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A t t e n t i o n  of s c i e n t i s t s  and of a l l n a n k i n d  ha6 for a long tiXnt? 

been d r a m  t o  p l a n e t s  c l o s e s t  t o  Earth.  Observation of p l a n e t s  f r o n  the  

E z r t h  provided d a t a  on t h e i r  na ture ;  however, because of t h e i r  remoteness 

and of the  presence of t e r r e s t r i a l  atmosphere, h i n d e r i n r  the  observat ions,  

n u m r o u s  c h a r a c t e r i s t i c s  could not  be i n v e s t i g z t e d  fron Fround. 

" z r t i c u l a r l y  mysterious i s  the  p l a n e t  VDiUS, which, a f t e r  t he  lloon, 
is our  n e a r e s t  heavenly body. The b e s t  t e r r e s t r i d  t e l e scopes  a l l o w  t o  dis- 
t i n y u i s h  on i t  d e t a i l s  02 dimensions of not  l e s s  t l r a n  500 - 1000 Pa; hosever,  

o 'rscrvations dur ing  nur.ierous years  f a i l e d  t o  Zisclose any v i s i S l e  de t a i l s ,  

f o r  t he  p l a n e t ' s  su r f ace  i s  cons tan t ly  concealed by 2 continuous opaque 

cloud lc7per. Even tke  r o t a t i o n  ve loc i ty  of t he  p l ane t  about i t s  axis could 

not be ascer tF ined  p r e c i s e l y  u n t i l  very r e c e n t l y  mu only r a d a r  observa t ions  

conducted in the  USSR m d  USA i n  1960- 1962 allowed t o  es t imate  the  per iod  

of Venus' r o t a t i o x .  It was found t o  be s n a l l  by conparison with t h a t  of the  

Za r th :  one convolution about its axis corresFonds t o  200- 300 t e r r e s t r i a l  

days. 

Tenperature  measurements of p l a n e t ' s  su r f ace ,  conducted from Earth  I 

bv s tudy inc  its i n f r a r e d  and "radionoisel* emission, gave r e s u l t s  tdiich can 

not ,  to-date ,  be d e f i n i t e l y  explained t h e o r e t i c a l l y :  t h e  i n f r a r e d  r a d i n t i o n  

cox-espords t o  q u i t e  low a. tenper3ture ,  n3ar  - 40°C [and F], r;.kile t h e  

r a3 iono i se  e c i s s i o n  i n  n i c r o  and ec-t;  --cter v:wc b a d s  corresponds t o  sur- 
face  'neztinl- t o  soue 300- 40OoC. These r e s u l t s  are D r ~ s e n t l y  explained 

only wi th  t h e  h e l p  of var ious  hy-potheses i n  the  assunpt ion t h a t  t he  p l z n e t f s  
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s u r f a c e  is indeed heated t o  300- 4 0 O o C  a t  t h e  expense of t he  so-cal led 

"greenhouse e f fec t" .  Th i s  To-ferful e f f e c t  is induced by the clouds of t h e  

plcanet, capzble of l e t t i n g  +Le solar hea t  g e t  through t o  Venus' su r f ace ,  

re tz in ine ; ,  however, t he  r e rad ia t ion .  For hea t ing  t o  such temperatures an 
extremely h ich  opac i ty  is requi red  of clouds for t h e  i n f r a r e d  rays. This  

phenomeaon still cannot be f u l l y  esp la ined  t h e o r e t c i d l y .  

I n  connection with the  fact that t he  hypothes is  of l'greenhouse" 

e f f e c t  is  n o t  fully demonstrated, t h e r e  exist  o t h e r  assumptions, for example, 

of f?nonthernalt10r5.gin of rad ionoises ,  t h a t  is of t h e i r  genera t ion  on account 

of i n t e n s i v e  motion of e l e c t r o n s  i n  t h e  atnosphere or ionosphere. 

The i n v e s t i g a t i o n  oI' t h e  t r u e  phys ica l  condi t ions  on Venus, sha rp ly  

d i f f e r i n 5  from those on Earth,  i s  of except iona l  s c i e n t i f i c  i n t e r e s t .  These 

e x c i t i n E  ques t ions  may be resolved only with t h e  a i d  of space probes,  d i r e c t -  

ed i r t o  the  i m e d i a t e  v i c i r , i t y  of t h e  p l ane t ,  f l y i n g  p a s t  it n t  s m a l l  d i s -  

t ances  o r  descending d i r e c t l y  i n t o  the depth of its atmosphere, 

':.%en r e a l i z i n n  such probes i t  is p r e r e q u i s i t e  t o  reso lve  a series 

of proklens of p 5 n c i p l e ,  q u i t e  new, such 2s p u t t i n g  these  probes (or sta- 
t i o n s )  i n t o  i n t e r T l m e t a r y  o r b i t s ,  t h e  m a t e r i a l i z a t i o n  of r a d i o  conmunica- 

t i o n s  over d i s t a n c e s  of hundreds of m i l l i o n  ki lometers ,  t h e  c r e a t i o n  of new 
i n s t r m e n t a t i c n  f o r  tke  puropse of . p id in& the probes and ca r ry ing  out mea- 
surements, and a l s o  the  working out of p e r f e c t  devices  f o r  s c i e n t i f i c  inves- 

t i ga t ious .  

