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TR4JZCTORY AND GUIDANCE PARAMETERS I N  FLIGHT COKT2OL 
OF THE-VEXERA 9 AND VENERA 10  SPACEZFiAPT 

S. K. Abramovich, e G  al. 

cal  suppl ies ,  

, -  lt 
. . 

N;uabers4inthe maygin i n d i c a t e  paginat ion i n  t h e  o r i g i n a l  fo re ign  
' ,  t e x t .  

The Venera 9 and V e n e r ~  10 spacecra f t  c o n s t i t u t e  a n a t u r a l  
development of spacecra f t  f o r  d i r e c t  sSudy of t h e  planet  Venm, 
begun I n  1967 with t h e  f l i g h t  of Venera 4 .  With t h e  advent of more 
powerful launch veh ic les  i t  was poss ib l e  t o  develop and c o n s t r u c t  
.Z spacecra f t  which considerably surpassed p r i o r  spacecra f t  i n  regard 

' . , , to  tte onboard s c i e n t i f i c  and research  equipment and t h e  t r a J e c t o ~ y  
and guidance c a p a b i l i t i e s .  The high e f f i c i ency  of t h e  Venera 9 and 
Venera 10 f l i g h t s ,  fo r  which one of t h e  main t a s k s  was t o  i r ,ves t igate  
t h e  atmosphere, p a r t i c u l a r l y  t h e  upper l aye r s ,  and ob t a in  p i c t u r e s  of 

t h e  planet sur face  by means of en t ry  probes, stemmed t o  a consider-  
a b l e  Begree from choice of a new f l i g h t  p lan ,  which, i n  parti:l i lar,  
allowed t h e  mass of s c i e n t i f i c  equipment i n  t h e  t o t a l  spacecra f t  mass 
t o  be increased appreciably.  I n  con t r a s t  wi th  previous f l i g h t s  t o  
V e n ~ s ,  the  information f ron  t h e  probe was t ransmi t ted  by r e l a y  from 
an o r b i t e r ,  separa t ing  from t h e  probe i n  the pre-planet  f l i g h t  phase, 

an6 in i ec t ed  i n t o  o r b i t  around Venus. This provided a 'n,!gnly ei'fl- 

c i c n t  data system f a r  q u i t e  low mass of r ad io  e q u i p n d t  am3 e i e c f r i -  



The miss ion  p l a n  provided f o r  t h e  fo l lowing b a s i c  opera t ions :  
insertion of t h e  launch v e h i c l e  i n t o  an i n t e r n e d i a t e  Zar tn  o r b i t ;  
a launch from in te rmedia te  Ear th  orbLt zt the end of  one r e v o l d t i o n  

i 

in to  an i n t e r p l a n e t a r y  c r a n s f e ~ ~  o r b i t ;  two mid-co-~rse  correc:ions I n  
the  t r a n s f e r  o r b i t  t o  a c q u i r e  t h e  des ign  c o n d i t i o n s  f o r  e n t r y  of t h e  
probe i n t o  t h e  p lane ta ry  atrncsphera and l and ing  i n  t h e  choser  pepion 
o f  Venus; s e p a r a t i o n  of t h e  prcbe aad t h e  o r b i t e r  two days p r i o r  co 
pericsntexz o f  t h e  ap3roach hyperbola and transfer of  t? ie o ? > b i t e ~  t o  
a non-entry ( f l y b y )  trajectory with s d i r e c t i o n  o f  r o t ~ t i o r i  a x a n d  

t h e  p l a n e t  oppos i t e  t o  t h e  probe-motion;  d e c e l e r a t i o n  o r  t h e  o r S f t e r  

near  p e r i c e n t e r  f o r  t r a n s f e r  t o  a s a t e l l i t e  orbit a r o ~ n d  V e m a ;  
i f l i g h t  of tho  probe a long a descent  t r a j e c t o r y  u n t i l  i t  enteys t h e  

atmosphere of  Venus; aerodynamic d e c e l e r a t i o n  of t h e  probe and 
l and ing ,  wi th  success ive  use  of parachutes  and d e c e l e r a t i n g  ianding 
panels .  

