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SUMMARY 

The very recent  f l i g h t  of ZOND-6 around the  Moc.)n and back t o  so l id  ground 
i n  the  USSR is described i n  d e t a i l .  Emphasis is  g:l;ren t o  the  so lu t ion  of the  
more complex problem, chat is, the  guided desce-lt c'f a spacecraft  flown pas t  
the  Moon, as compared t o  t h a t  of ZOND-5, which retlrrned t o  Earth along a bal- 
l i s t ic  t r a jec to ry ,  splashing down i n  the  Indian Ocean. The e n t i r e  f l i g h t  t r a -  
jectory is divided i n  three  par ts :  1) placement into intermediate o r b i t  of a 
rocket-spatial" complex with the  a id  of a multi-stage carrier rocket, including 
the  s t a t i o n  i t s e l f ;  2) blast-off from the  intermediate o r b i t  and placement on 
the  course t o  the  Moon, returning t o  Earth a f t e r  f ly ing  around the  Moon; 3) 
separat ion of the  descending device, which en te r s  i 3 to  the  ~ a r t h ' s  atmosphere 
and lands i n  the  preassigned spot of the  Soviet Union. 

The f l i g h t  problems are discussed in  d e t a i l  and the s ignif icance of the  d 
successful f l i g h t  of the  s t a t i o n  ZOND-6 is commented. 

The f l i g h t  da ta  of ZOND-6 were the object  of a TASS communique ( re fe r  t o  
ST- PR-10776 of 22 November 1968); therefore t h i s  sec t ion  w i l l  be only summa- 
rized. We should r e c a l l  t h a t  the  perigee was of 185 km and the  apogee of 210 km; 
the  o r b i t  inc l ina t ion  was 51'4'. Once i n  o r b i t ,  t he  rocket complex performed 
the  required angular maneuvers and the  s t a b i l i z a t i o n  of i t 8  posi t ion i n  space. 
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(*) OCHEREDNOY ETAP SOVETSKOY KOSMICHESKOY P R O G V .  UPRAVLYAYEMYY SPUSK S 
STANTSIX "ZOND-6" S TRASSY ZEMLYA LUNA-ZEMLYA 



The second switching on of the rocket e n ~ i n e  of carrier's l a s t  s tage  
was performed by onboard command at 23 hours 18 minutes 30 seconds, s o  as 

. t o  impart the s t a t i o n  a ve loc i ty  close t o  the second cosmic of 11.2 km/sec, 
which was required f o r  the f l i g h t  t o  the Moon. As the computed ve loc i ty  
was a t ta ined  its automatic switching off was accomplished and the s t a t i o n  
separated from the  l as t  s tage  of the carrier-rocket.  

. . 

A l l  subsequent f l i g h t  of the AS was a t  constant or ien ta t ion  a t  the Sun 
of s o l a r  cel l  panels, assuring its supply of e l e c t r i c  energy. A s  a r e s u l t  
of de f ac to  motion of the  s t a t i o n ,  the t r a j ec to ry  was close t o  the  computed. 
However, i n  order t o  ensure the f l i g h t  a t  a prescribed dis tance from the 
Moon, t r a j ec to ry  correct ion had t o  be made. 

.The correct ion time had t o  -be chosen i n  accordance of a s e r i e s  of condi- 
t ions.  Correction at  r e l a t i v e l y  shor t  dis tance from Earth r e s u l t s  i n  grea t  
spreads i n  the  region of the  Moon; whereas correct ion near the  Moon may be 
e i t h e r  inef f  ec t ive  , o r  requiring subs t a n t i a l l y  higher energy consumptions 
f o r  assuring the  optimum f l i g h t  t r a j ec to ry  around the Moon. This is  why, 
the correct ion of motion t ra jec tory  of ZOND-6 was  performed a t  a dis tance 
close t o  250,000 km from the Earth. The required i n i t i a l  da ta  f o r  the  correc- 
t ion ,  such as the  magnitude and d i rec t ion  of the  correct ing impulse and the  
switching on t i m e  of the  motive power were performed by the  ground coordinat 
t i o n  and computation center.  ' P r i o r  t o  correct ion ZOND-6 w a s  or iented i n  space 
by the Sun and the  star Si r ius .  A l l  the  ground data  were fed t o  the  onboard 
memory device, i n  accordance with which the  s t a t i o n  performed the  fu r the r  
necessary angular s t raggl ings  with the a i d  of low-thrust engines. A s  a r e s u l t  
of these maneuvers the  s t a t i o n  was or iented i n  space according t o  the  computed 
posit ion.  

As a r e s u l t  of the  correct ion,  ZOND-6 flew past  the Moon a t  a dis tance 
of 2420 km from its surface.  During t h a t  time, a l l  s c i e n t i f i c  invest igat ions 
and measurements of physical  cha rac te r i s t i c s  of the near-lunar space were 
car r ied  out. 

After  f l i g h t  around the  Moon and i n  order t o  eliminate the perturbations 
induced by its g rav i t a t iona l  f i e l d ,  a second t r a j ec to ry  correct ion w a s  per- 
formed a t  09 hours 40 minutes on 16 November a t  the dis tance of 236,000 km 
from the Earth's surface (see Fig.,l) . S t i l l  one more t r a j ec to ry  correct ion 
was performed on 17 November a t  08 hours 36 minutes s o  a s  t o  allow a more 
accurate entry of the descending device i n t o  the  Earth 's  atmosphere. 