By launching the i n t e r p l a n e t a r y  au tona t i c  s t a t i o n s  Venus-2 and Venus-3 

the  Sovie t  Union undertook the  first s e r i o u s  attempt t o  carry out a d i r e c t  

i n v e s t i g z t i o n  of t h a t  p lane t ,  

A P P A R A T U S  OF VENUS-2 AYD-3  

The s c i e n t i f i c  p r o b l e m  of f l i g h t  a n t i c i p a t e d :  at the  first stage- 
the  i n v e s t i g a t i o n s  of i n t e r p l a n e t a r y  space over t he  f l i g h t  t r a j e c t o r y  between 

Ea r th ' s  and Venus' or5its, at  the second s t n g e -  t h e  i n v e s t i g a t i o n  of t h e  

na tu re  of Venus' surzace.  

I n  order t o  assure  2, broad s tudy  of the  p l a n e t ,  two methods were 
p l aned :Venus -2  was supTosed t o  pass at c lose  d i s t ance  fron the  p l ane t s '  

sur€ace ,  e f f e c t  measurements and take photoqaphs.  Venus-3 was expected t o  



e n t e r  i n t o  the  dense l a y e r s  of p l ane t ' s  atmosphere and t r a n s m i t  t he  r e s u l t s  

of direct measurements of tenyeratme and pressure  on th2 surface, 
The genera l  cons t ruc t ion  of  these  probes has a great d e a l  in comon 

wi th  t h a t  of Plars-1, Zoncl-1, Zond-2 and Zond-3. 
Both, Venus-2 m d  -3 c o n s i s t  of two hermetic  compartments- t h e  orbi- 

tal and the  s p e c i a l  (Fi,r , l) .  On Venus-2 a s p e c i a l  conpartment included t h e  

photo-TV device, a cent imeter  band t r a n s m i t t e r ,  one of t h e  accumulator ba t -  

t e r i e s  and part o l  t h  e l e c h o n i c  zyxmntus assurinm the f u n c t i o n i n s  

c8-m 7pc'rtment a n d  c e r t a i n  s c i z n  t i f  i c  neas:iremen ts. 
of the  

C o r  re c tive 
motive installation 

Mic roengine s of 
the orientation sys tem -- 

Balloons of the orienta- -- 
tion sys t em 

- Highly- d i rec  tional 
antenna 

P rec i se  sol 

Fig. 1 

agne t ome te r 

- -  Radiators of the 
thermoregulating syst .  

ane 1 s 
?eebly-directional 

antenna 

? 

!. s p e c i a l  co ipartment of Venus-3 is a descendable device,  desiyned 

i n  the shape of a sphere of 900 n i l l i n c t e r s  i n  diameter, co7:ered by a hea t -  

proof n s t e r i a l  a s su r ing  p ro tec t ion  aga ins t  hi:;h brakin. te,-qeratures. 
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T h i s  device inc ludes  decimeter-wave t r a n s m i t t e r s  dcsigned f o r  t r ansmi t t i ng  

t o  ground t h e  basic parameters o f  p lane t ’s  atmosphere and sur face ,  measured 

by the  s c i e n t i f i c  devices. The landing on sur face  is r e a l i z e d  with t h e  a id  
of a parachute system. 

I n  t h s  dcscenc5ng aymratus t h e r e  is a pennant, as shown i n  Fig.5. 

P r i o r  t o  b las t -of f ,  the descending a p p r a t u s  w a s  sub jec t  t o  careful 
s t e r i l i z a t i o n ,  required t o  dispose of al l  microorganism of t e r r e s t r i a l  o r i -  
Fin and  thus  prevent t:?e b o s s i b i l i t y  of contamination. 

“fernoregulat ing r a d i s t o r s  are i n s t a l l e d  on t he  o r b i t a l  compartment’s 

sur face ,  a longside with s o l a r  ba t t e ry  panels ,  the  propulsion system f o r  tra- 
j ec to ry  co r rec t ion  an6 gzs j e t  microengines of the  o r i e n t a t i o n  system. 

The fundamental q y m a t u s ,  assuring the  operat ion of t h e  s t a t i o n  

over t he  t r a j e c t o r y ,  is concentrated i n  the  o r b i t a l  compartment, i n  which 

the re  m e  disposed the accwiulator  b a t t e r i e s ,  t h e  decimeter-band t r a n s m i t t e r s  

a n d  r e c e i v e r s ,  the  t e l eme t r i c  commutators, the o r i e n t z t i o n  and co r rec t ion  

devices of s t z t i o n ’ s  motion and the e l ec t ron ic -op t i ca l  s enso r s  of s t a t i o n ’ s  

p o s i t i o n  in space with t h e  gyroscopic devices. 

The e lec t ron  timer i s  also s i t u a t e d  i n  the  o r b i t a l  conpartment; it is 
assu r ing  the  guidance of a l l  the s t a t i o n ’ s  systems, switching on automatical ly  

the devices  €or conductinq radiocommunications through preassigned t ine inter- 
vals. BesiCes, these sessions may be conducted on comnmd from Ear th .  

