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NOWE METODY I  WYNIKI BADANIA FIGURY Z IE M I 

S t r e s z c z e n i e

Artykuł przypomina w zarysach zasady wyznaczania figury Ziemi meto­
dami: astronomiczno-geodezyjną i grawimetryczną ze zwróceniem uwagi na- 
słabe punkty teorii tych metod. Dalej omówione są rezultaty poszukiwań 
parametrów figury Ziemi metodą obserwacji sztucznych satelitów i przy­
toczone są wyniki liczbowe. Przedstawione są próby łącznego wyrównania 
danych otrzymanych trzema metodami oraz podane są związane z tym prob­
lemem koncepcje własne autora: wprowadzenie do metody geometrycznej i 
grawimetrycznej wyników otrzymanych metodą satelitarną oraz odmienny od 
przyjętego przez W.Kaulę sposób łącznego wyrównania. Wyprowadzone są 
wzory i wykonany rachunek dla zbadania wpływu obecności trzeciej harmo­
niki kulistej P3 na wynik wyznaczenia spłaszczenia z pomiarów stopnia. 
Obliczono, te przy uwzględnieniu tej poprawki wartość spłaszczenia elip­
soidy Krasowskiego byłaby bliska .

---  o ---
S u m m a r y

The article outlines the principles of the Earth's figurę determi- 
nation by the astro-geodetic and gravimetric methods, indicating at the 
same time the weak points of the theory concerning these methods. The 
results of research for the Earth's figurę parameters by the method of 
artificial satellite observations have been discussed and the numerical 
results have been given. The attempts of the joint adjustments of data 
obtained by three methods have been presented as well as the author's 
own conceptions connected with that problem: the introduction of results 
obtained by the satellite method into the geometrical and gravimetrical 
ones; the methods of joint adjustment different from that of Mr.W. Kau- 
la.

The formulae have been derived and the calculation has been done in 
order to investigate the influence of the third spherical harmonio's P3 
presence on the result of determination of the ellipsoidal flattening 
from the arc measurement. Taking the above into account the corrected 
flattening of the Krassowski's ellipsoid is nearly equ-.l to •
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1. INTR0DUCTI0N

The m ęthods b e in g  a p p l ie d  a t  p r e s e n t  to  th e  r e s e a ro h  o f  
th e  E a r th  s f ig u r ę  g iv e  to  th e  oontem porary  g e o d e s i s t  a r io h  
y a r i e t y  o f means to  p u t th ro u g h  t h a t  t a s k .  Those means a re  
th e  r e s u l t s  b o th  o f th e  t h e o r y 's  and o f th e  te c h n ic e  a o h ie y e -  
m en ts . The m ethods oan be ro u g h ly  dev ided  in to  fo u r  g ro u p s : 
the  g e o m e tr io a l  m ethods, th e  g r a y im e t r io a l  o n e s . th e  a s t r o n o -  
m io a l m ethods u s in g  th e  r e s u l t s  o f the  o b s e ry a t io n s  o f  th e  
a r t i f i c i a l  s a t e l l i t e s ,  th e  a s tro n o m ic a l  m ethods which a re  t a -  
k ing  ad v an tag e  o f some n a t u r a l ,  a s tro n o m ic a l  e v e n ts  (aooording 
to  some a u th o r s  te rm in o lo g y  th e  s o - o a l le d  cosm ic g e o d e sy ) . To 
th e  f i r s t  g roup  we wolud number f i r s t  o f  a l l  th e  t r ia n g u la t io n  
and th e  t r i l a t e r a t i o n ,  oom pleted  o f c o u rs e ,  by th e  a s tro n o m i­
c a l  and g r a y im e t r io a l  o b s e ry a t io n s ,  th e  a ro  m easu rem en ts, th e  
a s tro n o m ic a l  l e v e l l i n g  and so f o r t h .  W ith in  th e  g roup of g r a -  
y im e t r i c a l  m ethods we f in d  d i f f e r e n t  ways o f  a p p ly in g  th e  r e ­
s u l t s  o b ta in e d  from th e  a b s o lu te  and r e l a t l r e  d e te rm in a tio n s  
o f  g r a v i t y .  As f a r  a s  th e  t h i r d  group i s  oonoerned -  th e  one 
w hich i s  b a sed  on a p p ly in g  th e  r e s u l t s  o f  th e  a r t i f i c i a l  s a ­
t e l l i t e s  o b s e r y a t io n s , -  we use many v a r i a n t s  o f  th e  m ethod o f 
d e te rm in in g  th e  g e o ld 's  p a ra m e te rs  from th e  y a r i a t i o n s  of th e  
o r b i t a l  m o tion  o f  th e  s a t e l l l t e .  The l a s t  g roup  o o n ta in s  the  
m ethods whioh make use o f th e  s o la r  e o l ip s e s  and s t a r  o c c u l-  
t a t i o n s .  Those m ethods rem a in  t i l l  now, w i th ln  th e  sp h e re  o f 
e x p e r im e n ts . The o l a s s i f i o a t i o n  m entioned  above i s  o f  c o u rse  
n e i t h e r  r i g i d  no r s t r i o t ;  a number o f m ethods oombine f e a t u -  
r e s  o f th e  p a r t i o u l a r  g ro u p s ; m oreoyer, we a re  t r y in g  to  f in d  
th e  ways o f a p p ly in g  the  combined r e s u l t s  o f th e  d i f f e r e n t  
m ethods.

The m ethods and th e  th e o ry  o f r e s e a ro h  have been  d e y e lo -  
ped i n  p a r a l l e l  w ith  th e  e v o lu t io n  o f  th e  ooncep t o f  th e  
E a r t h ’ s f i g u r ę .  When fo rm e rly  one so u g h t to  d e te rm in e  t h e r a -  
d iu s  o f th e  E a r th ’ s sp h e re  and l a t e r  on one was s a t i s f i e d  w ith  
th e  y a lu e s  o f th e  e ą u a t o r i a l  r a d iu s  and th e  e l l i p s o i d a l  f l a t -  
t e n in g ,  th e n  t h i s  r e s u l t e d  n o t on ly  from  th e  m odest t e o h n ic a l  
means a v a i l a b l e ,  b u t  a ls o  from th e  s c a n t in e s s  o f th e  conoept^s 
s to o k , whioh a s  a m a tte r  o f f a o t  oou ld  d ev e lo p  o n ly  a f t e r  a 
s a t i s f a o t o r y  amount o f ,e x p e r im e n ts  h a s  been  aooum ulated  and 
o o n s id e re d . The g e o id 's  s u r fa o e  whioh h a s  been  sea ro h ę d  and 
d e te rm in e d  nowadays i s  morę c o m p lic a ted  th a n  th e  sp h ere  s su r­
fao e  i n  th e  same degree  a s  a re  th e  oon tem porary  m ethods of a ro  
m easurem ents in  oom parison w ith  th e  E r a th o s te n e s  m e th ę d .I t  i s  
n e c e s s a ry  to  s a y , t h a t  th e  d e te rm in a tio n  o f th e  E a r th  s  s u r ­
fao e  f o r  p r a c t i c a l  p u rp o se s , o o n s id e re d  fo rm e rly  o f te n  a s  th e  
m ain t a s k ,  becomes now m erely  a p r e t e x t  f o r  p u re ly  th e ,o re tio a l 
r e s e a r o h .  To draw up a l l  maps o f th e  w orld  th e  B e s s e l  s  e l l ip -  
s o id ,  o a lo u la te d  120 y e a r s  ago i s  s u f f i o i e n t  and th e  Hayford s 
e l l i p s o i d  whioi. i s  morę th a n  50 y e a r s  o ld ,  i s  eyen too  good 
f o r  th a t  p u rp o se . The g r e a t e r  a re  th e  m e r i t s  o f  s o i e n t i s t s  
which g e t t i n g  o u t o f p ra o tio ism . o o n tin u e  th e  d i f f i c u l t  and up- 
h i l l  w orks, th e  im p o rtan ce  o f whioh oannot be f o r e c a s t .

To view  b e t t e r  th e  means pęoposed by d i f f e r e n t  methods and 
to  oompare t h e i r  r e s u l t s  -  l e t  s rem ind  b r i e f l y  th e  p r in o ip -  
l e s  o f eaoh o f them.
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2 .  GEOMETRIOAL METHOD

Under t h a t  g e n e ra ł  name we w i l l  u n d e rs ta n d  a l l  a o t i v i t i e s
aitn ing  a t  th e  g e o id  d e te r m in a t io n ,  oonneo ted  w ith  th e  m easu-
rem en ts  o f g e o m e tr io a l  e le m en ts  -  a n g le s  and l i n e s  -  s o ,  th e
a s tro n o m ie  d e te rm in a t io n s  to o .

What h a s  to  be u n d e rs to o d  under th e  oonoep t o f  " g e o id  de­
te rm in a tio n "  ?

G e n e ra lly  we oan answ er th e  ą u e s t io n  a s  f o l lo w s : th e  g e o id
i s  d e te rm in ed  when we oan d e f in e  th e  o o o rd in a te s  o f  i t s  any
a r b i t r a r y  p o in t  i n  th e  system  oonneo ted  w ith  a n o th e r  a r b i t r a -
ry  p o in t  o f  th e  g e o id  and a ls o  In  th e  system  oonneo ted  w ith
d e f i n i t e  p o in t s  o f th e  r e a l ,  p h y s io a l  E a r th ’ s su rfa c e . In o th e r
te rm s: g e o id  w i l l  be d e f in e d  when we oan d e te rm in e  th e  oon-
n e o t io n s  betw,een i t s  a r b i t r a r y  p o in ts  and a ls o  betw pn i t s
p o in ts  and th e  p a r t i o u l a r  p o in ts  o f th e  p h y s io a l  E a r th r s s u r -
fa o e .  E y id e n t ly ,  l lk e  th e  o o n to u red  p la n  o f  a t e r r a i n ' s  s e c -
to r  p r e s e n t s  i t  a lw ays w ith  some v e r t i c a l  and h o r i z o n t a l  a o -
o u rao y , a n a lo g io a l ly  our image o f  th e  g e o id  w i l l  n ev e r be p e r -
f e o t l y  a d e ą u a te  w ith  r e a l i t y .  S o , ey e ry  t im e , f a o in g  p ro -
blem s oonneo ted  w ith  g e o id  d e te rm in a t io n  i t  i s  w orth  w h ile  to
o o n s id e r :  what l im i t  o f  aoouraoy  h a s  to  be aim ed a t  and how
f a r  i s  i t  rea-sonab le  to  s t r i y e  f o r  d e t a i l s .  I n  many o a se s  f o r
th e  t h e o r e t i o a l  p u rp o se s  a l e s s  p r e o i s e  g e n e ra ł  p i c t u r e  i s
morę y a lu a b le  w h ile  In  some o a se s  j u s t  th e  d e t a i l s  a r e - o f  th e
m ost im p o rta n o e . To o b ta in  suoh a g e n e r a ł  p io tu r e  i t  i s  n e -
o e s sa ry  to  d e te rm in e  th e  e l l i p s o i d  from th e  a ro  m easu rem en ts.
The id e a  how to  d e te rm in e  th e  E a r th ’ s d im en sio n s  from th e
m easurem ent o f th e  m e r id io n a l  a r c ' s  le n g h t  i s  a lm o s t a s  o ld
a s  geodesy  i t s e l f .  T h ls  id e a  h a s  been  d ey e lo p ed  and completed
s lm u lta n e o u s ly  w ith  th e  e v o lu t io n  o f  g e o d e sy , m a th e m a tio s ,
p h y s io s  and as tronom y . Now, a lth o u g h  th e  o o m p lio a ted  o h a ra o -
t e r  o f th e  g e o ld * s  s u rfa o e  i s  known, th e  a t te m p ts  f o r  a b e t -
t e r  and morę p r e o is e  d e te rm in a t io n  o f th e  s u r f a c e , known under
th e  name o f  th e  E a r t h 's  e l l i p s o i d ,  have n o t  been  d lsc o n tin u e d .
I t  h a s  been  so beoause  th e  e l l i p s o i d  i s  a good b a se  f o r  f u r -
th e r  s tu d ie s  on " d e ta l}  m easurem ent". I f  we u n d e rs ta n d  In  the
v e ry  way th e  e l l i p s o i d  s s lg n i f lo a n c e  f o r  th e  E a r t h 's  f ig u r ę
i n y e s t l g a t l o n ,  i f  we t r e a t  i t  n o t  a s  muoh a s  th e  s u rfa o e  d e -
f in in g  th e  r e a l  shape o f th e  E a r t h 's  s o l i d  b u t  r a t h e r  a s  a
r e f e rę n o e  s u r fa c e  on which we oan draw morę p r e c i s e l y  th e
g e o id ’ s r u n ,  th e n  i t  comes ou t t h a t  th e  ą u e s t io n  o f  th e  e l l ip -
s o i d 's  d im en sio n s l s n ’ t  o f th e  m ost im p o rta n o e . We a re  a b le
to  m epsure th e  d is ta n o e s  betw een  th e  p h y s io a l  E a r t h 's  s u r fa o e
and th e  e l l i p s o i d  o f an a r b i t r a r y  sh a p e , -  so eyen  a c c e p t in g
some o o n v e n t io n a l , assumed y a lu e s  fo r  th e  e l l i p s o i d  param eters
we oan o b ta in  th e  c o r r e c t  id e a  o f th e  g e o id  p l o t t e d  on th e
e l l i p s o i d .  I t  oono ern s  b o th ,  p r a c t l o a l  and t h e o r e t i o a l  ąuest-
io n s .

