 " ± 2 .1 " ± 2 .2 "
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3. S um m ary

A schem atizab le , s im p le  c o m p u ta tio n  m eth o d  is p re sen ted  fo r th e  MOM 
gy ro th eo d o lite s , d e p a rtin g  from  th e  th e o re tic a l form ulas o f th e  a z im u th  d e te r­
m in a tio n  using a u to m a tiz e d  gyroscopes w ith  d ig ita l d isp lay . E x p e r im e n ts  and 
p ra c tic a l az im u th  d e te rm in a tio n s  have  show n th a t  az im u th s w ith  m ean  square 
e rro rs  o f ^ 2  — 3" can  be deduced  from  m easu rem en ts  a t  a sing le  s ta t io n  w ith  
one re p e titio n  an d  w ith  im m ed ia te  d e te rm in a tio n  of th e  to rs io n a l co n stan t. 
M oreover, n o t on ly  a q u ick  and  ac c e p tab ly  accu ra te  e v a lu a tio n  m eth o d  is 
g iv en , b u t th e  p o ssib ility  o f  th e  a d ju s tm e n t is also ensured .
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РАСЧЕТ АВТОМАТИЗИРОВАННЫХ ГИРОТЕОДОЛИТНЫХ ИЗМЕРЕНИЙ, 
УДЕЛЯЯ ОСОБОЕ ВНИМАНИЕ ГИРОТЕОДОЛИТАМ, ИЗГОТОВЛЕННЫХ В 

ОБЪЕДИНЕНИИ ЗАВОДОВ МОМ
Ф. ХАЛМОШ

РЕЗЮМЕ

Определены точные азимуты гиротеодолитами в разных измерительных ситуациях 
при наземных или подземных измерениях. После краткого описания инструмента пред­
ставлены теоретические задачи исследований измерительных результатов. Основываясь 
на математической теории расчета предлагается быстрый и простой метод для определения 
постоянной инструмента и азимутов. Даются техническое решение, теоретические исследо­
вания и некоторые результаты практических примеров. Применяя предлагаемый метод — 
средние квадратические ошибки двойных измерений азимутов будут + 2 —3".
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APPLICATION OF LEAST SQUARES COLLOCATION FOR 
MINERAL RESERVE ESTIMATION

GY. A L P Á R

DOCTOR OF TECHNICAL SCIENCES 
RESEARCH INSTITUTE OF ALUMINIUM INDUSTRY, BUDAPEST

[M anuscrip t received S e p tem b e r 8, 1979J

T he p lan n in g  o f in v es tm e n ts  in  m in ing  needs a m o re  a n d  m ore ex ac t e s tim a tio n  o f m i­
n e ra l reserves. F o r th is  p u rp o se  th e  so-called “ k rig ing”  m e th o d  based  on m a th e m a tic a l s ta tis tic s  
is w idely  app lied .

In  case o f sim ila r e s tim a tio n  p ro b lem s th e  lea s t sq u a res  collocation  m eth o d  h as  been 
successfully  ap p lied  in  p h y sica l geodesy.

In  th e  p a p e r th e  congruence of th e  tw o m eth o d s is nu m erica lly  and  a lgeb ra ica lly  p ro ved . 
T he e s tim a tio n  of ore reserves b y  th e  lea s t squares co llo ca tio n  m eth o d  is n o t on ly  e q u iv a le n t to  
k rig ing , b u t  also o ffers som e rem ark ab le  ad v an tag e s  in  c o m p u tin g  technics.

T he p lan n in g  o f m in ing  in v e s tm e n ts  needs am ong  the  p re se n t tech n ica l- 
econom ical c ircu m stan ces a m ore an d  m ore e x a c t e s tim a tio n  o f m inera l reserves. 
T h u s, i t  is obv ious t h a t  m ore an d  m ore a t te n tio n  is p a id  to  th e  so-called  geosta- 
tis tic a l e s tim a tio n  m eth o d s . In  th is  fie ld  o f m in e ra l e s tim a tio n  th e  b es t know n  
m eth o d  is “ k rig in g ”  developed  b y  G. Ma t h e r o n  an d  his school an d  n am ed  
a f te r  th e  S o u th  A frican  research er D . G. K r ig e  [1]. T h is e s tim a tio n  m e th o d  
(o f w hich  m ore v a r ia n ts  are  used) secures m ore  e x a c t resu lts  because from  th e  
p o in t o f  view  o f m a th e m a tic a l s ta tis tic s , i t  ta k e s  co rrec tly  in to  acco u n t th e  
v a rian ce -co v arian ce  re la tio n s  o f th e  in p u t d a ta  a n d  of th e  values in te rp o la te d  
b y  m eans o f th e  in p u t d a ta . F ro m  th a t  follow s t h a t  w ith  k rig ing  th e  e rro r  o f  
th e  m in era l reserve  e s tim a tio n  can  also be d e te rm in e d  ap p ly ing  th e  m e th o d s 
o f  m a th e m a tic a l s ta tis tic s . T hus, th e  e rro r e s tim a tio n  o f th e  tech n ica l-eco n o ­
m ical ca lcu la tio n s b ased  on m inera l reserve  e s tim a tio n  can  also be m ade w ith o u t 
b ias. In  case o f m ore sim ple  m inera l reserve e s tim a tio n  m ethods, th e  su rp lu s  
in fo rm a tio n  g iven b y  th e  d e te rm in a tio n  o f  th e  v arian ce -co v arian ce  re la tio n s  
are  u su a lly  n o t ta k e n  in to  accoun t.

On o th e r fie ld s o f  geosciences, f i r s t  o f all in  th e  physica l geodesy th e  lea s t 
sq u ares  based  on th e  co llocation  m eth o d  has b een  developed a lm o st s im u lta ­
neously  [2]. H ere , ag a in , th e  v a rian ce -co v arian ce  re la tio n s o f th e  in p u t d a ta  
are  co rrec tly  ta k e n  in to  acco u n t from  th e  p o in t o f  view  of m a th e m a tic a l s ta ­
tis tic s  a n d  th e  in te rp o la tio n  is also m ade in  co rrespondence  w ith  th is . Conse­
q u e n tly , a com parison  o f  b o th  m eth o d s is ob v io u s in  o rder to  p ropose  on th is  
basis th e  ap p lica tio n  o f co llocation  b y  least sq u a re s  m eth o d  (LSC) to  m in era l 
e s tim a tio n .
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T h e  com parison  w o u ld  be v e ry  d ifficu lt i f  th e  m eth o d s b ased  on  d iffe ren t 
c o n c e p ts  w ould be c o n fro n te d  in  accordance to  th e ir  m a th e m a tic a l p re se n ta tio n . 
H o w e v e r , are the  m e th o d s  in  q u estio n  re g a rd e d  as n u m erica l m e th o d s  in  ac­
c o rd a n c e  w ith  th e  re q u e s ts  o f  p rac tice , a c lear a n d  sim ple co m p ariso n  is pos­
s ib le .

F o r  th e  sake o f co m p reh en sio n  an d  m a th e m a tic a l p ro o f th e  co m p ariso n  
w ill b e  show n b o th  n u m e ric a lly  an d  a lg eb ra ica lly  on th e  basis o f  a sim p le  ca l­
c u la t io n  exam ple ta k e n  f ro m  [1]. T he ex am p le  is d e m o n s tra te d  on F ig . 1 [1].

T h e  ta sk  is to  d e te rm in e  th e  value lp on th e  basis  o f th e  k n o w n  values 
l ±, l2, l g a n d  Z4. In  case o f  m in e ra l reserve  e s tim a tio n s  th e  l values re p re se n t som e 
d a te  o f  analyses o r th ic k n e sse s  o f p e n e tra te d  lay e rs  from  e x p lo ra tio n  borings 
s i t u a t e d  e.g. according to  F ig . 1.

h -2 50

1

? 3

\

F ig. 1

K rig in g  presen ts th e  re q u e s te d  (in te rp o la ted ) ch a rac te ris tic s  o f  th e  m in era l 
r e s e rv e  in  the  p  p o in t o f  th e  q u a d ra tic  n e t  co vering  th e  exp lo red  a re a  b y  th e  
l in e a r  fo rm ula

П
lp =  ^  u/ //, (1)

i=1

w h e re  th e  m ain p o in t o f  th e  m e th o d  lies o f  course in  th e  d e te rm in a tio n  m eth o d  
o f  th e  “ w eigh t”  n u m b e rs  a,-. T h is m ost sim ple case o f k rig ing  is ca lled  po in t- 
k r ig in g . I f  the  c h a ra c te r is tic s  o f th e  m in era l reserv e  are d e te rm in ed  fo r  each 
p o in t  o f  th e  q u a d ra tic  n e t ,  th e  bo rders o f  th e  ex p lo itab le  m inera l re se rv e  can  be 
e a s ily  dete rm in ed  b y  ta k in g  in to  acco u n t th e  c u t o ff va lues of th e  c h a ra c te r is tic s  
w ith  re sp e c t to  th e  a c tu a l econom ic s itu a tio n .

F o r  th e  d e te rm in a tio n  o f  th e  w e ig h t-n u m b ers  in  k rig ing , tw o  co n d itio n s 
m o s t  be  satisfied : th e  v a r ia n c e  o f th e  /p-values to  be in te rp o la te d  m u s t be  m in i­
m iz e d  a n d  th e  e s tim a tio n  o f  th e  Zp-values m u s t be w ith o u t b ias. F o r  th e  f ir s t  
c o n d i t io n  th e  v ariance  o f  th e  ip-values w ill be
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n n n
V ar(Zp) =  Var(Z) —  2 ^ a ,  Cov(Zp, Z,) —  2 2 2 aU Cov(Z„Zy) (2)

í=i y=i

w here  V a r(Z) is th e  v a ria n c e  o f th e  u n c o rre la ted  Z-values, Cov(Zp, Z/) th e  covari­
ance betw een  th e  Z-values to  be in te rp o la te d  an d  tho se  k now n , a n d  Cov(Z,,Zy) 
th e  covariance  b e tw een  th e  Z-values know n.

In  o rder to  th e  second  co n d itio n , th e  fo llow ing sim ple e q u a tio n  follows
n

fro m  th e  req u irem en t E ( ^  at It) =  E (lp) ( th e  ex p ec ted  value o f  lp shou ld  he 

e q u a l to  th e  ex p ec ted  v a lu e  o f Z, =  u n b iased  es tim a tio n ):

2 «< =  !• (3)Z=1

T h e  m in im um  a fte r  a, o f  E q . (2) a t  th e  s im u ltan eo u s fu lf ilm e n t o f  co n d itio n  (3) 
c a n  be ca lcu la ted  b y  th e  L ag ran g e  m eth o d . I n  acco rdance  w ith  th is  th e  deriv ­
a tiv e s  a fte r  a, o f th e  fu n c tio n

П

F  =  Var(Zp) - f  2 Z c (^  a, —  1) 

g ive  th e  following lin e a r  e q u a tio n  system :

cnal + ^1 2 ^2 + c 1 3 °3 +  .. . . 4 -  i n a „ + к = V

C21®1 + ^22®2 + C23®3 +  .■ • . +  c2nan + к = Ср2

C31a l + C ‘yiCl.» 4- C33®3 +  .• • • +  c3nan + к = СрЗ

cnlal +  <СП2а2 + Cn3a3 4 -  . ■ • 4 -  cnn an + к = срп

®1 ~ h  a 2, + a 3 +  • • • 4 - an — L

w here  cij  m eans th e  va lu es  Cov(Z,, lj), cp_ ,• th e  values Cov(lp, li) a n d  к th e  so- 
ca lled  L agrange fac to r.

W hen  using m a tr ix  n o ta tio n  th e  e q u a tio n  sy s tem  (4) can  be w ritte n  in  
th e  follow ing form :

( С  1 ) а  \  (с À
1 пп ni n i  1 In 1

1 т  0 к  L
V l n  11 ^ W  V 1

w here  C m eans th e  m a tr ix  w hich  co n ta in s  th e  covariance  values ct .-, I is a u n it 
v e c to r , th e  n o ta tio n  w ith  c a p ita l  le t te r  aim s to  in d ica te  th e  su b m a tr ix . V ectors
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a and  C pinEq. (4a) follow  from  th e notations o f equation  system  (4) and contain  
th e  e lem en ts a, and cp > resp ective ly .

I n  case of krig ing  th e  so lu tio n  o f E q , (4a) is c a lc u la ted  w ith o u t re sp e c t to  
th e  p o ss ib ility  of m a tr ix  p a r t i t io n in g ;  i t  has here  th e  fo rm :

(a (C I - 1 Cp
~ Ir 0 1 (5)

R e tu rn in g  to  th e  e x a m p le  in  Fig. 1, F ig . 2 p re se n ts  th e  d iag ram  o f th e  
Ci j -v a lu e s  (given n u m e ric a lly  in  [1]) as well as th e  v a rio g ra m  y  from  w hich  th e  
v a lu e s  Ci j  have been d e r iv e d  a n d  to  whose sh o rt e x p la n a tio n  w ill be re tu rn e d  
la te r .

W ith  th e  covariance v a lu e s  с,- у and  cP i w h ich  can  be easily  d e te rm in ed  
as t h e  fu n c tio n  of th e  d is ta n c e  o f  th e  po in ts ta k e n  from  one to  o th e r  b y  m eans 
o f  F ig s . 1 an d  2, E q . (4a) w ill be  in  th is case:

'22.00 9.84 1.23 4.98 1.00 «1 = 12.66
9.84 22.00 2.33 0.29 1.00 (l2 4.98
1.23 2.33 22.00 0.00 1.00 «3 1.72
4.98 0.29 0.00 22.00 1.00 «4 9.84
1.00 1.00 1.00 1.00 0.00 к 1.00

T h e  so lu tio n  according to  (5) w ill be (for sake o f  s im p lic ity  th e  sy m m etrica l 
m a t r ix  elem ents will be d e n o te d  from  here on o n ly  w ith  do ts):

f 0.057560996 —0.031548091 -0.006638002 -0 .019374904  0.148743063\ /  12.6б\
a 2 0.050310101 -0.014402322 -0 .004359688  0.238432705 4.98
«3 = 0.033349440 —0.012309116 0.308034474 1.72
a A 0.036043708 0.304789758 9.84

\ k  J , . . . -7 .515260605 1.00 j
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F in a lly , a f te r  th e  m a tr ix  m u ltip lic a tio n  one gets:

ax =  0.518289360 
a 2 =  0.021906852 
a 3 =  0.088513141 
a 4 =  0.371290634 
к =  — 0.915828042.

T he here ca lcu la ted  a ,-values ro u n d ed  o ff to  th ree  decim al p laces are 
co m p le te ly  id en tica l -with tho se  g iven  in  [1]. T he ca lcu la tion  for n in e  decim al 
p laces has no  p ra c tic a l m ean ing  a n d  w as a d o p ted  here only  for th e  co m p ariso n  
fo llow ing  below.

G oing over now  to  th e  LSC m e th o d , its  in te rp o la tio n  s tra te g y  ca n  be 
re p re se n te d  b y  th e  follow ing e q u a tio n :

/, -f* vi — Ho -f- b, -(- bj u2 -f- b) u 3 -f- bj um -f- S i , (6)

w here  Z, has th e  sam e m ean ing  as befo re ; v, is th e  ran d o m  erro r o f /,; В u  is th e
nm ml

tre n d -fu n c tio n  w ith  th e  p a ra m e te r  и a n d  s, th e  so-called “ sig n a l”  a p p e a rin g  
a t  th e  p lace i , w hich is th e  p a r t  o f  Z, t h a t  c a n n o t be ta k e n  in to  a c c o u n t b y  th e  
tre n d -fu n c tio n . T he expression  “ sig n a l”  com es from  th e  in fo rm a tio n  th e o ry  
re la te d  w ith  com m u n ica tio n  tech n ic s , b u t  som e au th o rs , as e.g. K r a k iw sk y  
[3] h av e  a d o p ted  i t  for the  re fin e m e n t o f  th e  m a th e m a tic a l m odel B u  d esc rib in g  
th e  ph en o m en o n  /,-. These “ signa ls”  a re  reg a rd ed  genera lly  as c o rre la te d  and  
in  o u r case i t  shou ld  be su pposed  t h a t  th e  v a riance-covariance  re la tio n s  are 
d esc rib ed  b y  th e  sam e m a tr ix  C as u sed  in  E q . (4a). F u r th e r , i t  sh o u ld  be  s u p ­
posed  th a t  v ec to r  cp co n ta in s  th e  co v arian ce  elem ents be tw een  th e  sp- values 
to  be in te rp o la te d  and  th e  s,-va lues.

T h e  u n know n  p a ram e te rs  и  o f th e  tre n d -fu n c tio n  are  c a lc u la ted  in  case 
o f  th e  LSC m eth o d  as follows [2]:

и =  (В 7 С -1  В ) -1 В 7 С -1 1 , (7)
ml тп пп пт тп пп ni

w here  besides th e  n o ta tio n  a lre a d y  kn o w n  В m eans th e  m a tr ix  co m posed  from
nm

th e  tr e n d  coeffic ien ts 6, in  E q . (6). T h u s , th e  tre n d -p a ra m e te rs  и  c a n  be ca l­
c u la te d  from  th e  lin ea r  co m b in a tio n  o f  th e  1,-values b y  ta k in g  in to  a c c o u n t th e  
v a rian ce -co v a rian ce  re la tio n s.

F o r  th e  sake o f com parison  w ith  th e  p o in t-k rig in g  m eth o d  m e n tio n e d  
above th e  n u m b e r o f tre n d -p a ra m e te rs  m u s t be here reduced  to  one. I n  p rac tice  
th is  m ean s th e  w eigh ted  av e rag in g  o f  th e  values 1, (the  average o f th e  va lu es  
is th e  m o st sim ple tren d -fu n c tio n ).
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I f  th is  s im p lifica tio n  w ould  n o t be in tro d u c e d , th e  LSC m eth o d  shou ld  b e  
c o m p a re d  w ith  th e  so -ca lled  un iv ersa l k rig in g  [4], b u t  th is  w ould  he m ore d if­
f ic u l t  to  follow an d  i t s  r e s u lt  can  be reach ed  on  th e  w ay  o f in d u c tio n , too .

I n  case of p o in t-k r ig in g  E q . (6) becom es:

h  +  Vi =  u  +  Sj , (6a)
w h ere

u  =  ( f C - 1 I ) - 1 Ir C - 1 l (7a)
In nn nl In nn nl

in  co rrespondence  w ith  (7).
M a tr ix  I  has h e re  th e  sam e m eaning  as in  E q . (4a), th o u g h  i t  can  be d e riv ed  

fro m  th e  coeffic ien t 1 o f  th e  tre n d -p a ra m e te r  и  in  E q . (6a).
F in a lly , th e  lp-v a lu e s  to  he in te rp o la te d  w ill he  from  th e  LSC m eth o d  [2 ]:

Ip — и  H-  s pi ( 8 )

w h ere  th e  signal a p p e a r in g  in  p o in t p  is [2]:

sp =  cp C-1(l —  I  u). (9)
11 In  nn nl n l  11

A pply ing  th e  LSC m e th o d  to  th e  ex am p le  in  F ig . 1, E q . (7) w ill be th e  
fo llow ing:

/22.00

(1 1 1 1)

9.84
22.00

1.23 4.98\ — 1
a \ ] - 1 ,22.00 9.84 1.23 4.98

2.33 0.29 A (1 1 1 1 )  • 22.00 2.33 0.29
22.00 0.00 1 22.00 0.00

22.00' V - \ 22.00

I t  can  be seen t h a t  m a tr ix  C to  he in v e r te d  has here  th e  d im ension  4 x 4 ,  
w h ich  w ill be g iven h e re  w ith  a sim ilar a c c u ra cy  fo r th e  sake of com parison  to  
th e  m a tr ix  w ith  d im en sio n  5 x 5  in v e rted  a t  th e  p o in t-k rig in g :

/0.060504939 — 0.026828998 — 0.000541341 — 0.013342463 \
_  . 0.057874730 — 0.004629475 0.005310215

44 ~  . 0 .045975115 0.000183565 *
\  . . 0.048404976 ,

F in a lly , for th e  v a lu e s  и and  sp, an d  fro m  th e m  fo r lp one gets:

/0 .148743066\ T ал (
0.238432703 h
0.308034476 h

sp=

\0 .304789755J \ i j \

0.216525854
0.219521329

T ал
h ip=
h

\ h )

0.021906849
0.088513147

T
( h \

h
\ i j
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I t  can  be seen th a t  th e  coeffic ien ts o f  lp a re  —  n o t regard ing  th e  ro u n d in g - 
o ff e rro r  in  th e  n in th  p lace o f decim al —  id e n tic a l w ith  the  о-values o f  k rig ing , 
i.e . in  case o f th e  n u m erica l exam ple  show n here  i t  has been p roved  t h a t  k rig in g  
a n d  LSC lead  to  th e  sam e re su lt.

T h e  equ ivalence  has general v a lid ity , to  p rove  th is  a lg eb ra ica lly  one has 
to  s ta r t  from  th e  inversion  b y  F ro b e n ia n  decom position  o f  th e  h y p e rm a tr ix

/С  I \
nn nl

=  к
\l T 0

in  11 /

to  be fo u n d  in  E q . (4a). (N o ta tio n  К  has been  chosen w ith  respect to  k r ig in g  an d  
in  h o n o u r o f D . G. K r ic e  [4 ].)

L e t he in tro d u c e d  th e  follow ing su b s titu tio n s :

q =  C ~ 4  ; r =  —  (IT С -Ч )  . (10)
n l  nn nl 11 In  nn nl

T h e re q u e s te d  inverse m a tr ix  w ill be th e n :

K 1
< C 1
1 nn

_  —л Tq r  q '

r 1q l
l

-  qrn 1

L e t be expressed  now  from  E q . (5) o n ly  th e  values a b y  using th e  decom posed  
form  o f K _1:

a
n l

( C - l  +  q r - V —q r  1
n 1

n l

U

TC-1 Cp - f  q r “ 1 q c p —  q r - 1 .
n 1 n 1 n 1

S u b s titu tin g  f in a lly  these  values in to  E q . (1) an d  resolving in  th e  m ean  tim e  
th e  su b s titu tio n s  in  (10), th e  Z^-value acco rd in g  to  po in t-k rig in g  w ill b e :

lp =  с ^ С - Ч  —  С р С - ' Ц ^ С - П ^ Г с - Ч  +  ( Г С - Ч ) - Ч Т С - Ч .  (8a)

T ak in g  in to  co nsidera tion  now  E q s  (7a), (8) an d  (9) th e  id e n t i ty  o f  E q s  (8) 
an d  (8a) can  be verified , an d  hence th e  id e n t i ty  betw een  p o in t-k rig in g  a n d  LSC 
m e th o d  is p ro v ed , too .

I n  th e  genera l case of k rig ing  —  th is  is called  un iversa l k rig in g  o r k rig ing  
o f /с- th  o rd e r [4] — th e  tre n d -fu n c tio n  o f  E q . (6) w ill be ta k e n  in to  a c c o u n t w ith  
fu r th e r  co n d itio n  eq u a tio n s w ritte n  in th e  sense o f E q . (3). In  th is  case th e  m a tr ix

Acta Geodaetica, Geophysica et Monlanislica Acad. Set. Hung. 16, 1981



48 GY. ALPÂR

К  w ill be  increased  b y  a n u m b e r  o f rows a n d  co lum ns th a t  co rrespond  to  th e  
p a ra m e te rs  of th e  tre n d -fu n c tio n , w hereby  0 e lem en ts  com e again in to  th e  m ain  
d ia g o n a l o f th e  m a tr ix  ([4 ]; p p . 316— 320).

T h u s , in  case o f  u n iv e rsa l krig ing  as m a n y  L agrange fac to rs  are  to  be 
d e te rm in e d  to g e th e r  w ith  th e  w eigh t num bers a , as m a n y  p a ram e te rs  th e  tre n d -  
fu n c tio n  has. T he deco m p o sitio n  technics ap p lie d  ab o v e , w hich is an  in h e re n t 
c h a ra c te r is tic  o f th e  LSC m e th o d , ensures a p o ss ib ility  here, too , to  p rove  th e  
id e n t i ty  o f  th e  tw o  m eth o d s  discussed.

T h e  fa c t th a t  th e  size o f  m a tr ix  К  increases to g e th e r  w ith  th e  n u m b e r o f 
th e  p a ra m e te rs  o f th e  tre n d -fu n c tio n  in d ic a te s  u n am b ig u o u sly  th e  p ra c tic a l 
a d v a n ta g e  o f th e  LSC m e th o d , because th e  size o f  th e  varian ce-co v arian ce  
m a tr ix  C to  be in v e rte d  d ire c tly  is alw ays sm alle r th a n  th a t  of m a trix  K . T h e  a p ­
p a r e n t  d ifference b e tw een  th e  tw o  num erica l m e th o d s  is th a t  in  th e  LSC m e th o d  
th e  in te rp o la tio n  is m ade w ith  th e  s-values c e n te re d  b y  th e  tre n d -fu n c tio n , 
w hile  in  case of k rig in g  th e  com p le te  in p u t L v a lu es  a re  used. The decom position  
o f  th e  L va lues a fte r  E q . (8) re su lts  in  th e  c lea r s tru c tu re  of th e  LSC m e th o d  
w h ich  m ean s an  a d v a n ta g e  from  th e  p o in t o f  v iew  o f program ing , too .

I t  has been p ro v ed  in  d e ta il [2] th a t  th e  LSC  m eth o d  is a B L U E  (B est 
L in e a r  U n b iased  E s tim a tio n )  m eth o d . The sam e w as p roved  from  k rig in g  [4] 
a n d  th is  d em o n stra te s  th a t  th e  e rro r e s tim a tio n s  o f  b o th  m ethods are  th e  sam e. 
W ith o u t  going in to  fu r th e r  d e ta ils  i t  m u st be s h o r tly  m en tioned  th a t  b o th  
m e th o d s  can  be tra c e d  b a c k  to  o lder m eth o d s b a se d  on least squares a n d  re ­
g a rd e d  n o w ad ay s as c lassica l ones [5], as a lre a d y  h as  been proved  o f  th e  LSC 
m e th o d  [6]. F u r th e r  in te re s tin g  com parisons can  be  fo u n d  in  [3], w here re su lts  
a c h ie v e d  in  th e  la s t years  in  th is  fie ld  can be s tu d ie d , too.

F in a lly , som e a t te n tio n  m u s t be paid  to  th e  s itu a tio n  in  connection  w ith  
th e  d e te rm in a tio n  o f  th e  co v arian ce  values citj  a n d  cpii, respective ly . I t  is th e  
c e n tra l  p rob lem  o f th e  M ath e ro n ian  g eo sta tis tic s  a n d  th e  covariance values are  
re a c h e d  b y  th e  p ra c tic a l d e te rm in a tio n  (re la te d  to  in d iv id u a l cases) o f th e  va- 
r io g ra m s  m en tio n ed  in  F ig . 2 (see C hap te r 4 in  [1]).

T h e  p o in t of th e  d e te rm in a tio n  of th e  v a rio g ra m s is th e  varian ce  analy sis  
o f  th e  d ifferences o f th e  in p u t L values and th u s  th e  e lim ina tion  o f th e  n eg a tiv e  
c o v a ria n c e  values is a u to m a tic a lly  ensured . I n  co n n ec tio n  w ith  th e  LSC m e th o d  
th e  p ra c tic a l  d e te rm in a tio n  o f  th e  covariance fu n c tio n s  is less em phasized , b u t  
a t te n t io n  m u s t be p a id  to  a v o id  n egative  c o v a rian ce  values re su ltin g  from  co n ­
v o lu tio n  techn ics. T h e  effect o f  th e  d ifferen t co v arian ce  functions is v e ry  e x ­
p re ss iv e ly  d e m o n s tra te d  in  [7], i t  is very  in s tru c tiv e  especially  fo r th o se  w ho 
a p p ly  th e  in te rp o la tio n  in  p rac tice . I t  is r a th e r  d iff ic u lt y e t to  overlook  th e  
s i tu a t io n  on th is  fie ld . H ere  i t  shou ld  be o n ly  re m a rk e d  th a t  i t  w ould be v e ry  
u se fu l to  com pare  th e  g rea t experiences co llec ted  w ith  b o th  m ethods as soon as 
p o ssib le . T h is, how ever, cou ld  n o t have b een  d one  in  th e  fram ew ork  o f th is  
p a p e r .
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As conclusion  i t  can  be said  th a t  th e  LSC m eth o d  can be used  to  th e  u p -to - 
d a te  m in e ra l reserve e s tim a tio n  as i t  w as p ro v e d  num erica lly  an d  a lg eb ra ica lly . 
F ir s t  ca lcu la tio n s b ased  on th is  m eth o d s a re  c a rr ie d  ou t for th e  d e te rm in a tio n  
of b a u x ite  reserves in  th e  H u n g a ria n  R esea rch  In s t i tu te  of A lum in ium  In d u s try ,  
w h ereb y  th e  n u m erica l in v es tig a tio n s  show n here  were needed to  th e  c o n s tru c ­
tio n  o f th e  m a th e m a tic a l m odel o f ca lcu la tio n .
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ПРИМЕНЕНИЕ КОЛЛОКАЦИИ ПО МЕТОДУ НАИМЕНЬШИХ КВАДРАТОВ ДЛЯ 
РАСЦЕНКИ МИНЕРАЛЬНЫХ РЕСУРСОВ

ДЬ. АЛПАР

РЕЗЮМЕ

Планирование инвестирований в горном деле все более и более требует точную рас­
ценку минеральных ресурсов. С этой целью широко применяется так называемый метод 
«кригинга>>, который основывается на математической статистике. В случае подобных за­
дач расценки метод коллокации успешно применялся в физической геодезии. В статье до­
казывается численное и алгебраическое совпадение этих методов. Расценка рудных ре­
сурсов с помощью коллокации по методу наименьших квадратов не только равносильна 
методу кригинга, но и представляет некоторые замечательные преимущества в вычисли­
тельной технике.
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FREIE AUSGLEICHUNG IM GAUSS-HELMERT MODELL

H . W O L F

O. UNIV.-PROF., BONN 

[E ingegangen  am  2. F e b ru a r  1980]

F ü r  die F o rm  der A usg leichung  n a c h  b e d in g te n  B eobachtungen  m it  U n b e k a n n te n , 
n eu erd in g s als das »G auss-H elm ert-M odell«  b e ze ic h n e t, w ird  die Theorie d e r »freien A usglei­
chung« en tw ick e lt, w o ru n te r  m an  A usg le ichungen  m it  singulärer N o rm a lg le ich u n g sm atrix  
v e rs te h t. D ab ei ge lan g t m an  a u f  eine 1948 v o n  P ro f. T árczy -H o rn o ch  und  H . W o lf angeg eb en en  
allgem eine A usgleichungsform . D ie T heorie k a n n  g än z lich  ohne B enützung  de r »verallgem einer­
te n  Inv ersen «  d a rg este llt w erden . Zur D e m o n s tra tio n  w ird  ein Zahlenbeispiel b e ig e fü g t.

D er von  M it t e r m a y e r  [6] e in g e fü h rte  B eg riff  der »freien A usg leichung« , 
w o m it A usg leichungen  bei s in g u lä re r N o rm a lg le ich u n g s-K o effiz ien ten m atrix  
g em ein t s in d , is t  se ith e r n u r  fü r den  F a ll  d e r  v erm itte ln d en  B e o b a c h tu n g e n  
b e h a n d e lt w orden . E r  lä ß t  sich ab e r au ch  fü r  d en  F a ll der b ed in g ten  B e o b a c h ­
tu n g e n  m it U n b e k a n n te n  (dem  sog. G auss-H elm ert-M odell) d e fin ie ren . M an  ge­
la n g t d an n  a u f  eine von  T á r c zy -H o rno ch  [8 ] angegebene A usg le ichungsfo rm . 
Im  n a c h s te h e n d e n  soll d ieser F a ll n ä h e r  u n te r s u c h t  und  an einem  Z ah len b e isp ie l 
d e m o n s tr ie r t w erden .

1. Der Begriff der Üherparametrisierung

E in e  »Ü herparam etrisie rung«  lieg t d a n n  vor, w enn hei e in e r  A usg le i­
ch u n g sau fg ab e  mehr  U n b e k a n n te  ( =  » P aram ete r« ) e ingeführt w e rd e n , als zur 
e in d eu tig en  B esch re ib u n g  des jew eiligen  g eom etrischen  oder p h y s ik a lisc h e n  
S a c h v e rh a lts  e rfo rderlich  sind . D ie A n zah l g  d e r  zuviel e ing efü h rten  U n b e k a n n ­
te n  sei als »G rad der Ü b e rp a ram etris ie ru n g «  bezeichnet.

Beispiele :

a )  W erd en  in  eine S ta tio n sau sg le ich u n g  zu r D arste llung  des s ta t io n s ­
au sg eg lich en en  R ich tu n g sb ü sch c ls  n a c h  s Z ie len  n ich t (s —  1) W in k e lu n b e ­
k a n n te  (w ie bei B e s s e l ) e in g e fü h rt, so n d e rn  s R ic h tu n g su n b e k a n n te  (w ie bei 
H a n s e n ), so  is t g  == 1.

b)  W erd en  bei d e r B erech n u n g  v o n  S trich k o rrek tio n en  an  lin ea ren  
S k a len  o d e r L ib e llen te ilu n g en  m it s T e ils tr ic h e n  n ich t (s — 1) In te rv a l le  als 
U n b e k a n n te  e in g e fü h rt, sondern  die L age d e r  s Teilstriche, vg l. TÁRCZY- 
H o rno ch  an d  A lpá r  [9 ], so is t g leichfalls g  =  1.
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c)  W enn bei d e r  A usg leichung  eines N iv e llem en tsn e tzes  m it s H ö h e n ­
p u n k te n  alle s H ö h en  als U n b ek an n te  b e n ü tz t  w erd en , is t ebenfalls g  =  1.

d)  W enn  bei d e r  A usg leichung  von  zw ei- u n d  dreid im ensionalen  geo­
d ä tis c h e n  N etzen  au ch  fü r  d ie A n sch lu ß p u n k te  v a r ia b le  K o ord ina ten  e in g e fü h rt 
w e rd en , lieg t ebenfa lls Ü b e rp a ra m etris ie ru n g  v o r .

e)  D esgleichen a u c h , w enn  bei e in se itig en  H öhenw inkeln  im  H ö h e n n e tz  
a u ß e r  d en  H ö h en w erten  a u c h  noch  die R e f ra k tio n  als U nb ek an n te  e in g e fü h rt 
w ird , oder

f )  w enn  bei e in e r f a s t  k reisförm igen  S a te ll i te n -B a h n  neben der m it t le re n  
A no m alie  M  au ch  n o c h  d as  A rgum ent со des P e rig äu m s als U n b e k a n n te  
b e n ü tz t  w ird , vgl. W o lf  [1 2 ].

2. Die V erfü g u n g  über die ü b erflü ssig en  F reiheitsgrade

Je d e  Ü b e rp a ra m e tr is ie ru n g  h a t zu r F o lg e , d a ß  m an zu r H e rb e ifü h ru n g  
e in e r  e in d eu tig en  L ö su n g  ebensoviele B ed in g u n g en  zw ischen den U n b e k a n n te n  
a u fzu s te llen  und  in  die A usg le ichung  e in zu fü h ren  h a t ,  wie die Z ahl g  d e r  Ü b e r­
p a ra m e tr is ie ru n g  a n g ib t.

D iese Lösung des P ro b le m s der ü b e rp a ra m e tr is ie r te n  A usgleichung (h eu te  
»freie« A usgleichung) m it te ls  B ed ingungsg le ichungen  zw ischen den U n b e k a n n ­
te n  v e rd a n k t m an  H a n s e n  [1 ]. Sind dabei die и  U n b e k a n n te n  x v  x 2, . . ., x a im  
L ö su n g sv ek to r

X =  [a ,̂ a 2, • • •, x u]

z u sam m en g e faß t, so se ien  d iese g B ed ingungen , in  lin ea re r oder l in e a r is ie r te r  
F o rm , z u n äch s t d u rch

G X -t-  CG =  о (1)
(g,  u) (a,  1) (g , i )  (g,l)

a u sg e d rü c k t, w orin  c a e in  K o n s ta n te n v e k to r  i s t .

3. D as G auss-H elm ert-M odell

W erden  die n  M essungen  L v  L v  . . . ,  L n im  V ek to r 

1 =  [Lv  L 2, . .  ., L n]T

u n te rg e b ra c h t, u n d  h a n d e le  es sich dabei um  k o rre lie r te  B eobach tungen  m it  d er 
K o v a ria n z m a trix  cov(l) =  Q, w obei ran g  Q =  n ,  so is t  das G au ss-H elm ert- 
M odell gegeben d u rch

А  • E  {1} +  В X +  cA =  о , (2)
(Vö («А ('‘.“И“.!) ('Л)
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w orin  E  den  E rw a r tu n g sw e r t, e inen  K o n s ta n te n v e k to r , sowie A  u n d  В 
K o e ffiz ien ten m a trizen  b ed eu ten . D abei sei ra n g  А  =  r <  n , w äh ren d  w egen  der 
v o rau sg ese tz ten  Ü b e rp a ram etris ie ru n g

ran g  В =  u —  g  (3)

is t;  g  is t  der »D efekt« v o n  B , der den G rad  d e r  Ü b e rp a ram etris ie ru n g  a n g ib t.
G eh t m an  v o n  den  E rw a rtu n g sw e rte n  zu  d en  gem essenen W e rte n  1 ü b e r, 

an  denen  m an  d ie  V erbesserungen  v a n b rin g t, so e rh ä lt  m an  aus (2) die H e lm e r t - 
schen  »B ed ingungsgleichungen  m it U n b ek an n ten « , vgl. H elm ert  [4 ],: S. 286

A v -f- Bx -f- w  =  o, w o m it w  =  AI (4)

u n d  w obei X den  ausgeg lichenen  W ert (S c h ä tz w e rt)  von  x bezeichnet.

4. D as G auss-H elm ert-M odell m it  Z usatzbed ingungen

Z usam m en  m it den  H ansenschen  B ed ingungsg le ichungen  (1) f ü h r t  die 
M ethode d er k le in s ten  Q u a d ra te  a u f G ru n d  v o n  (4) gem äß

Tv v =  m in

b ek an n tlich  a u f  das von  T á r c zy -H ornoch  [8] angegebene N o rm alg le ichungs­
system , vgl. au ch  W o lf  [1 1 ,1 3 ], w orin k j  u n d  k 2 K o rre la ten v ek to ren  (L ag ran - 
gesche M u ltip lik a to ren ) b ed eu ten :

N o k x +  B x +  w =  о , m it  N0 =  AQAJ

B 7 k x -  GT k 2 =  о

— G x — cG =  O

(aus S y m m etrieg rü n d en  is t dabei die H an sen sch e  Z usatzb ed in g u n g  m it  dem  
F a k to r  — 1 m u ltip liz ie rt w orden).

D ie K o rre la te n  b es tim m en  die V erb esse ru n g en  v, indem

v -  Q A T Ц .  (6)

Gl. (5) lä ß t  sich  au ch  au sd rü ck en  durch

[No, B, 0  1 k l W
B T, 0  -  GT X O
0 ,  - G ,  0 k2 .---
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o d e r
N [k f ,  i T, i r iTk 2 J г 7[w r ,rCu]  =  о

W eg en  ra n g  А =  r is t  d e t No ^ 0 .  A uch  is t  d e t N ^ O ,  w enn n ic h t w en ig e r als 
g  l in e a r  u n ab h än g ig e  B ed in g u n g en  (1) a u fg e s te llt w orden  sind. D a a lso  detNo 
^  0 , so k a n n  k t aus (5) e lim in ie rt w erd en . W ir m u ltip liz ieren  h ie r fü r  die 1. 
G le ich u n g  v o n  (5) m it — В N<T u n d  ad d ie ren  diese zu r 2. h in zu . D ies e rg ib t

—  B 7 N0_1 B x - G r k , - B ^  No“ 1 w =  о
u n d  m it

В Г No’ 1 В =  N u

Í N u  x -f- Gr  k 2 +  B r  Nq“ 1 w =  о 
I G X -j- ca — о .

W eg en  (3) is t  N n  s in g u lä r, d . h.

d e t N u  =  0. ( 8)

5. Die num erische A uflösung des N orm algleichungssystem s

D ie num erische  A u flö su n g  von  (5) g e lin g t w egen (8) n u r  d a n n , w e n n  m an  
die R eihen fo lge  der E le m e n te  im  V ek to r [xT, k ^] so ä n d e rt, d. h. Z eilen  und  
S p a lte n  sy m m etrisch  so v e r ta u s c h t, d aß  als le tz te  jew eils g  U n b e k a n n te  x 
b e s t im m t w erden  (n ich t die g  K o rre la te n  k 2). E s is t  dies eine E rk e n n tn is , die 
m a n  H e l m e r t  ([4], S. 282) v e rd a n k t. D as g ilt fü r  die »bestim m te« A u flö su n g  (zur 
E r m it t lu n g  des L ö su n g sv ek to rs) ebenso  w ie fü r  die »unbestim m te« A uflösung  
(z u r In v e rs io n  der N o rm a lg le ich u n g sk o effiz ien ten m atrix ).

W ied er zu r u rsp rü n g lich en  R eihenfo lge  z u rü ck g eb rach t, sei

N u , Gr -1 S, R
G, 0 R r , M (9)

d a  d ie  K e h rm a tr ix  e iner sy m m etrisch en  M a tr ix  gleichfalls eine sy m m e trisc h e  
M a tr ix  is t.

6. W ahl der Bedingungs-M atrix G

D ie V ielzahl der (m öglichen) G -M atrizen  in  (1) w erde d u rch  gew isse F o r ­
d e ru n g e n  e in g esch rän k t: 

a )  E s soll sein:
x Tx =  m in . (10)
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Seien X alle jen e  L ö su n g sv ek to ren , die (10) n ic h t  erfü llen , so soll zw ischen  x  und  
X die fo lgende T ran sfo rm atio n sg le ich u n g  b es teh en :

x =  x +  C t , (11)

w obei in  t gewisse äu ß ere  P a ra m e te r  e n th a lte n  seien, deren  A n zah l m it der 
D e fek tzah l g  ü b e re in stim m e, die den  G rad  d er Ü b e rp a ra m e tris ie ru n g  an g ib t.

Soll x x m in im ie rt w erden , so fo lg t aus (11) —  als V erb esserungsg le ichun­
g en  genom m en —  das n ach steh en d e  N o rm alg le ichungssystem  z u r  B erech n u n g  
.der S ch ä tzw erte  t  von  t :

CT Ct +  Cr x =  o ,
;so d aß

t  =  —  (С7 С ) - 1 Ст X,

w o m it n ach  (11):
i  =  x —  C(CT С )" 1 Cr  x,

u n d  d a m it
CT i =  CT x — CT C(CT C ) - 1CT ï ,  (12)

so d aß
I  X =  О.

M an e rk e n n t: In  Gl. (1) m uß  sein:

G =  Cr  u n d  Cu =  o, (13)

w enn das M inim um  in  (10) e in tre te n  soll.
b)  E ine  w eitere  F o rd e ru n g  soll d a rin  b es teh en , daß  die ausgeg lichenen  

B eo b ach tu n g sw erte  (1 -f- v) in v a r ia n t g eg en ü b er t  sein sollen. Z u  d iesem  Zw eck 
e n tn e h m e n  w ir k t aus (5) zu

ki =  — N0 H» x +  w)

und  se tzen  dies in  (6) e in , so d aß  m it (4):

v =  — Q AT N0-1(B i + A l  +  сл)

.oder, w enn  m it I die E in h e itsm a tr ix  b eze ich n e t w ird :

l + v  =  ( I - Q A r N^ 1 A) 1 — Q A7' No“1 B (ï +  Ct) — Q A7' N0 1 cA .

[Dies soll d an n  —  p er defin itio n em  —  id e n tisc h  sein m it

1 +  у =  (I — Q A7' N^ 1 А) 1 — Q Ar NT1 B x — Q AT N0_ 1cA.
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D ie D iffe ren z  der be id en  le tz te n  A usdrücke lie fe rt

о =  Q A7 N o ^ B C i .

D ie se r  B ed in g u n g  w ird  g e n ü g t, w enn

B C  =  0 .  oder Сг В Г =  0 (14)

o d e r a u c h B 7 NfT1 В C =  0  oder N u  C =  0 , (15)

b zw . Cr  N n  =  O . (16)

M an  k a n n  en tw ed er d u rc h  A uflösung des hom ogenen  G leichungssystem s 
N n C =  О die einzelnen E le m e n te  der M atrix  C b e s tim m e n , was m it dem  A lgo­
r i th m u s  zu r B erechnung  v o n  E igenw erten  d u rc h g e fü h rt w erden k a n n , vgl. 
M it t e r m a y e r  [7], W e l sc h  [10], H e in  [3]; o d e r a b e r  m an  k e n n t v o n  v o rn ­
h e re in  —- aus der G eom etrie  d er A ufgabenste llung  —  die S tru k tu r  der T ra n s ­
fo rm a tio n sm a tr ix , w elche d ie B ed ingung  (13) v o n  H a u s  aus e rfü llt, zu sam m en  
m it  d e n  zugehörigen  ä u ß e re n  P a ra m e te rn  t:

So is t  bei S ta tio n sau sg le ich u n g en  im  V e k to r t  n u r  eine D rehung  ( =  O rien ­
tie ru n g s u n b e k a n n te )  e n th a lte n , u n d  C is t d a n n  d e r  S u m m atio n sv ek to r: CT =  
=  [1, 1 ,1 ,  . . .], w äh ren d  b e i S k a len u n te rsu ch u n g en  in  t  n u r  eine T ra n s la tio n s ­
u n b e k a n n te  v o rk o m m t, u n d  bei H ö h en n e tzen  b e s te h t  t  aus e iner H ö h e n v e r­
sc h ie b u n g . B ei ebenen  T r ia n g u la tio n sn e tz en  e n th ä l t  t  zw ei T ran sla tio n en , eine 
D re h u n g  u n d  eine M aß sta b sä n d e ru n g , so d aß  Ct die A h n lich k e its tran sfo rm a tio n  
b e s c h re ib t,  w äh ren d  bei d re id im ensiona len  T ria n g u la tio n e n  3 T ra n s la tio n e n , 
3 D re h u n g e n  u n d  eine M a ß s ta b sä n d e ru n g  in  t  e n th a lte n  sind. (Bei A nw esenhe it 
v o n  S treck en m essu n g en  e n tfä l l t  die M a ß s tab sän d e ru n g  als äußerer P a ra m e te r .)

7. E igenschaften  der L ö su n g

а)  B ei der bestimmten  A uflösung  der N o rm alg le ichungen  e rh ä lt m a n  aus 
d e r  M u ltip lik a tio n  von  (7) m it  C :

C7' N u  i  +  С7' C k 2 +  C7' ß 7 N ^ 1 w  =  o,

o d e r w egen  (16) u n d  (14):
CTCk2 =  о

w o ra u s , vg l. Mit t e r m a y e r  [7 ]:  k 2 =  о (17)
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b)  Bei der unbestimmten  A uflösung  e rg eb en  sich der R eihe n a c h  aus

N u , C S, R ] Г I ,  0
CT, 0 R 7. M j - [ o ,  I

au) N „ R  +  C M  == o . Ьглг. C7' N „  R Cr  C M =  O,

was w egen (16) C7 CM = 0  liefert, so daß, vgl. M e issl [5]:

M =  0 . (18)

bb) CTS --- 0 , bzw. SC =  0 . (19)

cc ) N „ S  + С R r  = I , oder

S N u  S +  S C R 7' =  S w o rau s w egen (19):

S Nn S =  S. (20)

dd) Nu  S Nu  +  C R 7 Nn =  Nu .

D a ab er Nj, R CM =  О oder m it (18): Nu R = 0  und  R T Nu =  O.

so w ird
Nn S N n =  Nn . (21)

8. D arste llu n g  des L ü sungsvek to rs

W egen (13) u n d  (17) w ird  aus (7):

N „ , C 
Ст , О

в No'1 w ]
О w oraus

X N u , Cl - 1

O C7 0
B 7N„ ]w l] S, R B r  No““1 w

J = - R  r , 0 O
so daß

x =  —  S B 7 No“ 1 w S B 7 N0_1 (A l +  eA) . (22)

9. F eh le rrech n u n g

I n  der F e h le rre c h n u n g  ( =  » In te rv a llsch ä tzu n g « ) is t der m ittle re  F e h le r  
mX( des E lem en ts  Xi (aus x) zu berechnen  g em äß
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т х. =  т0 j  QXiXl (23)
w o rin

w 0 =  } vT Q 1 v /( r  — и +  g) ■ (24)

D a b e i i s t  Qxfx, D iag o n a le lem en t d er M atrix  Q i, die sich in  e in fa c h s te r  W eise 
n a c h  d e m  F e h le rfo rtp flan zu n g sg ese tz , vgl. Wolf ([13] S. 72), e rg ib t: A usgehend 
v o n  (22) f in d e t m an:

Q i =  S B 7' N ^ 1 A Q A 7' I V 1 B S =  S B T No"1 N0 N5 - 1 BS =

=  S B 7 N„“ 1 B S = S N U S =  S.

M ith in  Q ; =  S. (25)

10. K leinste m ittlere Fehler (m in im ale Varianz)

D a  n a c h  (14) die (1 -)- v) u n d  som it die v in v a r ia n t gegenüber t  s in d , ist 
v7 Q _1v gleichfalls in v a r ia n t bzg l. t .  D agegen is t  von  t  die q u a d ra tisc h e  F orm  
xTx, b zw . xTx voll ab h än g ig , vg l. (11). F ü r  e inen  k o n s ta n te n  W e rt v7Q '̂1v exi­
s t ie re n , je  n ach  der W ah l v o n  t, u n en d lich  v iele хГх, von denen  h ie r  m it (12) 
e in  sp ez ie lle r V ek to r x n a c h  d e r M ethode d e r k le in sten  Q u ad ra te  au sg ew äh lt 
w u rd e . N u n  weiß m an  von  G a u s s  u n d  Helmert ([4] S. 185f), d aß  die aus der 

-B e d in g u n g  x x =  m in fo lg en d en  U n b e k a n n te n  k le in ste  m ittle re  F e h le r  (gegen­
ü b e r  a lle n  anderen  L ösungen  x) b esitzen , so d aß  fü r  k o n s ta n te  m0, (bzw . k o n ­
s ta n te  v) g ilt:

m t =  m 0 Y q u u =  m in . (26)

D a b e i i s t  Qt t D iagona le lem en t von  Q/ =  (С 7 C )_1. A ußerdem  is t, im  A nsch luß  
a n  (1 2 ), m it C(C7C )_1CT =  R  u n d  RrR =  R R  =  R

s o d a n n  x =  (I •— R)x, w o rau s Qx =  (I -— R)Qx(I —  R), oder

Q i =  Qx —  R  Qx —  Qx R  +  R Qï  R , u n d  m it 

S p u r  (R Qi R) =  S p u r (Q i R R) =  S p u r (Q i R) =  S p u r (R Qx) w ird  

S p u r  Qi =  S pur Q i —  S p u r (R  Qi) —  S p u r (R  Qi) +  S p u r (R  Q i) ,

;So d a ß  S p u r  Qi <  S p u r Q - , d. h.

S p u r  S =  S p u r Q i =  m in. (27)

B e m e r k u n g  : Die G rößen S m it  den  E ig en sch a ften  (20, 21, 25, 27) h e iß en  auch  
P s e u d o -In v e rs e n  und  w erd en  m it Njj. b eze ich n e t. F ü r  sie gelten  alle je n e  Rela-
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tio n e n , die aus d er T heorie  der v e ra llg em ein erten  In v ersen  b e k a n n t s in d . —  
M an e rs ieh t, daß  die T heorie  d er fre ien  A usgleichungen, d. h . v o n  s in g u lä ren  
S ystem en , auch  ohne B en u tzu n g  d e r v e ra llg em ein erten  In v ersen  d a rs te l lb a r  ist.

11. E in Zahlenbeispiel

In  einem  ebenen  D reieck  seien  die 3 W inkel a , ß , y  je  m it dem  m ittle re n  
F e h le r  (a priori) von  gem essen sow ie die beiden  Seiten  a u n d  b m it den 
m ittle re n  F eh le rn  fj,a bzw . [xb.

B ei d er A usgleichung soll fü r  die S e iten  a u n d  b je  eine M a ß s ta b su n b e ­
k a n n te  6xa bzw . 6xb in  A n sa tz  g e b ra c h t w erden .

D ie A ufgabe is t ü b e rp a ra m e tr is ie r t:  E s  k an n  n u r  eine M a ß s ta b su n b e ­
k a n n te  b e s tim m t w erden ; die E rm itt lu n g  von  z.B . 6xa se tz t v o ra u s , d a ß  der 
M aß stab  d er Seite b fest vorgegeben  is t  (bxb =  0). Sollen —  fo rm a l —  aber 
b e ide  U n b ek an ten  m itg e fü h rt w erd en , so is t d er offene F re ih e itsg ra d  n ach  
H a n s e n  [2] durch  eine Z u sa tzv e rfü g u n g  in  F o rm  einer B ed ingungsg le ichung  
d e r A r t  (12) auszufü llen . D abei is t g  =  1.

W ir stellen  z u n äch s t die N e tzb ed in g u n g en  auf, w obei an  d en  M essungen 
«, ß,  y,  a, b die V erbesserungen  va, Vß, vy, va, vb an g eb rach t w erden  so llen , und  
e rh a lte n :

a)  (a vß) -f- {ß -j- Vß) -f- ( y  4 - Vy) =  180°

oder v„ -(- Vß -|- Vy -|- iv[ =  0 , m it iv[ =  a  +  ß  +  y  —  180°

sin (a  +  vß) _  ( 1  +  d * 0) («  +  v„) 
sin(ß +  vß) ( 1  +  ô x b) (b +  v b)

D u rch  L o g arith m ie ren  u n d  A n w en d u n g  des T ay lo rsa tzes e rh ä l t  m a n  die 
fo lgende lin ea ris ie rte  B ed ingungsg le ichung :

va co t cl -\- Vß co t ß  +  — -----—  +  ô x a — <5 x b +  u>l =  0, (28)
a b

w obei Wi =  ln  (o sin  /3/6 sin a).

D er besseren  Ü b ersich t w egen se tzen  w ir u„/a =  ua, Vb/b =  v b u n d  n eh m en  
speziell * ss ß  % 45° an. D rü c k t m an  alle W inkelgrößen  und  ih re  Ä n d e ru n g en  
im  B ogenm aß  aus (w om it Q =  1), so is t

у ' =  [va,Vß,vY, v a, vb] , A =
1 , 1 , 1 , 0 , 0  

- 1 , 1 , 0 , 1 , - 1  •

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



60 H. WOLF

Z u r A ufste llung  d e r  H an sen sch en  Z u sa tz b e d in g u n g  soll sein (um  die Ü b e r­
p a ra m e tr is ie ru n g  a u fz u h e b e n ):

• Г '  ü "2 I t '  2X X =  oxa о X ь =  m in  ,

w as n a c h  (12) e rre ic h t w ird  d u rch  die B ed ingungsg le ichung

à x a +  à x b —  0 (29)
w o m it

Cr =  [1 ,1 ] .

V erfü g en  w ir au ß e rd e m  n o c h , daß

Iu0/o  =  №  =  Ио][2 und  [Jblb =  [ib — [t0Y 2  . 

so w ird  Q =  f i l  d ia g [ l , 1, 1, 2, 2 ] == p _1.

D a a b e r  b e k a n n te rm a ß e n  das E rgebn is e iner A u sg le ich u n g  u n ab h än g ig  is t  v o n  
d er W a h l der G e w ic h tsk o n s ta n te n , so k an n  im  fo lg en d en  u n bedenk lich  ц0 —  1 
g e se tz t w erden . M it d en  K o rre la te n  k[ u n d  k'[ fü r  d ie  b e id en  e rsten  B ed ingungen  
e rh ä l t  m an  die n a c h s te h e n d e n  N orm alg le ichungen , in  denen sogleich n a c h  
Helmert (a.a .O . S. 282) die R eihenfolge d er U n b e k a n n te n  im  H in b lick  a u f  die 
n u m erisch e  A u flö sb a rk e it festgeleg t w orden  is t :

3 k i  j - 0 k " - f - 0 ô . t : a -)-0 fe 2 - f - 0 ô x i , - ) - i c 1 = 0  

. . .  6 k j  —|— 1  ö Xq 0  k 2 ■— 1  ô x b —j— ny — 0

. . . 0  Ô ЛС0  +  1  +  0  Ô = 0

. . .  0 fe2 -f- 1 ô = 0  (30)

-{- 0  b Xfy = 0 .

k 2 i s t  d ab e i die K o rre la te  f ü r  die H ansensche  Z u sa tzb ed in g u n g  (29). D ie »be­
stim m te«  A uflösung  des S ystem s (30) e rg ib t:

k[ =  — mü/3 , k'[ =  0 , b x a =  — ic"/2 , k 2 =  0, ô x b =  wl/2.

B e re c h n e t m an  h ie rm it n a c h  (6 ) die V erb esse ru n g en , so f in d e t m an :

Vx — Vß =  Vy =  — wll3 ,  va =  vb =  0, SO d a ß  va =  vb =  0.

D iese V erbesserungen  e rfü llen  nachw eislich , zu sa m m e n  m it den U n b e k a n n te n , 
die au fg este llten  lin e a re n  N e tzb ed in g u n g sg le ich u n g en , ebenso wie die H a n se n ­
sche Z usatzb ed in g u n g .
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A u ß erd em  e rg ib t s ich : v 7 Q _1v =  — w Jk  =  (w^)2/ 3. Die » unbestim m te«  
A uflösung  d er N orm alg le ichungen  (30) m it H ilfe  des G außschen  A lg o rith m u s 
lie fe rt:

R =  R r  =

In  d er F eh le rrech n u n g  e rg ib t sich:

m0 =  f K ) 2/3 (2 — 2 +  1) =  ±  teil l'T,

m i, - m Xb =  m 0 /  3/2 =  ±  щ /  f 2  .

Bemerkung : M an h ä tte ,  in  gew isser W eise, schon vo rau sseh en  k ö n n en , 
d a ß  va — Vb — 0 sich e rg ib t. D an n  w ürde m an  in  (28) lediglich ua/o  =  0 und  
Vb/b =  0 zu  se tzen  h ab en  u n d  m ü ß te  die »freie« A usgleichung in  g e n a u  der 
g leichen  W eise fo rtse tzen  wie v o rs te h e n d  gezeig t.
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СВОБОДНОЕ УРАВНИВАНИЕ В МОДЕЛИ ГАУССА-ГЕЛЬМЕРТА
X. ВОЛЬФ

РЕЗЮМЕ

Для формы уравнивания по способу условных измерений с неизвестными, который в 
последнее время называется моделью Гаусса-Гельмерта, развивается теория свободного 
уравнивания, под которой подразумевается уравнивание с сингулярной матрицей нор­
мального уравнения. При этом получается форма уравниваний, разработанная профессо­
ром Тарци-Хорнох и Вольфом в 1948 году. Эту теорию можно представить без исполь­
зования «обобщённых инверсов». Для наглядности прилагается числовой пример.
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ORIENTATION-INDEPENDENT FILTERING 
IN GRAVITY ANALYSIS*

M. K . PA U L

GRAVITY AND GEODYNAMICS DIVISION, EARTH PHYSICS BRANCH, DEPARTMENT OF ENERGY, 
MINES AND RESOURCES, OTTAWA, CANADA

[M an u scrip t received N ovem ber 10, 1978]

Som e form ulae  for th e  coefficien ts for b and-pass f i lte r in g  o f B ouguer g ra v ity  an o m aly  
h a v e  been  derived  so t h a t  w hen  th e y  are  used  in  th e  w e ig h ted  su m m atio n s  o f  g rid d ed  g ra v ity  
v a lu es, th e  re su lts  are  in d e p e n d e n t o f th e  o r ien ta tio n  of th e  axes o f  re c tan g u la r  g rids. Such a 
d e r iv a tio n  has been ach ieved  b y  s ta r tin g  from  a tran s fe r  fu n c tio n  o f c ircu la r sy m m etry  th a t  
fu lfils  th e  req u irem en ts  o f a  b a n d -p ass  f i lte r  and  th e n  in te g ra t in g  i ts  co n trib u tio n  o v er a re c t­
angle w ith  a grid  p o in t a t  i ts  c en ter. C o m p u ta tio n a l checks a p p lied  to  d iffe ren t se ts o f coefficien ts 
as e v a lu a te d  by  th e  p roposed  m eth o d  confirm  th e ir  a ccu racy  to  a t  le a s t five s ig n ifican t d ig its.

In tro d u c tio n

O rie n ta tio n  d ependence  o f d iffe ren t f ilte r in g  m eth o d s  in  th e  fie ld  o f g rav ­
i ty  analy sis  has re c e n tly  been  a  su b jec t o f co n sid erab le  d iscussion in  a series 
o f  p ap e rs  [7, 9, 10, 13, 14, 15].

F ilte r in g  o f th e  B o u g u e r g ra v ity  anom aly  is a p re -req u is ite  for m ost of 
its  s ta n d a rd  in te rp re ta tio n s . N um erous in v es tig a tio n s  h av e  been  carried  ou t 
on th is  to p ic  d u rin g  th e  p a s t th re e  decades th a t  h a v e  re su lted  in  severa l m e th ­
ods o f  sep a ra tio n  o f  re s id u a ls , e v a lu a tio n  of th e  f ir s t  an d  second d e riv a tiv es  
an d  a n a ly tic a l c o n tin u a tio n  o f  fie ld s. Som e o f th e se  d iffe ren t m e th o d s have  
been  su b jec ted  to  c o m p a ra tiv e  s tu d ies . F a jk l e w ic z  [3] app lied  th e  f ir s t  d e riv ­
a tiv e  m e th o d  of B a r a n o v  [1] and  second d e r iv a tiv e  m eth o d s o f E l k in s  [2] 
an d  P a u l  [11] to  som e m odel g ra v ity  anom alies due  to  assum ed  spherica l 
m asses a t som e d e p th . W hile  observ ing  from  h is  an a ly sis  th a t  ‘o f th e  th ree  
fo rm u las  considered , th e  P a u l fo rm u la  is by  a sm all m arg in  th e  b e s t’, he o b ta in ­
ed u n d esirab le  f ic titio u s  p eak s in  th e  co n to u r m ap s o f th e  d e riv a tiv e s  b y  each 
o f th e  above m eth o d s a n d  in te rp re te d  th em  as d u e  to  th e  in h e re n t d efec t o f 
th e se  m ethods. Me sk ó  [8] an d  F ul l e r  [4] ex am in ed  th ese  as w ell as o th e r  
m e th o d s  due to  R o s e n b a c h  [12],  H aalck  [5 ],  H e n d e r s o n  an d  Zeitz  [6] 
using  F o u rie r tran sfo rm  te c h n iq u e  and  p re sen ted  d iag ram s o f th e ir  tra n s fe r  
fu n c tio n s or freq u en cy  response  fu n c tions. These d iag ram s show  a considerab le  
lack  o f  c ircu la r sy m m etry , o r o rie n ta tio n  in d ep en d en ce , bey o n d  som e m ag n i­
tu d e s  o f frequency  and , as such , re su lts  of p ra c tic a l c o m p u ta tio n s  b y  these  
m e th o d s  a re  su b jec t to  d is to r tio n  th ro u g h  o r ie n ta tio n  dependence.

* E a r th  P hysics B ran ch  C o n trib u tio n  No. 926.
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I n  th e  above f ilte r in g  m e th o d s , th e  coeffic ien ts o f  th e  re c ta n g u la r ly  grid- 
d e d  g r a v i ty  d a ta  were a lw ay s assu m ed  to  h av e  c ircu la r sy m m e try  b e in g  d ep en d ­
e n t  o n  th e  rad ia l d is tan ce  o n ly . T his causes loss o f  c ircu la r sy m m e try  for th e  
t r a n s f e r  functions as i t  is m a th e m a tic a lly  im possib le  to  m a in ta in  c ircu lar 
s y m m e tr y  o f b o th  th e  co e ffic ien ts  an d  tra n s fe r  fu n c tio n s s im u ltan eo u sly .

H ow ever, if  th e  co e ffic ien ts  o f th e  g rid d ed  d a ta  are n o t c o n s tra in e d  w ith  
c ir c u la r  sy m m etry , we m a y  o b ta in  som e tra n s fe r  fu n c tio n s free  fro m  o rie n ta ­
t io n  dep en d en ce . T hus, s ta r t in g  from  an  o r ie n ta tio n  in d e p e n d e n t m odel for 
t r a n s f e r  functions, we sh o u ld  b e  ab le to  f in d  th e  coeffic ien ts o f  th e  g rid  g rav ity  
v a lu e s  w h ich  do n o t possess c irc u la r  sy m m etry . T he m e th o d  d esc rib ed  in  th e  
fo llo w in g  section  is a p p ro a c h e d  from  th is  s ta n d p o in t.

P re sen t m ethod

A t f irs t , le t us n o te  t h a t  w ith  (r, 0) an d  (o', A) as th e  p o la r co o rd in a tes  in  
sp a c e  a n d  frequency  d o m a in s  re sp ec tiv e ly , th e  g ra v ity  an o m aly  g(r,  0 ) can  be 
r e la te d  recip rocally  to  a t ra n s fo rm  G(a, A) as follows

G(a, A) =  j  ( g (r, 0) K(r ,  0, o', A) r d r  d0
° ^ я ( 1 )

g(r, 0) =  j j G(a, A) K(cr, A, r, 0) a  d a  dA
о —n J

w h e re , as one of m any  cho ices fo r th e  kernel,

K  (r, 0, a, A) =  K(tf,A , r, 0) =
1

2 n
Jo (<f r) +  2  ^ d m J m (<r r) cos

m+ 1

{ m  ( 0  —A)}

1

2  л
[cos {dr  s in  ( 0 A)} -f- s in  {dr  cos (0 — A)}] ( 2)

w ith  ôm =  1  or ( — l ) ^ m - 1 ^ 2 acco rd in g  as m  is even  or odd  re sp ec tiv e ly .
N ow , w ith o u t a n y  loss o f  g en e ra lity  we can  assum e th a t  th e  o rig in  of th e  

c o o rd in a te  system  in  th e  sp a c e  do m ain  is a t  th e  p o in t o f c o m p u ta tio n ; th e  re la ­
t io n s h ip  (assum ed linear) b e tw e e n  th e  f ilte re d  an d  non-filt.ered  g ra v ity  anom a­
lies c a n  th e n  be exp ressed  as :

g R(0 , 0 ) =  J J  g(r, 0 ) tv(r) r d r  d 0  (3)
Ô —n

w h e re  th e  w eighting  fu n c tio n  w  m u st be in d e p e n d e n t o f  0  so t h a t  gR (0, 0 ) 
r e m a in s  in v a ria n t u n d e r  r o ta t io n  o f th e  re ference  system .
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T hen , from  th e  su b s titu tio n s  o f (1) a n d  (2) in  (3) we have

£ я ( 0 , 0 ) =  J  f  G(or, A) W(o)  a  dir dA (4)
Ö — n

f I w(r) K(r ,  0, o', A) r d r  d0 =  Ç w(r) J 0 (<r r) r d r  (5a)
о —я ö

w(r) =  f W(a) Jo{o  r) o' d o '. (5b)
ô

I t  shou ld  be n o te d  here  th a t  on ly  th e  f i r s t  te rm  o f th e  series (2) fo r  K (r ,  
0, o', A) h as  its  c o n tr ib u tio n  in  (5a) as th o se  o f  th e  o th e r  te rm s van ish  w h e n  th e y  
are  in te g ra te d  o v er 0  from  — л  to л .

N ow  since K ( 0 ,  0, o, A) =  1, we f in d  fro m  com parison  of (4) w ith  (1) t h a t

G*(<r, A) =  G(a,  A) W(a)  (6 )

w here GK(a, A) re p re se n ts  th e  tra n sfo rm  o f th e  f ilte re d  g rav ity .
F ro m  (6 ) we n o te  th a t  W(a)  is th e  tra n s fe r  fu n c tio n  or frequency  resp o n se  

fu n c tio n  o f  th e  p re se n t filte rin g  m eth o d  an d  th is , being  free from  A, is o r ie n ta ­
tio n  in d e p e n d e n t.

L e t us consider a m odel tra n s fe r  fu n c tio n  fo r band-pass f ilte r in g

W(o)  =  —  «-"O—W )  (<r/ffe)»  (7)
2  л

w here

W ( a )

an d  hence

w hich  has been c o n s tru c te d  such  th a t
(i) JF(<r) is m ax im u m  a t  a =  <TC i-e - g ra v ity  an o m a ly  of frequency  a ro u n d  ac 
has th e  m ax im u m  ra tio  o f c o n tr ib u tio n  in  f il te re d  anom aly ,
(ii) 2л\У(ос) =  1 , w hich  ensures fu lly  u n a t te n u a te d  filte rin g  of a n o m a ly  o f 
freq u en cy  cr0  an d
(iii) th e  w id th  o f  th e  f ilte r  s lo t, being  p ro p o r tio n a l to  th e  rad ius o f c u rv a tu re  
of W(cr) a t  crc, is re la te d  to  th e  in te g ra l p a ra m e te r  n  as

w id th  a  (rad ius o f c u rv a tu re )  <TC =
- 1

d 2 W
do2 ,

n o \
2 n

w hich  in d ica te s  t h a t  th e  w id th  can  be red u ced  b y  increasing  n and  v ice  v e rsa .
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S u b s titu tin g  (7) in  (5b) we o b ta in

» ( r )  =
c" (n  ! ) 2 ^  С-ГУ,4П " ( —  r2 tr2/ 4 n ) *  _

4 я  n n+1 c йЩ (Л!)2 (n — fc) !

a2 " (-< т2/4п)*
4 л  n n+1 c , t % k \ ( n  k ) \ '

k (е_х2аЛ 4п ж2') [ c - y ^ ! in у  2 (* -')) 
2 /! ( f e - / ) ! ( 8 )

w h ere  r2 =  at2 -f- y 2.
A  few curves o f  JF(cr) an d  tc(r) for crc =  1 a n d  n  =  2, 4, 8, 16 an d  32 h a v e  

b een  show n in F igs 1 an d  2 , respective ly . I t  c a n  be  clearly  seen th a t  w id th s  o f 
w -cu rv es increase as th o se  o f  IF-curves d ec rease  w hich  im plies t h a t  p ra c tic a l 
c o m p u ta tio n s  w ill re q u ire  coverage of b igger a re a s  w ith  g rav ity  d a ta  fo r n a r ­
ro w er f ilte rs .

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981

Fig. 1. Curves of IF(ff) for ac — 1 and n =  2, 4, 8, 16 and 32

Fig. 2. Curves of u>(r) for ac — 1 and n — 2, 4, 8, 16 and 32
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N ow  le t us con sid er th e  ap p lica tio n  o f (3) to  re c ta n g u la r  g rid  values, 
g ([is, vs), g , V =  0, ^ 1 ,  ^ 2 ,  . . ., s — g rid  sep a ra tio n . W hen  s is su ffic ien tly  
sm all, th e  g ra v ity  an o m a ly  over an  s X s rec tan g le  a round  a g rid  p o in t  can  he 
assum ed  c o n s tan t an d  e q u a l to  th e  va lu e  a t  th e  grid  p o in t. H en ce  we have

w here

gi?(0 , 0) =  J ?  J ?  g ( [ i s ,  v s )
l l  =  — oo v = — OO

(/*+i)s (v+i)s
«Vv= J  j  w(r)da:dy,

(p-i)s (v-i )s

[i, V =  0 , i l ,  ± 2 , . . .

(9)

( 10)

T he coefficients w^,, c an  h av e  c ircu la r sy m m etry  i.e. w t,v =  f([L2 -f- v2) 
(e.g. m>43 =  w50 an d  to12-5 =  icl3 -o )only  w hen  ic (r)is  assum ed c o n s ta n t  a n d  equal 
to  w( j/ [i2 -j- v2s) over th e  re c ta n g le  o f in te g ra tio n  in  (1 0 ) an d  such  a n  a ssu m p tio n  
can  h a rd ly  find  an y  re a lis tic  basis. B u t all th e  f ilte rin g  m e th o d s  m en tio n ed  
above end up  w ith  v ir tu a lly  th e  sam e a ssu m p tio n  as th e ir  coeffic ien ts  were 
found  to  possess c ircu la r sy m m e try  w hich  in  tu rn  in tro d u ced  o r ie n ta tio n  de­
p endence  to  th e  co rresp o n d in g  tra n sfe r  fu n c tio n s . In  th e  p re se n t m e th o d  we 
su b s titu te  (8 ) for w(r)  in  ( 1 0 ) and  p erfo rm  th e  in te g ra tio n  fo rm a lly  w hen  we 
o b ta in

„  _  *n ( " 0 2 ÿ  y ( l]k [«I ( Й +  1 / 2  «) -  г, ( Д = 1 / 2  a )]
^  лпп í Ü í Ü K ;  kl(n  —  k)l 11 (к — I) l

• [>*_, (v +  1 / 2  a) — (r — 1 / 2  «)] ( 1 1 )

(j s ^ * 2
w here  a — ----  an d  em(*) =  j  e~ x‘ x im d*. E v id e n tly , th e se  co effic ien ts  are

2  n  о

n o t functions of ([i2 +  V2).

C om putations

C o m p u ta tio n  o f th e  coeffic ien t wMV from  (11) has been  c a rr ie d  o u t on a 
CDC C Y B E R  74 c o m p u te r  w ith  ou r F o r tra n  su b ro u tin e  to  e v a lu a te  em(x). 
D ifferen t values o f <Jcs an d  n  have  been considered  w ith  [i an d  v v a ry in g  from  
0 to  34. F o r econom y o f space , on ly  a few  sets o f these  re su lts  fo r  ac s =  0.5, 
1.0, 2.0, n =  2, 8  an d  [i, v =  0, 1, . . ., 5 are g iven  in  T ab le  I. D isag reem en ts 
in  th e  values o f гс43 an d  w50 confirm  th e  ex p ec ted  d e p a rtu re  o f  c irc u la r  sy m m etry  
in  th ese  coefficients. S im ila r effects, a lth o u g h  n o t as easily  d e m o n s tra b le , are 
found  in  th e  re s t o f th e  coeffic ien ts  as well.
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Table I

D if fe r e n t  se ts  o f  c o e ff ic ie n ts

(Te S =  0.5 crcs == 1 .0 (Te* -= 2.0

n =  2 n  =  8 n  =  2 n  =  8 n = 2 n =  8

0 0 .36180 E —01 .17608 E —01 .13808 E + 0 0 .67982 E —01 .45691 E + 0 0 .23534 E + 0 0

1 0 .32909 E —01 .16395 E  —01 .93181 E —01 .50386 E —01 .54175 E —01 .44669 E —01

1 1 .29837 E —01 .15229 E —01 .58418 E —01 .35427 E  — 01 - .7 5 2 4 3  E —01 - .4 5 1 9 4  E —01

2 0 .24251 E —01 .13033 E —01 .11900 E —01 .12274 E —01 - .7 2 7 8 3  E —01 - .7 2 5 3 8  E —01

2 1 .21718 E —01 .12001 E —01 - .2 7 4 7 4  E —02 .35735 E —02 - .4 4 1 7 0  E —01 - .5 3 7 5 8  E —01

2 2 .15053 E —01 .91474 E —02 - .2 4 8 3 6  E —01 - .1 3 5 9 6  E —01 .47819 E —02 .10740 E —01

3 0 .13116 E —01 .82742 E —02 - .2 7 3 8 7  E —01 - .1 6 9 4 3  E —01 .96050 E  — 02 .23653 E —01

3 1 .11310 E —01 .74381 E  — 02 - .2 8 3 8 7  E  — 01 - .1 9 3 5 3  E  — 01 .11124 E —01 .31537 E  — 01

3 2 .66031 E —02 .51412 E  — 02 - .2 5 7 7 3  E —01 - .2 2 2 1 9  E —01 .80647 E —02 .30911 E —01

3 3 .77374 E —03 .19563 E —02 - .1 4 9 3 2  E —01 - .1 8 1 2 9  E —01 .21652 E  — 02 .19682 E  — 02

4 0 .28361 E —02 .31396 E —02 - .1 9 4 7 7  E  — 01 - .2 0 6 4 0  E  — 01 .39096 E —02 .13690 E —01

4 1 .17634 E  —02 .25335 E —02 - .1 7 1 8 8  E —01 - .1 9 4 9 0  E —01 .29294 E  —02 .75784 E —02

4 2 - .9 7 5 4 5  E —03 .88513 E —03 - .1 0 7 4 0  E —01 - .1 4 9 9 0  E  —01 .11399 E  —02 - .6 5 6 5 2  E —02

4 3 - .4 1 9 7 1  E —02 - .1 3 4 6 9  E —02 - .2 8 3 2 8  E  —02 - .6 3 2 9 6  E  —02 .19895 E —03 - .1 2 8 5 7  E —01

4 4 - .6 6 1 9 8  E —02 - .3 5 5 3 4  E  —02 .23039 E —02 .36675 E —02 .13935 E —04 - .3 6 8 4 6  E —02

5 0 - .4 1 9 7 4  E  —02 - .1 3 4 6 9  E —02 - .2 8 3 5 8  E  —02 - .6 3 3 4 5  E —02 .19487 E —03 - .1 2 8 6 6  E —01

5 1 — .46740 E  —02 - .1 7 2 3 3  E —02 - .1 7 2 1 5  E  —02 - .4 6 6 9 9  E —02 .13498 E  —03 - .1 2 1 9 1  E —01

5 2 - .5 8 2 6 3  E  —02 — .27260 E —02 .80011 E —03 - .9 9 4 7 7  E —04 .43734 E  —04 - .8 3 3 6 5  E —02

5 3 - .6 9 8 2 3  E —02 - .4 0 1 6 4  E —02 .28785 E  —02 .56773 E —02 .62443 E  —05 - .9 9 6 3 6  E —03

5 4 - .7 4 5 2 8  E  — 02 - .5 1 5 3 3  E  — 02 .32488 E —02 .96418 E —02 .36829 E —06 .35777 E —02

5 5 - .6 8 8 6 5  E —02 - .5 7 3 2 6  E —02 .22726 E —02 .92657 E —02 .85216 E —08 .19849 E —02

PAUL
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T hese coeffic ien ts h av e  been  su b je c te d  to  severa l checks b a se d  on  th e  
fo llow ing  re la tio n s

1 M M
2  2  w^vJo{cts]//г2 +  V2 ) ^  W(a)

Z  71 /j= —M  v = — M

M  M

2  2  * v ( /* a +  **)‘
ц =  — M  v—— M

( — e)n 4k k\2 nk~n 

(ac s f k (k — n ) \  

О, к  <  n .

. ( 12)

T h e  f ir s t  one o f th ese  follow s read ily  from  (5a) an d  th e  o th e r from  th e  k lh d e riv ­
a tiv e  o f W(a)  a t  cr =  0  w here th e  in te g ra ls  h a v e  b een  a p p ro x im a te d  b y  th e  
su m m a tio n s  o f fu n c tio n  values a t  th e  c e n te r  o f  s X *  rec tang le , w e ig h te d  b y  

over (2 M  -j- l ) 2 n u m b e r o f rec tan g les  in  p lace  o f an  in fin ite  n u m b e r o f 
th e m . E v a lu a tio n s  o f  th e  le ft h a n d  sides o f  th e se  re la tio n s have  b e e n  ca rried  
o u t  fo r specific  v a lu es  o f  acs, as, n,  к an d  M  an d  th e n  com pared  w ith  th e  com ­
p u te d  values o f th e  r ig h t h an d  sides. T hese re su lts  fo r th e  f irs t an d  th e  second 
o f th e  above eq u a tio n s  m ay  be found  in  T ab les  I I  an d  I I I ,  re sp ec tiv e ly . F o r 
h ig h e r M ,  th e  le f t h a n d  sides ap p ro ach  closer to  th e  r ig h t h a n d  sides — as 
sh o u ld  be ex p ec ted . Such agreem ents, h o w ev er, c an  n ev er be e x a c t b ecau se  o f 
th e  e rro r  in v o lv ed  in  rep lac in g  an  in te g ra l o v e r a n y  o f th e  rec tan g les  b y  th e  
co rre sp o n d in g  p ro d u c t o f th e  coeffic ien t a n d  th e  v a lu e  of th e  fu n c tio n  a t  th e  
c e n te r  o f th e  block.

Table II

Comparison between two sides of the first equation in (12)

n ers crcs
Left hand sides computed for Right hand 

sideM =  IS M =  25 M  =  35

2 0 0.5 — .60378 E —02 - .1 7 7 0 0  E —06 - .4 8 3 7 4  E —14 0

1.0 — .16254 E —09 .87714 E —16 .87714 E —16

2.0 .30783 E —14 .30783 E —14 .30783 E —14

8 0.5 .32168 E —01 - .6 4 7 9 7  E —02 - .3 5 7 3 9  E —03

1.0 .33402 E —02 .52638 E —05 - .2 2 4 6 8  E —09

2.0 — .26910 E —06 - .6 1 7 0 5  E — 13 - .6 1 7 0 5  E —13

2 0.5 0.5 .15689 .15750 .15750 .15915

1.0 1.0 .15262 .15262 .15262

2.0 2.0 .13461 .13461 .13461

8 0.5 0.5 .13460 .15421 .15740

1.0 1.0 .15186 .15262 .15262

2.0 2.0 .13413 .13413 .13413
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Table Ш

C om parison between two sides o f  the second equation in  (12)

Crc8 n к
Left hand sides computed for

Right hand 
sideAf =  15 M =  25 M =  35

0.5 2 1 - .1 0 4 5 7  E  +  02 —.73247 E —03 — .31280 E  —10 0
2 .45953 E + 0 4 .75659 E + 0 4 .75664 E + 0 4 .75664 E + 0 4

8 4 .56511 E + 0 9 .63119 E  +  10 - .1 5 2 6 5  E + l l 0
8 - .4 9 5 8 2  E + 1 9 .92584 E + 2 1 .80553 E + 2 2 .20814 E  +  23

1.0 2 1 —.23522 E  —06 .62885 E  —12 .62885 E —12 0
2 .47290 E + 0 3 .47290 E + 0 3 .47290 E + 0 3 .47290 E + 0 3

8 4 .42652 E + 0 8 .23212 E + 0 7 - .3 6 3 5 3  E + 0 3 0
8 - .2 2 7 6 5  E + 1 8 - .1 5 8 4 1  E  +  19 .30796 E + 1 8 .31760 E + 1 8

2.0 2 1 - .1 4 2 3 4  E  — 04 - .1 4 2 3 4  E —04 — .14234 E —04 0
2 .29557 E + 0 2 .29557 E + 0 2 .29557 E + 0 2 .29557 E + 0 2

8 4 - .5 3 9 3 7  E + 0 4 .17105 E  —05 .17105 E —05 0
8 — .13843 E + 1 4 .48462 E  +  13 .48462 E  +  13 .48462 E  +  13

T o  serv e  as a fu r th e r  check , a  few  se lec ted  coefficients h av e  also b een  
e v a lu a te d  b y  perfo rm ing  th e  in te g ra tio n  in  (10) n u m erica lly . F o r th e  sam e a ccu ­
ra c y , th e  m e th o d  ta k e s  sev era l tim es m ore c o m p u te r-tim e  th a n  th a t  re q u ire d  
b y  o u r  m e th o d  and , th e re fo re , shou ld  be n o rm a lly  avoided . H ow ever, as can  
be seen  in  T ab le  IV , th e se  re su lts  agree m ore  close ly  w ith  our p rev ious re su lts  
as th e  n u m b e r  of o rd in a tes  u sed  in  n u m erica l in te g ra tio n  increases. E v id e n tly , 
th e y  c o n firm  th e  accu racy  o f o u r p roposed  m e th o d  to  a t  least five  s ig n if ic a n t 
d ig its  w h ic h  is su ffic ien t fo r a n y  p ra c tic a l p u rp o se .
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Table IV

Comparison o f  the coefficients as computed by our method w ith the same obtained by num erical integration techniques

<Te* n V Our method
Numerical integrations using number of ordinates as:

20 40 60 80

0.5 2 0 0 .36180 E  —01 .36182 E  —01 .36180 E  —01 .36180 E  —01 .36180 E —01

4 3 - .4 1 9 7 1  E  —02 - .4 1 9 6 9  E  —02 - .4 1 9 7 1  E  —02 - .4 1 9 7 1  E  —02 - .4 1 9 7 1  E  —02

12 4 .85632 E —03 .85634 E  —03 .85633 E —03 .85633 E  —03 .85633 E —03

14 14 .93864 E —05 .93865 E  —05 .93865 E —05 .93864 E  —05 .93864 E —05

8 0 0 .17608 E  —01 .17608 E  —01 .17608 E —01 .17608 E —01 .17608 E  —01

4 3 — .13469 E —02 — .13467 E —02 - .1 3 4 6 8  E —02 - .1 3 4 6 9  E  —02 - .1 3 4 6 9  E —02

1.0 2 0 0 .13808 E + 0 0 .13810 E + 0 0 .13808 E  +  00 .13808 E + 0 0 .13808 E + 0 0

4 3 - .2 8 3 2 8  E —02 - .2 8 3 3 3  E —02 - .2 8 3 2 9  E —02 - .2 8 3 2 9  E  —02 - .2 8 3 2 8  E —02

12 4 .65116 E —07 .65099 E —07 .65112 E  —07 .65114 E  —07 .65115 E —07

14 14 .19573 E —18 .19573 E  —18 .19573 E —18 .19573 E  —18 .19573 E  —18

8 0 0 .67982 E —01 .67990 E  —01 .67984 E  —01 .67983 E —01 .67982 E —01

4 3 — .63296 E  —02 - .6 3 3 0 2  E  —02 - .6 3 2 9 7  E  —02 - .6 3 2 9 6  E —02 - .6 3 2 9 6  E  —02

2.0 2 0 0 .45691 E + 0 0 .45717 E  +  00 .45698 E  +  00 .45694 E + 0 0 .45693 E + 0 0

4 3 .19895 E  —03 .19871 E  —03 .19895 E  —03 .19895 E  —03 .19895 E —03

12 4 .14718 E —29 .14439 E  —29 .14506 E  —29 .14518 E  —29 .14522 E —29

14 14 0* .37398 E  —77 .37500 E  —77 .37505 E —77 .37505 E —77

8 0 0 .23534 E + 0 0 .23545 E  +  00 .23537 E + 0 0 .23535 E  +  00 .23535 E  +  00

4 3 - .1 2 8 5 7  E  —01 - .1 2 8 5 7  E  —01 - .1 2 8 5 7  E  —01 - .1 2 8 5 7  E —01 - .1 2 8 5 7  E —01

* O ur m eth o d  sets a coefficient less th a n  10-50 to  zero.
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ФИЛЬТРАЦИЯ, НЕЗАВИСЯЩАЯ ОТ ОРИЕНТАЦИИ В ГРАВИМЕТРИЧЕСКИХ
ИССЛЕДОВАНИЯХ

м. к. П А У Л  

РЕЗЮМЕ

Выводятся некоторые формулы для коэффициентов полосно-пропускающей филь­
трации гравитационной аномалии Буге таким образом, что когда они используются в 
весовой сумме средних гравитационных значений в сетких, результаты не зависят от ори­
ентации осей квадратных сеток. Такой вывод получили исходя из функции передачи с кру­
говой симметрией — которая удовлетворяет требованиям полосно-пропускающего филь­
тра — интегрируя её вклад в области квадрата с сеточным пунктом в центре. Проверка 
вычислительным путем подтверждает точность коэффициентов различных последователь­
ностей, полученных предлагаемым методом до пяти ценных знаков
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GENERAL VALIDITY OF THE LAW OF LARGE NUMBERS 
IN CASE OF ADJUSTMENTS ACCORDING TO THE MOST

FREQUENT VALUE

L. C S E R N Y Á K  —15. H A J A G O S - F .  S T E IN E R

TECHNICAL UNIVERSITY OF HEAVY INDUSTRY, MISKOLC 

[M anuscrip t received J u ly  16, 1979]

T h e  tech n ica l p ra c tic e  tr ie s  to  achieve h ig h er accu racy  b y  increasing  th e  n u m b er of 
m easu rem en ts  (a t  a g iven  tech n ica l level w ith  given p h y sica l conditions). I t  is o ften  fo u n d  how ­
ever, in  th e  geophysical p ra tic e  t h a t  th e  increase o f th e  n u m b er o f m easu rem en ts  does n o t  lead  
to  th e  ex p ec ted  decrease o f  th e  e rro r (in ra tio  w ith  l /у н ). E v e n  th e  case is ra th e r  f re q u e n tly  m et 
in  th e  geophysical p rac tice  (e.g. see th e  freq u en cy  cu rves in  [6]) w hen in  sp ite  o f  th e  increase  
o f  th e  n u m b er o f m easu rem en ts , th e  va lues a d ju s te d  acco rd in g  to  th e  least sq u a res h y p o th es is , 
o r in  th e  m o st sim ple case, th e  averages o f  th e  d a ta  do n o t h av e  a  n o rm al d is tr ib u tio n .

G n e d e n k o  an d  K olm ogorov  call in  [2] th e  id ea  a  “ biassed p re ju d ice”  t h a t  o n ly  the 
no rm al d is tr ib u tio n  can  be a rea lis tic  lim it d is tr ib u tio n . C onsequen tly  even d e n s ity  fu n c tio n s 
w ith  in fin ite  sc a tte r  can  be  used  fo r th e  a p p ro x im a tio n  of th e  m easu rem en t re su lts  o r o f va lues 
deduced  from  th em  if  th e  cu rv e  o f th e  em pirical cu m u la tiv e  frequencies n ecess ita te  e ith e r 
th eo re tica lly  or p ra c tic a lly  th e ir  ap p lica tio n . ( I t  is n a m e ly  well kno w n  th a t  in  cases w ith  fin ite  
sc a tte r , th e  no rm al d is tr ib u tio n  is  necessarily  th e  lim it d is tr ib u tio n .)

T he d is tr ib u tio n s  w ith  in fin ite  sc a tte r  can  be m an y fo ld . F o r som e of th em , no  u su a l form  
o f th e  law  of large  n u m b ers  is v a lid : th e  confidence in te rv a ls  o f th e  averages co m p u ted  from  n 
d a ta  do n o t decrease if  n  is increasing . A s tu d y  o f cases p re sen te d  in  th is  p a p e r  show s th a t  
the accuracy o f  the most frequen t value increases in  each case w ith  n , i.e. fro m  p ra c tic a l p o in t of 
v iew  e v en  th e  d is tr ib u tio n  w hich  does n o t fulfil th e  law  o f  larg e  n u m b ers  (in any  u su a l fo rm  o f it) 
is easy  to  process in d ep e n d en tly  from  th e  com plete u n a p p lic ab ility  o f th e  a d ju s tm e n t according 
to  th e  e x p ec ted  v a lu e  (m eth o d  o f  th e  least squares) to  o b ta in  re liab ly  th e  in fo rm a tio n  c o n te n t 
o f  th e  d a ta .

1 .

U n d e r th e  law  o f la rg e  n u m b ers  th e  fo llow ing is u n d ers to o d  in  th e  te c h ­
n ica l p ra c tic e : i f  a c h a ra c te r is tic  q u a n ti ty  b e ing  im p o r ta n t  from  an y  tech n ica l 
p o in t o f  v iew  is d e te rm in ed  from  a g rea te r  b lock  o f d a ta , th is  q u a n ti ty  can  he 
th e  m ore a c cu ra te ly  d e te rm in ed , th e  g re a te r  is th e  n u m b er o f d a ta  n.  T he  accu ­
ra c y  o f  th e  d e te rm in a tio n  is on its  tu rn  g re a te r  i f  th e  confidence in te rv a l of 
th e  freq u en cy  cu rve  fo r an y  level o f p ro b a b ility  (e.g. m id-value  w id th ) is sm a l­
ler. T h e  freq u en cy  cu rv e  is here  de te rm in ed  from  m an y  (e.g. or a t  le a s t 200) 
m easu rem en t d a ta  se ts  o f n  va lues each used  fo r th e  d e te rm in a tio n  o f  th e  c h a r­
ac te ris tic  q u a n tity .

T h is c h a ra c te r is tic  q u a n t i ty  used to  be  in  th e  overw helm ing  m a jo r ity  of 
cases th e  a lgebra ic  av erag e  (to  w hich th e  re su lt o f  th e  a d ju s tm e n t acco rd in g  to  
th e  le a s t sq u ares  co rresponds in  case o f a m a n y -p a ra m e te r  a d ju s tm e n t) . T he 
theo rem s know n as “ th e  law s o f large n u m b ers”  from  th e  th e o ry  o f p ro b ab ilitie s  
(e.g. in  [3]) re fe r also to  th is  q u a n tity .
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A ccord ing  to  G livenko’s basic  th eo rem  o f m a th e m a tic a l s ta tis t ic s  th e  
e m p ir ic  d is tr ib u tio n  fu n c tio n s  converge u n ifo rm ly  w ith  a p ro b a b ility  o f  1  to  
th e  co rresp o n d in g  th e o re tic a l d is tr ib u tio n  fu n c tio n s  (in [3] p . 423). T h e  la t te r  
is n a tu r a l ly  com pletely  d e te rm in e d  b y  th e  p h en o m en o n  s tu d ied  or b y  th e  set 
o f  p h e n o m e n a  being e ffec tiv e  d u rin g  the  m easu rem en ts  in d e p e n d e n tly  from  
a n y  su b je c tiv e  w ishes. T h e re fo re  i f  no p a r t  o f  th e  m easu rem en t re su lts  w ill be 
a r b i t r a r i ly  om itted , th e n  in  th e  geophysical p ra c tic e  n o t ra re ly  a th e o re tic a l 
d is t r ib u t io n  hav ing  in f in ite  s c a tte r  is th e  b e s t ap p ro x im a tio n  o f th e  em piric  
d i s t r ib u t io n  function .

I t  is therefo re  possib le  t h a t  th e  law o f th e  large  n u m b ers  is n o t  fu lfilled  
i f  th e  a lgeb ra ic  average ( th e  re su lts  o f an  a d ju s tm e n t accord ing  to  th e  leas t 
sq u a re s  m ethod) is ta k e n  as c h a ra c te r is tic  q u a n t i ty .  As i t  has been  m en tio n ed  
th e  u s u a l  p rocedure  in  such  cases is th a t  c e r ta in  values are  a rb itra r ily  o m itte d  
a n d  th u s  th e  resu lts  a re  d is to r te d  to  a m a th e m a tic a l m odel w ell-know n in  th e  
te c h n ic a l  p rac tice . T he a u th o rs  o f th e  p re sen t p a p e r  propose in s te a d  o f  th is  
th e o re tic a l ly  h a rd ly  a c c e p tab le  p rac tice  th e  use o f  such  a c h a ra c te ris tic  q u a n t i ty  
w h ic h  follow s for ev e ry  d is tr ib u tio n  th e  law  o f la rg e  num bers.

I t  can  be easily  seen a cco rd in g  to  the  re su lts  in  [5] th a t  th e  m o st fre q u e n t 
v a lu e  d efin ed  in  [4] has such  a  p ro p e rty . I t  is n am e ly  show n th e re  t h a t  th e  e rro r 
o f  th e  m o st freq u en t v a lu e  M  d e te rm in ed  fro m  n  d a ta  is

Cy£o

У n ( 1 )

w h e re  th e  fin ite  c o n s ta n t c d ep en d s  on th e  ty p e  o f  th e  d is tr ib u tio n , e0 is th e  
so -ca lled  reciprocal cohesion  p lay in g  an  im p o r ta n t  role in  th e  c o m p u ta tio n  
a n d  e s tim a tio n  of th e  a c c u ra c y  o f th e  m ost f re q u e n t v a lue  M .  I t  is su ffic ien t 
th e re fo re  to  prove th a t  th e  v a lu e  o f e0 is f in ite  fo r each  d is tr ib u tio n  fu n c tio n  
w ith  th e  d en sity  fu n c tio n  f ( x ) .  A ccording to  [4] £ 0 is th e  g re a te s t m ax im u m  
p la c e  o f  th e  func tion

F(s)  =  s3
9 I 9x~ +  s1J ( x )  d x ( 2)

N ow  i t  rem ains to  p ro v e  t h a t  i f  s increases in f in ite ly , F(s)  converges to  zero. 
T h is  is id en tica l w ith :

F(e) =
_ Í  X2 -f- £'

, /(* )  Ф 0

2 1
<  —  - 0

a
(3)

b e in g  tru e  as f ( x ) an  in te g ra n d  no rm ed  to  u n it  is decreased  b y  th e  fac to r
e2

— - being alw ays less th a n  u n it  (w ith  th e  ex cep tio n  o f th e  p lace w ith  th e

a rg u m e n t  0). (The fin iten ess  o f  £ 0 follows else from  th e  consid era tio n s pu b lish ed  
in  [ 1 ] , too ).
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I t  is n a tu ra lly  p ro b lem a tic  how  o ften  d is tr ib u tio n s  w ith  in f in ite  sc a tte r  
a re  m e t. N am ely , if  em p iric  q u a d ra tic  erro rs are  d e te rm in ed  from  m easu re­
m en t re su lts , th is  va lu e  is n a tu ra l ly  always  f in ite . T he fa c t m ay  lead  to  th e  idea 
th a t  a th e o re tic a l d is tr ib u tio n  fu n c tio n  w hich  is a p p ro x im a te d  b y  th e  em piric 
d is tr ib u tio n  fu n c tio n  has also a f in ite  sc a tte r .

D is tr ib u tio n s  w ith  f in ite  s c a tte r  belong to  th e  a t tra c t io n  fie ld  o f norm al 
d is tr ib u tio n s ; th is  is th e  sense o f  th e  cen tra l lim it th eo rem . T h e  a t tr ib u te  
“ c e n tra l”  refers to  th e  ro le o f  th e  th eo rem , an d  i t  te lls us th a t  th e  th eo re tica l 
d is tr ib u tio n s  are supposed  to  be p ra c tic a lly  w ith o u t ex cep tio n  d is tr ib u tio n s  
w ith  f in ite  sc a tte r .

T he th e o ry  o f p ro b ab ilitie s  an d  th e  m a th e m a tic a l s ta tis t ic s  b ased  on it  
in  th e ir  p re se n t form  (q u ick ly  o u tg row ing  th e  fram es o f gam bles o f hazard ) 
can  co rrec tly  h an d le  f irs t  o f  all th e  cases w ith  f in ite  s c a tte r  acco rd ing  to  th e  
d em an d s  o f m ass p ro d u c tio n  (th e  d ev ia tio n s o f th e  d im ensions o f  a  p ro d u c t 
can  be n a tu ra lly  well ch a ra c te riz e d  b y  a  th e o re tic a l d is tr ib u tio n  w ith  fin ite  
s c a tte r ) .  In  geophysics, how ever, i t  c an n o t be sa id  from  all d is tr ib u tio n s  occur­
rin g  in  th e  p rax is  th a t  th e y  h av e  f in ite  s c a tte r  (see e.g. th e  freq u en cy  curves 
in  [6 ]).

T he classical re p ré se n ta n ts  o f th e  p ro b a b ility  th e o ry  h av e  s ig n ifican tly  
b e t te r  w orked  o u t th e  p ro b lem atics  o f th e  lim it d is tr ib u tio n s  as i t  is a t  p resen t 
kn o w n  in th e  te ch n ica l, specia lly  in  th e  geophysical p rac tice  (see e.g . th e  excel­
le n t su m m ariz in g  w ork  o f G n e d e n k o  and  K olmogorov  [2]) .  L et us re fer from  
th e re  o n ly  to  one single th eo rem : i t  is tru e  for all c h a ra c te ris tic  fu n c tio n s <p(t) 
o f  all lim it d is tr ib u tio n s  th a t  th e ir  lo g a rith m s can be w ritte n  as:

log cp(t) =  i y t  — c \ t * 1 -+- i ß  —— со (t , я)
1*1

(4)

w here  y  is a n  a rb itra ry re a l n u m b er, о <  я < ; 2 , c 0  an d :

л
if(« T * ’

co(t, a) = 2
2 ,  i l
— 1log 1 1 1 i f  a  =  1 .

(4a)

n

F ro m  th e  possib le  va lu es  o f  я  be ing  a se t w ith  a c o n tin u u m  c a rd in a l nu m b er, 
th e re  is o n ly  a single one, th e  case я =  2  w hich  th e  c e n tra l lim it th e o re m  refers 
to ;  as th e  n o rm al d is tr ib u tio n  is th e  lim it d is tr ib u tio n  for all d is tr ib u tio n s  w ith  
f in ite  s c a tte r ,  a n o n -estim ab le  q u a n ti ty  o f possib ilities w ould  be ex c lu d ed  w ith ­
o u t  a n y  reason , if  em piric  d is tr ib u tio n  fu nc tions w ould  n o t be a p p ro x im a te d  
b y  th e o re tic a l d is tr ib u tio n  fu n c tio n s w ith  in fin ite  s c a tte r  if  th e y  are  n ecess ita ted  
b y  th e  d a ta  sets.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



76 L. CSERNYÁK et al.

2.

I t  is clear on th e  b as is  o f  C h ap te r 1 t h a t  th e  exam ples c a n n o t he ta k e n  
f ro m  th e  sm all sam ple o f p ro b a b ilis tic  d is tr ib u tio n s  w ith  f in ite  s c a tte r  w hich  
a re  re fe r re d  to  in  o v erw h e lm in g  m a jo rity  n o t o n ly  in  h an d b o o k s, b u t  also in  
sp e c ia l w orks dealing w ith  p ro b a b ili ty  th e o ry  an d /o r m a th e m a tic a l s ta tis tic s .

T h e  p resen t in v e s tig a tio n s  w ill be ca rried  o u t on th e  fo llow ing d is tr ib u ­
t io n s  d e fin ed  b y  th e ir  p ro b a b i l i ty  d en sity  fu n c tio n s /(ж) :

/ ( * )  =  

/ ( * )  = 

f (x ) =

/ ( * )  =

/ ( * )  =

/ ( * )  =

3 у 3 l
(5)4я | * | 3 + 1 ’

3 уз 1
(6 )

8  л  \ x  I3'2 + 1 ’

1
(V2(|*|+ 1)2 ’

0.25 |* |^  1 
0.25 . , ,

M > !*“
(8 )

—  1  * 071 *2 1
0 * <! 0

(9)

l _L — ——— • e 2x x 2 x > 0
Y 2 71
о *<; о .

(10)

I t  is  c le a r  a t  a firs t g lance fo r  all these  d is tr ib u tio n s  th a t  th e ir  s c a tte r  is in fi­
n i te ,  as  th e  functions x 2 • f ( x )  c a n n o t be in te g ra te d  in  th e  in te rv a l ( — oo, oo). 

( F u r th e r  th e re  are no e x p e c te d  v alues for th e  d is tr ib u tio n s  6 —10, as th e re  th e  
f u n c t io n  x  ■ f ( x ) c an n o t be  in te g ra te d  e ith er). I f  th e  cu rves /(* )  fo r th e  d is tr i­
b u t io n s  being sy m m etrica l to  th e  origine are  re p re se n te d  (le ft-h an d  side curves 
in  F ig s  1 —4), it  can h a rd ly  b e  u n d e rs to o d  w h y  th e se  d is tr ib u tio n s  do n o t y ield  
u n a m b ig u o u s ly  th e ir  s y m m e try  p o in ts  m ore an d  m ore  ac c u ra te ly  w ith  in c reas­
in g  n  ? I n  fac t, the  a c c e p tan c e  o f  th e  expected  v a lu e  as a c h a ra c te r is tic  q u a n ti ty  
m u s t  r a th e r  be d o u b ted  t h a n  to  loose th e  p o ss ib ility  o f  th e  a c c u ra te  ev a lu a tio n  
o f  su c h  d a ta  system s u n d e r  th e  p re te x t  o f th e  in fin iten ess  o f  s c a tte r .

A ccord ing  to  th e  s h o r t  th e o re tic a l co n sid e ra tio n s in  C h ap te r 1, th e  accep t­
a n c e  o f  th e  m ost fre q u e n t v a lu e  as a c h a ra c te ris tic  q u a n t i ty  reaches th e  aim ,
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n = 1 0  n = 1 0 0

F ig. 1

n=10 n=100

- 20-10  0  10 20  - 20Ó -100  0  100 200
--------- 1 I---------- 1

Fig. 2

as its  e rro r decreases fo r  each  d is tr ib u tio n  w ith  in c reas in g  re accord ing  to  E q . 1. 
L e t us consider in  th e  fo llow ing  th e  v a lid ity  o f  th e  law  o f large n u m b ers  in  th e  
p rev ious exam ples, i f  th e  m o st f req u en t v a lu es  a re  de te rm in ed  from  d a ta  sets 
w ith  re values o f th e  ra n d o m  variab le  w ith  th e  g iv en  p ro b ab ility  d is tr ib u tio n s , 
in s te a d  of using  th e  g en era lly  accep ted  m e th o d  to  use th e  averages (from  th e  
sam e sets w ith  re d a ta ) .

T he d en sity  fu n c tio n  o f E q . 5 is re p re se n te d  in  th e  le ft-h an d  side o f  F ig . 1. 
T h e  legend  “ re =  1”  m ean s th a t  th e  d en sity  fu n c tio n  here should  be reg a rd ed  
as th e  frequency  cu rv e  o f  one-elem ent sam ples (i.e. belonging to  re =  1). In  
case o f  re =  1  th e  av e rag e  an d  th e  m ost f re q u e n t v a lu e  are n a tu ra lly  id en tica l.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



78 L. CSERNYÁK et al.

Fig. 3

[025 |x|S1
|xl>1

Fig. 4

T h e  frequency  d ia g ra m s o f d a ta  sets w ith  re =  10 an d  n =  100 d a ta  are  
id e n tif ie d  in  case of an  a d ju s tm e n t accord ing  to  th e  m ost f req u en t v a lu e  b y  th e  
l e t t e r  M ; th e  algebraic av e rag es  co m p u ted  from  th e  sam e d a ta  sets a re  d e n o ted  
b y  E .  I n  b o th  cases o f re =  10 an d  re =  100, th e  c o m p u ta tio n s  w ere c a rr ie d  o u t 
fo r  2 0 0  s e ts , and  th e  f re q u e n c y  curves refe r to  th e se  resu lts .

T h e  above said  is a lso  v a lid  fo r Figs 2 — 6  w ith o u t any  change. S ince all 
f re q u e n c y  diagram s re fe r to  2 0 0  d a ta  sets, th e  p lo tt in g  o f th e  o rd in a te s  seem ed
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n=10 n=100

F ig. 5

n = 1 0  n= 1 0 0

us to  be superfluous, an d  w ere o m itte d . A t th e  sam e tim e, h ow ever, in  all 
ex am p les  i.e. on all figures — in o rd e r to  en ab le  b e tte r  com parisons — a n  o rd i­
n a te  scale is used due to  w hich  th e  id en tica l a reas  below th e  cu rves o f  a n y  tw o 
freq u en cy  d iagram s o u t o f th e  five  define th e  in te rv a ls  o f the  d a ta  occu rrin g  
w ith  id en tica l p ro b a b ility  (e.g. M n o r E n va lues). On Figs 1 — 6  below  th e  
abscissae  o f th e  five freq u en cy  d is tr ib u tio n s  th e  in te rv a l in  w hich th e  p ro b a b il­
i ty  o f  th e  occurrence is 50 %  is show n in  a w ay  th a t  th e  sm allest v a lu es  a t
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le f t-h a n d  side end  an d  th e  g re a te r  va lues a t  th e  r ig h t h an d  side en d  h av e  
e q u a lly  th e  occurrence p ro b a b ili ty  o f 25% . T h is in te rv a l is called in  th e  fo l­
low ing  th e  in te rv a l o f th e  sem iva lue  w id th , its  le n g th  is th e  sem i-value  w id th  
( th e  m o re  u su a l nam e fo r i t  is in te rq u a r tile  sem i-d im ension ). On th e  in te rv a ls  
o f  th e  sem i-v a lu e  w id th , th e  v a lu e  o f th e  m ed ian  is alw ays no ted .

A s i t  is know n th e  v a lu es  o f a ran d o m  v a ria b le  w ith  th e  d en sity  fu n c tio n  
f ( x )  c a n  h e  o b ta in ed  b y  th e  follow ing p ro ced u re : a t  f irs t th e  d is tr ib u tio n

X

fu n c tio n  Ф(х)  =  I f ( x )  d x  is co m p u ted , th e  in te rv a l  (0,1) is d is tr ib u te d  in to  a

g re a t n u m b e r  (a t le a s t 500) in te rv a ls  o f id e n tic a l le n g th s , th e  in te rsec tio n  p o in ts  
a re  p ro je c te d  th ro u g h  th e  Ф(х)  curve to  th e  ab sc issae-ax is, and  from  th is  series 
o f  d a ta  t h a t  one is ta k e n  w hose serial n u m b er co incides w ith  th e  seria l n u m b e r 
ch o sen  b y  th e  ran d o m  n u m b e r  g en e ra to r o f th e  c o m p u te r  (the  u n ifo rm ly  d is tr i­
b u te d  ra n d o m  n u m b ers  can  be  easily  co n v e rted  in to  serial num bers). ( I t  m u st 
be n o tic e d  th a t  th e  f in ite  re p re se n ta tio n  o f th e  p ro b a b ili ty  d is tr ib u tio n s  doesn ’t 
allow  a n  a rb itra ry  la rg e  re-value. T he case o f  re =  100 is s till co rrec t fo r our
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p ro b a b ility  m odels an d  fo r our purposes; i f  n  w o u ld  be too  large th e  e ffec t of 
fin iten ess  w ould  overw helm  th e  very  b e h a v io u r  o f  th e  original p ro b a b il i ty  
d is tr ib u tio n .)  T ak in g  in to  acco u n t th is  p ro ced u re , fu r th e r  in  order to  g e t a  b e t ­
te r  p ic tu re  o f  th e  a sy m p to tic  p roperties o f th e  d is tr ib u tio n s , th e  d is tr ib u tio n  
fu n c tio n s o f th e  ran d o m  v ariab les  ch a ra c te riz e d  in  Figs 1 —6 b y  th e ir  d e n s ity  
fu n c tio n s /(x )  arc also d raw n  (Figs 7 —12).

L e t us now  re tu rn  to  th e  p ro b a b ility  d is tr ib u tio n  shown in  F ig . 1 (its  
d e fin itio n  is E q . 5). T he s c a tte r  is in fin ite  in  th is  case , too , b u t th e  law  o f  g re a t 
n u m b ers  is n ea rly  e x a c tly  as va lid  for th e  s im p le  a lgebra ic  averages (d iag ram s 
d en o ted  b y  £ )  as fo r th e  m ost freq u en t v a lu es  (d iag ram s denoted  b y  M ) .  T he  
va lu es  can  be co m p ared  b y  th e  sem i-value w id th s .

In  com plete  d ifference from  th is  th e  d is tr ib u tio n  defined by  E q . 6  (F ig . 2) 
show s a d ra s tic  w iden ing  o f  th e  E -curves w ith  in c reasin g  n. In  case o f  n  =  10 
th e  abscissae m u st be red u ced  te n  tim es, in  case  o f  n =-- 1 0 0 , h u n d red  tim e s  to  
enab le  a re p re se n ta tio n  o f  th e  sem i-w id ths, th e  le f t-  and  righ t-side ends o f  th e  
E -d iag ram s h ad  to  be o m itte d  even w ith  th is  re d u c tio n . The M -d iag ram s h a v ­
ing  an  u n changed  abscissa-scale  show  also in  th is  case a decrease o f  th e  sem i­
v a lu e  w id th  accord ing  to  1 /V n-T his is th e  m ore  re m a rk a b le  since th e  a lg eb ra ic  
averages show  an  in v ersed  v a lid ity  of th e  law  o f g re a t num bers: th e  g re a te r  is 
th e  se t (n), th e  w orse e s tim a te s  of th e  sy m m e try  p o in t of the  d is tr ib u tio n  are  
g iven  by  th e  averages.
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E q u a tio n s  (7) an d  (8 ) a re  special cases o f  th e  d is trib u tio n s h a v in g  th e
fo rm :

f ( x )  =  co n st.
1  1

x \  ( M m +  ! * | - m)1/m
( 11)

( th e  c o n s ta n t  is a n o rm in g  fa c to r  w hich  m a k e s  th e  in teg ra l o f f ( x )  e q u a l to  
u n i t  in  th e  in te rv a l ( — o o ,  o o ) ) .  The d is tr ib u tio n s  (11) of th e  values o f  th e  r a n ­
d o m  v a r ia b le  |  an d  of its  rec ip ro cal, i.e. th e  v a lu e s  1 / f  have th e  sam e d is tr ib u - 
i to n .  E q u a t io n  (7) m eans th e  case m  =  1/2, E q . 8  is received if  m  —*• oo. (The 
s u b s t i tu t io n  m  =  1 y ields th e  w ell-know n C au ch y -d is trib u tio n .)

I t  follows from  th e  se lf-rec ip rocal p ro p e r ty  th a t  in  Figs 3 a n d  4 , co rres­
p o n d in g  to  E qs 7 an d  8 , th e  in te rv a l o f th e  sem i-value  w id th  is th e  in te rv a l 
(— 1, + 1 ) .  On b o th  F igs 3 a n d  4, th e  sem i-v a lu e  w id ths of th e  E -d ia g ra m s  
h a r d ly  ch an g e  if  n  increases to  1 0  and  th e n  to  1 0 0 : th e  law  o f g re a t n u m b ers  
is n o t  v a lid  for th e  averages. T he sh o rten in g  o f  th e  in te rv a l is, h o w ever, a p p a r ­
e n t  in  case  of th e  M -d iag ram  o f F ig . 4, w h ile  in  case of th e  s tro n g ly  p eak ed  
d is t r ib u t io n  o f  Fig. 3 th e  abscissae h ad  to  be  e x ten d ed  five tim es in  o rd e r  to  
i l lu s t r a te  th e m  as th e  sem i-v a lu e  w id th  d ecreases  ex trem ely  ra p id ly . A  s im ila r
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conclusion  can be o b ta in e d  fo r th e  d is tr ib u tio n  o f E q . 9 w h ich  is essen tia lly  a 
C a u c h y -d is trib u tio n  d e fin ed  on ly  for th e  p o sitiv e  v alues (co m p are  F ig . 5): the  
sem i-va lue  w id th  o f th e  Л -d iag ram  is in  case o f re =  1 0 0  a p p ro x im a te ly  equal 
to  th a t  o f th e  o rig inal s e t  (/(# )), co rrespond ing  to  n — 1 , w hile th e  sem i-value 
w id th  o f th e  M -d iag ram s decrease qu ick ly .

As a la s t ex am p le  le t  us consider th e  S m irn o v -d is tr ib u tio n  (p. 178 in  
[2]). T he cur\ e f ( x )  o f F ig . 6  show s th e  p ro b a b ili ty  d en sity  fu n c tio n  co rrespond­
in g  to  E q . 10. As i t  c an  be  seen from  th e  freq u en cy  curves o f F ig . 6 , th e  Sm ir­
n o v -d is tr ib u tio n  is an  asy m m etric  exam ple  o f  such  d is tr ib u tio n s , w here for 
th e  averages deduced  fro m  th e  e lem ents th e  inverse  o f th e  law  o f  th e  great 
n u m b e rs  is va lid : in  case o f  n  =  1 0  th e  abscissae  h a d  to  be sh o rte n e d  te n  tim es, 
in  case o f re =  1 0 0 , h u n d re d  tim es in  o rd e r to  enab le  som e k in d  o f  illu s tra tio n . 
T h e  r ig h t-h a n d  side e n d -p o in ts  o f th e  sem i-value  w id th s  cou ld  n o t  be  shown 
e ith e r , th e  num bers a t  th e  d o tte d  line in d ic a te  fo r th is  case (a n d  fo r  f ( x ) ,  too) 
th e  positio n  of th e  r ig h t  h a n d  side e n d p o in t o f  th e  sem i-value  w id th  in te rv a l.
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T he M -d iag ram s h a v e  an  u n ch an g ed  scale , an d  th e  law  o f g re a t n u m b ers  is 
h e re  fu lfilled : th e  sem i-v a lu e  w id th s  decrease  qu ick ly  in  case o f  th e  Sm irnov- 
d is tr ih u tio n , too . T hese exam ples s tro n g ly  su p p o rt th e  th e o re tic a l considera­
tio n s  p resen ted  in  C h a p te r  1 on th e  g enera l v a lid ity  of th e  law  o f  th e  g rea t 
n u m b ers , if  th e  m ost f re q u e n t va lu e  is chosen  as th e  c h a ra c te r is tic  q u a n t i ty  of 
th e  p ro b a b ility  d is tr ib u tio n . T he fu lfilm en t o f th is  s ta te m e n t is in d e p e n d e n t 
from  th e  ad v an tag eo u s  o r d isad v an tag eo u s  p ro p ertie s  of th e  av erag es.

3.

T he M -d iag ram s co rresp o n d in g  to  n =  100 in  F igs 1 — 6  a p p ro x im a te  
a p p a re n tly  a “ reg u la r”  sh ap e . I t  shou ld  he  in v e s tig a te d  th e re fo re , i f  th e se  fre­
q u en cy  curves a p p ro x im a te  a n o rm al d is tr ib u tio n .

T he answ er to  th is  q u es tio n  can  he lo o k ed  fo r using  th e  so -ca lled  G aussian  
n e t  (390 and  follow ing p p . in  [3]). To each  abscissa  th e  re sp ec tiv e  cu m u la tiv e  
freq u en cy  is p lo tte d  in  p e rc e n ts  (i.e. in  how  m uch  p e rcen t o f a ll cases is th e  
v a lu e  o f th e  ran d o m  v a r ia b le  less th a n  th e  abscissa  value). T h e  sca le  o n  th e  
o rd in a te  corresponds to  th e  in v erse  fu n c tio n  o f  th e  s ta n d a rd  n o rm a l d is tr ib u ­
tio n .

I f  no rm al d is tr ib u tio n  can  be supposed , th e  po in ts  re p re se n tin g  th e  values 
o f  th e  cu m u la tiv e  freq u en c ies  on th e  G aussian  n e t lie in  th e  v ic in ity  o f  a s tra ig h t 
line . In  Figs 13 —18 re p re se n tin g  th e  M -d iag ram s correspond ing  to  th e  cases of

Fig. 13
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Fig. 14

F ig. 15

Acta Geodaetica, Geophytica et Montanistica Acad. Sei. Hung. 16, 1981



LAW OF LARGE NUMBERS 87

- 0.2 - 0.1 0 0.1 02

Fig. 16

0.6 07 0.8 0.9 1.0 1.1

Fig. 17

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



88 L. CSERNYÁK et al.

F ig s 1 — 6  w ith  n — 100, th e  p o in ts  w ell a p p ro x im a te  a s tra ig h t line , — conse­
q u e n t ly  th e  freq u en cy  cu rv es  ap p ro x im a te  th e  no rm al d is tr ib u tio n . (The 
n u m b e rs  in  circles on th e se  fig u res  in d ica te  th e  n u m b e r of th e  fig u re  to  w hich  
th e y  re fe r .)  To o b ta in  n u m e ric a l va lues, k h i-sq u a re  te s ts  were ca rr ied  o u t;  th e  
d a ta  d o  n o t  c o n trad ic t on a  level of s ign ificance  97 .5%  to  th e  zero h y p o th e s is .

T h e  th eo re tica l b a c k g ro u n d  o f th is  in te re s tin g  secondary  re su lt  is th e  
fo llo w in g . As i t  has been  a lre a d y  show n in  [5], th e  d ensity  fu n c tio n  f ( x )  can  
h a v e  a n y  p ro p ertie s , th e  d is tr ib u tio n

g(x ) =  f ( x ) ■ s(x)  ( 1 2 a)

h as  in  a ll cases an  ex p ec ted  v a lu e  and  a s c a tte r ;  here

, . const.
s(x)  =  ----------------------

eo +  ( M  — X f

(for d e f in itio n s  of e0 an d  M  see [4]). T h a t m ean s t h a t  if  x t follows a d is tr ib u tio n  
f ( x ) ,  th e  expressions

*i ‘S{Xi)
í=i ( 1 2 c)

n
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as th e  averages from  a sam ple  w ith  re e lem en ts  o f  a d is trib u tio n  g(x)  w ith  fin ite  
s c a tte r ,  h av e  to  follow a n o rm a l d is tr ib u tio n , if  re —► oo (in th e  sense o f  th e  c e n t­
ra l lim it th eo rem ). Since th e  M -values can  be com pu ted  w ith  th e  h e lp  o f  th e  
exp ression

П
2  X, • s(xt)
1=1

2  s(*<)
1=1

(in  th e  la s t  s tep  o f an  i te ra tiv e  p ro g ram ), a n d  th e  sum  £s(Xj) is p ro p o r tio n a l to  
re (w ith  th e  p ro p o rtio n a lity  fa c to r  d ep e n d e n t on th e  ty p e  of th e  d is tr ib u tio n ) , it  
follow s from  th e  d is tr ib u tio n  o f th e  exp ressions in  E q . 12c b e in g  n e a r  to  a 
n o rm a l d is tr ib u tio n  th a t  th e  m ost fre q u e n t v a lues have also a n o rm a l d is tr i­
b u tio n  in  case of re —► с о .  T he g rap h ica l m e th o d  o f th e  contro l o f th e  n o rm a lity  
an d  th e  num erica l values o b ta in e d  from  th e  k h i-sq u are  te s t are  ev en  in  k now l­
edge o f th e  th eo re tica l co n sid e ra tio n s  su rp ris in g , as th ey  show  t h a t  a lre a d y  a t  
n o t v e ry  g rea t va lues o f re (re =  1 0 0 ) th e  freq u en cy  curve o f  th e  M „-va lues 
a p p ro x im a te s  r a th e r  closely th e  n o rm al d is tr ib u tio n .

( 1 2 d)
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ВСЕОБЩАЯ ДЕЙСТВИТЕЛЬНОСТЬ ЗАКОНА БОЛЬШИХ ЧИСЕЛ В МЕТОДЕ 
УРАВНИВАНИЯ ПО СПОСОБУ НАИМЕНЬШИХ ВЕЛИЧИН

Л . Ч Е Р Н Я К - Б . Х А Я Г О Ш -Ф . Ш ТЕЙНЕР

РЕЗЮМЕ

В инженерной практике (на данном техническом уровне и в рамках возможностей) 
стремятся достичь повышения точности увеличением числа измерений п . Однако, на осно­
вании геофизического опыта увеличение числа измерений не всегда сопровождается умень­
шением ошибок в ожидаемой степени (по закону 1//л). Также нередкий случай в геофизи­
ческой практике (см., например, кривые встречаемостей в [6]), когда напрасно увеличиваем 
число измерений все равно данные, уравненные по способу наименьших квадратов или в 
самом простом случае полученные усреднением, не проявляют нормальное распределение.
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Гнеденко и Колмогоров в работе [2] называют «закоренелым предрассудком» то 
представление, по которому только нормальное распределение можем считать предельным 
распределением. Из этого сразу следует, что можем спокойно использовать и функции 
плотности с бесконечными разбросами для аппроксимирования кривых встречаемостей 
измеренных результатов величин, если использование этих кривых требуется либо принци­
пиально либо формально. (Всеобщеизвестно, что в случаях конечного разброса обяза­
тельно получаем нормальное распределение как предельное распределение).

Распределения с бесконечным разбросом могут быть разнообразными. Для некото­
рых из них не выполняется обычная форма закона больших чисел: доверительные интер­
валы средних значений вычисленных из п данных не уменьшаются с ростом п. Исследова­
ние случаев, рассматриваемых в этой работе, показывает, чт о т очност ь наиболее част ы х  
вел и ч и н  в  каж дом  случае увел и чи вает ся  с ростом п , т. е. и распределение удовлетворяю­
щее обычному формированию закона больших чисел с практической точки зрения оказа­
лось легко используемым, независимо современно от того, что для получения количества 
информации адэкватной точности уравнивание по математическому ожиданию (метод 
наименьших квадратов) у этих распределений, конечно, непригодно.
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RECENT RESULTS CONCERNING THE INVESTIGATION 
OF THE RELATION BETWEEN THE LEVEL OF 

ATMOSPHERIC RADIO NOISE AND 
FORBUSH-DECREASE

G. SÁ TO R I

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE 
OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

[Ma n u sc rip t received  M arch  28, 1980]

T he effect o f F o rb u sh -d ecrease  on  th e  low er io n o sp h ere  has been  q u a n tita tiv e ly  s tu d ied  
b y  m eans o f th e  th e o ry  o f V L F  e lec tro m ag n e tic  w ave  p ro p a g a tio n  an d  o f a tm o sp h eric  rad io  
noise level reco rded  a t  5 k H z  in  P a n sk a  Ves (Лш =  50.41° N , <pm =  97.59° E ). T he c o m p u ted  an d  
m easu red  effects o f  F o rb u sh -d ec rea se  show  a good a g reem en t. T he changes o f  com puted  a t t e ­
n u a tio n  an d  of a tm o sp h e ric  noise level are m ore c h a ra c te ris tic  a t  5 k H z , th a n  a t  27 kH z .

1. In tro d u c tio n

I t  has been show n in  tw o prev ious p ap e rs  th a t  d u rin g  F o rbush -decreases 
th e  level o f a tm o sp h e ric  rad io  noise decreases, if  th e  shock w ave, m o d u la tin g  
th e  g a lac tic  cosm ic ra y  p a rtic le s , m isses th e  E a r th ,  an d  th a t  i t  increases in  
case  of geom ag n etica lly  ac tiv e  fla res [1, 2 ]. I t  h as  been  also found  th a t  th e  
in flu en ce  o f F o rb u sh -d ec reases  increases g ra d u a lly  w ith  decreasing  freq u en cy  
in  th e  Y L F  b an d . T h e  m easu red  effects o f F o rb u sh -d ec reases  h av e  b een  com ­
p a re d  w ith  th e  re su lts  o f  th e o re tic a l c o m p u ta tio n s  [2]. A t 5 k H z  th e  th e o re ti­
cal co m p u ta tio n s  p reced ed  th e  in v es tig a tio n  o f  a tm o sp h eric  rad io  noise level 
co n n ec ted  w ith  F o rb u sh -d ec reases .

2. Method of analysis

The in te rp re ta t io n  o f th e  effect o f  F o rb u sh -d ec reases  in  th e  low er io n o ­
sp h ere  m ay  be d iv id ed  in to  th re e  steps [2 ]:

а) C o m p u ta tio n  o f io n iza tio n  caused  b y  g a lac tic  cosm ic ray s.
б ) C a lcu la tion  o f  e lec tro n  d en sity  from  io n iza tio n  profiles.
c) A tte n u a tio n  o f Y L F  e lec tro m ag n etic  w aves in  th e  E a rth -io n o sp h e re  

w avegu ide.
A t f irs t th e  in flu en ce  o f th e  geom agnetic  fie ld  w as n o t considered  in  th e  

c o m p u ta tio n  of a t te n u a tio n . In  th is  s tu d y  we used  an  inhom ogeneous a n iso tro ­
p ic  ionosphere m odel. T h e  ca lcu la tions w ere m ade specia lly  fo r th e  cases o f
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e a s t-w e s t, w est-east p ro p a g a tio n , as well as fo r n o rth -so u th , so u th -n o r th  d irec ­
t io n s .

T h e  a tte n u a tio n  m a y  b e  o b ta in e d  from  th e  fo llow ing exp ression  [3, 4] :

L  =  — 8 . 6 8 6  • к  • Im  S n [dB /M m ]
w h e re

Im  S n — a
у  ( 2  h l a ) ~ ( 1 2  и — 5) я / 6  -  (2 ka j3) (2 h j a f 2 k h

2 [ 2 k 2h a  +  (oc2/4) (2 / i /a ) -1]

fe is  th e  w av e  n u m b er, h  is th e  h e ig h t o f th e  E a rth -io n o sp h e re  w av eg u id e , a is 
th e  ra d iu s  o f th e  E a r th ,  n  is th e  n u m b e r o f m odes, a  is also a co m p lica ted  ex p res­
s io n , w h ic h  is th e  fu n c tio n  o f  th e  p la sm a  freq u en cy , th e  effective collision  fre ­
q u e n c y , th e  gyro freq u en cy  an d  n a tu ra l ly  th e  freq u en cy  o f th e  p ro p a g a tin g  
e le c tro m a g n e tic  w ave. T h e  geo m ag n etic  f ie ld  affects th e  p ro p a g a tio n  b y  th e  
g y ro  fre q u e n c y  d ep en d in g  o n  th e  d irec tio n  o f p ro p a g a tio n  o f th e  e lec tro m ag n e ­
t ic  w a v e .

3. Results

T h e  a tte n u a tio n  w as c o m p u te d  fo r a g iven  geom agnetic  la t i tu d e  (Am =  
=  54 .36°) in  case o f d iffe re n t d irec tio n s (n o rth -so u th , so u th -n o rth  a n d  east- 
w e s t, w est-east)  o f p ro p a g a tio n  (F ig . 1). T h e  s im ila rity  o f th e  cu rves A  (iso­
t ro p ic a l  case) in  A 1  (n o r th -so u th , so u th -n o r th  p ro p ag a tio n ) in d ic a te s  t h a t  in  
th is  case  th e  a tte n u a tio n  o f th e  d o m in a n t m ode is n o t ap p rec iab ly  a ffec ted  b y  
th e  p re sen ce  of a m ag n e tic  f ie ld . T he a t te n u a tio n  in  case of p ro p a g a tio n  from  
e a s t- to -w e s t (curve A 2 )  is la rg e r  th a n  in  case o f p ro p a g a tio n  from  w e s t- to -e a s t 
(c u rv e  A 3 )  and  th e  in flu en ce  o f th e  geom agnetic  fie ld  is m ore effec tive, th a n  in

F ig . 1. A tte n u a tio n  as a  fu n c tio n  o f freq u en cy  a t  54.36° geom agnetic  la t i tu d e , in  case o f  
u n d is tu rb e d ,  iso trop ical (cu rve  A )  a n d  an iso tro p ica l (curves A l ,  A 2 , A 3 )  ionosphere  m odels, 

co m p u te d  fo r th e  d o m in a n t (n  =  1) m ode
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th e  A1 case. F ig . 2 shows th e  change o f th e  a t te n u a tio n  due to  th e  in flu en ce  o f 
F o rb u sh -d ec rease  in  d iffe ren t d irec tio n s o f  p ro p a g a tio n . I t  can  be seen  t h a t  th e  
ch an g e  o f a tte n u a tio n  in  case o f th e  sam e F orb u sh -d ecrease  is sm a lle s t for 
ea s t-w est p ro p ag a tio n  (cu rve  А2д), a lto u g h  th e  ab so lu te  value o f a t te n u a t io n  
is in  th is  case la rg est (see F ig . 1). G enera lly , th e  a tte n u a tio n  decreases w ith  
in c rea s in g  h e ig h t o f th e  E a rth -io n o sp h e re  w aveg u id e  (F ig . 3).

T h e  a tte n u a tio n  w as co m p u ted  in  th e  4 — 30 kH z V L F  b a n d  fo r th e  geo­
m ag n e tic  la ti tu d e  o f P a n sk a  Yes fo r u n d is tu rb e d  cond ition  an d  in  case  of 
F o rb u sh -d ec reases  in  J a n u a r y  an d  in  J u ly ,  assu m in g  d ay -tim e , s o u th -n o r th  
w av eg u id e  p ro p ag a tio n .

A ccord ing  to  th e  th e o re tic a l c o m p u ta tio n s  th e  change of th e  a t te n u a t io n  
a t  5 k H z  is 4 — 6  dB /M m  in  case o f a  s tro n g  F o rb u sh -d ec rease  b u t no g eo m ag n e ­
tic  s to rm  a t  th e  geom agnetic  la t i tu d e  o f  P a n sk a  Ves (F ig . 4). In  case o f  b o th  
F o rb u sh -d ec rease  and  g eom agnetic  s to rm , th e  co m p u ted  a t te n u a tio n  d iffers 
o n ly  s lig h tly  from  th e  u n d is tu rb e d  v a lu e . N am ely  th e  a tte n u a tio n  d ep en d s  also 
on  th e  decrease of th e  cu t-o ff  r ig id ity  a t  th e  g iven  geom agnetic  la t i tu d e .

F ig . 2. C hange of th e  a tte n u a tio n  in  th e  d o m in a n t (rt =  1) m ode, as a fu n c tio n  o f  f req u e n c y , 
a t  54.36° geom agnetic  la ti tu d e  in  case o f  F o rb u sh -d ecrease , b u t  no geom agnetic  s to rm , d e te r ­
m in ed  fo r iso tro p ica l (curve А д )  a n d  an iso tro p ica l (cu rves А  1д, A 2д. А Зд) io n o sp h ere  m odels

F ig. 3. A tte n u a tio n  as a  fu n c tio n  o f f req u en cy  a t  54.36° geom agnetic  la t i tu d e  c a lc u la te d  for 
a n  u n d is tu rb e d , an iso trop ical ( so u th -n o rth  p ro p a g a tio n ) ionosphere, and  d iffe re n t h e ig h t o f

th e  w aveguide

Acta Geodaetica, Geophysica et Montanistica Acad. Set. Hung. 16, 1981



94 G. SÁTORI

F ig . 4. A tten u a tio n  as a  fu n c tio n  of frequency  in  th e  d o m in a n t (re =  1) m ode, in  d iffe re n t 
seaso n s (Ja n u a ry , Ju ly )  a t  50.41° geom agnetic la t i tu d e ,  re fe rrin g  to  an  u n d is tu rb e d , an iso- 
tro p ic a l  (so u th -n o rth  p ro p a g a tio n )  ionosphere m o d e l (c u rv e  A )  and  to  a case o f F o rb u sh - 

d ec rease , b u t  no geom agnetic  s to rm  (cu rve  B )

4. The comparison o f theoretical results w ith the level o f atmospheric radio noise,
measured at 5 k H z

U sing  th e  su p e rp o se d  epoch m eth o d  w ith  th e  day s of occurrence o f  fla re s  
(3B , 2B ) as key  d a y s , th e  follow ing re su lts  w ere  o b ta in ed  a t  5 k H z  m easu red  
in  P a n s k a  Yes.

I f  th e  fla res w ere  fo llow ed only b y  F o rb u sh -d ec rea se , th e  level o f  a tm o s­
p h e ric  rad io  noise d e c re a sed  a t  5 k H z, b o th  d a y  (0 8 — 12 h) and  n ig h t (20 — 24 h ), 
ev en  m ore, th a n  th e  s im u ltan eo u sly  reco rd ed  leve l a t  27 kH z (F ig . 5). (The 
m e a n  e rro r is ^ 0 . 6 — 0.8  dB  a t  th e  d iffe ren t d ay s .)  I t  m ay  be supposed  th a t  th e  
sou rce-reg io n  o f ra d io  no ise  is s itu a te d  d a y -tim e  1 — 2 Mm to  th e  so u th -d ire c ­
t io n  from  th e  rece iv e r s ite . T h e  fall of th e  ra d io  no ise-level corresponds th e o re ti­
ca lly  to  th e  rise o f th e  a t te n u a tio n  and  in v e rse ly . T h u s , i t  can  be seen th a t  th e  
th e o re tic a lly  d e te rm in e d  change o f a t te n u a t io n  o f Y L F  e lec tro m ag n etic  
w av es  (4 — 6  dB /M m ) is in  accordance w dth th e  m easured  v a r ia tio n  o f th e  
a tm o sp h e ric  no ise-level (^> 4 dB).

I t  m u st be n o te d  t h a t  th e  e lec tro m ag n etic  w aves, p roducing  th e  n ig h t- 
a tm o sp h e ric  no ise-level in  P an sk a  Ves, o rig in a te  from  d istances o f 2 — 10 Mm 
a n d  p ro p a g a te  in  w e s t a n d  sou th -w est d ire c tio n s  depend ing  on th e  season , 
p a r t ly  from  th e  d a y -s id e  o f  th e  E a r th . T h e  h e ig h t o f th e  E a rth -io n o sp h e re
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Fig. 5. F o u r hou rly  av erag es o f  n e u tro n  m o n ito r  d a ta  an d  th a t  o f th e  d e v ia tio n s  fro m  the  
m o n th ly  m ed ian  of th e  noise level reco rded  in  P a n sk a  Ves, a t  27 k H z  a n d  5 k H z  befo re  and 

a fte r  flares (U p p e r p a r t  n ig h t-tim e , low er p a r t  d ay -tim e , n u m b er o f  cases: 11)

w avegu ide  changes d u rin g  th e  p ro p ag a tio n , th ere fo re  th e  th e o re tic a l in te rp re ­
ta t io n  becom es fa irly  com p lica ted .

The re flec tio n  h e ig h t (th e  h e igh t o f  th e  E a rth -io n o sp h e re  w avegu ide) is 
low er, therefo re  th e  a t te n u a tio n  is la rg e r th e o re tic a lly  too  fo r 5 k H z , th a n  a t 
27 k H z . Since th e  in flu en ce  o f F o rb u sh -d ee rease  is m ore e ffec tive  below  70 km , 
th e  change of a t te n u a tio n  is also la rger fo r 5 k H z , th a n  a t  th e  h ig h e r  frequencies 
o f  th e  V L F  b an d . C o n seq u en tly , th e  p ro p a g a tio n  p a ra m e te rs  a t  th e  lower 
frequenc ies o f e lec tro m ag n etic  w aves o f  th e  Y L F  b an d  are m ore  sen s itiv e  b o th  
to  geom etrical an d  to  ph y sica l p ro p ertie s  o f  th e  E a rth -io n o sp h e re  w avegu ide .
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НОВЫЕ РЕЗУЛЬТАТЫ ИССЛЕДОВАНИЯ СВЯЗИ МЕЖДУ ИНТЕНСИВНОСТЬЮ 
АТМОСФЕРНОГО РАДИОШУМА И ФОРБУШ-ПОНИЖЕНИЯ

Г. ШАТОРИ

РЕЗЮМЕ

Влияние Форбуш-понижения на нижней ионосфере количественно исследовалось 
при помощи распространения УНЧ электромагнитных волн и атмосферного радиошума, 
измеренного на частоте 5 кгц в ПанскаВес ( ).т =  50,41° N, <рт =  97,59° Е). Вычисленные 
и измеренные эффекты Форбуш-понижения хорошо согласуются. Изменения вычисленного 
затухания и интенсивности атмосферного радиошума более характерны на 5 кгц, чем на 
27 кгц.
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STATISTISCHE ZUSAMMENHÄNGE ZWISCHEN 
ELEKTRISCHER LEITFÄHIGKEITSVERTEILUNG 

UND BRUCHTEKTONIK IN TRANSDANUBIEN 
(WESTUNGARN)

A. ÁDÁM

GEODÄTISCHES UND GEOPHYSIKALISCHES FORSCHUNGSINSTITUT 
DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN, SOPRON

[E ingegangen  am  5. A pril 1980]

Die A b h an d lu n g  g eh t a u f  die V erteilung  de r e le k trisch e n  L eitfäh igkeit in  B ere ich en  von  
B ru chzonen  ein. Im  beso n d eren  w ird  die L e itfäh ig k e itsan o m a lie  von  T ran sd an u b ien  b e h an d e lt.

Bei den  ä u ß e rs t  v e rän d e rlich en  geologischen u n d  to p o g rap h isch en  V erh ä ltn issen  w erden  
vom  V erfasser v o re rs t  d ie die v e rzerrungsfre ien  In fo rm a tio n e n  liefernden  m ag n e to te llu risc h en  
S o n d ie ru n g sk u rv en  (M TS) m it s ta tis tisc h en  M eth o d en  u n te rs u c h t. E r s te llt fe st, d a ß  die pmin 
K u rv e n  die w ahrsch ein lich eren  P a ra m e te r  fü r  die g u tle ite n d e n  Zonen liefern . A us d ieser E ig e n ­
sc h a ft, sowie aus dem  Z u sam m en h an g  de r A n iso tro p ie  d e r L eitfäh ig k eitsv e rte ilu n g  m it der 
lin ea ren  T ek to n ik  des G ebietes w urde  die F o lgerung  gezogen , d a ß  die tran sd an u b isc h e  L e itfäh ig ­
ke its-A nom alie  m it d en , w äh ren d  dem  a lp in en  G ebirgsb ildungs-Z yk lus e n ts ta n d e n e n  B ru c h ­
sy stem en  v e rb u n d en  is t.

E in le itu n g

D ie te k to n isc h e  K a rte  des N W -Teiles v o n  T ran sd an u b ien  (A bb . 1), 
sowie die F o rm a tio n s -K a rte  des B e ck en u n te rg ru n d es  von  großer D ic h te  u n d  
großem  spezifischen  W id e rs tan d  (A bb. 2) w eisen  a u f  die s ta rk e  te k to n isc h e  
G liederung  des G ebietes h in . Es können  w ich tig e  L ineam en te  (z. B . R á b a -L inie, 
B a la to n -L in ie ) r if ta r t ig e  G räben  (M órer-G raben) und  m o sa ik artig e  B löcke 
(»basin and  ränge« S tru k tu r)  u n te rsch ied en  w erden .

A n H an d  des geodynam ischen  E n tw ick lungs-M odells des G eb ie tes, n ach  
S t e g e n a  e t al. [10] w urde  das G ebiet in  d e r  le tz te n  Phase der E n tw ic k lu n g , 
im  P liozän  e in er s ta rk e n  Z ug-B elastung  a u sg e se tz t, ein G roß te il d e r  B rüche  
ö ffnete  sich. A u fg ru n d  der Z ugspannung  e n ts ta n d  im  P liozän  u n d  P le is to zän  
B asa lt-V u lk an ism u s. D ie B lockgrenzen  sind  zum  größ ten  Teil h e u te  noch  ge­
lockert. In  Z u sam m en h an g  m it der T ek to n ik  des G ebietes w eisen u n te r  a n d e ren  
B au x itv o rk o m m en  a u f  die schw achen  Z onen  h in .

D ie H a u p t-B ru c h ric h tu n g en  sind  la u t  B al l a  [5] die fo lgenden:
— R ich tu n g  d er A lp e n -S tru k tu r O-N O
— R ic h tu n g  d e r v a ris tid en  B rüche N -N W
— R ic h tu n g  d er p rä v a ris tid e n  B rü ch e  O-SO
— B ru c h ric h tu n g  des R heines N -N O .

E in  Teil d ieser t r a t  im  L aufe von m ehreren  te k to n isc h e n  Z yklen  w ied er auf.
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/^Aufschiebungen x ’ Verwerfungen Brüche 

Abb. 1. T ek to n isch e  K a r te  des N W -Teiles v o n  T ran sd an u b ien

V o n  den  p h y sik a lisch en  E ig en sch aften  d e r B rü ch e  von  N W  T ra n s d a n u ­
b ie n  w u rd e  in  le tz te r  Z eit d ie  V erte ilung  d e r e lek trisch en  L e itfäh ig k e it e inge­
h e n d  u n te rs u c h t . Die A n reg u n g  h ie rfü r k am  te ilw eise  aus der L ite ra tu r , w elche 
ü b e r  e in e  bed eu ten d e  V e rs tä rk u n g  der L e itfä h ig k e it en tlan g  m ehreren  e r s t r a n ­
g ig en  te k to n isc h e n  L in ien  sp r ic h t. Solche A n o m alien  k o n n ten  an b e in ah e  s ä m t­
lic h e n  g ro ß tek to n isch en  E in h e ite n  b e o b a c h te t w erd en  (z. B. die K a rp a te n -  
A n o m a lie , die A nom alie d e r T afe lg eb ie te  (B a jk a l R if t Zone) und  des k r is ta llin e n  
S ch ild e s  (K iro vograd -A nom alie  am  U kra in ischen -S ch ild )). Die e le k tro m a g n e ­
t is c h e  In d u k tio n sfo rsc h u n g  in  U n g arn  k o n n te  au c h  eine von  den L än g sb rü ch en  
des K a rp a te n -B e ck e n s  h e rrü h re n d e  reg ionale  m ag n eto te llu risch e  A n iso tro p ie  
f e s ts te l le n  [2]. Dies w eist a u f  eine allgem eine A n w en d b a rk e it der A n iso tro p ie - 
U n te rsu c h u n g e n  auch  in  d e r  sp read in g -F o rsch u n g  zu r B estim m ung  d e r P la t ­
t e n r ä n d e r  und  tra n sfo rm -fa u lts  h in  [9].