A s p e c i f i c  thermal regime is requi red  f o r  the n o r m 1  operat ion of the  

s t a t i o n ;  i t  is assured by the t h e r n o r e s l a t i n g  system. S o l a r  b a t t e r i e s ,  die- 
posed on two panels, c o n s t i t u t e  the main source of e l e c t r i c  energy f o r  a l l  

the s t a t i o n ’ s  devices. Buffer accmula to r s  a r e  switched on par ra le lwise  t o  

then, 
The t r a n s m i t t e r s  of automatic space probes ope ra t ing  i n  decimeter end 

cent imeter  bands, may be a l t e r n a t e l y  switched onto a highly-d i rec t iona l  a t e n -  
nn of paraboloid shape. klith the  a id  of the l a t t e r  all the  t ransmit ter-emit ted 

?ewer is d i r ec t ed  a t  t he  Zar th  i n  a narrow bean, which inc reases  s i r n i f i c a n t l g  
the  r e l i a b i l i t y  of radioconmu-iication, the  r z p i c i t y  and the q u a l i t 7  of t he  

transmission. 
feebly-d i rec t ionnl  antenna, t o  which i t  is also poss ib le  t o  switch the deci- 

neter-hand r ad io t r ansmi t t e r .  Thus, though with lesser v e l o c i t y  thzn a t  trans- 

The recenkion of radiocomnand on board is  made by way o f  a 
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mission with  the a i d  of the  parzbol ic  antenna, radiocomr;lunications may be 

achieved without  o r i e n t a t i o n  at the  Sar th .  somewhat less r a p i d l y ,  however. 

The r a d i o r e c e i v e r s  of the probes rece ive ,  bes ides  commmd~, radio- 
si ; -nsls  from Ear th  f o r  the measurement of t he  d i s t a n c e  between the  e a r t h  

and the escape v e l o c i t y  of the probe from our planet. By t h e  time it 
takes the  signal f o r  covering the pa th  from Ear th  t o  t h e  probe and back 

we 2e t e rn ine  the  d is tance ,  and by t he  frequency v a r i a t i o n  of t h e  signal- 

t h a t  is, t h e  DopDler e f f e c t -  the esczpe ve loc i ty .  I.ioreover, ground r e c e i v i n g  

l o v i c e s  measure t he  s t a t i o n ' s  ?n?-dlar coordinates ,  t h a t  is, t he  m g l e s ,  a t  

which t h e  i n t e r p l a n e t a r y  s t a t i o n  is seen f r o n  Ear th .  The b i l a t e r d .  communi- 

c a t i o n  wi th  the  s t a t i o n  is r e a l i z e d  kg the c e n t e r  of renote  s p c e  coxx-xmicE- 

t i o n  wi th  the a i d  of supe r sens i t i ve  r e c e i v e r s  and powerful t r a n s n i t t e r s .  

One of the most respons ib le  systems of thn probe is the  o r i e n t a t i o n  

an.' co r rec t ion  s y s t e : ~  It zssures t h e  requi red  o r i e n t a t i o n  of t h e  probe a t  

va r ious  stsses of the  f l i F h t .  

Include< i n  ",fie o r i e n t a t i o n  system a r e  t h e  e lec t ron ic -op t i ca l  sen- 

s o r s ,  $::e ?as j e t  cx r incs ,  t h e  i.yroscopic s t a t i o n ' s  r o t a t i o n  v e l o c i t y  mea- 

s x r e r s  m C  s u i d i i r  4eviccs.  'Ih? Tost t ior .  0;  the  probe in space is detercd- 

ncc? by tke  e l e c t r o n i c - @ ? t i c a l  secsor ,  i n  whose v i s u a l  f i e l d  i s  t > e  Sun, 

a s t n r  o r  t'c 523th. '.t its d e f l e c t i o n  fron t h e  ansi,l,zled p o s i t i o n ,  simals 
c.ri-ive Iro-1 the  senso r s  t o  the p i d i n r ;  system, rrhich r e s t o r e s  the  probe t o  

i t? i n i t i 2 . l  Tos i t i on  -.fi:h tkc. = i d  of Micro-enTinvs. 
'&e respons ib le  p r o k l e n  o f  the  ;-uilancs systein is t h e  s u s t a i n i n g  

of cons t an t  o r i e n t a t i o n  of solar ce l l s  so that they be lit by d i r e c t  rays 

of the  Sun durin? the  e n t i r e  f l iEh t .  Tor tE:e cons tan t  o r i e n t a t i o n  of t h e  

s t a - i o n  et the  Sun 3 s p e c i a l  e l e c t r o n i c - o p t i c a l  sensor  is used, which a l lows  

the  sea rch  for the Sun f ror j  any station's p o s i t i o n  i n  space. _*.fter the  Sun 

h i t s  t he  v i s u a l  field of sensor ' s  c e n t r z l  tube,  tliis 

by the L-uiGance system t i l l  the  next  maneuver. 