Does i t  mean t h a t  we have to  g iy e  up th e  a t te m p ts  f o r  th e
d e te rm in a tio n  o f  th e  e l l i p s o i d ?  C e r ta ln ly « n o t .  Though d u r in g
th e  l a s t  few y e a r s  many r e s u l t s  o f  r e s e a ro h  on t h a t  problem
have been  p u b l is h e d , though we haye a m u lt i tu d e  o f e l l i p s o i d s
-  y e t  we d o n 't  have a s u f f i o i e n t l y  good id e a  o f  th e  g e o id ,
sim ply  beoause  g r e a t  a r e a s  o f th e  g lo b e  s t i l l  rem a in  unm easu-
r e d .  C om pletlng  th e  new o o m p u ta tio n s  o f th e  e l l i p s o i d  w ith
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th e  new r e s u l t s  o f  m easurem ents o f  a r e a s  b e ln g  untouohed so
f a r  -  we o b ta in  n o t  o n ly  th e  new d im en sio n s o f  th e  b o th  sem l-
a x e s  b u t  a l s o  th e  n e w ,e lem en ts  o f o r i e n t a t i o n .  Even knowing
th e  o o r r e o t  e l l i p s o i d z s s lz e  we would have sęme d i f f l o u l t i e s
i n  d e te rm in in g  th e  g e o id  when th e  o r le n ta t io n '* s  elements would
be  w ro n g .v An i d e a ł  s o lu t i o n  would be suoh a p o s i t i o n  o f  th e
e l l l p s o i d  w ith  r e g a rd  to  th e  g e o id  when t h e l r  o e n tr e s  o f  g r a -
v l t y  a s  w e l l  a s  t h e l r  a x ie s  o f  r o t a t l o n  would o o ln o ld e . -  We
a re  ą u l t e  f a r  from  f u l f i l l i n g  t h a t  o o n d i t lo n . I .  F ls o h e r  [22]
e s t im a te s  th e  p r e o l s io n  o f  o o ln o ld en o e  o f  two o e n tr e s  a t
± 2 0 0 m , w hat' i s  o f  o o u rse  too  much f o r  th e  a m b ltlo n s  o f  th e
oon tem po rary  g eo d esy .

The b a s io  Id ea  o f th e  a ro  m easurem ent I s  to  m easure th e
segm ent o f  th e  m e r id la n  o r p a r a l l e l  a ro  and to  opmpare I t  w ith
th e  a s tro n o m io  m easurem ents o f d i f f e r e n c e s  in  th e  g e o g ra p h l-
o a l  l a t l t u d e  o r lo n g i tu d e  o f  th e  ex trem e p o ln ts  o f  th e  a ro .
H ere  we have th e  e le m e n ta ry  fo rm u lae  o f  th e  m ethod:

„ a ■ A A , COS (f, i i  . ,  \----- —  (1 + j e 2 a n t (p1

(2)
G * A A o COS t . i .  . o x52 = ----- j-.— &  ( l  + j e 2 s in 2 <p2 + . . . )

where
e -  i s  th e  e o o e n t r i c i t y  o f  th e  m e r id la n  s e l l l p s e ;
a -  th e  e ą u a t o r i a l  r a d l u s .

Form ulae (1) oonoern  th e  m e r ld lo n a l  m easurem ent where Ó, ,
S2  a re  th e  le n g th  o f th e  m easured m e r ld lo n a l  segm ents and cp, ,
V,' » (fz » ^2 a r e  t b e  g e o g ra p h lo a l  l a t l t u d e s  o f  th e  ends o f th e
seg m en ts . Form ulae (2) oonoern  th e  p a r a l l e l  measurements whe­
r e  5; , S2 a re  th e  l e n g th s  o f  two p a r a l l e l  a r o s ,  AA„  A A 2 , a re
th e  d i f f e r e n c e s  in  th e  g e o g ra p h lo a l  lo n g l tu d e s  o f th e  ends o f
th e  seg m en ts . We oan oompute th e  unknowns a and e2 from eaoh
o f  th o se  p a l r s  o f  e ą u a t lo n s .

I n  t h l s  fo rm u lae  th e r e  I s  a s im p l i f in g  a ssu m p tio n  -  t h a t
) I s  c o n s ld e re d  a s  a s u f f i o l e n t l y  sm a li  ą u a n t l ty  so t h a t

th e  r u n o t lo n  5 (<f) In  t h i s  i n t e r r a l  h a s  a l i n e a r  o h a r a o te r .
T h u s , t h e o r e t i c a l l y ,  i t  would be th e  m ost a d v a n ta g e o u s  to
m easure  th e  segm en ts th e  s h o r t e s t  p o s s ib le  and th e  d if fe re n -
o e s  a d e ą u a te ly  sm a li  ( u n f o r tu n a t e ly , th e  r e l a t i v e  e r -
r o r  o f th e  m easurem ent would in o re a s e  a t  th e  same t lm e ) .  As
th e  l i m i t  o f  th e  r a t i o  i s  th e  i n r e r s e  o f  m e r id la n ’ s o u r-
v a tu r e ,  we oan s t a t e  t h a t  th e  d e te rm in a t lo n  o f  th e  e l l l p s o i d
from  th e  a ro  m easurem ent o o n s i s t s  i n  th e  m easurem ent o f th e
o u rv a tu re  o f  th e  m e r ld lo n a l  s e o t lo n  o f t h a t  s u r f a c e .  T h is  oon-
c e r n s ,  to  th e  same d e g re e , th e  p a r a l l e l  m easurem ent e x o e p t,
t h a t  we have to  do th e r e  w ith  th e  non o e n t r a l ,  p a r a l l e l  s e c -
t i o n .
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The f a c t ,  t h a t  on m easu ring  th e  e l l i p s o i d  we a re  n o t  on
I t s  su rfa o e  b u t  on a n o th e r  s u r f a o e ,  whioh we do n o t  know, i s
th e  e s s e n t i a l  o b s ta o le  i n  th e  t h e o r e t i c a l  se n se  a s  well a s  th e
so u ro e  o f  e r r o r s  i n  th e  p r a o t i c e .  S o , th e  le n g th  o f  th e  base
l i n e s ,  m easured on th e  g e o id ,  d o e s ' n o t  f l t  to  th e  le n g th o f
th e  same l i n e s  on th e  e l l i p s o i d .  As th e  d is ta n o e s  from th e
g e o id  to  th e  e l l i p s o i d  o s o i l l a t e  w i th in  bounds o f some so o re s
o f m e te rs  i t  may happen t h a t  th e  le n g th  e r r o r  o f  th e  a ro  mea­
su re d  w i l l  be e ą u a l  to  1 :1 0 0 0  000 . The problem  o f  measurement
o f th e  a n g le  v a lu e s  q> and A i s  morę s e r i o u s .  The l o o a l  v e r -
t i o a l  d e f l e o t i o n s  a re  re a ą h in g  a dozen o r so seoond o f  a r o ,
w hereas th e  g r a y im e t r io a l  c o r r e c t io n s  o f th e  as tronom ioal mea­
su rem en ts  a re  a c o u ra te  to  n o t  morę th a n  1 " . As i t  i s ,  th e
p r in o ip le

Ś f j 2 + 7 2 )= min

(£  -  m e r id io n a l  oomponent o f th e  y e r t i o a l  d e f l e o t i o n ,  Q -  th e
e a s t - w e s t  oom ponent, b o th  g r a v im e t r io a l ly  o o r re o te d )  a o c ep te d
f o r  th e  a s t r o - g e o d e t io  d e te rm in a t io n s  does n o t  make f o r  th e
a d ju s tm e n t o f  th e  m easured y a lu e s  b ecau se  th e  aoou rao y  o f
t h e i r  m easurem ent i s  muoh g r e a t e r  b u t  i t  l e a d s  to  sm oothing
th e  i r r e g u l a r i t i e s  o f th e  fragm en t o f  th e  g e o id  and to  f in d
th e  e l l i p s o i d  somehow o o rre sp o n d in g  to  th e  g e o id  i n  th e  mea­
su re d  a r e a .  J  and Q o b sery ed  on a l im i te d  a re a  a re  n o t d i s t -
r ib u te d  a t  random . These y a lu e s  a re  in f lu e n o e d  by th e  d i s t -
r i b u t i o n  o f th e  g r a y i t y  an o m a lie s  w i th in  a r a d lu s  o f s e y e r a l
h u n d red s  k i lo m e te r s  and morę weakly b u t  s t i l l  o l e a r ly  w i th in
a r a d iu s  o f  s e y e r a l  th o u sa n d s  o f k i lo m e te r s .  A wrong know-
led g e  o f th e  a n o m a lie s  d i s t r i b u t i o n  i n  so d i s t a n t  t e r r a i n s
o a u ses  sy s te m a tio  e r r o r s  o f th e  o o r r e o t io n s  and A o f o r
th e  whole m easured r e g io n .

I t  i s  th e  w eakest s id e  o f  th e  a ro  m easurem ents t h a t  th e y
a re  l im i te d  to  th e  C o n t in e n ta l  t e r r a i n s ,  w h ile  we oan f o r e -
e x p e c t a d i f f e r e n t  ru n  o f th e  g e o id  on th e  ooean io  a r e a s .T h a t
ą u e s t io n  h a s  been  a lo n g  tim e th e  s u b je c t  o f  c o n tr o y e rs y .
S t i l l  b e fo re  th e  end o f th e  l a s t  o e n tu ry  F . A. S ł u d s k i
[24 ] m a in ta in e d  t h a t  th e  g e o id  ought to  be s i t u a t e d  over th e
e l l i p s o i d  on th e  ooeans and under i t  on th e  lan d s.W h eń  H a y -
f  o r  d [10] oomputeu h i s  e l l i p s o i d  he used  th e  procedurę b a -
s e d 'o n  th e  a ssu m p tio n  t h a t  th e  g e o id  ru n s  ove r th e  e l l i p s o i d
on la n d s  and under i t  on o c e a n s . J  e f f r e y s  [10] h a s
oome to  b e l l e v e  t h a t  th e r e  i s n ' t  any s y s te m a tio  d i f f e r e n c e  i n
th a t  m a t te r .  The r e s u l t  o b ta in e d  from  o b s e rv a t io n s  o f  th e
a r t i f i o i a l  s a t e l l i t e s  shows t h a t  S łu d s k i  was r i g h t  anyway.
E y id e n t ly ,  h a v in g  n o t o o n c re te  knowledge on t h i s  . s u b je o t  i n
was n o t  p o s s ib le  to  tak e  i t  i n to  aoooun t f o r  th e  oom putations.