Ü b e r  die B lockgrenzen  (»schw achen Zonen«) sch re ib t Olszak [8]: »Eine 
Z one re la t iv  hoher se ism ischer, m agn etisch er (basischer) u n d  g eo th e rm isch er 
A k t iv i t ä t ,  die von tie fen  S tö ru n g szo n en  b e g le ite t u n d  beg renz t w ird , u n d  in  d er 
sich  in te n s iv e re  v e rtik a le  K ru sten b ew eg u n g en  abspielen«. Diese F e s ts te llu n g  
m u ß  a lso  d am it e rg än z t w e rd en , d aß  die B ru ch zo n en  auch  du rch  eine große 
e le k tr is c h e  L e itfäh ig k e it c h a ra k te r is ie r t  w erd en  k ö n n en . Die U rsache is t  e in e r­
se its  im  oberen  K ru s te n b e re ic h  m it E le k tro ly t-h a ltig e m , ze rk lü fte tem  o d er m it 
e rz fü h re n d e m , g ra p h ith a ltig e m  G estein  zu su ch en . A ndererse its s te h t  in  den 
t ie fe re n  K ru sten te ilen  das E rsc h e in e n  der L e itfäh ig k e itsan o m alie  m it d e r  geo­
th e rm is c h e n  A nom alie, u . zw . m it dem  k o n v e k tiv e n  W ärm efluß  in  Z u sa m m e n ­
h a n g  (ev . Schm elzung).
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О Messpunkt О Ortschaft
Abb. 2. F o rm a tio n sk a rte  des B eck en u n te rg ru n d es des gcoelektrischen A n o m alie -G eb ie tes

2. Forschungsm ethoden

Z ur Zeit w ird  die räu m lich e  V erte ilu n g  de r e le k trisch en  spezifischen L e itfä h ig k e it  (о ) 
bzw . des W iderstandes (p) in  d e r E rd k ru s te  u n d  im  o b e ren  E rd m a n te l, d .h . bis zu  g ro ß e n  T iefen 
am  h äu fig s ten  m it m ag n e to te llu risch er (M TS) bzw . geo m ag n etisch er S on d ie ru n g  (G D S) u n te r ­
su c h t. (Siehe in  zah lre ichen  m o n o g rap h isch en  A rb e iten , z .B . [1].) Die G rund lage  b e id e r  e le k tro ­
m ag n e tisch e r In d u k tio n sm e th o d en  is t d e r  »Skin-E ffekt« , w onach  die E m d rin g u n g s tie fe  des 
e lek tro m ag n etisch en  F eldes in  einem  M edium  von  dessen  spezifischem  W id e rs tan d  u n d  v o n  der 
P erio d e  de r F e ld än d cru n g  a b h ä n g t:

plkml =  2^" V” 10 elii mI Tls] • 0 )

So e rh a lte n  wir bis zur ob igen  T iefe (p ) In fo rm a tio n e n  ü b e r  die p-V erteilung be i e in e r e le k tro ­
m ag n e tisch en  V aria tion  v o n  P eriode  T . D as n a tü rlich e  e lek trom agnetische  F e ld  d e r  E rd e  lie fert 
in  w e iten  S pek tren  die F e ld än d e ru n g en  zu  d iesen U n te rsu ch u n g en .

Bei der m ag n e to te llu risch en  S ond ierung  w erd en  v o n  dem  Z u sam m en h an g  zw ischen  den 
g eo m agnetischen  ( I I )  u n d  te llu risch cn  F e ld än d e ru n g en  (E )
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E  =  {Z} H  (2)

d ie  E le m e n te  des Im p e d a n z te n so rs  Z  u n d  von d iesen  d ie  e x tre m e n  W erte  des spezifischen 
W id e rs ta n d e s  berechnet:

eCO
max
min

=  0.2 T (if 0.2 T  Z Xymax (T ) . (3)

W e rd e n  die W erte q im  K o o rd in a te n sy s te m  g — Ут d a rg e s te ll t ,  e rh a lte n  w ir die M T S ond ie­
ru n g s k u rv e  (MTS). D as P o la rd ia g ra m  Zxy(a.) g ib t die R ic h tu n g  d e r E x tre m w erte  des spezifischen

W id e rs ta n d e s , u n d  der K o e ff iz ien t d e r horizon talen  A n iso tro p ie  I Д =  - max| k a n n  a u ch  berech -
V í?min J

n e t  w e rd en . Die T ie fen än d eru n g  d e r  A nisotropie k a n n  a u c h  in  F u n k tio n  der P e rio d e  e rm it te lt  
w e rd en .

Im  Falle  eines h o rizo n ta l g e sch ich te ten  H a lb rau m es h a t  de r spezifische W id e rs ta n d  keine 
A n iso tro p ie . Bei zw eid im ensionalen , d . h . bei a u sg ed eh n ten  zy lin d risch en  S tru k tu re n  zeigen  die 
R ic h tu n g e n  der E x tre m w erte  v o n  g in  S treich-, bzw . F a ll-R ic h tu n g . W ird zur B e rech n u n g  von 
q d ie  m it  de r S tre ich rich tu n g  p a ra lle le  tellurische K o m p o n e n te  (E ) angew endet, so h a n d e lt  es 
s ich  u m  eine P o la risa tion  E .  D ie  d e n  beiden  P o la risa tio n en  e n tsp rec h en d e n  S o n d ie ru n g sk u rv en  
g e b e n  spezielle In fo rm atio n e n , fa lls  die in  A bb. 3 d a rg e s te ll te  m it A blagerungen  b ed eck te  
B eck e n so h le  großen W id e rs ta n d e s  zw eidim ensionale Ä n d e ru n g e n  aufw eist.

9i
—

H,

—
s

1__ ü h
S2 » S i

_
9з = 0

( 9 z »  0)

A b b . 3. Sch ichtenm odell m it  v e rä n d e rlic h e r  Tiefe des h o c h o h m ig e n  U n te rg ru n d es zu r E rk lä ru n g
des S -E ffek tes

D ie  K urve  von P o la r is a tio n  E  c h arak te ris ie rt die P a ra m e te r  des g u tle iten d en  G rundes 
( q3 —  0) (ev. Schicht) w esen tlich  g e n au e r, als die de r H -P o la r isa tio n . Die le tz te re  g ib t a b e r  die

h o r iz o n ta le  L eitfäh igkeit d e r  o b e rs te n  Schicht (z.B . d e r  A b lag eru n g ) =  —  j  m eisten s m it

e in e r  k le in e ren  V erzerrung a n , a ls d ie  Sondierungskurve  v o n  P o la r isa tio n  E . Die S o n d ie ru n g s­
k u rv e  v o n  Po larisa tion  H  v e rz e r r t  d ie  Tiefe des g u tle ite n d e n  G ru n d es (h) in A b h än g ig k eit von  
S , [6 ]. W erd en  also die v o n  d e n  S o n d ie ru n g sk u rv en  v o n  P o la r is a tio n  H  b e rechneten ’/:-W erte  in  
F u n k t io n  de r horizon talen  L e itfä h ig k e it  der o b ersten  S c h ich t (S j)  darg este llt, so e rh a lte n  w ir 
irg e n d e in e n  linearen  Z u sa m m e n h an g . Dies is t m it d e r F e ld  V erzerrung  verb u n d en , u n d  d rü c k t 
k e in e n  ta tsäch lich en  geologischen Z usam m en h an g  aus. D iese V e rze rru n g  w ird S -E ffek t g e n an n t.

D ie  ch arak te ris tisch en , m it  de r Achse T  e in en  W in k e l v o n  ±  63.5° e in sch ließ en d en  
A s y m p to te n  der MTS K u rv e n , d ie  sog. S- u n d  /i-L in ien  k ö n n e n  zu r B estim m ung d e r h o ri­
z o n ta le n  L eitfäh igkeit der g u tle i te n d e n  Schicht (S), bzw . d e r  T iefe (h) u n m itte lb a r  an g ew en d e t 
w e rd en .

D ie  am  häufigsten  a n g e w e n d e te  M ethode de r g e o m ag n e tisch en  Sondierung is t m it  dem  
N a m e n  eines deu tschen  W isse n sc h aftle rs , W iese v e rb u n d e n . D er n ach  ihm  b e n an n te  W iese- 
In d u k tio n s -P fe il ,  oder »Vektor« k a n n  aus der Ü b e rtra g u n g s fu n k tio n  ('■/{'Г) des Z u sam m en ­
h a n g es

Z (T )  =  C z(T ) H n (T )  (4)

m it  e in e r  einfachen g rap h isch en  M e th o d e  bestim m t w erd en . D e r  W iese-Pfeil w eist in  R ich tu n g  
d e r  F o rm a tio n e n  größeren  W id e rs ta n d e s  h in  (im G eg ensatz  z u  dem , von  einem  äh n lic h en  Z u­
sa m m e n h a n g  abgeleiteten  sog. P ark in so n -V ek to r).

D ie  obigen A u sfü h ru n g en  so llen  keine vo lls tän d ig e  m eth o d isc h e  E in le itung  geb en , son­
d e rn  n u r  zum  besseren V e rs tä n d n is  de r M eßergebnisse b e itra g e n .
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3. Die Verzerrungen der m agnetotellurischen Sondierungskurven  
und die Auswahl der Sondierungskurven der E-Polarisation

D ie M äch tigke it des o b e rfläch en n ah en  S edim entes b e trä g t in  T ra n s d a ­
n u b ie n  u n d  am  R an d e  des U ngarisch en  M itte lgeb irges von  ein igen m  b is einige 
k m  (A bb. 4). D em en tsp rech en d  is t die V erze rru n g  der MTS K u rv e n  groß 
(S -E ffek t) . B e r d ic h e v s k y  u n d  D m it r ie v  [6 ] bew iesen fü r den  g u tle ite n d e n  
G ru n d  a n a ly tisch , T á t r a l l y a y  gab ab er [11] fü r  se lb ständ ige , zw eid im ensio ­
na le  g u tle iten d e  K ö rp e r m it p a ra lle le r S tre ic h ric h tu n g  zur B eckensoh le  (z. B. 
B ruchzone) m it n u m erisch en  B erech n u n g en  B ew eise, d aß  die S o n d ie ru n g sk u r­
v en  d er P o la risa tio n  E  d ie r ich tig en  P a ra m e te r  der g u tle iten d en  F o rm a tio n  
(G ru n d , S ch ich t, zw eid im ensionaler K ö rp er) liefern . Im  F alle  v o n  schm alen  
Z onen  h a t  die gmjn-K u rv e  im m er den  C h a ra k te r  d er F -P o la r isa tio n . D ie in  den 
B ru ch zo n en  v o rh an d en en  g u tle ite n d e n  F o rm a tio n e n  erscheinen  in  d en  MT 
S o nd ierungen  auch  als S ch ich ten , falls die D ich te  der B ru ch zo n en  in  V e rh ä lt­
n is zu r E in d rin g u n g stie fe  des e lek tro m ag n e tisch en  Feldes groß is t  (A bb . 5).

D ie A ustvahl d er S o n d ie ru n g sk u rv en  d er P o la risa tio n  E  e rfo lg t in  K e n n t­
nis d e r S tre ich rich tu n g  d er B eckensohle. O bw ohl die regionale S tre ic h ric h tu n g

I T7) Miozän vulkanische Gesteine 0 10 20 30 40 50 km
1___ 1 und Sedimente 1 1 1 1 ‘—'

GesteinePQlQ09en' fô S l Prämesozoischer Komplex
titüftq Mesozoische Gesteine | | Pliozän-Quartär-
sása I---- 1 Sedimente

Abb. 4. Schem atisches geologisches P ro fil des P a n n o n isc h en  B eckens n ach  W e in  [13]. E s  w urde
v e re in fac h t von  B o cca letti ei al. [7]

A bb. 5. D ich t n eb en e in an d e r liegende u n d  m it g u tle iten d em  M ateria l e rfü llte  B ru ch zo n en
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d e r  geologischen F o rm a tio n e n  in  T ran sd an u b ien  b e k a n n t is t, k an n  die S tre ic h ­
r ic h tu n g  der k leinen T e ilb e c k e n  u n te r  den M e ß p u n k te n  b ed eu ten d e re  A bw ei­
c h u n g e n  aufw eisen (z. B . im  B akony G eb irge). D ie B estim m u n g  der, der 
S tre ic h ric h tu n g  e n tsp re c h e n d e n  S ond ierungskurve  e rfo rd e rt d ah er eine n äh ere  
geo log ische E rk u n d u n g  des M eßgebietes. Im  F a lle  v o n  g u tle iten d en  K ö rp e rn  
(z. B . B ruchzonen) is t  es a u c h  fraglich, ob ih re  S tre ic h ric h tu n g  m it d er des 
B eck en g ru n d es ü b e re in s tim m t, und  ob m an d iese  als zw eid im ensionale b e tra c h ­
te n  k a n n . Es sei au ch  b e m e rk t ,  daß  die sog. »ep izen tra len«  S o n d ie ru n g sk u rv en  
b e i d e n  gu tle iten d en  K ö rp e rn  die richtige T iefe  an geben .

D ie u n m itte lb a re  L ö su n g  der A usw ahl d e r  P o la r isa tio n  schien  unm ög lich  
zu  se in . A ufgrund d er V erze rru n g sth eo rie  des S -E ffe k te s  w urde  eine in d ire k te  
s ta t is t is c h e  Lösung g e su c h t. Als K rite riu m  d e r  U n te rsch e id u n g  d er S ond ie­
ru n g s k u rv e n  von E-  u n d  H -P o la risa tio n  w u rd e  d e r  Z u sam m en h an g  zw ischen 
d e n , v o n  den S o n d ie ru n g sk u rv en  ab g e le ite ten  P a ra m e te rn  der g u tle ite n d e n  
F o rm a tio n e n  (z. B. T iefe , h o rizo n ta le  L e itfä h ig k e it)  u n d  den  P a ra m e te rn  der, 
d ie  V erzerrung  v e ru rsa c h e n d e n  o b e rfläch en n ah en  S ed im en ten  b e tr a c h te t  
(z. B . S^). Die D a ten  d e r S o n d ierungskurve  d e r  P o la r is a tio n  E  sind , w ie b e re its  
e rw ä h n t ,  davon  u n a b h ä n g ig .

D ie folgenden s ta t is t is c h e n  Z usam m enhänge bew eisen  e in deu tig , d aß  die 
grain K u rv e n  der P o la r is a t io n  E  en tsp rech en :

D ie abnehm enden  Ä s te  der gmin K u rv en , d ie  aus einem  M eßprofil ü b e r 
d a s  n ö rd lich e  V orgeb ie t des B akonys, die m ezozo ischen  O b erfläch en -K arb o - 
n a te  des B akonys u n d  d as  B ala to n -G eb ie t g ew o n n en  w urden , b ilden  m it den  
sog. »h« T iefenlinien des g(]/rT )  D iagram m es e in  a n n ä h e rn d  para lle les u n d  
enges B ündel. Die L age des abnehm enden  A stes  d e r  gmax K u rv en  is t ab e r von  
d e n  W id e rs ta n d sv e rh ä ltn is se n  der obersten  S t ru k tu re n  abhäng ig  (Siehe A bb. 
6  u n d  7).

D ie aus den gmax K u rv e n  b es tim m ten  T ie fen w erte  der g u tle ite n d e n  
»S chich t«  (hgmax) zeigen d en  versch iedenen  geo log ischen  F o rm a tio n en  e n tsp re ­
c h e n d e  H äu fig k e its -S p itzen . Im  Falle der gmin K u rv e n  k o n n te  dies n ic h t b e ­
o b a c h te t  w erden (Siehe A b b . 8  und  9).

D ie W erte  gmax ze igen  m it der h o rizo n ta len  L e itfäh ig k e it d er O b e rflä ­
c h e n sc h ic h t (Sx) fo lgenden , a u f  der V e rze rru n g s th eo rie  b eru h en d en  lin ea ren  
Z u sa m m e n h a n g  (A bb. 10):

V kmI =  - 0 ,0 4  s[a0~1] +  28 .3  . (5)« ma x  7 х£?гаах 1 7  v '

D em g eg en ü b er is t die A b h ä n g ig k e it der hQmia W e r te  v o n  b ed e u te n d  k le in er 
(A b b . 11):

fcemto = —0,6 • 10-*Slemta + 9,1 . (6)
A u fg ru n d  der Gl. (5) u n d  (6 ) so llte  zwischen d en  au s d en  g mín u n d  gmax K u rv e n  
b e re c h n e te n  T iefenw erten  e in  Z usam m enhang  b e s te h e n . D ie V erb in d u n g  is t
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L eitfäh ig k eitsan o m alieAbb. 6. gmjn K u rv e n  au s dem  G ebiet der T ran sd an u b isc h en

d u rch  die R egressions-G eraden  der A bb. 12 bzw . d e ren  G le ichungen  gegeben, 
w onach  h0 n u r in  geringem  M aße in  die B erech n u n g  von  ha e ingeh t; z. B.С т а х  О  Ö  О  "m in  Ö  ’

im  F alle  von  =  0 —20 ß _ 1

6 min =  0,04 hp +стах 7.8 ( ? )

A uch die V erte ilu n g  d er ho rizo n ta len  L e itfä h ig k e it d e r g u tle iten d en  
»Schicht« zeigt c h a ra k te ris tisch e  E igenschaften  im  F a lle  d er K u rv e  gmj„ bzw. 
gmax in A b h äng igke it von  d er T iefe. W äh ren d  die von  den  gm|n K u rv en  b e rech ­
n e te n  S max W erte  a u sg ep räg te  M axim a in beid en  w ich tig eren  T iefenbereichen  
h ab en , v e rm in d ern  sich  die von  der K urve  pmax b e rech n e ten  W erte  S mjn m it 
d er Tiefe exp o n en tie ll. In  A bb. 13 w urden  die S -M axim a m it d er W ahrsche in ­
lich k e its-V erte ilu n g sfu n k tio n  der F o rm  S  =  a e -AAh‘ a n g e n ä h e rt. L a u t A bb. 14 
n im m t im  F alle  d er K u rv e n  pmax der Z u sam m en h an g  S(h)  d ie fo lgende F orm  
a n :

=  914,8 e
•0,02A
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A b b . 7. omax K urven  aus dem  G e b ie t d e r T ran sd an u b isch en  L e itfäh ig k e itsan o m a lie

'c

A bb. 8 . H ä u fig k e itsv e rte ilu n g  d e r a u s  d en  £max K u rv en  b e s tim m te n  T iefenw erte  (Л^шах) der
g u tle ite n d e n  Schicht
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Abb. 9. H äu fig k eitsv erte ilu n g  d e r aus den £mjn K u rv e n  b e s tim m te n  T iefenw erte  (hQmln) der
g u tle itenden  S ch ich t

Abb. 10. Z usam m en h an g  zw ischen den  h Qm&x W erten  u n d  d e r ho rizo n ta len  L e itfäh ig k e it[(S j)
des oberflächlichen S ed im en tes

Abb. 11. Z usam m en h an g  zw ischen den  h Qmln W erten  u n d  d e r h o rizo n talen  L e itfäh ig k e it (S ,)
des oberflächlichen S ed im en tes
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Abb. 12. Z u sa m m e n h an g  zw ischen h Bmla u n d  hл.,лдх W erten

Sçminfî^J'Smox

15- « 103

о Mediane

A bb . 13. D ie  V erteilung de r a u fg ru n d  d e r om;n K u rv e n  b e s tim m te n  h o rizo n ta len  L e itfäh ig k e it 
Smax ' n  A b h än g ig k e it v o n  d e r T iefe h Bmlu
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Abb. 14. Die V erte ilung  de r a u fg ru n d  de r pmax K u rv e n  b es tim m ten  h o rizo n ta len  L e itfäh ig k e it 

S mjn in  A bhän g ig k eit v o n  d e r  T iefe fc(?max

4. D ie W irk u n g  der B ru ch tek to n ik  a u f  die L e itfäh igke itsverte ilung

D as un te rsch ied lich e  V erh a lten  d e r gmax u n d  gmjn K u rv e n  bew eist — 
u n se re r  M einung n ach  — , d aß

1. die g u tle iten d en  Z enen  an  die lin e a re n  B ruchzonen  g e b u n d e n  sind, 
d e re n  S tre ichen  die R ic h tu n g  d er gmjn b e s tim m t,

2. die g u tle iten d en  F o rm a tio n e n  je n e n  B tü ch en  angehören , w elche  in  
d e r A u sg esta ltu n g  d e r B e c k e n s tru k tu r  e ine  bed eu ten d e  Rolle sp ie len , d. h. 
von  diesen B rüchen  w erd en  auch  die B löcke beg renzt.
N u r  w enn  dies g ilt, re p rä se n tie re n  die pmjn K u rv e n  in s ta tis tisc h  ü b erw ieg en ­
d e r M ehrzah l die JS -Polarisation , d . h . w enn  die S treich lin ien  der B rü c h e , sowie 
B löcke u n d  der B ecken  p a ra lle l s in d .

Z u r w eiteren  U n te rsu ch u n g  d ieser lin e a re n  T ek ton ik  k an n  eine  V a ria n te  
d e r  e lek trisch en  A n iso trop ie  als c h a ra k te ris tisc h e  Größe gew ählt w e rd e n , n ä m ­
lich  d e r au fg rund  der K u rv e n  gmin u n d  gmax berech n e te  Q u o tien t d e r  h o rizo n ­
ta le n  L e itfäh ig k e it (S) d er g u tle iten d en  F o rm a tio n  (:Smax/Smjn W e rt =  S- 
A n iso trop ie ).

A bb. 15 zeigt unsere  S max [10 3 Í2-1 ] K a r te . In  Abb. 16 is t d ie K a r te  der 
W e rte  S max/Smi„ u n d  d er R ich tu n g  der Im p e d a n z  Zxymax d a rg e s te llt. A us dem  
V erg leich  d er beiden  K a r te n  k a n n  fe s tg e s te llt w erden — siehe d ie  u n te r s t r i ­
chenen  W erte  —, d aß  im  Z w eid ritte l der F ä lle  die größ ten  S max W e rte  m it den 
g rö ß te n  S -A n iso tro p ie -W erten  v e rb u n d e n  sind .

D ie G ü ltigke it dieses Z usam m enhanges w urde auch an  d e r  g esam ten  
D a ten m en g e  u n te rsu c h t. D ie S -W erte  w u rd e n  als F u n k tio n  der S -A n iso tro p ie
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Grenze zwischen Paläozoikum und Mesozoikum 
A bb . 15. D ie V e rte ilu n g  d e r  S (103ß _1) W erte  a u f  d em  G ebiet der A nom alie

in  A b b . 17 d a rg es te llt u n d  d u rc h  eine R egressions-G erade  an g en äh e rt. (F ü r  
k le in e re  S -A n iso tro p ie -W erte  w urde  eine e tw as  abw eichende B eziehung g e fu n ­
d en . D ie  A bw eichung d e r b e id en  R egressions-G eraden  k an n  du rch  die g roße  
S tre u u n g  der größeren  S -A n iso tro p ie -W erte  e rk lä r t  w erden.)

D ie  G röße der h o riz o n ta le n  L e itfäh ig k e it in  S tre ich rich tu n g  S max h ä n g t 
a lso  im  w esen tlichen  v o m  C h a ra k te r  der l in e a re n  T e k to n ik  ab.
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Л66. 16. K a rte  der R ich tu n g en  v o n  Z xymax Im p ed a n z  m it den  Smax/S mjn A n iso tro p ie -W erten

D ie gem einsam e K a r te  d er R ic h tu n g  d er Im pedanz Z xymax u n d  d er S- 
A n iso tro p ie  geben M öglichkeit zu r U n te rsu ch u n g , in w elchen Z xymax R ich tu n g en  
d ie  m ax im ale  S -A n iso trop ie  d er g u tle ite n d e n  Zone erschein t. E s  k a n n  festge­
s te ll t  w erden , d aß  hei 70 %  d er u n te rs tr ic h e n e n  S max/S m|n ]>  10 W e rte  die 
R ic h tu n g  von Z xymax zw ischen  N u n d  N W  R ich tu n g , d. h. re c h tw in k e lig  zu den 
L än g sb riich en  des P a n n o n isch en  R eckens lieg t (siehe hei R a lla  [5] d ie  Rieh-
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t u n g  d e r  A lp en -S tru k tu r). D ie  gu tle itende F o rm a tio n  is t  also in  diesen B rü c h e n  
s t a r k  ausgep räg t. D ies s t e h t  in  E inklang  m it d e r  fü r  das P annon ische  B ecken  
a b g e le ite te n  reg ionalen  m ag n e to te llu risch en  A n iso tro p ie  [2].

D e r Z usam m enhang  zw ischen  tra n sd a n u b isc h e r  L eitfäh ig k e itsan o m alie  
u n d  d e r  T ek ton ik  w ird  a u c h  d u rc h  den fe s tg e s te llte n  Z usam m enhang  zw ischen  
d e r  S e ism iz itä t der B ru c h z o n e n  und  den T iefen  d e r  g u tle iten d en  Zonen u n te r ­
s t r ic h e n . M it diesem P ro b le m k re is  befaß ten  w ir u n s  in  e in er eigenen S tu d ie  [4].

5. Geographische und geologische Lage der L eitfäh igkeitsanom alie
in  Transdanubien

E s  fo lg t zwar aus d e r  »regionalen m a g n e to te llu r isc h e n  A nisotropie«, d aß  
d ie  T e k to n ik  des ganzen  P an n o n isc h e n  B eckens d u rc h  eine eigenartige e le k tr i­
sch e  L e itfä h ig k e itsv e rte ilu n g  ch arak te ris iert w ird ; im  NW -Teil von  T ra n s ­
d a n u b ie n , haup tsäch lich  im  G eb ie te  des B ak o n y  G eb irges, w urde eine w e se n t­
lic h e  V erstä rk u n g  dieses E ffe k te s  festgestellt. D e r G ru n d  h ierfü r sch e in t — 
w ie  b e re its  e rw ähnt — in  geologischen, geochem ischen  u n d  auch  in  g eo th e rm i­
sc h e n  F a k to re n  zu liegen . A b b . 18 zeigt d eu tlich  d ie  N W -G renze der A nom alie  
a n  d e r  G renze der m eso zo isch en  und  paläozo ischen  B eckensohle. Am  N -R a n d  
d es  B a la to n s  liegt die G re n z e  d er Anom alie eb en fa lls  be im  A usbiß d er p a lä o ­
z o isc h e n  F orm ation . I n  N W  k a n n  die A uskeilung  m it  d e r tek to n isch en  H a u p t­
lin ie  d es  Flusses R á b a  in  Z u sam m en h an g  g e b ra c h t w erden .

I n  A bb. 18 sind  a u ß e r  d e n  M eßpunkten n o ch  d ie  au fg ru n d  der рт ,п K u r ­
v e n  b e re c h n e ten  T ie fen w erte  zu  sehen. Die Iso lin ie  v o n  10 km  te ilt das G eb ie t
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Grenze zwischen Paläozoikum und Mesozoikum.
Abb. 18. T ie fen s tru k tu r der g u tle ite n d e n  »Schicht«

grob in  einen N W - bzw . SO-Teil. M an k a n n  e tw a  dieselben A n o m aliestre ifen  
in  der K a rte  der W iese-schen In d u k tio n s-P fe ile  b eo b ach ten , die aus V a r ia tio ­
n en  m it Г  >  20 sec b e s tim m t w u rd en  [4, 12] (A bb . 19). V erzerrt die S -W irk u n g
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A b b . 19. In d u k tio n sp fe ile  n a ch  W iese a u f  dem  A n o m alie -G eb ie t bestim m t von den  V a ria tio n e n
m it d e r  Periode von  T  ]> 20 M in

so g a r  d ie  aus den gmin W e rte n  b e rech n e ten  T ie fen  (siehe Z u sam m en h an g  6 ), 
so m u ß  au fg ru n d  der gem einsam en  In te rp re ta t io n  d e r MT Sond ierung  u n d  d er 
G D S tro tz d e m  eine V ertie fu n g  von  ein igen k m  im  SO-Teil der A nom alie  an g e ­
n o m m e n  w erden . Die U rsach e  d ieser E rsc h e in u n g  w ird  im  sp ä te re n  n ä h e r  
u n te r s u c h t .

6 . S ch lußfo lgerung

I n  d en  offenen B rü c h e n  von  T ra n sd a n u b ie n  is t  in  einer Tiefe v o n  ein igen  
k m  e in e  b ed eu ten d e  Z u n ah m e  der L e itfä h ig k e it fe s ts te llb a r , wie dies a u c h  d u rc h  
d ie  s ta t is t is c h e  A u fa rb e itu n g  der e le k tro m ag n e tisch en  S ondierungen bew iesen  
w u rd e . D as A u ftre ten  d er L e itfäh ig k e itsan o m alie  is t  m it dem  V ork o m m en  von  
m eso zo isch en  O b e rflä c h en -K a rb o n a te n  (T rias K a lk s te in , H a u p td o lo m it)  v e r­
b u n d e n , sie e n ts te h t ab e r n ic h t  in  diesen, so n d e rn  d a ru n te r , v e rm u tlic h  in  den 
p a lä o z o isc h e n  S ch ich ten . Z u r  Z eit sind  b ezüg lich  d e r M aterie der g u tle ite n d e n  
Z one  n u r  A n n ah m en  m ög lich . Es g ib t zw eierlei V orste llungen : D ie L e ite r  sind
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G rap h it-F lö ze , oder es lieg t eine A n re ich eru n g  von  E le k tro ly te n  v o r. Diese 
T e ilfrag en  e rfo rd ern  w eitere  U n te rsu ch u n g en  (B ohrungen).

D ie F o lgerung  aus den  b esp ro ch en en  E rgebn issen  ist, d aß  fü r  die B e­
sch re ib u n g  u n d  C h a rak te ris ie ru n g  der te k to n isc h e n  L in ien  eine P rü fu n g  der 
e lek trisch en  E ig en sch aften  von  großem  V o rte il ist.
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СТАТИСТИЧЕСКИЕ ЗАВИСИМОСТИ МЕЖДУ РАСПРЕДЕЛЕНИЕМ 
ЭЛЕКТРИЧЕСКОЙ ПРОВОДИМОСТИ И ТЕКТОНИКОЙ РАЗЛОМОВ НА

ЗАДУНАЙСКОМ КРАЕ

А. АДАМ

РЕЗЮМЕ

Автор исследует распределение электрической проводимости в Задунайских раз­
ломах (Венгрия), на территориях которых в последние годы магнитотеллурическими зон­
дированиями обнаружили большую геоэлектрическую аномалию.

В первую очередь автор поясняет проблемы магнитотеллурического метода. После 
этого, на основании связи направления разломов и анизотропии электрической проводи­
мости, приходит к выводу, что геоэлектрическая аномалия находится в сильной связи с 
разломами, образованными вследствии альпийского орогенного цикла.
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CONNECTION BETWEEN THE GAS CONTENT AND 
STRENGTH OF ROCKS EXPOSED TO GAS OUTBURST

DANGER

F . KOVÁCS

TECHNICAL UNIVERSITY OF HEAVY INDUSTRY, MISKOLC

[M an u scrip t received O c to b er 26, 1978]

T he s tu d y  analyses d a ta  from  gas o u tb u rs ts  in  th e  M ecsek R egion (H u n g a ry )  a n d  from  
th e  tech n ica l lite ra tu re . B ased  u p o n  th is  analysis th e  in flu en ce  o f porosity , gas c o n te n t, gas 
p ressu re  and  rock  s tre n g th  u p o n  th e  gas o u tb u rs t  d a n g e r  is in v es tig a ted . I t  is p ro v e d  t h a t  these  
n a tu ra l  p a ram ete rs  h av e  a  decisive  role in  p ro vok ing  o u tb u rs ts .

A n ac tiv e  tec to n ic a l s tru c tu re  an d  m eta m o rp h o s is  p ro m o te  th e  c o m m in u tio n  o f coal, 
increase  gas ev ap o ra tio n  a n d  p ro d u ce  g rea ter gas c o n te n t. T h e  increase  of pore  v o lu m e a n d  pore 
p re ssu re  reduces th e  s tre n g th  o f  th e  coal lay e r a n d  en co u rag es d e te rio ra tio n . W ith  increasing  
d e p th  a n d  ro ck  stress, re sp ec tiv e ly , th e  pore vo lum e a n d  p e rm e ab ility  decrease, th u s  in creas in g  
th e  d an g er o f gas o u tb u rs t .

In v estig a tio n  o f th e  p ro p e rtie s  o f sandstones, b e in g  p a r tic u la r ly  suscep tib le  to  o u tb u rs ts , 
show s th a t  in  th e  dan g ero u s a rea s  po rosity  is tw ice as g re a t  w hile rock  s tre n g th  o n ly  h a lf  th a t  
fo u n d  in  th e  no n d an g ero u s a rea s . Gas co n ten t a n d  gas p re ssu re  decrease th e  s tre n g th  o f san d ­
sto n es, encourage d e te r io ra tio n  a n d  hence increase  th e  gas o u tb u rs t  danger.

As th e  s tre n g th  of th e  coal lay e r increases, th e  a v e ra g e  gas co n te n t decreases, th u s  red u c­
ing  th e  risk  o f d e te rio ra tio n . A m an ifo ld  o f th e  av erag e  g as c o n te n t is needed to  p ro d u ce  o u t­
b u rs ts .

D ev elo p m en t o f  m e th o d s  of p ro te c tio n  a g a in s t gas o u tb u rs ts  h as  re lied  
u p o n  experience o f o u tb u rs ts  and  s ta tis tic a l an a ly s is  of th e  d a ta . T h e  increasin g  
d an g e r o f w ork ing  a t  g re a te r  d ep ths and  th e  n eed  for fu r th e r  d ev e lo p m en t of 
p ro te c tio n  m ethods d e m a n d  a th o rough  in v e s tig a tio n  of o u tb u rs t  p h en o m en a  
b ased  on th eo re tica l p rin c ip les . I t  is n ecessary  to  d e te rm in e  th e  cause  o f  u n e x ­
p ec ted  rock  and  gas o u tb u rs ts  and th e  p h y s ic a l, m echan ical an d  geological 
co n d itio n s lead ing  to  th e m .

A com plex in v e s tig a tio n  of these p ro b lem s req u ires  an an a ly sis  o f th e  
lo ad  assu m p tio n  an d  in te ra c tio n  of th e  ro ck -g as d u a l system . R e su lts  o f  such  
th e o re tic a l s tud ies a re  re p o rte d  in  [1 ] an d  [2 ], w here  th e  load  a ssu m p tio n  of 
th e  rock-gas system , p ro b lem s of th e  p illa r  e ffec t and  d e te rio ra tio n  a n d  th e  
in flu en ce  o f various ro ck  p a ra m e te rs  (p o ro s ity , s tre n g th ) are all in v e s tig a te d  
in  o rd e r to  d e te rm in e  th e  cause of gas o u tb u rs ts .

T he a u th o r  o f  [1] a n d  [2] took  in to  a c c o u n t th e  fac t th a t  w ith  increasin g  
d e p th  th e  gas c o n te n t o f  th e  layers and  th e  ro c k  te m p e ra tu re  in crease  w hile 
p o re  vo lum e and  gas p e rm e a b ility  decrease. E v e n tu a lly , th e  pore gas p ressu re  
increases. T he m ech an ica l consequences o f  th e  p illa r  effect and  th e  p ro te c tio n  
seam  w ork ing  m eth o d  an d  th e ir  co n tro v ersia l effec ts on th e  rock-gas system  
h a v e  also been s tu d ies  in  g re a t de tails. I m p o r ta n t  d iscoveries h av e  b een  m ade
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c o n c e rn in g  th e  conditions le a d in g  to  gas o u tb u rs ts  derived  from  a th o ro u g h  
a n a ly s is  o f  stress, d e fo rm atio n  an d  d e te r io ra tio n . T h e  role of pore gas p re ssu re  
a n d  s t r e n g th ,  and , sim ilarly , th e  effect o f p o re  vo lum e on th e  o u tb u rs t  d an g e r 
h a v e  b e e n  em phasized.

T h e  m o st im p o rta n t conclusions o f Somosvari’s stud ies [1, 2] co n cern in g  
th e  l a t t e r  p a ram e te rs  are as follow s. P ore  gas p re ssu re  and coal s tre n g th  h av e  
a b a s ic  ro le  in  the  o u tb u rs ts . G as c o n te n t o f  th e  lay e r and  th e  p o re  p re ssu re  
r e d u c e  s tre n g th  to  a m a jo r e x te n t .  I f  th is  e ffec t exceeds th a t  o f th e  lo a d  re lie f 
b y  g as  p re ssu re , th e  s ta te  o f  s tre ss  com es closer to  d e te rio ra tio n . F o llo w in g  a 
sp e c if ic  decrease  in  vo lum e, th e  process o f  d e te r io ra tio n  is acce le ra ted  o r, in  
c e r ta in  cases, i t  proceeds as a n  explosion . In  c re a tin g  th e  cond itions o f  d e te r io ­
r a t io n ,  th e  in itia l void ra tio  (p o ro s ity ) , pore gas p ressu re , th e  u n ia x ia l co m p res­
sive  s t r e n g th  and  Young’s m o d u lu s p lay  a  d e te rm in a n t role. T he in i t ia l  vo id  
r a t io  h a s  a n  essen tia l in flu en ce  on th e  ra te  o f  change o f th e  gas p re ssu re  an d  
th e  e f fe c tiv e  stress due to  lo a d in g  an d  com pression . A sm aller void  ra t io  b rings 
a b o u t  a  g re a te r  increase in  gas p ressu re  w hen  th e  lo ad  is increased . T h u s  th e re  
is a  g r e a te r  difference b e tw een  th e  effective s tre ss  an d  th e  to ta l  s tre ss , a n d  th e  
d a n g e r  o f  gas o u tb u rs t is in c rea sed . A decrease  in  v o id  ra tio  or an  in c rea se  in  
p o re  p re s su re  enlarges th e  o u tb u rs t  danger.

I n  connec tion  w ith  th e  ab o v e  s ta te m e n ts , a n o th e r  question  sh a ll now  be 
in v e s t ig a te d , in  p a rticu la r , to  w h a t e x te n t th e  re su lts  derived  from  th e o re tic a l 
m e c h a n ic a l equations can  be  p ro v e d  b y  d a ta  ta k e n  from  th e  l i te ra tu re  a n d  s ta ­
t i s t i c a l  an a ly sis . I t  should  be  n o te d  th a t  th e  s ta te m e n ts  of s tud ies [1] a n d  [2] 
r e fe r r in g  to  coal, can be ap p lied  to  san d sto n es a ffec ted  by  gas o u tb u rs t  d an g er.

T h e  s ta tis tic a l analysis o f  gas o u tb u rs ts  in  th e  lias region of P écs is d e a lt 
w ith  in  [3]. U sing th e  d a ta  f ro m  th is  p ap er, f ir s t ,  th e  specific gas o u tp u t  p ro ­
d u c e d  b y  th e  w orking an d  th e  v a lu e  o f gas c o n te n t and  pore gas p re ssu re  
n e e d e d  to  cause d e te rio ra tio n  o r to  c rea te  gas o u tb u rs ts  will be in v e s tig a te d , as 
a  f u n c t io n  o f d ep th  and  ro c k  p ressu re . A cco rd ing  to  our h y p o th es is , w ith  a 
c o n s ta n t  ro ck  (coal) s tre n g th , an  increase in  th e  gas co n ten t or p o re  p ressu re  
( p a r t ly  b ecau se  of its  s tre n g th -re d u c in g  effect) re a d ily  creates th e  co n d itio n s  
o f  d e te r io ra t io n . The in it ia tio n  o f th e  process o n ly  requ ires a sligh t excess load , 
ex cess  g as  co n ten t o r excess gas ev ap o ra tio n .

T h e  re su lt o f th e  s ta t is t ic a l  analysis  c a rr ie d  o u t for th re e  m ines o f  th e  
P é c s  d is t r ic t  are illu s tra te d  in  F igs. 1 to  6 . A cco rd in g  to  experience, th e  av erag e  
gas o u tp u t  c p roduced  b y  th e  m in in g  o p e ra tio n s , lin ea rly  varies w ith  th e  w o rk ­
in g  d e p th  H .  The specific gas o u tp u ts  cx ex p erien ced  in  various gas o u tb u rs ts  
a re  p lo t t e d  against th e  w o rk in g  d e p th  an d  th e  av e rag e  gas o u tp u t  in  F ig u res . 
A v e ra g e  va lu es  of th e  specific  o u tp u t  h av e  b een  ca lcu la ted  for each  lev e l. T he 
v a r ia t io n  o f  th e  average is in d ic a te d  by  th e  line cx. F u r th e r , th e  r a t io  o f  th e  
sp e c if ic  gas o u tp u t cx of th e  o u tb u rs ts  to  th e  av e rag e  gas o u tp u t c o f  th e  m in ­
in g  o p e ra tio n s  has been d e te rm in e d  fo r each  level. T he v a r ia tio n  o f  th e  ra tio
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Specific gas output c,cx[m3/t]

F ig . 1. T he specific  gas o u tp u t  and  th e  ra tio  cx/c as fu n c tio n  o f th e  working d e p th  a t  P é c sb á n y a

cxlc as a fu n c tio n  o f th e  w ork ing  d ep th  a n d  th e  average gas o u tp u t  h a s  been 
e s tab lish ed  u sin g  th e  regression m eth o d  fro m  th e  d a ta  of the  levels . A  s im ila r 
ten d e n c y  can  he observed  in  all six  F ig u res . I f  th e  w orking d e p th , th e  av erag e  
gas o u tp u t  an d  th e  p rim a ry  pore gas p ressu re  in c rea se  or the p o ro s ity  decreases , 
a  sm aller a m o u n t o f excess gas co n te n t, excess gas pressure or excess s tre ss  is 
req u ired  to  in it ia te  th e  d e te rio ra tio n  o f th e  coa l seem  and to  b rin g  a b o u t th e  
co n d itions o f  gas o u tb u rs ts .

Som e co m m en ts  should  he m ade re g a rd in g  th e  d e te rm in a tio n  a n d  accu ­
racy  o f th e  va lu es  c an d  cx. C u rren t m e a su re m e n ts  of v en tila tio n  do  n o t  y e t 
enab le  us to  d e te rm in e  p recisely  th e  o rig in a l gas co n ten t of th e  seem s o r to  
s e p a ra te  th e  a m o u n t o f  th e  p rim ary  gas e v a p o ra tin g  from  th e  w o rk e d  lay e r 
an d  th a t  o f th e  seco n d ary  gas com ing fro m  o th e r  seam s and th e  side  rock . 
C o n sequen tly , th e  va lu e  c is n o t th e  gas c o n te n t  o f any  single seam  h u t  r a th e r  
an  average  specific  gas o u tp u t c h a ra c te r is tic  o f  th e  to ta l of seam s in  a g iven 
p ro d u c tio n  u n it. T he va lu e  o f c also d ep en d s on  th e  ra tio  of th e  w o rk e d  seam  
th ick n ess  to  the  to ta l  th ickness o f th e  p ro d u c tiv e  series. This d is to r tin g  effect 
is ev id en t in  th e  d a ta  fo r V asas, w here th e  w o rk e d  seam  th ickness is sm a ll com-
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Specific gas output c,cx[m3/t]

F ig . 2. V a ria tio n  o f th e  specific gas o u tp u t a n d  th e  ra tio  cx/c a t P écsb án y a  

Specific gas output c,c*[mJ/t]

F ig . 3. T h e  specific gas o u tp u t  a n d  th e  ra tio  cx/c as a fu n c tio n  o f th e  working d e p th  a t  S zabo lcs

p a re d  w ith  th e  to ta l  th ic k n e ss  of seam s. T he r a t io  o f  th e  secondary  gas o u tp u t  
is h ig h , th is  is w hy in  th is  case th e  value o f cx/c b ecom es less th a n  1 . W h en  m a k ­
in g  co m p ariso n s  b ased  on  th e  value cx, th e  p a ra m e te rs  are no t d e te rm in e d  fo r
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Specific gas output c,cx [mJ/t]

Fig. 4. V a ria tio n  o f th e  specific gas o u tp u t  a n d  th e  ra tio  cx/c a t  Szabolcs

Specific gas output с,сх[т3/и

F ig . 5. T he specific gas o u tp u t  a n d  th e  ra tio  cx/c as a  fu n c tio n  o f th e  w ork ing  d e p th  a t  V asas

single o u tb u rs ts  or o u tb u rs ts  in  some given la y e r, b u t  for all ev en ts  o f  th e  w ork ­
in g  u n it. T herefore, in  th e  th eo re tica l in v es tig a tio n s  o f d e te rio ra tio n , th e  values 
d eriv ed  from  th e  d a ta  sh o u ld  be regarded  as ap p ro x im a te .
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Specific gas output c,cx [rrvVt]

F ig. 6. V a ria tio n  o f th e  specific  gas o u tp u t  a n d  th e  ra tio  cx/c a t  V asas

T h e  specific gas o u tp u t  cx o f  th e  o u tb u rs ts  is also know n w ith  a lim ited  
a c c u ra c y . T he con tinuous a n d  accu ra te  reco rd in g  o f  th e  released gas vo lum e 
( th e  m e th a n e  co n ten t o f  th e  m in e  air) has n o t b een  so lved  as y e t e ith e r  d u rin g  
th e  o u tb u r s t  or in its v a r io u s  periods. E ven  if  som e in s tru m e n ta l o b se rv a tio n  
is u s e d , i t  only in d ica te s  v a lu e s  betw een  c e r ta in  co n c e n tra tio n  lim its . T he 
a m o u n t  o f  th e  released  gas is on ly  d e te rm in ed  b y  in d ire c t o r a p p ro x im a te  
m e th o d s . T his deficiency a n d  th e  sub jec tiv ism  o f th e  e stim a tio n  an d  c a lc u la ­
tio n  sh o w , how ever, a ra n d o m  ch a ra c te r . C o n seq u en tly , th e  e rro r can  be  b o th  
p o s it iv e  a n d  negative an d  i t  c a n  be observed in  a ll a reas  (m ines, basin s , co u n ­
tr ie s ) . T h e  average values c a lc u la te d  from  th e  a v a ila b le  s ta tis t ic a l  d a ta  can  be 
a c c e p te d  as fa ir a p p ro x im a te  ones, since th e  sy s te m a tic  errors o f th e  specific  
v a lu e s  cau sed  by  d iffe ren t p ro p e r tie s  (seam th ic k n e ss  an d  in te n s ity )  are  consi­
d e ra b ly  sm alle r th a n  th e  ra n d o m  errors co m p en sa tin g  each  o th e r.

F ro m  th e  analysis o f th e  va lu es  c and  cx o r th e  ra tio  cx/c, com parisons can  
be m a d e , law s obeyed b y  th e  tr e n d s  can be fo rm u la te d  an d  th e  re su lts  o f  re g re s ­
sion  a n a ly s is  can be u tiliz e d .

W ith in  the  in v e s tig a te d  d e p th  range (250 — 300 m) th e  o rig inal s tre n g th  
o f  th e  ro c k s  does n o t v a ry  b y  su ch  a degree as to  b rin g  ab o u t a m a jo r ch an g e  
in  th e  d e te rio ra tio n  co n d itio n s . T he ra tios cxjc fo r P é c sb á n y a  and  Szabolcs are  
n e a r ly  th e  sam e: 2.64 a n d  2 .80 , respective ly . T h is v a lu e  is, how ever, co n sid e r­
a b ly  sm a lle r  in  th e  V asas a re a  w here  th e  average  specific  gas o u tp u t o f th e  o u t­
b u r s ts  is low er th a n  th e  a v e ra g e  gas release. T he v a lu e  cx/c is 0.85 fo r th is  m ine. 
A c c o rd in g  to  th e  av a ilab le  d a ta ,  th is  d ev ia tion  is n o t  due  to  th e  av erag e  seam
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s tre n g th . R a th e r , i t  d ep en d s on th e  ra tio  of th e  w o rk ed  and  th e  to ta l  seam  th ic k ­
ness on th e  one h a n d  an d  oil fu r th e r  geological ch a rac te ris tic s , on th e  o th e r .

T hese special c h a ra c te ris tic s  are d ea lt w ith  in  [4]. I t  is p o in ted  o u t th a t  
th e  degree o f co a lifica tio n  is op tim um  in  th e  la y e rs  of th e  V asas m ine fro m  th e  
p o in t o f view  o f m e th a n e  release. T he p o ro s ity  o f  th e  coal is h ig h ly  in c reased  
due to  th e rm o m e ta m o rf  effects, w hile th e ir  so rp tio n  cap ab ility  rem a in s  essen­
tia lly  un ch an g ed . T he p o ro s ity  o f th e  c o n ta c t seam  p a rts  of th e  V asas a rea  
am o u n ts  to  25 — 2 7 %  an d  th is  v a lu e  leads to  p ra c tic a lly  th e  sam e co n d itio n s 
for th e  o u tb u rs t d an g e r as does th e  3 —9 %  p o ro s ity  in th e  Szabolcs m ine . T he 
te c to n ic a l co n d itio n s, c o n ta c t effects and  th e  th e rm a l anom aly  are  re sp o n sib le  
for th e  fac t th a t  th e  n a tu ra l  d eg rad a tio n  (d e fin ed  as th e  p e rcen tag e  fra c tio n  
o f th e  p a rtic le s  less th a n  0.5 m m ) a t V asas does n o t ch arac terize  th e  o u tb u rs t  
d an g er so u n a m b ig u o u sly  as in  th e  P é c sb á n y a  an d  Szabolcs areas.

D u rin g  th e  in v es tig a tio n s  re p o rte d  in  [3] w e have  been lead  to  th e  con­
clusions th a t  th e re  is a co rre la tio n  betw een  th e  average  gas o u tp u t  re leased  
d u rin g  m in ing  o p e ra tio n s  a n d  th e  average specific  m e th an e  o u tp u t o f  o u tb u rs ts . 
F o r increasing  gas o u tp u ts , th e  cond itions o f  th e  o u tb u rs ts  (d e te rio ra tio n ) are 
m ore easily  b ro u g h t a b o u t an d  th e  am o u n t o f  excess gas p roduced  or accu m u ­
la te d  in  th e  p lace o f th e  o u tb u rs ts  is sm aller. C o rre la tio n  can  be fo u n d  b e tw een  
th e  s tre n g th  o f th e  seam s on th e  one h an d , an d  th e  gas o u tp u t an d  th e  specific  
gas o u tp u t  o f th e  o u tb u rs t  on th e  o th e r. In  cases o f  sm aller rock s tre n g th , th e  
d e te rio ra tio n  can  also be in it ia te d  by  a sm alle r gas co n ten t or pore  p re ssu re .

T he above s ta te m e n ts  are  su p p o rted  by  th e  analysis o f s ta t is t ic a l  d a ta . 
F rom  th e  d a ta  o f gas o u tb u rs ts  in  th e  th ree  Pécs m ines, th e  ra tio  o f th e  specific  
gas o u tp u t  cx o f th e  o u tb u rs ts  and  th e  gas o u tp u t  c re leased  by  m in in g  o p e ra ­
tions has been d e te rm in ed  fo r each d is tr ic t. F ig u re  7 illu s tra te s  th e  v a lu es  cx/c 
( +  s ta n d s  fo r P écsb án y a , 0 for Szabolcs an d  x  fo r V asas). The co rresp o n d in g  
d a ta  fo r th e  Z obák  m ine in  th e  K om ló region w ere ta k e n  from  th e  gas o u tb u rs ts  
№  5, 6 , 7, 10, 1 2 ,1 3 ,1 4  and  16 (rep resen ted  b y  <S in  Fig. 7). D a ta  from  ab ro ad  
have  been  fu rn ish ed  b y  th e  li te ra tu re . T he d a ta  o f  th e  K u zn e tsk  b asin  is ta k e n  
from  F ig . 1 an d  T ab le  2 o f [5]. In  one se t o f d a ta  re fe rrin g  to  15 o u tb u rs ts , th e  
average  o f c is 17.1 m 3/t  an d  th a t  o f cx/c 5.87. In  a n o th e r  region, th e  gas o u tp u t  
p roduced  by  m in ing  o p e ra tio n s  is 16.5 m 3/ t  a n d  th e  average cx/e a m o u n ts  to  
6.06 accord ing  to  d a ta  from  23 o u tb u rs ts . T he s tu d y  referred  to  po in ts  o u t th a t  
th e  v a lu e  cx/c ranges b e tw een  3 and  15 in  th e  o u tb u rs ts  of th e  basin . D a ta  for 
th e  D on ets  basin  can  be found  in  [6 ]. T he av e rag e  o f th e  specific gas o u tp u t  
is 9.5 m 3/ t  in  a g iven  d e p th , th e  average gas o u tp u t  o f  th e  o u tb u rs ts  b e ing  
cx =  31 m 3/ t  an d  th e  v a lu e  cxjc — 3.26. In  [7] th e re  arc d a ta  ab o u t th e  R u h r  
reg io n : c =  15 m 3/ t ,  cx — 50 m 3/t and cx/c =  3.33.

O n F igu re  7 S ov ie t an d  G erm an d a ta  are also  p lo tte d . E ven  w ith o u t an y  
regression  analysis i t  can  be  s ta te d  th a t  th e  ra t io  o f th e  specific gas o u tp u t ,  
p roduced  b y  th e  o u tb u rs ts  an d  th e  m ining o p e ra tio n s , decreases co n sid e rab ly
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Fig. 7. T he ra tio  cx/c  as a fu n c tio n  o f th e  specific  gas release

Average layer strength 6 [MPa]
Fig. 8. V a ria tio n  o f  th e  specific gas re lease  c an d  th e  ra tio  c*/c

w ith  in c re a s in g  gas o u tp u t . I n  cases of h ig h er gas o u tp u t , even a sm alle r a m o u n t 
o f  e x c e ss  gas co n ten t is su ff ic ie n t to  cause d e te rio ra tio n .

S tu d ie s  analysing  th e  geological c ircu m stan ces and  cond itions le ad in g  to  
g a s  o u tb u r s t  danger o ften  com e to  th e  conclusion  th a t  th e  specific gas c o u le n t
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o f th e  lay e rs  or th e  a m o u n t o f a c c u m u la ted  m e th an e  increases w ith  th e  red u c ­
tio n  o f  seam  s tre n g th  (i.e. for g re a te r  d e g ra d a tio n ). A t th e  sam e t im e , in  coal 
seam s o f g re a te r  s tre n g th , th e  specific  gas flow  o f the  o u tb u rs ts  ex ceed s several 
tim es  th e  a m o u n t o f gas co n tin u o u sly  d u rin g  m ining opera tions.

T h is s ta te m e n t w ill be i l lu s tra te d  w ith  ap p ro x im ate  d a ta  fro m  th ree  
reg ions, in  F ig . 8 . T he d a ta  shou ld  be co nsidered  as rough av erag e  v a lu e s , for 
in  th e  S o v ie t l ite ra tu re  seam  s tre n g th  is g en era lly  ch arac terized  b y  P ro to d ia - 
k o n o ff’s n u m b e r w hich has to  be c o n v e rte d  in to  s tren g th . F o r  gas o u tp u ts  
p ro d u ced  b y  m in ing  o p era tio n s , on ly  a p p ro x im a te  d a ta  have been  a v a ila b le  and 
i t  w as n o t possib le to  id e n tify  th e  p lace o f o rig in  inside th e  b asin  fo r  s tre n g th  
an d  gas o u tp u t  d a ta . T he e s tim a te d  av e rag e  v alues are as follow s:

Area Average strength 
[Mta]

Specific gas 
output c[m3/t]

cx lc  Ratio 
[m3/ma] Notation

D o n ets  (SU) 7 25 3.50 D

K u z n e tsk  (SU) 10 18 6.00 К

P écsb án y a  (H ungary ) 3 35 2.64 P b

Szabolcs (H ungary) 4 37 2.80 Sz

V asas (H ungary ) 5 62 0.85 V

Pécs (H u n g ary ) 4 45 2.13 p

F ro m  Fig . 8  i t  can  be seen th a t  th e  specific  gas o u tp u t p ro d u c e d  by  th e  
m in ing  o p e ra tio n s  has a te n d e n c y  to  decrease  w ith  increasin g  co a l seam  
s tre n g th . A lso, th e  d e te r io ra tio n  resp o n sib le  fo r o u tb u rs ts  occurs o n ly  i f  th e  gas 
c o n te n t exceeds th e  average  b y  sev era l tim es . One of th e  e ssen tia l co n d itio n s 
o f o u tb u rs ts  th a t  th e  pore  gas p ressu re  or gas co n ten t should  be  co n s id e ra b ly  
g re a te r  th a n  th e  average  values. R e ly in g  u p o n  th e  d a ta  of F igs 7 a n d  8 , th e  
conclusion  o f  s tu d ies  [ 1 ] an d  [2 ] b ased  on th e o re tic a l p rincip les, c a n  be  consi­
dered  as v erified . A ccord ing  to  th is  conclusion , th e  pore gas p re ssu re  or gas 
c o n te n t in fluences rock  s tre n g th  to  a g re a t e x te n t and  reduces th e  sa fe ty  
a g a in s t d e te rio ra tio n .

In  w h a t follows we sh a ll b rie fly  rev iew  th e  techn ica l l i te ra tu re  co n cern in g  
th e  above  questio n s. T he p rob lem s o f gas c o n te n t — gas o u tb u rs t  d a n g e r , gas 
c o n te n t — rock  s tre n g th , gas c o n te n t — d e te rio ra tio n , porosity  — gas o u tb u rs t  
d an g er, so rp tio n  p ro p ertie s  and  g rade  o f  d e g ra d a tio n  etc . are d ea lt w ith  in  these  
s tu d ies .

Ettinger, in  Section  I I I .  o f  his m o n o g rap h y  [18] p resen ts  a  th o ro u g h  
an a ly sis  o f  th ese  questions. H e describes th e  stren g th -red u c in g  e ffec t o f  a d ­
so rp tio n , ca lled  th e  R eb in d e r p h en o m en o n . T he adsorbed m olecu les in tru d e
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in to  th e  m icrosplits in  th e  defo rm ed  zone o f th e  so lid . This effect enco u rag es 
th e  d e fo rm atio n  of th e  so lid  b o th  in the  elastic  a n d  th e  p las tic  fields a t th e  sam e 
lo a d  (stress). A t th e  sam e  t im e , th e  critical y ie ld , s t r e n g th , b reak ing  and  d e te r io ­
r a t io n  values d im inish .

E v e n  a neglig ib ly  sm a ll  am oun t of su rfa c e -a c tiv e  m ateria l can  cause  a  
s t ro n g  reduc tion  in  th e  m e c h a n ic a l s tren g th  o f  th e  ro ck s . A ccording to  e x p e ri­
m e n ts , C 0 2 brings a b o u t th e  g rea te s t red u c tio n  in  s tre n g th . M ethane h as  th e  
se c o n d  strongest e ffect o f  th is  k ind . The s tre n g th -re d u c in g  effect depends u p o n  
th e  so rp tio n  c a p a b ility  o f  th e  gas.

T h e  s tre n g th -re d u c tio n  o f  coal layers is also  re la te d  to  th e  grade o f coali- 
f ic a t io n  or m etam o rp h o sis . A n th ra c ite  and y o u n g  lo n g -flam e  coal are th e  h a rd ­
e s t  ones. They possess a n  in c re a se d  so rp tion  c a p a b il i ty . T he degree of s tre n g th -  
r e d u c tio n  is g rea test in  th e s e  ty p e s  of coal, i t  a m o u n ts  to  25 — 30% . T h e  a t t r i ­
t io n  o f  ce rta in  coal so rts  in  a  carbond iox ide  a tm o sp h e re  m ay  reduce th e  s t r e n g th  
b y  as  m uch  as 50% .

I n  coals w ith  a d is in te g ra te d  s tru c tu re  an d  fu ll o f  m icrosp lits, th is  p h e n o m ­
e n o n  h as  an increased  e ffe c t. T he s tren g th  o f  loose  coals can  decrease u n d e r  
fa v o u ra b le  ad so rp tio n  c o n d itio n s  by  as m u ch  as 5 0 %  o r its  value as m easu red  
in  th e  a ir. Of fu r th e r  im p o r ta n c e  as regards d e te r io ra t io n  is th e  fac t th a t  a c tiv e  
gases  w ith  good so rp tio n  c a p a b ility  decrease th e  s tre n g th  m ore rap id ly .

T he au th o r o f s tu d y  [8 ] po in ts  ou t, on th e  b as is  o f  an analysis o f th e  ro le  
o f  te c to n ic a l effects a n d  g as  co n ten t, th a t  th e  a c tiv e  p a r ts  o f th e  te c to n ic a l 
s t r u c tu r e  are areas o f  in c re a se d  gas o u tp u t , te c to n ic a l stresses encourage  
e x tra o rd in a ry  gas e v a p o ra tio n .

T he m etam o rp h o sis  o f  coal layers in c rea se s  th e  m ethane  c o n te n t. T h e  
dan g er-in c reasin g  e ffec t o f  th e rm a l factors (even  3 — 5 °C excess te m p e ra tu re )  
c a n  be  positively  in d ic a te d . O u tb u rsts  are a lw ay s ch a rac te rized  by  a  c e r ta in  
a m o u n t  of excess gas o u tp u t  w hich  exceeds in  som e cases th e  n a tu ra l gas co n ­
t e n t  o f  th e  layers b y  m a n y  tim es . P ro p o rtio n a lly  to  th e  increase o f gas c o n te n t, 
th e  d an g e r of u n e x p e c te d  o u tb u rs ts  increases.

B ased  on th e  re s e a rc h  resu lts  of Ma k n i i , th e  a u th o r  of [9] re p o rts  th a t  
th e  p rin c ip a l fac to rs a f fe c tin g  o u tb u rs t d an g er a re  ro ck  pressure and  th e  ph y - 
sico -m echan ica l p ro p e rtie s  o f  gas and coal. As to  th e  in te ra c tio n  of th e se  th re e  
p a ra m e te rs  it  is s ta te d , o n  th e  basis of e x p e rim e n ts , t h a t  th e  sa tu ra tio n  o f  coal 
w ith  m ethane b rings a b o u t  a s tren g th -red u c tio n  o f  th e  coal sam ples. O n th e  
o th e r  h an d , o b se rv a tio n  p ro v e s  th a t  coal is e a s ie r  to  w in  and  co m m inu te  a t  
faces  filled  w ith  gas t h a n  in  p ro p erly  v e n tila te d  g as-free  places. R ely ing  u p o n  
th e s e  fac ts , the  a u th o r  em phasizes th a t  in  th e  in v e s tig a tio n s  of th e  s tre n g th  
a n d  deform ation  p ro p e r t ie s  in  th e  analysis o f  th e  o u tb u rs t  danger a n d  th e  
d e te r io ra tio n  of coal la y e rs  d u e  care should be t a k e n  o f  th e  effect of gas.

E xperiences o f w o rk in g  th e  Pécs region in  s o u th e rn  H un g ary  w hich  co in ­
c id e  w ith  French  o b se rv a tio n s , te ll us th a t  an  in c re a se  of th e  gas c o n te n t in
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th e  coal face reduces s tre n g th . O n th e  o th e r h a n d , layers affected  b y  gas d ra in ­
age or w orkings b e n e a th  or above th e  lay e r are  m ore s tab le . S im ila r p ra c tic a l 
experiences are also l is te d  in  book  [18].

In  th e ir  sim ple e q u a tio n  describ ing  th e  co n d itio n  of d e te r io ra tio n  an d  
ro ck  sep ara tio n , th e  a u th o rs  o f s tu d y  [14] m ak e  use o f th e  pore v o lu m e , pore 
p re ssu re  and  th e  tensile  s tre n g th  o f th e  coal. D o ing  so, th ey  a t t r ib u te  a basic  
ro le  to  th ese  fac to rs  in  b rin g in g  a b o u t o u tb u rs t  cond itions. A ccord ing  to  th e m , 
th e  m e th o d  of p ro te c tio n  lay e rs  and  loosening  b la s ts  ex e rt th e ir  d a n g e r-re d u c ­
in g  effect m ostly  b y  red u c in g  pore p ressure . I f  w a te r  in jec tion  is u sed , a  sm alle r 
a m o u n t of th e  pore v o lu m e  is exposed  to  th e  po re  gas pressure a n d  th e  gas 
s to r in g  cap ab ility  also red u ces.

R esearch  w orkers o f  th e  M oscow M ining U n iv e rs ity  [10] re p o r t  t h a t  th e  
gas o u tb u rs t  danger is ex cep tio n a lly  h igh in  a reas  w here th e  lay e r c o n ta in s  a 
g re a t  am o u n t o f so rbed  m e th a n e  an d  th e  p e rm e a b ility  is low.

A u stra lian  experiences [15] p o in t to  th e  fa c t th a t  w ith  in c rea s in g  d e p th  
th e  gas co n ten t of th e  lay e rs  an d  th e  a m o u n t o f  gas relieved d u rin g  w o rk in g  
in c rea se . In  areas w ith  a c c u m u la ted  stress, especia lly  near d is lo ca tio n s  w ith  
s lid ing , th e  coal is co m m in u ted , its  in n e r su rface  increases, th e  gas s to r in g  
c a p a b il i ty  is g rea te r th a n  average . T hus, a m u c h  g rea te r  am o u n t o f  gas is re ­
liev ed  in  course o f o u tb u rs ts  th a n  genera lly  d u rin g  w orking. F ro m  th is , i t  is 
co n c lu d ed  th a t  th e  te c to n ic a l stresses c o n tr ib u te  to  th e  increased  gas e v a p o ra ­
t io n  an d  accum ula tion .

In v es tig a tio n s  in  B elg ium  [16] show t h a t  rock  stress an d  d e te r io ra tio n  
d e p e n d  on gas p ressu re  an d  rock  p e rm eab ility . T he au th o r also re p o r ts  re su lts  
s ta t in g  th a t  w ith  in c reas in g  d e p th  and  s tre ss , th e  p e rm eab ility  o f coa l lay ers  
dec reases  and  th e  d an g e r increases.

T he connection  o f  gas c o n te n t and  d e te r io ra tio n  is also d e a lt  w ith  in  
b o o k  [17]. B ased on e x p e rim e n ta l re su lts , th e  a u th o r  s ta te s  th a t  th e  in c rease  
o f  gas so rp tio n  increases th e  ra te  o f d e te rio ra tio n . H e claim s, how ever, t h a t  th e  
p o re  p ressure  and  gas p ressu re  g rad ien t h av e  a m ore im p o r ta n t e ffec t on  th e  
f ra c tu re  process th a n  th e  gas c o n te n t and  gas so rp tio n . F u r th e r  re su lts  p ro v e  
t h a t  w ith  increasing  coal s tre n g th , th e  ra te  o f  d e te rio ra tio n  decreases.

M any au th o rs  in v e s tig a te d  analogous p ro b lem s in  connection  w dth s a n d ­
s to n e s , also affected  b y  gas o u tb u rs t  danger.

T he au th o rs  o f  s tu d y  [11] re p o rtin g  on  resea rch  resu lts  o f D o n e ts  sa n d ­
s to n e s  exposed to  o u tb u rs t  d an g er, p o in t o u t  th a t  th e  level o f gas c o n te n t 
in flu en ces  th e  p ro p e rtie s  o f  th e  rocks and  th e ir  b eh av io u r u n d er lo a d in g . A c­
c o rd in g  to  th e ir  s ta te m e n ts , th e  s tre n g th  an d  f ra g ility  o f sandstones v a r y  u n d e r  
th e  in fluence  o f m e th a n e  s a tu ra tio n . The gas c o n te n t affects an d  d e te rm in e s  
th e  s ta te  o f stress an d  d e fo rm atio n .

T he role p lay ed  b y  th e  gas in  th e  in it ia tio n  an d  fu r th e r  co u rse  o f  th e  
o u tb u rs ts  consists in  in c reas in g  th e  inner stre sses , reducing  th e  s t r e n g th  p ro p ­
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e r tie s  o f th e  m a te r ia l a n d  th row ing  o u t th e  d e te r io ra te d  m a te ria l in to  th e  
m in e  space.

F ro m  th e  an a ly s is  o f  th e  p roperties o f  sa n d s to n e s  a ffec ted  b y  gas o u t­
b u r s t  d an g er, th e  a u th o rs  d raw  th e  conclusion  t h a t  th e  po rosity  o f san d s to n es  
s u b je c t  to  gas o u tb u rs t  d a n g e r  is tw ice as g re a t  w hile  th e ir  s tre n g th  o n ly  h a lf  
t h a t  m easu red  in  n o n -d an g e ro u s  areas.

S im ilar san d sto n e  d a ta  are pub lished  in  s tu d y  [7] for th e  R u h r  d is tr ic t . 
T h e  p o ro s ity  of n o n -d a n g e ro u s  sandstones is 2 .7  — 6 .9%  while i t  is 9 .9 — 14.1%  
a n d  10.2 — 14.3% , re sp e c tiv e ly , in  areas w ith  gas o u tb u rs t  danger.

S tress and  d e te r io ra t io n  in v estig a tio n s co n cern in g  rock an d  gas o u tb u rs ts  
c a r r ie d  o u t in  th e  D o n e tsk  P h y sica l-T ech n ical In s t i tu te  [12] lead  to  th e  fo l­
lo w in g  resu lts .

G as co n ten t a n d  gas p ressu re  co n sid e rab ly  a ffec t th e  am o u n t o f  su rfa c e  
e n e rg y  o f  sandstones, a n d  th is  m odifies to  a la rg e  e x te n t th e  v alue  o f th e  lim it  
r u p tu r e  stress. A t a g iv en  s ta te  of stress th e  gas fa c to r  encourages d e te r io ra tio n  
a n d  increases th e  gas o u tb u r s t  danger. T he m e th a n e  co n ten t and  gas p ressu re  
m o d ify  th e  d e te rio ra tio n  o f  frac tu re  energy  o f  san d sto n es.

O n th e  basis o f  e x p e rim e n ta l d a ta  i t  h a s  b e e n  estab lished  th a t  m e th a n e  
does m uch  m ore th a n  s im p ly  sp littin g  rock  p a r ts  a p a r t  by  pore p re ssu re . I n  
case  o f  g rea t g as c o n te n t  an d  gas p ressu re  th e  increase  of th e  a c tu a l surface 
e n e rg y  p roves th a t  th e  m e th a n e  filling th e  p o res  a n d  sp lits m akes th e  ro ck  m ore 
b r i t t l e .  B rittle n e ss , h o w ev e r, reduces ten s ile  a n d  fra c tu re  s tre n g th . A t sp lits  
a n d  d islocations th e  s t r e s s  co n cen tra tio n  in c rea se s  w hich  resu lts in  an  increased  
d e te r io ra tio n .

S tu d y  [13] also su m m a riz e s  o b se rva tions a n d  exp erim en ta l d a ta  a b o u t th e  
d e te r io ra tio n  prob lem s o f san d sto n e  side-rocks ex p o sed  to  gas o u tb u rs t  d a n g e r 
in  th e  D o n e ts  basin .

A ccord ing  to  th e  a u th o rs ’ opinion one o f  th e  ch a rac te ris tic  p a ra m e te rs  
c o n ce rn in g  g asd y n am ica l p h en o m en a  is th e  p o ro s ity  of sandstones. T h e ir  in ­
v e s tig a tio n s  have show n  t h a t  th e  po ro sity  o f  sa n d s to n e s  affected b y  o u tb u rs t  
d a n g e r  is in  average b y  5 0 %  g rea te r th a n  t h a t  o f  non-dangerous ones. W ith  
in c re a s in g  d ep th  p o ro s ity  decreases, th e  r a te  o f  decrease  being  2 .5 %  fo r every  
100 m  a t  sm all d e p th s  (100 — 400 m). In  g re a te r  d ep th s  th e  ra te  o f  change 
beco m es less: th e  g ra d ie n t am o u n ts  to  0.4 — 0 .3 %  a t  1300 —1600 m . S im ila r 
d e p th -p o ro s ity  c o rre la tio n  is published  b y  th e  a u th o r  o f s tu d y  [4], b a se d  on 
d a ta  fro m  S aarb rü ck en . T h e  decrease of p o re  v o lu m e  is 2 — 4 %  fo r 100 m.

I n  D onetsk  d e ta ile d  in v estig a tio n s h a v e  b e e n  carried  o u t to  d e te rm in e  
th e  co rre la tio n s b e tw e e n  gas sa tu ra tio n , gas c o n te n t  and  th e  s tre n g th  and  
d e te r io ra tio n  p ro p e rtie s  o f  sandstones. I t  h a s  b een  p roved  ex p e rim en ta lly  
t h a t  th e  s tre n g th  o f sa n d s to n e s , in  zones su b je c t to  o u tb u rs t danger, decreases 
in  th e  average  b y  30 %  u n d e r  th e  effect of 2 — 6  M P a  pressure. A t th e  sam e tim e , 
h o w e v e r, no sim ilar e ffec t h a s  been observed  fo r  ro ck  m ateria ls  w ith o u t o u t­
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b u rs t  d an g er. S im ilar re su lts  w ere o b ta in e d  b y  th e  analysis of th e  d e fo rm a tio n  
c h a ra c te ris tic s . T he degree o f d e fo rm atio n  o f  th e  sandstone  specim ens co n si­
d e ra b ly  in c reased  w ith  increasing  gas s a tu ra t io n .

T h e  la b o ra to ry  te s ts  w ere su p p lem en ted  by  in-situ in v e s tig a tio n s  to  
m easu re  th e  s tre n g th  fa c to r  o f san d sto n es w ith  an d  w ith o u t o u tb u rs t  d a n g e r. 
U sing  d r illa b ility  d a ta , P ro to d iak o n o ff’s n u m b e r  w as 8 —9 in sec tions u n d e r  
gas p ressu re  in  zones su b jec t to  o u tb u rs t d a n g e r, w hile for n o n -dangerous zones 
it  w as 11 — 12. A fte r re m o v in g  th e  gas from  th e  dangerous places an d  re liev in g  
th e  p ressu re  by  w o rk in g  above th e  lay er, th e  s tre n g th  fac to r increased  to  1 2  —
13.

T he d iffe ren t b eh av io u r of dan g ero u s a n d  non-dangerous a reas  in  th e  
g a s -sa tu ra te d  s ta te , i.e. th e  selective effect is be liev ed  to  he due to  th e  co m p o ­
sitio n  a n d  s tru c tu ra l p ro p ertie s  of rocks. O n th e  basis o f experim en ts a n d  o b ­
se rv a tio n s , rock  an d  gas o u tb u rs ts  are t r e a te d  as d ynam ica l problem s fro m  th e  
th e o re tic a l p o in t of view .

S um m ing  up th e  exp erim en ta l an d  p ra c tic a l resu lts  ab o u t coa l la y e rs  
su b jec t to  gas o u tb u rs t  d an g er [8 , 9, 10, 14, 15], th e  following m ain  s ta te m e n ts  
can  he m ade.

A n ac tiv e  te c to n ic a l s tru c tu re , s tress a n d  m etam orphosis  and th e  co m m i­
n u te d  coal re su ltin g  from  these  produce  an  in c reased  gas o u tp u t a n d  g re a te r  
gas c o n te n t. T he pore vo lum e, pore p ressu re  a n d  th e  s tre n g th  of th e  coal lay e r 
dec isive ly  a ffec t th e  d e te rio ra tio n  and gas o u tb u rs t  danger. The in c rea se  of 
th e  gas c o n te n t an d  po re  p ressu re  red u ces th e  s tre n g th  of th e  coal la y e r  
an d  encourages d e te rio ra tio n . R ock s tre ss  (d e p th )  decreases th e  po re  v o lu m e  
an d  p e rm e a b ility  on th e  one h an d  an d  in c reases  th e  danger o f d e te r io ra ­
tio n  an d  o u tb u rs t ,  on th e  o th e r.

As fo r san d sto n es  su b jec t to  o u tb u rs t  d a n g e r  [4, 7, 11. 12, 13], i t  c a n  be 
s ta te d  t h a t  in  th e  dangerous areas p o ro s ity  is tw ice  as g rea t w hile th e  s tre n g th  
h a lf  th a t  found  in  th e  non -dangerous p a r ts  o f  th e  lay e r. Gas c o n te n t a n d  gas 
p re ssu re  red u ce  th e  s tre n g th  o f san d sto n es, th e y  m odify  to  a g rea t e x te n t  th e  
lim it ten s ile  stress , d isad v an tag eo u sly  in flu en ce  d e te rio ra tio n  c ircu m stan ces  
an d  in crease  o u tb u rs t  danger.

T h e  p ra c tic a l an d  ex p erim en ta l re su lts  co n sid e rab ly  su p p o rt th e  th e o re ­
tic a l conclusion  o f s tu d ies  [1] and  [2]. G as c o n te n t  and  pore gas p ressu re  p la y  
a decisive ro le in  c re a tin g  th e  cond itions o f d e te r io ra tio n . Gas p ressu re  red u ces  
th e  s tre n g th  o f  th e  coal lay er or rocks, in c rea s in g  th e  danger of d e te r io ra tio n . 
S tress decreases th e  po re  vo lum e and  p e rm e a b ility , increasing th e  d a n g e r  of 
o u tb u rs t .

T h ere  is a  d ifference in th e  p a ra m e te rs  o f  o u tb u rs t  danger for coa l la y e rs  
an d  fo r th e  side-rocks su b jec t to  gas o u tb u rs ts .  E xperience  and  th e o re tic a l 
co n sid e ra tio n s  show  th a t  fo r coal lay e rs  a  sm a ll po ro sity  is d isa d v a n ta g e o u s  
from  th e  p o in t o f  view  o f th e  o u tb u rs t  d a n g e r. T he effect of d ep th  on  th e  in ­
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crease  o f  s tre ss , gas c o n te n t and  pore gas p re ssu re  is m uch m ore d is a d v a n ta ­
geous in  en co u rag in g  d e te rio ra tio n  i f  th e  p o re  vo lu m e is sm all. T he ra t io  o f  th e  
e ffec tiv e  an d  to ta l  s tre ss  varies  in  th e  w rong  d irec tio n . For sandstones, h ow ever, 
p ra c tic a l  d a ta  show  th a t  p o ro sity  is by  5 0 — 100%  grea te r in  areas su b je c t to  
gas o u tb u r s t  d an g er th a n  in  n on -dangerous ones [7, 11, 13].

W h e n  e v a lu a tin g  th e  degree o f o u tb u rs t  d an g er for rocks w ith  v a rio u s  
p ro p e r tie s  i t  shou ld  be ta k e n  in to  co n sid e ra tio n  th a t  to  a great ro ck  p o ro s ity , 
g e n e ra lly , a sm all s tre n g th  belongs. I f  th e  Y o u n g ’s m odulus o f th e  ro c k  is 
sm a ll, i.e . i ts  c a p a b ility  for d e fo rm ation  is g re a t, th e  danger-increasing  effect 
o f th e  sm all p o ro s ity  is s tro n g er th a n  th e  e ffec t o f th e  g rea t s tre n g th  w h ich  
re d u c e s  th e  d an g er o f  o u tb u rs t. T his is th e  case for coals w ith  sm all Y o u n g ’s 
m o d u li a n d  g en era lly  low  s tre n g th . I f  th e  Y o u n g ’s m odulus of th e  ro ck  is g re a t, 
i.e . i ts  c a p a b ili ty  fo r d e fo rm atio n  is sm all, th e  e ffec t of g rea t p o ro s ity  d ec rea s­
in g  th e  o u tb u rs t  d an g e r is w eaker th a n  t h a t  o f  th e  sm all s tre n g th  in c rea s in g  
th e  d a n g e r. T h is is th e  case fo r sandstones w ith  h ig h  value of Y oung’s m o d u lu s 
a n d  g re a t  s tre n g th .

F ig u re s  7 an d  8 , co n stru c ted  on th e  b as is  o f  ou r investiga tions, also  seem  
to  p ro v e  th e  th e o re tic a l d iscoveries o f s tu d ie s  [1] and  [2]. I f  th e  gas c o n te n t  
o f th e  la y e r  is g re a t, a  sm all increase in  th e  p o re  pressure is sa tis fa c to ry  for 
d e te r io ra tio n . T he a m o u n t o f  excess gas o u tp u t  re leased  a t o u tb u rs ts  is m o d e r­
a te . W ith  in c reasin g  s tre n g th  of th e  la y e r  i ts  specific gas c o n te n t decreases 
th e  s a fe ty  ag a in s t d e te rio ra tio n  co n seq u en tly  increases, and  a m an ifo ld  o f  th e  
av e ra g e  gas c o n te n t is n eeded  to  encourage  o u tb u rs ts .

T h e  rev iew  o f th e  tech n ica l l i te ra tu re  a n d  th e  rep o rted  in v e s tig a tio n s  
p ro v e  t h a t  in  o rd e r to  d e te rm in e  th e  co n d itio n s  lead ing  to  gas o u tb u rs ts , an d  
to  im p ro v e  th e  m e th o d s  o f co m b a ttin g  th e m , one has to  carry  on th e  th e o re t i ­
ca l in v e s tig a tio n s  b ased  on physica l, m ech an ica l an d  gas-dynam ical p rin c ip les  
a n d  to  e v a lu a te  th e  accu m u la tin g  e x p e rim e n ta l an d  p rac tica l d a ta . I n  cou rse  
o f  th is  w ork , th e  e ffec t o f th e  w ork ing  d e p th  on  rock s tren g th , gas c o n te n t, 
gas p re ssu re , p o ro s ity  and  o th e r g a s-d y n am ica l p a ram e te rs  has to  be a n a ly se d  
in  a  s im p le x  w ay . T he co rre la tions b e tw een  p o ro s ity  — gas pressure, p o ro s ity  — 
d eg ree  o f  co m m in u tio n , an d  po ro sity  — w a te r  c o n te n t — gas c h a ra c te r is tic s  
sh o u ld  be  in v e s tig a te d . A d e ta iled  analy sis  w ill be needed to  d e te rm in e  th e  
e ffec t o f  gas c o n te n t an d  po re  pressure  on  th e  s tre n g th  and — s im ila rly  — on 
th e  lo a d in g  an d  d e te r io ra tio n  cond itions o f  th e  rock-gas and  ro ck -g as-w a te r  
sy s tem s .
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130 F. KOVÁCS

О СВЯЗИ ГАЗОНОСНОСТИ И ПРОЧНОСТИ ВЫБРОСООПАСНЫХ ПОРОД
Ф. КОВАЧ

РЕЗЮМЕ

В статье на основе обработки литературных материалов и анализа данных выбросов 
газа в шахтах горы Мечек исследуется: каким образом влияют пористость, газоносность, 
давление газа и прочность на вероятность выбросов газа. Автор устанавливает, что упом­
янутые природные параметры имеют решающее значение при появлении выбросов.

Активная тектоническая структура (метаморфоз) способствует измельчению угля, 
усиливает выделение газа, создаёт большую газоносность. Увеличение объёма и давления 
пор уменьшает прочность залежа угля, способствуют его разорению. Увеличение глубины 
и напряжения пород уменьшает объём пор и проницаемость, увеличивает вероятность 
выбросов газа.

Исследуя естественно-геологические условия выбросоопасных песчанников можно 
установить, что на опасных участках пористость в два раза больше, а на безопасных 
участках прочность в два раза меньше. Газоносность и давление газа уменьшают проч­
ность песчанников и отрицательно влияют на процессы разорения, увеличивают опас­
ность выбросов газа.

С ростом прочности залежа угля средняя газоносность уменьшается, вследствии чего 
безопасность от разорения увеличивается, для наступления выбросов необходимо газонос­
ность в несколько раз выше.
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INVESTIGATION OF THE ROCK-GAS SYSTEM IN FRONT 
OF THE FACE OF WORKINGS IN ORDER TO DETERMINE 

THE CAUSE OF ROCK AND GAS OUTBURSTS

ZS. SO M O SV Á R I

TECHNICAL UNIVERSITY OF HEAVY INDUSTRY, MISKOLC

[M anuscrip t received  J a n u a ry  5, 1979]

B ased on  in v es tig a tio n s  of th e  in te ra c tio n  of ro ck -g as sy s tem , i t  is p ro v ed  th a t  ro c k  an d  
gas o u tb u rs ts  c a n n o t occur in  w ork ing  if  th e  Po isson  ra tio  is  sm all, i.e. n e a r 2. I n  th is  case, 
n am ely , th e  b asic  co n d itio n  of o u tb u rs ts , deriv ed  in  ou r p re v io u s  s tu d y , does n o t h o ld  acco rd in g  
to  w hich  an  o u tb u r s t  needs a  re d u c tio n  in  th e  ro ck  v o lu m e  in  f ro n t o f th e  face . T h is  re su lt  
ex p la in s th e  general experience  t h a t  a t  e x trem e ly  sm all coal s tre n g th , o u tb u rs ts  a re  c o n c e n tra ­
te d  in  th e  head in g s a n d  th e y  o n ly  occur in  w orkings in  case  o f  g re a t coal s tre n g th  i.e . fo r g re a t 
Po isson  ra tio .

I t  is show n th a t  th e  in itia l pore  gas p ressu re , th e  p r im a ry  v e rtica l stress H y , th e  Po isson  
ra tio  o f th e  lay e r, th e  angle o f in te rn a l fric tio n , th e  com pressive  s tre n g th  a n d  th e  change  o f  th e  
com pressive s tre n g th  h av e  m a jo r effect on  th e  d an g er o f  o u tb u rs t .  T he lay e r s tre n g th  (u n iax ia l 
com pressive s tre n g th )  necessary  to  avo id  th e  o u tb u rs ts  is d e riv ed  as a fu n c tio n  of th e  a fo rem en ­
tio n ed  p rincipal p a ram e te rs . T h is connection  will e x p la in , am ong  o thers , th e  experience  t h a t  
th e  freq u en cy  o f o u tb u rs ts  increases w ith  d e p th  a n d  th a t  in  som e cases, o u tb u rs ts  m ay  occur 
even  a t  v e ry  sm all (0.3 — 0.4 M P a) pore gas p ressu re  w hile in  o th e r  cases, th e y  do n o t com e a b o u t 
a t  all, even for m u ch  g re a te r  pore  gas pressures. Also, th e  sam e form ula  will e x p la in  w h y  o u t­
b u rs ts , in genera l, occu r in  lay e rs  o f  sm all s tre n g th , a n d  h ow  i t  is th a t  in c e rta in  cases th e y  also 
m ay  occur in  lay e rs  o f g re a t com pressive stress.

The re su lts  p re sen te d  fu r th e r  co rro b o ra te  th a t ,  as w e hav e  prev iously  re p o rte d , th e  o u t­
b u rs t  is a su d d en , exp losion-like  process o f d e te r io ra tio n  o f th e  load -bearing  ro ck -gas system  
c a ta ly se d  b y  th e  po re  gas p ressu re . T he basic  cause o f o u tb u rs ts  is th e  s tren g th -red u c in g  effec t 
o f th e  pore gas p ressu re . T his e ffec t in itia te s  a ch a in -reac tio n -lik e  process w hich  a cce le ra tes  th e  
d e te rio ra tio n  a n d  m ak e s  i t  explosion-like. A t th e  sam e tim e , th e  lo ad  is tra n s fe rre d  fro m  th e  
solid s tru c tu re  o f th e  d e te r io ra te d  rock  to  th e  po re  gas. T h is  b rings a b o u t a g re a t gas p ressu re  
w hich  th ro w s o u t  th e  solid p h a se  in to  th e  op en  space. S im u ltan eo u sly , a g re a t a m o u n t o f  gas 
flow s in to  th e  m in e , as a n  exp losion , because  th e  m a jo r  p a r t  o f th e  b o u n d  (ad so rb ed ) gas ph ase  
ge ts re lieved  due  to  th e  d ecreased  gas p ressu re .
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а -p tensile s tren g th
a t to ta l  stress
a x p rim ary  h o rizo n ta l s tre ss
a x secondary  h o rizo n ta l s tre ss
o z p rim ary  v e rtica l s tre ss
a z secondary  v e r tic a l s tre ss
T  p rim ary  shear s tre ss
T secondary  sh ear s tre ss , sh e a r  lim it stress
A a x horizon tal d e fo rm a tio n  s tre ss
Zlerz v e rtica l d e fo rm a tio n  s tre ss
A t shear d e fo rm ation  s tre ss

T h e  problem s co n ce rn in g  u n ex p ec ted  ro ck  an d  gas o u tb u rs ts  c a n  be 
d iv id e d  in to  tw o m a jo r c a teg o rie s : th e  p h en o m en a  before an d  a f te r  th e  b eg in ­
n in g  o f  th e  o u tb u rs t. T h e  d esc rip tio n  o f th e  p h en o m en a  a fte r  th e  b eg in n in g  
o f  th e  o u tb u rs t, i.e. th e  a c tu a l  process o f th e  ro ck  an d  gas o u tb u rs t, is o f  p ra c ­
t ic a l  im p o rtan ce  from  th e  p o in t  o f view  o f th e  d ev e lo p m en t o f th e  m ech an ica l 
e ffe c t. S ince u n ex p ec ted  gas an d  rock  o u tb u rs ts  a lw ays c rea te  an  a c u te  d an g er 
fo r  h u m a n  lives an d  fo r tu n e , th e  processes p reced in g  th e  o u tb u rs t ,  a n d  th e  
c a u se  o f  th e  o u tb u rs t, a re  fo r  th e  ev e ry -d ay  p ra c tic e  m uch m ore im p o r ta n t  
t h a n  th e  o u tb u rs t itse lf. T h a t  is w h y  ou r choice fell on th e  in v e s tig a tio n  o f th e  
c a u se  o f  o u tb u rs ts , a p ro b le m  even to d a y  n o t  w holly  u n d e rs to o d . D esp ite  
e n o rm o u s  efforts an d  ex p en ses  to  reduce  d an g e r, u n ex p ec ted  gas a n d  rock  
o u tb u r s ts  occur in  o u r c o u n try  as well, cau sin g  loss o f h u m an  lives.

T h is  s tudy , s im ila rly  to  [3] and  [4], p re se n ts  an  analysis o f th e  m ec h a n i­
ca l in te ra c tio n s  of th e  lo a d -b e a rin g  rock-gas sy s te m  in  o rder to  d e te rm in e  th e  
c a u se  o f  o u tb u rsts . I t  is rea lized , o f course, t h a t  beside th e  m echan ica l in te r ­
a c tio n s  betw een  th e  tw o  p h a se s  in  questio n  th e rm a l an d  physico-chem ical in te r ­
a c tio n s  also occur. T h e rm a l effects begin  to  in fluence  th e  rock-gas sy stem  
s ta r t in g  from  th e  ch em ica l p rocess of gas ex p an sio n  since gas e x p a n s io n  is 
c o n tro lle d  by  th e rm o d y n a m ic a l cond itions. T h e  physico-chem ical p ro p e rtie s  
o f  th e  free  and adso rbed  gas in  th e  sp lits  o f th e  rocks depend  on th e  th e rm o d y ­
n a m ic a l  p aram eters . A lso , th e  v a ria tio n s  o f gas p ressu re , te m p e ra tu re  an d  
a m o u n t  o f bound an d  free  gas obey  th e rm o d y n a m ic a l law s. T hese v a r ia tio n s  
a re  c a u se d  by  changes o f  v o lu m e  o f th e  free  gas co nnec ted  w ith  th e  d e fo rm a ­
t io n s  a n d  change o f v o lu m e  o f  th e  su rro u n d in g  ro ck  a ro u n d  m ine ex c a v a tio n s . 
C o n seq u en tly , th e  rise  a n d  dev e lo p m en t o f  th e  o u tb u rs ts  is a cco m p an ied  b y  
th e rm o d y n a m ic a l effec ts. N ev erth e less , th e  e ssen tia l fea tu re  of th e  rise  o f rock  
a n d  gas o u tb u rsts  is, to  o u r  belief, th e  m ech an ica l in te ra c tio n  o f th e  d u a l 
s y s te m . T his hypo thesis  is b a se d  on th e  fa c t t h a t  in  th e  rocks su rro u n d in g  m ine 
e x c a v a tio n s , m echan ical p h en o m en a  (stress rea rra n g em e n ts , d e fo rm atio n s , 
m o v e m e n ts )  occur in  th e  f i r s t  p lace and  o u tb u rs ts  are  alw ays trig g e red  b y  m ine 
e x c a v a tio n s . Also, th e  p h e n o m en o n  itse lf  c a n n o t com e ab o u t w ith o u t th e  m e­
c h a n ic a l d e te rio ra tio n  o f  th e  so lid  s tru c tu re  o f th e  rock . R egard ing  th e  n a tu re  
o f  th e  phenom enon, no a n a ly s is  o f th e  m ech an ica l in te rac tio n s  could  h a v e  been 
c a rr ie d  o u t w ith o u t ta k in g  ac c o u n t of th e  th e rm o d y n a m ic a l in te ra c tio n s , since
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th e  v a r ia tio n  o f th e  gas p ressu re  requ ired  fo r th e  m echanical in v e s tig a tio n s , is 
d e te rm in ed  by  th e rm o d y n a m ic a l in te ra c tio n s . F o r  th is  reason , th e  th e rm a l 
effects will be considered  as well.

In  th e  s tu d y , n ecessarily , some a p p ro x im a te  assum ptions w ill be  m ade. 
S ince th ese  are g en era lly  accep ted  in  ro ck -m ech an ica l, so il-m echanical o r geo­
m echan ical ca lcu la tio n s, th e ir  ju s tif ic a tio n s  does n o t seem necessary .

T he m ain  re su lts  o f  th e  previous s tu d ie s  [3, 4] can  be su m m a riz e d  as 
follows.

T he o u tb u rs t  is a su d d en , explosion-like d e te r io ra tio n  process o f  th e  rock- 
gas system . I ts  b asic  cause  is th e  s tre n g th -re d u c in g  effect o f th e  po re  gas p re s ­
su re . I f  th e  specific v o lu m e  o f th e  rock decreases during  d e te rio ra tio n s , th e  
pore  gas p ressu re  acce le ra tes  th e  d e te rio ra tio n  p rocess and  gives it  an  ex p lo sio n ­
like ch a rac te r .

I t  is im p o r ta n t to  d is tin g u ish  b e tw een  d e te r io ra tio n  processes c h a ra c te r ­
ized  b y  a specific vo lu m e red u c tio n , an d  th o se  w here  th e  specific v o lu m e  in ­
creases. I f  th e  rock  d e te r io ra tio n  is com bined  w ith  a specific vo lum e in crease , 
no o u tb u rs t  can  ensue because during  th e  p ro cess  th e  pore gas p re ssu re  de­
creases, th e  s tre n g th  increases, th u s  th e  d e te r io ra tio n  process is slow ed dow n. 
On su rfaces o f d rif ts  o r sh a fts , fa r from  th e  face , o u tb u rs ts  never occu r because  
in  th ese  areas a specific  vo lum e increase ta k e s  p lace  during  rock d e te r io ra tio n . 
T h e  effect o f w ork ing  w ith  p ro tec tiv e  lay e r can  also be exp lained  as d u e  to  th e  
specific  vo lum e increase .

A ccord ing  to  experience, gas o u tb u rs ts  a lw ay s  begin  a t faces ( ro ad h ead , 
w o rk ing  p lace or sh a f t sole). The reason  o f  th is , as exp la ined  in  [3, 4] is t h a t  a 
specific  vo lum e re d u c tio n  proceeds in f ro n t o f  th e  face during  ro ck  d e te r io ra ­
tio n  com bined  w ith  o u tb u rs t .

1. M echan ism  of the  rise o f  ro c k -g a s  outbursts

A ccord ing  to  o u r p rev ious rep o rts  [3, 4] th e  m echanism  o f th e  rise  of 
o u tb u rs ts  can  be o u tlin ed  as follows. The ro ck  in  f ro n t  o f th e  face o f e x c a v a tio n s  
(ro ad h ead  or sh a ft sole), is exposed to  tra n s fe r re d  rock  pressure. I n  th is  p a r t  
o f th e  rock , th e  specific  vo lum e change is re d u c tio n . The vo lum e re d u c tio n  
occurs to  a large e x te n t a t  th e  expense o f th e  p o re  volum e. T hus, in  th is  a rea , 
th e  in itia l po re gas p re ssu re  increases. The so lid  s tru c tu re  of the  rock  h a s  to  b ea r 
a g re a te r  load  due to  tra n s fe r re d  rock p ressu re . T h e  s tre n g th , how ever, decreases 
because  o f th e  in creased  po re  gas p ressure , a n d  th e  cond ition  o f d e te r io ra tio n  
easily  arises. W ith  th e  in se t o f d e te rio ra tio n , th e  lo ad  is tran sfe rred  fro m  th e  
solid  s tru c tu re  to  th e  po re  gas, co n sequen tly , th e  pore  gas pressure  in creases . 
W hile  th e  pore gas p re ssu re  increases, th e  s tre n g th  reduces still fu r th e r  a n d  th e  
co n d itio n  o f d e te rio ra tio n  w ill be fulfilled in  th e  s tro n g e r  rock p a r ts  as w ell an d
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th e  d e te r io ra t io n  proceeds fu r th e r  on. A cco rd in g ly , a ch a in -reac tio n -lik e  p ro c ­
ess e n su e s  d u ring  w hich th e  rock  is d e te r io ra te d  in  form  of an ex p lo sio n  and , 
w ith  s im u lta n e o u s  increase o f  th e  pore gas p re ssu re  to  m any  tim es o f  its  in itia l 
v a lu e . T h is  procedure  p ro d u ces a g rea t gas p re ssu re  and a solid ro ck  w h ich  
h a s  h a r d ly  an y  in te rn a l re s is tan ce . A n in te n s iv e  gas flow  begins to w a rd s  th e  
free  sp a c e , com bined w ith  th e  o u t-th ro w  o f th e  solid m ateria l. D u rin g  th is  
o u t- th ro w , th e  adsorbed  gas ph ase  is re lieved  fro m  th e  surface o f th e  d e te r io r ­
a te d  ro c k  pieces and  pores because  o f th e  gas p ressu re  red u c tio n . So, a v e ry  
g re a t  a m o u n t of gas flow s in to  th e  su rro u n d in g  m ine ex cavations.

I n  w h a t follows, th is  m echan ism  w ill also  be described n u m e ric a lly , in  
case  o f  w ork ings.

2. Experiences about gas and rock outbursts in workings

I t  is a com m on ex p erien ce  th a t ,  in  som e a rea s , th e  m a jo rity  o f  o u tb u rs ts  
(90 — 99  p e r  cent) occu rred  d u rin g  d riftin g  w hile  i t  h a rd ly  ever h a p p e n e d  in 
w o rk in g s . I n  o th e r areas, h o w ever, a co n sid erab le  a m o u n t of o u tb u rs ts  (3 0 —40 
p e r  c e n t)  is observed  in  w o rk in g s [1 ,2 ]. In  th e  B a lk a n  B asin  in  B u lg a ria  8 4 —89%  
o f th e  o u tb u rs ts , in  P o la n d  9 5 % , in  F ra n c e  9 4 % , in  E n g lan d  6 0 % , in  th e  
D o n e ts  B a s in  65% , in  th e  K u z n e tsk  B asin  6 2 % , in  th e  P echora  B a s in  9 0 % , 
in  th e  P écs R egion (H u n g a ry ) 99%  of th e  o u tb u rs ts  occurred  a t  d r if t in g , th e  
re m a in in g  p ercen tage  in  w o rk ings. I t  can  be sh o w n  th a t  th e  above f ig u re s  are  
in  c o n n e c tio n  w ith  th e  la y e r  s tre n g th  [2]. T h e  decisive m a jo rity  o f  o u tb u rs ts  
(9 0 — 1 0 0 % ) occurs a t d r if tin g  in  th a t  case i f  th e  coal s tre n g th  is e x tra o rd in a ry  
sm a ll. T h is  ra tio  is sh ifted  to w ard s  th e  w o rk in g s i f  th e  un iax ia l co m p ressiv e  
s t r e n g th  is g rea t. Also, we h a v e  to  ta k e  in to  a c c o u n t th a t  tw o d rifts  a re  re q u ire d  
to  e a c h  longw all face, i.e. th e  n u m b er or ro a d h e a d s  is ab o u t tw ice th e  n u m b e r 
o f  w o rk in g  faces. This fa c t m odifies th e  fre q u e n c y  o f o u tb u rs ts , in d e p e n d e n tly  
o f  a ll o th e r  c ircum stances, to w ard s  d riftin g . W h e n  ev a lu a tin g  o u tb u rs ts , th is  
sh o u ld  also  be ta k e n  in to  acco u n t.

A cco rd ing ly , no or h a rd ly  an y  o u tb u rs t  occu r in  w orkings i f  th e  coal 
s t r e n g th  is sm all. In  case o f  g re a t coal s tre n g th , how ever, o u tb u rs ts  a re  r a th e r  
f r e q u e n t  in  w orkings, to o . A t th e  sam e tim e , th e  p rac tica l o b se rv a tio n  also 
h o ld s  t h a t  o u tb u rs ts  are  c o n c e n tra te d  in  a reas  o f  sm all layer s tre n g th .

3. Stress of the rock domain in  front o f  wide-face working

T h e  m echanical b e h a v io u r  of th e  ro ck  d o m a in  in  fro n t o f faces (sh a ft 
so le , ro a d h e a d  or w orking) is h a rd ly  d ea lt w ith  in  rock -m echan ica l l i te ra tu re ,  
th e  r e s u lts  can  only  he used  fo r q u a lita tiv e  a n a ly s is . In  о der to  o b ta in  q u a n ti-
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ta t iv e  resu lts , we h av e  to  in v es tig a te  th e  m echan ical b eh av io u r o f  th e  rock 
d o m ain  in  fro n t o f th e  face.

In  the  m iddle  o f  a w ide-face w ork ing , th e  s ta te  o f d e fo rm a tio n  can be 
assu m ed  as p la n a r, w hereas th e  p lane o f  d e fo rm atio n  is v e rtic a l a n d  p e rp en d i­
c u la r  to  th e  face. A ssum ing  elastic  co n d itions th e  follow ing p r im a ry  stresses 
a re  p resen t in  th e  in v e s tig a te d  rock dom ain  before opening  e x cav a tio n s , if  the  
po re  gas pressure is p 0 — 0 :

w here

oz =  H y ;  ax
H y

im ! '
Tx2 — — t  — 0 ( 1 )

H  =  d e p th  b e n e a th  th e  surface 
y  =  average  u n it  w eight 
m  =  P o isso n ’s ra tio  
a2 =  v e rtic a l p rin c ip a l stress 
Ox — h o rizo n ta l p rin c ip a l stress 
т  =  sh ea r stress .

This s ta te  o f s tre ss  is m odified h y  th e  effect o f ex cav a tio n s , w hen  the  
seco n d ary  stresses o’,, <rx, rx - =  Tz x =  x arise. T he eq u ilib riu m  co n d itio n  for 
a  vo lum e e lem ent o f th ick n ess  dx (F ig . 1) is:

dx

бт

Fig. 1. S tresses on  a ro ck  e lem en t o f in fin ites im al th ick n ess in f ro n t o f th e  w ork ing  face

ax M  — (ax -)- d <xx) M  -\- 2 T d r  =  0.
H ence

d dx 2  r  
dx ~  M  '

( 2)

(3)
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T h e  se c o n d a ry  stresses can  b e  w r it te n  as

az — oz A a z, ax =  ax -f- A<rx; x =  x  +  z lr (4)

w h e re  Zlcr., zJ<Tx and  A x  a re  d e fo rm a tio n a l or in d u ced  stresses. Since r  =  0 
th u s  x  =  A t ,  consequen tly , th e  sh ea r stress is a d e fo rm a tio n a l one.

S in ce  th e  defo rm atio n s causes b y  opening e x c av a tio n s  are  alw ays in te r- 
c o r re la te d , th e  d e fo rm a tio n a l s tresses ca lcu la ted  fro m  th e  d e fo rm atio n s, are 
a lso  in  a  fu n c tio n a l c o rre la tio n  w ith  each o th e r, i.e . x =  f(A<rx) an d  Aax =  
— f(A<T2). T he d e fo rm atio n a l s tre sses  are caused  b y  th e  sam e effect, viz.  b y  
o p e n in g  th e  excavations, th u s  th e ir  fu n c tiona l d e sc rip tio n  in  th e  a rea  in v e s ti­
g a te d  sh o u ld  be sim ilar. L e t u s  assum e th a t  th e se  co rre la tio n s  h av e  th e  form  
T =  -— A A a x, Aaz =  —CA ax. T h u s

t  =
H y  

m  —  1

(T2 c H y  

m  — 1

U sin g  th e s e  equations, th e  l in e a r  d ifferen tia l e q u a tio n

d u x 2  A  2  A  H y  

d x  ' M  X ~  M  m  — 1

(5)

( 6 )

( 7 )

is o b ta in e d . The so lu tion  to  th is  d ifferen tia l e q u a tio n  (su b jec t to  th e  in itia l 
c o n d itio n s  x  =  0  and  ax =  0 ) is

<УX
Hy

m l ( 1 A a x
H y

—------ e
m  — 1

(8)

U sin g  th is  so lu tion

T
2 A

e M x =  A x (9)

H  у
H y 2 A

=  H y  ( 1  +
2 Д 
M '

m
( 10)

C H y
A a, — --------— e M

m  — 1
( 1 1 )
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T he v alue  o f p a ra m e te r  C can  be d e te rm in e d  from  eq u a tio n  (10) since a t  
th e  face x  — 0

az (x  =  0 ) H y ( 12)

T he stress a t  th e  face can  be ca lcu la ted  b y  ta k in g  account o f  th e  e x c a v a ­
tio n  c rea ted  u n til  th e  f i r s t  b reak ag e . U n d e r th e  effect of any  fu r th e r  in c rea se  
o f th e  w o rk ed -o u t a rea , th e  v e rtic a l s tress a t  th e  face rem ains, p ra c tic a lly , 
u n ch an g ed . The v e r tic a l sec tio n  o f th e  m in in g  ex c a v a tio n  can be re p la c e d  b y  an  
ellipse fo r th e  d esc rip tio n  o f  th e  stress in  th e  ro o f  u n til th e  f irs t b re a k a g e . T he 
re a c tio n  of th e  su p p o rts  used  in  w ork ings a m o u n ts  to  abou t 0.6 M P a . T h is  is 
neg lig ib ly  sm all co m p ared  w ith  H y  (5 — 10 M P a). F o r th is  reason , th e  e x c a v a ­
tio n  can  be considered , fro m  our p o in t o f v iew , as h av in g  no su p p o rt. T h e  t a n ­
g e n tia l stress in  th e  ro o f  p o in t o f th e  e x c a v a tio n  is

(<*x ) r  —
H y  

m  — 1
(13)

w h ere  M  deno tes th e  h e ig h t o f th e  w ork ing  a n d  
lx is th e  sem i-w id th  o f th e  e x cav a tio n .
I f  th e  tensile  s tre n g th  in  th e  su rro u n d in g  o f  th e  roof p o in t is сгг th a n  an 

ad v an ce  of

m  — 2 — (m  — 1 )
H y

is re q u ire d  u n til th e  f irs t  b reak ag e  se ts  in . T he ten s ile  s tre n g th , in  th e  m a jo r i ty  
o f  cases, is neglig ib le co m p ared  w ith  H y ,  th u s

(15)

T h e  v e rtic a l s tre ss  a t  th e  face c a n n o t be described  by  m eans o f  th e  e llip ­
tic  sec tio n  because o f  th e  g re a t d ifference in  c u rv a tu re . The w ork ing  h a s  to  be 
re g a rd ed  as a q u ad ran g le , a t  th e  sid e-p o in t o f w h ich , i.e. a t th e  face th e re  arises 
a s tre ss

az(x — 0) =  H  у
m  — 2  

m  — 1
(16)

F o r th e  roo f m  =  2 .5 —4, is, in  general, c h a ra c te r is tic  w hich gives 2 I J M  =  
=  2 — 4. F o r th is  in te rv a l f ( 2 l J M )  =  0 .9 — 1.9 is va lid . In  w h a t fo llow s, 

f ( 2 l 0/ M )  = 1 . 5  w ill be assum ed . T hus we h av e
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O n  th e  o th e r h and

a z ( *  =  0 ) H y
m  - - 2

m --  1
+  1.5 .

crz(x  — 0) — H y

F ro m  th ese  tw o e q u a tio n s

C = 1 . 5 m  -  2 .5 .

F u r th e r ,  from  th e  e q u ilib r iu m

^ A  az d x  =  0

(17)

(18)

(19)

( 20)

i . e .

JA az d x = C
H y lJ ‘ 2 A 

“ Л + dx
C H y  M  

m  — 1 2  A
( 21)

is  a d e fin ite  v a lue . T h is  e q u a tio n  is su ita b le  to  determ ine  th e  co n n ec tio n  
b e tw e e n  th e  p a ra m e te rs  A  an d  C. The su m  o f  th e  to ta l  tra n sfe rre d  v e r tic a l 
s tre s s  on th e  rock  d o m a in  in  fro n t of th e  face  a n d  th e  to ta l  p ressu re  on  th e  
g o a f  up  to  th e  sem i-w id th  o f  th e  w orked-ou t a re a , shou ld  be equal to  th e  w eigh t 
o f  th e  p rism atic  ro ck  b o d y  above th e  sem i-w id th s  o f th e  w orked-ou t a re a . T he 
tr a n s f e r  o f load is w ell c h a rac te rized  b y  th e  su b sid en ce  w hich can be seen  even 
o n  th e  surface above th e  w ork ing . The ra tio  o f  th e  volum es of th e  su b sid en ce  
t ro u g h  an d  e x tra c te d  m in e ra l, is p ro p o rtio n a l to  th e  pressure on th e  goaf. Since 
th e  a re a  of th e  v e r tic a l sec tio n  of th e  su b sid en ce  tro u g h  can be c a lc u la te d  as 
M s  2 lx in  case of a w h o lly  w orked-ou t a rea  [5], th e  a rea  co rrespond ing  to  th e  
e x tra c te d  m ineral is M  2 lx. T hus, th e  sum  o f  th e  v e r tic a l stresses tra n s fe r re d  to  
o n e  side , is p ro p o rtio n a l to  1  — s, i.e.

T  =  (1 -  s ) H y l x (22)

w h ere  s denotes th e  su b sid en ce  fac to r (s +  1 ).
T h e  sem i-w id th  o f  th e  to ta l  w o rk ed -o u t a re a  is lx =  8  H jk  [5], an d , in  

g en e ra l, к  =  8 . U sing  th is  v a lue

T  — — s ) H y  H . (23)

T h e  subsidence fa c to r , u su a lly  is s =  0.85. C onsequen tly

T  =  0.15 H  у  H .  (24)
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Since th e  sem i-w id th  o f a  w o rk in g  is essen tia lly  sm aller th a n  I I  =  200 500 m,
th e  stresses tra n sfe rre d  beside th e  w ork ing  should  also be ta k e n  in to  accoun t. 
T h is  m eans th a t  th e  c a lcu la tio n s  shou ld  be carried  o u t u sin g  one th ird  o f the  
a fo rem en tio n ed  v alue  o f  T, i.e . T  =  0.05 I I  y  H.  T hus,

А=^СНуМ_= 10С_Л£
то — 1  2  T  m  — 1 H  ^

4. Specific vo lum e ch an g e  in  th e  rock dom ain  in  fro n t o f the  w ork ing

In  th e  f irs t  p a r t  o f  th is  s tu d y  i t  has b een  ex p la in ed  how  im p o r ta n t  i t  is 
w h e th e r  th e  specific vo lum e change is an  increase  or decrease.

T he specific vo lum e change can  be w ritte n  as

A V
— —  =  £x +  Ey +  EZ (2 6 )

w h ere  ex, ey an d  sz d en o te  d e fo rm atio n s. A V / V  <  0 m eans vo lum e red u c tio n , 
A V / V  >  0 a vo lum e in crease . A m ong th e  d e fo rm atio n s, ey — 0 because  the  
s ta te  o f  defo rm ation  is p la n a r . T he d efo rm atio n a l (induced) stresses are  those 
w hich  are  co rre la ted  w ith  th e  d efo rm atio n s. U sing Hooke’s law

1 /то2 1  .Ex = --- ---------- A
E \ m 2

Fy =  0

1  /то2
Ez

E  I to2

to +  1 .
Tx ------- —  A <*zTO

. to 4 - 1
■A a . —----------A (Ту

A  o’, /то2 — I l  I то +  1

(27)

(28)

(29)

S u b s titu tin g  A <r2 =  C A ax

E  [ m 2 C m ‘

A cTj /то2 1 to -f- 1 1 
E  I то2 то2 C

T h u s, th e  specific vo lum e ch an g e  becom es

A V  A <f2 (to - f  1 ) (to — 2) C — 1 A (fz (to -f- 1 ) (m  — 2) 1.5 m — 3.5

(30)

(31)

E TO TO 1.5 to -  2.5
(32)
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T h e  specific vo lum e ch an g e , A V / V ,  is 0 i f  m  —  2 .33; i t  is a vo lum e red u c ­
t io n  i f  m  ~̂> 2.33, w hile an  in c rea se  if  m  <  2.33. T h is re su lt  im m ed ia te ly  ex ­
p la in s  th e  fac t th a t  in  c e r ta in  a reas  no o u tb u rs t  occurs in  w ork ings w hile th e y  
o c c u r in  o th e r  areas. I f  th e  P o isso n  ra tio  for th e  coal la y e r  is sm aller th a n  2.33, 
th e  la y e r  undergoes a v o lu m e  in crease  due to  th e  tra n s fe r re d  p ressu re . I n  th is  
case , n o  o u tb u rs t  can  arise  in  w ork ings. H ow ever, i f  th e  P o isso n  ra tio  fo r th e  
coal la y e r  is g rea te r th a n  2 .33 , th e  volum e change o f  th e  la y e r  due to  th e  t r a n s ­
fe r re d  p ressu re  is a re d u c tio n . T h u s , one o f th e  con d itio n s fo r o u tb u rs t  is s a tis ­
f ie d . I f  th e  o th e r co n d itio n s are  also m et, th e  o u tb u rs t  se ts  in . T he P oisson 
r a t io  is in  co rre la tion  w ith  th e  s tre n g th . In  genera l rocks o f  g re a t s tre n g th  have 
g re a t  P o isson  ra tio . T he P o isso n  ra tio  for rocks o f  e x tra o rd in a ry  sm all s tre n g th  
is a ro u n d  2. This exp la in s th e  o b se rv a tio n  th a t  no  gas o u tb u rs ts  occur in  w o rk ­
ing s c a rr ie d  ou t in  lay ers  o f  e x tra o rd in a ry  sm all com pressive  s tre n g th .

N e x t, th e  m echan ica l s ta te  o f  th e  rock  do m ain  in  f ro n t o f th e  face w ill be 
in v e s t ig a te d  by  ta k in g  in to  ac c o u n t the  pore  gas p ressu re  p .

5. Stress o f th e  ro ck  dem ain  in  fro n t o f th e  w o rk ing  
in  th e  p resen ce  of pore gas p ressu re

I f  pore  gas is p re se n t, th e  so-called effec tive  s tress (o')  in  th e  solid rock  
s t r u c tu r e  and  th e  pore gas p re ssu re  or n e u tra l s tress (p ) h a v e  to  be d is tingu ished . 
T h e  su m  o f these  tw o s tre sses  is called  th e  to ta l  s tress  (at).

B efore opening e x c a v a tio n s , th e  follow ing s tresses rise  in  th e  solid s tru c ­
tu r e  o f  th e  rock [3, 4 ]:

II У -  Po ■ (Tv = Н у ~ Р о
m  1

(33)

w h e re  p 0 denotes th e  p o re  gas p ressu re  before  open in g  th e  ex cav a tio n s . I f  
e x c a v a tio n s  are opened  in  a n  in ta c t  area, p 0 equals th e  in it ia l  po re  gas p res­
su re . I n  case of rock p illa rs , p n is g rea te r th a n  th e  in itia l p o re  gas p ressure .

T h e  equ ilib rium  o f th e  vo lu m e e lem ent o f  th ic k n e ss  dx (F ig . 2) can  be 
d e sc r ib e d  in  th e  rock  d o m a in  in v e s tig a te d  b y  th e  e q u a tio n :

Aa'x M  -  I [Aa'x +  d (Aa'x) ] M  +  [A p  +  d ( A p ) \ M  -  A p M  +  2 t ' d x  =  0 . (34)

H e n c e :
й(А a ’x ) _  d ( A p )  _  2jA 

dx  dx M
(35)

T h e  change o f po re  gas p ressu re  (Ap)  due to  open ing  ex cav a tio n s  is a p p ro ­
x im a te ly  p ro p o rtio n a l to  th e  specific  change o f vo lum e o f th e  rock . The specific 
c h a n g e  o f volum e, h ow ever, is lin ea rly  p ro p o rtio n a l to  th e  h o rizo n ta l deform a-
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^dx

Ä f i

F ig . 2. E ffec tiv e  an d  n e u tra l d e fo rm atio n a l stresses on  a ro ck  e lem en t of in fin ites im a l t h ickness
in  fro n t o f th e  w o rk in g  face

tio n a l s tre ss  (zlo''), for th is  reason  th e  ch an g e  o f  th e  pore gas p ressu re  can  be 
w r itte n  as A p  =  —DA<j'x. S u b s titu tin g , we g e t th e  d ifferen tia l e q u a tio n

d J z K ) ^  
d x  M

(36)

w hose genera l so lu tio n  is
9  A

Aa'x =  F  e~M(,D+i )x . (37)

F o r  X — 0 we shou ld  h av e  Aax — , th u s
m  — 1

p  H  y  — Po 
m  — 1

(38)

i.e .

A 0 X =  H y  Po e m (d +i ) x . 
m -  1

(39)

C o n seq u en tly , th e  stresses in  th e  solid s t ru c tu re  o f th e  rock  can  
th e  seco n d ary  s ta te  as

he w r it te n  in

ax =  H y  P o { l  e M(D+i)x) 
m  — 1

(40)

t ' =  А — У— -E(l  e~ M(D + i)x
m  — 1

(41)

4  =  ( H y -  po) (1 +  — ‘Ц  в "(D  + l) x) .
m  — 1

(42)
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I t  sh o u ld  be  n o ted  th a t  th e  v a lu es  of p a ra m e te rs  A  an d  C are n o t a ffec ted  b y  
th e  p o re  gas p ressure , th e y  a re  th e  sam e as in  th e  p rev ious case.

T h e  d e te rm in a tio n  o f p a ra m e te r  D  req u ire s  specia l a tte n tio n . T he specific  
v o lu m e  ch an g e  in  f ro n t o f  th e  face is

A V  A O x ( m - \ - 1) (m 2 ) (1.5 m  — 3.5) 

V  E  in2
(43)

T h e  c h a n g e  of th e  pore gas p ressu re , ex p ressed  w ith  th e  specific ch an g e  o f  
v o lu m e  [4] is

A p  =
eo

A V  ,, -  l
eo ------—  l 1 +  eo)L  V J

A V < _ e ± _
V  l  +  e0

(44)

w h e re  e0  d eno tes th e  v o id  r a t io  o f th e  rock  co rresp o n d in g  to  th e  in itia l p o re  gas 
p re s s u re  ( p 0) an d  x  is th e  p o ly  tro p ic  ex p o n en t.
F o r  m e th a n e  1 <[ x  <[ 1.3. T h e  v alue  x =  1 s ta n d s  fo r iso therm ic  ch an g e  o f 
s ta te ,  i .e . fo r th e  case w hen  th e  h e a t exchange is m ax im u m  for a c o n s ta n t te m ­
p e r a tu r e .  I f  x  =  1.3, th e  ch an g e  o f  s ta te  is a d ia b a tic , i.e. no h ea t exchange ta k e s  
p la c e  b u t  th e  change o f te m p e ra tu re  is m a x im u m . R egard ing  th e  fa c t t h a t  x  
v a r ie s  w ith in  a v e ry  lim ite d  in te rv a l, i t  is o f no decisive im p o rtan ce  to  w h ich  
id e a l c h an g e  of s ta te  th e  a c tu a l p o ly tro p ic  ch an g e  is nearer. I t  w ou ld  b e  no  
m a jo r  e r ro r  i f  we used  e ith e r  x — 1 or x =  1.3 in  th e  ca lcu lations.

I f  th e  specific vo lu m e change is sm all, th e  fu nc tion  p ( A V / V )  c a n  be  
re p la c e d  b y  its  ta n g e n t ta k e n  a t  A V j V  =  0. T h e  eq u a tio n  o f th e  ta n g e n t  is

P x p 0
1 +  e0 A V  _ 

eo V  ;

Л У  e„
V  e0 +  1 '

(45)

S ince th e  use of th e  ta n g e n t in s te a d  of th e  fu n c tio n  m eans an  a p p ro x im a tio n  
fro m  b e lo w , we shall ta k e  x  —  1.3 w hich gives a n  ap p ro x im a tio n  from  ab o v e . 
In  th is  w a y  th e  d ifferences co m p en sa te  each  o th e r  to  som e e x te n t. E v e n tu a lly , 
th e  p a ra m e te r  to  be d e te rm in e d  becom es

D  =  1.3 p 0
1 -f- e0 (m  1) (m  — 2) (1.5 m  — 3.5) 

en E  m 2
(46)

T h e  e q u a tio n s  show th a t  th e  s tress on th e  so lid  s tru c tu re  of th e  rock  does n o t 
d e p e n d  on  th e  change o f th e  po re  gas p ressu re  A p ,  due  to  th e  effect o f th e  e x ca ­
v a t io n .  T h e  in itia l po re gas p ressu re  (p0) re lieves th e  solid s tru c tu re  fro m  load . 
T h e  g re a te r  th e  pore gas p re ssu re , th e  sm alle r becom es th e  stress in  th e  solid
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s tru c tu re . This e ffec t is ad v an tag eo u s  from  th e  p o in t o f v iew  o f d e te r io ra tio n , 
an d  exp la ins th e  o b se rv a tio n  th a t  in  m an y  cases layers w ith  g re a t pore  gas 
p ressu re  are n o t su b je c t to  o u tb u rs t  d an g er. I t  is also ev id e n t t h a t  th e  g rea te r  
th e  in itia l pore gas p ressu re  p 0, th e  g rea te r  is Ap.  T h is fa c t has a v e ry  d isa d v a n ­
tag eo u s effect on ro ck  s tre n g th . C orrespond ing ly , th e  increase  o f  th e  in itia l 
po re gas pressure red u ces th e  load  on th e  solid s tru c tu re  b u t  also reduces th e  
rock  s tre n g th . T he an a ly sis  o f these  tw o  p rin c ip a l an d  co n tro v e rs ia l effects 
deserves a special t re a tm e n t .

T he v a r ia tio n  o f  stresses w ill be illu s tra te d  b y  an  exam ple . L e t m  — 4, 
i.e. a v a lu e  w hich can  cause  an  o u tb u rs t. In  th e  ca lcu la tio n s we sh a ll use В  =  4, 
E  =  400 M Pa an d  e0 =  0 .05, c h a ra c te ris tic  o f s tro n g e r coals. F u r th e r ,  we as­
sum e H  — 400 m , у  =  25 k N /m 3 an d  M  =  2.5 m . In  th is  case, th e  p a ra m e te rs  
becom e C =  3.5, A  — 0 .073, D  =  0.01 p 0 and  2 A / M  =  0.058. T h e  stresses 
and  gas pressure  can  now  be w ritte n  as

1 0 0  - P o  e  0 .0 1 P .+ 1 * )

3 V
(47)

0.058 r

ff' =  ( 1 0 0 -  p „ ) ( l  + 1.17 e p > (48)

0.058 r

r '  =  0.058(100 -  Po) e (° M Po+1) (49)
0.058

100 — (0.01 P o+ 1)x 
D d <  =  p 0 1 + 0 . 0 1  - e (50)

T he stresses are i l lu s tra te d  fo r p 0 =  0. 1 and  2 M Pa in F ig . 3. I t  is seen  th a t  th e  
sh ear s tress ( r ')  is sm a ll, even a t th e  w o rk ing  face, and  i t  q u ick ly  d im in ishes 
w ith  increasing  d is ta n c e  from  th e  face.

6. D eterioration o f the rock domain in front of the working  
in  the presence o f pore gas pressure

In  th e  p resence o f  po re  gas p ressu re  th e  s tre n g th  o f th e  rock  decreases. 
T he eq u a tio n  of th e  lin e a r  fra c tu re  lim it line is [3]:

г  =
В  -  1

К  -  p) (51)

w here ac denotes th e  u n ia x ia l com pressive s tre n g th  m easu red  w ith o u t gas 
p ressu re  and
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6 i
«6

г

MPa

Fig. 3. E ffe c tiv e  stresses in  f ro n t o f th e  w ork ing  face

В  is B rinke’s n u m b e r . 
B r in k e ’s num ber is d e fin ed  as

В  = tg 2 45°+f (52)

w h e re  ap  is th e  tensile  s t r e n g th  and  
cp th e  angle of in te rn a l  fric tio n .
T ak in g  in to  acco u n t p o re  gas pressure, th e  u n ia x ia l com pressive s tre n g th  

b eco m es
«Í =  ffc -  ( B  -  l ) p .  (53)

T h e  ex trem al p r in c ip a l s tresses in  th e  ro ck  d o m a in  in  f ro n t o f th e  w ork ing  
fa c e  a re

<*X +  , /

CXo —

2

<  +  a 'z

+ +  r ' 2 (54)

+  T' 2 . (55)
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A ssum ing a s tra ig h t line for the  lin e a r  f ra c tu re  lim it curve, th e  cond itio n  
o f  th e  occurrence  o f d e te rio ra tio n  th a t  th e  eq u a tio n

о* =  a'c +  В 0 - 3 =  ac — (B — \) p  +  BiT3 (56)

sh o u ld  be sa tis fied , w here p  p H Ap.  K eep in g  in m ind th a t  x '  is sm a ll even 
a t  th e  face and  qu ick ly  d im inishes, we can  w rite

az = a -  (B — 1 )p  + Bn'x. (57)

F u r th e r , D  can  he neglected  beside th e  u n ity . T h u s, the
s tre n g th  ju s t req u ired to  p rev en t d e te r io ra tio n  is

2  A

ac r e q  =  {H  У Po)
e n  r(1.5 m 2.5 +  B )  +  1
m 1

w here
2 A 1.5 /и 2.5

M  0.05(m  1) / /  '

un iax ial com pressive

+  ( B  1 ) Pn (58)

(59)

H = 400 m
B= 2 tp = 19.5° 
m= 2

X [m 1

НГ

F i g .  4 .  Variation of the compressive strength required to avoid deterioration in front of the
working face
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E q u a t io n  (58) shows th a t  th e  g re a te r  Н у,  th e  g re a te r  becom es th e  com pressive  
s t r e n g th  w hich  could p re v e n t d e te rio ra tio n . T h is exp la in s w hy th e  freq u en cy  
o f o u tb u r s t  increases w ith  d e p th . The g rea te r th e  re q u ire d  com pressive s tre n g th  
to  p re v e n t  d e te rio ra tio n , th e  m ore com m on i t  w o u ld  be th a t  th is  c o n d itio n  
w ere  n o t  sa tisfied .

F ig u re s  4 — 6  show  th e  com pressive s t r e n g th  req u ired  to  p rev en t d e te r io ­
r a t io n  in  f ro n t of th e  w o rk ing  face, as fu n c tio n  o f  th e  pore gas p ressure , P o isso n  
ra t io  a n d  B r i n k e ’s n u m b er, respective ly . I t  is seen  from  th e  figures t h a t  th e  
co m p ressiv e  s tre n g th  re q u ire d  to  p rev en t d e te r io ra tio n  quick ly  decreases to  
zero  w ith  th e  d is tan ce  from  th e  face, if  th e  po re  gas pressure is sm all. T h e  zero  
v a lu e  o f  th e  req u ired  com pressive s tre n g th  m ean s  th a t  th e  in te rn a l fr ic tio n  
a lone  is su ffic ien t to  p re v e n t d e te rio ra tio n . I f  th e  pore  gas pressure is g re a te r , 
th e  com pressive  s tre n g th  w h ich  p rev en ts  d e te r io ra tio n  does n o t decrease  to  
zero . S uch  cases are d isad v an tag eo u s  from  th e  p o in t o f view  of th e  o u tb u rs t  
d a n g e r . W ith  increasing  B rin k e ’s n u m b er an d  P o isso n  ra tio , th e  coal s tre n g th , 
as a  ru le , also increases. T he figures show th a t  a  g re a te r  com pressive s tre n g th  
is re q u ire d  to  p re v e n t d e te rio ra tio n  if  th e  v a lu es  В  and  m  are g rea t. So, n a tu re

H = 400m
B=3 cp = 30°
m = 3

X Im ]

ÍC.
НГ

F ig . 5. V a ria tio n  o f th e  com pressive  s tre n g th  re q u ire d  to  avo id  d e te rio ra tio n  in  f ro n t  o f th e
w orking face
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H * 400 m
B-4 q>.37°
m=4

140 125 100 80 60 40 20 0
X [m]

6 c
HT

l 1 ig. 6. V ariation  o f the com pressive  s tre n g th  req u ired  to  avo id  d e te rio ra tio n  in  f ro n t o f th e
w orking face

reveals  again  a co m p en sa tio n  phenom enon  w h ich  can  he observed  so fre ­
q u en tly .

I f  th e  co m pressive  s tre n g th  of th e  la y e r  a t  or n ea r th e  face is sm aller 
th a n  th a t  req u ired  to  p re v e n t d e te rio ra tio n , a ro ck  d e te rio ra tio n  ensues in  th e  
a rea  o f th e  face. T h is , how ever, does n o t b r in g  a b o u t o u tb u rs t  a u to m a tic a lly  
because  the pore  gas a n d  th e  ev ap o ra tin g  a d so rb ed  gas can  leave th e  rock  
th ro u g h  th e  g rea t su rface  o f th e  face. So, th e  p o re  gas p ressure  has no possib i­
l i ty  to  increase. H o w ev er, if  th e  d e te rio ra tio n  p e n e tra te s  in to  g rea t d is tan ces  
b eh in d  th e  face, in  case o f  m >  2.33 th e  pore  gas p ressu re  has th e  p o ssib ility  
to  increase. T hus, th e  d e te rio ra tio n  process acce le ra tes  and  an  o u tb u rs t  com es 
a b o u t. T he s itu a tio n  is especia lly  dangerous i f  th e  coal s tre n g th  decreases m ore 
q u ick ly  w ith  th e  d is ta n c e  from  th e  face th a n  th e  com pressive s tre n g th  w hich  
w ould  p rev en t th e  d e te r io ra tio n . These c ircu m stan ces  com e a b o u t n e a r fa u lt 
zones. H ere, rock  d e te r io ra tio n  ensues fa r  from  th e  face and  pore gas p ressu re  
increases. The in ta c t  ro ck  m ass of th e  face p re v e n ts  th e  gas from  escap ing  an d  
d u rin g  ad vanc ing , gas p ressu re  su dden ly  th ro w s  o u t th e  face from  its  p lace . 
T h is explains w h y  th e  o u tb u rs ts  a t  fa u lt zones are  com bined  w ith  such  large  
m echan ical effects.

I t  should  be  n o te d  th a t  pore gas p re ssu re  values g rea te r  th a n  0 .4 —0.5 
H y  am ong those  o f  p 0 =  (0 .0—1.0) H y  in  F igs. 4 — 6 , h av e  no p ra c tic a l im p o r t­
ance. E xperience, n a m e ly , show s th a t  pore  gas p ressu re  falls w ith in  th e  lim its

10* Acta Geodactica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



148 ZS. SOMOSVÄKI

0 a n d  5 M P a, in m any  cases ev en  w ith in  0.5 an d  1 M Pa. T he figures are  c o m p u t­
ed  fo r  a  la y e r  d ep th  o f I I  =  400 m  w here, in  genera l, ap p ro x im a te ly  H y  — 10 
M P a . F ro m  Fig. 6  i t  can  be re a d  th a t  a t  p J H y  =  0.4 i.e. at a pore gas p ressu re  
p 0 —  4 M P a , cTc/ H y  =  1 is v a lid  even  a t  g re a t d is tan ce  from  th e  w o rk in g  face. 
T h is  m e a n s  th a t  a com pressive  s tre n g th  o f <yc =  10 M Pa is req u ired  to  p re v e n t 
ro c k  d e te r io ra tio n . In  case o f  a g re a te r  angle o f in te rn a l fric tion  ( B r i n k e ’s 

n u m b e r)  an d  Poisson ra tio , an  even g re a te r  com pressive s tre n g th  is req u ired  
to  a v o id  d e te rio ra tio n . T h is ex p la in s  how  o u tb u rs t  can  occur even in  case of 
g re a t  la y e r  stren g th s .

7. C onclusions

T h e  resu lts  o f th e  in v e s tig a tio n s  ca rried  o u t in  th is  s tu d y  are  in  con co rd ­
an ce  w ith  th e  resu lts  o f o u r p rev io u s in v es tig a tio n s , and  experience, as well. 
A t th e  sam e tim e, fu r th e r  s ta te m e n ts  can  be m ade ab o u t th e  cause  o f o u t­
b u rs ts  on  th e  basis o f our la te s t  re su lts .

N o  o u tb u rs t can  occur in  w ide-face w ork ings if  th e  Poisson  ra t io  fo r th e  
la y e r  is ap p ro x im ate ly  m  <T 2 .3 . Such is th e  case for e x tra o rd in a rily  sm all coal 
s t r e n g th s .  H ow ever, if  th e  P o isson  ra tio  is ap p ro x im a te ly  m 2.3, o u tb u rs ts  
h a v e  e x a c tly  th e  sam e ch an ce  to  com e a b o u t in  w ide-face w ork ing  as a t  d riftin g .

O u tb u rs ts  can  h a p p e n  in  w ork ings if  ac <( <XC req fa r th e r  from  th e  face. 
S u ch  cases can be u su a lly  o bserved  in or n e a r th e  areas of fau lt /.ones.

B eside  th e  pore  gas p re ssu re  an d  th e  com pressive s tre n g th , th e  d an g e r of 
o u tb u r s t  is s tro n g ly  a ffec ted  b y  th e  P oisson  ra tio  anti th e  angle of in te rn a l fric­
t io n  ( B r i n k e ’s nu m b er) o f th e  lay e r. In  possession of these  four d a ta , th e  d a n ­
g er o f  o u tb u rs t  can  be d e te rm in e d  b y  m eans of th e  equ a tio n s o f S ec tion  6 .

F o r  coals for w hich  th e  angle o f in te rn a l fric tio n  and  th e  P o isso n  ra tio  is 
g r e a te r ,  a considerab le com pressive  s tre n g th  is req u ired  to  avoid  d e te r io ra tio n  
i f  p o re  gas is p resen t. T h is ex p la in s  th e  fre q u e n t o u tb u rs ts  even in  lay e rs  of 
g re a t  com pressive s tre n g th .

I n  th e  Pécs Coal B asin  (H u n g a ry ) 9 9%  o f th e  o u tb u rs ts  h a p p e n e d  in  
ro a d h e a d s  and  n o t in  w o rk in g s. T his is due  to  th e  fac t th a t  th e  lay e rs  are  d is­
tu r b e d ,  th e ir  s tre n g th  an d  P o isso n  ra tio  a re  e x tra o rd in a r ily  sm all. C o n seq u en t­
ly , a  specific  volum e in c rease  ensues in  f ro n t o f th e  w ork ing  face w h ich  does n o t 
in c re a se  th e  pore gas p re ssu re , so th e  rock  d e te rio ra tio n  does n o t ta k e  place 
exp losio n -lik e .
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ИССЛЕДОВАНИЕ ОБЛАСТИ ПЕРЕД ЛИНИЕЙ ОЧИСТНЫХ ЗАБОЕВ В СИСТЕМЕ 
ПОРОДА-ГАЗ ДЛЯ ВЫЯСНЕНИЯ ПРИЧИН ВЫБРОСОВ ГАЗА И ПОРОДБ1

Ж . ШОМОШВАРИ

РЕЗЮМЕ

На основании исследований взаимодействий системы порода-газ покажем, что при 
забоях в таких случаях, когда число Пуассона для залежа мало, его значение близко к 
двум, выброс породы и газа невозможен потому, что не выполняется основное условие 
выброса, установленного нами раньше, — что перед линией очистних забоев должно прои­
зойти уменьшение объёма породы.

Этот результат объясняет тот общеизвестный эмпирический факт, что при чрезвы­
чайно маленьких прочностях угля выбросы концентрируются на прохождение выработок 
и только при больших прочностях угля и вместе с этим при больших числах Пуассона 
происходят и в отбое.

Покажем, что вероятность выброса решающим образом определяется оригиналь­
ным давлением газа пор, вертикальным первичным напряжением ( Ну) ,  числом Пуассона, 
углом внутреннего трения, прочностью на сжатие залежи.

Выводим формулу, которой в зависимости от упомянутых существенных параметров 
определяется прочность залежи (однонаправленная прочность на сжатие), необходимая 
во избежании выброса. Это соотношение, между прочим, объясняет тот опытный факт, что 
частость выбросов растете глубиной, кроме того в некоторых случаях выбросы происходят 
и при совсем малых давлениях газа пор (3—4 кр/см2), а в других случаях и при более боль­
ших давлениях газа пор выбросы не происходят.

Вышеупомянутая зависимость объясняет и тот опытный факт, что выбросы обычно 
происходят в залежах с маленькими прочностями, в тоже время в некоторых случаях 
могут произойти и в залежах с большими прочностями. Полученные результаты снова под­
тверждают наши предыдущие выводы, что выброс является ничем иным, как внезапным 
взрывообразным процессом разрушения системы порода-газ, несущая нагрузку катализи­
рованным давлением газа пор. Основной причиной выбросов является влияние давления 
газа пор на прочность, которое при разрушении вызывает процесс подобно цепной реакции. 
Этот процесс ускоряет разрушение, делает его взрывообразным. В тоже время нагрузка с 
твердой каркасной структурой внезапно возлагается на давление газа пор, возникает боль­
шое давление газа, которое бросает твердую фазу в свободное пространство, причем взры­
вообразно огромное количество газа течет в выработанное пространство ввиду того, что 
из-за уменьшения давления газа большая часть связанной (адсорбированной) фазы газа 
выделяется.

Acta Gcodaclica, Gcophysica et Montanistica Acad. Sei. Hung. 16, 1981





Acta Geodaet., Geophys. el Montanist. Acad. Sei. Hung. Tomus 16 (1), pp. 151 160 (1981)

PROCESS CONTROL SYSTEM WITH FEEDFORWARD FOR 
GRINDING-SEPARATING CYCLES

SZ. P E T H Ő

TECHNICAL UNIVERSITY OF HEAVY INDUSTRY, MISKOLC

[M anuscrip t received  F e b ru a ry  2, 1979]

T h e  s tu d y  deals w ith  a co m p u te r process c o n tro l system  ensuring a fe e d fo rw a rd  fo r the  
p n e u m a tic  sep a ra to r. A t th e  sam e tim e , i t  red u ces th e  tim e  loss o f the  m ill to  m in im u m . This 
m akes p rossib le  fo r th e  p ro d u c t to  h av e  a c o n s ta n t a n d  p rescribed  q u a lity  as w ell a s  m ax im um  
m ass, e v en  in  case o f  chan g in g  g rin d ab ility .

1. Introduction

T h e  con tro l ta s k  fo r h a ll m ills w ith  a  closed cycle can  h e  as follows 
[1, 2 ]: “ A p ro d u c t o f p rescribed  p a rtic le -s ize  d is trib u tio n  an d  m in im u m  cost 
has to  h e  p ro d u ced  so as to  ga in  m ax im u m  p ro d u c t o u tp u t.”  T h is  m ax im um  
a m o u n t can  v a ry  f irs t  o f all because o f th e  g rin d ab ility  of th e  m a te r ia l .  T h a t 
is w h y  th e  au th o rs  o f th e  q u o ted  s tu d ies  su g g es t an  adap tiv e  o p tim u m  co n tro l. 
T h ey  give a ra th e r  genera l flow sheet fo r th e  o p tim um  con tro l o f  th e  m ill. A t 
th e  sam e tim e , how ever, th e y  do n o t ex c lu d e  th e  possib ility  o f  o th e r  so lu tions

(D-

2. Principal schem e of the process control system

F ig u re  1 illu s tra te s  sch em atica lly  th e  o p tim u m  control e n a b lin g  q u a n ti­
ta t iv e  a n d  q u a lita tiv e  stee rin g . A feeder b e lt  to  m easure and  t r a n s p o r t  fresh 
feed R  is req u ired . M ass M  o f  th e  p ro d u c t leav ing  th e  mill is m e a su re d  by  
reco rd in g  b e lt scales. T h en , th e  p ro d u c t is sam p led  and th e  sam ples a re  c o n tin ­
uously  an a ly zed  b y  a p artic le -s ize  an a ly ze r. A t th e  1975 N u re m b e rg  Congress 
on P a r tic le  Size A nalysis, a device w as in tro d u c e d  w hich w as c a p a b le  to  p ro ­
duce v a rio u s  frac tio n s [5]. T he p a rtic le  size d is tr ib u tio n  and  m ass o f  th e  mill 
p ro d u c t an d  th e  q u a lity  specifica tions fo r th e  end -p roduc t (e.g. th e  m ass  fra c ­
tio n  co arser th a n  a g iven p a rtic le  size) fo rm  th e  in p u t d a ta  for th e  p ro cess  con­
tro l co m p u te r.

A n o th e r  in p u t signal is th e  m ill c h a ra c te ris tic s  as show n in  F ig . 2. This 
m ill c h a ra c te ris tic s  d iffers to  som e e x te n t fro m  those in  s tud ies [ 1 ] a n d  [2 ], 
h u t i t  c a n  be derived  from  th em . In  th e  s tu d ie s  cited , th e  e n d p ro d u c t w hich
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G

Vj theor 9Í0 4o theor
Fh(x)Fd(x)r(t)Xlo

x(t)

Fig. 1. P rin c ip a l sc h e m e  o f a process co n tro l s y s te m  w ith  feedforw ard

M
4 theor

F ig . 2. Mill ch arac te ris tics  m ass V ) ttleor o f the e n d -p ro d u c t v e rsu s  m ass X,- o f the  m a te r ia l  fed
in to  the m ill

c a n  a c tu a lly  he se p a ra te d  b y  a pneum atic  s e p a ra to r  h as  been il lu s tra te d  as a 
fu n c tio n  o f mill feed  X .  T h e  m ill ch a rac te ris tic s  su g g ested  here enab les us to  
d e te rm in e  th e  v a r ia tio n  o f  th e  endproduct V/t theor (» - 1, 2, . . n),  to  be
o b ta in e d  by  a p e rfec t s e p a ra tio n , versus m ill fe e d  X .

A  p neum atic  s e p a ra to r  w ith  changeable  p a ra m e te r  operates in sid e  th e  
sy s te m . T he p a ra m e te r  w h ic h  can  be changed  in  m o d e rn  pneum atic  se p a ra to rs  
d u r in g  opera tion  is th e  re v o lu tio n  per m in u te . I f  th e  partic le  size d is tr ib u tio n  
o f  th e  p ro d u c t, how ever, ch an g es  p e rm an en tly , th e  n u m b er of b lades can  also 
b e  ch an g ed . I t  is a r a th e r  e sse n tia l c ritérium  fo r th e  design of an o p tim u m  co n ­
t r o l  sy s tem  th a t  we h a v e  to  know  the  p a r titio n  c u rv e  fo r  th e  various o p e ra tio n a l 
p a ra m e te rs  of th e  s e p a ra to r .
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T he p a r titio n  cu rv es fu rn ish  th e  tra n s fe r  fu nc tion  of th e  p n e u m a tic  sep a ­
r a to r  an d  form  a fu r th e r  in p u t signal for th e  p rocess contro l c o m p u te r .