r r i o r  t o  t 5 e  beginnin: of radiocommnicat ion 

e i d  of t he  parabol ic  antenna, occupy such a p o s i t i o n  

during t5.,e s e s s i o n  be Zirected a t  the  k z t h  v i t h  a 

of a:i@-s degree. Th i s  o r i e n t a t i a n  i s  obtninc? v i t h  

c o n s i s t i n 5  of two o p t i c a l  tubes,  the  "s01xr'~ and the  

o r i e n t a t i o n  is sus t a ined  

the  s t - t i o n  must, wit?; 

t h z t  t h e  antenna axis 

prec i s ion  to f r a c t i o n s  

t h e  a i d  of a sensor 
t e r r  c- s trial" . 
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The ax is  of the ltterrestrialT1 tube is d i r e c t e d  a long  the  axis of the  para- 

b o l i c  a t e n n a ,  while the "solar" tube may rotate according t o  the  v a r i a t i o n  

of t h e  ancle Sun-  s t a t i o n - E a r t h .  During the  probe's f l i g h t  through t h e  

i n t e r p l a n e t a r y  space t r a j e c t o r y  the o r i e n t a t i o n  has  the  following sequence: 
t he  s t a t i o n  r o t a t e s  and enconpasses the  Sun by the  llsolartT tube; then  the  

s t a t i o n ' s  r o t a t i o n  i s  ma te r i a l i zed  along the  axis of t h e  t lsolar l t  tube t ill  
t h e  E a r t h  h i t s  t he  Visual f i e l d  of the  "terrestrialf1 tube. After t h a t  t h e  

r o t a t i o n  of the  s t a t i o n  ceases, the t r a n s m i t t e r  is  switched onto t h e  parabo- 

l i c  m t e n n a  and t h e  t ransmission of information begins. The o r i e n t a t i o n  of 
t he  s t a t i o n  at both heavenly bodies  is  sus t a ined  in t h e  course a€ t h e  e n t i r e  

s e s s i o n  with t h e  a i d  of the  S i d a n c e  systen.  L t  the  end of t he  s e s s i o n  the  

s t a t i o n  r e t u r n s  t o  t h e  cons tan t  o r i e n t a t i o n  of s o l a r  c e l l s  a t  t h e  Sun. 

A s p e c i a l  astro-pickup is foreseen €or o r i e n t i n g  the  s t a t i o n  dur ing  t h e  cor- 
r e c t i o n  maneuver. Yi th  t h e  h e l p  of the  l a t t e r  t he  l o n g i t u d i n a l  axis of  t h e  

motive i n s t a l l a t i o n ,  co inc id ing  w i t h  t h e  l o n g i t u d i n a l  axis of the  s t a t i o n ,  

may be or i en ted  i n  any d i rec t ion .  This  pickup is a conplex e lec t ronic-opt i -  

cal device havinF mobile o p t i c a l  tubes:  the  llsolar'l and t h e  "stellars1. The 

a n r l e s  between the  s t a t i o n ' s  l o n r i t u d i n a l  axis and the o p t i c a l  axes of both 

these  tubes  a r e  determined by conputation from t h e  r e s u l t s  of t r a j e c t o r y  

measurements; t he  values of these  angles  a re  transmLtted on board by t h e  

comand rac?ioline.  2 f t e r  t h e i r  t ransmission the  r o t a t i o n  of o p t i c z l  tubes  is 

r e a l i z e d  i n t o  t h e  preassigned pos i t i on  r e l a t i v e  t o  the l o n r i t u d i n a l  r x i s  of 
the  s t a t i o n .  .:t t h e  beginniny of the a s t r o c o r r e c t i o n  s e s s i o n  the  s t a t i o n  

e f f e c t s  a t u r n  i n  space so l ong  86 t he  v i s u a l  f i e l d  is  n o t  h i t  by t he  Sun 

at  f i r s t ,  and by the  Canopus star afterward. Since the  senso r ' s  tubes  are 

a l r e a d y h r n e d  at preassigned angles,  t h e  axis 02 s t a t i o n ' s  engine occupies  

t h e  p o s i t i o n  in space requi red  for correc t ion .  h t  t h e  same time, a h igh  pre- 

c i s i o n  is a t t a i n e d  i n  t he  o r i e n t a t i o n -  t o  few angular minutes. 

?- l i q u i d - f u e l  enpine and two gf roscopic  devices  are a l s o  p a r t  of 
t he  c o r r e c t i o n  systen.  One of t he  l a t t e r  is designed for memorizing t h e  

the  s t a t i o n ' s  p o s i t i o n  i n  space p r i o r  t o  swi tch ing  on and dur ing  the  opera- 

t i o n  of the  engine, the  o the r  is meant f o r  swi tch ing  of f  t h e  engine when 

the  preassigned v e l o c i t y  has been a t t a ined .  
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FLIGEJ! OF TEE AUTOMATIC STATIONS TO PLANET VENUS 

Venus-2 was l amched  on 12 November 1965 with t h e  view of f l y i n g  

n a s t  Venus i n  the  v i c i n i t y  of the planet ,  I n  order  t o  achieve t h i s  i t  was 

necessary t o  have i t  f l y  pas t  Ven;is on the s i d e  i l lumina ted  by the  Sun at 

a d i s t ance  of not more than 4OOOObm from its surface. On 16 November, 

Venus-3 was launched with t he  v i e w  of reaching t h e  Venus' surface. 
For the  f a c i l i t y  of radiocommunication t h e  s t a t i o n  must have ef- 

f e c t e d  the  landing  a t  the  center of t h e  disk v i s i b l e  from Earth. 