i 
I The o r b i t e r  p e r f o ~ m s  both  i ts maneuvers near  the p l a c e t ,  
r 

s e p a r a t i o n  and d e c e l e r a t i o n ,  t o  a c q u i r e  a lead ovep t h e  eritry p 3 S e ,  

s o  t h a t  a t  t h e  moment of  prcbe  e n t r y  i n t o  the atmosphere of Venus, 
t h e  o r b i t e r  i s  a l ready  i n  a s a t e l l i t e  o r b i t  i n  t h e  ~ e g i o n  f o r  cm- ,  
munication w i t h  t h e  probe. These maneuvers were ~ e n d e r e 6  xore  d i f f i -  

c u l t  f o r  Venera 9 and Venera 1 0  by t h e  f a c t  t h a t  t h e  a t t i t -x ie-ccrAtrol  
systems l o s e  t h e  star-Sun r e f e r e n c e  be fo re  t h e  d e c e l e r a t i o n  a o t c r s  - /;:< 
are f i red ,  s i n c e  t h e  o r b i t e r  passes  i n t o  t t e  p l a n e t ' s  shadow, m u  

t h e n  communication w i t h  E a r t h  i s  l o s t  3s the o r b i t e r  sets  behind 
Venus. An autonomous system was chose3 f o r  t h e  s p a c e c r a f t  i n  t h e  
d e c e l e r a t i o n  phase, t o  s o l v e  t h e  problem of  t r a n s f e r  t c  s a t e l l i c e  
o r b i t .  

This  ? l i g h t  p r o f i l e  provided c o n d i t i o n s  f o r  a h ighly  acca r r ze  
*.' 

probe landing i n  t h e  given r e g i o n  o f  t h e  s w f a c e  of Venus, ;?sv:'.dxi 

i n s e r t i o n  I n t o  o r b i t  around Venus of t h e  f i r s t  two a r c i i ' i c l ~ l  f 
s a t e l l i t e s  c ~ f  t h e  planet ,  provided synchronou.j opzrat ior;  az  t k e  i z 1 :: 
o r b i t e r  and the probe dur ing  t h e  probe atmozpheric en r ry  and du-in; I ,'2~ 

?.; 
i ts  o p e r a t i o n  on t h e  s u r f a c e ,  and provided a i o n z  pe r iod  o r  s;uQ %. 

,. l 
of tne planet and i t s  immediate environment b) two coxur ren :  < ,  

s c i e n t i f i c  s a t e l i i t t s .  J ? 



I 
1: 

Figure  1. F l igh t  pro- 
f i l e  o f  Venera 9 an@ 
Tenera 1 0  i n  1975 

To th. 

t 

During miss ion  
des ign  and launch pre-  
p a r a t i o n  f o r  Venera 9 
and Venera 1 0 ,  near- 
optimum Yenus-transfer  
tra: e c t o r i e s  were 
chosen, w i t h  t r a n s f e r  

F i g u r e  2. The t a r g e t  9 y s t ~  f c r  Vemra 5 
and Vttri .? :*% lj : 

&c.r - tar;:. c:! ,:;:r*o::;2 ra!l:.;c CA; k t .  qc.4 - Co- 
o r d i n a t e s  ::::; : r; I;& mapsing glane; Iln,t - 
t a r g e t  d i s t a n c e  o f  t h e  ~ r b i t e r  O A ;  
COA. so.\- c o o r d i n a t e s  OH i n  t h e  mapping 
p lane ;  TR - CA l a n d i n g  p o l n t  

times of  137 and 134 days,  r e s p e c t i v e l y ,  provided b) the z i v e ; ~  

launch-date  windowsand t h e  three-day d isp lacement  i n  IligibZ ~;rlrnz t o  

t h e  p l a n e t .  It was proposed t h a t  t h e  s e p ~ r a t i o n  and d e c e l w a t i o r i  
manuevers b e  c a r r i e d  out  i n  t h e  p lane  o f t n e p r o b e  approach 3 y s e ~ c o l a .  