T h e  process co n tro l co m p u te r  supp lies th e  following “ se rv ice” :
I t  determ ines an d  sum s fo r an y  g iven  perio d  (e.g. sh ifts , d a y s  e tc .) th e  

m ass an d  p artic le  size d is tr ib u tio n  o f th e  p ro d u c t and  m asses V, theor and  
Vj0 theon respective ly . T h e  la t te r  m asses m ean  th e  “ useful m a te r ia l”  a c tu a lly  
p re se n t in  th e  p ro d u c t and  its  m ax im u m  (see F ig . 2), i.e. th e  p ro d u c t f in e r  th a n  
a g iven  partic le  size.

T h e  co m p u te r ca lcu la tes  th e  resu lts  o f  th e  p neum atic  s e p a ra tio n  fo r all 
p a ra m e te r  values of th e  p n eu m a tic  se p a ra to r  using  th e  recovery  v a lu e s  o f  th e  
p a r t i t io n  curve and  th e  p a rtic le  size d is tr ib u tio n  o f th e  p ro d u c t [3]. T h e  com ­
p u te d  resu lts  are  th e  m asses o f th e  en d -p ro d u c t and  the  c irc u la tin g  d u ff  (or 
th e  n u m b e r of cycles) an d  th e ir  p a rtic le  size d is trib u tio n s. F ro m  am o n g  these  
p rocesses th e  co m p u te r selects th e  p a r tic u la r  sep a ra tio n  w hich can  p ro d u ce  th e  
e n d -p ro d u c t of p rescribed  q u a lity  in  th e  g re a te s t possible a m o u n t (i.e . w ith  the  
sm a lle s t possible n u m b e r o f cycles). I ts  m ass an d  partic le  size d is t r ib u tio n  are 
su m m ed  and  averaged , re sp ec tiv e ly . I f  n eed ed , th e  expected  sp ec ific  surface 
o f  th e  en d -p ro d u c t is ca lcu la ted , as well.

T h e  co m p u ter se lects those  p a ra m e te rs  o f th e  p n eu m atic  s e p a ra to r  (e.g. 
th e  n u m b e r of rev o lu tio n s) w hich  ensure th e  op tim u m  sep a ra tio n . T h e  m ass G 
a n d  th e  p a rtic le  size d is tr ib u tio n  o f  th e  d u ff  p ro d u c t a t th e  o p tim u m  se p a ra tio n  
a re  ca lcu la ted . F rom  th e  d ifference X  — G th e  m ass of fresh feed R  is also  d e te r ­
m in ed  (R  =  X  — G), th is  will be th e  in p u t signal for th e  feeder b e lt  show n in
F ig . 1.

T h e  process c o n tro l c a rried  ou t as suggested  above h as  th e  follow ing 
a d v a n ta g e s .

1. The e n d -p ro d u c t can  he p ro d u ced  so as to  ensure a p re sc rib e d  and  
c o n s ta n t  q u a lity  and  m ax im u m  m ass even  in  case o f changing  g r in d a b ili ty .

2. B y a w eighing th e  p ro d u c t, c o n tin u o u sly  d e te rm in ing  its  p a r tic le  size 
d is tr ib u tio n  and , also know ing  th e  m ill ch a rac te ris tic s , th e  g r in d a b il i ty  fu n c ­
t io n  o f  th e  m ateria l becom es know n w ith in  th e  sh o rtest possib le  tim e . T hus 
th e  o p tim u m  mill feed X i0 can  be a d ju s te d  w ith in  a m inim al tim e  loss (F ig . 2).

3. The op tim u m  co n tro l o f th e  p n e u m a tic  sep a ra to r is c a rr ie d  o u t by  
m ean s  o f th e  so-called feed fo rw ard . This req u ires  in  the  p resen t case th e  k n ow l­
edge o f  th e  p a rtic le  size d is tr ib u tio n  o f th e  raw  m ate ria l and  th e  t r a n s fe r  fu n c ­
t io n  o f  th e  p n eu m atic  s e p a ra to r . (The a lg o rith m  o f the  ca lcu la tio n  w ill be p re ­
se n te d  la te r  in  th is  p ap e r.)  In  case o f feed fo rw ard  th ere  is no tim e  loss: th e  
p n e u m a tic  sep a ra to r  o p e ra tin g  a t  th e  o p tim u m  param ete rs  “ e x p e c ts”  th e  
m a te r ia l  w ith  th e  a lte re d  p a rtic le  size d is tr ib u tio n . The q u a lity  p re sc rip tio n s  
ca n  alw ays he fu lfilled  ac c u ra te ly , un like  in  case of feedback . T h e  possib le 
m in im u m  am o u n t o f fin e  p ro d u c t is in  c ircu la tio n , consequen tly , th e  p ro ces­
s in g  c a p a c ity  of th e  sy s tem  can  be fu r th e r  increased .
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3. P ra c tic a l  solution of th e  p rocess contro l

S ystem atica l e x p e r im e n ts  have been c a rr ie d  o u t  on  a W ED A G  p n e u m a tic  
s e p a ra to r  a t th e  D e p a r tm e n t  of M ineral D ress in g , T echnical U n iv e rs ity  of 
H e a v y  In d u s try . T he c ro ss-sec tio n  of the  c la ssify in g  ch am b er of th e  p n e u m a tic  
s e p a ra to r  was 0.07 m 2. I t  c a n  be operated  a t  2300 , 2000, 1700, 1500 an d  1100 
r .p .m . an d  e ither w ith o u t a n y  or w ith  2, 3 an d  6  b la d e s . T he blades can  be rad ia l 
o r  b a c k w a rd s  arched  a t  a n  ang le  of 15°, 30°, 45°, 60°, 70° or 90°. As a re su lt of 
e x p e r im e n ts  clinker so r ts  o f  several H u n g a ria n  ce m e n t factories h av e  been  
c la ss if ie d  w ith  m ost o f  th e  above  p a ram ete rs . S ince  th e  partic le  size d is tr ib u ­
t io n s  o f  th e  p ro d u c ts  o f  th e  p neum atic  s e p a ra to r  h a v e  also been d e te rm in ed , 
th e  p a r t i t io n  curves co u ld  h a v e  been e s tab lish ed .

3.1 Transfer  func t ion  o f  the pneumatic  separator and  quality prescriptions for
the end-product

T ab le  I  co n ta in s  th e  tra n s fe r  fu nc tion  o f  th e  p n eu m a tic  s e p a ra to r , i.e. 
th e  p a ra m e te rs  and  th e  co rresp o n d in g  p a r t i t io n  cu rv es  w hich  can arise in  case 
o f  c lin k e r  c lassification . F ra c tio n s  ind ica te  th e  v a r io u s  p a ram e te r  va lu es  (e.g. 
2300 /2 ) th e  n u m era to r  g iv in g  th e  revo lu tions p e r  m in u te , th e  d en o m in a to r for 
th e  r a d ia l  b lade n u m b e r. N o  o th e r p a ram e te r  v a lu e s  are  included  in  th e  T ab le  
s in c e  th e y  cannot be ta k e n  in to  considera tion  fo r c lin k e r c lassification  because  
o f  th e  low  separa tion  p a r t ic le  size. B ackw ards a rc h in g  b lades have h a rd ly  an y  
e f fe c t on the  p a r ti t io n  c u rv e  as com pared w ith  th e  ra d ia l ones. T h a t is w hy 
th e s e  p a ra m e te r  v a lu es  a re  n o t  con ta ined  in  th e  T ab le , e ither. T he la s t  tw o 
ro w s  o f  th e  Table g ive tw o  charac teris tic  n u m b e rs  fo r th e  p a r titio n  curves. 
M ( X )  is th e  expected  v a lu e  o f  th e  equalizing p a ra m e te r . This gives th e  p a ra m ­
e te r  o f  th e  sep ara tio n . T h e  ra tio  M ( F ) / M ( X )  ch a ra c te riz e s  th e  sharpness  of 
th e  sep a ra tio n . T ab le  I I  m a k e s  clear the  c a lc u la tio n  o f these  tw o n u m b ers  by  
th e  ex am p le  of th e  p a r t i t io n  curve  values fo r th e  p a ra m e te r  1100/0 [4], w hile 
F ig . 3 helps in  th e  in te rp re ta t io n .  The eq u a liz in g  p a ra m e te r  ensures th e  con­
s t r u c t io n  of a p a r ti t io n  c u rv e  w ith  a perfec t s e p a ra tio n , th e  area  u n d e r w hich  
w o u ld  be equal to  th a t  u n d e r  th e  ac tual p a r t i t io n  cu rv e . The h o rizo n ta l side 
o f  th e  p a r titio n  curve  w dth  a  perfec t sep a ra tio n  g ives M ( X ) .  B etw een th e  tw o  
fu n c tio n s  tw o erro r a re a s  M ( F )  o f the sam e size c a n  be ob ta ined . T he ra tio  
M ( F ) / M ( X ) ,  i.e. th a t  o f  th e  e rro r area to  th e  a re a  u n d e r  th e  p a r ti t io n  cu rv e , 
c h a ra c te r iz e s  th e  sh a rp n e ss  o f  separation .

W ith  the  aid o f  th e  a b o v e  exp lan a tio n  th e  c a lc u la tio n  m ethods il lu s tra te d  
in  T a b le  I I  should be  e a sy  to  follow [4]. F ir s t ,  p a r tic le  size in te rv a ls  A x  are 
fo rm e d , w hich are m u lt ip l ie d  w ith  th e  re co v e ry  v a lu e s . T heir sum  gives th e  
v a lu e  M ( X ) .  In  o rder to  c a lc u la te  th e  erro r a re a s , M ( X )  is tak en  for one o f  th e
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Tabic I
Transfer F unction  and Separation  N um bers o f  the Pneum atic Separator

Particle Size Recoveries
ftm 2300/0 2000/0 1500/0 1100/0 2300/2

< 6 3 0.82335 0.80962 0.79906 0.65110 0.64565
6 3 - 9 0 0.57906 0.53965 0.53586 0.23414 0.14735
9 0 - 1 6 0 0.40726 0.33957 0.31900 0.07449 0.02569

1 6 0 -2 0 0 0.26572 0.19741 0.16718 0.02102 0.00882
2 0 0 -3 1 5 0.18738 0.13598 0.08356 0.00900 0.00310

3 1 5 -5 0 0 0.08850 0.08861 0.04691 0 0

500 < 0.03915 0.03629 0 0 0

M ( X ) 148.48 132.90 112.11 54.43 47.16

M ( F ) / M ( X ) 0.6467 0.3970 0.3590 0.3489 0.3543

Particle Size Recoveries
ura

2000/2 1500/2 2300/3 2300/6

< 6 3 0.61526 0.56173 0.54949 0.53264

6 3 - 9 0 0.08974 0.06032 0.06989 0.01450
9 0 - 1 6 0 0.01826 0.00164 0.01596 0.00342

1 6 0 -2 0 0 0.00434 0.00134 0.01323 0.00189
2 0 0 -3 1 5 0.00122 0.00086 0.00206 0.00100
3 1 5 -5 0 0 0 0 0 0
500 < 0 0 0 0

M ( X ) 42.78 37.49 38.78 34.37
M ( F ) / M ( X ) 0.3848 0.4383 0.4505 0.4674

Ti

1.0

0.5

0
о

------1
i

M(F)i
i
i

------ t

M(X)=54.43m 
M(F)=18.99 
M(F)/M(X) = 0.3489

I
i
i
i
i
j M ( n L

J___ L

M(X) 100 200 300 /im

F ig . 3. P a r t it io n  cu rv e  o f  th e  p n e u m a tic  sep ara to r
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Table П

Calculation M ethod  o f  the N um bers o f  the P a rtitio n  Curve 1100/0

Particle size 
f i m

Recovery
T i

Particle size interval 
A x{ T iA x i

< 6 3 0.65110 63 41.0193

6 3 - 9 0 0.23414 27 6.3218

9 0 - 1 6 0 0.07449 70 5.2143

1 6 0 - 2 0 0 0.02102 40 0.8408

200 — 315 0.00900 115 1.0350

M ( X ) =  54.4312

Particle size 
jtxm 1 —  T t T i A x i (1 - T , ) A x , T í A x í

< 5 4 .4 3 54.43

54.43 — 63 0.34890 0.65110 8.57 18.9906 5.5799

6 9 - 9 0 0.23414 27 6.3218

9 0 - 1 6 0 0.07449 70 5.2143

160 — 200 0.02102 40 0.8408

2 0 0 - 3 1 5 0.00900 115 1.0350

M ( F )  =  18.9906 M ( F )  =  18.9918

p a r t ic le  size lim its. T h e  tr a n s fe r  fu nc tion  to g e th e r  w ith  th e  q u a lity  p re sc rip tio n  
fo rm  in p u t  signals fo r th e  p rocess con tro l c o m p u te r . L e t th e  follow ing p re sc rip ­
t io n  b e  v a lid  for th e  co m p o sitio n  of th e  e n d -p ro d u c t: th e  ra tio  of th e  p a rtic le s  
c o a rse r  th a n  90 p m  sh o u ld  n o t  exceed 7%  a n d  th e  recovery  of th e  p a rtic le s  
sm a lle r  th a n  90 /tin in  th e  fin e  p ro d u c t be as h ig h  as possible.

3.2 D eterm ination o f  the partic le  size d istribu tion  o f  the product and  the value  
1Vt theor o f  the m ill characteristics

L e t us now  assum e t h a t  th ree  d iffe ren t p a r tic le  size d is tr ib u tio n s  h av e  
b e e n  e stab lish ed  b y  an  on -lin e  partic le  size a n a ly z e r  u n d e r s tead y  co n d itio n s. 
T h e y  a re  deno ted  b y  A ,  В  an d  C in  T able I I I .  R e ly in g  up o n  th e  q u a l i ty  p re ­
sc r ip tio n s  th e  m ass f ra c tio n  fin e r th a n  90 p m  is considered  as th e  u sefu l p a r t  
o f  th e  p ro d u c t. T he m ass c o n te n ts  fin er th a n  90 p m  are  in  th e  th re e  p ro d u c ts  
59 .06 ; 48.56 and 8 1 .8 9 % , resp ec tiv e ly . T hese c o n te n ts  rep resen t v a rio u s  grind- 
a b i l i ty  a n d  m u ltip ly in g  th e m  w ith  m ass M  o f  th e  p ro d u c t y ields th e  p o in ts  
Vi theor ° f  th e  m ill c h a ra c te r is tic s  (in th is  case V jt theor =  0.5906 M, Lo, theor =  
=  0 .4856 M and  V3 theor =  0.8189 M).
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Table I I I

Particle S ize  D istribu tions o f  Three C linker Products (A ,  В  a n d  C )

Purticle size "  A в c
p m

A m ,  % A m ,  % A m %

1 2 3 4

< 6 3 46.98 38.95 61.14
6 3 - 9 0 12.08 9.61 20.75
9 0 - 1 6 0 18.13 23.15 9.17

1 6 0 -2 0 0 6.98 5.87 3.35
2 0 0 -3 1 5 8.62 15.84 3.04
3 1 5 -5 0 0 5.28 3.73 1.51
5 0 0 < 1.93 2.85 1.04

100.00 100.00 100.00

3.3 Calculation o f  the expected results o f  the pneum atic  separation a n d  selection
o f  the most su itable alternative

T he co m p u te r ca lcu la tes  th e  e x p e c te d  resu lts  of th e  s e p a ra t io n  fo r all 
p a ra m e te r  va lues o f th e  p n eu m a tic  s e p a ra to r , m ak ing  use o f th e  tr a n s fe r  func­
tio n  an d  th e  p a rtic le  size d is tr ib u tio n  o f  th e  p ro d u c t [3]. T he s e p a ra t io n  resu lts 
o f p ro d u c t A  are co n ta in ed  in  T ab le  IY , fo r  th e  1100 r.p .m . an d  n o  b lad e  case. 
M u ltip ly in g  th e  d irec t m ass frac tio n s  a n d  th e  recoveries one g e ts  th e  so-called 
red u ced  m ass frac tio n s  /lm red o f th e  f in e  p ro d u c t, while th e  m u ltip lic a tio n  of 
th e  m ass frac tio n s w ith  th e  c o m p le m e n ta ry  recoveries yield zlmrcd o f  th e  coarse 
p ro d u c t. T he resp ec tiv e  sum s re p re se n t th e  m ass recoveries m h a n d  o f the  
fin e  an d  coarse p ro d u c t, th e ir  su m  ad d s u p  to  100% . The d ire c t d is tr ib u tio n  
va lu es  Am  an d  th e  cu m u la tiv e  ones F h(x) an d  F m(x) can also be fo u n d  in  the 
T ab le . The la s t co lum n gives th e  n u m b e r  o f  cycles 100/тгел (2 .86 ), th e  mass 
fra c tio n  coarser th a n  90 fim in  th e  e n d -p ro d u c t 4 .50%  and th e  re c o v e ry  o f the  
p a rtic le s  sm aller th a n  90 pm  in  th e  fine  p ro d u c t 0.6811. T he sp ec ific  surface 
o f th e  fine p ro d u c t can  also he ca lc u la ted  from  th e  results o f  th e  p a r tic le  size 
analysis  [5].

T ab le  V helps in  th e  se lection  o f th e  m o st ap p ro p ria te  a l te rn a tiv e .  H ere, 
th e  p rin c ip a l p a ra m e te rs  of th e  p n e u m a tic  sep a ra tio n  are i l lu s tr a te d  fo r seven 
p a ra m e te r  va lues o f th e  p n e u m a tic  s e p a ra to r  (th e  values 2300/3 a n d  2300/6 are 
n o t in c lu d ed , in  c o n tra d ic tio n  w ith  T ab le  I)  an d  for all th ree  p a r t ic le  size d is tr i­
b u tio n s . The p rinc ipa l p a ra m e te rs  a re  as follow s: m ass recovery  т л, th e  n u m b er 
o f cycles 100/m,„ m ass frac tio n  100— F \  (90) o f th e  particles c o a rse r  th a n  90 m 
in  th e  e n d -p ro d u c t an d  th e  reco v ery  к (90) o f  th e  partic les sm alle r th a n  90 pm .
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Table IV

Calculation o f  the E xp ected  Values o f  the P n eu m a tic  Separation

Particle size Product A Recoveries Fine product
[xm am, % (1100/0)

■̂mred A m

< 6 3 46.98 0.65110 30.589 87.42 87.42

63 — 90 12.08 0.23414 2.828 8.08 95.50

90 — 160 18.13 0.07449 1.349 3.86 99.36

160 — 200 6.98 0.02102 0.147 0.42 99.78

200 — 315 8.62 0.00900 0.078 0.22 100.00

315 — 500 5.28 0 0 0

S 0 0 < 1.93 0 0 0

100.00 m h  =  34.991 100.00

Particle size Coarse product Some
[X m

^mred A m F m ( x )
parameters

< 6 3 16.391 25.22 25.22 i S r - * * - = 100/mA

6 3 - 9 0 9.252 14.23 39.45

90 — 160 16.781 25.81 65.26 1 0 0 -9 5 .5 0  =  4.5 =  1 0 0 -  F h { 90)

160 — 200 6.833 10.51 75.77
30.589 +  2.828 
46.98 +  12.08

=  0.6811

2 0 0 - 3 1 5 8.542 13.14 88.91

315 — 500 5.280 8.12 97.03

5 0 0 < 1.930 2.97 100.00

n i f  =  65.0Ö9 100.00

T h e  c a lcu la tio n  of these  p a ra m e te rs  can be ca rried  o u t  b y  th e  m ethod  i l lu s tra te d  
in  T a b le  IV .

T h e  process co n tro l c o m p u te r  calculates th e  d iffe rences betw een th e  p re ­
s c r ip t io n  for the  mass f r a c t io n  o f  th e  p a r t coarser t h a n  90 jurn (in th is  case 7 % ) 
a n d  100 — Fh (90). I t  cho ses  t h a t  p a rticu la r p a ra m e te r  va lue  w hich keeps th e  
d iffe ren ce  w ith  positive s ig n  a t  m inim um  or a t  zero . I f  id en tica l d ifferences a re  
o b ta in e d  th e  com puter ch o ses  th a t  p a ram ete r v a lu e  w h ich  ensures m a x im u m  
re c o v e ry  for the  p a r t  f in e r  t h a n  90 ^m  in th e  e n d -p ro d u c t.

T h is  solution ensu res th e  fu lfilm en t of th e  p u rp o se  ou tlined  in th e  I n t r o ­
d u c tio n . T he p n eu m atic  s e p a ra to r  can be o p e ra te d  a t  th e  p a ram e te r  v a lu e  
e n su r in g  th e  m ost e ffec tiv e  se p a ra tio n  even in  case  o f  changing p a rtic le  size 
d is t r ib u t io n  of th e  p ro d u c t. B y  th e  tim e th e  p ro d u c t  w ith  th e  a lte red  p a r tic le  
size d is tr ib u tio n  gets to  th e  pneum atic  s e p a ra to r , th e  new p a ram e te r  w ill
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Table V

P rincipa l Parameters o f  the P neum atic  Separation fo r  Various R evolution N um bers

Sample and 
separation parameters 2300/0 2000/0 1500/0 1100/0

m h 57.07 53.80 51.93 34.99

A  100/m/, 1.75 1.86 1.93 2.86

100 —F ft(90) 19.97 17.18 15.25 4.50

fc(90) 0.7734 0.7544 0.7452 0.6811

m h 52.04 48.33 46.14 29.60

В  100/m/, 1.92 2.07 2.17 3.38

100- F , ,  (90) 27.67 24.02 21.38 6.72

fc(90) 0.7752 0.7562 0.7470 0.5686

m h 67.73 65.06 63.78 45.45

C 100/m /, 1.48 1.54 1.57 2.20

1 0 0 -1 ^ ,(9 0 ) 7.92 6.71 5.98 1.72

k(  90) 0.7614 0.7412 0.7324 0.5454

Sample and 
separation parameters 2300/2 2000/2 1500/2

mh 32.67 30.36 27.17

A  100/m/, 3.06 3.29 3.68

100—F/,(90) 1.70 1.23 0.17

fc(90) 0.5437 0.5078 0.4592

mh 27.26 25.29 22.52

В  100/m/, 3.67 3.95 4.44

100 —F/,(90) 2.55 1.84 0.27

fe(90) 0.5470 0.5112 0.4625

42.81 39.67 35.62

C 100/m/, 2.34 2.52 2.81

100 —F a(90) 0.65 0.47 0.06

fc(90) 0.5194 0.4821 0.4347

.a lready have  been  a d ju s te d . — A ccord ing  to  T ab le  V th e  se p a ra tio n  of m a te ria l 
A  is th e  m ost effec tive  w ith o u t b lades an d  a t  1 1 0 0  r .p .m . T he d iscussed  d iffer­
ence  is now  7 —4.5 =  3 .5 % , recovery  becom es 0.6811. M ate ria l C is b e s t sep a ­
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r a te d  a t  2000 r.p .m ., w ith o u t b la d e s . In  th is  case th e  m ass fra c tio n  o f th e  c linker 
c o a rse r  th a n  90 pm  am o u n ts  to  6 .7 1 % , reco v ery  being  0.7412. T he m o st s u i t ­
ab le  s e p a ra tio n  p a ram e te rs  a re  specia lly  m ark ed  in  th e  T ab le .

A cco rd in g  to  th e  su g g ested  so lu tio n  th e  co m p u te r  ca lcu la tes  th e  ab so lu te  
m ass  o f  th e  d u ff  led h ack  to  th e  m ill w ith  th e  eq u a tio n  G =  m dM .  I f  a  m a te ria l 
w ith  c o n s ta n t  m ass is fed  to  th e  sy s tem  th e  m ass o f fresh  feed can  also be ca l­
c u la te d  w ith  th e  co rre la tio n  R  =  X  — G.

I n  o rd e r to  keep th e  sy s te m  a t  its  o p tim u m  th e  p rev ious know ledge o f 
th e  m ill ch a rac te ris tic s  is re q u ire d . I t  should , how ever, be n o te d  t h a t  th e  a d ­
ju s tm e n t  o f  X l0 and Vjo theor is m ade in  th e  d irec tio n  o f th e  arrow s an d  th e  
c o n tro l o f  th e  p n eu m atic  s e p a ra to r  is carried  o u t so as to  ta k e  acco u n t o f th ese  
v a lu e s .

4. Consequences

F o r  th e  sake of th e  p ro cess  co n tro l th e  tra n s fe r  fu n c tio n s  o f th e  p n e u m a ­
tic  s e p a ra to rs  applied  in  th e  in d u s try  have  to  be e s ta b lish e d  b y  m eans o f re p ­
re s e n ta t iv e  m easu rem en ts. T h e  s ta b ili ty  of th ese  fu n c tio n s  shou ld  be m ad e  
su re . T h e  con tinuous analysis  o f  th e  p a rtic le  size d is tr ib u tio n  [7] is to  be d evel­
o ped  fo r  v a rious p a rtic le  size frac tio n s . The m ill ch a ra c te ris tic s  is p ro p o sed  to  
he  fo rm e d  as ou tlined  in  th e  s tu d y . I t  has to  be checked  co n tin u o u s ly  d u rin g  
o p e ra t io n .
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СИСТЕМА УПРАВЛЕНИЯ ДРОБИЛЬНОГО СЕПАРАТОРА С ЗАМКНУТОЙ
ЦИРКУЛЯЦИЕЙ

С. п е т ё  

РЕЗЮМЕ

В работе можно познакомиться с такой системой программного управления, кото­
рая осуществляет «обратную связь» воздушного сепаратора, а по отношению мельницы 
уменьшает до минимума мёртвое время. Это делает возможным и в вслучае переменной 
размолоспособности обеспечение максимальной массы продукта постоянного и предпи­
санного качества.
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RECENSIONES

H a m id  N . A l-S a d i

S E ISM IC  E X P L O R A T IO N  (T E C H N IQ U E  AN D  P R O C E S S IN G ) 
LM W /A  7, A S T R O N O M IS C H -G E O P H Y S IK A L IS C H E  R E I H E ,  B D . 7

B irk h äu se r, Hasel —B oston  —S tu t tg a r t  1979, 220 pages, sF r . 49.

T his hook is a com prehensive , re la tiv e ly  sh o rt an d  u p -to -d a te  review  of th e  p h y sics  an d  
m a th e m a tic s  invo lved  in  seism ic ex p lo ra tio n . T he t e x t  is v e ry  clearly  w ritte n , a ll im p o r ta n t  
in fo rm a tio n  is given an d  n o th in g  o f im p o rtan ce  for th e  u n d e rs ta n d in g  is o m itted . I t  is th ere fo re  
well su ited  b o th  as a te x tb o o k  fo r s tu d e n ts  an d  as a h a n d b o o k  fo r an y b o d y  dealing  w ith  seism ic 
e x p lo ra tio n  in  p rac tice .

C h ap te r 1 o f th e  book  deals w ith  th e  th eo ry  o f w ave  m o tio n , p ro p ag a tio n  o f w av es and  
in fluences o f th e  m edia  trav e rse d . C h ap te r 2 is d ev o ted  to  seism ic w aves, th e ir  ty p e s  a n d  p ro p a ­
g a tio n . C hap ters 3 an d  4 offer th e  m ath e m a tic a l b a ck g ro u n d  o f th e  seism ic processing  m eth o d s , 
b o th  in  tim e a n d  freq u en cy  dom ain . T his p a r t  can be ev en  u sed  in  non-seism ic p ro b lem s, d u e  to  
i ts  ex ce llen t p re sen ta tio n . C h ap te r  3, T im e series an a ly sis , is d iv id ed  in to  p a r ts  on  d ig ita l fu n c ­
tio n s , tim e -d o m a in  processes a n d  filte rin g , C hap ter 4, S p e c tra l analysis, in to  a sh o r t  h is to rica l 
review , sp ec tra l analysis o f period ic  fu n c tio n s, sp ec tra l a n a ly s is  o f tra n s ie n t fu n c tio n s  a n d  basic  
theo rem s fo r th e  F o u rie r- tran sfo rm . C hap ters 5 an d  6 d eal w ith  seism ic p ro sp ec tin g  in  a s tr ic t  
sense, g iving descrip tions on  seism ic m ethods, re flec tio n  fie ld  tech n iq u e , a n d  d e te c tio n  an d  
reco rd ing  of seism ic signals. C h ap te r 6 discusses d ig ita l p rocessing  o f re flection  d a ta ,  in c lu d in g  
d ig ita l processing  tech n iq u e , d a ta  re d u c tio n  and s ta ck in g , signal reso lu tion , d e te rm in a tio n  o f  
p rocessing  p a ram e te rs , in te rp re ta tio n  processing a n d  a p rocessing  exam ple. T h is ex am p le  
illu s tra te s  th e  effect o f  d iffe ren t processing m an ip u la tio n s.

T he book  is a w elcom e a d d itio n  to  th e  lib ra ry  o f all ex p lo ra tio n  geophysicists.
J .  Verő

T ID A L  F R IC T IO N  A N D  T H E  E A R T H ’S R O T A T IO N  

E d ito r : P . Brosche , J . S ünder m ann

S pringer, B erlin , H eidelberg , N ew  Y ork  1978, 252 pages, 81 figs, DM 4 8 .—

I t  is qu ite  u n u su a l th a t  th e  ed ito r should p ass io n a te ly  p raise  th e  topic  o f his book  as here 
is th e  case: “ T ida l fric tio n  an d  th e  E a r th ’s ro ta tio n  . . .  is one of th e  m ost fa sc in a tin g  books 

n o t m ere ly  chap ters! — o f th e  m odern  h isto ry  of sc ience” . 1 th in k  th a t  th is  is n ev erth e le ss  no 
e x ag g e ra tio n  as th e  hook  is also in  th e  real sense o f th e  w o rd  fascina ting . I t  is a co llection  o f  
p ap ers  p resen ted  b y  re p ré se n ta n ts  o f d ifferen t disciplines a t  a m eeting  hold in 1977 a t  B ielefeld.

T he pap ers  can  be grouped  below  th e  follow ing head in g s:
1. D id  t id a l fric tio n  cause m easu rab le  changes in  h is to rica l tim es?
2. W h a t is th e  im p o rta n ce  of th e  tides of th e  solid  E a r th  in com parison  to  th o se  o f th e  

oceans?
3. Does an y  reliable co m p u ta tio n  ex ist ab o u t t id a l fr ic tio n  for th e  system  E a rth -M o o n ?
T he f irs t  p ap er by  T . R . St e v e n so n  review s th e  re su lts  of p re-telescopic astro n o m ica l

obse rv a tio n s. F ro m  an analysis o f  to ta l  a n d  n e a r-to ta l so la r eclipses he concludes t h a t  th e  lu n a r  
acce le ra tio n  h  m easu red  in  ephem eris tim e (E T ) rem ain ed  p ra c tic a lly  c o n s tan t in  th e  la s t  th ree  
th o u sa n d  years.
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I n  th e  second p ap er L . У . M e r r is o n  deals w ith  t id a l  d ece lera tion  o f th e  E a r th ’s ro ta t io n  
f ro m  th e  re su lts  o f a stro n o m ica l o b se rv a tio n s  in  th e  p e rio d  A. D. 1600 to  th e  p re sen t. D ue  to 
t id a l  f r ic t io n  th e  ro ta tio n  v e lo c ity  o f  th e  E a r th  decreases a n d  th e  M oon’s o rb it ex p an d s . T h e  o r­
b i ta l  v e lo c ity  o f th e  la t te r  decreases , b u t  i ts  o rb ita l a n g u la r  m o m en tu m  increases so t h a t  th e  
r o ta t io n a l  a n g u la r  m o m en tu m  d u e  to  th e  E a r th ’s ro ta t io n  decreases in  fav o u r o f  th e  o rb ita l 
a n g u la r  m o m en tu m . T his decrease  c an n o t be found  in  a stro n o m ic a l m easu rem en ts  o v e r th e  p a s t 
th re e  c e n tu r ie s  as th e  f lu c tu a tio n s  d u e  to  th e  tra n s fe r  o f  a n g u la r  m o m en tu m  b e tw ee n  th e  core 
a n d  m a n t le  cause g rea ter e ffec ts  in  a  som ew hat sh o rte r  p e rio d  range. T he decrease o f  th e  E a r th ’s 
r o ta t io n  v e lo c ity  can be o b ta in e d , how ever, from  m ea su re m e n ts  o f th e  decrease o f  th e  M oon’s 
a n g u la r  v e lo c ity  using te lescop ic  o b se rv a tio n s  over th e  p a s t  th ree  cen tu ries. T he v e lo c ity  de ­
c rea se  o f  th e  Moon is from  d a ta  o b se rv ed  since 1600 acco rd in g  to  th e  au th o r:

n  26 d; 2 " /ce n tu ry 2

a n d  th e  ch an g e  of th e  ro ta t io n a l  v e lo c ity :

û /tc  =  —29 ±  2 • 10 ~ 3/c e n tu ry

w h e re  w  d en o te s  th e  E a r th ’s a n g u la r  velocity .
T h e  th ird  p ap er (H . E n s i .iin) is d evo ted  to  th e  p re se n t d e te rm in a tio n  o f th e  E a r th ’s 

r o ta t io n .  T h e  d e te rm in a tio n  o f th e  E a r th ’s ro ta tio n  in c lu d es th e  d e te rm in a tio n  o f th e  E a r th ’s 
r o t a t i o n  w ith  respec t to  a  ce les tia l fram e  of reference, fu r th e r  th e  d e te rm in a tio n  of th e  po sitio n  
o f  th e  r o ta t io n  axis w ith  re sp ec t to  th e  E a r th ’s c ru st — i.e. th e  d e te rm in a tio n  of U n iv e rsa l T im e 
(U T ) a n d  p o la r  m otion . T his c an  b e  realized  only in  a n  in te rn a tio n a l  coopera tion  su p e rv ise d  by  
th e  B u r e a u  In te rn a tio n a l de l ’H e u re  (B IH ) in P a ris  a n d  b y  th e  In te rn a tio n a l P o la r  M otion 
S e rv ice  (IP M S ) in  M izusaw a. T h e  p a p e r  describes p h e n o m e n a  connected  to  these  fie lds. I t  re ­
v iew s su c h  no tions as e q u a to r ia l  sy s tem , astro n o m ica l lo n g itu d e  and  la ti tu d e , d iffe re n t tim e 
sca les  (a s tro n o m ica l tim e, a to m ic  tim e). O b serv a tio n a l a id s  a n d  m eth o d s are also rev iew ed  
(o p t ic a l  m easu rem en ts , D o p p le r sa te llite  obse rv a tio n s). T h e n  th e  w ork  done in  th e  m en tio n ed  
c e n tre s  (B IH , IPM S) is d e a lt w i th  a n d  some illu s tra tiv e  fig u res offered for th e  chan g es o f  th e  
d a y s ’ le n g th  a n d  for th e  p o la r  m o tio n  in  recen t y ears .

O . Calam e  an d  J .  D . M u l h o ix a n d  in v es tig a te  in  th e  fo u r th  p ap er th e  t id a l effec t o n  the  
b a s is  o f  la s e r  and  d istance m ea su re m e n ts . T h ey  su m m arize  th e  t id a l phenom enon  a n d  p o in t o u t 
p o ss ib le  consequences: change o f  th e  len g th  o f th e  d a y  a n d  o f th e  an g u la r po sitio n  a n d  g eo cen tric  
d is ta n c e  o f  th e  Moon. M odern  tec h n iq u es , as e.g. D o p p le r m easu rem en ts , V L B I a n d  la se r  ra n g ­
in g  h a v e  severa l consequences. T h e  la t te r  is d iscussed  in  m ore deta ils . A t p re sen t th e re  a re  5 
la s e r  re fra c to rs  on the  Moon (3 A m erican , 2 Soviet ones). F ro m  a 7 y ears m ea su re m e n t series, 
a b o u t  tw o  th o u san d  reliable v a lu e s  a re  availab le  w ith  a ty p ic a l accu racy  of 15 cm , b u t  th e  b est 
m e a su re m e n ts  have an  acc u rac y  o f  5 cm. T he d e te rm in a tio n  o f th e  lu n a r  a cce le ra tio n  from  
m e a s u re m e n t  d a ta  is d iscussed , th e  d ifficu lties o f in te rp re ta tio n  are sum m arized .

T h e  a u th o r  o f th e  f i f th  p a p e r  is M. B onatz . H e  d iscusses th e  tid es o f th e  so lid  E a r th  
f ro m  g ra v im e tr ic  m easu rem en ts . H is p a p e r is based  on th e  m ate ria l o f th e  8 th  In te rn a tio n a l  
S y m p o s iu m  on E a r th  T ides he ld  1977 in  B onn  and  su m m arizes  th e  m o st recen t re su lts  p re sen te d  
th e re .  A f te r  a sho rt review  o f th e  s ta tic  tid a l th eo ry , a c tu a l  p rob lem s of th e  te r re s tr ia l  tid a l 
r e s e a rc h  a re  trea te d . These a re  th e  follow ing: p re sen t th e o re tic a l m odels do n o t co n sid er in h o m o ­
g e n e itie s , th e  m easu rem en ts a re  in flu en ced  b y  u n k n o w n  loca l an d  secondary  effects, fu r th e r  by  
th e  e f fe c ts  o f  th e  oceans. T h e  a u th o r  h in ts  a t  a  reco m m e n d a tio n  of th e  m en tio n ed  sym posium  
w h ic h  em ph asizes th e  n ecessity  o f  a  s tu d y  of these  p ro b lem s.

J .  Z scha u ’s p ap er is a d e ta ile d , com prehensive  rev iew  o f th e  ph en o m en o n  o f  t id a l  fric­
t io n . I t  is  o u ts tan d in g  n o t o n ly  d u e  to  its  leng th , b u t  i t  c an  be  recom m ended  to  e v e ry b o d y  in ­
te r e s te d  in  t id a l fric tion  n o t o n ly  o n  th e  level of a  p h en o m en o n . T he d issip a tio n  e n erg y  in  th e  
t id a l  f r ic t io n  is discussed, b o th  fo r th e  tid es of th e  solid  E a r th  an d  for th a t  o f th e  oceans. T h e  te x t  
is  i l lu s t r a te d  b y  num erica l c o m p u ta tio n s  an d  m ea su re m e n t resu lts .

T h e  sev en th  p ap er (K . L a m b e c k ) considers t id a l  d issip a tio n  in  th e  oceans. I t  concludes 
t h a t  th e  g re a te s t  p a r t  o f th e  t id a l  e n e rg y  is d issip a ted  in  th e  oceans, b u t  th e  d iss ip a tio n  m ec h an ­
ism  is a t  p re sen t unknow n.

W . Za h e l ’s e igh th  p a p e r  in v es tig a te s  th e  effec t o f  th e  d e fo rm atio n  of th e  so lid  E a r th  by  
d iu rn a l  a n d  sem idiurnal ocean ic  t id e s . T his is even  no w  a n  op en  question , a n d  Za h e l  g ives a 
c o r re c t  rev iew  on our p re sen t know ledge. C o m p u ta tio n s a re  m ad e  using a 4° X 4° n e t  p resen ted  
b y  th e  a u th o r  in  1970. T he re s u lt  o f  co m p u ta tio n s fo r th e  JVf2 and  K 1 w aves a re  p re sen ted . 
T h e  r e s u l ts  o b ta in ed  in  th e  4° X 4° n e t  a re  m ore co rrec t w ith  co n sid era tio n  of th e  t id e  o f th e  solid 
E a r t h  th a n  w ith o u t it, b u t  w orse  th a n  those  o b ta in e d  in  th e  1° X 1° n e t w ith o u t so lid  E a r th  
t id e s .
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In  th e  n in th  p ap er, J .  S ü n d er m a n n  a n d  P . B r o sc h e  analyze num erica l c o m p u ta tio n s  of 
tid a l fric tio n  for an c ien t a n d  p re sen t oceans. H y d ro d y n a m ic a l equations a n d  n u m e r ic a l m odels 
fo r th e  p ro b lem  are  p resen ted . B o th  ap p lica tio n  to  p re se n t oceans and to a n c ie n t o n es  are  t r e a t ­
ed. T he a u th o rs  suggest t h a t  such  co m p u ta tio n s  m ay  solve th e  co n trad ic tion  b e tw e e n  c o m p u ta ­
tio n s  o f th e  changes o f  th e  ro ta tio n a l energy  a n d  m easu red  values.

K . L a m b a c h  deals in  th e  te n th  p a p e r w ith  th e  p a leo ro ta tio n  of th e  E a r th .  I n  th e  fram e­
w o rk  o f th is , conclusions a re  d raw n  from  a n c ie n t o rg a n ic  m ateria l ab o u t th e  r o ta t io n  of the 
E a r th .  B ivalves, corals a n d  s tro m a to lite s  en ab le  conclusions on three  p e rio d ic itie s :

1. th e  n u m b er o f d ay s pe r year,
2. th e  n u m b er o f d ay s per synodic  m o n th .
3. th e  n u m b er o f synod ic  m o n th s pe r y e a r.
T he th ree  ty p es  o f fossiles a re  tre a te d  a t  f i r s t  s e p a ra te ly , then  com bined  r e s u l ts  are p res­

e n ted .
T he len g th  of th e  d a y  an d  m o n th  is d iscussed  b y  C. T . Scrutton  in  th e  e le v e n th  p ap er 

b y  considering  fossile g ro w th  fea tu res . T he a u th o r  g ives a d e ta iled  analysis o f  b iv a lv e , coral and 
s tro m a to lite  g row th  fea tu res , th e ir  in v es tig a tio n  m e th o d s  a n d  th e  da ta  o b ta in e d . T h e  follow ing 
conclusions are d raw n:

1. T he M oon has been  in o rb it a ro u n d  th e  E a r th  for th e  last 3000 m illion  y e a rs  a t  least.
2. T here  h a s  been a  g rad u al decrease in  th e  n u m b e r  o f  days per y ear d u rin g  th e  P hanero - 

zoic an d  p ro b ab ly  before.
3. T here  has been  also a g ra d u a l decrease  in  th e  n u m b er of days pe r lu n a r  m o n th  in  the 

sam e tim e , b u t  th e  n u m b er o f lu n ar m o n th s p e r y e a r  rem ain ed  constan t.
4. T he decrease o f th e  ro ta tio n  ra te  o f th e  E a r th  su p p o rt the  h ypo thesis o f  t id a l  friction .
In  th e  la s t  p ap er, J .  D. A. P ip e r  o u tlines a  m ag n ifie  pan o ram a  on d y n a m ic s  a n d  h y d ro ­

sp h ere  o f  P recam b rian  co n tin e n ts  on  th e  basis o f  geological an d  geophysical d a ta .
In  conclusion  th is  sh o rt su m m ary  will p e rh a p s  evoke th e  reader’s in te re s t  fo r  th is  really  

ex c itin g  book.
Ь . Hartha

T E R R E S T R IA L  H E A T  F L O W  IN  E U R O P E  

E d ito r :  V. Germak an d  L . Rybach

S p rin g er V erlag, B erlin  H eidelberg  — N ew  Y o rk . 1979. 151 figs, 47 tab ., 1 tw e lv e -c^ lo r m ap. 
V I I I ,  328 p. C loth DM 89, U .S. $ 49

T h is book is th e  re su lt o f an  in te rn a tio n a l co o p era tio n  in the  fram ew o rk  o f  th e  In te r -  
U n io n  Com m ission o f G eodynam ics to  c o n s tru c t a  1 : 5 000 000 h eat flow m ap  o f  th e  co n tin en t. 
In  th e  la s t  decade th e  n u m b er o f h e a t flow  m ea su re m e n ts  increased  considerab ly . T h e  boo k  con­
ta in s  som e 3000 h e a t flow  d a ta  from  E u ro p e  a n d  fro m  th e  su rround ing  m arine  a re a s . I t  is a  g reat 
m e rit  o f  th e  ed ito r  th a t  th e y  b ro u g h t to g e th e r th is  v a s t  am o u n t of d a ta  an d  su c c ee d ed  in  con­
s tru c tin g  a h e a t flow  m ap  of E u ro p e  w ith  co n sid erab le  d e ta ils . T he coverage is n a tu r a l ly  ch ang­
ing , th ere  a re  regions w here p ra c tic a lly  no d a ta  e x is t, w hile  in  o th er cases th e  s tro n g  loca l c h an ­
ges cause g re a te r  p rob lem s. In  a n y  case th e  b o o k  a n d  th e  included  m ap is a w e lco m e a d d itio n  
to  earlie r h e a t flow  review s w ith  a s ig n ifican tly  in c reased  a m o u n t of da ta .

T he f irs t p a r t  of th e  book  co n ta in s 11 p a p ers  o n  genera l problem s. R o u g h ly  th e  h a lf  refers 
closely  to  the  m ap , describ ing  or su p p lem en tin g  i t ,  d raw in g  conclusions from  c o m p a riso n s  be ­
tw een  th e  h e a t flow  d a ta  a n d  c o n d u c tiv ity  an o m a lie s , fa u lt  tectonics, c ru s ta l th ic k n e ss  and 
re ce n t v e rtica l m ovem ents . T he o th e r  h a lf  deals m a in ly  w ith  correction  p rob lem s, e .g . in  sea and  
lak e  b o tto m  sed im ents due to  sed im en ta tio n , to p o g ra p h y  a n d  hydrology.

T he second p a r t  co n ta in s n a tio n a l re p o rts  fro m  21 cou n tries  in which th e  a u th o r s  describe 
th e  d a ta ,  th e ir  a cq u isitio n , e rro r sources e tc . I t  seem s th a t  th e  problem  of c o rre c tio n s  is still a 
m a jo r source of inaccurac ies; th e  ed ito rs  h av e  chosen  th e  w ay  th a t  they  do in c lu d e  as few  cor­
rec tio n s as possible, while th e  to p o g rap h ic , c lim atic , g lac ia tio n  corrections, e ffec ts  due  to  c ir­
c u la tin g  w aters, sed im en ta tio n  an d  d e n u d a tio n , p ro b lem s in  th e  de te rm in a tio n  o f  th e  h e a t  con­
d u c tiv i ty  in  loose sed im en ts are tre a te d  in  in d iv id u a l p a p ers  or in certa in  n a tio n a l rep o rts .

T he book co n ta in s n o t on ly  v a lu ab le  in fo rm a tio n  on h e a t flow in E u ro p e  b o th  in  fo rm  of 
nu m erica l d a ta  an d  of a m ap  c o n s tru c ted  w ith  lo n g -tim e  practice  and v e ry  g re a t  carefu lness , 
b u t  also y ields a v e ry  in te re s tin g  p ic tu re  on  th e  p re se n t s ta te  o f h eat flow  in v e s tig a tio n s  by  
en ab lin g  a com parison  of m an y  n a tio n a l re p o rts  in  w h ich  th e  au th o rs  em phasize  a n d  d iscuss a 
fa sc in a tin g  v a r ie ty  o f p rob lem s re la te d  to  h e a t flow  prob lem s.

J .  Verő
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E . Gr a fa r end — H. Heister — R . K e im  — H . K ro p ff—B . S c h a ffr in

O P T IM IE R U N G  G E O D Ä T IS C H E R  M E S S O P E R A T IO N E N  (O P T IM A T IO N  OF G E O D E T IC  
M E A S U R E M E N T S )

H e r b e r t  W ichm ann V erlag , K a r ls ru h e , 1979, 499 p ., 88 DM

A  new  book has b een  p u b lis h e d  on a m ost in te re s tin g  f ie ld  o f geodesy, on th e  o p tim a tio n  
o f g e o d e tic  m easurem ents. I n  a d d it io n  to  an  analysis o f th e  a c c u ra c y  a n d  re liab ility  o f g eo d etic  
m e a su re m e n ts , th e  au th o rs  in v e s t ig a te  th e  im portance o f q u a li ta t iv e  an d  q u a n tita tiv e  p ro b lem s 
in  th e  co n stru c tio n  of geo d etic  n e tw o rk s . Expenses a n d  tim e  d e m a n d  are  also tak en  in to  a c c o u n t 
in  th e  o p tim a tio n . The b o o k  c o n ta in s  six Parts.

P a r t  1 deals w ith  th e  b a s ic  m ath e m a tic a l prob lem s o f th e  o p tim a tio n  of geodetic  m ea su re ­
m e n ts .  T h e  chap ters of th is  P a r t  d e a l additionally  w ith  l in e a r  sp aces, tran sfo rm atio n  p ro b lem s, 
p ro b le m s  of th e  defin iteness, f u r th e r  in  th e  fram ew ork o f o p t im a tio n  w ith  the  sim plex  m e th o d , 
w i th  th e  ap p rox im ative  m e th o d , a n d  w ith  the convex, q u a d r a t ic  an d  dynam ic m eth o d s.

P a r t  2 deals w ith  o p t im a tio n  problem s of geodetic  n e tw o rk s , th u s  w ith  th e  c o n fig u ra tio n  
o f  th e  ne tw o rk s, w ith  th e  o p t im u m  use of the  in s tru m e n ts , fu r th e r  w ith  o p tim u m  exp en ses. 
H a v in g  fin ished  the  m e a su re m e n ts , th e  ac tual accuracies in  th e  n e tw o rk  are stu d ied  d iag n o s tic -  
a lly . I t s  chap ters  deal w ith  th e  a im -fu n ctio n s of th e  o p t im a tio n , c rite ria  of u tiliza tio n  a n d  ac ­
c u ra c y  ( tr ila té ra tio n  n e tw o rk s , t ra v e rse s , including in n er o r ie n ta t io n s ,  — fu rth er th e  o p tim a tio n  
o f  d iffe re n t in tersection  a n d  re se c t io n  problem s). The p ro b lem s o f  th e  defects of th e  m a tr ix  ra n k s  
a n d  o f  th e  com puta tion  o f d i f fe re n t  ty p e  pseudoinverses a re  also  trea ted .

P a r t  3 deals w ith  f i r s t  o rd e r  o p tim atio n  (o p tim a tio n  m e th o d s  according to  th e  fo rm  o f  
th e  n e tw o rk ), where — d e p e n d in g  o n  th e  accuracy d e m a n d  o f  th e  coordinates to  be d e te r ­
m in e d  — th e  g rad ien t m e th o d , th e  m e th o d  using the  g ra p h  th e o ry ,  fu r th e r  the  in d irec t m e th o d s  
(n e tw o rk  sim ulation , e lec tr ic  an a lo g ies) are discussed. A s th e o re tic a l exam ples th e  o p tim u m  
re se c tio n , op tim um  sa te llite  g e o d e tic  netw orks, v e ry  long  b a se  rad io -in terfe ro m etric  m ea su re ­
m e n ts ,  fu r th e r  the  p ro b lem s o f  n e tw o rk s  produced b y  n a v ig a tio n a l  m ethods are o ffered . F u r ­
th e r  th e  use o f im plicite fu n c tio n s , d e te rm in an ts , and  o f th e  L ap lace -th eo rem  are also d iscussed  
in  th e  geom etric  o p tim a tio n .

P a r t  4 discusses seco n d  o rd e r  op tim ation  (o p tim a tio n  o f  th e  m easurem ent p lan ), in c lu d ­
in g  m easu rem en t w eigh ts o f  g e o d e tic  netw orks, th e  c r ite r io n  m a tr ix  m ethod (K r o n e c k e r , 
K h a t r i-R ao), and in d ire c t so lu tio n s . Scalar a im -fu n ctio n s, o p tim u m  planning of c o n tin u o u s  
o b se rv a tio n s  (m ovem ent in v e s tig a tio n s )  and o p tim a tio n  of th e  m an p o w er dem and are  re se rv ed . 
In  th is  P a r t  planning of tw o -d im e n s io n a l netw orks, f u r th e r  o f  g rav im etric  m easu rem en ts  are 
t r e a te d ,  too .

P a r t  5 deals w ith  th i rd -o rd e r  p lann ing  (netw ork  o p tim a tio n  w ith  supp lem en tary  m e a su re ­
m e n ts ) . M athem atical p ro b le m s o f  th e  supp lem en tary  c o n tro l  m easurem ents, fu r th e r  o f  th e  
w e ig h t changes, and of th e  c h a n g e s  o f  th e  varian ce-co v arian ce  m a tr ix  are trea ted . A th e o re tic a l 
e x am p le  is presented  w ith  th e  u se  o f  N eum ann-series fo r t r ia n g u la t io n , trila té ra tio n  a n d  com ­
b in e d  netw orks.

In  P a r t  6 the  p ro b lem s o f  th e  h y b rid  planning of n e tw o rk s  are  discussed. T he o p tim a tio n  
m e th o d s  (as m ethods acco rd in g  to  th e  form  of the  n e tw o rk , to  th e  d e te rm in a tio n  p lan ) d e sc rib ed  
in  p re v io u s  chapters are c o m b in e d  w ith  the  m ethod  o f th e  N eum ann-series .

T his list shows t h a t  th e  a u th o r s  discuss a w ide ra n g e  o f  o p tim a tio n  problem s in  g eo d etic  
m ea su re m e n ts . The book h a s  a  m o re  theoretical c h a ra c te r , n e v e rth e le ss  a nu m b er o f p ra c tic a l 
p ro b lem s are also discussed in  co n n ec tio n  w ith c e rta in  p ro b lem s. T he investiga tions a re  b a se d  
o n  ra n d o m  errors, th o u g h  i t  w o u ld  be desirable to s tu d y  re g u la r  (m odel) errors in e v ita b le  in  
n e tw o rk s , too. There are  o n ly  so m e  h in ts  to such p ro b lem s. L it t le  a tte n tio n  is p a id  in  th e  o p t i ­
m a t io n  e.g. to refrac tion  e r ro rs , c a lib ra tio n  problem s of th e  in s tru m e n ts , o p tim a tio n  o f in te r ­
m e d ia te  o rien ta tions an d  re g u la r  e rro rs  in  connection w ith  th e m . T he references a re  r a th e r  e x ­
h a u s t iv e  in spite of some h ia tu se s  w h ich  are p robab ly  due  to  th e  coopera tion  of several a u th o rs . 
T h e  m o s t strik ing  h ia tu s is t h a t  o f  th e  collocation being a d v a n ta g e o u s ly  u tilizable in  o p tim a tio n , 
fu r th e r  t h a t  of some an alo g o u s physical-electrica l m e th o d s.

I t  can be said t h a t  th e  a u th o r s  deal w ith th e  o p t im a tio n  p rob lem s of geodetic  n e tw o rk s  
on  a  v e ry  h igh m a th e m a tic a l lev e l, u sing  th e  m ost u p - to -d a te  m a th e m a tic a l m ethods. T h e  te c h ­
n ic a l p ro d u c tio n  of th e  b o o k  is  o f  h igh  stan d ard , too , th u s  i t  c an  be  recom m ended to  a n y b o d y  
d e a lin g  w ith  th e  o p tim a tio n  o f  g e o d e tic  netw orks on a sc ien tif ic  a n d  p ractica l basis.

F . H a lm o s

Acta Geodaetica, Geophysica et M ontanistica Acad. Sei. Hung« 16, 1981



RECENSIONES 165

H . M oritz

A D V A N C ED  P H Y S IC A L  G E O D E S Y

H e rb e r t  W ichm am i V erlag , K a rlsru h e  an d  A bacus Press, T urn  bridge W ells, K e n t, 1980, 500 p., 
80 DM

An excellen t b o o k  dealing  w ith  th e  p rob lem s of th e  th e o re tic a l geodesy an d  its  use has 
been published  w ritte n  b y  a p ro m in e n t re p ré se n ta n t o f th e  p h y sica l geodesy, II . Mo r itz . P ro ­
fessor a t  th e  T echnica l U n iv e rs ity  G raz. I t  w as p u b lished  in  a  v e ry  sh o rt tim e  (one a n d  h a lf  years 
b e tw een  th e  f ir s t  le tte rs  o f th e  m an u sc rip t and  th e  p u b lic a tio n ) w ith  th e  co o p era tio n  of tw o 
p u b lish ing  houses. I t  in clu d es in  4 P a r ts  an d  55 C hapters th e  re ce n t develo p m en ts  in  th is  field 
based  p a r tly  on  th e  ex ce llen t w o rk  by  I I e is k a n e n  an d  M o r itz  (P h y sica l geodesy, F reem an , 
San  F rancisco , 1967) a n d  on  o th e r  w orks. T he m ate ria l is p re se n te d  w ith  th e  w ell-know n p ed a ­
gogical sense o f  th e  a u th o r , in  a clear an d  con tin u o u s line o f th o u g h ts  w hich  enab les even  fo r the  
less experienced  read e r to  g a in  new  know ledge in  th is  field .

P a r t  A deals w ith  th e  b asic  ideas o f physical geodesy. P a r t  В includes lea s t squ ares col­
lo ca tio n , P a r t  C its  p ra c tic a l use. P a r t  D discusses th e  b o u n d a ry -v a lu e  prob lem  o f geodesy and  
p rob lem s in  con n ec tio n  w ith  it .  T he book is re s tr ic te d  to  ‘‘c lass ical”  p h y sical geodesy, i.e. i t  con­
siders th e  figure  o f th e  e a r th  a n d  its  g ra v ita tio n a l field as b e in g  in d ep e n d en t o f tim e. T his is tru e  
dow n to  an  accu racy  of 10 7 w h a t is co m patib le  w ith  p re sen t a cc u rac y  possib ilities. F o r an  even 
h igher precision, m ain ly  fo r g eodynam ica l purposes, tim e  v a r ia tio n s  m u st be also ta k e n  in to  
acco u n t. T h is prob lem s are  rev iew ed  in  a sh o rt ch ap te r . I t  is re m a rk ed  in  th e  in tro d u c tio n  th a t  
th e  geodetic  aspects o f g eodynam ics w ould be w o rth  o f a se p a ra te  p a r t ,  o r even  of a com plete 
book. In  th e  d iscussion  o f th e  b o u n d a ry  value  prob lem  o f geodesy , th e  four-d im ensional t r e a t ­
m en t is also used . I t  c an  be  th ere fo re  supposed  th a t  th e  a u th o r  in te n d s  to  w rite  a w ork  dealing 
in  de ta ils  w ith  th e  p ro b lem s o f geodynam ics, offering a fo u r-d im en sio n al tre a tm e n t.

The p resen t boo k  is d id ac tica lly , pedagogically  an d  p ra c tic a lly  o f o u ts ta n d in g  v a lu e  for 
th e  geodesy.

The p a r ts  hav e  th e  follow ing c o n ten t:
P a r t  A discusses th e  m a th e m a tic a l back g ro u n d  o f p h y sica l geodesy (spherical harm onics 

describ ing  th e  g ra v ity  fie ld  o f th e  E a r th ,  linear o p e ra to rs , convergence  p rob lem s, etc.).
P a r t  В deals w ith  th e  d e te rm in a tio n  of th e  anom alies o f th e  g ra v ita tio n a l field o f  the  

E a r th  using  th e  lea st-sq u a res co llocation . E q u a tio n s  are p re sen te d  for th e  connection  of d ifferen t 
k in d s o f  geodetic  co m p u ta tio n s . T he s tru c tu re  o f th is  P a r t  is based  on sim ple m odels s ta r tin g  
from  w hich th e  a u th o r  reach es th ro u g h  s ta tis t ic a l  and  a n a ly tic a l s tru c tu re s  co llocation  in te r­
p re ta tio n  an d  p red ic tio n . On h a n d  of e lem en tary  ex am p les, th e  no tio n s o f ran d o m  and  reg u la r 
erro rs , “ noises”  are c la rified . In  ad d itio n  to  th is  logical s tru c tu re ,  th e  g re a t n u m b er o f illu s tra ­
tiv e  exam ples from  th e  physical-geodesy  is to  be em p h asized  w hich  p ro m o te  a n  easy  u n d e r­
stan d in g . For th e  so lu tio n  o f v e ry  g rea t lin ea r e q u a tio n  sy s tem s a stepw ise  m eth o d  is proposed . 
T he d e te rm in a tio n  of th e  co v arian ce  functions is t re a te d  in  d e ta ils , being  a p rob lem  of u tm o s t 
im p o rtan ce  for th e  le a s t-sq u a re  collocation . M ath em atica l a n d  n u m erica l qu estio n s in  th is  con­
n e c tio n  are also an alyzed . T h is p a r t  includes th e  a u th o r’s ow n  re su lts  ach ieved  th ro u g h  m an y  
years.

P a r t  C deals w ith  th e  geom etric  basis o f th e  lea s t-sq u a res  co llocation  by  rep re sen tin g  the  
H ilb e rt spaces w ith  k ernel fu n c tio n s. I t  is p roved  th a t  th is  g ives a u n iq u e  so lu tion  for th e  figure  
o f  th e  E a r th  an d  its  g ra v ita tio n a l field . T he s ta tis tic a l b ack g ro u n d  o f th e  so lu tio n  w ith  colloca­
tio n , th e  sto ch astic  p rincip les o f th e  d e te rm in a tio n  of g ra v ity  an o m alies a re  also in v es tig a ted . 
A sep a ra te  c h ap te r  yields th e  p ro o f th a t  th e  spherical a p p ro x im a tio n  is suff ic ien t for th e  so lu tion  
w ith  collocation , as e llipso id ic  fo rm ulae  cause on ly  sligh t changes ag a in s t th e  spherical ones, 
b u t  th e y  cause a s ig n ifican t increase  o f co m p u ta tio n a l w ork .

In  connection  w ith  th e  b o u n d a ry -v a lu e  p rob lem  o f  th e  geodesy , d iscussed  in  P a r t  D, 
a d e ta iled  analysis is g iven  on Mo lo d e n sk y ’s, B ro var’s a n d  o th e r  so lu tions w hich  are based  
on m ath e m a tic a l series (convergence, equ iva lence  p ro b lem s, e tc .) . F ro m  re ce n t so lu tions, 
H ö r m a n d er ’s, K r a r u p ’s a n d  Sa n so ’s m eth o d s are d iscussed . A th eo re tica l basis o f these  com ­
p u ta tio n s  is g iven. T he co m p lex ity  o f H ö r m a n d er ’s so lu tio n  is em phasized . Sa nso ’s so lu tion  
w hich  is based  on th e  L eg en d re -tran sfo rm a tio n  is reco m m en d ed  as a new , o rig inal an d  very  
effective  so lu tion . T he tim e  d ependence  o f th e  reference sy s tem s, t id a l effects, fu r th e r  g eo d y n a­
m ical aspects are sh o rtly  sum m arized . Special a tte n tio n  is p a id  to  th e  im p o rtan ce  of th e  abso­
lu te  g  d e te rm in a tio n s from  th e  p o in t o f v iew  of th e  fo u r-d iin en sio n al geodesy. T he im p o rtan ce  
o f tid a l stud ies , p o lar m o tio n  an d  in e rtia l system s are sh o r tly  review ed.
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T h e  bo o k  is su p p lem en ted  b y  e x h au s tiv e  references. T he c ita tio n s  in  th e  t e x t  give con­
s id e ra b le  h e lp  fo r th e  less e x p erien ced  re ad e r  fo r a  m ore  d e ta iled  s tu d y  o f  c e r ta in  p roblem s. 
T h e  m a th e m a tic s  o f th e  book  is c le a r , sim ple  a n d  of a  logical s tru c tu re . A  h a rm o n y  o f  fo rm  an d  
c o n te n t  is  c h a rac te ris tic  fo r th e  b o o k  fo r  w h a t  all geosc ien tis ts , especially  a ll geodesis ts  owe th e  
a u th o r  th a n k s .  A special m erit o f  th e  a u th o r  a n d  th e  p u b lish e r is t h a t  th e y  p ro d u c ed  th e  book  
in  a  v e r y  sh o r t  space of tim e  e n ab lin g  a t e x t  in c lud ing  re ce n t re su lts  on  th is  f ie ld  o f science. 
T h is  sh o u ld  be  a m odel for o th e r  p u b lish in g  houses, too .

F . H alm os

P . S c h m id t

S E IS M O L O G IE  U N D  M E D A IL L E N  VOM  17. JA H R H U N D E R T  B IS  IN  U N S E R E  Z E IT  

J a h r b u c h  d e r S taa tlich en  K u n s ts a m m lu n g e n  D resden  1976 —1977. S. 193 — 208.

E s  i s t  in te ressan t u n d  n ü tz lic h , d a ß  de r V erfasser d ie M edaillen  ü b e r  g ro ß e  E rd b eb en  
v o m  17. J a h rh u n d e r t  an  z u sa m m en g e su c h t u n d  v e rö ffen tlich t h a t.  D ie e rs te  M edaille  bezieh t 
sich  a u f  d a s  n iederländ ische E rd b e b e n  v o m  18. S ep tem b er 1692; die le tz te  a u f  d a s  ita lien ische  
E r d b e b e n  v o m  28. D ezem ber 1908. E s  w erd en  aber a u ch  M edaillen  b e h a n d e lt , d ie v o n  w issen­
sc h a ft l ic h e n  In s ti tu tio n e n  fü r  se ism ische  F o rsch u n g sa rb e ite n  v e rlieh en  w u rd e n  u n d  w erden.

D e r  V erfasser reg t m it R e c h t a n , in  A n b e tra c h t de r g ro ß en  B e d eu tu n g  d e r Seism ologie 
u n d  S e ism ik  solche M edaillen a u c h  in  de r Z u k u n ft h e rau szugeben .

D ie  A rb e it ste llt eine w e rtv o lle  B ereich eru n g  unse rer W issen sch aft da r.

A . Tärczy-H ornoch
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FOREWORD

T his issue of A c ta  G eo d ae tica , G eophysica e t  M o n tan is tica  ce leb ra tes 
th e  tw e n ty -f if th  a n n iv e rsa ry  o f  th e  fo u n d a tio n  o f  th e  p re se n t G eodetic  and  
G eophysical R esearch  I n s t i tu te  o f  th e  H u n g a ria n  A cad em y  o f Sciences as tw o 
in d ep en d en t lab o ra to rie s . T h e  co llec ted  p ap ers  a im  to  give in fo rm a tio n s  ab o u t 
th e  in v estig a tio n s m ade in  th e  In s t i tu te  in  re c e n t y ea rs , an d  co rresp o n d  to  
th e  leve l reach ed  in  1980, th u s  in d iv id u a l m a n u sc r ip ts  do n o t b e a r  a n y  d a tu m . 
T he p ic tu re  g iven  in  th e se  p a p e rs  could n o t be co nsidered  as a  co m p le te  one, 
nev erth e less  th e y  include th e  m o s t im p o r ta n t item s o f th e  la s t  y ea rs .

S opron , D ecem ber 29, 1980
J ó z se f  Somogyi 

D irecto r
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DAS 25-JÄHRIGE BESTEHEN DES GEODÄTISCHEN 
UND GEOPHYSIKALISCHEN FORSCHUNGSINSTITUTES 

(GGKI) DER UNGARISCHEN AKADEMIE 
DER WISSENSCHAFTEN

J .  SOM OGYI

DOKTOR DER TECHNISCHEN WISSENSCHAFTEN

G eodätische u n d  geophysikalische  F o rsch u n g en  w u rd en  in  S opron  b e re its  
v o r dem  K rieg  au sg eü b t. A m  L e h rs tu h l fü r  G eodäsie u n d  M arkscheidew esen  
bzw . am  L e h rs tu h l fü r  fo rstliches V erm essungsw esen  d er von  S e lm ecb án y a  
(heu te  B an sk a  S tiavn ica) n ach  S o p ro n  ü b e rs ied e lten  H ochschu le  fü r  B erg b au  
u n d  F orstw esen  w u rd e  n eb st U n te rr ic h t auch  n en n en sw erte  F o rsc h u n g s tä tig ­
k e it geleistet. D ie F o rsch ungsergebn isse  w u rd en  in  zah lre ichen  in- u n d  a u s ­
länd ischen  Z e itsch riften , sowie in  den frem d sp rach ig en  V eröffen tlichungen  
d er H ochschule  p u b liz ie rt. D a d u rc h  h a tte  S opron  b e re its  zu d ieser Z e it V er­
b ind u n g en  zu heim ischen  und  in te rn a tio n a le n  w issenschaftlichen  K re isen .

N ach  1945 n a h m e n  — w ie alle  W issensgebiete  — auch  die g eodä tischen  
u n d  geophysikalischen  F o rsch u n g en  einen w esen tlich en  A ufschw ung.

Im  J a h re  1947 w urde  m it  d e r A usb ildung  v o n  B e rg b au -F o rsch u n g s­
ingen ieuren  m it e inem  h a u p tsä c h lic h  au f G eow issenschaften  au sg e rich te tem  
S tu d iu m  begonnen  u n d  d a m it v e rb u n d e n  n ah m  in  dem selben  J a h r  eine geo­
d ä tisch e  u n d  geophysikalische  A rb e itsg em ein sch aft ih re  w issenschaftliche  
T ä tig k e it in  S opron  auf. 1949 b e g a n n  ebenfalls in  S o p ro n  die A u sb ild u n g  der 
V erm essungsingen ieure , 1951 d ie  d e r  Ingen ieu re  fü r  G eophysik .

Die G rü n d e r d er A rb e itsg em ein sch aft w a re n  die P ro fessoren  I s t v á n  
H a z a y , K á r o l y  K á n t á s , A n t a l  T á r c z y - H o r n o c h  u n d  M ik l ó s  V e n d e l . 
D arau s  en tw ick e lte  sich im  J a h r e  1955 das G eod ätisch e  bzw . das G eo p h y sik a ­
lische F o rsch u n g slab o ra to riu m  d e r  U ngarischen  A k ad em ie  der W issen sch af­
te n  u n te r  der L e itu n g  von  T á r c z y - H o r n o c h  bzw . K á n t á s . Im  H e rb s t  1956 
ü b e rn ah m  T á r c z y - H o r n o c h  — n a c h  A usscheiden  v o n  K á n t á s  — au ch  die 
L e itu n g  des G eophysikalischen  F o rsch u n g slab o ra to riu m s; se ith e r k o n n te n  
beide In s ti tu tio n e n  u n te r  e iner e in h e itlich en  F ü h ru n g  a rb e iten . 1971 w u rd en  
beide F o rsch u n g slab o ra to rien  sow ie das Seism ologische O b se rv a to riu m  in 
B u d ap est auch  o rg an isa to risch  in  ein e inhe itliches F o rsc h u n g s in s titu t v e r­
e in ig t. A kadem iem itg lied  T á r c z y - H o r n o c h  w irk te  b is 1. J ä n n e r  1972 als 
In s ti tu tsd ire k to r .

1* Acta Geodaetica, Geophysica et Montaniatica Acad. Sei. Hung. 16, 1981



170 J. SOMOGYI

B eide  F o rsch u n g s lab o ra to rien  b eg an n en  ih re  T ä tig k e it m it  je  4 — 5 M it­
a rb e i te rn .  Das G eodätische  F o rsc h u n g s la b o ra to riu m  w ar in  d en  e rs te n  J a h re n  
in  e in em  Zim m er des L e h rs tu h ls  fü r  G eodäsie u n d  M arkscheidew esen  der 
T e c h n isc h e n  U n iv e rs itä t S o p ro n  u n te rg e b ra ch t. D as G eophysikalische  F o r­
sch u n g slab o ra to riu m  a rb e i te te  u n te r  v e rh ä ltn ism ä ß ig  g ü n stig e ren  U m stän d en , 
in  se lb stän d ig en  R ä u m lic h k e ite n . E ine  fü r  G ru n d lag en fo rsch u n g en  sowie fü r 
In s tru m e n te n e n tw ic k lu n g  u n erläß lich  n o tw en d ig e  m echan ische  W e rk s ta tt  
k o n n te  daher im  G eo p h y sik a lisch en  F o rsc h u n g s la b o ra to riu m  sch o n  am  A n­
fa n g  e in g erich te t w e rd en . D ie  M echaniker des G eodätischen  F o rsch u n g s lab o ­
r a to r iu m s  konn ten  n u r  in  d e r  W e rk s ta tt des L eh rs tu h ls  a rb e ite n . E in e  eigene 
m e c h an isch e  W e rk s ta tt  w u rd e  h ier e rs t n ach  d er U m sied lung  d e r  T echn ischen  
U n iv e r s i tä t  nach M iskolc e in g erich te t. N ach d em  im  J u n i  1960 auch  das 
F o rsc h u n g s la b o ra to riu m  fü r  E rd ö lgew innung  d er U. A. d . W . n a c h  M iskolc 
v e r le g t  w urde , k o n n te n  b e id e  L ab o ra to rien  in  einem  se lb s tän d ig en  G ebäude 
u n te rg e b ra c h t  w erden . D ie  U n te rb rin g u n g  w a r  ab e r b e re its  1960 zu  eng. D er­
z e it  a rb e ite te n  in b e id e n  F o rsch u n g slab o ra to rien  16 w issenschaftliche  M it­
a rb e i te r ,  die A nzahl a lle r  B esch äftig ten  b e tru g  30. Bis 1970 e rh ö h te  sich die 
Z a h l d e r  w issenschaftlichen  M ita rb e ite r n u r  a u f  17. Die m ech an isch e  W erk ­
s t a t t  d e r  G eophysiker u n d  d ie G arage b lieb en  an  ih re r frü h e re n  S telle . Die 
P ro b le m e  der U n te rb r in g u n g  k o n n ten  en d g ü ltig  e rs t 1973, n a c h  d e r F e r tig ­
s te l lu n g  eines neuen In s ti tu tsg e b ä u d e s  gelöst w erden . Im  n eu en  G ebäude  h a t 
je d e r  w issenschaftliche M ita rb e ite r  ein se lb stän d ig es  A rb e itsz im m er. Die 
B ib lio th e k e n  beider F o rsc h u n g s la b o ra to rie n  k o n n te n  v e re in ig t w erd en . Das 
n e u e  R ech en zen tru m  u n d  d ie  In s tru m e n te n p rü fh a lle  e n tsp rech en  w eitgehend  
d e n  V orausse tzu n g en  d e r  m o d ern en  F o rsc h u n g s tä tig k e it. Im  a lte n  G ebäude 
k o n n te n  die W e rk s tä tte n  fü r  M echanik  u n d  E le k tro n ik  sowie d as  F o to la b o ra ­
to r iu m  u n te rg eb rach t w e rd e n . H ier sind  au ch  R äu m e  fü r F re iz e itu n te rh a ltu n g  
u n d  S p o r t  e ingerich te t. D e r  P e rso n a ls tan d  des In s t i tu te s  is t  d e rz e it 110, die 
Z a h l d e r  w issenschaftlichen  M ita rb e ite r 33.

G eow issenschaften , besonders G eodäsie u n d  G eophysik  h a b e n  T rad itio n  
in  U n g a rn . Die In s tru m e n te n p ro d u k tio n  a u f  be id en  G eb ie ten  k a n n  bis zum  
v o r ig e n  J a h rh u n d e r t  z u rü c k g e fü h rt w erden . G eodätische  In s tru m e n te  w erden  
in  U n g a rn  seit 1872 h e rg e s te ll t , die E rzeu g u n g  d er E ö tvössch en -D reh w aag e  
b e g a n n  ebenfalls im  v o rig e n  J a h rh u n d e r t .  N ach  1945 se tz te  sow ohl in  der geo­
d ä t is c h e n  als auch in  d e r  geophysikalischen  In s tru m e n te n p ro d u k tio n  ein 
g ro ß e r  A ufschw ung ein . E rfo lg re iche  In s tru m e n te n e n tw ic k lu n g  k a n n  ohne 
h o c h s te h e n d e  G ru n d lag en fo rsch u n g en  n ic h t v e rw irk lich t w erd en . D iese F o r ­
s c h u n g e n  müssen die zu  e rw arten d en  E n tw ic k lu n g sric h tu n g e n , sowie die 
P rü fu n g  und  den V erg le ich  d e r L e is tu n g sfäh ig k e it der v e rsch ied en en  In s tru ­
m e n te n ty p e n  erfassen. I n  d e r  F o rsc h u n g s tä tig k e it der S o p ro n er L a b o ra to rie n  
h a b e n  se it der G rü n d u n g  a u c h  solche U n te rsu ch u n g en  eine b e d e u te n d e  Rolle 
g e sp ie lt, da  m an dessen  b e w u ß t w ar, daß  e ingehende  G ru n d lag en fo rsch u n g en
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u n m itte lb a r  e in en  dopp e lten  N u tz e n  b rin g en  können . E in e rse its  k ö n n e n  die 
E rgebn isse  d e r G ru n d lag en fo rsch u n g en  des frag lichen  G ebietes d a s  w issen­
schaftliche  A nsehen  des L a n d e s  erhöhen , w o durch  das V e r tra u e n  zu  den  
e rzeu g ten  In s tru m e n te n  zu n eh m en  w ird ; an d ere rse its  k ö nnen  F o rsc h u n g s ­
ergebnisse bei d en  In s tru m e n te n e n tw ic k lu n g en  auch u n m itte lb a r  an g ew en d e t 
w erden .

D as G eodätische  F o rsc h u n g s la b o ra to r iu m  begann  seine T ä t ig k e i t  im  
J a h re  1955 m it 5 M ita rb e ite rn  (G y u l a  A l p Ár  wiss. A b te ilu n g s le ite r , fe rn e r 
L á szló  G e r e b e n , F e r e n c  H a l m o s , J ó z s e f  S o m o g y i u n d  G y u l a  S z á d e c z k y - 
K a r d o s s ). D iese Z ahl e rh ö h te  sich  1957 m it zwei w eite ren  M ita rb e ite rn  
( E r n ő  Czu c zo r  u n d  A l a d á r  O r b á n ). Zwei F e in m ech an ik e r (A n t a l  B u m m e r  
u n d  G y u l a  U l l r ic h ) a rb e ite te n  in  d er W e rk s ta t t ,  fe rn er w ar eine a d m in is tr a ­
tiv e  K ra f t  u n d  ein  P K W -F a h re r  an g este llt.

D iese k le ine  G ruppe v o n  W issen sch aftle rn  b e faß te  sich a u ß e r  d e n  geo­
d ä tisch en , m eß techn ischen , rech en tech n isch en , feh le rth eo re tisch en  u n d  p h y s i­
k a lisch -geodä tischen  G ru n d lag en fo rsch u n g en  (A usg le ichungsrechnung , A n­
w en d u n g  d e r M atrix -A lgeb ra , G en au ig k e itsp rü fu n g en , P ro je k tio n sb e re c h n u n ­
gen, n um erische  P roblem e d e r  P h o to g ra m m e trie , G ra v ita tio n , A stro g eo d äsie ) 
au ch  sehr in te n s iv  m it in s tru m e n te n te c h n isc h e n  P rob lem en . D ies w u rd e  d u rch  
d en  U m sta n d  b ed in g t, d aß  d ie  U n g arisch en  O p tischen  W erke (M OM ) in  der 
M itte  d er fün fz iger J a h re  die g eo d ä tisch e  In s tru m e n te n p ro d u k tio n  re c h t  s ta rk  
u n d  erfo lg reich  fö rd e rten . E in e  enge Z u sam m en arb e it m it d en  U n g a risch en  
O p tischen  W erk en  (MOM) b e s ta n d  se it 1958. D ie P rü fu n g  sä m tlic h e r  V er­
su chsexem plare  und  die d er P ro to ty p e  w u rd e  in  unserem  F o rsc h u n g s la b o ra ­
to r iu m  in  enger Z u sam m en arb e it m it den  o ft au ch  persön lich  an w esen d en  
K o n s tru k te u re n  d u rch g e fü h rt. H a u p tzw eck  d ieser Z u sam m en arb e it w a r  das 
A n passen  d ieser In s tru m e n te  je n e m  tech n isch en  N iveau , das d e m  d e r  von  
fü h ren d en  ausländ ischen  F irm e n  h e rg es te llten  In s tru m e n te n  e n ts p ra c h . F ü r  
diese auch  als H eldenepoche b eze ich en b are  P eriode  w ar jen e  B eg e is te ru n g  
c h a ra k te ris tisch , die dazu  fü h r te ,  d aß  D iskussionen  ü b e r die K lä ru n g  au f­
reg en d er P ro b lem e  bzw . A rb e ite n  zur V erw irk lichung  v o n  K o n s tru k tio n s ­
än d eru n g en  o ft bis sp ä t in  d ie  N a c h t d a u e rte n , oder oft auch  a n  R u h e ta g e n  
fo r tg e fü h rt w u rd en .

A u ß erd em  b es tan d  au c h  m it  dem  B erg b au  eine w irksam e Z u sa m m e n ­
a rb e it. So w u rd e n  z. B . gem einsam  m it den  M ita rb e ite rn  des L e h rs tu h ls  fü r 
G eodäsie u n d  M arkscheidew esen  fü r  den A u sb au  n eu er G ru b en  im  K o h le n ­
rev ie r M ecsek geodätische R ich tu n g sm essu n g en  zum  D u rch b ru ch  zw eier von 
versch ied en en  F lözen  au sg e tr ieb en en  S treck en  d u rch g efü h rt. M an k a n n  ruh ig  
b eh a u p te n , d a ß  die F o rsc h u n g s la b o ra to rie n  die im  J a h re  1968 e rla ssen e  w ir t­
sch aftsp o litisch e  F o rd eru n g , w o n ach  die W issenschaft neb en  G ru n d la g e n ­
fo rschungen  eine u n m itte lb a re  P ro d u k tiv k ra f t  w erden  soll, b e re its  1956 v e r­
w irk lich t u n d  p ra k tiz ie r t h a t .
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E s w urden  in  d e r  m echan ischen  W e r k s ta t t  spezielle der G ru n d lag en ­
fo rsc h u n g  dienende In s t ru m e n te  gebau t (z. B . v e rsch ied en e  h a lb au to m a tisch e , 
a u to m a tisc h e  L ib e lle n p rü fe r , as trogeodätische  In s tru m e n te )  d an eb en  aber 
a u c h  H ilfsgeräte  zu r P rü fu n g  neuer g eo d ä tisch e r In s tru m e n te  (z. B . K re is ­
te ilu n g sp rü fe r , S teh ach sen sch w an k u n g sp rü fe r, D iag ram m p rü fe r, usw .) h e r­
g e s te ll t . Die zur P rü fu n g  geod ä tisch er In s tru m e n te  en tw ick e lten  n euen  M eth o ­
d e n  w u rd en  auch v o n  d e r  in te rn a tio n a le n  F a c h l i te r a tu r  übernom m en .

Im  Ja h re  1959 b e g a n n  die regelm äßige geograph ische  B re ite n b e s tim ­
m u n g  zur U n te rsu c h u n g  d e r  P o lschw ankungen  im  O b serv a to riu m  bei N agy- 
ce n k . 1968 "wurde in  S o p ro n b á n fa lv a  ein O b se rv a to r iu m  zwecks M essung von  
E rd g e z e iten  m it d e r se lb s tlo se n  H ilfe des K o h len b erg w erk s  O roszlány  fe r tig ­
g e s te llt .

1955 w aren v ie r  w issenschaftliche  M ita rb e ite r  im  G eophysikalischen  
F o rsc h u n g s la b o ra to riu m  a n g e s te llt (V ilm o s  A u e r  w iss. A b te ilu n g sle ite r, fe r­
n e r  A n t a l  Á d á m , P á l  B e n c z e  und Á k o s  W a l l n e r ). 1957 k am en  dazu  
— n e b s t A usscheiden v o n  V . A u e r  — J u d it  Cz u c z o r , F e r e n c  M ä r c z  u n d  
J ó z s e f  V e r ő , wiss. A b te ilu n g s le ite r  w urde A n t a l  A d a m ; w eiters w aren  zwei 
K r ä f te  fü r V erw altu n g  u n d  A d m in is tra tio n  u n d  zw ei P K W -F a h re r  an g este llt. 
I n  d e r  W e rk s ta tt a rb e i te te n  zwei M echan iker (G y u l a  S im o n  und  G yőző  
M ä r c z ).

D ie ersten  A u fg a b e n  des L ab o ra to riu m s z u r  G rü n d u n g sze it w ar u . a. 
d ie  U n te rsu ch u n g  d e r  A n w en d u ngsm ög lichke it d e r  te llu risch en  M ethode in  
E rd ö lfo rsch u n g en , w as v o rn e h m lic h  au f dem  G eb ie te  d er E rd ö ls tru k tu r  N a g y ­
len g y e l in  S ü d w estu n g a rn  d u rch g efü h rt w u rd e ; K o n s tru k tio n  eines E rd s tro m ­
m e ß g e rä te s , sowie e in e r  In d u k tio n sso n d e  fü r  B ohrlochm essungen . D as te llu - 
r isc h e  In s tru m e n t w u rd e  im  W in te r  1955/56 a u f  e in e r  A usste llung  in  der V olks­
re p u b lik  China gezeigt. A ls E rgebn is w urden  50 In s tru m e n te  b e s te llt, zu  dere r 
H e rs te llu n g  die B u d a p e s te r  F a b rik  G eo p h y sik a lisch e r M eßgeräte 1956 in  
S o p ro n  eine A b te ilung  m it  20 A rbeitern  g e g rü n d e t u n d  diese u n te r  die u n m it­
te lb a re  L eitung  des G eo p h y sik a lisch en  F o rsc h u n g s la b o ra to riu m s g es te llt h a t. 
I n  d iese r A bte ilung  w u rd e n  sp ä te r  noch a u fg ru n d  m eh rere r K o n s tru k tio n e n  
des L ab o ra to riu m s g eo e lek trisch e  und g eo m ag n e tisch e  In s tru m e n te  sow ohl 
z u r D eckung  des h e im isc h e n  B edarfs als au ch  fü r  E x p ortzw ecke  h e rg es te llt.

E in e  w ichtige A u fg a b e  bedeu te te  d e rz e it au c h  die V o rb ere itu n g  des 
In te rn a tio n a le n  G eo p h y sik a lisch en  Jah re s  1957/58. D ie H a u p ta u fg a b e  b e s ta n d  
in  d e r  E rrich tu n g  e ines e lek tro m ag n e tisch en  O b se rv a to riu m s. D afü r w urde  
a u fg ru n d  von P ro b e m e ssu n g e n  als geeigneter O r t  e in  G ebiet bei N ag y cen k  
a u sg ew äh lt. D a rau f fo lg te  d e r  B au  der n o tw e n d ig e n  G ebäuden  u n d  die A us­
s ta t tu n g  m it den n ö tig e n  In s tru m e n te n  g rö ß te n te ils  im  E ig en b au . D er O b ser­
v a to r iu m sb e tr ie b  b e g a n n  im  A ugust 1957 m it d en  te llu risch en  R eg is trie ru n g en , 
d ie  se ith e r  laufend  d u rc h g e fü h r t  w erden. D ie R e g is tr ie ru n g  der geo m ag n e ti­
sch en  E lem ente w u rd e  im  J a h r e  1961 au fg en o m m en . D ie T ä tig k e it des O b ser­
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v a to r iu m s  w urde 1962 m it Io n o sp h ä ren -F o rsch u n g en  e rw e ite rt. D ie  V e r­
ö ffen tlich u n g  der M eßergebnisse des O b se rv a to riu m s geschieht in  J a h rb ü c h e rn . 
D as O b serv a to riu m  u n d  dessen  U m g eb u n g  s teh en  u n te r  N a tu rsc h u tz , w as die 
U n g e s tö r th e it der F o rsc h u n g s tä tig k e it s ich e rt.

A us den bere its  e rw ä h n te n  g e h t es schon  h e rv o r, d aß  im  G e o p h y s ik a li­
schen  F o rsch u n g slab o ra to riu m  se it ih re r  G rü n d u n g  ebenfalls n e b s t  G ru n d ­
lag en fo rschungen  a u f  v o lk sw irtsch a ftlich en  N u tz e n  u n m itte lb a r  a u sg e ric h te te  
F o rsch u n g en  d u rch g e fü h rt w orden  s in d . A u f d iesem  G ebiet sind  n o c h  ein ige 
hyd ro lo g isch e  F o rsch u n g en  sowie geoe lek trische  M essungen am  F erto -S ee  
zu  e rw äh n en .

D ie  U m risse der h eu tig en  g eo d ä tisch en  u n d  geophysikalischen  F o rs c h u n ­
gen w u rd en  schon in  d en  sechziger J a h r e n  festge leg t u n d  diese b e s tim m te n  
au ch  g rö ß ten te ils  die G es ta ltu n g  d e r  w issen sch aftlich en  A b te ilu n g en , b e i der 
R eo rg an is ie ru n g  in  e in  e inheitliches I n s t i tu t .  S e lb s tv e rs tän d lich  w a r  d ab e i 
au ch  d ie  W irk u n g  d er a u f  die ganze W e lt sich e rs treck en d en  techn isch -w issen - 
sch a ftlich en  R ev o lu tio n  u n se re r F ac h g e b ie te  ein  b ed eu ten d er F a k to r .  Die 
V e rb re itu n g  u n d  A nw en d u n g  der ze itg em äß en  R ech en tech n ik  z u r  L ö su n g  
g eo d ä tisch er u n d  geophysikalischer P ro b lem e  b e d e u te t n ich t n u r  e in en  Z e it­
gew inn , sondern  auch  die U n te rsu c h u n g  je n e r  n eu en  P rob lem e, d e re n  L ösung  
frü h e r  u n v o rs te llb a r  w ar. In s tru m e n te , die au fg ru n d  v e rsch ied en er n eu er 
P rin z ip ie n  a rb e iten  u n d  die die M eßgenau igkeit m it G rö ß enordnungen  s te ig e rn , 
sow ie d ie A u to m a tis ie rb a rk e it d er M essungen, erm öglichen die In b e tra c h t-  
n ah m e  v o n  P a ra m e te rn , die die Skale d e r  P rü fu n g e n  erw eitern . D as E rsc h e in e n  
d e r k ü n s tlic h e n  S a te llite n  w ar A u sg a n g sp u n k t eines neuen  F a c h g e b ie te s  so­
w oh l in  d er G eodäsie als au ch  in  d e r  G eophysik . M it ih re r H ilfe k ö n n e n  die 
a u f  d ie E rd e  und  die A tm o sp h äre  bezogenen  K en n tn isse  e rw e ite r t  w e r­
den .

D ie  geodätischen  F o rsch u n g en  w u rd en  in  S opron  a u f  fo lgende H a u p t ­
g eb ie te  k o n z e n tr ie rt:

S te igerung  d er g eodä tischen  R e c h e n k u ltu r ; L ösung g eo d ä tisch e r P ro ­
b lem e au fg ru n d  m o d ern er m a th e m a tisc h e r  M ethoden ; A u sa rb e itu n g  von  
R ech en p ro g ram m en  fü r  p rak tisch e  A nw endung ;

F o rsch u n g en  a u f  dem  G ebiet d e r  p h y sik a lisch en  Geodäsie (g ra v im e trisc h e  
u n d  as tro g eo d ä tisch e  M essungen zu r U n te rsu c h u n g  d er E rd k ru s te ; A n w en d u n g  
d er D a te n  d er k ü n stlich en  S a te llite n  zu  geodynam ischen  Z w ecken; U n te r ­
su ch u n g  lokaler geodynam ischer P h än o m en e );

E n tw ick lu n g  spezie ller In s tru m e n te  fü r  die eigenen F o rsch u n g en ; A us­
a rb e itu n g  m oderner M ethoden  d er In s tru m e n te n p rü fu n g .

D ie geophysikalischen  F o rsch u n g en  in  S opron  w urden  a u f  fo lgende 
H a u p tg e b ie te  k o n z e n tr ie rt:

F o rsch u n g en  d e r P u lsa tio n e n  sow ie d er ze itlich en  und  rä u m lic h e n  E ig en ­
sc h a fte n  des geom agnetischen  F e ld es; T heo rie  d e r  E n ts te h u n g  u n d  d e r  Ver-
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b re i tu n g  der P u lsa tio n e n ; d ie  B estim m ung  d e r  P a ra m e te r  der M ag n e to sp h äre  
u n d  d es  in te rp la n e ta re n  R a u m e s  au fg rund  d e r  O b se rv a to riu m sd a ten ;

U n te rsu ch u n g  d e r  a tm o sp h ärisch en  E le k tr iz i tä t ;  B esch re ibung  d er 
E ig e n sc h a fte n  d er u n te r e n  Io n osphäre , U n te rsu c h u n g  der E rsch e in u n g  d e r 
so n n en p h y sik a lisch en  E ffe k te  in  deren  P a ra m e te rn , sowie d er D y n a m ik  d e r 
u n te r e n  Ionosphäre ;

W eite ren tw ick lu n g  e lek tro m ag n e tisch er In d u k tio n sm e th o d e n  w ie T ellu - 
r ik ,  M ag n e to te llu rik  u n d  geoelek trischer M e th o d e n  sowie In s tru m e n te n b a u  
a u f  d ie se n  G ebieten; B e s tim m u n g  der reg io n a len  E ig en sch aften  d er e lek trisch en  
L e itfä h ig k e itsv e r te ilu n g  im  U ngarischen  B e c k e n ; B eschreibung a llgem einer 
g eo p h y sik a lisch er Z u sam m en h än g e  zw ischen d e r  e lek trischen  L e itfä h ig k e its ­
v e r te i lu n g  u n d  a n d e ren  g e o p h y sik a lisch -tek to n isch en  P a ra m e te rn .

D e r  G en e ra lsek re tä r d e r  U ngarischen  A k ad em ie  der W issen sch aften  h a t  
m it  se in em  E rlaß  v o n  1971 zw ecks o rg a n is ie rte r  u n d  ze itgem äßer D u rc h fü h ­
ru n g  d e r  th eo re tisch en  u n d  em pirischen g e o d ä tisc h e n  u n d  geophysikalischen  
F o rsc h u n g e n  in  U n g a rn , au s  beiden  L a b o ra to r ie n  sowie d er seism ologischen  
F o rsch u n g sg ru p p e  des L e h rs tu h ls  fü r G eo p h y sik  d e r  L oránd  E ö tv ö s  U n iv e r­
s i t ä t  in  B u d ap est d as  G eo d ä tisch e  und  G eo p hysika lische  F o rsc h u n g s in s titu t 
d e r  U . A . d. W . (G G K I) in s  L eben  gerufen. Z u  d en  H a u p ta u fg a b e n  des In s t i tu te s  
g e h ö r t  d ie  D u rch fü h ru n g  d e r  bedeu tenden  g e o d ä tisc h e n  u n d  geophysikalischen  
G ru n d lag en fo rsch u n g en  in  U n g arn , die E n tw ic k lu n g  von  w issen sch aftlich en  
In s tru m e n te n , die In b e tr ie b h a ltu n g  eines O b se rv a to riu m s-N e tzes , eine enge 
Z u sa m m e n a rb e it m it d e r  In d u s tr ie , eine a k tiv e  T eilnahm e in  d e r  T ä tig k e it 
d e r  in te rn a tio n a le n  w issen sch aftlich en  O rg a n isa tio n e n , die O rgan isierung  w is­
se n sc h a ftlic h e r  V e ra n s ta ltu n g e n , usw.

D as  In s t i tu t  b e s te h t  au s  zwei w issen sch aftlich en  H a u p ta b te ilu n g e n :

a )  H a u p ta b te ilu n g  fü r  Geodäsie
b)  H a u p ta b te ilu n g  fü r  G eophysik
B e id e  sind in  je  d re i A b te ilungen  g eg lied e rt:

D ie  H a u p ta b te ilu n g  fü r  G eodäsie  b esteh t a u s :

1. A b te ilung  fü r  m a th e m a tisc h e  G eodäsie
2 . A bte ilung  fü r  p h y sik a lisch e  G eodäsie
3 . A b te ilung  fü r  In s tru m e n te n te c h n ik .

D ie  H a u p ta b te ilu n g  fü r  G eophysik  b es teh t au s :

1. A bte ilung  fü r  G eom agnetism us
2. A bte ilung  fü r  A eronom ie
3. A bte ilung  fü r  Seism ologie.

W ir  m öchten  h ie r  k u rz  auch  die V e rg a n g e n h e it u n d  die derze itig e  L age 
d e r  seism ologischen F o rsc h u n g e n  in  U n g arn  ü b e rb lick en .
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D ie o rg an is ie rten  seisrao logischen  F o rsch u n g en  U ngarns b e g a n n e n  zw ar 
e rs t v o r 75 Ja h re n , als R a d o  K ö v e s l ig e t h y  d as Seism ologische O b se rv a to ­
r iu m  bzw . das I n s t i tu t  fü r  E rd b eb en fo rsch u n g  g rü n d e te , einige b e a c h te n sw e rte  
E rg eb n isse  liegen ab e r schon  aus frü h e re r  Z e it v o r , z. B . ein  E rd b e b e n k a ta lo g  
aus d em  J a h re  1783 u n d  d ie  B e a rb e itu n g  des E rd b e b e n s  von  M ór v o m  J a h re  
1810 d u rc h  K it a ib e l  u n d  T o m c sÁn y i  die b e re its  Iso se iten  k o n s tru ie r te n .

D er e rs te  in te rn a tio n a l b e k a n n te  W issen sch aftle r der u n g a risch en  E r d ­
beb en fo rsch u n g  w ar R a d o  K ö v e s l ig e t h y , dessen  F a c h tä tig k e it in  d e r  in te r ­
n a tio n a le n  L ite ra tu r  auch  h e u te  noch  g esch ä tz t w ird . D as von  ih m  g eg rü n d e te  
I n s t i tu t  b a u te  ein  seism ologisches O b se rv a to riu m sn e tz  aus und  w ies g u te  E n t ­
w ick lu n g  in  d er F o rsch u n g  auf. D u rch  die Z erstö ru n g en  des zw e iten  W e lt­
k rieges e r li t t  es jed o ch  einen  schw eren  R ü ck fa ll u n d  o rgan isa to rische  Ä n d e ru n ­
gen w irk te n  in  den  fün fz iger J a h re n  eher u n g ü n stig .

E in  b ed eu ten d e r n eu e r A ufschw ung  d er u n g arisch en  E rd b eb e n fo rsc h u n g  
is t  m it  dem  N am en  von  L á sz l ó  E g y e d  v e rb u n d e n , der m it R e c h t a ls der 
zw eite B eg rü n d er der seism ologischen F o rsch u n g en  in  U n g arn  an g eseh en  w ird . 
Im  R ah m en  d er neb en  d em  L e h rs tu h l fü r  G eophysik  d er L o rá n d  E ö tv ö s  
U n iv e rs itä t a rb e iten d en  seism ologischen  F o rsch u n g sg ru p p e  d er U . A . d . W . 
v e re in ig te  er die seism ologische F o rsch u n g  in  U n g a rn  und  u n te rn a h m  S c h r it te  
zu r M odern isierung  u n d  zu m  W e ite ra u sb au  des seism ologischen O b se rv a to ­
riu m sn e tzes . Als L á szló  E g y e d  1970 p lö tz lich  s ta rb , b es tan d  die A rb e its ­
g ru p p e  aus 5 W issen sch aftle rn  u n d  10 an d eren  A n g este llten  und  h a t te  4 O b se r­
v a to r ie n  in  B e trieb . S eit 1971 b ild e t sie die A b te ilu n g  fü r  Seism ologie unseres 
In s t i tu te s .

N en nensw erte  E rg eb n isse  d e r seism ologischen F o rschung  s in d : d ie  A u s­
a rb e itu n g  e iner neu en  M ethode  zu r B estim m u n g  d er M agnitude a u fg ru n d  des 
Z e itrau m es d e r O berflächenw elle , B erech n u n g  v o n  P la tte n -O sz illa tio n e n  aus 
C oda-W ellen , die B estim m u n g  d e r LV L in  E u ro p a , ingen ieurseism ologische 
U n te rsu ch u n g en , seism ische V ib ra tio n sm essu n g en  in  B ergw erken , d ie  a u fg ru n d  
d er T e k to n ik  k o n s tru ie rte  S e ism iz itä ts -K a rte  U n g arn s, usw.

Z u rze it a rb e iten  das Z e n tra lo b se rv a to r iu m  Sashegy, sowie d ie  O b se rv a ­
to r ie n  P iszk és te tő , Jó sv a fő  u n d  S opron , d e ren  m oderne  In s tru m e n te  te ilw eise  
v o n  d en  F a c h le u te n  d er A b te ilu n g  an g e fe rtig t w u rd en . Zwecks M o d ern is ie ru n g  
des B eo b ach tu n g sn e tzes  b e g a n n  1976 d er A u sb au  eines te lem e trisch en  N etzes, 
d. h . d ie  te lem etrisch e  W e ite rle itu n g  d er M eßsignale d er einzelnen  se ism olog i­
schen  O b serv a to rien  in  d as  Z e n tra lo b se rv a to r iu m  Sashegy. D as S y s te m  is t 
zw ischen  P iszk és te tő  u n d  B u d a p e s t b e re its  fu n k tio n sfäh ig . Als n ä c h s te  w ird  
eine in  d er U m gebung  v o n  Pécs neu  e rb a u te  S ta tio n  an  das S y s te m  an g e­
sch lossen  w erden .

D ie F o rsc h u n g s tä tig k e it a u f  dem  G eb ie t d e r  G eow issenschaften  is t  ohne 
ein  O b serv a to riu m sn e tz  u n v o rs te llb a r . W ie b e re its  e rw äh n t, w u rd e  als erstes 
d e r A u sb au  des O b serv a to riu m s bei N ag y cen k  im  Ja h re  1957 in  A n g riff
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genom m en . H ie r w e rd e n  die D a ten  der G e o e le k tr iz itä t, des G eom agnetism us, 
d er a tm o sp h ä risch en  E le k tr iz i tä t  u n d  der A stro g eo d äsie  re g is tr ie r t. M oderni- 
sie rungs- u n d  E rn e u e ru n g sa rb e ite n  im  O b se rv a to r iu m  bei N agycenk  w u rd en  
1979 d u rc h g e fü h rt. E s  w u rd e  ein neues G eb äu d e  fü r  V erw alte rw ohnung  g eb au t 
u n d  säm tlich e  a lte n  G e b ä u d e n  w urden  e rn e u e r t. Z u rz e it is t die D ig ita lis ie ru n g  
d er D a te n sa m m lu n g  im  A usb au .

D as u n te rird isc h e  O b serv a to riu m  v o n  S o p ro n b á n fa lv a  w urde  u rsp rü n g ­
lich  als B e o b a c h tu n g ss ta tio n  fü r E rd g eze iten  u n d  Seismologie e rb a u t. E r ­
g ä n z t m it dem  1976 fe rtig g es te lltem  neu en  M e ß tu rm  b ild e t es die geodyna- 
m ische  S ta tio n  u n se res  In s t i tu te s , wo a u ß e r  d en  b e re its  e rw ä h n te n  U n te r­
su ch u n g en  auch  as tro g eo d ä tisch e  M essungen u n d  D o p p le r-S a te lliten b eo b ach ­
tu n g e n  zu r B estim m u n g  g lobaler geo d y n am isch er P hänom ene  d u rc h g e fü h rt 
w e rd en . F e rn e r is t d iese  S ta tio n  ein P u n k t fü r  die m it dem  I n s t i tu t  fü r  W e lt­
ra u m fo rsc h u n g  d er Ö ste rre ich isch en  A kadem ie  d e r  W issenschaften  gem einsam  
d u rc h g e fü h rte n  reg io n a len  geodynam ischen  M essungen  (B ew eg u n g su n te r­
su ch u n g  d er O st-A lpen ).

D er A usbau  in te rn a tio n a le r  K o n ta k te  b e g a n n  bere its  in  den  fünfz iger 
J a h re n .  D ie Z u sa m m e n a rb e it m it der T ech n isch en  U n iv e rs itä t D resd en  u n d  
d e r  B erg ak ad em ie  F re ib e rg  b eg an n  bere its  im  J a h r  1958. B a ld  d a n a c h  w urde  
eine b is h eu te  b e s teh en d e  Z u sam m en arb e it m it  d em  Z e n tra lla b o ra to riu m  fü r 
G eodäsie  der B u lg a risch en  A kadem ie der W issen sch a ften  en tw icke lt. W eite rs  
e n ts ta n d  b ila te ra le  Z u sa m m e n a rb e it m it d e m  Z e n tra l in s t i tu t  fü r P h y s ik  d er 
E rd e  P o tsd a m , m it d em  I n s t i tu t  fü r  G eo p h y sik  P ra g , m it den g eo d ä tisch en  
I n s t i tu te n  der T ech n isch en  U n iv e rs itä ten  G raz  u n d  W ien, sowie m it d em  L e h r­
s tu h l  fü r  G eophysik  d e r  T echn ischen  U n iv e rs itä t  W ien . Im  J a h re  1979 w u rd en  
gem einsam e F o rsc h u n g s tä tig k e ite n  m it f in n isc h e n  In s titu tio n e n  a u f  dem  
G eb ie te  d er G eodäsie u n d  d e r G eophysik  k o n k re tis ie r t . M it dem  M oskauer 
I n s t i tu t  fü r  P h y sik  d e r  E rd e  w ird  derze it e in e  lang fristige  Z u sam m en arb e it 
im  T h e m a  der E rd b eb en p ro g n o se  au sg eb au t. A u ß e rd em  stehen  w ir m it z a h l­
re ich en  au sländ ischen  In s t i tu te n  und  U n iv e rs itä te n  in  gegenseitigem  In fo r­
m a tio n sa u s ta u sc h . S e it 1966 b es teh t eine Z u sa m m e n a rb e it m it d en  b e tre ffe n ­
d en  In s t i tu t io n e n  b e in a h e  säm tlich er so z ia lis tisch e r L änder im  R a h m e n  d er 
K A P G -O rg an isa tio n  d e r  A kadem ien  d er W issen sch a ften  der soz ia listischen  
L ä n d e r .

D ie O rg an is ie ru n g  v o n  Sym posien u n d  K o nferenzen  in  v ersch ied en en  
T h em en k re isen  d ie n t eb en fa lls  der F es tig u n g  d e r  in te rn a tio n a le n  K o n ta k te . 
U n se r I n s t i tu t  w ar in  d e r  vergangenen  P erio d e  G astg eb er zah lre icher k le in e re r 
u n d  g rö ß ere r V e ra n s ta ltu n g e n . A ußer den  v e rsch ied en en  A rb e itss itzu n g en  im  
R a h m e n  der K A P G  h a b e n  w ir  1970 und  1978 d ie  P len ars itzu n g en  d e r  K A P G  
u n d  d ie  d am it v e rb u n d e n e n  Sym posien o rg a n is ie r t. Im  Ja h re  1973 fan d  in  
S o p ro n  im  R ah m en  d e r  IA G  eine in te rn a tio n a le  E rd g eze iten -K o n fe ren z  s ta t t .  
1976 o rg an is ie rte  das I n s t i t u t  ein  W orkshop  des im  R ah m en  der IU G G  w irk en ­
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d en  IA G A , 1977 e in  IA G -S ym posium . Im  H e rb s t  1978 w ar das I n s t i tu t  G a s t­
geber fü r  eine in te rn a tio n a le  K onferenz  ü b er P ro b lem e  der S y stem -A n aly se , 
im  H e rb s t 1979 fa n d  eine gem einsam e K A P G -IN T E R K O S M O S  V e ra n s ta ltu n g  
im  T hem a der A n w en d u n g  der D o p p le r-T ech n ik  fü r  geodätische u n d  geo- 
dynam ische  Zw ecke s t a t t .

Im  In te resse  d e r  engen Z u sam m en arb e it m it heim ischen  F a c h k re ise n  
w ird  jä h rlic h  au ch  eine die fach liche W e ite rb ild u n g  fö rdernde V o rtrag sre ih e  
v e ra n s ta lte t , zu  d e r  s te ts  n am h afte  au slän d isch e  E x p e r te n  e ingeladen  w erd en . 
So w u rd en  in  d e r v erg an g en en  Z eit z. B . fo lgende ak tu e lle  T hem en  b e h a n d e lt , 
an a ly tisch e  P h o to g ra m m e trie , B eo b ach tu n g en  v o n  k ü n stlich en  S a te llite n  fü r  
geodätische  Z w ecke, rem o te  sensing, usw . D ie M ita rb e ite r  des In s t i tu te s  n e h ­
m en  m it V o rträg en  a n  säm tlich en  b e d e u te n d e n  heim ischen  V e ra n s ta ltu n g e n  
te il.

E in e  w esen tliche  H ilfe  fü r  die F o rsc h u n g s tä tig k e it  des In s t i tu te s  is t  das 
R ech en zen tru m , b e s te h e n d  aus einem  K le in c o m p u te r  des T yps H P  2100 m it 
en tsp rech en d er D a ten sp e ich eru n g  u n d  den  e rfo rd e rlich en  P e rip h e rien . D er 
G ro ß te il der R ech en au fg ab en  k a n n  d a m it gelöst w erd en , d ah er sind  w ir k a u m  
gezw ungen M asch in en stu n d en  am  z e n tra le n  G ro ß co m p u te r  d er A k ad em ie  in  
A n sp ru ch  zu n eh m en . E ine  w eitere  große H ilfe  b e d e u te n  die D ien stle is tu n g en  
d er W e rk s tä tte n  fü r  E le k tro n ik  u n d  F e in m ech an ik . A ußer der E n tw ic k lu n g  
u n d  dem  B au d e r zu  den  F o rsch u n g en  n ö tig en  S p ez ia lin s tru m en ten  w erd en  
v o n  den  W e rk s tä tte n  die A rb e iten  zu r D ig ita lis ie ru n g  des O b se rv a to riu m s­
ne tzes , sowie die b e n ö tig te n  S erv ice-A rbe iten  a u sg e fü h rt.

D ie F o rschungsergebn isse  des In s t i tu te s  w erd en  — abgesehen  v o n  d en  
fü r  A u ftrag g eb er v e rfe r tig te n  B e ric h te n  u n d  S tu d ie n  —■ ü b er In s tru m e n te n ­
en tw ick lungen  sow ie experim en te lle  F eld - u n d  L ab o ra to riu m sm essu n g en  in  
e rs te r  L inie in  F o rm  v o n  A b h an d lu n g en  u n d  D isse rta tio n e n  rea lis ie rt. I n  d en  
le tz te n  25 J a h re n  h a b e n  die M ita rb e ite r  m eh r als 800 w issenschaftliche  A b ­
h an d lu n g en  v e rö ffe n tlic h t. M ehr als 600 A rb e ite n  ersch ienen  in  F re m d sp ra c h e n  
in  e tw a  150 au slän d isch en  F ach ze itsch rif ten . (D iese S ta tis tik  e n th ä l t  n ic h t  
die P u b lik a tio n s tä tig k e it  des e rs te n  D ire k to rs  T a r c z y -H o r n o c h . E r  se lb s t 
sch rieb  in sgesam t m eh r als 300 w issenschaftliche  A rb e iten  u n d  sechs B ü ch e r.)  
D ie Z ah l der v o n  d e n  M ita rb e ite rn  des I n s t i tu te s  geschriebenen  bzw . re d ig ie r ­
te n  B ücher u n d  M onograph ien  b e trä g t  5.

D as I n s t i tu t  se lb s t p u b liz ie rt O b se rv a to riu m sja h rb ü c h er, fe rn e r ein ige 
S pezialausgaben , d ie  die E rgebnisse  g rö ß ere r F o rsch u n g en  e n th a lte n .

D ie w issenschaftliche  T ä tig k e it unseres I n s t i tu te s  is t d u rch  d en  a u f  d en  
Z e itrau m  1976—80 zu sam m en g este llten  u n d  genehm ig ten  m itte lf r is tig e n  
P la n  b es tim m t. Im  P la n  h ab en  w ir u n s  an  die H a u p tfo rsc h u n g s r ic h tu n g e n  u n d  
F orsch u n g sz ie lp ro g ram m e des L an d es angesch lossen . D ie T hem en  u n se re r  
G ru n d lag en fo rsch u n g en  steh en  e inerse its  in  Z u sam m en h an g  m it d en  a n g e ­
w a n d te n  F o rsch u n g en  der F ach g eb ie te  des Z e n tra la m te s  fü r  G eologie, des
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L ó rá n d  E ö tvös G eophy sik a lisch en  In s t i tu te s ,  d er U ngarisch en  O p tisch en  
W e rk e , des s ta a tlic h e n  U n te rn eh m en s fü r  E rd ö l-  u n d  G asin d u strie , des L a n d e s­
a m te s  fü r  V erm essungsw esen  u n d  K a r to g ra p h ie , des K o h len b e rg b au s , usw . 
A n d e re rse its  sind  d ie  F o rsch u n g en  an  so lche  in te rn a tio n a le  w issen sch aftlich e  
P ro g ra m m e  angeschlossen die a u fg ru n d  d e r In it ia tiv e  von  in te rn a tio n a le n  
O rg a n isa tio n e n  d er so z ia listischen  L ä n d e r  (K A P G , IN T E R K O S M O S ) bzw . 
v o n  w e ltw e iten  in te rn a tio n a le n  O rg a n isa tio n e n  (IC SU , IU G G ) a n g e re g t w u r­
d e n . F o rsch u n g en  fü r  an g ew an d te  Z w ecke u n d  E n tw ick lu n g  w erd en  m eisten s 
im  R a h m e n  von  V e rträ g e n  d u rch g e fü h rt.

D ie F o rsch u n g sth em en  des In s t i tu te s  s ind  la u t  m itte lfr is tig em  P la n  die 
fo lg en d en :

I .  U n te rsu ch u n g  v o n  m a th e m a tisc h e n  M odellen zur B e s tim m u n g  d e r 
z e itg e m ä ß e n  geod ä tisch en  G ru n d d a te n  u n d  d e re n  Speicherung;

I I .  G eodynam ische  F o rsch u n g en ;
I I I .  P rü fu n g  u n d  W eite ren tw ick lu n g  g eo d ä tisch er In s tru m e n te ;
IV . U n te rsu ch u n g  d e r zeitlichen  Ä n d e ru n g e n  des e lek tro m ag n e tisch en  

F e ld e s  d e r E rd e  v o m  G e s ic h tsp u n k t d e r M ag n e to sp h äre  u n d  des in te rp la n e ­
ta r e n  F eldes aus;

V . U n te rsu ch u n g  d er geoelek trischen  S tru k tu r  im  U n g arisch en  B ecken ;
V I . U n te rsu ch u n g  d er zeitlichen  u n d  rä u m lich en  Ä n d eru n g en  d e r  Io n o ­

sp h ä re ;
V I I .  Seism ologische F o rsch u n g en .

I n  d ieser P lan p e rio d e  s tan d en  bzw . s te h e n  w ir m it m eh re ren  g rö ß eren  
I n s t i tu t io n e n  a u f  d em  G ebie te  d er in d u s tr ie lle n  Forschungs- u n d  E n tw ic k ­
lu n g s -A rb e it in  V erb in d u n g . E igens e rw ä h n t sei die Z u sam m en arb e it m it  den  
U n g a risc h e n  O p tischen  W erk en  (MOM), m it d em  U ngarischen  G eo d ä tisch en  
D ie n s t ,  m it den U n g a risch en  K o h len b erg w erk en , m it den  M ecseker K o h le n ­
b e rg w e rk e n , m it dem  K a rto g ra p h isc h e n  I n s t i t u t ,  m it dem  s ta a tl ic h e n  U n te r ­
n e h m e n  fü r  E rdö l- u n d  G asin d u strie , m it d em  S ta a tlic h e n  U n g a risc h e n  G eo­
p h y s ik a lisc h e n  I n s t i tu t  L o rá n d  E ö tv ö s  u n d  m it dem  Z e n tra la m t fü r  G eologie. 
U n se re  an g ew an d ten  F o rsch u n g en  s teh en  in  vo llem  E in k lan g  m it u n se re r  T ä ­
t ig k e i t  a u f  dem  G eb ie te  d e r  G ru n d fo rsch u n g en , sie tra g e n  zu r u n m itte lb a re n  
L ö su n g  d er A ufgaben  v o lk sw ir tsc h a ftlic h e r  B e d e u tu n g  bei u n d  e rw e ite rn  die 
F  o rsch u n g sb asis .
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REMARKS ON UNBIASED FREE NET ADJUSTMENT

B. B A R Ó T H Y —M. V E R Ő -H E T É N Y I

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES,
SOPRON

A  lin ea r a lgeb raic  view  o f b iased  p a ram ete r e s tim a tio n s  in  s ingu lar linear sy s tem s is 
g iven. A  general th eo re m  is p ro v ed  fo r b iased  to  non-b iased  e s t im a tio n  tran sfo rm a tio n s. A  free 
n e t exam ple  is co m p u ted  to  a p p ly  th is  theorem .

1. T he best lin e a r  m in im um  b ias e s tim a to r

W e can  describe th e  free n e t  a d ju s tm e n t p ro b le m  b y  th e  follow ing g e n e r­
al m odel:

Ax =  b +  v , exp  (x) =  x 0, exp (b) =  A x 0 cov  (b) =  s2P -1 ; (1)

w here  ra n k  (A) =  r  m in  (m , n ); P  is h e rm itia n  p o s itiv e  d e fin ite ; A , Î» a n d  
P  a re  kn o w n ; x  a n d  v  a re  u n k n o w n ; x 0 and  s2 a re  to  be  e s tim a ted .

I t  is u sefu l to  s ta r t  w ith  re flec tin g  to  th e  g eo m etric  b ack g ro u n d  o f th e  
p ro b lem . T here  a re  tw o lin e a r  spaces given: E m th e  sp ace  o f  ob se rv a tio n  v e c to rs  
w ith  th e  sem i-norm  P ; a n d  E n th e  space o f u n k n o w n  v ec to rs  w ith  th e  u su a l 
eu c lid ean  no rm . L e t 0 (A ) be th e  colum n-space o f  A , i.e . th e  subspace o f  r a n k  
r in  E m sp an n ed  b y  th e  co lu m n -v ec to rs  of A . I t  is e v id e n t Ax £ 0(A ) fo r  a ll 
x £ E m, b u t  in  g enera l 0 (A ) does no t co n ta in  th e  v e c to r  Ь also given in  E m.

T herefo re  i t  is a v e ry  reasonab le  s tep  to  choice th a t  un ique  v e c to r  
Ax Ç 0(A ) w hich  m in im izes th e  d istance  be tw een  b a n d  0 (A) in  th e  sense o f 
th e  P -n o rm ; i.e. le t  Ax be th e  re su lt o f th e  P -o rth o g o n a l p ro jec tio n  o f  Ь o n to  
0(A ).

B ecause o f  th e  ra n k  d e fec t o f A th e re  is a n  (n  —  r)-d im ensional h y p e r ­
p lan e  £(A x) in  E n c o n ta in in g  th e  end p o in ts  o f  a ll th o se  vecto rs x  £ E n fo r 
w hich  A x =  Ax. I t  is also reaso n ab le  to  choice th e  sh o rte s t x p o in tin g  in to  
th e  h y p e rp lan e  £(Ax). L e t th is  un ique  v ec to r be  d e n o te d  b y  x.

F ig u re  1 show s th e  sim p le  case o f m  =  3, n  =  2, r  =  1 an d  P  = I 
(u n it m a trix ) .
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Fig. 1. A : E 2 -  ©(A); A : £Ax) -  Âx

I t  is p roved  (see [1]) th e  so lu tio n  o f  th is  double p ro je c tio n  or double 
m in im iz a tio n  ta sk  shou ld  be g iven in  th e  fo rm

i  = Ap; b (2)
n, 1 n, m m, 1

w h e re  A p i  denotes th e  M oore-P enrose  P —  I-inverse  of th e  s in g u la r  m a tr ix  A, 
a c c e p tin g  th e  P po sitiv e  d e fin ite  sem i-n o rm  in  Em and  th e  I  u n it-n o rm  in  En. 
I n  t h e  follow ing we use th e  n o ta tio n  Ap in s te a d  o f Apj.

S um m ariz ing , th is  so-called  P  —  I-genera lized  so lu tio n  o f  (1) h as th e  
fo llo w in g  p ro p erty :

И X H = m in {И X И I И A x —  b ||p = m in  {| | Ax —  b | |P | x Ç En}}. (3)

T h e  p ro c e d u re  described  ab o v e  show s how  to  derive th e  so lu tio n  (2) from  th e  
l in e a r  m odel (1 ) using  o n ly  p u re ly  a lg eb ra ic  m eth o d s and  a im in g  a t  th e  reaso n ­
a b le  g eo m etric  p ro p e rty  (3).

I n  o rder to  a p p ly  th is  re su lt in  geo d e tic  problem s we h a v e  to  in v es tig a te  
th e  s to c h a s tic  p ro p ertie s  o f  so lu tio n  (2). T herefo re  we re g a rd  x , Ь a n d  v in  
m o d e l ( 1 ) as ran d o m  v a ria b le s ;  x 0 an d  s2 as d is tr ib u tio n  p a ra m e te rs  to  be e s ti­
m a te d . T h e  estim a to rs  (e.g. x) m u s t also be  ran d o m  v a riab le s , h a v in g  th e ir  
o w n  d is tr ib u tio n  p a ra m e te rs .

T h e  m a th e m a tic a l s ta t is t ic a l  p ro p e rtie s  o f e s tim a to r x  a re  co llec ted  in  
th e  a b b re v ia tio n  B L M B E , w h ich  m ean s th e  ran d o m  v e c to r-v a r iab le  x is th e  
“ B e s t  L in ea r M in im um -B ias E s tim a to r”  o f  x 0 =  exp (x). To g ive a com plete 
v ie w  o f  th is  question  we p ro v e  th e  v a lid i ty  o f th is  s ta te m e n t (see also [ 1 ]).

a )  T he vec to r x is a linear  e s tim a to r , because А рЬ is a lin e a r  v ec to r­
v a lu e d  fu n c tio n  of L.

b)  T he linear e s tim a to r  x gives a biased  e s tim a tio n  fo r x 0, because 
e x p  (x) =  exp (Apb) =  Ap exp (b) =  ApA x 0 ^  x 0 in  g enera l. I t s  b ias is 
И (I  — A M ) x 0 ||.
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c)  T he b iased  linear e s tim a to r  x g ives a m inim um -b ias  e s t im a tio n  for 
x 0. L et H  be an  a rb itr a ry  (n x m ) m a tr ix , th e n  th e  lin ea r e s tim a to r H b  h as  th e  
b ias

/( H )  =  (x0 —  H A x 0)* (x 0  —  H A x0) =  x jx 0 —  x*H A x0 —  

-  x*A *H *x 0 +  x*A *H *H A x0 ,
(4)

w here  th e  a s te risk  deno tes th e  c o n ju g a te  tra n sp o se . L et us m in im ize  th is  
sc a la r-m a trix  fu n c tio n :

ЭН
x0x;JA* — x 0x^A* -f- 2H A x 0xJA* =  0  ,

F ro m  (5) we h av e :

Э2/
3 H 2

Ax0x*A*.

H A x 0x*A* =  x0xq A*

(5)

( 6)

(7)

a n d  th is  eq u a tio n  shou ld  be v a lid  fo r an y  x 0. I t  m ean s A* is in v a r ia n t  fo r th e  
tra n s fo rm a tio n  com bined  from  H A  a n d  a n y  o n e -ra n k  h e rm itian  s in g u la r  t r a n s ­
fo rm a tio n . C onsequen tly  0(A *) is in v a r ia n t  fo r H A . The m a tr ix  A p A  is  th e  
o rth o g o n a l P -p ro je c to r  onto  0(A *) th e re fo re  H A  =  ApA satisfies th e  e q u a tio n  
(7) an d  H  =  A p is a so lu tion  o f  (5). T h is so lu tio n  g ives th e  m in im u m  o f  fu n c ­
t i o n /b e c a u s e  th e  m a tr ix  in  (6 ) is a  p o s itiv e  sem i-defin ite  one. T h u s

m in /(H )  =  / ( A í )  -  I |( I  -  A pA )x 0 11
H

w h a t agrees w ith  th e  b ias of e s tim a to r  x.
d)  T he m in im um -b ias lin e a r  e s tim a to r  x is th e  best one in  th e  sense of 

h a v in g  th e  m in im al varian ce  am o n g  all m in im um -b ias lin ea r  e s tim a to rs . 
L e t us exam ine th e  covariance m a tr ix  o f  an  a rb i t r a ry  m in im u m -b ia s  lin ea r 
e s tim a to r  H b:

cov (Hb) =  H  cov  (b)H * =  s2 H P -!H * . (8 )

F ro m  a basic p ro p e r ty  o f  Ap it is e v id e n t:

A pA A * =  A *(A p)*A * =  A *(A *)/p_,A *, i.e. A pA  

is th e  P -o rth o g o n a l p ro jec to r o n to  Ö (A /) a n d ö (A * )  to o , and  th e re fo re  0 (A * ) =
=  0 (A £ ).

W e h av e  seen above fo r a n y  m in im u m -b ias  es tim a to r H b  th e  space 
0(A *) is in v a r ia n t fo r th e  tra n s fo rm a tio n  H A . C onsequently  0 (A p )  is also
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in v a r ia n t  an d  HAAp =  Ap. A pply ing  th e  id e n t i ty  Ap =  (A*PA)+A*P we
h a v e :

H P - ! ( A £ ) * =  H P - 1P A (A * P A )+ =  H A A + P -1( A * ) + =  A + P - 1(A*) + = (A * P A )+ ,  

A p P —1H * = (A * P A )+A * P P -1 H * = A +P ~ 1(A *)+A * H * = A +P -1(A *)+ =  (A *PA )+,

A pP_1(Ap)* =  (A*PA)+A*PP-1PA(A*PA)+ =  (A*PA)+A*PA(A*PA) + =
=  (A*PA)+.

U sin g  th e se  id en titie s  th e  exp ression  (8 ) cou ld  b e  tran sfo rm ed  to  th e  follow ing 
e q u a tio n :

C O V  (H b ) =  s2 [(A *P A ) +  +  H P -!H *  —  H P ~ 1P A (A *P A ) + —

—  (A*PA) + A * P P _ 1 H* +  (A *PA )+A * P P - 1PA (A *PA )+] =  (9)

=  s2 [ ( A Í P - i ( A Í ) *  +  (H  -  A £ ) P - i ( H  —  A Í)* ] . j  J  ]

I t  m e a n s  th e  v a ria n c e s , i.e . th e  d iagonal e le m e n ts  o f th e  covariance  m a tr ix  
a re  su m s  o f tw o n o n -n e g a tiv e  values; one o f  th e m  is a co n s tan t, th e  o th e r  is 
a fu n c t io n  o f  H. T h e su m  is m in im um  if  a n d  o n ly  i f  th is  fu n c tio n  o f  H  reaches 
i t s  o w n  m in im um , c o n se q u e n tly  w hen H =  Ap is  va lid . T hus th e  v a rian ce  
m a tr ix  belonging  to  th e  m in im u m -v arian ce  m in im u m -b ias  lin ea r  e s tim a to r  
X is:

co v  ( i )  =  s2A p P -1(Ap)* =  s2(A*PA) + . (10)

T h e  o th e r  stoch astic  p ro p e r t ie s  of BLM BE are :

exp (x) =  ApAx0 , (11)

V =  A i — b =  (AAp —  I)b  , (12)

ex p  (v) =  AAp Ax0 — Ax0 — 0,

cov (v) =  co v  (Ax —  b) =  cov  ((AAp —  I)b) -

=  (AAp —  I) cov (b)(AAÍ —  I)* =  (13)

=  s2[A AÍP-!(A Í)*A * — P-i(AÍ)*A* — ААрР-1 +  P “1] =  s2? - 1̂  — A A p),

exp  [(v)*Pv] =  ex p  [trace (Pv(v)*)] =  t r a c e  [exp (Pv(v)*] =

=  t r a c e  [P cov (v)] =  s2 • tr a c e  (I —  AAp) =  s2 • [ trace  (I) —  tra c e  (Ap A)] =  

=  s2[m —■ trace  (B*B)] - s2(m  —  r), (14)
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(we n o te  ApA is a h e rm itia n  o rth o g o n a l p ro je c to r  an d  th u s  th e re  is a n  ( n X r )  
u n i ta ry  m a tr ix  В fo r w hich  ApA = BB* a n d  B *B  = I r, w here I r is th e  r- ra n k  
u n it  m a trix )

sS =  ^  ; exp(s5) =  s2 (u n b ia sed ), (15)
m  — r

cov  (v) =  Щ — -  P - ^ I  A A t ) . 
m  — r

( i6 )

2. The biased to non-biased estim ation transformation

I t  w as th e  s tu d y  o f  E . Gr a f a r e n d  a n d  B . S c h a f f r in  [2] w h ich  d ire c te d  
th e  a t te n tio n  o f geodesists to  th e  b ias o f  e s tim a to r  x. A t th e  sam e tim e  th e  
a u th o rs  ex p la in ed  a  lem m a used  as base fo r o u r fu r th e r  in v e s tig a tio n s . T h is 
lem m a cou ld  he generalized  for th e  P -n o rm ed  case in  th e  fo llow ing w ay .

L em m a :

L e t x be th e  generalized  so lu tio n  (2) o f e q u a tio n  (1), th e n  fo r a n y  ( k X n )  
m a tr ix  T (fc is a rb itra ry ) :

exp  (Tx) =  Tx0 (17)
if  an d  on ly  if

T =  T (A *P A )+ (A *P A ). (18)

P ro o f

i  =  A pb =  (A *P A )+A*Pb,

exp  (14) =  T (A *PA )+A*P exp  (b) =  T (A *PA )+(A *PA )x0 =  Tx0 

b e in g  x 0 a rb itra ry , th is  is eq u iv a len t w ith  

T =  T (A *P A )+(A*PA); an d  inverse ly .

T h e  m a tr ix  T w as called th e  difference operator in  [2] an d  c o m p u te d  
exam ples w ere g iven fo r th e  basic  ty p e s  o f  g eodetic  free n e ts .

I n  th e  follow ing we give a genera l ex p lic it fo rm u la tio n  fo r th e  t r a n s ­
fo rm a tio n  m a trices  sa tisfy in g  th e  e q u iv a le n t co n d itio n s (17) an d  (18).

T h e ta s k  is to  c rea te  a new  lin ear m odel using  th e  know n co m p o n en ts  
(A, Ь, P) w hich  could  offer an  u n b ia sed  m in im u m -v a rian ce  lin ea r e s t im a to r  for 
th e  ex p e c ta tio n -v a lu e  p a ra m e te r  o f its  u n k n o w n . L e t th e  new  m odel b e :

С у =  Ь +  w . (19)
m,k к, 1 m, 1 m, 1
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S in ce  г =  ra n k  (A) is th e  g re a te s t  possible n u m b e r  o f  unknow ns t h a t  w o u ld  
b e  u n b ia s e d ly  estim ab le  w e re s tr ic t  th e  p ro b lem  fo r th e  case o f к =  r. T h en  
th e  d e ta i le d  version  o f m odel (19) is:

C =  A S ; y  =  T x ; C y =  (AS)(Tx) =  b +  w ;
m , r  m , n  n , r  r, 1 r , n  n ,  1

exp (y) =  T x0; ex p  (b) =  A x0; co v  (b) =  s2P -1 .
(20)

A c c o rd in g  to  th e  p rev ious co n d itio n s  C m u st b e  a fu llra n k  m a tr ix , i.e . co lum n- 
re g u la r . T herefo re  S is also co lu m n -reg u la r a n d  T is row -regu lar.

T h e  B L U E  (B est L in e a r  U nb iased  E s tim a to r )  o f th e  m odel (20) is  g iven  
b y  у  —  C pb. T hus th e  co n d itio n  for u n b iased n ess  is:

ex p  (ÿ )  =  exp  [(A S)£b] =  (A S)£  exp  (b) =  (S *A *P A S )~ 1 S*A*PAx0 =  T x0. (21) 

C o n s id e rin g  th is  eq u a tio n  fo r a ll x 0 we h av e :

T  =  (S*A *PA S)_ 1 S*A *PA  , (22)

th e re fo re  TS =  I r (th e  r- ra n k  u n i t  m a trix ). S ince T  an d  S are fu ll ra n k  m a tric e s

s =  T+ = T * (T T * ) - \

T  =  S+ =  (S * S )- 1 S*.

C o n se q u e n tly  from  E q . (22);

T =  (A T+)p A =  QA, w here  Q =  (A T+)p (24)

is a n  r  X m  fu ll ra n k  m a tr ix . L e t u s  choice a se t o f  r lin ea rly  in d e p e n d e n t co lum n  
v e c to r s  o f  A. F o r an y  choice th e re  is a p e rm u ta tio n  m a tr ix  M o f o rd e r n , 
d iv id in g  th e  m a trix  A fo r tw o  p a r titio n s :

( R  I Z  ) =  A M, M 2 =  I„ (25)
m, r m ,n —r m,n n,n

w h e re  R  is th e  co lum n re g u la r  m a tr ix  c o n ta in in g  th e  chosen co lum ns a n d  Z 
l in e a r ly  depends on R . T h u s  th e re  is an  r X ( n  —  r) m a tr ix  U:

Z =  R U  a n d  U  =  R p Z  =  ( R * P R ) - ! R * P Z . (26)

W ith  th i s  n o ta tio n :
A =  (R  I Z)M =  R (I  I U)M  

T =  QA =  Q R (I I U )M .
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Since b o th  Q an d  R  are  fu ll ra n k  m atrices  an d  Q is a rb itra ry  we can  in tro d u c e  
th e  n o ta tio n :

D =  Q R ,  (29)
r , r  т,т т,т

w here  D is an  a rb itra ry  re g u la r  m a tr ix . (N a tu ra l ly  th e  m atrices D a n d  Q are  
n o t a rb itr a ry  s im u ltaneously .) T h e n  in  th e  m o d e l (20):

C =  AT+ =  R (I  I U)M M (I I U) + D ~ 1 =  R D - 1

and
y =  Tx =  D (I I U )M x .

T he B L U E  is:

ÿ =  C+b =  D R p b  =  D (R * P R )_ 1 R * P b ,

(30)

(31)

w h a t reduces th e  b iased  e s tim a tio n  to  an  u n b ia se d  one an d  th e  s in g u la r  m a tr ix  
c o m p u ta tio n s  to  a reg u la r one. L e t us su m m arize  th e  resu lts :

Theorem

L et A x =  b +  v ; exp (x) =  x 0; exp  (b) =  A x0, cov (h) =  s2P - 1  a  lin ea r 

m odel an d

A  =  R (I  I U)M an  a rb i t r a ry  ra n k -p a r ti t io n in g  o f  A acco rd ing  to  (25) 

an d  (26). T hen  T is a b ia sed  to  u n b ia se d  tra n s fo rm a to r  i f  a n d  o n ly  if  

T  =  D (I I U)M fo r an y  re g u la r  m a tr ix  D .

I f  T sa tisfies  th is  co n d itio n  th e n

Tx =  Tx =  D (R * P R )_ 1 R *P b is th e  b e s t lin e a r  unb iased  e s t im a to r  for 
Tx„.

F ro m  th is  in fin ite  n u m b e r o f  d iffe ren t tra n s fo rm a tio n s  we c a n  choice a 
u n iq u e  one b y  f ix in g  a p a r tic u la r  ra n k -p a r t i t io n in g  o f  A and  a p a r t ic u la r  reg ­
u la r  m a tr ix  D . T he sim p lest choice is w h a t fo llow s. L e t R (I | U)M b e  th e  ra n k  
p a r titio n in g  p ro d u ced  b y  th e  G ram -S ch m id t o rth o g o n a liza tio n  m e th o d  e x e c u t­
ed in  P -n o rm  sense from  le ft to  r ig h t o n  th e  co lum ns o f A an d  le t  D =  I r .

A n econom ic w ay  fo r ra n k -p a r t i t io n in g  w ith  G-S m eth o d  w as  g iven 
in  [3 ]. T h is m e th o d  p roduces th e  req u ired  m a tric e s  a fte r th e  s im u lta n e o u s  
ex ecu tio n  o f  o rth o g o n a liza tio n  on  th e  m a tric e s  A  a n d  In:

А  ± ± *  (y  I 0)M  (32)
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a n d

IП
I г
0

G -S
(33)

w h ere U  =  —X, RÍ =  YV* (34)

a n d  th e  p e rm u ta tio n  m a tr ix  M is defined  b y  th e  indices o f n u ll-v e c to rs  in
(V I 0)M.

I n  th e  case of th e  p ro p o sed  sim plest tra n s fo rm a tio n  T =  (I | U )M . T he 
re la te d  e s tim a to rs  are:

f  =  T£ =  R j b  (35)
an d

w  =  Cÿ —  b =  (RRp —  I)b . (36)

U sin g  t h e  E q s  (10), . . (16) th e  s ta tis tic a l c h a ra c te r  o f these  e s tim a to rs  cou ld
he  g iv e n  as follows:

cov  (ÿ) =  cov (R pb) =  s2 (R * P R )-1 , (37)

exp  (y) =  R p A x0 =  Tx 0 (u n b ia s e d ) , (38)

exp  (w) =  (R R p R  —  R )(I  | U )M x 0 =  0 , (39)

cov (w) =  S2P - X( I —  RRp), (40)

ex p  [(w )*Pw ] =  s2(m  —  r ) , (41)

& =  - —) , exp (s^) =  s2 (u n b ia s e d ) , (42)
in  — r

(\vj*Pw
cov  (w) =  ------- P-!(I RRp) • (43)

m r

I t  is  v e ry  im p o r ta n t to  em phasize  th e  m a tr ic e s  de te rm in ed  in  th e  ab o v e  
th e o re m  tra n s fo rm  n o t o n ly  th e  b iased  e s tim a to r  to  a non-b iased  one  b u t  also 
th e  o b je c t  o f  estim a tio n . T h e re fo re  th e re  is n o t a n y  g u a ran tee  for th e  re a so n a b le  
g e o d e tic  m ean in g  o f a tra n s fo rm e d  unknow n .

A f te r  th e  e s tim a tio n  p ro ced u re  d esc rib ed  ab o v e  we h av e  a n ew  lin e a r 
m o d e l fo r  th e  orig inal u n k n o w n s:

T x =  j  +  z ; exp (x) =  x 0; exp (y) =  T x 0; cov  (y) =  s2( R * P R ) - 1. (44)

S ince T  is row -regu lar a ll so lu tio n s  o f th is  m o d e l give biased e s tim a to rs . T h a t  
m a k e s  m o re  clear th e  fa c t:  th e  exam ined  tra n s fo rm a tio n  does n o t p ro v id e  an y  
p o s s ib il i ty  to  co n stru c t an  u n b ia sed  e s tim a tio n  fo r th e  orig inal u n k n o w n s.
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3. A n exam ple for p rac tica l co m p u ta tio n s

F o r  th e  geodetic  ap p lica tio n  o f th is  m e th o d , th e  following ex a m p le  is 
show n. T h e  tr ia n g le  in  th e  exam ple  has b een  d e te rm in e d  b y  d is tan ce - a n d  
an g u la r m easu rem en ts  (see F ig . 2).

F ig. 2.

T h e a p p ro x im a tiv e  co o rd ina tes are  th e  fo llow ing :

A xP =  0  

y° =  0
В

xP =  10 
y°  =  1 0

c xP =  0
J° =  20.

T h e  fu n c tio n s  c o n ta in in g  th e  unknow ns h a v e  b een  linearized  b y  in tro d u c ­
in g  a p p ro x im a tiv e  co o rd in a tes  (x  =  x°  -j- ôx) a n d  b y  series exp an sio n . T h e  
co rrec tio n  e q u a tio n s  o b ta in e d  are  th e  fo llow ing:

cab ôxb +  dAB ôyB —  cAB àxA —  dA B ôyA =  bxïî +  v â ë  

с ас àxc +  dAc ôyc —  слс  àxA —  dAc ôyA — Ьас +  väc 

cBc àxc +  dBc ôyc —  cBc ôxB —  d Bc ôyB =  fïîc

Q"
^AC^XA ~

g ' dAcôxc
g"

S°AC s V

q"
^AB^XA

g '
dAB^x B

a"

S°AB A  В S°AB

Q" d BCôxB — g" d Bcôxc g"
S°BC S°BC s°B C

g"
s!aC

g"

s AB

g"
„ 0SBC

(45)

w here

х Ч - х ?  y ' j - у Чг — J ~  ‘ ■ d ct j ----------- , d,j - ( 4 6 )
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m e a n  th e  coeffic ien ts , bjj th e  free te rm s  re fe r r in g  to  th e  d is tan ces , th o se  
re fe r r in g  to  th e  d irec tions.

T a k in g  in to  acco u n t t h a t  no d a ta  a re  su p p o sed  to  be e rro rfree  in  th e  cor­
re c tio n  e q u a tio n s  o f  th e  th r e e  d istance- a n d  th re e  angu la r m e a su re m e n ts , th e  
t r ia n g le  is o v e rd e te rm in ed  a n d  one h as  th e  case  o f  a free a d ju s tm e n t. T h e  m a ­
t r i x  to  b e  in v e rte d  is n a tu ra l ly  singu lar.

T h e  co rrec tion  e q u a tio n s  are  on  b as is  o f  E q . (45) in  a m a tr ix  fo rm :

Ax =  Ь +  V.

I n  o rd e r to  s im p lify  th e  c o m p u ta tio n s  a  trian g le  has been chosen  (F ig . 2) 
fo r th e  n u m erica l te s t  fo r w h ich  th e  fo rm  m a tr ix  A  of th e  co rrec tio n  eq u a tio n s  
ca n  b e  sp lit in to  a m a tr ix  p ro d u c t A  =  К  • A ' in  a w ay  th a t  th e  f ir s t  te rm  is 
a q u a d ra t ic  m a tr ix  w ith  non-zero  e lem en ts  o n ly  in  th e  m ain  d iag o n a l, th e  sec­
o n d  te r m  co n ta in s o n ly  po sitiv e  an d  n e g a tiv e  u n its  as e lem ents.

I n  th e  follow ing th e  c o m p u ta tio n s  a re  ca rried  ou t w ith  th e  m a tr ix  A ' 
in s te a d  o f  A  w ith o u t fo rg e ttin g  th e  m a tr ix  K . T he n u m b er o f th e  d e fec ts  is in  
th e  p re se n t case tw o ; th e  m a tr ix  К  has fu ll ra n k  (as a d iagonal m a tr ix ) , th e re ­
fo re  A ' c an  be sp lit acco rd in g  to  E q . (27) as :

A ' =  (R  I Z )M ,

a n d  th e n  one gets:

A  =  (K R  I K Z)M  =  K (R  I Z)M  =  K A '
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■— 1 — 1 + 1 + 1" -  0 0 "
0 — 1 0 0 0 + 1
0 0 + 1 — 1 and z  = — 1 + 1

+ 1 0 0 0 — 1 0

+ 1 — 1 — 1 + 1 0 0

0 0 + 1 + 1_ 1 - 1 _

T hus th e  p e rm u ta tio n  m a tr ix  M does n o t p la y  h e re  an y  role, as no  co l­
u m n - an d  row  in te rc h a n g e s  are necessa ry .