The p lac ing  of each of the s t a t i o n s  i n t o  i n t e r p l a n e t a r y  trajecto- 
t i e s  w a 8  r e a l i z e d  i n  two s tages .  A t  f i r s t  t h e  last s t a g e  of the  carrier- 
rocke t  was placed i n t o  t h e  Ear th ' s  

s t a t i o n .  Then, t he  f i r i n g  of t he  l a s t  s t age  had t o  t ake  place a t  a p r e a s s i p -  

ed time, p lac ing  the s t a t i o n  in the f l i c h t  t r a j e c t o r y  t o  Venus. The schemes 

of these  s t -a t ions '  f l i r h t  t o  Venus a r e  presented i n  Fig.2 alongside w i t h  

t he  p o s i t i o n s  of the  ??-=et zt various momcnts of tino. 

s a t e l l i t e  o r b i t  toge ther  with t h e  

1965 

J I 
.r P w c  3 

sir ,  2 

The C O K U ~ C : . :  3n of the  proposed problems 1 ec-;.f.,-es a very high pre- 
c i s i o n  i n  placinE the in t e rp l ane ta ry  probes i n t o  t r a j e c t o r i e s  t o  Venus, 
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A t  time of plac ing  i n t o  in t e rp l ane ta ry  t r a j e c t o r y  and last stage's engine 

switch off the speed of both s t a t i o n s  ctastftuted about 11500 meters/second, 
A t  such v e l o c i t i e s  the  de f l ec t ion  i n  t h e  magnitude of the  v e l o c i t y  at  t h e  

l a t t e r  po r t ion  of the a3ove operat ion by lme te r / sec  w i l l  r e s u l t  in def lec t -  

i o n s  near  the  p lane t  by values  of t he  order  of some 30000 km. To ensure 
such high precisions is beset w i t h  great t e c h n i c a l  d i f f i c u l t i e s ;  t h a t  is 
why t h e  p o s s i b i l i t y  of effecting co r rec t ions  in f l i g h t  was foreseen  for 
both probes. 

times 
The motion co r rec t ion  could be c a r r i e d  ou t  s e v e r d b y  e i t h e r  ttsolar- 

stellartf or l l so la r t l  methods. I n  the f i r s t  case the re  opera tes  on board a 
t l s o l a r - s t e l l a r l l  o r i e n t a t i o n  system which u t i l i zes  as re ference  heavenly 

bodies  the Sun and the staz Canopus. This  system allows, i n  p r i n c i p l e  t o  
o r i e n t  the axis of the  c o r r e c t i n g  engine i n  any d i r e c t i o n  in space, which. 

provides the  p o s s i b i l i t y  of assuring n o t  only t h e  h i t t i n g  of t h e  preassigned 

poin t  of t he  p l ane t ,  but  t o  change t h e  time of its meeting the  planet .  The 

l n t t e r  is indispensable  so as to -sure the  s t a t i o n s '  f l i g h t  up t o  Venue 
i n  the per iod of t h e i r  v i s i b i l i t y  from t h e  center  of the  long-range space 
comnunications . 

I n  the  case of l t s o l a l l  cor rec t ion  the  d s  of t h e  co r rec t ing  engine 

is  d i r e c t e d  e i t h e r  at the  Sun o r  from the  Sun, Zependine upon the  d e f l e c t i o n  

from t h e  r e a l  t r a j e c t o r y  from t h e  computed, and is  being f ixed.  The value 
of the cor rec t ion  ve loc i ty  and the rcsigntl d e t e r f i n i n g  its d i r e c t i o n  =e 

t ransmi t ted  on bomd, This method, not  involving the u t i l i z a t i o n  of t he  star, 

is t e c h n i c a l l r  simpler,  However, for some de f l ec t ions  of the t r u e  t r a j e c t o r y  

from the  ca l cu la t ed  one i t  introduces s p e c i f i c  l i a i t a t i o n s  and r e q u i r e s  the 

conducting o f  some co r rec t ions  at s p e c i f i c  moments of time. Both these  cor- 
r e c t i o n  nethods w e r e  v e r i f i e d  ear l ier  at f l i ~ h t s  of Zond-1 and -3. 

The variation of f1iF;ht t r a j e c t o r y  parameters of Venus-2 and Venus-3 

and the  d e t e r r i n a t i o n  of t h e i r  motion f o r e c a s t  were mater ia l ized  by a complex 

of radioaeasurement m e a n s  and of computing centers.  

The remoteness of t h e  s t a t i o n 5 , t h e i r  rad ia l  v e l o c i t y  and t h e i r  angu- 

lar coordinates  were determined i n  t h e  process of t r a j e c t o r y  measurenents. 

This  provided the p o s s i b i l i t y  t o  determine with high p rec i s ion  the  ve loc i ty  

CoLiyoCents, the coordinates  and o ther  e l enen t s  of s t a t i o n s '  t r a j e c t o r i e s .  
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The r e s u l t s  of t r a j e c t o r y  measurenents were processed in computers 
independently by s e v e r a l  computing centers .  ! - large volume of data wa8 pro- 
cessed  with the  view of obta in ing  t h e  progonosis of s t a t i o n s '  motion with 

h i c h e s t  poss ib l e  precis ion.  For Venus-3, i n  p a r t i c u l a r ,  measurements were 
conducted i n  31 radiocommunication sess ions ,  i nc lud inc  the por t ion  of tra- 
j e c t o r y  p r i o r  t o  co r rec t ion  - in 16 sess ions .  The t o t a l  volume of measure- 
ments information then obtained exceeded 1300 measurements of remoteness 

5000 measurenents of r a d i a l  ve loc i ty  and 7000 measurements of angular coor- 

d in i t e s .  