Since  an  a p s i d a l  d e c e l e r a t i o n  of  the o r b i t e r  WOL;!.~ n 3 t  ~ r o v i d e  ths 
requii?ed i n t e r v a l  f o r  cclm.unication o f  t : ~ ,  probe  x i d  o r b i t e ?  d u ~ i n g  
t h e  a c q u i s i t i o n  of s c l e r t i f i c  informatiori:  p r o v i s i o n  was made 

t h e  x B b i t e r  t o  be d e c e l e r a t e d  a f t e r  pass ing  p e r i c e n t e r ,  with ar. 
angll? of - 20 t o  - 30° between t h e  d i r e c t i o n  o f  t h e  x t r o n o t c r  tin3 

t h e  Local horizon.  Then an o rb i t e r - ? robe  co;nnunic%tion pwioc i  >:as 
* ,- - 

provided i n  c o n d i t i o n s ,  a t  a sepa ra t io r .  o f  1 2  - 33 ~ k o i . ~ ~ : . ;  13.' . 

k i l o n e t e r s  and wi th  t h e  o r b i t e r  a t  an ang le  of 6 C 0  GP x o x  r i l r : L v z  

t o  t h e  probe l a n d i n g  p o i n t .  

In  accordance wi th  t h e  chosen f l i g h t  prof:  :.e, Venera 5 a7.d 

Venera 1 0  were i n s e r t e d  i n t o  t r a n s f e r  o r b i t  on June 5 ,  1975, a t  

7 :2 m 00.4 s and on June 1 4 ,  1975 a t  7 h 30 ;n "5.8 s Xoscox 
tinis, r e s p e c t i v e l y  (F igure  i). 



The a i m  parameters  used by t h e  s p a c e c r a f t  ( F i g u r e  2 )  were: 

~ 4an- t ime of s p a c e c r a r t  p a s s i n g  minimum d i s t a n c e  from t h e  c e n t e r  

*of Venus; E ,  q - & o r d i n a t e s  o f  t h e  p o i n t  o f  i n t e r s e c t i o n  o f  t h e  
. asymptotes  o f  t h e  p l a n e t o c e n t r i c  hyperbo l i c  t r a j e c t o r i e s  of  the  

s p a c e c r a f t  i n  t h e  mapping p lane .  

..The maaping p lane  was assumed t o  be t h e  p l a n e  or thogonal  t o  
t h e  asymptot ic  v e l o c i t y  v e c t o r  V,, pas s ing  tnrough t he  cen te?  of  

t he  p l a n e t .  

The p l ane tocen t r i c~coord ina t e  axes  5 and 11 were def inea  by 

t h e  u n i t  v e c t o r s :  

wnex  r2 is  t h e  r a d i u s  vecc:\;:. fr.0r.i Yenus t o  t he  Sun. 

Spacec ra f t  Veswa --- - 9 Vene-a 13 

A r r i v a l  d a t e ,  1975 Oct. 22 ( j , : ? . .  2 5  

~ m i n  (hr .min .sec)  5.15.20 11.31.50 

The t r a n s f e r  t r a j e c t o r y  p a r s x e t e x s  and tlx p ? s d i c t l c r A s  were 

de r ived  f r o n  na tnemat l ca l  p r o c e s s i r ~ g  or' cine rad io  xzeszrez;.e;?:s sf 

i n c l i n e d  range and r ad ia l .  s p a c e c r a f t  v e l o c i t y  r e h ; l v ?  cn? ~YJ:ZG 

t r a c k i n g  s t a t i a n s .  

The Gwo planned f l i g h t  p r o r i l e  c o r r e c t i o m  :G t h e  s ? z c c ~ x f :  

motion were perforxed  and guaranteed  optimiil c o x i i t i o n s  f o r  z h  
nea?-planet o p e r a t i o n s .  The c o n d i t i o n s  weTe: e n t r y  of t h e  p . v k s  

i n t o  t h e  atmosphere of  Venus a t  a n g l e  - 20 t o  - 2 3 O  t o  t h c  1 a 2 ~ 1  

horizon;  l and ing  of the  probe on t h e  i l l u n i n a t e d  s i d e  sf VI;.~..;: L.. 



a r e g i o n  bounded by l o n g i t u d e  285 and 29r0 ana l a t L t u d e  1 5  snd ?so 
-( the c o o r d i n a t e s  a r e  g iven  i n  t h e  p lane tograph ic  system, adogzed by 

the I n t e r n a t i o n a l  Astronomical Union); t h e  d u r a t i o n  of  c o ~ n u n ~ c z t i o n  
between the o r b i t e r s  and t h e  probes V.LA no t  l e s s  t h a n  115 minates .  