F o r th e  c o m p u ta tio n  of th e  m a tr ix  U  o f E q . (26) one needs th e  in v e rse  
R + fo r w hich th e  fo llow ing is v a lid :

1
0

1 1 1 1  -
— +  — + H— +

4 4 2 4 T
1 1 1

0
1

+
1

4 2 4 4 4
R+ =

1
0

3 1 1 3
+ +  — + +

8 8 4 8 8

+
1 1 3

0
1 3

~8
— H— +

4 8 8 8  _

now  one can co m p u te  th e  m a tr ix  U :

— 1 0
0 — 1

— 1 0
0 — 1

A t la s t acco rd in g  to  th e  th e o re m  th e  c o m p u ta tio n  o f  T can  be m a d e  as 
follow s:

T

1 0 0 0 — 1 0
0 1 0 0 0 — 1
0 0 1 0 — 1 0
0 0 0 1 0 — 1

T he m a tr ix  К  w h ich  has been  in tro d u c e d  in  o rd e r to  sim plify  th e  c o m p u ­
ta t io n s  m u st be ta k e n  again  in to  ac c o u n t w hen  th e  u n k n o w n s are c o m p u te d  
acco rd ing  to  E q . (35), a n d  th e  co rrec tio n s acco rd ing  to  E q . (36).

y o T i =  (R K )+ b  =  K  + R + b
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Ьа в ~

Ьа с

bue
b(A C)  

b  (А  В)

b (B C ).

w =  ( (K R )(K R ) + —  I)b  =  (K R R + K +  —  I)b  =

=  (R R  + K K +  —  I)b  =  (R R +  —  I)b

-  — 1 + 1 0 — 1 0 + 1 " ~Ьлв *
+  1 — 2 + 1 0 + 1 — 1 Ьас

1
w =  —  

4
0 +  1 — 1 + 1 — 1 0 • Ьвс

— 1 0 + 1 — 2 + 1 + 1 b (АС)
0 +  1 — 1 +  1 — 1 0 Ь(АВ)

_ + 1 — 1 0 +  1 0 - 1 л -Ь (вс )_

' — 0.1768 0 + 0 .1 7 6 8
— 0.1768 — 0 .3 5 3 5 — 0.1768 

y  =  + 0 .0 8 8 3 9  0 + 0 .2 6 5 1
+  0.08839 — 0.1768  — 0.2651

T h e  co rrec tions are  as follow s:

+  0 .000048 + 0 .0 0 0 0 2 4  +  0 .000024“ 
0 — 0.000024 + 0 .0 0 0 0 2 4

+  0 .0 0 0 0 2 4 — 0.000012 + 0 .0 0 0 0 3 6  
0 + 0 .0 0 0 0 1 2  + 0 .0 0 0 0 3 6
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ЗАМЕЧАНИЯ О НЕИСКАЖЕННОМ УРАВНИВАНИИ СВОБОДНЫХ СЕТЕЙ
Б .  Б А Р О Т И -М . В Е Р Ё -Х Е Т Э Н И

РЕЗЮМЕ

В статье дается рассмотрение методами линейной алгебры об оценке искаженных 
параметров в сингулярных линейных системах. Доказывается общая теорема для пре­
образования искаженных оценок в неискаженные. Для иллюстрации применения теоремы 
вычисляется пример в отношении свободных сетей.
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USING LEAST SQUARES ADJUSTMENT
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T ran sfo rm a tio n s  b e tw een  g eodetic  ne tw orks c an  b e  m o st easily  carried  o u t  b y  u sing  
lea s t sq u a res a d ju s tm e n t. T he p ro b lem  is a t  p resen t o f sp ec ia l im p o rtan ce  for th e  co m m o n  a d ­
ju s tm e n t  o f D o pp ler-sa te llite  g eo d etic  netw orks, an d  o f  te r r e s t r ia l  tr ia n g u la tio n  a n d  lev e lin g  
n e tw o rk s. I n  th e  in v estig a tio n s d escribed  here a so lu tio n  fo r th e  com m on a d ju s tm e n t o f th e  
g eodetic  n e tw o rk s o f several c o u n trie s  is looked for, w h e reb y  th e  d ed u ctio n  of in d e p e n d e n t  
tra n s fo rm a tio n  p a ram ete rs  fo r e ach  ne tw o rk  is ju s tif ie d . B asica lly  a so lu tion  b a se d  o n  th e  
H e lm e rtia n  b lo ck -a d ju s tm e n t is p ro p o sed , b u t  o th e r m e th o d s  are  also sh o rtly  rev iew ed . F o r ­
m u lae  fo r th e  co m p u ta tio n s a n d  fo r th e  ad ju s tm en t a re  g iven .

1. In troduc tion

W h en  connecting  m a th e m a tic a lly  n e tw o rk s  re fe rr in g  to  d iffe ren t p la n a r  
a n d  sp a tia l  coo rd in a te  sy s tem s, th e  co n tra d ic tio n s  m u s t be reso lved  b y  t r a n s ­
fo rm a tio n s . T here  are sev e ra l know n m eth o d s fo r  th e  d e te rm in a tio n  o f  th e  
tra n s fo rm a tio n  p a ra m e te rs ; co rrespond ing  co m p reh en siv e  analyses c a n  be 
fo u n d  e.g . in  B u r s a  (1962), W o l f  (1963), M o r it z  (1973), S ig l  (1978), H a l m o s  
(1980).

F ro m  th e  tra n s fo rm a tio n  m odels, th e  B u rsa -m o d e l (also k n o w n  as 
B u rs a —W o lf m odel), th e  tw o  m ethods p ro p o sed  b y  M o l o d e n s k y  (also 
d e n o te d  as M olodensky—B a d e k a s  m ethod), th e  V eis-m odel, th e  K ra k iw s k y — 
T h o m so n  m eth o d  and  th e  W e lls—V anicek m e th o d  sh o u ld  be m en tio n ed . I t  c an  
he ea s ily  show n th a t  th e  m odels o f B u r s a , M o l o d e n s k y  an d  V e is  h a v e  m a n y  
s im ila ritie s  or com m on p o in ts . T he a d ju s tm e n t b a sed  on th e  co llocation  p r in ­
cip le can  also be used if  th e  e lem ents of th e  v arian ce -co v arian ce  are a p r io r i  
w ell know n.

T h e  resu lts  of te r re s tr ia l  geodetic tr ia n g u la t io n  and  leveling m e a su re ­
m en ts  can  be easily  tra n s fo rm e d  in to  sp a tia l g eo cen tric  coord inates, a n d  th e n  
a d ju s te d  th ree -d im en sio n a lly . T h is can  be c o n n e c te d  w ith  th e  th re e -d im e n ­
sional D o p p le r-a d ju s tm e n t [V in c e n t y , 1980; W o l f , 1980]. I t  can  also be fo u n d  a 
so lu tio n  w here th e  orig inal tr ia n g u la tio n  o b se rv a tio n s  a p p ea r in  th e  a d ju s tm e n t 
m odel [W o l f , 1980], b u t  in  t h a t  case cau tio n  m u s t be p reserved  to  th e  in t r o ­
d u c tio n  o f th e  h e ig h t d a ta  in to  th e  a d ju s tm e n t. I t  is obv ious th a t  th e  a c c u ra cy
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o f th e  rigo rous leveling  su p p le m e n te d  b y  g ra v im e tric  m easu rem en ts  is v e ry  
h ig h . I t  should  no t be fo rg o tte n , how ever, t h a t  due  to  th e  co n n ec tio n  to  d if­
f e r e n t  a b so lu te  sea level d ifferences o f som e te n s  o f cm-s (in  c e r ta in  cases even 
o f  a b o u t  1  m) can be ex p erien ced . F ro m  th is  p o in t o f view  i t  sh o u ld  be  con­
s id e re d  w h e th e r i t  w o u ld  be  u sefu l to  co m p are  th e  re la tiv e  h e ig h t d ifferences 
w ith  D o p p le r  o b serv a tio n s h a v in g  an  a c c u ra cy  o f  ^ 0 .3  — 0.5 m , a n d  to  in tro ­
d u ce  th e m  as co n s tra in ts  in to  th e  a d ju s tm e n t. A n  o th e r so lu tion  w o u ld  be to  
a d o p t  th e  D oppler or o th e r  sa te llite  geode tic  h e igh ts.

I n  th e  following th e  p rob lem s o f th e  so -ca lled  7 p a ra m e te rs  tr a n s fo rm a ­
tio n  (3 ro ta tio n a l, 3 t r a n s la t io n a l  e lem ents a n d  1 scaling fac to r) b a se d  on  th e  
s im ila r i ty  tra n sfo rm a tio n  a re  an a ly zed  on  th e  basis  o f  th e  le a s t sq u a re s  a d ju s t­
m e n t. Som e special tra n s fo rm a tio n  p rob lem s sh a ll also be m e n tio n e d  m ain ly  
fo r  th e  sake  of com parison . T he so lu tions o f  th e  connection  o f  sev e ra l n e t­
w o rk s  b y  using th e  H e lm e r tia n  b lock  a d ju s tm e n t are  s tu d ied  in  d e ta ils .

2. General problems o f the transform ations between coordinate system s

2.1 System s o f  coordinates

T h e  coord inates c h a ra c te riz in g  th e  p o s itio n  of geodetic p o in ts  w ith  
re s p e c t  to  each o th e r c a n  be  e ith e r  local o r g loba l ones. F o r th e  d e te rm in a tio n  
o f  th e  coo rd in a tes , d iffe re n t k in d s of geo d e tic  o r sa te llite  geode tic  m easu re ­
m e n ts  c a n  be used. S ince th e  m easu rem en t re su lts  are referring  to  th e  p h y sica l 
su rfa c e  o f  th e  E a r th , th e  g ra v ita tio n a l fo rce  a n d  its  changes su p p le m e n t th e  
o r ig in a lly  pu re ly  geom etric  p ro b lem  w ith  p h y s ic a l— geophysical a sp e c ts .

F ro m  th e  p o in t o f  v iew  o f th e  fu n c tio n a l m odels, th e  fo llow ing  tw o 
k in d s  o f  coord inate  sy s tem s can  be d is tin g u ish e d : N a tu ra l c o o rd in a te  system s 
a re  u se d  fo r the  d esc rip tio n  o f th e  p o in t co o rd in a te s  on th e  basis  o f  geodetic  
m e a su re m e n t resu lts , w h ile  tr a d itio n a l o r c o n v en tio n a l co o rd in a te  sy s tem s  are 
u se d  fo r  th e  descrip tion  o f  th e  E a r th ’s su rface . R ecen tly , fo r l a t te r  pu rpose  
th e  u se  o f  th ree-d im en sio n a l co o rd in a te  sy s tem s gains im p o rtan ce . I n  ce rta in  
cases th e  changes of c o o rd in a te s  w ith  tim e  m u s t also be s tu d ied  (geodynam ics) 
w h ic h  lead s us to  fo u r-d im en sio n a l c o o rd in a te  system s. In  n a tio n a l  su rv ey  
a n d  in  in d u s tr ia l su rv e y  tw o -d im en sio n a l p la n a r  coord inates a n d  se p a ra te  
o n e-d im en sio n a l h e ig h t co o rd in a te s  are  m o s tly  used.

T h e  global geocen tric  co o rd in a te  sy s tem s ( th e ir  origin is th e  m ass cen tre  
o f  th e  E a r th ,  th e  Z -ax is  p o in ts  to w ard s th e  m ean  pole, th e  X -a x is  to w ard s  
th e  m e a n  G reenw ich m e rid ia n , th u s  th e  p lan e  X Y  is th e  e q u ip o te n tia l  p lane 
a n d  th e  p lan e  X Z  is th e  G reenw ich  m erid io n a l p lane) and  th e  loca l a s tro n o m ic  
c o o rd in a te  system s ( th e ir  o rig in  in  a th ree -d im en sio n a l sy stem  is th e  chosen 
in i t ia l  p o in t or to p o c e n tre , th e  v e rtic a l ax is  is th e  p lum b line in  th e  d irec tio n
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of th e  a s tro n o m ica l z en ith , th e  л;-axis po in ts  to w a rd s  th e  a stronom ica l m e r id ­
ian , i.e. to w ard s  N o rth , th e  у -ax is p e rp e n d ic u la rly  to  i t  tow ards E a s t)  are  
n a tu ra l  c o o rd in a te  sy stem s.

T ra d itio n a l o r c o n v en tio n a l co o rd in a te  sy s tem s  inc lude  th e  g loba l el- 
lipso id ic  system s (th e  o rig in  in  th e  cen tre  of th e  ellip so id , th e  axis Z  lies in  th e  
ro ta tio n a l ax is  o f th e  ellipso id , th e  ax is X  p o in ts  to w ard s  th e  zero, in it ia l  
m erid ian  (G reenw ich  ellipsoidic m erid ian ), th e  ax is  Y  is p e rp en d icu la r to  i t  
in  a  r ig h t h a n d  sy stem ) an d  th e  local ellipsoidic c o o rd in a te  system s ( th e  o rig in  
is in  an  a rb itr a ry  basic  p o in t, th e  axis z  lies in  th e  n o rm al of th e  ellip so id ,
i.e. in  th e  geodetic  zen ith , th e  ax is x  is th e  ro ta t io n a l  axis o f th e  ellip so id ,
i.e. th e  geodetic  m erid ian , th e  ax is y  p o in ts  p e rp e n d ic u la rly  to  th e m  to w a rd s  
E a s t) .

In  o rd e r to  be ab le  to  c a rry  ou t tra n s fo rm a tio n s  betw een  c o o rd in a te s  
g iven  in  d iffe ren t c o o rd in a te  sy stem s, severa l t ra n s fo rm a tio n  m ethods c a n  be 
used  [e.g. H alm os 198 0 ]. W ith  resp ec t to  th e  p re se n t sa te llite  o b se rv a tio n  
tech n iq u es  i t  is a  g enera l p rac tice  to  c a rry  ou t c o m p u ta tio n s  and  a d ju s tm e n t 
in  a geocen tric  co o rd in a te  sy stem . On th e  basis o f  th e  ellipsoidic la t i tu d e  B,-, 
ellipsoidic lo n g itu d e  L,- a n d  ellipsoidic h e ig h t H , o f  th e  p o in t i, th e  c o o rd in a te s  
in  th e  sp a tia l geocen tric  sy s tem  X ,  Y ,  Z  can  b e  o b ta in e d  by  m eans o f  th e  
follow ing fo rm u la :

ГХЛ (N i +  H() cos B i  cos L,"
Y , (N j +  Hi) cos B j  sin  L j

Z , +  sin  B ,

w here  Н / =  H t -f- hi, a n d  th e  fo llow ing n o ta tio n s  are  used :
H i is th e  h e ig h t o f  th e  p o in t i above sea  level,
h, is th e  h e ig h t o f  th e  geoid in  th e  p o in t i ab o v e  th e  ellipsoid,
H j is th e  h e ig h t o f th e  p o in t i above th e  e llipso id , 
o, b are th e  m a jo r an d  m inor sem i-axes o f  th e  ellipsoid,
N i  is th e  rad iu s  o f th e  cross cu rv a tu re .

I t  follow s from  E q . 1 th a t  fo r th e  d e te rm in a tio n  o f geocentric  C a rte s ian  
co o rd ina tes on th e  basis o f  e llipsoidic co o rd in a tes  u n ifo rm  heigh ts ab o v e  sea 
level and  geoid h e ig h ts  d e te rm in ed  w ith  an  a d e q u a te  accu racy  are  n eed ed . 
S ince an  accu racy  o f  J^O.3 — 0.5 m  can  a lread y  be  reach ed  in  th e  d e te rm in a ­
tio n  o f th e  sp a tia l p o in ts  co o rd in a tes  even  in  a  g re a te r  area , i t  follow s th a t  
in  th e  fu tu re  a m ore precise  d e te rm in a tio n  of th e  geoid w ill be needed .

I t  shou ld  be m en tio n ed  su p p lem en ta rily  t h a t  a  sa te llite  g eodetic  or 
D opp ler n e tw o rk  in  its e lf  is u n d e te rm in ed  to g e th e r  w ith  th e  tra n s fo rm a tio n  
p a ra m e te rs , b u t  th e  co m b in a tio n  w ith  a te r re s tr ia l  geodetic  ne tw o rk  reso lves 
th is  u n d e te rm in ed n ess .
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2.2 D eterm ination  o f  the transform ation  param eters between coordinate system s 
with a d ju s tm en t in  case o f  two k in d s o f  networks

T h e  resu lts  o f te r r e s tr ia l  geodetic m easu rem en ts  and  o f D o p p le r  o b ser­
v a t io n s  are often  co m p u te d  in  a  com m on a d ju s tm e n t m odel [Adam e t  a l., 1979; 
Halmos, 1980]. T h ere  a re  sy s te m a tic  d e v ia tio n s  betw een  th e  tw o  k inds of 
n e tw o rk s  p a r tly  due to  d ev ia tio n s  in  th e  scale  fac to r  and  o f  th e  o r ie n ta tio n  
o f  th e  tw o  system s, p a r t ly  d u e  to  d ifferences in  th e  orig in  o f  th e  c o o rd in a te  
s y s te m s . L e t us d en o te  th e  scale fac to r  acco rd in g  to  Wolf (1980) b y  (1 -f- A) 
( i t  is  som etim es d e n o ted  b y  ( 1  - f  k ), to o ), th e  ro ta tio n a l fa c to r  b e tw een  th e  
th r e e  ax is  by  <5e, if  th e  d e v ia tio n  b e tw een  th e  system s is v e ry  sm all in  con­
se q u e n c e  o f th e  in tro d u c tio n s  of w e ll-a d o p te d  ap p ro x im a tiv e  v e c to r  e, and  
th e  tr a n s la t io n  v ec to r in  th e  orig in  b y  őr0, i f  i t  is also v e ry  sm all d u e  to  th e  
in t r o d u c t io n  of a w e ll-a d o p te d  a p p ro x im a tiv e  v a lu e r0. I t  shou ld  be m en tio n ed  
t h a t  a ll th ese  fac to rs , i.e . th e  un k n o w n  one scale fac to r, th e  th re e  ro ta tio n a l 
fa c to r s ,  an d  th e  th re e  tra n s la t io n a l  fa c to rs  re fe r to  th e  sy s te m  d e te rm in ed  
b y  D o p p le r  m easu rem en ts . T h is  m eans t h a t  th e  ta s k  is to  tra n s fo rm  th e  D o p ­
p le r  d a ta  in to  th e  te r re s tr ia l  geodetic c o o rd in a te  system , i.e. th e  la t te r  is 
a c c e p te d  as a general re fe ren ce  system . I f  th e re  are  some a p r io r i in fo rm a tio n s  
a b o u t  th e  accuracy  o f th e  va lu es  A  an d  de, th e ir  w eights an d  P e can  also 
be  in tro d u c e d  in to  th e  a d ju s tm e n t.

F ro m  th e  p o in t o f v iew  o f th e  a d ju s tm e n t le t us consider as one of th e  
b lo c k s  th e  system  of c o rre c tio n  eq u a tio n s  d ed u ced  from  th e  te r re s tr ia l  geodetic 
m e a su re m e n ts , and  as th e  o th e r  b lock  th e  sy s tem  deduced  fo r th e  D opp ler 
o b se rv a tio n s . The sy s tem  o f n o rm a l e q u a tio n s  fo r b o th  blocks m u s t be  reduced  
as lo n g  as th e  u n k n o w n  co o rd in a tes  o f  th e  D o p p le r s ta tio n s  w ill be  reach ed  
in c lu d in g  now of course th e  tra n s fo rm a tio n  p a ra m e te rs . All o th e r  n o t  com m on 
u n k n o w n s  have a lread y  b een  e lim in a ted  b y  th e  red u c tio n  of th e  n o rm a l e q u a ­
t io n s . T h u s , am ong o th e rs  th e  o rb ita l e lem en ts  from  th e  sa te llite  o b se rv a tio n s , 
th e  re f ra c tio n  unknow ns a n d  o th e r  p a ra m e te rs , too  [Wolf, 1980]. A co n sid e r­
ab le  a m o u n t of c o m p u ta tio n s  in  th e  re d u c tio n  an d  inversion  can  be sp a re d  b y  
u s in g  th e  sp littin g  in to  H e lm e r tia n  b locks [Wolf, 1978].

W h e n  neglecting  th e  o rb ita l  an d  o th e r  p a ra m e te rs , th e  c o rre c tio n  eq u a ­
t io n  fo r  th e  D oppler sa te ll i te  o b se rv a tio n s is [Wolf, 1980; Halmos, 1980]:

V =  r D( l  -)- A) -f- Аде +  B ô r0 —  (r° -f- őr) (2)

w h ere  ôe =  [ex, ey, ez]T a re  th e  ro ta t io n a l  e lem ents for all th e  th re e  axes, 
őr0 =  [A X 0, A Y 0, A Z 0Y  th e  t r a n s la t io n a l  va lues o f th e  o rig in  for th e  
th re e  d irec tions,
rD( =  [. . . [X D, Y d , Z d \ . . . ]T th e  co o rd in a te s  deduced from  th e  a d ju s t­
m en t of th e  D o p p le r  o b se rv a tio n s  (i =  1 ,2 , . . .  n), n  is th e  n u m b e r of
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D opp ler s ta tio n s , őr =  r — r° are  th e  c o o rd in a te  changes re su ltin g  from  
com m on a d ju s tm e n t, r is th e  fin a l c o o rd in a te , 
r° th e  a d o p te d  a p p ro x im a tiv e  value ,
V =  th e  v a lu es  o f th e  co rrec tions.

F u r th e r  acco rd ing  to  th e  B u rsa-m o d el [H a l m o s , 1980 ]:

A ' =  [AT, A J . . .  A f  . . . A * ]

'  0 Zi Y  Î
A ,= - Z i 0 X,-

Y t - X , 0

BT =  [I, I . . .  I] w h ere I is th e  u n it m atr ix .
I f  th e  ch a n g es o f  th e  coord in a tes  őr are b rou gh t to  th e f ir st p la c e s , as 

m ade b y  W o l f , th en :

v =  —őr -f~ rDZl -f- Aőe +  Bőr0 -f~ 1D (4)

w here 1д =  rD — r°. T h e v a lu e  rD is received  a f te r  e lim in a tio n  o f a ll u n k n o w n s  
w ith  th e  ex cep tio n  o f  th e  u n k n o w n  coord in a tes . I f  th e  red u ced  m a tr ix  is d e n o t­
ed  b y  No an d  th e  co n d itio n

vTN0 v =  m in  (5)

is  in trod u ced , w h ere ND can  b e m an ip u la ted  as a w e ig h t m atr ix  o f  őr, th e n  
th e  fo llow in g  red u ced  n orm al m a tr ix  can be w r itte n  on th e b asis o f  E q . 4 
to g eth e r  w ith  th e  tra n sfo rm a tio n  param eters [W o l f , 1980]:

ND, ^D TD’> - N dA, - N dB ] 'őr
- ( N DrD)r , r£ N ßB A
- ( N DA f , ( r iN DA )7', (ArNDA + P e), a tn db be
~ (N DB)r , ( г В Д т , (ArNDB)T, BrNßB ß ro

-At1d
B71„

=  0

+

( 6)

w here th e  a p rio ri w eigh ts F A a n d  P£ are  also t a k e n  in to  accoun t. I t  is su p p o sed  
th a t  th e  changes A  an d  ő in  th e  a d ju s tm e n t are  v e ry  sm all and  th e re fo re  th e ir  
p ro d u c ts  as w ell as th e  second- and  h igher o rd e r te rm s can be n eg lec ted  
[Halmos, 1980].

T h e D o p p le r co o rd in a te  sy stem  X D, Y D, Z D w ith  th e  orig in  O D  can  
be seen in  F ig . 1 w ith  re sp ec t to  th e  co o rd in a te  sy s tem  of th e  te r re s tr ia l  geo­
d e tic  n e tw o rk  h a v in g  th e  o rig in  OG. As i t  h as  b een  a lread y  m en tio n ed  i t  is 
ad v an tag eo u s  to  tra n s fo rm  th e  D oppler sy s tem  in to  th e  te r re s tr ia l geo d e tic  
co o rd in a te  sy stem .
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L e t  us suppose t h a t  in  th e  a d ju s tm e n t o f  th e  geodetic n e tw o rk  th e  po in ts  
o f th e  D o p p le r o b serv a tio n s a re  a t  th e  sam e tim e  tr ia n g u la tio n  p o in ts , th e re ­
fo re  th e  red u c tio n  o f th e  n o rm a l m a tr ix  m u s t  be  done till  th e  u n k n o w n s of 
th e  D o p p le r  po in ts. T h e  re d u c e d  no rm al m a tr ix  o f  th e  geodetic th re e -d im e n ­
s io n a l a d ju s tm e n t [Wolf, 1980] is on th e  basis  of th e  ex is tin g  co rrec tio n  
e q u a tio n s  [Halmos, 1980]:

iyr + 1, = о (7)
w h e re  Ng is t ehe coeffic ien t m a tr ix , is th e  free  te rm . A co m b in a tio n  o f  th e  
E q s  6  a n d  7 gives th e  n o rm a l m a tr ix  o b ta in e d  from  te r re s tr ia l  geo d e tic  and  
D o p p le r-sa te llite  m e a su re m e n ts  in th e  fo llow ing form :

(N* +  Nd), ^Dr£>’ NdA , - N dB ' ô r

- ( N DrD)T, (rSNoro “b Bj), rrNDA , rTNDB A

- ( N DA)r , (r£NDA )T, (a tn da  +  P .), ATNDB Ô£

L - ( N DB f , (r DN DB )T, (ATN DB f , b tn db <5r0

+  У
— - P d
— A t1d

L -B t1d

( 8)

T h e  in v e rs io n  of th e  m a tr ix  y ields th e  u n k n o w n  co o rd in a te -ch an g es, th e  
tr a n s fo rm a tio n  p a ram e te rs  as w ell as th e ir  v a rian ce -co v arian ce  m a tr ix .

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



GEODETIC NETWORK TRANSFORMATION 197

2.3 Transform ation by the connection o f  several networks by ad ju stm en t

I f  one has n o t o n ly  one te r re s tr ia l  geodetic  n e tw ork , b u t  se v e ra l n e t­
w orks or system s o f n e tw o rk s , an d  all th e  n e tw o rk s  m u st be in te rp re te d  as 
in d e p e n d e n t u n its , th e  a lre a d y  m en tio n ed  seven  tra n sfo rm a tio n  p a ra m e te rs  
m u s t be  d e te rm in ed  fo r  each  n e tw o rk . F o r  th e  coverage o f a g re a te r  a rea , 
a D o p p le r o b se rv a tio n  sy s te m  can  be used . A ccord ing  to  th is , th e  tr a n s fo rm a ­
tio n  o f  th e  D oppler m easu rem en ts  in to  th e  geodetic  ne tw o rk  y ie ld s  d iffe ren t 
p a ra m e te rs  of th e  d iffe re n t cases. T he m eth o d  fo r  th e  dedu c tio n  o f  th e  e q u a ­
tio n s , fu r th e r  th e  n o rm a l m a trices  o b ta in ed  on th e  basis o f th e  te r r e s tr ia l  geo­
d e tic  m easu rem en ts  a n d  o f  th e  D o p p le r o b se rv a tio n s  can  he re d u c e d  t i l l  th e  
com m on unknow ns. I n  th e  fo llow ing, a  p a r ti t io n in g  is a d v a n ta g e o u s , as th e  
tra n s fo rm a tio n  p a ra m e te rs  are d iffe ren t fo r th e  netw orks or n e tw o rk  p a r ts , 
re sp ec tiv e ly .

B efore deducing  th e  connec tions i t  is w o rth  illu s tra tin g  th e  te r re s tr ia l  
an d  D o p p le r m easu rem en ts  in  th e  n e tw o rk s (F ig . 2), and  th e  tra n s fo rm a tio n  
p rob lem s in  connection  w ith  th e  co o rd in a te  sy stem s (F ig. 3). F ig u re  2 show s 
six  geodetic  ne tw orks w ith  d iffe ren t o r ie n ta tio n s  an d  scales, w h ich  a re  s tif­
fened  b y  th e  D oppler n e tw o rk  d en o ted  b y  fu ll d o ts . T he co o rd in a te  sy stem s 
of th e  te rre s tr ia l geodetic  n e tw o rk s  and  th e  c o o rd in a te  system  o f th e  D o p p le r 
n e tw o rk  is illu s tra te d  in  F ig . 3. T h ere  are  tw o possib le so lu tions.

T h e  f ir s t  case occurs in  consequence o f th e  decision  th a t  th e  o b se rv a tio n , 
th e  o r ie n ta tio n , th e  scale an d  th e  p o sitio n  o f th e  D oppler n e tw o rk  a re  m ore 
re liab le , an d  there fo re  th e  D o p p le r n e tw o rk  is accep ted . In  th a t  case th e  coo r­
d in a te  system s of th e  te r re s tr ia l  geodetic  m easu rem en ts  m ust be tra n s fo rm e d  
in to  th e  D opp ler sy stem . N ow  th e re  are 7 X 6  =  42 tra n sfo rm a tio n  p a ra m e te rs

Fig. 2.
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Fig. 3.

to  b e  d e te rm in ed  su p p le m e n ta r ily . The aim  is in  su ch  a case th e  d ed u c tio n  
o f a u n ifo rm  com m on th ree -d im en sio n a l n e tw o rk .

I n  th e  second case  th e  single n a tio n a l n e tw o rk s  are to  he accep ted  an d  
acco rd in g ly  the  d a ta  co n cern in g  th e  D o p p le r  co o rd in a te  system  m u s t be 
tra n s fo rm e d  in to  th e  te r r e s tr ia l  geodetic n e tw o rk . In  th is  case th e  n u m b e r 
o f th e  tra n s fo rm a tio n  p a ra m e te rs  is again  42.

L e t us consider th e  la t t e r  case ta k in g  in to  ac c o u n t th a t  from  th e  p o in t 
o f v iew  o f th e  th e o re tic a l b as is  th e  tw o so lu tio n s  a re  sim ilar. As i t  c a n  be seen 
f ro m  F ig . 2, th e  in d iv id u a l n e tw o rk  p a r ts  do n o t  inc lude  all D opp ler connec­
t io n  p o in ts . F u r th e r , i t  is obv ious, from  th e  s t ru c tu re  of th e  system  o f e q u a ­
tio n s  (8 ) th a t  if  a ll n e tw o rk  p a r ts  o b ta in  in d e p e n d e n t tra n sfo rm a tio n  p a ra m ­
e te rs , th e  m a trix  w ill b e  stepw ise full. T a k in g  a ll th e se  in to  ac c o u n t le t us 
d e n o te  th e  coeffic ien ts a n d  un k n o w n  p a ra m e te rs  o f  th e  no rm al m a tr ix  red u ced  
t i l l  th e  com m on u n k n o w n s  o f  th e  D oppler p o in t  co o rd in a tes  of th e  d iffe ren t 
(g eo d e tic  and  D opp ler) n e tw o rk s  as follows:

[(Ne +  N D)„  (Ng +  Nd )„ , . . . ,  (Ng +  ND)m] =  N 

[ - ( N Dr D),] =  R n  [ - ( N DrD)n ] =  R „ , . . . ,  [ - ( N Dr D)]m =  R m

[<5r7, ôr„, . . . ,  <5rm]r =  ô . (10)
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F u r th e r  one h as:

and

' { T D ^ D r D  +  P j ) , rLNDA, r7DNDB 1

(■£n da )t , (ArNDA +  P .) , A r NDB =  M ,
L(r7DNßB )T, (ATNDB)r , B 7 Nd B /

> D NDrD +  Pj)>
(r£NDA)r,

|_(r£NDB f ,

r£ N DA, r£N DB* 
(ATNDA +  P e), A tNdB = M m 
( А \ В ) Т, B TNDB j m

[ Д „ ÔSj, Г̂0/]Г =  ^ /

[4n. àem, őr0, m]T =  ôm

[(1г +  Id)/, (1« +  1d)/d • • • ,  (1г + 1 0 )т Г  =  ь

'Я
'

. 
. 

Ö
J

( ^ 71d)/, (B t1d ) /]  =  h

[ - ( * £ W « . - ( A r lD)m, - ( B TlD)m] =  L m .

( И )

( 12)

(13)

T ak in g  all th e se  in to  acc o u n t, th e  reduced  g eodetic  a n d  D opp ler sy s tem  o f n o r­
m al e q u a tio n s  fo r a  sy s te m  consisting  o f  ( I  —  m) p a r ts  h a s  th e  fo llow ing fo rm :

rN R/ R // R m 1 ró - f L и
Rí M ; 0 0 <5/ h
Rí; 0 M „ . . . 0 h + h í

Lrí; 0 0 ömi—m— L— _

T he basis o f  th e  so lu tio n  is th e  p a r titio n in g  o f th e  u n k n o w n s , and co n seq u en tly  
o f  th e  coeffic ien t m a tr ix  in to  tw o  groups. T he f i r s t  is th e  system  o f eq u a tio n s  
c o n ta in in g  th e  c o o rd in a te  u n k n o w n s (Ő), th e  second  is th e  e q u a tio n  g roup  con­
ta in in g  th e  tra n s fo rm a tio n  e lem en ts ôi(ôjôm). T he  u n k n o w n  co o rd in a te  changes 
ô a re  im m ed ia te ly  c o rre la ted  w ith  th e  tra n s fo rm a tio n  p a ra m e te rs  or g roups 
o f p a ra m e te rs , th e  la t te r  a re , how ever, accord ing  to  o u r su p p o sitio n  u n co rre la ted  
b e tw een  th em selves, i.e. th e  coefficient e lem en ts fo r  th e  covariances a re  eq u a l 
zero. I f  th e re  are  no a  p rio ri e s tim a tio n s fo r th e  v a lu es  P j  and  P e, th e y  a re  
eq u a l zero, to o .

I f  th e  n u m b e r o f th e  coo rd in a te  u n k n o w n s is n, th e  d im ension  o f  th e  
m a tr ix  N is (n , n). As a ll g roups o f th e  tra n s fo rm a tio n  p a ram e te rs  c o n ta in
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7 v a r ia b le s  ôt, th e  d im en sio n  o f th e  R ,-s is (га, 7), an d  th a t  o f  th e  M -s (7, 7). 
T h e  d im ension  of th e  <5(- s  is (7, 1) a n d  s im ila rly  o f th e  Ц -s  (7, 1). D epen d in g  
on  th e  unknow ns fo r w h ich  th e  so lu tio n  is looked  for, e ith er th e  fo rm  given in 
th e  s t ru c tu re  of th e  n o rm a l m a tr ix  (14) can  be used , o r i f  th e  ô u n k n o w n  
c o o rd in a te  changes are  to  be  fo u n d  im m ed ia te ly , th e n  th is  g ro u p  o f  eq u a tio n s  
is to  b e  le f t a t th e  en d  o f  th e  n o rm a l m a tr ix  [Halmos, 1975]. T h e  b locks M (- 
a p p e a r in g  in  th e  E q s  14 fo rm  a d iag o n a l b lo ck -m atrix . O n th e  b as is  o f th e  
d ia g o n a lity , th e  fo llow ing  so lu tio n  is ev id e n t fo r th e  u n k n o w n s a n d  for th e  
tra n s fo rm a tio n  p a ra m e te rs :

Ô =  (N —  R M - 1 R T) - 1(L —  Н,М,_ 1Ц ) (15)

w h e re  R  and  M co n ta in  a ll th e  e lem en ts, an d

1--------
*0* «о" ‘ '

‘МГ1
0

0
M r/ .

1--------

о
 о

 • •

[L/ 1 
L"

LumJ 0 0 ..  Mm\ Lm

[ M r 1 R
M r/ R

M - 1 R

T h e  v a ria n c e  m a tr ix  re fe rr in g  to  ô is on th e  basis  o f  E q . 15:

Qm =  (N -  RM  :R T) - \

S im ila r ly  i t  can be fo u n d  fo r  th e  <5,-s:

Q** =  M f 1 +  M f 'R f tN  -  R M _ 1R r )_ 1(M,r l R /')T

a n d

Qa,a, =  M,_ 1R f(N  —  R M _ 1 R r ) - 1 (My_ 1R j) T

(16)

(17)

(18)

(19)

w h e re  i  j .  U sing a n y  k n o w n  in v ersio n  m e th o d , th e  p a ra m e te rs  to g e th e r  w ith  
th e  e lem en ts  of th e  v a r ia n c e  co variance  are  o b ta in e d  im m ed ia te ly .

I f  one does n o t succeed  in  g ro u p in g  th e  coo rd in a te  u n k n o w n s (Ô) acco rd ­
in g  to  b locks, th e re  a re  also  p ro d u c t te rm s  in  th e  second p a r t  o f  th e  no rm al 
m a tr ix  due to  connec tions w ith  th e  neig h b o ro u s p a r ts  o f th e  n e tw o rk . In  such
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a case th e  n o rm a l m a tr ix  red u ced  till th e  com m on u n k n o w n s gets th e  fo llow ing 
fo rm  in  an a lo g y  o f  E q . 14:

r N R / R , / R / / / R / v  • • • R , „ l Г <5 1 r L
R / M 7 s / , / / S i ,  111 S I , í v  • • • S / ,m <5/ h

R i / S j . n ® 11,111 0  . . . 0 <5// + h i
R n / S j . l I I s j l . l l l ® л ,  í v  • • • 0 ô n i h n

l r £ S / ' , m 0 0 0  ^ m  — 2,m—l ^ m  — l,m - L - - K
( 20)

T h e m a tr ix  fo rm u la tio n  in  E q . 20 is va lid  if  th e  g ro u p in g  betw een  th e  single 
n e tw o rk s is as show n in  F ig . 2. I f  th e  n e tw o rk  p a r t  I  h a s  no cen tra l s i tu a tio n , 
th e  second p a r t  o f th e  coeffic ien t m a tr ix  in  E q . 20 is th e  b a n d  m a tr ix  (be long­
ing  to  th e  <5,-s).

T he a d v an tag eo u s  so lu tio n  is in  th is  case th e  e lim in a tio n  o f th e  u n k n o w n  
co o rd in a te  changes <5, an d  th e n  th e  so lu tion  o f  th e  red u ced  no rm al m a tr ix  is 
fo r th e  v ec to rs  <5(:

Г М , S i,  и S i ,  n i S i  , i v S /,m~ r ő/ 1 Гь / "1
s l „ M„ S n ,  i n 0 0 à , i h ,
ЦТ
^1,111 s Tu , „ , M i n S h , iv 0 ô m + R///

ЦТ- DI, m 0 0 0 S/7J—2,m — 1$т—1,т _ 1E
• • с<Э
___

1

—
1E

• - Ip-5
___

1

w here th e  u p p e r  sign d eno tes red u c tio n s.
H a v in g  m ade th e  g enera l red u c tio n  one gets:

( 21)

+  L<„m) =  0 ( 22)

w here th e  u p p e r  index  (m) den o tes  again  re d u c tio n . A ccord ing  to  th e  p ro c e ­
dures o f  th e  a d ju s tm e n t, th e  v arian ce -co v arian ce  m a tr ix  o f  th e  u n k n o w n  
p a ra m e te rs  can  also be c o m p u ted . D epen d in g  on  th e  D oppler n e tw o rk , th e  
m a tr ix  (21) can  also be fu lly  filled . I ts  so lu tio n , in v e rsio n  m eans no p ro b lem , 
as th e  n u m b e r o f th e  p a ra m e te rs  to  be d e te rm in ed  h as  a t  m ost an  o rd e r o f  a 
m a g n itu d e  o f som e h u n d re d :

ГМ, Si,n Si, HI ■ • Sj,m г«5/ n г  h  1
S h i M „ S il ,hi • • s , Im <5// h i
ЦТVJ, III SJi , iii Мл/ • • • s in m + h n

ЦТ
- 3 /,m Sn,m Sjn,m  • ••  Hm - J m - -I'm -
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I f  th e re  are s ig n if ic a n t d ifferences in  th e  accu racy  o f th e  o b se rv a tio n s 
o f  d if f e re n t  p a rts  in  th e  n e tw o rk , a “ h o m o g en iza tio n ”  (w eigh ting) can  be used 
fo r  th e  so lu tion . F o r th e  so lu tio n  o f lin e a r  eq u a tio n s  to  be p a r t i t io n e d  in to  
b lo c k s  th e  H e lm ertian  m e th o d  is th e  o p tim a l one [Wolf, 1978]. I t  is adv isab le  
t h a t  o n e  group  should  co n sis t o f th e  “ in n e r”  unknow ns, e lim in a te d  in  th e  f irs t 
s te p , i .e . th e  coo rd inates o f  th e  n e tw o rk  p o in ts , th e  unknow ns in tro d u c e d  for 
th e  e lim in a tio n  of th e  re f ra c tio n  an d  o th e r  reg u la r  e rro r sources or in  case 
o f  D o p p le r  or o th e r s a te ll i te  n e tw o rk s th e  o rb ita l e lem ents a n d  co rrec tio n  
fa c to r s .  T h e  “ o u te r” , co n n ec tin g  u n k n o w n s a re  th e  com m on te r re s tr ia l  geo­
d e tic  a n d  sa te llite  g eodetic  co o rd in a tes  fo r D o p p ler or o th e r  s a te llite  p o in ts , 
f u r th e r  th e  tra n sfo rm a tio n  p a ra m e te rs .

I n  o rd er to  en ab le  th e  tra n s fo rm a tio n  b e tw een  th e  n e tw o rk s , a t  least 
th r e e  co m m o n  p o in ts , i.e . D o p p le r or o th e r  sa te llite  geodetic  a n d  te r re s tr ia l  
g e o d e tic  po in ts  are n ecessa ry .

T h e  case w hen o n ly  su p erfic ia l geode tic  co o rd in a tes  (e.g. В  an d  L  geo­
d e tic  e llipso id ic  d a ta )  a re  a t  d isposal, b u t no  h e ig h t d a ta , w ill n o t  be tre a te d  
h e re  [W olf, 1980]. I t  sh o u ld  he re m a rk e d , how ever, th a t  in  such  a case 
s p a t ia l  coo rd inates can  be co m p u ted  from  th e  ellipsoidic d a ta  В  an d  L  (e v e n tu ­
a lly  ta k in g  in to  acco u n t th e  v a rian ce -co v a rian ce  m a trix , too ), a n d  th e  D oppler 
h e ig h t  d a tu m  is accep ted . T h e  n u m b er o f  th e  tra n s fo rm a tio n  p a ra m e te rs  is 
4 w h e n  u s in g  ellipsoidic co o rd in a te s  (one scale fac to r , 1 o r ie n ta tio n a l ro ta tio n  
a n d  2 co o rd in a te  tra n s la tio n s  in  th e  d irec tio n s  of ôB 0 and  ôL0). A ccord ing  
to  W olf (1980) in  such  a  case  one has in s te a d  o f th e  th ree  ro ta t io n a l  p a ra m ­
e te rs  o n e  o rien ta tio n  ( ro ta tio n a l)  p a ra m e te r  (ô A 0) in  th e  chosen  p o in t P 0.

V cos B 0 cos L 0
= cos B 0 s in  L 0

.ez. sin  B 0
(23)

I n  s u c h  a  case an d  P £ a re  eq u a l zero. T h e  scale fac to r  an d  th e  ro ta tio n a l 
p a r a m e te r s  get a p rio ri w eig h ts  an d  a c c ep tin g  th e  D oppler h e ig h t d a tu m  as 
a  c o n s tr a in t ,  a so lu tion  w ith  7 tra n s fo rm a tio n  p a ram e te rs  is g iven  b y  Wolf 
(1 9 8 0 ). I f  th e  a priori w e ig h ts  P j =  o o  an d  P e =  o o  are  in tro d u c e d , th is  m eans 
p ra c t ic a l ly  th a t  th e  scale fa c to r  an d  o r ie n ta tio n  of th e  axis o f  th e  D oppler 
s y s te m  o f  coord inates is a c c e p ted  as a f in a l one.

I t  c an  occur th a t  b o th  th e  geodetic  a n d  D oppler o b se rv a tio n s  co n ta in  
e llip so id ic  coord inates. In  th is  case s im ila rly  to  E q . (4) one ge ts:

vE=  D Eőr +  r  %A +  A eÔ£ +  В е<5г0Се<5Е +  lg  (24)

w h e re  th e  upper index  E  m ean s ellipsoidic sy s tem :

A e

sin  L
— sin  В  sin L

0

— cos L  
—-sin В  sin  L  

0

0 '  
cos В  , 

0
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d e =
a

cos В , br =
b B -
bL

1 ÔH

B E =
— sin  В  cos L  

sin  L
cos В  cos L

<5r„ =

-cos В  sin  L  cos В  
cos L  0

cos В  sin  L  sin L

0 B 0 
0L0
m 0

0 sin2 В
CE =  — 0 0

’ <5E =
ba

1 sin 2 В ab f

(25)

H ere  ba is th e  ch an g e  o f  th e  m a jo r axis o f th e  e llip so id  an d  b f  th a t  o f  i t s  o b liq ­
u ity . T h e  v a lu es  Гд an d  1д shou ld  he exp ressed  b y  ellipsoidic co o rd in a te s , to o .

2.4 The determ ination  o f  the transform ation param eters in  case o f  a n um ber o f  
param eters d iffer in g  fro m  the p rev io u s values

T h ere  are  to g e th e r  8  tra n s fo rm a tio n  p a ra m e te rs  in  th e  W ells—V an icek  
m odel (1975) [ H a l m o s , 1980]. A  general te r r e s tr ia l  system  w ith  th e  o rig in  
O F  (an d  axes X ,  Y ,  Z ) ,  a sa te llite  or D o p p le r sy s te m  o f coo rd inates w ith  th e  
orig in  O D  (an d  w ith  th e  axes X ' ,  Y ' ,  Z ’) an d  a g eo d e tic  system  o f c o o rd in a te s
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(a lso  ca lle d  geodetic d a tu m -sy s te m , an d  c o n n e c tin g  th e  p rev io u s ones) w ith  
th e  o r ig in  OG (and  axes x , y ,  z, w ith  a r o ta t io n  A 0 around  th e  n o rm a l o f th e  
e llip so id  in  th e  orig in  if  i t  is re la te d  to  th e  te r re s tr ia l  sy stem  (F ig . 4)) occur 
h e re . I n  o rd er to  tra n s fo rm  th e  re su lts  o f  t h e  D o p p le r o b serv a tio n s in to  a te r ­
r e s t r ia l  coo rd ina te  sy s te m , th e  fo llow ing tra n s fo rm a tio n  e q u a tio n  is g iven 
ta k in g  in to  accoun t t h a t  in  all cases one h a s  geocentric  system s b e in g  ra th e r  
s im ila r  to  each o th e r:

[Q(e« ey, e?) —  Q(A0) —  A] rD —  <5rDG +  rD —  rG =  v (26)

w ith  t h e  ro ta tio n a l m a tr ix  Q being  sim ilar to  t h a t  in  E q . (3) s, w ith  th e  ro ta ­
t io n a l  e lem en ts  exsy, sz a n d  A 0, w ith  th e  c h an g e  in  th e  scale fa c to r  A , a n d  w ith  
th e  th r e e  tra n s la tio n a l fa c to rs  drOG ( to g e th e r  8  p a ram ete rs ). B y  ex p ress in g  th e  
v -s, o n e  gets sim ilarly  to  E q . 2 th e  fo llow ing  co rrec tion  eq u a tio n s in  a m a tr ix  
fo rm :

w here

— dr — Гд( 1  -j- zl) -j- Ade +  Bdr£>G

0 sin  Bg
— sin  Bg 0

COS Bg sin Lg COS Bg COS Lg

+  C<5 Ад +  10 (27)

COS Bg sin Lg 
COS Bg COS Lg . (28)

E q u a t io n  28 can also be  d ed u ced  from  E q . 23 , as here ôA0 is th e  o r ie n ta tio n a l 
r o ta t io n ,  an d  B0, L0 a re  a g a in  th e  ellipso id ic  co o rd in a tes  of th e  o rig in . A com ­
m o n  a d ju s tm e n t of th e  te r re s tr ia l  geodetic  n e tw o rk  m easurem ents a n d  o f th e  
r e s u lts  o f  D oppler or o th e r  sa te llite  o b se rv a tio n s  yields again  th e  red u ced  
s y s te m  o f norm al e q u a tio n s  (14) or (20) b y  ta k in g  in to  acco u n t th e  t r a n s ­
fo rm a tio n  p a ram ete rs . T h e  change resu lts  o n ly  from  the  in tro d u c tio n  o f th e  
new  ro ta t io n a l  p a ra m e te r  0 A 0.

T h e  K rak iw sk y —T h o m so n  m odel (1974) d iffers from  th e  W e lls—Y anicek  
m o d e l b y  th e  in tro d u c tio n  o f  th ree  ro ta t io n a l  pa ram ete rs  fo r th e  geodetic  
s y s te m  in  add itio n  to  th o se  o f th e  s a te llite  a n d  D oppler co o rd in a te  sy stem , 
re s p e c tiv e ly , fu rth e r  one m ore  scale fa c to r  i f  n ecessary  and  th re e  tra n s la t io n a l  
p a ra m e te rs .  C orrespond ing ly , th e  n u m b e r o f  th e  tran sfo rm a tio n  p a ra m e te rs  
is 13 o r  14 depending  on  th e  new  scale fa c to r . T h is so lu tion  can  be  especia lly  
a d v a n ta g e o u s  in  n e tw o rk s  w ith  g rea t e x te n s io n , w here d iffering  tr a n s fo rm a ­
tio n  p a ra m e te rs  ap p ear. I n  su ch  cases i t  is to  be  considered w h e th e r  i t  w ould  
n o t  b e  m ore  ad v an tag eo u s  to  use th e  Moritz collocation  m e th o d  (1973), or 
th e  se v e n  p a ram e te r so lu tio n  w ith  a s e p a ra tio n  o f th e  n e tw o rk  in to  sm alle r 
r e g io n a l p a r ts  p roposed  b y  Halmos. T he s t ru c tu re  of th e  com m on tra n s fo rm a ­
t io n  p a ra m e te r  a d ju s tm e n t using  th e  K ra k iw s k y —T hom son m o d e l is else 
id e n t ic a l  w ith  our g enera l m odel, i f  re g io n a lly  sep ara ted  n e tw o rk  p a r ts  are
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considered . F o r an  u n am b ig u o u s  so lu tion  one need s w ith  th e  K ra k iw sk y — 
T hom son  m odel a t  le a s t 3 — 3 po in ts  w ith  kn o w n  s p a tia l  co o rd in a tes , too .

In  ad d itio n  to  th e  cases a lread y  tre a te d  i t  c a n  occur th a t  besides th e  
so lu tions using  7 or m ore  p a ra m e te rs , th e  tr a n s fo rm a tio n  is m ade w ith  th e  
in tro d u c tio n  o f on ly  4 p a ra m e te rs  (e.g. th e  ch an g e  o f th e  scale fa c to r  A  and  
th e  tra n s la tio n a l change co n sis tin g  of 3 e lem ents dr0). I n  case o f an  o th e r  so lu ­
tio n , w hen  th e  o rig in  o f  tw o  system s of co o rd in a tes  coincide, th e  p a ra m e te rs  
A  an d  ÔE fo r th e  tra n s fo rm a tio n  can  be co m p u te d  from  th e  a d ju s tm e n t. A n 
a d ju s tm e n t on th e  basis o f  th e  least squares y ie ld s  s im ila r or id e n tic a l re su lts , 
on ly  th e  n u m b e r o f th e  u n k n o w n s decreases.

In  cases w hen  th e  p a r ts  o f te rre s tr ia l geo d e tic  ne tw o rk s re fe r to  a  com ­
m on  system  o f co o rd in a te s , an d  regional or loca l changes of th e  p a ra m e te rs  
c an n o t be supposed  am o n g  th e m , th e  n u m b er o f  th e  su p p le m e n ta ry  t r a n s ­
fo rm a tio n a l unknow ns in  th e  a d ju s tm e n t w ill be 7 w h en  co n n ec tin g  th e  D o p ­
p le r an d  th e  te r re s tr ia l  geode tic  netw ork .

I f  th e  te r re s tr ia l  geo d e tic  ellipsoidic c o o rd in a te s  re fer to  d iffe re n t ellips­
oids in  d iffe ren t n e tw o rk s , o r th e  origin o f th e  ellipsoids is d iffe ren t, th is  
s itu a tio n  m u s t be ta k e n  in to  accoun t a t  th e  d e te rm in a tio n  of th e  sp a tia l 
th re e  d im ensional c o o rd in a te s . I f  th e  tra n s fo rm a tio n a l p a ra m e te rs  a re  good 
ap p ro x im atio n s , an d  th e  geo d e tic  la titu d e  an d  lo n g itu d e  are know n, th e  t r a n s ­
la tio n a l p a ra m e te rs  b e tw e e n  th e  origine of th e  ellipso id  cen tres  c a n  also be 
in tro d u ced  as u n know ns.

In certain cases, th e  use o f the affine transform ation is also recom m ended  
besides the sim ilarity transform ations [Modenov  and P arkhom enko , 1961]#

4. Conclusions

T he in d e te rm in ed n ess  o r defec t of th e  D o p p le r  ne tw o rk s can  be  reso lved  
b y  a d ju s tm e n t in  a co m m o n  m odel of th e  te r re s tr ia l  geodetic  n e tw o rk  m easu re­
m en ts  an d  o f  th e  D o p p le r  sa te llite  o b se rv a tio n s, an d  b y  th e  in tro d u c tio n  
o f su itab le  tra n s fo rm a tio n  p a ram e te rs .

F o r th e  d e te rm in a tio n  o f th e  sp a tia l th re e  d im ensional co o rd in a tes  of 
tra d itio n a l te rre s tr ia l g eodetic  m easurem ents a n d  fo r an  in crease  o f th e  
accu racy , i t  is necessary  to  un iform ize th e  h e ig h t va lu es  re fe rrin g  to  several 
m ean  sea levels, to  k n o w  m ore  accu ra te  geoid h e ig h ts  or to  in tro d u c e  a u n i­
fo rm  global e q u ip o te n tia l surface.

F o r a d e te rm in a tio n  o f  th e  tra n sfo rm a tio n  p a ra m e te rs  b y  a d ju s tm e n t, 
m ore th a n  th re e  p o in ts  m u s t be know n b y  th e ir  co o rd in a tes  in  b o th  system s.

I f  severa l n e tw o rk s  (e.g . n a tio n a l ones) a re  to  be  co n n ec ted  ( th e y  are 
called  in  such  cases d a tu m -sy s te m s) , in  each new  sy s te m  th e  th re e  d im ensional 
co o rd in a tes  o f a t  le a s t tw o  com m on po in ts m u s t be know n. As a  gen era l ru le
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th e  co v e rag e  w ith  co m m o n  p o in ts  should  he as u n ifo rm  in  th e  w hole  area 
as p o ss ib le .

A n  ad ju s tm en t on  th e  b a s is  of th e  le a s t sq u a re s  p rin c ip le  su p poses sign if­
ic a n t ly  m ore  th a n  th e  m in im u m  o f com m on p o in ts  w ith  kn o w n  coord inates 
o r w h e re  m easurem ents w e re  m ade .

B o th  th e  in tro d u c tio n  o f  th e  d ifferen t ty p e  tra n s fo rm a tio n  p a ra m e te rs  
in to  th e  ad ju s tm en t, o r th e  n eg lec tio n  of a p a r t  o f  th e m  n ecess ita te s  a  p rev i­
o us s ign ificance  te s t in  o rd e r  to  te s t  if  th e  u sed  m a th e m a tic a l m o d e l co rre­
s p o n d s  to  th e  physical r e a l i ty .

I n  th e  p resen t s i tu a t io n  o f  th e  accu racy , th e  m ean  sq u are  e rro r  o f th e  
n e tw o rk  coordinates d e d u c e d  from  D oppler o b se rv a tio n s  is a ro u n d  ^ 0 . 3 —
0.5 m  [ H a lm o s , 1978, 1979]. T h is  value a lread y  necessita tes  to  c a r ry  o u t the  
a d ju s tm e n t  of the  te r re s tr ia l  a n d  D oppler or o th e r  sa te llite  g eodetic  d a ta  in 
a  c o m m o n  model. A lw ays p ra c tic a l  po in ts  o f v iew  decide in  th e  connec tion  
o f  th e  tra n sfo rm a tio n  p a ra m e te rs  w ith  th e  co rresp o n d in g  c o o rd in a te  system . 
A c c o rd in g  to  experiences g a in e d  h ith e r to , th e  scale fac to r  an d  o rie n ta tio n  
o f  th e  te r re s tr ia l  ne tw o rk s is m o re  reliab le th a n  th o se  o f th e  D o p p le r ne tw orks. 
T h e re fo re , qu ite  re c e n tly  w o rk  is done on th e  so lu tio n  of th e  scale fa c to r  and 
o r ie n ta t io n  problem  o f s a te l l i te  geodetic n e tw o rk s  (com bined  so lu tio n s  w ith  
la s e r  a n d  very  long base  in te r fe ro m e try  m easu rem en ts).

H a v in g  fin ished  th e  a d ju s tm e n t, i t  is ad v isab le  to  ca rry  o u t a n  analysis 
o f  t h e  accu racy  and  re l ia b i l i ty  te s ts  on th e  basis  o f th e  v a rian ce -co v arian ce  
e le m e n ts .

I f  th e re  is only  one te r r e s tr ia l  n e tw ork , b u t  i t  is inhom ogeneous, th e n  
th e  re g io n a l tra n sfo rm a tio n  p a ra m e te rs  can  be  d e te rm in ed  b y  co llo ca tio n  or 
b y  se le c tin g  the  a lread y  m e n tio n e d  regions a n d  in tro d u c in g  fo r  e ach  reg ion  
3 r o ta t io n a l  elem ents a n d  1 sca le  fac to r.
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ПРЕОБРАЗОВАНИЕ ГЕОДЕЗИЧЕСКИХ СЕТЕЙ НА ОСНОВЕ УРАВНИВАНИЯ ПО 
СПОСОБУ НАИМЕНЬШИХ КВАДРАТОВ

Ф. ХАЛМОШ

РЕЗЮМЕ

Преобразование геодезических сетей целесообразно осуществлять применением 
метода наименьших квадратов. Этот вопрос особенно актуален с точки зрения взаимного 
уравниваниях допплеровских, наземных триангуляционных и нивелирных сетей. В наших 
исследованиях изыскается такое решение, когда речь идет о взаимном уравнивании геодези­
ческих сетей разных стран, и для каждой из них установление самостоятельных транс­
формационных параметров считается непременно обоснованным. В первую очередь изла­
гается метод Гельмерта, основанный на уравнивании блоков, но кратко упоминаются и 
другие решения. Приводятся соответствующие зависимости исчислений и уравниваний.
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COMPENSATION OF SYSTEMATIC ERRORS IN 
BLOCKADJUSTMENT WITH INDEPENDENT MODELS

J .  SOMOGYI
DOCTOR OF TECHN. SCI.

L. В А Т Т А - I .  N A G Y
GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

1. In troduction

In  p h o to g ram m etric  p o in t d e te rm in a tio n s , th e  a cc u rac y  can  be increased  o n ly  i f  sy s tem ­
a tic  e rro rs  a re  co rrec tly  d e te c te d  a n d  e lim inated . In  H u n g a ry , b lo c k a d ju s tm e n t w ith  in ­
d e p en d e n t m odels is used  in  th e  p ra c tic e . T hus th e  in v es tig a tio n s  described in  th is  p a p e r  are 
c o n c e n tra te d  on  th e  e lim in a tio n  o f  th e  sy s tem atic  e rro rs  in  b lo ck a d ju s tm e n t w ith  in d e p e n d e n t 
m odels. W h e n  using  a d eq u a te  a d d itio n a l p a ram ete rs , a n  accu racy  increase o f 20 — 2 5 %  can  be 
reach ed  in  th e  b lo ck ad ju s tm en t.

T h e  accu racy  of c e r ta in  m easu rem en t te ch n ica l ta sk s  can  b e  o n ly  in ­
creased  i f  sy stem atic  e rro rs  a re  e lim in a ted . T h is ho lds also fo r p h o to g ra m m e try . 
T o g e th e r w ith  co m p u ter to o ls  an d  m ethods, th e  p h o to g ra m m e tric  ae ro tri-  
a n g u la tio n  m ethods s ig n if ic a n tly  developed  in  re c e n t years b o th  th e o re tic a lly  
an d  p ra c tic a lly  and  u p - to -d a te  b lo c k a d ju s tm e n t m ethods w ere p ro p o se d . The 
increase  o f  accu racy  d em an d s  d irec ted  th e  in te re s t  to w ard  sy s te m a tic  e rro rs. 
T he co n tin u o u s  presence o f  sy s te m a tic  im age e rro rs  sets a lim it to  th e  a c c u ra cy  
o f  th e  d e te rm in a tio n  o f p h o to g ra m m e tric  c o n tro l po in ts . A  fu r th e r  in crease  
o f  th e  accu racy  can  be reach ed  o n ly  by  d e te c tin g  th e  sources o f  sy s te m a tic  
erro rs an d  b y  e lim in a tin g  th e m . Such in v es tig a tio n s  have  a lre a d y  b e e n  d is­
cussed  a t  th e  IS P  Congress in  O tta w a , 1972. A t th e  H elsink i C ongress in  1972, 
th e  im p o rta n c e  of th is  to p ic  w as genera lly  acknow ledged  and  a w o rk in g  group  
(W G  I I I /3 )  c rea ted  fo r th e se  s tu d ies  inside o f C om m ission I I I .  T h e  a c tiv i ty  
o f  th is  w ork ing  group h as  b een  rep o rted  b y  Kilpelä a t th e  1980 H a m b u rg  
C ongress [1]. A t th e  sam e congress, Ackerm ann  [2] sum m arized  th e  d iffe r­
e n t se lf-ca lib ra tio n  m eth o d s m o stly  used fo r th e  e lim in a tio n  o f th e  sy s te m a tic  
e rro rs.

2. A im s o f th e  presen t investiga tions

T h e  th eo re tica l in v e s tig a tio n s  in  co n n ec tio n  w ith  b lo c k a d ju s tm e n t w ith  
a d d itio n a l p a ram e te rs  re fe r  m a in ly  to  bu n d le  a d ju s tm e n t. T his c a n  be  easily  
u n d e rs to o d  as th e  effect o f  th e  sy s tem atic  im age d istorsions a p p e a rs  im m ed i­
a te ly  in  th e  im age co o rd in a te s  b e ing  th e  basis  fo r th e  b u n d le  a d ju s tm e n t.
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T h e  s itu a tio n  is m ore c o m p lic a te d  in case o f  th e  m e th o d  o f th e  in d e p e n d e n t 
m o d e ls . A firs t n eg lec tio n  is  t h a t  the  in d ep en d en ce  of th e  m odel co o rd in a tes  
b e in g  th e  basis of th e  b lo c k a d ju s tm e n t is on ly  a  su p p o sitio n . A fu r th e r  prob lem  
is t h a t  th e  effect o f th e  sy s te m a tic  im age d is to rs io n s  can  he h a rd ly  tra c e d . 
T h a t  is  perhaps w hy th is  p ro b le m  has been less t r e a te d  u p  to  now  (e.g . [3, 4]).

I n  th e  H u n g arian  p ra c t ic e  b lo c k a d ju s tm e n t w ith  in d ep en d en t m odels is 
u s e d . T herefore  the  p o ss ib il i t ie s  for an accu racy  in c rease  should  be lo o k ed  for 
in  su c h  b lo ck ad ju s tm en ts . T h e  Geodetic an d  G eo p h y sica l R esearch  In s t i tu te  
o f  t h e  H u n g arian  A c a d e m y  o f  Sciences has b e e n  le a d  b y  these  co n sid e ra tio n s 
— in  ad d itio n  to  th e  im m a n e n t  in te rest fo r th e  p ro b lem  — w h en  i t  jo in ed
W G  I I I /3 .

I n  our in v es tig a tio n s , th e  m ateria l o f th e  t e s t  a rea  J ä m ijä rv i in  F in la n d  
h a s  b e e n  used. The in v e s t ig a t io n  included fo llo w in g  item s tak in g  in to  account, 
th e  a im s  of W G I I I /3 :

a )  A pplication  o f  m in i-c o m p u te r  system s
b)  The effect o f th e  o v e rlap p in g  b e tw een  s tr ip s  on th e  accu racy
c)  The effect o f d i f f e r e n t  ty p e  ad d itio n a l p a ra m e te rs  on th e  sy s te m a tic

e r ro rs
d )  The connection  o f  t h e  contro l po in ts  a p p e a r in g  in  th e  a d ju s tm e n t and  

th e  a d d itio n a l p a ra m e te rs .

3. P repara tion

T h e  com parato r c o o rd in a te s  of f lig h t N o 77 215 m easured  w ith  P S K -1  
h a v e  b e e n  handled in  th e  fo llow ing  w ay:

a )  The co m p ara to r  c o o rd in a te s  are tra n s fo rm e d  to  th e  fo u r fiduc ia ls  
w i th  a f f in  tran sfo rm a tio n .

b)  R adial d is to rs io n  is  num erically  c o rre c te d  accord ing  to  ca lib ra tio n  
r e p o r t .

c )  R efraction  is c o r re c te d  according to  B e r tr a m ’s fo rm ula.
W ith  the co rrec ted  im a g e  coord inates, a n a ly tic a l re la tiv e  o r ie n ta tio n  

w a s  c a rr ie d  out to  get in d e p e n d e n t  models. T h e  m odels belonging to  th e  single

F ig . l a .  Control p o in t p a t te rn s
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s tr ip s  h av e  been tra n s fo rm e d  in  a s tr ip  sy s tem  using  th e  co o rd in a te s  o f p ro ­
je c tio n  cen tres. F o r  each  s tr ip  we d e te rm in ed  th e  ap p ro x im a te  g ro u n d  coord i­
n a te s  w ith  help o f c o n tro l p o in ts  on th e  f i r s t  m odels o f th e  co rresp o n d in g  
s tr ip s . T hese co o rd in a tes  se rv e  as in p u t d a ta  to  th e  b lo c k a d ju s tm e n t.

T he blocks w ere co m posed  in  tw o d iffe re n t w ays for th e  c o m p u ta tio n s . 
T h e  f i r s t  v a r ia n t co n sis ted  o f  6  s trip s  w ith  a 6 0 %  sidelap , th e  second  o f th ree  
s tr ip s  w ith  20%  sid e lap . T h e  overlapp ing  inside  th e  s trip s  b e tw een  in d iv id u a l 
im ages w as 60% . T h e  co m b in a tio n s  for th e  c o n tro l po in ts  used  in  th e  block- 
a d ju s tm e n t can  be  seen in  F ig . l a  ( 8  an d  20 c o n tro l p o in ts , re sp e c tiv e ly ) .

4. C om putation

4.1 D escrip tion  o f the program s applied

T he b lo c k a d ju s tm e n t w as carried  o u t b y  th e  tw o -d im en sio n a l in d e p e n d ­
e n t m odel m ethod . To co m p en sa te  th e  sy s te m a tic  m odel d e fo rm a tio n s  th e  
p ro g ram  w as co m p le ted  w ith  ad d itio n a l p a ra m e te rs . Two v a r ia tio n s  have 
been  w orked  ou t:

a )  conform al po lyn o m ia ls
b)  free po lynom ials .

T he term s of th e  co n fo rm al polynom ials a re :

X  =  a x  +  by +  p f x 1 — y 2) +  2 p 2x y

Y  =  — a y  +  bx +  2 ppcy  +  p 2(x2 — y 2) . ^

T he te rm s o f th e  free  polynom ials are:

X  =  a x  -(- b y  -j- a p e 1 -f- a 2x y  a 3a 2

Y  =  — a y  b x  b p c1 4- b2x y  +  b 3y 2 . ^

T h e lin ea r te rm s o f th e  a d d itio n a l p a ram e te rs  a re  com m on for th e  w hole  block, 
th e  non -linear te rm s a re  u sed  fo r the  s tr ip s .

T he program s ca n  b e  d iv ided  in to  fo u r g roups:
a )  C onstruc tion  o f  s tr ip s  from  m easu red  d a ta :  ne ighb o u rin g  m odels are 

lin k ed  th ro u g h  3 com m on  p o in ts , th e  second m odel is tra n s fo rm e d  in to  the  
co o rd in a te  system  o f th e  f ir s t ,  using th e  C a ley —E u le r m a trix . A t th e  end 
o f  th e  procedure  all th e  m odels in  th e  s tr ip  are  g iven  in  th e  c o o rd in a te  system  
o f th e  v e ry  f irs t m odel o f  th e  s tr ip . T hen  th e  w hole s tr ip  is tra n s fo rm e d  in to  
th e  g round  coo rd inate  sy s te m , y ield ing  th e  a p p ro x im a te  g round  co o rd in a tes .

A ll co m p u ta tio n s a re  done in  double p rec is io n  (12 s ig n if ic a n t d ig its). 
D a ta  s to rage : disc an d  m a g n e tic  tape .
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b)  C onstruction  o f  th e  m a tr ix  of n o rm a l eq u a tio n s , acco rd in g  to  th e  
t y p e  o f  ad ju stm en t a p p lie d . M a trix  e lem ents a re  s to red  on disc in  single 
p re c is io n  (7 significant d e c im a l digits). C o n s tru c tio n  of th e  r ig h t h a n d  side 
o f  t h e  sy s te m  of norm al e q u a tio n s .

c)  Solution of th e  s y s te m  o f norm al e q u a tio n s  b y  th e  C holesky fa c to r iz a ­
t io n . A t  th e  end, ite ra tiv e  re f in e m e n t of th e  so lu tio n  is applied , u n ti l  m ach in e  
p re c is io n  is a tta ined  (2 .4 E -7 ).

I n n e r  products are  c o m p u te d  in  double p rec ision . F o r tim e  effic iency  
4 b u f f e r s  were used on d isc . U sin g  the  fo rm u la  A  =  L L r , b o th  A  a n d  L  w ere 
s to r e d  in  row  seq uen tia l a s  w ell as line se q u e n tia l fo rm a t. R u n -tim e  w as 
a b o u t  4  hours in case o f 260  unknow ns. D e te rm in a tio n  of th e  u n k n o w n s.

d )  C om putation  o f c o o rd in a te  d iscrepancies , s ta n d a rd  d ev ia tio n s

5. In fo rm a tio n s  on hardw are  a n d  softw are

5.1 Hardware

T h e  whole c o m p u ta tio n a l procedure w as m ad e  on a H e w le tt-P a c k a rd  
m in i-c o m p u te r  system . T h is  sy stem  is b ased  on  a n  H P  2100A C P U  w ith  
24 K w o rd s  of opera tive  m e m o ry  and an  H P  7900A  disc w ith  4.8 M b y te  of 
m a ss  m em o ry  capacity . T h e  cycle  tim e of th e  C P U  is 960 ns. (F ig . l b  show s 
th e  c o n fig u ra tio n  of th e  sy s te m ) .

T h e  punched ta p e  r e a d e r  w as used as p r im a ry  in p u t u n it  fo r  o rig inal 
( d is t r ib u te d  and m easu red ) so u rce  data .

T h e  tap e  punch u n i t  w a s  used as a u x ilia ry  o u tp u t  u n it.
T h e  secondary in p u t  d a ta ,  th e  in te rm e d ia ry  d a ta  and  m ost o f  th e  fin a l 

d a t a  w e re  handled as d is c - re s id e n t files.

Fig. lb
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T he 9 -track  m ag n etic  ta p e  w as u sed  fo r s to rag e  of som e k in d s  o f  fin a l
d a ta .

T h e  ru n -tim e  p a ra m e te rs  w ere in se r te d  th ro u g h  th e  console d isp la y  or 
fro m  pseudo-d isc  b a tc h  file .

5.2 Software

T h e co m p u te r  sy stem  described  in  th e  h a rd w are  sec tion  w as u se d  in 
a  d isc based  o p e ra tin g  sy s tem  e n v iro n m e n t. T h is  softw are sy s te m  w as th e  
H P -D O S -III  [5].

A ll p rog ram s w ere w r it te n  in  th e  H P  re p re se n ta tio n  o f s ta n d a rd  N S I 
F O R T R A N -IY  p ro g ram m in g  language [6 ].

6 . R esu lts

In  th e  follow ing, th e  re su lts  fo r th e  b lo ck  com posed o f f l ig h t  77,215, 
s tr ip s  7 —12 shall he show n in  d iffe ren t co m b in a tio n . The n o ta tio n s  fo r th e  
d iffe ren t versions can  be seen in  T ab le  I .

I t  shou ld  be rem ark ed  th a t  th e  im p ro v in g  e ffec t of th e  a d d itio n a l p a ra m ­
e te rs  o f th e  free po lynom ials  d id  n o t a p p e a r  in  th e  p resen t case u s in g  few 
co n tro l p o in ts , or ev en  th e  re su lts  w ere d e te r io ra te d  by  th em . T h e re fo re  th is  
v e rsion  has b een  o m itte d  u sing  few  c o n tro l p o in ts .

T h e  coeffic ien t m a tr ix  o f th e  n o rm a l e q u a tio n s  was in v e r te d  in  th e  
a d ju s tm e n t, th u s  th e  w eig h t coefficien ts o f  th e  unknow ns could b e  also  com ­
p u te d . U sing th e  co m p u ted  m ean  sq u are  e rro rs  o f  th e  un k n o w n  t ie  p o in ts , 
in fo rm atio n s w ere o b ta in e d  a b o u t th e  p la n im e tr ic  accu racy  o f th e  a d ju s te d  
b locks an d  on th e  d is tr ib u tio n  o f th e  sy s te m a tic  e rro rs  w ith o u t u s in g  th e  check 
p o in ts . F igu res 2 to  6  show  th e  m ean  sq u are  e rro rs  (p ^ )  of th e  t ie  p o in ts  w ith  
60/60 o verlapp ing , F igs 7 to  10 tho se  w ith  o v erlap p in g  60/20 fro m  th e  a d ju s t­
m en ts  re la te d  to  th e  im age scale.

Table I

Versions of blockadjustment

Overlaps Number of con­
trol points without add. p.

with add. p.

conformal p. free p.

60/60 8 A c , —

60/60 20 A c ,
60/20 8 *^3 C3 —

60/20 20 A C , F t
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T h e se  figures show  t h a t  i f  few  co n tro l p o in ts  a re  used  (versions Ax, Cx, C3) 
th e  re l ia b il i ty  g en era lly  decreases to w ard  th e  b o u n d aries  of th e  b locks in  
a c c o rd a n ce  w ith  th e  th e o ry . I t  can  be c o n c lu d ed  from  th is  re su lt t h a t  th e  
h o m o g e n e ity  o f th e  b locks is w eakest a t  th e  b o u n d a rie s  and  in  th e  co rn ers , 
re sp e c tiv e ly . G rea te r d isc rep an c ies  inside th e  b lo ck s in d ica te  th e  p resen ce  o f 
sy s te m a tic  erro rs. T h e  in c rease  o f th e  n u m b e r  o f  con tro l p o in ts  increases
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th e  h om ogeneity  o f th e  b locks, h u t  th e  m ax im u m  c o o rd in a te  d iffe rences do 
n o t  a p p e a r  in  th e  cen tre  o f  th e  b lock . In  case o f  a d ju s tm e n t w ith o u t a d d itio n a l 
p a ra m e te rs  i t  can  be c lea rly  seen how  th e  6 0 %  o v erlap p in g  b e tw e e n  strip s 
in c rease  th e  accu racy  (cf. F igs 2 an d  7, or F igs 4 an d  9). In  case o f  a n  a d ju s t­
m e n t w ith  ad d itio n a l p a ra m e te rs , how ever, th e  d ifference o f th e  o v erlap p in g  
b e tw e e n  strip s does n o t in flu en ce  th e  re lia b ility  o f th e  d e te rm in a tio n .
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C4

T he use o f a d d itio n a l p a ra m e te rs  in creases  th e  accu racy  o f  th e  a d ju s t­
m e n t and  th e  h o m o g e n e ity  o f th e  b locks. C onform al p o ly n o m ia l are  m ore 
effec tive  th a n  free p o ly n o m ia ls .

F igures 11 to  20 show  th e  v ec to r d iag ram s o f th e  co o rd in a te  d ifferences 
co m p u te d  from  th e  check  p o in ts  o f th e  te s t  a rea  for th e  d iffe ren t a d ju s tm e n ts . 
A  c e r ta in  co rre la tio n  can  be found  here w ith  prev ious figures. T h e  effect o f  
th e  sy s tem a tic  e rro rs  can  be easily  seen a f te r  ad ju s tm e n ts  w ith o u t ad d itio n a l 
p a ra m e te rs . G rea te s t v e c to rs  can  be found  a t  th e  boundaries a n d  in  th e  cor­
ners. T he im p ro v in g  e ffec t o f th e  a d d itio n a l p a ram e te rs  — m a in ly  t h a t  of 
th e  version  w ith  co n fo rm al po lynom ials — is well illu s tra ted . I t  c an  be also 
seen th a t  conform al p o ly n o m ia ls  yield b e t te r  re su lts  even in  case o f  less con tro l 
p o in ts . In  th e  v e c to r  d iag ram s o f th e  sim ple a d ju s tm e n ts , th e  e ffec t o f  th e  
o v erlap p in g  betw een  s tr ip s  is also s ig n ifican t. W hen  using  free p o lynom ia ls , 
th e  effect o f reg u la r e rro rs  can  be d e tec ted  even  if  2 0  con tro l p o in ts  are  used 
in  th e  a d ju s tm e n t.

T he accu racy  d a ta  fo r th e  d iffe ren t a d ju s tm e n ts  can  b e  seen from  
T ab le  I I .

L e t us consider f i r s t  th e  values ő0, m ean ing  the  s ta n d a rd  d ev ia tio n s 
o f  th e  m odel co o rd in a te s . In  case of versions w ith o u t a d d itio n a l p a ra m e te rs

4* Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981
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Fig. 14,
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Fig. 16.
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Fig. 18.
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Fig. 20.
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Fig. 31. Fig. 32.

th e y  a re  m ore s c a tte re d  a n d  depend on th e  d is tr ib u tio n  of c o n tro l p o in ts , 
f u r th e r  on  th e  o v erlap p in g  betw een  s tr ip s  o f  th e  block. This fa c t p ro v e s  th e  
a b se n c e  o f sy stem atic  e rro rs  and  su p p o rts  o u r  prev ious conclusions. I n  case 
o f  th e  u se  of a d d itio n a l p a ra m e te rs  th is  s c a t te r  an d  th e  d ep en d en ce  o n  th e  
n u m b e r  o f  con tro l p o in ts  a n d  on o v erlap p in g  decreases s ig n ifican tly . F u r th e r  
th e  v a lu e s  of (50 decrease them selves s ig n if ic a n tly  in  case of a d ju s tm e n ts  w ith  
a d d i t io n a l  p a ram e te rs  (a  decrease of 30 —4 0 % ).

Table П

Overlaps Control
points

л c F

0-0 May O-Q H-xy o-o ^ z y

60/60 8 12.7 14 8.0 11 — —

60/60 20 11.5 12 7.5 9 8.2 11

60/20 8 15.5 16 7.5 11 - —
60/20 20 13.5 12 7.0 9 6.0 10
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Table Ш

Discrep. cm
A x C,

X У X У

2 4 - 2 0 1

1 9 - 1 5 1 1 1

1 4 - 1 0 10 4 4 1

9 - 5 29 15 26 9

4 - 0 42 37 4 9 45

- 1 - 5 11 31 15 36

- 6 - 1 0 3 9 4 7

- 1 1 - 1 5 2 2 1 2

- 1 6 - 2 0 1 1

The absolute accuracy o f  the b lockadjustm ent can be estim ated  based  
on the RMS coordinate errors o f check points, The Table shows clearly  
the im proving effect of th e  additional param eters (in average b y  2 0 —25% ),

a 2

Fig. 33.
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F i g. 34. F ig . 35.

5 J ____________ 3
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fu rth er th e  fa c t  th a t  th e  in crease in  accu racy  is greater i f  th e  n u m b er  o f  
co n tro l p o in ts  and th e  ov er la p p in g  b e tw e en  str ip s are less. T h e r e su lts  sh ow  
fu rth er th a t  th e  im p rov in g  e ffec t o f  th e  a d d itio n a l p aram eters from  con form al 
p o ly n o m ia ls  w as stron ger th a n  th a t  o f  th e  p aram eters from  free p o ly n o m ia ls . 
T h ese con clu sion s are co n sis te n t w ith  th e  co n clu sio n s draw n from  F ig s  2 to  10.

c3

1/a.

Ai

Fig. 38.
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T ab le s  I I I  to  V I  show  th e  dev ia tio n s o f  th e  a d ju s ted  co o rd in a tes  from  
th e  g iv e n  values o f th e  co o rd in a tes  x  an d  y  o f  th e  check po in ts  in  p e r cen ts 
in  5 cm  in te rv a ls .

T h e  curves o f th e  re la tiv e  occurrence frequenc ies of th e  d ev ia tio n s  in  
x  a n d  y  d irec tio n s in  5 cm  in te rv a ls  can  b e  seen  in  Figs 21 to  30. T h e  d a ta  
o f th e  T ab les  an d  th e  freq u en cy  d is tr ib u tio n  curves confirm  th e  p rev ious 
conclusions.

T h e  d is tr ib u tio n  cu rv es of th e  d ev ia tio n s  in  d irec tio n  x  are  in  all cases 
m ore  f l a t  th a n  th e  d is tr ib u tio n  curves y .  I f  a d d itio n a l p a ra m e te rs  are  used ,
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Table IV

Diecrep. cm
A . C .

X У X У X У

2 4 - 2 0 1

1 9 - 1 5 1 1

1 4 - 1 0 4 3 1 l 2 1

9 - 5 22 10 13 8 15 11

4 - 0 39 48 47 59 47 48

- 1 - 5 24 32 31 28 26 33
- 6 - 1 0 6 5 6 4 6 6

— 1 1 - 1 5 2 2 1 3 1
- 1 6 - 2 0 1 1

Table V

Discrep. cm
A , c.

X У X У

1 5 - 1 9 1 l 1

1 0 - 1 4 15 5 4 1

5 - 9 35 26 26 11
0 - 4 31 39 44 60

- 1 - 5 13 19 19 27

- 6 - 1 0 4 8 5 1

- 1 1 - 1 5 0 2 1

- 1 6 - 2 0 1

5*

Table VI

Discrep. cm
A . C4 F.

X У X У X У

2 4 - 2 0 1

1 9 - 1 5 0 l

1 4 - 1 0 3 1 0

9 - 5 17 10 12 3 8 6

4 - 0 40 50 50 58 37 6 i

- 5 - 5 28 30 27 37 39 31
- 6 - 1 0 8 5 9 2 14 1

- 1 1 - 1 5 2 4 1 1 1

- 1 6 - 2 0 0 0
- 2 1 - 2 5 0 1

—2 6 - 3 0 1

Acta Geodaelica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981
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th is  d iffe ren ce  even in c reases . T h a t m eans t h a t  th e  d e te rm in a tio n  o f  th e  coor­
d in a te s  y  w as in  all cases m o re  accura te . T h is  e ffec t is very  lik e ly  to  be co n ­
n e c te d  w ith  th e  d irec tio n  o f  f lig h t.

F ig u re s  31 to  40 show  th e  average d is to r t io n  o f th e  s trip s  o f th e  d iffe r­
e n t  b lo c k s  a fte r a d ju s tm e n t.

7. Conclusions

A n y  generally  v a lid  conclusions can  b e  h a rd ly  expected  fro m  e x p e ri­
m e n ts  m a d e  on te s t  a re a s . A nyw ay  th e  fo llo w in g  conclusions seem  to  be 
ju s t i f ie d  in  accordance w ith  o th e r  in v es tig a tio n s :

T h e  use of a d d itio n a l p a ra m e te rs  increases th e  hom ogeneity  a n d  accu racy  
o f  t h e  p o in ts  d e te rm in ed  b y  th e  b lo c k a d ju s tm e n t. The choice o f  a d e q u a te  
a d d i t io n a l  p a ram ete rs  is v e ry  im p o rta n t as ill-ch o sen  p a ram ete rs  m a y  re su lt 
in  c e r ta in  com plications. I n  case of b lo c k a d ju s tm e n t w ith  in d e p e n d e n t m odels, 
i t  is su ff ic ie n t to  a t t r ib u te  th e  add itio n a l p a ra m e te rs  to  th e  s tr ip s  w h ich  th e  
b lo c k  co n sis ts  of.

T h e  im proving  e ffec t o f  th e  ad d itio n a l p a ra m e te rs  is m ore s ig n if ic a n t 
in  case  o f  few contro l p o in ts  th a n  in  case o f m a n y  con tro l po in ts .

T h e  effect o f free p o ly n o m ia l p a ra m e te rs  is n o t unam biguous. I n  case 
o f  fe w  c o n tro l po in ts , e.g . in  case of th e  p re se n t v e rs io n  w ith  8  c o n tro l p o in ts , 
its  e f fe c t can  be even a  n e g a tiv e  one.

F o r  th e  q u a lif ic a tio n  o f  p rac tica l b lo c k a d ju s tm e n ts  w ith  few  check  
p o in ts  i t  is advisable to  in v e r t  th e  co effic ien t m a tr ix  of th e  n o rm a l e q u a ­
tio n s . T h e  m ean  square  e rro rs  o f th e  tie  p o in ts  y ie ld  in fo rm atio n  o f  th e  h o m o ­
g e n e ity  o f  th e  a d ju s ted  b lo ck s and  on th e  e ffec t o f  th e  sy s tem a tic  e rro rs  on 
th e  b lo c k s .
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КОМПЕНСАЦИЯ СЛУЧАЙНЫХ ОШИБОК В УРАВНИВАНИИ ПО БЛОКАМ ПРИ 
ПОМОЩИ НЕЗАВИСИМЫХ МОДЕЛЕЙ

Й. Ш О М О Д И -Л . Б А Т Т А - И .  Н А Д Ь

РЕЗЮМЕ

Повышение точности в фотограмметрическом определении точек возможно только 
выявлением и исключением систематических ошибок. В Венгрии уравнивание по блокам 
при помощи независимых моделей получило практическое применение. Поэтому исследова­
ния, изложенные в статье концентрируются на исключении систематических ошибок в 
увавнивании по блокам при помощи независимых моделей. При применении соответству­
ющих дополнительных параметров достигается повышение точности в уравнивании по 
блокам.
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DIGITAL MAP CONSTRUCTION USING BICUBIC 
SPLINE INTERPOLATION

J .  ZÁVO TI

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

F o r th e  illu s tra tio n  o f th e  c lassifica tion  o f th e  e lem en ts  in  a  d a ta  sy s tem  c o n to u r  m aps 
are  w idely  used  in  geosciences. H ere  a m eth o d  is p re sen te d  w hich enables th e  a u to m a tic  con­
s tru c tio n  of co n to u r m aps u sin g  d ig ita l co m p u te rs . T he iso lines p ro d u ced  b y  th is  m e th o d  f i t  
to  th e  g iven  d iscrete  d a ta  — w ith o u t be ing  in flu en ced  b y  th e  sp a tia l d is tr ib u tio n  o f  th e  
p o in ts  —, h u t  th e  co n to u r m ap  p ro d u ced  b y  th e  co m p u te r does n o t co n ta in  a n y  k in d  o f  in ­
fo rm a tio n  n o t p re sen t in  th e  o rig ina l d a ta .

In  recen t y ears , m e th o d s  for th e  c o n s tru c tio n  o f co n to u r m a p s  have  
been  proposed  b y  Crain  a n d  B hattacharyya  (1967), K raus a n d  Stanger  
(1975), A ssmus (1976), E b n e r  (1980) an d  K och (1973).

T he m eth o d  p roposed  in  th e  p re se n t p a p e r  is based  on th e  a d v a n ta g e o u s  
ch a rac te ris tic s  of th e  tw o -v a riab le  spline in te rp o la tio n .

1. Tw o-dim ensional third order spline functions

F o r sake o f s im p lic ity  le t  us chose th e  re c ta n g u la r  dom ain  T  =  [a , 6 ] X 
X [c, d ] as a rea  of in te rp o la tio n , an d  d is tr ib u te  i t  in to  a re c ta n g u la r  g rid :

{T  =  (xt, y k)/a < ; x t < ; b, c < ; y k <_ d; i  =  0, 1, . . . M ; к =  0 ,1 ,  . . .  N } .  (1)

[In  case o f a connected , n o n -re c ta n g u la r  in te rp o la tio n  dom ain  th e  sp lin e  in te r ­
p o la tio n  can  also be used , i f  th e  g rap h  o b ta in e d  b y  a connection  o f  th e  neigh- 
borous po in ts  o f th e  d a ta  sy s tem  is to p o log ica lly  e q u iv a le n t w ith  a  r e c ta n g u la r  
g rid  o f  th e  d im ension (iff -f- 1) X ( N  +  1)-] L e t us suppose th a t  th e  v a lu e s  of 
a  tw o -v ariab le , con tin u o u s fu n c tio n  f ( x ,  y )  are  kn o w n  in  th e  g rid  p o in ts . B y 
d e fin ing  th ird  o rder po lynom ials  in  b o th  v a riab le s  in  th e  do ts o f  th e  r e c t­
a n g u la r  b lock

x i - 1 < x < , x i -, у к - х < у < . у к (2)
in  th e  form :

Sik =  2  amn (X -  x l - l)m (У — Jfc -l)n • (3)
m —0 n = 0

T he coeffic ien ts a'£n can  be o b ta in ed  w ith  th e  fo llow ing  su p p o sitio n : th e  su r­
face e lem ents are  co n n ec ted  sm o o th ly , th e y  e x a c tly  f i t  to  th e  g iv en  p o in ts ,
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a n d  th e  surface o b ta in e d  b y  th e  com position  o f  th e  surface e lem en ts is double  
d e r iv a b le  in  b o th  v a r ia b le s  con tinuously , th e  second  d e riv a tiv e  in  no rm al 
d ir e c t io n  d isappears a t  th e  b o u n d a ry  of th e  d o m a in .

I t  can  be p ro v ed  [M a r c s u k , 1976] t h a t  a  fu n c tio n  g ( x ,y )  fu lfillin g  th e se  
c o n d itio n s  exists, i t  is u n iq u e  an d  i t  is th e  so lu tio n  o f th e  follow ing v a r ia tio n  
p ro b le m :

r

8(x l’ Уk) =  Л х п У к )
i  =  0 , 1 ,
k =  0 , 1 ,

M
N

(4)

— w h e re  W% denotes th e  sp ace  of th e  d o u b le  d e riv ab le , q u a d ra tic a lly  in ­
té g r a b le  functions.

T h e  am ount o f c o m p u ta tio n s  can be c o n s id e ra b ly  decreased  w h en  d e te r ­
m in in g  th e  coefficients a ^ n i f  th e  values o f th e  fo llow ing d é riv â te s  a re  kn o w n  
in  t h e  b o u n d ary  p o in ts  o f  e a c h  dot:

P ik  — Ух(л'/’ У к) 1 ë ik  f y ( x i'>yk)-> sik fxy(x i’ Ук) • (®)

A c c o rd in g  to  the  b o u n d a ry  cond ition , th e  fo llow ing  cond itions are  v a lid :

8xx(*i>yi) =  0
I i =  0 , M  
jj  =  0 ,1 ,  . . . I V

gyy(xpyj) =  0
i =  0,  1, . . .  N  
j  =  0,  N

( 6)

( 7 )

I n  case of all th e  s t r a ig h t  lines j  =  0 , 1, . . .  N  th e  d é riv â te s  р (, h av e  
to  fu lf i l l  th e  following s y s te m  of equations:

Pi+vj +  ^ P i j  +  P i—x,j =  4ëi+ i,j  -  S i - i j )  i  =  1» 2, • • • M  — 1 • (8 )

T h e  b o u n d a ry  co n d itio n  acco rd in g  to  E q . 6  en su re s  th e  n ecessary  e q u a tio n s  
fo r  t h e  unique d e te rm in a tio n  of th e  d é riv â te s  р ц .

F o r  the  d e te rm in a tio n  o f th e  d érivâ tes g (y th e  eq u a tio n s can  be w r itte n  
s im ila r ly  for all s tr a ig h t  lin e s  i =  0, 1, . . . M

8i,j+ 1  +  4g i j  +  g i j —i =  3[gf>y+i -  gtJ - 1 ] j  =  1, 2, . . .  N  — 1 . (9)

T h e  su p p lem en ta ry  e q u a tio n s  necessary fo r th e  d e te rm in a tio n  of th e  d é riv â te s  
g tj  c a n  be ob tained  fro m  E q . 7.

F o r  the  d e te rm in a tio n  o f  th e  m ixed d é r iv â te s  th e  p rev io u sly  d e te r ­
m in e d  dérivâtes p (j  a n d  g tj  c a n  be used. I f  у =  0 o r j  — N ,  an d  th e  b o u n d a ry
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co n d itio n  is being used , th e  sy s tem  of eq u a tio n s:

s/+ iJ  +  4s/ j  +  si-i,j =  4ê i+ i j  -  gi-ij] i = l , . . . M — l  (10)

c a n  be solved. In  th e  in n e r  g rid  po in ts  i  =  0, 1, . . . M  th e  la ck in g  d é riv â te s  
Sy c an  be o b ta in ed  b y  u sin g  th e  d ériv â tes  р ц :

• i , j + i + 4*t.j+ =  J =  1, 2,  . . .  I V — 1 . (11)

F o r  th e  so lu tion  of such  e q u a tio n  system s, th e  a lg o rith m  deve loped  fo r the  
one-d im ensional sp line in te rp o la tio n  can  be ad v a n ta g e o u s ly  u sed  [ZAvoti, 
1978].

H av in g  d e te rm in ed  th e  d é riv â tes  p y , gy, Sy i t  is easy  to  d e te rm in e  th e  
coeffic ien ts  a‘̂ n of th e  tw o  v a riab le s , be ing  in  each  d o t th ird  o rd e r spline 
po lynom ials .

T he m ath em a tica l p rin c ip les  o f th e  spline in te rp o la tio n  a re  d e a lt  w ith  
m ore  d e ta iled  b y  De Boor (1962), Alborg e t al. (1967) and  Sünkel (1977).

2. Fourier transform ation o f bicubic spline functions

T he b icubic  spline in te rp o la tio n  of d a ta  o bserved  in  d isc re te  p o in ts  can  
be  used  fo r th e  d e te rm in a tio n  o f th e  d irec t an d  in v erse  F o u rie r  tran sfo rm s 
in  th e  sp a tia l o r freq u en cy  do m ain . I t  is a v e ry  im p o r ta n t  an d  a d v an tag eo u s  
re s u lt  th a t  th e  am p litu d e  a n d  ph ase  sp ec tru m  o b ta in e d  b y  th e  sp lin e  fu n c tio n s 
h as  a su ffic ien t co rrespondence  w ith  th e  rea l sp e c tru m  a t low  frequencies 
[Sünkel, 1977].

T his fac t exp laines th e  ex cep tio n a l accu racy  reach ed  b y  sp line  in te r ­
p o la tio n  in  th e  c o m p u ta tio n  o f  second- and  h ig h er o rd e r d é r iv â te s  o f  th e  
p o te n tia l  o f g ra v ita tio n a l anom alies. T he sm all an d  large  a m p litu d e s  i.e . th e  
p eak s  o f g ra v ita tio n a l an om alies are e x a c tly  re fle c ted  in  th e  in te rp o la tio n . 
T h e  g rad ien t v ec to r o f th e  fie ld  is n o t d is to r te d  s ig n ifican tly . A ll th e se  fac ts  
show  th a t  b icubic  spline f i t t in g  is a re liab le  an d  e x a c t in te rp o la tio n  m eth o d  
fo r th e  p rac tice .

T he general m odel fo r th e  re p re se n ta tio n  o f a  g iven  d a ta  se t b y  b icubic 
sp line  func tions is g iven b y  E q . 3, w hich can  be a n a ly tic a lly  ex p ressed  in  th e  
follow ing form :

M- 1 N-l f 3 3
g(x, y )  =  2 ,  2  \ 2  2  a ™ (* -  x i)m (у  -  УкТ ■

/=0 k = 0 (m=0 n = 0
I ( 1 2 )

• [ < H *  -  x i) -  — * m ) ]  [ < H y  -  У к) -  <5 (У —  У л + г Ш
— w here  ôx is th e  so-called  u n it-s te p  fu n c tion .
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A fte r  leng thy  c o m p u ta tio n s  using th e  th e se s  o f  th e  F o u rie r  tra n s fo rm a ­
tio n , th e  following fo rm u la  c a n  be received fo r  th e  F o u rie r  tra n s fo rm  o f th e  
b ic u b ic  spline functions:

G ( u ,  v )  =  Г Г g ( x , y )  e - J ^ + ^ d x  d y  =
J  ----CO J  -----00

M—1 N—1

=  2  2
1 = 0  /£ = 0

2 2 */77 = 0 77=0
ik p—j(ux(+vyk) .

ml pjn

L ( M
m+ 1

___ m!
r l ( j u ) m,m -r+1 (jv) П +  1

n

e* 2s■■=o sl(jv)n- S+ 1

(13)

H a v in g  de te rm ined  th e  b icub ic  spline co effic ien ts  o f a d a ta  sy s tem  given 
in  g r id  p o in ts , th is e q u a tio n  c a n  be used for th e  d e te rm in a tio n  o f th e  phase 
a n d  a m p litu d e  sp ec tru m  o f  th e  anom alous p o te n tia l .

3. Collocation

M o st m ethods fo r th e  a u to m a tic  c o n s tru c tio n  o f  co n to u r m ap s d e te rm in e  
a  d a t a  system  reg u la rly  g iv e n  in  th e  grid p o in ts  o f  a  re c ta n g u la r  g rid  from  
th e  o rig in a l d a ta  ir re g u la rly  d is tr ib u te d . T he se lec tio n  of th e  p re d ic tio n  m eth o d  
fo r  th is  purpose is an  a r b i t r a r y  one, b u t  th e  m ap s p ro d u ced  b y  d iffe ren t 
m e th o d s  differ in  im p o r ta n t  p a ra m e te rs . T he d iffe re n t p ro p e rtie s  o f th e  d iffer­
e n t  p re d ic tio n  m ethods c a n  b e  used  for th e  f i l te r in g  of d a ta  sy stem s. I n  th e  
p r a c t ic e  th e  tra n s fo rm a tio n  o f  th e  a rb itra rily  d is tr ib u te d  d a ta  is m o stly  carried  
o u t  b y  collocation  u s in g  th e  m ethods p roposed  b y  K o c h  (1973) an d  E b n e r  
(1980).

I n  these  m ethods i t  is su p p o sed  th a t  th e  m easu red  values in c lu d e  ran d o m  
e rro rs , th erefo re  th e  su rfa c e  f i t te d  to  the  p re d ic te d  po in ts  does n o t co n ta in  
in  a ll cases th e  o rig inal m e a su re d  d a ta .

T h e  collocation b a se d  on  th e  least sq u a re s  p rinc ip le  is a p red ic tio n  
m e th o d  w hich yields f ro m  am ong  linear e s tim a tio n s  th e  b e s t u n d is to r te d  
e s t im a te  of the  p re d ic te d  v a lu e s . The m e th o d  is n o t  t r e a te d  here , as i t  has 
b e e n  described  several t im e s  [M o r it z , 1972].

T h e  basic eq u a tio n s  is :

[CiPPJ,  C(PP2), . . .  C(PPn)]

№  A )  c i P . p j  . 
C(P2 Л)  . . .

С ( Л Р П)- -1 V

C(Pn P J  . . .  

=  c C 1h .

C{PnPn), A

(
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Fig. 1. Map o f B o u guer-anom alies

T he q u a n t i ty  и  is th e  p re d ic te d  value o f  a g rid  p o in t P  an d  th e  q u a n tit ie s  ht 
are  th e  d a ta  ap p earin g  in  th e  p red ic tio n . T h e  v ec to r  c y ields th e  covariances 
o f th e  p o in t P  and  th e  m easu ring  p o in ts  P (, i.e . th e  s ta tis t ic a l  dependence. 
M a trix  C contains th e  co variances o f th e  m easu rem en t p o in ts  P , .  T h e  covari­
ance С (Р ,Р Л) expresses how  th e  po in ts  in flu en ce  each o th e r. I t  is supposed 
th a t  i t  is sufficient to  u se  th e  value o f  th e  covariance  C (P ;- P k) as a  fu nc tion  
o f th e  d istance  b e tw een  th e  po in ts. T h a t  m eans th a t  th e  d is t r ib u t io n  o f the  
p o in ts  is hom ogeneous a n d  iso tropic.

S evera l fu n c tio n s ca n  be reco m m en d ed  as covariance  fu n c tio n s . The 
fo llow ing typ es of th e se  fu n c tio n s h a v e  b een  recom m ended :

_  1'L
c(r) =  a0 e аг G aussian

_  2r
c(r) =  (7q e a e x p o n e n tia l

c(r) H irv o n e n - ty p e .

(15)

T h e  unknow n p a ra m e te rs  of th ese  co v arian ce  functions ca n  be e s tim a ted  
on th e  basis of g re a te r  q u a n titie s  o f m easu red  d a ta .
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4 . Numerical exam ple

T h e  p rac tica l a p p lic a tio n  o f  the  proposed  m e th o d  is p resen ted  in  fo rm  
o f t h e  re p re sen ta tio n  o f a  g ra v im e tric  field. T h e  o rig in a l d a ta  w ere p ro v id e d  
by H . S ü n k el .

F ig u re  1 shows th e  a n o m a ly  d is trib u tio n  in  a  p ra c tic a l e x p lo ra tio n  a re a  
w ith  th e  netw ork  o f th e  m e asu rem en t s ta tio n s  (n u m b e r of th e  m easu red  
s ta t io n s  is 97). The s ta t io n s  a re  denoted  by  +  — signs. T he m easu rem en ts  
w e re  m a d e  along h ighw ays. T h e re  are ra th e r  b ig  a re a s  b e tw een  th e  m easu red  
s ite s  w h e re  no m easu rem en ts  w ere  m ade. On th e  b as is  o f  th ese  d a ta , a  d ig ita l 
s u r fa c e  m odel consisting  o f  1 3 x 8  points has b e e n  p ro d u ced  ( th e  d is ta n c e  
b e tw e e n  th e  grid p o in ts  is 3 k m ). The anom alies in  th e  grid  p o in ts  o f  th e  
q u a d r a t ic  netw ork  h av e  b e e n  p red ic ted  by  c o llo ca tio n  h av in g  e s tim a te d  th e  
s ta t i s t i c a l  param eters o f th e  m easu rem en ts. T h e  reg u la rized  values o b ta in e d

15 15
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Fig. 4a. G eneralized  isoline ш а р  of th e  anom alies, scale 1 : 500,000

Fig. 4b. G eneralized  isoline m a p  of th e  anom alies, scale 1 : 1,000,000

b y  th is  m ethod  are  th e  in ita ia l d a ta  o f th e  b icub ic  sp line in te rp o la tio n . A  p e r­
sp ec tiv e  view of th e  f i t te d  su rface  ca n  be seen in  F ig . 2.

T he in te rsec tio n  po in ts  o f a n  a rb itra ry  p lan e  z =  H  a n d  th e  su rfaces 
gik d e fin ed  b y  E q . 3 can  be fo u n d  easily  fo r th e  c o n s tru c tio n  o f th e  iso lines. 
I n  case of given v a lu es  x  — x i- 1 <  x  <[ x t an d  fo r a ll i  =  1, 2, . . . M ,  к  =  
=  1, 2 , . . .  N  th e  ro o ts  of th e  th i r d  o rd er eq u a tio n

2  2  a m n  ( X  -  X i ~ l)" n= 0 m= 0
( y - y * - ! ) "  =  H (16)

are  to  be found  fo r w h ich  y k ~i <C У <C У к is va lid .
T he p lo tte r  co n n ec ted  to  th e  co m p u te r p lo ts  th e se  ro o ts , th u s  th e  iso­

line m ap  of th e  in te rp o la tin g  su rface  is a u to m a tic a lly  co n s tru c te d . F ig u re  3 
show s an  isoline m ap  w ith  th e  sca le  1 : 250,000.

M aps w ith  sm alle r scale c a n  be s im ila rly  o b ta in e d , th u s  th is  m e th o d  
solves th e  p rob lem  o f m ap g en era liza tio n , too . F ig u re  4a show s a m ap  w ith  
th e  scale 1 : 500,000, F ig . 4b th a t  w ith  a scale 1 : 1,000,000.
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СОСТАВЛЕНИЕ ЦИФРОВЫХ КАРТ ПРИ ПОМОЩИ ИНТЕРПОЛЯЦИИ 
ФУНКЦИЯМИ БИКУБИЧЕСКИХ СПЛАЙНОВ

Й. ЗА В О ТИ

РЕЗЮМЕ

В геодезии для иллюстрации разделения элементов системы данных на классы широ­
ко испльзуются уровенные карты. Описывается метод, позволяющий при помощи ЭВМ 
автоматическое составление карт с изолиниями. Линии уровней созданные таким образом, 
хорошо подходят к заданным дискретным данным — независимо от пространственного 
распределения точек —, но карта с изолиниями созланная при помощи ЭВМ не содержит 
никакой новой информации по сравнению с исходными данными.

В последнее время Крейн и Баттачария [1], Краус и Штангер [2], Ассмус [3], 
Эбнер [4] и Кох [5] опубликовали методы автоматизированного составления карт с изо­

линиями.
Предлагаемый нами метод основывается на выгодных свойствах интерполяции 

сплайнов с двумя переменными.
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DETERMINATION OF POLAR MOTION 
COORDINATES FROM DOPPLER OBSERVATIONS OF A

SINGLE STATION

GY. SZ Á D E C Z K Y -K A R D O SS

CAND. TECHN. SCI.

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN 
ACADEMY OF SCIENCES. SOPRON

T he p a p e r p resen ts  a  m e th o d  fo r th e  d ed u c tio n  o f th e  p o lar m o tio n  c o o rd in a te s  x, y  
fro m  th e  d a ta  o f D oppler m ea su re m e n ts  m ade  a t  a  single s ta tio n  du rin g  longer tim e . F o rm u lae  
are g iven  for th e  co m p u ta tio n  o f  th e  changes o f geographica l lo ng itudes a n d  la t i tu d e s ,  th en  
o f th e  coo rd in a tes  o f th e  p o lar m o tio n . F o rm ulae  are  also deduced  fo r th e  d e te rm in a tio n  of 
geographical co ord ina tes from  s p a tia l  C artesian  ones, fu r th e r  fo r th e  d e te rm in a tio n  o f th e  m ean 
pole p o sition . L as tly  in  a com ple te  n u m erica l exam ple  th e  co ord ina tes o f th e  p o la r  m o tio n  are 
com p u ted  from  fic titio u s  m ea su re m e n t resu lts .

1. Introduction

I f  m easu rem en ts  are m ad e  co n tin u o u sly  fo r a longer tim e  w ith  a  D opp ler 
receiver se t u p  s ta b ly  in  a  geodynam ic  s ta tio n , series o f th e  se ts  X ,  Y ,  Z  
o f o rth o g o n al sp a tia l co o rd in a te s  can  be c o m p u ted . S uch  m e a su re m e n ts  are 
carried  o u t in  a n u m b er o f  s ta t io n s  in  d iffe ren t p a r ts  o f th e  g lobe, a n d  from  
a com m on processing of th e  d a ta ,  po lar m o tio n  co o rd ina tes a re  d ed u ced .

T he q u es tio n  can  be ra ise d  w h e th e r p o la r m o tio n  co o rd in a te s  cou ld  be 
deduced  from  D oppler o b se rv a tio n s  of a  single s ta tio n , c a rried  o u t  c o n tin u ­
ously d u rin g  longer tim e , fo r  th e  tim e  in te rv a l o f th e  m e a su re m e n ts . The 
p re sen t p a p e r  deals w ith  th is  questio n .

I t  is n a tu ra lly  accep ted  t h a t  th e  p o la r m o tio n  co o rd ina tes x ,  y  deduced  
from  th e  m easu rem en ts o f a  sing le  s ta tio n  c a n n o t be as accu ra te  as th e  values 
d e te rm in ed  from  th e  m easu rem en ts  o f severa l s ta tio n s .

2. Computation o f Acp and Ah  from Doppler observations

T he sp a tia l o rth o g o n al co o rd in a tes  o f th e  ellipsoid  o f ro ta t io n , X ,  Y , Z  
can  be co m p u ted  — as g en e ra lly  know n — b y  th e  fo rm ulae:

X  =  ( N  +  h) cos cp cos Я (1)
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Y  =  (N  -f- h) cos <p s in  Я

Z  =
b2

N - - (3)

(2)

w h e re  <p an d  Я are g eo g rap h ic  coord inates, N  is th e  ra d iu s  o f c u rv a tu re  in  th e  
p r im e  v e rtic a l, and  h  is th e  h e ig h t above th e  ellipso id .

I n  a  f irs t s tep  i t  is su p p o sed  th a t  th e  v a lu e  o f  h  does n o t change , b u t  
N  is ch an g in g  due to  c h a n g e s  in  Acp. In  th is  case  th e  change o f th e  geographic  
la t i tu d e  due to  the  p o la r  m o tio n  can  be d ed u ced  fro m  a d e riv a tio n  o f E q . 3:

w h e re

a n d

dz
b2

N —  +  h
a 2

cos <p d cp -)- s in  cp d N

p
N  =  a (1 — e2 sin2 <p) 2

N 3
dlV =  e2 ----- sin <p cos cp dipn 2

(4)

(5)

th e n  dip can  be w ritte n  a f te r  som e sim ple a lg eb ra :

dip’ =
___________ dz£^____________

Z  c tg  cp -(------ N 3 s in 2 cp cos cp
a2

( 6)

T h e  form ula fo r th e  c h an g e  o f th e  g eo g rap h ic  lo n g itu d e  dX c an  be de­
d u c e d  in  tw o d ifferen t w a y s . T h e  f irs t  is o b ta in e d  fro m  a d e riv a tio n  o f E q . 1:

„ dx q " e2N 3 sin  w cos2 <p cos Я d®"
= ------ ф ------c tg  Я tg  <p dip" -)--------g--------- 1 J -----------— • (7)

T h e  second w ay  fo r  th e  c o m p u ta tio n  o f  d l  is o b ta in e d  from  a  d e riv a tio n  
o f  E q . 2. F rom  th is  one g e ts :

dy p" e2N 3 sin  (p cos2 œ sin  Я dip"
dA =  У tg Я dqT -  - J ------ ----- 1 ---------- • (8)

I n  th e  following th e  fo rm u la  of th e  ch an g e  o f  th e  geographic  lo n g itu d e  
fo r  th e  case w hen h is c h a n g in g  w ill also be n ecessa ry . T h u s, from  a d e riv a tio n  
o f  E q .  3 one gets:

d z t q" ■ <PiQ
d <Pi

lr
d N i  +  d h,

Z x c tg  cpx
(9)
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an d  fro m  th e  d e riv a tio n  o f  E q . 2:

dy, p" Y, „ cos a>, sin  A, p"
dA,. =  4  <Pi d(Pi -  ------X i  У ( Щ  +  d h t) . (10)

In  th e  p rac tice  E qs 6  —10 are  used  if  th e  d ifferences A xt, A y i and  A z{ re la tin g  
to  c e r ta in  te rm s X x, Y v  Z x o f th e  series X,-, Y,-, Z,- are co m p u ted , th e n  th e  
va lu es  o f d<p,-, one gets from  th e  E qs 6  o r 9 a n d , th e  values of dA,- f ro m  E q s 
8  a n d  10. C oncerning d im ensions i t  is to  be re m a rk e d  th a t  th e  v a lu es  o f  dx,-, 
dy,-, dz,-, X , Y ,  Z , dN,- an d  db,- are s u b s ti tu te d  in  m eter, th e  values o f  d<p(- and  
dA,- in  seconds of arc, an d  th e  value

p" =  2 0 6  2 6 4 .8 0 6 ' .

3. D eduction of the coordinates x, у of the polar m otion from the values o f  Acp, 
AX com puted from X, Y, Z coordinates o f Doppler receiver m easurem ents

L e t P 0 be th e  m ean  pole w ith  re ference  to  CIO , Р,- th e  t ru e  po le . T he 
e q u a tio n s  o f th e  p o la r m o tio n  are i f  th e  E a s tw a rd  values of th e  g eo g rap h ic  
lo n g itu d e  a re  ta k e n  p o sitive  [M u e l l e r , 1969; E q s  4.39 an d  4.40, p . 87 ]:

A<pol =  <Pt — <p0 =  x" cos A — y"  sin  A

zlA0,- =  А,- — A0 =  x" sin A tg  q> y "  cos A tg  <p

F ro m  th ese  tw o eq u a tio n s th e  values o f th e  u n k n o w n  coord inates x , у  o f  th e  
p o la r m o tio n  can  be co m p u ted . A fte r le n g th y  co m p u ta tio n s  and  tr ig o n o m e tr ic  
tra n s fo rm a tio n s , th e  f in a l re su lts  is:

x"  =  AX'qi c tg  (p sin  A +  Acpl( cos A (12)

y "  =  AX'ói c tg  (p cos A — А(р1[ sin  А . (13)

T h e  correc tness an d  usefulness o f th ese  d ed uc tions can  be i l lu s tr a te d  
on  h a n d  o f a  p rac tica l exam ple . S ta r tin g  from  th e  CIO coord inates cp0 a n d  A0 

o f a s ta tio n , th e  changes o f th e  co o rd in a tes  Acpj, AXt have been c o m p u te d  
from  E q . 11 w ith  an  accu racy  of 0.001" on  th e  basis of th e  po la r c o o rd in a te s  
x , у  fo r  each  te n th  d ay  o f th e  C hand ler period  betw een  J a n u a ry  1.0, 1979, 
an d  A pril 5.0, 1980 [B IH , 1980; p. B21 — B22] (see colum n 2,3 in  T a b le  I). 
U sing  th e se  values an d  fu r th e r  <p0, A0, th e  values o f  <p,- and  А,- have  b e e n  co m ­
p u te d , la t te r s  are va lid  each  te n th  day . N ow  fro m  E qs 1—4, th e  s p a tia l  coo r­
d in a te s  X,-, Y,-, Z, for each  te n th  d ay  h av e  b een  com p u ted  w ith  a n  a c c u ra cy  
o f 1 m m  in  th e  W GS — 72 sy s tem  (see co lum ns 4 — 6  of T able I).
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Table I

Date
1979 Arp A X

Xf
4 123 700 + 1 226 200 +

A
4 693 300 + d* =  Xi—X 0 dy  =  Y i-Y 0 d z  =  Z i—Z 0

J a n .  1.0 +  .112 + .1 2 4 57.933 71.650 80.210 - 3 .1 8 9 +  1.750 + 2 .3 2 9
11.0 +  .093 +  .105 58.462 71.393 79.815 - 2 .6 6 0 +  1.493 +  1.934
21.0 +  .072 +  .090 59.011 71.230 79.378 - 2 .1 1 1 +  1.330 +  1.497
31.0 +  .046 +  .076 59.663 71.120 78.837 - 1 .4 5 9 +  1.220 + 0 .9 5 6

F e b . 10.0 +  .018 +  .068 60.323 71.142 78.255 - 0 .7 9 9 +  1.242 +  0.374

20.0 - .0 1 5 +  .064 61.070 71.277 77.569 - 0 .0 5 2 +  1.377 —0.312
M ar. 2.0 —.050 +  .064 61.835 71.505 76.841 + 0 .7 1 3 +  1.605 — 1.040

12.0 - .0 8 4 +  .072 62.533 71.886 76.134 +  1.411 +  1.986 - 1 .7 4 7
22.0 - .1 1 3 +  .087 63.078 72.375 75.531 +  1.956 + 2 .4 7 5 —2.350

A pr. 1.0 - .1 4 0 +  .106 63.556 72.930 74.970 +  2.434 +  3.030 - 2 .9 1 1

11.0 - .1 6 3 +  .131 63.911 73.580 74.492 +  2.789 +  3.680 — 3.389
21.0 — .182 +  .155 64.184 74.183 74.097 +  3.062 + 4 .2 8 3 — 3.784

M ay  1.0 - .1 9 7 +  .180 64.364 74.781 73.784 +  3.242 + 4 .8 8 1 - 4 .0 9 7
11.0 - .2 0 8 +  .203 64.468 75.312 73.556 +  3.346 +  5.412 - 4 .3 2 5
21.0 - .2 1 7 +  .227 64.522 75.851 73.368 + 3 .4 0 0 +  5.951 - 4 .5 1 3

31.0 - .2 2 2 +  .250 64.495 76.343 73.264 +  3.373 +  6.443 - 4 .6 1 7
J u n .  10.0 - .2 2 1 +  .277 64.313 76.876 73.286 +  3.191 +  6.976 —4.595

20.0 - .2 1 8 +  .304 64.086 77.396 73.348 + 2 .9 6 4 + 7 .4 9 6 —4.533
30.0 —.213 +  .330 63.822 77.884 73.451 + 2 .7 0 0 + 7 .9 8 4 —4.430

J u l .  10.0 - .2 0 6 +  .354 63.526 78.318 73.597 + 2 .4 0 4 +  8.418 —4.284

20.0 - .1 9 2 +  .376 63.089 78.667 73.889 +  1.967 + 8 .7 6 7 - 3 .9 9 2
30.0 - .1 7 1 +  .398 62.499 78.970 74.325 +  1.377 + 9 .0 7 0 - 3 .5 5 6

A ug. 9.0 - .1 4 8 +  .418 61.876 79.220 74.803 + 0 .7 5 4 + 9 .3 2 0 - 3 .0 7 8
19.0 - .1 2 3 +  .435 61.228 79.397 75.323 +  0.106 + 9 .4 9 7 - 2 .5 5 8
29.0 - .1 0 0 +  .449 60.641 79.527 75.801 —0.481 + 9 .6 2 7 — 2.080

Sep. 8.0 - .0 7 4 +  .456 60.031 79.498 76.342 - 1 .0 9 1 + 9 .5 9 8 - 1 .5 3 9
18.0 - .0 5 2 +  .461 59.519 79.455 76.799 - 1 .6 0 3 + 9 .5 5 5 - 1 .0 8 2
28.0 - .0 3 3 +  .459 59.115 79.291 77.195 - 2 .0 0 7 + 9 .3 9 1 —0.686

O ct. 8.0 - .0 1 9 +  .454 58.839 79.100 77.486 — 2.283 + 9 .2 0 0 - 0 .3 9 5
18.0 - .0 0 7 +  .448 58.612 78.902 77.735 - 2 .5 1 0 + 9 .0 0 2 —0.146

28.0 +  .005 +  .438 58.408 78.624 77.985 - 2 .7 1 4 + 8 .7 2 4 + 0 .1 0 4
N ov. 7.0 +  .019 +  .424 58.185 78.253 78.276 - 2 .9 3 7 +  8.353 + 0 .3 9 5

17.0 +  .034 +  .404 57.976 77.755 78.588 - 3 .1 4 6 + 7 .8 5 5 + 0 .7 0 7
27.0 +  .044 +  .382 57.887 77.250 78.796 - 3 .2 3 5 +  7.350 +  0.915

D ec. 7.0 +  .049 +  .358 57.921 76.738 78.900 - 3 .2 0 1 +  6.838 +  1.019

17.0 +  .052 +  .336 57.986 76.279 78.962 - 3 .1 3 6 +  6.379 +  1.081
27.0 +  .052 +  .315 58.111 75.859 78.962 - 3 .0 1 1 +  5.959 +  1.081

J a n .  6.0 +  .051 +  .294 58.257 75.446 78.941 - 2 .8 6 5 +  5.546 +  1.060
16.0 +  .045 +  .274 58.508 75.085 78.816 —2.614 + 5 .1 8 5 +  0.935
26.0 +  .036 +  .252 58.835 74.703 78.629 - 2 .2 8 7 + 4 .8 0 3 + 0 .7 4 8

F e b . 5.0 +  .026 +  .234 59.161 74.409 78.421 -1 .9 6 1 + 4 .5 0 9 +  0.540
15.0 +  .021 +  .220 59.354 74.161 78.318 - 1 .7 6 8 + 4 .2 6 1 + 0 .4 3 7
25.0 +  .015 +  .209 59.551 73.980 78.193 -1 .5 7 1 + 4 .0 8 0 + 0 .3 1 2

M ar. 6.0 +  .008 +  .203 59.739 73.906 78.047 - 1 .3 8 3 + 4 .0 0 6 + 0 .1 6 6
16.0 - .0 0 7 +  .202 60.074 73.984 77.735 - 1 .0 4 8 + 4 .0 8 4 - 0 .1 4 6

26.0 - .0 2 6 + .2 0 2 60.490 74.107 77.340 - 0 .6 3 2 + 4 .2 0 7 - 0 .5 4 1
A pr. 5.0 - .0 5 1 +  .204 61.025 74.310 76.820 - 0 .0 9 7 + 4 .4 1 0 - 1 .0 6 1
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Table П

Date
1979 cL̂  = X{ — X x •3 II 1 d*| =  Z| — Z[ Apt AXi

Ja n . 1.0 0.000 0.000 0.000 0.000 .00000
11.0 +  0.529 - 0 .2 5 7 - 0 .3 9 5 -0 .0 1 9 — .01904
21.0 +  1.078 —0.420 —0.832 -0 .0 4 0 — .03403
31.0 +  1.730 - 0 .5 3 0 - 1 .3 7 3 -0 .0 6 6 — .04800

Feb . 10.0 + 2 .3 9 0 - 0 .5 0 8 - 1 .9 5 5 —0.094 — .05602

20.0 +  3.137 — 0.373 — 2.641 -0 .1 2 7 — .06001
M ar. 2.0 +  3.902 — 0.145 - 3 .3 6 9 -0 .1 6 2 — .06000

12.0 + 4 .6 0 0 + 0 .2 3 6 —4.076 - 0 .1 9 6 — .05201
22.0 +  5.145 +  0.725 - 4 .6 7 9 -0 .2 2 5 — .03700

A pr. 1.0 +  5.623 +  1.280 — 5.240 -0 .2 5 2 — .01803

11.0 +  5.978 +  1.930 - 5 .7 1 8 -0 .2 7 5 +  .00700
21.0 +  6.251 +  2.533 — 6.113 - 0 .2 9 4 +  .03097

M ay 1.0 +  6.431 +  3.131 - 6 .4 2 6 -0 .3 0 9 + .0 5 6 0 0
11.0 +  6.535 +  3.662 - 6 .6 5 4 -0 .3 2 0 +  .07898
21.0 + 6 .5 8 9 + 4 .2 0 1 — 6.842 - 0 .3 2 9 +  .10301

31.0 + 6 .5 6 2 +  4.693 - 6 .9 4 6 - 0 .3 3 4 +  .12599
J u n . 10.0 +  6.380 + 5 .2 2 6 —6.924 -0 .3 3 3 +  .15297

20.0 + 6 .1 5 3 +  5.746 — 6.862 - 0 .3 3 0 + .1 7 9 9 6
30.0 + 5 .8 8 9 + 6 .2 3 4 — 6.759 -0 .3 2 5 +  .20600

Ju l. 10.0 +  5.593 +  6.668 - 6 .6 1 3 -0 .3 1 8 +  .22999

20.0 + 5 .1 5 6 +  7.017 - 6 .3 2 1 - 0 .3 0 4 +  .25200
30.0 +  4.566 + 7 .3 2 0 - 5 .8 8 5 - 0 .2 8 3 +  .27399

Aug. 9.0 +  3.943 +  7.570 — 5.407 -0 .2 6 0 +  .29399
19.0 +  3.295 +  7.747 —4.887 -0 .2 3 5 + .3 1 0 9 8
29.0 + 2 .7 0 8 +  7.877 —4.409 - 0 .2 1 2 +  .32497

Sep. 8.0 +  2.098 + 7 .8 4 8 - 3 .8 6 8 - 0 .1 8 6 +  .33199
18.0 +  1.586 + 7 .8 0 5 — 3.411 - 0 .1 6 4 +  .33700
28.0 +  1.182 + 7 .6 4 1 — 3.015 -0 .1 4 5 +  .33498

O ct. 8.0 + 0 .9 0 6 + 7 .4 5 0 —2.724 - 0 .1 3 1 + .3 2 9 9 9
18.0 + 0 .6 7 9 +  7.252 - 2 .4 7 5 - 0 .1 1 9 +  .32399

28.0 + 0 .4 7 5 +  6.974 - 2 .2 2 5 - 0 .1 0 7 + .3 1 3 9 9
N ov. 7.0 +  0.252 +  6.603 — 1.934 - 0 .0 9 3 +  .29999

17.0 + 0 .0 4 3 +  6.105 - 1 .6 2 2 -0 .0 7 8 +  .27997
27.0 — 0.046 + 5 .6 0 0 — 1.414 - 0 .0 6 8 +  .25796

Dec. 7.0 - 0 .0 1 2 +  5.088 - 1 .3 1 0 - 0 .0 6 3 +  .23398

17.0 + 0 .0 5 3 + 4 .6 2 9 - 1 .2 4 8 -0 .0 6 0 +  .21200
27.0 +  0.178 + 4 .2 0 9 - 1 .2 4 8 - 0 .0 6 0 +  .19099

Ja n . 6.0 + 0 .3 2 4 + 3 .7 9 6 - 1 .2 6 9 -0 .0 6 1 +  .17001
16.0 + 0 .5 7 5 +  3.435 - 1 .3 9 4 -0 .0 6 7 +  .15000
26.0 +  0.902 +  3.053 - 1 .5 8 1 -0 .0 7 6 +  .12796

F eb . 5.0 +  1.228 +  2.759 - 1 .7 8 9 -0 .0 8 6 +  .11000
15.0 +  1.421 +  2.511 - 1 .8 9 2 -0 .0 9 1 +  .09597
25.0 +  1.618 +  2.330 —2.017 -0 .0 9 7 +  .08496

M ar. 6.0 +  1.806 +  2.256 —2.163 —0.104 +  .07898
16.0 + 2 .1 4 1 +  2.334 — 2.475 -0 .1 1 9 +  .07800

26.0 +  2.557 +  2.457 — 2.870 -0 .1 3 8 +  .07796
A pr. 5.0 +  3.092 +  2.660 - 3 .3 9 0 -0 .1 6 3 +  .07998
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In  th e  fo llow ing, e v e ry  te rm  of th is  f ic t i t io u s  series has been  s u b tra c te d  
f ro m  th e  values o f th e  s p a tia l  coord inates co rresp o n d in g  to  th e  p o sitio n  P 0:

X 0 =  4 123 761. 122 m  

Y 0 =  1 226 269. 900 m  

Z 0 =  4 693 377. 881 m  .

T h u s  colum ns 7 —9 o f  T a b le  I  have been o b ta in e d .
A fte r these p r e p a r a to r y  calculations, th e  chan g es of th e  geograph ic  coor­

d in a te s  Acp and AX a re  co m p u ted  w ith  th e  h e lp  o f E qs 6  — 8 . T hese  coincide 
w ith in  a m ax im um  d e v ia t io n  of ^ 0 .0 0 0 4 "  w ith  th e  values in  co lum ns 2 and  
3 o f  T a b le  I. L a s tly  u s in g  E q s  12 —13, th e  p o la r  coord inates x  an d  y  are  com ­
p u te d ,  w hich agree w ith in  a m axim um  d e v ia tio n  o f ^0 .0 0 0 6 "  w ith  th e  values 
o f  [B IH , 1980]. T h is  ex p e rim en ta l c o m p u ta tio n  proves th a t  if  th e  sp a tia l 
c o o rd in a te s  X , Y, Z  a re  hom ogeneous and  su ff ic ie n tly  accura te , th e n  th e  po lar 
c o o rd in a te s  can be c o m p u te d  from  the  d a ta  o f  a D oppler s ta tio n  using  th e  
e q u a tio n s  in  C h ap te rs  2 a n d  3. N a tu ra lly , th e  c o m p u ted  resu lts  c a n n o t h av e  
b e t t e r  accuracy  th a n  t h a t  o f the  co o rd in a tes  X , Y , Z.

I n  th e  n ex t e x p e r im e n ta l co m p u ta tio n  i t  w ill be show n th a t  even  if  th e  
m e a n  pole P 0 is u n k n o w n , th e  dev ia tions Aq>f a n d  AXt co rrespond ing  to  an  
a r b i t r a r i ly  chosen po le  p o s itio n  P ;- are re a l. L e t  us tak e  as re fe rence  p o in t 
th e  v a lu es  of X 15 Y 15 Z x fo r  J a n u a ry  1.0, 1979, an d  com pute th e  d ifferences

dXj =  X t -  X x 

dy ,  =  Y t -  Y j  

<4 =  7 i — Z x

f ro m  th ese  values (co lu m n s 2 —4 of T able I I ) ,  th e n  sim ilarly  to  th e  p rev ious 
case , th e  values o f A<pi a n d  AXi referring  to  th e  position  P x can  be  o b ta in ed  
b y  m ean s of Eqs 6  a n d  8 . I t  can  be seen f ro m  colum ns 5 and  6  o f  T ab le  I I  
t h a t  th e  differences o f  th e  geographic c o o rd in a te s  referring  to  P x co incide 
w ith in  ^0 .0 0 0 0 4 "  w ith  th e  values in co lu m n s 2 an d  3 of T ab le  I ,  an d  even 
th e s e  differences a re  d u e  to  rounding-off in  th e  co m p u ta tio n s.

(14)

4. Computation of geographic coordinates and o f  h from spatial orthogonal
coordinates

F o r  th e  fo llow ing th e  values of q>t, A;- a n d  hj o f th e  po in ts P (- are  needed  
i f  th e  sp a tia l o r th o g o n a l coord inates X ;, a n d  Z (. are know n, i.e . inverses 
o f  E q s  1 — 3. F o r th e  c o m p u ta tio n  several fo rm u la e  have  been p ro p o sed , th e
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m o st recen t ones are p roposed  b y  H almos  (1980 ,  E q . 14 on p. 9).  F o r  sake 
o f com pleteness th e  fo llow ing eq u a tio n  c a n  be o b ta in ed  from  E q s  1 — 2:

tg  X
Y

X
(15)

F o r th e  c o m p u ta tio n  o f th e  geograph ic  la t i tu d e  I  propose a new  so lu tio n  
w hich  can  be used  m ost ad v an tag eo u sly  o n  m icrocom pu ters. O ne g e ts  from  
E qs 2 — 3:

4<P Z  ■ 5—  sin  X
У

{  1 + —  \
_  _ N _
b2 h

V ~ a * ~  +  " i V  '

(16)

an d  in  a  f ir s t  a p p ro x im a tio n  one has:

tg  <p0 =  —— sin À (16a)

T he a p p ro x im a tio n  in  E q . 16a is th e  b e t te r  th e  sm aller th e  q u o tie n t h /N  is. 
F ro m  th e  v a lu e  o f cp0 o b ta in ed  so one can  co m p u te  in  th e  fo llow ing:

W t =  1 — e2 s in 2 q>[ (17)

TV,- =  a /W j  (18)

and  using  E qs 1 — 2 one h as:

N , +  h, = ------- - r  = ------- (19)
cos q>i cos X cos cpf sin X

U sing these  e q u a tio n s , an  ap p ro x im ativ e  v a lu e  fo r th e  h e igh t ab o v e  th e  e llip ­
soid can  be ca lcu la ted . B y  su b s titu tin g  th e se  values in to  E q . 16, a  b e tte r  
a p p ro x im a tio n  can  be reach ed  for cp, w hich  is th e n  used again  in  E q s  17 — 19.

In  case o f  th e  p re se n t num erica l ex am p le , th e  values o f cp a n d  h are 
o b ta in ed  w ith  th e  follow ing differences:

ite ra tio n  1: Лер =  0.0405", A h  =  1.377 m

ite ra tio n  2: Acp =  0 .0 0 0 2 ", A h  =  0.004 m

ite ra tio n  3: Acp =  0.0000", A h  =  0.001 m .
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5. D e te rm in a tio n  of th e  m e a n  pole

I n  th e  n e x t n u m e ric a l exam ple i t  is su p p o se d  th a t  d a tu m  v a lu es  (a, 
i»2/ a 2, e2, m ean  pole) are  u n c h a n g e d , b u t th e  m e a su re d  values of th e  c o o rd in a te s  
X j ,  Y /  an d  Z, h av e  m e a su re m e n t erro rs. I n  th is  num erica l e x p e rim e n t th e  
m e a su re m e n t errors a re  s im u la te d  using a su b ro u tin e  w hich genera tes p se u d o ­
r a n d o m  num bers on th e  c o m p u te r  H P2100A  o f th e  In s t i tu te  (B a r ó t h y ) using  
w h ic h  a  m easu rem en t e rro r  series h av in g  u n ifo rm  d is tr ib u tio n  in  th e  in te rv a l  
— 0 .5  m  an d  -(-0.5 m h as b e e n  p roduced  b y  K a l m á r . B y add ing  th e  v a lu es  
o f  th is  e rro r  series to  th e  o rth o g o n a l co o rd in a te s  in  colum ns 4 — 6  o f  T ab le  I , 
th e  se ries  of values X t, Y t a n d  Z f in  co lum ns 2 —4 of Table I I I  is o b ta in e d  
w h ic h  ca n  be ta k e n  as q u a s i m easu rem en t re s u lts .  F rom  th is  series th e  geo­
g ra p h ic  coord inates cp0 a n d  Я0  re fe rring  to  th e  m e a n  pole P 0 can  be co m p u te d  
m o s t  ad v an tag eo u sly  w ith  th e  following m e th o d . L e t th e  orig inal d a ta  be 
th e  v a lu e s  X x, Y x an d  Z x fo r  J a n u a ry  1.0, 1979, w hich are th e n  s u b tra c te d  
f ro m  co lum ns 2 —4 o f T ab le  I I I  accord ing  to  E q . 14, w hich y ields th e n  th e  
se rie s  o f  th e  coo rd in a te  d ifferences dx,-, dy t, d z r

F o r  a num ber n  o f  th e  tim es T (- chosen  in  w ell sep ara ted  in te rv a ls  (e.g. 
3 — 4 tim e s  in  one yea r) one o b ta in s:

(fo =  <Pi +  drf i  — 'Н ы  =  4>i +  dtpi — ж,- cos Я +  у  I sin Я (20)
a n d

я0 =  К  +  — A?.oi =  l x +  dЯI• — X i  sin  Я tg  cp — у,- cos Я tg  <р . (21)

W ith  th e se  eq u a tio n s, th e  v a lu e  n  of th e  m e a n  pole  can  be d e te rm in ed , an d  
th e  av e rag e  of these  v a lu es  ap p ro x im ates  r a th e r  w ell th e  m ean  pole.

I n  th e  num erica l e x a m p le  n equals 4 acco rd in g  to  colum n 1 o f T a b le  IV . 
I n  E q s  2 0 —21 th e  v a lu es  o f  th e  d ifferences o f  th e  geographical c o o rd in a te s  
dtp,- a n d  dЯI• can be fo u n d  in  co lum ns 2 and  5 o f  T ab le  IV . T hey  are  co m p u te d  
f ro m  E q s  6  — 8  using  th e  v a lu es  o f dx,, dy,-, dz,- fro m  th e  p resen t e x p e rim e n t. 
T h e  geograph ica l co o rd in a te s  cpx, Xx are c o m p u te d  w ith  a m ax im um  o f th re e  
i te r a t io n s  from  th e  s p a tia l  co o rd ina tes X x, Y x, Z x of J a n u a ry  1.0, 1979, see 
c o lu m n s  2 —4 of T ab le  I I I  u sin g  E qs 15 — 19. T h e  p o la r coo rd inates x  a n d  у  
fo r  E q s  20 — 21 are ta k e n  e.g . from  [B IH , 1980] b u t  only  for th e  tim e  m o m en t 
n  u se d  in  the  averag ing . As th e  low est p a r t  o f  co lum ns 4 and  7 in  T ab le  IV  
sh o w s, th e  m ean pole can  b e  dete rm in ed  b y  th is  m ethod  w ith  an  accu racy  
o f  — 0.0080" in  th e  g eo g rap h ica l la titu d e , a n d  o f  + 0 .0 0 1 5 "  in  th e  g eo g rap h ica l 
lo n g itu d e . W ith  these  one g e ts :

<Pi -  n  =  +0.1122" (22)
— Я0= +0.1135" (23)
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Table И

Date
1979 4 123 700 +

Y{
1 226 200+

Z{
4 693 300 + CU{ y i

Ja n . 1.0 57.719 71.326 80.261 .0000 .00000 +  .1370 +  .0671
11.0 58.748 71.428 80.154 - .0 0 5 1 +  .00344 +  .1330 +  .0715
21.0 59.154 70.855 79.455 - .0 3 8 8 - .0 3 6 1 9 +  .0904 +  .0465
31.0 59.449 71.059 78.743 - .0 7 3 0 —.03712 +  .0574 +  .0555

F eb . 10.0 60.254 70.650 78.504 —.0845 — .06133 +  .0401 +  .0377

20.0 61.081 71.378 77.405 — .1373 — .04210 — .0055 +  .0695
Маг. 2.0 62.018 71.039 77.118 - .1 5 1 1 - .0 6 3 5 5 - .0 2 4 3 +  .0547

12.0 62.033 71.683 75.774 - .2 1 5 8 - .0 5 2 4 1 —.0834 +  .0831
22.0 62.936 72.851 75.378 - .2 3 4 8 - .0 0 0 1 7 — .0881 +  .1338

A pr. 1.0 63.701 73.111 74.790 - .2 6 3 1 +  .00362 - .1 1 4 2 +  .1452

11.0 63.560 73.882 74.288 - .2 8 7 2 +  .03434 —.1294 + .1 7 8 9
21.0 64.277 73.863 73.992 — .3015 +  .02873 — .1445 +  .1781

M ay 1.0 64.579 74.646 73.489 - .3 2 5 7 +  .06002 - .1 5 9 6 + .2 1 2 3
11.0 64.419 74.878 73.237 - .3 3 7 8 +  .06768 - .1 6 9 2 +  .2224
21.0 64.791 75.963 73.607 —.3200 +  .12775 - .1 3 6 6 +  .2698

31.0 64.050 76.421 73.065 - .3 4 6 0 +  .14219 - .1 5 7 7 + .2 8 9 8
Ju n . 10.0 64.722 76.834 73.441 — .3280 +  .16871 - .1 3 3 6 + .3 0 7 8

20.0 64.044 76.940 73.576 - .3 2 1 5 + .1 7 6 1 3 - .1 2 5 5 + .3 1 2 4
30.0 63.387 78.025 73.918 - .3 0 5 0 +  .23577 — .0941 + .3 5 9 8

Ju l. 10.0 63.793 78.773 73.851 - .3 0 8 3 +  .27211 - .0 8 7 9 +  .3924

20.0 63.109 78.628 73.712 - .3 1 4 0 +  .26300 - .0 9 5 7 +  .3861
30.0 62.719 79.140 74.474 - .2 7 8 3 +  .30023 — .0518 +  .4084

A ug. 9.0 61.515 79.091 74.792 - .2 6 3 0 + .3 0 2 7 6 — .0365 +  .4063
19.0 61.579 79.595 75.415 - .2 3 3 0 + .3 3 7 7 4 - .0 0 1 3 +  .4282
29.0 60.494 79.374 75.954 - .2 0 7 7 + .3 3 4 9 2 +  .0248 + .4 1 8 6

Sep. 8.0 60.495 79.299 75.937 - .2 0 7 9 + .3 3 1 1 1 + .0 2 3 7 +  .4153
18.0 59.124 79.137 76.488 - .1 8 1 4 + .3 3 1 6 3 +  .0492 +  .4082
28.0 59.071 79.674 77.476 - .1 3 3 9 + .3 7 3 9 6 +  .1057 +  .4317

O ct. 8.0 58.634 78.757 77.476 - .1 3 3 9 + .3 2 8 0 9 +  .0938 +  .3916
18.0 58.277 78.898 77.641 - .1 2 6 0 + .3 3 7 7 2 +  .1039 +  .3977

28.0 58.739 78.187 78.014 - .1 0 8 1 +  .30798 +  .1055 +  .3690
N ov. 7.0 57.690 78.165 77.796 - .1 1 8 5 +  .30349 +  .1022 +  .3657

17.0 57.521 77.665 78.949 - .0 6 3 1 +  .29652 +  .1535 +  .3438
27.0 58.117 77.001 78.778 — .0713 +  .26064 +  .1363 + .3 1 4 8

Dec. 7.0 57.895 76.553 79.042 - .0 5 8 6 + .2 4 2 3 7 + .1 4 3 7 +  .2953

17.0 58.261 75.912 78.481 - .0 8 5 6 +  .20151 +  .1072 +  .2673
27.0 58.490 75.818 79.297 -.0464 +  .20958 +  .1469 +  .2632

J a n . 6.0 58.558 75.008 78.780 - .0 7 1 2 +  .16099 +  .1105 +  .2279
16.0 58.403 75.324 78.334 - .0 9 2 7 +  .16979 +  .0922 +  .2417
26.0 58.998 74.580 78.688 - .0 7 5 6 +  .13815 +  .1004 +  .2092

F eb . 5.0 59.582 74.025 78.615 - .0 7 9 2 + .1 0 9 2 1 +  .0894 +  .1850
15.0 58.918 74.462 78.453 - .0 8 6 9 +  .12856 +  .0871 +  .2041
25.0 59.644 73.744 77.758 - .1 2 0 4 + .0 8 1 7 4 +  .0428 +  .1727

Mar. 6.0 59.718 74.282 77.729 - .1 2 1 8 +  .10820 +  .0483 +  .1962
16.0 59.617 73.868 77.237 - .1 4 5 4 + .0 7 9 8 1 + .0 1 8 3 +  .1782

26.0 60.435 74.525 77.718 - .1 2 2 3 +  .12019 +  .0510 +  .2068
Apr. 5.0 61.305 74.362 77.069 - .1 5 3 5 +  .10188 + .0 1 6 3 + .1 9 9 8
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Table IV

Date
1979 ■W —M p o i

Vo
47°40' + dA0i — M o i

0̂
16°33' +

J a n . 1.0 .000 - .1 1 2 53.158 .0000 - .1 2 4 38.628

J u n . 10.0 - .3 2 8 +  .221 53.163 +  .1687 - .2 7 7 38.644

N o v . 7.0 - .1 1 8 — .019 53.133 +  .3035 - .4 2 4 38.632

A p r. 5.0 - .1 5 4 +  .051 53.168 +  .1020 - .2 0 4 38.650

M ean 53.158 38.6385

D iff. - 0 .0 0 8 +  0.0015

B y  a d d in g  these v a lu es  to  th e  know n çq an d  Ax, th e  co o rd in a tes  <p0 and  A0 

o f th e  m ean  pole are  o b ta in e d . A fte r th is , th e  c o m p u ta tio n  is c a rr ied  o u t w ith  
th e  m e th o d  ou tlined  p re v io u s ly , i.e. to  th e  v a lu es  o f dqq a n d  dA(- ca lcu la ted  
w ith  th e  help of fo rm u lae  20 a n d  21 the  va lu es  from  E q s 22 — 23 are  added . 
T h u s  va lu es  of dtp a n d  dA a re  o b ta ined :

d(Pi +  q>i — n  =  d(P (24)

dA,. +  Aj -  A0 =  dA (25)

u s in g  w hich  Eqs 12 — 13 y ie ld  th e  coord inates x t an d  y t o f  th e  p o la r m o tion  
(c o lu m n s  7 and 8  o f T a b le  I I I ) .

B y  com paring th e se  v a lu e s  w ith  those  fro m  th e  p u b lic a tio n  [B IH , 1980], 
th e  g re a te s t  d ev ia tio n  fo u n d  in  x t is + 0 .0 3 0 " , t h a t  in  y i +  0.026". These 
d e v ia tio n s  are n a tu ra lly  n o t  to ta l ly  the  re su lt o f  ro u n d in g -o ff e rro rs , b u t  th ey  
a re  p a r t ia l ly  the  co n seq u en ce  o f m easu rem en t e rro rs  up  to  0.5 m  in  th e  coor­
d in a te s  X t, Y j, Zf.