The s t i l l  grow ing  ao c u ra c y  o f  th e  s u o c e s s iv e  d e te rm in a ­
t io n s  i s  c au sed  n o t  on ly  by th e  p e r f e o t io n n in g  o f  th e  te o h -
n lc s  and tłie o ry  o f  m easurem ents b u t  a l s o  by th e  m easurem ent
o f  l a r g e r  and l a r g e r  t e r r l t o r i e s .  H a y fo rd 's  e l l i p s o i d  h a s
been  d e te rm in ed  from t h e , m easurem ents o f th e  ne tw ork  whioh
o o v e rs  th e  N orth  A m e ric a 's  c o n t in e n t .  K rassow sk i in o lu d e d
in to  h i s  o o m p u ta tio n s  th e  A m erican and E uropean  t r i a n g u l a -
t i o n  to g e th e r  w ith  th e  one perfo rm ed  i n  USSR where a lm o st
th e  whole E uropean  p a r t  o f  th e  c o u n try  was ooy ered  by a n e t -
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T a b 1 e 1

The morę important results of the ellipsoid measurement

Author year a

Bougier
Maupertuis
Delambre
Everest
Bessel
Ciarkę
Helmert
Hayford
Heiskanen
Krassowski
Jeffreys
Lederstreger
Hough

Fischer

1738

1800
1830
1841
1880
1907
1910
1926
1946
1948
1951
1956

1961

6 397 300m

6 375 653
6 377 276
6 377 397
6 378 249
6 378 200
6 378 388
6 378 397
6 378 245
6 378 099
6 378 298
6 378 260
6 378 157
6 378 155

216,8

334,0
300,8
299,15
293,5
298,3
297,0

(297,0)
298,3
297,1

(297,0)
(297,0)
298,1

(298,3)

The number a.~' in brackets - means that it was not computed in
that determination but was assumed in anticipation.

work and where th e  g i a n t  p a r a l l e l  a ro  from  U ra l  to  P a c i f i c  in
th e  A s ia n  p a r t  o f  USSR was m easu red . The l a s t  i te m  o f th e
t a b l e  1 p r e s e n t s  th e  r e s u l t s  a s  o b ta in e d  by I .  F i s c h e r
[ 5 ] .  They a re  b a sed  on a l l  th e  p re v io u s  m easurem ents a s  w e ll
a s  on th e  l a t e s t  o n es: th e  t r a n s a f r i c a n  a ro  conn eo ted  w ith
th e  eu ro p e a n  n e tw o rk , th e  tra n s a m e r io a n  a ro  from  A laso a  to the
S o u th e rn  ex trem e o f  S outh  Am erica w ith  th e  a d d i t i o n a l  C hain
from  th e  P a c i f i c  to  A t l a n t i c  Ocean th ro u g h  B r a s i l ;  th e  Near
E a s t  a ro  whioh p e rm its  to  conndot th e  t r i a n g u l a t i o n  o f  I n d ia
and Burma w ith  th e  eu ro p e a n  n e tw o rk ; th e  J a p a n e se  ne tw ork
a t ta c h e d  th ro u g h  K orea and M anohuria to  th e  USSR system ; th e
i n t e r c o n t i n e n t a l  oonnex ion  by th e  t r i l a t e r a t i o n  m e th o d :N o rth -
Am erioa -  Europa th ro u g h  G re e n la n d , N o rth  A m erica -  S ou th
Am erioa th ro u g h  th e  W est I n d ia  i s l a n d s .

The u t i l i z a t i o n .  o f  m easurem ents o f suoh la r g e  a r e a s  h a s  a
g r e a t  in f lu e n c e  on th e  ao cu raoy  o f o r i e n t a t i o n  o f  th e  d e t e r -
m ined e l l i p s o i d  -  even  g r e a t e r  one th a n  on th e  s iz e  o f  th e
e l l i p s o i d .  From t h a t  p o in t  o f view i t  i s  p a r t i c u l a r l y  im por­
t a n t  to  c o n n e c t th e  s e p a ra te ly ^ m e a su re d  f ra g m e n ts  o f E a r th .

The o b ta in in g  o f th e  g e o id ’ s p r o f i l e  by th e  method ę f
a s tro n o m io  l e v e l l i n g  i s  th e  "b y -p ro d u o t"  o f  th e  g r e a t  a ro  s
m easu rem en t. As i t  i s  a ą u e s t io n  o f  th e  f u tu r ę  to  e x te n d
th e  t r i a n g u l a t i o n  ne tw ork  a l l  over th e  E a r t h 's  a re a  and a s ,
m o reo v e r, i t  i s  p o s s ib le  t h a t  some new m ethods w i l l  a llo w  us
to  g iv e  up t h i s  e x p e n siv e  and la b o r io u s  m ethod o f  la y in g  o u t



New methods and results of research of the earth's figurę 4-5the netw ork, so we have to  adm it th a t the astronom io l e v e l -l i n g  i s  not a method whioh would b r in g  about the c o g n it io n  o fthe g e o id .
3 . GRAYTMETRICAL METHODThe g r a r it y  measurements are a much younger branoh o fs c ie n c e  than the g e o m e tr io a l o n es. I f  we co n sid e r G a li le o  tobe t h e ir  in v e n to r , then the g r a v ity  measurements are 2000y e a r s  younger than the f i r s t  a r o 's  measurement done by theE r a to s th e n e s . So i t  i s  no wonder th a t the th eo ry  o f  the g r a -r im e t r ic a l  measurements i s  not y e t com pleted . We w ltn e ss  thec o n t in u e d -th e o r e t io a l o o n tr o v e r s ie s ; m oreover, new oonoep-t io n s  and id e a s  are a r i s i n g .  The g r a v it y  anomaly i s  the basioelem ent used by the grav im e try  fo r  the d ete rm in a tio n  o f  theE a r t h 's  f ig u r ę  as w e ll as fo r  o r ie n ta t in g  the t r ia n g u la t io nnetwork and fo r  the g e o lo g ic a l  r e s e a r o h e s . The anomaly i s  de-f in e d  very sim ply <3)

g0 -  o b served , gc -  c a lo u la te d .But then the f i r s t  o o m p lio atio n s b e g in . The v alu e  o f theg r a v it y  a o c e le r a tio n ^  measured a t  the p o in t o f observations i snot s u it a b le  i t s e l f  to  a d ir e c t  oomparison w ith  g0 , which o o r-responds to  z e r o - a lt i t u d e  above the sea l e v e l .  The ą u e s tio n  o fthe proper method o f  r e d u c tio n  o f  the measured v a lu e  g i s  s t i l la s u b je o t o f c o n tro v e r sy . D i f f e r e n t  a u t h o r it le s  have d i f f e -r e n t o p in io n s on th a t  s u b je o t: J e f f r e y s , '  G ra a f H u n te r, H ir v o -nen -  are the ad h eren ts o f  the f r e e - a i r  r e d u c t io n , H eisk an en ,Yening-M einesz f ln d  the i s o s t a t i o  re d u c tio n  h o ld s  go o d , w hilel a t e l y ,  the R u d z k i's  in v e r s io n  r e d u c tio n  wins morę and moręad herents ( L a m b e r t ,  M i c h a i ł ó w  [ 7 ] ) .  Thein tr o d u c tio n  o f  one or another r e d u c tio n  i n d i r e c t ly  define thele v e l  s u r fa c e  to whioh the measurements v alu e  w i l l  be reduced.
gc corresponds to  a model s u r fa c e , e .g .  the e l l i p s o i d ,  thus△g i s  the d iffe r e n o e  between the s p e c lf io  a o c e le r a t io n  o fthe model s u rfa c e  and th a t  o f  the s u r fa c e  d e fin e d  by thea p p lle d  r e d u c tio n . T hat l a t t e r  s u rfa c e  m u stn 't alw ays be theg e o id . The a p p lia n c e  o f one or another method o f  re d u c tio nhas an e s s e n t ia l  in f lu e n c e  on the r e s u lt s  by ohanging the ano-m a lie s  d i s t r ib u t i o n . I t  has even been l a t e l y  adopted th a tthe r e s u lt s  o f the d ete rm in a tio n  o f  the e l l i p s o i d  from the aromeasurements are p resen ted  tw io e , aooording to the c h a ra c te ro f anom alies a p p lie d  to the oompute o f  the g r a v im e tr io  v e r t i -o a l d e f le c t io n s . I .  F is c h e r  p re se n ts  the r e s u lt s  o f  one o fthe l a s t  measurementscc= 257 a =  $378240 + 100 ( f r e e - a ir )a =  6378280 + 100 ( i s o s t a t i o ) ,
gc i s  a v a lu e  d eriv ed  from th e form ula fo r  the normal g r a v i-ty  a o c e le r a t io n

9r = P  + A  sin 2  ę? -  ć sin 2  2 cp), (4)
oc=^ a = 6378240 ± 100 (free-air

gr= Te 9> - 2 <f),  4)
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(Te -  g r a v i t y  v a lu e  o f th e  e ą u a to r ,  
(f -  g e o g ra p h io a l  l a t i t u d e ,  

c o e f f i o i e n t s  fi and £ depend on th e  p h y s io a l  o o n s ta n ts  o f  the  
E a r th  and among o tb e r s  on th e  e l l i p s o i d a l  f l a t t e n i n g  a. .

A f te r  J  e f  f  r  e y s [10]
m - c t + ^ m 2 --2Z e m ,

<S = g- e 2 e m , m  = m  (M, u , a, a) .

The th e o ry  o f  th e  r e s e a ro h  on th e  E a r t h 's  f ig u r ę  i s  b a sed  
on th e  a p p l i o a t i o n  o f  th o se  r e l a t i o n s .  By d e te rm in in g  em pi- 
r i o a l l y  th e  o o e f f i o i e n t s  fi and 6 by means o f  r a u l t ip le  m easu- 
rem en t a t  d i f f e r e n t  p o in ta  o f th e  g lo b e  we oan . d e f in e  the  
e l l i p s o i d a l  f l a t t e n i n g .

The morę important results of the determination of the flattening 
cc by the gravimetric method

T a b 1 e 2

Author year c t - '

Helmert 1884 299,25
Iwanow 1889 297,2
Bowie 1907 297,4
Helmert 1915 296,7
Heiskanen 1924 297,4
Heiskanen 1938 298,2
Niskanen 1945 297,8
Heiskanen 1957 297,4

S im i la r ly  a s  i n  th e  oase  o f  th e  a ro  m easu rem en ts, th e  
a c o u ra c y  o f  th e  r e s u l t s  g iv e n  i n  th e  t a b le  2 was grow ing 
s im u lta n e o u s ly  w ith  th e  e x te n s io n  o f  m easured  t e r r i t o r i e s .T h e  
g ra v im e tr io  m ethod h as  th e  u n ą u e s t io n a b le  ad v a n ta g e  over th e  
g e o m e tr io a l  m easurem ents f o r  i t  i s  a p p l io a b le  a l s o  to  th e  
ocean io  p a r t s  o f th e  E a r t h ’s s u r  f a c e .  The new ty p e s  o f  g r a v i -  
m e te rs  used  nowadays e .g .  G r a f 's  g ra ir im e te rs  a s  w e l l  a s  o ld e r  
ty p e s  e .g .  Y ening-M einesz  pendulum a p p a ra tu s  a llo w  a ą u ic k  
p e rfo rm in g  o f m easurem ent on th e  s e a .  T h a t makes p o ss ib le  to  
oover our whole p l a n e t  by un ifo rm  m easurem en ts. Now we a re  
f a r  from t h a t  v e ry  i d e a ł  and a t  th e  p r e s e n t  th e  b e s t  known 
t e r r a i n s  a re  th o se  where th e  o l l  i s  e x p lo re d .

The second ad v an tag e  o f  th e  g r a v im e t r io a l  m ethod i s  t h a t  
ot oan be d e te rm in e d  i r r e s p e o t i v e  o f  th e  e l l i p s o i d a l  s ize ,w h ile  
i n  th e  g e o m e tr io a l  m ethods ot i s  f u n o t io n a l ly  oonnec ted  w ith

Helmert 1915  296,7
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a .  If we take into aocount1 that measuring ng with aoouracy 
to 0,2mg , at two pointa of dlfferent geographical latitu- 
des, we obtain a aoourate to the same order of values as ob- 
tained by the aro measurement between these two points, accu- 
rate do ~ then we arrive at a oonolusion that the 
advantage,of the grarimetrical method for the determination of 
the geoid s figurę is really oonsiderable.