The des ign  c o n d i t i o n s  were achieved  by choos lnz  ::in! p a r m e t e r s  
given below: 

S p a c e c r a f t  Venera 9 V e f i e ~ a  10 

A r r i v a l  d a t e ,  1975 Oct. 22 Cct. 25 

"min (hr.min. s e c )  6 . 4 ~ .  OG 6 . 4 2 . 0 0  

6 :  17,900 19,3ac 
TI, lQll 12,500 8.253 

To choose t h e  aim parameters ,  mathematical  modeiing oT t k e  

a;a;ecraft f l i g h t  was c a r r i e d  o u t ,  a l lowing  f o r  e l l  t h e  mrneave~3 
yr ~ ; ; a f ~ ; r , , g ; ~ ~ .  ;a r,i; +- ,,,.::ir .e exac t  c h a r a c t e r i s t i c s ,  as w e l l  as 2reCictio:. ot 

a c e r t a i n  s e t  o f  parzmeters  c r i t i c a l  f o ~  t h e  f l i g h t  program. The 

c o n t x 2 e d  parameters-  were p r o j e c t e d  i n t o  t h e  map2ing g l a n e ,  forming 
an  a l lowqble  r e g i o n  w i t h i n  which t h e  aim p o i n t  coyld b e  choses,  
a l lowing ' for  p o s s i b l e  d e v i a t i o n s  of t h e  a c t u a l  t r a j e c t o r y  rron; t h z  

des ign  t ra j  e c t o r y  . 

The f i r s t  c o r r e c t i o n  f o r  Venera 9 was pe r fo rned  on J w e  16 z t  
14 h, 30 n, 32.6 s ,  and f o z  Venera 1 0  on June  21,  1975, a t  1 2  k, 

59 m, 58.5 s. The t e l e m e t r y  measurements and t h e  p~oi3eas;;c :=.aj~.c- - 1'6:: 

t o r y  measurements snowed t h a t  both  s p a c z c ~ a f t  n o t o r s  o3eyzceci for 

t h e  de.:ign t ime and imparted t h e  r e q u i r e d  v e l o c i t y  i rcaulses ,  
13.93 and 14.42 m/sec, r e s p e c t i v e l y .  

On complet ion o f  t h e  f i rs t  c o r r e c t l o f i s ,  t h e  s;azccrCt x c ~ t  

i n j e c t e d  i n t o  descen t  trajectories, f o r  which t h e  preCiztzL 
va lues  were : 



. ., 

To Earth . 

Figure  3. Near-planet opera- 
t i o n s  f o p  Venera 9 and Venera 

10:  
1 - s e p a r a t i o n  and with- 
drawal of  t h e  o r b i t e r ;  
2 - o r b i t  o f  Venus; 3 - or-  
b i t  o f  t h e  s a t e l l i t e ;  4 - 
f lyby  t r a j e c t o r y ;  5 - probe- 
o r b i t e r  communication sec t io i i ;  
6- d e c e l e r a t i o n  and t r a n s f e r  
o f  t h e  o r b i t e r  t o  a s a L e l l i t e  
o r b i t ;  7 - radio-snadow o f  

Vems 

F igure  4. Lancier and o 2 b i t e r  
co:;~?~unicat iol-i zrrange;ner,Ls f o r  

Venera 9 and Venera10:  
1 - s a t z l l l t e  o r b i t ;  2 - Tly3y 
t r a j e c t o r y ;  3 - o r b i t  of Vems;  
4 - communication s e c t i o n ;  

o r b i t e r s  w i t h i n  t h e  ss?.ere o f  

i n f l u e n c e  of Vencs: t h e  f i r s t  

maneuver was s e p a r a t i o n ,  zzans-  
f e r r i n g  t h e  o r b i t e r  t o  2 hy2er -  

b o i i c  t r a j ec ;o ry  2.2 & zoiinte7- 

f l y b y  o f  t h e  p l a n e t  w i t h  r e s p e c t  t o  t h e  probe,  and a sscon2 ;enex-???, 
a d e c e l e r a t i o n  t o  c a p t u r e  t h e  o r b i t e r  i n t o  a satellite o r b i z  of V?LU. 