6 . P rac tica l com puta tions

I n  th e  co m p u ta tio n s  p re sen ted  u p to  C h a p te r  5, i t  has been  supposed  
t h a t  th e  heights ab o v e  th e  ellipsoid h rem a in  u n ch an g ed . T h is is no m ore 
v a l id  in  case of th e  c o m p u ta tio n a l  m ethod  p re se n te d  here , as due  to  th e  m eas­
u re m e n t  errors th e  v a lu e  o f  h  is also b u rd en ed  w ith  e rro rs, th e re fo re  a  m ore 
e x a c t  so lu tion  is reach ed  i f  E q s  9 and 10 are  used  in s te a d  o f E qs 6  and 8 . 
U s in g  th e se  eq ua tions, th e  co o rd in a tes  x ( an d  y t o f th e  p o la r m o tio n  can  be 
c o m p u te d  from  th e  D o p p le r  o b se rv a tio n  of a sing le s ta tio n  w ith  th e  follow ing 
m e th o d :

L e t us s ta r t  from  th e  sp a tia l  coord inates X ,  Y ,  Z  c o m p u ted  from  th e  
D o p p le r  tra n s its  in  a sing le  s ta t io n  w hich h av e  b een  o bserved  d u rin g  a longer
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tim e  in te rv a l, e.g. in  a  com plete  C hand ler p e rio d . F ro m  th e  series o f  th e  th ree  
co o rd in a tes , averages are  co m p u ted  for each  1 0  days in te rv a l e.g . w ith  the  
O rlov  m eth o d  [O r l o v , 1961]. T he tim e  m o m en ts  of these av e rag es a re  the  
c e n tra l po in ts  o f th e  in te rv a ls . L e t us d en o te  th e  10 days-averages b y  X t, Y), 
Zf. I n  an  e x p e rim e n ta l exam ple  th e  values fro m  colum ns 2 —4 o f  T a b le  I I I  
are  u sed . L e t us fu r th e r  use th e  sam e n =  4 va lu e  and  co m p u te  th e  values 
(pj, Xj, d N[ and  dhj from  th e  q u an titie s  o f  E q s  15 —19 a fte r th re e  i te ra tio n s , 
d N j a n d  d/i(- d en o te  th e  dev ia tio n s from  p o in t P x, th e ir  values c a n  b e  found  
in  T ab le  У . W ith  th e se  values and  E qs 9 — 10, th e  values d<p0(- a n d  dA0;- are 
c o m p u ted  w hich  ca n  be found  in  colum ns 2 a n d  5 of T able V I. T h e  values 
of (p0 an d  A0 re fe rrin g  to  th e  m ean  pole c o m p u te d  w ith  E qs 20 — 21 d iffe rs  from  
<p0 b y  —0.0052", fro m  A0 b y  + 0 .0 0 3 1 ". O ne gets  re ferring  to  n =  1 m e a su re ­
m en ts:

cP l - ( Po=  + 0 .1 1 5 0 "  (26)

-  ; . 0  =  + 0 .1 1 5 1 " . (27)

T he follow ing c o m p u ta tio n s  are su m m arized  in  T ab le  V II :  th e  v a lu e  o f  A(pt 
is c o m p u ted  from  E q . 6 , t h a t  o f AÀt from  E q . 8  (colum ns 2 an d  3 o f  T ab le  
V II) . T h en  th e  v a lu e  o f dip,- is com p u ted  w ith  E q . 20, an d  th a t  o f  dA, w ith

Table V

Date
1979 diV< d 1ц dy< d Z{

Ja n . 1.0 .000 .000 .000 .000

J u n . 10.0 - .0 3 6 +  .534 +  5.508 - 6 .8 2 0

Nov. 7.0 J о о — .528 — 2.465 +  6.839

A pr. 5.0 - .0 1 8 +  .536 - 3 .1 9 2 +  3.036

Table VI

Date
1979 d f a i —Лрп ff 0

4740' + <U„i - м „
До

16«33' +

Jan . 1.0 .0000 - .1 1 2 53.1582 .0000 - .1 2 4 38.6280

Ju n . 10.0 - .3 4 7 0 +  .221 53.1442 +  .1574 - .2 7 7 38.6324

Nov. 7.0 — .0998 - .0 1 9 53.1514 +  .3146 - .4 2 4 38.6426

Apr. 5.0 - .1 5 4 1 +  .051 53.1671 +  .0965 - .2 0 4 38.6445

M ean 53.1552 38.6369

Diff. -0 .0 0 5 2 +  0.0031
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Table УП

Date
1979 A p i AXi difi dAi y i

J a n . 1.0 .0 0 0 0 .0 0 0 0 0 +  .1 1 5 0 +  .1 1 5 1 + .1 4 0 1 +  .0 6 7 7
11.0 - . 0 0 5 1 +  .0 0 3 4 4 +  .1 0 9 9 + . 1 1 8 5 + .1 3 6 1 +  .0 7 2 1
21 .0 — .0 3 8 8 — .0 3 6 1 9 +  .0 7 6 2 + . 0 7 8 9 +  .0935 + .0 4 7 1
31 .0 - . 0 7 3 0 — .0 3 7 1 2 +  .0 4 2 0 + . 0 7 8 0 +  .0605 +  .0 5 6 1

F e b . 10 .0 - . 0 8 4 5 — .0 6 1 3 3 +  .0 3 0 5 +  .0 5 3 8 +  .0432 + .0 3 8 3

20 .0 - . 1 3 7 3 — .0 4 2 1 0 — .0 2 2 3 +  .0 7 3 0 — .0 0 2 4 4 - .0 7 0 1
M ar. 2 .0 - . 1 5 1 1 — .0 6 3 5 5 - . 0 3 6 1 +  .0 5 1 6 - . 0 2 1 2 +  .0 5 5 3

12 .0 - . 2 1 5 8 — .0 5 2 4 1 - . 1 0 0 8 +  .0 6 2 7 - . 0 8 0 3 +  .0 8 3 5
22.0 — .2 3 4 8 — .0 0 0 1 7 - . 1 1 9 8 + . 1 1 4 9 - . 0 8 5 0 +  .1 3 4 4

A p r. 1.0 - . 2 6 3 1 + .0 0 3 6 2 - . 1 4 8 1 +  .1 1 8 7 - . 1 1 1 2 +  .1 4 5 8

11 .0 — .2 8 7 2 +  .0 3 4 3 4 - . 1 7 2 2 +  .1 4 9 4 - . 1 2 6 3 +  .1 7 9 5
21 .0 - . 3 0 1 5 +  .0 2 8 7 3 - . 1 8 6 5 +  .1 4 3 8 -  1414 +  .1 7 8 7

M ay 1.0 - . 3 2 5 7 + .0 6 0 0 2 - . 2 1 0 7 + . 1 7 5 1 - . 1 5 6 5 +  .2 1 2 9
11 .0 - . 3 3 7 8 +  .0 6 7 6 8 - . 2 2 2 8 +  .1 8 2 7 - . 1 6 6 1 +  .2 2 3 0
21 .0 - . 3 2 0 0 +  .1 2 7 7 5 — .2 0 5 0 + . 2 4 2 9 - . 1 3 3 5 +  .2 7 0 4

31 .0 — .3 4 6 0 +  .1 4 2 1 9 - . 2 3 1 0 +  .2 5 7 3 - . 1 5 4 6 +  .2 9 0 4
J u n . 10.0 — .3 4 7 0 +  .1 5 7 4 0 — .2 3 2 0 +  .2 7 2 5 - . 1 5 1 7 + . 3 0 4 0

20 .0 - . 3 2 1 5 +  .1 7 6 1 3 - . 2 0 6 5 +  .2 9 1 2 - . 1 2 2 4 +  .3 1 3 0
3 0 .0 — .3 0 5 0 +  .2 3 5 7 7 - . 1 9 0 0 +  .3 5 0 9 - . 0 9 1 1 +  .3 6 0 4

J u l . 10.0 - . 3 0 8 3 +  .2 7 2 1 1 - . 1 9 3 3 +  .3 8 7 2 - . 0 8 4 8 +  .3 9 3 0

20 .0 - . 3 1 4 0 + .2 6 3 0 0 - . 1 9 9 0 +  .3 7 8 1 - . 0 9 2 6 + . 3 8 6 7
30 .0 - . 2 7 8 3 +  .3 0 0 2 3 - . 1 6 3 3 +  .4 1 5 3 - . 0 4 8 7 +  .4 0 9 0

A ug. 9 .0 — .2 6 3 0 + .3 0 2 6 7 — .1 4 8 0 +  .4 1 7 9 - . 0 3 3 4 + . 4 0 6 9
19 .0 - . 2 3 3 0 +  .3 3 7 7 4 - . 1 1 8 0 + . 4 5 2 8 +  .0044 +  .4 2 8 8
29 .0 - . 2 0 7 7 + .3 3 4 9 2 - . 0 9 2 7 +  .4 5 0 0 +  .0279 +  .4 1 9 2

Sep . 8 .0 - . 2 0 7 9 + .3 3 1 1 1 - . 0 9 2 9 +  .4 4 6 2 +  .0268 +  .4 1 5 9
18.0 - . 1 8 1 4 +  .3 3 1 6 3 — .0 6 6 4 +  .4 4 6 7 +  .0523 +  .4 0 8 8
2 8 .0 - . 1 3 3 9 +  .3 7 3 9 6 - . 0 1 8 9 +  .4 8 9 1 + .1 0 8 8 +  .4 3 2 3

O ct. 8 .0 - . 1 3 3 9 +  .3 2 8 0 9 - . 0 1 8 9 +  .4 4 3 2 +  .0969 +  .3 9 2 2
18.0 - . 1 2 6 0 +  .3 3 7 7 2 - . 0 1 1 0 +  .4 5 2 8 +  .1070 +  .3 9 8 3

28 .0 - . 1 0 8 1 +  .3 0 7 9 8 + .0 0 6 9 +  .4 2 3 1 +  .1164 +  .3 6 7 3
N o v . 7 .0 - . 0 9 9 8 +  .3 1 4 6 0 + .0 1 5 2 +  .4 2 9 7 +  .1161 + . 3 7 0 7

17.0 - . 0 6 3 1 + .2 9 6 5 2 +  .0 5 1 9 + .4 1 1 6 +  .1566 + . 3 4 4 4
27 .0 - . 0 7 1 3 +  .2 6 0 6 4 + .0 4 3 7 +  .3 7 5 7 +  .1 3 9 4 + . 3 1 5 4

D ec. 7.0 - . 0 5 8 6 +  .2 4 2 3 7 +  .0 5 6 4 +  .3 5 7 5 +  .1468 + . 2 9 5 9

17.0 - . 0 8 5 6 + .2 0 1 5 1 +  .0 2 9 4 +  .3 1 6 6 +  .1103 + . 2 6 7 9
27 .0 - . 0 4 6 4 +  .20958 +  .0 6 8 6 +  .3 2 4 7 + .1 5 0 0 + . 2 6 3 8

J a n . 6.0 - . 0 7 1 2 +  .1 6 0 9 9 +  .0 4 3 8 +  .2 7 6 1 + .1 1 3 6 +  .2 2 8 5
16 .0 - . 0 9 2 7 + .1 6 9 7 9 + .0 2 2 3 +  .2 8 4 9 + .0 9 5 3 +  .2 4 2 3
2 6 .0 - . 0 7 5 6 +  .13815 +  .0 3 9 4 +  .2 5 3 3 + .1 0 3 5 + .2 0 9 8

F e b . 5 .0 - . 0 7 9 2 +  .10921 +  .0 3 5 8 +  .2 2 4 3 +  .0925 +  .1 8 5 6
15.0 - . 0 8 6 9 +  .1 2 8 5 6 +  .0 2 8 1 +  .2 4 3 7 + .0 9 0 2 +  .2 0 4 7
25 .0 - . 1 2 0 4 +  .0 8 1 7 4 - . 0 0 5 4 +  .1 9 6 8 + .0 4 5 9 +  .1 7 3 3

M ar. 6 .0 - . 1 2 1 8 +  .1 0 8 2 0 - . 0 0 6 8 +  .2 2 3 3 + .0 5 1 4 +  .1 9 6 8
16.0 - . 1 4 5 4 +  .07981 — .0 3 0 4 +  .1 9 4 9 + .0 2 1 4 +  .1 7 8 8

26 .0 — .1 2 2 3 +  .1 2 0 1 9 - . 0 0 7 3 +  .2 3 5 3 + .0 5 4 1 + . 2 0 7 4
A p r. 5.0 - . 1 5 4 1 + .0 9 6 5 0 - . 0 3 9 1 +  .2 1 1 6 +  .0174 +  .1 9 5 8
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E q . 21 (colum ns 4 an d  5 in  T ab le  V I I ) .  F in a lly  th e  x t co o rd in a te  o f  th e  p o la r 
m o tio n  is co m p u ted  w ith  E q . 12 a n d  th e  y { c o o rd in a te  w ith  E q . 13 (co lum ns 
6 a n d  7 of T ab le  V II) . I f  th e  v a lu e s  co m p u ted  in  th e  la s t s tep  are  co m p ared  
w ith  th e  co rrespond ing  values in  [B IH , 1980], th e  g re a te s t d e v ia tio n  in  X[ 
is - 0 .0 2 7 "  (Ju n e  30.0, 1979), t h a t  in  y ,  - 0 .0 2 6 "  (M arch 22.0, 1979).

A ccording to  th is  n u m erica l ex am p le  even  in  th e  case o f m e a su re m e n t 
e rro rs  u p  to  0.5 m , th e  c o o rd in a te s  o f th e  p o la r m o tio n  can  be  c o m p u te d  
fro m  th e  con tin u o u s D oppler o b se rv a tio n s  o f a s ta tio n  w ith  a m a x im u m  erro r
o f ± 0 .0 2 7 " .
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ОПРЕДЕЛЕНИЕ КООРДИНАТ ДВИЖЕНИЯ ПОЛЮСА ИЗ ДОППЛЕРОВСКИХ 
НАБЛЮДЕНИЙ ОДНОЙ СТАНЦИИ

Д Ь . С А Д Е Ц К И -К А Р Д О Ш

РЕЗЮМЕ

В статье излагается метод исчисления координат х ,  у  движения полюса из доппле­
ровских измерений проведенных на одной станции за длительный промежуток времени. 
Даются формулы для исчисления изменений географических долгот и широт и после этого 
для координат движения полюса. Приведены формулы также для определения географи­
ческих координат из пространственных прямоуголных координат и для определения сред­
него положения полюса. Наконец приведен полный численный пример для исчисления 
координат движения полюса из фиктивных результатов измерения.
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DIE LICHTGESCHWINDIGKEIT UND DIE DARAUF 
BERUHENDE DEFINITION DES METERS 

IN DER GEODÄSIE

G. F E L S Ő

GEODÄTISCHES UND GEOPHYSIKALISCHES FORSCHUNGSINSTITUT DER UNGARISCHEN AKADEMIE DER
WISSENSCHAFTEN, SOPRON

The speed o f l ig h t e as a  fu n d a m e n ta l c o n s ta n t o f n a tu re  — w hich p lay s a n  im p o r ta n t  
ro le  in  m an y  b ran ch es o f  n a tu ra l science — h as  been  th e  source of a n  im pressive  d ev e lo p m en t 
in  ex p erim en ta l a n d  th eo re tic a l physics. D u e  to  th e  poss ib ility  o f h igh ly  a cc u ra te  o p tic a l fre ­
q u e n cy  m easu rem en ts, c can  now be d e te rm in e d  to  a n  accu racy  lim it in h e re n t in  th e  p re sen t 
w av elen g th  s ta n d a rd  fo r th e  m eter. In  a d d itio n , c is p ro v en  to  be c o n s ta n t an d  to  be in d e p e n d ­
e n t  o f  frequency  t i l l  a  prodigious accu racy .

I t  was suggested  by  B ay  t h a t ,  in s te a d  o f red efin in g  th e  m ete r  on  th e  b asis o f a  new  
w a v e len g th  s ta n d a rd , i t  w ould be m ore a d v a n ta g e o u s  to  c rea te  a  u n ified  tim e -le n g th  m easu re ­
m e n t system  in  w hich  th e  d e fin ition  o f  th e  second an d  th e  m ete r  are connected  b y  a de fin ed  
v a lu e  o f th e  speed o f  lig h t. The n ecessity  o f  th e  in tro d u c tio n  o f th is  new  s ta n d a rd  in  som e geo- 
d e tic a l m easu rem en ts is underlined .

D as P ro d u k t d er F requenz  (r) u n d  d er W ellen länge (Я) d er in  V a k u u m  
sich  fo rtp flan zen d en  e lek tro m ag n e tisch en  W elle e rg ib t die L ich tg esch w in d ig ­
k e it  in  V akuum

VA =  c . (1)

A usdruck  (1) is t eine D e fin itio n , d. h . jed e  d er d a r in  a u f tre te n d e n  G rößen  
w ird  von  den b e id en  anderen  e in d e u tig  b e s tim m t. B ei d er D e fin itio n  d e r  M aß ­
sy s tem e  schien es zw eckm äßig , d ie  F req u en z  (oder die Z eit) u n d  die W ellen ­
län g e  zu s tan d a rd is ie ren  und  d ie G eschw ind igkeit als ab g e le ite te  G röße  zu 
b e tra c h te n . M it d e r E n tw ick lu n g  d e r M eßm ethoden  k o n n te n  fü r  d ie  fu n d a ­
m e n ta le n  G rößen  neue  E ichm aße  e in g e fü h rt w erden , w od u rch  auch  d ie  ab g e ­
le ite te  Größe g en au er b es tim m t w erd en  k an n .

D as C om ité In te rn a tio n a l des P o ids e t M esures h a t  im  J a h re  1960 a n s ta t t  
des U rm eters u n d  1967 a n s ta t t  d e r  a u f  d er E rd ro ta tio n  b e ru h en d en  S ek u n d e  
n eu e  S ta n d a rd d e fin itio n en  festg e leg t.

D em nach  is t
1 M eter =  1 650 763,73 Я0 ,

w o Я0 die im  V ak u u m  gem essene W ellen länge eines b e s tim m te n  Ü b erg an g es 
des u n g es tö rten  86K r  A tom s b e d e u te t.  F e rn e r is t

1 S ekunde  =  9 192 631 770 r0 ,
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w o т0 die Periode des zu  einem  b es tim m ten  Ü b e rg an g  des 133Cs A tom s gehö­
re n d e  Schw ingung b e d e u te t .

B ere its  im  X I X . J a h rh u n d e r t  b eg an n  m a n  zu  e rk en n en , d aß  u n te r  den  
N a tu rk o n s ta n te n  die L ich tg esch w in d ig k e it eine b evorzug te  S te llu n g  e in ­
n im m t. Im  Ja h re  1856 h a b e n  K o h lrausch  u n d  W eb er e rs tm als  die P ro p o rtio n  
d e r e le k tro m ag n e tisch en  u n d  e lek tro s ta tisch en  M aß ein h e iten  gem essen. M a x ­
w ell  e rk a n n te , d aß  d iese  P ro p o rtio n  d u rch  d ie  L ich tg esch w in d ig k e it b e s tim m t 
is t. D a ra u fh in  h a t  e r d e n  W e rt c in  die e lek tro m ag n e tisch e  G rundg le ichungen  
e in g e fü h rt.

D ie spezielle R e la tiv itä ts th e o r ie  h a t  d ie  b ev o rzu g te  S te llung  d er L ic h t­
geschw ind igke it noch  m e h r in  den V o rd erg ru n d  geste llt.

E s  folgt aus d e r In v a ria n z  der G le ichungen  d er M echanik  gegenüber 
d e r L o re n tz -T ran sfo rm a tio n , daß  p rinz ip ie ll k e ine  B ew egungsgleichung (folg­
lich  au ch  keine je d e rle i physikalisches P h ä n o m e n  beschre ibende G leichung) 
e x a k t au fg este llt w e rd en  k a n n , ohne den  W e rt c n ich t zu e n th a lte n .

M it einer g rö ß e ren  G eschw indigkeit als die L ich tg esch w in d ig k e it k a n n  
k e in e  In fo rm a tio n s-, M a te ria l- , und  E n e rg ie tra n sp o r t  v e rw irk lich t w erden . 
D as Q u a d ra t der L ich tg esch w in d ig k e it s te ll t  d ie  V erb in d u n g  zw ischen den 
M aß e in h e iten  der E n e rg ie  u n d  der M asse h er. D ie E instein -M inkow sk ische 
R a u m z e it  h a t eine d e ra r tig e  S tru k tu r , d aß  u n a b h ä n g ig  von  d er G eschw indig­
k e it  des System s c e in  I n v a r ia n t  is t. Ä hn liches G esetz g ilt fü r  die E in ste in sch e  
a llgem eine  R e la tiv itä ts th e o r ie . H ier ä n d e r t  sich  zw ar die L ich tgeschw ind ig ­
k e it  fü r  irgendw elchen  B eo b ach te r von  P u n k t  zu  P u n k t (in  A bh än g ig k e it 
v o m  G ra v ita tio n sp o te n tia l) , aber dennoch  e rh ä lt  je d e r  B eo b ach te r, der in  
se in e r lokalen  U m g eb u n g  die L ich tg esch w in d ig k e it m iß t, denselben  in v a r ia n ­
te n  W e r t  c, falls e r se ine  lokalen  K o o rd in a te n  v erw en d e t.

P lanck sch lug  1906 (ein J a h r  n ach  A u fs te llu n g  der spezialen  R e la tiv i­
tä ts th e o r ie )  vor, die p h y sik a lisch e  M aß ein h e iten  m it H ilfe d er g rund legenden  
N a tu rk o n s ta n te n  fe s tzu leg en  [1]. D urch  Z u sch re ib u n g  von  E in h e itsw e rt fü r 
die K o n s ta n te n  c, /i, G u n d  К  (d. h. fü r  L ich tg esch w in d ig k e it, P lancksche , 
G ra v ita tio n s -  u n d  B o ltz m a n n -K o n s ta n te )  k ö n n en  die n a tü rlic h e n  E in h e iten  
v o n  Z e it, Länge, M asse u n d  T em p era tu r  d e f in ie r t  w erden .

D ieser V orsch lag  w a r  zw ar th e o re tisc h  v o n  g roßer B ed eu tu n g , k o n n te  
a b e r  dam als  n ich t in  d ie  P rax is  u m g ese tz t w e rd en , da  die U n g en au ig k e it der 
d am a ls  b ek a n n te n  W e rte  d e r G ru n d k o n s ta n te n  in  die B estim m u n g  d er M aß­
e in h e ite n  ü b ergegangen  w äre .

P lancks V o rsch lag  k ö n n te  auch  h e u tz u ta g e  n ic h t v e rw irk lich t w erden , 
m it A usnahm e d er E in h e ite n  von Z eit u n d  L änge.

D as is t d a d u rc h  m öglich , daß in  d er D im en sio n  der L ich tgeschw ind ig ­
k e it  n u r  Z eit und  L än g e  V orkom m en u n d  d aß  d u rc h  c eine V erb in d u n g  zw ischen 
d iesen  E in h e iten  b e s te h t .

W äh ren d  die P rä z is io n  des M e te rs ta n d a rd s  10 ~8 b e trä g t , e rre ich t die
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P rä z is io n  des S ek u n d estan d a rd s  10 ~ 12. E s w äre  au ch  aus p ra k tisc h e n  G rü n d en  
w ich tig , diese D ifferenz  von v ie r G rö ß en o rd n u n g en  zu ü b e rb rü ck en . F rü h e r  
w u rd e n  die F req u en zen , m it H ilfe des b e k a n n te n  W ertes der L ich tg esch w in ­
d ig k e it, aus W ellen längenm essungen  b e re c h n e t. D ie a u f  diese W eise e rh a lte n e n  
F req u en zw erte  k o n n te n  jedoch  die G en au ig k e it d e r L ich tg esch w in d ig k e it n ic h t 
ü b ersch re iten .

D erzeit k a n n  m an  die F req u en z  m it g rö ß ere r G enau igkeit m essen  als die 
L ich tg esch w in d ig k e it, weil die M essung d e r S chw ingungszahlen  eine d u rc h  die 
G en au ig k e it d er A to m u h ren  b e s tim m te  Z e itm essu n g  is t, wogegen d ie  G en au ig ­
k e it  d e r L ich tgeschw ind igkeit von  d e r jew eiligen  M eterdefin ition  a b h ä n g t.

N ach  E rsch e in en  des L asers h a t  T ow nes d a ra u f  au fm erk sam  g e m a c h t, 
d aß  d u rch  die M essung op tischer F re q u e n z e n  die M aßeinheiten  v o n  L änge  
u n d  Z eit m it H ilfe  der L ich tg esch w in d ig k e it m ite in an d er in  V e rb in d u n g  
g e b ra c h t w erden  k ö n n en  [2].

E in  au f d er L ich tg esch w in d ig k e it b e ru h e n d e r e inheitlicher Z e it-  u n d  
L ä n g e s ta n d a rd  w u rd e  von Bay  u n d  L uth er  vorgesch lagen  [3, 4 ].

D ie G rund idee  dieses V orschlages b e s te h t d a rin , daß  a n s ta t t  d e r  B e s tre ­
b u n g  die G en au igke it der M ete rd e fin itio n  zu erh ö h en , die L ich tg esch w in d ig ­
k e it  als G ru n d k o n s ta n te  au fgefaß t w e rd en  so llte , w odurch  das M eter e ine  neue  
D efin itio n  e rh ä lt. D ie vom  L ich t in  e in er S ekunde  zurückgeleg te E n tfe rn u n g , 
d . h . die sog. »L ichtsekunde« soll in  M ete r au sg ed rü ck t, und  diese M e te rz a h l 
v o n  einem  in te rn a tio n a le n  A usschuß ein  fü r  a llem al b es tim m t w erd en . D em ­
n a c h  w ird  die G en au ig k e it der M e te rd e fin itio n  im m er dieselbe sein, als d ie der 
D e fin itio n  der S ek u n d e , d. h. sie e r re ic h t die G enau ig k e it der jew eiligen  A to m ­
u h re n .

E s is t eine g ru n d sä tz lich e  F ra g e  zu  k lä ren , ob die F o r tp f la n z u n g  des 
L ich te s  im  V ak u u m  freq u en zab h än g ig  is t oder n ic h t. E ine  even tue lle  V a k u u m ­
d isp e rsio n  w ürde  d ie  E in fü h ru n g  des n eu en  S ystem s verh in d ern , w eil d a n n  
d ie  L ich tg esch w in d ig k e it m it e iner k o n s ta n te n  Z ahl n ich t c h a ra k te r is ie r t  w e r­
d en  k ö n n te .

A ufg rund  d er Z eitsp ieg e lu n g ssy m m etrie  w ird  von  der a llg em ein en  D is­
pers io n sth eo rie  die B ed ingung  g es te llt, d aß  eine even tuelle  V ak u u m d isp e rs io n  
d e r L ich tg eschw ind igke it n u r von  d en  g e rad zah lig en  P o ten zen  d e r F re q u e n z  
a b h än g ig  sein k a n n . Die spezielle R e la tiv itä ts th e o r ie  b e ru h t (u n te r  a n d e ren ) 
a u f  d e r k o n s ta n te n  L ich tgeschw ind igke it.

M it H ilfe d er L o ren tz -T ran sfo rm a tio n  h ab e n  B ay  und  W h it e  n a c h ­
gew iesen, daß  die V era llgem einerung  d er T heorie  eine Ä n d eru n g  des B re ­
chungsind izes n a c h  d er Form el

n’ = l  +  4  (2)
V 2

z u lä ß t (wo A  k o n s ta n t  ist).
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D ieses E rg eb n is  is t  fü r  alle sich im  V a k u u m  fo rtp flan zen d en  W ellen  
g ü ltig , w eil n ich ts  v o n  A r t  u n d  Q u an tis ie ru n g  d e r  W ellen  v o rau sg ese tz t w u rd e . 
F o rm e l (2) g ilt au ch  fü r  die q u an tis ie rten  de B ro g lie -W ellen; in  d iesem  F a lle  is t

A  =  — {m0 c2/h )2 ,

w o m 0 die R u h em asse  des Teilchens b e d e u te t,  d . h . F orm el (2) is t  au ch  fü r  
e in  P h o to n  m it e in er en d lich en  R uhem asse g ü ltig .

W ü rd e  in  d e r D ispersionsfo rm el e in  G lied  vom  T yp  Bv2 V orkom m en, 
w ü rd e  dies das R e la tiv itä tsp r in z ip  v erle tzen . D en n o ch  haben  B a y  u n d  W h it e  
fü r  d ie  A u sw ertung  d e r  a u f  eine F re q u e n z a b h ä n g ig k e it der L ich tg esch w in d ig ­
k e it  h inw eisenden  D a te n , die Form el

n2 = ! + - -  +  B v - (3)
V2

an g ew en d e t, weil d ie  G ü ltig k e it der E in s te in sc h e n  R e la tiv itä ts th e o rie  be i seh r 
k le in e n  W ellen längen  v o n  m anchen  F o rsc h e rn  in  F rage geste llt w ird . A u f­
g ru n d  d er m o d ern s ten  M eßergebnisse h a b e n  B a y  u n d  W h it e  n ach  F e s tle g u n g  
v o n  O bergrenzen  fü r  d ie  K oeffiz ien ten  A  u n d  В  d e r Form el (3) nachgew iesen , 
d a ß  v o m  B ereich d e r M ikrow ellen  bis zu d em  d e r  u ltra v io le tte n  S tra h le n  die 
D isp e rs io n  des L ich tes  n ic h t  größer als 1 0 -2° se in  k an n .

D ie p ra k tisc h e n  V orausse tzungen  d e r  E in fü h ru n g  eines e in h e itlich en  
R a u m -Z e it M eßsystem s w u rd e  von B a y  m it d en  fo lgenden  zwei B ed in g u n g en  
an g eg eb en :

1. D ie L ich tg esch w in d ig k e it m uß  b is z u r  G enauigkeit des K ry p to n -  
s ta n d a rd e s  b e k a n n t sein .

2. E s m üssen d ie  V orausse tzungen  d a z u  geschaffen  w erden , d aß  die 
M essung  d er o p tisch en  F req u en zen  in  a llen  B e re ich en  des S p ek tru m s a u f  die 
S ta n d a rd fre q u e n z  bezo g en  w erden  können .

M it der E n tw ic k lu n g  neuer, sowie m it  d e r  V erbesserung  a lte r  M eß­
m e th o d e n  können  d iese  B ed ingungen  in  n ä c h s te r  Z u k u n ft e rfü llt w erden .

Im  Ja h re  1973 sch lu g  das Com ité In te rn a t io n a l  des P o ids e t M esures 
d re i M öglichkeiten  fü r  die E in fü h ru n g  des n e u e n  M eters vo r: m it H ilfe  eines 
in f ra ro te n  Lasers (m it e in e r V akuum w ellen länge v o n  X =  3 392 231,40 • 1 0 -12 
m ), m it  H ilfe eines ro tfa rb ig e n  Lasers (m it e in e r V akuum w ellen länge v o n  
X =  632 991,399 • 1 0 -12 m ), oder durch  die A n n a h m e  eines n euen  W erte s  fü r  
die L ich tg esch w in d ig k e it (c =  299 792 458 m  s e c -1 ). Die U n sich erh e it bei 
je d e n  d ieser d rei W e rte  b e trä g t  4 • 10-9 . E s  m u ß  b e to n t w erden , d aß  diese 
n u r  vorgesch lagene, n ic h t  ab er angenom m ene W e rte  sind.

D ie F rage eines e in h e itlich en  R au m -Z e it M eßsystem s is t noch  n ic h t e n t ­
sch ied en , da das K o m ite e  sich bisher je d e r  S te llu n g n ah m e d a rü b e r  e n th ie lt,
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d u rc h  w elches d ieser d re i W erte  das M ete r d e f in ie r t w erden  soll. B em erk en s­
w e rt is t  aber d er V orschlag  des M e te rk o m itee s , w onach  im  F a lle  d e r  A n n ah m e 
eines neuen  M e te rs tan d a rd s  d er d e rz e it vo rgesch lagene W ert d e r  L ich tg e ­
schw ind igke it n ic h t g eän d ert w erd en  soll.

E s sei noch  e rw ä h n t, daß  be i d en  p la n e ta r isc h en  R a d a r-E x p e rim e n te n  
d er v o n  F r o m m e  gem essene c -W ert als e in  angenom m ener W e rt o hne  U n ­
s ich e rh e it (c =  299 792 500 m se c -1  m it 3 • 10 _7 re la tiv e r  U n g ew iß h e it) v e r­
w e n d e t w ird , obw ohl die G enau igkeit dieses W erte s  m it zwei G rö ß e n o rd n u n g en  
n ied rig e r is t als die des gegenw ärtigen  W e rte s . F r o m m es  M essung w u rd e  im  
J a h re  1958 a u f  e in er W ellenlänge v o n  4 m m  d u rch g efü h rt [5].

E s  sei h ie r d e r S ta n d p u n k t v e r t r e te n , d aß  der von  B a y  u n d  L u t h e r  
vorgesch lagene M e te rs ta n d a rd  bei e in igen  M essungen von  h ö c h s te r  G en au ig ­
k e it d e r  kosm ischen  G eodäsie b e re its  j e t z t  e in g e fü h rt w erden  soll, ü b e rw ieg en d  
bei je n e n  M essungen, wo die a tm o sp h ä risc h e  R efrak tio n  keine w esen tliche  
R olle sp ie lt, z. B . bei der E in m essu n g  des a u f  den M ond a u fg es te llten  L a se r­
spiegels, oder bei d er so g en an n ten  sa te llite - to -sa te llite  track in g -M eth o d e .

W ü rd e  die v o n  P o n t e c o r v o  v o rau sg esag te  N eu trin o -K o n v e rs io n  sich 
als w a h r  erw eisen, w ird  es n ich t au sgesch lossen  sein, daß  — ob zw ar m it  einem  
ries ig en  K o sten au fw an d  — E n tfe rn u n g sm e ssu n g e n  von h ö ch ste r  G en au ig k e it 
zw ischen  zwei P u n k te n  m it H ilfe  v o n , d ie  E rd e  d u rch d rin g en d en  N e u tr in o ­
s trö m e n  d u rch g e fü h rt w erden  k ö n n en . I n  d iesem  Falle w ird  d er G eb rau ch  des 
e in h e itlich en  R au m -Z e it System s u n v e rm e id lic h  sein.
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СКОРОСТЬ СВЕТА И НОВЫЙ МЕТР В ГЕОДЕЗИИ
Г .  Ф Е Л Ь Ш Ё

РЕЗЮМЕ

Огромное развитие в области теоретической и экспериментальной физики выдви­
гало скорость света с как фундаментальный констант, который имеет большое значение во 
многих отраслях науки. В результате возможности высокоточных измерений оптических 
чатот, с можно определить с точностью эталона метра. Кроме этого скорость света оказа­
лась с поразительной точностью постоянной и независимой от частоты.

По предложению Баи вместо нового определения метра на основе нового эталона 
расстояния, предпочтительно создать единую систему измерения времени и расстояния, 
где определение секунды и метра проводится взаимосвязанно через определенное значение 
скорости света. Подчеркивается необходимость введения этого нового стандарта в некото­
рых геодезических измерениях.
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EARTH TIDES IN GEODYNAMICS
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A sh o rt m a th e m a tic a l desc rip tio n  is g iven  a b o u t  th e  com position  of a t id a l  re c o rd . 
G eodynam ic in fo rm a tio n s  included  in  t id a l  reco rds a re  rev iew ed . To o b ta in  these  in fo rm a tio n s ,  
i t  is necessary  to  im p ro v e  th e  ev a lu a tio n  m eth o d s a n d  th e  co tida l m aps as well a s  to  c a rry  
o u t a g rea te r n u m b er o f p a ralle l m easu rem en ts.

T he in s tru m e n ts  record ing  th e  E a r th  t id e s  e ffec t m easure b o th  th e  ch an g e  
o f th e  m ag n itu d e  o f  th e  g rav ity  v e c to r  an d  th e  d ire c tio n  change o f th e  g ra v ity  
v ec to r:

zJg(/1r, At) =  g(r0t0) —  g(r, t) (1)

w here  th e  v ec to rs  r0, r are  th e  p o sitio n  v e c to rs  o f  th e  observ a tio n  p o in t  a t 
epoch t0 an d  epoch  t, resp ec tiv e ly .

I f  th e  E a r th  is m odelled  as a rig id  b o d y , th e n :

Ar(t) =  0

and

d g (r0, d t)  =  T £ (r0, At) +  Ф(r 0, At) (2)

w here th e  v ec to rs  Tg an d  Ф deno te  th e  E a r th  t id e s  effect and  th e  n o n -lu n iso la r  
g lobal effect (p la n e ta ry , cosm ic, e tc .), re sp e c tiv e ly . T he vector is u su a lly  
called  th e o re tic a l E a r th  tid e s . G enera lly , th e  fo llow ing  re la tio n  is v a lid  b e tw e e n  
th is  tw o  effects:

I T £ I >  I ф  I . (3)

I f  th e  E a r th  is assum ed  as a p e rfec t e la s tic  body , th en :

Ar(t) ^  0 (4)

i.e. th e  o b se rv a tio n  p o in t m oves p e rio d ica lly  in  consequence o f th e  e la s tic  
defo rm atio n . W ith  re sp ec t to  th e  re la tio n  (3) th e  non -lun iso la r g lobal e ffec t can
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b e  n e g le c te d , because th e  ch an g e  of th e  g r a v i ty  v e c to r  is:

A g (A r 0, At) =  T E(r0, At) +  T D(r0) +  TA(r0, At) (5)

w h e re  v e c to r  Тд d eno tes th e  effect caused  b y  th e  deform ation  a n d  v e c to r  TA 
t h a t  c a u se d  b y  th e  m ass rea rre n g em e n t. A cco rd in g  to  Love th e  E a r t h  tid e s  
c a n  b e  described  w ith  a p o lih a rm o n ica l series:

Ag(t, f i )  =  T E(a>,i -f- (pi) +  TD(co,f +  <pi) -f- TA(w,t -f- <pj) . (6)

A c c o rd in g  to  L ove’s th e o ry  th e  vec to rs T D a n d  TA can be e x p re ssed  as th e  
l in e a r  co m b in a tio n  o f th e  v e c to r  TE:

A g  =  T E +  K 0 T E =  (E  +  K 0)TE (7)

w h e re  m a tr ix  E  -|- K 0 is a d iagona l m a tr ix , a n d  its  valuab le  e lem en ts  a re  th e  
l in e a r  co m b in a tio n s o f  th e  L ove num bers. T h e y  a re  th e  so-called E a r th  tid es  
fa c to rs .

I f  an  e lastic -p lastic  E a r th  m odel is t a k e n  —  w hich is th e  b e s t a p p ro x i­
m a tio n  fo r th e  real E a r th  —  a phase lag  e, a p p e a rs  in  th e  te rm  o f t h e  d e fo r­
m a t io n  as w ell as in  t h a t  o f  th e  re a rra n g e m e n t:

T д  =  T D (cOit  -f- (pi +  £,) (8)

a n d

T A =  TA(a>,( +  (pi +  £i) •

I n  co n seq u en ce  of th is  e ffec t th e re  is a d is to r t io n  in  th e  E a r th  t id e s  fa c to r , 
f u r th e r  a phase  lag in  co m p ariso n  to  th e  p e rfe c t elastic  m odel. In  a d d it io n  to  
th e s e  a n  in d irec t effect (lo ad in g  effect T E) a p p e a rs  as a re su lt o f  th e  ocean 
tid e s , to o :

^ g (L  Vi) =  T E(co,t +  (pi) 4- K 0TE(<u,t +  qn +  xi) +  TL(wit +  (pi - f  x t) . (9)

E q u a tio n  (9) in c lu d es a ll th e  effects o f  lu n iso la r  origin reco rd ed  w ith  our 
in s tru m e n ts .  A t th e  sam e tim e  th e  in s tru m e n ts  re a c t  not on ly  to  th e  lu n iso la r  
e ffe c t b u t  also to  o th e r  e ffec ts  arised  b y  loca l o r reg io n a l reasons su ch  as c ru s ta l 
m o v e m e n ts , local m o v em en ts , m ovem ents d u e  to  a rtifica l a c tiv itie s , e tc . O ur 
in s t ru m e n ts  record  th e m  to g e th e r  w ith  th e  lu n iso la r  effect. T h ere fo re , E q . (9) 
sh o u ld  b e  tran sfo rm ed  in to  th e  follow ing fo rm :

zlg(t) =  T(t) +  Щ  (10)
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w here v e c to r  T d en o te s  th e  lun iso lar effect a n d  v e c to r  S th e  local e ffec t. T hese 
g ra v ity  changes a re  re a l  changes from  th e  p o in t o f  view  o f th e  m e a su re m e n t 
te c h n iq u e . H ow ever, som e n on-rea l effects su ch  as te m p e ra tu re , a ir  p ressu re  
an d  in n e r changes in  th e  in s tru m e n t h av e  also a n  in fluence  on th e  o u tp u t  signal. 
T h u s, a signal re c o rd e d  b y  an  E a r th  t id a l  in s tru m e n t consists o f th re e  p a r ts :

l( t)  =  T(t) +  S(t) +  D (t) . (11)

H ere  th e  te rm  D (t) d en o te s  th e  non -rea l p a r t .
S u m m arized , th e  g lobal an d  reg io n a l/lo ca l geodynam ic in fo rm a tio n s  are 

in c lu d ed  in  th e  re c o rd e d  signal. A lthough  th e  g loba l in fo rm ations re p re se n te d  
b y  t id a l  fac to rs  co n cern  p rim a rily  to  th e  in n e r  e la s tic  p roperties o f  th e  g lobal 
E a r th ,  b u t  experiences show  th a t  th e  v a lu e  o f  th e se  fac to rs d ep en d  o n  th e  
g eograph ica l s ite  o f  th e  o b se rv a tio n  p o in t, to o . T herefo re, th e  in fo rm a tio n s  
a b o u t th e  te c to n ic a l s tru c tu re  are in v o lv ed  in to  th e  d is tr ib u tio n  o f  th e  tid a l 
fac to rs .

F o r  th e  use o f  th e  t id a l records fo r g eo d y n am ic  purposes i t  is e ssen tia l 
to  s e p a ra te  th e  th re e  te rm s  as sh a rp ly  as possib le . This se p a ra tio n  c a n  be 
ach ieved  b y  tw o  s tep s . T h e  f ir s t  s tep  is th e  s e p a ra tio n  of th e  lu n iso la r a n d  th e  
n o n -lu n iso la r p a r t ,  a n d  th e  com parison  o f  th e  reco rded  lu n iso la r p a r t  w ith  
th e  th e o re tic a l tid e s . T h is com parison  y ie ld s th e  tid a l fac to rs an d  th e  p h ase  
lags. T h e  severa l e x is tin g  m ethods can  be c la ssified  to  th ree  g roups [Wenzel, 
1977]:

1. d e te rm in is tic  m e th o d s , in  w hich th e  reco rd s are only  d esc rib ed  by  
a d e te rm in is tic  m odel (e.g . F o u rie r ana lysis),

2. s to ch astic  m e th o d s , in  w hich th e  re c o rd e d  d a ta  are h a n d le d  as s to ­
ch astic  va riab les ,

3. m ixed  m e th o d s , in  w hich a d e te rm in is tic  m odel is app lied  to  describe  
th e  reco rd s, b u t  a su p erp o sed  w hite  noise is also  assum ed.

T h e  m ethods o f  th e  th ird  group are  m o s t fre q u e n tly  app lied  to  e v a lu a te  
th e  t id a l  records. T h ese  m eth o d s can  also be  u sed  for th e  e v a lu a tio n  o f  th e  
g ap p y  d a ta  series in  c o n tra d ic tio n  to  th e  o th e r  ones. I t  is well kn o w n  t h a t  the  
t id a l  d a ta  series h a v e  o fte n  gaps in  consequence  o f  tech n ica l an d  o th e r  reasons. 
In  th e se  m eth o d s a d e te rm in a te d  fu n c tio n  is assum ed  for th e  d e sc r ip tio n  of 
th e  non -lu n iso la r p a r t  (e.g. V enedikov m eth o d ) [Venedikov, 1966.] T h erefo re , 
th e  no n -lu n iso la r p a r t  is fo rced  in to  an  a p p ro p r ia te  form . To get a  m ore  co r­
re c t fo rm  of th e  lu n iso la r  p a r t  th e  m eth o d s b a se d  on the  o p era tio n s o f d a ta  
d ifferences are  p re fe rred  [Usandivaras a n d  D ucarme, 1969; Bartha, 1973]

T h e  f irs t  s tep  y ie ld s  th e  tid a l fac to rs  a n d  th e  phase lags from  th e  lu n i­
so lar p a r t  in d e p e n d e n tly  from  th e  app lied  m e th o d . F u r th e r  i t  y ie ld s a d a ta  
series inc lud ing  th e  non -lu n iso la r real e ffec ts  a n d  th e  non-real e ffec ts , re ­
sp ec tiv e ly  (n o n -tid a l p a r t) .
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L e t us see th e  t id a l  fa c to rs  an d  th e  p h a se  lags from  th e  p o in t o f  v iew  
o f  geodynam ics. A ccep tin g  a n  E a r th  tid a l m odel anom alies can  be g o t be­
tw e e n  th e  m odel an d  th e  t id a l  p a ra m e te rs . T h ese  anom alies can  be in te r ­
p r e te d  as the  load ing  e ffec t and  th e y  co n s id e ra b ly  depend  on th e  te c to n ic a l 
s t r u c tu r e  betw een th e  o b se rv in g  p o in t an d  th e  lo ad in g  area. B y  m o d elling  th e  
s t r u c tu r e  and  app ly ing  th e  f in ite  e lem ent m e th o d s , th e  tec ton ic  m odel itse lf  
c a n  b e  te s te d . N ow adays th e  f irs t  s tep  of th e  d ev e lo p m en t of th is  te c h n iq u e  
c a n  b e  observed [Beaumont, 1972], b u t  b e t te r  co tid a l m aps a re  e ssen tia l 
fo r  i t s  success.

I n  respect of th e  se p a ra te d  n o n -tid a l p a r t  th e  essen tia l p ro b lem  is to  
s e p a r a te  th e  real an d  n o n -re a l te rm s. O ne o f  th e  possible so lu tions o f  th is  
p ro b le m  is to  d e te rm in e  an  an a ly tica l fo rm  fo r th e  n o n -tid a l p a r t .  I f  p a ra lle l 
re c o rd in g  has been c a rr ie d  o u t w ith  d iffe ren t in s tru m e n ts  on th e  sam e p lace , 
th e r e  is a chance to  g e t th e  re a l p a r t  based  o n  th e  com m on p a r t  o f th e  a n a ly t­
ic a l fo rm s  [ B art h a , 1979] .

A fte r  th is  sh o rt re v ie w  i t  is clear t h a t  th e  t id a l  records in c lu d e  m a n y  
in te re s t in g  in fo rm atio n s on  geodynam ic e ffec ts , b u t  for o b ta in in g  th e m  it 
sh o u ld  be  necessary:

— to  im prove th e  c o tid a l m aps,
— to  im prove th e  m odelling  of th e  la te ra l  inhom ogeneities,
— to  increase th e  n u m b e r  of th e  re c o rd in g  in s tru m en ts  to  c a r ry  o u t 

m ore p ara lle l reco rd in g s,
— to  im prove th e  e v a lu a tio n  te c h n iq u e  o f  th e  n o n -tida l p a r t .
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ЗЕМНЫЕ ПРИЛИВЫ В ГЕОДИНАМИКЕ
Г. БАРТА

РЕЗЮМЕ

Дается краткое математическое описание о составляющих регистрации земных 
приливов. Рассматриваются геодинамические информации, полученные в процессе ре­
гистраций. Для получения этих информаций необходимо улучшить обработку данных и 
котидальных карт, а также произвести большего числа параллельных измерений.
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HORIZONTAL PENDULUM WITH CAPACITIVE 
TRANSDUCER

GY. M E N T E S

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

T he p a p e r d eals w ith  th e  d ig itiz in g  p ro b lem s o f th e  p en d u lu m  reco rd ings. I t  describes 
new  ho rizo n ta l p en d u lu m s supp lied  w ith  cap a c itiv e  tran sd u ce rs . A  d e ta iled  d e sc rip tio n  o f th e  
te s t  to  in v estig a te  th e  effect o f d iffe ren t c ap a c itiv e  tran sd u ce rs  on  th e  o p e ra tio n  o f p e n d u lu m s 
is g iven.

1. In tro d u c tio n

The effect o f  th e  E a r th  tid e s  is th e  re su lt o f tw o forces, i.e. th e  a t t r a c t iv e  
fo rce  deriv ing  fro m  th e  m ass o f th e  E a r th  an d  th e  cen trifu g a l force d e riv in g  
fro m  th e  ro ta tio n  o f th e  E a r th  a c tin g  a t  each  p o in t of th e  su rface  (F ig . 1). 
T h e  re su lta n t is th e  force of g ra v ity  w ith  a  periodic change in  co n seq u en ce  
o f  th e  ro ta tio n  o f th e  E a r th .  T h is period ic  change b rings a b o u t a  perio d ic  
d e fo rm a tio n  on each  p o in t o f th e  su rface  o f th e  E a r th . T he m a g n itu d e  o f  th e  
d e fo rm a tio n  depends on th e  c o n s tru c tio n  an d  e la s tic ity  of th e  E a r th .  H en ce , 
th e  record ing  o f  th e  change o f  g ra v ity  force can  give in fo rm a tio n s  on  th e  
e la s tic ity  o f th e  E a r th  an d  lik e ly  on  th e  tec to n ic  co n stru c tio n  o f th e  E a r th ’s 
c ru s t . F u r th e r , th e  effect o f th e  E a r th  tid e s  m u st be ta k e n  in to  a c c o u n t a t  
p rec is io n  geodetic  m easu rem en ts . T hese prob lem s req u ire  th e  m o re  e x a c t 
m easu rem en t o f  th e  E a r th  tid e s . I n  th e  h is to ry  of E a r th  tid e s  m e a su re m e n ts  
th e  f ir s t  a tte m p ts  w ere to  m easu re  a n y  changes p roduced  b y  E a r th  tid e s  effect 
in  th e  d irec tio n  o f  th e  g ra v ity  v e c to r  b y  m eans of v e rtic a l p e n d u lu m s. T he 
se n s itiv ity  of th e se  p en d u lu m s, h o w ev er, w as n o t enough to  m easu re  th e  E a r th  
tid e s . H e n g l e r  solved th e  p ro b lem  in  1832 by  in v en tin g  th e  h o riz o n ta l 
p en d u lu m  w ith  a m uch  g rea te r  m ech an ica l am p lifica tio n  as th a t  o f th e  v e r tic a l 
p en d u lu m . In  1872 th e  h o riz o n ta l p en d u lu m  w as im proved  b y  Z ö l l n e r  w ith  
th e  special suspension  o f  th e  p e n d u lu m  arm . Z öllner’s suspension  h as  been  
w orldw ide  used. T he Z öllner p e n d u lu m  (F ig . 2) consists o f a b ra c k e t  fix e d  
on  a  v e ry  rig id  base  p la te ; la t te r  s ta n d s  on a fix ed  p o in t an d  on tw o  levelling  
screw s L x and  L 2. A t th e  p o in ts  A  an d  В  tw o  m eta l w ires are  c la m p e d  an d  
th e ir  o th e r ends are  fix ed  a t  th e  p o in ts  C an d  D  to  a h o rizo n ta l m e ta l a rm .
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P o in ts  А ,  В , C, D  lie  on  th e  sam e v e rtic a l p la n e . T h u s, th e  ro ta tio n  axîs of 
th e  a rm  is th e  line A  — В  w h ich  can be se t a lm o s t v e r tic a l b y  su itab le  m a n ip ­
u la t io n  o f th e  lev e llin g  screw s. The levelling  screw s are  s itu a te d  a t  th e  tip s  
o f  a  r ig h t-an g led  tr ia n g le . Ь г is th e  “ sensitive  sc rew ”  an d  L 2 th e  “ d rif t screw ” . 
B y  tu rn in g  Lj one m o d ifie s  th e  angle i an d  so th e  se n s itiv ity  of th e  p en d u lu m  
w ill be  changed. B y  tu r n in g  the  screw L 2 one c a n  change th e  eq u ilib riu m  
p o s itio n  of the  p e n d u lu m  arm .

T h e  m oving o f  th e  pen d u lu m  arm  c a n  be  reco rd ed  p h o to g rap h ica lly  
b y  m ean s of a lig h t b e a m  re flec ted  from  a m ir ro r  fix ed  on th e  p en d u lu m  arm  
to  th e  p h o to g rap h ic  p a p e r  on a d ru m  ro ta t in g  a ro u n d  its  h o rizo n ta l axis. 
T h e  d isad v an tag es o f  th is  reco rd ing  are:

l .T h e  record  b eco m es visible only a f te r  th e  dev e lo p m en t of th e  p h o to ­
g ra p h ic  paper.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



HORIZONTAL PENDULUM 271

2. To get th e  re q u ire d  o p tica l a m p lif ic a tio n  a d istance  of a b o u t 4 — 5 m 
b e tw een  m irro r a n d  p h o to d ru m  and so a r a th e r  la rge  room  fo r reco rd in g  is 
n ecessary .

3. E ach  change o f  th e  pho to g rap h ic  p a p e r  d is tu rb es  th e  p en d u lu m s.
4 . C hecking a n d  a d ju s tin g  of th e  p e n d u lu m s m u st he done in  dark n ess .
5. T he analogous reco rd s  o f the  p en d u lu m s m u st be read  o u t an d  ty p e d  

in to  a  co m p u te r g iv in g  occasion  to  a lo t o f  m is tak es .
T he d isad v an tag es  a n d  th e  d eve lopm en t o f  th e  co m p u tin g  tech n iq u es  

req u ire s  th e  d ev e lo p m en t o f  pen d u lu m  reco rd in g , too . The m ain  p ro b lem s are 
to  re a d  ou t th e  analogous reco rds of th e  p e n d u lu m s  and  to  ty p e  th e  d a ta  in to  
a co m p u te r . The so lu tio n  o f th is  p roblem  is th e  d ig itiz ing  of th e  p en d u lu m  
reco rds.

2. M ethods of digitizing Earth tides records

T here  are tw o  w ay s to  ge t a d ig ita l s ig n a l fro m  a h o rizo n ta l p en d u lu m :

1. In d ire c t d ig itiz in g  (F ig . 3).

A n analogous re c o rd  e.g. a p h o to reco rd  m ad e  b y  a p h o to d ru m  or a 
reco rd  m ade b y  a n  e lec tric  s tr ip  c h a rt re c o rd e r  can  be d ig itized  b y  m eans 
o f a  cu rv e  d ig itize r a n d  c a n  be processed d ire c tly  b y  a co m p u ter. I n  th is  case 
th e  irreg u la ritie s  o f  th e  reco rd  can  be co rrec ted  m an u a lly , how ever, th e  evalu-

Pendulum

Fig. 3.

Capacitive
pendulum

Digital data_
Computer

Results
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a tio n  o f  th e  record  is a v e ry  t ir in g  w ork. M oreover, th is  m eth o d  h a s  a d is­
a d v a n ta g e :  th e  d ig ita l d a ta  c o n ta in  th e  e rro r  o f th e  analogous re c o rd e r  of 
a b o u t  0 .5 —2 % , too.

2 . D ire c t d ig itizing  (F ig . 4).

T h is  m ethod  req u ires  h o riz o n ta l p en d u lu m s w ith  d ig ita l s ignal o u tp u t . 
T h is  c a n  be reached  b y  m ean s  of a tra n sd u c e r  tran sfo rm in g  th e  m ech an ica l 
r o ta t io n  o f  th e  p endu lum  a rm , i.e. an  angle in to  an  electric  signal. T h is  a n a l­
ogous o u tp u t  signal o f th e  p e n d u lu m  can be d ire c tly  d ig itized  b y  m ean s of 
an  A — D  co n v erte r and  re c o rd e r  on a  p u n ch  or a m ag n etic  tap e . F o r  o b se rv in g  
th e  ir re g u la r itie s  of th e  re c o rd  i t  is adv isab le  to  reco rd  also th e  ana logous 
s ig n a l o f  th e  pendulum .

S in ce  1971 ex p e rim en ts  w ere m ade in  th e  G eodetic and  G eophysica l 
R e s e a rc h  In s ti tu te  o f th e  H u n g a r ia n  A cadem y  o f Sciences to  d ev e lo p  such  
a p e n d u lu m  [1].

3. C o n stru c tio n  of the  capacitive pendu lum

T h e  princip le of th e  c o n s tru c tio n  of th e  p en d u lu m  is s im ila r to  th a t  
sh o w n  in  F ig . 2. I t  has a Z ö lln e r suspension  as th e  T om aschek  — E llen b e rg e r 
p e n d u lu m s . The d im ension  o f  th is  suspension  is show n in  F ig . 5, w h ere  all 
sizes a re  given in m m . T h e  w e ig h t of th e  p e n d u lu m  arm  to g e th e r  w ith  th e  
m o v in g  p la te  of th e  c a p a c itiv e  tra n sd u c e r  is 47 g i ts  cen tre  of g ra v i ty  is S. 
T h e  m o v in g  p la te  of th e  d iffe re n tia l condenser is m o u n ted  on th e  p e n d u lu m  
a rm  (F ig . 6), and its w o rk in g  p rin c ip le  is b a sed  on  th e  change o f th e  su rfaces 
o f  th e  op p o site -s tan d in g  p la te s . T he in n e r c o n s tru c tio n  of th e  p e n d u lu m

A
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Fig. 7.

to g e th e r  w ith  th e  sh ie lded  capac itive  tra n sd u c e r  and  p re a m p lif ie r  is show n 
in F ig . 7.

To u n d e rs ta n d  i t  easier w hy  a d iffe ren tia l condenser is n e ed ed  an d  w h a t 
k in d  o f prob lem s ca n  a rise  b y  th e  a d a p ta t io n  o f th e  cap ac itiv e  tra n sd u c e r, 
le t us see th e  fo rm u la  o f  th e  cap ac ity  o f a  single p la te -co n d en ser:

C =  e0er 4  (1)
a

w here
C — th e  c a p a c ity  o f  th e  condenser 
e0 =  th e  d ie lec tric  c o n s ta n t o f th e  v acu u m
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er =  the re la tiv e  d ie le c tr ic  co n stan t o f th e  d ielectric  b e tw een  th e
p la te s

A  =  the  su rface o f  th e  op p o site -s tan d in g  p la te s  
d  =  the d is tan ce  b e tw e e n  th e  p la tes.

A s E q . (1) shows th e  c a p a c ity  of the  t ra n s d u c e r  can  be ch an g ed  b y  th e  
c h a n g e  o f  th e  dielectric  c o n s ta n t  and  th e  d is tan ce , to o . F o r th is  re a so n  th ese  
v a lu e s  m u s t  be k ep t c o n s ta n t .  T he change o f th e  d ielec tric  c o n s ta n t is th e  
r e a s o n  o f  th e  m ost p ro b le m s, because  its v a lue  d ep en d s  very  s tro n g ly  on th e  
c h a n g e s  o f  en v iro n m en ta l p a ra m e te rs  ( te m p e ra tu re , h u m id ity ) . A lth o u g h  th e  
a p p lic a t io n  of the  d iffe re n tia l condenser reduces th is  effect, i t  w ill n o t be 
e l im in a te d  to ta lly .

T h e  principle of o u r c a p a c itiv e  p endu lum  is th e  follow ing (F ig . 8): The 
d i f f e r e n t ia l  condenser h a s  b e e n  com pleted  to  a b rid g e  c ircu it b y  tw o  ca p a c i­
ta n c e s  o f  equal value. T h e  su p p ly  vo ltage  of th is  b rid g e  is p roduced  b y  a  sine- 
w a v e  o sc illa to r. The a m p li tu d e  o f th e  supp ly  v o lta g e  is 20 У  and  its  f req u en cy  
15 k H z . T h e  o u tp u t v o lta g e  o f  th e  bridge is d e te c te d  by  an  am p lifie r h a v in g  
a  h ig h  in p u t  and a low  o u tp u t  resistance. T he p re a m p lif ie r  is p laced  n e a r  to  
th e  tra n s d u c e r  and i t  t ra n s fo rm s  th e  high o u tp u t  im pedance  o f th e  b ridge  
to  a  low  one. So, th e  o u tp u t  v o ltag e  of th e  b rid g e  can  be t r a n s m itte d  on a 
sm a ll im p ed an ce  to  th e  s e p a ra te  e lectron ical u n i t  to  ensure a low er noise- 
s e n s i t iv i ty .  The p ream p lif ie r  is follow ed by  a se lec tiv e  am plifier an d  a  phase- 
s e n s it iv e  rec tifie r w hich e n a b le s  th e  sign-correct m e asu rem en t o f th e  d e v ia tio n  
o f  th e  p en d u lu m  arm  fro m  i ts  zero position . I t s  o u tp u t  signal c o n ta in s  y e t 
th e  f re e  oscillation of th e  p e n d u lu m . The p h ase -sen sitiv e  rec tifie r is fo llow ed 
b y  a  low -pass filte r fo r th e  f i l te r in g  of th e  free o sc illa tio n  o f th e  p en d u lu m . 
B o th  th e  phase-sensitive r e c t if ie r  and th e  low -pass f ilte r  are fo llow ed by  
a  D .C . am p lifie r w here th e  c lo ck  signal is su p e rp o sed  to  th e  f ilte re d  a n d  u n ­
f i l te r e d  o u tp u t signals. T h e  u n fil te re d  o u tp u t is n ecessary  for th e  m easu re ­
m e n ts  o f  th e  eigenperiod o f  th e  pendu lum  a t  th e  in s ta lla tio n  an d  o f  course 
a t  th e  reco rd ing  of th e  u n f i l te re d  signal, too , b ecau se  th e  u n filte re d  signal

Unfiltered Filtered
output output

Fig. 8.
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co n ta in s  y e t all in fo rm atio n s. T h e  filte red  o u tp u t  is also necessary  b ecau se  
e a r th  m o vem en ts in d e p e n d e n t from  th e  E a r th  tid e s  also excite  th e  p e n d u lu m  
an d  increase v e ry  m uch  th e  m ag n itu d e  o f th e  free  oscillation , and  t h a t  w ould  
s a tu ra te  th e  D .C. am p lifie r h av in g  a g re a te r  am p lify in g  th a n  th e  one  o f  u n ­
filte re d  o u tp u t. T he f i l te r  has a  cu t-o ff f re q u e n c y  o f 0.005 H z. T h is  o u tp u t  
gives a  sm o o th  signal easy  to  d ig itize.

Tw o p a irs  o f p en d u lu m s w ere b u ilt, in  th e  f i r s t  th e  capacitive tra n s d u c e r  
has an  a ir  d ie lec tric , in  th e  second an  oil d ie lec tr ic . Som e m easu rem en ts  w ere 
m ad e  to  in v es tig a te  th e  changes caused b y  th e  a d a p ta tio n  of th e  c a p a c itiv e  
tra n sd u c e rs  to  th e  p endu lum s.

4. T est of th e  capacitive pen d u lu m  w ith  a ir  dielectric

T he d ie lec tric  of th e  tra n sd u c e r  has no s ig n if ic a n t effect on th e  d a m p in g  
o f th e  m oving  o f th e  p en d u lu m  arm  and  so th e  eigenperiod  of th e  p e n d u lu m  
a rm  can  be m easu red . T h e  te s t  o f  th e  p e n d u lu m  w as m ade as fo llow s: a  sm all 
know n  t i l t  w as g iven  to  th e  p en d u lu m  b y  m ean s  o f  a  crapoud ine [2] p laced  
u n d e r  th e  d r if t  screw , an d  th e  d isp lacem en t o f  th e  p endu lum  arm  a t  d iffe re n t 
e igenperiods w as o p tica lly  an d  e lec trically  m easu red . The resu lts  c o m p a re d  
w ith  o th e r p en d u lu m s can  be seen in  F ig . 9a  w h ere :

Ф ,
N  =  —  = k T 2H (2)

<P

N  = the
Ф = th e

V = th e
к  = th e
T H = th e

s ta tic  se n s itiv ity  of th e  p e n d u lu m
angle o f  th e  d ev ia tio n  o f th e  p e n d u lu m  arm
angle o f th e  t i l t  o f th e  p en d u lu m
c o n s ta n t o f th e  in s tru m e n t
h o rizo n ta l eigenperiod.

T he d ed u c tio n  o f th e  above m en tioned  fo rm u la  can  be found  in  [3].
T he angle Ф w as m easu red  op tica lly  a n d  th e  re su lts  show t h a t  th e  d if­

fe re n t pen d u lu m s h av e  sim ilar ch a ra c te ris tic s , an d  th e  in s tru m e n t c o n s ta n t  
is p ra c tic a lly  th e  sam e as a t  o th e r p en d u lu m s. H I-175  and H I-1 7 5 /1  are  
cap ac itiv e  p en d u lu m s w ith  d iffe ren t c lam p in g  o f  th e  suspensory  w ire .

In  F ig . 9b th e  angle Ф is p lo tte d  a g a in s t th e  eigenperiod T H m e a su re d  
e lec trica lly . T he se n s itiv ity  o f th e  cap ac itiv e  tra n sd u c e r  was got f ro m  th e se  
m easu rem en ts:

S = 1.698
m V

sec. o f  a re
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О 10 20 30 ДО 50 Тн (sec)
Fig. 9а.
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5. Test of the capacitive pendulum w ith  oil dielectric

T he re la tiv e  d ielec tric  c o n s ta n t  of a ir is 1, t h a t  o f w a te r 80, th e re fo re  
a change in  th e  a ir h u m id ity  c a n  cause g rea t d is tu rb a n c e s  in  th e  E a r th  tid es  
record . F o r in su la tin g  th e  c a p a c itiv e  tra n sd u c e r from  h u m id ity  i t  is th e  best 
to  place i t  in to  oil. The oil b e tw een  th e  p la te s  o f  th e  condenser ensu res an  
aperiodic d am p in g  w hich is fu r th e r  ad v an tag eo u s  fo r th e  filte rin g  o f  th e  free 
oscilla tion  o f th e  pen d u lu m  a n d  of th e  m icroseism ic a c tiv ity .

F o r show ing th e  in flu e n c e  o f th e  oil to  th e  p en d u lu m  le t us solve th e  
d iffe ren tia l e q u a tio n  of th e  h o riz o n ta l p en d u lu m  in  a d iffe ren t w ay  as given 
in  [3]. F ig u re  10 gives sc h e m a tic  h o rizo n ta l an d  v e r tic a l view s of th e  su spended  
pen d u lu m  a rm  and  of th e  fo rces  ac tin g  on it . T h e  v e r tic a l line Z  an d  th e  r o ta ­
tio n  axis of th e  p endu lum  a rm  i.e. th e  line A B  fo rm  a sm all angle i w hich 
determ ines th e  sen s itiv ity  o f  th e  pendu lum . T h e  d iffe ren tia l e q u a tio n  o f th e  
pen d u lu m  is:

d20  АФ
0  - ---- - 4 - к ---------1- mg  sin  i  • sin  Ф г\Ф =  mgscp (3)

dt2 d t
w here

, d  Ф
к -----

df
mg sin i • sin Ф
Г}Ф =
mgs(p =

0
m
s

Ф

<P

th e  d a m p in g  te rm

=  th e  re s to rin g  m om ent o f  th e  g ra v ity
th e  re s to r in g  m om ent o f th e  su spenso ry  w ires
th e  m o m e n t derived  fro m  th e  d ev ia tio n  of th e  v ertica l
in  th e  p la n e  p e rp en d icu la r to  th e  p lane Z  a n d  A B
th e  m o m e n t of in e rtia
th e  m ass o f  th e  p en d u lu m  a rm
th e  d is ta n c e  betw een  th e  c e n tre  o f g ra v ity  a n d  th e  axis 
of ro ta t io n
th e  an g le  o f  ro ta tio n  of th e  p e n d u lu m  arm  
th e  an g le  of ro ta tio n  of th e  v e rtic a l.

0
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T h e  d iffe re n tia l eq u a tio n  c a n  be w ritte n  as follow s

w h e re

d 2 0

d t 2
+  2 ß ^  +  c o f-0  =  f -cp 

d t h
(4 )

2ß =  —  ; s in  —  - /0; со2 =  —  sin i +  —  .
0  ms 10 в

T h e  hom ogeneous p a r t  o f  (4) describes th e  m o v em en t of th e  p e n d u lu m  arm  
in  th e  tra n s ie n t period :

Ф" +  2 /3 0 ' +  со?Ф =  0 .  (5)

T h e  so lu tio n  of th is  h o m o g en eo u s d iffe ren tia l e q u a tio n s  is

Ф —  — ——- (e2li —
К  -  Я2

w h e re  =  —ß V  ß 2 — col; A2 =  — ß  — Vß2 — col.

I f  th e  d am p in g  is g rea t e n o u g h :

ß  >  со,-; ß 2 со? and  Aj 0 ; Д2 ^  — 2  ß .

T h is  ap p ro x im a tio n  is p o ss ib le  because th e  e igenperiod  of th e  p e n d u lu m  w ith ­
o u t  d a m p in g  is betw een  50 s a n d  120 s.

T h erefo re  th e  so lu tio n  w ill be

Ф =  _Wo (1 _  e_2^ =  o,e . T (! _  e- f )  (6)
2ß

1
w h e re  т = -----

2ß

oj0 =  the  angle v e lo c ity  o f th e  p en d u lu m  arm  a t crossing  o f  th e  zero 
position o f  th e  p en d u lu m  arm  

T =  the  tim e  c o n s ta n t  o f th e  p en d u lu m .

E q u a t io n  (6 ) is the  t r a n s ie n t  fu n c tio n  of th e  h o riz o n ta l p e n d u lu m  a n d  i t  is 
p lo t te d  in  Fig. 11. T his e q u a tio n  w ill describe th e  m ovem en t o f th e  pendu lum  
a rm , w h e n  a know n t i l t  (cp =  1 ) is given to  th e  p e n d u lu m  b y  m eans o f a crapou- 
d in e  p la c e d  under th e  d r if t  screw .

T h e  s ta tic  se n s itiv ity  o f  th e  p endu lum  ca n  be ca lcu la ted  fro m  E q . (6 ) 
to o . I n  th e  stabile s ta te  w h e n  t 0 0  i t t  w ill be

Ф  =  co0 • T
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B ecause  cp =  1 th e  s ta t ic  s e n s itiv ity  o f th e  p en d u lu m  is:

Ф
N  =  —  = с о „ - т .  (7 )

<P

T he values o f th e  tim e  c o n s ta n t x an d  th e  se n s itiv ity  N  c a n  be  d e te r ­
m in ed  d ire c tly  from  th e  o u tp u t  reco rd  as d e m o n s tra te d  in  F ig . 11. I n  F ig . 12 
th e  se n s itiv ity  N  is p lo tte d  a g a in s t th e  tim e  c o n s ta n t x. T he  re su lts  o f  th e se  
m easu rem en ts  prove th e  co rrec tn ess  o f th e  above ap p ro x im a tio n s  b ecau se  
th e  m easu red  and  c a lc u la ted  fu n c tio n  o f th e  s ta tic  sen s itiv ity  is th e . sam e.

E q u a tio n  (7) is v e ry  in te re s tin g  because i t  gives a possib ility  to  c a lib ra te  
th e  p en d u lu m  in  an  in d ire c t w ay , b y  m eans o f m easu ring  th e  tim e  c o n s ta n t  r .  
T h e  accu racy  o f th e  in d ire c t c a lib ra tio n  does n o t  su rpass th e  a c c u ra cy  o f  th e  
d ire c t c a lib ra tio n , b u t i t  c a n  be v e ry  usefu l a t  th e  in s ta lla tio n  o f  th e  p e n d u lu m s .

T h is capac itive  p e n d u lu m  w ith  oil d ie lec tric  gives a v e ry  sm o o th  o u t­
p u t  signal w ith o u t an y  f ilte r in g . T he signal can  be d ig itized  v e ry  easy .
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T h e  m ain  a d v a n ta g e  o f  th is  pen d u lu m  is th e  in sen sib ility  o f th e  t r a n s ­
d u c e r  to  th e  changes o f  e n v iro n m e n ta l p a ra m e te rs . T he sy s tem a tic  e rro r  arisen  
f ro m  dam ping  can  be  a v o id e d  b y  m eans o f  a  co rrec tio n  of th e  p en d u lu m  
re c o rd s  a t  th e  e v a lu a tio n .

6. Conclusion

I t  has been sh o w n  t h a t  th e  cap ac itiv e  t ra n s d u c e r  especially  t h a t  w ith  
o il d ie lec tric  is a re liab le  tra n s d u c e r  for h o riz o n ta l p en d u lu m s. Such pen d u lu m s 
a re  su ita b le  for th e  d e v e lo p m e n t of a “ zero m e th o d  t i l tm e te r”  w ith  a n  electric  
(p iezo e lec tric , m a g n e to s tr ic tiv e )  d ila tab le  c ra p o u d in e  w here  th e  h a rm  effect 
o f  th e  suspensory  w ires  c a n  be avoided . I n  consequences of th e  accu racy  
o f  th e  m easu rem en t w ith  cap ac itiv e  p e n d u lu m s m a y  be som ew hat g rea te r 
t h a n  th a t  of th e  t r a d i t io n a l  E a r th  tides reco rd in g . T he d a ta  p rocessing  will 
b e  f a s te r  and  m ore re lia b le  a lth o u g h  th e  re c o rd  o f  th e  analogous signal rem ain s 
f u r th e r  necessary, since  th is  one contains all th e  in fo rm atio n s.
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НАКЛОНОМЕР С ЕМКОСТНЫМ ПРЕОБРАЗОВАТЕЛЕМ
Д . М Е Н Т Е Ш

РЕЗЮМЕ

В статье рассматриваются проблемы преобразования регистрации наклономеров в 
цифровую форму. Описывается новый наклономер с емкостным преобразователем. Дается 
детальное описание теста для исследования влияния разных емкостных преобразователей 
на режим наклономера.
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F o r increasing  th e  a c c u ra c y  of th e  leveling th e  sy s te m a tic  errors o f th e  in v a r  lev e lin g  
ro d s m u s t be  ta k e n  in to  a c c o u n t. I t  is ex p ed ien t to  p e rfo rm  th e  ca lib ra tio n  of th e  ro d s  in  tw o  
step s ( lab o ra tó riu m  a n d  f ie ld  ca lib ra tio n ). F o r such a tw o  s te p  te s tin g  of leveling  ro d s  a  fie ld  
c o m p a ra to r  device is re q u ire d  w h ich  is conven ien tly  m an a g ea b le  in  fie ld  co n d itions a n d  assu res  
a n  accu racy  o f 2 to  3 p m .  F u rth e rm o re  a special m a th e m a tic a l so lu tion  is needed  to o , to  get 
th e  w a n ted  corrections.

T he ap p lica tio n  o f  new , u p -to -d a te  in s tru m e n ts  an d  m ethods o f m e tro l­
ogy ex erts  an  in flu e n c e  also on th e  accu racy  req u irem en ts  o f su rv e y in g  
m easu rem en ts . T h e  en h a n c e d  m easu rem en t a c c u ra c y  renders possib le  th e  
so lu tio n  o f  such  ta sk s  t h a t  w ere regarded  im p o ssib le  so far. T he in c rea se  in  
m easu rem en t re lia b ility , how ever, involves c e r ta in  d ifficu lties. B esides ra n d o m  
erro rs, th e  m e a su re m e n t re su lts  m ay  ca rry  sy s te m a tic  errors, too  t h a t  m a y  
a c t ag a in s t th e  e n h a n c e m e n t of accuracy  a n d  th e  d im in u tio n  of th e ir  e ffec t 
c o n s titu te s  a basic  re q u ire m e n t.

T he va lu e  ^ 1 . 5  m m /k m  has been in te rn a tio n a lly  accep ted  as th e  lim it  
o f  e rro r fo r p rec ision  leve ling . W ith  th is  lim it  considered , sy s tem a tic  e rro rs  
m ay  n o t exceed 0.2 to  0.3 m m /km . In  special lev e lin g  ta sk s  — as e.g . in  th e  
in v es tig a tio n  o f v e r tic a l c ru s ta l m ovem ents, d e te rm in a tio n  of v e rtic a l d e fo rm a ­
tio n s d u rin g  th e  c o n s tru c tio n  o f n uclear pow er p la n ts  or o f valley  d am s, e tc . — 
th is  accu racy  re q u ire m e n t m ay  be increased  ev en  fu r th e r  up  to  0.1 to  0.5 m m  
p e r k m . In  case o f su c h  h ig h  req u irem en ts , th e  e ffec t o f sy s tem a tic  e rro rs  in  
leveling  — th u s  th e  e rro rs  o f  th e  leveling ro d s, to o  — m ust be ta k e n  in to  
acco u n t in  o rd er to  o b ta in  re liab le  values fro m  th e  m easu rem en ts.

C a lib ra tio n  m e th o d s  fo r leveling  rods c a n  be  d is tr ib u te d  in to  tw o  m a in  
groups. In  th e  m e th o d s  o f  in v es tig a tio n  p e r ta in in g  to  th e  f i r s t  o f  the categories 
a  n o rm al m e tre  s ta n d a rd  is com pared  to  p a r t ia l  in te rv a ls  o f rod  g ra d u a tio n . 
F ro m  series o f o b se rv a tio n s  ta k e n  from  d iffe re n t p laces o f th e  ro d  th e  co r­
rec tio n  o f th e  av e rag e  ro d  m etre  re la ted  to  one m e tre  len g th  is d eriv ed . T h en , 
b y  ad d in g  th e  v a lu e  th e re b y  ob ta in ed  to  th e  “ d es ired ”  m etre  le n g th , th e  
average  ro d  m etre  is a t ta in e d . These co m p ara to rs , u tiliz in g  th e  op tica l p rin c ip le

8* Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16y 1981



282 J. SOMOGYI et al.

o f  o p e ra tio n  can be d iv id e d  in to  tw o m a in  g roups from  th e  p o in t o f  view  
o f  d e s ig n  as follows:

a )  co m p ara to rs  w ith  fix e d  m easu ring  m icroscope;
b )  double im age c o m p a ra to rs  (by  co incidence  princip le).
A  m ore d e ta iled  t r e a tm e n t  o f th ese  in s tru m e n ts  is p ro v id ed  in  R efer­

en ces  [1, 2, 3] and  [4, 5, 6 , 7 ], resp ec tiv e ly .
A s in  th is  m e th o d  ro d  sections are  m e a su re d , therefo re  i t  is a d raw b ack  

o f  th is  m eth o d  th a t  no  in fo rm a tio n  is o b ta in e d  on in d iv id u a l g ra d u a tio n  
e r ro rs , in s tead , th e  d iffe rences betw een  th e  g ra d u a tio n  erro rs o f  in d iv id u a l 
s e c tio n s  is o b ta ined  a n d  th e ir  sum  gives in fo rm a tio n  on th e  o rd e r o f reg u la r 
e r ro rs  a n d  on th e  te n d e n c y  thereo f.

T o  co u n te rb a lan ce  th is  d isad v an tag e  v a rio u s  procedures o f  m easu re ­
m e n t  a n d  ca lcu la tion  w ere  e lab o ra ted . T h e  sim p lest so lu tion  is to  d e te rm in e  
th e  sca le  fac to r fo r th e  ro d  g rad u a tio n  (av e rag e  m etre) in  fu n c tio n  o f th e  
p o s it io n  along th e  ro d  ta k in g  th e  read ings e.g . b y  every  m etre . F o r  th is  p u r­
p o se  th e  0.5 m etre  long  co m p ariso n  base  c a n  be ad v an tag eo u sly  u se d  as it  
h a s  b e e n  proposed fo r a  m o re  reliab le  c o n tro l o f  leveling  rods b y  Csatkai [5]. 
I f  a  su ita b le  num ber o f  g ra d u a tio n  in te rv a ls  are  m easured , th e n  th e  co rrec tions 
fo r  th e  p a r t  g rad u a tio n s  c a n  be ca lc u la ted  b y  som e su itab le  m a th e m a tic a l 
m e th o d  as for exam ple  b y  th e  m eth o d  of Hansen as described  e.g . Makzahn 
in  [3 ].

Schlemmer [10] a n d  W itte [13] g ive so lu tions for ca lcu la tin g  th e  cor­
re c t io n  o f rod  g rad u a tio n s  b y  in te g ra tin g  ro d  m e tre  corrections. T h a t  is feasible 
b e c a u se  a  co rrec tion  o f th e  ro d  m etre  can  be re g a rd e d  as th e  d ifference be tw een  
tw o  g ra d u a tio n  co rrec tio n s.

I n  th e  te s t m e th o d s  p e r tin e n t to  th e  second group  th e  d is ta n c e  o f each 
o f  th e  g rad u a tio n s is m e a su re d  from  an  in it ia l  p o in t, or zero p o in t. T h is w ay, 
th e  e r ro r  of each g ra d u a tio n  of th e  rod  c a n  be dete rm in ed  w ith  re sp e c t to  
th e  zero  po in t. This k in d  o f  m easu rem en t c a n  be  carried  ou t w ith  la se r  in te r ­
fe ro m e te r  w ith  a h igh  acc u ra cy  m a in ta in ed .

B o th  m ethods o f  s ta n d a rd iz a tio n  are  ap p lied  in  la b o ra to ry  co n d itio n s. 
C o n se q u e n tly , th e  re su lts  a tta in e d  also re fe r  to  lab o ra to ry  co n d itio n s  only. 
I n  f ie ld  m easu rem en t, th e  m echan ica l an d  p h y s ic a l effects e n c o u n te re d  b y  the  
ro d s  m a y  change th e  p a ra m e te rs  of s ta n d a rd iz a tio n . To m easure  th e se  in f lu ­
ence  d ire c tly  and  to  ta k e  th e m  in  c o n s id e ra tio n  is n o t an  easy  ta s k , th e ir  
u n c e r ta in  estim atio n  m a y  ev en  lead  to  th e  d e te rm in a tio n  o f e rro n eo u s  cor­
re c tio n s .

T h e  increased a c c u ra cy  req u irem en t d em an d s  th e  possib le m o s t re liab le  
e s t im a t io n  of th e  sy s te m a tic  errors o f lev e lin g . F o r th is  p u rp o se  i t  seems 
a d v isa b le  to  change th e  c a lib ra tio n  m eth o d s  ap p lied  so far.

S y stem a tic  e rro r sources of leveling  ro d s  m a y  be d iv ided  in to  tw o  groups 
as fo llow s:
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1 . e rro rs in  th e  g ra d u a tio n  process like erroneous te m p la te , a n d  e rro r 
in  th e  g ra d u a tin g  m ach ine , e tc .;

2 . changes of e x te rn a l p h y sica l an d  m echan ica l in fluences, as th o se  of 
te m p e ra tu re , o f tap e  p u ll fo rce, m echan ical d efo rm atio n s, etc.

W hile  g rad u a tio n  e rro rs  m ay  be considered  s tead y  for a lo n g e r p erio d , 
e x te rn a l physica l and  m ech an ica l in fluences a n d  th e  sy stem atic  e rro rs  caused  
b y  th e m  are  changing  from  tim e  to  tim e . A ccord ing ly , i t  is e x p e d ie n t to  p e r ­
fo rm  th e  ca lib ra tio n  o f th e  ro d  in  tw o steps. T h e  f irs t  is th e  d e te rm in a tio n  
o f  ro d  g rad u a tio n s b y  a  la se r in te rfe ro m e tric  co m p ara to r  in  la b o ra to ry  en ­
v iro n m e n t. This in fo rm a tio n  can  be s to red  e ith e r  in  num erica l o r in  g rap h ica l 
fo rm  supposing  th a t  th e  re la tiv e  positio n  o f  g rad u a tio n s  on th e  in v a r  ta p e  
is r a th e r  s tead y  and  does n o t  a lte r  its  p o s itio n  to  a s ign ifican t e x te n t  u p o n  
e x te rn a l physica l an d  m ech an ica l in fluences. T he change in  th e  scale th u s  
caused  can  be dete rm in ed  b y  m eans o f a  sim ple fie ld  co m p ara to r  s im u lta n e ­
ously  w ith  fie ld  m easu rem en ts . So th e  g ra d u a tio n  errors d e te rm in e d  b y  a 
la b o ra to ry  ca lib ra tio n  process th a t  can  be considered  s te a d y  fo r  a  longer 
p e rio d  m ay  be m odified  w ith  th e  a p p lica tio n  o f fie ld  ca lib ra tio n  d a ta .

B y  m a th em atica l m e th o d s , th e  orig inal g ra d u a tio n  erro rs ca n  b e  m o d i­
f ied  so as to  ap p ro x im ate  th e  cu rve  in te rp o la te d  to  these  g ra d u a tio n  erro rs 
w ith  th e  m easu rem en t d a ta  o f  fie ld  s ta n d a rd iz a tio n  ca lcu la tin g  th e re b y  th e  
m o d ified  g rad u a tio n  e rro rs.

In  th e  following tr e a tm e n t  a m a th e m a tic a l m ethod  w ill b e  g iv en  for 
th e  m o d ifica tio n  of th e  o rig inal g ra d u a tio n  erro rs a fte r  a co m p ariso n  p e r­
fo rm ed  in  th e  field .

L e t us denote  th e  d e v ia tio n  o f th e  g ra d u a tio n s  of a leveling  ro d  from  
th e  n o m in a l values

* 0  * 1  • • • * 4  ( 1 )

re sp e c tiv e ly , by

f o J v  ■ ■ ■f a • (2)

In  our m odel o f ro d  com p ariso n  all It re a d in g  values are b u ilt  u p  o f tw o 
co m p o n en ts : th e  ac tu a l v a lu e  x t o f th e  ro d  g rad u a tio n  an d  th e  p e r tin e n t 
c o rre c tio n  f i

It =  xi +  f t  i =  0, 1, 2, . . . n . (3)

D en o te  th e  len g th  u n i t  o f  th e  m e te r  s ta n d a rd  in co rp o ra ted  in  th e  fie ld  
c o m p a ra to r  by  L . In  a co m p ariso n  o f such a  c h a ra c te r  th e  d ifferences b e tw een  
th e  g ra d u a tio n  errors w ill be o b ta in e d :

^,+fc-i — Jfc-i =  ix i+ k - i  ~~ x k ~ l)  ~  (/t+ft-i i  =  1,2, . . . »  —I - f  1. (4)
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T h e  precondition, is t h a t  th e  g ra d u a tio n  co rrec tio n s (2) o f th e  g ra d u ­
a tio n s  (1) are know n. T h e  co rrec tions m ay  he  d e fin e d  as a fu n c tio n  o f  g ra d u ­
a tio n  va lu es  as in d e p e n d e n t v ariab les:

/  =  Я*) •

L e t us consider th e  d e riv a tib e s  in  th e  d iv id in g  po in ts :

_  f { x L + k - 1) ~ f ( x k - 1) _  f o +k —l  — f k - 1  _  Y k

(5)

/  (x L+k- l )
(6)

к  =  1, 2, . . .  re — L  ~f- 1.

F ro m  th e  th e o re m  o f  m ean  values o f  d iffe re n tia l calculus i t  m a y  be 
s t a te d  t h a t  in  th e  in te rv a l  (x l +I(_v  x k_x) th e re  ex is ts  a t  leas t one p o in t w ere 
th e  d e r iv a te  assum es th e  v a lu e  (6 ). In  th e  fo llow ing , i t  w ill be su p p o sed  th a t  
th is  p o in t is th e  h a lv in g  p o in t  of th e  in te rv a l.

C onsequen tly , b y  p erfo rm in g  the  f ie ld  com parison , in fo rm atio n s are 
o b ta in e d  from  th e  d e r iv a te  fu n c tio n  of g ra d u a tio n  e rro rs. The ta s k  to  be  p e r­
fo rm e d  is as follows: f ro m  th e  behav iou r o f th e  d e riv a te  fu n c tio n  k n o w n  in  
d isc re te  po in ts  conclusions shou ld  be d raw n  a b o u t th e  local c h a rac te ris tic s  
o f  th e  p rim e  function . T h is  w ay , m odified c o rre c tio n  values should  be assigned 
to  e a c h  in d iv id u a l g ra d u a tio n  according to  f ie ld  com parison  resu lts .

T h e  m a th e m a tic a l m o d e l applied  here  is as follow s:
T h e  each p a r t- in te rv a l

[*,—l, x i\ i =  1’ 2, . . .  n  (7)

o f  th e  leveling  rod  th ird -o rd e r  po lynom ials, so -ca lled  spline fu n c tio n s are  la id

gi(x) =  a l0 -(- a‘i(xj — x)  +  a'2(xj — л; ) 2 -f- a'3(xi — x )3 i  =  1 , 2 , . . . n  . (8 )

B e th e  in te rp o la ted  fu n c tio n  an  elem ent o f th e  fu n c tio n  class C2(x0, x n), be ing  
th is  w a y  con tinuous as w ell as its  f ir s t  a n d  seco n d  d e riva tives.

N ow , th e  ta s k  to  be  p erfo rm ed  is to  d e te rm in e  th e  coefficients

[aó, a \, a2, aä] i  =  1, 2 , . . . n . (9)

E q u a tio n s  re q u ire d  fo r  th e  d e te rm in a tio n  o f  th e  coefficien ts m ay  be 
o b ta in e d  from  th e  c o n d itio n s  th a t  assure th e  c o n tin u ity  of th e  in te rp o la te d  
fu n c tio n  as well as its  f i r s t  a n d  second d e r iv a tiv e s  in  th e  g rid  po in ts  a n d  from  
th e  b o u n d a ry  cond itio n s.
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As on th e  b ase  o f  th e  above co n sid e ra tio n s no fix ed  values are  g iven  
in  th e  g rad u a tio n s Xi ( i  =  0 , 1 , . . . n ) to  be assu m ed  b y  th e  spline fu n c tio n s , 
th e re fo re  fu rth e r  e q u a tio n s  are re q u ire d . F u r th e r  co n n ec tio n s m ay  be d eriv ed  
b y  th e  ap p lica tio n  o f  fie ld  co m p ariso n  m easu rem en t re su lts

g k + L - 1 ( x k + L - l )  —  g k { x k - 1) =  Y k k £ l  ( 1 0 )

in  w h ich  I  is th e  se t o f  indices o f  f ie ld  co m p ariso n  in s tru m e n s .
T h e  set o f  in d ice s  I  can  be se lec ted  a rb itr a r i ly . T h erefo re  i t  is su ff ic ien t 

to  perfo rm  th e  f ie ld  com parison  o n ly  in  some p o sitio n s  along th e  ro d , as e.g. 
in  th e  low est, m idd le  an d  u p p er sec tions, th a t  is , in  th re e  positions.

W henever a n y  v a ria tio n s  a re  revealed  b y  th e  f ie ld  com parison  th e n , 
u p o n  th e ir  effect, th e  co rrec tion  o f  g rad u a tio n s  d e te rm in ed  b y  la b o ra to ry  
m easu rem en t, as d e fin ed  in  E q . 2 , w ill also be su b je c t to  change.

Yk =Л+£.-1 -  Л-i k e i .  (И)
U sing th e  v a lu es  o b ta in ed  in  th e  fie ld  co m p ariso n  th e  spline fu n c tio n s  

b e s t f i t t in g  to  th e  la b o ra to ry  co m p ariso n  values a re  to  be  d e te rm in ed  b y  le a s t 
sq u a re  technics.

O ur ta sk  ca n  be  reduced  to  th e  so lu tio n  o f  th e  follow ing p ro b lem  o f 
ex trem es (see [14] fo r  de ta iled  d ed u c tio n  an d  p ro o f):

fo — al — a \ К  -  \  a \ h \ +  j g  (f t  — «о) 2 miQ
Ô , í= l  [aj,ag. . .a “,a}]

«S+i_1 -  «S '1 = Y k k e l ~ {  1} (12)

« 0  — « 0  — « 1  *1 — —  « 2  h\  =  Y 1 .
ó

To find  th e  ex trem es L ag ran g e ’s m u ltip lic a to r  p ro ced u re  can  be ap p lied .
T he so lu tion  is th e  follow ing:
F o r each in d iv id u a l g ra d u a tio n  o f th e  lev e lin g  ro d  i t  can  be decided  

w h e th e r  th e re  has b e e n  a m easu rem en t p erfo rm ed  d u rin g  th e  fie ld  co m p ariso n  
or n o t  (or w h e th e r th e  g ra d u a tio n  has been  an  en d  p o in t o f th e  le n g th  com ­
p a re d  to  th e  s ta n d a rd  m etre  or n o t) . R od  g ra d u a tio n  can  be c lassified  on  th e  
base  w heth er th e re  e x is t such  ind ices кг £ I x k 2 £ I  (n o t necessarily  d iffe ren t 
ones) whose ro d  co m p ariso n  Y n  a n d  Y M h av e  a t  le a s t one com m on te rm in a l 
p o in t.

I f  a g ra d u a tio n  has no p e r tin e n t к £ I ,  th e n  th is  g ra d u a tio n  shou ld  form  
a se p a ra te  class.

This w ay, th e  se t of Y k (к  Ç I )  m e asu rem en t re su lts  w ill sp lit in to  d is­
ju n c t  chains.
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B e th e  len g th  o f  su ch  a ch a in  m  an d  be P  th e  se t of ind ices fo r  th e  com ­
p a r is o n  values Yfc f ig u rin g  in  th e  chain . I t  c an  be supposed  th a t

{ Г  =  1, 2 . . .m } .

T h e  form  th e  fo llow ing  v ec to ria l series:

P 0 =  ( — m , — m  -f- 1 , . . .  1 ) (13)

P \  =  P\+ 1 +  àtJ(m  + 1 ) i =  1 , 2 , . . . m  j  =  1 , 2 , . . . m  (14)

in  w h ic h  dji is th e  k n o w n  K ro n e c k e r sym bol.
T h e  following v a lu es  a re  assigned as co rrec tions to  th e  g ra d u a tio n s  of 

th e  lev e lin g  rod:

1

lao =  — r 7 \ 2 f j + 2 pJi-
m +  1  l y = o  p i

T h is  a ss ig n m en t en ta ils  th e  fe a tu re  t h a t  i f

1, 2, (15)

Y j  =  fj+ L- i  — f j - i  j e i 1 ( i 6 )

th e n

< = f t -  ( 1 7 )
O n  th e  base o f [15] a n d  [12] th e  s till  m issing coeffic ien ts o f  th e  spline 

p o ly n o m ia ls  can  be d e te rm in e d .
I n  th e  follow ing, n u m e ric a l exam ples w ill he g iven to  i l lu s tra te  th e  above 

e x p o u n d e d  p rocedure. F o r  th e  exam ples th e  m easu rem en ts  t r e a te d  in  [10] w ill 
be  u ti l iz e d . F ield co m p ariso n  w as s im u la te d  b y  th e  use of th e  d a ta  so th a t  
a v e ra g e  ro d  m etres w ere ta k e n  w ith  a s tep  d is tan ce  o f 0.5 m , (th is  co rresponds 
to  f iv e  m easu rem en ts). In  F ig . 1 th a t  case is illu s tra te d  w hen  th e re  w as no 
d e v ia t io n  betw een  la b o ra to ry  an d  fie ld  m easu rem en ts . In  th is  case th e  co rrec­
tio n s  fo r  th e  g rad u a tio n  ca lcu la ted  from  th e  fie ld  com parison  are  p ra c tic a lly  
n o t  d iffe re n t from  th e  la b o ra to ry  m easu rem en t re su lts . F ig u re  2 show s th a t  
case w h e n  th e  d ev ia tio n  o f  f ie ld  m easu rem en ts  from  la b o ra to ry  ones is linear. 
G ra d u a tio n  corrections b ecau se  of n o n -lin ea r v a ria tio n s  are in d ic a te d  in  F ig . 3.

I f  on ly  a c o m p a ra to r  eq u ip p ed  w ith  a  s ta n d a rd  m eter is a v a ilab le  for 
la b o ra to ry  com parison  th e n  th e  co rrec tion  values p e r tin e n t to  th e  in d iv id u a l 
g ra d u a tio n s  can be d e te rm in e d  on ly  in  an  in d ire c t w ay , b y  m eans o f  ca lcu la­
tio n s . S im ilar to  th e  p ro ced u re s  described  b y  S c h l e m m e r  an d  W i t t e , th e  
m e th o d  given here can  also be m odified  fo r th e  d e te rm in a tio n  o f g ra d u a tio n  
c o rre c tio n s  on th e  base  o f  m easu red  differences.
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F ig . 1.
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C onnection  15 t h a t  se rv es  to  e s tim a te  th e  g ra d u a tio n  erro rs o f  th e  leve l­
in g  r o d  a re  com posed o f  tw o  te rm s:

I m m

‘о - - г г ^  +  2 З Дm  +  1  \J= о p i
a‘n = i — 1 , 2 , . (18)

C onsequen tly , i f  a c o n s is te n t e s tim a te  is av a ilab le  for th e  ex p ec tab le  
v a lu e  o f  th e  average o f  g ra d u a tio n  erro rs, th e n  a  su ffic ien t e s tim a te  can  be 
g iv e n  fo r  g rad u a tio n  co rrec tio n s  also on th e  base  o f  th e  ro d  m etre  co rrec tion  
v a lu e s .

T h e  expected  v a lu e  o f  th e  a r ith m e tic  m ean  o f g ra d u a tio n  e rro rs  can  be 
e s t im a te d  b y  th e  fo llow ing s ta tis t ic s :

У1- 1 +

[t ] -  
+ 2

L— 1 

T 2 2  Y
1 = 1  1 = 1 7 = 1

n  — ]LI .

L \ J 2  •
J 1=1

(y-l)L-H +

(19)

F ro m  th e  above e x p re ss io n  i t  can  be s ta te d  t h a t  h e re in a fte r  i t  w ill prove 
su ff ic ie n t to  estim a te  m e re ly  th e  sum  o f th e  g ra d u a tio n  co rrec tio n s / ; i  =  
=  0 , 1  , . . . L  — 1  a n d  b y  th is  th e  fo rm erly  ex p o u n d ed  p ro ced u re  w ill be 
r e n d e re d  read ily  ap p licab le .

T o  estim ate  th e  f i r s t  i  =  0, 1, . . . L  — 1 v a lu es  of g ra d u a tio n  co rrec tions 
th e  m e th o d  given b y  S c h l e m m e r  in  [10] w ill be  applied .

I f  th e  d iscrete co m p ariso n  values Y k (k  =  1, 2, . . . n  — L  — 1) are 
in te rp o la te d  b y  a h ig h e r-o rd e r  a d ju s tm e n t p o ly n o m ia l, th e n  to  in te g ra te  th is  
p o ly n o m ia l will invo lve  no serious d ifficu lties. In  th is  case, using  E q s  5 an d  6 , 
th e  co rrec tio n s p e r tin e n t to  each  in d iv id u a l g ra d u a tio n  w ill be  o b ta in ed . 
T o  d ec id e  abou t th e  o rd e r o f  th e  tre n d  po ly n o m ia l th e  c rite rio n  o f le a s t  square  
o f  d e v ia tio n s  m ay  be u sed . T h e  in te g ra tio n  c o n s ta n t can  be d e te rm in e d  in  
th e  fo llow ing  m an n er: no  e r ro r  m ay  be assigned  to  th e  f irs t g ra d u a tio n  o f th e  
le v e lin g  ro d  because o f  p h y s ic a l consid era tio n s, t h a t  is, f 0 =  0. B y  th is , th e  
v a lu e  o f  th e  g ra d u a tio n  c o rre c tio n  w ill be k n o w n  in  p o in t L /2  a n d  th e re fo re  
th e  in te g ra tio n  c o n s ta n t fo r th is  p lace can  be  d e te rm in ed  d irec tly .

T h e  g rad u a tio n  co rrec tio n s  o f  th e  f ir s t  a n d  la s t p a r t  o f L /2  le n g th  in  
th e  lev e lin g  rod  can  be  d e te rm in e d  from  th e  ro d  com parison  v a lu es  Y k and  
f ro m  th e  g rad u a tio n  co rrec tio n s  a lread y  d e te rm in e d  b y  in te g ra tio n .

A s, according to  E q . 6 , ro d  com parison  is co rrespond ing  to  a  d e riv a tio n  
a n d  b ecau se  th e  o p e ra tio n  o f  d e riv a tio n  is b a s ic a lly  a f ilte r in g  p rocess, th e re ­
fo re  th is  opera tion  cu ts  o ff n o t  on ly  th e  h ig h e r frequencies b u t  a tte n u a te s
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also tho se  slow er v a ria tio n s  th a t  are in te re s tin g  fo r our purposes. T h e re fo re , 
w ith  th e  aim  o f rees tab lish in g  th e  o rig inal fo rm  o f g rad u a tio n  co rrec tio n s , 
th e  sm o o th ed  fu n c tio n  shou ld  be su b jec ted  to  a  “ re s to ra tio n ”  p rocess. B race- 
w ell [16] gives th e  follow ing conn ec tio n  fo r th e  re sto ra tio n :

/(* .)  =  -  Ц 2) +  -  ~ 7  +  L/2) • (20)6 3 -  6

In  th e  follow ing, som e n u m erica l ex am p les  w ill be given for th is  so lu tio n , 
too . In  th e  figu res th e  con tin u o u s line in d ic a te s  th e  real g ra d u a tio n  co rrec ­
tio n s, th e  d o t-d ash  line p e rta in s  to  th o se  o b ta in e d  b y  th e  p o lynom ia l so lu tio n  
w hile th e  d ash ed  line show s g ra d u a tio n  co rrec tio n s  as calcu lated  b y  th e  spline 
fu nc tions. F ig u re  4 gives th e  co rrec tio n  cu rves fo r  th e  ap p ro x im ate  g ra d u a tio n  
e rro rs ca lc u la ted  w ith  th e  n u m erica l d a ta  p u b lish e d  in  Schlemmer’s p a p e r  
[10]. T he f ig u re  c learly  show s th e  e n h a n c e m en t o f accuracy  a t ta in e d  b y  th e  
ap p lica tio n  o f th e  sp line fu n c tio n . B y  th e  m e th o d , th e  m ean e r ro rs  o f  th e  
ca lcu la ted  g ra d u a tio n  co rrec tions can  be d e te rm in e d  by  th e  d e v ia tio n s  from  
th e  o rig inal va lu e . In  F igs 5, 6 , 7, 8  an d  9 one  can  d istingu ish  th e  c u rv e s  of 
a p p ro x im a te  g ra d u a tio n  corrections c a lc u la ted  acco rd ing  to  g ra d u a tio n  erro rs 
o f d iffe ren t c h a ra c te r . A ll five  figures c lea rly  in d ic a te  th a t  th e  m e th o d  here  
described  ap p ro x im a te s  th e  ac tu a l va lu e  m ore  closely. C o n seq u en tly , from  
th e  so ca lc u la ted  in fo rm atio n s one can  o b ta in  a  closer view  on th e  c h a ra c te r  
o f th e  g ra d u a tio n  erro rs o f th e  leveling  ro d  in v e s tig a te d .

F o r  su ch  a tw o -step  te s tin g  o f leve lin g  ro d s  a field  c o m p a ra to r  device 
is req u ired  th a t  is co n v en ien tly  m an ag eab le  in  fie ld  cond itions, to o , an d  
assures th e  re q u ire d  2 to  3 m  of accu racy . S chlemmer [10] e x p o u n d s  th o se  
sources o f  e rro r  in  co m p ara to rs  ap p ly in g  a  m e tre  s ta n d a rd  for s ta n d a rd iz a tio n
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d u e  to  e rro rs  the  re q u ire d  accu racy  can be  b u t  h a rd ly  a tta in e d . T h ese  are 
th e  th e r m a l  expansion o f  th e  n o rm a l m etre  a p p lie d , th e  d rift of th e  c o m p a ra to r  
u p o n  th e  influence o f th e r m a l  changes and  th e  ap p lica tio n  of one m e tre  base 
le n g th  fo r  s ta n d a rd iz a tio n .

I n  th e  G eodetic a n d  G eophysica l R e se a rc h  In s t i tu te  of th e  H u n g a r ia n  
A c a d e m y  o f Sciences th e  d ev e lo p m en t o f c o m p a ra to rs  is a su b jec t t h a t  has 
a l r e a d y  som e b ack g ro u n d . A n  earlier design  w as  described  b y  H a l m a i [11 ].

[jjm]
50-

k

F ig . 7.
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E v en  a t  th e  f i r s t  ty p e , to  assure th e  re q u ire d  m easu rem en t accu racy , 
due care w as ta k e n  to  e lim in a te  th e  p rev io u sly  l is te d  sources of e rro rs . T h a t  
is w h y  th e  s ta n d a rd  ro d  used  fo r th e  com p ariso n  h as  been  m ade o f  a  ce ram ic  
m a te ria l an d  its  base  le n g th  is 0.5 m etre . O n th e  base  o f ou r co n tro l m easu re ­
m en ts th e  th e rm a l ex p an sio n  coefficien t o f  th e  ceram ic  rod  is so low  t h a t  i t  
can  be neg lec ted  fo r th e  m easu rem en ts. To e lim in a te  th e  th e rm a l d r if t  o f  th e  
c o m p a ra to r  s tru c tu re , th e  o p tica l com ponen ts w ere  fa s ten ed  on a  beam  m ad e  
o f in v a r m a te ria l. U sing  th e  experiences o b ta in e d  from  th e  f irs t in s tru m e n t 
th e  design w as fu r th e r  developed . K eep ing  th e  accu racy  req u irem en ts , th e  
m ain  ob jec tiv e  o f  th e  w ork  w as to  decrease th e  w e ig h t o f th e  device, to  fa c ili­
ta te  easy  h a n d lin g  in  th e  fie ld  and  to  ren d e r possib le  its  ap p lica tio n  fo r v a r i ­
ous ty p es  o f ro d s.

The c o m p a ra to r  (F ig . 10) is an  o p tica l m easu rin g  to o l w ith  a le n g th  
s ta n d a rd  in c o rp o ra te d  in  th e  eq u ip m en t. I t s  o p tic a l a rran g em en t is show n  
in  F ig . 11. T he o p tic a l sy s tem  serves to  p ro je c t th e  im age o f th e  ro d  g rad u -
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F ig . 10.

F ig . 11.

a tio n s  o r tho se  of th e  le n g th  s ta n d a rd  fro m  b o th  ends o f th e  lo n g itu d in a l 
s t r u c tu r e  to  coincidence p r ism (l)  in  th e  c e n tre . T he le ft side o f th e  op tica l 
s y s te m  sim ply  p ro jec ts  th e  im age to  th e  c e n tre  w hile th e  r ig h t side inc ludes 
p la n -p a ra l le l  glass p la te  (2 ), to o , t i l ta b le  a ro u n d  a h o rizo n ta l ax is, i ts  positio n  
r e a d a b le  b y  a m icrom eter screw  f i t te d  w ith  a g ra d u a te d  d ru m  (3). L enses (4), 
a t  th e  le f t side and  th o se  a t  th e  r ig h t d im in ish  th e  ro d  im age b y  a fac to r  
o f  0 .7 . P e n ta g o n  p rism a  (5) m a in ta in  th e  o p tica l axes p a ra lle l to  each  o th e r 
in  s p ite  o f any  occasional d is to rs io n  o f th e  device. The im ages a p p e a rin g  in  
th e  re sp e c tiv e  w indow s o f  th e  co incidence  p rism  are v iew ed fro m  above 
th r o u g h  ocular lens (6 ), o f  th e  eyepiece re su ltin g  in  a to ta l  m a g n ific a tio n
o f  7 x .

T h e  op tica l sy s tem , w ith  th e  ex cep tio n  of th e  para lle l p la te  m ic ro m ete r, 
is m o u n te d  on an in v a r  s tee l ro d  (7) o f a v e ry  low  th e rm a l ex p an sio n  coeffi­
c ie n t .  T h e  com plete sy s te m  is acco m m o d a ted  inside an  a lum in iu m  a llo y  housing  
p ro v id e d  w ith  legs below  to  be su p p o rte d  on th e  fram e o f th e  lev e lin g  rod. 
T w o  o f  th e  legs (8 ) a re  f ix e d  to g e th e r  an d  can  be m oved to g e th e r  b y  tu rn in g
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le f t focusing  knob  (9) to  l if t  up  o r descen d  th e  left side of th e  c o m p a ra to r . 
T h e  o th e r  tw o legs (8 ) can  also be m o v ed  in  th e  sam e w ay b y  r ig h t  focusing 
k n o b  (9) to  focus th e  r ig h t side o f  th e  im ag e , how ever, th e y  a re  n o t  fas ten ed  
to g e th e r  b u t  co nnec ted  th ro u g h  a n  eq u a liz in g  m echanism . T h is  m echan ism  
m a in ta in s  th e  av erag e  h e ig h t o f th e  tw o  legs fix ed  b u t, w ith  th is  cond itio n  
o b se rv ed , th e  tw o legs can  m ove free ly . So, b y  liftin g  up one o f  th e  legs the 
o th e r  is caused  to  descend  and  in v e rse ly . T h is  prov ision  is n e c e ssa ry  to  elim i­
n a te  th e  in s ta b ili ty  because of th e  ir r e g u la r i ty  o f th e  rod  fram e su rface .

T h e  four legs are  f i t te d  w ith  p la s tic  shoes (10) by  w hich th e  c o m p a ra to r  
can  be positioned  w ith  respect to  th e  ro d . T h e  p las tic  shoes belong  to  a  ce rta in  
c ross-sec tion  o f ro d . F o r m easu ring  a n o th e r  ro d  of d ifferen t size th e  se t of 
fo u r shoes can  be in te rch an g ed  fo r a n o th e r  se t. W ith  th e  c o m p a ra to rs  the  
fo llow ing  rod  ty p e s  can  be te s te d : W ild , C. Zeiss Je n a , R o st a n d  K e rn .

F o r  tra n s p o r t  an d  sto rage th e  c o m p a ra to r  is housed in  a w o o d en  t r a n s ­
p o r t  case. In  th e  b o tto m  p a r t  o f  th e  t r a n s p o r t  case th e  le n g th  s ta n d a rd  is 
in c o rp o ra te d . T he le n g th  o f th e  s ta n d a rd  is m easu red  betw een  th e  lines en­
g ra v e d  on glass p la te s  adhered  a t  th e  ends o f  th e  ceram ic rod . T h e  lo w er p a r t 
o f  th e  case accom m odates th e  c o m p a ra to r  as w ell, and  in  th is  p o s itio n  one can 
o b se rv e  th e  end  m ark s  of th e  ce ram ic  ro d  th ro u g h  th e  eyepiece o f  th e  com ­
p a ra to r  in  th e  re sp ec tiv e  halves o f  th e  co incidence  prism  (F ig . 3).

I n  th e  course of te s t  m e a su re m e n ts  w ith  th e  co m p ara to r  w e go t for 
th e  coincidence o f  th e  lines of le n g th  s ta n d a rd  an  accuracy  o f  ^ 1 . 2  fin i and 
fo r good q u a lity  lines of leveling ro d s  ^ 2  fim . T he behav iou r o f  th e  in s tru ­
m e n t w as se p a ra te ly  te s te d  on e ffec t o f  la rg e r tem p era tu re  ch an g es . T est 
m easu rem en ts  in  cond itions w hen  th e  te m p e ra tu re  was c h an g ed  betw een  
— 10 °C —(-25 °C w ere unab le  to  d isco v er p ro v a b le  deviations in  th e  m easu ring  
a c c u ra cy  o f th e  co m p ara to r . One c a n  g e t m ore  in fo rm ation  a b o u t th e  ca lib ra ­
t io n  re su lts  w ith  th e  fie ld  c o m p a ra to r  fro m  [17].
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О КАЛИБРОВАНИИ ИНВАРНОЙ НИВЕЛИРНОЙ РЕЙКИ
Й . Ш О М О Д И -Й . З А В О Т И -Д .  Б Е Ш К О

РЕЗЮМЕ

Для повышения точности нивелирования необходимо учитывать систематические 
ошибки инварных нивелирных реек. Калибрование целесообразно произвести в двух 
шагах (лабораторное калибрование и калибрование при полевых условиях). Для осу­
ществления такого калибрования в двух шагах необходимо применять компаратор, ко­
торый удобно используется при полевых условиях. Необходимая точность компаратора
2 —3 /ш . Кроме этого для достижения желаемой коррекции требуется специальное мате­
матическое решение.
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NEUE STEREOKAMMER,
MESS- UND RECHENMETHODE IM UNTERTAGEBAU

L. B A T T A -E . H A L M A I—J .  SO M OG YI

GEODÄTISCHES UND GEOPHYSIKALISCHES FORSCHUNGSINSTITUT DER UNGARISCHEN AKADEMIE
DER WISSENSCHAFTEN, SOPRON

Z ur E rm ittlu n g  d e r  K onvergenz bzw . d e r D e fo rm a tio n  eines T u n nelte iles m it  e tw a  
15 m  L änge , w urde e ine  sch lag w ette rsichere , g u t tra n s p o r ta b le  p h o to g ram m etrisch e  S te reo ­
k a m m e r m it  fixer B asis, e ine  sch lagw ette rsichere  P u n k tm ark ie ru n g san la g e  fü r U n te r ta g e b a u , 
eine au to m a tis ie rte  M eß- u n d  R ech en m eth o d e  d e r N a h b ere ich sp h o to g ram m etrie  en tw ic k e lt.

D ie A nlage, d ie  M eß- u n d  R ech en m eth o d e  k a n n  im  U n te rta g eb a u  u n d  au ch  im  S tra ß en - 
u n d  E isen b a h n tu n n e lb au  g ü n stig  e in g ese tz t w erden .

D ie A n w endung  der P h o to g ra m m e tr ie  im  B erg b au  w urde  in  U n g a rn  
b e re its  im  verg an g en en  Ja h rh u n d e r t  an  d er A kadem ie  zu S elm ecbánya (B a n sk a  
S tiav n ica )  und  s p ä te ra n  der K ön ig lichen  U n g arisch en  A kadem ie fü r  B e rg b au -, 
H ü tte n -  u n d  F o rs tw esen  zu Sopron in  den  V o rlesungen  b eh an d e lt. Im  J a h r e  1913 
sch rieb  P ro f. Finkey in  der Z e itsch rift »Berg- u n d  H ü tte n m ä n n isc h e  B lä tte r«  
ü b e r  die W ich tig k e it d e r P h o to g ram m etrie  im  B erg b au . Im  J a h re  1932 d e u te te  
P ro f . A. TArczy-Hornoch in  seinem  V o rtra g  v o r d er G esellschaft d e r  U n g a ri­
sch en  P h o to g ra m m e te r , »P h o to g ram m etrie  im  D ien ste  des B ergbaues«  a u f  die 
n eu e , d u rch  die P h o to g ram m etrie  an g eb o ten e  M eß tech n ik  h in. N ach  d em  zw eiten  
W eltk rieg , in  F o lge  des großen w issen sch aftlich -tech n isch en  A ufschw unges, 
e n ts ta n d e n  neue m eß- und  rech en tech n isch e  M ethoden , w obei d ie  P h o to ­
g ram m etrie  eine w esen tliche  Rolle sp ie lte . D ie E rfo lge in  der R e c h e n te c h n ik , 
d ie  m odernen  R ech en zen tren , die g en au en  A u sw erteg e rä te  b ie te n  u n s  au ch  
gegenw ärtig  die M öglichkeit u m  d ie  In s tru m e n te  der m ark sch e id e risch en  
P h o to g ra m m e trie  w e ite rzu en tw ick e ln . D er E in sa tz  der P h o to g ra m m e tr ie  im  
B erg b a u  w ar fü r  eine lange Z eit n u r  zu r L ö su n g  verm essu n g stech n isch er A u f­
g ab en  im  T agebau  v o rste llb a r. D er ra sch e  F o r ts c h r i t t  in  W issen sch aft u n d  
T ech n ik , die ra sc h  zunehm enden  A n sp rü ch e  v e rä n d e rten  diese A u ffassu n g  
a llm äh lich . In  d ieser B eziehung is t  in  U n g a rn  die T ä tig k e it des K o h le n b e rg ­
b a u -T ru s te s  u n d  dessen  A bte ilung  fü r  M arkscheidew esen  am  b e d e u te n d s te n .

In  der F a c h li te ra tu r  g ib t es g eg en w ärtig  ü b e r P h o to a p p a ra te , A u f­
n ah m ean lag en , M ono- und  S te reo k am m ern  d e r N ah b e re ich sp h o to g ram m etrie  
v ie l zu  lesen. E s g ib t serienm äßig  h e rg e s te llte  M ono- u n d  S te reo k am m ern , die 
m eh r oder w eniger zu r Lösung u n iv e rsa le r  Zw ecke dienen  sollen (U M K -10, 
SM K  5,5 usw .), k a u m  g ib t es ab er h an d e lsü b lich e  S te reokam m ern  u n d  P u n k t-
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m ark ie ru n g sa iilag en , die au ch  sch lag w ette rs ich er sind  u n d  den  u n g ü n s tig e n  
B ed in g u n g e n  im  U n te r ta g e b a u  en tsp rech en . Im  E in k lan g  m it dem  B e d a rf  
d e r  M ark sch e id er h a b e n  w ir  im  In s t i tu t  fü r  G eodäsie u n d  G eophysik  d er 
U . A . d . W . in  S opron  eine S te reo k am m er en tw ick e lt, die au ch  in  sch lag ­
w e tte rg e fäh rlic h e n  R ä u m lich k e iten  im  U n te r ta g e  zugelassen w erd en  k a n n .

B eim  B au  d er A ufnahm e-A nlage  h a b e n  w ir folgende Ziele g e se tz t:
1. D as G erä t soll p h o to g ram m etrisch e  A u fn ah m en  der O b je k tp u n k te  

im  S to lle n  von  5 — 20 m  E n tfe rn u n g  erm ög lichen .
2 . D er m ittle re  F e h le r  der dre i e r re c h n e te n  K o o rd in a ten  eines R a u m ­

p u n k te s  d a rf  den  W e rt v o n  ^ 2  cm  n ic h t ü b e rsc h re ite n .
3. K am m er u n d  P u n k tm a rk ie ru n g  soll sch lag w ette rs ich er sein.
4 . T ra n sp o rt u n d  H a n d h a b u n g  d er A n lage  soll den B ed in g u n g en  im  

U n te r ta g e b a u  en tsp rech en .
5. D ie B erech n u n g  d e r R a u m k o o rd in a te n  d e r p h o to g rap h ie rten  P u n k te  

so ll m it  e iner R ech en an lag e  au to m a tisch  b e re c h n e t w erden  k ö n n en  (E D V ).
6 . D ie in  v e rsch ied en en  Z e itp u n k te n  v e rfe r tig te n  A ufnahm en  so llen  zur 

M essung  u n d  D ars te llu n g  d er K onvergenz bzw . d e r D efo rm ation  eines S to llen ­
te ile s  an w en d b a r sein .

7. D ie B ilder so llen  im  S tereo , m it e in em  S te reo k o m p ara to r a u sg ew erte t 
w e rd e n  u n d  ein L o ch stre ifen  fü r E D V  soll a u to m a tisc h  gelocht w erden .

A b b . 1 zeig t das in  unserem  I n s t i tu t  e n tw ick e lte  A u fn ah m eg erä t a u f  ein 
g eo d ä tisch es  S ta tiv  m o n tie r t . D as In s tru m e n t k a n n  ab er auch  an  ein  H ä n g e ­
s ta t iv  (F irs te n s ta tiv )  oder in  v e rtik a le r  L age a n  ein S e iten s ta tiv  (S e iten arm ) 
m o n tie r t  w erden . D ie B asislänge is t  f ix  in  0,75 m  ab g estim m t, die K a m m e r­
k o n s ta n te  ebenfalls f ix  m o n tie r t. L e tz te re  w u rd e  so eingeste llt, d . h . das 
O b je k tiv  w urde  so m o n tie r t , d aß  eine S ch ä rfen tie fe  von  5 m  bis 20 m  e n t­
s ta n d . D ie K am m ern  erzeugen  die B ilder a u f  d ie  b ek an n te  9 x 1 2  cm 2 T opo- 
p la t te  TO -1.

Abb. 1
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D as In s tru m e n t w ird  m it H ilfe d e r d re i F u ß sch rau b en  h o riz o n ta l e in ­
geste llt. Z ur K o n tro lle  der E in s te llu n g  d ien en  die beiden q u er z u e in a n d e r 
e in g eb au ten  R ö h ren libe llen , die sich am  m ittle re n  Teil des In s tru m e n te s  
befinden . H ie r s ind  w eiters  ein k leines S u c h e rfe rn ro h r, der S ch a lte r d e r  R a h ­
m en m ark en b e leu ch tu n g  und  die R a tte r ie  u n te rg e b ra c h t. Die J u s tie rs c h ra u b e n  
sind an  den  b e id en  E n d en  der R asis, w o m it m a n  die K am m erach sen  dem  
N orm alfa lls e n tsp rech en d  ju s tie re n  k a n n .

D as O b je k tiv  is t eine h an d e lsü b lich e  M e o p ta  A n are t L inse m it  e inge­
b a u te r  E len d e . D ie F okuslänge b e trä g t  105 m m .

D er V ersch luß  k o n n te  in  Folge d er u n em p fin d lich en  N eg ativ e  seh r e in ­
fach  au sg e fü h rt w erden .

D ie K a se tte n  d er N egative sind  eb en fa lls  handelsüb liche E le m e n te  des 
In s tru m e n te s .

D ie R e leu ch tu n g  der R a h m e n m a rk e n  is t  m it H ilfe von  2 x 4  L E D  
D ioden  gelöst, eine n eu n te  d ien t zu r K o n tro lle . D er S chalter des S tro m k re ise s  
(A bb. 2) is t e in  v ak u u m m ag n e tisch e r S c h a lte r , e in  sog. R eed R ela is . A u ch  die 
h an d e lsü b lich en  E a tte r ie n  w erden  sch lag w e tte rs ich e r e ingebau t (A b b . 3).

M it dem  ju s t ie r te n  In s tru m e n t k ö n n e n  N orm alste reog ram m e g efe rtig t 
w erden . D ie b e id en  K am m ern  m üssen  a b e r e in ze ln  k a lib rie rt w e rd en . Z u  d ie­
sem  Zw eck h ab e n  w ir im  L ab o r ein  T estfe ld  — m it 70 P u n k te n  — a u fg e b a u t 
u n d  die R a u m k o o rd in a te n  der P u n k te  m it e in e r G enauigkeit v o n  ^ 0 , 2  m m  
m it geodä tischen  M ethoden  festg este llt. Z u r  E erech n u n g  der in n e re n  u n d  
äu ß eren  O rien tie ru n g se lem en te  v e rw en d e ten  w ir  die P e rspek tiven  B ez ie h u n ­
gen d er P u n k te  des O b jek trau m es u n d  B ild ra u m e s .

A usgehend v o n  den  G rundg le ichungen  d e r  Z en tra lp ro jek tio n

. . c « n  (X  -  X 0) +  a 21 (Y  -  Y 0) +  a 3i (Z  -  Z„)
0 a12( X - X 0) +  a22( Y - y 0) +  a32( Z - Z 0)
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Abb. 3

u n d  a n a lo g
z  _  z  _  c  a 13 ( X  —  Xp) +  «23 (У ~~  Ур) +  «33 ( %  ~~ Z p )  / 9 \

0 a n  ( X  -  X„) + o22 (Y -  Y 0) +  a32 (Z -  Z0)
w u rd e n  die V erbesserungsg le ichungen  d er T ab e lle  I  hergele ite t, w o ra u s  die 
N o rm a lg le ich u n g en  u n d  w eite rs  die V erb esse ru n g en  der N äh e ru n g sw erte  
b e re c h n e t  w erden  k ö n n en . A uch  die m itt le re n  F e h le r  der U n b e k a n n te n  w e r­
d e n  e rm itte l t .

D e r  V erze ichnungsfeh le r des O b jek tiv es  w ird  m it dem  C om puter b e re c h ­
n e t  u n d  au ch  ze ichnerisch  d a rg es te llt (A bb. 4).
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Tabelle I

Im  N o rm alg le ich u n g ssy stem  sind  15 U n b e k a n n te n  v o rh an d en , u n d  zw ar 
d er an g ew an d ten  R eihenfo lge:

x 0, z0, c0 =  in n e re  O rien tie rungse lem en te  
X ,  Y ,  Z  =  R a u m k o o rd in a te n  des O b jek tiv es  
co,(p, X - D rehw inke l
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O3 , a5 =  K o e ffiz ien ten  des ra d ia le n  V erzeichnungspo lynom es 
p v  p 2 =  K o e ffiz ien ten  der ta n g e n tia le n  V erzeichnung
d m , dß  =  K o e ffiz ien ten  d er B ild sch ru m p fu n g .

N a c h  der L ösung d e r N o rm alg le ichungen  u n d  V erbesserung  d e r N äh e­
ru n g s w e r te  können  m it d en  n u n  schon g u t b e k a n n te n  K a m m ern  au ch  im  
U n te r ta g e  B ilder au fg en o m m en  w erden , w en n  die au fzu n eh m en d en  P u n k te  
e n tsp re c h e n d  der B len d ezah l u n d  d er E m p fin d lic h k e it der N eg a tiv e  b e le u c h te t 
w e rd e n . D ie sch lag w ette rs ich ere  P u n k tm a rk ie ru n g  geschieh t be i unserem  
S y s te m  m it ringfö rm igen , z e n tra lsy m m e trisc h en  Z ielzeichen. Sie w e rd en  m it 
d e r  e le k tr isc h e n  L am pe eines M arkscheiders v o n  h in te n  d u rc h le u c h te t (A bb. 5). 
D ie  P u n k ts ig n a le  w erd en  m it  H ilfe einer S ch rau b e  u n d  einer A n k e ru n g  an  dem  
e ise rn e n  V ersicherungsring  b e fe s tig t oder m ag n e tisch  an g eb rach t; sie k ö nnen  
a b e r  a u c h  an  S tangen  o d er R ö h re , die in  d en  F e lsen  einragen , b e fe s tig t w erden; 
m a n  k a n n  aber auch  »sich k o n tin u ie rlich  bew egende« P u n k ts ig n a le  verw enden .

D ie  P u n k ts ig n a le  w e rd en  im  S to llen  a n  einem  oder an  m eh re ren  n a c h ­
e in a n d e r  folgenden Q u e rsc h n itte n  (S icherungsringen) a n g e b ra c h t und  
w ä h re n d  der A ufnahm e v o n  h in ten  d u rc h le u c h te t. Die e n ts ta n d e n e n  B ilder 
w e rd e n  an  O rt u n d  S telle  en tw ick e lt u n d  e rs t  sp ä te r  im  S te re o k o m p a ra to r  
s te re o g ra p h isc h  au sg ew erte t. G leichzeitig  w ird  ein  L ochstre ifen  ge lo ch t, w om it 
m a n  d ie  D a te n  in  den C o m p u te r ü b e rfü h rt. Z u  diesem  Zw eck e ig n e t sich  u n te r  
a n d e re n  das S tek o m ete r C des V E B  Carl Zeiss J e n a  am  besten .

Abb. 5
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D a  der K o m p a ra to r  die B ild k o o rd in a te n  in  einem  eigenen K o o rd in a te n ­
sy s tem  m iß t, m üssen  sie in  das B ild k o o rd in a ten sy stem  u m g erech n e t w erd en  
(P ro g ra m m  1.).

W eil die B ild k o o rd in a ten  m it d en  V erzeichnungsfeh lern  des O b jek tiv es  
b e la s te t  sind , m üssen sie v e rb esse rt w e rd en  (P ro g ram m  2.).

M it den  so e rm itte lte n  B ild k o o rd in a te n  berechnen  w ir die R a u m k o o rd i­
n a te n  m it H ilfe der G leichungen  des N o rm alfa lles , wo auch  die U n g le ich h e it 
d er b e id e n  K a m m e rk o n s ta n te n  u n d  d e r K o o rd in a te n  der b e id en  B ild h a u p t­
p u n k te  einbezogen w erd en  (P ro g ram m  3.).

X  =
bc" (« ' -  x'0)

c"{x' x'0) -  c' (* ' -  *")

bc'c"__________

x'0) -  c ' (x"  -  x l)

z =  __________ b__________  +  z '

(* ' -  <)  -  (x " -  *5) ‘ 2
wo

b =  L änge d e r B asis
c ' =  K a m m e rk o n s ta n te  d e r lin k en  K am m er
c" =  K a m m e rk o n s ta n te  d e r re c h te n  K am m er 
x ',  z ’ =  v e rb esse rte  B ild k o o rd in a te n  des lin k en  B ildes 
x ", z" =  v e rb esse rte  B ild k o o rd in a te n  des rech ten  B ildes 
xó =  B ild k o o rd in a te  des lin k e n  B ild h a u p tp u n k te s  
x"o =  B ild k o o rd in a te  des re c h te n  B ild h a u p tp u n k te s

(3)

(4)

(5)

Z u r A b le itung  d e r a  p rio ri F e h le r  n im m t m an  c' =  c" u n d  x '  == x" =  0, 
b ild e t d ie to ta le n  D iffe ren tia lg le ich u n g en  d e r G leichungen (3) — (5) m it  einem  
Ü b erg an g  zum  m ittle re n  F eh le r u n d  d u rc h  V erein fachungen  e rh ä l t  m a n :

/ г х  —  x ÍIt
2

+
AG 2

+ M 2
l b X p  )

■ft II 1/ Pb_ f+ \ P y
2

+ P P 2

b У p

Pz  — ^ f 2+
2

+ Pp 2
b X I P

P ra k tis c h  k a n n  m an

(6)

(7)

( 8)

(9)
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a n n e h m e n , so v e re in fa ch e n  sich die A u sd rü ck e  w esen tlich , und  w en n  w ir 
w e ite rh in  ц р =  ± 0 ,0 0 4  m m  u n d p min =  4 m m  e in se tz e n , so gehen die m it t le ­
re n  F eh le rg le ich u n g en  in

H x  =  ± -X  • 10 - 3  m m  (10)

Hy  =  ± Y  ■ IO - 3 m m  (11)

Hz =  ± 2  • 1 0  _ 3  m m  ( 1 2 )
ü b e r .

M it unseren  A b m essu n g en  der P rax is , bei

^max =  5 m  (13)

Y max =  20 m  (14)

Zmax =  5 m  (15)
w ird

Hx =  ±  5 m m  

Hy  =  ±  2  cm  

A*z =  ±  5 m m
n ic h t  ü b e rsc h ritte n .

M it G leichungen  (3) — (5) berechnen  w ir d ie  R a u m k o o rd in a te n  d er s te re o ­
g ra p h isc h  au sg ew erte ten  B ild p u n k te . Diese K o o rd in a te n  beziehen sich a u f  das 
im  R a u m e  w illkü rlich  s te h e n d e  B a sis-K o o rd in a ten -S y stem . R ich tu n g en  X  u n d  
Y  w u rd e n  zw ar m it d en  L ibellen  h o riz o n tie rt, d ie  R ich tu n g en  d er A chsen  
e n tsp re c h e n  ab er d er R ic h tu n g  der A u fn ah m eb asis  bzw . quer zu d ieser. D er 
U rsp ru n g  des K o o rd in a te n sy s te m s  lieg t im  v o rd e re n  H a u p tp u n k t des lin k en  
O b je k tiv e s .

D e r U rsp ru n g  dieses K o o rd in a ten sy stem s w ird  zu n äch st in  e inen  P u n k t  
d e r gem essenen  R a u m p u n k te , z. B . P l ,  I .  (A bb . 6 ) v e rse tz t u n d  zu sä tz lich  
u m  die  A chse Z  so v e rd re h t ,  daß  die R ic h tu n g  U  d as L o t eines zw eiten  F ix ­
p u n k te s  P 2 , I I  (A bb. 6 ) t r i f f t .

D ie M öglichkeit u m  A u fn ah m en  zu v e rfe r tig e n  u n d  R au m k o o rd in a te n  
zu  b e rech n en  is t in  v e rsch ied en en  Z e itp u n k te n  TV T t , T 3, usw. gegeben. 
R e d u z ie re n  w ir alle K o o rd in a te n  a u f P l ,  I  u n d  P 2 , I I ,  so e rh a lten  w ir die 
zu r TV t v  t s g eh ö ren d en  R a u m k o o rd in a te n  in  e in  u n d  dem selben B ezugs­
sy s te m . D ie A bw eichungen  d er en tsp rech en d en  R au m k o o rd in a te n  sind  die 
K o n v erg en zg rö ß en  bezogen  a u f  P l ,  I  und  P 2 , I I .

In s tru m e n t, M eß- u n d  R ech en v erfah ren  w u rd e n  an  H an d  von  A u fn a h ­
m en  d ie in  einem  K o h len b erg w erk  in  260 m  U n te r ta g e b a u  v e rfe rtig t w u rd en , 
erfo lg re ich  e rp ro b t. M it d ieser M ethode w u rd en  n ic h t  n u r  K onvergenzg rößen , 
so n d e rn  auch  D efo rm a tio n en  m it allen  rä u m lich en  R ich tu n g en  festg este llt.
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D en m it I I I  bezeichnet.en  Q u e rsch n itt des u n te rsu c h te n  S to llen te iles 
ze ig t A bb . 7 a —b. D er ä u ß e rs te  R ing  e n ts p r ic h t d en  D a te n  d er A u fn ah m en  
vom  2 ., 11., 17. u n d  24. M ai. D ie K onvergenz b eg an n  e rs t n ac h d e m  sich  die 
q u e r zu r S to lle n ric h tu n g  a rb e iten d e  F ö rd e rk e tte  n ä h e r als 20 m  zu m  u n te r ­
su c h te n  Q uerp ro fil a n g e n ä h e rt h a t. D er m itt le re  R ing  der A bb . 7 w u rd e  von 
den  A u fn ah m en  v o m  19. J u n i ,  der in n e rs te  v o m  4. J u li  ab g e le ite t. (D erze it

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



304 L. ВАТТА et al.

w a r d e r  B a u  u n m itte lb a r  b e i d iesem  Q u ersch n itt.)  A bb . 7b zeig t die P u n k t ­
b ew eg u n g en  in  der E b en e  X Y ,  diese sind ab e r b ed eu tu n g slo s  u n d  k le in . Ä h n ­
lich  w u rd e n  bei unseren  T e s ta u fn a h m e n  auch  die a n d e ren  verm essenen  P ro file  
b e h a n d e l t  und  die K o n v e rg e n z  bzw . die D e fo rm a tio n  e rm itte lt. D ie  R a u m ­
k o o rd in a te n  der P u n k te  d e r e inze lnen  Q u e rsch n itte  w u rd en  m it dem  C o m p u te r 
e r m i t te l t  u n d  au fgeze ichne t u n d  die V erb indungslin ie  m it G leichungen  der 
»S p line-F unk tionen«  b esch rieb en .

D a s  In s tru m e n t is t  a u c h  beim  B au  von  S tra ß e n - ú n d  E ise n b a h n tu n n e ln , 
z u r  H e rs te llu n g  von  S c h n it te n  versch iedener R ic h tu n g e n , zu  V o lu m en b erech ­
n u n g e n , usw . an w en d b ar. D e r  Zw eck der M essungen  im  U n te r ta g e b a u  is t 
e n tw e d e r  die B estim m u n g  d e r  F o rm , oder F o rm ä n d e ru n g e n , oder die E r m i t t ­
lu n g  je n e r  S p an n u n g sk rä fte , d ie  die F o rm ä n d e ru n g e n  herv o rru fen . A u f G ru n d  
des H o o k ’schen G esetzes s in d  die K rä fte  u n d  S p an n u n g en  im  G ebirge aus 
d e n  K on v erg en z- u n d  D e fo rm a tio n sw e rten  e rm itte lb a r . K en n en  w ir d ie  K rä f te  
des G eb irges bzw. des F lö zes , so kön n en  die E n tfe rn u n g e n  der n ac h b a rlic h en  
S ich eru n g se lem en te  (S icherungsringe) so e rm itte lt  w erden , daß  d e ren  E in b a u  
p re isg ü n s tig , aber tro tz d e m  zuverlässig  sein soll. Z u r  E rm ittlu n g  d e r D efo r­
m a tio n e n  im  T agebau  k a n n  die L u ftb ild m essu n g  eingesetz t w erd en . D ie 
B ew eg u n g en  im  U n te r ta g e  u n d  O bertage s ind  in  d e r R egel v e rk n ü p f t. Z u r 
E rk lä ru n g  der zw ischen d ie sen  B ew egungen b es te h e n d e n  G ese tzm äß ig k e iten  
k ö n n e n  d ie  p h o to g ram m etrisch en  k o n tin u ie rlich en  M essungen d ieser B ew e­
g u n g e n  eine große H ilfe  le is te n . D ie A nw endung  d er p h o to g ram m etrisch en  
M e th o d e n  im  B ergbau  k a n n  g u t  an  die K o n zep tio n  d e r be rg b au lich en  D a te n ­
b a n k  a n g e p a ß t w erden , d a  d ie  von  den  L ic h tb ild e rn  gem essenen D a te n  d ig ita ­
l is ie r t  u n d  d irek t in  die R ech en an lag e  eingegeben  w erden  können . M it H ilfe 
e in e r  z e n tra le n  E D V -A nlage  u n d  m it au sg e b a u te n  T erm in a l-S y stem  k ö n n en  
die D a te n  jed e rze it fü r  d ie  V e rb ra u c h er g u t zugäng lich  gem ach t w erd en .
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НОВАЯ СТЕРЕОКАМЕРА, МЕТОД ИЗМЕРЕНИЯ И ВЫЧИСЛЕНИЯ В ПОДЗЕМНОЙ
ДОБЫЧЕ

Л . Б А Т Т А - Э . Х А Л М А И -Й . Ш О М О Д И  

РЕЗЮМЕ

Для определения конвергенции и деформации участка туннеля длиной 15 м были 
разработаны газобезопасная транспортабельная стереофотограмметрическая камера с 
постоянной базой, газобезопасное маркировочное приспособление для подземной добычи, 
автоматизированный метод измерения и вычисления краткодистанционной стереофото­
грамметрии.

Устройство, метод измерения и вычисления применяются также в железнодорожном 
и шоссейном туннелировании.
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INTERFEROMETRIC ANGLE MEASURING SYSTEM 
OPERATING IN SMALL ANGULAR RANGE

B. J .  IN C Z É D Y —K . K R A U SZ

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUT OF TH E HUNGARIAN ACADEMY OF SCIENCES, SOPRON

T h e  p a p e r describes a n  in te rfero m e tric  ang le  m easu rin g  in s tru m e n t o p e ra t in g  in  a  sm all 
a n g u la r  ran g e  (a b o u t 1°). I t  is a m odified  v e rsio n  o f th e  M ichelson in te rfero m e te r. T h e  princip le 
o f  th e  in s tru m e n t is p resen ted , th e  accu racy  d e m a n d s  in  th e  co n stru ctio n  o f th e  in te rfe ro m e te r  
d iscussed  a n d  th e  o b ta in ab le  accuracy  o f th e  sy s te m  given.

G eodynam ic  stud ies n ecess ita te  m easu rin g  m ethods e n su rin g  h igher 
accu racy  th a n  th o se  used  h ith e r to . S pecia l a tte n tio n  is to  be p a id  to  an g u la r 
m easu rem en ts  as th e  g rea tes t p a r t  o f  th e  geodynam ic p h e n o m e n a  can  be 
observed  b y  a  sm all am o u n t (less th a n  1 °) o f  inc lina tion  o r r o ta t io n  o f  some 
k in d  o f  su rfaces or lines (e.g. su rface  o f th e  E a r th , v e rtic a l d ire c tio n  e tc .). 
F o r  th e  m easu rem en t of sm all a n g u la r  chan g es d ifferen t k in d s o f  in s tru m e n ts  
can  be used . T h e  tra d itio n a l ones are  leve ls , co llim ators, au to c o llim a to rs  and  
d iffe ren t k in d s o f p endu lum s, b u t  re c e n tly  e lectron ic  in c lin o m ete rs  a re  also 
g e ttin g  m ore a n d  m ore in to  use.

A  com m on ch a rac te ris tic  o f th e se  in s tru m e n ts  is t h a t  th e y  a re  no t 
c a lib ra te d  as a n g u la r  m easuring  dev ices, as no corresponding  a n g u la r  é ta lons 
a re  a t  d isposal. T h e  accu racy  o f th e  in s tru m e n ts  m easuring  sm all ang les reach  
th e  v a lu e  of 0 . 1  — 1  second o f arc, th e re fo re  devices enab ling  th e  d e tec tio n  
o f  0.01 — 0.05 secs o f arc ro ta tio n  are  n eed ed  for th e ir  ca lib ra tio n .

T h e  m easu rem en t of angles is a n  im p o r ta n t  p roblem  also fro m  th e  p o in t 
o f v iew  o f m etro logy , as no an g u la r é ta lo n s  e x is t, and  co n seq u en tly  th e  an g u la r 
m easu rem en ts  m u s t be reduced  an y w a y  to  le n g th  m easu rem en ts. T h e  accu racy  
o f a n g u la r  m easu rem en ts  depends on  th e  accu racy  of these  d is ta n c e  m easu re ­
m en ts.

A t p re se n t, th e  m ost e x a c t m e th o d  to  m easure d is tan ces  is th e  laser 
in te rfe ro m e try . T he in te rfe ro m etric  d is tan ce -m easu rin g  m ethod , w h ic h  enab led  
som e 20 — 30 y ea rs  ago th e  m easu rem en t o f  d istan ces  of only som e cm -s u n d er 
la b o ra to ry  cond itio n s, developed  re c e n tly  in  a w ay  due to  a  r a p id  im p ro v e­
m en t o f th e  la se r techn ics and  o f th e  e lec tro n ics  th a t  an  in s tru m e n t is p roduced  
in  g re a t series w hich  enables a  re la tiv e  acc u ra cy  of 1 0  ~ 7 in  case o f  d is tan ces  
o f 60 m.
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T h is  large-scale d e v e lo p m e n t of the  in te r fe ro m e tr ic  d istance  m eters m ad e  
p o ss ib le  to  develop in te rfe ro m e tric  angle m e a su rin g  devices. The basic  id e a  is 
to  re d u c e  th e  m e asu rem en t o f  th e  angular r o ta t io n  b y  th e  use of a  t r ig o n o ­
m e tr ic  fu n c tio n  to  a d is ta n c e  m easu rem en t, w h e re b y  th e  la t te r  is m ade b y  an  
in te r fe ro m e te r  w ith  h ig h  a c c u ra cy . Such a m e th o d  ensures a v e ry  q u ick  a n d  
a c c u ra te  d e te rm in a tio n  o f  ang les.

T h e  d isad v an tag e  o f  th e  m ethod  is t h a t  th e  ang le  to  be m easu red  is 
re c e iv e d  in d irec tly , as a tr ig o n o m e tric  fu n c tio n  o f  th e  angle i.e. as th e  ra tio  
o f  tw o  d is tan ce  va lues. O ne o f  th e  d istances is m easu red  d irec tly , th e  o th e r  
c a n n o t  h e  d irec tly  d e te rm in e d , i t  is an in s tru m e n ta l  c o n s tan t co rrespond ing  
to  th e  g iv en  in s tru m e n ta l co n stru c tio n .

A ccord ing  to  t h a t  sa id  above a so lu tion  o f th e  ca lib ra tio n  p ro b lem s in  
a n g u la r  m easu rem en ts  can  b e  aw aited  from  th e  in te rfe ro m e tric  m easu rem en t 
m e th o d s . C onsequen tly  th e  in te n tio n  has been  to  c o n s tru c t a basic in s tru m e n t 
w h ic h  c a n  be used u n d e r  la b o ra to ry  cond itions fo r  a  large scale of p u rp o ses .

F o r  th e  in v e s tig a tio n  a n d  ca lib ra tio n  o f th e  p rec is io n  levels or so-called  
second-leve ls  used in  geodesy  level tr ie rs  h a v e  b e e n  developed, w here  th e  
n e c e s sa ry  an g u la r ro ta t io n  is se t on an  a rm  ro ta b le  a ro u n d  a h o rizo n ta l ax is  
b y  m e a n s  o f a v e rtic a lly  m o v ab le  precision m e a su rin g  screw.