Let us oonsider now the "measurements od details" in res- 
peot of the researoh on the Erath's figurę and of the possi- 
bllities offered here by the gravimetry. Here we have a pos- 
sibility to obtain absolute values of the distances between 
ellipsoid and the geoid as well as absolute deflections of 
the vertioal. The ellipsoid, with regard to whioh we are com- 
puting these values, has#the absolute orientation- its center ooincides with the Earth's gravity center - but its dimen- 
sions are unknown. There are two principal directions of 
proceeding. The one is to determine thę distances between the 
geoid and the ellipsoid from the Stokes formula

N F ( y )  Ag d s  , (5), 
o

W -  angular distanoe,
Ag - anomaly,
ds -  element of surface,
5 - the Earth’s surface.
It is neoessary to oonsider some oharaoteristios of that 

formula whiah follow from its assumptlons and derivation:

1  S u b s t i tu t in g  e2 -  2ot in to  (1 )  and th en  d i f f e r e n t i a t i n g  we o b ta in  

ds a (  u>‘-  cp ) 3 ■ „
d i~ ' - V

so
H . . 3 .  — S j d s _ _  
a a  -  2 a ( cp'- (p)sin 2 cp '

A pplying th e  (4 )  f o r  two v a lu e s  <p and form ing th e  d if f e r e n c e  we 
can o b ta in

Ag = Fe  f i  ( s i-n 2  V ' -  sin  V )  ~ Fe  fi  s in  2 cp s in  (g>‘-cp ),

* ~ Te « «  2  W s in  ’

I f  ■

-  5OOOOÓ ■ 
then

dcC =  750000 =  1 , 3  x  1 0  ’ 

when Ag = 0 ,2  m g l , s in  ( (f‘-  cp)

dJ3 = 1 ’°  x  1 0 “6 '

ai  -jsm 2ci> ,
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1° th e  fo rm u la  i s  v a l l d  on th e  a ssu m p tio n  t h a t  a l l  m asses
a re  s i t u a t e d  in s id e  th e  g e o id .  To f u l f i l  t h a t  o o n d i t io n  i t
i s  n e c e s s a ry  to  t ra n s fo rm  a d e ą u a te ly  th e  g e o id  a s  w e ll  a s  th e
m easured  a n o m a lie s ,

2° t h a t  fo rm u la  in o lu d e s  an  i n t e g r a l  to  be ex ten d ed  a l l
over th e  E a r t h 's  s u r fa o e  b u t  i t  i s  known t h a t  the m easurem ents
do n o t  cover th e  s u rfa o e  o f  th e  whole p l a n e t .  G iv lng  up th e
m ath e m a tio a l p r e o i s io n  we om it th e  v e ry  d i s t a n t  t e r r i t o r i e s ,
nonę th e  l e s s  th e  c o n s id e re d  p o in t  h a s  to  be su rro u n d ed  by
th e  g r a v im e t r io a l ly  m easured a re a  w ith  a r a d iu s  o f th o u sa n d s
k i lo m e te r s .

zThe t h e o r e t i o a l  d i f f i c u l t i e s  we m eet w ith  u s in g  th e  S to -
k e s ' fo rm u la  a s  w e ll  a s  th e  d i f f i c u l t i e s  i n  ohoosing  th e  m ost
s a t i s  f a o to r y  re d u o t io n  a re  th e  re a s o n s  t h a t  we s e a ro h  fo r new
o o n o e p tio n s  s o lv in g  th e  same p rob lem . We oan m eet w ith  new
o o n o e p ts  suoh a s  o o -g e o id , t e r r o i d ,  t e l l u r o i d ,  ą u a s i - g e o id ,
m o d e l-E a r th , g e o p , spherop  e to .  How ever, i t  d o e s n 't  s to p  th e
s u b s t a n t i a l  work on th e  d e te rm in a t io n  o f  th e  g e o id 's  r u n ;  on
th e  o o n t r a r y ,  we s t i l l  o b ta in  b e t t e r  and morę i n t e r e s t i n g  r e -
s u l t s .  W hile th e  s o i e n t i s t s  -  l e t  us name them -  th e  par ex-
cellence g e o d e s i s t s  a re  fo rw ard  to  a p p ly  th e  S to k e s ' m ethod,
th e  g e o d e s i s t s  h av in g  a b e n t  f o r  astronom y ohoose a d i f f e r e n t
way whioh le a d s  th ro u g h  s e r i e s  e x p a n sio n s  o f th e  s p h e r i c a l
h a rm o n io s . R e p re s e n t in g  th e  known anomaly d i s t r i b u t i o n  by
s e r i e s  o f  s p h e r io a l  harm on ios we oan e x p re s s  th e  d i s t r i b u t i o n
o f  th e  d i s ta n o e s  Wo by th e  a id  o f  th e  same s e r i e s  o o e f f i -
c i e n t s .

I f
n?  = ng  ( Yi k ),

th e n
"c “  "o (Yu ) •

H i^ h e r to  t h a t  method rem ained  under th e  shadow o f  th e
S to k e s  m ethod, f o r  th e  knowledge o f  th e  anom aly d i s t r i b u t i o n
a l l  over th e  E a r th  i s  h e re  morę im p o r ta n t .  How r i s k y  i t  i s
to  e x t r a p o la t e  th e  d a ta  o f  th e  m easured t e r r a i n s  i n to  th e  un -
m easured  o n e s , i s  shown by th e  exam ple o f th e  Z h o n g o lo v io h ' s
g e o id .  He h a s  d e te rm in e d  on th e  g round  o f  th e  known anoma-
l i e s  th e  o o e f f i c i e n t s  o f  th e  e x p a n sio n  by s p h e r io a l  fu n o t io n s
to  th e  8 th  o rd e r  b u t  th e  l a t t e r  m easurem ents do no t a g re e  w ith
v a lu e s  e x t r a p o la t e d  by th e  Z h ,o n g o lo v ich 's  fo rm u la  [7] . At
p r e s e n t  th e  m ethod o f  th e  s e r i e s  e x p a n sio n  by s p h e r io a l  fu n o ­
t i o n s  go es  th ro u g h  i t s  p e r io d  o f g lo r y ,  f o r  i t  i s  o o n v e n ie n t
f o r  th e  r e s e a ro h  by means o f  th e  s a t e l l i t e  m ethods. The
o o e f f i o i e n t s  o f  t h a t  s e r i e s  d e f in e  a l s o  th e  p o t e n t i a l  fu n o -
t i o n  in  th e  o u te r  sp a o e . By th o se  means we oan p a s s  from th e
p o t e n t i a l  f i e l d  s tu d ie d  w ith  th e  a id  o f  th e  s a t e l l i t e  o b s e r -
y a t i o n s ,  to  th e  g r a v i t y  an o m a lie s  and to  th e  d i s ta n o e s  from
g e o id  to  e l l i p s o i d .  T h is  m ethod i s  a l s o  o o n v e n ie n t f o r  work
oom bining th e  r e s u l t s  o f th e  g r a v im e t r io ,  g e o m e tr lo a l  and s a ­
t e l l i t e  m ethods.

From among th e  i n t e r e s t i n g  s tu d i e s  on g e o id  s problem i t s
w orth  w h ile  to  m e n tio n , n e x t  to  th e  Z h o n g o lo v io h ’ s d e te rm in a ­
t i o n  ą u o te d  ab o v e , th e  works o f H irv o n en . T annl and Heiskanen.
T here  was l a t e l y  (1961) oom puted, under th e  d ię e o t io n  af H e is ­
k an en , so c a l l e d  "Columbus g e o id " .  The S to k e s  method h a s
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been  a p p l ie d  h e r e .  From th e  same d a ta  o f  o b s e rv a t io n  U o t i la
d e te rm in e d  th e  o o e f f i o i e n t s  o f  th e  e ig h t  s u o c e s s iv e  te rm s o f
e x p a n sio n  by th e  z o n a l  s p h e r io a l  h a rm o n ic s . I t  comes o u t t h a t
th e  term  o f th e  3 th  o rd e r  h a s  a v a lu e  ap p ro x im ate  to  t h a t  one
g iv e n  by 0 'K e e fe  a s  d e te rm in e d  by th e  o b s e rv a t io n  o f th e  a r -
t i f i c i a l  s a t e l l i t e s  [6 J .

4 .  THE SATELLITE METHOD

T h is  i s  th e  y o u n g e s t o f  m eth o d s, whioh h a s  a r i s e d  b u t
th r e e  y e a r s  a g o , y e t  h a s  g o t  ahead  v e ry  ą u io k ly .A t  l e a s t  s e -
v e r a l  c e n te r s  and a dozen  o r so o f  o u ts ta n d in g  a u th o r i t i e s  a re
p a y in g  a p a r t i o u l a r  a t t e n t i o n  to  t h a t  p ro b lem .

H i th e r to  th e  a p p l i c a t i o n s  o f  th e  a r t i f i o i a l  s a t e l l i t e s  to
th e  r e s e a ro h  o f  th e  E a r t h 's  f ig u r ę  were b a sed  o n ,th e  law s o f
dynam ios r u l i n g  th e  E a r t h 's  g r a v i t y  f i e l d .  T h a t 's  why se v e -
r a l  a u th o r s  a re  u s in g  th e  term  o f  " a s tro n o m io a l  g r a v im e t ry " .
The p r in o i p le  o f  t h a t  m ethod o o n s i s t s  i n  r e p r e s e n t in g  the p e r -
t u r b a t io n s  o f  th e  K e p le r ia n  m o tion  o f  s a t e l l i t e s  by th e  fu n o -
t i o n  o f  th e  p a ra m e te rs  o h a r a o te r i s in g  th e  E a r th  s g r a v i t y
f i e l d .  Of o o u rs e , a lth o u g h  th e  o r b i t ' s  e le m e n ts  undergo p e r -
t u r b a t i o n s ,  n o t  a l l  o f  them a re  e ą u a l ly  f i t  f o r  th e  d e te rm i-
n a t io n  o f  p a ra m e te rs .  The m ost im p o r ta n t  and th e  most r e a d i ly
o o n s id e re d  -  e s p e o i a l l y  f o r  th e  E a r th ’ s  f l a t t e n i n g  d e te rm in a -
t i o n  -  i s  th e  ohange o f  th e  r i g h t  a s o e n s io n  o f  an  a sc e n d in g
node . B ut i n  some o a s e s  i t  i s  e ą u a l ly  o r even  morę oonvenient
to  o o n s id e r  o th e r  o h an g es: th o se  o f  th e  p e r ig e e  a rg u m en t,
e o c e n t r i o i t y , i n o l i n a t i o n . , E la b o ra t in g  th e  o b s e rv a t io n s  o f
th e  Y anguard s a t e l l i t e  0 *K e e f  e [22] a p p l ie d  th e  chan -
g e s  Ż3 and tó to  th e  oom puting o f  th e  second and f o u r th  h a r -
m onios a s  w e ll  a s  ś / i / & ,  cb , t o , t h e  t h i r d  and f i f t h  o n e s .

The th e o ry  o f  th e  s a t e l l i t e ' s  m o tion  n ea rb y  th e  p l a n e t ,
whioh i s  due to  th e  f a o t  t h a t  a r t i f i o i a l  o e l e s t i a l  b o d ie s  we­
r e  c r e a t e d ,  i s  d e v e lo p in g  w ith  a speed  o f  an  e x p lo s io n . The
b e s t  ev id en o e  i s  th e  ą u a n t i ty  o f p u b l io a t i o n s :  i n  th e  b i b l i o -
g raphy  o f  th e  B u l l e t i n  o f  P o l i s h  O b s e rv a t io n s  o f th e  A r t i f i ­
o i a l  S a t e l l i t e s ,  i n  s ix  s u o c e s s iv e  i s s u e s  th e r e  have b e e en
oheckęd o f f  273 p u b l io a t i o n s  o f  th e  o r b i t a l  p rob lem s o f  th e
E a r t h 's  a r t i f i o i a l  s a t e l l i t e s ,  71 o f  them b e in g  o lo s e ly  oon-
n e o te d  w ith  g e o d e sy . I n  such a s i t u a t i o n  any a t te m p t  f o r  a
s i s t e m a t i z a t i o n  i n  t h a t  dom ain, u n d e r ta k e n  by one p e rso n  i s
doomed to  f a i l .

We w i l l  n o t  o o n s id e r  th e  g e n e r a ł  b a s i s  o f th e  p ro b le m ,fo r
i t  i s  d iso u s s e d  i n  th e  a r t i c l e  o f  W .O p a ls k i" T h e o re tio a l  fo u n -
d a t io n s  o f  u t i l i z i n g  o b s e rv a t io n s  o f  a r t i f i o i a l  s a t e l l i t e s  f o r
th e  i n v e s t i g a t i o n  o f  th e  E a r th  f ig u r ę "  [2 3 ] .  I n s t e a d ,  l e t  us
o o n s id e r  th e  a d v a n ta g e s  and th e  d is a d v a n ta g e s  o f  t h a t  m ethod
i n  com parison  w ith  th e  m ethods d is o u s s e d  b e f o r e .