The parameters  o f  t h e  two near-?lanet  o r b i t e r  m a n e ~ v s ~ s  xe-e ck-=- A.v- E:: 

i n  suzh  a way t h a t ,  f o r  t n e  e n t i r e  s e t  o f  p o s s i b l e  i3~,3~02i;? t ? z j e c -  

t o r i e s  t o  t h e  p l a n e t ,  a l lowing  f o r  t h e  s p e c i a l  feat~res of o?ers;ion 
of  t h e  s 2 a c e c r a f t  systems,  t h e  r e q u i r e d  c o n d i t i o : ? ~  v:ould be ZZL Z x  
c a ~ r y i n g  o u t  t h e  d e s i g n  r l i g h t  program o f  nzar -? lane t  o?e?& -; b r u . i S  -r 

and s c i e n t i f i c  experiments .  The b a s i c  conditions we?e: 

- t h e  t ime s p e n t  by t h e  probe and t h e  o r b i t e r  i n  a T?;ia;-. 

where t h e r e  was mutual co imunica t ion  from t h e  ?robe v i a  the ~ ~ ' ' ~ i t . e >  

t o  E a r t h  'of s c i e n t i f i c  i n f o r n a t l o n  i n  t h e  ghaszs  of d - a C - - -  

- . . -r,- - , - Z G ~ L . , ~ ,  .,.M.*d.-.. 2 > 

and probe. o p e r a t i o n ' o n  t h e  s u r f a c e  of Venus (F igure  i i j  s i x x i 3  3 ~ .  r.:r 

less t h a n  115 m i n i t e s ,  as mentioned above. 



- t h e  t o t a l  c h a r a c t e r i s t i c  v e l o c i t y  ~ e q u i r e d  f o r  t h e  maneuvers 
should not  exceed t h e  availab3.e r e sources ;  

. - t h e  o r b i t a l  parameters  of che s p a c e c r a f t  should meet t h e  
.i 

requirements  d i c t a t e d  by t h e  program of  s c i e n t i f i c  i n v e s t i g a t i o n s ,  
dur ing  t h e  g iven t ime f o r  a c t i v e  o p e r a t i o n  of  t h e  s p a c e c r a f t .  

The nominal s p a c e c r a f t  o r b i t a l  parzmeters  and t h e i r  t a r g e t  - /671  
va lues  dur ing  t h e  f l i z h t  were chosen from s t a t i s t i c a l  modeling of 
t h e  approach s e c t i o n ,  a l lowing f o r  ~ r r o r s  i n  de termining and pre-  
d i c t i n g  the t r a j e c t o r y ,  a s , w e l l  a s  e r r o r s  i n  c o n t r o l l i n g  t h e  space- 

. c r a f t  motion i n  t h e  i n t e r p l a n e t a r y  f l i g h t .  Mathematical s o d e l s  
were used f 9 ~  t h e  a t t i t u d e  systems, t h e  c o n t r o l  systems, t h e  r a d i o  
systems t o  provide  communication from t h e  p r o b e  t o  t h e  o r ' o l t e r ,  and 
t h e  l o g i c  f o r  o p e r a t i o n  of onboard systems p rov id ing  t h e  sc2arztion 

and d e c e l e r a t i o n  maneuvers. The optimal  o r b i t e r  parameters  de r ive6  
, from t h e s e  c a l c u l a t i o n s  guaranteed a  communication pe r iod  a long the 

probe-spacecraft-Earth channel o f  no t  l e s s  t h a n  130 n i n u t s s ,  t.he 

des ign  va lues  o f  c h a r a c t e r i s t i c  v e l o c i t i e s  a t  s e ? a m t i o n  and decel -  
e r a t i o n  being,  r e s p e c t i v e l y ,  247.3 and 922.7 m/sec f o r  Venera 9, 