A  level tr ie r  o f th e  G eodetic  and  G eophysica l R esearch  In s t i tu te  o f  th e  
H u n g a r ia n  A cadem y o f Sciences has been  m a n u fa c tu re d  in  1953, a t  w h ich  
th e  p i tc h  o f th e  m easu rin g  screw  is 0.40 m m , th e  d is ta n c e  betw een  th e  ro ta t io n  
ax is  a n d  th e  su p p o rtin g  p o in t  of th e  m easu ring  screw , i.e. th e  len g th  o f  th e  
b a la n c e  a rm  463 m m  [1]. T h e  m easuring  screw  c a n  be ro ta te d  b y  m eans of 
a  d ru m  o f 120 m m  d ia m e te r  w ith  a scale o f g ra d e s . B y  m eans of th e  d ru m  
th e  v a lu e  of th e  in c lin a tio n  can  be sim ply  se t: i t  follow s from  th e  g eo m e try  
o f  th e  lev e l tr ie r  th a t  due  to  a  1 ° ro ta tio n  of th e  d ru m , th e  heigh t of th e  screw  
c h a n g e s  b y  1.1 /лт, an d  th e  b a la n c e  arm  is d ip p e d  b y  a n  angle of 0.5 sec o f  arc . 
R ig o ro u s ly  ta k e n  th e  leve l t r i e r  m easures n o t th e  ro ta t io n  angle itse lf  b u t  its  
ta n g e n t ,  th e  error due  to  th is  om ission, h ow ever, is w ith in  1 ° negligible.

A  g rea te r  p rob lem  is th e  e rro r  caused b y  th e  u n co n tro llab le  inaccu racies 
o f  th e  p itc h  of th e  m e a su rin g  screw : an e rro r in  th e  lin e a r ity  of 1  [лт w h ich  
is a  r a th e r  good v a lu e  causes a lread y  an  e rro r  o f  0.5 sec of arc.

I f  th e  lift of th e  m e a su rin g  screw is c o n tro lle d  in te rfe ro m etrica lly  b o th  
th e  a n g u la r  reso lu tion  an d  th e  accuracy  of th e  m e a su re m e n t can be in c reased . 
L ev e l tr ie rs  con tro lled  b y  m u ltip le  beam  in te rfe ro m e te rs  were re p o rte d  b y  
D elmonte [2] in  1949 a n d  b y  Kanngiesser a n d  Schuhr [3] in  1976. T h e  
b a la n c e  a rm  was chosen as 30 cm , thu s a l if t  b y  a b o u t 1.5 /лт caused a n  in ­
c l in a tio n  of 1 sec o f a rc . T h e  e rro r of th e  a n g u la r  ro ta tio n  produced  b y  th e  
sc rew  a n d  con tro lled  b y  th e  in te rfe ro m eter co u ld  be reduced  to  0.05 an d
0.004 secs of arc acco rd in g  to  experim en ts c a r r ie d  o u t b y  these a u th o rs  in  
a r a n g e  o f  1 m in of arc  a n d  30 secs of arc, re sp e c tiv e ly .
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T he level tr ie r  o f ou r I n s t i tu te  h as  b een  con tro lled  b y  a  M ichelson- 
in te rfe ro m e ter. T he resu lts  w ere re p o r te d  in  1977 [4]. T he level t r ie r  h a s  been 
s tu d ied  in  a ran g e  o f 30 secs o f a rc , an d  an  accu racy  of 0.04 secs o f  a rc  could 
be reached .

T he accu racy  d a ta  q u o te d  a re  th e o re tic a lly  su ffic ien t to  en ab le  a precise 
ca lib ra tio n  o f th e  in s tru m e n ts  m easu rin g  sm all an g u la r changes, i.e . th e  in te r ­
fe rom etric  techn ics ensures su ffic ien t re so lu tio n  and  m easu rem en t accu racy . 
A  g rea t d isad v an tag e  o f th e  m en tio n ed  a rran g em en ts  is, how ever, t h a t  w hile 
th e  lift p ro d u ced  b y  th e  screw  is co n tro lled  w ith  in te rfe ro m e tric  accu racy  
th e  ro ta tio n  axis is a t  th e  sam e tim e  supposed  to  be ideal. D ue to  i ts  c o n s tru c ­
tio n  p rocedure , a p e rfec t ro ta t io n  ax is c a n n o t be p roduced , a n d  th e  erro rs 
re su ltin g  from  th is  are  p ra c tic a lly  u n co n tro llab le . T herefore  i t  w as n ecessary  
to  choose an  a rra n g e m en t, w here  th e  accu racy  o f  th e  ro ta tio n  ax is  does no t 
in fluence  th e  accu racy  o f th e  m easu rem en ts .

T he in te rfe ro m e te r  for a n g u la r  m easu rem en ts  show n in  F ig . 1 fu lfils  
th e se  req u irem en ts . Such an  in s tru m e n t h as  been  m a n u fa c tu red  b y  J .  G. 
M a r z o l f  in  1964 for spectroscop ic  purposes [5]. T h e  in s tru m e n t is a  m od ified  
version  of th e  M ichelson in te rfe ro m e te r . A p a ra lle l lig h t b eam  re a c h e s  from  
th e  laser lig h t source th e  p la te - ty p e  beam  sp litte r . One h a lf  o f th e  b e a m  is 
re flec ted  from  here b y  m irro r M v  th e  o th e r h a lf  b y  m irro r M 2 p a ra lle l to  each  
o th e r th ro u g h  th e  co rner cube re fle c to rs  Cx an d  C2, re spec tive ly , to  m ir ro r  M 3. 
T h e  in c id en t beam s are  re flec ted  from  m irro r M 3 in to  th em se lv es  a n d  th u s  
in te rfe re  h av in g  m e t a t  th e  b eam  sp lit te r  0. S im ila rly  to  th e  M ichelson  in te r ­
fe ro m eter th e  in te rfe ren ce  is p ro d u ced  in  th e  a p p a re n t a ir s lo t b e tw e e n  the  
end  m irro rs o f th e  tw o  arm s, b u t  in  th is  case th e  v ir tu a l p ic tu re s  o f  M 3 are 
th e  tw o b o rd er p la in s of th e  a ir  s lo t.

T he m oving  p a r t  o f th e  in te rfe ro m e te r  consists  of th e  co rn e r cu b e  re flec ­
to rs  C3 and  C2 being  fix ed  w ith  re sp e c t to  each  o th e r, b u t can  be t i l t e d  to g e th e r  
a ro u n d  th e  ro ta tio n  axis a. I n  th is  a rra n g e m en t an  a rb itra ry  tra n s la t io n a l  
m ov em en t o f th e  ro ta tin g  p a r t  does n o t change th e  o rder o f th e  in te rfe re n ce ,
i.e. th e  observed  in te rfe ren ce  p ic tu re  rem ains unch an g ed . T he p ra c tic a l  a d v a n ­
tag es  are th e  fo llow ing: th e  o p e ra tio n  of th e  in s tru m e n t is in d e p e n d e n t from
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th e  p o s itio n  of th e  r o ta t io n  ax is; th e  p o sitio n  o f  th e  m om en taneous ro ta tio n  
a x is , i ts  paralle l m o v e m e n ts  during  th e  m e a su re m e n ts  do n o t in flu en ce  th e  
a c c u ra c y  of th e  a n g u la r  m easu rem en ts . T he o p e ra tio n a l eq u a tio n  of th e  system  
is:

d  n \sin (p = ---  ( 1 )
T

»

w h e re  <p is th e  angle o f  ro ta t io n , d th e  re la t iv e  m o tio n  of th e  co rner prism s 
in  d ire c tio n  of th e  p a ra lle l l ig h t  beam s in c id e n t o n  th e  ro ta tin g  p a r t  an d  r (an  
in s tru m e n ta l  co n stan t) th e  d is tan ce  betw een  th e  o p tic a l cen tres of th e  co rner 
c u b es . T h u s  th e  m o v e m e n t d  is m easured in te rfe ro m e tric a lly , and  w h en  k now ­
in g  th e  in s tru m e n ta l c o n s ta n t  r the  value o f  th e  a n g u la r  change can  be u n ­
a m b ig u o u s ly  d e te rm in ed .

F o r  th e  c o n s tru c tio n  o f  th e  in te rfe ro m e tric  leve l tr ie r  th e  ex is tin g  level 
t r i e r  h a s  been used as b a s is . T h e  optical sy s te m  a n d  th e  lig h t p a th s  h a v e  been  
ch o se n  so th a t  on th e  one  h a n d  any  k ind  o f  d ev ices , in s tru m e n ts  e tc . could 
b e  m o u n te d  on th e  t i l t a b le  arm , on th e  o th e r  th e  possib ilities fo r th e  u n ­
v o lu n ta r y  in te rru p tio n  o f  th e  beam  should  be  av o id ed .

T h e  beam  p a th  la y s  in  a  p lane p a ra lle l w ith  th e  ro ta tio n  p lan e  o f th e  
t i l ta b le  arm , and  th e  l ig h t  beam s p ro p ag a te  p a r t ly  below  th e  basis , p a r tly  
a lo n g  i ts  tw o  sides (F ig . 2 ). T h e  tw o corner cu b es  a re  m o u n ted  on th e  m oving  
a rm , a ll o th e r o p tica l e le m e n ts  are m o u n ted  o n  th e  basis. A b e a m sp litte r  
c o v e re d  b y  a sem ip erm eab le  lay e r and  a p e n ta p r is m  are  m o u n ted  on  one side, 
a  p e n ta p r ism , a r ig h t-a n g le  p rism  and  a m irro r  on  th e  o th e r. O f course all 
th e s e  o p tica l e lem ents c a n  n o t  be p u t in to  th e i r  o p e ra tio n a l p o sitio n  d u rin g  
th e  m o u n tin g , since th e  p o ss ib ility  of a sm all c h an g e  o f  th e ir  positio n  is neces­
s a ry  fo r  th e  reg u la tio n  a n d  ca lib ra tio n  o f th e  o p tic a l sy stem . T h is ta s k  has 
b e e n  so lved  b y  th e  use  o f  th e  m echanical d ev ices  show n in  F ig . 3. T h e  tw o  
t r ia n g u la r  p la tes are  h e ld  to g e th e r  b y  th re e  sc rew s, an d  th e  d is tan ce  b e tw een

r = 6 3 0

Fig. 2.
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th e  sheets  is ensured  b y  a  b a ll. T h e  w hole device is m o u n ted  on  th e  b e a re r  
w ith  a  p in  so t h a t  i t  can  be r o ta te d . W ith  th e  help  o f th e  screw s th e  u p p e r 
p la te  can  be  t i l te d  a round  tw o  axes, an d  th e  ro ta tio n  a ro u n d  th e  th i r d  axis 
is en su red  b y  th e  p in  m o u n tin g .

T he p o s itio n  of th e  o p tic a l e lem en ts  m u st be v e ry  ca re fu lly  se t w ith  
su itab le  a p p a ra tu s  in  o rd er to  k eep  reg u la r se ttin g  erro rs due  to  u n c o rre c t

p o sitio n  a t  a m in im um  [6 ]. T h e  choice o f co rner cubes needs v e ry  g re a t  care , 
th e  o th e r  o p tic a l elem ents h a v e  n o t  to  fu lfil special req u irem en ts .

In  th e  ang le  m easuring  in te rfe ro m e te r  th e  b eam  p a th  is th e  fo llow ing: 
th e  lig h t leav es th e  laser, crosses a  co llim ato r and  reaches th e  b e a m sp lit te r  
cube as p a ra lle l beam  of a d ia m e te r  of ab o u t 7 m m . T he b eam  s p l i t te r  cube 
ha lv es  th e  l ig h t beam , one h a lf  o f  th e  f lu x  reaches th ro u g h  th e  c o rn e r  cube 
Cj an d  th e  p en tap rism  th e  m irro r  M  an d  th e re  i t  is re fle c ted  in to  itse lf; 
th e  o th e r  h a lf  o f th e  flu x  crosses th e  p e n ta p rism  P 2, th e  c o m er cu b e  C2 and  
th e  r ig h t-a n g le  p rism  T , th e n  i t  reaches th e  m irro r M  an d  is also re f le c te d  
in to  itse lf. T h e  tw o re tu rn in g  b eam s m eet a t  th e  b e a m sp litte r  cube a n d  in te r ­
fere; th e  in te rfe ren ce  can  be v isu a lly  observed  or d e tec ted  b y  a  su ita b le  in s tru ­
m en t. In  case o f  ideal op tica l e lem en ts  an d  pe rfec tly  p lane w av e  f ro n t  p e r­
fe c tly  b r ig h t an d  b lack  fringes w o u ld  occur in  th e  in te rfe ren ce  p ic tu re . Since 
i t  is v e ry  d iff ic u lt to  fu lfil th is  co n d itio n  in  th e  p rac tice , such  a  se tt in g  is a im ed  
a t  w here  o n ly  e ith e r  m ax im um  in te n s ity  or m in im um  in te n s ity  sh o u ld  a p p e a r  
in  th e  s ig h t f ie ld  a t  once: such  an  in te rfe ren ce  p ic tu re  can  be easily  d e te c te d  
e lec tro n ica lly .

T he ang le  m easuring  in te r fe ro m e te r  is en ligh ted  b y  th e  fre q u e n c y  s ta b il­
ized laser o f  th e  d istance  m easu rin g  in s tru m e n t M etra  B lansko  ty p  L A  3000. 
S ince a  c irc u la r ly  po larized  l ig h t beam  leaves th e  lase r an d  th e  co llim a to r 
b u ilt  to g e th e r  w ith  it, th e  o b se rv a tio n  of th e  s trip e  m o v em en t d u e  to  th e  
ch an g e  o f  th e  position  o f th e  b a la n c e  a rm  an d  its  co u n tin g  is m ad e  in  th e  
w ay  as w ith  th e  C zechoslovakian  in s tru m e n t [7]. T he d e te c to r  p ro je c te d  is 
show n in  F ig . 4 . T he ligh t b eam  re tu rn in g  from  th e  arm s o f th e  in te rfe ro m e te r , 
an d  u n ite d  a t  th e  b eam sp litte r  cu b e  0 is cu t in to  tw o w ith  th e  b e a m sp lit te r  O’, 
an d  th e  tw o  b eam s are tra n s m it te d  to  th e  p h o to d e tec to rs  th ro u g h  p o la r iz a tio n  
filte rs . T h e  p o la riza tio n  f ilte rs  t r a n s m it  th e  com ponen ts o f  th e  c irc u la rly
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Fig. 4.
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p o la riz e d  ligh t b eam  b e in g  perp en d icu la r to  each  o th e r , th u s  th e  signals p ro ­
d u c e d  b y  th e  p h o to d e te c to rs  and  p ro p o rtio n a l w ith  th e  in te n s ity  o f th e  in ­
c id e n t lig h t differ f ro m  e a c h  o th e r b y  90° (F ig . 5). T he signals d e tec ted  so are  
p ro cessed  e lec tro n ica lly  a n d  th u s a d ire c tio n -d e p en d e n t co u n tin g  of th e  in te r ­
fe ren ce  stripes is e n a b le d  w ith  an accu racy  o f 1/4 period  [8 ].

T he re la tive  m o tio n  d  of th e  co rner cu b e  in  a  d irec tio n  being  p ara lle l 
w ith  th e  inc iden t l ig h t  b e a m s causes a  ch an g e  in  th e  len g th  of th e  o p tica l 
p a th  4d. The change c a n  b e  m easured  b y  m ean s  o f  th e  e lec tron ic  tra n s fo rm a ­
t io n  in  un its o f A/4 (A is th e  w ave-length  o f  th e  lig h t) , i.e .:

d  — n —— (n =  0 , i l ,  i 2 , • • • )> (2 )
16

u s in g  w hich th e  o p e ra t io n a l  equation  ( 1 ) g e ts  th e  fo rm :

2
s in  <p =  n  - —  (re =  0 , i  1 , i 2 , . . . ) .  (3)

16r

I n  th e  m easu rin g  ra n g e  of th e  in te rfe ro m e tric  level tr ie r  (ab o u t i 3 0  m in) 
i t  c a n  be supposed t h a t

sin <p cas (p . (4)
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As th e  e rro r in  case o f  en d  deflection  is on ly :

Aç>
(p =  30 min

th e  o p e ra tio n a l e q u a tio n  w ill be:

=  0.024 secs o f  arc

(p =  n
16r

(5)

( 6)

B y  su b s titu tin g  n  =  1, X =  0.63 fj.m an d  r «=< 63 cm , th e  re so lu tio n  
pow er o f th e  angle m easu rem en ts  w ill be :

f  =  0.012 secs o f  arc  . (7)

W h en  th e  in te rfe ren ce  stripes are  c o u n ted  e lec tron ically , th e  e r ro r  due 
to  th e  d ig ita l o u tp u t (A n  =  ^ 1 )  is:

Acpa =  0.025 secs o f arc  . (8 )

T he sources o f re g u la r  errors a t  th e  in te rfe ro m e tric  level t r i e r  a n d  th e ir  
effect on  th e  angu la r m easu rem en ts  a re  su m m arized  in  T ab le  I . T h e  e rro r  due 
to  in co rrec t a d ju s tm e n t is accord ing  to  th is  ta b le :

6

Acpj =  ^  Acpi =  0.015 secs o f  arc (9)
í = i

in  th e  w hole o p e ra tio n a l ran g e .
I t  follow s from  o p e ra tio n a l e q u a tio n  (6 ) t h a t  th e  in co rrec t d e te rm in a tio n  

o f th e  d is tan ce  of th e  edge prism s causes an  e rro r  o f th e  fo llow ing  v a lu e :

A<pr = n - T T J A r- (10)
I o n

In  o rd e r to  reach  A(pr < [ 0.01 sec o f  a rc , th e  d is tan ce  b e tw een  th e  op tica l 
cen tres  o f  th e  corner cu b es m ust be d e te rm in e d  w ith  an  accu racy  o f

r  =  1.7 /im  .

A  d irec t m easu rem en t o f  a  d is tan ce  w ith  such  an  accu racy  is im p o ssib le , hence 
an  o th e r m eth o d  m u st be  looked  for, i.e . th e  in s tru m e n t has to  b e  c a lib ra te d  
w ith  k n o w n  an g u lar v a lu es . As th e  ang le  m easu ring  in te rfe ro m e te r  h a s  an 
o p e ra tio n a l range of 1 ° a n d  th e  o u tp u t o f  th e  in te rfe ro m e te r  as w ell as th e  t i l t
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Table I

The source of the regular error Value of the regular error

In accu racy  of th e  w ave leng th Arp =  5 - 1 0  11 m m A(p =  AX 
16r

Arp, =  3 - 1 0  4 sec

N on-parallel in c id en t lig h t beam s on th e  ro ta tin g  p a r t t) =  120 sec a .  t a n  УA(p =  „2 _ _ x Arp2 -  6 • 10-4 sec

N o n -p erpend icu larity  o f th e  ro ta tio n  axis an d  th e  
in c id en t beam

?? =  60 sec
. ,  ta n  <f

A<p =  r f  2 Arp3 =  1.5 • 10-4 sec

D ifferen t heights o f th e  corner cubes Ah =  0.1 m m
A y -  A

Arp4 =  1.5 • 10-3  sec

D ifferen t re frac tiv ity  o f th e  corner cubes Afi =  5 • 1 0 - ‘
A fi ■ 'Ahcp2 f  

A(p =  -  A • fi2
A<p6 =  5.2 • 10-4 sec

The corner cubes are o f d ifferen t a  =  30 sec
a  • 16 • h • <p • (и  — 1) • /

A<p = ------------------ Ï—^
fi • Я

Arp6 =  1.2 • 10-2 sec

In  th is  Table

n =  3 • 105 
r  =  63 cm 
A =  0.63 pinl
e  =  i °  
f t  =  1.5 
/ =  0.012 
h =  5 era

th e  coun ter gets n  im pulses in  th e  com plete range,
th e  d istance of th e  corner cubes,
th e  w ave len g th  of th e  H e — Ne laser,
range o f th e  level trie r,
re fra c tiv ity  in d ex  of th e  corner cube,
reso lu tion  pow er o f th e  in te rferom eter,
heigh t o f th e  corner cube.
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o f th e  a rm  can  be su p p o sed  as lin ea r w ith in  th e  e rro r  lim its  g iv en  b y  E q . 5, 
i t  is su ffic ien t to  p ro d u ce  a n  a n g u la r  ro ta tio n  o f ^ 3 0  m ins o f a rc  w ith  respect 
to  th e  cen tra l positio n . As no su itab le  d e te c to r  h as  been  a t  o u r d isposa l, we 
on ly  give th e  m eth o d  u sab le  fo r th e  ca lib ra tio n .

T he sim plest c a lib ra tio n  m eth o d  can  be m ad e  b y  m eans o f  a n  a u to ­
co llim ato r. A m irro r is m o u n te d  on th e  m oving a rm  o f th e  level t r i e r  as show n

Fig. 6.

in  F ig . 6  an d  th e  a u to c o llim a to r p ic tu re  in  th e  in f in ite  is p o in te d  w ith  a te le ­
scope. T h en  th e  te lescope is ro ta te d  around  its  h o riz o n ta l axis b o th  in  positive 
an d  n eg a tiv e  d irec tions b y  30 m ins of arc. In  b o th  cases th e  a u to co llim a to r 
p ic tu re  is se t b y  th e  d ip p in g  o f  th e  balance  arm . I f  th e  ba lan ce  a rm  is m oved 
th e  op tica l p a th  an d  to g e th e r  w ith  i t ,  th e  o rd e r o f  th e  in te rfe ren ce  changes, 
an d  th e  s trip e  tra n s its  a re  d e te c te d  by  th e  e lec tron ic  in s tru m e n t.

D uring  a d ip  o f 1°, th e  co u n te r coun ts a b o u t re =  3 • 10s im pulses; 
th e  ra tio  o f these  tw o  v a lu es  y ie ld s th e  reso lu tio n  pow er o f th e  in s tru m e n t 
(f  =  0 . 0 1 2  secs o f arc).

T he e rro r of th e  ang le  m easu rem en t w ith  th e  a u to c o llim a to r m e th o d  is 
a b o u t 0.5 secs of a rc  w h ich  v a lu e  d iv ided  b y  th e  n u m b e r o f im p u lses  (re r*** 
«=« 3 • 105) y ields th e  e rro r  o f  th e  reso lu tion  pow er o f  th e  in te r fe ro m e te r  due 
to  th e  ca lib ra tio n  m ethod

zVres =  1 . 6  • 1 0 -« secs o f arc  . ( 1 1 )

T he erro r o f th e  re so lu tio n  pow er due to  th e  in co rrec t a d ju s tm e n t is:

zlipadj =  ——  =  5 • 10 ~ 8 sec o f arc  . (12)
re

The sum  of th e  tw o  re g u la r  errors is:

AÇ5reg =  ^Ç ’res +  ^i'adj ^ 1 - 7  ’ 1 0 ~e sec o f arc  .

T he accu racy  o f  th e  in te rfe ro m e tric  level t r ie r  can  be o b ta in e d  from  
th e  sum  o f th e  erro rs an a ly zed  h ith e r to :

àq> =  n • Acpreg +  A<pdig. (13)
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Aip
40 msec 

20 msec-

Aq
200 msec 

100 msec

10 min

9

9

------------ error of the digitization
------------ error of the calibration
----------  error of the angle measurement

Fig. 7.

T h u s , the  accu racy  o f  th e  in s tru m en t c o n ta in s  a  te rm  in d e p e n d e n t from  
th e  m easu rin g  range (zl<pdig) a n d  an  o ther d ep en d in g  on i t  (nAcpreg).

F ig u re  7 shows th e  e r ro r  function  d esc rib ed  b y  E q . 13 in  d iffe ren t 
m e a s u r in g  ranges. I t  c a n  b e  seen  th a t  in  case o f  sm a ll (a ro u n d  10 secs of arc) 
a n g le s  th e  error of th e  d ig i ta l  values p lays th e  g re a te r  ro le, w hile in  a  g rea te r 
r a n g e  th e  error due to  A<preg a  m ore and m ore im p o r ta n t  ro le , m ean ly  in  con­
s e q u e n c e  of the  in c rea s in g  in flu en ce  of th e  in a c c u ra c y  o f th e  ca lib ra tio n .

I t  can  be concluded  t h a t  th e  accuracy  o f th e  leve l t r ie r  has b een  sign ifi­
c a n t ly  increased, th e re fo re  th is  in s tru m en t is now  su itab le  to  solve problem s 
w i th  h ig h e r accuracy re q u ire m e n ts  in  case o f  la b o ra to ry  m easu rem en ts .
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ИНТЕРФЕРОМЕТРИЧЕСКИЙ УГЛОМЕР, ДЕЙСТВУЮЩИЙ В МАЛОМ ИНТЕРВАЛЕ
Я. И Н Ц ЕДИ -К. КРАУС

РЕЗЮМЕ

В статье описывается интерферометрический прибор для измерения углов, действу­
ющий в малом интервале (примерно 1°).

Описывается принцип действия инструмента, который можно считать модификацией 
интерферометра Майкелсона. Рассматриваются критерии точности при сборке интерферо­
метра и достижимая точность измерений углов этим инструментом.
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DAS PRÜFEN DER KIPPACHSEN VON THEODOLITEN

A. O R B Á N

GEODÄTISCHES UND GEOPHYSIKALISCHES FORSCHUNGSINSTITUT DER UNGARISCHEN AKADEMIE
DER WISSENSCHAFTEN, SOPRON

Die P rü fu n g  d e r K ippachse des T heodo lits  h a t  in  e r s te r  R eihe n ich t fü r  die G eodäsie, 
so n d ern  vor a llem  fü r  die In s tru m e n te n te c h n ik  eine g ro ß e  B ed eu tu n g . Die Ä n d e ru n g  der 
K ippachsen lage k a n n  n äm lich  U rsp ru n g  m eh re rer a n d e re r  In s tru m en ten fe h le r  sein.

N ach de ren  E rö rte ru n g  w erden  w eite re  B e m e rk u n g en  h in sich tlich  der W irk u n g  des 
K ippachsenfeh lers a u f  die horizon tale  W inkelm essung  u n d  P u n k ta b lo tu n g  gem ach t. D ie  W ir­
k u n g  des K ollim ationsfeh lers u n d  des S tehachsenfeh lers a u f  d ie  P rü fu n g  der K ip p ach se  w ird  
eingehend  e rö rte r t. D ie zw eckm äß igsten  P rü fm e th o d e n  u n d  P rü fin s tru m e n te  w erd en  b e sp ro ­
chen  (Ju s tie rk o llim a to r) .

In  diesem  Z u sam m en h an g  w ird  a u f  einige in  d e r F a c h li te ra tu r  vorkom m ende F e h l­
bem erk u n g en  h ingew iesen . Zum  Schluß  w erden  die m it  R e itlib e lle  d u rch g efü h rten  P rü fu n g e n  
de r K ippachse u n d  d ie K r i t ik  dieser M ethode  an g esch n itten .

E in le itung

D er K ip p ach sen feh le r v o n  T h eo d o liten  k a n n  — wie b e k an n t — d u rc h  
das M essen in  zw ei F e m ro h rla g e n  e lim in ie rt w e rd en . D esw egen is t die K ip p ­
achsenprü fung  in  geodätischer H in s ic h t h a u p tsä c h lic h  n u r  d an n  e rfo rd e rlich , 
w enn  die M essungen  aus irgende inem  G ru n d , sei es aus Zeit- oder P la tz ­
m angel, oder e v e n tu e ll w egen d e r B a u a r t  des M eß g erä tes  n u r in  d er e inen  
F ern ro h rlag e  d u rc h g e fü h rt w erd en  können .

H ingegen g eh ö rt hei d er E rzeugung oder R epara turen  von T h eo d o liten  
die K ip p ach sen p rü fu n g  zu den  w esen tlich sten  in s tru m e n te lle n  U n te rsu c h u n ­
gen; es em p fieh lt sich  sogar, sie in  d er R eihenfo lge d e r U n te rsu ch u n g en  u n te r  
d ie e rsten  zu se tzen . D er G ru n d  h ie rfü r lieg t d a r in , d aß  bei den m o d ern en  
T h eodo liten  d er K ip p ach sen feh ler m ehrere  a n d e re  In s tru m e n te n fe h le r  n a c h  
sich  ziehen k a n n . Als solche w ären  zu e rw ä h n e n : R ek tifik a tio n sfeh le r d e r 
A lh idaden libelle , V ergrößerungs- u n d  S ch ärfe feh ler der A b lesee in rich tung , 
F adenkreuzsch iefe  im  F e rn ro h r, P ro jiz ie ru n g sfeh le r des op tischen  L o tes usw . 
D ie E lim in ie ru n g  d ieser F eh le r v o r der P rü fu n g  d e r K ippachsen  k a n n  sich  
sogar als eine ü b erflü ssig e  A rb e it erw eisen, d a  j a  gegebenenfalls diese F e h le r  
d u rch  die R e k tif ik a tio n  der K ipp ach se  ev . a u to m a tisc h  v e rsch w in d en  
können .
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B e i d er U n te rsu ch u n g  u n d  d er B ese itig u n g  des K ip p ach sen feh le rs  is t 
es d u rc h a u s  n ich t im m er n ö tig , den  e ffe k tiv e n  W e rt der S chräg lage zu  ken n en . 
O ft g e n ü g t die K e n n tn is  schon  je n e r  W irk u n g , w elche von  d e r S ch räg h e it 
a u f  d ie  ho rizo n ta le  W inke lm essung  oder d as  H e rab lo ten  eines hochgelegenen  
P u n k te s  au sg eü b t w ird . In  solchen F ä lle n  m u ß  die R ek tifiz ie ru n g  m it  s c h r i t t ­
w eiser A n n äh e ru n g  solange fo r tg e se tz t w erd en , bis der F eh le re in flu ß  erlö sch t.

D ie  B estim m u n g  des num erischen W ertes des K ip p ach sen feh le rs  w ird 
in  e r s te r  L in ie  n u r zu r K o n tro lle  d e r K o n s tru k tio n  b en ö tig t, w en n  m a n  sich 
ü b e r  je n e  V erän d eru n g en  zu  in fo rm ieren  w ü n sc h t, die sich im  s p ä te re n  Ge­
b ra u c h  a n  d er K ippachse  e in ste llen  w erd en . D ie b ek an n te ren  P rü fm e th o d e n  
s in d  h ie rb e i folgende: U n te rsu c h u n g  d u rc h  ho rizon ta les W in k e lm essen  oder 
P u n k t-H e ra b lo tu n g , K o llim a to r-P rü fu n g  usw . (D ie P rü fu n g  d u rc h  V isieren  
eines m ech an isch en  L o tes  is t  n u r  zum  N achw eisen  des V o rh an d en se in s  eines 
K ip p ach sen feh le rs  geeignet.)

S e h r  w esentliche G esich tsp u n k te  hei d e r  W ah l der b esten  U n te rsu c h u n g s ­
m e th o d e  besteh en  d a rin , d aß  der K ip p ach sen feh le r m öglichst v o n  d e r W ir­
k u n g  a n d e re r  In s tru m e n te n fe h le r  g e tre n n t w erden  könne, fe rn e r, d a ß  das 
M essen  u n d  das A u sw erten  ein fach  sei.

F ü r  den  G eodäten  sch e in t es am  n äch stlieg en d sten  zu  se in , d ie  K ip p ­
a c h se n p rü fu n g  m it d er h o rizo n ta len  W in k e lm essu n g  zu v e rric h te n , d a  h ierbei 
die U n te rsu c h u n g  ohne irgendw elche H ilfse in rich tu n g en  m it dem  zu  p rü fe n ­
d e n  T h e o d o lit selbst d u rc h g e fü h rt w erd en  k a n n . D esw egen soll d iese  M ethode 
h ie r  a n  e rs te r  Stelle b e h a n d e lt w erden .

D er Einfluß des Kippachsenfehlers au f das horizontale W inkelm essen

I s t  i  der W ert des K ip p ach sen feh le rs , d a n n  e rh ä lt m an  d en  W e r t  des 
b e i d e r  h o rizo n ta len  W inkelm essu n g  b eg an g en en  A blesungsfeh lers dh au f 
G ru n d  d e r  aus der sp h ä risch en  G eom etrie  b e k a n n te n  A ble itung  aus d e r  F orm el

<5ft =  i tg  a ,

w o rin  a  d er H öhenw inkel d er Z iellinie is t.
O b zw ar n u n  diese B eziehung  aus d e r F a c h lite ra tu r  [1] a llgem ein  b e k a n n t 

is t ,  e ra c h te n  w ir es — m it R ü c k s ic h t a u f  u n se re  sp ä te ren  D arleg u n g en  — doch 
fü r  w ic h tig , h ier folgendes festzu legen :

— D  e r F eh le r <5/, e rsch e in t in  der H o rizo n ta leb en e .
— D ie  F o rm el g ilt n u r  d a n n , w enn  die S teh ach se  des T heodo lits w ä h re n d  des 

M essens v e rtik a l is t (m ith in  die K ip p ach sen n e ig u n g  n ic h t d u rc h  das 
S ch ie fs teh en  d er S teh ach se  v e ru rsa c h t w ird ).

— S ch ließ lich  h a t  die F o rm el n u r  G e ltu n g , w en n  die F e rn ro h rz ie llin ie  no rm al 
z u r  K ip p ach se  is t, d. h . d er T h eo d o lit k e in en  K o llim ationsfeh le r h a t .
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E in  v o rh a n d e n e r  K o llim atio n sfeh le r k a n n  seh r stö rend  se in , d a  es 
— ohne se inen  n um erischen  W e rt v o rh e r zu  k e n n e n  — sehr schw er fa llen  
d ü rfte  zu sagen , in  w elchem  A u sm aß  der A b lesefeh le r am  H o rizo n ta lk re is  von  
d er K o llim a tio n , beziehungsw eise von  dem  K ip p ach sen feh ler a b h ä n g ig  is t. 
W ert und  V orzeichen  der b e id en  F eh le r k ö n n e n  sich  sogar so e rgeben , d a ß  sie 
e in an d er bei gew issen H ö h en w in k e ln  löschen.

Herablotung des Höhenpunktes au f die Horizontalebene

D er in  W in k e lm aß e in h e iten  au sg ed rü ck te  W e rt des F eh le rs, d e r  be im  
H erab lo ten  des P u n k te s  a u f d ie  H o rizo n ta leb en e  begangen  w ird, s t im m t se in er 
N a tu r  gem äß m it jenem  F e h le r  übere in , d e n  d e r  K ip p ach sen feh ler a u f  die 
H o rizo n ta lk re isab lesu n g  a u sü b t. M it der P ro jiz ie rm e th o d e  k a n n  d e r F e h le r  
öh sehr e in fach  ab g e le ite t w erden .

In  A bb . 1 sei angenom m en, daß  der S c h n i t tp u n k t  der K ip p a c h s e /  u n d  
des F e rn ro h rs  t des zu p rü fe n d e n  T heodo lits  a u f  d en  P u n k t A  e n tfä l l t ,  u n d  
d aß  das F e rn ro h r  keinen  K o llim a tio n sfeh le r h a t .  D as H e ra b lo te n  des als 
n a tü rlich es  S ignal b e n ü tz te n  H ö h en p u n k te s  P  a u f  die H o rizo n ta leb en e  k a n n  
a u f  zw eifache W eise erfo lgen: B ei dem  H e ra b lo te n  w ird  das F e rn ro h r  zu ­
n ä c h s t um  eine gedach te  h o rizo n ta le  K ip p ach se  v e rd re h t (PB  is t die P ro jiz ie r ­
gerade), d a n a c h  ab e r um  eine K ippachse  v e rd re h t , die um  den W in k e l i  zu r 
H o rizo n ta len  g ene ig t is t (P ro jiz ie rg erad e  is t  P C ). W enn  kein  K o lliin a tio n s- 
feh ler v o rlieg t, d a n n  is t die F e rn ro h rz ie llin ie  n o rm a l zu r K ippachse . D e m z u ­
folge is t v o n  d en  beiden , aus dem  P u n k t P  au sg eh en d en  P ro jiz ie rlin ien  P B  
n o rm al a u f die h o rizo n ta le  K ip p ach se , PC a b e r  n o rm a l au f die u m  i gen e ig te  
K ippachse . S o m it is t auch d e r  von  den  b e id e n  G eraden  am  P u n k t  P  e in ­
geschlossene W in k e l gleich i.

N ach  d em  P ro jiz ie ren  d u rc h  V erd reh u n g  u m  die gedachte  h o riz o n ta le  
K ippachse  bzw . u m  die i-gene ig te  K ippachse  sch ließen  die Z iellin ien  d e r  b e i­
den  in  horizontaler Stellung befindlichen Fernrohre  m ite in an d er e inen  W in k e l 
öh ein, der m it je n e r , vom  K ip p ach sen feh ler i a u f  die H o rizo n ta lk re is-A b lesu n g  
au sg eü b ten  W irk u n g  ü b e re in s tim m t.

p
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D ie B erechnung  des W inkels <5/, (A bb . 1) l a u te t  wie fo lg t:

A us A B C  A  Ô л =
e* T ' (i)

A us A B P A  d  =
т

(2 )
tg  а

A us С В Р A  a =
i  • т

(3)
9

W ird  (2) und  (3) in  (1) e in g ese tz t, so e rh ä lt  m a n :

áh =  i tg  a  •

I s t  d e r  P ro jiz ierw inkel a  =  45°, d an n  is t d ie  W irk u n g  des K ip p ach sen feh le rs  
a u f  d ie  H o rizo n ta lk re isab lesu n g  gleich dem  S ch räg h e itsw ert d er K ip p ach se . 
D iese  b ek a n n te  F e s ts te llu n g  tr if f t  jed o ch  n u r  d a n n  zu, w enn die F e rn ro h r ­
z ie llin ie  norm al zu r K ip p a c h se  is t, m ith in  k e in  K o llim ationsfeh le r v o rlieg t. 
D ie  v o m  K o llim a tio n sfeh le r (c) a u f  die H o rizo n ta lk re isab lesu n g  au sg eü b te  
W irk u n g  óit ä n d e rt s ich  n äm lich  — wie b e k a n n t  — gleichfalls als F u n k tio n  
des H öhenw inkels, la u t  B eziehung

cos a

B e im  H erab lo ten  des P u n k te s  a u f d ie H o rizo n ta leb en e  w e ich t d ie  n u r  
m it K o llim a tio n  b e h a f te te  Z iellinie in  b e id en  F ern ro h rlag en  m it d em  gleich­
g ro ß e n  abso lu ten  W in k e lw e rt, doch m it en tg eg en g ese tz tem  V o rze ich en  von  
d e r r ic h tig e n  P ro jiz ie rr ic h tu n g  ab. D esw egen  b e s te h t zw ischen d en  b e id en  
P ro je k tio n e n  von P  in  d e r  H o rizo n ta leb cn e  selbst dann  eine lineare A bw eichung, 
w en n  die K ippachse horizonta l ist. I s t  au ch  d ie K ippachse  schief, d a n n  m uß 
m a n , u m  die F eh ler zu  tre n n e n , den K o llim a tio n sfeh le r bei h o riz o n ta le r  F e rn ­
ro h r la g e  gesondert b e s tim m e n , (wobei h ie r d ie  W irk u n g  der K ip p a c h se n n e i­
g u n g  gleich null is t) ;  d a n a c h  aber m uß  ih re  W irk u n g  rech n erisch  b e rü c k ­
s ic h tig t  w erden, in d em  m a n  es an  die F o rm e l des K ippachsen feh lers a n k n ü p f t 
([2 ] S. 142., F orm el 87).

Projizierung von gleichem H öhen- und Tiefenwinkel

E in , m it einem  K o llim a tio n sfeh le r c b e h a fte te s  F e rn ro h r b ew eg t sich 
b e im  D reh en  um  die K ip p a c h se  a u f einem  K eg e lm an te l (Abb. 2). D ie Z iellinie 
des F e rn ro h rs  b e sc h re ib t d ab e i in  der zu r K ip p a c h se  paralle len  V ertik a leb en e
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eine H y p erb e l. D ie u n te r  gleichem  H öhen- u n d  T iefenw inkel s ic h tb a re n  P u n k te  
d er H y p erb e l P  u n d  P ' fa llen  (in  beiden  F e rn ro h rlag en ) in  eine  V ertika le , 
v o rau sg ese tz t, d aß  die K ip p ach se  h o rizo n ta l w ar.

W en n  also das H e ra b lo te n  in  der W eise erfo lg t, d aß  d er zu  p ro jiz ierende 
P u n k t  eben  so h och  ü b e r  d er H o rizo n ta len  zu sehen  is t, w ie d e r  p ro jiz ie rte

Abb. 2

P u n k t  ( P ')  d a ru n te r  lieg t, d a n n  is t die P ro jiz ie ru n g  frei v o n  je g lic h e r K olli­
m atio n sw irk u n g . (D er zu  p ro jiz ie rende  u n d  d er p ro jiz ie rte  P u n k t  liegen in  
d iesem  F a lle  in  g leichem  A b sta n d  von  d e r v e r tik a le n  S y m m etrieach se  der 
H y p erb e l.)  (A bb. 3a)

L ieg t ab er au ß e r dem  K ollim atio n sfeh le r au ch  noch  e in  K ip p ach sen ­
feh ler vo r, d a n n  s te h t  au ch  die v o rh in  noch  sen k rech t an g en o m m en e  Sym ­
m etrieach se  d er H y p e rb e l schräge , u n d  die p ro jiz ie rten  P u n k te  gleichen 
H öhen- u n d  T iefenw inkels en tfa llen  n ich t m eh r a u f  eine V e rtik a le . D och  selbst 
in  d iesem  F alle  w ird  die W irk u n g  der K ippach sen n e ig u n g  bei d e r P ro jiz ie ru n g  
d u rc h  den  K o llim a tio n sfeh le r n ic h t v e rz e rrt, d a  d er zu  p ro jiz ie ren d e  u n d  der 
p ro jiz ie rte  P u n k t P  u n d  P ' von  der G erade a ' , b' in  gleichem  A b s ta n d  bleiben. 
D as is t  so v o rzu ste llen , als oh sich die P u n k te  P  u n d  P ' a u f  d e r  die w irk­
liche S ch räg h e it d e r K ip p ach se  angebenden  G erade a ' b' befänden  
(A bb. 3b).

B ei einer d e ra r tig e n  P u n k th e ra b lo tu n g  k a n n  das A usscheiden  des K olli­
m ationsfeh le rs au ch  a u f  G ru n d  der aus der sp h ärisch en  G eom etrie  b ek a n n te n  
A b le itu n g  des K o llim a tio n s-E ffek te s  e r lä u te r t  w erden .

D em gem äß  w ird  die W irk u n g  des K o llim ationsfeh le rs (c) a u f  den  nu r 
in  e iner F e rn ro h rlag e  gem essenen  H o rizo n ta lw in k e l Aök d u rch  d ie  F o rm el

cos a x cos a 2

a u sg ed rü ck t, w orin  a x u n d  oc2 die H öhenw inkel d er angez ie lten  P u n k te  bedeu ­
te n . D iese F o rm el is t  im  au slän d isch en  F a c h sc h rif ttu m  se lten  an z u tre ffen  [2,
S. 140]; in  den  u n g a risch en  L eh rb ü ch ern  ab e r is t sie sogar a n  zw ei S tellen
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a

a n g e fü h r t .  Die in  [3], (S. 385) d iese r Form el be ig efü g te  E rk lä ru n g  la u te t  fo lgen­
d e rm a ß e n : »Ist ax =  oc2, m i th in  d e r H öhenw inkel d e r  räu m lich en  R ich tu n g en  
d e r  W inke lschenke l e in a n d e r  g leich , dann  is t Adk =  0 , d. h. m an  e rh ä lt  den 
g e m essen en  W inkel feh le rfre i.«  N ach  der F o rm e le rk lä ru n g  in  [4, I .  287] ab er 
g il t :  » W en n  W inkel g em essen  w erd en , und  dabei d ie  b e id en  R ic h tu n g e n  n ich t 
u n te r  d e m  gleichen N e ig u n g sw in k e l liegen, d an n  w ird  d er W ert des gem essenen 
W in k e ls  falsch sein; u n d  z w a r  w ird  der F eh le r um so  g rößer, je  g rößer der 
U n te rs c h ie d  zwischen d en  N eigungsw inkeln  ist.«

B e id e  E rk lärungen  d e r  F o rm e l bedürfen  e in e r  E rg än zu n g . E s is t näm lich  
au s d e n  vorhergehenden  E rö r te ru n g e n , wie auch  d a ra u s , d aß  cos ( — a) =  cos к 
is t ,  o ffensich tlich , daß e in  in  der einen Fernrohrlage gemessener H orizonta l­
w in k e l auch dann fre i von K o llim a tio n sw irku n g  is t, w enn  die H öhenw inkel der 
angezie lten  Punkte die gleichen Werte, aber entgegengesetzte Vorzeichen haben.

Z u  d er Form el

(«) sin  Z l sin  Z 2
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w elche in  [2], (S. 140) fü r  den  Z enitw inkel m itg e te il t  is t, w urde fo lgendes h in zu ­
g e fü h rt: »Der E in f lu ß  des Z ielachsenfeh lers a u f  den in  einer F e rn ro h rla g e  
gem essenen W inke l is t  u m  so k leiner, je  k le in e r  der U n tersch ied  d e r  beiden  
Z en itw inkel (H ö h en w in k e l) is t. Bei g leichen  A b so lu tw erten  d er Z en itw in k e l 
is t e r gleich Null.«

E s is t jed o ch  k la r , d aß  auch  diese F o rm e le rk lä ru n g  einer E rg ä n z u n g  
b ed a rf: D ie e rw ä h n te  W irk u n g  is t näm lich  a u c h  d a n n  gleich N ull, w e n n

Z 2 =  180° — i s t .

D ie W ic h tig k e it d ieser E rg än zu n g en  is t  u . a. gerade zum  V e rs tä n d n is  
des fü r  die P rü fu n g  des K ippachsen feh lers g e b a u te n , und  sp ä te r  n o c h  n äh e r 
e rö r te r te n  Ju s tie rk o llim a to rs  erforderlich .

D ie P rü fe in r ic h tu n g  b e s te h t aus zwei K o llim a to ren , die zu r H o riz o n ta le n  
um  d en  gleichen H ö h en - u n d  T iefenw inkel g en e ig t sind und  v o r w e lch en  der 
zu p rü fen d e  T h e o d o lit au fg este llt w ird. Im  G esich tsfeld  des o b eren  K o llim a­
to rs  is t ein  e in faches F ad en k reu z , in  dem  u n te re n  aber eine H o riz o n ta lsk a la  
zu sehen.

D as P rü fen  b e s te h t  n u n  d arin , d aß  d e r  M itte lp u n k t des o b e re n , ein­
fachen  F ad en k reu zes  in  zwei F e rn ro h rlag en  a u f  die u n te re  K o llim a to rsk a la  
h e ra b p ro jiz ie rt w ird . F a lle n  dabei die b e id en  P ro jiz ie ru n g en  au f v e rsch ied en e  
S ka len te ilungen , d a n n  is t  die K ippachse  sch ief. D er W ert d ieser S ch räg h e it 
k a n n  an  e iner g ee ich ten  S ka la  auch d ire k t in  W in k e lm aß e in h e iten  b e s tim m t 
w erden .

D iese e in fache  P rü fm e th o d e  is t in  d e n  allgem ein g e b ra u c h te n  L e h r­
b ü ch e rn  n ich t b e sch rieb en , tro tzd em  sie — n a c h  den  In fo rm a tio n en  au s den 
G erä tep ro sp ek ten  — v o n  den  W erken  fü r  g eo d ä tisch en  G erä teb au  in  w eitem  
U m fang  b e n ü tz t w ird . B isher gelang es n u r  in  einer D isse rta tio n  [5] von 
O c h s e n h ir t  aus 1962 eine kurze B esch re ib u n g  d er Vorzüge d ieser M ethode 
zu fin d en , u n d  an  g le icher Stelle w ird  au ch  an  einem  Beispiel au fg eze ig t, au f 
w elche W eise d er W e r t  des K ippach sen feh lers  num erisch  b e s tim m t w erden  
k an n . L e tz te re r  b e d a r f  ab e r einer K o rre k tu r  u n d  einer E rg än zu n g . U n d  dies 
gab den  A nlaß  d a z u , d aß  "wir uns m it der T h eo rie  d ieser M ethode e in g eh en d e r 
befassen  sollen.

D ie V orzüge d ieser P rü fm eth o d e  s ind :
a)  Im  G egensa tz  zu m ehreren  a n d e re n  P rü fm eth o d en  is t h ie r  keine 

W inkel- u n d  E n tfe rn u n g sm essu n g  nö tig . (B eso n d ers  bei L ab o rm essu n g en , die 
in  einem  re la tiv  k le in en  R au m  d u rch g e fü h rt w erd en  m üssen, k a n n  d as  P rü fe r­
gebnis d u rch  die F e h le r  d er W inkel- u n d  E n tfe rn u n g sm essu n g  seh r u n g en au  
w erden .)

b )  W egen des A nzielens der K o llim a to re n  is t das P rü fe rg eb n is  u n a b ­
häng ig  vom  F e h le r  d e r F e rn ro h re x z e n tr iz itä t u n d  der N eg a tiv lin se -F ü h ru n g . 
(D ie v is ie rten  S ignale  liegen im  U nend lichen .)
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c )  W egen der be i g le ich en  H öhen- u n d  T ie fen w in k e l erfo lgenden  H e ra b ­
lo tu n g  i s t  diese M ethode fre i v o n  jeglichem  K ollim a tio n sfeh le re in flu ß .

d )  B ei der P rü fu n g  e rü b r ig t  es sich, die T h eo d o lit-S teh ach se  g en a u  v e r t i ­
k a l  e in zu ste llen .

P rü fe n  w ir n u n  z u e rs t , w elcher F eh le r h e i d e r  B estim m ung  des K ip p ­
a c h se n fe h le rs  e n ts te h t, w e n n  w ährend  d er H e ra b lo tu n g  in  zwei F e rn ro h r ­
la g e n  d ie  S tehachse des T h e o d o lits  n ich t v e r t ik a l  is t.

P  P

Abb. 4

I n  A bb. 4a is t die P ro jiz ie ru n g  des P u n k te s  P  m it H ilfe eines T h eo d o lits  
v o n  v e r tik a le r  S tehachse  in  zwei F e rn ro h rla g e n  d u rch g efü h rt w o rd en . D er 
A b s ta n d  der beiden p ro jiz ie r te n  P u n k te  is t  c. A b b . 4b zeigt die m it  e iner 
S ch ie fe  e der S tehachse  erfo lgende P ro jiz ie ru n g . H ier is t der A b s ta n d  der 
p ro jiz ie r te n  P u n k te  c '. B e rech n en  w ir n u n  je n e n  P ro jiz ierungsfeh ler (zlc =  
=  c ' — c), der aus dem  S teh ach sen feh ler o d e r au s  dem  gleichgroßen z u s ä tz ­
lic h e n  K ip p ach sen feh ler e rw ä c h s t.

A u f  G rund  von  A b b . 4 a  is t  c =  2m  tg  i  (w o rin  m  die H öhe des P u n k te s  
P ,  i a b e r  den  K ip p ach sen feh le r  b ed eu te t).

A u f  G rund  von  A bb . 4 b  is t:

а =  m  tg  (s  -f- i); e =  m  tg  (e — i) 

с' =  а — e =  m [tg  (e -f- i) — tg  (e — /)] 

zlc =  c' — c =  m [tg  (e -f- i) — tg  (e — i) — 2  tg  »].

O h n e  eine eigene A b b ild u n g  sei an g en o m m en , d aß  der zu p rü fe n d e  T h e o ­
d o l i t  im  A b stan d  d  v o n  d e r  v e rtik a len  P ro jiz ie ru n g seb en e  stehe. V o n  d ieser 
E n tf e rn u n g  erschein t d e r P u n k t  P  u n te r dem  H ö h en w in k e l a, und  d er A b s ta n d  
zlc u n te r  dem  p a ra lla k tisc h en  W inkel A'h — q" (Zlc/d). D er W inkel Zlft, d . h. 
d ie  a u f  die W inkelm essung  bezogene W irk u n g  des doppelten  W ertes  des zu ­
s ä tz l ic h e n  K ip p ach sen feh lers , is t au f dem  H o rizo n ta lk re is  des T h eo d o lits  
m e ß b a r .
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W ird  die fü r  Ac e rh a lte n e  G leichung in  die F orm el A'f, e in g e se tz t u n d  
b e rü c k s ic h tig t, daß  tg  a  =  m /d  is t , d a n n  e rh ä lt m an :

A l  =  q" tg  <x [tg  (s +  i) — tg  (г — i) — 2  tg  i] .

D er F e h le r  (A i) der B estim m u n g  des einfachen  K ippachsenfeh lers i  l a u te t  au f 
G ru n d  d e r b ek a n n te n  B ez iehung  (óh =  i tg  a ):

A i  =  Ah =  q" tg  ( e  +  0  -  4  (e — 0  -  2  tg  t 
2  tg  a  2

E s seien  e =  7°; i =  60"; d a n n  is t A i =  0,9".
W en n  also die S teh ach se  des T heo d o lits  u m  7° schief is t, u n d  d e r  K ip p ­

achsen feh ler 60" b e trä g t ,  d a n n  is t  die B estim m u n g  des K ip p ach sen feh le rs  
n u r  m it einem  F eh ler k le in e r als 1" b e h a fte t.

D iese D arlegungen  g e lten  au ch  fü r  die m it dem  K o llim a to r e rfo lgende  
P u n k th e ra b lo tu n g , w en n  d er P u n k t  in  die h o rizo n ta le  E bene p ro jiz ie r t  w ird .

E s s te llt sich fe rn e r  noch  d ie  F rag e , w ie groß soll d er N e ig u n g s­
w inke l d er K o llim a to ren  zum  H o rizo n ta len  sein. D iesbezüglich  w ird  von  
Ochsenhirt 45° vorgesch lagen . B ei d en  sog. Ju s tie rk o llim a to re n  d e r  U n g a ri­
schen  O p tischen  W erke (MOM) w erd en  30° b e n ü tz t,  w äh ren d  im  so w je tisch en  
G O ST S ta n d a rd  [6 ] — o bzw ar diese P rü fu n g  a u f  der h o rizo n ta len  W in k e l­
m essung  b e ru h t — W in k e l n ic h t k le in e r als 20° vorgeschrieben  w erd en .

D er K ip p ach sen feh ler k a n n  p rin z ip ie ll m it K o llim a to rp aa ren  v o n  v ie le r­
lei N eigungsw inkel b e s tim m t w erd en . B ei k le inerem  N eigungsw inkel i s t  das 
P rü fe rg eb n is  w eniger g en au ; bei g roßem  N eigungsw inkel aber is t  d a s  M essen 
seh r un b eq u em ; bei m an ch en  T h e o d o litty p e n  sogar unm öglich .

D ie V erw endung  v o n  b ev o rzu g ten  N eigungsw inkeln  v e re in fa c h t ab e r 
d e n  U n te rsu ch u n g sg an g . E in  so lcher N eigungsw inkel is t be isp ielsw eise  der 
b e re its  e rw äh n te , u n d  au ch  in  [5] m itg e te ilte  W inkel -(-45°/—45°, bei 
w elchem  der v ierfache  W e rt d e r K ip p ach sen sch räg e  am  H o riz o n ta lk re is  des 
T h eo d o lits  d irek t gem essen  w erd en  k an n .

B etreffs  des a n d e ren  b ev o rzu g ten  N eigungsw inkels —f— 3 0 /— 30°, der 
au ch  be i den  Ju s tie rk o llim a to re n , B a u a r t  MOM V erw endung f in d e t , k o n n te n  
w ir  im  F a c h sc h rif ttu m  keine H inw eise fin d en .

D ieser N eigungsw inkel w ird  a u f  G ru n d  u n se re r  eigenen N ach fo rsch u n g en  
desw egen  bevorzug t, d a  d as  D reieck  A P B  — w ie es a u f  A bb. 5 zu  e rk e n n e n  is t 
— g leichseitig  is t u n d  d esh a lb  d er A b s ta n d  2a  zw ischen den  P u n k te n  C u n d  В  
sow ohl v o n  P , wie au ch  von  A  au s u n te r  dem  gleichen W in k e l e rsc h e in t. 
D em zufolge k a n n  der in  P u n k t  P  e rscheinende W e rt i der K ip p ach sen sch räg e  
aus P u n k t  A  e infach b e s tim m t w erd en  (i =  <p).

D iese D arlegungen  g e lten  au ch  fü r  P rü fu n g e n , die m it d em  H e ra b lo te n  
v o n  n a tü r lic h e n  P u n k ts ig n a le n  d u rc h g e fü h rt w erden , doch  is t es d a n n  w esen t-
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P P

lieh , d a ß  dabei die G e ra d e  d, welche d en  bei P u n k t  A  be fin d lich en  W inkel 
2 a  h a lb ie r t ,  no rm al a u f  d ie  v e rtika le  P ro je k tio n se b e n e  (in  P u n k t  D )  sei. Bei 
e in e r  so lchen  A n o rd n u n g  k a n n  au f G rund  v o n  A b b . 5 sogar e rrech n e t w erden , 
m it  w elchem  H öhen- o d e r T iefenw inkel m a n  p ro jiz ie re n  m uß  d a m it i gleich 
cp w erd e .

<P
tt (4)

m

m  =  2 d t g a

cos ( —a)

d

cos a

(5)

(6) 

(?)

A u s (4) u n d  (5) is t  zu  e rseh en , daß  i" d a n n  g le ich  cp" w ird , w enn  d ' gleich 
ln  is t .  W erden  die m it  d e n  G leichungen (6 ) u n d  (7) gegebenen W erte  m  u n d  
d ' e in a n d e r  g le ich g ese tz t, u n d  die so e rh a lte n e n  G leichungen  n a c h  a  a u f­
g e lö s t, so e rh ä lt m an :

2  tg  a  =  — —  
cos a

sin a  1

cos a  2  cos a

1
sin a  =  —

2

a =  30°.

D e m n a c h  sind die W in k e l i  und  cp d an n  e in a n d e r  gleich, w enn a  =  30° is t.
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D er W inkel ep is t  in  e in er schrägen  E b en e  gelegen, sodaß  er a m  H orizon ­
ta lk re is  des T heodo lits  d ire k t n ich t gem essen w erden  k an n . D er H o riz o n ta l­
kreis lie g t in  der d u rch  d en  P u n k t  A  geleg ten  E b en e . ( In  A bb . 5 zu  sich  paralle l 
in  den  P u n k t  F  v e rsch o b en .) A m  H o rizo n ta lk re is  is t a n s ta t t  cp d e r  zw ischen 
den  d u rc h  die P u n k te  C  u n d  В  gelegten , e in an d e r in  A F  sc h n e id e n d e n  V erti­
k a leb en en  gebildete  W in k e l öh m eßbar.

W ie v e rh ä lt sich  n u n  d er W ert öh zu dem  in einer sc h rä g e n  E b en e  e r­
sche inenden  cp? A u f G ru n d  v o n  A bb. 5 is t:

2a „ 2 a ô"h _ d '
~  9 ер --=  Q —— ; —

d d ' ?" d

d d
=  à"h — ----- = cos a

d' d '

?" = d'}, cos a  .

I n  d er H o rizo n ta leb en e  w ird  ein g rö ß erer W inkel gem essen , als in  der 
sch räg en  E bene  (P u n k t F  lieg t n äh e r der E n tfe rn u n g  2a als P u n k t  A ).  Die 
P rü fm e th o d e , w elche d ie -\-j—30° P ro jiz ie ru n g  b e n ü tz t, is t also  gegenüber 
d er -(-/—45° P ro jiz ie ru n g  im  N ach te il, d a  h ie r die K ip p a c h se n sc h rä g h e it am 
H o rizo n ta lk re is  des T h eo d o liten  d irek t n ic h t gem essen w erd en  k a n n .

A n d ers  v e rh ä lt es sich, w enn  in  der P ro jiz ie ru n g sric h tu n g  — 30° ein m it 
e iner m m -S kala , oder m it einem  O k u la rm ik ro m ete r v ersehener M eß ko llim ato r 
von  b e k a n n te r  B ren n w eite  s te h t. M it dem  M eßko llim ato r k ö n n e n  W inkel 
auch  in  sch räg er E b en e  gem essen w erden . S o m it k a n n  der, d e r K ip p a c h se n ­
sch räg h e it gleiche W in k e l i d ire k t b e s tim m t w erden .

A u f G ru n d  des V o rh erg eh en d en  k a n n  b e tre ffs  d er K ip p a c h se n p rü fu n g  
folgendes festg este llt w erd en :

- W ird  der p a ra lla k tisc h e  W inkel zw ischen  den  in  zw ei F e rn ro h rla g e n  
h e rab g e lo te ten  P u n k te n  am  H orizontalkreis des zu  p rü fen d en  Theodolits, oder 
am  H o rizo n ta lk re is  eines H ilfs th eo d o liten  gem essen, w elch le tz te re r  als K olli­
m a to r  gegenüber dem  zu  p rü fen d en  T h eo d o liten  au fg este llt is t, d a n n  m uß  der 
P ro jiz ie rw in k e l —45° u n d  —45° sein.

— W ird  d er in  e in er schrägen Ebene  e rscheinende W inke l zw ischen  den 
in  zwei F e rn ro h rlag en  h e ra b g e lo te ten  P u n k te n  m it dem  M eß k o llim a to r gem es­
sen, d a n n  m uß  d er P ro jiz ie rw in k e l —|— 30° u n d  —30° sein.

V on Oc h s e n h i r t  [5] w urde eine P ro jiz ie ru n g  von  -j-45° u n d  —45° 
angew endet. D er W inke l zw ischen den  beiden  h e rab g e lo te te  n P u n k te n  w urdeо  о
von ih m  in  schräger E b e n e  gem essen (besser gesag t: a u f  G ru n d  d e r  im  K olli­
m a to r vorgesehenen  m m -S k a la  u n d  der b e k a n n te n  B ren n w eite  des K ollim a­
to rs  b e rech n e t). D och im  S inne des V orhergesag ten  erh ie lt er a u f  d iese W eise 
n ich t d ie  rich tig en  i-W e rte , d a  diese bei der P ro jiz ie ru n g  v o n  —(— 45° zu  —45°
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in  d e r  H orizon ta lebene e rsc h e in e n . Die in  d e r sc h rä g e n  E bene e rm itte lte n  
W e r te  s in d  kleiner als d ie  w irk lic h e n  W ink e lw erte , so d aß  diese n och  du rch  
cos 4 5 °  ( =  0,707) d iv id ie rt w e rd e n  m üssen. S o m it s in d  in  [5] die F o rm e ln  (69) 
u n d  (70) u n rich tig , u n d  e b en so  u n rich tig  die aus d iesen  e rrech n e ten  W e rte  (T a­
b e lle  44  u n d  45).

— U m  bei der K ip p a c h se n p rü fu n g  fe s tz u s te lle n , w elches A chsenende 
h ö h e r  l ie g t, kann  fo lgende e in fa c h e  M ethode e m p fo h len  w erden : N ach  dem  
H e r a b lo te n  des H ö h e n p u n k te s  in  zwei F e rn ro h rla g e n  b e o b a c h te t m an , w elche 
F e rn ro h r s tü tz e  aus der V e r tik a lr ic h tu n g  g e d rü ck t w e rd en  m uß, u m  die F e rn ­
ro h r-Z ie llin ie  zur M itte llin ie  d e r  beiden P ro jiz ie rp u n k te  h in  zu versch ieben . 
D ie se s  K ippachsenende l ie g t  n äm lich  höher. M it d ieser P rü fm e th o d e  fallen  
d a n n  a lle  die zur K ip p a c h se n -R e k tif iz ie ru n g  e rfo rd e rlich en  V o rze ichenpro ­
b le m e  au to m a tisch  weg.

—• Zw ischen den  h o r iz o n ta le n  W in ke lw erten , die bei K ip p ach sen feh ler 
m i t  A n z ie lu n g  der P u n k te  u n te r  versch iedenen  H ö h en w in k e ln  in  zwei F e rn ­
r o h r la g e n  gemessen w u rd e n , e rg ib t  sich eine v o n  d e r G röße des H öhenw inkels 
a b h ä n g ig e , variable D iffe ren z  (Scheinbare K o llim a tio n sfeh le r-Ä n d eru n g ). D ie­
se r U m s ta n d  m acht d a ra u f  au fm erk sam , daß  es n ic h t  in  jed em  F a lle  ra ts a m  
is t ,  s e lb s t  bei T heodo liten  m i t  d iam e tra le r A b lesung , d ie  G üte  der im  G elände 
d u rc h  g e fü h rte n  M essungen a u f  G rund  der Ä n d e ru n g  des K o llim ationsfeh le rs 
zu  k o n tro llie re n  und  b e u r te i le n .

— B ei P ro jiz ie ru n g en , d ie  bei gleichem  H ö h en - u n d  T iefenw inkel erfo l­
g en , f ä l l t  d ie W irkung des K o llim atio n sfeh le rs  — w ie w ir sahen  — aus. N ich t 
d a s se lb e  geschieht aber in  d e m  F a ll, w enn m it e in em  m it K o llim atio n s- u n d  
K ip p a c h se n fe h le r  b e h a f te te n  T h eo d o lit H o rizo n ta lw in k e l d u rch  das A nzielen  
v o n  u n te r  gleichen H öhen- u n d  T iefenw inkeln  e rsch e in en d en  P u n k te n , in  zwei 
F e rn ro h r la g e n  gem essen w e rd e n . D er U n te rsch ied  d e r  in  zwei F e rn ro h rlag en  
g e m e sse n e n  W inkelw erte i s t  n äm lich  in  der A u fw ä rts -  u n d  A b w ä rts r ic h tu n g  
n ic h t  g le ich  groß. D er G ru n d  h ie rfü r  liegt d a rin , d a ß  die W inkelw erte  d u rch  
d ie K o llim a tio n sfeh le r o b en  u n d  u n te n  m it dem  g le ich en  V orzeichen, w äh ren d  
d u rc h  d ie  K ippachsen feh ler m it en tgegengese tztem  V orzeichen b e e in flu ß t 
w e rd e n . D ie W irkung d e r K o llim a tio n  w ird d em n ach  e in m al zum  K ip p a c h se n ­
fe h le r  h in zu ad d ie rt, ein  a n d e rs m a l aber von  d iesem  su b tra h ie r t . D em zufolge 
m e ld e t  s ich  die scheinbare  Ä n d e ru n g  des K o llim a tio n sfeh le rs  auch  be i dem  
A n z ie le n  v o n  P u n k ten  g le ic h e n  H öhen- u n d  T ie fenw inke ls.

— N ach  der E lim in ie ru n g  des in  der h o riz o n ta le n  F e rn ro h rlag e  be­
s t im m b a re n  w irklichen K o llim a tio n sfeh le rs  m ü ß te n  e igen tlich  die sch e in b aren  
K o llim a tio n sfeh le r  der P u n k te  gleichen H öhen- u n d  T iefenw inkels e in an d er 
g le ich  se in . B em erkt m an  t r o tz d e m  eine A bw eichung , so m uß  d a rau s  a u f  einen 
T a u m e lfe h le r  der K ip p a c h se , even tue ll au f ih re  O v a li tä t  gefo lgert w erden .

F ü r  das P rü fen  des K ippach sen feh lers  d u rc h  W inkelm essung  w erden  
in  d e r  F ach lite ra tu r  im  a llg e m e in e n  solche P rü fm e th o d e n  beschrieben , die n u r
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m it einem  H öhen w in k e l erfolgen. E ine  P rü fu n g  hei n ahezu  g le ichen  H öhen- 
u n d  T iefenw inkeln  w ird  n u r  im  S ta n d a rd  G O ST 20063-74 v o rg esch lag en  [6 ], 
doch  auch  h ie r w erd en  die V orteile  d ieser M ethode n ich t d a rg e leg t.

Z u r V erm in d eru n g  d e r v o rh e r e rw ä h n te n  F eh le r is t es zw eckm äß ig , die 
U n te rsu ch u n g en  d e r K ip p ach se  bei g leichem  H öhen- u n d  T ie fen w in k e l d u rch ­
zu fü h ren , u n d  d a n n  aus d en  e rh a lten en  E rg eb n issen  die M itte lw e rte  zu  bilden. 
N ach  un seren  E rfa h ru n g e n  n äh e rn  sich die a u f  diese W eise e rz ie lte n  K ip p ­
achsen feh lerw erte  am  b e s te n  den m it d em  Ju s tie rk o llim a to r  b e s tim m ten  
W erten . D ie E rg eb n isse  d er n u r  m it den  H ö h en w in k e ln  -)-a, o d e r —ce d u rch ­
g e fü h rten  P rü fu n g en  w ichen  h ie rvon  in  E in ze lfä llen  selbst u m  10" — 15" ab. 
B ezüglich  der G röße d er U rsachen , w elche diese A bw eichung b ew irk en , sei 
h ie r fo lgendes b e m e rk t: W en n  sich das eine E n d e  einer 10 cm  la n g e n  K ip p ­
achse b e im  D reh en  im  L ag er n u r  u m  0,01 m m  h eb t, d a n n  ä n d e r t  sich  die 
K ip p ach sen sch räg h e it u m  20,6". D u rch  diese K ip p ach sen feh ler k a n n  beim  
A nzielen  u n te r  e inem  H öh en w in k e l von  a  =  30° der am  H o riz o n ta lk re is  abge­
lesene W e rt u m  12" fa lsch  sein.

P rü fu n g  m it R eitlibelle

D ie K ip p a c h se n sc h rä g h e it k a n n  bei e inze lnen  T heo d o liten  au c h  m it der 
R e itlib e lle  g ep rü ft w erd en  [7], (S. 154). N ach  u n se ren  E rfa h ru n g e n  a b e r w eicht 
d e r a u f  diese W eise e rm itte lte  W ert d er A chsenschiefe  gegebenenfalls von  den 
m it a n d e ren  M ethoden  b e s tim m te n  W e rte n  ab . D ieser U n te rsch ied  k a n n  u. a. 
au ch  d a d u rc h  v e ru rsa c h t w erden , d aß  die A ufliegefläche d er K ip p ach se  im 
L ager zum  L au frin g  d er R e itlibe lle  n ic h t p a ra lle l is t. A u ß erd em  k a n n  auch 
das T au m e ln  der K ip p a c h se  u n d  die O v a li tä t  d er Achse A b w eich u n g en  v er­
u rsach en . D ie e rw ä h n te n  F eh le rq u e llen  k ö n n e n  m it der R e itlib e lle  so geprüft 
w erden , d aß  die L ibelle  be i versch iedenen  G rö ß en  der F e rn ro h rn e ig u n g  au f 
die K ip p ach se  au fg ese tz t w ird . W egen d er U n sich erh e it des A ufliegens und 
d er vö llig  n ic h t v e rm e id b a ren  K reu zu n g sfeh le r der Libelle h a t  ab e r diese 
P rü fu n g  an  sich  ke in e  befried igende G en au ig k e it m ehr. B e tre ffs  d er A u to ­
k o llim a to rp rü fu n g  d e r A uflagefläche  d er R e itlibe lle  is t ein  le ic h t a u sfü h r­
b a re r  V orsch lag  in  [8 ] zu  fin d en . E ine  e leg an te  K ip p ach sen p rü fm e th o d e  ist 
n och  in  [9] besch rieb en .
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П Р О В Е Р К А  Г О Р И З О Н Т А Л Ь Н О Й  ОСИ Т Е О Д О Л И Т О В

А. ОРБАН

РЕ ЗЮ М Е

Проверка горизонтальной оси теодолитов имеет значение в первую очередь не с гео­
дезической, а приборостроительной точки зрения, так как изменение положения горизон­
тальной оси может вызывать некоторые другие виды погрешности инструмента.

Наряду с изложением этих, сделаем дальнейшие замечания по поводу известного 
влияния ошибки горизонтальной оси на горизонтальные измерения углов и проектирова­
ния точек. Подробно рассматриваются влияния коллимационной ошибки и наклона 
вертикальной оси на проверку горизонтальной оси. Излагается наиболее подходящий метод 
и прибор (регулировочный коллиматор) для проверки.

В связи с этим обращается внимание на некоторые ошибочные представления, встре­
чающиеся в литературе. Наконец вкратце упоминается проверка горизонтальной оси при 
помощи накладного уровня и критика этого метода.
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THE GEOPHYSICAL OBSERVATORY NEAR NAGYCENK

I . E L E C T R O M A G N E T IC  M E A S U R E M E N T S  A N D  

P R O C E S S IN G  O F  D A T A

A. Á D Á M - J .  V E R Ő
DOCTORS OF SCIENCES

J .  CZ. M I L E T I T S - L .  H O L L Ó - Á .  W A L L N E R
GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

I n  th e  f irs t p a r t  o f th e  p a p e r  th e  geological-geophysical s tru c tu re  below  th e  o b se rv a to ry  
n e a r  N agy cen k  is rev iew ed . A  d e ta iled  analysis is  g iven  on  th e  d e te rm in a tio n  o f th e  m agneto - 
te llu ric  sounding  cu rv es a n d  o n  th e  geoelectric  lay e r sequence. I n  th e  second p a r t ,  e a r th  cu r­
re n t  (te llu ric ) an d  m ag n e tic  in s tru m e n ts  o f th e  o b se rv a to ry  are  described , an d  th e  p a ram e te rs  
o f  th e  reco rd ing  sum m arized . F in a lly  th e  p rocessing  o f  th e  d a ta  is o u tlin ed  w ith  a n  e s tim a tio n  
o n  th e  re liab ility  o f th e  d iffe re n t p a ram e te rs  a n d  ind ices on  a ro u tin e  basis. Som e effects 
d is tu rb in g  th e  reco rd ings a re  also rev iew ed .

Introduction

Since th e  b eg in n in g  o f th e  In te rn a tio n a l  G eophysical Y e a r (IG Y ) in  
m id-1957, e a r th  c u rre n ts , since 1961, g eom agnetic  e lem ents h av e  b een  reco rded  
a t  th e  geophysical o b se rv a to ry  n e a r N ag y cen k  in  H u n g a ry , s i tu a te d  15 k m  
to  th e  E a s t  from  th e  to w n  Sopron  a t  th e  S o u th e rn  shore of th e  L ak e  F e rtő . 
A  s tu d y  of th e  a tm o sp h e ric  e lec tric  p a ra m e te rs  b eg an  in  1960, th e  ionospheric  
re sea rch  w ith  th e  reco rd in g  of th e  a b so rp tio n  o f rad iow aves in  1966. T he 
p re se n t p ap e r rev iew s e a r th  c u rre n t an d  geom agnetic  s tud ies ca rr ied  o u t in  
th e  o b se rv a to ry  an d  su p p lem en ts  earlie r d esc rip tio n s [A da m  an d  V e r ő , 1958; 
Á d á m  e t al., 1967]. I t  co n ta in s  in fo rm atio n s on  th e  geological-geophysical 
s tru c tu re , on in s tru m e n ta t io n  and  p rincip les o f  d a ta  processing m eth o d s.

Geological and geophysical structure o f the observatory site

T he c ry s ta llin e  sch is t m o u n ta in s  o f S opron  is th ru s t  in to  a d e p th  of 
a b o u t 2000 m  a long  a N E — N W  strik in g  fa u lt  to w ard s  SE  from  S opron , in  th e  
line B a lf—K ó p h á z a —M ag y arfa lv a . T he deep ran g e  beg inn ing  h ere  is closed 
to w a rd s  E  b y  a h ig h  co rrespond ing  to  th e  M ihály i g ra v ita tio n a l m ax im u m . 
T h e  c ry sta llin e  b a se m e n t has an  a m p h ith e a te r-l ik e  s tru c tu re  open  to w ard s 
SW  in  th e  v ic in ity  o f  th e  v illage N agycenk . T h e  o b se rv a to ry  lies on  th e  N o r th ­
e rn  slope of th is  loca l deep . T he th ick n ess  o f  th e  sed im en ts is here  ab o u t
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F ig . 1. Telluric isoarea  m a p . —  iso a rea  lines, О m easu rin g  p o in t a n d  i ts  a rea  v a lu e  
(a rea  o f  th e  re la tiv e  te llu ric  ellipse)
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F ig .  2. B asem en t d e p th s  deduced  fro m  telluric  m ea su re m e n ts  along a profile S o f L a k e  F e rtő
w ith  th e  axes o f th e  re la tiv e  ellipses

1500 m . T he re lie f o f th e  b a sem en t h as  to w a rd s  E a s t severa l d eep s and  
low s e tc .

T h e  c ry sta llin e  b a se m e n t is in  a s ig n if ic a n t p h ysica l c o n tra s t w ith  re sp ec t 
to  th e  loose sed im en t o v erlay in g  it .  I t  can  be  tra c e d  b y  g ra v im e tric , seism ic 
a n d  geoelectric  m eth o d s, a n d  from  th e  re su lts  o f  p rospec ting  w orks w ith  these  
m e th o d s , th e  m ain  changes o f  its  d e p th  are  r a th e r  well know n. So e.g . in  con­
n e c tio n  w ith  th e  p lan n in g  o f  th e  reg ional w a te r  supp ly  of th e  S o p ro n  area 
a  d e ta ile d  geological-geophysical su rv ey  h as  b een  carried  ou t a t  th e  W  and  
S shores o f L ake F e r tő  in  1977. T he re lie f  o f  th e  basem en t w as d e te rm in e d  
b y  seism ic an d  geoelectric  m eth o d s an d  th e  re su lts  o f th e  tw o m e th o d s  w ere 
w ell c o rre la ted . F ig u re  1 p re sen ts  th e  geoelec tric  (te llu ric) iso a rea  m a p  along 
th e  sho re  o f th e  L ake F e r tő ; F ig . 2 th e  geoelec tric  E — W  profile  to  th e  S o u th  
o f  th e  L ak e  [W a l l n e r , 1977]. T he basis s ta t io n  o f  th e  te llu ric  m e a su re m e n ts  
w as in  th e  o b se rv a to ry  ly ing  rou g h ly  n e a r th e  c e n tre  o f th e  p ro file . O n  th e  to p  
o f  th e  p ro file , th e  axes o f th e  re la tiv e  ellipses can  be seen w h ich  re f le c t th e  
d e p th  changes of th e  b a sem en t b y  d irec tio n  changes. This geological s i tu a tio n  
is im p o r ta n t  fo r th e  o b se rv a to ry , as a t  le a s t a  p a r t  o f th e  a n iso tro p y  observed  
in  th e  freq u en cy  ran g e  o f th e  p u lsa tions ca n  be exp lained  b y  th e s e  n e a r­
su rface  s tru c tu re s .

Deep electric conductivity-distribution

I f  connections c h a ra c te r is tic  for th e  u p p e r  a tm osphere  an d  re p re se n te d  
b y  th e  p rim a ry  e lec tro m ag n etic  field  are  to  be  deduced  from  th e  tim e  series 
o f  a n  e lec tro m ag n etic  o b se rv a to ry , th e  in d u c tio n  effect in  th e  su b sc il m u st 
b e  ta k e n  in to  accoun t. T h is effect can  he d esc rib ed  by  th e  tr a n s fe r  fu n c tio n
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b e tw e e n  th e  geom agnetic  f ie ld  an d  th e  electric  f ie ld  in  fu nc tion  of th e  fre q u e n c y  
o f th e  e lec tro m ag n etic  v a r ia tio n s . F ro m  th e  tr a n s f e r  fu n c tion , th e  d is tr ib u tio n  
o f  e le c tr ic  co n d u c tiv ity  can  b e  de term ined  b y  u s in g  e.g. th e  m a g n e to te llu ric  
(M T) m e th o d .

T h e  f irs t m a g n e to te llu ric  d a ta  from  th e  o b se rv a to ry  N ag y cen k  w ere 
p u b lish e d  a t  th e  beg in n in g  o f  th e  sixties [Adam, 1962, 1963]. T he f i r s t  so u n d ­
in g  c u rv e s  com pu ted  in  th e  d irec tio n s N — S (яг) a n d  E — W  (y) w ere la te r  ex­
p a n d e d  fro m  th e  freq u en cy  ra n g e  of th e  p u lsa tio n s  to  th e  low h arm o n ics  o f  th e  
d a ily  v a r ia t io n , S q and  c o m p u te d  w ith  a h igher a c c u ra c y  [Adam an d  Verő, 1967]. 
T h e  la y e r  sequence co rre sp o n d in g  to  th e  px-c u rv e  w as ap p ro x im a te d  b y  a 
th e o re t ic a l  ID  m odel [Adam, 1968]. As in  th e  sev en tie s  a change h as  been  
o b se rv e d  in  th e  values o f qx a n d  Qy a t  periods s h o r te r  th a n  1 0 0  s, a  re p e a te d  
d e te rm in a tio n  of th e  so u n d in g  curves was n ec e ssa ry , now  using th e  M T d a ta  
p ro c e ss in g  p rog ram  o f th e  In s t i tu te  [Verő, 1972]. T his p rog ram  y ie ld s  th e  
e x tre m a  o f q (Fig. 3, gmax a n d  ßmin) to g e th e r  w ith  th e ir  d irec tions (F ig s  4 
a n d  5 ). T h e  re liab ility  o f  th e  values is g iven b y  th e  RM S error co rresp o n d in g  
to  th e  m ed ian s for g, an d  fo r a , b y  th e  s c a tte r  o f  th e  in d iv idua l av erag es.

Nagycenk

F ig . 3. M agneto te llu ric  £-maX" and  £mjn-curve o f  th e  O bserv a to ry  N agy cen k
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Fig. 4. D irec tio n s o f  th e  MT pmax-values in  th e  O b serv a to ry  N ag y cen k

Fig. 5. D irec tio n s  o f  th e  MT pmjn-values in  th e  O b serv a to ry  N agycenk

T he sound ing  cu rv es  h av e  been  o b ta in e d  from, th ree  ty p es  o f reco rd s:
— in  th e  f re q u e n c y  range  of th e  p u lsa tio n s , ]AT =  3 — 50 s1/2, w ith  m a g ­

n e tic  sensors М ТУ-2, th e  o b se rv a to ry  p lu m b  e lec tro d es, and  a com m on  p h o to ­
reco rd e r w ith  a p a p e r  sp eed  of 6  — 2 0  m m /m ;

— in  th e  f re q u e n c y  range  of su b s to rm s , ]jT  =  45 —100 s1/2, w ith  an  
A sk an ia  v a rio g rap h  (p a p e r  speed 2 0  m m /h ) an d  e a r th  c u rre n ts  re c o rd e r 
(26 m m /h);
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F ig . 6. E r ro r  lim its of MT £>max"cu rv e  o f N agy cen k  in  co m p ariso n  w ith  th e  th eo re tic a l ID  m odel 
(th ick  line  ID  m o d e l cu rve, th in  lines e rro r lim its  o f gmax curve)

— th e  harm onics o f  th e  da ily  v a r ia tio n  (S q) (]/ T  > 1 0 0 s 1/2) w ith  L a  C our 
t y p e  v a rio m ete rs  (15 m m /h ) an d  w ith  th e  sam e e a r th  c u rre n ts  re c o rd e r  
(26 m m /h ).

A ll e a rth  c u rre n t m e a su re m e n ts  w ere m ad e  on th e  p lu m b  e lec tro d es 
o f  th e  o b se rv a to ry , b e in g  in  use since a b o u t 2 0  y e a rs  (d istance  o f  e lec trodes 
500  m ).

I n  case of th e  f i r s t  tw o  ranges, th e  reco rd s h av e  been d ig itized  w ith  an  
a p p ro p r ia te  d ig itizing  in te rv a l  (be tw een  0.3 a n d  3 m m  on th e  re c o rd ), in  case 
o f  Sq, th e  hourly  m ean  v a lu e s  w ere used.

T h e  sections o f th e  c u rv e  d e te rm in ed  w ith  d iffe ren t in s tru m e n ts  o v e rlap  
e a c h  o th e r  quite  well. T h e  m a x im u m  RM S e rro r  o f th e  gmjn values is zb 1 4 % , 
t h a t  o f  th e  gmax va lu es  zb 9 % .

I t  can  be seen fro m  F ig . 6  t h a t  th e  ID  M TS curve d e te rm in ed  in  th e  
s ix tie s  lies betw een th e  e r ro r  lim its  of th e  gmax cu rv e  till  a period  o f  ]/"T =  
=  80  s1/2. In  the  fre q u e n c y  ra n g e  co rresp o n d in g  to  th e  harm onics o f S q, th e  
m o d e l cu rv e  differs fro m  gmax, b u t  in te rse c t each  o th e r only a t  th e  f i r s t  h a r ­
m o n ic s  o f S q. Thus th e  d e p th  o f  th e  f ir s t  co n d u c tin g  lay e r in  th e  u p p e r  m a n tle  
o f  t h e  asthenosphere  is a cco rd in g  to  th e  new  cu rv es th e  sam e w ith in  th e  e rro r  
in te r v a l  as in  th e  p re v io u s  m odel, w hile th e  co n d u c tin g  lay e r su p p o sed ly  
c o rre sp o n d in g  to  th e  p h a se  tra n s i t io n  of th e  rocks is nea re r to  th e  su rface . 
T h e  inaccu racies of th e  M T  va lu es  co m p u te d  from  th e  S q h a rm o n ics  w ere 
a l r e a d y  s tud ied  in  1963 [Á d á m , 1963, 1965].

T h e  ID  m odels c o m p u te d  from  th e  cu rv es gmax an d  gmin a re  g iv en  in  
T a b le  I .  B y  changing  th e  p a ra m e te rs  so t h a t  th e  curves rem ain  w ith in  th e
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e rro r  lim its , th e  in accu rac ies  o f th e  la y e r  sequence  h av e  also b e e n  s tu d ie d . 
I t  is ev id en t th a t  th e  p a ra m e te rs  of th e  m odel a re  in te rc o rre la te d  i.e . a  change 
in  th e  MTS curve  can  be  a p p ro x im a te d  b y  th e  change o f severa l p a ra m e te rs . 
I n  th e  p re sen t e rro r c o m p u ta tio n s  th ese  co rre la tio n s  are n o t ta k e n  in to  a c ­
c o u n t, each p a ra m e te r  h as  b een  in d iv id u a lly  changed , th e re fo re  th e y  are  
o n ly  ap p ro x im a tiv e  v a lu es . As a  su m m ary  i t  c an  be concluded  t h a t  a  co n ­
d u c tiv i ty  increase  ap p e a rs  in  th re e  d e p th  ran g es  in  accordance w ith  th e  p re ­
v io u s m odel: in  th e  c ru s t  ( a t  17.6 k m  from  gmin), in  th e  a s th e n o sp h e re  (a t

Table I

Geoelectrical layer sequences o f  I D  model computed fro m  the curves gm-m and omax o f  the Observatory
Nagycenk

Layer Thickness 
A h  [km]

Resistivity
e [o»l

l 1.60 2.30 S l =  690 ±  70 ß - 1

2 16.00 ±  2.50
+  500

200.00
-  60

(d h 2 =  1.6 j ‘2 km )

3 1.00 1.50 S 3 =  650 ±  120 ß “ 1

(A h3 =  1 ±  ™ km )

4 60.000 ±  9.0 80.00 ±  50.00

5 230.00 ±  40.00 6.00 ±  0.80

6 0.10

Layer Thickness 
A h  [km]

Resistivity
e [On.]

1 1.50 ±  0.40 8.00 ±  1.00

2 4.00 ±  1.50 16.00 ±  3.00

3 8.00 ±  3.00 28.00 ±  5.00

4 15.00 ±  15.00 45.00 ±  10.00

5 55.00 ±  10.00 +  50.00
90.00

-  25.00

6 15.00 8.00 S e =  1900 ±  1250 ß - 1

( A fc6 =  15 ^  km )

7 200.00 ±  25.00 20.00 ±  4.00

8 0.10
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78 k m  from  £mjn, a n d  a t  83 k m  from  gmax)» re sp ec tiv e ly , fu r th e r  in  th e  d e p th  
ra n g e  o f  th e  phase t r a n s i t io n  of th e  rocks (? )  ( a t  310 km  from  gmjn, an d  a t  
300 k m  from  Qmax, re sp e c tiv e ly ) .

As i t  has been  sh o w n  earlier [Adam , 1963], th e  d irec tion  of pmax changes 
in  th e  period  range  s tu d ie d . F rom  E N E  — W S W  i t  tu rn s  to w ard s N — S, and  
in  th e  period  range o f  su b s to rm s  and  Sq, i t  re a c h e s  th e  la t te r  d irec tio n .

In  add ition  to  th is  d irec tio n  change, th e re  is a c lear change in  th e  d irec ­
t io n  o f  gmax in  th e  P c  3 ra n g e  a round  25 s w h ich  h as  been  observed  a t  severa l 
s ta t io n s  in  th e  C a rp a th ia n  B asin , th ere fo re  i t  is co nnec ted  w ith  th e  reg ional 
M T a n iso tro p y  of th e  a re a  (see on th e  in te rse c tio n  o f th e  gx an d  gy curves 
in  Á d á m  (1969)).

T h e  in stru m en ts  of th e  observato ry

T h e  e lec tro m ag n etic  record ing  in s tru m e n ts  o f th e  o b se rv a to ry  have  
m o s tly  been p ro d u ced  in  th e  In s ti tu te , w ith  th e  ex cep tio n  o f som e g en era lly  
u se d  m agnetic  in s tru m e n ts  (L a  C our-type  v a rio m e te rs ) . T hese h a v e  been 
d e sc rib e d  in  earlie r p u b lic a tio n s , here th e  m a in  c h a rac te ris tic s  are su m m arized  
in  ta b le s  (see T ables I I  a n d  I I I ) .

A bso lu te  m a g n e tic  m easu rem en ts  are  m a d e  in  th e  o b se rv a to ry  o n ly  w ith  
c o n tro l purposes a b o u t b iw eek ly  using D a n ish  Q H M  and  BMZ in s tru m e n ts  
a n d  a m agnetic  th e o d o lite . T he m agnetic  b as is  o b se rv a to ry  in  H u n g a ry  is 
th e  O b serv a to ry  T ih a n y  w h ere  th e  ab so lu te  v a lu e s  are  reg u la rly  co m p ared  
w ith  neighborous c o u n tr ie s  and  th e  o b se rv a to ry  N agycenk .

G eom agnetic d a ta  p rocessing

T h e  m ost im p o r ta n t  d a ta  of th e  reco rd s m ad e  in  th e  o b se rv a to ry  h av e  
b e e n  de te rm ined  c o n tin u o u s ly  since th e  b eg in n in g , possib ly  w ith  th e  sam e 
m e th o d , and  a p a r t  o f  th e m  is also p u b lish ed  in  th e  o b se rv a to ry  re p o rts . T hese 
d a ta  are  no t th e  sam e  as d e te rm in ed  an d  p u b lish e d  b y  o th e r o b se rv a to rie s , 
as w e consider our m a in  ta s k  a con tinuous m o n ito r in g  of sh o rte r p e rio d  v a r ia ­
tio n s . T he d e te rm in a tio n  o f  th e  secular v a r ia t io n , i.e. th e  m easu rem en t of 
th e  ab so lu te  m ag n e tic  e lem en ts  is c a rried  o u t  o n ly  b y  com paring  th e m  to  
n e ig h b o ro u s  o b se rv a to rie s , as m entioned  ea rlie r.

T h e  m ain  aim  o f th e  processing  of s h o r te r  p e rio d  v a ria tio n s  is to  p roduce  
t im e  series in  a p o ss ib ly  w id e  range of freq u en c ies  w ith  good tim e  re so lu tio n . 
F o r  th is  purpose d if fe re n t k in d s of in s tru m e n ts  are  necessary  (see T ab les  I I  
a n d  I I I ) .  The o b se rv a to ry  d a ta  con ta in  in e v ita b ly  local in fluences, such  as 
g eo g rap h ic  s itu a tio n : la t i tu d e  and  long itu d e , geologic s tru c tu re , e tc . I n  o rder
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Table П

Telluric (earth current) instruments 
(Distance o f  the electrodes : 500 m )

Task Mode of operation, paper speed Type of the instrument Components re­
corded

Scale value 
mV/km/mm Reference

R ecording of longer period v a ­
ria tio n s  (N orm al recording)

continuous, 20 m m /h T9 2 0.18 Á d á m , 1956

R ecording of th e  geom agnetic 
pu lsa tions (R ap id  ru n )

continuous 6 m m /m in T14A 2 0.15 Á d á m , e t a l., 1962

H igh  reso lu tion  recording of 
pu lsations (u ltraq u ick  record­
ing)

on w orld days 20 m m /m in T9 2 0.15 Á d á m , e t al., 1962

Table 1П

M agnetic instrum ents

Task Mode of operation paper 
speed Type of the instrument Components re­

corded Scale value Reference

R ecord ing  of longer period v a ­
ria tio n s  (N orm al recording)

continuous 15 m m /h L a Cour-system s 
norm al system  
sensitive system

3
2 (no D)

4 —5 nT/m m  
1.5 nT /m m

R ecording of Pc 1 ty p e  pu lsa­
tions

pen  recorder con tinuous d u r­
ing n ig h t tim e , analogue 
m agnetic  tap e  recorder on 
special in te rv a ls

in d u ctio n  coil 1 ( N - S ) m ax. 2 ■ 10-4 
nT /m m

betw een 0.8 —1.5 H z

Á d á m  e t a l., 1977

D ig ita l system  w ith  1 m in  
sam pling  in te rv a l

experim en tal m agnetic  variom eters 
MTV-2

3 1 • I O '2 nT, 
lin ea r below 1 H z

for th e  m agnetic  in ­
stru m en t, A d a m  
a n d  H o r v á t h , 
1976
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to  e lim in a te  these  effec ts  a  g re a te r  o b se rv a to ry  n e tw o rk  w o u ld  b e  necessary  
(e .g . th e  effect o f th e  lo ca l t im e  can  be e lim in a ted  from  p u lsa tio n s  d a ta  using
3 — 4 lo n g itu d in a lly  w ell d is tr ib u te d  s ta tio n s ) . As long as such  a  s ta t io n  n e t­
w o rk  does n o t ex is t, o u r o b se rv a to ry  d a ta  a re  pu b lish ed  in  loca l t im e , or m ore 
c o r re c t ly  in  C en tra l E u ro p e a n  T im e, a p p ro x im a tin g  ra th e r  c lose ly  th e  local 
t im e  (C E T  =  LT — 7 m in ).

T h e  use of C ET does n o t  cause  co n siderab le  erro rs in  th is  case , as th e  
b a s ic  in te rv a l o f th e  d a ta  is e ith e r  1 h o u r o r 30 m in u tes , th u s  a  tra n s fo rm a tio n  
in to  U T  does n o t m ean  a n y  p ro b lem .

15h 18h 21 h CET
August 9. 1980

Amplitudes in the North-South component/in 0.18 mV/km/

0 1 ro min 1 - -
2- 6 min - - 1
6-12 min 2 3 2

12-24 min 8 - 8
24-60 min - 28 -

1 -  -  1
1 - 1 2  

2 2 1 1
3 - - -

4 12

Amplitudes in the East-W est com ponent/in 0.18 m V/km /

0 - 2 min 1 1 - - - -
2 - 6  min 1 1 2 - - -

6-12 min 2 2 2 2 2 1
12-24 min 7 5 9 3 2 2
24-60 min - 30 - - - 7

1
4 
2
5

F ig .  7. A  sam ple o f th e  e a r th  c u r re n t  n o rm al reco rd  fro m  A u g u st 9, 1980, a n d  th e  co rrespond­
in g  p a r t  o f th e  processing w ith  th e  a m p litu d es  in  th e  5 period  ranges. T h e  a m p litu d e s  in  each 

h o u r  are given be low  in  m m  o f  th e  o rig ina l reco rd  co rresponding  to  0.18 m V /km
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Amplitudes in the North-South component/in 0.18 mV/km/

0 - 2 min 
2 - 6  min 
6- 12 min 

12-24 min 
24-60 min

1
1
2

11

Amplitudes in the East-W est component/in 0.18 mV/km/

0 - 2 min 1 1 1 - - 2
2 -  6 min 1 1 1 - - 1 1
6-12 min 2 2 1 2 2 1 2

12-24 min 6 2 - 3 2 2 5
24-60 min 2 4 - - 2

Fig. 8. A  sam ple  o f th e  e a r th  c u rre n t n o rm al reco rd  fro m  A ugust 10, 1980. N o ta tio n s  as in
Fig . 7

T h e d a ily  v a r ia tio n  of th e  geom agnetic  e lem ents is d e te rm in e d  on  th e  
u su a l w ay  from  th e  re su lts  o f th e  reco rd ing  w ith  L a  C our-type  m a g n e tic  v a r io m ­
e te rs  an d  T9 ty p e  te llu r ic  in s tru m e n ts . T h e  d a ily  v a ria tio n  o f th e  3 m ag n e tic  
co m p o n en ts  an d  o f th e  2  e lec tric  com ponen ts is averaged  for in d iv id u a l m o n th s , 
y ea rs , q u ie t and  d is tu rb e d  d ay s . F o r th e  la t te r ,  day s are chosen  b y  ta k in g  
in to  acco u n t th e  te llu r ic  c u rre n t a c tiv ity , to o , i.e. b y  considering  w ith  h ig h er 
w eig h t th e  sh o rte r  p e rio d  v a ria tio n s , an d  n o t  b y  accep ting  th e  in te rn a tio n a l  
D  an d  Q d ay s.

F ro m  th e  e a r th  c u rre n ts  reco rds, a c t iv i ty  in  five  period  ra n g e s  is con-

12 Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16% 1981



344 A. ÁDÁM et al.

t in u o u s ly  d e te rm in ed  fo r each  h o u r b y  su b je c tiv e  estim atio n . T he average  
h o u r ly  am p litu d es a re  e s tim a te d  in  th e  fo llow ing  period  ranges:

K 1 0 — 2 m in

K 2 2 — 6 m in

К З 6 - 1 2 m in

K 4 1 2 - 24 m in

K 5 2 4 - 60 m in .

O n  th e  basis of th e  h o u r ly  am p litu d es, d a ily  av e rag es are co m p u ted , w hich  
a re  th e n  co n v erted  in to  d a ily  a c tiv ity  ind ices u s in g  T ab le  IV .

I n  ad d itio n  to  d a ily  averages, th e  d a ily  v a r ia tio n  of th e  a c t iv i ty  is 
d e te rm in e d  se p a ra te ly  fo r each  m o n th , fo r th e  y e a r , fo r q u ie t an d  d is tu rb e d  
d a y s .

T h e  occurrence freq u en c ies  of th e  ind ices fo r  each  range h ad  b een  id e n ­
t ic a l  in  a  basic in te rv a l in  th e  f irs t  years  o f th e  observa to ries; since th e n  th e  
o ccu rren ce  frequencies h a v e  n o t  been  an y  m ore  id e n tic a l p a r tly  due to  changes 
in  th e  geom agnetic  a c tiv ity , p a r tly  due to  changes in  th e  su b jec tiv e  scale of 
th e  p e rso n  m ak ing  th e  e s tim a tio n .

T h e  follow ing sh o u ld  be  rem ark ed  in  c o n n ec tio n  w ith  th ese  a c t iv i ty  
in d ic e s  K 1 — K5 an d  th e ir  basic  m a te ria l:

T h e  in d ex  K 1 an d  th e  perio d  ran g e  0 — 2 m in  is m ain ly  c h a ra c te riz e d  
b y  th e  p u lsa tio n s  o f  th e  ty p e  P c  3 —4. T h e  n ig h t  tim e  P i 1—-2 im pu lses in ­
f lu e n c e  th e  in d ex  on ly  in sig n ifican tly , h u t  th e y  cause some slig h t increase  
o f  th e  average  a m p litu d e  a ro u n d  m id n ig h t.

T h e  in d ex  K 2 an d  i ts  ran g e  2 — 6  m in  h a s  som ew hat th e  c h a ra c te r  of 
a  m ix tu re , in c lud ing  long  p erio d , P c 5 — 6  ty p e  pu lsa tio n s, sh o rt (si-ty p e) 
im p u lse s , etc. A n y w ay , th is  b a n d  is closely  c o rre la ted  w ith  th e  geom agnetic  
a c t iv i ty ;  its  scale is, h o w ev er, to o  h igh , m o s t lik e ly  due to  a  change in  th e  
su b je c tiv e  e s tim a tio n , i.e . th e  d a ily  ind ices a re  g en era lly  v e ry  sm all.

Table IV

L im its  between K -values  
V alues in  10~ 6 V /k m

0—1 1—2 2—3 3—4 4—5 5—6 6—7 7—8 8—9

K1 2 4 7 13 18 23 29 41 54

K2 9 13 18 23 29 34 41 56 90

К З 16 22 25 32 38 45 56 83 120

K4 34 43 54 70 85 101 124 151 202

K5 29 43 67 88 110 131 191 234 339
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T h e th ird  b an d , К З  w ith  6 —12 m in , h as  c learly , n o ise -c h a ra c te r . The 
av erag e  am p litu d es lie m o s tly  betw een  0.3 —0.4 m V /km , th e  in d e x  is th e n  4. 
L ow er a c tiv ity  is v e ry  e x cep tio n a l, h ig h er one occurs only  on v e ry  d is tu rb e d  
d ay s. H ere  b o th  th e  n o ise -c h a ra c te r  and  som e su b jec tive  in flu en ce  a re  p re se n t.

T h e  in d ex  K 4 a n d  th e  a c tiv ity  o f th e  co rrespond ing  b a n d  is s im ilar 
to  К З , th e  v a r ia b ility  o f  th e  in d ex , how ever, m uch g rea te r. I t  c a n  be  said 
in  genera l t h a t  th e  in d e x  K 4  (an d  К З , to o ) is g rea te r  in  th e  d e scen d in g  p a r t  
o f th e  geom agnetic a c t iv i ty  [Verő, 1959].

T h e  in d ex  K 5 w ith  th e  period  ran g e  2 4 —60 m in  co n ta in s  e ssen tia lly  
th e  su b sto rm -ty p e  a c tiv i ty .

I n  ou r opinion th e se  ind ices can  be d is tr ib u te d  in to  3 g ro u p s: th e  m ost 
re liab le  ones are K1 a n d  K 5 ; K 2 an d  K 4  c a n  be p rac tica lly  u sed , a n d  К З  is 
o f l i t t le  va lu e . As th e  in d ices  are now  d e te rm in ed  for tw o  so la r cycles, i t  is 
n o t  in te n d e d  to  change th e  m e th o d  fo r th e ir  d e te rm in a tio n  ta k in g  in to  acco u n t 
th a t  in  th e  ra th e r  n e a r  fu tu re  th e y  shou ld  be de te rm in ed  d ig ita lly . F o r  th is 
p u rp o se , severa l ex p e rim en ts  h av e  a lread y  been  m ade.

O n th e  basis o f th e  6  m m /m in  e a r th  c u rre n t record , p u lsa tio n  d a ta  are 
d e te rm in ed  in  a  g rea te r  t im e  reso lu tion . H ere  12 period  h an d s a re  u se d :

P I :  1 - 5  s, P2 : 5 - 1 0  s, P 3 : 1 0 - 1 5  s, P 4 : 1 5 - 2 0  s, P 5 : 2 0 - 2 5  s,
P 6 : 2 5 - 3 0  s, P 7 : 3 0 - 4 0  s, P 8 : 4 0 - 6 0  s, P 9 : 6 0 - 9 0  s, P 1 0 : 9 0 -
— 120 s, P l l :  2 — 5 m in , P12: 5 —10 m in .

Occurrence Amplitude (E -W  com ponent)
... 20-25S 25-30s... 60-90 s 90-120s....... 20-25s 25-30s... Ç0-90s 90-120s...

8 h 30 m -9h 00 m TD - - - 1 1  10 10

August 5, 1980

08 h 30m 09 h 00 m

F ig . 9. A  sam ple  o f th e  e a r th  c u r re n t  qu ick  ru n  reco rd  from  A ugust 5, 1980, a n d  th e  c o rre sp o n d ­
in g  p a r t  o f th e  processing w ith  occurrence  frequencies a n d  am p litu d es (in  0 .18 m V /km ) in 
th e  12 p e rio d  ranges (here o n ly  p e rio d  ranges, in  w h ich  a c t iv ity  was n o ted , a re  show n). The 
chosen  p a r t  o f th e  h a lf  h o u r  in te rv a l  is d en o ted , all th e  va lues are ta k e n  fro m  th is  p a r t  of

th e  record
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Occurrence Amplitude (E -W  component)
...5 -1 0  s  60-90 s 90-120 s ............ 5-10 s  6 0 -9 0  s 9 0 -1 2 0 s .. .

22 h 00 m - 22 h 30 m pt -  - -  trace  48 10

22h 00m August 22h30m

t t

F ig . 10. A  sam ple o f th e  e a r th  c u r re n t  quick ru n  reco rd  fro m  A u g u st 6, 1980. N o ta tio n s  as in
Fig. 9

Occurrence Amplitude ( E - W  component)
. . .  15 -2 0  s .............15-20 s ...

7h 00m -7h 30 m 0 13

August 20,1980
7h 00m 7h30 m

F ig . 11. A  sam ple of th e  e a r th  c u r re n t  quick ru n  reco rd  fro m  A u g u s t 20, 1980. N o ta tio n s  as in
Fig. 9

T h e  presence o f a n y  a c t iv i ty  in  these b a n d s  is  ex am in ed  in  30 m in  in te r ­
v a ls , a n d  in  all such in te rv a ls ,  w here an a c t iv i ty  o f  a  ce rta in  b an d  is p re se n t, 
i t s  a m p litu d e  is also fo u n d . These d a ta  c o n s t i tu te  th e  p u lsa tio n  ca ta lo g u e  
w h ich  is therefore a  d e s c r ip tio n  of the  p u lsa tio n  a c t iv i ty  in  all 30 m in  in te r ­
v a ls  u s in g  the  m ost ty p ic a l  p a r t  of the in te rv a l . T h e  ca ta logue also co n ta in s  
d e sc r ip tiv e  le tte rs  fo r th e  ch a rac te riza tio n  o f  th e  p u lsa tio n s . O ccurrence an d
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a m p li tu d e  d a ta  are  su m m e d  daily , and  b a se d  o n  th e se  sum s, a d a ily  a c t iv i ty  
in d e x  h a v in g  th e  v a lu es  1 — 5 is a ttr ib u te d  to  a ll b an d s . T he p u b lish ed  ind ices 
a re  d e te rm in e d  on th e  b as is  o f th e  o ccu rren ce  freq u en cy ; a m p litu d e  ind ices 
a re  a lso  de te rm in ed , b u t  th e y  are n o t p u b lish e d , as th e y  are so m ew h a t less 
r e lia b le  th a n  o ccu rren ce -ty p e  indices. T he o cc u rre n ce  freq u en cy  o f th e  5 p os­
s ib le  d iffe re n t ind ices w as e q u a l in  a basis in te rv a l ;  la te r  changes in  th e  su b ­
je c t iv e  e s tim a tio n  o f  th e  a c t iv i ty  were e lim in a te d  b y  changes o f th e i r  scales. 
S u c h  changes are  in e v ita b le  in  case of p e rso n a l changes. T herefo re  th e  p u lsa ­
t io n  in d ices  P I  — P12 a re  co m p arab le  on ly  w i th in  one year.

T h e  ind ices P I  — P 2  a re  ra th e r  u n su re  in  consequence  of th e  p a ra m e te rs  
o f  th e  reco rd ing , ev en  th e  un ifo rm  d is tr ib u tio n  could  n o t be reach ed  in  the 
b a s is  in te rv a l, as th e  a c t iv i ty  of these b a n d s  is  o f te n  ab sen t d u rin g  fu ll d ay s,
i.e . th e  in d e x  has a p r io r i  th e  value 1. A s im ila r  b u t  less s tro n g  u n c e r ta in ty  
h a s  b e e n  observed  in  case o f  th e  indices P l l  — P 1 2 , w hich are  to o  lo n g  in  
c o m p a riso n  to  th e  re c o rd in g  speed.

D a ta  on th e  P c  1 a c t iv i ty  from  re c o rd in g  w ith  th e  in d u c tio n  coil are 
a t  d isp o sa l from  a c o m p a ra tiv e ly  sh o rt t im e . F o r  com parison , a  ca ta lo g u e  
is b e in g  m ade also fro m  th e se  d a ta , w hich  c o n ta in s  th e  occurrence t im e  an d  
a m p li tu d e  of all P c  1 -ev en ts , and  on th e  b a s is  o f  th e  to ta l  d a ily  occu rrence , 
d a ily  P c  1-indices a re  also de te rm ined . T h is e x p e rim e n ta l P c 1 w ill s u b s ti tu te  
th e  P I  in d ex  of th e  q u ic k -ru n  e a rth  c u r re n t  reco rd in g  w ith  th e  d ifference 
t h a t  th e  P c 1-index c o n ta in s  only reg u la r v a r ia t io n s  (no P i 1), w h ile  P I  all 
v a r ia t io n s  in  th e  c o rre sp o n d in g  period ra n g e .

O b se rv a to ry  d a ta  in c lu d e  in  ad d itio n  to  th e  a lready  lis ted  ones special 
e v e n ts  fo u n d  in  m ag n e tic  a n d  e a r th  c u rre n t n o rm a l or q u ick -run  reco rd s  (ssc, 
b , p i, si, an d  sh o rt im p u lses , i.e. so-called “ n eed le s” ). F o u rie r-coeffic ien ts  of 
th e  d a ily  v a ria tio n s  o f  th e  5 e lec trom agnetic  co m p o n en ts  are also co m p u te d  
a n d  p u b lished .

F o r  in n er use, lo ca l a c t iv i ty  indices a re  d e te rm in ed  on th e  basis  o f  th e  
m a x im u m  3-hour a m p litu d e s  of th e  m agnetic  a n d  electric  com ponen ts n e g le c t­
in g  th e  da ily  v a r ia tio n  (M  a n d  T , re sp ec tiv e ly ). A s th e  scales are  lin e a r , th e y  
c a n  b e  com pared  to  loca l ap  indices, b u t  th e i r  possib le values are  0 — 9, i.e. 
fo r  a c tiv itie s  g rea te r  th a n  correspond ing  th e  l im it  o f th e  in d ex  9, th e  f in a l 
in d e x  is alw ays 9. T hese  ind ices are used  e x c lu s iv e ly  for in v es tig a tio n s  w here 
lo c a l t im e  -|- a c tiv ity  a p p e a r  toge ther.

F ro m  th e  d a ta  m e n tio n e d , th e  ind ices K 1  — K 5 and  th e ir  o rig in a l d a ta  
a re  a t  disposal since A u g u s t 1957, th e  in d ice s  P I  — P12 and  th e  ca ta lo g u e  
w i th  so m ew hat m ore in te r ru p tio n  since 1966, b u t  y ea rly  averages c a n n o t be 
c o m p a re d  in  these  cases d u e  to  a lread y  m e n tio n e d  causes. P c  1 reco rd in g  
is o p e ra tin g  w ith  sev era l in te rru p tio n s  since 1976.

T w o questions c a n  b e  ra ised  in  c o n n e c tio n  w ith  these ind ices. A t f irs t, 
th e y  a re  deduced  w ith  th e  excep tion  o f th e  P c  1 index  from  e a r th  c u rre n t
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m easu rem en ts; how  does th is  fa c t in fluence  th e  re su lts?  T he second  q u e s tio n  
concerns th e  lo n g -te rm  s ta b il i ty  o f th e  su b jec tiv e  e stim a tio n  o f th e s e  ind ices.

L e t us consider th e  f i r s t  q uestion . F ig u re  3 shows th a t  th e  r a t io  o f  th e  
e x tre m a l m a g n e to te llu ric  re s is tiv itie s  is g en era lly  less th a n  2 ; th e  v a lu e  o f  th e  
im pedance  changes b e tw een  periods of 10 a n d  1000 s b y  a fa c to r  o f  1 .5 , above 
1000 s, th e  changes a re  s ig n ifican tly  g re a te r  reach in g  th e  fa c to r  3. I t  seem s 
th e re fo re  to  be ju s tif ie d  to  su b s ti tu te  th e  m ag n e tic  com ponen ts w ith  th e  co r­
re sp o n d in g  e a r th  c u rre n t ones b earin g  in  m in d  th e  possible d ifferences o f th e  
va lu es  g iven here.

T he co n stan cy  o f th e  su b jec tiv e  e s tim a tio n  can be c o n tro lle d  am ong  
o th e rs  b y  co m p arin g  i ts  va lu es  to  som e in te rp la n e ta ry  p a ra m e te rs . A  com ­
p a riso n  o f th e  23 y ea rs  long  K 1 series w ith  so lar w ind d a ta  (fro m  a b o u t 
16 y ears) has show n th a t  th e  level suffered  no  sign ifican t changes. I n  case of 
th e  P I —P12 ind ices, th e  levels are in  each  y e a r  d iffe ren t, as e x p la in e d  ea rlie r.

T he re lia b ility  o f th e  sy s tem  e a r th  c u rre n t in s tru m e n ts  -j- cab les  -)- elec­
tro d e s  can  also be e v a lu a te d  on th e  basis o f  23 y ea rs  of experiences. T h e  area  
o f th e  N agycenk  o b se rv a to ry  is ex cep tio n a l in  H u n g a ry , as i t  is p ra c tic a lly  
free o f  e lec tric  noises fro m  a  freq u en cy  o f a b o u t 1 H z to  DC, or m o re  e x a c tly , 
i f  th e re  are noises, th e n  th e se  are  p ro d u ced  b y  th e  o b se rv a to ry  itse lf . Such 
noises are m o stly  due  to  fa u lty  e lec tric  n e tw o rk , n o t co rresp o n d in g  to  th e  
in n e r  p rescrip tio n s an d  th e y  can  be in  th e  m a jo r ity  o f cases e lim in a tin g  th e  
g ro u n d in g  o f th e  n e u tra l  p o in t. T he o b se rv a to ry  a rea  is a n y w a y  a n a tu re  
p re se rv a tio n  a re a  a n d  th e  co n sen t o f th e  I n s t i tu te  is necessary  fo r a ll bu ild in g s 
in  th e  ne ighbourhood .

T h e  scale va lu es  o f th e  in s tru m e n ts  c a n  s lig h tly  change d u r in g  longer 
tim e . In  case o f a change o f  5 %  th e y  are  e lim in a te d  b y  th e  ch an g e  o f  re s is tiv ­
ities (a  change can  cause c e r ta in  changes in  th e  su b jec tive  e s tim a tio n ) . Such 
a  s ta b il i ty  is n ecessa ry  to  exclude  th e  changes due to  scale v a lu e  d ifferences 
in  th e  su b jec tiv e  e s tim a tio n s . Such changes are  necessary  once in  ab o u t
4 —5 years.

T he cables w ere la id  dow n in  1963. T h e y  are  a rm o u red  cab les; ea rlie r 
s im ple cables h a d  b een  used  w ith o u t o u te r  p ro te c tio n . D urin g  th e  17 y ea rs , 
no  p ro b lem  w as d e te c te d  w ith  th e  cables. A t p re se n t, th e  cables o n  th e  h u m id  
p a r t  shou ld  be ex ch an g ed  due  to  a  decrease in  th e ir  in su la tio n .

T he to ta l  re s is tiv ity  b e tw een  electrodes is reg u la ted  to  a c o n s ta n t  v a lu e  
w ith  th e  help  o f a  W h ea ts to n e -b rid g e . T h u s changes in  th e  re s is t iv i ty  o f  th e  
circle do n o t in fluence  th e  scale va lu e  o f th e  record ing . T he e lec tro d es  th e m ­
selves are  lead  p la te s  w ith  a surface o f 2  m 2; th e y  h av e  been b u rie d  since 1963 
be tw een  tw o  lay e rs  o f c lay . A n  e lec trode  h as  been  bu ried  o u t since  th e n  for 
c o n tro l purposes, b u t  no  re m ark ab le  changes w ere found  n o t re g a rd in g  som e 
corrosion , an d  th e  m easu rem en ts  rem ain ed  also un affec ted  b y  e lec tro d e  
p rob lem s. In  o u r o p in ion  th e  life tim e of such  electrodes is a b o u t 3 5 —40 y ears .
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Som e m eteoro log ica l e ffects in fluenced  th e  m easu rem en ts  o f e a r th  c u r­
r e n ts .  O ne of such e ffec ts  is h eav y  ra in fa ll (a b o u t 50 m m  ra in  in  tw o  days) 
o r  s tro n g  th aw  w ith  a  co m p arab le  am o u n t o f  w a te r . In  such  cases th e  elec­
tro d e s  are  m ost lik e ly  in o n d a te d  by  w a te r o r  th e y  lie in  s tream in g  w a te r , and  
th e  p o te n tia l  of th e  e le c tro d e s  changes a f te r  su ch  ev en ts  fo r a  m ax im u m  
o f  30 — 50 days r a th e r  s tro n g ly . The changes a re  n o rm a lly  ab o u t o f a va lu e  
o f  0 .01  m V /day, a f te r  su ch  h ea v y  rains th e y  a re  b y  one or several o rders of 
m a g n itu d e  h igher, re a c h in g  a  value of 1 m V /d ay  in  ce rta in  cases. S uch  g rea t 
w a te r  q u a n titie s  are  r a th e r  seldom , as an  av e ra g e  one case in  fiv e  y ea rs  can  
b e  g iv en .

T h e  second m eteo ro lo g ica l influence is th e  lig h tn in g  stroke . D ue to  th e m , 
s u d d e n  p o ten tia l d iffe rences appear e ith e r  b y  e lec trochem ical p rocesses or 
b y  s ta t ic  loading. T he im p u lse  like change d ecay s in  a b o u t 2 —4 h o u rs , m a x i­
m a lly  in  one day. S uch  n e a r  lig h tn in g  s tro k e  o ccu r in  sum m er m o n th s  a b o u t 
o n ce  in  each m on th .

O n  th e  basis o f a ll th e se , we can c h a ra c te riz e  th e  indices of th e  N ag y cen k  
o b s e rv a to ry  as follow s:

L ong , reliab le d a ta  se ries : K l ,  K 5, P 3  — P 1 0
Less reliable, long  d a ta  series: K2, K 4 , P 2 , P l i ,  P12
U nsure  indices: К З , P I
S h o rt d a ta  series: P c  1-indices
L ocal indices, lo n g  series: T  and  M .
A s i t  has been  a lre a d y  m entioned , e x p e rim e n ts  to  begin  w ith  th e  d ig ita l 

re c o rd in g  are for a  lo n g er t im e  being carried  o u t. W e should  like to  d e te rm in e  
s im ila r  indices from  th e  d ig ita l  d a ta . I t  is c lea r  t h a t  th e  m ethods o f d e te rm in a ­
t io n  c a n n o t be e q u iv a le n t, nevertheless th e  e x p e rim e n ts  are a im ed to  reach  
th e  possib le  b est o v e rla p p in g .
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ЭЛЕКТРОМАГНИТНАЯ ОБСЕРВАТОРИЯ В НАДЬЦЕНКЕ
А. А Д А М -Й . В Е Р Ё  —Й . Ц . М И Л Е Т И Ч -Л . Х О Л Л О - А .  В А Л Н Е Р

РЕЗЮМЕ

В первой части работы рассматриваются геолого-геофизические условия подпочвы 
обсерватории в Надьценке, и подробно излагаются методы определения магнитотеллури­
ческих кривых зондирований, а также данные геоэлектрической свиты. Во второй части в 
виде таблиц представляются теллурические и магнитные приборы обсерватории и пара­
метры наблюдательной и регистрационной техники. В заключение описывается стандарт­
ная обработка данных с оценками надежности разных параметров и показателей.

Рассматриваются некоторые пертурбационные эффекты по поводу записывания 
данных.
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THE GEOPHYSICAL OBSERVATORY NEAR NAGYCENK
I I .  A T M O S P H E R IC  E L E C T R IC  A N D  IO N O S P H E R IC  M E A S U R E M E N T S

P . B E N C Z E
CAND. GEOSCI.

F . MÄRCZ

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

T he m easuring  s ite , th e  eq u ip m e n ts  used  for a tm o sp h e ric  e lectric  a n d  io n o sp h e ric  m eas­
u re m e n ts  in  th e  G eophysical O b serv a to ry  n ear N a g y ce n k , as well as th e  p ro cess in g  o f th e  
reco rd s a re  described. T h e  scaling  o f th e  in s tru m e n ts  a n d  su p p le m e n ta ry  m easu rem en ts , 
necessary  for th e  co n tro l o f  th e  reco rd ings, are also d iscussed .

Introduction

Since i t  w as p la n n e d  th a t  in  th e  o b se rv a to ry  all s ix  co m p o n en ts  and  
p o ssib ly  th e  w hole sp e c tru m  of th e  g eo elec trom agnetic  fie ld  shou ld  be  reco rd ed , 
in  a d d itio n  to  th e  co m p o n en ts  o f th e  geom agnetic  f ie ld  an d  e a r th  c u rre n ts  
th e  m easu rem en t o f  th e  v e r tic a l e lectric  co m p o n en t in  th e  a ir , i.e . t h a t  of 
th e  a tm ospheric  e lec tric  p o te n tia l g ra d ie n t h a s  been  s ta r te d  in  1961. D u rin g  
d is tu rb e d  periods (c lo u d y  w ea th e r, th u n d e rs to rm s)  i f  th e  fie ld  s tre n g th  reaches 
th e  b reakdow n  v o ltag e , p o in t d ischarge c u rre n t, p ro p o rtio n a l to  th e  fie ld  
s tre n g th , occurs. F o r  th e  in v es tig a tio n  o f su ch  periods th e  reco rd in g  o f  p o in t 
d ischarge  cu rren ts  h as  b een  s ta r te d  a lread y  in  1960.

T he g eo elec trom agnetic  fie ld  is in flu en ced  a t  a given reco rd in g  s ite  no t 
o n ly  b y  th e  s tru c tu re  o f  th e  u n d erg ro u n d , b u t  also b y  th e  s ta te  o f  th e  iono­
sphere . T hus, th e  m ea su re m e n t o f  ionospheric  ab so rp tio n  of ra d io  w aves as 
a co m p lem en ta ry  in v e s tig a tio n  has been  c a rr ie d  o u t since 1966.

T he b rie f d e sc rip tio n  of th e  s ite  a n d  th e  in s tru m e n ts  w as p u b lish ed  
ea rlie r [1]. In  th is  p a p e r  a  rev iew  o f th e  a tm o sp h e ric  e lec tric  a n d  ionospheric  
m easu rem en ts w ill be  g iven , as w ell as th e  d e sc rip tio n  of th e  m easu rin g  te c h ­
n iq u e  and  th e  d a ta  p rocessing  in  [1 ] w ill be com p le ted .

The m easuring site

R eliab le a tm o sp h e ric  e lec tric  an d  iono sp h eric  m easu rem en ts  ca n  only 
be m ade in  an  u n d is tu rb e d  en v iro n m en t. A tm o sp h e ric  e lec tric  in v e s tig a tio n s  
req u ire  a possib ly  f la t  g ro u n d  fa r  from  h ig h -v o ltag e  pow er lines a n d  sources
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o f a ir  p o llu tio n . As re g a rd s  ionospheric  m e asu rem en ts , th e  noise level shou ld  
be  sm a ll  a t  th e  observ ing  s ta t io n . E ffo rts  w ere  m ad e  to  m eet th e se  re q u ire ­
m e n ts  in  th e  o b se rv a to ry . T h e  boiler, a ssu ring  th e  h e a tin g  in  th e  o b se rv a to ry  
is m o u n te d  in  th e  dw elling  lo c a te d  n o rth — e a s tw a rd s  from  th e  m easu rin g  site , 
w h ile  th e  prevailing  w in d  d ire c tio n  is w est— n o r th — w est. To avo id  in h o m o g e­
n e o u s  io n iz a tio n  of th e  a ir  d u e  to  th e  ra d ia tio n  o f  en rich m en ts  o f ra d io a c tiv e  
m a te r ia ls  in  th e  soil, th e  p la c e  assigned fo r th e  m o u n tin g  o f th e  a tm o sp h e ric  
e le c tr ic  m easu ring  gauges w as  su rveyed  b y  m ean s o f  a G eiger c o u n te r . A n o m ­
alies in d ic a tin g  th e  p re se n c e  o f  such e n ric h m e n ts  h av e  n o t b een  fo und . 
T h e  o b se rv a to ry  is su p p lied  w ith  electric pow er fro m  th e  n ea re s t v illag e , th e  
cab le  in  th e  v ic in ity  o f th e  o b se rv a to ry  is b u rie d .

A tm ospheric electric m easurem ents

T h e  v e rtica l e lec tric  c o m p o n en t of th e  geoe lec trom agnetic  fie ld  can  be 
m e a s u re d  in  th e  air. T h e  v e r t ic a l  electric co m p o n en t is, how ever, th e  r e s u lta n t  
o f  f ie ld  com ponen ts o f d if fe re n t origin. B esides th e  slow ly v a ry in g  f ie ld  due 
to  th e  g lobal a tm o sp h eric  e lec tric  c ircu it, f lu c tu a tio n s  a ttr ib u ta b le  m o stly  
to  lo c a l sources (clouds, a ir  p a rce ls  hav ing  an  io n  c o n c e n tra tio n  d iffe ren t from  
th e i r  su rro u n d in g s an d  d r if t in g  w ith  w ind, ra in fa ll, fog, snow) are  reco rd ed . 
T h e re  o ccu r v a ria tio n s , fo r  w h ic h  a co n n ec tio n  w ith  th e  geom agnetic  p u ls a ­
tio n s  o f  e x tra te r re s tr ia l  a n d  m agn eto sp h eric  o rig in  can  be p roved . F in a lly , 
w ith  in c rea s in g  freq u en cy  th e  sources of th e  geoe lec trom agnetic  fie ld  becom e 
l ig h tn in g  discharges. T h e  s tu d y  of these d iffe ren t co n tr ib u tio n s  to  th e  v e r tic a l 
e le c tr ic  com ponen t can  be  ach iev ed  w ith  d iffe re n t m eth o d s and  eq u ip m en ts .

A t  p resen t only th e  s lo w ly  v a ry in g  fie ld  is reco rd ed . A rad io a c tiv e  col­
le c to r  is u sed  to  equalize  th e  p o te n tia l ap p e a rin g  in  an  a ltitu d e  o f 1  m  above 
th e  su rfa c e  of th e  g ro u n d  a n d  th a t  of th e  in p u t  o f  th e  eq u ip m en t. T h e  ra d io ­
a c tiv e  co llec to r has a t im e  c o n s ta n t of ~  30 s a n d  c a n n o t follow  v a r ia tio n s  
o f  a p e r io d  less th a n  30 s. A cco rd in g  to  ou r in v e s tig a tio n s  [2] th e  ra d io a c tiv e  
p re p a r a t io n  corresponds to  a  tra n s itio n a l re s is ta n c e  o f 1.7 • 1012 Q  in  th e  
s u b s t i tu t in g  circu it of th e  a p p a ra tu s . T he case co n ta in in g  th e  ra d io a c tiv e  
p re p a r a t io n  and  a tta c h e d  to  a  v e rtic a l rod  is h e ld  b y  a  double  w alled  in su la to r  
w ith  a n  in su la tio n  re s is ta n c e  o f  4 • 1013 Q. T h e  in p u t  re s is tan ce  of th e  m e a su r­
in g  a p p a ra tu s  is a n o th e r  im p o r ta n t  fac to r in  case o f th e  reco rd in g  o f th e  
a tm o sp h e r ic  electric p o te n t ia l  g rad ien t, as th e  v o lta g e  of a pow er su p p ly  of 
h ig h  in n e r  resistance h as  to  b e  de te rm ined . T h e  m easu rin g  a p p a ra tu s  consists 
o f  a  tr io d e , th e  anode o f  w h ic h  is connected  w ith  th e  rad io ac tiv e  p o te n tia l 
e q u a liz e r  an d  the  p o te n tia l o f  th e  anode co n tro ls  th e  g rid  cu rren t. T h is c ircu it 
h a s  a n  in p u t  resistance o f  1 • 10 13 Q. B o th  th e  f i la m e n t vo ltage  (4 У) a n d  th e  
v o lta g e  (250 V) necessary  to  h o ld  th e  g rid -ca th o d e  sy s tem  a t  a po sitiv e  p o te n ­
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t ia l  as com pared  to  th e  anode are sup p lied  b y  a  stab ilized  pow er su p p ly  u n it . 
T he v a ria tio n s  o f  th e  g rid  c u rre n t due to  th e  changes of th e  a tm o sp h e ric  
e lec tric  fie ld  are  reco rd ed  p h o to g rap h ica lly  b y  m eans of a sensitive  g a lv an o m ­
e te r. T h e  e q u ip m en t is scaled  w eekly b y  p u t t in g  th e  collector in  a n  a rtif ic ia l 
e lec tric  fie ld . T his is p ro d u ced  by  a re g u la te d  h igh  voltage pow er su p p ly  
b e tw een  th e  g ro u n d  a n d  a m eta llic  n e t. T h e  la t te r  is p laced o v e r th e  case 
co n ta in in g  th e  ra d io a c tiv e  p rep a ra tio n . M oreover, th e  scaling n e t is also  p laced  
over th e  co llector an d  g ro u n d ed  every  d a y  fo r  som e m inu tes to  m a rk  th e  zero 
fie ld  on  th e  reco rd  b y  a  zero line. T he s e n s it iv ity  o f  th e  eq u ip m en t is a d ju s te d  
so t h a t  a  d eflec tio n  o f  10 m m  on th e  reco rd  co rresponds to  100 V . T h e  speed  
o f  th e  reco rd ing  is 20 m m /h o u r. H o u rly  t im e  signals  are given b y  th e  c e n tra l 
d ig ita l clock, w hich  is con tin u o u sly  c o n tro lle d  b y  com paring  i t  w ith  th e  
m ark ers  of th e  tim e-sig n a l t r a n s m itte r  M ain flin g en  (FR G ).

T he p o in t d isch arg e  cu rren ts  are o b se rv ed  b y  m eans of a t ip  m ad e  from  
sta in less  steel. T h is is in su la te d  and  a t ta c h e d  to  th e  to p  of a v e r tic a l boom  
m o u n te d  on th e  ro o f  o f a  3.5 m h igh  b u ild in g . T h u s, th e  t ip  is in  a h e ig h t 
o f  a b o u t 7 m  above th e  g round . T he c u rre n ts  flow ing  th ro u g h  th e  t ip  d u rin g  
d is tu rb e d  periods are  reco rded  p h o to g ra p h ic a lly  w ith  a sensitive g a lv a n o m ­
e te r. T he reco rd ing  speed  is 20 m m /hour.

P rocessing  of a tm ospheric  e lec tric  records

Since a tm o sp h eric  e lectric  in v e s tig a tio n s  in  th e  In s t i tu te  a re  m o stly  
co n n ec ted  w ith  th e  s tu d y  o f th e  global a tm o sp h e ric  electric  c ircu it, th e  reco rds 
o f  th e  a tm o sp h eric  e lec tric  p o te n tia l g ra d ie n t a re  processed as d esc rib ed  below . 
F ir s t  th e  h o u rly  av erag e  deflec tion  as co m p a re d  to  th e  zero line  a re  d e te r ­
m ined . T he zero line can  be d raw n by  c o n n e c tin g  th e  p a rts  of th e  re c o rd  co r­
re sp o n d in g  to  th e  tim es  w hen  th e  g ro u n d ed  sca lin g  n e t was p laced  ab o v e  th e  
co llec to r. B esides th e  d e te rm in a tio n  o f  th e  h o u r ly  averages, th e  d ifferences 
b e tw een  th e  la rg est an d  sm allest d eflec tion  o ccu ring  w ith in  perio d s o f  th re e  
h ou rs an d  p ro p o rtio n a l to  th e  a tm o sp h eric  e lec tric  a c tiv ity  are  also  read . 
T he va lu e  o f th e  p o te n tia l  g rad ien t is o b ta in e d  b y  m u ltip ly ing  th e  d e flec tio n  
in  m m  w ith  th e  sca ling  fac to r in  V /m /m m , w h ich  is de term ined  o n  th e  basis 
o f th e  w eekly  scaling.

P o in t d ischarge c u rre n t records c a n  be  u sed  fo r th e  d e te rm in a tio n  o f  the  
ch arg e  exchange b e tw een  th e  g round a n d  th e  atm osphere . T h e  q u a n tit ie s  
o f  p o sitiv e  a n d /o r n eg a tiv e  charges t r a n s p o r te d  b y  p o in t d isch arg e , w hich  
o ccu rred  w ith in  th e  in te rv a l o f an  h o u r are  d e te rm in ed . T hey  re su lt  fro m  th e  
m u ltip lic a tio n  o f an  a rea  (form ed b y  th e  reco rd in g  trace , th e  h o u r ly  tim e  
m ark es an d  th e  zero line) w ith  th e  ch a rg e  se n s itiv ity  of th e  e q u ip m e n t. 
T he charge  se n s itiv ity  can  be o b ta in ed  b y  m u ltip ly in g  the  c u rre n t p ro d u c in g
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a  u n i t  d e flec tio n  (А/m m ) w ith  th e  rec ip rocal o f  th e  record ing  speed  (s/m m ). 
T h e  v a r io u s  fea tu res  a p p e a rin g  on p o in t d isch arg e  cu rren t records a n d  th e ir  
in te r p r e ta t io n  are d iscussed  in  d e ta il in  [3].

Ionospheric m easurem ents

N o w ad ay s , f i r s t  o f a ll th e  use of g ro u n d  b ased  m ethods is rea so n a b le , 
w h ic h  a llow  th e  in v e s tig a tio n  o f th e  low er io n o sp h ere , i.e. th e  reg io n  in acces­
sib le  b y  d ire c t sa te llite  m easu rem en ts . In  th e  o b se rv a to ry  one of th e se  m e th o d s , 
th e  m e a su re m e n t o f th e  a b so rp tio n  of rad io  w av es obliquely  in c id e n t on  th e  
io n o sp h e re  (m e th o d  A3) is u sed . F o r th e  m e a su re m e n ts  tra n sm itte rs  o f  long 
w a v e  (L F ) an d  m ed ium  w av e  (M F) b an d s h a v e  b e e n  chosen. T h ey  h a v e  to  be 
lo c a te d  in  su itab le  d is tan ces  from  th e  o b se rv a to ry , i.e. th e  cond ition  o f  a n  one 
h o p  re f le c tio n  should  be g iven  an d  th e  fie ld  s tre n g th  of th e  re f le c ted  w ave 
m u s t  b e  co m p arab le  w ith  t h a t  o f th e  g round  w av e . A t p resen t th e  fie ld  s t r e n g th  
o f  th e  re f le c te d  w ave o f th e  tr a n s m itte r  C eskoslovensko (272 k H z) is c o n tin u ­
o u s ly  re c o rd e d  and  in  a d d itio n  th e  t r a n s m itte r  B ra tis la v a  (1098 k H z) is e x p e ri­
m e n ta l ly  received .

T h e  a p p a ra tu s  fo r th e  m easu rem en t o f ionospheric  ab so rp tio n  o f  rad io  
w av es  w ith  th e  m e th o d  A3 consists of an  a n te n n a  system , a re c e iv e r an d  
a re c o rd e r . T he a n te n n a  sy s tem  is a v e rtic a l loop  ae ria l com bined w ith  a  v e r­
t ic a l  r o d  a n te n n a  for th e  rem o v a l of th e  v o lta g e , w h ich  rem ains, w h en  th e  loop 
a e r ia l  is  se t p e rp en d icu la r to  th e  v e rtic a l p lan e  p ass in g  th ro u g h  th e  t r a n s m it te r  
an d  th e  rece iv er (m in im um  p o sition ). T he re c e iv e r is a th ree  stage  a m p lif ie r  
w ith  tw o  o u tp u ts  of d iffe ren t sen s itiv ity  [4]. T h e  less sensitive ch an n e l is used  
fo r th e  d e te rm in a tio n  o f th e  n ig h t tim e  a b so rp tio n . T he m ore sensitive  ch a n n e l 
c a n  b e  u se d  fo r th e  s tu d y  o f th e  d ay tim e  a b so rp tio n . T he recorder, c o n n e c te d  
w ith  th e  o u tp u t  of th e  rece iv e r is a co m p en so g rap h  w ith  a reco rd in g  speed  
o f 60 m m /h o u r. T he a p p a ra tu s  is scaled d a ily  b y  tu rn in g  th e  loop a e r ia l  fro m  
its  m in im u m  p o sitio n  in to  b o th  d irections b y  s tep s  of five degrees t i l l  30° 
an d  b y  s te p s  o f te n  degrees from  30° till 90° w h e re b y  th e  a p p ro p ria te  d e flec ­
tio n s  o n  th e  reco rder are re a d . T h u s, th e  reco rd s  are  scaled b y  m ean s o f  th e  
g ro u n d  w av e . T he sca ling  is perfo rm ed  n e a r  n o o n , w hen  th e  c o n tr ib u tio n  
o f  th e  f ie ld  s tre n g th  o f th e  re flec ted  w ave to  th e  to ta l  field s tre n g th  is th e  
sm a lle s t  a n d  its  e lim in a tio n  is easier. H o u rly  t im e  signals b reak in g  th e  co n ­
n e c tio n  b e tw een  rece iv er a n d  reco rder as w ell as giving a sm all n e g a tiv e  
v o lta g e  to  th e  reco rd e r are  supp lied  by  th e  c e n tra l  d ig ita l clock.

F o r  th e  con tro l o f th e  ionospheric  a b so rp tio n  m easurem ents th e  a b so lu te  
v a lu e s  o f  th e  fie ld  s tre n g th  o f  th e  earlier m e n tio n e d  tra n sm itte rs  are  m easu red  
d a ily .
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Processing o f records for the determ ination of ionospheric absorption

T he records o f th e  re la tiv e  fie ld  s tre n g th  of th e  re fle c ted  w a v e  a re  proc­
essed  accord ing  to  in te rn a tio n a l ag reem en ts  [5]. T he a m p litu d e s  are  read 
a t  tim es correspond ing  to  p re d e te rm in ed  so lar zen ith  ang les (40°, 50°, 60°, 
66.4°, 72.5°, 78.5°, 85°, 90°, 100°). S ince th e  recorded  cu rv e  co n s is ts  o f  f lu c tu ­
a tio n s  in  accordance w ith  th e  ro ta tio n  o f  th e  p lane  of p o la r iz a tio n , th e  average 
o f  th e  m ax im um  deflec tions (envelope) fo r th e  period  ran g in g  f ro m  1 0  m inutes 
befo re  to  1 0  m in u tes  a fte r  th e  tim e  co rresp o n d in g  to  a g iven  so la r  z e n ith  angle 
is ta k e n . O n th e  basis  o f th e  d a ily  scalings these  averages a re  exp ressed  in  
u n its  o f th e  g round  w ave fie ld  s tre n g th  (i.e. th e  average d e flec tio n s  a re  given 
on  th e  basis o f th e  d a ily  scaling  w ith  th e  angles, b y  w hich  th e  fra m e  an ten n a  
shou ld  have  been  tu rn e d  aw ay  from  its  m in im um  positio n  to  p ro d u c e  these 
deflec tions on th e  reco rd ). A t f ir s t  th e  conversion  coeffic ien t is  de te rm ined  
b y  using  th e  co m p u ted  f ie ld  s tre n g th  ra tio s  an d  an  a p p ro p r ia te  fa c to r . This 
fa c to r  can  be co m p u ted  on th e  basis o f  th e  p ro p ag a tio n  p a th  as w ell as in 
know ledge of th e  c h a ra c te ris tic s  o f th e  a n te n n a  an d  of th e  p o w er o f  th e  tra n s ­
m itte r .  I t  is supposed  th a t  n e ith e r  th e  e lec trical p ro p e rtie s  o f  th e  ground 
a long  th e  p ro p ag a tio n  p a th , n o r th e  pow er o f th e  t r a n s m itte r  do  change and  
th e  re flec tio n  h e ig h t does n o t s ig n ifican tly  v a ry . F in a lly , fro m  th e  conversion 
coeffic ien t th e  co rrespond ing  a b so rp tio n  v a lu e  is com pu ted .
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ГЕОФИЗИЧЕСКАЯ ОБСЕРВАТОРИЯ В НАДЫДЕНКЕ II. АТМОСФЕРНО­
ЭЛЕКТРИЧЕСКИЕ И ИОНОСФЕРИЧЕСКИЕ ИЗМЕРЕНИЯ

П .  Б Е Н Ц Е - Ф .  М Е Р Ц

РЕЗЮМЕ

Изложены место наблюдения, приборы, применимые для атмосферно-электрических 
и ионосферических измерений в Надьценкской геофизической обсерватории, а также об­
работка регистраций. Калибровка приборов и добавочных измерений, необходимых для 
контроля регистраций, тоже приведены в статье.
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As geoelectric  a n d  e lec tro m ag n e tic  m eth o d s p la y  a  sign ifican t role in  g eo p h y sica l p ros­
p ec tin g  in  H u n g a ry , i t  becam e necessary  to  solve th e  in te rp re ta tio n  of c o m p lica ted  geological 
s tru c tu re s .

T he e lec tro m ag n e tic  m odeling  lab o ra to ry  b u i l t  u p  in  th e  G eodetic a n d  G eophysical 
R esearch  In s t i tu te  o f th e  H u n g a rian  A cadem y of Sciences in  cooperation  w ith  sev e ra l H u n g a r­
ia n  in s titu tio n s  serves th is  purpose.

To m ee t th e  m odeling  req u irem en ts  a n  e x tre m e ly  w ide frequency  b a n d  m o d e lin g  a p p a ­
ra tu s  w as to  be  p lan n ed . T h is involves in  i ts  p re se n t fo rm  in s tru m e n t p ack ag es fo r  m odeling  
a r tif ic a l  freq u en cy  sound ings using  e lectric  dipoles a n d  fo r m odeling some DC m e th o d s  as well.

T he larg e  q u a n ti ty  o f  th e  m easu red  d a ta  a n d  th e  req u irem en ts  for p a ra m e te r  calcu la­
tio n s  m ade  i t  n ecessary  to  use com puterized  d a ta  p rocessing .

T h is m odeling  a p p a ra tu s  h a s  been  used  fo r in v es tig a tio n s  o f h igh  c o n d u c tiv ity  dykes 
re la te d  to  fa u ltin g  zones in  th e  T ran sd an u b ian  c o n d u c tiv ity  anom aly . W e h a v e  u se d  th is  a p ­
p a ra tu s  in  th e  b a u x ite  e x p lo ra tio n  w ork  of th e  E ö tv ö s  L o ran d  G eophysical I n s t i tu te  a n d  for 
m odeling  freq u en cy  so u n d in g s above inhom ogenous b a se m e n t s tru c tu re s  fo r th e  G eophysical 
E x p lo ra tio n  C om pany.

F u tu re  d e v e lo p m en ts  invo lve  a p lane-w ave  f ie ld  gen era tio n  as w ell as d ev e lo p in g  of 
m ag n e tic  sensing  coil system s.

A im s for a  m odel co n stru c tio n  in  H ungary

G eoelectric  an d  e lec trom agnetic  m e th o d s  p lay  a s ig n ifican t ro le  in  geo­
p h y sica l p ro sp ec tin g  in  H u n g a ry . T here  a re  th re e  fields of e x p lo ra tio n  w here 
an  increase  o f e ffe c tiv ity  o f these  m e th o d s  is especially  ju s tif ie d  in  v iew  of 
b o th  econom ic an d  sc ien tific  aspects.

1. E x p lo ra tio n  o f th e  E a r th ’s c ru s t a n d  u p p e r  m an tle  i.e. o f  d eep  s tru c ­
tu re s  b y  electromagnetic induction  sound ings (m agn eto te llu ric  an d  geom agnetic  
sound ings). T he geophysical in fo rm atio n  rece iv ed  b y  these m e th o d s is u sed  for 
fo rm u la tin g  th e  geological ex p lo ra tio n  co n cep ts  and for im p le m e n tin g  th e  
e x p lo ra tio n  s tra teg ie s . M oreover, th is  in fo rm a tio n  has also basic  th e o re tic a l 
v a lue .
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2. D e te rm in a tio n  o f  th e  to p o g rap h y  o f th e  h igh  re s is tiv ity  b a se m e n t 
o f  t h e  P a n n o n ia n  s e d im e n ta ry  basin  and  o f  th e  sed im en t p a ra m e te rs  in  th e  
b a s in  fo r  th e  purpose o f h y d ro c a rb o n  e x p lo ra tio n  b y  artific ia l frequency sou n d ­
in g s .