As a result, i t  w a s  e s t ab l i shed  after the  s t a t i o n  has been placed 

i n t o  the  i n t e r p l a n e t a r y  o r b i t  t h a t  t he  t r n j e c t o r y  of Venus-2 w a s  close t o  

the  co-y i ted.  The minimun dis tance of f l i g h t  by the p lane t  w a s  24000- 

fror i ts  strrface a n d  the f l i E h t  took place by the i l luminated s i d e ,  thus  
in accordance wit!. the  preassigned requirements, which allowe2 t o  forego 
t he  c o r r e c t i v e  operat ions.  The f l i l - h t  scheme of Venus-2 p a s t  the plane t  

is shown i n  Fig. 3. 

F1 .ight d i re  c tion 

PbN 3 w Benep 
VEN~JS 

a t  the Sun 

1 1 

iiccordin? t o  measurement d a t a ,  Venus-3 shoulZ have flown, after i t s  

p lac ing  into the in t e rp l ane tz ry  o r b i t ,  a t  the  d is tance  of 60550km from the 
c e n t e r  of the  p lane t  a t  00 00 hours 37" on 1 March 1966. iLt t h a t  time the 
s t a t i o n  could not  be observed from the  center  of remote space comnunications. 

That i s  why a co r rec t ion  had t o  be made; the l a t t e r  was coclpleted on 26 De- 
cember 1965 at 18 04 houTs, when the s t a t i o n  was a t  the d is tance  of  

12, 900, 000 In from the Z a r t h .  This w a s  accomplishedby the  f f s o l a r - s t e l l a r "  

o r i e n t a t i o n  me tho<.  

- 
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The requi red  raagnitude of t h e  co r rec t ive  pulse,  a longside with 

t h e  two angular s e t t i n g s  were t ransmi t ted  on board of the s t a t i o n .  As a 
r e s u l t  of cor rec t ion ,  t he  r a d i a l  v e l o c i t y  had t o  change by 19.75 meter/sec. 
According t o  the  assipment the s t a t i o n  should have reached Venus' surface 
at 10 00 hours Moscow time on 1 k w c h  1966 at the  c e n t e r  of the  d i s k  v i s i b l e  

from Earth.  However, imaediately af ter  t h e  co r rec t ion  a fz.ctual change in 
the  radial v e l o c i t y  wa3 recorded: i t  cons t i t u t ed  19.68 meter/seo, differ- 

i n g  only by 0,07meter/sec from the assigned quant i ty .  Such low def l ec t ions  

i n  the  co r rec t ion  ve loc i ty  could be assured only by the high prec is ion  in 
t h e  o r i e n t a t i o n  a d  in working out t he  pulse  f o r  t h e  co r rec t ive  engine. 

The systematic  processing of t r a j e c t o r y  measurements, e f f e c t e d  through t h e  

co r rec t ion  time on 15 February 1966 inc lus ive ,  has  shown t h a t  t h e  t rue tra- 
j e c t o r y  of Venus-3 d i f fe red  little from the  prezssigned, a d  t h a t  t h e  de- 

f l ec t ion  of the  t r u e  l and inz  point  from the computed did not exceed 450 lan, 
The encounter time of Venus-3 with the p l ane t ' s  sur face  corresponded t o  

09 hours 56 minutes 26 seconds Noscow Time on 114arch 1966, which d i f f e r e d  

from the  pres-signed by l e s s  than 4 minutes. 1.t the  same the, the  angle  

between the  d i r e c t i o n  st "she 3 r t h  and the l o c a l  v e r t i c a l  z t  landing poin t  

c o n s t i t u t e d  l d e g r e e  30 ninutes .  Therefore the  necess i ty  of e f f e c t i n g  an 
additional correc t ion  no longer exis ted.  

I n  the Trocess of analysis of the nensurenent m a t e r i a l  a n d  of COLI- 

pu t z t ion  of s t a t i o n ' s  t r u e  o r b i t  pa rLvc te r s  s e r ious  a t t e n t i o n  w a s  drawn 

t o  the  estimate of naxi3um e r r o r s  i n  the de te rx ina t ion  of the  coordinates  

of Venus-3 l z i d i n g  poin t  on Venus' surface.  

It i s  we l l  krown t h a t  the prec is ion  of not ion prognosis is de ter -  

mined by two groups of e r r o r s :  

- b y  smal l  random and systerr.at5.c e r r o r s  i n  the  neasurenents  by radio- 

engineer ing means of remoteness, r a d i a l  ve loc i ty  and angles;  
- b y  e r r o r s  conxccted w i t h  the  bowledge of the  zstronomical unit 

and o the r  a s t ronoa ica l  constants .  
is d e t a i l e d  processing of t r a j e c t o r y  measurenents has shown t h a t  

because of instrumental  errors of measuresent, t he  maxinun de f l ec t ion  of 
the  t rue  landin?  point  from t h a t  f o r e c s s t  c o n s t i t u t e s  no more than 600 k& 



As t o  the  m a x i m u m  e r r o r  i n  the  fo recas t  of the  coordinates  of the landing  

po in t  on account of e r r o r s  i n  as t rononica l  constants ,  i t  does not exceed 

500 km. 
Therefore,  the  aggregate maximum e r r o r  of computation of coordinates 

of s t a t i o n ' s  lacding point, obtained as t he  root-mean value of these quan- 

t i t i e s ,  does no t  exceed 800 h. 
s t a t i o n ' s  motion may d i f f e r  from t h a t  determined by the r e s u l t s  of measu- 

reme-n-ts ( i t  is c d l e d  as the  llreall* i n  Fig. 4) on account of the ind ica t ed  

sources  of e r r o r ,  by a value of 2800 km. Consequently, the  true t r a j e c t o r y  

w i l l  be s i t u z t e d  i n  a n a r o w  tube, shown i n  Fig. 4 
p o s s i t l e  t r a j e c t o r y  deflectionsll .  The e r r o r  i n  the  t h o  of encounter of 
the s t a t i o n  with the  p lane t  cons t i t u t e s ,  accordiag t o  the  r e s u l t s  of calcula-  

t i o n s ,  only 2 5 minutes. 