I n  th e  g r a r im e t r i o  m ethod th e  m easured  v a lu e  r e f e r s  a l -
ways to  some p a r t i o u l a r  p o i n t .  And th e n ,  i n t e r p o l a t i n g  th e
r e s u l t s  o f  th o se  p a r t i o u l a r  p o in t s  we oan form  a g e n e r a ł  p io -
tu r e  o f  th e  s u r f a o e ,  e x .g .  th e  map o f  th e  g r a v im e t r io  anoma-
l i e s  f o r  a g iv e n  a r e a .  I n  th e  s a t e l l i t e  m ethod we m easure -
u n d i r e o t ly  -  th e  g r a v i t y  f i e l d  o f  th e  whole E a r th .  E very ourve
o f  th e  t e r r a i n ,  e v e ry  s to n e ,  h a s  i t s  I n f lu e n c e  on th e  shape
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o f  th e  s a t e l l i t e ' s  o r b i t .  T h e re fo re  th e  problem  o f  th e  un- 
m easured  a r e a s  -  so e s s e n t i a l  f o r  th e  p re v io u s  m e th o d s-  d i s -  
a p e a r s  a u to m a t i c a l ly .  T ha t p o in ta  to w ard s  th e  im p o r ta n t  con- 
o lu s io n s .  The fo rm u la  f o r  th e  no rm al v a lu e  o f th e  g r a y i t y  
a c o e l e r e t i o n  i s  d e r iv e d  f o r  th e  e l l i p s o i d .  I t s  o o e f f i c i e n t s  fi 
and c a s  w e ll  a s  th e  jre v a lu e  a r e  d e te rm in e d  e m p irio a lly  from 
s e y e r a l  o b s e ry a t io n s  i n  d i f f e r e n t  p l a c e s .  B ut i f  th o se  ob- 
s e r y a t io n s  a re  n o t  u n ifo rm ly  d isp o se d  a l l  ove r th e  E a r t h 's  
s u r f a o e  and th e  g e o id  d e y ia t e s  a y s te m a t ic a l ly  from  th e  e l l i p ­
s o id ,  th e n  we o b ta in  y a lu e s  J3, t ,  oharged  w ith  th e  sy s tem a- 
t i o a l  e r r o r s ,p e o u l i a r  to  th e  e l l i p s o i d  f i t t i n g  th e  b e s t  th e  
m easured  a r e a s .  I n  t h a t  oase  a n o m a lie s  o f  a l i t t l e  yalue  over 
a v a s t  a re a  w i l l  n o t be f in d  o u t ,  i t  means t h a t  th e y  w i l l  n o t  
be f in d  o u t t i l l  a muoh l a r g e r  a re a  i s  m easured  where th e  ex -  
o e s s iv e  a n o m a lie s  o f  th e  o p p o s ite  s ig n  w i l l  o o c u r. The form u­
la  f o r  th e  norm al a o c e l e r a t io n  h a s  to  be o o r re o te d  by i n t r o -  
duo ing  th e  f l a t t e n i n g  v a lu e  a  oomputed by th e  s a t e l l i t e  me- 
th o d . h a s  to  be oomputed from  th e  a d ju s tm e n t o f  th e  g r a v i -  
m e tr io  m easu rem en ts.

The s t r u o tu r e  ę f  th e  E a r t h 's  g r a y i t y  f i e l d  i s  a s  oo m p li- 
o a te d  a s  th e  g e o id  s shape i s ,  and i t  oan be d e f in e d  by a f o r ­
mula e .g .  o f  e x p a n s io n  i n  s p h e r io a l  harm on los

U - ^ 7 ^ 7 P „ .  (6)

A m easurem ent madę i n  th e  s a t e l l i t e  m ethod i s  a d e te rm i-  
n a t i o n  o f  th e  y a r i a t i o n  o f  t h a t  o r a n o th e r  o r b i t ' s  e le m e n t. 
T h a t y a r i a t i o n  i s  a f u n o t io n  o f  th e  whole g r a v i t y  f i e l d  and 
t h e r e f o r e  o f  a l l  te rm s o f  th e  s e r i e s . I t  i s  c o m p a ra tiv e ly  easy  
to  d e te rm in e  from  t h a t  m easurem ent th e  p rim e te rm s whioh have 
a g r e a t  in f lu e n c e  on th e  p e r t u r b a t i o n s .  The d e te rm in a t io n  o f  
th e  f u r t h e r  te rm s depends on f u l f i l l i n g  th e  s p e o ia l  o r b i t a l  
o o n d i t io n s ,  whioh a l lo w , i n  th e  e ą u a t io n s  l in k in g  th e  v a r i a -  
t i o n s  o f  th e  o r b i t ’ s e le m e n ts  w ith  th e  o o e f f i c i e n t s  o f th e  
fo rm u la  f o r  th e  p o t e n t i a l ,  to  e l im in a te  some o f  th e  te rm s and 
to  b r in g  o u t th e  o th e r  o n e s . T h is  i s  e s p e c i a l l y  im p o r ta n t  i n  
a n a ly s in g  th e  fo rm u la  f o r  U a s  a f u n c t io n  o f  A , where i t  i s  
in d is p e n s a b le  to  a p p ly  th e  r e s o n a n t  o r b i t s .  I t  i s  ek p eo ted  
t h a t  by a p p ly in g  th e  r e s o n a n t  o r b i t  i t  w i l l  be p o s s ib l e  to  
oompute th e  o o e f f i c i e n t s  f o r  th e  t e s s e r a l  and s e c t o r i a l  h a r -  
m onios o f  th e  same o rd e r  a s  f o r  th e  z o n a l o n es . "The d i s t r i -  
b u t iv e  power" o f  t h a t  m ethod i s  m oreover o o n d i tio n e d  by two 
f a o t o r s :  th e  ao cu rao y  o f  th e  o b s e rv a t io n s  and th e  a d e ą u a te  
e l im in a t io n  o f th e  p e r t u r b a t io n s  oaused  by o th e r  f a o t o r s .  The 
s a t e l l i t e s  a p p l ie d  f o r  g e o d e t ic  p u rp o se s  have b een  u su a lly  ob- 
s e rv e d  by th e  p h o to g ra p h io  m ethod o r by th e  r a d io  m ethod, ma- 
k in g  use o f  th e  in t e r f e r e n o e  e f f e o t .  The fo rm a l a o cu rao y  o f 
th e  p h o to g ra p h ic a l  o b s e ry a t io n s  w ith  cam eras Baker-N unn i s  
r e a l l y  h ig h :  2" in  th e  a n g le ,  0 .001  i n  t im e . I t ' s  n e c e s s a ry  
to  remember t h a t  th e  o b s e ry a t io n s  a re  d i s t r i b u t e d  i r r e g u l a r l y  
i n  tim e and i n  sp a c e ;  n o t  e v e ry  C i r c u i t  i s  o b se ry e d , and s e ­
y e r a l  p a r t s  o f th e  o r b i t  a re  n o t  b e in g  o b se ry ed  a t  a l l .  B e s i -  
d e s ,  one s im p l i f i e s  th e  r e a l i t y  by a p p ly in g  i n  c o m p u ta tio n s  
th e  o s o u la t in g  o r mean o r b i t  whioh i s  t h a t  o f  K ep le r  —though 
I n  f u r t h e r  c o n s ld e r a t io n s  th e  y a r i a t i o n s  o f  e le m e n ts  in  tim e 
a r e  in t r o d u c e d .  The e o c e n t r i c i t y  y a r i a t i o n s  a re  o o n s id e re d
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though th e  movement does n o t  p rooeed  a lo n g  th e  e l l i p s e ,  tlje
y a r i a t i o n s  o f  th e  o r i e n t a t i o n  and i n o l i n a t i o n  o f  th e  o r b i t ' s
p ia n e  a re  o o n s id e re d  though  th e  s a t e l l i t e  does n o t  move in
th e  p ia n e .  Those s i m p l i f i o a t i o n s  a re  u n o ffe n d in g  when we haye
th e  r io h  and un ifo rm  o b s e r v a t io n a l  m a t e r i a ł ;  th e y  a re  r a t h e r
dan g ero u s when we have to  do w ith  a so a ro e  number and d is a d -
y a n ta g e o u s  d i s t r i b u t i o n  o f  th e  o b s e ry a t io n s .  When com puting
th e  unknown o o e f f i o i e n t s  f o r  th e  term a in  th e  fo rm u la  (f o r  th e
p o t e n t i a l ,  we a p p ly ,  a s  th e  known ą u a n t i t i e s ,  some o r b i t ' s
e le m e n ts , suoh a s :  e c o e n t r i c i t y , s ę m i~ a x is , i n o l i n a t i o n  and
mean m o tio n . For in s ta n o e  a f t e r  O 'K eefe

■ 3 A 30 e cos i r 5 . ,  . 1ó ( ,  ;—  f - y - S I O 2 l SIO co,J  2 n a 6 n L 4  J
&.i3 -  e f f e o t  o f  th e  t h i r d  z o n a l harm onio  term  on o r b i t ' 3 i n ­

o l i n a t i o n ,  ai -  i n o l i n a t i o n  o f  o r b i t ,
A3 0 -  o o e f f i o i e n t  o f th e  t h i r d  z o n a l h a rm o n io ,

e -  e o c e n t r i o i t y ,
a -  sem i-m ajo r a x i s ,
n -  mean m o tio n ,
n '-  m o tion  o f  p e r ig e e ,

CJ -  argum ent o f p e r ig e e .
The fo rm u la  oan be w r i t t e n

= a
and c a lo u l a t i n g  th e  d e r iv a t i v e  o f  A3 0  w ith  r e g a rd  to  n , we
o b ta in

P ro o e ed in g  to  th e  r e l a t i v e  e r r o r s ,  we o b ta in

Ajo n

S o , a p a r t  from  th e  r e ą u i r e d  a o c u ra c y  o f  th e  d e te rm in a t io n
o f  y a r i a t i o n s  o f  th e  o r b i t  a e le m e n ts  (h e re  A I3 ) , a p r e o i s e
knowledge o f  th e  a b s o lu te  y a lu e s  o f  th o se  e le m e n ts  i s  n e o e s -
s a ry .

I n  s p i t e  o f  th e  d i f f i o u l t i e s  m en tioned  a b o y e , i n  p r a o t io e
a h ig h  a co u rao y  i s  b e in g  o b ta in e d .  K o z a i  [18] g iv e s  th e
e le m en ts  o f  th e  o r b i t  o f  th e  s a t e l l i t e  1961 o 2 ( In ju n ) s  n =

= 13,86862 ± 0 ,00002  t u r n / l rf ; e= 0 ,008105 ± 0 ,0 0 0 0 1 2 ; 1 =

= 66 ,8146 ± 0 ,0 0 0 9 . 0 K e e f  e [22] u se s  f o r  o o m p u ta tio n
a ^ l 1 d  w ith  aoo u raoy  10“ 5  , acj/ld  w ith  aco u rao y  3x10"4  , w hat when
com puting th e  f l a t t e n i n g  <x , a llo w s  to  a t t a i n  an  a o c u ra c y  o f
th e  o rd e r  o f  1 : 20000.

To o o n s id e r  th e  e f f e o t s  o f  th e  o th e r  f a o t o r s  p e r tu r b in g
th e  K e p le r ia n  m otion  o f  th e  s a t e l l i t e  i t  i s  n e c e s s a ry  to  know
th o se  f a o t o r s .  I t  i s  ą u i t e  s im p le , f o r  in s t a n o e ,  to  i n t r o d u -
ce o o r r e o t io n s  o f  th e  a t t r a o t i o n  o f  th e  Sun and th e  Moon.
The m ost tro u b le so m e  i s  th e  a tm osp here  r e s i s t a n o e  and t h i s  i s
th e  m ain r e a s o n  o f  th e  d iy e rg e n o e  be tw een  th e  r e s u l t s  o b t a i ­
ned by d i f f e r e n t  a u th o r s .  I t  i s  a f a o t o r  whioh i s  d an g e ro u s
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m ain ly  b ecau se  o f i t s  v a r i a b le n e s s  and even  o f  i t s  "unm athe- 
m a t i o a l i t y " .  I n  f a o t ,  th e  h ig h e s t  l a y e r s  o f  th e  a tm osphere  
a r e  n o t  s t a b i l e .  T here  a p p e a r  v e r t i o a l  and h o r i z o n t a l  c u r -  
r e n t s  a s  w e ll  a s  d e n s i ty  v a r i a t i o n s  oaused  by th e  a l t e r n a t io n s  
o f  s e a s o n s ,  o f day and n ig h t  and o th e r  unknown r e a s o n s .  In  
suoh  a s i t u a t i o n  i t  seems th e  m ost sm art to  d e te rm in e  th e  
a tm o sp h e rio  e f f e o t s  s im u lta n e o u s ly  w ith  th e  p a ra m e te rs  o f  th e  
g r a v i t y  f i e l d .  0 'K e e f  e [22] a p p l i e s  t h a t  m ethod by 
u s in g  th e  v a r i a t i o n s  o f  th e  s e rn i-a x is  a o f  th e  o r b i t ,  whioh 
i s  o f  l i t t l e  s e n s i t i v i t y  to  th e  g r a v i t y  f a o t o r s ,  f o r  t ra o k in g  
o u t  th e  a tm o sp h e rio  e f f e o t s .  T here  re m a in s  an  o u ts ta n d in g  
ą u e s t lo n :  w h e th e r th e  aco u rao y  o f  t h a t  m ethod i s  s u f f i o i e n t ,  
f o r  th e  i r r e g u l a r i t y  o f  th e  d i s t r i b u t i o n  o f  o b s e r v a t io n s  i n  
tim e and spaoe s t i l l  re b o u n d s  h e re  upon.