3. E x p lo ra tio n  o f sh a llo w  (less th a n  a  few  h u n d re d  m eters th ic k ) sed i­
m e n ta r y  basins in  th e  H u n g a r ia n  M iddle M o u n ta in s  R ange and  its  fo o th ills  
fo r  th e  purpose  of b a u x ite  o re  and  coal e x p lo ra tio n  b y  low frequency, m a in ly  
DC geoelectric methods.

A ll in  th e  listed  e x p lo ra tio n  fields geoelec tric  m eth o d s have su p p lied  u se ­
fu l, in  num ero u s respec ts  re q u is ite  resu lts. T h e  b as ic  m a th e m a tic a l— p h y s ica l 
fo rm u la s  o f these m e th o d s  a re  deduced on ly  fo r  q u ite  sim plified  m odels (u su ­
a lly  o n ly  fo r one- or tw o -d im en sio n a l s tru c tu re s ) . N a tu re  is m uch m ore  co m ­
p le x . T h e  sim ple m odels m a y  be regarded  as r a re  lim itin g  cases th a t  d escrib e  
n a tu r e  w ith  various a m b ig u ity . F o r th is  re a so n  g en era l acceptance h as  been  
g a in e d  b y  analogue m o d e lin g  in  the  in te rp re ta t io n  process o f g eoelec tric  
(e lec tro m ag n e tic )  d a ta  b e s id e  recen t n u m erica l m e th o d s  generally  u sed  in  th e  
in te r p r e ta t io n  of 2D s tru c tu re s .

T o  m eet th e  re q u ire m e n ts  an ex trem ely  w ide  freq u en cy  b an d  m odelin g  
a p p a r a tu s  h ad  to  be p la n n e d . This in  its  p re s e n t fo rm  involves tw o  basic  
in s t r u m e n t  packages:

a )  DC m odeling a p p a ra tu s
b )  A p p a ra tu s  fo r a r t i f ic a l  frequency  so u n d in g s  (conductive m odel).
M ed ia  for m odeling  p u rp o ses  (salt so lu tio n  a n d  m odel bodies) a re  co n ­

ta in e d  in  all cases in  th e  sa m e  large  size p las tic  c o n ta in e r  (tan k ). The a p p a ra tu s  
fo r  e x c ita t io n  and  sensore m a y  change acco rd in g  to  th e  m odeling re q u ire m e n ts . 
T h e  m ech an ica l too ls fo r p o sitio n in g  and  d e te rm in a tio n  of sp a tia l lo c a tio n  
(c o o rd in a te s )  are a lw ays th e  sam e.

T h e  p ap e r describes th e  m odeling a p p a ra tu s  a n d  also shows som e c h a ra c ­
te r is t ic  re su lts  gained in  th e  ex p lo ra tio n  fie ld s  d esc rib ed  above.

Modeling law s

T h e  law s of m odelin g  a re  based  on th e  M axw ell-equations. F o r  sake  
o f  co m p le ten ess  th e y  are  p re se n te d  here in  D o s s o ’s (1967) fo rm u la tio n :

ro tE
ЭВ

~dt~
О

rot 11 j — 8 (eg0 E)
91

О

(1)

(2)
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w here
В =  /х • /j0 H  an d  j =  a  E

1 IO" 9 F  

° 4 л  9 m

jUq =  4 л  10 _ 7  H /m .

L e t us m ake th e  follow ing su b s titu tio n s :

E =  e0E'; H  =  h0H '; a  =  aJS; D  =  d0D ’ and  t =  t0T ,

w here  E ', H ', D ’ an d  T  as w ell as an d  e a re  dim ensionless q u a n ti t ie s ;  e0, h0, 
a0, <J0 a n d  t0 as w ell as //„ an d  e0 are  u n its  o f e lec tric  and  m agnetic  f ie ld s tre n g th s , 
e lec tric  co n d u c tiv ity , len g th  an d  tim e , v a c u u m  m agnetic  p re m e a b il i ty  and 
d ie lec tric  fa c to r , re sp ec tiv e ly .

T he M axw ell-equations 1 an d  2 ta k e  th u s  th e  follow ing fo rm :

rot E' +  a  — =  0
d T

B F '
rot H ' ß — -----у Е ' =  О

9 Т
w here

d0fi[x0 
сс = ---------

<0

о _ d0es0

У  —  d 0f f o S

( 3 )

(4)

(5)

( 6) 

( 7 )

E q u a tio n s  3 an d  4 are  in v a r ia n t  in  case o f  changes in  th e  u n its  i f  th e  d im en ­
sionless q u a n titie s  a , ß , у  a re  in v a r ia n t.

A ssum ing  th a t  ee0  an d  ee0 are v a c u u m  values and  s =  /г =  1, e0/h0 can 
be  e lim in a ted  from  th e  eq u a tio n s . As a re su lt  one gets th e  fo llow ing  in v a ria n c e  
co n d itio n  in  case o f changes in  th e  u n its :

ffo/o (Ц =  c o n s t (8 )

t h a t  h a s  to  be fu lfilled  in  n a tu ra l  (“ t”  in d e x ) an d  m odel (“ m ”  in d e x )  c ircu m ­
stan ces . T hus one gets

<Tmfmd2m =  0 , f t d f  . (9)
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M easuring technology o f  the conductive frequency sounding model

M odel ex p erim en ts  a re  carried  ou t in  a N aC l-so lu tion  w ith  su ita b le  
specific  re s is tiv ity . 1 T h e  e lec tro lite  so lu tion  is c o n ta in e d  in  a 4 • 3 • 0.5 cu .m , 
p o lie s te r  ta n k . S tru c tu re s  o f  th e  basem ent a re  re p re se n te d  by  high re s is t iv i ty  
m odel bod ies. F o r th e  c o n d u c tiv e  m easu rem en ts a  se lec tive  m easuring  sy s te m  
h as b e e n  developed m a in ly  fo r  dipole— dipole e le c tr ic  frequency  sound ings.

T h e  m ost im p o r ta n t  req u irem en ts  fo r  th e  m easu rin g  system  w ere  as 
follow s :

1. G en era tio n  o f  a n  ea rth -sy m m etric  c o n s ta n t  inducing  c u rre n t in  th e  
10 k H z  — 10 M Hz fre q u e n c y  range.

2. M easurem ent o f  th e  electric  field  b y  a se lec tiv e  m ic rovo ltm eter p ro ­
d u ced  on  th e  surface o f  th e  elec tro lite .

3. C om fort in  th e  o p e ra tio n .
4 . P o ssib ility  fo r a u to m a tiz a tio n  of m e a su re m e n ts .
5 . P o ss ib ility  to  d e te rm in e  th e  re la tiv e  p h a se  o f  th e  m easured  signal.
T hese  req u irem en ts  w ere  m et by  a s y n th e s iz e r  genera to r and  a  s y n ­

ch ro n o u sly  tu n e d  ( tra c k in g )  receiver u n it. T h e  sy n th esize r g en e ra to r  can  
p ro d u ce  an  o u tp u t v o lta g e  o f  co n stan t a m p litu d e  in  100 H z steps [ K o r m o s  

e t a l., 1978]. This v o ltag e  co n tro ls  a c u rre n t g e n e ra to r  as o u tp u t s tag e  t h a t  
is b u i l t  to g e th e r w ith  th e  g en era tin g  e lec tro d e  p a ir . T he p ro x im ity  o f  th e  
c u r re n t  g en era to r o u tp u t  to  th e  genera to r e le c tro d e s  is an  im p o rta n t fa c to r  
b ecau se  a lread y  a sh u n t c a p a c ity  of some 10 p F  w o u ld  d e te rio ra te  th e  o u tp u t  
im p ed an ce  o f th e  c u r re n t g e n e ra to r  on a fre q u e n c y  o f 10 MHz.

T h e  selective m ic ro v o ltm e te r  is a h e te ro d y n e  receiver c o n v e rtin g  th e  
fre q u e n c y  o f th e  m easu red  sig n a l th ree  tim es [ R é g e n i  e t al., 1978]. T h e  a u to ­
m a tic  sy nch ron iz ing  w ith  th e  genera to r u n it  is e n a b le d  b y  th e  fac t t h a t  th e  
s ig n a l o f  th e  f irs t o sc illa to r o f  th e  receiver is th e  sam e as one o f th e  s igna ls  
t h a t  c o n tro l th e  g e n e ra to r  o u tp u t .  N am ely  th e  o u tp u t  signal of th e  g e n e ra to r  
is p ro d u c e d  by  m ix ing : i t  is  the  d ifference b e tw e e n  th e  signals o f a  f ix e d  
fre q u e n c y  oscilla tor (b e in g  th e  sam e as th e  1. I F  freq u en cy  of th e  rece iv er) 
a n d  a  syn th esized  d ig ita lly  program able  o sc illa to r . T he frequency  o f  th e  
g e n e ra to r  o u tp u t an d  o f  th e  receiver in p u t m a y  b e  w r itte n  as

f o n t  f in  fp rg  f l

T his so lu tio n  fulfills re q u ire m e n ts  3 and  4.
T o  m eet re q u ire m e n t 5 i t  is necessary  t h a t  th e  g en era to r freq u en cy  a n d  

a ll o sc illa to r frequencies in  th e  receiver sh o u ld  b e  synchron ized  to  th e  sam e 
re fe ren ce  signal i.e. th e se  signals  m ust be c o h e re n t.

1 T h e  specific re s is tiv ity  o f  th e  so lu tion  can be  c o n tro lled  w ith  a n  error o f  ± 2 %  b y  a n  
O K  102/1 c o n d u c tiv ity -m e te r  u s in g  norm al K C l-solu tions a s  s ta n d a rd s .
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Synthesizer Generator

!------------------------------------ 1

I________________________I

Selective Microvoltmeter

Fig. 1. S im p lified  b lock  d iag ram  o f th e  g en era to r a n d  th e  rece iv e r

T his re q u ire m e n t h a s  been  fu lfilled  b y  phase  locked loop  a rran g em en ts . 
S ignal de tec tio n  is c a rr ie d  o u t b y  m u ltip le  ph ase  sen s itiv e  d e te c to rs .

J u s t  like in  th e  case o f th e  g en e ra to r, th e  f ro n t en d  o f  th e  receiver m ust 
be in  close p ro x im ity  to  th e  m easu ring  elec trodes. T h is is n e c e ssa ry  due to  low 
sig n a l levels (p V  ran g e ) an d  to  a la rge  in p u t im p ed an ce . (A  c u rre n t loading 
on th e  m easuring  e lec tro d es w ould  d is to r t  th e  fie ld  s tre n g th  d is tr ib u tio n .)

So th e  p re -a m p lif ie r, m ixer 1 an d  th e  1st I F  a m p lif ie r  o f  th e  receiver 
h av e  been  b u ilt  in  a  se p a ra te  u n it  close to  th e  m easu rin g  e lec trodes.

T he sim plified  b lock  d iag ram  of th e  g en e ra to r  an d  th e  rece iv e r is show n 
in  F ig . 1.

A lthough  th e  m odeling  a p p a ra tu s  w as care fu lly  c o n s tru c te d  th e  f irs t 
ex p erim en ts  w ere u nsuccessfu l because o f th e  g eo m e try  o f  th e  m easuring  
la y o u t.

A t h igher freq u en c ies  (above 1  M H z) q u ite  la rge  d is tu rb a n c e s  occurred 
th a t  w ere b y  sev era l o rders o f m ag n itu d e  h ig h er th a n  th e  s ig n a l itself. These 
d is tu rb an ces  w ere c re a te d  b y  th e  com m on m ode (a sy m m etric )  c u rre n t com ­
p o n e n t flow ing fro m  th e  gen era tin g  e lec trodes to  th e  g ro u n d  (electro ly te). 
T he g en era to r can  be  se t to  an  op tim u m  sy m m e try  in  th e  low  fre q u e n c y  dom ain . 
A t h ig h er frequencies th e  co m pensa tion  d e te rio ra te s  due  to  p a ra s ite  capaci­
tan ces  in  th e  c ircu it a n d  a com m on m ode signal co m p o n en t a p p e a rs  also on th e  
o u tp u t. This com m on m ode signal c u rre n t co m p o n en t c a n  flo w  to  th e  ground 
on ly  th ro u g h  th e  g ro u n d in g  o f th e  g e n e ra to r—rece iv er co m p lex . T he ground- 
loop w here th e  d is tu rb a n c e  c u rre n t flow s can  be seen in  F ig . 2.
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T h e  com m on m ode c o m p o n e n t flows along th e  loop  show n  in  th is  figu re  
a n d  p ro d u c e s  a voltage d ro p  co rresp o n d in g  to  th e  loop  im p ed an ce  be tw een  
th e  e le c tro ly te  and th e  g ro u n d  o f  th e  cu rren t g en e ra to r. A s th e  g ro u n d  o f th e  
g e n e ra to r  an d  of the  p re a m p lif ie r  a re  sho rted  g a lv an ica lly  a n d  from  th e  h igh  
f re q u e n c y  p o in t of view  as w e ll ( th e  coaxial cables a re  ru n n in g  side b y  side

Fig. 2. G ro u n d -lo o p  w here  th e  d istu rbance  c u r re n t  flow s

fo r 1 0  m e te rs )  the  vo ltage  d ro p  described  earlier reach es also th e  d iffe ren tia l 
in p u ts  o f  th e  p ream plifier as a n  u n w a n te d  com m on m ode signal. T he com m on 
m o d e  re je c tio n  of the  p re a m p lif ie r  (CMR) is 4 0 —46 dB  (up  to  10 M H z).

S in ce  th is  value cou ld  n o t  be  s ign ifican tly  im p ro v e d  in  th e  10 M H z 
b a n d w id th  o f the  in s tru m e n t, th e  com m on m ode co m p o n en t h a d  to  be a t te n u ­
a te d  in  a  g re a t ex ten t. To th is  e n d  th e  following m o d ifica tio n s  h a d  to  be done:

1 .  T h e  p ream plifier g ro u n d in g  w as to  be s e p a ra te d  fro m  th e  g round ing  
o f th e  sy s te m  and of th e  c u r r e n t  g en era to r and  i t  h a d  to  be co n n ec ted  to  
th e  e le c tro ly te .

2 . T h e  curren t g e n e ra to r  m u s t  be grounded to  th e  e lec tro ly te  th ro u g h  
a c o n n e c tio n  of a low im p e d a n c e  to  sh u n t th e  large g ro u n d  loop. Since som e 
c a p a c ita n c e  rem ained b e tw e e n  th e  c u rren t g en era to r an d  th e  g rou n d in g  o f 
th e  p re a m p lif ie r , it  is a d v isa b le  to  decrease th e  co m m o n  m ode d is tu rb an ce  
on th e  g ro u n d  of the  c u r re n t  g e n e ra to r  as m uch as possib le .

I n  p rac tice  the  fo llow ings w ere  carried  ou t:
P o w e r  to  the  p re a m p lif ie r  w as supplied fro m  g ro u n d  in d e p e n d e n t 

so u rces  (b a tte rie s ) . This w ay  th e  p ream p lifie r could be  g ro u n d e d  to  th e  e lec tro ­
ly te . B esid es  bo th  signal lines h a d  to  be prov ided  w ith  co u p lin g  tran sfo rm ers  
o f lo w  cap ac itan ce . This w as ac h ie v e d  by  sm all size h ig h  freq u en cy  to ro id a l 
tr a n s fo rm e rs . The cap a c itan c e  b e tw e e n  th e  p r im a ry  a n d  seco n d ary  coils o f 
th e  tra n s fo rm e rs  could be re d u c e d  to  a  value of 1.5 p F . Som e p rob lem s w ere 
e n c o u n te re d  a t the  s tra y  in d u c ta n c e  o f  th e  tran sfo rm ers . I n  case of th e  20 M H z 
s ig n a l i t  could  be e lim in a ted  b y  re so n a n t tu n in g . I n  case o f th e  o sc illa to r 
s ig n a l th is  m ethod  coidd n o t  b e  u sed  because of th e  v a ry in g  frequencies in  
th e  20 — 30 M Hz band. S ince th e  s t r a y  in ductance  h a d  cau sed  som e 6  —10 dB  
c h a n g e  in  th e  signal level o f th e  osc illa to r, a lim ite r a m p lif ie r  h ad  to  be used  
to  r e m e d y  th e  problem .
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G round ing  to  th e  e lec tro ly te  w as p e rfo rm e d  w ith  an  e lec tro d e  th a t  is 
p laced  in  th e  n e u tra l  c e n tre  betw een  th e  tw o  m easu rin g  e lectrodes. To g ro u n d  
th e  cu rren t g en e ra to r  a  re la tiv e ly  large e lec tro d e  w as req u ired . I t  cou ld  n o t 
be  p laced  b e tw een  th e  tw o  tra n s m itte r  e lec tro d es  since i t  w ou ld  h a v e  also 
d is to rte d  th e  p o te n tia l  d is tr ib u tio n . To so lve th is  p rob lem  th e  g ro u n d in g  
e lec trode  was p laced  in  th e  sy m m etry  ax is  o f  th e  tw o tr a n s m itte r  e lec trodes 
on  th e  opposite  side o f  th e  receiver. The d is ta n c e  to  th e  g rou n d in g  e lec trodes 
w as chosen so th a t  th e  c u rre n t flow ing th ro u g h  i t  should  n o t in te rfe re  sign if­
ic a n tly  th e  elec tric  fie ld . (T his d istance m u s t be  g rea te r  th a n  th a t  o f th e  w all 
effect.)

As a  re su lt o f th e  low  capacitive  c o u p lin g  o n ly  a sm all f ra c tio n  o f  th e  
com m on m ode signal c a n  reach  th e  g round  o f th e  p ream p lifie r. T he a t te n u a tio n  
is governed  b y  th e  ra t io  o f th e  coupling im p ed an ce  (s tra y  cap ac itan ce ) an d

Fig. 3. T o th e  c o m p u ta tio n  of th e  re su ltin g  d is tu rb an ce  re jec tio n

F ig . 4. Selective m icro v o ltm e te r  an d  syn thesiser g e n e ra to r  (left) and x —y  co o rd in a te  p lo tte r
used  for th e  profile m ea su re m e n ts
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th e  c o n ta c t  resistance o f  th e  g ro u n d in g  e lec tro d e . O th e r fac to rs in  th e  no ise  
r e d u c t io n  are  th e  ra tio  o f  g ro u n d -lo o p  im p ed an ce  ( i t  c an  be severa l h u n d re d  
o h m s, s in ce  i t  has a re so n an ce  a t  a b o u t 6  M H z) an d  th e  “ g rou n d in g ”  c o n ta c t 
r e s is ta n c e  o f  th e  c u rre n t g e n e ra to r . T he re s u l ta n t  noise a tte n u a tio n  is  th e  
p r o d u c t  o f  th e  tw o fac to rs  (F ig . 3).

T h e  a p p a ra tu s  d esc rib ed  above can  be seen in  F ig . 4 ( le f th a n d  s id e).

E lec tro d e  m oving  a p p a ra tu s

T h e  tra n s m itte r  an d  m e a su rin g  u n it  c an  be m oved  w ith  su itab le  a c c u ra c y  
a lo n g  th e  ta n k  b y  ro lling  b r id g e  s tru c tu re s  on  w h ich  carriages c a n  m ove  
c ro ssw ise . T h e  electrode h o ld in g  ro d s  are f ix e d  on  th ese  carriages.

M o s t o f th e  m ech an ica l p a r ts  o f th e  m odeling  a p p a ra tu s  (F ig . 5) a re  
m ad e  o f  p la s tic  m ateria ls  (o n g ro p la s t, bo n am id e , te x tile -b ak e lite , p o ly m e th y l­
a c ry la te  a n d  po lyester re s in ). S ince on ly  th e se  m a te ria ls  p roved  to  be su ita b le  
fo r e a s y  ca rriag e  m ovem ent in  sp ite  of long sp an , th e y  are corrosion  re s is ta n t  
a n d  s u i ta b le  also for c a rry in g  o u t M T -m odeling  ex p erim en ts .

T h e  d e te rm in a tio n  o f  th e  lo ca tio n  an d  re se tt in g  to  a  given p o in t is done 
b y  th e  m easu rin g  tap es  a long  th e  tw o  co o rd in a te s  w ith  ^ 0 .5  m m  a c c u ra cy . 
( In  p o in ts  above th e  ta n k  w h e re  th e  co o rd in a tes  on  th e  m easuring  ta p e s  are  
n o t k n o w n , th e  accuracy  o f  s e t t in g  is m m .)

Z -co o rd in a te s  of th e  t r a n s m it te r  an d  rece iv e r can  be co n tin u o u s ly  
c h a n g e d  b y  th e  v e rtica l s e t t in g  a p p a ra tu s  on  th e  e lectrode ho ld ing  c a rr ia g e  
(F ig . 6 ). S e ttin g  erro r o f th e  Z -ax is  is J^O.05 m m .

F ig . 5 . A p p a ra tu s  for m oving th e  e le c tro d e s  above th e  ta n k  in  a  F arad ay -cag e  an d  th e  m e a su r­
ing  p anel
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Fig. 6. R o d s fo r ho ld ing  th e  e lectrodes on  th e  b rid g e 'fram e

T h e electrode h o ld in g  rods m ay  be tu rn e d  b y  90 degrees. P la tin u m  
e lec trodes are  used. T h e ir  le n g th  is 2 m m , th e  d ia m e te r  a t  th e  g e n e ra to r  elec­
tro d e s  (A , B )  is 2 m m , a t  th e  m easu rin g  e lec trodes 1 m m .

C onductive a lte rn a tin g  c u rre n t m odeling

T h e  o p era tion  o f th e  a p p a ra tu s  is sim ple a n d  so th e  m odel m e a su re m e n ts  
a re  v e ry  p roduc tive .

In  case of one p o in t freq u en cy  sound ing  h av in g  d e te rm in ed  th e  m e a su r­
in g  co n fig u ra tio n  — m odel s tru c tu re s , e lec tro d e  system  — th e  f re q u e n c y  is 
d ig ita lly  changed  b e tw een  10 k H z  an d  10 M H z in  a t  leas t 100 H z  s tep s  th e n  
th e  m ic ro v o ltm e te r is re a d . T he m easu ring  l im it  is se t b y  h a n d  o r  in  case 
o f  la rg e r range i t  is a u to m a tic a lly  se t b e tw een  1 fxV and  300 m V in  8  s teps. 
T h e  c u rre n t g en era to r supp lies 50 m A  v ia  th e  A ,  В  e lectrodes to  th e  e lec tro lite  
reg a rd less  of th e  freq u en cy  so no reg u la tio n  is req u ired .

I n  th e  o th e r o ften  used  m easu rin g  m e th o d  i.e. in  th e  p ro fil in g  th e  
f req u en cy  is set to  a  re q u ire d  va lue . T he d is tan ce  betw een  th e  re c e iv e r and  
t r a n s m it te r  is se t to  a  c o n s ta n t va lu e  an d  th e  w hole system  is s im u ltan eo u sly  
m oved  above th e  m odel s tru c tu re . T he p ro file  is p lo tte d  b y  an  x  — у  reco rd e r
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u n it .  T h e  position  o f th e  m easu rin g  u n it is d e te rm in e d  b y  th e  v o ltag e  values 
ta k e n  fro m  re s is tiv ity  lin e s  p laced  along th e  t a n k  an d  along th e  tra n sv e rse  
b rid g es .

Apparatus for DC m easurem ents

T h e  low er lim it o f  th e  freq u en cy  soun d in g  b a n d  o f th e  co n d u c tiv e  m odel­
in g  a p p a ra tu s  is 10 k H z . B y  ta k in g  in to  ac c o u n t a ll o th e r  geoelectric  p a ra m ­
e te rs  o f  th e  system  (spec ific  re s is tiv ity , lin e a r  d im ensions) th is  f req u en cy  is 
en o u g h  fo r m odeling DC m e th o d s , b u t  because o f  th e  p o ssib ility  o f a  te ch n ica l 
s im p lif ic a tio n  of m e a su re m e n t a t  low er (aud io ) frequencies i t  seem ed to  be 
re a so n a b le  to  use an  o th e r  a p p a ra tu s  for th is  aim .

A n  au d io freq u en cy  g e n e ra to r  w ith  m a x im u m  10 W  p o w er-o u tp u t (T ype 
T R  0161) set a t 300—500 H z  is used as a  g e n e ra to r . T he c u rre n t flow ing  
th ro u g h  th e  A , В  e lec tro d es in to  th e  e lec tro lite  is h e ld  on a specified  value 
w ith in  0 .3 %  b y  re g u la tin g  th e  vo ltage  on  a  re s is tan ce  of 1 abs. ohm  (by 
a  T R  1660 d ig ita l m u ltim e te r)  as i t  is seen in  F ig . 7.

T h e  p o te n tia l d iffe ren ce  o f th e  M N -dipole is m easu red  b y  a v o ltm e te r  
(B ru e l a n d  K jae r Те 2107) tu n e d  to  th e  fre q u e n c y  o f the o u tp u t signal. The 
s e n s it iv i ty  of th e  in s tru m e n t in  th e  least m easu rin g  ran g e  is 300 m m /m V .

T h e  electrode sy s te m  fu lfils  th e  re q u ire m e n ts  o f th e  m ethod . T h e  m ove­
m e n t o f  th e  e lectrode s y s te m  is carried  o u t w ith  th e  sam e a p p a ra tu s  as used 
in  case  o f  th e  co n d u c tiv e  freq u en cy  sound ing  m odeling .

A.F. power generator

■ 0.07 ohm
F ig. 7. B lo ck  d iag ram  of th e  DC m odeling  u n it

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16t 1981



ANALOGUE GEOELECTRIC MODEL 369

1.03 1.02 1.03 1.03 1.03 103 t03 102 1.03 t03 1.03

1.01 101 1.01 101 tô t 102 101 102 1.01 102 101

0.99 101 1.01 100 1.01 101 1.01 to o 101 1.01 102

0.99 0 9 9 1.Ô1 1.00 tô o to o 1.01 to o to t ten to o

to o 1Ű0 1.00 tô o 101 to o 101 101 1.00 101 100

0.99 to o 101 101 to o to o to o 1.01 1.01 to o to o

0.99 101 1.00 1.00 101 to o 101 to o to o to o 0.98

0.99 to o 1.00 to o 1.01 to o to o to o to o 0.99 Q98

0.99 100 1.00 to o 1.01 to o to o to o Q99 0 9 9 0.99

1.00 t o t 1.01 101 1.01 1.01 1.01 to o to o 0.99 1.00

F ig. 8. R a tio  o f  th e  m easu red  a n d  com p u ted  p o te n tia l  d ifferences in  p o ten tia l m a p p in g  (PM ) 
o n  th e  surface o f a tw o  lay e r h a lf-sp ace. A  a n d  В  a re  th e  feed ing  electrodes (S z a r k a , 1980)

The m easu rin g  p ro g ra m  involves th e  p o te n tia l  m app ing  (PM ) a n d  u n d e r ­
g round  p o te n tia l  m ap p in g  (U PM ) m ethods as w ell as conven tional geo e lec tric  
soundings.

In  case of th e  p o te n tia l  m app ing , th e  la rg e s t re la tiv e  d e v ia tio n  o f  th e  
m easured  a n d  co m p u ted  f ie ld  in ten sities  is 3 %  on  th e  surface o f a  h a lf-sp ace  
co n ta in in g  tw o  lay e rs , w ith  q м basem en t (F ig . 8 ).

P rocessing  of m odel d a ta

In  o rd e r to  d e te rm in e  th e  ru les, all m o d e l ex perim en ts are  c a rr ie d  o u t 
b y  v a ry in g  c e r ta in  p a ra m e te rs  of th e  s tru c tu re  to  he explored. In  g e n e ra l te n s  
o f th o u san d s  o f A U m n  v o ltag e  m easu rem en ts  a re  needed  to  solve one  m odel 
problem .

T he geophysical in te rp re ta t io n  is c a r r ie d  o u t b y  e v a lu a tin g  c e r ta in  
derived  q u a n titie s  (T , Qm, S ,  co m p u ted  d e p th  v a lu es , etc .).

The large  q u a n t i ty  o f  th e  m easu red  d a ta ,  th e  req u irem en ts  fo r th e  p a ra m ­
e te r  c a lcu la tio n  an d  a possib le  fu tu re  need  fo r  a  new  k ind  of d a ta  p ro cessin g  
m ade i t  n ecessary  to  use fo r  th e  processing a  c o m p u te r , th e  H P -2100A  o f  th e  
G eodetic a n d  G eophysica l In s t i tu te  (M TA G G K I). T he m easured  d a ta  are  
s to red  on p u n ch tap es .

All d a ta -p ro cess in g  p rog ram s are w r i t te n  in  F O R T R A N . I n te r p r e ta t io n  
algo rithm s ow ned b y  o th e r  coopera tive  in s t i tu t io n s  are p ro g ram m ed  an d  
M TA G G K I m a th e m a tic a l p rog ram s are u sed  fo r  solving special p ro b lem s.

T he M TA G G K I co m p u tin g  cen tre  is e q u ip p e d  w ith  all u su a l p e r ip h e r ic a l 
u n its . T h e  co m p u ted  q u a n tit ie s  — d e p th  m a p s , sound ing  curves e tc .,  — can  
be p lo tte d  on  th e  p lo tte r  o f  th e  co m p u ter. T h ese  p lo ts  are  fas t an d  d e sc r ip tiv e  
too ls of th e  in te rp re ta t io n  as show n by  th e  fo llow ing  exam ples:
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F ig u re  9 illu s tra te s  a n  anom aly  m ap  o f e lec tric  field in te n s i ty  v ec to rs  
a ro u n d  a  3D high r e s is t iv i ty  u p lif t  as o b ta in e d  b y  DC cu rren t m o d e lin g . T he 
e le c tro d e  co n fig u ra tio n  is show n on a sk e tc h  in  F ig . 9.

A  v ec to r an o m a ly  (E  — E 0) / |E 0 | m a p s  is  de te rm ined  c o m p a rin g  th e  
E 0(* , y )  fie ld  in te n s ity  w h ic h  w as m easu red  b y  th e  sam e electrode c o n fig u ra ­
t io n  o v e r a h o rizo n ta lly  hom ogeneous tw o -la y e r  m odel. This m ap  show s th e  
lo c a t io n  of the  an o m a ly  a n d  its  ch a ra c te ris tic s .

F ig u re  10 il lu s tra te s  th e  curves ab o v e  a  3D  step-like s tru c tu re  o b ta in e d  
b y  tw o  d ifferen t e lec tro d e  co n fig u ra tio n s. T h e  p o in ts  o f sounding  c u rv e s  w ere 
d e te rm in e d  a t 19 freq u en c ies . The m easu red  j/"T — Qm pairs o f v a lu e s  w ere 
jo in e d  b y  a special cu b ic  p o ly n o m ia l (sp line fu n c tio n ) . The in te rp o la tio n  m ade 
in  th is  m an n er is q u ite  sa tis fa c to ry . T he p lo t is m ad e  in  a scale co rresp o n d in g  
to  a  62.5 m m  m ode log-log  sh ee t. In  th is  w a y  th e  m an u a l d raw ing  o f  so u n d in g  
c u rv e s  is e lim inated . A p ro g ra m  is also a v a ila b le  fo r th e  n u m erica l so lu tio n

\

ï

Г

*

—X

-X

X

X

X

X

IE0I 100
RO = 0.72 meter 
RH01 = 0.07 ohmmeter 
H 1 = 0.20 meter 
Delta-H = 0.12 meter

0.10 meter

n+1 ■ -4» » .—
n ——» V t  »fr * : .  *—.—  M -N  

n-1 . .  a  .  ,i , r  » «—

F ig . 9 . A nom aly  m ap  of th e  e le c tr ic  field  in te n s ity  v e c to r  a ro u n d  a 3D high  re s is t iv i ty  u p lif t 
(see th e  e lec tro d e  con fig u ra tio n  r ig h t side  b o tto m  of th e  figure)
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н I _ 0 20 meter 
RHO! = 0.06 ohmmeter 
AB =0.08 meter 
MN =0.025 meter 
RO = 0.72 meter 
Number of frequencies = 19
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—I I I I I I I I I
2 3 2 5 67891

— I I 1 1 I  I I ! I
2 3 2 5 67891 3 2 5 6 789 SORT (Tl

F ig. 10. F req u en cy  sound ing  curves m easu red  b y  dipole eq u ato ria l a n d  a x ia l  co n fig u ra tio n
above a 3D step -like  s tru c tu re

of th e  g rap h ica l in te rp re ta t io n  ap p lied  b y  th e  G eophysica l E x p lo ra tio n  
C om pany .

I n  F ig . 10 th e  p ro file  o f th e  M N -dipole crosses a h igh  r e s is t iv i ty  up lift. 
T h e  lo ca tio n s o f th e  m easu ring  p o in ts  are  d en o ted  b y  1, 2 a n d  3.

Analysis of geological-geophysical problems by m odeling

a) M odeling o f  the high conductiv ity  bodies in  T ra n sd a n u b ia

C o n d u c tiv ity  anom alies (F ig . 11) observed  in  th e  T ra n s d a n u b ia n  M iddle 
M o u n ta in s  (H u n g ary ) an d  its  fo o th ills  w ere exp la ined  b y  c o n d u c tiv e  m a te ria l 
in  th e  fa u lts  o f th e  E a r th ’s c ru s t u n d e r  severa l km  th ic k  M esozoic an d  P a la e ­
ozoic m edia . I t  w as assum ed  th a t  th is  m a te r ia l consists o f g ra p h ite , g rap h itic  
shale  (w hose veins p red e te rm in ed  th e  tec to n ics , an d  as a  re s u lt  th e  E a r th ’s 
c ru s t h a s  been b ro k en  up  along th e se  tec to n ic  lines d u rin g  th e  b a s in ’s iso­
s ta tic  subsidence), or o f som e o th e r  h ig h  te m p e ra tu re  e lec tro ly te  [Á d Ám , 1977]. 
T h e  con n ec tio n  b e tw een  th e  te c to n ic  lines on th e  su rface ( fa u lt  zones) and
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Fig. 11. In d ica tio n s o f  th e  T ra n s d a n u b ia n  co n d u ctiv ity  a n o m a ly  on  th e  basis o f omax a n d  ?min 
M T S c u rv es  (gmin corresponds to  th e  E  polarization). T he h a lf  c irc les (according to  th e  k ey  on 
th e  le f t  side) ind ica te  th e  ex is te n ce  o f  a  decreasing p a r t  on  M TS c u rv es  depending  on  th e  S-value 

o f th e  h ig h  co n d u ctiv ity  lay e r ( Á d á m , 1977)

th e  E M  induction  d ire c tio n a l q u an titie s  (Z xymaK im p ed an ce , d irec tion  o f th e  
W iese -v ec to r) were p ro v e n  b y  s ta tis tic a l analysis  [Á d á m , 1980].

S u itab le  geoelectric  m e th o d s  were selec ted  b y  m odeling  th a t  (beside 
n a tu r a l  e lec trom agnetic  in d u c tio n  soundings) w o u ld  m ake i t  possible to  
a n a ly se  dykes re la ted  to  fa u l t in g  zones, b u t covered  w ith  h igh  re s is tiv ity  rocks.

D ue  to  the  sc reen in g  e ffec t of high re s is tiv ity  m a te ria ls , DC m eth o d s 
c o u ld  n o t  be used. F o r  th is  re a so n  induced f re q u e n c y  soundings were app lied  
in  d ip o le  equa to ria l c o n f ig u ra tio n  w ith  electric e x c ita t io n  an d  electric sensing.

T h e  high c o n d u c tiv ity  d y k e  was rep re sen ted  b y  a  v e rtic a l m e ta l p la te  
s e t  in  an  in su la to r base , w h ic h  w as placed in  th e  e le c tro ly te  o f th e  m odel ta n k . 
T h e  m e ta l p la te  w as c o v e re d  b y  an  in su la to r p la te . T h e  m easu rem en ts w ere 
c a r r ie d  o u t in  various p a ra m e te r  com binations to  d e te rm in e  th e  ch a rac teris tic s  
a n d  size of the  an o m aly . S ound ings and p ro filin g s w ere  carried  ou t above 
th e  d iffe re n t s tru c tu re s  w ith  th e  high c o n d u c tiv ity  d y k e , w ith o u t dyke, w ith  
a n d  w ith o u t in su la to r.
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F ig u re  12 il lu s tra te s  th e  so u n d in g  cu rves w ith  v a rio u s so lu tio n  th ic k ­
nesses (hj) in  case of u n co v ered  d y k e . S ig n ifican t po in ts  on th e  so u n d in g  curve 
e.g . m in im um  po in ts  are  sh ifted  a long  th e  freq u en cy  axis vs. so lu tio n  d ep th . 
T h e  low  an d  h igh  freq u en cy  p a r ts  o f  th e  sound ing  curves w ith  d y k e  o r w ith ­
o u t  dyke  sh ift in  opp o site  d irec tio n s . F o r  com parison  th e  e ffec t o f  th e  covered 
d y k e  in  th e  case o f th e  sm alle r so lu tio n  th ick n ess  is show n in  F ig . 13. I t  can 
b e  s ta te d  th a t  th e  e lec tric  d ipo le— dipole  sy s tem  is qu ite  in se n s itiv e  fo r  trac in g  
su ch  in su la ted  dykes.

T he above s ta te m e n ts  w ere also  p ro v en  b y  p ro filing  o n  low  (0.1 M Hz) 
a n d  h igh  (4 M Hz) frequenc ies (F ig . 14). A  h igh  co n d u c tiv ity  d y k e  reduces

F ig . 12. D ipole— dipole e q u a to r ia l f req u en cy  sound ing  cu rves above a h ig h ly  c o n d u c tiv ity  dyke 
p lac ed  in  in su la to r m edia  w ith  v a rio u s  e lec tro lite  o v e rb u rd e n  th icknesses (/q ), (f? =  d istance

b e tw een  th e  dipoles =  const)

20 - 1
2

10-

10' 5 \/T tsMO4

F ig . 13. E ffec t o f  th e  h igh  c o n d u c tiv ity  d y k e  covered  b y  a n  in su la tin g  la y e r  (2) o n  sounding 
cu rves as co m p ared  to  th e  e ffec t o f th e  sam e s tru c tu re  b u t  w ith o u t th e  d y k e
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F ig . 14. P ro ff in g  w ith  dipole— d ip o le  eq u ato ria l co n fig u ra tio n  o n  frequencies 0.1 a n d  4 M H z 
in  th e  case  o f h ighly co n d u c tiv e  u n c o v e re d  dyke (1), d y k e  c o v ered  b y  a n  in su la to r la y e r  (2), 

a n d  in  th e  case o f s im ila r  s tru c tu re s  b u t w ith o u t h ig h ly  conductive  dyke

a t  lo w  frequencies an d  in c re a se s  a t  high freq u en c ies  th e  fie ld  in te n s ity . T hese 
e ffe c ts  a re  s ig n ifican tly  re d u c e d  due to  th e  p resen ce  o f  a screening la y e r  as 
i t  w a s  show n in th e  case o f  sound ing .

b) Modeling o f  po ten tia l mapping (P M )  fo r  bauxite exploration

“ B a u x ite  bodies e x p lo re d  or assum ed to  be  p re s e n t  in  th e  W este rn  p a r t  
o f  th e  B a k o n y  M oun ta ins a re  sm all in  size an d  a re  lo c a te d  in  tec to n ica lly  p re ­
fo rm e d  dolom ite tren ch es  a n d  depressions of 50 — 100 m e te rs  d iam eter. K a rs tic  
w ell o r  canyon  like s t ru c tu re s  can  also be fo u n d . T h ese  sm all size s tru c tu re s  
a re  econom ically  im p o r ta n t  since  th e  b a u x ite  d e p o s its  are  qu ite  th ic k  (30 — 
50 m ), a n d  of high q u a li ty  t h a t  can  be m ined  fro m  th e  su rface  w ith o u t d an g er 
o f k a r s t ic  w ate r flood  (M Á E L G I, 1975 R e p o rt) .”

T h e  aims of th e  g eo p h y s ica l su rvey  are
1. exp lo ra tion  o f th e  T ria s s ic  dolom ite (a n d  lim esto n e) ou tcrops;
2 . d e te rm in a tio n  o f  b a s e m e n t s tru c tu re s  u n d e r  30 — 300 m  th ic k  o v e r­

b u rd e n .
T h e  aim  is in  b o th  cases  to  prospect fo r th e  s tru c tu re s . F o r th is  reaso n  

c o m p le x  geophysical e x p lo ra t io n  is carried  o u t. O ne o f  th e  sign ifican t m e th o d s
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Лд

F ig . 15. P o te n tia l  m ap p in g  (S /P M /) above b a u x ite  b ea rin g  do lom ite  blocks a n d  th e  geological 
p ro file  b a se d  on g ra v ity  p ro file  (/lg ) w ith  th e  geological s tru c tu re  reco n stru c ted  fro m  borehole

( F ) in fo rm atio n s (M Á E L G I, 1975)

F ig . 16. R e la tio n  b e tw een  co m p u ted  d e p th  values (h ) fro m  DC p o ten tia l m ap p in g  (PM ) an d  
th e  rea l s tru c tu re s . C on tin u o u s lines rep re sen t d e p th  v a lu es in  th e  S -in terva l. B ro k en  lines 

re p re se n t d e p th  v a lu es o u tsid e  o f  th e  S -in terv a l a t  th e  m arg ins (Sz a r k a , 1980)
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in  th i s  is th e  p o te n tia l m a p p in g . E .g . as i t  is seen  on  th e  profile  J -1 0  (F ig . 15) 
th e  sh a p e  of tren ch -lik e  s t ru c tu re  can he easily  in te rp re te d  on th e  co rrec ted
S -p ro file . The d ep th  v a lu e s  c a n  only  be v e rif ie d  b y  borehole d a ta .

I t  can  be d e te rm in e d  b y  m odeling how  th e  PM  anom aly  re fle c ts  th e  
e ffe c t o f  subsurface h o riz o n ta l inhom ogeneities (fa u lts , tren ch es, u p lif ts , e tc .). 
M o re o v e r , in fo rm atio n  co n cern in g  to  th e  d e p th  d e fo rm ation  can  also be 
d e r iv e d  ab o u t th e  h igh  re s is t iv i ty  basem en t on  th e  basis of S -values b y  assu m ­
in g  a  lin e a r  re la tio n sh ip . F ig u re  16 il lu s tra te s  th e  d e fo rm ation  e ffec t above 
a 2 D  m odel series re p re se n tin g  u p lift s tru c tu re s  [Szarka, 1980]. A s i t  can  
b e  seen , th e  d ep th  v a lu es  co m p u ted  from  m easu red  d a ta  c o n ta in  som e d is­
to r t io n .  B y  neglecting  th is  fa c t, th e  co m p u ted  d e p th  values w ould  also con­
t a i n  th is  d isto rtion . A t p re s e n t  m odeling s tu d ies  a re  carried  o u t ab o v e  tr e n c h ­
lik e  s tru c tu re s .

c) M odeling o f frequency soundings above inhomogeneous basement structures

M odeling of f re q u e n c y  soundings has b e e n  an  im p o r ta n t ex p e rim en ta l 
to o l  in  th e  p lanning  o f fre q u e n c y  soundings a n d  in te rp re ta tio n  of th e ir  m eas­
u re d  d a ta  concerning to  th e  h y d ro ca rb o n  e x p lo ra tio n  in  th e  P a leogene  b e lt of 
th e  N o r th e rn  P a n n o n ia n  B asin .

I n  th e  Paleogene b a s in  th e  triass ic  lim esto n e  b asem en t s tru c tu re s  (in 
so m e  cases to g e th er w ith  th in  E ocene s tru c tu re s )  fo rm  u n d er M iocene and  
O lig o cèn e  sedim ents an  id e a l m ark e r h o rizo n  o f  h igh  specific r e s is tiv ity  for 
g eo e lec tr ic  p rospecting . T h e  inhom ogenous b a se m e n t s tru c tu re s  are  ch a rac ­
te r iz e d  b y  fau lts o f g re a t d islocations an d  b locks o f sm all h o riz o n ta l e x te n ­
s io n s.

T h e  theo ry  of f re q u e n c y  soundings is av a ilab le  fo r h o riz o n ta lly  hom o­
g en o u s , ho rizon ta lly  s t r a t i f ie d  layers. In fo rm a tio n s  ab o u t inhom ogenous 
m e d ia  are  no t com plete  o r  on ly  v e ry  sim ple m odels have  been  in v e s tig a te d  
[ I sa e v  e t al., 1970]. R e su lts  o f  earlier p u b lish ed  analogue m odel in v es tig a tio n s  
c a n  b e  u sed  in  some cases fo r  inhom ogenous b a se m e n t s tru c tu re s  [K uznetsov  
e t  a l.,  1972, 1974].

B y  m odeling o f f re q u e n c y  soundings m a n y  problem s o f th e  f ie ld  ex ­
p lo ra t io n s  were solved a n d  th e  experiences g a in ed  w ith  m odeling w ere p ro f i t­
a b ly  p u t  in to  p rac tice  in  th e  ex p lo ra tio n  o f th e  Paleogene b e lt o f  th e  basin .

M odeling p rob lem s sh o w n  on Figs 9 a n d  10 y ielded clues a b o u t th e  
c o r re c t  location  of th e  t r a n s m it t in g  dipoles in  th e  sounding  ru n s . M oreover, 
t h e y  also  supplied clues to  th e  in te rp re ta tio n  o f frequency  so u n d in g  curves 
a b o v e  fa u lt zones.

F ig u res  17,18 an d  19 il lu s tra te  some re su lts  gained  in  th e  V a t ta — M akiár 
a r e a  o f  th e  Paleogene b e lt . M odeling resu lts  w ere  app lied  in  th e  f ie ld  m easu re ­
m e n t  a n d  in te rp re ta tio n  as w ell.
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F ig . 17. L o ca tio n  o f th e  m ea su rin g  lines o f th e  freq u e n c y  soundings as com pared  to  th e  g ra v ity
anom alies

I A

20 0  U °° I 2 O0 0  30“  «6“  50“

1
F 6 5°° I FI 13“  F5 F 4 27“  37“

F ig . 18. D e p th  pro file  o f  th e  frequency  sounding p ro file s  show n in  F ig. 17. H  is th e  surface  
o f T riassic  lim estones, h t a n d  h 2 a re  M iocene an d  O ligocène layers. A — A  is th e  p ro jec tio n  of 

th e  crossing  o f  th e  m easuring  profiles. F’l ,  F 2 ,  e tc . are boreholes
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FRS Depth profile
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F ig . 19. F re q u e n cy  sounding p ro file  across th e  V a t ta — M ak iár tren c h . H  values h av e  b e en  in te r ­
p r e te d  fro m  th e  soundings as su rface  d a ta  o f th e  T riass ic  lim estone, /t, is th e  re fe ren ce  level

(1st lay e r)

F ig u re  17 shows th e  lo c a tio n  o f freq u en cy  soun d in g  profiles on a  f i l te re d  
g r a v i ty  an o m aly  m ap. T h e  fa u lts  d e te rm in ed  b y  freq u en cy  soundings a re  also 
sh o w n  o n  th e  figure.

F ig u re  18 shows th e  d e p th  pro file  o f  th e  tw o  frequency  so u n d in g  lines 
in  F ig . 17. H orizon H  is in te rp re te d  as th e  su rface  of th e  T riassic  lim e s to n e , 
h x a n d  h.z as those of lay e rs  in  th e  M iocene a n d  O ligocène sed im ents. B ecause  
o f  th e  em ployed  re la tiv e ly  sm all tra n sm itte r - re c e iv e r  spacing on ly  th e  lo ca ­
t io n s  o f  th e  frac tu res cou ld  be  p rim a rily  d e te rm in ed . I n  th e  shallow er zones 
o f  th e  b a s in , th e  b asem en t co u ld  also be fo llow ed. A n exam ple fo r c o n tin u o u s  
m a p p in g  o f th e  b asem en t c a n  also be seen on  F ig . 19.

S om e im p o rta n t m e th o d ica l conclusions cou ld  be d raw n  from  th e  m odel 
m e a su re m e n ts  e.g. if  th e  f re q u e n c y  sound ing  p ro file  agrees w ith  th e  d ire c tio n  
o f  d ip  a n d  th e  d ipo le-rad ius R  be tw een  th e  t r a n s m it te r  and  rece iv er d ipo les 
is n e a r ly  para lle l w ith  th e  d ire c tio n  of s tr ik e , th e  ru les va lid  for h o riz o n ta lly  
h o m o g en eo u s  layers can  be u se d  w ith  th e  a ssu m p tio n  th a t  th e re  is no  u p lif t  
o f  th e  b a sem en t betw een  th e  t r a n s m itte r  an d  rece iv e r (feeding an d  m easu rin g  
d ip o le s )  t h a t  could c rea te  a  “ screening  sid e-e ffec t” . To avoid  th e se  e ffec ts  
sp e c ia l a t te n tio n  is to  be p a id  to  th e  selection  o f th e  lo ca tio n  of th e  t r a n s m it te r .  
T o  id e n t i fy  these effects a  “ m u ltifo ld ”  so u n d in g  system  was d ev e lo p ed  in  
h y d ro c a rb o n  p rospecting . I n  th is  sy stem  th e  le n g th  an d  position  o f (fen -like) 
p ro f ile s  to  one tra n s m itte r  lo c a tio n  fu r th e r  re p e a te d  m easu rem en ts fro m  o th e r  
t r a n s m i t t e r  locations are p la n n e d  on th e  basis  o f  som e m ethod ica l a sp ec ts  
a lso  co n sid e rin g  the  m odeling  resu lts .
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Future developm ents

— O ne of our aim s is to  develope  a m ag n e tic  sensing coil sy s te m  for 
fre q u e n c y  soundings in  a d d itio n  to  th e  m easu rem en t o f th e  e le c tr ic  com ­
p o n e n ts . E x p e rim en ts  h a v e  p ro v ed  th a t  in  c e r ta in  cases th e  m e a su re m e n ts  
o f  th e  m ag n etic  com ponen ts m ay  su p p ly  b e tte r  re su lts  (e.g. to  in d ic a te  a  h igh  
c o n d u c tiv ity  body  b e tw een  in su la tin g  layers).

— In  th e  n ear fu tu re  m eans fo r p lan e-w av e  gen era tio n  w ill be  d ev e lo p ed  
b esid e  con d u c tiv e  e x c ita tio n  b y  b u ild in g  a su itab le  aeria l sy s tem  to  s tu d y  
th e  p ro b lem s of m ag n e to te llu ric s  [D o sso , 1967].
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АНАЛОГОВОЕ МОДЕЛИРОВАНИЕ ДЛЯ ИССЛЕДОВАНИЯ ГЕОЭЛЕКТРИЧЕСКИХ 
МЕТОДОВ В ГЕОДЕЗИЧЕСКОМ И ГЕОФИЗИЧЕСКОМ ИССЛЕДОВАТЕЛЬСКОМ 

ИНСТИТУТЕ АКАДЕМИИ НАУК ВНР
А. А Д А М -Я . П О Н Г Р А Ц -Л . С А Р К А -П . К А Р Д Е В А Н -Л . С А Б А Д В А Р И -3 . Н А Д Ь —

И. З И М А Н И -И . К О Р М О Ш -П . РЕГЕН И

РЕЗЮМЕ

Поскольку в Венгрии геоэлектрические и электромагнитные методы имеют важное 
значение в геофизической разведке, стало необходимым решать интерпретацию сложней­
ших трехразмерных геологических структур.

Acta Geodaetica, Geophysica et Montanietica Acad. Sei. Hung. 16, 1981



380 A. ÁDÁM et al.

Для этой цели служит электромагнитная моделирующая лаборатория, которая была 
создана в Шопроне в Геодезическом и Геофизическом Исследовательском Институте сов­
местной работой нескольких венгерских учреждений.

Чтобы удовлетворить требованиям моделирования, было необходимо планировать 
установку, работающую в экстремально широкой области частот.

Эта установка в нынешнем этапе развития состоит из группы инструментов, которые 
пригодны для моделирования искусственных частотных зондирований электрическими 
диполями и для моделирования нескольких электроразведочных методов постоянными 
токами.

Большое количество измеряемых данных и потребность в вычислении разных пара­
метров сделали необходимым применение ЭВМ.

До сих пор эта моделирующая установка была применена в исследовании дайков с 
хорошей электрической проводимостью находящихся в разломных зонах на территории 
аномалий с электрическими проводимостями Задунайского Края. Установка тоже при­
менялась в боксит-разведочной работе Геофизического Института им. Этвеша и с ней моде­
лировали для Геофизического Разведочного Предприятия частотные зондирования над 
основаниями геологических бассейнов.
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PC 3 - 4  TYPE GEOMAGNETIC PULSATION PERIODS 
ALONG A MERIDIONAL CHAIN IN CENTRAL EUROPE

J .  CZ. M IL E T IT S

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACAD EM Yj
OF SCIENCES, SOPRON

A su m m ary  is given o n  th e  in v estig a tio n s o f th e  la t i tu d e  dependence o f geo m ag n etic  
p u lsa tio n  periods. A d e ta iled  s tu d y  o f th e  la ti tu d e  dependence  of Pc 3 — 4 p e rio d s  h a s  been 
c a rried  o u t u sing  one m o n th  d a ta  o f a  m erid ional ch a in  o f  s ta tio n s  consisting  o f  4 s ta tio n s  a t  
th e  la ti tu d e s  Ф =  42.9 — 52.2° N . As th e  la t i tu d e  dependence  of p u lsa tio n  p e rio d s is stro n g ly  
connected  w ith  th e  origin o f th e  p u lsa tio n s , theo ries o f p u lsa tio n  e x c ita tio n  are  a lso  review ed. 
L a ti tu d e  dependence m ay  y ie ld  c lues fo r th e  con tro l o f th e  theories, therefo re  e n ab le s  a  b e tte r  
u n d e rs tan d in g  of th e  n e a r-E a r th  space.

G eom agnetic  p u lsa tio n s  p la y  an  im p o r ta n t  ro le in  a b e tte r  u n d e rs ta n d ­
in g  of m agnetospheric  p rocesses. In  recen t y ea rs , th e  d e te rm in a tio n  o f  c e r ta in  
p u lsa tio n  p a ram e te rs  p ro v e d  to  be an  effective to o l for th e  su rface  m o n ito rin g  
o f  m agnetospheric  and  in te rp la n e ta ry  phenom ena . I t  is, how ever, u n c le a r  how  
th e  p u lsa tio n  a c tiv ity  is in flu en ced  b y  m ag n eto sp h eric  p a ra m e te rs , a n d  a 
th e o re tic a l d e te rm in a tio n  o f  th e  p u lsa tio n  p e riods d id  n o t succeed  so fa r, 
e ith e r . T he dependence o f  th e  periods of th e  geom agnetic  p u lsa tio n s  o n  th e  
geograph ic  la ti tu d e  can  c o n tr ib u te  s ig n ifican tly  to  an  u n d e rs ta n d in g  o f  these  
connections.

F o r  a s tu d y  of th e  la t i tu d e  dependence  o f  p u lsa tio n  p e rio d s  s im u lta ­
neous geom agnetic  or e a r th  c u r re n t  records from  d iffe ren t s ta tio n s  a re  n ecessary . 
I t  is genera lly  accep ted  t h a t  th e  period  of th e  P i- ty p e  p u lsa tio n s  does n o t 
change w ith  th e  la ti tu d e , a t  le a s t a t  m iddle la ti tu d e s , w hile th e re  is no  u n i­
fo rm  view  on  th e  la ti tu d e  d ep en d en ce  o f P c - ty p e  p u lsa tions.

T he f ir s t  stud ies o f  th e  la t i tu d e  dependence  w ere m ade b y  O b a y a s h i  
an d  J aco bs  (1958) w ith  th e  re su lt th a t  periods get longer a t  h ig h e r la ti tu d e s . 
T h e  sam e re su lt was co n firm ed  b y  D u n c a n  (1961) and  Y o e l k e r  (1963). The 
la t te r  used  in  th e  F R G  th re e  in s tru m e n ts  o f th e  sam e ty p e  a t  d if fe re n t la t i ­
tu d e s , th e re fo re  th e  f ir s t  re liab le  p ro o f for th e  la ti tu d e  d ependence  h as  been 
received  b y  his s tu d y . L a te r  p u lsa tio n s  w ith  la ti tu d e  d ep en d en t p e rio d s  w ere 
id en tif ied  b y  B ol’sh a k o v a  a n d  Zy b in  (1964), F a n s e l a u  (1966, 1968), E l e - 
m a n  (1967), V erő (1969), S aito  (1969), O rr  an d  Ma t t h e w  (1971). O n the  
c o n tra ry , E l lis  (1961), H e r r o n  an d  H e ir t z l e r  (1966), B a r a n s k y  e t  al. 
(1969) d id  n o t found a n y  la t i tu d e  dependence o f th e  periods.
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I n  an  earlier e x p e r im e n t [Cz. Mil e t it s , 1971] th e  average periods of 
P c - ty p e  pulsations w ere  d e te rm in ed  from  th e  reco rd s of 30 o b se rv a to rie s  
d is t r ib u te d  a t d iffe ren t p a r t s  o f th e  E a r th , w h e re b y  a  period-increase  w ith  
la t i tu d e  from  th e  g eo m ag n e tic  eq u a to r to w ard s h ig h e r  la titu d e s , till  th e  au ro ra l 
zo n e  w as found. The r a te  o f  increase  has show n th re e  freq u en cy  peaks a t  ra te s  
o f  0 (i.e . no la titu d e  d e p e n d e n c e ), 4 and  10 p e rc e n t  increase fo r one degree 
o f  g eom agnetic  la ti tu d e .

F o r  the  in v e s tig a tio n s  carried  ou t in  se v e ra l steps th e  re su lts  o f th e  
sy n c h ro n o u s  m easu rem en ts  o rgan ized  b y  th e  K A P G  com pleted  w ith  th e  d a ta  
o f  m o re  and  more o b se rv a to r ie s  were used [Á d á m  e t  a l., 1972 ,1976; Cz. Mil e - 
t i t s , 1975]. I t  has b een  a lso  d e a lt w ith  th e  p ro b le m  w h e th e r th e  perio d  change 
is c o n tin u o u s  or stepw ise . In d ic a tio n s  were fo u n d  t h a t  p u lsa tions h av e  periods 
b e in g  in  harm onic r e la t io n s  to  each o th e r, b u t  th e  basic  period  rem ain ed  
u n c e r ta in .  F or th e  fo llo w in g  investiga tions, p u ls a t io n  sp ec tra  w ere used .

I n  a nex t step  th e  m ic ro s tru c tu re  of th e  p u lsa tio n s  w as s tu d ie d , i.e. 
co h e re n c e  and a m p litu d e  s p e c tra  of p u lsa tio n  ev e n ts  recorded  a t  d is ta n t 
s ta t io n s  were com pared  [C z. M iletits an d  V e r ő , 1975; Cz. M il e t it s , 1977, 
1 9 78]. I t  was found  a g a in  t h a t  th e  peaks o f b o th  ty p e s  of sp e c tra  can  be 
c o n s id e re d  as harm on ics o f  a  basic  period o f se v e ra l m inu tes.

T h e  la titu d e  d e p e n d e n c e  of the  p u lsa tio n  p e rio d s  is in  con n ec tio n  w ith  
th e  o rig in  of the  p u lsa tio n s . T h e re  are severa l po ssib le  ex c ita tio n  m echan ism s, 
w h ic h  could  be co n tro lled  b y  i t .  Such a th e o ry  w o u ld  s ig n ifican tly  c o n tr ib u te  
to  a  b e t te r  u n d e rs ta n d in g  o f  th e  E a r th ’s e n v iro n m e n t. P u lsa tio n s  w ere alw ays 
su p p o se d  to  o rig inate  o u ts id e  o f th e  rig id  E a r th .  Som e theories considered  
th e  ionosphere  as th e  so u rc e  region, w hile v a r ia t io n s  in  th e  e q u a to r ia l r in g  
c u r r e n t  w ere also re g a rd e d  as possible sources a t  le a s t  fo r a  p a r t  of th e  p u lsa ­
t io n s . D u n g e y  (1954) as f i r s t  p o in ted  ou t th e  p o ss ib ility  of th e  in n er-m ag n eto - 
sp h e r ic  o r ig in 'o f  p u lsa tio n s  b y  certa in  f ie ld  lin e  resonances. T he re so n a n t 
p e r io d  w ould  n a tu ra lly  d e p e n d  on th e  geo m ag n e tic  la ti tu d e . T he fo rm  of th is  
d e p e n d e n c e  changes w ith  th e  m agnetospheric  m o d e l ad o p ted .

I n  th is  connection  th e  id e a  of th e  h a rm o n ic  s tru c tu re  o f th e  p u lsa tio n  
s p e c t r a  seem ed to  be o f  in te r e s t .  The basic p e rio d  w o u ld  be in  th e  period  range 
o f  P c  5 [Cz. Mil e t it s  a n d  V erő , 1965]. T h e  P c  5 -ty p e  p u lsa tio n  is ex c ited  
a t  th e  m agnetopause  b y  a  K e lv in —H elm h o ltz  in s ta b il i ty  due to  in h o m o ­
g e n e itie s  in  the  solar w in d . T h e  harm onics o f th e  basic  period  p ro p a g a te  in ­
w a rd s  to g e th e r w ith  th e  b a s ic  w ave and ge t in to  resonance  w ith  p a r tic u la r  
f ie ld  lines [Stuart  a n d  U s h e r , 1966]. O ur re su lts  w ere  n o t in  c o n tra d ic tio n  
to  th i s  th eo ry , b u t  th e  d e te rm in a tio n  of th e  b a s ic  perio d  proved  to  be v e ry  
u n c e r ta in  [Cz. Mil e t it s  a n d  V erő , 1975; Cz. M il e t it s , 1977].

D u n g e y ’s id ea  in  a so m ew h a t m od ified  fo rm  o f  reson atin g  m agn etic  
sh e lls  h as been w id e ly  a c c e p te d . Such a sh e ll c o n s is ts  o f  fie ld  lin es crossing  
th e  eq u a to r ia l plane a t id e n t ic a l  d istances, and  it  ca n  reson ate  in d ep en d en tly  o f
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neighborous shells w ith  th e  period  co rresp o n d in g  to  D u n g e y ’s th e o ry . I n  th e  
fram ew ork  of th is  th e o ry  an  e x p lan a tio n  c a n  be found  for th e  d iffe re n t ra te s  
o f  th e  period  change in  ou r in v es tig a tio n s  (0, 4 and  10% /°). T h e  fo o tp r in t 
o f  a  re so n a tin g  shell h as  everyw here th e  sam e  p u lsa tio n  period , th e n  i t  changes 
stepw ise to  th e  p e rio d  correspond ing  to  th e  n e x t  shell. A ccord ing  to  recen t 
e s tim a tio n s th e  w id th  o f a  shell is 150—200 k m , and  in  such  d is ta n c e s  th e  
perio d  can  rem a in  c o n s ta n t, or change b y  a  v a lu e  co rresponding  to  n e ig h b o r­
ous shells, e tc . T h u s  th e  period  can  change w ith  th e  la titu d e  in  d iffe re n t ra te s , 
th e  ty p ic a l va lues w ere  found  b y  us, b u t  th e ir  occurrence fre q u e n c y  differs 
accord ing  to  th e  freq u en cy  of m o m en tan eo u s s itu a tio n s  [Cz. M il e t it s , 1971].

In  recen t y ea rs  i t  becam e obvious t h a t  a g rea t p a r t  o f P c  3 —4 ty p e  
p u lsa tio n s  o rig in a te  o u ts id e  of th e  m ag n e to sp h e re , in  th e  space a t  a n d  before 
th e  m agn eto p au se . In  case of th e  o u te r-m ag n e to sp h e ric  orig in  th e  h a rm o n ic  
s tru c tu re  c a n n o t be m a in ta in ed , b u t  in n e r  m agnetospheric  re so n an ces  are 
possible.

T he id ea  o f  th e  o u te r  m agneto sp h eric  o rig in  o f p u lsa tions is su p p o rte d  
b y  connections b e tw een  p u lsa tio n  p a ra m e te rs  an d  p a ram e te rs  o f  th e  in te r ­
p la n e ta ry  space. T h e  p u lsa tio n  periods h a v e  ap p ro x im a te ly  a  v a lu e  o f  T(s) =  
=  160/B , w here  В  is th e  in te rp la n e ta ry  m a g n e tic  fie ld  in  nT . T h is  co n n ec tio n  
w as found  b y  G u l ’e l m i (1974) an d  he w as am o n g  th e  firs ts  to  p ro p o se  a  h y p o ­
thesis  of th e  e x c ita tio n  o f th e  p u lsa tio n s b efo re  th e  m ag n e to p au se  an d  th e  
shock  w ave. T h e  e x c ita tio n  m echanism  h e  considered  was p ro to n  cy c lo tro n  
in s ta b ili ty  in  th e  so la r w ind  due to  re fle c ted  p ro to n s  from  th e  m a g n e to sh e a th . 
G u l ’elm i e t al. (1976) in v estig a ted  n u m e ric a lly  th is  cy c lo tro n  in s ta b ili ty  
supposing  M axw ellian  d is tr ib u tio n  for b o th  th e  so lar w ind an d  th e  re flec ted  
p ro to n s . A n in s ta b il i ty  in  th e  range o f P c  3 seem ed to  be possib le .

K o v n e r  e t al. (1977) have  supposed  K e lv in —H elm holtz  in s ta b i l i ty  a t 
th e  p lasm ap au se  as th e  source of long p e rio d  p u lsa tio n s , an d  a t  th e  m a g n e to ­
p au se  as th a t  o f  sh o rte r  period  p u lsa tio n s .

I f  p u lsa tio n s  are  exc ited  ou tside  o f  th e  m agnetosphere  in  th e  reg ion  
b efo re  th e  m ag n e to p au se , i t  m u st be re -e v a lu a te d  how  la t i tu d e -d e p e n d e n t 
periods o rig in a te . S evera l possib ilities c a n  be  ta k e n  in to  c o n sid e ra tio n .

One p o ss ib ility  is th a t  only p r im a ry  s p e c tra  are  de te rm ined  b y  th e  source 
reg ion , and  w hen  p ro p a g a tin g  th ro u g h  th e  m ag n eto sp h ere , th e  s ig n a ls  change 
due  to  e.g. shell resonances. In  th is  case, how ever, th e  v a lid ity  o f  th e  con­
n ec tio n  T  =  160/В  a t  d iffe ren t la titu d e s  is n o t  clear.

A n o th e r  p o ss ib ility  is to  suppose t h a t  o n ly  a p a r t  o f th e  p u lsa tio n s  have 
ex tra -m ag n e to sp h eric  orig ins, nam ely  th o se  w h ich  have la titu d e - in d e p e n d e n t 
periods. I t  is fu r th e r  possible th a t  p u lsa tio n s  o rig ina ting  o u ts id e  a n d  inside 
th e  m agn eto sp h ere  a re  m ixed; even p u lsa tio n s  w ith  iden tica l p e rio d s  a t  d if­
fe re n t la titu d e s  m a y  o rig in a te  a t  th e  p la sm a p a u se . Orr  (1973) su p p o ses  th a t  
p u lsa tio n s w ith  la titu d e -d e p e n d en t p e rio d s  m a y  orig inate  from  th e  p lasm a-
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period change in percentage

period change in percentage

F ig . 1. P e r io d  changes in  p e r cen ts  b e tw een  th e  o b se rv a to ry  p a irs  N gk/N ck an d  A lx /A q u  fo r 
b o th  com p o n en ts  (m agnetic  o r  te llu ric )

p au se , to o . F ro m  p ra c tic a l experience  i t  is c lear, h ow ever, th a t  a t le a s t a p a r t  
o f th e  ex tra m a g n e to sp h eric  signals have  la t i tu d e -d e p e n d e n t periods a t  th e  
su rface . So, i t  is in ev itab le  to  suppose a m ech an ism  in  th e  m ag n e to sp h ere  
w h ich  se lec ts  d ifferen t periods from  th e  p r im a ry  sp e c tru m  a t  d iffe ren t l a t i ­
tu d e s . T h e  m o st likely  m ech an ism  seem s to  be th e  shell-resonance.

A n y w a y , i t  is r a th e r  p a rad o x ica l th a t  w h ile  th e  p u lsa tio n  p e riods are  
d e te rm in e d  b y  th e  in te rp la n e ta ry  m agnetic  f ie ld , th e ir  periods s till d ep en d  
on th e  la t i tu d e  [Cz. Mil e t it s , 1980b ].

F o r  a  s tu d y  of th ese  p ro b lem s th e  m ic ro s tru c tu re  o f th e  la titu d e  d e p e n d ­
ence o f  p u lsa tio n  periods m a y  yield  an  im p o r ta n t  co n trib u tio n . F o r  th is  
p u rp o se  a  m erid ional ch a in  o f  s ta tio n s  w as e s ta b lish e d  w ith  th e  N a g y c e n k  
o b s e rv a to ry  in  th e  cen tre , one N o rth e rn  (N iem egk) a n d  one S ou thern  (L ’A q u ila ) 
s ta t io n  ly in g  fa r th e r  aw ay , a n d  a te m p o ra ry  s ta t io n  (A lexandra) ly in g  som e 
180 k m  to  th e  S ou th  o f th e  o b se rv a to ry . D a ta  o f  th e  sta tio n s are show n  in
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Table I

Station Code
Geographical coordinates Geomagnetic coordinates

<P A Ф Л

Niem egk N gk 5 2 °0 4 'N 12°41' E 52.2° 96.5°

N agycenk N ek 47°38' 16°43' 47.2° 98.3°
A lexandrapus/ita A lx 46°05' 17°30' 45.6° 98.8°

L’A quila A qu 42°23' 13°19' 42.9° 93.0°

T ab le  I . R ecords f ro m  a b o u t one m o n th  (M a rc h —A pril 1977) w ere co llec ted , 
inc lu d in g  e a r th  c u r re n t  (in  H u n g ary  a n d  in  N gk) an d  m agnetic  co m p o n en ts  
(in  A qu). F o r each  ty p ic a l  P c-even t ( a b o u t 300 even ts a t  all) th e  av erag e

F ig . 2. Period  changes in  fu n c tio n  of th e  geo m ag n etic  a c t iv ity  (K p) for th e  p a irs  o f o b se rv a to ­
ries N gk/N ck, N ck /A lx , A lx /A qu
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Ngk/Nck + +

F ig . 3. P erio d  changes in  fu n c tio n  o f local tim e  fo r th e  sam e p a irs  o f  o b se rv a to ries

p e r io d  w as com puted  a t  e ach  s ta tio n . S uch  a n  e v e n t con ta ined  a t  le a s t  5, 
b u t  g e n e ra lly  abou t 10 in d iv id u a l cycles o f r a th e r  reg u la r shape. A b o u t 9 0 %  
o f th e  e v e n ts  were of P c  3 - ty p e , th e  o th ers  o f  P c  4 - ty p e . F rom  th ese  av e rag es  
th e  r a t e  o f  th e  period  ch an g e  w as d e te rm in ed  b e tw een  each p a irs  o f  o b se r­
v a to r ie s .

O ne  o f the  f irs t re su lts  of th is  in v e s tig a tio n  w as th a t  period  ch an g es 
co u ld  b e  p roved  even b e tw e e n  s ta tio n s  ly in g  in  N — S d irection  on ly  180 k m  
fa r  f ro m  each  o ther. In  b o th  com ponen ts th e  av e rag e  periods w ere lo n g e r in  
N a g y c e n k  th a n  in  th e  m ore  S o u th e rn  s ta tio n  A le x a n d ra . The ra te  o f th e  p e rio d  
c h a n g e  is g re a te r  in  th e  X  ( e a r th  c u rre n t E  — W  o r m ag n e tic  N —S) co m p o n en ts  
t h a n  in  th e  Y  (ea rth  c u r re n t N — S or m ag n e tic  E — W ) com ponents [Cz. M i l e - 
t it s , 1979].
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T he ra te s  o f  period  changes h av e  n o t a n o rm a l d is tr ib u tio n  (F ig . 1), b u t  
th e y  can  be w ell a p p ro x im a te d  w ith  th e  su m  o f tw o no rm al d is tr ib u tio n s . 
T h e re  is a  d is tin c t m ax im u m  b e tw een  0 a n d  1%  (positive v a lu es  in d ic a te  
p e rio d s  increasing  w ith  in c reasin g  la ti tu d e ) , a n d  several sm aller m a x im a  a t  
h ig h e r  ra te s , to o . T he av erag e  ra te  depends a p p ro x im a te ly  l in e a r ly  o n  th e  
d is ta n c e  betw een  th e  s ta tio n s .

N o differences w ere fo u n d  in  th e  la t i tu d e  dependence  in  fu n c tio n  o f  geo­
m ag n e tic  a c tiv ity  as i l lu s tra te d  b y  F ig . 2 w here  th e  ra te  o f th e  p e r io d  change 
is show n fo r all th e  th re e  s ta t io n  p a irs  vs. g eom agnetic  a c tiv ity . T h e  s ta tio n  
p a irs  are  form ed in  decreasing  o rd e r o f  la ti tu d e . F o r  sake o f s im p lic ity  q u a rtile s  
a n d  m edians are re p re se n te d  here . T h is in d ep en d en ce  is in  c o n tra d ic tio n  w ith  
sev e ra l o th e r in v es tig a tio n s .

Ф

F ig . 4. D ifferen t ty p es  o f  th e  la t i tu d e  dependence  o f periods. (Y  com ponen ts). E x p la n a tio n
see in  te x t
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Fig. 5. C orre la tion  of th e  p e r io d  changes for th e  X  c o m p o n e n ts  o f th e  s ta tio n  p a irs  N ck/A lx
and A lx/A qu

T h e  ra te  of p e rio d  change does d ep en d , h ow ever, on local t im e , i t  is 
m a x im u m  during  lo ca l d a y tim e  w ith  a m a x im u m  a ro u n d  local no o n  (F ig . 3).

I f  cross sections o f  th e  la titu d e  dependence  o f  periods are c o n s tru c te d , 
i t  beco m es clear t h a t  v e ry  d iffe ren t ty p es c a n  o ccu r fo r b o th  ty p e s  P c  3 an d  
P c  4 , th e  occurrence f re q u e n c y  of these  ty p e s  is r a th e r  d iffe ren t. F ig u re  4 
show s som e ty p ica l e x am p le s  for th e  m ost c o m m o n  ty p es  o f la ti tu d e  d e p e n d ­
ence. N um b ers  a t th e  cu rv es  deno te  th e  seria l n u m b e r  of th e  ev en ts  s tu d ie d .

T h ere  are cases w h e n  th e  period  increases m ore  (e) or less ( / ,  g) ra p id ly , 
so m e tim es  w ith  a m in im u m  a t  one in te rm e d ia te  s ta t io n  (a), or a t  tw o  s ta tio n s  
(c), o r  w ith  a m ax im u m  (6). I n  case d, th e re  is a  n e a rly  stepw ise in crease  b e ­
tw e e n  th e  tw o N o rth e rn  s ta tio n s .

I t  is th erefo re  c lea r t h a t  th e  period  in c rea se  in  fu n c tio n  of th e  la t i tu d e  
ta k e s  p lace  on th e  b a c k g ro u n d  of ra th e r  b ig  ra n d o m  v a ria tio n s  w h ich  are  
u n c o rre la te d  a t th e  d if fe re n t s ta tio n s , th u s  fo r th e ir  in te rp re ta tio n  m ore or 
less in d e p e n d e n t sou rces, e .g . shell resonances a re  necessary .

T h e  u n co rre la ted  changes of th e  periods b e tw e e n  d ifferen t s ta tio n s  can  
be  seen  in  Fig. 5, w h ere  th e  period  changes a t  th e  s ta tio n  pa irs  N ck /A lx  and
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A lx /A qu  (X  co m ponen ts) are show n in  fu n c tio n  of each o th e r. A s th e  m edians 
show n lie along h o riz o n ta l and  v e r tic a l lines, th e  tw o k in d s  o f  changes are 
in d ep en d en t. S im ilar s i tu a tio n  is fo u n d  fo r th e  s ta tio n  p a irs  (N g k /N ck  and 
A lx /A qu  w hich are  co m p u ted  from  fu lly  d iffe ren t s ta tio n s  (F ig . 6). I f , how ­
ever, s ta tio n  p a irs  a re  com pared  w here  one sec tion  (p a ir o f  s ta tio n s )  includes 
th e  o th e r, as e.g. in  case of N gk/A lx  an d  N gk/N ck, th e  c o rre la tio n  is very  
s tro n g , th e  m ed ians lie  b o th  along n e a r ly  th e  sam e oblique lin e  (F ig . 7).

As a lread y  m e n tio n e d , a m in o r p a r t  o f  th e  several h u n d re d  ev en ts  were 
o f P c4  ty p e . A ccord ing  to  th e  p re se n t a n d  o th e r in v es tig a tio n s , i t  seem s th a t  
th e  b o u n d a ry  be tw een  th e  tw o ty p e s  is b y  no m eans a sh a rp  one, a n d  i t  w ould 
be m ore  accep tab le  to  se t th e  b o u n d a ry  a t  30 s.

In  th e  m a jo r ity  o f  th e  ev en ts  th e  p e rio d  — as m en tio n ed  — w as shorter 
ev en  th a n  30 s. T h e  average  change o f  th e  periods is s tro n g e r  i f  th e  period 
is sh o rte r  (F ig. 8). T h is  re g u la r ity  h as  been  illu s tra te d  in  fo rm  o f an  ad ju stin g  
fam ily  o f curves, each  o f th em  re p re se n tin g  th e  ra te  of th e  p e r io d  change for 
a  c e r ta in  period  in  N ag y cen k  in  fo rm  o f averages for th e  d iffe re n t local tim es. 
T h e  curves are re p re se n te d  in  F ig . 9 fo r periods 15, 20, 25 . . .  90 s, an d  show 
th a t  th e  ra te s  o f p e rio d  change are  g re a te r  during  local d a y , a n d  increase 
w ith  decreasing p e rio d . B o th  th e  r a te  o f th e  period ch an g e  a n d  i ts  daily  
v a r ia tio n  are  r a th e r  b ig  if  th e  perio d  is sh o rte r  th a n  30 s, fo r  lo n g er period

35 COz

Alx/Aqu - Ngk/Nck
Y о median to Alx/Aqu 

X median to Ngk/Nck

0 5 10 15 20 25 30 Alx/Aqu
period change in percentage

F ig . 6. C orre la tion  of th e  p e rio d  changes fo r th e  s ta tio n  p a irs  A lx/A qu a n d  N g k /N ck  (У  com­
p o n en ts)
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F ig .  7. C o rre la tion  of th e  p e rio d  c h an g e s  for th e  s ta tio n  p a irs  N g k /N ck  a n d  N gk/A lx  ( Y  com ­
ponents)

b o th  a re  m uch sm aller. I t  sh o u ld  be rem arked  th a t  th e  d a ily  v a ria tio n  o f th e  
o c c u rre n ce  frequencies h a s  a  sing le  daily  w ave fo r p e rio d s less th a n  30 s, fo r 
lo n g e r  periods i t  has a  d o u b le  w ave (m orning  a n d  even ing  m ax im a). T he 
t r a n s i t io n  a t  30 s is h ere  n a tu ra l ly  con tinuous as th e  m a th em a tica l m odel 
do es n o t  allow ab ru p t c h a n g e s  [Cz. M il e t it s , 1980a].

F ro m  a tim e-series o f  th e  period  changes n o t  show n here i t  is e v id e n t 
t h a t  th e  ra te  of the  perio d  c h a n g e  is a t  f irs t r a th e r  b ig  fo r a  ce rta in  tim e , th e n  
g e ts  sm a ll, and  rem ains so fo r  som e hours, th e n  a f te r  i t  becom es again  g re a te r . 
W h e n  th e  ra te  changes, th e  fo rm  of the  p u lsa tio n s  c a n  rem ain  u n a lte red .

A ll these  facts show  t h a t  p u lsa tions w ith  p e rio d s  less th a n  30 s an d  th o se  
w ith  lo n g e r periods belong  to  d iffe ren t physica l c lasses. (There is som e o v e r­
la p p in g , as in  a p a r t  o f th e  sh o r te r  period p u lsa tio n s , th e  signals belong  to  
th e  “ lo n g e r period”  g ro u p ; th e  inverse case does n o t  occur.) As i t  w as su p ­
p o se d  t h a t  in  add itio n  to  th e  period  d ifference, th e  re g u la rity  o f th e  tw o  
g ro u p s  d iffer, too , an  im m e d ia te  com parison  o f  r e g u la r i ty  an d  ra te  o f perio d  
c h a n g e s  seem ed necessary .

T h e  pu lsa tion  e v e n ts  o f  th e  N agycenk o b se rv a to ry  are  grouped  in to  
4 g ro u p s  according to  th e ir  re g u la r ity :
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Nck/Alx

F ig .’J i .  T he period  changes in  Y  com ponents o f th e  s ta tio n  p a ir  N ck/A lx in  fu n c tio n  o f  th e  
p u lsa tio n  period  in  th e  o b se rv a to ry  N ek

F ig . 9 . T he da ily  v a r ia tio n  o f th e  period  change in  fu n c tio n  o f local tim e a n d  p e r io d  fo r th e
o b se rv a to ry  N ek
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F ig . 10. T h e  period  changes fo r th e  s ta tio n  p a ir  N g k /N ck  fo r  ev en ts  o f very  reg u la r c h a ra c te r  
(О-s) in  fu n c tio n  o f  th e  average p e r io d  (X  com ponents)

1. O scillations (O), i f  th e  difference o f  th e  p e riods in  th e  e v e n t is less 
th a n  i l 0 % ,

2. Q uasi-oscilla tion  (Q ): th e  periods d iffe r b y  less th a n  i 5 0 % ;
3. W av es (W ): an y  p e r io d  is allowed, if  th e  fo rm  is sinusoidal;
4 . Irre g u la r  v a r ia tio n s  (T ): all o thers (in  th e  p re se n t case, less th a n  5 %  of 

a ll e v e n ts  belong to  th is  g ro u p ).
F ig u re s  10 and 11 show  tw o  ty p ica l g ro u p s , О an d  W  from  th e  m a te r ia l  

o f  th e  p a i r  N gk/N ck, in  fu n c tio n  of th e  N ag y cen k  periods. M edians a re  show n  
s e p a ra te ly  for periods less a n d  m ore th a n  30 s. I t  c an  be seen, th a t  in  case 
o f th e  g ro u p  W , th e re  a re  m o re  v a ria tio n s w ith  p e rio d s  above 30 s, a n d  ev en  
th e  s h o r te r  period cases h a v e  h ig h er ra te s  o f  p e r io d  change.

A  ph y sica l b o u n d a ry  in  th e  pu lsa tions a t  p e rio d s  of 30 s has been  a lre a d y  
su p p o se d  several tim es (e.g . [Rankin and  Kurtz, 1970; Gokhberg e t  al., 
1 9 7 6 ]), b u t  w ith o u t g re a te r  em p h asis . The f i r s t  m e n tio n  of a difference in  th e  
la t i tu d e  dependence fo r p e r io d s  above and  below  30 s is a t  Jacobs an d  Sinno
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(1960), w ho found  la ti tu d e -d e p e n d e n t p e riods o n ly  for sh o rte r  p e rio d  e v e n ts , 
s im ila rly  to  th e  p resen t re su lts .

A n u m b e r o f o th e r  d ifferences h a v e  also b een  found  b e tw een  th e  tw o  
k in d s o f  p u lsa tio n s : V erő  (1980) fo u n d  fo r th e  sh o rte r  period  g ro u p  a  w eak  
in flu en ce  b y  th e  geom agnetic  a c tiv ity , an d  a  s tro n g  one b y  th e  in te rp la n e ta ry  
m ed iu m , a n d  vice versa . H e has also show n th a t  th e  freq u en cy  o f  o ccu rren ce  
sp e c tra  ca n  be supposed  to  be  th e  sum s of tw o , n e a r ly  lognorm al d is tr ib u tio n s : 
one in c lu d es  th e  reg u la r, sh o rte r  perio d  cases (betw een  ab o u t 10 an d  30 s), 
th e  o th e r  th e  rem ain in g  p u lsa tio n s  (b e tw een  10 a n d  90 s).

I t  is p a rad o x ica l th a t  periods ch an g in g  w ith  geom agnetic la t i tu d e , i.e. 
from  s ta t io n  to  s ta tio n  w ould  follow  a co n n ec tio n  T  =  160/В  w h ich  seem s 
to  be v a lid  fo r b o th  k inds of p u lsa tio n s. Varga (1980) carried  o u t c o m p u ta ­
tio n s b a se d  on Kovner’s m odel an d  fo u n d  th a t  th e  p rim a ry  sp e c tru m  is r a th e r  
w ide, b e in g  several tim es 10 s w ide. F ro m  th is  th e  shell-resonance se lec ts  th e  
co rresp o n d in g  period . I f  th e  resonance  is s tro n g , th e  la ti tu d e  d ep en d en ce  
follow s th e  ch a ra c te ris tic  shell perio d s, w hich  can  depend  on th e  IM F  due 
to  th e  d is to r tio n  o f th e  m ag n e to sp h ere . I f  th e  p rim a ry  sp ec tru m  co n ta in s  
th e  a c tu a l  shell re so n a n t p erio d , th e  resonance  is ac tive , and  re g u la r  p u lsa ­
tio n s a p p e a r . I f  i t  does n o t  c o n ta in  th e  shell resonance , th e  v a r ia tio n s  a re  less 
reg u la r, b u t  th e  dependence on th e  IM F  in te n s i ty  rem ains. T h u s , th e  e x tra -  
m ag n e to sp h eric  signals are s tro n g ly  m od ified  inside o f th e  m ag n e to sp h ere .

average period (s) Nek
F ig. 11. T h e  period  changes fo r th e  s ta tio n  p a ir  N gk /N ck  fo r ev en ts  o f ra th e r  ir reg u la r  c h a ra c te r  

(W -s) in  fu n c tio n  of th e  av erage  period  (X  com ponents)
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O u r in v es tig a tio n s  w ith  th e  m erid io n a l c h a in  of 4 s ta tio n s  h as  show n 
t h a t  th e  period  changes o f  th e  p u lsa tio n s in  d iffe ren t sections o f  th e  ch a in  
a re  u n c o rre la ted , th u s  y ie ld ed  an  im p o r ta n t p ro o f  fo r th e  shell resonance  idea . 
T h e  m o s t im p o r ta n t p o in t is th e  sep a ra tio n  o f th e  tw o groups o f p u lsa tio n s , 
one o f  th e m  h av in g  p e rio d s  less th a n  30 s a n d  re g u la r  fo rm , a  s tro n g  la ti tu d e  
d e p e n d e n c e  of th e  p e rio d  a n d  an  occurrence  m ax im u m  a t  local noon . T he 
o th e r  ty p e  has perio d s o f 10 — 60 s, th e  la t i tu d e  dependence of th e  p e rio d  is 
sm a ll, th e  w aveform  is less reg u la r an d  th e  occurrence  peaks a t  m orn in g  
a n d  even ing .

W e id en tified  th e  p u lsa tio n s  from  shell resonances w ith  th o se  h av in g  
g re a t  la t i tu d e  d ep en d en ce  an d  regu lar w av e  fo rm s. As th e  shells are  o n ly  
lo o se ly  coupled , th e y  re so n a te  ra th e r  in d e p e n d e n tly , th u s  th e  h ig h  ra te  o f 
p e r io d  change can be  ex p la in ed . T he shell th ic k n e ss  is a fu n c tio n  o f  m om en- 
ta n e o u s  ionospheric  a n d  m agn eto sp h eric  p a ra m e te rs , th u s  th e  u n c o rre la ted  
la t i tu d in a l  changes c a n  also be explained . T h e  o th e r  group  co n ta in s v a ria tio n s  
w h ic h  re f le c t m ore or less d ire c tly  th e  p r im a ry  sp ec tru m , th ere fo re  th e  w ave 
fo rm  is  irreg u la r an d  th e  p e rio d  does n o t d ep en d  on th e  la titu d e .
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ПЕРИОД ГЕОМАГНИТНЫХ ПУЛЬСАЦИЙ ТИПА Пц 3 - 4  ВДОЛЬ 
МЕРИДИОНАЛЬНЫЙ ЦЕПИ В СРЕДНЕЙ ЕВРОПЕ

Й. Ц . М И Л Е Т И Ч

РЕЗЮМЕ

В статье излагаются результаты исследований проведенных автором в отношении 
зависимости пульсаций типа Пц 3—4 от широт. Более детально рассматриваются резуль­
таты исследований проведенных на геомагнитных обсервационных материалах, регистри­
рованных в течение месяца вдоль меридиональной цепи, состоящейся из 4 станций 
(ф =  42,9°—52,2° северной широты). Так как зависимость от широты тесно связана с во­
просом возникновения пульсаций, автором излагаются и теории, связанные с возникнове­
нием пульсаций. Зависимость от широты позволяет проверку некоторых соображений, об­
надеживая лучшим познаванием околоземного пространства.
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ABOUT THE CONNECTION BETWEEN LONGER PERIOD  
GEOMAGNETIC VARIATION AND THE 
INTERPLANETARY MAGNETIC FIELD

L. H O LL Ó

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE O FTHE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

In  th is  p a p e r in v es tig a tio n s  a re  p resen ted  o n  th e  connection  b e tw een  geom agnetic  
v a ria tio n s  w ith  periods 2 —60 m in  a n d  in te n s ity  a n d  d ire c tio n  o f  th e  in te rp la n e ta ry  m ag n e tic  
fie ld  (IM F ). I t  seems t h a t  IM F  in fluences m ain ly  th e  v a r ia tio n s  w ith  periods longer th a n  12 m in  
an d  th is  e ffec t is m ax im u m  fo r v a r ia tio n s  w ith  periods o f  a b o u t 1 h o u r. I n  th is  case th e  a c tiv ­
i ty  is n am ely  increasing  — m ain ly  fo r th e  n ig h t tim e  a c t iv ity  — if  th e  IM F  is  d irec ted  to w ard s 
so u th . T he v a r ia tio n s  w ith  p e rio d s 2 —12 m in  are  p r im a rily  connected  w ith  th e  o v erall geo­
m ag n e tic  a c tiv ity , a n d  d ep en d  on  th e  IM F  only  in d ire c tly .

In  s itu  space m easu rem en ts  caused  a  basic  change o f o u r ideas on  ev en ts  
in  th e  geom agnetic  fie ld  a n d  th e ir  co n n ec tio n  w ith  th e  in te rp la n e ta ry  m ag ­
n e tic  field .

G eom agnetic  p u lsa tio n s  w ere show n to  c o rre la te  w ith  c e r ta in  p a ra m e te rs  
o f th e  in te rp la n e ta ry  m ag n e tic  field  an d  so la r w ind  [1]. I t  w as fo u n d  th a t  
th e  p u lsa tio n  periods are  in v erse ly  p ro p o rtio n a l w ith  th e  IM F  in te n s ity , w hile 
th e  p u lsa tio n  a c tiv i ty  is co rre la ted  w ith  th e  IM F  d irec tio n  an d  so la r w ind  
velocity .

A m ong  a  w ide ra n g e  o f longer period  geom agnetic  ev en ts , m o s tly  su b ­
sto rm s w ere in v e s tig a te d  as th e y  c o n s titu te  th e  m ost re m a rk a b le  class o f 
ph en o m en a . T h ey  m a in ly  occur d u ring  geo m ag n etic  s to rm s, b u t  a re  o ften  
m e t also d u rin g  q u ie t tim es  in d ica tin g  som e k in d  o f in s ta b ili ty  in  th e  m agneto - 
spheric  ta il .

T he aim  o f th e  p re se n t in v es tig a tio n  w as to  look  fo r g enera l connections 
b e tw een  longer perio d  geom agnetic  v a ria tio n s  (periods 2 — 60 m in) an d  th e  
p a ra m e te rs  of th e  IM F . A  s ta tis t ic a l  s tu d y  w as ca rried  o u t u sing  th e  4 o u t 
o f th e  5 perio d  b an d s  app lied  fo r th e  d e sc rip tio n  o f th e  geom agnetic  a c tiv ity  
in  th e  N ag y cen k  (Ф =  47.2°, Л — 98.3°) o b se rv a to ry . T he a c tiv i ty  o f these  
b an d s is d e te rm in ed  in  each  h o u r from  th e  te llu ric  c u rre n t reco rds o f th e  
o b se rv a to ry  p e rm a n e n tly . T hese values w ere  th e n  g ro u p ed  acco rd in g  to  
c e r ta in  d irec tio n  g ro u p s o f th e  IM F. T he p e rio d  ranges are  th e  follow ing:

K x periods o f  0 — 2 m in (p u lsa tio n s , n o t d iscussed  here)
K 2 periods o f  2 — 6 m in  (long p e rio d  p u lsa tions)
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Ka periods o f 6 — 12 m in  
Ká periods o f 1 2 — 24 m in
K5 periods o f 2 4 — 60 m in  (inc lud ing  su b sto rm s).

T h e  average d a ily  a c t iv i ty  in  each  p e rio d  b a n d  is c h a ra c te riz e d  b y  an  
in d e x  n u m b e r  betw een  0 a n d  9 , w ith  each  in d ex  h a v in g  th e  sam e freq u en cy  
o f  o c c u rre n ce  in  a basic  in te rv a l .  O rig inal reco rd s h av e  a  scale v a lu e  0 .18 mV 
p e r  k m  fo r  1 mm.

F ro m  th e  N A SA -N SSD C  D a ta  B ook th e  in te n s i ty  [4] (in  nT ) a n d  th e  
d ir e c t io n  (in  solar ec lip tic  c o o rd in a te s , a z im u th  an d  in c lin a tio n , # , i) o f  th e  
IM F  c o u ld  be o b ta ined  fo r a n y  tim e  b e tw een  1963 a n d  1974. I n  th e  p re se n t 
in v e s t ig a t io n  th e  d a ta  o f th e  y e a r  1972 w ere used  so, th a t  d irec tio n s o f  th e  
IM F , p o in tin g  tow ards c e r ta in  p a r ts  o f th e  u n it  sphere  w ere g ro u p ed  a n d  th e  
c o rre sp o n d in g  a c tiv ity  in d ice s  c o m p u ted . A lto g e th e r a b o u t 40,000 d a ta  w ere 
a v e ra g e d .

S in ce  the  K p in d ex  c h a ra c te r iz in g  th e  geom agnetic  a c tiv ity  is in  co n ­
n e c t io n  w ith  th e  p a ra m e te rs  o f  th e  so lar w in d  an d  th e  IM F  (so lar w in d  energy  
a n d  v e lo c ity , respective ly , d ire c tio n  of th e  IM F ), th e  effect o f th e  geom agnetic  
f ie ld  m u s t  be separa ted  fro m  th e  effect o f th e  IM F . T he g roup ing  o f th e  IM F  
d a t a  h a s  enabled  th a t  th e  s i tu a t io n  in  case of d iffe ren t IM F  in te n s itie s , or of 
d if f e re n t  geom agnetic a c t iv i ty  levels could  be s tu d ie d . B y  h o ld ing  th e  geo­
m a g n e t ic  a c tiv ity  on a  c e r ta in  level, th e  v a ria tio n s  d u e  to  changes in  th e  IM F  
co u ld  b e  o b ta in ed  an d  vice versa.

Kp 0 1.2 3-5 6-9

■3 315° 135° 315° 315° 135° 315° 315° 135° 315° 315° 135° 315°

F ig . 1. A v e rag e  am plitudes in  th e  d iffe re n t period  ran g es in  fu n c tio n  of th e  g eo m agnetic  
a c t iv ity  (K p )  a n d  o f  th e  d irec tio n  o f th e  IM F
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F ig . 2. A verage a m p litu d e s  in  d iffe ren t period  ran g es in  fu n c tio n  of th e  IM F  in te n s i ty  (B )
and  o f th e  d irec tion  o f th e  IM F

T he special ev e n ts  observed  in  N ag y cen k  d u rin g  th e  y e a r  1972 w ere 
th e  follow ing:

B ays 357 cases, average a m p litu d e 30 nT
ssc-s 19 cases, average a m p litu d e 49 nT
si-s 41 cases, average a m p litu d e 13 nT
pi-s 260 cases, average a m p litu d e 5 nT

T hese  ev en ts  h av e  in creased  th e  a c tiv ity  in  th e  co rrespond ing  p e rio d  b a n d  
(b ay s m a in ly  in  K 5, ssc-s an d  si-s in  K 2 or K 3, p i-s in  K x o r K 2).

T he a m p litu d es  in  fu n c tio n  o f th e  g eom agnetic  a c tiv ity  an d  o f  th e  d irec ­
tio n  o f th e  IM F  show  (F ig . 1) th a t  in  K 5, th e  am plitu d es are s ig n if ic a n tly  
h ig h e r in  case o f  so u th w ard s  d irec ted  IM F  th a n  in  case of n o r th w a rd  fie ld s. 
T h is effect can  be seen  m ost d e fin ite ly  in  case o f h igh  geom agnetic  a c tiv itie s .

I f  th e  v a ria b le  (in  a d d itio n  to  th e  IM F -d irec tio n ) is th e  sca la r m a g n itu d e  
o f  th e  IM F , a s im ila r conclusion can  be d ra w n  (F ig . 2). H ere th e  in c reased  
a c tiv i ty  in  case o f  so u th w ard s  d irec ted  fie lds ca n  be  seen for all in te n s i ty  levels. 
A t m ed iu m  or h igh  IM F -in ten s itie s , th e  e ffec t is also visible in  K i a m p litu d e s , 
w hile  i t  is a p p a re n t in  K 2 an d  K 3 on ly  a t  th e  h ig h e s t IM F -in ten sitie s .

I f  th e  effects o f  th e  geom agnetic  a c t iv i ty  a n d  of th e  IM F  a re a  s e p a ra te d  
(F ig . 3), th e  fo llow ing conclusions can  be d ra w n :

1. I n  th e  p e rio d  b an d s  K 2— a v e ry  h ig h  geom agnetic a c t iv i ty  causes 
a  sh a rp  increase  o f th e  am p litu d es , w hile a t  m ed iu m  or low a c tiv i ty  i ts  effect
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Kp В

F ig . 3. R e su lts  o f th e  se p a ra tio n  o f  th e  K p- and  В -effec ts o n  th e  a c tiv ity  o f d iffe re n t period
varia tio n s

is r a t h e r  sm all. In  th e  lo n g er p e rio d  range (K 5) th e  increase is c o n tin u o u s  w ith  
in c re a s in g  geom agnetic a c t iv i ty  (substo rm s).

2 . T h e  increase o f  th e  IM F  in te n s ity  does n o t cause an y  ap p rec iab le  
in c re a se  in  a c tiv ity  levels in  th e  period  ra n g e s  K 2—K t (2—24 m in ), w hile 
in  th e  p e rio d  range K 5 (2 4 — 60 m in) th e  in c rea se  o f  th e  IM F in te n s ity  causes 
a s ig n if ic a n t increase o f th e  a c tiv ity .

A s a t  m iddle la t i tu d e s ,  th u s  in  th e  N ag y cen k  o b se rv a to ry  su b s to rm  
o c c u r  g en era lly  only d u rin g  n ig h t, i t  is o f in te re s t  to  see sep a ra te ly  th e  d ay  
a n d  n ig h t  tim e  a c tiv ity . I n  case of th e  d a y tim e  a c tiv ity , th e  a m p litu d e s  
in c re a se  in  th e  period ra n g e  K i w ith  increasin g  so u th w ard  co m p o n en t o f  th e  
IM F , s im ila rly  in th e  ra n g e  K 5, w ith  th e  e x c e p tio n  of th e  s tro n g e s t fie lds 
(F ig . 4 ) .

I n  case of th e  n ig h t t im e  a c tiv ity  th is  c o rre la tio n  can  be fo u n d  o n ly  for 
th e  K 5 ra n g e  w here a  c o n tin u o u s  increase w as fo u n d  w ith  th e  in creasin g  o f  th e  
s o u th w a rd  com ponen t o f  th e  IM F  (Fig. 5). H e re  no  sim ilar effect c an  be fo u n d  
in  th e  ra n g e  JC4. In  th e  ra n g e  K 2, so m eth ing  s im ila r  can  also be seen , m a in ly  
in  ca se  o f  stronger in te rp la n e ta ry  fields, p e rh a p s  due to  an  increase  o f  th e  
lo n g e r  p e rio d  com ponen t o f  P i-im pulses (P i 3).
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Fig. 4. T he d ay  tim e  a c t iv i ty  in  fu n c tio n  o f B ,  a n d  o f  th e  d irec tio n  o f th e  IM F  in  th e  d ifferen t
period  ran g es

F ig. 5. T he n ig h t tim e  a c t iv i ty  in  fu n c tio n  of B ,  a n d  o f  th e  d irec tio n  of th e  IM F  in  th e  d ifferen t
period  ran g es
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S um m ariz ing  i t  c a n  b e  s ta te d  th a t :
1. T h e  geom agnetic a c t iv i ty  changes due  to  changes in  th e  in te n s i ty  

o f  t h e  in te rp la n e ta ry  m a g n e tic  fie ld , b u t  th e  e ffec t is s tro n g ly  m o d u la te d  
b y  th e  d irec tio n  of th e  IM F .

2. T h e  varia tions in  th e  p e rio d  ranges K 2—K a (2 —12 m in  p e rio d s) are  
m a in ly  connected  w ith  th e  geo m ag n etic  a c tiv ity , a n d  depend  on th e  in te r ­
p la n e ta r y  field in d irec tly . T h e  o u te r  effect reach es  these  v a r ia tio n  ty p e s  
th r o u g h  a n  increased g eo m a g n e tic  a c tiv ity  an d  m ag n eto sp h eric  co n v ec tio n . 
T h e  m a x im u m  a c tiv ity  d u r in g  d is tu rb ed  periods ap p ears  1 —2 d ay s ea rlie r 
in  th e  ra n g e s  K 2 and  K 5, t h a n  in  th e  ranges K 3~ K i [5]. In  p re sen t case s im u l­
ta n e o u s  geom agnetic a n d  IM F  d a ta  w ere used , th e re fo re  th is  e ffec t cou ld  
n o t  b e  stu d ied . A nyw ay , th e  connections o f th e  IM F  w ith  K 2 an d  K 5 are  
s o m e w h a t stronger, an d  th e re  is a m in im um  b e tw een  th em . This cou ld  be  an  
e x p re s s io n  of the  p r im a ry  a n d  secondary  c h a ra c te r  o f  these  perio d  ran g es .

3. T h e  presen t in v e s tig a tio n s  h av e  show n t h a t  th e  d irec tion  an d  in te n s i ty  
o f  IM F  influences m ain ly  th e  v a r ia tio n s  w ith  p e rio d s longer th a n  12 — 20 m in  
(in  a d d i t io n  to  pu lsa tions w i th  periods sh o rte r  th a n  2 m in  and  n o t d iscussed  
h e re ) , a n d  th e ir  effect is s tro n g e s t  and  u n am b ig u o u s  in  th e  su b s to rm  p erio d  
ra n g e , i.e . around 1 h o u r. A  s tu d y  of th e  periods longer th a n  1 h o u r  is n o t 
p o ss ib le  b ased  on th e  p re s e n t m a te ria l.

T h e  effects in  th e  p e r io d  ran g e  12 — 60 m in  c a n  be w ell e x p la in e d  b y  
re c o n n e c tio n  and follow ing su b s to rm  ac tiv ity . A n  e ffec t o f th e  su b sto rm s can  
b e  su p p o se d  on th e  day sid e  geom agnetic  fie ld , to o , th u s  enabling  an  e x p la n a ­
t io n  o f  th e  daytim e e n h a n c e m e n t in  th is  perio d  ra n g e . F o r sh o rte r  p e rio d s , 
in  a d d i t io n  to  su b sto rm -asso c ia ted  even ts, th e  p ro p a g a tio n  of m ag n e to h y d ro - 
d y n a m ic  w aves from  th e  in te rp la n e ta ry  space th ro u g h  th e  m ag n e to p au se  c a n ­
n o t  b e  excluded , as i t  w as d iscu ssed  b y  Wolfe a n d  Kaufmann [6]. I t  seem s 
p r o b a b ly  th a t  a t th e  d a y s id e  m agnetosphere  b o th  effects p lay  a  s im ila rly  
im p o r ta n t  role.
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О СВЯЗИ ДЛИННО-ПЕРИОДИЧЕСКИХ ЭЛЕКТРОМАГНИТНЫХ ВАРИАЦИЙ И 
МЕЖПЛАНЕТНОГО МАГНИТНОГО ПОЛЯ

л. холло

РЕЗЮМЕ

В статье изучается связь между вариациями с периодом 2—60 минуты, интенсив­
ностью ММП и направлением. Выявлено, что влияние ММП в первую очередь происходит 
при электромагнитных вариациях с периодом длиннее чем 12 минут, которое более значи­
тельно при периоде около 1 часа. Здесь же — особенно при ночной активности — в зависи­
мости от интенсивности ММП, при вариациях, происходящих в южном направлении, ак­
тивность возрастает пропорционально. Вариации с периодом 2—12 минут в первую оче­
редь связаны с геомагнитной активностью, а с межпланетным магнитным полем они связа­
ны только косвенно.
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A STUDY OF THE VARIATION OF IONOSPHERIC 
ABSORPTION AND WIND INDUCED ION-CONVERGENCE 

AFTER GEOMAGNETIC DISTURBANCES

P . B E N C Z E
CAND. GEOSCI.

F . M Ä RCZ

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF TH E HUNGARIAN ACADEMY OF SCIENCES,
SOPRON,

T he ion-convergence  in d u ced  by  a tm o sp h e ric  w aves a t  m id -la titu d es is u sed  to  s tu d y  
th e  possible role o f d y n a m ic  processes in  th e  low er io n o sp h ere  a fte r  geom agnetic  d is tu rb an ces . 
T he afte r-effec t in  io n o sp h eric  ab so rp tio n  h as  b e e n  in v es tig a te d  in  d ep en d en ce  o f  season. 
I t s  a m p litu d e  is la rg e r d u rin g  sum m er (be tw een  A p ril a n d  S ep tem ber) th a n  in  w in te r  (betw een  
O cto b er a n d  M arch). I t  h a s  been  fo u n d  t h a t  in  su m m er th e  a fter-effect is la rg e r, i f  a t  th e  sam e 
tim e  th e  ion-convergence is long-lasting  decreased . I n  w in te r  th e  a fter-effect seem s to  be  m ore 
p ro n o u n ced  du rin g  p e rio d s  w h en  th e  ion-convergence  is increased . Considering th e  io n  conver­
gence as a n  in d ic a to r o f  tu rb u le n t  t ra n s p o r t  th e  co n clu sio n  m ig h t be d ra w n  t h a t  t ra n s p o r t  
processes also in fluence th e  developm en t o f th e  a fte r-e ffec t.

Introduction

I t  has been  lo n g  ago assum ed [1] t h a t  in  th e  developm ent o f  ion o sp h eric  
sto rm s follow ing geom agnetic  d is tu rb an ces  d y n am ic  processes p la y  a  sign if­
ic a n t ro le. L a te r  sa te llite  m easu rem en ts , e n ab lin g  in  s itu  d e te rm in a tio n  of 
d iffe ren t a tm o sp h eric  p a ra m e te rs , v e rified  th is  supposition  [2]. H o w ev er, th e  
q u es tio n  needs fu r th e r  in v es tig a tio n . N a m e ly , on th e  one h a n d  sa te llite  
m easu rem en ts  ca n  be  ca rried  ou t fo r a  lo n g  tim e  only a t  a l t i tu d e s  above 
a b o u t 150 km . T h u s , fo r  long -lastin g  o b se rv a tio n s  a t  a ltitu d es lo w er th a n  th is  
h e ig h t in d ire c t an d  g ro u n d  based  m e th o d s  a re  needed. O n th e  o th e r  h an d  
a  p o st-s to rm  effec t rev ea led  b y  th e  io n o sp h eric  abso rp tion  o f ra d io  w aves 
also ta k e s  p lace in  th e  low er ionosphere [3, 4 ], to  th e  fo rm a tio n  o f  w hich 
d y n am ic  processes m a y  also c o n tr ib u te  [5, 6 ]. These co n d itions p ro m p te d  
th e  in v es tig a tio n  o f  th e  p rob lem  b y  m eans o f  an  ionospheric p a ra m e te r  w hich 
is connected  w ith  th e  dynam ics o f th e  lo w er ionosphere an d  w h ich  can  be 
d e te rm in ed  on th e  basis  of g round  b ased  m easu rem en ts. F ro m  th e  d a ta  
o b ta in ed  b y  th e  w id e ly  used  v e rtic a l so u n d in g s, a t  m id -la titu d es  o n ly  th e  
spo rad ic  E  p a ra m e te rs  a re  d irec tly  re la te d  to  th e  dynam ical co n d itio n s  in  th e  
low er ionosphere.

A ssum ing th e  v a lid ity  o f th e  w in d -sh ea r th e o ry  of m id -la titu d e  spo rad ic  
E ,  f i r s t  th e  b a c k g ro u n d  e lectron  d e n s ity  h a s  been  com puted  o n  th e  basis
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o f  t h e  In te rn a tio n a l R e fe re n c e  Ionosphere [7]. I n  th e  co m p u ta tio n  [8 ] th e  
m a x im u m  electron d e n s ity  w a s  ca lcu la ted  fro m  th e  observed f 0E  v a lu e . T h e  
h e ig h t  o f  th e  sporadic E  la y e r  fo r w hich th e  b a c k g ro u n d  electron  d e n s ity  h a s  
to  b e  d e te rm in e d  was g iv en  b y  th e  m easured  p a ra m e te r  E E s .  The b a c k g ro u n d  
e le c tro n  d en sity  has b een  c o m p u te d  below  th e  v a lle y  region b y  m ean s o f 
a  p o ly n o m ia l of th ird  d eg ree  a n d  in  th e  v a lle y  on  th e  basis o f a p o ly n o m ia l 
o f  f i f t h  degree. The e le c tro n  d e n s ity  deduced  fro m  th e  observed b la n k e tin g  
f r e q u e n c y  has been c o n s id e red  as m ax im um  e le c tro n  d en sity  of th e  E s  la y e r . 
T h e n  fo llow ing  R e d d y  a n d  M a t s u s h it a  [9] th e  ion-convergence w as c o m p u te d  
b y  m e a n s  of a re la tion  d e r iv e d  from  th e  s ta r t in g  e q u a tio n  of th e  w in d -sh e a r  
th e o r y  a n d  giving th e  io n -co n v erg en ce  as a fu n c tio n  o f  th e  m ax im um  e le c tro n  
d e n s i ty  o f  th e  E s  layer, th e  b a c k g ro u n d  e lec tro n  d e n s ity , as well as th e  effec­
t iv e  reco m b in a tio n  c o e ffic ien t o u tside  o f th e  E s  la y e r. I t  has been  assu m ed  
t h a t  t h e  effective re c o m b in a tio n  coeffic ien t in sid e  o f th e  E s  lay e r is e q u a l 
to  t h a t  o u tside  of i t  a n d  th e  effect of am b ip o la r  d iffu sion  can be n eg lec ted . 
T h e  fo rm e r  supposition  m a y  be  ju s tif ie d , i f  o n ly  v a ria tio n s  of th e  io n -c o n ­
v e rg e n c e  are  stud ied . F o r  th e  sake of com p le ten ess  i t  should  be m e n tio n e d  
t h a t  t h e  ion-convergence c a n  b e  easily  c o n v e rted  in to  w ind-shear b y  m u lt ip ly ­
in g  th e  fo rm er w ith  a fa c to r . T h is  fac to r  is a fu n c tio n  o f th e  io n -n e u tra l co lli­
s io n  fre q u e n c y  and th e  g y ro fre q u e n c y  of ions. T h u s , th e  tim e  v a r ia tio n  o f  th e  
f a c to r  is p rac tica lly  n eg lig ib le , b u t  th e  fac to r  i ts e lf  is decreasing w ith  in c re a s ­
in g  h e ig h t .  This m eans t h a t  th e  tim e  v a r ia tio n  o f  th e  ion-convergence c a n  
b e  c o n s id e re d  iden tical w ith  t h a t  o f th e  w in d -sh ea r.

S e a so n a l dependence o f th e  a fter-effec t observed in  rad io  w ave a b so rp tio n

In v estig a tio n s  c a rr ie d  o u t  b y  L a u t e r  a n d  K n u t h  [3] h av e  rev e a le d  
a  s e a so n a l dependence o f  th e  a fter-effec t o b se rv e d  a t  m id -la titu d e  in  case 
o f  s u n s p o t  m axim um  c o n d itio n s  (R  >  50). I t  w as fo u n d  th a t  days w ith  in ­
c re a s e d  ionospheric a b s o rp tio n  (a t  % — 90°) o ccu rred  m ore fre q u e n tly  in  
s u m m e r  th a n  in  w in ter. S u ch  a n  an n u a l v a r ia tio n  w as n o t experienced  in  case 
o f  s u n s p o t  m inim um  c o n d itio n s . La u t e r  an d  K n u t h  [3] a ttr ib u te d  th e  s tro n g  
s u m m e r tim e  m axim um  in  th e  occurrence o f  th e  increased  a b so rp tio n  (a t  
R  >  50) to  th e  increase o f  a ir  d en sity  in  th e  m irro r  p o in t region o f th e  o u te r  
r a d ia t io n  b e lt electrons. T h e  p re c ip ita tio n  o f  th e se  electrons in to  th e  lo w er 
io n o sp h e re  (R-region) fo llow ing  ce rta in  geo m ag n etic  storm s is g en e ra lly  
a c c e p te d  as the  m ain cau se  o f  increased  a b so rp tio n .

W e  carried  ou t tw o  in d e p e n d e n t su p erp o sed  epoch analyses b y  u s in g  
th e  io n o sp h eric  ab so rp tio n  o f  obliquely  in c id e n t rad io  waves m easu red  a t  
245 k H z  in  K üh lungsborn  (re fle c tio n  p o in t: cp =  54.9° N , A =  11.4° E ) a t  s u n ­
se t ( x  =  90°) betw een 1968 a n d  1974. One w as b a se d  on sum m ertim e v a lu e s ,
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F ig . 1. V a ria tio n  of m ean  d e p a rtu re s  from  th e  co rresp o n d in g  m o n th ly  m ed ian s o f  su n se t a b ­
so rp tio n  (A L )  m easu red  a t  245 k H z  K ü h lu n g sb o rn  b e tw ee n  1968 and  1974 a f te r  se lec ted  geo­

m ag n e tic  d is tu rb an ces  in  su m m er (u p p e r cu rv e) an d  in  w in ter (low er c u rv e )

a n o th e r  on w in te rtim e  d a ta . K ey  day s w ere selec ted  on th e  basis o f  th e  daily  
sum  o f K p  indices. T hose days w ere accep ted  as k ey  days, w hen  th e  c r ite r io n  
E  K p  30 w as fu lfilled . In  ad d itio n  i t  w as req u ired  th a t  on tw o  d a y s  ou t 
o f  th re e  p reced ing  th e  k e y  d a y  th e  E  K p-v a lu e  m ust no t su rp ass  th e  m ean  
v a lu e  o f E  K p d e te rm in ed  fo r th e  co rresp o n d in g  year.

T he y e a r has been  d iv id ed  in to  a su m m er an d  a w in te r h a lf  o n  th e  basis 
o f th e  change o f d y n am ic  co n d itions in  th e  s tra to -m esosphere . T h e  zonal 
c ircu la tio n  a t  m id -la titu d e s  (e.g. ~  50° N) is ch a rac te rized  b y  d is t in c t  changes 
o f th e  w ind -system  in  sp rin g  an d  a u tu m n . T h e  eastw ard  w ind  (W ) p re d o m i­
n a te s  d u rin g  w in te r, i.e . b e tw een  a u tu m n  a n d  spring. On th e  c o n tr a ry ,  b e ­
tw een  sp rin g  an d  a u tu m n  th e  w estw ard  w in d  (E ) becom es p re v a ilin g . T hus, 
th e  perio d  betw een  A p ril an d  S ep tem b er can  be regarded  as su m m e rtim e  and  
t h a t  b e tw een  O ctober a n d  M arch as w in te r tim e  b y  considering on ly  th e  changes 
o f  th e  genera l w ind  d irec tio n .

In  F ig . 1 th e  m ean  d e p a rtu re s  (AL)  o f  su n se t abso rp tio n  f ro m  th e  co r­
resp o n d in g  m o n th ly  m ed ians are  p re sen ted  a ro u n d  th e  se lec ted  k e y  days. 
T h e  d e p a rtu re s  g iven in  p ercen tag es are  se p a ra te ly  show n fo r th e  su m m er 
m o n th s  (in  th e  u p p e r p a r t)  an d  th e  w in te r  m o n th s  (in  th e  low er p a r t ) .  I t  can  
be  seen th a t  th e  a m p litu d e  o f th e  a fte r-e ffec t is la rger in  su m m e r th a n  in 
w in te r . In  sum m ertim e th e  p r im a ry  s to rm  effec t is in d ica ted  b y  a  p e a k  occu r­
r in g  im m ed ia te ly  on th e  s to rm  d ay , how ever, in  w in te r th is  p e a k  is sh ifted  
to  th e  second d ay  fo llow ing th e  geo m ag n etic  d istu rbance . T h e  m o re  p ro ­
nou n ced  afte r-e ffec t show n fo r su m m er seem s to  have a m ain  p h a se  la s tin g
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t i l l  d a y  + 1 1  an d  i t  te rm in a te s  in  a declin ing  p h a se  betw een  days + 1 2  an d  
+  15. In  case of th e  w in te r  m onths, th e  p r im a ry  s to rm  effect an d  th e  a f te r ­
e ffec t are clearly  s e p a ra te d . The la tte r  (b e in g  q u ite  m odera te  in  com p ariso n  
to  sum m er) is f in ish e d  o n  d a y  + 1 4  w ith o u t a  d ec lin ing  phase.

T he resu lts  sh o w n  in  Fig. 1 h in t a t  c h a ra c te r is tic s  of th e  in creased  
a b so rp tio n  w hich a re  r a th e r  d ifferent in  su m m e r an d  w in te r. A n asso c ia tio n  
o f  th e se  ch a rac te ris tic s  w ith  seasonal changes in  th e  dynam ics of th e  low er 
ionosphere  can n o t be  e x c lu d ed . In  ad d ition , L a u t e r  and  K n u t h  [3] re p o rte d  
t h a t  s tro n g  a fte r-e ffec ts  a re  m ain ly  p ro d u ced  in  th e  sum m er m o n ths d u rin g  
su n sp o t m axim um  c o n d itio n s  (R  >  50). T he d a ta  u sed  in  th e  p resen t in v e s tig a ­
t io n  w ere p a r tly  m e a su re d  during  solar m a x im u m  (1968—1970) an d  p a r t ly  
in  a n  in te rv a l (1971 — 1972) w here the  R  >  50 c rite r io n  applied  b y  L a u t e r  
a n d  K n u t h  [3] w as also  fu lfilled .

T h e  dependence o f  th e  m e a n  departures of io n -co n v erg en ce  on season during  
th e  a fte r-e ffec t in  ionospheric  absorp tion

In  order to  c o m p le te  th e  in fo rm ations o n  th e  conditions of th e  low er 
io n o sp h ere  during  a f te r-e ffe c ts  in  rad io  w av e  a b so rp tio n  th e  values o f  ion- 
convergence  w ere a p p lie d . As it  has p re v io u s ly  been  m entioned , th e  ion-

Ч-^)и

F ig . 2. V aria tion  of th e  a v e ra g e  of departu res o f ion -co n v erg en ce  j A  ^ j j  r̂om the
co rresp o n d in g  m o n th ly  m e a n  o f  d a y  tim e hourly  v a lu e s  a f te r  selected geom agnetic  d is tu rb ­

an ces o f the  period  1968 — 74 in  sum m er (u p p er c u rv e )  a n d  in  w in ter (lower cu rve)
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convergence is a p a ra m e te r  w hich  is connected  w ith  th e  dynam ics o f th e  low er 
ionosphere. F o r th e  c o m p u ta tio n  of ion -convergence  we needed d a ta  o f  an  
ionospheric  s ta tio n  s i tu a te d  close to  th e  re f le c tio n  p o in t of th e  rad io  w aves 
used  for ab so rp tio n  m easu rem en ts . T hus, th e  sp o rad ic  E  p a ram e te rs , d e te r ­
m ined  on  th e  basis o f  th e  v e rtic a l soundings o f  th e  ionospheric  s ta tio n  J u l iu s ru h  
(54° 38 ' N , 13° 2 3 ' E )  h av e  been chosen. T h e  av e rag e  o f d ep artu res  o f  ion-

convergence A d«+  '
ZJ

d z
from  th e  co rresp o n d in g  m o n th ly  m ean  o f d a y ­

tim e  h o u rly  values w as d e te rm in ed  for each d a y  o f  th e  in te rv a l (from  d a y  — 3 
to  d ay  + 1 6 )  a ro u n d  th e  selected  geom agnetic  d is tu rb an ces of th e  p e rio d
1 9 6 8 -7 4 .

In  F ig . 2 re su lts  o f  th e  superposed  epoch  an a ly ses  carried  o u t w ith  th e  
la t te r  va lues are  g iven  se p a ra te ly  fo r sum m er (in  th e  u p p er p a rt)  an d  w in te r  
(in  th e  low er p a r t) .  I t  can  be seen th a t  in  su m m e r th e  ion-convergence show s 
decreased  values fo llow ing  th e  geom agnetic d is tu rb a n c e  till  day  + 1 0 .  T h e n , 
a period  of f lu c tu a tin g  v alues follows. In  w in te r  th e  average d e p a r tu re s  
in d ica te  a ch a rac te rle ss  v a r ia tio n  of th e  ion -convergence  during  th e  w hole 
period  covered b y  th e  superposed  epoch an a ly s is .

D iscussion

T he foregoing re su lts  h av e  revealed  th a t  in  su m m er th e  ion-convergence  
is genera lly  decreased  d u rin g  th e  a fter-effec t. N a tu ra l ly , th is  does n o t  occu r 
in  each in d iv id u a l case, i t  is va lid  only on th e  av e rag e . Therefore, th e  se lec ted  
43 geom agnetic  d is tu rb a n c e s  w ere exam ined  one b y  one an d  i t  was fo u n d  th a t  
d u rin g  2 1  ev en ts  th e  ion-convergence show ed co n tin u o u s ly  decreased v a lu es . 
S om etim es th e  ion -convergence  w as decreased  fo r  severa l days also  in  th e  
rem ain in g  2 2  cases, h o w ever, these  periods a l te rn a te d  w ith  in te rv a ls  o f  in ­
creased  values. O n th e  basis  of th e  tw o  k in d s  o f  ev e n ts  th e  p rev io u sly  u sed  
a b so rp tio n  d a ta  w ere d iv id ed  in to  tw o  groups a n d  se p a ra te ly  analysed  b y  th e  
superposed  epoch m e th o d  ( th e  n u m b er of e v e n ts  w as qu ite  eq u a l in  b o th  
groups).

T he resu lts  a re  p re se n te d  in  F ig . 3, w h ere  th e  u p p er p a r t  in c lu d es th e  
ev en ts  w ith  a d u ra b le  decrease of ion -convergence  an d  th e  low er p a r t  th e  
rem ain in g  ones. T h e  illu s tra tio n  reveals th a t  in  su m m er th e  a fte r-e ffec t is 
m ore p ronounced  in  cases, w hen  th e  ion-convergence  is decreased fo r a  lo n g e r 
period . T h u s, i t  c an  be assum ed  th a t  d u rin g  th e  a fte r-e ffec t in te rv a l especia l 
d y n am ic  processes m ig h t also c o n tr ib u te  to  th e  m o re  effective io n iza tio n  o f  th e  
low er ionosphere, as w ell as to  th e  increase o f  ab so rp tio n .

F o r th e  co m p ariso n  o f ionospheric a b so rp tio n  and  w ind in d u ced  ion- 
convergence th e  su p erp o sed  epoch m ethod  w as ap p lied  to  the  av e rag e  of 
d e p a rtu re s  o f ion -convergence  de te rm ined  fo r th e  tw o  k inds of ev en ts . I n  th e
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F ig . 3. T h e  resu lts  o f su p erposed  epoch  analyses c a rr ie d  o u t  w ith  m ean  d e p a r tu re s  fro m  th e  
c o rre sp o n d in g  m o n th ly  m ed ian s o f  su n se t ab so rp tio n  (d L )  m easured  a t  245 k H z  in  K ü h lu n g s­
b o rn  in  su m m er a) K ey  d ay s: Se lec ted  geom agnetic  d is tu rb an ces , decreased  ion -convergence  
fo r  a  lo n g e r  period, b) K ey  d a y s : A ll th e  o th e r  cases o f  geom agnetic  d is tu rb an ces  u se d  in  th is

s tu d y  (in  F ig. 1 u p p e r  p a r t)

u p p e r  a n d  low er p a r ts  o f F ig . 4 th e  m ean  v a r ia t io n  of th is  p a ra m e te r  fo r th e  
21 e v e n ts , respec tive ly  fo r th e  rem ain in g  22 cases are p lo tte d . A s reg ard s 
th e  u p p e r  curve, th e  ion-convergence  show s a  depressed in te rv a l fro m  th e  
b e g in n in g  o f  th e  d is tu rb a n c e  to  d a y  —(—1 0 , w hile  th e  low er cu rv e  in d ica tes  
no  sy s te m a tic  changes e x c e p t th e  period  b e fo re  d a y  + 2 .  These re su lts  ju s tify  
t h a t  th e  selection  of e v e n ts  has been p ro p e rly  perform ed.

T h o u g h  in  w in te r  th e  v a r ia tio n  o f th e  average  d ep a rtu re s  o f  ion -con ­
v e rg e n c e  d id  no t in d ica te  c h a ra c te r is tic  ch an g es , th e  47 g eom agnetic  d is tu rb ­
an ces  w ere  sep ara te ly  ex am in ed . I t  has b e e n  found  th a t  d u rin g  16 ev en ts  
th e  ion-convergence  show ed co n tin u o u sly  in c rea sed  values. I n  th e  rem a in in g  
31 c a se s  th e  ion-convergence could  be c h a ra c te r iz e d  by  a lte rn a tin g  increased  
a n d  d ec reased  periods. T h e  a b so rp tio n  d a ta  w ere d iv ided  in to  tw o  groups 
c o rre sp o n d in g  to  th is  c la ss ifica tio n  of ev en ts  a n d  bo th  groups w ere processed  
b y  m e a n s  o f th e  su p erp o sed  epoch m eth o d . ( I t  is to  be m en tio n ed  th a t  th e  
n u m b e r  o f events w as r a th e r  d iffe ren t in  th e  tw o  groups.)

I n  th e  upper p a r t  o f  F ig . 5 th e  v a r ia t io n  of the  m ean  d e p a r tu re s  of 
a b s o rp t io n  is show n in  case o f ev en ts  w ith  a durab le  increase o f  ion-con-
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verg en ce , w hile in  th e  low er p a r t  th e  v a r ia tio n  o f th e  a b so rp tio n  d e p a rtu re s  
d u rin g  th e  rem ain ing  ev en ts  is p lo tte d . I t  can  be seen th a t  th e  sh if te d  p r im a ry  
s to rm  effect and th e  a fte r-e ffec t is som ew hat m ore p ronounced  in  cases, w hen  
th e  ion-convergence is in c reased  fo r a longer period . N o tw ith s ta n d in g  th e  
r a th e r  sm all n u m b er of th is  k in d  o f even ts (a) th e  v a r ia tio n  o f  in c rea sed  a b ­
so rp tio n  is qu ite  sim ilar to  t h a t  show n for a ll w in te r  cases in  F ig . 1. C on­
se q u e n tly , th e  m ore num ero u s rem a in in g  ev en ts  (b) w ith o u t a d u ra b le  increase  
o f  ion-convergence shou ld  be less im p o r ta n t in  p o in t o f view  of th e  a fte r-e ffec t 
o b se rv ed  in  w in ter. T h u s, i t  can  be assum ed th a t  a f te r  geom agnetic  d is tu rb ­
ances d y n am ic  processes m ay  to  a  ce rta in  e x te n t  c o n tr ib u te  also in  w in te r  
to  th e  ion iza tio n  cond itions o f th e  low er ionosphere.

F o r  th e  con tro l o f th e  above  m en tio n ed  th e  superposed  epoch  m eth o d  
w as ap p lied  to  th e  average  d e p a rtu re s  of th e  ion-convergence o b ta in e d  for 
th e  tw o  groups of ev en ts . In  th e  u p p e r and low er p a r ts  o f F ig . 6  th e  m ean  
v a r ia tio n s  of th is  p a ra m e te r  fo r th e  16 ev en ts , re sp ec tiv e ly  fo r th e  rem a in in g  
31 cases a re  illu s tra ted . T he u p p e r  cu rve  in d ica tes  increased  ion-convergence

4 )̂и

F ig . 4. I l lu s tra tio n  show ing th e  e ffec tiveness o f th e  se p a ra tio n  of ion-convergence d e p a rtu re s

I A  ^-----j  J in  sum m er in to  cases o f d u rab le  decrease (a) and  all th e  o th e r  cases used  in

th is  s tu d y  (b)

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



412 P. BENCZE and F. MÄRCZ

F ig . 5. T he resu lts o f su p e rp o sed  epoch  analyses carried  o u t  w ith  m ean  d e p a rtu re s  from  th e  
c o rre sp o n d in g  m o n th ly  m ed ia n s  o f  su n se t ab so rp tio n  (Л Ь) m easu red  a t  245 k H z  in  K ü h lu n g s­
b o rn  in  w in ter, a) K ey  d a y s : S e lec ted  geom agnetic  d is tu rb an c es , increased  ion-ionvergence 
fo r  a  lo n g er period, b) K ey  d a y s : All th e  o th er cases o f  g eo m ag n etic  d is tu rb an ces u sed  in  th is

s tu d y  (in Fig. 1. low er p a r t)

F ig . 6. I l lu s tra tio n  show ing th e  effec tiveness o f th e  se p a ra tio n  o f ion-convergence d e p artu res

[A  ^----- (̂ ’ ,г j  j  in  w in ter in to  cases o f du rab le  increase  (a) a n d  all th e  o th e r  cases used  in  th is

stu d y  (b)
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from  d a y  -)-l to  d a y  + 1 0 ,  as i t  h a s  been  ex p ec ted . The low er c u rv e  show s 
d ecreased  values from  th e  b eg inn ing  o f th e  d is tu rb an ce  to  d a y  + 4 .  A gain  
th e  F ig u re  gives ev idence of th e  p ro p e r  se lec tion  o f  even ts. T hus, th e  c h a ra c te r ­
less sh ap e  o f th e  low er curve in  F ig . 2 re su lts  from  th e  su p erp o sitio n  o f p o r­
tio n s  o f  th e  up p er a n d  low er cu rves in  F ig . 6  show ing positive , re sp e c tiv e ly  
n e g a tiv e  d ep artu res .

O n th e  basis o f  th e  in v es tig a tio n s  described  in  th e  p re sen t p a p e r  th e  
conclusion  m igh t be d raw n  th a t  th e  increased  abso rp tio n  o f ra d io  w aves 
o b se rv ed  a t m id -la titu d es  a fte r geo m ag n e tic  d is tu rb an ces  is m ore p ro n o u n ced  
in  su m m er, th a n  in  w in te r. U sing w in d  in d u ced  ion-convergence d e te rm in e d  
fo r th e  sam e periods, i t  has been  fo u n d  th a t  in  sum m er th e  a fte r-e ffe c t in  
a b so rp tio n  is m ore im p o r ta n t, if  a t  th e  sam e tim e  th e  ion -convergence  is 
decreased . In  w in te r th e  sh ifted  p r im a ry  s to rm  effect and  th e  a fte r-e ffec t 
seem  to  be m ore d is tin c t du ring  p e rio d s  o f  increased  ion-convergence. T ak in g  
in to  acco u n t th a t  w ind  induced  io n -convergence  m ay  be co nsidered  as an  
in d ic a to r  of tu rb u le n t tra n sp o r t , th e  re su lts  h in t a t  a possible in flu en ce  of 
t r a n s p o r t  processes in  th e  d ev e lo p m en t o f  th e  afte r-e ffec t. T hus, d is re g a rd in g  
th e  ro le  of th e  te m p e ra tu re  g ra d ie n t, in  su m m er decreased, w hile  in  w in te r  
in c reased  tu rb u len ce  w ould fav o u r th e  fo rm a tio n  of th e  a fte r-e ffec t.
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ИЗУЧЕНИЕ ВАРИАЦИЙ ИОНОСФЕРНОГО ПОГЛОЩЕНИЯ И СХОДИМОСТЬ 
ИОНОВ ВЕТРОВОГО ПРОИСХОЖДЕНИЯ ПОСЛЕ ГЕОМАГНИТНЫХ

ВОЗМУЩЕНИЙ
П .  Б Е Н Ц Е - Ф .  М Е Р Ц

РЕЗЮМЕ

Сходимость ионов, созданных атмосферными волнами в средних широтах, использует­
ся для исследования возможной роли динамических процессов в нижней ионосфере после 
геомагнитных возмущений. Последействие, наблюдаемое в ионосферном поглощении из­
учалось как функция времен года. Его амплитуда летом (с апреля до сентября) больше чем 
зимой (с октября до марта). Установлено, что последействие летом больше, если в то же 
время сходимость ионов продолжительно уменьшается. Зимой последействие кажется 
больше в те периоды, когда сходимость ионов увеличивается. Считая сходимость ионов 
индикатором турбулентного транспорта, можно делать вывод, что процессы транспорта 
тоже влияют на формирование последействия.
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VARIATIONS OF THE ATMOSPHERIC ELECTRIC 
POTENTIAL GRADIENT AT NAGYCENK OBSERVATORY

F . M ÄRCZ 

P . B E N C Z E
CAND. GEOSCI.

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, SOPRON

Tw o k in d s  o f v a r ia tio n s  o f  th e  a tm o sp h eric  e lec tr ic  p o ten tia l g ra d ie n t a re  rev iew ed : 
th e  long  te rm  an d  th e  sh o rt te rm  v aria tio n s . B o th  are  p re se n te d  on th e  basis o f th e  c o n tin u o u s  
m ea su re m e n t o f th e  p o te n tia l  g ra d ie n t a t  N ag y cen k  o b se rv a to ry . Three types o f th e  lo n g  te rm  
v a ria tio n s  h av e  been  in v es tig a te d : th e  d iu rn a l, th e  seaso n al an d  th e  11-year v a r ia tio n . The 
tw o  fo rm er can  be reg ard ed  as period icities re g u la rly  recu rrin g  a t  N agycenk, h o w ev er, th e  
11-year period  have  n o t been  fo u n d  in  th e  in v es tig a te d  ch ara c te ris tic s  o f th e  p o te n tia l  g ra d ie n t. 
Several ty p es  o f th e  sh o rt te rm  v a ria tio n s  a re  p re sen te d . T he atm ospheric  e le c tr ic  noise is 
show n fo r d iffe ren t seasons an d  exam ples o f o sc illa tio n  ty p e  v a ria tio n s are also g iven .

1. Introduction

T h e con tin u o u s m easu rem en t of th e  a tm o sp h e ric  electric  p o te n tia l  g ra d i­
e n t a t  N agycenk  o b se rv a to ry  covers a p e rio d  o f  a lm ost tw o decad es. U sing 
th is  r a th e r  large o b se rv a tio n  m a te ria l, we rev iew  th re e  of the  long te rm  period ic  
v a r ia tio n s  a lread y  recognized  on th e  basis o f  reco rds a t o th e r s ta t io n s  [1 ]. 
T h e  d iu rn a l an d  th e  seasonal (or an n u a l) v a r ia tio n s  of th e  p o te n tia l  g ra d ie n t 
c an  be reg a rd ed  as re g u la rly  recu rrin g  p e rio d ic itie s . Some u n c e rta in tie s  ex ist 
a b o u t th e  th ird  one. N am ely , som etim es a  c o rre la tio n  betw een  th e  11-year 
p e rio d  o f so lar a c tiv ity  an d  ce rta in  a tm o sp h e ric  e lectric  p a ra m e te rs  co u ld  be 
rev ea led  [2], b u t  in  o th e r  cases a connec tion  seem ed  to  be dubious [3]. T h e  use 
o f p o te n tia l  g rad ien t d a ta  m easured  b e tw een  1964 and  1976, i.e . d u r in g  th e  
la s t  1 1 -y ea r so lar cycle, m akes possible a n  an a ly s is  o f all th e  th re e  m en tio n ed  
p eriod ic ities in  case o f  N agycenk  o b se rv a to ry .

In  ad d itio n , v a ria tio n s  m uch sh o rte r  th a n  th e  d iu rn a l one h a v e  also 
b een  s tu d ied . T he m ost com m on v a ria tio n s  o ccu r during  periods o f  m in u te s  
u p  to  frac tio n s of an  h o u r an d  th e y  can  be re g a rd e d  as a tm o sp h eric  e lec tric  
noise [1]. T hough  i t  is possible to  fin d  v a r ia tio n s  o f a periodic c h a ra c te r , th e  
un p erio d ic  f lu c tu a tio n s  are  m ore fre q u e n t. T h e  occurrence of b o th  ty p e s  is 
a  sign  o f increased  a tm o sp h eric  e lec tric  a c t iv i ty .  I ts  ap p earan ce  m a y  he 
asso c ia ted  w ith  th e  changes o f m eteoro log ica l cond itions and  seaso n s, too .
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2. Long term variations

2.1 The diurnal varia tion

I t  is know n [1] t h a t  th re e  p re d o m in a n t ty p e s  of th e  d iu rn a l v a r ia t io n  
o f th e  p o te n tia l  g ra d ie n t ex is t:

a )  th e  sing le-oscilla tion  co n tin en ta l ty p e , in  loca l tim e
b)  th e  d o u b le-osc illa tion  co n tin en ta l ty p e , in  local tim e
c)  th e  sing le-osc illa tion  oceanic ty p e , in  u n iv e rsa l tim e.
I n  o rd e r to  c lear w h a t ty p e  o f th em  o ccu rs  a t  N agycenk o b se rv a to ry , 

h o u r ly  m ean s  of th e  p o te n tia l  g rad ien t h av e  b e e n  de te rm in ed . T h ey  a re  show n 
in  u n iv e rs a l  tim e  (U T) fo r th e  in te rv a l b e tw een  1964 an d  1976 in  F ig . 1. (T here  
is n o t  la rg e  d ifference b e tw e e n  U T  an d  th e  loca l t im e  a t  N agycenk  o b se rv a to ry : 
L T  =  U T  -f- 1 hour.) T h e  h o u rly  m eans w ere  c a lcu la ted  w ith o u t a  g re a te r  
se le c tio n  o f  d a ta , how ever, th o se  u n ce rta in  fo r  som e reason  have been  o m itte d .

I n  F ig . 1, th e  m ean  d iu rn a l v a r ia tio n  o f  th e  p o ten tia l g ra d ie n t for 
th e  p e r io d , m en tioned  ab o v e  is rough ly  a sing le-osc illa tion . I ts  c o n tin e n ta l  
c h a ra c te r  is in d ica ted  b y  a  s teep er increase in  th e  m orning an d  a n  ea rlie r 
a f te rn o o n  m ax im um  th a n  th o se  observed  in  case  o f th e  oceanic ty p e . T h e  m in i­
m u m  a p p e a rs  a t 03 00 — 04 00 LT, th e  m a x im u m  a t  14 00 — 15 00 L T . T he 
ra n g e  o f  th e  m ean  d a ily  v a r ia tio n  (i.e. th e  d iffe ren ce  betw een  th e  m a x im u m  
an d  m in im u m  value) is a b o u t 40 V/m .

F ig u re  2 show s th e  m e a n  d iu rn a l v a r ia t io n  of th e  p o te n tia l g ra d ie n t 
s e p a ra te ly  fo r w in te r (W  =  N ovem ber, D ecem b er, J a n u a ry , F e b ru a ry ) , e q u i­
n o x es (E  =  M arch, A p ril, S ep tem b er, O cto b er) a n d  sum m er (S =  M ay , J u n e , 
J u ly ,  A u g u s t) . The cu rv e  in d ic a tin g  th e  v a r ia tio n  in  th e  equinoxes (E ) sca rce ly  
d iffe rs  f ro m  th a t  of F ig . 1. B o th  have q u ite  s im ila r  fea tu res, as re g a rd s  th e ir  
sh a p e  a n d  th e  positions o f th e ir  ex trem e v a lu e s . A  ra th e r  d iffe ren t m o rn in g  
in c rea se  c a n  be seen in  w in te r  (W ) and  su m m er (S).

T h e  slow er increase  o f  th e  w in te r cu rve  d u rin g  forenoon is c o m p arab le  
to  t h a t  observed  in  case o f  oceanic co n d itio n s. O n  th e  c o n tra ry , th e  steep  
in c re a se  in  th e  m o rn in g  a n d  th e  early  a f te rn o o n  m axim um  of th e  su m m er 
cu rv e  c le a rly  ind ica tes th e  co n tin e n ta l c h a ra c te r . T his can  be a t t r ib u te d  to  
th e  s u d d e n  rise of te m p e ra tu re  in  th e  m o rn in g  w h ich  causes a m ore e ffec tive

F ig . 1. T h e  d iu rn a l v a r ia tio n  o f th e  p o ten tia l g ra d ie n t a t  N ag y cen k  (betw een 1964 a n d  1976)
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F ig . 2. The sam e as in  F ig . 1 b u t  for d iffe ren t seasons

e v a p o ra tio n  in  su m m er th a n  in  o th e r  seasons. T his e v a p o ra tio n  y ie ld s  an 
en rich m en t of th e  suspension  c o n te n t o f th e  a ir  n e a r  th e  ground  w h ic h  re su lts  
in  th e  ea rly  m o rn in g  m axim um  o f th e  p o te n tia l  g rad ien t (b e tw een  09 00 an d  
10 00 L T ). N everth e less , w ith  ris in g  te m p e ra tu re  th e  convec tion  a n d  th u s  
th e  m ix ing  o f th e  a ir  n ear th e  g ro u n d  also becom es m ore e ffec tiv e . Con­
seq u en tly , a  p a r t  o f  th e  suspensions is l if te d  from  th e  ground  to  h ig h e r  levels 
an d  th e  p o te n tia l g ra d ie n t does n o t  in c rease  fu r th e r . This is sh o w n  b y  th e  
decreasing  ten d e n c y  o f th e  su m m er cu rv e  s ta r t in g  well before n o o n .

I t  should  be m en tio n ed  th a t  in  sp ite  o f  th e  position  change o f  th e  m ax i­
m u m , th e  m in im um  appears on each  cu rv e  b e tw een  03 00 and  04 00 L T , i.e. 
i t  does n o t d ep en d  on season. A lso th e  a m p litu d e  of th e  d iu rn a l v a r ia tio n  
( th e  d ifference be tw een  the  m ax im u m  a n d  m in im um  value) seem s to  be u n ­
ch anged . In  all th re e  cases i t  is ~  40 V /m  on  th e  average.

2.2 The seasonal variation

T he sam e d a ta  se t o f th e  p o te n tia l  g ra d ie n t w hich was u tiliz e d  fo r th e  
p re se n ta tio n  o f th e  d iu rn a l v a r ia tio n , h a s  been  used in  o rd er to  d e te rm in e  
th e  seasonal v a r ia tio n . A veraged  m o n th ly  m eans have been c a lc u la te d  for 
th e  in te rv a l 1964— 1976 and  th e y  a re  p re se n te d  in  Fig. 3. D is reg a rd in g  the  
f lu c tu a tio n s , a sing le-oscilla tion  is show n  b y  th e  averaged  m o n th ly  m eans.
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V/m

F ig . 3. T h e  seasonal (or a n n u a l)  v a r ia tio n  of th e  p o te n tia l  g ra d ie n t a t  N agycenk  (be tw een
1964 and  1976)

T he m a x im u m  o f th e  p o te n tia l  g rad ien t ap p ea rs  in  th e  w in te r m o n th s (ex cep t 
J a n u a r y )  an d  th e  m in im u m  in  th e  sum m er m o n th s .