This  m e a n s  t h a t  the t r u e  t r a j e c t o r y  of 

as the  l'bounr'ary of the 

Subsequent measurements a t  s t a t i o n ' s  f l i g h t  up t o  t h e  planet  hzive 

shown only t h e  acce le ra t ion  of s t a t i o n ' s  no t ion  caused by t he  d i r e c t  

p l a n e t  a t  t r ac t ion .  

It nust be noted t h a t  being endowed with a s u b s t a n t i a l  m a s s ,  nea r ly  
equal  t o  t h a t  of the Zarth,  Venus s t r o n g l y  a t t r a c t s  any s p a t i a l  body approa- 

ching it. Thus, f o r  exaciple, the region of Venus-3 encompassing, t h a t  is, 

t he  reg ion  of t r a j e c t o r i e s  of 7 i g . k h i t t i n g  it, is deterninc-d by a c i r c l e  

havini- a r a d i u s  of 15 000 km, considerably exceeding the ceometrical  r ad ius  

or' Venus, which is of 6 lOok i lone te r s .  Consequently, 

was assured even i n  the case whereby the e r r o r s  i n  coordinate prosnosis  of 
t h e  po in t  of lancing w e r e  10 - 15 times . v e a t e r  t h m  those indicated.  

h i t t i n g  the p lane t  

3s a r e s u l t  of the  f l i g h t  or" Venus-2 and Venus-3 a considerable,  

d i v e r s i f i e d  material of t r a j e c t o r y  measurener~ts was obtained, which cor,st i-  

t u t e s  e n  independent s c i e n t i f i c  value f o r  t he  s tudy of the problem of 
supe rd i s t an t  measurenents and in t e rp l ane ta ry  f l i g h t s .  The complexity of 

the problem of Froject inC in t e rp l ane ta ry  space probcs coxzsists i n  t h a t  we 

know li t l e  of the ph::sical condi t ions i n  i n t e r p l e n e t a r y  space,  which are 

dif'icult t o  s imulate  during the t e s t s  of sinilm probes. -:s a n a t t e r  of 
f a c t  the f i n a l  t e s t s  of the airborne ecuiyncnt and of probes as a vhole 

a r e  takinrr plzce i n  f l i y h t ,  during launchings f o r  s 2 e c i f i c  purposes. 
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The f l i g h t  of Venus-2 and Venus-3 has  shovm t h a t  t he  ope ra t ing  

cond i t ions  of space probes i n  the irnzediate v i c i n i t y  of Tenus are still 

l i t t l e  s t u d i e d ,  k notable  temperature inc rease  was noted a t  time of nea r ing  

t2e  p l a n e t ,  j u s t  as w3.s the  case on Kariaer-2, having exceeded t h e  comyuted 

values. Noted also were c e r t a i n  disruptions of rad iocomunica t ions .  The 

last s e s s i o n  with Venus-3, when the l a t t e r  approached Venus, d id  no t  mate- 
rialize, The causes of t h e  d i s rup t ion  could no t  be a sce r t a ined  as yet. A t  

p resent ,  a d e t a i l e d  a n a l y s i s  of probes’ opera t ions  is bsing made ncr.ordin&r 

t o  telemetry d a t a  of preceding sess ions .  

A t  time of Venus-2 approach t o  Venus, agyropr ia te  cornnand was given 

which switched on the automatic regime of i n v e s t i g a t i o n s  i n  t h e  by-pms 

s e s s i o n  accordinE t o  preassigned program, No conEirmation of t h i s  cormand 

passage w a s  received. The r e s u l t  of t h e  experiment w i l l  become knovm, i f  

radiocommunication v i t h  Venus-2 is r e s to red .  

A t  p r e sen t  Venus-2 pursues i ts  f l i g h t  along the  h e l i o c e n t r i c a l  

o r b i t .  O n  4 I h r c h  its d i s t m c e  from Ear th  w a s  n e a r l y  65 000000 kilometers. 