D i f f e r e n t  a u th o r s  a p p ly  d i f f e r e n t  sym bols to  d e f in e  th e  
3 a r th  g r a v i t a t i o n a l  p o t e n t i a l .  The t a b l e  3 o o n ta in s  th e  o o e f-  
f i o i e n t s  o f th e  fo rm u la

U . J - O - [ l - Ł  J n ( ^ (7)

T hese oan be r e l a t e d  to  th e  J e f f r e y s  o o e f f i o i e n t s  J and 
D by th e  fo rm u lae

7= — 7 D = -  — 7J 2 J 2 u  8 ’
to  th o se  o f O 'K eefe  

to  th o se  o f  Z hongo lov ioh
c no

The f l a t t e n i n g  o< oan be d e te rm in e d  from  th e  fo rm u la  (16)

a  = j ( 3 J 2  + m ) ( 1 +  m ) + O ( J ^ ) .  (8)

The r e s u l t s  i n  th e  t a b l e  3 a re  s t r i k i n g  b eo au se  o f  t h e i r  
o o in o id e n c e ,  e s p e o i a l l y  in  th e  oolumn J2 and i n  th e  o o r r e s -  
pond ing  oolumn tt~'. On th e  b a s i s  o f th e s e  d a ta  i t  oan be  a s o e r -  
t a i n e s  t h a t  a.'1 o lo s e s  be tw een  29 8 ,2  and 2 9 8 ,3 .  To assum e t h i s  
o r a n o th e r  number i n  t h a t  r a n g ,  i s  a ą u e s t io n  o f  o o n v e n tio n  
o n ly ,  f o r  th e  a co u rao y  o f  th e  f i r s t  p la o e  a f t e r  th e  oomma i n  
th e  d enom ina to r o f  th e  f l a t t e n i n g  o o rre s p o n d s  to  th e  aoouraoy  
a p p ro x . 6 ,5 /n  i n  th e  d i f f e r e n o e  a - b .

The v a lu e  o f J3 oan be re g a rd e d  a s  e s t a b l i s h e d  to o  -  i t  
i s  o lo se  to  -2 ,5 x 1 0 ~ ° . On th e  o th e r  h a n d , i n  th e  oolumns J4 
and J5  we f in d  g r e a t e r  d i s o r e p a n o ie s  th a n  we oou ld  e x p e c t  o f  
th e  i n t e r n a l  a c o u ra o ie s  o f  th e  p a r t i o u l a r  r e s u l t s  g iv e n  by 
th e  a u th o r s .  So we have to  t r e a t  w ith  a r e s e r v e  th e  l a s t  
r e s u l t s  p r e s e n te d  by K o z a !  [18] though  th e y  a r e  d e r i -  
ved from  v e ry  r i o h  o b s e r v a t io n a l  d a ta  -  i . e .  o b s e rv a t io n s  o f 
31 s a t e l l i t e s .

The o a lo u l a t i o n  o f  th e  h ig h  o rd e r  z o n a l  h a rm o n ics  o n ly ,  
h a s  a somehow s p e o u la t iv e  c h a r a c t e r ,  f o r  i t  i s  g en e ra lly  known 
t h a t  th e  g r a v i t y  f i e l d  i s  a f u n c t io n  o f  <f> a s  w e ll a s  o f  A .  
H i th e r to  th e r e  were n o t d e te r m in a t io n s  o f  t h a t  s o r t  and th o se
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R e s u lts  o f  th e d e te r m in a tio n s  o f  th e S a r th 's  g r a r l ty  p o t e n t la l
from o b a e r ra tlo n a  o f  a r t i f i o i a l  s a t e l l l t e s

T a b 1 e 3

Author s a t e l l l t e s 3, h 4 J, Jl

1958
Buohar Sp u tn ik  2 ♦1083 ,2 * - 2 ,4 - - - - 29 7 ,9 0

Merson
K lng-H ele S p utn ik  2 ♦1084 ,0 - - 2 ,4 - - - - 298 ,1

Jaoohla
1959

S p utn ik  2
Yanguard 1 ♦1082 ,7 £ - 2 ,1 - - - - 2 9 8 ,2 8

Merson
K lng-H ele

S p u tn ik  2
Yanguard 1 + 1083,3 - -1 ,0 2 9 8 ,2

Merson
K lng-H ele

S p utn ik  2
Yanguard 1
B xplorer  4

+ 1083 ,0
(0 ,2 )

- - 1 .3
(0 ,2 )

- -0 ,1
(1 ,5 )

2 9 8 ,2

Leo ar
S ą u lre s
E ok els

Yanguard 1 +1082,2 - - 2 ,4 - - 2 ,4 - - 2 9 8 ,3 2

0 ,K eefe
E okels
S ą u ir e s

Yanguard 1 +1082,5
(0 ,1 )

-2 ,4
(0 V3)

-1 ,7
(0 ,1 )

-0 ,1
(0 ,1 )

- - - 2 9 8 ,2 6

Ko s a l Yanguard 1 +1082,1 -2  ,2
(0 ,1 )

- 0 ,9 - - - - 2 9 8 ,3 4

K lng-H ele
S p u tn ik  2
Yanguard 1
E xp lorer  7

+ 1082,79
(0 ,1 5 )

- -1 ,4
(0 ,2 )

- - 0 ,9
(0 ,8 )

- - 298 ,24

Z hongolovlch
S p utn ik  2
Sp utn ik  3
S p u tn ik  3R

+ 1083 ,3
(0 ,7 )

-2
(3) (0^7) - - - - 29 8 ,1 7

ZhongoloYioh
1961

Sp utn ik  3
S p utn ik  3R + 1083,2 -1 ,8 - 4 ,2 - - - - 2 9 8 ,1 8

Z hongolovloh Sp utn ik  3 +1082,5 - 0 ,9 - 3 ,4 - - - - 2 9 8 ,2 6

Koza!
E xplorer  7
Yanguard 3
Yanguard 1

+1082,21

(0 ,0 4 )

-2 ,2 9

(0 ,0 2 )

-2 ,1

(0 ,1 )

-0 ,2 3

(0 ,0 2 )

- - - 298 ,31

M io h le lsen
T r a n s it  1B(R)
Yanguard 1
S p u tn ik  4

+1082,7 - 2 ,5 - 1 ,7A + 0 ,3 + 0 ,7 - 0 ,6 +0,1 29 8 ,2 5

Newton
H e p fle ld
K lin e

T r a n s it  2A
Yanguard 1
T r a n s it  1B

- -2 ,3 6
(0 ,1 4 )

• -0 ,1 9
(0 ,1 0 )

- -0 ,2 8
(0 ,1 1 )

- e'

Sm ith

1962

S p utn ik  3
T r a n s it  1B
T lz o s  1

+1083,15
(0 ,2 )

- -1 ,4
(0 ,3 )

- 0 .7
(0 ,6 )

- * 29 8 ,1 9

Sh elk ey +1082,61
(0 ,0 5

*  • -1 ,52
(0 ,0 8 )

-0 ,7 3
(0 ,1 0 )

- - 2 9 8 ,2 6

Kosa! 31 S a te li tó w +1082 ,36
(0 ,06)

-2 ,5 7
(0 ,0 1 )

-2 ,1 4
(0 ,0 8 )

-0 ,0 6
(0 ,0 2 )

+0 ,15
(0 ,1 2 )

-0 ,4 7
(0 ,0 2 )

-0 ,3 1
(0 ,0 2 )

29 8 ,2 9

J--+O ,11
’  (0 ,0 2 ;
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whloh to o k  p la o e  ha s th e  o h a ra o te r  o f  th e  i n v e s t i g a t i o n s  on 
th e  m ethod r a t h e r  th a n  o f a m easurem ent o f  th e  g r a v i t y  f i e l d .

T a b 1 e 4

The results of the researches on the ellipticity of the 
eąuator by the satellite method ■

Author year satellites /?X1O“5 A x ('f) a-a'

Izsak 1961 Vanguard 2
Vanguard 3 3,2 

i 0,3
-33°, 2 
± 0,5

205 m

■ Kaula 1961 Yanguard 1 1,1 
± 0,5

-36
±16

70 m

Newton 1961 Transit 4A 2,4
± 0,5 l+ 

I 219 m

fi - flattening of the eąuatorial ellipse,
Ax - geographical longitude of the major axis direction, 

a-a'- semi-axis difference.
A li  th e  th re e  r e s u l t s  g iv e n  i n  th e  t a b le  4 r e f e r  to  one 

e lem en t on ly  -  th e  t e s s e r a l  harm onio o f  th e  seoond o rd e r  -  
t h i s  b e in g  synonymous w ith  th e  d ę te rm in a t io n  o f th e  e l l i p t i ­
c i t y  o f  th e  e ą u a to r .  The a u t h o r 's  o p in io n  i s  t h a t  en  e s s e n -  
t i a l  p r o g re s s  m ight n o t be e x p e c te d  b e fo re  a r e a l i z a t l o n  o f 
an r e s o n a n t  o r b i t .

5 . COMPARISON AND COMBINATION OF THE RESULTS
OF DIFFERENT METHODS

R e o a p i tu la t in g  b r i e f l y  th e  p re o e d in g  o o n s id e r a t io n s ,  we 
oan s t a t e  t h a t :

a .  The g e o m e tr io a l  m ethod p e rm its  us to  d e f in e  th e  s iz e  
and th e  g e n e ra ł  shape o f  th e  E a r th ,  b u t  i t s  a p p l i c a t i o n s  a re  
l im i te d  to  th e  o o n t in e n ts .  The m ethod of th e  a s tro n o m ic a l  
l e v e l l i n g  oan n o t p rom ise  to  p e rfo ria  th e  r e s e a ro h  o f  th e  
g e o id 's  ru n  over a l l  o o n t in e n ts  -  i n  a s h o r t  t im e , beoause  o f 
th e  d i f f i o u l t  and e x p e n slv e  m easu rem en ts. T here  have been  
o o n s ld e ra b le  d i f f i c u l t i e s  a r i s i n g  from  th e  a d e ą u a te  o r i e n t a t -  
in g  o f e v e ry  in d e p e n d e n t system  a s  w e ll a s  from  th e  oonneo- 
t i o n  o f d i f f e r e n t  sy s tem s.

b . The g r a v lm e t r lo  m ethod e n a b le s  us to  d e te rm in e  th e  ge­
n e r a ł  a s  w e l l  a s  th e  d e t a i l  shape o f  g e o id ,  b u t  i t  does n o t 
g iv e  us th e  p o s s i b i l i t y  o f  p r e c i s in g  th e  s iz e  o f  th e  g e o id . 
The a o o u ra te  a p p ly in g  o f t h a t  m ethod r e ą u i r e s  m easurem ents to  
be done a l l  ov e r th e  g l o b e 's  s u r f a o e ,  what we a re  ą u i t e  f a r  
from . M oreover th e r e  a re  s t i l l  some ą u e s t io n s  u n so lv ed  in  th e  
th e o ry  o f  t h a t  m ethod.

c . The s a t e l l i t e  m ethod e n a b le s  an a o o u ra te  d e te rm in a t lo n  
o f  th e  g e n e ra ł  shape o f  th e  E a r t h 's  f ig u r ę  -  w ith o u t i t s  d i -  
m en sio n s . E very  d e te rm in a t io n  o f  t h a t  f i g u r ę -  even from  th e  
o b s e rv a t io n  o f one s a t e l l i t e  -  i s  b e in g  aooom plished  w ith  th e  
a id  o f th e  m easurem ent o o n o e rn in g  th e  whole E a r th .  A pp ly ing
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th e  s a t e l l i t e s  which be e s p e c i a l l y  d e s t i n a te d  f o r  th e  p u rpose  
o f  i n v e s t i g a t i o n  o f  th e  E a r t ł / s  f ig u r ę  i t  w i l l  be p o s s ib le  to  
red u o e  th e  d eg ree  o f  g e n e r a l i t y  o f  th e  f ig u r ę  b e in g  d ę te rm i-  
n e d . Nonę th e  l e s s  th e  d e t a i l  r e s e a r c h e s  o f  th e  g e o id  s ru n  
a r e  in a o o e s s ib le  to  t h a t  m ethod.