T h e  ra th e r  sm all av erag e  in  J a n u a ry  seem s to  be peculiar. A cco rd in g  
to  a d e ta ile d  analy sis  (n o t show n here), in  6  y e a rs  o u t of th e  in v e s tig a te d  
13 ones th e  J a n u a r y  m ean  rem ained  below  th e  13-year sum m er av e rag e  
( ~  60 V /m ). T his o ccu rred  on ly  once in  case o f  F e b ru a ry  and  tw ice in  th e  tw o  
re m a in in g  w in te r  m o n th s  (N ovem ber and D ecem b er). In  all of th e  o th e r  y ea rs  
in  th e  w in te r  m o n th s  th e  m ean  values o f th e  p o te n tia l  g rad ien t w ere la rg e r 
th a n  th e  above m en tio n ed  sum m er average. F o r  th e  p resen t, we h av e  no 
e x p la n a tio n  fo r th e  p e c u lia r ity  observed  in  J a n u a r y .  N evertheless, th e  w in te r  
m a x im u m  o f th e  N ag y cen k  p o te n tia l g rad ien t c a n n o t be questionab le .

I t  w as fo u n d  t h a t  th e  sing le-oscilla tion  o f th e  seasonal v a r ia tio n  occurs 
n o t o n ly  in  th e  n o r th e rn  b u t  also in  th e  s o u th e rn  h em isphere  and  ev en  above  
th e  o ceans [1]. T he m a x im u m  value reg u la rly  a p p e a rs  in  th e  n o rth e rn  w in te r  
(so u th e rn  sum m er) m o n th s . T h e  am p litu d e  o f  th e  seasona l v a ria tio n , h ow ever, 
is d e p en d in g  on th e  hem isphere . I t  is la rg e r  in  th e  n o rth e rn  h em isp h ere  
( ~  4 0 % ) th a n  in  th e  so u th e rn  one ( ~  16% ). I n  case  of th e  N agycenk  o b se rv ­
a to ry  th e  a n n u a l av e rag e  ca lcu la ted  from  th e  m o n th ly  m eans o f th e  p e rio d  
1964 — 1976 is a b o u t 70 V /m . The difference b e tw een  th e  h ighest an d  th e  
low est va lu es  show n in  F ig . 3 am oun ts to  a b o u t 30 V /m , i.e. a t  N ag y cen k  
th e  a m p litu d e  of th e  seasonal v a ria tio n  co rre sp o n d s  to  th a t  u sua lly  o b serv ed  
in  th e  n o r th e rn  hem isp h ere .

2.3 S tu d y  o f  the 11-year period

A ccord ing  to  a n  e a rly  s tu d y  of B auer  [2] th e  a n n u a l m ean o f th e  p o te n ­
t ia l  g ra d ie n t shou ld  change in  an  1 1 -year cycle in  acco rdance  w ith  so la r a c t iv ­
i ty . F o r  th e  in v e s tig a tio n  of th is  period ic ity  th e  a n n u a l m eans of th e  N ag y cen k  
p o te n tia l  g ra d ie n t h a v e  b een  de te rm ined  fo r th e  y e a rs  o f the  la s t so la r cycle ,
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b etw een  1964 an d  1976. T hey  are p re se n te d  in  F ig . 4 (by  crosses) to g e th e r  
w ith  a  p a ra m e te r  in d ica tin g  (by d o ts) th e  changes in  so lar a c t iv i ty .  T he 
p o te n tia l  g rad ien t v aries betw een 1964 an d  1967 m ore or less p a ra lle l w ith  
so lar a c tiv ity . In  y ea rs  o f so lar m ax im u m  th e  p o te n tia l  g rad ien t show s a  su d ­
den  decrease an d  ra th e r  large f lu c tu a tio n s  occu r a fte r  th e  m ax im u m . A  reg u la r  
1 1 -y ea r p e rio d ic ity  can  h a rd ly  be fo u n d .

In  F ig . 5 th e  m ean  values o f th e  p o te n tia l  g rad ien t are g iven  se p a ra te ly  
fo r th e  in d iv id u a l seasons (W  =  w in te r , E  =  equ inoxes, S =  su m m er) o f  th e  
in v es tig a ted  in te rv a l (1964 — 1976). A  co m p ariso n  w ith  F ig . 4 rev ea ls  th a t  
th e  changes o f th e  w in te r  m eans are  p r in c ip a lly  responsib le  fo r th e  ru n  and  
f lu c tu a tio n s  o f th e  p o te n tia l g rad ien t d u rin g  th e  period  show n th e re . S m alle r 
f lu c tu a tio n s  an d  a  slow decrease in  th e  dec lin in g  phase o f so lar a c t iv i ty  can  
be seen in  case o f th e  equinoxes. T h e  su m m e r m eans show  a  r a th e r  sm o o th  
c h a ra c te r  w ith  a co n tin u o u s decrease s ta r t in g  in  1966. T hus th e  p re s e n ta tio n
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F ig. 4. T he a n n u a l m ean s o f th e  N agycenk p o te n tia l  g ra d ie n t a n d  a solar p a ra m e te r  (rad io  f lu x  

m easu red  a t  2800 MHz in  O tta w a )  fo r th e  1964— 1976 in te rv a l

1964 66 68 70 72 74 76
F ig . 5. T he m ean  va lues o f th e  p o ten tia l g ra d ie n t fo r d iffe ren t seasons in  th e  1964 — 1976

in te rv a l
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b a s e d  on  th e  seasonal se p a ra tio n  of d a ta  h a s  also no t in d ica ted  a  re g u la r  
1 1 -y e a r  p eriod ic ity  o f th e  N agycenk  p o te n tia l  g rad ien t.

M ü h leisen  [4] r e p o r te d  an  inverse ru n  o f  th e  y ea rly  m eans o f  th e  io n o ­
sp h e re  p o te n tia l m easu red  b y  balloons in  co m p ariso n  w ith  so lar a c t iv i ty  
c h a ra c te r iz e d  by  re la tiv e  su n sp o t nu m b er. T h e  m easu rem en ts w ere ca rr ied  
o u t  a t  W cissenau  (F R G ) b e tw een  1959 an d  1971. T ak ing  in to  ac c o u n t th e  
c o n n e c tio n  betw een  th e  ionosphere  p o te n tia l a n d  th e  a tm o sp h eric  e lec tric  
f ie ld  m easu red  a t  th e  su rface , th e  long te rm  v a r ia t io n  of th e  p o te n tia l  g ra d i­
e n t  sh o u ld  also be in v erse  to  th a t  of so lar a c t iv i ty . R esu lts  show n in  F ig u res  
4 a n d  5 do n o t in d ica te  ev en  th is  k ind  of v a r ia t io n  in  th e  N agycenk  p o te n tia l  
g ra d ie n t .

B a u e r  [2] found  t h a t  also  th e  a m p litu d e s  o f  th e  an n u a l an d  th e  d iu rn a l 
v a r ia t io n  changed  in  acco rd an ce  w ith  th e  1 1 -y e a r period  of so lar a c tiv ity . 
F ig u re  6  show s th e  v a r ia tio n  o f  th e  difference b e tw e e n  th e  h ighest m ean  d u rin g  
th e  w in te r  m on ths an d  th e  low est one d u rin g  th e  sum m er m o n ths fo r  each  
y e a r  o f  th e  in te rv a l 1964— 1976. The c a lc u la ted  difference can  be accep ted  
as a n  a m p litu d e  o f th e  a n n u a l  v a ria tio n , b u t  in  F ig . 6  th e re  is no in d ic a tio n  
o f  a  re g u la r  11-year p e rio d  re p o rte d  by  B a u e r  [2].

v/m

Fig. 6. Changes in the amplitude of the annual variation of the potential gradient for the
1964 —1976 interval

V/m

V/m 
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1964 66 68 70 72 74 76

Fig. 7. Changes in the amplitude of the mean daily variation of the potential gradient for 
different seasons between 1964 and 1976
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Fig. 8c. P o te n tia l  g rad ien t record  o f a  su m m er d a y  (11. 07. 1980) show ing th u n d e r-s to rm  conditions in  th e  a fte rn o o n

Fig. 8d. L arge period  (20 — 60 m in ) a n d  large  am p litu d e  v a r ia tio n s  o f th e  p o ten tia l g ra d ie n t

Fig. 8f. Sm all period  ( < 3  m in) f lu c tu a tio n s  superposed  on large  p e rio d  v a r ia tio n s  o f th e  p o te n tia l  g ra d ie n t

Fig. 8a. The d iu rn a l v a r ia tio n  of th e  p o te n tia l  g ra d ie n t in  sp ring  (14. 03. 1980) show ing  th e  a tm o sp h eric  e lec tric  noise a round  noon

Fig. 8b. T h e  sam e as in  F ig . 8a, h u t  fo r su m m er (31. 07. 1980)

Fig. 8e. M edium  p eriod  (3 —10 m in) v a ria tio n s  o f th e  p o te n tia l  g rad ien t
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F in a lly , in  F ig . 7 th e  a m p litu d e  o f th e  m ean  d a ily  v a ria tio n  is p re se n te d  
fo r th e  in d iv id u a l seasons o f th e  in v e s tig a te d  in te rv a l. A m ore or less p a ra lle l 
ru n  o f th is  p a ra m e te r  is seen in  th e  in d iv id u a l seasons, how ever, th e  in flu en ce  
o f  so la r a c tiv ity  does n o t ap p ea r.

O n th e  basis o f re su lts  show n in  F igures 4, 5, 6  an d  7 a long te rm  v a r ia ­
tio n  depend ing  on so lar a c tiv ity  c a n n o t be assu m ed  in  case of th e  N a g y c e n k  
p o te n tia l  g rad ien t. N ev erth e less , p rev ious in v e s tig a tio n s  [5] h av e  rev e a le d  
a  connection  b e tw een  ionospheric  ab so rp tio n  an d  p o te n tia l g rad ien t on  a  sh o rt 
e r te rm . A n increase o f th e  p o te n tia l  g rad ien t fo r som e days fo llow ing a n o m ­
a lo u sly  high ionospheric  a b so rp tio n  h in ted  a t  a  te m p o ra ry  a sso c ia tio n  of 
th e  tw o  p a ram e te rs  due to  e x tra te r re s tr ia l  in flu en ces inc lud ing  geo m ag n etic  
an d  so lar ones, too.

3. Short te rm  varia tio n s

Some in te r e s t in g  fea tu re s  o f th e  sh o rt te rm  v a ria tio n s  of th e  a tm o sp h e ric  
e lec tric  p o te n tia l g rad ien t reco rd ed  in  th e  o b se rv a to ry  are show n in  F ig . 8 . 
I n  F ig . 8 a a reco rd  i l lu s tra tin g  th e  d iu rn a l v a r ia tio n  o f th e  a tm o sp h e ric  elec­
tr ic  p o te n tia l g ra d ie n t in  sp rin g  is show n. T he v a r ia tio n  of th e  p o te n tia l  
g ra d ie n t is q u ite  sm oo th  d u rin g  th e  n ig h t an d  in  th e  m orning . F lu c tu a tio n s  
ca lled  th e  a tm ospheric  e lec tric  noise (ag ita tio n ) a p p e a r only a ro u n d  noon , 
as th e  exchange in  th e  a tm o sp h e ric  b o u n d a ry  la y e r  becom es m ore  in ten se  
(s ta b ili ty  decreases). In  F ig . 8 b a  reco rd  show ing th e  d iu rn a l v a r ia tio n  o f  th e  
p o te n tia l  g rad ien t in  su m m er is p re sen ted . T he a m p litu d e  o f th e  a tm o sp h e ric  
e lec tric  noise in  d ay tim e  is la rg e r th a n  in  sp ring  d u e  to  th e  increased  ex ch an g e  
in  th e  b o u n d a ry  layer.

F igure  8 c show s a reco rd  o f a sum m er d ay , w h en  in  th e  a fte rn o o n  d u e  to  
th u n d e r-s to rm  co n d itions th e  p o te n tia l g ra d ie n t reach ed  values ex ceed in g  
th e  ran g e  of th e  eq u ip m en t ( ^ 2 5 0  V). Figs 8 d, e an d  f  are illu s tra tio n s  of 
d iffe ren t periodic v a ria tio n s  o f  th e  a tm o sp h eric  e lec tric  p o te n tia l g ra d ie n t. 
I n  F ig . 8 d large period  (20 — 60 m in) and  large  a m p litu d e  v a ria tio n s  c a n  be 
seen. I t  is to  be n o ted  th a t  th e re  a re  a lm ost no f lu c tu a tio n s  of sm alle r p erio d . 
F ig u re  8 e shows a p a r t  o f a reco rd , w here  v a ria tio n s  o f m edium  p erio d  (3 — 10 
m in) occurred  co nnec ted  p ro b a b ly  w ith  d rif tin g  ion  clouds. These p u lsa tio n s  
h a v e  som etim es sinuso idal c h a ra c te r . F igure  8 f  is an  exam ple  for sm all p e rio d  
(<7 3 m in) f lu c tu a tio n s  superposed  on  v a ria tio n s  o f  large period. S u ch  sm all 
p e rio d  f lu c tu a tio n s  occur m o stly , w h en  th e  h u m id ity  o f th e  a ir is la rg e .
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ВАРИАЦИИ ГРАДИЕНТА ПОТЕНЦИАЛА АТМОСФЕРНО-ЭЛЕКТРИЧЕСКОГО 
ПОЛЯ В ОБСЕРВАТОРИИ В НАДЬЦЕНКЕ

Ф .  М Е Р Ц - П .  Б Е Н Ц Е

РЕЗЮМЕ

Рассмотрены два типа вариаций градиента потенциала атмосферно-электрического 
поля, длино- и кратковременные вариации. Оба типа представлены на основании непре­
рывных измерений градиента потенциала в Надьценкской обсерватории. Три типа длинно­
временных вариаций были исследованы соответственно суточной, сезональной и вариации с 
периодом 11 лет. Первые два типа регулярно повторяются в Надьценке, но 11-летний пе­
риод не наблюдался в исследованных характеристиках градиента потенциала. Пред­
ставлены многие численные типы коротковременных вариаций. Атмосферно-электрический 
шум показан в различных сезонах и представлены также примеры вариаций осциллацион- 
ного характера.

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



Acta Geodaet., Geophys. et Montanist. Acad. Sei. Hung. Tomus 16 (2 — 4), pp. 423 — 434 (1981)

75 YEARS OF SEISMOLOGICAL RESEARCH IN HUNGARY

E. BISZTRICSÁNY
DOCTOR OF SCI.
D. CSÖMÖR
CAND. OF SCI.

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, 
DEPARTMENT OF SEISMOLOGY, BUDAPEST

The rise, development and present situation of seismological research in H ungary is 
summed up in the paper. The direction of further development is indicated.

Scien tific  in te re s t for e a r th q u a k e s  has e a rly  arisen  in  H u n g a ry , to o , b u t  
a n  organized  d a ta  collection an d  in te rp re ta t io n  ex ists  only  since 1881. L e t us 
look over — w ith o u t th e  claim  to  com pleteness — th e  ea rly  w o rk s d ea lin g  
w ith  e a rth q u a k e s  in  H u n g ary . T h e y  are  m a in ly  ca ta logues, as e .g . Gro s- 
Sin g e r ; D isse rta tio  de te rra e  m o n tib u s  R egn i H u n g áriáé , a  c a ta lo g u e  p u b ­
lish ed  in  G yőr in  1873, fu r th e r  th e  w orks b y  H oléczy (1824), b y  H u n fa l v y  
(1859), b y  Saly  an d  J eitteles (1860) an d  b y  K och (1880).

A m ong p ap e rs  in  co n n ec tio n  w ith  in d iv id u a l ea rth q u a k e s , t h a t  one 
issued  b y  P . K itaibel  and  A . T om tsanyi d ea ling  w ith  th e  e a r th q u a k e  o f 
1. 14. 1810 is th e  m ost im p o r ta n t, since th e  a u th o rs  in tro d u ced  in  i t  th e  co n ­
c e p t o f isoseism als, th u s  being  a h e a d  o f his tim e  b y  50 years. Iso se ism als  a re  
ev en  now  an  ind ispensab le  basis  fo r  th e  processing  o f  e a rth q u ak es  b y  m acro - 
seism ic m eth o d s.

I n k e y  (1876), H antken  (1882), Schafarzik  (1880, 1901), R éth ly  
(1907, 1908, 1910, 1911, 1912, 1918, 1922), B allenegger  (1911), Cholnoky  
(1912), Szilber  (1913, 1914), Schréter  (1925), Moravetz (1925), S imon 
(1931, 1937) a n d  o thers d ea lt w ith  in d iv id u a l e a rth q u ak es  or in v e s tig a te d  
th e  seism ological conditions o f a  sm alle r area .

O n special sessions o f th e  H u n g a ria n  G eological S ociety  som e a u th o rs  
gave re p o rts  o n  ea rth q u ak es  b u r s t  o u t  or d e te c te d  in  th e  H u n g a ria n  te r r i to r y  
or d ea lt w ith  som e s trong  w orld -w ide  quakes.

Q uestions in  connection  w ith  e a r th q u a k e s  w ere considered  as im p o r ta n t  
b y  th e  H u n g a ria n  Geological S o c ie ty . A lread y  on  a  com m ittee  session o f  D ec. 1, 
1880, F . Schafarzik  proposed to  e s tab lish  an  in s ti tu tio n  a f te r  th e  m odel 
o f  th e  Swiss E rdbeben-C om m ission , w hich  as th e  ta sk  of o b se rv a tio n  d a ta -  
co llecting  an d  sc ien tific  processing  o f  seism ic p h en o m en a  all over th e  c o u n try . 
T h e  com m ittee  accep ted  th e  p ro p o sa l and  de leg a ted  a com m ission c o n s is tin g
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o f  K . H offm a n n , В . I n k e y , L. L óczy, F . Sc h a fa r z ik , S. Sch m id t  an d  M. 
St a u b  to  w ork o u t a  d e ta ile d  p lan  in  th is  q u e s tio n .

T he com m ittee  sessions of Ja n . 5, a n d  M arch  2, 1881 d e a lt w ith  th e  
q u e s tio n  to  c o n s titu te  a Seism ological C o m m ittee  an d  a t  th e  M arch  session 
a  te m p o ra ry  co m m itte e  o f  3 m em bers w as n o m in a te d  (K á ro ly  H o f f m a n n , 
B é l a  I n k e y , F e r e n c  Sc h a fa r z ik ) ta k in g  in to  acco u n t th e  u rgency . I n  1881 
th e  C om m ittee of M a th e m a tic s  and N a tu ra l  Sciences of th e  H u n g a ria n  A cad ­
e m y  o f Sciences e n su re d  th e  requested  f in a n c ia l  su p p o rt to  th e  H u n g a ria n  
G eological Society  fo r  th e  Seism ological C o m m ittee  an d  th e  six  m em bers of 
th e  Seism ological C o m m itte e  were elected  a t  th e  com m ittee  session o f N ov . 9, 
1881

J ózsef Szabó , as p re s id en t
Lajos  Lóczy , as v ice-p residen t
F eren c  Sc h a f a r z ik ,
M iksa  H a n t k e n ,
T amás Sz o n t á g h ,
M iklós Yá l y a , as m em bers.
A ccording to  th e  p ro p o sa l o f th is  session , th e  a c tiv ity  of th e  C om m ittee  

h a s  been  se lf-regu la ted . T h e  ac tiv ity  o f th e  Seism ological C om m ittee  s ta r te d  
w i th  a session on N o v . 25 , 1881 on th e  b as is  o f  th e  p lans of th e  te m p o ra ry  
seism ological com m ission . T hese plans w ere  se n t to  th e  C om m ittee  o f M a th e ­
m a tic s  and N a tu ra l S c iences of th e  H u n g a ria n  A cad em y  of Sciences.

T he follow ing re so lu tio n s  were accep ted  on  th e  f ir s t  session of th e  Seism o­
log ica l C om m ittee:

1 . A circu lar w ill b e  se n t to  th e  re d a c tio n s  o f  a ll new spapers in  H u n g a ry .
2. L e tte rs  in  H u n g a r ia n  and  G erm an  w ill be  sen t to  th e  p ro v in c ia l c ities.
3. A sho rt e x p la n a tio n  of e a rth q u ak es  a n d  a  descrip tion  o f  th e ir  obser­

v a t io n  will be co m p iled  fo r  co rresponden ts.
4. A q u e s tio n a ry  w ill be p rin ted  fo r  th e se  co rresponden ts an d  fin a lly
5. A fter h a v in g  d o n e  th e  p re p a ra to ry  w o rk , th e  C om m ittee  w ill connect 

th e  H u n g arian  C e n tra l M eteorological I n s t i tu te .
The lea fle t a n d  th e  questio n ary  w ere  com piled  b y  th e  Seism ological 

C om m ittee  on th e  b as is  o f  a  paper b y  A l b e r t  H e im , professor a t  th e  Z ürich  
U n iv e rs ity .

I t  should be m e n tio n e d  here th a t  th e  Sw iss Seism ological C om m ittee  w as 
th e  f irs t  in  E urope.

I t  was d iscussed  a lre a d y  a t the  f i r s t  session  of th e  C om m ittee  th a t  i t  
w o u ld  be necessary  to  in s ta ll  seism ograph  s ta tio n s  a t  several p o in ts  o f th e  
c o u n try  besides to  th e  collection  and  in te rp re ta t io n  of th e  m acroseism ic 
m a te r ia l  of e a r th q u a k e s .

In  th e  m e a n tim e  th e  C om m ittee w as in c rea sed  to  8 m em bers w ith  th e  
n ew  m em bers J ó z s e f  B e r n á t h  and Sá n d o r  K a l e c sin sz k y .
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In  1886 th e  C om m ittee  fo u n d  i t  necessary  to  estab lish  a d a ta  co llec ting  
le n tre  in  K o lozsvár (C lu j-N apoca). As i ts  lead er P ro f. D r. A n ta l  K och  -was 
n o m in a te d  b y  th e  G eological S ocie ty .

F ro m  1888 on  M ih á ly  K is p a t ic h , p ro fessor in  Z agreb re g u la r ly  sen t 
th e  m acroseism ic m a te r ia l co llected  in  C ro a tia  to  th e  Seism ological C o m m ittee  
an d  so th e  a c tiv ity  o f  th e  C om m ittee  w as ex te n d e d  over th e  w hole k in g d o m .

T he Seism ological C om m ittee  o rgan ized  w ith in  th e  H u n g a ria n  G eological 
S o c ie ty  was reg u la rly  su p p o rted  b y  th e  H u n g a ria n  A cadem y o f S ciences.

In  1891 th e  Seism ological C o m m ittee  p u rch ased  10 L ep sius-type  se ism om ­
e te rs  in  order to  in s ta ll th em  in  su itab le  sc ien tific  in s titu tio n s . S. K a l e - 
CSINSZKY described  th e  above m en tio n ed  se ism om eter in  th e  “ F ö ld ta n i  K ö z­
lö n y ”  (1892). D a ta  correspond ing  to  th e  in s ta lla tio n  of these  in s tru m e n ts  are 
lo s t. T hese in s tru m e n ts  are fu n d a m e n ta lly  no se ism ographs, h u t seism oscopes.

T he persona l com position  o f  th e  Seism ological C om m ittee  c h an g ed  in  
th e  m ean tim e an d  th e  C om m ittee  w as reo rg an ized  on J a n u a ry  20, 1900, by  
th e  G eological S oc ie ty  w ith  F . Sc h a fa r z ik  as p re s id en t. On A pril 4 , 1900 the  
Seism ological C om m ittee  asked th e  H u n g a ria n  A cadem y of Sciences for 
a scho larsh ip  to  s tu d y  foreign seism ological s ta tio n s  and to o k  c o n ta c t  w ith  
th e  d irec to r  of th e  M eteorological I n s t i tu te  an d  asked  him  to  s u p p o r t  o r to  
ta k e  over th e  seism ological service.

T he Seism ological C om m ittee  se n t R adó K ö v eslig eth y  to  s tu d y  th e  
S tra sb o u rg  In s t i tu te .  K ö v e s l ig e t h y  v is ited  n o t only  th e  S tra sb o u rg  In s t i ­
tu te ,  h u t  also sev era l o th e r  seism ological s ta tio n s  in  W este rn  E u ro p e  and 
I ta ly .  In  his re p o r t  he described th e  d iffe ren t seism ological o b se rv a to rie s  and 
in s tru m e n t ty p es . A t th e  end o f h is re p o r t  he su m m ed  up  his ex p erien ces  and 
m ad e  a proposal fo r th e  o rg an iza tio n  o f  a  seism ological o b se rv a to ry  n e tw o rk  
in  H u n g a ry . T he 7 th  In te rn a tio n a l G eograph ica l Congress in  B e rlin  in  its 
re so lu tio n  of O c to b er 4, 1899 — w hich  p rop o sed  th e  e s ta b lish m e n t o f an 
in te rn a tio n a l seism ological n e tw o rk  an d  m issed th e  sta tio n s in  H u n g a ry  — 
d id  n o t  declare th e  necessity  o f th e  u n if ic a tio n  o f  in s tru m en ts  in  c o n tra s t  
w ith  K ö v e s l ig e t h y . H e po in ted  o u t th e  lack  o f H u n g a rian  s ta tio n s  in  th e  
E u ro p e a n  n e tw o rk  an d  proposed to  se t up  f iv e  s ta tio n s  in  H u n g a ry . The 
c e n tra l  s ta tio n  w as p lan ed  in  th e  ce lla r o f  th e  G eological In s t i tu te  in  B u d a p e s t, 
fu r th e r  th e  M eteorological I n s t i tu te  shou ld  in s ta ll a seism ological s ta t io n  in 
Ó g y alla  (H u rb an o v o ) and  for th e  o th e rs  he suggested  th e  p laces in  F iu m e 
(R ije k a ), K o lozsvár (C luj-N apoca) a n d  Z agreb .

K öveslig e th y  gave estim ates  in  th is  re p o rt fo r th e  in s ta lla tio n  a n d  o p e ra ­
tio n  o f  th e  s ta tio n s  B u d ap est, F iu m e  (R ijek a ) an d  K olozsvár (C lu j-N ap o ca). 
H e ca lcu la ted  th e  in s ta lla tio n  costs  in  6500 — 7000 K orona, th e ir  o p e ra tio n a l 
co s t 1000 K o ro n a /y ea r. To these  e s tim a te s  he co m p le ted  a re sea rch  p la n , too. 
A t th e  la s t session o f th e  G eograph ic  C ongress G e r l a n d ’s p ro p o sa l was 
a c c e p ted  to  call in to  being  an  in te rn a tio n a l seism ological co m m ittee .
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T h e  f irs t in te rn a tio n a l  seism ological m e e tin g  w as held  in  S tra sb o u rg  
b e tw e e n  A pril 11 — 13, 1901. H u n g a rian  p a r t ic ip a n ts  w ere K o n k o l y -T h e g e , 
K ö v e s l ig e t h y  an d  Sc h a f a r z ik . Sc h a fa r zik  re p o rte d  on th e  w o rk  done 
b y  th e  H u n g a rian  Seism olog ica l C om m ittee  since  i ts  e s tab lish m en t. H e p re ­
s e n te d  th e  occurrence o f  th e  m ore im p o r ta n t e a rth q u a k e s  on th e  geological 
m a p  o f  H u n g ary . T h is  w as th e  f irs t se ism ological m ap o f th e  te r r i to ry  of 
H u n g a ry . K ö v e s l ig e t h y  rev iew ed  th e  F ir s t  H u n g a ria n  E a r th q u a k e  C a ta ­
log u e  b y  F eren c  La jo s , w h ich  com piled th e  d a ta  o f  th e  e a rth q u ak es  occu rred  
in  H u n g a ry  from  th e  1 1 th  c en tu ry .

T h e  p a r tic ip a n ts  o f  th e  m eeting  e lec ted  K ö v e sl ig e t h y  as one o f th e  
sev en  m em bers o f th e  C om m ittee . K ö v e s l ig e t h y  considered a lre a d y  th e n  
th e  p o ss ib ility  of th e  p ra c tic a l  app lication  o f  seism ology.

O n  th e  in itia tiv e  o f  th e  Seism ological C o m m ittee  of th e  H u n g a ria n  G eo­
lo g ica l S ociety  se ism o m etric  in stru m en ts  w ere  in s ta lle d  and  checked  in  th e  
c e lla r  o f  th e  G eological In s t i tu te  and  reg u la r reco rd in g  s ta r te d  on  M arch  1, 
1902. G ra blo v itz , Om o r i a n d  B osch in s ta lle d  th e  so-called S tra sb o u rg  p a ir  
o f  h o riz o n ta l p en d u lu m s, w h ich  were able to  re c o rd  only  ra th e r  s tro n g  e a r th ­
q u a k e s . T ill 1902 th e  Seism ological C om m ittee  g o t a  regu lar fin an c ia l su p p o rt 
f ro m  th e  H u n g a rian  A c a d e m y  of Sciences. T h e  costs  o f purchase  a n d  in s ta l­
la t io n  o f  the  seism ological in s tru m e n ts  in  th e  G eological In s t i tu te  w ere paid  
b y  A n d o r  Sem sey , d ire c to r  h . c. of th e  R o y a l H u n g a r ia n  G eological I n s t i tu te  
f ro m  h is  own funds.

A s an  order o f  th e  M in is te r o f A g ricu ltu re  (F e b ru a ry  10, 1903) p u t  th e  
ta s k s  o f  ea rth q u ak e  o b se rv a tio n s  in  H u n g a ry  a n d  th e  e s tab lish m en t o f th e  
new  seism ological s ta t io n  n e tw o rk  in to  th e  co m p e ten ce  of th e  M eteorological 
I n s t i tu te ,  th e  G eological S o c ie ty  dissolved its  Seism ological C om m ittee  a t  th e  
c o m m itte e  session o f M arch  4 , 1903 on co n d itio n  th a t  th e  Society  w ill fu r th e r  
d e a l f ro m  a scientific  p o in t  o f  view  w ith  e a r th q u a k e s  an d  its  o b se rv a to ry  w ill 
b e  su s ta in e d . In  o rd e r to  perfo rm  these ta s k s , a  new  com m ittee  w as called  
in to  b e in g  under th e  n a m e : Seism ological O b se rv a to ry  of th e  H u n g a ria n  G eo­
lo g ica l Society  w ith  th e  m em bers: K álmán E r n s z t , Sándor  K a l e c s in s z k y , 
R a d ó  K ö v eslig eth y  a n d  F e r en c  Sc h a f a r z ik .

T h e  collection a n d  p rocessing  of m acrose ism ic  d a ta  w ere m ade till  1911 
b y  th e  R oyal H u n g a r ia n  M eteorological a n d  G eom agnetic  In s t i tu te .  H ere  
A n t a l  R éth ly  d e a lt w ith  th e  collection o f  e a r th q u a k e  d a ta  an d  com piled  
th e  y e a r ly  rep o rt: E a r th q u a k e s  in  H u n g a ry . T h e  P u b lish ing  H ouse  of th e  
H u n g a r ia n  A cadem y p u b lish e d  in  1952 th e  m acrose ism ic  d a ta  of e a r th q u a k e s , 
w h ic h  he  collected in  th is  life  en titled  E a r th q u a k e s  in  th e  C a rp a th ia n  B asin  
(455 — 1918). This bo o k  h as  f i r s t  o f all as a  c a ta lo g u e  an  im m ense va lu e . I ts  
in te rp re ta tio n s  and  e s tim a tio n s  requ ire  in  m a n y  cases a revision .

U n d e r the  in flu en ce  o f  th e  f irs t in te rn a tio n a l  seism ological m ee tin g  in  
S tra sb o u rg , 1901, th e  le a d e rsh ip  of th e  R o y a l H u n g a ria n  M eteoro logical and
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G eom agnetic  In s t i tu te  decided  to  ta k e  th e  o b se rv a tio n  of e a r th q u a k e s  in to  
its . p lan s . T he M eteorological I n s t i tu te  in s ta lle d  a lread y  in  1901 a  S tra sb o u rg  
se ism om etric  p en d u lu m  p a ir, th e  reco rd in g  w as s ta r te d  on J a n u a ry  1, 1902. 
In  1901 in  T em esv ár (T im isoara) a  C accia to re  a n d  in  1902 an  A g am en n o n e  
seism oscope h av e  been  in sta lled .

T h e  in itia tiv e s  o f th e  H u n g a ria n  G eological Society  d id  n o t le a d  to  th e  
e s ta b lish m e n t o f a H u n g a ria n  seism ological o b se rv a to ry  n e tw ork . As in  th e  
m ean tim e  th e  M eteorological I n s t i tu te  in s ta lle d  in  Ó gyalla (H u rb a n o v o )  
a h o riz o n ta l p en d u lu m  p a ir  o f th e  V in cen tin i ty p e , th e  In s t i tu te  le t 5 p a irs  
o f V in c e n tin i—K onk o ly  p endu lum s be m a n u fa c tu re d  from  th e  5000 K o ro n a  
p a id  to  th e  G eological S ociety . T h ree  p a irs  o f  th e m  h ad  been in s ta lle d  in  
B u d a p e s t, Ó gyalla  (H u rb an o v o ) an d  T em esv á r (T im isoara), w hile  i t  w as 
p lan n ed  to  o u tf i t  seism ological s ta tio n s  w ith  th e  o th e r  tw o in  K o lo zsv ár (C luj- 
N ap o ca) an d  Z agreb .

T h e  Im p e ria l an d  R o y a l N av a l A cad em y  estab lished  a se ism ological 
s ta t io n  in  F iu m e (R ijeka) in  1903.

KÖVESLIGETHY becam e in  1904 m em b er a n d  re p ré se n ta n t o f  H u n g a ry  
in  th e  P e rm a n e n t C om m ittee  o f th e  In te rn a tio n a l  Seism ological S o c ie ty  an d  
in  1905 he fo u n d ed  w ith  th e  fin an c ia l su p p o rt o f  th e  H u n g a rian  A c ad em y  of 
Sciences th e  B u d a p e s t Seism ological O b se rv a to ry  an d  th e  In te rn a tio n a l E a r th ­
q u a k e  C alcu la tion  In s t i tu te  in  con n ec tio n  w ith  th e  In s t i tu te  fo r G eo g rap h y  
o f th e  R o y a l H u n g a ria n  P é te r  P á z m á n y  U n iv e rs ity . T he H u n g a ria n  G eological 
I n s t i tu te  p resen ted  th e  in s tru m e n ts  to  th e  C en tra l Seism ological O b se rv a to ry . 
T h e  g o v ern m en t charged  KÖVESLIGETHY w ith  th e  leadersh ip  o f th e  O b ser­
v a to ry , as lead er o f th e  C alcu la tion  I n s t i tu te  K á r o ly  J o rd á n , fo rm er h o n o ra ry  
le c tu re r  a t th e  G eneva U n iv e rs ity  w as a p p o in te d  and  one a ss is ta n t p o s t to  
each  w as secured . T he new  in s ti tu te s  w ere acco m m o d ated  b y  P ro fesso r L a jo s  
L ó c z y . F o r th e  C en tra l O b se rv a to ry  I m re  Sza la y , d irec to r o f th e  H u n g a r ia n  
N a tio n a l M useum , gave p lace in  th e  ce lla r o f th e  M useum . F ro m  th e  f in a n c ia l 
su p p o rt o f th e  D e p a rtm e n t I I I  o f th e  H u n g a ria n  A cadem y o f Sciences a 
W iech e rt a s ta tic  h o rizo n ta l se ism ograph  (1000 kg ) and  o th e r o u tf i t  w ere  p u r ­
ch ased  in  1905. T he W iech ert p en d u lu m s w as in s ta lled  in  J u ly  1906.

T he M eteorological In s t i tu te  in s ta lle d  in  J a n u a ry  1903 a V ic e n tin i— 
K o n k o ly  p en d u lu m  p a ir in  T em esv ár (T im isoara) and  a K onko ly  seism oscope 
in  K alocsa .

In  th e  y e a r follow ing th e  fo u n d a tio n  o f th e  C en tra l Seism ological O b se rv ­
a to ry  4 seism ological s ta tio n s  w ere ru n  in  th e  te r r i to ry  of H u n g a ry  a n d  tw o  
seism oscopes w ere in s ta lled . F u r th e r  seism ological s ta tio n s  w ere se t u p  o n  th e  
te r r i to ry  o f ou r c o u n try  b e tw een  1910 an d  1914 in  K alocsa, K ecsk em é t, 
K o lo zsv ár (C lu j-N apoca), Szeged an d  U n g v á r (U zhgorod).

A t th e  fo u n d a tio n  o f th e  C en tra l Seism ological O b serv a to ry  in  B u d a p e s t, 
KÖVESLIGETHY considered  th e  lo ca tio n  in  th e  ce lla r o f th e  H u n g a ria n  N a tio n a l
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M u seu m  on ly  as te m p o ra ry  an d  in  1911 he m ad e  p lan s an d  to o k  th e  n ecessa ry  
s te p s  to  secure a p ro p e r p lace  for th e  new  c e n tra l  o b se rv a to ry  to  be b u ilt  
in  th e  c a p ita l. F o r th is  p u rp o se  th e  c a p ita l  gave on th e  so u th e rn  slope of 
I s te n h e g y  a p ro p er g ro u n d  fo r th e  new  o b se rv a to ry . The W W  1 a n d  its  co n ­
seq u en ces h in d ered  h im  to  realize  h is p lan s . A fte r  th e  peace t r e a tm e n t  o n ly  
4 o b se rv a to rie s  re m a in e d  o n  th e  te r r i to ry  o f  H u n g a ry  (B u d ap est, K alocsa , 
K e c sk e m e t an d  Szeged). T h e  observations o f  B u d a p e s t w ere ru n  fro m  1905 
t i l l  1962 in  th e  H u n g a ria n  N a tio n a l M useum .

T h e  tw o In s t i tu te s  fo u n d ed  b y  K ö v eslig e th y  w ere un ified  in  S ep tem b er 
1912 u n d e r  th e  nam e o f B u d a p e s t Seism ological O b se rv a to ry . A fte r th e  d e a th  
o f  K ö v e s l ig e t h y  in  1934 th e  In s t i tu te  w as re m o v e d  a t  f irs t in to  th e  S em m el­
w eis S tre e t  and  in  1937 in to  th e  D eák  F e re n c  S tre e t w here B éla  S im o n  a t 
f i r s t  as d e p u ty  d ire c to r  an d  la te r  as d ire c to r  cou ld  secure an  acco m m o d atio n  
fu lf illin g  m odern  re q u ire m e n ts . All re sea rch  w orkers h ad  own room s w ith  
re fe re n ce  lib ra ry , ty p e w rite r , etc. In  1942 th e  In s t i tu te  got tw o re sea rch er 
p o s ts  a n d  tw o m ech an ic ian  p o sts  from  th e  M in is try  o f  C ulture , th u s  th e  n u m b er 
o f  re se a rc h ers  in creased  to  fo u r. In  th is  w ay  o b je c tiv e  conditions fo r a success­
fu l re se a rc h  w ork  a n d  th e  u n d is tu rb e d  o p e ra tio n  of th e  o b serv a to ries  w ere 
c re a te d .

H e re  we shou ld  like to  sum  up  b r ie f ly  th e  a c tiv ity  in  th e  I n s t i tu te  
fo u n d e d  b y  K ö v e s l ig e t h y  an d  its  d ev e lo p m en t. F o u r  seism ological o b se rv a ­
to r ie s  (B u d a p e s t, Ó g y a lla  (H u rb an o v o ), F iu m e  (R ijek a ) and  T em esv ár (T im i­
so a ra )  a n d  a seism oscope in  K alocsa o p e ra te d  in  H u n g a ry  in  1904. D u rin g  
th e  fo llow ing  te n  y e a rs  f iv e  new o b se rv a to rie s  h av e  been set u p  (Z ag reb , 
K a lo c sa , U n g v ár (U zh g o ro d ), K o lozsvár (C lu j-N apoca) and  K ecsk em et. 
K ö v e s l ig e t h y  an d  h is cow orkers d ea lt n o t o n ly  w ith  th eo re tica l p ro b lem s as 
e.g . th e  em erg ing  ang le  o f  th e  in itia l ra y , d e n s ity  d is tr ib u tio n , b u t  also ca lled  
a t te n t io n  to  th e  po ssib ilities  o f p ra c tic a l a p p lic a tio n  (th ey  gave ex p ertises  
to  th e  H u n g a ria n  S ta te  R a ilw ay  an d  to  p r iv a te  p e rsons in  1913) an d  em p h asiz ­
ed  th e  necessity  o f specia l in s tru m e n ts  fo r th is  pu rpose . The Seism ological 
C a lc u la tio n  In s t i tu te  w as com m issioned b y  th e  A ssociation  In te rn a tio n a le  
de S ism ologie fo u n d ed  in  1906 — its  f ir s t  s e c re ta ry  general w as K ö v e s l ig e t h y  
t i l l  1916 — to  c a rry  o u t p ra c tic a l ta sk s , as e.g . to  com pile th e  in te rn a tio n a l 
sc ien tif ic  cata logues o f  th e  m acrog raph ic  s ta tio n s . F u r th e r  ca lcu la tio n s w ere 
m a d e  in  connection  w ith  th e  g as-e rup tion  o f K is-S árm ás. K övesligeocHY d e a lt 
w ith  th e  problem s o f th e  possib ility  of sc ien tif ic  e a rth q u a k e  p red ic tio n , to o . 
B é l a  S im o n  considered  as th e  ta sk  o f th e  I n s t i tu te  besides th e  seism ological 
se rv ice  a n d  th e  sc ien tific  research  th e  a p p lic a tio n  o f seism ology in  p rac tice , 
to o .

W W  1 s to p p ed  a lre a d y  th e  w e ll-s ta r tin g  developm ent in  a lm o st all 
re sp e c t, w orldw ar I I  h i t  th e  H u n g a rian  Seism ological service an d  resea rch  
b y  an  even  h a rd e r blow .
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D uring  W W  2 th e  room s o f th e  N a tio n a l Seism ological O b se rv a to ry  
(since 1937), re sp ec tiv e ly  th e  H u n g a ria n  Seism ological In s ti tu te  (1943) w ere  
a lm o st to ta lly  d e s tro y ed . T he I n s t i tu te  su ffered  ir rep e rab le  losses, as am o n g  
o th e rs  th e  o rig inal m acroseism ic m a te ria l co llec ted  b y  th e  H u n g a ria n  G eo ­
logical Society  a n d  th e  M eteorological I n s t i tu te  w ere  destroyed . D u rin g  th e  
w a r only  th e  s ta tio n s  K alocsa  an d  ó g y a lla  (H u rb a n o v o ) w orked in  1943 a n d  
in  1945 for a sh o r t  tim e  only  K alocsa . A lm ost th e  to ta l  equ ip m en t o f  th e  
s ta tio n s  K ecskem ét a n d  Szeged w ere d estro y ed .

B etw een  1946 an d  1950 on ly  th e  s ta tio n s  B u d a p e s t and  K alocsa  w ere  
o p e ra ted . R eco rd ing  in  K ecskem et w as r e s ta r te d  in  1951 w ith  th e  100 k g  
K ru m b a c h  h o riz o n ta l pen d u lu m  p a ir  tra n s fe rre d  fro m  B u d ap est. In  th e  m e a n ­
tim e  th e  w orkshop  se t up  in  th e  N a tio n a l M useum  re s to red  th a  M a in k a -ty p e  
h o rizo n ta l p en d u lu m  p a ir  of Szeged, th u s  reco rd in g  in  Szeged could be re s ta r te d  
in  F e b ru a ry  1952, to o . Since th e  room s of th e  I n s t i tu te  in  th e  D eák  F e re n c  
s tre e t has been d es tro y ed , th e  in s ti tu te s  w as acco m m o d a ted  in  th e  K a n iz sa i 
s tre e t w here i t  cou ld  w ork  on ly  in  v e ry  t ig h t  ro o m s. A lthough  B éla  S im o n , 
th e  d irec to r of th e  In s t i tu te  o ften  asked  th e  M in is try  o f C ulture  for a n  a p p ro ­
p r ia te  accom m odation , his req u ests  w ere o v erd o n e , th e y  d id  n o t co rre sp o n d  
to  th e  rea listic  possib ilities . A t th e  end  of J a n u a r y  1952, th e  In s t i tu te  m o v ed  
in to  th e  room s o f th e  L o rán d  E ö tv ö s  G eophysica l I n s t i tu te  in  th e  D a m ja n ic h  
S tre e t and  i t  becam e a D e p a rtm e n t o f th is  I n s t i tu te .

W hen  th e  M in is try  o f C u ltu re  (R elig ion a n d  E d u ca tio n ) gave o v er th e  
non -ed u ca tio n a l In s ti tu tio n s  to  o th e r  g o v e rn m en t offices, th e  seism ological 
in s t i tu te  being a n  in s ti tu tio n  fo u n d ed  w ith  th e  su p p o rt of th e  H u n g a r ia n  
A cadem y  of Sciences an d  dealing  w ith  basic  re se a rc h  — cam e under th e  s u p e r ­
v ision  o f th e  M in is try  o f M ines an d  E n erg y  d u e  to  u n u n d e rs tau d ab le  a n d  in ­
conceivable reasons, w hile a t  th e  sam e tim e  th e  A stronom ic  In s t i tu te  w as 
p u t  u n d er th e  su p erv is io n  of th e  H u n g a ria n  A cad em y  o f Sciences. T he M in is te r  
o f M ines and  E n e rg y  in co rp o ra ted  it  w ith  J a n u a r y  1, 1952 in to  th e  L o rá n d  
E ö tv ö s  G eophysical In s t i tu te  w ith  th e  clause t h a t  in  in te rn a tio n a l re la t io n  
th e  old nam e: H u n g a ria n  Seism ological I n s t i tu te  c a n  be re ta in ed . T he E ö tv ö s  
In s t i tu te  h ad  th e n  a lread y  p rim arily  th e  ta s k  o f  exp lo rin g  raw  m a te ria ls .

T he o b se rv a to ry  rem ain ed  fu r th e r  on in  th e  cellar of the  H u n g a r ia n  
N a tio n a l M useum , a  p lace w hich becam e in  co n seq u en ce  of th e  ever in c rea s in g  
tra ff ic  qu ite  u n su ite d  fo r th e  in s ta lla tio n  of in s tru m e n ts  m ore sensible th a n  
th e  1000 kg W iech e rt p endu lum . I t  h a d  been  po ssib le  a lread y  d u rin g  W W  2 
to  id en tify  w ith  m in u te  exactness th e  beg in n in g  a n d  th e  end of a ir  a la rm s , 
because th e n  th e  sh o rt période d is tu rb an ces  cau se d  b y  factories a n d  t r a f f ic  
ceased an d  th e  o therw ise  th ic k  basic  line becam e  th in .

In  1953 th e  In s t i tu te  received  K ru m b a c h  ty p e  ho rizon ta l se ism ographs 
w ith  op tica l reco rd in g  as well as th e  e lec tro d y n am ic  vertica l se ism ographs 
w hich  w ere te n  tim es  m ore sen sitive  th a n  th e  W iech ert pendu lum . T h e y
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c o u ld  n o t  be in s ta lled  in  th e  cellar o f th e  N a tio n a l M useum , th e re fo re  th e  
D e p a r tm e n t  got th e  ta s k  to  fin d  a su ita b le  p lace  in  th e  en v iro n m en t o f  B u d a ­
p e s t .  E x p e rim e n ta l reco rd in g s w ith  p o r ta b le  pendu lum s s ta r te d  fro m  M t. 
D o b o g ó k ő  to w ard s B u d a p e s t. T he in s tru m e n ts  w orked  in  1956 in  th e  d is tr ic t 
Ó b u d a , in  th e  S ch m ied t m anor-house  a n d  y ie lded  accep tab le  seism ogram s 
o f  th e  e a r th q u a k e  in  D u n a h a ra sz ti an d  o f  i ts  after-shocks. Som e v ib ra tio n  
m e a su re m e n ts  re q u ire d  b y  th e  in d u s try  a n d  public  au th o ritie s  co u ld  have  
b e e n  ca rried  o u t w ith  th e se  in s tru m en ts .

Follow ing  th e  e a r th q u a k e  o f D u n a h a ra s z ti  a  S ov iet-m ade K irn o s-ty p e  
th re e -c o m p o n en ts  se ism o g rap h  w ith  e lec tro d y n am ic  record ing  w as received  
in  1957 w ith  w hich  o n ly  ex p erim en ta l re c o rd s  were m ade in  th e  N a tio n a l 
M u seu m , an d  w hich  h a s  b een  la te r  (1963) in s ta lled  in  th e  new  o b se rv a to ry  
in  S o p ro n b án fa lv a .

A  g rea t d ev e lo p m en t w as reach ed  in  th e  fifties w orldw ide in  th e  level 
o f  seism ological in s tru m e n ts , 1000 k g  se ism ographs — w here g re a t  m ass 
w a s  in te n d e d  to  overcom e th e  fr ic tio n  — w ere  tran sfe rred  slow ly  fro m  th e  
o b se rv a to r ie s  in to  m u seu m s. A lthough  G a l it z in  co n stru c ted  th e  electro- 
d y n a m ic  seism ograph  a lre a d y  in  1911, i ts  u se , how ever, sp read  slow  b y  due 
to  th e  h igh  costs o f  p h o to g ra p h ic  p ap e r. I n  H u n g a ry  its  use s ta r te d  on ly  a t  
th e  b eg in n in g  of th e  s ix tie s . The d e v e lo p m en t o f  seism ology bein g  s t i l l  d y n a m ­
ic  a t  th e  tu rn  o f th e  c e n tu ry  slow ed d o w n  in  H u n g ary , one o f  th e  reasons 
w e re  w ith o u t d o u b t th e  tw o  W V -s . B u t  fo r  a  tim e  a fte r th e  w a rs  i t  c an n o t 
b e  sp o k e n  from  a n y  d ev e lo p m en t. I f  we su rv e y  th e  f irs t f i f ty  y e a rs  o f  seism ol­
o g y  in  ou r co u n try , w e c a n  see how  i t  c h a n g e d  from  one su p rem e  a u th o r i ty  
to  th e  o th e r, and  its  p o s itio n  was n o t e sse n tia lly  im proved  in  th e  f if t ie s  w hen  
i t  o p e ra te d  as a  D e p a r tm e n t o f th e  L o rá n d  E ö tvös G eophysical In s t i tu te .  
I t  is  o f  in te re s t to  co m p are  th e  d e v e lo p m en t o f  th e  seism ology w ith  th a t  o f 
a s tro n o m y  in  H u n g a ry . W hile  th e  la t t e r  developed  due to  i ts  co n tin u o u s  
in d ep en d en ce , due to  th e  cap ac ity  an d  d ilig en ce  of its  ex p erts  a r ic h ly  o u t­
f i t t e d  o b se rv a to ry  n e tw o rk  an d  a successfu l s ta ff , in  th e  m ean tim e  th e  seism ol­
o g y  h a d  a  n e tw o rk  w ith  o ld  in s tru m e n ts , i ts  s ta f f  consisted  o f fo u r  sc ien tis ts  
a n d  one  m echan ic ian  w ith  sm all sc ien tific  o u tp u t .  A n o u t-o f-d a te  in s tru m e n ­
t a t i o n  can  resu lts  o n ly  in  v e ry  e x c e p tio n a lly  cases in  u p - to -d a te  sc ien tific  
r e s u l ts .

T h e  la te  P ro fesso r L ászló E g y ed  tu r n e d  his a tte n tio n  to  th is  s itu a tio n  
in  th e  m iddle of th e  f if tie s . H e recogn ized  e a r ly  th a t  th e  se ism ological obser­
v a to r y  ne tw o rk  o f th e  w o rld  w ill soon g e t a n  im p o rta n t role. A s h e a d  of th e  
G eo p h y sica l I n s t i tu te  o f th e  L o rán d  E ö tv ö s  U n iv e rs ity  B u d a p e s t, h e  decided  
to  o rg an ize  a seism ological research  g ro u p  a n d  s ta r te d  to  develop  a n  u p -to -  
d a te  o b se rv a tio n  n e tw o rk  as basis to  th is  g ro u p .

I n  th e  beg inn ing  th e  seism ological g ro u p  consisted  only  o f  one sc ien tis t 
o n e  m ech an ic ian  an d  tw o  a ss is tan ts , b u t  th e  seism ological re sea rch  in  H u n g a ry
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go t w ith o u t d o u b t a  su d d en  im pulse a t  th e  en d  o f  th e  fifties. N ew  s ta tio n s  
w ere b u ilt  in  B u d a p e s t, S opron , P iszk és te tő  a n d  Jó sv a fő  w ith  co n sid e rab ly  
b e tte r  noise levels, th u s  i t  w as possible to  a p p ly  seism ographs w ith  1000 — 
100,000 tim es  m ag n ifica tio n . H ence , th e  n u m b e r o f  reco rded  quakes in c rea sed  
from  som e h u n d re d s  to  som e th o u san d s  in  a y e a r . T h is necessita ted  to  in c rea se  
th e  s ta ff. O n E g y e d ’s in itia tiv e , th e  Seism ological D e p a rtm e n t o f th e  L o rá n d  
E ö tv ö s  G eophysica l I n s t i tu te  w as in c o rp o ra te d  in to  th e  Seism ological R e ­
search  G roup  o f th e  H u n g a ria n  A cadem y o f Sciences a t  th e  L o rá n d  E ö tv ö s  
U n iv e rs ity . E g y e d  knew  th a t  a research  g ro u p  a t  th e  U n iv e rs ity  I n s t i tu te  
w as n o t th e  a d e q u a te  fo rm  fo r th e  w hole seism ological research  o f  a  c o u n try  
as w ell as he  recogn ized  th e  social an d  p o litica l im p o rtan ce  o f th e  seism ology , 
th e re fo re  he  p la n n e d  to  e s tab lish  an  in s t i tu te  w here  all th e  geop h y sica l r e ­
search  an d  o b se rv a tio n  u n its  o f  th e  n a tio n a l o b se rv a to ry  service w ou ld  h av e  
got th e ir  p laces, am ong  th e m  th e  seism ology w ith  g re a te s t w eigh t due  to  its  
g rea te s t im p o rta n c e . I n  consequence o f h is  e a r ly  d e a th  th is  rem a in ed  o n ly  
a  p lan . S ince th e  Seism ological R esearch  G ro u p  has ou tg row n th e  fram e  
o f a u n iv e rs ity  in s t i tu te , i t  w as un ified  a f te r  h is d e a th  in  1971 w ith  th e  
G eodetic a n d  G eophysica l R esearch  L a b o ra to rie s  o f  th e  H u n g a ria n  A cad e ­
m y  o f Sciences in  S opron  in  th e  form  o f a  new  In s t i tu te  called  G eodetic  
and  G eophysica l R esea rch  In s t i tu te  o f th e  H u n g a r ia n  A cadem y o f Sciences.

T he d ev e lo p m en t o f th e  seism ology w as acce lera ted  a t  th a t  tim e . T h is 
h a d  m ore reasons. A t f i r s t  th e  v e ry  q u ick  d ev e lo p m en t of m ass c o m m u n ica ­
tio n  in  th e  la s t  decade w idened  th e  in te re s t o f  people  from  th e is  im m e d ia te  
su rro u n d in g s to  ev en ts  all over th e  w orld . D isa s te rs  in  fa r  co n tin en ts  becam e  
top ic  o f co n v e rsa tio n , a w orld-w ide pub lic  m a tte r . F ro m  even ts in  C en tra l 
A m erica w e a re  in fo rm ed  w ith  a d e lay  o f  som e h o u rs  th ro u g h  th e  te lev is io n . 
A tte n tio n  is p a id  to  th e  p o ssib ility  o f d isa s te rs  even  in  our c o u n try , th u s  
seism ology cam e in to  th e  cen tre  or social in te re s t  all over th e  w orld . T h e  o th e r  
reason  is in  close co n n ec tio n  w ith  th e  ex p e rim en ts  w ith  nu c lea r bom b s an d  
w ith  th e  th r e a t  o f n u c lea r w ar. W e hope th a t  th e  co n v en tio n  to  s to p  n u c le a r  
ex p erim en ts  in  th e  a tm o sp h ere , space and  sea w ill be ex ten d ed  to  u n d e rg ro u n d  
explosions in  th e  fu tu re , to o . T he effective c o n tro l o f such a t r e a ty  w ou ld  
be one o f  th e  ta sk s  o f seism ology. A  to ta l  n u c le a r  silence w ould h av e  a  g re a t 
po litica l e ffec t to  th e  co u n trie s , w hich do n o t  ta k e  p a r t  in  th is  t r e a ty .

T he ra p id  d ev e lo p m en t o f seism ology w as su p p o rted  b y  th e  im m ense  
m o d e rn iza tio n  o f e lectron ics an d  b y  th e  im p ro v e m e n t o f th e  f in an c ia l s i tu a tio n .

T he speed  o f d ev e lo p m en t in  seism ology a n d  th e  effectiveness o f o b se rv a ­
tio n  can  he i l lu s tra te d  b y  an  exam ple.

B etw een  1940 an d  1945 th e  H u n g a ria n  n e tw o rk  w ith  in s tru m e n ts  of 
200 tim es  m ag n ifica tio n  reco rded  200 e a r th q u a k e s  in  a yea r. W ith  th e  new  
n e tw o rk  described  above a b o u t 2000 — 3000 seism ological ev en ts  c a n  be 
d e tec ted  in  a  y ea r. W ith  th e  m ost u p -to -d a te  a rra y s  w here th e  m a g n ific a tio n
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is so m e  m illions, f if te e n  th o u sa n d  trem o rs  ca n  be recorded . B y  m ean s of 
u p - to -d a te  in s tru m e n ts  th e  am p litu d e  of 10 ~9 m  i.e . 10 Â  can  a lre a d y  be  ob­
se rv e d .

T h is  deve lopm en t is im p e ra tiv e  for us, to o . W e got th e  p o ss ib ility  a t  th e  
b e g in n in g  o f th e  p re se n t fiv e  years  p lan  to  e s ta b lish  a m ore u p - to -d a te  seism o- 
lo g ica l o b se rv a to ry  n e tw o rk  as th e  p re se n t one. T h is includes n o t  o n ly  th e  
f in a n c e s  for co n stru c tin g  new  in s tru m e n ts , b u t  also th e  u n av o id ab le  increase  
o f  s ta f f ,  to o . A ccord ing  to  th e  p lans th e  s igna ls  w ill be tra n s m itte d  b y  rad io  
w a v e s  to  th e  cen tre  in  B u d a p e s t, w here a u to m a tic  signal processing  is p lan n ed . 
A n a lo g u o u s  tran sm iss io n  o f  signals has b e e n  ex is tin g  since som e y ea rs  from  
th e  s ta t io n  in  th e  M á tra  M ts, th e  f in a l d ig ita l  d a ta  tran sm iss io n  a n d  a u to ­
m a tic a l  signal p rocessing w ill p ro b ab ly  s ta r t  in  m id  1981 using  th re e  s ta tio n s . 
T h e  in s ta lla tio n  of tw o  fu r th e r  s ta tio n s  is p la n n e d  for 1982 — 83.

T h e  n um ber of re sea rch  w orkers in  th e  O b serv a to ry  in c reased  only  
a  l i t t l e  b i t  in  th e  la s t 25 y e a rs , i.e. from  fo u r to  fiv e , b u t  th e  n u m b e r o f p ap ers  
y e a r ly  pub lished  has b een  m u ltip lied . I t  c a n  be s ta te d  to d a y  th a t  th e  change 
w as  n o t  on ly  q u a n tita tiv e , b u t  q u a lita tiv e , to o . T h e  resu lts  o f c e r ta in  in v e s ti­
g a tio n s  a re  used w orld -w ide . A m eth o d  to  ca lcu la te  e a rth q u a k e  m ag n itu d es  
b a se d  on  th e  d u ra tio n  o f th e  surface w aves, p u b lish e d  a t  th e  U G G I C onference 
in  T o ro n to , 1957 b ro u g h t th e  f irs t  in te rn a tio n a l success.

A  new  m ap o f seism ic r isk  has been  c o n s tru c te d  as w ell as sev e ra l iso- 
se ism a l m aps, and  a ll th e se  c o n tr ib u te  to  th e  econom ic an d  seism ically  safe 
p la n n in g  of housing e s ta te s  an d  in d u s tr ia l p la n ts  in  our co u n try .

F u r th e r  on, th e  se ism ic ity  m aps b ecam e  p a r t  of th e  seism ic r isk  m ap  
o f  C e n tra l E urope c o n s tru c te d  w ith  th e  c o o p e ra tio n  of th e  socialist co u n trie s .

A  m eth o d  to  ca lc u la te  th e  d e p th  o f th e  low  velo c ity  lay e r f ro m  seism ic 
d a t a  w as pub lished  a n d  a  m a p  of th e  LY L d e p th s  fo r a g rea t p a r t  o f E u ro p e  
c o n s tru c te d .

In v e s tig a tio n  o f th e  co d a  w aves re su lte d  in  new  aspects on th e  c h a ra c ­
te r is t ic s  o f th e  fin a l p a r t  o f  th e  surface w av es.

A  m ethod  has b een  developed  for th e  ra p id  co n stru c tio n  of m icro ray o n  
m a p s  a n d  in v estig a tio n s in  th is  d irec tio n  a re  in te n d e d  to  be co n tin u ed . I n ­
v e s tig a tio n s  of m in ing  se c u r ity  have  been  also  done since some y ea rs .

T h e  e s tab lish m en t o f  th e  te lem e tric  o b se rv a to ry  n e tw o rk  is a v e ry  
c o m p lic a te d  ta sk . W ith  e x c e p t o f a  few  u n its , th e  au to m a tic a l reco rd in g , 
signal-recogn iz ing  an d  sou rce  d e te rm in in g  sy s tem  will be developed  in  our 
d e p a r tm e n t.  W e hope t h a t  th is  d ev e lo p m en t w ill soon lead  to  a n  u p - to -d a te  
se ism olog ica l ne tw ork  o f  ob se rv a to rie s  and  to g e th e r  w ith  th is  fu r th e r  im p o r ta n t  
re s u lts  c an  be ach ieved  on  th e  fields of b o th  seism ology and  of eng ineering  
se ism ology .
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75 ЛЕТ СЕЙСМОЛОГИЧЕСКИХ ИССЛЕДОВАНИЙ В ВЕНГРИИ
Э . Б И С Т Р И Ч А Н И —Д . Ч О М О Р

РЕЗЮМЕ

В статье излагаются итоги возникновения, развития и современного состояния сейс­
мологических исследований в Венгрии. Показаны направления дальнейшего развития.
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T h e  H u n g a rian  seism ic s ta tio n  n e tw o rk  will be  reo rg an ized  in  th e  n e x t th re e  y ea rs . 
T e lem e try  s ta tio n s  will be  b u ilt  a n d  th is  system  will w o rk  j u s t  like an  a rray . T h e  d a ta  t r a n s ­
m ission  fro m  th e  s ta tio n s  to  th e  cen tre  w ill h ap p en  b y  ra d io  lin k . A t p resen t th e  d a ta  t r a n s ­
m ission  is a  one-w ay  lin k  from  th e  f ir s t  s ta tio n , b u t  in  th e  fu tu re  there  will be p o ss ib il ity  for 
d u p lex . T em p o rarily  th e  f i r s t  lin k  h as  w orked on analog FM  — FM  w ay fo r th ree  y e a rs . I n  th e  
n e x t fu tu re  (from  th e  second h a lf  o f  1980) d ig ita l d a ta  tran sm iss io n  will be ach ieved .

O n  th e  s ta tio n s , th e  am p lified  an d  filte red  seism ic s ignals will be co n v erted  in  d ig ita l  
fo rm  m oreo v er com pleted  b y  e rro r co rrec tio n  code. U sing  d ig ita l  phase  sh ift k ey in g , th e  d a ta  
w ill be  tr a n s m it te d  b y  V I lE  rad io  telephone. T he ra te  o f d a ta  tran sm iss io n  will b e  3.000 b it/s . 
I n  th e  cen tre  th e  receiver a n d  signal co n v erte r decodes th e  signal t r a in  a fte r  d e m o d u la tio n , 
a n d  th e re  w ill be  a  sim ple analy sis  o f th e  signals for d isc rim in a tio n . U sing th e  a r r iv a l  t im e s  
o f  th e  f i r s t  onsets o rig in a ted  fro m  d iffe ren t s ta tio n s, th e  t im e  d ifference zlt,^ =  q  — t^ w ill be 
co m p u te d  too . I,- an d  q  a re  th e  a rr iv a l tim es of th e  f i r s t  o n se ts  a t  th e  i- th  an d  k - th  s ta tio n s . 
H a v in g  a  know ledge o f th e  At series, th e  coord inates o f  th e  ev en ts  can  be c o m p u te d  au to*  
m a tica lly .

H u n g a ry  lies b ey o n d  th e  n o rth e rn  side o f  th e  A lpide an d  B a lk a n  e a r th ­
q u ak e  b e lt . T his a rea  is p o o rer in  seism ic ev en ts  t h a n  th e  M ed ite rran ean  zone , 
b u t  th is  does n o t m ean  th a t  th e  dam ages o f th e  H u n g a ria n  e a r th q u a k e s  h a v e  
n o t  to  be  ta k e n  in to  co n sid e ra tio n . I n  th is  c e n tu ry  te n  e a rth q u ak es  o c cu rred  
in  th e  C a rp a th ia n  B asin , w ith  th e  in ten sities  7 I 0 9. These e a r th q u a k e s  
w ere fo llow ed b y  sev era l a fte rshocks w ith  m a g n itu d e s  o f 2 M  4. S hocks 
w ith  less th a n  M  =  2 c a n n o t be observed  b y  o u r  p resen t in s tru m e n ta tio n , 
e x c e p t i f  th e  ev en t occu rred  in  a close n e ig h b o u rh o o d  of a  s ta tio n . F o re sh o c k s  
w ere o b serv ed  in  v e ry  few  cases, b u t  we m ay  su p p o se  th a t  th e y  o ccu rred  m ore  
f re q u e n tly , th a n  th e y  w ere reco rd ed  w ith  re la tiv e ly  low  sensitive in s tru m e n ts  
(h ig h est m ag n ifica tio n  is 60,000 w ith  g a lv an o m etric  record ing).

I f  we shou ld  like to  s tu d y  m icro e a r th  q u ak es  w h ich  are in d isp en sab le  in  
e a r th q u a k e  p red ic tio n , th e  com plete  seism ological n e tw o rk  has to  be re fo rm ed .

F o r  qu ick  and  as fa r  as possible accu ra te  in fo rm a tio n , a te le m e try  n e t ­
w ork  w as p lanned . In  a f i r s t  s tep  on ly  five  s ta tio n s  w ill be e stab lished  (F ig . 1). 
T he n e tw o rk  cen tre  is in  B u d ap est.

A t f irs t , every  s ta tio n  w ill be equ ipped  b y  s h o r t  period  v e rtic a l p e n d u ­
lum s. S ince th e  c e n tra l s ta tio n  is B u d ap est, w here  th e  noise level is r a th e r  h ig h , 
th e  p e n d u lu m  w ill be se t u p  in  a 2 0 0  m eters deep  boreho le .
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F ig . 1. T e lem e try  seism ic n e tw o rk  in  H u n g ary

T h e  d a ta  tra n sm iss io n  from  th e  s ta t io n s  to  th e  cen tre  occurs v ia  rad io  
l in k . T h e  f irs t in s ta lled  s ta t io n  is th e  M á tra  M o u n ta in s  th e  d is tan ce  b e tw e e n  th e  
s ta t io n  P iszkéste tő  (P S Z ) a n d  B u d ap est (B U D ) is 90 km . Since th e  a lt i tu d e  of 
P S Z  is m ore th a n  900 m  a n d  th a t  of th e  c e n tra l  o b se rv a to ry  260 m , m oreover 
th e r e  are  no h igher h ills  b e tw een  M átra  a n d  B u d a p e s t, th e  d a ta  c a n  he  tr a n s ­
m i t t e d  d irec tly . T he n e x t  s ta t io n  w ill be e s ta b lish e d  a t Pécs (P E C ), h e re  seism ic 
d a t a  a re  to  be t r a n s m it te d  from  2 0 0  k m , th e re fo re  th e  rad io  c o n ta c t  consists 
o f  th e re e  rad io  lin k s. F ro m  th e  m iddle p a r t  o f  T ran sd an u b ia  th e  ra d io  chain  
c o n s is ts  o f tw o p a r ts , a n d  from  th e  fo u r th  s ta t io n  a d irec t line w ill be  su ffi­
c ie n t  again .

A t p resen t p e rm itte d  Y H F  frequenc ies arc  less th a n  100 M H z b u t  only 
te m p o ra r i ly , la te r  m ore  t h a n  400 M Hz w ill b e  u sed . Now from  th e  f i r s t  s ta tio n  
to  th e  cen tre , th e  d a ta  tran sm iss io n  is o n e-w ay , h u t  in  th e  fu tu re  th e re  w ill be 
p o s s ib il i ty  for d u p lex  ch an n e ls .

A  req u irem en t fo r th e  rad io  link  is t h a t  th e  signal-noise r a t io  m u s t be 
b e t t e r  th a n  26 dB . A s fa r  as possible s h o r t  a n te n n a  cables and  m u ltie le m e n t 
Y a g i  an ten n ae  are u sed . T h e  gain of th e se  Y a g i an ten n ae  are  n e a r ly  6  dB. 
T h e  p e rm itte d  t r a n s m it te r  pow er is 10 W  fo r  each  rad io  s ta tio n . W h ere  th is  
r e la t iv e ly  h igh pow er is n o t  necessary , on ly  2 — 5 W  will be used. D o u b le  m odu­
la t io n  has been ap p lied  in  th e  ex p érim en ta is . T h e  frequency  of th e  2 k H z  sub ­
c a r r ie r  has been m o d u la te d  b y  th e  am p lified  seism ic signal an d  i t  m odu la tes 
th e  c a rr ie r  frequencies. P hase-locked  loop IC -s are  used for m o d u la tio n  and 
d e m o d u la tio n . The su b c a rr ie r  zero-phases s ta y  unchanged  or ju m p  180° de­
p e n d in g  on th e  v alue  o f  d a ta  w hich can  be  0 o r 1. The d a ta  signal c o n te n ts  an 
e r ro r  co rrec ting  H a m in g  code to  decrease th e  tran sm iss io n  noise o f  th e  carrier.

T h e  facilities o f  th e  te le m e try  n e tw o rk  h a v e  to  possess th e  fe a tu re s  as 
fo llow s:
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— dig ita l reco rd in g  of th e  am p lified  seism ic signals
— th e  signal t r a in  has to  be  sup p lied  b y  a  k e y  sy s tem  for e rro r  d e tec tio n
— th e  d ig itiz ed  an d  coded  signal m u s t be  su itab le  for re m o te  t r a n s ­

m ission
— th e  signals h av e  to  a rr iv e  to  th e  c e n tra l  rece iv er and  reco rd in g  site 

by  m eans o f th e  d a ta  tra n sm iss io n  sy stem ,
— th e  signals from  th e  single s ta tio n s  to  th e  cen tre  have to  be received  

in d ep en d en tly  from  each  o th e r. T he in it ia l  ph ase  m u st be d e te rm in ed  
in  sp ite  o f  th e  noise

— using a r r iv a l tim es o f th e  f irs t  onsets  o rig in a ted  from  th e  d iffe ren t 
s ta tio n s  th e  tim e  differences t , 0 =  t, — t0 fo r all channels h av e  to  be 
de te rm in ed . I n  th is  fo rm u la  t0 is th e  a rr iv a l tim e  of th e  f i r s t  on se t a t 
th e  s ta t io n  w hich  f irs t  o bserved  an  e v e n t

— if  an  e v e n t w as observed  b y  a s ta tio n , th e  cen tre  has to  w a its  2 0  s for 
th e  o th e r  f i r s t  onsets o rig in a te d  from  th e  re s t  s ta tio n s  o f th e  n e tw o rk

— th e  c e n tra l  se t m ust be su itab le  fo r m o n ito rin g  o f analog  an d  d ig ita l 
d a ta  as w ell as d ig ita l reco rd in g , m o reo v er i t  m u st be f i t te d  fo r con­
nection  w ith  a  se p a ra te d  se t w hich  h as  an a ly z in g  ta sk s .

S h o rt d e sc rip tio n  o f th e  H u n g a ria n  te le m e try  sy stem .
T he sch em atic  d iag ram  o f th e  te le m e try  n e tw o rk  can  be seen in  F ig . 2. 

T h e  p lanned  H u n g a r ia n  te le m e try  n e tw o rk  co nsists  o f  fo u r fie ld  s ta tio n s  w ith  
th e  cen tre  in  B u d a p e s t, as show n in  F ig . 1. N a tu ra lly  th e  in s tru m e n ts  in  the  
cen tre  jo in  b y  d ire c t d ig ita l lines to  th e  p rocessing  fac ilities, w hile th e  o th e r 
fo u r h av e  rad io  connections.

F ig . 2. S chem atic  d iag ra m  of th e  te le m e try  n e tw o rk
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data
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F ig . 3. D a ta  acq u isitio n  an d  h a n d lin g  system

T h e  d a ta  acquisition, a n d  h an d lin g  system , can  be seen in  F ig . 3. T hese 
s y s te m s  consist of tw o  p a r ts ,  n am e ly  fie ld  s ta t io n  an d  cen tre .

T h e  block d iag ram  o f th e  s ta tio n  is show n in  F ig . 4. T hese fac ilities  con­
s is t  o f  fo u r  m ain p a r ts . T h e  am p lified  and  f il te re d  seism ic signal a rriv e s  to  a 
12 b i t  A /D  converter. T h e  sam p lin g  tim e  is 20 m s. A  H am m in g  coder is app lied  
fo r  h in d e rin g  defective d a ta  tran sm iss io n . T h is co d er gives p o ss ib ility  to  co rrec t 
th r e e  e rro rs  or to  m a rk  s ix  e rro rs . T he co rrec tio n  an d  m ark in g  a re  m ade in  
th e  d eco d e r u n it a t th e  c e n tre . T he signal c a n  be received  b y  m ean s o f a 
p a ra lle l/se r ia l co n v erte r. T h e  d a ta  signal co n tro lled  b y  th e  phase  sh if t key ing  
m o d u la to r  (PSK ) is se n t to  th e  tra n sm itte r .

D ig ita l fro n t-en d -p ro cesso r
T h e  detailed b lock  d ia g ra m  o f th e  cen tre  c a n  be seen in  F ig . 5. F ro m  

th e  o u tp u t  of the  rece iver, th e  signal is gu ided  a f te r  d em o d u la tio n  to  th e  fro n t- 
e n d  p ro cesso r’s in p u t. T h is  b lo ck  ensures te m p o ra ry  storage an d  e rro r  co rrec­
t io n .  I f  th e  d a ta  are s to re d  w ith o u t e rro r, th e y  go to  th e  in p u t o f th e  am p litu d e  
a v e ra g e r  and  D/A c o n v e rte r . T h e  D /A  co n v e rte r  enab les to  use a  p e n  reco rd e r 
a n d  p ro v id es  o p p o rtu n ity  fo r  m on ito ring  th e  freq u en cy  changes o f  seism ic 
s ig n a ls . I f  the  am p litu d e  o f  a  seism ic ev en t can  be  id en tified  from  th e  noise 
so th i s  u n it  generates a n  “ e r ro r  sig n a l” . In  th is  case th e  tim e  m easu rin g  c o n tro l­
le r  s t a r t s  and gives a zero  t im e  signal for th e  ch an n e l w hich observed  th e  ev en t 
f i r s t .  F o r  th e  o ther ch an n e ls  th e  tim e  difference — ti0 w ill be in d ic a te d  i f  th e  
se ism o m ete rs  received th e  e v e n t.
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T h e b lock  d iag ram  o f d a ta  processing an d  reco rd in g  sy stem  c a n  be  seen 
in  F ig . 6 .

T h e  au to m a tic  p h ase  id e n tific a tio n , lo ca tio n  an d  th e  m a g n itu d e  d e te rm i­
n a tio n  occu r b y  m eans o f  a  sy stem  con tro lled  b y  a m icro  processor. T w o  ran d o m  
access m em ory  (RAM ) u n its  are  p ro v id ed  fo r s to rag e . One of th e  R A M -s collects 
th e  co n tin u o u sly  a rr iv in g  signals, th e  o th e r gives th e  possib ility  fo r  reco rd in g  
on d ig ita l tap e . T he tw o  RA M -s p rov ide  th ese  ta s k s  b y  tu rn . T here  is a  m o n ito r  
u n it  w h ich  consists o f a  seria l-p ara lle l (S /P) co n v e rte r , a u n iv e rsa l a sy n c h ro ­
nous rece iv e r t r a n s m itte r  (U A R T ) and  drives th e  p r in te r  co n tro lle r.

СЕЙСМОЛОГИЧЕСКАЯ ТЕЛЕМЕТРИЧЕСКАЯ СЕТЬ В ВЕНГРИИ
Е. Б И С Т Р И Ч А Н И —Л . Х Е Т Э Ш И -И , С А Б О —Г . С ЕЙ Д О В И Ц  

РЕЗЮМЕ

В следующие три года в Венгрии реорганизуется сеть сейсмологических станций. 
Будут построены телеметрические станции, и эта система будет работать в режиме „арраи,,. 
Передача данных от станций до центра осуществляется через радио. В настоящее время 
передача, данный от первой станции проводится однонаправленно, но в будущем станет 
возможным работа в режиме „дуплекс”. В качестве эксперимента первая линия работает 
уже года три аналоговым методом ФМ—ФМ. В ближайшем будущем (вероятно с первой 
половины 1980 г.) осуществляется цифровая передача данных. Усиленные и фильтриро- 
ванные сейсмические сигналы на станциях преобразуются в цифровую форму, потом 
дополняются кодом с исправлением ошибок. Применяя цифровую манипуляцию фаз, 
данные передаются при помощи радиотелефона ВХФ Скорость передачи данных 3000 
бит/сек. Находящийся в центре приемник и устройство для преобразования сигналов 
после демодуляции декодируют последовательность сигналов и производят простой ана­
лиз распознавания сигналов.

Используя времена прихода сигналов от разных станций, исчисляется разница 
At/к =  </ — tk. Величины tj и tk — время прихода начала сигналов. Зная последователь­
ности A t  координаты событий исчисляются автоматически.
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T he coda w aves are in  c o n n ec tio n  w ith  th e  e a rth s  c ru s t. Since th e  d u ra tio n  o f  th e  surface 
w aves d epends m ain ly  on  th e  m ag n itu d e  of th e  e a r th q u a k e  a n d  th e  coefficien t o f  ep icen tra l 
d is tan ce  is o f a sm all v a lue , i t  w as assum ed  th a t  th e  coda  w aves are  gu ided  w aves a t  g rea ter 
d istan ces .

T he e s tim a tio n  o f a n  e a rth q u a k e  size does n o t cause a  g re a t d iff ic u lty  if 
i t  o ccu rred  on p o p u la ted  a rea . T herefore  th e  f ir s t  H u n g a ria n  isose ism al m ap 
w as m ade as long ago as b y  K it a ib e l  an d  T o m tsa n y i in  1814 a f te r  th e  e a r th ­
q u a k e  o f M ór (H u n g ary ) o f  J a n u a r y  14, 1810. B u t in  m ost cases e a r th q u a k e s  
occu r in  u n p o p u la te  areas because  th e  su rface o f  th e  globe is co v ered  p re d o m i­
n a n tly  b y  oceans an d  m o reo v er m an y  c o n tin e n ta l fa u lts  lie fo r tu n a te ly  in  u n ­
p o p u la te d  regions.

B u t for vario u s reaso n s we have to  d e te rm in e  th e  size o f th e  e a r th q u a k e s  
w h e th e r  th e y  to u ch ed  p o p u la te d  o r u n p o p u la te d  areas.

T herefo re  th e  m e th o d  req u ires  in s tru m e n ta l o b se rv a tio n . F i r s t  th is  size 
d e te rm in a tio n  w as in tro d u c e d  b y  R ic h t e r  an d  h is m eth o d  w as b a se d  on  th e  
m ax im u m  am p litu d es o f  su rface  w aves reg is te red  b y  A nd erso n -W o o d  seis­
m o g rap h s. R ic h t e r ’s m a g n itu d e  scale w as ap p lied  in  C alifornia a n d  w as soon 
ex te n d e d  b y  Gu t e n b e r g  a n d  R ic h t e r  to  rem o te  e a rth q u a k e s , too .

In  H u n g a ry  these  re sea rch es began  in  1954 an d  th e  f ir s t  c a lib ra tio n  curve 
w as m ade for th e  W iech ert se ism ograph  in  B u d a p e s t. F o r  th e  f i r s t  e q u a tio n  
w as w ell usab le  if  th e  ep ic e n tra l d istances are m ore th a n  te n  degrees. T h e  m ag­
n itu d e s  o f local an d  n e a r e a rth q u a k e s  w ere o v e re s tim a ted  b y  th is  m e th o d . 
A n ex ce llen t exam ple are  th e  G reek  shocks w hose ep icen tra l d is ta n c e  re la ted  
to  P ra g u e  w as ab o u t 12°, a n d  to  A thens w ith in  a few h u n d red s  k ilo m e te r . B o th  
s ta tio n s  de te rm in ed  th e  R ic h te r  m ag n itu d e  o f th ese  G reek e a r th q u a k e s  b u t 
th e  m ag n itu d es d e te rm in ed  b y  A thens w ere som e 0.4 u n its  above th e  values 
g iven  b y  P rag u e  (F ig . 1). B y  in v es tig a tin g  sev era l H u n g a ria n  e a r th q u a k e s  of 
sm all ep icen tra l d is tan ce  a  s im ila r re su lt w as o b ta in ed . T hus th e  n e e d  arose 
to  seek a  d ifferen t w ay  o f m ag n itu d e  d e te rm in a tio n .
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Fig. 1. A c o m p a riso n  o f  e a rth q u ak e  d e te rm in e d  in  A thens an d  P rag u e

Fig. 2. A p lo t  o f  m a g n itu d e s  vs. d u ra tio n  t (log  t) o f  surface  w aves

I t  was observed e a r lie r  t h a t  th e  d u ra tio n  o f  su rface  w aves depends m ain ly  
o n  t h e  size of the  e a r th q u a k e . T herefore a  m a th e m a tic a l fo rm  o f th is  re la tio n  
w a s  lo o k ed  for.

I t  was found t h a t  th e  lo g a rith m  o f su rface  w ave d u ra tio n  is in  a lin ea r 
r e la t io n  w ith  the R ic h te r  m a g n itu d e , nam ely

M  =  a log t ЬА° с. (1)

T h e  m ag n itu d e  of 166 sh o c k s  w ere dete rm in ed  b y

M  =  log  A 20 4 - 1.37 log A °  4 -  2.63 (2)

a n d  p lo tte d  against log  t. H e re  t was defined  as th e  tim e  difference be tw een  F  
a n d  L  in  m inutes, as u s u a l ly  g iven  in th e  l i te r a tu r e ,  L  be ing  th e  f i r s t  onset 
a n d  F  th e  end of th e  su rfa c e  w aves.
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P erfo rm in g  a  le a s t-sq u a re s  ap p ro x im a tio n , a  s tra ig h t line

M  =  2.12 log t - f  0 .005Л 0 +  2.98 (3)

w as o b ta in e d . T h e  ep ic e n tra l in te rv a l u sed  in  th is  s tu d y  was 3° <  A °  <  180°. 
I t  c a n  be seen in  th e  F ig . 2, t h a t  th e  va lu es  o f  local e a rth q u a k e s  a re  above 
th e  s tra ig h t  line because th e  m ag n itu d es  a re  o v e re s tim a ted  som e h a l f  M  u n it  
b y  e q u a tio n  (2). I t  w ell agrees w ith  th e  above m en tio n ed  s ta te m e n t sh o w n  in 
F ig . 1.

I t  is a s tr ik in g  fe a tu re  o f  E q . 3 t h a t  th e  coeffic ien t o f A°  is v e ry  sm all 
i.e. th e  d u ra tio n  o f su rface w aves is a lm o st in d e p e n d e n t on th e  e p ic e n tra l  
d is tan ce  if  th e  p en d u lu m ’s n a tu ra l  period  is 1 0  sec.

T he slig h t d is tan ce  d ependence  o f th e  d u ra tio n  o f surface w av es  tu rn e d  
th e  a t te n tio n  am ong  o th ers  to  in v es tig a tio n s  o f  coda w aves [A k i , 1969; B isz t - 
r ic sAn y  1970, 1971]. In  th e  f i r s t  case th e  seism ogram s of K im o s  { V  =  600, 
Tp  =  12.5 s, T g =  1.25 s) v e r tic a l seism ograph  w ere  used, since w e w a n te d  to  
in v e s tig a te  th e  p ro p e rtie s  o f  R ay le ig h  coda w aves o f  shallow  focus e a r th q u a k e s . 
T h e  ep icen tra l d istan ces  w ere in  an  in te rv a l o f  5° <[ A°  50°.

B efore th e  p ro p e rtie s  o f  co d a  w aves w ould  be  discussed, th e  e a r th q u a k e  
m ech an ism  has to  be sum m ed  u p  sh o rtly . A n  e a r th q u a k e  is a n t ic ip a te d  by  
a c c u m u la tio n  o f e las tic  stresses a long  a d isc re te  f ra c tu re  like a geo log ica l fa u lt. 
I f  th e  s tress an d  s tra in  a re  g re a t enough, th e  f a u l t  w ill be sp litte d . T h e  d u ra ­
t io n  o f  th is  process o f  te a r in g  is r a th e r  sh o rt as co m p ared  w ith  th e  t o ta l  d u ra ­
tio n  o f  su rface w aves, as i t  w as show n b y  E q . 3. A ki gave an  e x p la n a tio n  fo r 
b u ild  u p  o f coda w aves o f  local e a r th q u a k e s  w h ich  are  responsib le  fo r  th e  long 
d u ra tio n  o f su rface w aves. B u t th e  decreasing  o f  d u ra tio n  o f su rface  w av es  is 
l ig h t i f  th e  ep icen tra l d is tan ce  increases. T h ere fo re  th e  cause o f th is  n e a rly  
c o n s ta n t d u ra tio n  w as s tu d ie d  in  a  g re a te r  in te rv a l o f ep icen tra l d is ta n c e . 
S ince th e  tra in  fo rm  o f co d a  w aves are  v e ry  s im ila r to  th e  form  o f se ism ic  noise, 
a  co n n ec tio n  o f coda  w aves w as supposed  w ith  th e  layers of th e  e a r th ’s c ru s t 
as i t  w as s tu d ied  b y  H a r d t w ig  (1962) fo r long  perio d  noise.

I f  th e  coda w aves w ere in  con n ec tio n  w ith  th e  p roperties o f  th e  p la te s  
in  th e  e a r th ’s c ru s t, th e  recu rren ce  o f th e  p e riods of coda w aves m ig h t no t 
d ep en d  on ep icen tra l d is tan ce  s ig n ifican tly . In v e s tig a tin g  th is  q u e s tio n , th e  
in te rv a l  o f 5° <[ A°  50° w as d iv id ed  in to  fo u r p a r ts  (Fig. 3). I t  c a n  be seen 
t h a t  th e re  is a  v e ry  sig n ifican t m ax im u m  a t  7.5 s betw een  tw o sm a lle r  peaks 
(a t  5 an d  9 s). I f  th e  recu rren ce  m ax im a  do n o t d ep en d  on e p ic e n tra l d is ta n c e  
in  th e  in te rv a l o f 5° <[ A°  <[ 50°, i t  o u g h t to  be done so i f  A° <' 5°, p ro v id e d  
th a t  th e  m ag n itu d es o f th e  e a rth q u a k e s  are  in  s im ila r in te rva ls . T h is  v a lu e  of 
th e  m a g n itu d e  5 <  M  <  7 is v e ry  ra re  in  th e  C a rp a th ia n  B asin.

T h e  e a r th q u a k e  o f M ay 6 , 1976 of N o rth  I ta ly  (M  =  7, A 0 =  4°), p ro v id ­
ed a  su itab le  seism ogram  (F ig . 4 ). T he re su lt o f th e  inv estig a tio n  o f  c o d a  w aves
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p e rio d s  is shown in  F ig . 5. T h e  sim ilarity  is re m a rk a b le  betw een  F ig s  1 an d  3 
in  s p ite  o f  the  fa c t t h a t  in  F ig . 3 m ore e a r th q u a k e  seism ogram s w ere u sed  an d  
in  F ig . 5 only one. T h e  tw o  cu rv es show s im ila r re so n an ce  p ro p erties . T h e  d o m ­
in a n t  perio d  p ro b ab ly  e x is ts  in  consequence o f  th e  geom etric an d  geophysical 
p ro p e r tie s  of the  la y e rs . T h is  effect trav e ls  in  th e  d iffe ren t lay er o f  th e  e a r th ’s

F ig . 3. The recu rren ce  o f  p e rio d s o f coda w aves in  th e  in te rv a l of 5° A °  50°

y\/Vv\W/\wvvW'/v\A/\/v\^A/WVV/v^^

End of the 
reading

Fig. 4. S e ism o g ram  o f th e  analysed R a y le ig h - ty p e  coda w aves
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5 0

c

A 5 6 7 8 9  10 11
T (szc)

Fig. 5. T h e  re su lts  o f  th e  in v es tig a tio n  o f coda  w ave periods

c ru s t w ith  l i ttle  d am p in g , th e re fo re  th e  d u ra tio n  o f  su rface w aves s ta y s  u n ­
changed .

In  case of sm all e a r th q u a k e s , th e  energy  is in su ffic ien t to  sh ak e  a th ick  
lay e r. T herefore  in  case o f  n e a r, sm all, shallow  focus e a rth q u a k e s , th e  freq u en cy  
m ax im u m  reflec ts  th e  p ro p e rtie s  of th in n e r lay e rs , som etim es p re su m a b ly  th e  
p ro p e rtie s  of th e  u n co n so lid a ted  u p p e r layer.

H en cefo rth  we sh a ll in v es tig a te  th e  re la tio n  b e tw een  m a x im u m  re ­
cu rrence  o f periods an d  la y e r  th ick n ess . W e sh a ll follow  H a rd tw ig ’s m eth o d  
(1962). I n  accordance  w ith  H a r d tw ig  th e  m icroseism s are  su p p o sed  to  be 
p la te  v ib ra tio n s  an d  th e y  m a y  be in te rp re te d  as R ay le ig h  w aves, b u t  n a tu ra lly  
th e y  are  n o t p u re  R ay le ig h  w aves.

F o r  R ay le igh  w aves, th e  m o tio n  can  be described  b y

и =  сГг(к, z) cos k(x — Vt) (4)

W — c ,7 = = =  гй{ к , z) sin  к  (я  — V t ) ,
\  1  — 2х

(5)

w here
/ \  =  e - ?lZ -  (1 -  x)e~4'z, Г 2 =  - ( 1  -  x)e~4lZ +  e~4tZ (6 )

and

x = \ - ^ —  =  0 .42265 
3

is th e  ro o t o f th e  eq u a tio n

3k3 -  12x2 +  14* -  4 =  0 .

an d  c is an  a rb itra ry  c o n s ta n t.
T he d isp lacem en t w ill decrease w ith  d e p th  acco rd ing  to
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S u b s t i tu t in g  к  = ----- a n d  L  =  V T  (where V  a n d  L  are  th e  v e lo c ity  a n d  w ave
L

le n g th  o f  th e  w aves re sp e c tiv e ly  an d  T  is th e  p e rio d . W ith  th e  e x p e rim e n ta l 
v a lu e  V  =  3.2 km /s w e c a n  w rite

a n d

5i =

92 =

6 .2 8 -  0.8475 1 0 ,7723

3.2 T ~  T

6 .2 8 -  0.3933 1 1,6640

3.2 T ~  T

(? )

(8)

W e have to  in v e s tig a te  th e  am p litu d e  т/ a n d  £ o f и  an d  w  n am e ly  

V =  с Г х (к , z ) ,  £ =  сГ2 {к, z)  * ^  .

F o r  no rm aliz in g  o f c, le t  th e  h o rizo n ta l d isp lacem en t be o f u n it  v a lu e  a t  z =  0. 

T h e n

с Г ^ к ,  о) =  ex =  1 .

T h e  am plitude  o f  th e  v e r tic a l d isp lacem en t as i t  is ex p ec tab le , 1.4679 
a t  z =  0 .

L e t  us suppose t h a t  th e  am plitudes decrease  co n tin u o u sly  a n d  ra p id ly  a t 
th e  d e p th  z =  z0 o f b o u n d a ry  la y e r  of less so lid ity . M oreover we sh a ll suppose 
t h a t  th e  Z  and  Z '  a m p litu d e s  o f th e  R ay le ig h  w aves w ith  periods T  an d  T '  
w ill decrease  b y  a fa c to r  o f  n.

T herefo re  i t  c an  be  w r i t te n

£ =  —  and  £' =  —  .

T h e  d ep th  of th e  b o u n d a ry  lay er can  be d e te rm in e d , if  n  =  n ' ,  th e n

o r

Z  Z '

£'

(9)

(w e re m a rk  th a t  th e  v a lu e  o f  £ is 10—20 p e rc e n t o f  Z  a t  th e  b o u n d a ry  layer).
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S u b s titu tin g  E q s (7) an d  (8 ) in to  Г 2 a t  E q . (6 ) m oreover considering  
th a t  Г 2 =  £ =  £ ', b y  p u tt in g  th e  values o f  £ a n d  £ ' in to  E q . (9) w e g e t

—0.7723 y -  —1.6640 ~  „  —0.7723 y -  -1 ,6 6 4 0  y -

e -  0.5774 e = - = L e -  0.5774 e . (10)
Z

F ro m  (10), Zq can  be d e te rm in ed , b u t  th e  so lu tio n  is len g th y .
I f  we neg lec t th e  second p a r t  a t b o th  sides o f  E q . (10), a  v e ry  sim ple 

re la tio n  can  be o b ta in ed :

—0 .7 7 2 3 y  g  -0 ,7 7 2 3  y

e =  —  e
Z '

an d
7 '

T T '  In —

z0 = -------------------------- . ( 1 1 )
( Г - Г )  0 .7 7 2 3  V ’

H av in g  d e te rm in ed  th e  T  =  a (Z ) fu n c tio n  a  series o f va lu es  T , T '  and  
Z , Z '  can  be  o b ta in e d  in  a close n e ig h b o u rh o o d  o f th e  period  w ith  recu rren ce  
m ax im u m ; b y  su b s titu tin g  th e m  in to  E q . (11), z0 can  be d e te rm in ed .

U sing th e  lea s t sq u ares  m eth o d , th e  f i r s t  T  =  a (Z ) eq u a tio n  w as d e te r­
m ined  b y  BiszxRicsÁNY (1970):

T  =  4 .2 8 Z  -  0 .47Z 2  +  1.83 . (12)

C om puting  th e  p a irs  o f  va lues from  E q . (12) according to  th e  p eak s  of 
th e  cu rv e  seen in  F ig . 3, we get

5.6 <[ T  6 . 6  z0 =  13.2 km ,

7.48 < . T ^  8.7 • z0  =  18.4 km ,

9.4 ^  T  <  10.7 z0 =  29.65 km  .

These lay e r th icknesses are  in  good a g re e m e n t w ith  th e  re su lts  o f  deep 
seism ic sound ing .

Since th e  p a irs  o f d a ta  (T , Z ) have  a  g re a t sc a tte r  [Bisztmcsany, 1971], 
la te r  th a t  p a r t  o f  th e  seism ogram s w ere m easu red , w here well d ev e lo p ed  w ave 
g roups cou ld  be found . In  such  a  w ay  a  m ore  fav o u rab le  d a ta  d is tr ib u tio n  was 
o b ta in ed  w ith  less s c a tte r  [Bisztricsány, 1971]. T his shows a  g re a t s im ila rity  
w ith  th e  re su lts  on  long period  noise o b ta in e d  b y  Walzer (1969). T h e  Z  =  a(T ) 
re la tio n  w as d e te rm in ed  b y  m eans of 1 0 0 0  d a ta :

Z  =  0 .0 3 5 Г 2. (13)
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S u b s t i tu t in g  E q . (13) in to  E q . (11):

T T  In —
_____________ T

Z° ~  { T ' - T )  0.7723*

I t  c a n  b e  d eriv ed  in  a sim ple w a y  from  E q . (14)

2Г
*0 — *

0.7723

w h ere  T  is th e  m ax im um  o f th e  recu rrence  cu rv e  [BisztricSjCny, 1975]. T he 
d is c re p a n c y  betw een z0 v a lu es  c o m p u ted  b y  m ean s  of E q . (10) an d  E q . (15) 
m a y  b e  neg lec ted .

O n  th e  basis of th is  s tu d y  i t  w as assum ed t h a t  th e  coda w aves a re  in  co n ­
n e c tio n  w ith  th e  th ickness o f  d iffe re n t layers in  th e  e a r th ’s cru st. F u r th e r  i t  is 
su p p o se d  t h a t  these  w aves t r a v e l  as guided w av es ( th a t  is perh ap s th e  re a so n  
o f  s m a ll  en erg y  loss) from  th e  neighbourhood  o f  th e  ep icen tra l zone w here  
th e y  b u i ld  u p  in  a w ay d e fin ed  b y  A k i .

( 1 4 )

(15)
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ОПРЕДЕЛЕНИЕ ВЕЛИЧИНЫ ЗЕМЛЕТРЯСЕНИЯ И СВЯЗАННЫЕ С НИМ
ЯВЛЕНИЯ

Э. БИСТРИЧАНИ

РЕЗЮМЕ

Волны кода связаны с земной корой. Так как продолжительность поверхностных 
волн главным образом зависит от величины землетрясений и коэффициент расстояния эпи­
центра в уравнении для определения величин землетрясений является небольшой величи­
ной, предполагается, что волны кода представляют собой направленные волны, носящие 
характерные геометрические и физические свойства слоев земной коры.
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MICROTREMOR MEASUREMENTS IN RUDAPEST

GY. SZ E ID O V IT Z

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, 
DEPARTMENT OF SEISMOLOGY, BUDAPEST

M icro trem o rs source processes in  B u d a p es t a re  n o t  s ta tio n a ry  b ro a d -b a n d  p h en o m en a  
w ith  f la t  sp e c tru m . In  o rder to  o b ta in  in fo rm a tio n s on  th e  n a tu ra l  g round  freq u en cy , one w ould  
hav e  to  m ak e  re p ea te d  m easu rem en ts  in  th e  ho p e  t h a t  som e com m on sp ec tra l p e a k s  can  be 
a t t r ib u te d  to  site  conditions. T h u s th e  s tu d y  o f site  con d itio n s b y  th e  m ic ro trem o r tech n iq u e  
is a  tim e-co n su m in g  process o f  questio n ab le  re liab ility . T h e  g re a te s t d ifficu lty  — e v en  in  th e  
case o f a  o n e-lay er system  — asso c ia ted  w ith  th e  a p p lic a tio n  o f th e  m ic ro trem o r tec h n iq u e  is 
th e  fa c t t h a t  i t  is a lm o st im possib le to  se lect fro m  m an y , o ften  sh a rp  sp ec tra l p e ak s  th e  r ig h t 
one w h ich  m a y  be ch ara c te ris tic  fo r th e  g ro u n d  p ro p e rtie s .

S tu d ies  o f th e  d is tr ib u tio n  o f d am ages caused  b y  e a r th q u a k e s  in d ic a te  
th a t  la rg e  d ifferences in  th e  e x te n t  o f d am age o ften  occur over re la tiv e ly  sh o rt 
d is tan ces . D am age to  eng ineering  s tru c tu re s  caused  b y  e a rth q u a k e s  is know n  
to  d ep en d  on  th e  n a tu re  o f th e  a rr iv in g  seism ic energy  as well as on th e  c h a ra c ­
te ris tic s  o f  s tru c tu re s . F o r th e  pu rpose  o f eng ineering  design, th e  c h a ra c te r is ­
tics o f  g ro u n d  shak in g  th a t  are  o f  p rim a ry  im p o rta n c e  are th e  a m p litu d e , th e  
freq u en cy  c o n te n t an d  th e  d u ra tio n . T hese ch a ra c te ris tic s  are d e p e n d e n t on 
v a rio u s fa c to rs  such  as th e  e a r th q u a k e  source m echan ism , th e  o r ie n ta tio n  of 
th e  s ite  w ith  re sp ec t to  th e  source, th e  m a te r ia l p ro p ertie s  of th e  e a r th  m ed ia  
along w ith  th e  w aves p ro p a g a te , th e  n a tu re  an d  o r ie n ta tio n  o f v a rio u s  geolog­
ical d isco n tin u itie s , th e  local to p o g rap h ic  an d  subsoil conditions.

M icro trem ors are lo w -am p litu d e  osc illa tions (1 — 3[ J t)  of th e  g ro u n d  su r­
face p ro d u ced  b y  n a tu ra l  sources such  as th e  w ind  an d  th e  sea b re a k in g  on 
n e a rb y  shores, an d  b y  a rtif ic ia l ones such  as v eh icu la r tra ff ic  a n d  o th e r  
c u ltu ra l noise. T he m ic ro trem o r m o tions m ay  be m odified  b y  loca l soil an d  
geological co n d itions an d  hence th e  records m a y  co n ta in  in fo rm a tio n  on  th e se  
local co n d itio n s.

Kanai an d  Tanaka (1961) m ade sev era l s tu d ies  o f m ic ro trem o rs . T h e ir  
in v e s tig a tio n s  ty p ic a lly  m ade use of 2  m in  long  records from  one h o riz o n ta l 
co m p o n en t o f  g ro u n d  m o tio n  an d  invo lved  m easu rin g  th e  in te rv a ls  b e tw een  
successive zeros. T he periods o f g ro u n d  m o tio n  w ere ta k e n  to  be tw ice  th e  tim e  
in te rv a l. B y  p lo ttin g  th e  n u m b er o f w aves vs. period , th e y  o b ta in e d  th e  oc­
cu rrence  freq u en cy  curve  o f periods. F ro m  th is  s tu d y  th e  suggested  [Kanai,
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1962] t h a t  fo r a g iven s ite  su ch  curves h a d  som e co rre la tio n  w ith  s im ila r p lo ts  
o b ta in e d  from  those  o f s tro n g  e a r th q u a k e  g ro u n d  m otions.

B efo re  s tu d y in g  th e  n a tu re  o f  m ic ro trem o rs  a  sh o rt rev iew  o f its  p h y sica l 
c h a ra c te r is tic s  is to  be m ade .

W ilson (1953) s tu d ie d  m icro trem ors o f freq u en ices  4 to  100 H z an d  found  
th e  m a in  sources to  be h e a v y  tra f f ic , m ach in e ry , a irc ra f t, o th e r an d  w in d  m a n ­
m a d e  no ises. Aki (1957) s ta te d  th a t  m ic ro trem o rs  a t  a p a r tic u la r  s ite  h a d  a  
u n ifo rm  in te n s ity  w ith  re sp e c t to  az im u th . H e fo u n d  th a t  th ese  w aves h a d  a 
d e f in i te  v e lo c ity  a t  a  g iv en  freq u en cy  a n d  id e n tif ie d  th em  as L ove w aves. 
Akamatu (1961) b y  s tu d y in g  p a rtic le  o rb its  a r r iv e d  a t  th e  conclusion  t h a t  th e y  
a re  m a in ly  com binations o f  L ove an d  R ay le ig h  w aves. Kanai (1962) h a s  in te r ­
p r e te d  m ic ro trem o rs  as b e in g  ch ie fly  m u ltip le  re flec tio n s  of SH  w aves in  p a ra lle l 
su b so il lay e rs . R ecord ings m ad e  a t  th e  su rface  an d  a t  d iffe ren t d e p th s  b y  
D ouze (1964) in d ica ted  t h a t  m icro trem o rs  m a y  be  b o th  P  and  R ay le ig h  w aves, 
w h ile  Állam (1969) conc luded  th a t  m ic ro trem o rs  are co m bina tions o f  b o d y  
a n d  su rfa c e  w aves.

U dwadia an d  Trifunac (1973) found  t h a t  in  E l C entro , C alifo rn ia  m icro ­
t r e m o r  a n d  e a rth q u a k e  processes were w id e ly  d iffe ren t in  c h a ra c te r , being  
l i t t le  to  no co rre la tio n  b e tw een  th e  g ro u n d  responses to  e a rth q u a k e  and  
m ic ro tre m o r  excita tio n s.

M icro trem o rs  w ere fo u n d  to  be n o n -s ta tio n a ry  w ith in  a d ay  o r so.
T h e  above b r ie f  o u tlin e  w as in te n d e d  to  in d ic a te  th e  d iv e rs ity  o f p re v a ­

le n t  op in io n s on th e  basic  n a tu re  o f m ic ro trem o rs .
T h is  p ap er a tte m p ts  to  in v es tig a te  th e  in flu en ce  o f local co n d itio n s on 

th e  se ism ic  energy  o f m ic ro trem o rs . L o w -am p litu d e  g round  m otions o f m ic ro ­
tr e m o rs  w ere m easured  a t  te n  d ifferen t lo ca tio n s  a t  w hich geological co n d itio n  
w ere  in v e s tig a te d .

Field m easurem ent o f microtrem ors

T h re e  Y E G IK  se ism ographs w ith  a n a tu ra l  period  of ab o u t 1 sec an d  
70 p e r  c e n t d am ping  w ere u sed  to  m easure th e  th re e  com ponen ts o f m ic ro tre m ­
ors. T h e  o u tp u t w as th e n  reco rded  b y  a fo u r  channel FM  m ag n e tic  ta p e  
re c o rd e r . A d irec t d isp lay  o f  th e  g round  m o tio n s  w as o b ta in ed  s im u ltan eo u sly  
b y  oscilloscope.

A  p a r t  of th e  m easu rem en ts  was c a rr ie d  o u t d u rin g  n ig h t in  o rd e r to  
e lim in a te  as fa r as possib le th e  effects o f local d is tu rb an ces . In  o rd er to  get an  
id e a  a b o u t  th e  s ta t io n a r i ty  o f  th e  process, a ll th e  sites w ere re v is ite d  d u rin g  
fo llo w in g  n igh ts or days w h en  m easu rem en ts  w ere  m ade once m ore.
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Data analysis

M icro trem or g ro u n d  m otions w ith  a  re c o rd e d  len g th  of 300 s w ere  a n a ­
ly zed  in  th e  freq u en cy  ran g e  0 to  100 H z b y  a R e a l T im e N arrow  B a n d  A n a ly se r  
(B riie l &  K ja e r , T y p  3 3 4 8 ).T he sp ec tra  p ro d u c e d  b y  th e  system  w ere  lin e a r ly  
av erag ed  acco rd ing  to  th e  eq u a tio n :

1  r=K

A = T ^ T rЛ- r=l

w here  A  is th e  f in a l av e rag ed  sp ec tru m , К  is th e  n u m b e r of sp ec tra  to  b e  a v e r­
aged (in  o u r case 32) a n d  TV is a  sp ec tru m  m a k in g  up  th e  average.

Spectral analysis o f m icrotrem or motions

A t fo u r sites th e  eq u ip m en ts  w ere p la c e d  on  “ ou tc rops” . In  th e s e  cases 
m ic ro trem o rs  h a v e  b een  considered  b y  m a n y  in v e s tig a to rs  as a p ro cess  a n a lo ­
gous w ith  w h ite  no ise . T he sp e c tra  (Figs 1 to  4 le f t side) ob ta in ed  fro m  m ic ro ­
trem o r-reco rd s  on  th e se  sites are  d iffe ren t o f  w h ite  noise sp ec tra  a n d  a  n u m b e r 
o f  sp e c tra l peaks can  be  seen. I n  o rder to  see i f  th e  s ta tio n a r ity  p e rs is ts  o v er 
re la tiv e ly  longer perio d s (a d a y  or so) m e a su re m e n ts  w ere re i te ra te d  on  th e  
fo llow ing day . T h e  s p e c tra  on  th e  r ig h t side o f  F igs 1 to  4 show  th e  n a tu r e  o f 
g ro u n d  m otion  a b o u t 24 h  a fte r  th e  f irs t m easu rem en ts  were m ad e . A  v isu a l 
co m p ariso n  of th e se  sp e c tra  in d ica ted  low  s im ila r ity  betw een  sp e c tra l  p eak s . 
Som e o f th e  p eak s  o b serv ed  in  th ese  sp ec tra  m ig h t be th e  re su lt o f a  p a r t ic u la r  
e x c ita tio n  w hich  to o k  p lace  a t  th e  tim e  th e  reco rd in g  w as m ade.

F ig u res  5 to  10 show  th e  sp ec tra  o f ty p ic a l  one lay e r system . A t s ite  n u m ­
b e r fiv e  (F ig . 5), th e  d o lom ite  w as covered  b y  a  (11 m  th ick) loose la y e r . T he 
s ta t io n a r i ty  of th e  sp e c tra l p eak s is ra th e r  good . B o th  horizon ta l co m p o n e n ts  
in d ic a te  a  sp ec tra l p e a k  a t  ab o u t 5 H z w h ich  m ig h t he th e  re su lt o f  a  re s o n a n t 
effect. T he v e lo c ity  o f  P  w aves ( Vp) in  th e  loose la y e r  w as 200 m /s a n d  fro m  th e  
eq u a tio n

T  =  v pj m

w here  T  is th e  p e rio d  in  sec an d  H  is th e  th ic k n e ss  o f th e  loose la y e r  in  m , th e  
p re d o m in a n t f req u en cy  can  be ca lcu la ted . T h e  m easu red  (5 H z) an d  c a lc u la te d  
(4.5 H z) p re d o m in a n t frequencies are q u ite  s im ila r  in  th is  case.

A t s ite  N o. 6  (F ig . 6 ), lim estone  w as c o v e red  b y  (5 m  th ick ) loess.
A w eak  sign  o f  o scilla tions can  be seen  on  th e  sp ec tra  of th e  E W -co m p o - 

n e n t. A  p eak  a t  4 H z in  th e  v e rtic a l co m p o n e n t seem s to  be n o n -s ta t io n a ry  
an d  d isap p ea red  in  th e  sp e c tra  of th e  n e x t  d a y  in d ica tin g  th a t  th e s e  p eak s
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w ere  p o ss ib ly  re su lts  o f  fo rced  oscillations o f  th e  g round surface cau sed  by  
lo c a l sou rces.

L im esto n e  w as co v ered  b y  detritus l im e s to n e  (6.2 m th ick ) a t  s ite  N o. 7 
(F ig . 7 ). I n  th e  sp e c tra  o f  a ll th re e  com ponen ts o f  m icro trem or m o tio n s a p eak  
a t  a b o u t  10 H z can  be o b se rv ed  w hich seem s to  b e  s ta tio n a ry  an d  ch a ra c te riz e s  
th e  g ro u n d  p ro p ertie s . A  s im ila r peak, h o w ev e r, occurs also in  th e  sp e c tra  
m e a s u re d  a t  o th e r sites a n d  o n  o th e r days. D e d u c tio n s  from  such s p e c tra  m u st 
be  m a d e  w ith  cau tio n .

A t  s ite  N o. 8  (F ig . 8 ) lim estone  was c o v e red  b y  loose clay  (8.9 m  th ic k ) . 
T h e  v e lo c ity  of P  w aves is 472 m /s in  th e  u p p e r  loose layer. A reso n an ce  is 
e x p e c te d  a t  13 H z. A p e a k  a t  ab o u t 10 H z c a n  b e  found  in  th e  s p e c tra  o f  all 
th r e e  co m p o n en ts . A s we m en tio n ed , a s p e c tra l  p eak  occurs here  a lm o s t in  
e v e ry  sp e c tru m  and  i t  is p ro b a b ly  a c h a ra c te r is tic  o f m icro trem ors in  B u d a ­
p e s t .  T h e re  is a  sh a rp  p e a k  in  these  sp ec tra  a t  24 .5  cps and one m ay  conc lude  
t h a t  p ro b a b ly  a  re so n a n t g ro u n d  frequency  e x is ts .

H o w ev er, a co rresp o n d en ce  betw een th e  geological s tru c tu re  o f th e  site  
a n d  th e  sp ec tra l p eak  c a n n o t be found. T h e  tw o  sets o f sp ec tra  m e asu red  in  
d if fe re n t  tim e  have d iss im ila r appearance  (F ig . 8 , le ft and  r ig h t s ides), th e  
p ro m in e n t  sp ec tra l p e a k  a t  24.5 H z observed  in  sp ec tra  of J u n e  16 h o w ev er 
h a s  a p p e a re d  in  th e  s p e c tra  o f  Ju n e  17, in d ic a tin g  th a t  th is  p eak  w as possib le  
a  fo rc e d  oscilla tion  o f th e  su rface  caused b y  lo ca l sources.

F ig u re  9 show s th e  sp e c tra  o f th ree  c o m p o n e n ts  m easured over geological 
s t r u c tu r e s  being  s im ila r to  th e  previous m o d e ls . C om pact m arl w as co v ered  
h e re  b y  yellow  m arl (4.8 m  th ic k ). The p e a k  fre q u e n c y  ca lcu la ted  is 24 .6  H z 
in  a g re e m e n t w ith  a  sp e c tra l  p eak  of th e  E W  com ponen ts. T he tw o  se ts  of 
s p e c t r a  m easu red  a t  d iffe re n t tim es are s im ila r  especially  below 20 H z . T his 
s im ila r i ty  can  be ex p la in ed  w ith  th e  r e la tiv e ly  sh o rt tim e d ifference (5 h) 
b e tw e e n  th e  tw o m easu rem en ts .

F ig u re  10 show s th e  sp e c tra  of all th re e  com ponen ts m easu red  o n  clay  
c o v e re d  b y  (1.3 m  th ic k ) f illin g . T he ca lcu la ted  fre q u e n c y  is ra th e r  h ig h , a b o u t 
38 H z . T h e  tw o sets o f  reco rd s  w ere carried  o u t  a t  10 a.m . and  15 p .m . on  th e  
sam e  d a y . A sh a rp  sp e c tra l p e a k  a t  34—35 H z  c a n  be found in  th e  s p e c tra  of 
th e  N S  co m p o n en t on ly . A v isu a l com parison  o f  th e  sp ec tra  of v e r tic a l com ­
p o n e n ts  m easu red  a t  d iffe re n t tim es in d ic a te s  a  h ig h  sim ila rity  o f sp e c tra . 
T h ese  s p e c tra  show th a t  th e  form  of peaks h a s  a  s ta tio n a ry  c h a ra c te r  w ith in  
5 h .
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Frequency

F ig . 1. Tw o se ts o f th e  sp e c tra  o f  th ree  co m p o n en ts  (from  to p : V, NS, E W H ) m ea su re d  on 
Ju n e  16, a t  15 h  (left) an d  on  Ju n e  17 a t  15 h  (righ t)
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Frequency Frequency

Frequency Frequency

Frequency

F ig . 2 . T w o sets o f th e  s p e c tra  o f  th ree  com ponents (from  to p : У , NS, EW) m easu red  on 
Ju n e  16 a t  10 h  (left) and on Ju n e  17 a t  13 h  (rig h t)
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20 40 60 80 100 Hz
Frequency

Frequency
40 60

Frequency
100Hz

Frequency
F ig . 3. Two sets o f  th e  sp e c tra  o f  th re e  c o m p o n e n ts  (from  to p : V , N S , E W ) m easu red  on 

J u n e  9 a t  17 h  (left) a n d  o n  J u n e  10 e t  6 h  (righ t)
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Frequency Frequency

Frequency

F ig . 4 . T w o  sets o f th e  s p e c tra  o f  th re e  com ponents (fro m  to p :  У , N S, E W ) m easu red  o n  
Ju n e  9 a t  13 h  (left) and on Ju n e  10 a t  4  h  (rig h t)
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Frequency Frequency

F ig . 5. T w o sets o f  th e  sp e c tra  o f  th ree  co m ponen ts (from  to p : V, N S , E W ) m easu red  on 
J u n e  9 a t  13 h  (left)  and  on  J u n e  10 a t  3 h  (rig h t)
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Frequency
20 40 60

Frequency
100 Hz

60 20 40 60
Frequency

100 Hz

F ig . 6. T w o sets o f th e  sp e c tra  o f  th re e  com ponents (fro m  to p :  V , N S, E W ) m easu red  on  
Ju n e  9 a t  16 h  (left)  and on Ju n e  10 a t  5 h  (rig h t)
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F ig . 7. Two se ts o f th e  sp e c tra  o f th ree  com p o n en ts  (from  to p : V, N S , E W ) m easu red  on 
Ju n e  16 a t  11 h  (left) an d  o n  J u n e  17 a t  6 h  (righ t)
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F ig . 8 . T w o  se ts of th e  sp e c tra  o f  th r e e  com ponents (fro m  to p :  V , N S, E W ) m easu red  on 
Ju n e  16 a t  14 h  ( le ft)  and  on Ju n e  17 a t  6 h  (rig h t)
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F ig . 9. Tw o sets o f  th e  sp e c tra  o f th ree  com p o n en ts  (fro m  to p : V , N S, E W ) m easu red  on 
J u n e  23 a t  11 h  (left) and  on  J u n e  23 a t  16 h  (righ t)
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Frequency Frequency

F ig . 10 . T w o  sets o f th e  sp e c tra  o f  th re e  com ponents (fro m  to p :  V , N S, E W ) m e a su re d  on  
Ju n e  23 a t  10 h  (left) an d  on Ju n e  23 a t  15 h  (righ t)
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ИЗМЕНЕНИЯ МИКРОСЕЙСМОВ В БУДАПЕШТЕ
Д . СЕЙДОВИЦ

РЕЗЮМЕ

Источником наблюдаемых в Будапеште микросейсмов является нестационарное, 
широкополосное явление с плоским спектром. Для сбора данных об естественной частоте 
грунта необходимы повторные измерения, надеясь, что некоторые общие пики присваива­
ются местным условиям. Таким образом, изучение местных условий при помощи техники 
микросейсмов будет кропотливым процессом, надежность его тоже будет сомнительным. 
Наибольшим затруднением в связи с использованием техники микросейсмов — даже в слу­
чае однослойной системы — тот факт, что почти невозможно из многих — часто острых — 
пиков спектры тот, который может характеризовать свойства грунта.
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ESTIMATION OF SEISMIC DETECTION THRESHOLDS OF 
SEISMOGRAPH STATIONS IN HUNGARY

L. TÓ TH

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN 
ACADEMY OF SCIENCES, DEPARTMENT OF SEISMOLOGY, BUDAPEST

T he e v en t d e te c tio n  p ro b a b ili ty  o f a  seism ic s ta tio n  is fu n c tio n  of e v e n t m a g n itu d e  and  
e p ic en tra l d istance. I n  o rd e r to  h a v e  a q u a n tita tiv e  m easu re  o n  th e  re la tiv e  in fo rm a tio n  c o n tr i­
b u tio n  from  in d iv id u a l s ta tio n s  th e  d e tec tio n  th resh o ld  h a s  b een  in tro d u c ed . T h is  is defined  
as m ag n itu d e  of an  e v e n t a t  a  g iv en  p ro b ab ility  o f d e tec tin g . B ased  on one y e a r  o f  d a ta ,  J a n ­
u a ry  1975 — D ecem ber 1975, th e  ro u tin e  ev en t d e te c ta b ili ty  o f H u n g a rian  s ta tio n s  h a s  been 
in v es tig a te d  in  te rm s o f  50 a n d  90 p e r cen t d e te c ta b ility  th resho lds .

1. In troduc tion

Several m e th o d s h a v e  been  developed to  e s tim a te  th e  d e te c tio n  th re s h ­
olds o f  seism ic s ta tio n s  [3]. T he m ain  m ethods are  as follows:

a)  In d ire c t e s tim a tio n  m eth o d . B y  m easu rin g  th e  seism ic no ise  level 
an d  e s tim a tin g  th e  signa l-to -n o ise  ra tio  req u ired  fo r d e tec tio n , one c a n  re a ­
so n ab ly  well p red ic t th e  a c tu a l de tec tio n  p e rfo rm an ce  o f a system .

b)  T he recu rren ce  cu rv e  estim a tio n  m e th o d  is a tw o -s tep  p ro ced u re . 
F ir s t  th e  se ism icity  o f a reg ion  is e s tim a ted  b y  e x tra p o la tin g  th e  observed  
d a ta , using  th e  e x p o n e n tia l m ag n itu d e  — freq u en cy  re la tio n sh ip . T h e n , th e  
o b served  n u m b er o f  e v e n ts  is com pared  to  th e  e s tim a te d  se ism ic ity  in  o rd e r to  
e s tab lish  de tec tio n  th re sh o ld s .

c)  The d irec t m e th o d  based  on com parison  to  a reference sy s tem .
T he recu rren ce  cu rv e  e s tim a tio n  m eth o d  h as  been  ap p lied  in  th is  s tu d y  

to  d e te rm in e  th e  d e te c tio n  th re sh o ld s  of H u n g a ria n  s ta tio n s .

2. T he recu rren ce  curve e stim a tio n  m ethod

T he tru e  P(m )  d e te c tio n  p ro b a b ility  o f th e  s ta tio n  as a fu n c tio n  o f  m ag­
n itu d e  m  is [2, 3]

P ( m )  =  Ф
m fiT +  bA \

( < 4  + О 112 J (1)
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470 L. TÓTH

f ro m  JO S  (region 14). On th e  r ig h t  h a n d  side is th e  d e te c ta b il i ty  in  pe rcen tag e  as a fu n c tio n
o f  body  wave m ag n itu d e

w h e re  Цт and  oy are  th e  e x p e c ta tio n  and  v a ria n c e  o f th e  th re sh o ld  m ag n itu d e , 
m  -f- bA and  aA are th e  e x p e c ta tio n  and  v a ria n c e  o f th e  и д  s ta tio n  m a g n itu d e , 
a n d  Ф denotes th e  s ta n d a r d  cu m ula tive  G au ss ian  d is tr ib u tio n  fu n c tio n . This 
is  d e r iv e d  by  assum ing:

a )  th e  m ag n itu d e  т д  a t  th e  s ta tio n  in  q u e s tio n  is n o rm ally  d is tr ib u te d  
m A  ~  N ( m  +  bA, o2a )

b)  th e  th resh o ld  m a g n itu d e  тпт is n o rm a lly  d is tr ib u te d

и г  ~  N( ßT i  вт)

c ) m A and тпт a re  in d e p e n d e n t
d )  th e  even t is d e te c te d  i f  m A >  mp.
T o estim ate  th e  f re q u e n c y  curve we assum e th a t

log N  =  a bnib (2)

w h e re  N  is the  n u m b er o f  e v e n ts  of m ag n itu d e  mi, o r g rea te r, an d  a an d  b are
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p a ra m e te rs  e s tim a ted  fro m  th e  d is tr ib u tio n . T h e  o b serv ed  n u m b e r o f ev en ts  
is co m p ared  to  th e  e s tim a te d  se ism icity  (F ig . 1).

As show n by R ing dal  [3], th is m ethod estim ates the curve

РД ш ) =  Ф (3)

( th e  n o ta tio n s  are th e  sam e as in  ( 1 )) w hich gives s ig n if ic a n tly  low er th re sh o ld s  
th a n  th e  t ru e  value [1 ].

3. D ata basis and seism ic regionalization

T he d a ta  basis used  in  th is  s tu d y  consists o f  all ev en ts  found  in  [4]. 
L o ca tio n s of th e  H u n g a ria n  seism ograph  s ta tio n s  are show n in  F ig . 2 

an d  T ab le  I.
F o r  severa l reasons th e  d e tec tio n  c a p a b ility  o f  a s ta tio n  varies  w ith  th e  

source reg ion , there fo re  som e k in d  o f reg io n a liza tio n  is to  be used. T h ere  are

Table I

Seism ic stations in  H ungary

Station Code lat.
(°N)

long.
(°E)

B udapest B U D 47.48 19.02
Jósvafő JO S 48.50 20.54
P iszkéstető PSZ 47.92 19.89
Sopron SO P 47.68 16.56
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472 L. TÓTH

D e fin itio n  o f  the regionalization used in  this study

Region Area of coverage Region Area of coverage

l . A leutians — A iaska 10. J a p a n  — K a m ch a tk a

2. W estern  N o rth  A m erica l i . N ew -G uinea — H eb rid es

3. Central A m erica 12. F iji  — K erm adec

4. M id-A tlantic  R idge 13. S o u th  A m erica

5. M editerranean — M iddle E a s t 14. d istance range 30 — 90°

6. I ran  — W este rn  R u ssia 15. d istance range 110 — 180°

7. Central Asia 16. d istance range 0 — 30°

8. Southern — E a s te rn  A sia 17. d istance  range 90 — 110°

9. R yukyu  — P h ilip p in es 18. th e  whole e a r th

4. D etec tab ility  resu lts

T he de tec tio n  th re sh o ld s  e s tim a te d  b y  th e  m e th o d  describ ed  p rev iously  
a re  show n in T ab le  I I I .  A  d a sh  in d ica te s  t h a t  av a ilab le  d a ta  w ere n o t su ffic ien t.

A cta  Geodaetica, Geophysica et M ontanistica Acad. Sei. H ung. 16y 1981

F ig . 3. T h e  geographic  reg ions used  in  th is  s tu d y

tw o  con flic ting  a rg u m e n ts  w hich  m u st be considered : on one h a n d  th e  regions 
sh o u ld  he sm all eno u g h  to  give an  a d e q u a te  re p re se n ta tio n  o f  reg io n a l v a r ia ­
t io n s  an d  on th e  o th e r  h a n d  each  one shou ld  he so large t h a t  an  accep tab le  
a m o u n t  of d a ta  shou ld  be av ailab le .

T h e  regions u sed  in  th is  s tu d y  (F ig . 3, T ab le  I I )  are th e  sam e as w idely  
u se d , defined  b y  Gutenberg an d  Richter [5] an d  Flinn an d  Engdahl [6].
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Table i l l

The estimated detection thresholds

Region BUD JOS PSZ SOP

l . MB 50 5.62 5.00 5.02 5.43

MB 90 5.70 5.11 5.13 5.74

2. M B 50 — — — —

M B 90 — — — —

3. MB 50 5.14 5.11 5.12 5.16

MB 90 5.31 5.22 5.24 5.25
4. M B 50 5.10 5.02 5.10 5.10

MB 90 5.21 5.20 5.27 5.23

5. MB 50 4.72 4.33 4.34 4.42

MB 90 4.93 4.41 4.51 4.81

6. MB 50 4.93 4.84 4.90 4.92
MB 90 5.10 5.02 5.04 5.17

7. MB 50 — 4.50 4.92 4.73
MB 90 — 4.92 5.01 5.02

8. MB 50 5.32 4.92 4.95 5.02

MB 90 5.61 5.17 5.13 5.14

9. MB 50 5.54 5.32 5.33 5.31
MB 90 5.64 5.43 5.42 5.42

10. MB 50 5.32 5.01 5.12 5.03

M B 90 5.43 5.22 5.33 5.20
11. MB 50 5.10 5.00 5.02 5.04

MB 90 5.72 5.12 5.70 5.12

12. MB 50 5.02 5.05 5.03 5.17
MB 90 5.46 5.14 5.11 5.48

13. MB 50 — — — —

MB 90 — — — —

14. MB 50 5.21 5.13 5.15 5.17
MB 90 5.39 5.21 5.23 5.25

15. MB 50 5.07 5.01 5.05 5.00
MB 90 5.29 5.13 5.17 5.33

16. MB 50 4.36 4.32 4.38 4.32
MB 90 4.99 4.55 4.51 4.57

17. MB 50 5.44 5.49 5.42 5.46
MB 90 5.56 6.52 5.54 5.74

18. MB 50 5.22 5.21 5.25 5.24

MB 90 5.41 5.33 5.47 5.48
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474 L. TÓTH

T h e  lim its  for a le a s t-sq u a re s  f i t  w ere d e te rm in ed  m a n u a lly  (F ig . 1). 
T h e  d iffe ren ce  in  percen tag e  b e tw e e n  th e  s tra ig h t line and  th e  a c tu a l d a ta  w as 
p lo t te d  as a function  o f m a g n itu d e , an d  a s ix th  — degree po ly n o m ia l w as th e n  
f i t t e d  to  th e  d a ta  a t m a g n itu d e s  below  th e  100 p e r cen t p o in t. F in a lly , th e  
90 a n d  50 p e r cen t levels o f  d e te c ta b il i ty  w ere co m p u ted .

F ig . 4. T h e  estim ated  d e te c tio n  th re sh o ld s  in  te rm s  o f  50 (u p p er p a r t)  a n d  90 (low er p a r t)
per cen t

O ne should no tice  t h a t  a ll regions (reg ion  5, 6, 7) lo ca ted  on th e  sam e 
te c to n ic  p la te  as th e  s ta tio n s  give th e  b es t re su lts . O n th e  o th e r  side , th e  
re g io n s  w here  the  s ta tio n s  h a v e  th e  p o o rest e v en t d e te c ta b ility  are fo u n d  in  
th e  sh a d o w  zone (region 2, 13).

T h e  resu lts  show  th a t  s ta t io n  JO S  has th e  b e s t ev en t d e te c ta b ili ty , w hile 
B U D  a n d  SOP have th e  p o o re s t, co rrespond ing  to  th e  m a g n ifica tio n  o f th e  
se ism o g rap h s  opera tin g  a t  th e se  s ta tio n s . B u t  i t  shou ld  be n o te d  th a t  th e  de­
te c ta b i l i ty  can no t be in c rea sed  su ffic ien tly  b y  increasing  se ism ograph  m ag n i­
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f ic a tio n . O th e r co n v en tio n a l single s ta tio n s  also have  d e tec tio n  th re sh o ld s  a t 
a b o u t 4.5 — 5 .5ть va lu e  [2]. O nly a rra y s  g ive m uch b e tte r  e v e n t d e te c ta b ility , 
below  th e  4 .0m j v a lu e  [1].
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ОЦЕНКА ПОРОГА СЕЙСМИЧЕСКОЙ ЧУВСТВИТЕЛЬНОСТИ 
СЕЙСМОГРАФИЧЕСКИХ СТАНЦИЙ В ВЕНГРИИ

л. тот

РЕЗЮМЕ

Вероятность выявления событий сейсмической станции является функцией величи­
ны и расстояния от эпицентра события. Для получения качественной меры об относитель­
ном вкладе информации отдельных станций было введено понятие порога сейсмической 
чувствительности. Этот порог был определен как величина события при данной вероятнос­
ти выявления. На основе данных одного года (январь—декабрь 1975 г.) была исследована 
рутинная обнаруживаемость венгерских станций в случаях 50 и 90 процентов порогов 
выявления.
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OBITUARY

FERENC HALMOS 
(1 9 3 1 -1 9 8 0 )

P ro f. Ferenc Halmos, D octo r of T ech n ica l Sciences, d e p u ty  d ire c to r  o f 
th e  G eodetic an d  G eophysica l R esearch  In s t i tu te  o f  th e  H u n g a ria n  A cad em y  
o f Sciences su d d en ly  d ied  a f te r  a sh o rt b u t  serious illness on 21 O ctober, 1980. 
H is d e a th  is a g re a t loss fo r th e  H u n g a rian  g eodetic  science.

Ferenc Halmos, b o rn  in  H ásságy  on 5 S ep tem b er 1931 com ple ted  th e  
seco n d ary  school in  P écs in  1949 and  g ra d u a te d  a t  th e  T echn ical U n iv e rs ity  
o f  S opron  in  1953. H ere  he becam e a ss is ta n t a t  th e  D e p a rtm e n t o f G eodesy  
an d  M ining S u rv ey . S ince th e  fo u n d a tio n  of th e  G eodetic  R esearch  L a b o ra to ry  
o f th e  H u n g a ria n  A cad em y  o f Sciences in  1955 he h a d  w orked  th e re  as a  sc ien ­
t i s t ,  sen ior sc ien tis t, since th e  reo rg an iza tio n  in to  G eodetic an d  G eophysical 
R esea rch  In s t i tu te  in  1971 as head  of d e p a r tm e n t an d  since 1977 as d e p u ty  
d irec to r. H e o b ta in e d  th e  degree can d id a te  o f te c h n ic a l sciences in  1963 and  
d o c to r  o f tech n ica l sciences in  1973.

T he m ain  fie lds o f  h is research  w ork  w ere : ap p lica tio n  o f least sq u ares  
a d ju s tm e n t in  geodesy, in v es tig a tio n  o f gyroscopic  th eo d o lite s , co n s tru c tio n  
o f m a th e m a tic a l m odels in  geodesy and  sa te llite  geodesy. T he resu lts  o f his 
v e rsa tile  research  w ork  w ere pub lished  in  a b o u t 200 p ap ers , m o stly  in  E n g lish  
or G erm an , severa l o f  th e m  in  th is  jo u rn a l.

H e w as v e ry  e ffic ien t in  th e  o rg an iza tio n  o f re sea rch  to o , especia lly  in  
t h a t  o f  in te rn a tio n a l sc ien tific  sym posia. H e h a d  b een  se c re ta ry  o f a F IG  com ­

Acta Geodaetica, Geophysica et Montanistica Acad. Sei. Hung. 16, 1981



4 7 8 OBITUARY F. HALMOS

m itte e  s in c e  1971 and  se c re ta ry  o f  IA G  S ec tion  4 of IU G G  since 1979. F u r th e r  
he w as s e c re ta ry  of th e  G eodetic  C om m ittee  o f th e  H u n g a ria n  A cad em y  of 
Sciences a n d  ch a irm an  o f th e  S o p ro n  local g roup  o f th e  G eodetic  an d  C a rto ­
g ra p h ic  S o c ie ty .

A s a p p re c ia tio n  o f h is o u ts ta n d in g  sc ien tific  w ork  he w as aw ard ed  w ith  
t i tu la r  p ro fesso rsh ip  in  1979.

F erenc Halmos’s n am e is in te rn a tio n a lly  w ell-know n am ong  geodesists. 
H is e a r ly  d e a th  ended a  successfu l an d  p ro m ising  sc ien tific  career.
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RECENSIONES

M . W yss  (E d .)
E a r th q u a k e  P re d ic tio n  a n d  Seism icity  P a tte rn s  
C o n trib u tio n s to  C u rre n t R esearch  in  G eophysics 8

B irk h äu se r. B ase l —B oston  —S tu t tg a r t ,  242 p.
R e p rin te d  fro m  P u re  and  A pplied  G eophysics, Vol. 117 (1979)

T he series o f re p rin ts  from  P A G E O P H  h as  rece iv ed  a new  volum e being  a n  e x tre m e ly  
in te re s tin g  lec tu re  ev en  for those  n o t being  engaged  e x a c tly  in  th e  sam e field . A cco u n ts  as 
b y  T . G a k za  an d  C. L o m n it z  on  th e  recen t h is to ry  o f  th e  C axaca gap in  M exico, o r b y  W . H . K . 
L e e  an d  D . R . B r il l in g e r  on  an  analysis o f  h is to ric a l e a r th q u a k e  d a ta  in  Chine, in c lu d in g  
a n  e s tim a tio n  o f  re lia b ility  on  th e  basis o f p o p u la tio n  d e n s ity  an d  d o cu m en t su rv iv a l c an  be 
n ea rly  re ad  as f ic tio n . T he volum e is in tro d u ced  b y  a rev iew  on  th e  seism ic gap th e o ry  b y  
M c Ca n n , N is h e n k o , S y k e s  and  K r a u s e , follow ed b y  p a p ers  o n  som e m ore or less p ro m in e n t 
gaps, like  th o se  in  C ostal P e ru  (D e w e y  and  S p e n c e ) K urile  Is lan d  (W y s s  a n d  H a b e r m a n n ), 
th e  M ak ran  reg ion  in  P a k is ta n  (Q u it t m e y e r ), N o rth  A n a to lia  (T o k sö z , Sh a k a l  a n d  M ic h a e l ), 
a n d  K a n to  in  J a p a n  ( F u j i i  and  N a k a n e ). M o g i , one o f  th e  in itia to rs  o f th e  seism ic gap  th e o ry , 
describes tw o  d is t in c t  classes o f seism ic gaps w hose confusion  can  re su lt in  m is in te rp re ta tio n . 
D e l s e m m e  an d  S m it h  used  th e  m ig ra tio n  m eth o d  fo r S o u th  A m erican  e a r th q u ak e s , a n d  L l- 
S h e n g  H u a n g , M c R a n e y , T a -l ia n g  T e n g  an d  P r e b is h  fo u n d  co rre la tio n  b e tw een  p re c ip i­
ta t io n  in  a n  a rid  zone (S o u th e rn  C alifornia) an d  la rg e  ea rth q u ak e s .

T he vo lu m e offers in te re s tin g  read in g  for a n y b o d y  in te res ted  in  geophysics o r  in  th is  
new  b ra n ch  o f se ism ology  w hich received im p e tu s  b y  re ce n t research . I t s  w ide scope y ields 
possib ilities for fu tu re  s tu d e n ts  o f th is  top ic .

J .  Verő

К . R in n er  (R ed .)
F e stsc h rif t zu r E m e ritie ru n g  v o n  о. U n iv .-P ro f. D ipl. In g . Dr. techn . K a r l  H u b e n y  
M itte ilu n g en  de r g eo d ätisch en  In s t i tu te  de r T ech n isch en  U n iv e rs itä t G raz, Folge 35. G raz, 
1980 p. 200

K . R i n n e r : Z ur E m e ritie ru n g  von  o. U niv . P rof. D r. te c h n . K a r l  H u b e n y
F . A l l m e r : G au ß -K rü g e r K o o rd in a ten  oder w er w ar L o u is  K r ü g e r ?
W . K . B a c h m a n n : D ie Z uverlässigkeit v o n  L u fta u fn a h m e n  (französisch)
T. J .  B l a c h u t : G e h ö rt d ie F e rn e rk u n d u n g  zur P h o to g ra m m e tr ie , oder die P h o to g ra m m e tr ie  

zu r F e rn e rk u n d u n g ?  (englisch)
G. B r a n d s t ä t t e h : R ich tu n g sfeh ler au ß erach s ia le r  S trah len g än g e  in  K o m p e n sa to rfe rn ro h en
K . B r e t t e n b a u e r : Ü b er Z en tra lsch n itte  des R o ta tio n se llip so id es
R . B u r k h a r d : U n te rsu ch u n g e n  zur K a lib rie ru n g  e ines E lek tro m ik ro sk o p es
H . E t t l : D er In g e n ie u r f ü r  V erm essungstechn ik  u n d  seine A usb ildung  in  Ö sterre ich
L. H o m o r Ód i : D ie A nfänge  de r V e rm essungsingen ieu rausb ildung  in  U n g arn
K. K il l ia n —P. M e i s s l : B estim m u n g  der L age v o n  gegenseitig  n ich t s ic h tb a ren  S ta tio n e n  

de r E rd o b erfläch e  aus D opp lereffek t-M essungen  zu bew eg ten  Z ielen m it u n b e k a n n te n  
K o o rd in a te n
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F . K o p p e n w a l e n e r : D as L ic h tsc h n ittv e rfa h re n  n a ch  P ro f. H u b e n y  bei der ÖB B  1958 — 1980
F . L e r e r e : D ie  E rfo rsch u n g  de r O b erfläche  des P la n e te n  V enus 
H . M o r it z : D a s geodätische B ezugssystem  1980
G. S c h e l e in g : M obile Schw im m lote  a ls E lem en te  de r S c h ü ttd a m m b e o b ac h tu n g
H . S c h m id : D ie C hancen u n d  tech n isch en  M öglichkeiten  eines K o n ta k te s  m it e x tr a te r r e s t r i ­

sc h e n  In te llig en zen  (C E T I)
A. S c h ö d e b a u e r : K ugeln  als H ilfsfläch en  bei de r L ö su n g  de r be id en  geodätischen  H a u p ta u f ­

g a b en

D ie  A rb e it  e n ts ta n d  an läß lich  des 70-ten  G e b u rts tag e s  u n d  der E m eritie ru n g  v o n  H e rrn  
P ro f. H u b e n y , dem  V o rs tan d  des In s t i tu te s  fü r  A llgem eine G eodäsie der T ech n isch en  U n i­
v e r s i tä t  G raz. P ro f. R in n e r  b e fa ß t sich  in  der e rs te n  S tu d ie  m it der B ed eu tu n g  dieses E re ig n is ­
ses u n d  b r in g t  A ngaben  ü b e r se inen  I .eb en d au f. bzw . dessen  w ich tigere  S ta tio n en . D ie L is te  
der w issen sch a ftlich en  T ä tig k e it des Ju b ila rs  w ird  a u ch  an g efü h rt. Im  w eiteren  fo lgen A rb e ite n  
v o n  M itp ro fesso ren , K ollegen, F re u n d e n  u n d  gew esenen  Schü lern  von  P ro f. H u b e n y . Die 
T h em en  e n tsp rec h en  dem  F o rsch u n g sb ere ich  des J u b ila rs , oder b eh an d e ln  an g ren zen d en  
G ebiete.

So b e fassen  sich B a c h m a n n , B u r k h a r d  u n d  K o p p e n w a e e n e r  m it der P h o to g ra m ­
m etrie , d ie  F e rn e rk u n d u n g  w ird  v o n  B e a c h u t  u n d  L e b e r l  b eh an d e lt. S c h m id  e rö r te r t  d ie 
C hancen  e ines K o n ta k te s  m it e x tra te r re s tr is c h e n  In te llig en zen .

D ie  A rb e it  v o n  A l l m e r  g eh ö rt zum  T h em en k re is  de r hö h eren  Geodäsie. E r  b e fa ß t  sich 
m it d e r E n ts te h u n g sg e sc h ich te  des G auss-K rügerschen  K o o rd in a ten sy s tem s u n d  sc h re ib t ü b e r  
d a s  L eb e n , W irk e n  bzw. D a te n  v o n  L. K r ü g e r . D ie A rb e it v o n  B r e t t e n b a u e r  b e h a n d e lt  
eine n eu e  A n w endung  des R o ta tio n se llip so id s, d e n  sog. Z en tra lsch n itt. S c h ö d e l b a u e r ’s 
S tu d ie  g ib t  e ine  L ösung der b e id en  geodätisch en  H a u p ta u fg a b e n  m it H ilfsflächen . D ie A rb e it 
v o n  M o r it z  b r in g t  D a ten  ü b e r geo d ätisch e  B ezugssystem e einiger E llipsoïde v o n  n u n m e h r 
h is to r is c h e r  B ed eu tu n g  u n d  g ib t A n g ab en  ü b er an g enom m ene B ezugssystem e der IA G  (1964), 
de r IA G  (1967) L uzern , der IA G  (1975) M oskau u n d  d e r IU G G  (1980) C anberra.

B r a n d s t ä t t e r ’s A rb e it b e h a n d e lt  e in  in s tru m en ten tech n isch es  P rob lem  u n d  b r in g t  
eine v e k to ra n a ly tis c h e  L ösung  fü r  d ie R ich tu n g sfeh ler auß erach sia le r S trah len g än g e  in  N i­
ve llie r in s tru m e n te n  u n d  fü r  d en  F a ß  der D u rc h fü h ru n g  v o n  A lm u k an to ra t-D u rch g än g en . 
L e tz te re  w ird  v o r allem  bei de r p räz ise ren  B e rech n u n g  der m it  V orsa tzp rism en  d u rc h g e ­
f ü h r te n  a u f  A s tro lab iu m  bezogenen  M essungen an g ew en d e t.

E t t l ’s A rb e it b e faß t sich m it F ra g e n  des öste rre ich isch en  H ochschulw esens, H o m o r ó d i 
b e h a n d e lt  d ie  G eschichte der A u sb ild u n g  v o n  V erm essungsingen ieu ren  in  U ngarn .

Gy. Szädeczky-K ardoss
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