63 s e s s i o n s  i n  a l l  w e r e  held wi th  Venus-3, and 26- wi th  Vezus-2 
f o r  t he  e n t i r e  f l i g h t ,  11 l a r p  number of s e s s i o n s  were conducted w i t h  

Venus-3 wi th  t h e  ob jec t  of a more p r e c i s e / t r a j e c t o r y  measurement. S c i e n t i -  

f i c  d a t a  and the  t e l eme t r i c  information on the  a p a r a t u s  opera t ion  were 

co3sTaatly t r ansmi t t ed  t o  Earth. 

motion 

?HYSICAL 1~?7E:STIG?~TIONS IN FLIGTL’ 

The i n t e r p l c n e t a r y  space i s  the  ob jec t  of nmerous  s c i e n t i f i c  

i n v e s t i g a t i o n s .  The f l u x  of ionized eas, t h a t  is, the solar wind, energes 

from the  Sun i n  a l l  d i r e c t i o n s  a t  a speed near  500 km/sec. The a c t i v e  re- 

wions of the  Sun e j e c t  e p i s o d i c a l l y  p z r t i c l e  f l u x e s  with a v e l o c i t y  of 
1000- 3000 kn.sec; t hey  e j e c t  a t  t imes ? a r t i c l e s  of very hich enerEy or 
s o l a r  cosmic rays, Particularly grea t  i s  the  concent ra t ion  05 charged par- 

t i c l e s  near  the  E a r t h ,  i n  i ts  rac‘iiltion bel ts ,where these n i r t i c l c s  t r a p  

the reoxacnet ic  f i e l d .  Then cosznic r a y s ,  t h a t  is, p a r t i c l e s  of enornous 

e n e r , r i e s , h i t  thz  solLxr s y s t e a  from witkout with a speed very near  t h z t  of 

the l i y h t .  ‘;‘he o o l a r  p x t i c l e  f luxes  c m r g  a l o q  a wed:, t h o u ~ h  q u i t e  neasu- 

rable m.:cnetic f i e l d ;  i t  is nnzasured by space r o c k e t s  d r i € t i n F  beyond the  

Z a r  th’  s m z p e  tosphere. 

The s tudy of a l l  these events  o f f e r s  a ? a r t i c u l a r  i n t e r e s t  5x1 time 



of s o l a r  a c t i v i t y  minimun, which is  now the  caser  when the  Frocess of 
e p i s o d i c a l  ma t t e r  e j e c t i o n s  from the  Sun, i s o l a t e d  i n  time, and t h e  ensuing 

mapnetic d i s tu rbances  may be t r aced  more c l e a r l y  owing t o  t h e i r  r e l a t i v e  

r a r i t y .  The s tudy  oi t he  t r a n s i t i o n a l  r eg ion  between t h e  Ear th ' s  magnetic 

f i e l d  and the  i n t e r p l a n e t a r y  magnetic f i e l d ,  t h a t  is, t h e  boun?arg of t h e  

E a r t h ' s  magnetosphere, is p a r t i c u l a r l y  e s s e n t i a l .  

The e x i t  of the probe beyond the  magnetasphere &low8 the  study 

01 t h e  low-energy coxponent of cosnic  rays, which does no t  reach the  Za r th ' s  

s u r f a c e  because of the  geomagntic f i e l d .  Th i s  component is p r e c i s e l y  the  

one which c o n < i t i o n s  t h e  v a r i a t i o n  of cosmic r a y  i n t e n s i t y  i n  the course of 
t he  11-year cyc le  of s o l a r  a c t i v i t y ,  and a l s o  the  sudden rises of r a d i a t i o n ,  

s o  dangerous f o r  a s t r o n a u t s  during the  solar chromospheric f l a r e s .  O f  

g r z a t  i n t e r e s t  also i s  the  s tudy of the  v a r i a t i o n  of cosmic r a y  i n t e n s i t y  

when d r i f  t i n s  away%F'7neariny the Sun. 
To stuZy the  phys ica l  condi t ions  in  space,  the fol lowing devices  

were i n s t f i l e 6  aboard Venus-2 and Venus-3: 

- a th ree -coqonen t  ferrosocde magnetometer f o r  measuring i n t e r -  

Dlnnetary m s p e t i c  f i e l d s  ; 

- pss -5 i scka r re  counters  a d  a semiconductor d e t e c t o r  f o r  t h e  

i z v e s t i p t i o n  of cosnic  r ays ;  

- s F e c i a l  pickups ( t r a p s )  f o r  the  u-.as-:rement of cii2rg:cd p a r t i c l e s  

of low enerr-ies a n 2  the c?etsrmination o f  t h e  n c p i t u d e  01 s o l m  plasma 

f l u x e s  m d  their energy s p e c t r a ;  

- p i e z o e l e c t r i c  sensors f o r  the  i n v e s t i g a t i o n  of  mic roae teo r i t e s ;  
- a r a d i o  r e c e i v e r  f o r  the measurement of cosa ic  radioemission 

i n  t h e  150, 1 5 0 0 n e t e r  and 15 km travelenyths. 

The d a t a  obtTined during t h e  f1i;lht of Venus-2 and Venus-3 are 

now be ing  s tudied.  The r e s u l t s  w i l l  be publ ished i n  s c i e n t i f i c  journals .  

* * *  T H E  E N D  * * *  

Contrac t  No.NfiS-5-9299 Trans l a t ed  by ANDRE L. BRICH4NT 
Consul tan ts  & Desiqners, Inc. on 11-l3March 1966 t i r l ington,  V i r g i n i a  
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~:ocrair~ennare 

c 0 B e t c K'O i? 

QB romamvecrroi? 

c r u n 4 n e i i  

n u  B e ~ e p y l  

~- 

View of the pennant (upper right) delivered to Venuslsurface. 
The lower photographs show both sides of the medal inside the 
sphere,  the right-hand photograph showing the side of the medal 
with the planets of the solar  system and the respective positions 
of the Ea r th  and Venus a t  time of impact on 1 March 1966. 
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