. and 242.2 and 976.5 m/sec f o r  Venera 1 0 .  
* *4 

I n  o r d e r  t o  sat isfy t h e  high requi rements  f o r  accuracy I n  t k e  
o r b i t a l  parameters ,  a n  oppor tuni ty  was provided f o r  c o n t r o l l i z g  t h e  
o r b i t e r  d i r e c t l y  dur lng  t h e  d e c e l e r a t i o n  phase. To t h i s  end,  n 

s p e c i a l  program u n i t  was developed which was used f o r  rehl- t ixe 

computer s o l u t i o n  of  t h e  n a v i g a t i o n  problem an6 f o r  p rocess ing  t h ~  
c o n t r o l  parameters.  

The probiems solved by t h i s  urli t  inc luded:  processin: :  a f  

t r a j e c t o r y  measurements; deterrnlmition a d  p r c d i c t i c n  o? zhc 

approach t r a j e c t o r y  parameters;  choice  of  t h e  o p t i ~ a i  c o n t r o l  f o r  

t h e  d e c e l e r a t i o n  phase; c a l c u l a t i o n  o f  t h e  d e c e l e s a t i o n  :andi t icr ;s  

and of o rb i t e r -p robe  communication c o n d i t i o n s ,  a l lowing f o r  gassib: e 

d e v i a t i o n s  a r i s i n g  from e r r o r s  i n  d e t e r m i ~ l i n g  t h e  probe t ~ a :  e c t o p y  ; 

c a l c u l a t i o n  of prbbe atmospheric  e n t r y  c m d i t i o n s  a n -  &*a ref i f iezer , ;  

of t h e  l and ing  p o i n t  coordinates, 



s i r b e  t h e  va lue  o f  t r a j e c t o r y  measurements i n c r e a s e s  wi th  

.- approach t o  t h e  p l a n e t ,  one n a t u r a l l y  wishes t o  process  neasureme:-its 
taken a s  l a t e  a s  p o s s i b l e  f o r  g r e a t e r  accuracy i n  c a l c u l 2 t i n g  f h e  

d e c e l e r a t i o n  parameters.  I n  o r d e r  not  t o  dec rease  t h e  c o n t r o l  
r e l i a b i l i t y ,  t h e  updating o f  c o n t r o l  parzmeters  was performed suc- 
c e s s i v e l y ,  and t h e  c a l c u l a t i o n s  were made c y c l i c a l l y  i n  t h e  computer 
u n i t .  I n  each new c y c l e  a new packet  o f  measured informat ion  xas 

admit ted f o r  process ing  and t h e  accuracy of  t h e  r e s u l t  inc reased  
: from cyc le  t o  cyc le .  In  t h e s e  circumstances,  sn i in2ortant  f a c t o r  
"'i 

'was t h e  time requ i red  t o  c a r r y  o u t  a f u l l  c y c l e  of opera t ions .  To 
shor ten  t h i s  t i m e ,  t echniques  were developed f o r  s o l v i n g  i n d i v i d u a l  
problems, t o  i n c r e a s e  t h e  speed of  t h e  numerical s u b r o u t i n e s ,  and t o  
automate computational processes  and informat ion  exchange an6 
mapping processes .  

The s p e c i a l  program u n i t  allowed rea l - t ime  choice  of t h e  s,dCe-* 

c r a f t  c o n t r o l  parameters  i n  t h e  s t a g e  of  d e c e l e r a t i o n  zt t h e  t a r g e t  
p l a n e t .  Onboard commands were g iven t o  send t h e  o r b i t e r s  i n t o  
s a t e l 1 , l t e  o r b i t s  around Venus, and t h e  o s c u l a t i n g  elements  a t  t h e  
momelst of ascending node passage were as fo l lows.  