I n  t h i s  s i t u a t i o n  i t  i s  a l o g io a l  n e o e s s i ty  to oombine and 
com plem ent th e  p a r t i o u l a r  m ethods one a n o th e r .  The exam ple o f 
t h a t  i s  th e  in tr o d u c in g  o f  g r a v im e t r io a l  o o r r e o t io n s  f o r  the  
d e f l e c t i o n  o f  th e  v e r t i o a l  i n to  th e  t r i a n g i i l a t i o n  m easu re- 
m en ts . I t  i s  a k ind  o f  th e  u n i l a t e r a l  s e r r i o e  o f f e r e d  by one 
m ethod f o r  th e  b e n e f i t  o f  p e r f e o t io n n in g  o f  th e  o th e r  one. A 
s im i l a r  a d v a n ta g e s  can be ta k e n  o f  th e  s a t e l l i t e  m ethod.

The e s t im a te  o f th e  v a lu e s  o f  a n o m a lie s  o f th e  unm easured 
t e r r a i n s  p r e s e n t s  a s e r io u s  problem  o f  g ra v im e try .  The know- 
le d g e  o f  th e  form  o f  th e  s u rfa o e  b e in g  th e  g e n e r a l i z e d  g e o id  
-  l e t  us c a l i  i t  ą u a s i - g e o id  -  e n a b le s  us to  f in d  th o se  v a l -  
ues a p p ro x im a te ly , nonę th e  l e s s  a good d e a l  morę a o o u ra te ly  
th a n  b e f o r e .  L e t us p r e s e n t  [23] th e  g r a v i t y  a o o e le r a t io n  by 
th e  fo rm u la

n n
a0 0 + E .  EL (7-) (an s  c o s s*  + bn s  s i n s A )  Pn s  (sin  <j>) (9)

n=2 3 = 0
assum ing  t h a t  th e  s e v e r a l  f i r s t  o o e f f i o i e n t s  an s  and bn s ( n ^ n 1t s < n)  a re  known from  th e  o b s e rv a t io n s  o f  th e  a r t i f i c i a l  s a ­
t e l l i t e s .  S o , in t r o d u c in g  th e  known v a lu e s  a n s  bn s  a s  onn- 
s t a n t s  i n to  (9) and m easu rin g  g we o b ta in  th e  o b s e r y a t io n a l  
e ą u a t io n  w ith  th e  unknown o o e f f i o i e n t s  an s  bn s  (n:  n > n , , 5 n ~)

9 -  Qo ( a oo + \An,] + [ A n s ]> 
n < n, n,< n n2 5< n s i n

where a re  th e  sums o f s p h e r io a l  h a rm o n io s . The f i r s t  sum
o o n s i s t s  o f  th e  known te rm s , th e  seoond one o o n s i s t s  o f th e  
unknowns. The d e te rm in e d  v a lu e s  o f an s  and bn s  f o r  n '>n, w i l l  
be r e a l i a b l e  a ls o  f o r  th e  unm easured t e r r a i n s .

A f u l l e r  knowledge o f th e  shape o f th e  s u r fa o e  r e p r e s e n t -  
in g  th e  E a r t h 's  f ig u r ę  a llo w s  us to  ta k e  a f a r t h e r  s te p  in to  
th e  th e o ry  o f  th e  a ro  m easu rem en ts. Now we oan t r y  to  d e te r -  
mine th e  p a ra m e te rs  o f morę a c o ra p lic a te d  s u r f a o e ,  th e  gen e­
r a ł  fo rm u la  o f  w hich a s  w e ll  a s  some o o e f f i o i e n t s  of th e  f o r ­
mula a re  known. T ha t oan be r e a l i z e d  i n  p r a c t io e  be means o f 
a s u i t a b l e  com puting o f  th e  v a lu e s  £ and 7 a s  th e  d e f le o -  
t i o n s  be tw een  th e  y e r t i c a l  and th e  norm al to  t h a t  s u r f a o e .

T h a t knowledge oan be a l s o  a p p l ie d  to  a d e te rm in a t io n  o f 
th e  c o n y e n tio n a l  s u r fa o e  o f  th e  e l l i p s o i d .  I t  i s  g e n e r a l ly  
u n d e rs to o d  t h a t  th e  g e o d e t ic - a s t r o n o m ic a l  m easurem ents a re  a l -  
ways n e o e s s a r i ly  l im i t e d  t o ,a  c e r t a i n ,  l a r g e r  o r s m a l le r ,  
frag m en t o f th e  whole E a r th ’ s s u r f a o e .  S o , to  red u o e  the r e -  
s u l t i n g  e r r o r s  a s  muoh a s  p o s s ib le  -  i t  i s  n e o e ss a ry  when de - 
te rm in ln g  th e  e l l i p s o i d ,  to  ta k e  i n to  a o co u n t th o se  r e g io n a l  
d e f l e o t i o n s  from  th e  e l l i p s o i d a l  shape o f th e  E a r th ,  which a re  
a lr e a d y  known. I t  d o e s n 't  come to  th e  same th in g  a s  th e  i n ­
tro d u c in g  th e  g r a v im e t r i c a l  o o r r e o t io n s  to  th e  v e r t i o a l  d e f -  
l e o t i o n  f o r  th e s e  l a t t e r  ones ta k e  ao co u n t m ain ly  of th e  l o c a l  
g e o id ’ s f o ld in g  oaused  by m asses which a re  p la c e d  c o m p a ra ti-

9 " 9o ( ̂00 ni] ] ' (10)
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ve ly  n ear. Values £ and 7 in troduoed  in to  the ad justm en t, 
are

£ = cp - B - A j g r - A £ s  , 
where

q> -  astronom ioal l a t i t u d e ,
fi -  geodetic  l a t i tu d e ,

n jg r -  g ra v im e trio a l c o rre o tio n ,
&£s -  c o rre o tio n  re s u l t in g  from the re g io n a l fo ld in g  of 

ąu asig eo id .
Such d e fin in g  of the v a lu es  n and J a llow s to  epply the 

o o n d itio n  T,(£2+q2)=min, ao we have a sm aller r i s k  tha t the e l l i p -
so id  f i t t i n g  the b e s t the measured 
area  would oonsiderab ly  d i f f e r  from the 
e l l ip s o id  ap p ro p ria te  to  the whole 
E arth .

Let us in v e s t ig a te ,  on the example 
of the Krassowski*s e l l ip s o id ,w h a t i s  
the e f fe o t  of tak ing  in to  account of 
the th i r d  sp h e rio a l harmonios on the 
r e s u l t s  o£ the aro measurements. The so 
o a lle d  "0 K eefe 's  pear" whioh i s  de- 
fin e d  by the formula (14) we are  going 
to  o a l l  su rface  r.

I f  the measurements, madę of the
su rface  P and reduoetj on the e l l i p ­

so id  E g ive a defined  value of the e l l ip s o id  s f la t te n in g  
a  = (og l 3) , i t  fo liow a th a t  in  a o e r ta in  rangę of la t i tu d e  
( in  that*one where the measurements are  done) the curvature  
o f the m eridian seo tio n  of the su rface  P ooinoides w ith the
ourva tu re  of the e l l ip s o id  £ .

S lm p lif in g , we oan. imagine th a t  .P" a r i s e s  by the super- 
p o s i t io n  of the th i r d  sp h e r io a l harmonio P3 on an e l l ip s o id a l  
s u rfa c e , whioh would be the c o r re c t ,  wanted e l l ip s o id  whioh 
we searoh fo r  and o a l l  £; .

where
E iipj>r ~ a r e  th® fu n o tio n s  of the p o la r ooo rd ina tes  <p, A, r.
Denoting by XE , Xr  the ou rva tu res o f re sp e o tiv e  surfaceswe 

have
= Xr40 <(f< 50 40 < if <50

so = xE, .
The e l l i p s o id 's  ou rvatu re  i s  a funo tion  of i t s  f la tte n in g  

a ,  a t  the p o in t of the g lven  l a t i t u d e ,  so knowing the value 
o f ocf  we know to o . We oan a lso  oompute the inorem ent of 
the  ourvature  &Xp3 as r e s u l te d  from the superposing of the 
su rface  P3 on the e l l ip s o id .  On oomputing the inorem ent of 
the cu rva tu re  as a fu n o tio n  o f oc we fin d

(13)
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To determine &£p3 le t  us use the O'Keefe formula for the
graTity poten tia l

(14)

When we a saunie AJ0 -0 ,  we obtaln a surfaoe ooming near
in  form to the e ll lp so ld  (under the oondition that there i s
d e fin ite  funotlona1 r e la tio n  between the o o e ffio ie n ts  A20 and
A4 0 , acoording to the formulae glven below)

+ + ~?P 4  > 0 5 )
where

ôo =  f' M,

a 2 ,

A4 0 = £  f.M.D.a4

and J, D are J e ffr e y ’s o o e ffio ie n ts
J = CL- J  m + d (-? m ,

O = ~~2 r n A ’
and . ,

_ cć2 a 3 ( 1-a)
f. M

When d. = 2 gg j and G= 6,378245, thus we obtaln
m = +0,0034497
J = +0,0016234
D = +0,0000104.

To find the o o e ffio ie n ts  for the formula (15) l e t  us wrl-
te i t  in  form of

<1 6 »

and o a llin g  = BL we have
O7a)

B2 = - jB o J a 2 , (I7b)

B4 ~f5  B0 D a 4 . (170)

Bo oan be found from the J e ffr e y 's  formula
( 1 B )

Assumlng cp = 0, for the same values of cc and a we obtaln
Bo = 6,374790

^QO ^ + (16)

B2 = -jBo3a', (17b)

B^-j^BoDa". (170)
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fi2 = -0,2806564
B4 = +0,0250806 .

Now we are going to oompute the ourvature twioe- at flrst
assuming B3 ~0, at seoond when B3 = +0,003998 whloh oorrespondsto the value of A30= +0,25, determined by o'Keefe

(19)
(r2+ r 2) J/z

We oan find r' and r" from the formula (14), whioh can be
written

r5 - Bo r* + B2 r2p2 + B3 r p3 + B4 p4 , (20)

r‘ = B2 r2 p‘2 + B3 r p'3 + B4 p4 (21}
5r4 - 4Bo r3-2B2 rp2 - B3 p3

and negleoting in the numerator the smali terms of the order
of r'2 ;

r ,= (2B2 rr'p2 + B2 r2p"2 + B3 r p‘4 ) ~(20 r3 r'-12 Bo r2 r'-2 B2 r p2 - B3p'3)r'
5r4 - 4Bo r3 -2B2 rp2 - B3 p3

The Legendrian funotlons and thelr derivatives
pressed by the formulae

are ex-

p2 ~̂ j sin2 <p - p'2 = ̂  sin 2<t>; p’2 ~3cos2<fi> (23a)

p3- -j- (5sin3 (fi -3sin<f>)-, p) = j cos (fi (5sin2(fi -1) >

p3 = j sin <f> (10cos2 -5sin2<fi + 1)>
(23b)

p4 =-& (35 sin4 (fi -30sin2<fi + 3); p4 = Ą  cos (fi (7 sin3(fi - 3sin (fi)

(230)
p4 =--% sin2 <fi (7 sin2 (fi-3) + ̂  cos2 <fi (7sin2 (fi - 1 )■

Substituting the numerioal values, we obtain for cf.
and (fi - 50°

</>= 40° </>= 50°
p2 +-0,1197638 +0,3802360
p2 +1 ,4772117
p"2 +0,5209446 -0,5209446
p3 -0,3002206 -0,0252336
pj +1,2247665 +1 ,8648426
p3 +4,6303469 +2,5252334
p4 -0,4275346 -0,3190045
p4 -0,1326649 +1 ,3636726
p; +8,4393692 +8,0052490

>= 40°
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assum lng B3 = 0
r 6,373957 6,372157
r' -0 ,0102094 -0 ,0101981
r" -0 ,0 0 3 5 3 6 8 +0,0036604
X +0,1569757 +0,1568428

assum lng B3 » +0 ,003998
r 6,373952 6,372157
r' -0 ,0101 905 -0 ,0 1 0 1 6 9 3
r" -0 ,0 0 3 4 6 5 0 +0,0037000
X +0,1569743 +0,1568419 .