Spacecraf t  Venera 3 Venera 1 0  -- 
O c t .  25 
fl.32.;1 

49.22.34 
6.03.19 
O.Si0 1 
63335 

ns'lc)' 
29'30' 

107V5' 
7715 

.ilQdW 

The n o t a t l o n  is  a s  fo l lows:  to - Noscow t i n e  a t  ?assage 
through t h e  ascending node of  t h e  o r b l t ;  T - p e r i o d  o f  ro ta t io r , ;  
r - Moscow time a t  passage through p e r i c e n t e r ;  e - e c c e n t r i c i t y ;  
a - semi-major a x i s ;  w - angu la r  d i s t a n c e  o r  p e r i c e n t e r  fro;;. the  

node; i - i n c l i ? s t i o n  t o  t h e  e q u a t o r i a l  p lane  of V e n ~ s ;  R - 13ngi- 
t u d i n e  of t h e  ascending node, c a l c u l a t e d  f r o =  t h e  c i i r e c t i ~ r i  3: 

t h e  p o i n t  of  t h e  v e r n a l  equinox of Venus; r, - d i s t a n c e  20:. z?.? 



center  of Venus t o  t he  s a t e l l i t e  a t  pe r i cen t e r ;  r, - d i s t ance  from 
t h e  cen t e r  of Venuo t o  t h e  s a t e l l i t e  a t  apocenter .  

After  separa t ion  of t h e  o r b i t e r s ,  t h e  two probes contir,ued t o  
f l y  along t h e  approach t r a j e c t o r i e s  u n t i l  they entared t he  atnos-  
phere of  Venus, and then  experienced aerodynaniic dece le ra t ion  . .. . 
atmosphere and landed on t h e  sur face  of t h e  p lane t ,  w i t t  suc: .ssive 
use of parachutes and aerodynamic dece l e r a t i ng  panels .  

I n  t h e  descent  s ec t i on  f o r  each of t h e  probes, during a c o ~ ~ i ~ n i -  
ca t i ons  sess ion  from the  p robe to  t h e  o r b i t e r ,  which was i n  a s a t e l -  
l i t e  o r b i t  of t h e  planet  above t h e  landing region,  measurements were 
taksn of r e l a t i v e  ve loc i ty  of t h e  spacec ra f t ,  and values of t h e  
dece le ra t ions  during t h e  aerodynamic phase wen? recordee onbosrd t h e  

probe. The r e l a t i v e  ve loc i ty  measurements were continued To2 Q 3 A 0  

minutes, of which 60 minutes was a f t e r  probe landin&. From slmui- 
taneous processing of t h i s  i n fo rna t ion  and inforrnaGiw oc t h e  o r b i t e r  
motion from t e r r e s t r i a l  s t a t i o n s ,  and t h e  good agreement between 
telemetry da t a  on t h e  dynamics of t h e  s aacec ra f t  throughout t he  
e n t i r e  s ec t i on  near  t h e  p lane t  and t h e  t r a j e c t o r y  measurenents, we 

were a b l e  t o  c a l c u l a t e  accura te  values  f o r  theprobeatmospher ic  
entry  garameters, t h e  probe motion i n  t h e  atmosphere, t he  value  of 

Moscw time and the  coordinates  of t h e  landing point  ( s ee  below). 

d Prcbe V e n e ~ a  9 .  

Atmospheric en t ry  da te ,  1975 Oct. 22 

Entry time (Noscow) (hr.min.secj 6 . 5 3 . 5 0  
Entry angle -20°301 

Landing time (hr.min.sec) 8.08.23 

Landing point  l a t i t u d e  31'42' 

Landing point  longi tude 290°501 

After  t h e  o r b i t e r s  were i n se r t ed  i n t o  s a t e l l i t  orbit rrox.; /'" 
"- 

Venus, a broad program of i nves t i ga t i on  of Venus and of she ~ ? L C ?  

near t h e  planet  was commenced. 



To support  t h i s  s c i e n t i f i c  program, p r o v i s i o n  was made f o r  
r e g u l a r  de terminat ion  of t h e  o r b i t a l  p a r a s e t e r s ,  c a l c u l a t i o n  of  t h e  
cond i t ions  dur ing  t h e  experiments,  and de te rmina t ion  of  t h e  a t t i t u a e  
cond i t ions  dur ing  obse rva t ions  and photography; a t t i t u d e  c ~ n t r o l  
commands weEe generated and a three-dimensional n a v i g a t i o ~ a l  f i x  
was c a l c u l a t e d  t o  support  t h e  s c i e n t i f i c  informat ion .  

The motion of t h e  o r b i t e r s  was s u b j e c t  t c  p e r t u r b a t i o n s  from 

s e v e r a l  sources ,  of. which t h e  most important  i s  rhe gravitational. 

. i n f l u e n c e  of t h e  Sun, and t h e  l e a s t  s t u d i e d  i s  the e c c e n t r i c i t y  of 
t h e  g r a v i t a t i o n a l  f i e l d  of Venus. One b f  t h e  tasks of * ~ ~ l e  first 

s a t e l l i t e s  is t o  check and t o  r e f i n e  t h e  hypothes is  t h a t  Venus i s  
a n ' e l l i p s o i d  of r o t a t i o n  wi th  a  s l i g h t  p o l a r  compression and a  
uniform mass d i s t r i b u t i o n .  

The s a t e l l i t e  o r b i t s  evolve under t h e  a c t i o n  of ';ne ae;%urba- 
t i o n s .  Figure 5 shows t h e  t ime h i s t o r y  o f  t h e  p a r m e t e r s  describLng 
t h e  o r i e n t a t i o n  of  t h e  s a t e l l i t e  o r b i t s  i n  space.  

Orbit  ao. 

Figure 5. His tory  of  t h e  s a t e l l i t e  o r b i t a l  p a x -  
meters  f o r  Venera 3 ( s o l i d  l i n e ,  l e f t  scale: a;;d 
Venera 10  (broken l i g h t ,  r i g h t  s c a l e ) ;  t h e  7:  

s c a l e  i s  common 

The evo lu t ion  of t h e  r a d i u s  o f  p e r i c e n t e r  (r,; is o f  vzzy sreas  
i n t e r e s t  from t h e  Yiawpoint of  c o n t r o l  of t h e  s p a c e c r a f t  ;;.ocian zr.L 

for  conducting s c i e n t i f i c  experiments.  F igure  5 shows t h e  v ~ r l s t i o z  
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of h as a f u n c t i o n  of o r b i t  number, and i t  can be seen  t h a t  tn,::-.:'c: 

are g e r i o d i a  o s c i l l a t i o n s  imposed on a s e c u l a r  v ~ r i a t i o n  f o r  ~ o s h  

o r b i t s .  

Prel iminary r e s u l t s  obta ined from rea l - t ime a n a l y s i s  t3 d e t e r -  

mine and p r e d i c t  t h e  s a t a l l i t e s  t r a j e c t o r i e s  have shcwn good z z x o -  

ment between t h e  a c t u a l  and t h e  des ign  o r b i t  evo lu t ton .  &e c3rL 

t h e r e f o r e  conclude t h a t  contemporary i d e a s  as t o  t he  natwc-  a f  :he 

grav i t a t ) iona l  f i e l d  of  Venus a r e  v a l i d .  The r e s ~ l s s  of t h e  craze,:- 
t o r y  measurements a r e  p r e s e n t l y  leing processed and c o r r e l a t e d  t o  

o b t a i n  zbe l i ab le  numerical c h a r a c t e r i s t i c s  o f  t h e  g r a v i t a t i o n a l  fie::. 

To sum up t h e  r e s u l t s  o f  t h e  'Jenera 9 and Venera 1 0  fiigi.; 

c o n t r a l ,  t h e  comment should be made t h a t  t h e  Clight  c , a n f i x e d  :k 

v a l i d i t y  of  t h e  e s t i m a t e s ,  t h e  des ign  s o l u t i o n s ,  t h e  me:h~cLs, :?.2 

computations, and t h e  procedures o f  t h e  nav iga t ion  d i s c i p l f z e  ~t 
,. a l l  .stages i n  p repar ing  and c a r r y i n g  o u t  t h e  1975 Sov ie t  expe6iz:cr. 
't9 Venus. 