Thus we g e t A X p3 f o r  <p
<P

=« 40°
-  50°

e ą u a l  to  -1 4 .1 0 ”?
-7

e ą u a l  to  -  9 .1 0
To f ln d  th e  in o re m en t o f  th e  o u r r a tu r e  In  th e  fu n o t lo n  o f

f l a t t e n l n g  we use  th e  fo rm u la  f o r  th e  m e r id io n a l  o u rv a tu re
e2 sin2 if)
a (1 -e 2 ) ' (24)

where e i s  th e  e o o e n t r l o i t j  o f  th e  m e r id io n a l  e l l i p s e

D eveloping  th e  n u m era to r In  a power s e r l e s , we have
( i - ^ - e 2sin2 cp + j e 4 s in 4 < f.. . )

a ( l - e 2 )
D i f f e r e n t l a t i n g  and n e g le o t in g  th e  term a o f  th e
we o b ta in

e ( 2 - 3 sin 2 q>} +■!■e 3 s in 4 q>
d X  = — --------------------------------- -- de  .a ( i - e 2) 2

Beoause

and
e 2  = 2 a -  a 2

d e  = 1 g— da. >
8 0

_ ( 2 - 3  s in 2 <f 3CL sin  4  q>)( l-a .)  da
a(1-2a.)2

th u s  we o b ta in

A o , = _____a ( f - 2 « ) 2 A X ___________
( 2 - 3 s in 2  (f + 3 a  s in 4  < f)( l-a )

o rd e r  o f

(25)

(26)

T aking
A X -  - 1 4 .1 0 ”? f o r  <p = +40°

r 6 ,373957 6,372157

r* -0,0102094 -0,0101981

r' -0,0035368 +0,0036604

X + 0,1569757 +0,1568428

r 6 ,373952 6,372157

r' -0,0101905 -0,0101693

r* -0,0034650 +0,0037000*
* + 0,1569743 +0,1568419.

nae« -14.10 ' for <P » +40
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ó / = -  9 .10”7 f o r  „ + 50 <>
and oonsidering the d ifferenoe

(cf - <p)' « ■ ot ■ sin 2 q> ,
we o b ta in  fo r 4> = 40° noc « -0,0000118 and n e x t ,th e  oorreo-
ted  value of f la t te n in g

ocf ; = 0,0033523 + 0,0000118 = 0,0033641 -  2 6  ;
fo r

<t> = 50° noc = -0,0000243 ,

a f / « 0,0033523 + 0,000024 3 -  0,0033766 » 2 9 6 t i6  *

The v a r ia t io n  nXfpj) oaused by the presenoe of the term
P3 , ohanges w ith <p d i f f e r e n t ly  than the v a r ia t io n  a X ( a ) .  For
<t> = 50° the  value sm aller than fo r <p» 40° g ives a g rea -
te r  noc.Taking the above In to  oonsldera tion  we can estim ate
th a t  the e l l lp s o id  whioh would be obtalned from the same mea-
surements from whioh the Krassowski s e l l lp s o id  has been de­
term ined, b u t tak ing  in to  acoount the term P3 -  would have the
f la t te n in g  near to  .

That oonoluslon oonoerns only the r e s u l t s  o f ,th e  measure-
ments and oomputatlons from whioh the K rassow ski's  e l l lp s o id
has been determ ined. G enerally taken , the s a t e l l i t e  d e te r-
m inations show th a t  the E a r th 's  f la t te n in g  i s  ą u lte  near to
the very value of 3 » o n e  w b ioh  i s  glven by Krassow­
s k i .  We oan admit th a l  the harmony i s  belng due to  the sys-
te m a tio a l and ao o id en ta l e r ro rs  of the geom etrical method. We
oan a lso  admit th a t  In  th i s  oonneotion the value of the semi-
axi8  a r e ą u ire s  the o o rreo tio n  too .

A p a r t  from those examples of the u n id ire o tio n a l re a o tio n
of one method upon the p th e r one, we have to  do w ith the mu-
tu a l , . tw o  a n d -th ree -s id ed  o o rre la t io n s . Before the s a t e l l i t e
methods appeared, H e i s k a n e n  and Y e n i n  g -  M e i  -
n e s z [7] had presen ted  the idea of o re a tin g  an uniform
world geodetio  system based on the astronom ioal, geodetio  and
g rav im e trio a l o b se rra tio n s . The p rin o lp a l idea of th a t  p ro je o t
was to  use the g ra v lm e trio a lly  determined abso lu te  defleotions
of the v e r ic a l  as oo rreo tio n s  fo r the astronom ioal ooordina-
te s .  Following th a t  way, I .  F i s c h e r  [3] and l a t e r  on
W. K a u 1 a [13] determined the s ize  of the Earth as w ell as
the mutual r e la t io n s  of the th ree  g re a t tr ia n g u la te  systems:
American; Euro-Aslan and F ar-E aste rn .

In  1961 , K a u 1 a [15] attem pted to fln d  the param eters
of the geoid and the ooordlnate system oommon fo r  the d i f f e -
re n t  C ontinen tal datums on the b a s is  of data obtalned from the
th ree  mentioned methods. As a r e s u l t  of th a t  work he g o t:th e
expression  of the shape of the geoid in  form of an expansion
by sp h erio a l harmonios up to the 8 th  degree, the value of the
e ą u a to r ia l  ra d iu s  a and f ln a l ly  the o o rre la te d  p o s itlo n s  of
th ree  main geodetio  system s. The course of a c tio n  has been
as fo llow s: the r e s u l t s  obtalned from the d if f e r e n t  methods
have been form ulated in  form of 196 ”observations" sub jeo t to
adjustm ent. 122 oond itions have been in troduoed in to  a d ju s t-



New methods and results of research of the earth's figurę 61ment and as a re s u lt of th a t , the oorreotions for a l l  o f the"obseryations" as w ell as 11 unknowns have been obtained bythe generalized method of leaa t sąuares. "Obseryations" havebeen formed as foliow a: the gravim etrioal data were appliedto oompute 81 o o e ffio ie n ts  of the spherloal harmonice up tothe 8th order. These 81 o o e ffio ie n ts  madę up the graTim etri­oal obseryations.The astro-geodetio data were applied to oompute the d is-tanoes N for the unitary areas 10° x 10° (on the te rraln s oo-yered by measurements).  Then the differen oes △Nbetween theadjaoent sąuares have been formed and thus we got the next106 "obseryations". Further three "obseryations" were o b tai-ned from the matohing of geoid heights along the Amur H lyer.The la s t  6 "obseryations" were: the seoular motlons of theeooentrloity of the s a t e l l i t e 's  1958 y? (Yanguard 1) o rbitand the seoular motion of the node of s a t e l l i t e 'a  1957 j3(Sputnik 2) o r b it . The ad d itlo n al eleren unknowns were: theeąuatorlal radius of the E arth 's  e llip s o id  a, the e lllp so id 'sfla tte n in g  and nine ooordinates of the o rlg in s  of the threementioned geodetlo systems (three ooordinates for eaoh ofthem).The oonditions have been formulated as follow s: 106 oon-d ition s for the astrogeodetio A N, whioh have to be eąual tothe differenoes oomputed from the spherloal harmonios; 6 oon-d itlo n s for the y aria tio n s of the parameters of the s a t e ll i t eo r b its , whioh have to be eąual to the y aria tio n s beIng due tothe harmonios; 3 oonditions for the Amur geoid matoh; 6 con-d ltion s for the harmonios of the Iow orders (10, 11, 21, 20)whioh have been omitted in  the oomputation o f A N ; 1 conditionoonneotlng the yalue a with Ngr  and Na s tr-The re s u lts  obtalnes by Kaula are follow ing
a = 6378163 ± 15298,24 ’ i  0,01978043,6 ± 1,0/ngZ.Zonal harmonios aooording to the symbols used In the tab-le -6

J 2 » +1082,61 ± 0,06 x 10 °
J 3 -  -  2,05 10 x 10“ 6J4 = -  1 ,43 06 x 10"6J j  “  + 0,08 11 x 10“ 6
J6 * + 0,20 05 x 10“ 6But s t i l l  auoh a method of "one k e ttle "  may r ls e  someobjeotlons. For in stan oe, Kaula sets on the same le v e l there su lts  of the grayim etrioal measurements ooyering about 20of the g lo b e 's  surfaoe and the re s u lts  o f s a t e l l i t e  obserya-tions being the most representatiye fo r  the whole Earth. Fur­ther on, the interdependenoe transm its the errors from theweakest Items ( ę .g . the Far-Eastern network coyering an areawhere the geoid s surfaoe is  morę folded) to the yalues whiohoan be determined Independently, with a high aoouraoy,as, fo rinstanoe, the f la tte n in g  from the s a t e l l i t e  motion.

jy - - 2,05 10 X 10""^
J4 - - 1 ,43 06 X 10'^

a + 0,08 11 ac 10"^
« + 0,20 05 X 10"^

But still such a method of "one kettle" may rise some
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Therefore i t  seems re a so n a b le ,to  in troduoe a h ie ra rch y  of 
o b serv a tio n s , acoo rd in g ,to  the p o s s lb i l i t i e s  of eaoh of the 
methods. F i r s t  of a l l ,  tak lng  in to  aooount the observations 
of the a r t i f i c i a l  s a t e l l i t e s  we oan determine the genera ł 
geoid s shape (the ą u a s l-g e o id ). The response suooesslve 
terma of the s e r ie s  expansion -  i s  oonditionned by the a o tu a l 
p o s s ib i l l t i ę s  of the teo h n io s , observation  and o a lc u la tio n . 
For in s ta n o e , a t  p re se n t, the J3 value i s  known with suoh a 
high aoouraoy, th a t  i t  oan be considered as a constan t in  
ad ju s tin g  the g ra v im e trio a l measurements. Assuming th a t  spe- 
o ia l  "g rav im etrlo a l"  s a t e l l i t e s  w il l  be launohed i t  oan be 
expected th a t  we w ill  be ab le  to determ ine with a s u f f lo ie n t  
aoouraoy the harmonios of the 5 th  order (fu n o tio n s  of d> as 
w ell as of A ) .  In troduoing  those v a lues as oonstan ts  in to  
the oom putations, we oan determine* aocording to the formu­
la  (10), the c o e f f io ie n ts  of terms of h igher o rd e rs , even from 
inoomplete g ra r im e tr io a l d a ta . Here we oan introduoe the oon- 
d i t io n s  fo r  N to  be determined by the g ra r im e tr io a l and a s tro -  
geodetio  methods, what w ill  bear only upon the adjustm ent of 
the obseryation  e r ro r s .  Haring the shape of surfaoe d e te r ­
mined, we are^ab le  to  fin d  i t s  s ize  by the de term ination  of 
the e l l i p s o ld 's  param eters (aooording to .the formula (12))or 
o f a oomplioated high order su rfaoe.

Suoh a prooeeding would be in  lin ę  both w ith the geodetio 
p rin o ip le  "from g e n e ra lity  to  d e ta i l s " ,  and w ith the other one 
reoommending th a t  we ought not s p o ił  the acourate  observations 
by the le s s  aoourate ones.
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HOBHE METOAH M PE3YJIbTATH HCCJIEAOBAfflM ®HryPH 3EMJIH

K p a i i c o e  c o A e p x a H H e

B H acroam eił c ia iB e  a s r o p  npunoMHHaer B O6ĘHX u e p ia x  OCHOBM
onpeaeaieHMa (J>Hrypn 3eMJia Meroflawa: acipoH owo-reofleanuecKH M  H
rpaBHMeTpaaeoKHM c oOpameHaeM BHHMaHHH Ha oJiaOne M ecra re o p n a
3THX MBTOAOB.  B flanBHefiineM paccMOipeHH p esy n b iaT H  HCKaHHił n a -
pauerpoB  $ n ry p n  3eMJiH MOTOROM HaOjiroAeHHH MCKyccTBeHHicc cnyiH H -
KOB H npHBeaeHH uHCJieHHHe peayjiBTaTH. IIpeACTaBJieHH nonuTKii 0 6 -
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mero ypaBHHBaHHH aanHŁK, nojiy^eHHbtt tpeuia uetonaua  u npHBejie-
HH CBHsaHHŁie c o ioS  npofijieMofi coÓciBeHHŁie KOHqenqHH aBTopa :
BBeaeHHe B reoMeipH^ecKHił H rpaBHMeipH^ecKHft ueiOA pesyjiBTa-
TOB, IIOJiyWeHHHZ MeTOflOM HCKyCCTBeHHHK CnyTHHKOB H paSJIH^HHił
OT npnHHToro B. KayjreM cnocoóa , cnocofi ofimero ypaBHBBaHHH.

BBeaeHH #opMyjin u BHnojmeH p a c n e i AHH HCCJieAOBaHHa BJIHH-
HHH HajiHwiŁH TpeiBeft mapoBOfi rapwoHHKH P3 Ha pesyjiŁiaT onpe^e-
JieHHH cataTHH na H3MepeHHH rp a s y c a . BmacJieHO, WTO npn y ^e re
3Toił nonpaBKH BejiH^HHa cataiHH aJiJinnooHAa KpacoBCKoro 6nJia 6H

ÓJIH3K0ft