These correct ions assured the h i t t i n g  by the descending device of the 
atmosphere entry corr idor ,  whose computed width cons t i tu te s  + lo  km f o r  a 
nominal value of the height of conditional perigee of 45 km. It should be 
s t ressed  tha t  i n  order to asuure the  landing a t - the  preassigned point of 
USSR t e r r i t o r y ,  i t  is necessary t o  hold not only the height of the  conditional 
perigee with exceptional accuracy, but a l s o  the time of s t a t i o n  approach t o  
Earth, A time departure by 55 - 10 minuted from the  computed one r e s u l t s  i n  
a 300 km e r r o r  i n  the  re turn  d i rec t ion  t o  Earth! 





As the station'approached the Earth, i n i t i a l  data  were transmitted f o r  
the  r ea l i za t ion  of the  descent regime. Astro-orientation and other  required 
eta ti on,^ maneuvers were performed on command from onboard program devices. 
Then, separation of the  descending device from the  instrument compartment 
of the s t a t ion .  The s t a b i l i z a t i o n  system of the dd quenched the  angular 
perturbations having a r i sen  during separation andTlaced it  i n  the  required 
posi t ion f o r  the r ea l i za t ion  of the necessary angle of a t t ack  (angle between 
the  device's ? x g i t u d i n a l  ax i s  and the  ve loc i ty  vector) , assuring the  crea t ion  
of the required magnitude of l i f t  a t  descent. 

CONTROLLED DESCENT AND LANDING 

I n  order t o  accomplish landing i n  the  calculated region of the  Soviet 
Union, the  - dd must f l y  some 9000 km a f t e r  enter ing the  dense layers  of the  
atmosphere, inasmuch a s  the  s t a t i o n  approaches the  Earth from the  Southern 
hemisphere. Generally the ent ry  can be per rmed from e i t h e r  s i d e ,  from 
the  North ("northern ent ry  variant") o r  .from the  South ("southern entry va- 
riant").  As f a r  as USSR is  concerned, only the  "southern variant" is appli- 

' 
cable. This is explained by the  f a c t  t h a t  a t  en t ry  from the  North, the  . 
point of entry l i e s  p rac t i ca l ly  i n  a l l  cases on the southern boundary of USSR 
te r r i to ry .  The "northern variant"  could be used i n  exczptional cases,  where- 
upon it would be attended with exceptionally high overloads. There is another 
extremity i n  the  "southern variant",  namely t h a t  the entry point is remote 
from the southern boundary of USSR by severa l  thousand km. These dis tances 
can be overcome by the  - dd only a t  control led descent. 

The guidance of t h e  f ly ing  c r a f t  i s  most . ra t ional ly  assured by the  use 
of the aerodynamic l i f t  and drag. This form of descent, ca l led  "controlled 
descent", was used f o r  the f i r s t  time by ZOND-6. By comparison with the 
b a l l i s t i c  descent i t  is  much more complex, f o r  i t  requires  two dd dippings 
i n t o  the  Earth 's  atmosp*ere. This requires  the  a v a i l a b i l i t y  of% especia l ly  
accurate guidance system. The one chosen on ZOND-6 was based upon the  regula- 
t ion  of the aerodynamic l i f t  a t  the expense of va r i a t ion  of the d i rec t ion  of 
its action. The aerodynamic l i f t  r a t i o  t o  drag is ca l led  the  aerodynamic 
qual i ty .  The grea ter  the  aerodynamic qual i ty ,  the  more s l an t ing  the  descent 
t ra jec tory ,  the g rea te r  the  f l i g h t  remoteness and the  wider the maneuvering 
p o s s i b i l i t y  of the  - dd. 

Fig.2 shows the  descent t r a j ec to ry  with t h e i r  various portions.  The main 
problem of the system over the  portion of i n i t i a l  dipping i n t o  the  atmosphere 
is the guarantee with high precis ion of such values of f l i g h t  ve loc i ty  and 
inc l ina t ion  angle of the t r a j ec to ry  t h a t  would assure the computed range 
p r io r  t o  the beginning of the  portion of the  second dipping. Over the  l a s t  
portion of f l i g h t  decelerat ion takes place from 11.2  km/sec t o  'L 7.6 lun/sec 
a t  the  expense of aerodyr~amic drag, provided s p e c i f i c  l imi ta t ions  a r e  obser- 
ved i n  respect  t o  overloads and thermal regime. The maxiumum values of a x i a l  
overloads over the sec to r  of the  f i r s t  dipping a r e  mainly dependent on the  
height of conditional perigee, and cons t i tu te  4 - 7 uni t s .  The control l ing 
act ion of the aerodynamic l i f t  prevents over t h i s  portion of t r a j ec to ry  its 
d i s to r t ion  along the d i rec t ion  toward Earth, octurr ing as a r e s u l t  of aero- 
dynamic braking, preventing the  device t o  descend below the  calculated height.  



SKETCH SHOWING THE MANEWERING OF THE DESCENDING DEVICE (DD) 

OF THE AUTCXYATIC STATION "ZOND-6" I N  THE EARTH'S 
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After t h a t ,  t he  device emerges from dense layers  of the atmosphere 
and performs a noncontrolled f l i g h t  along the  b a l l i s t i c  t ra jec tory .  

During the recurrent  (second) dipping i n t o  the atmosphere, the  choice 
of the  descent program f o r  t h i s  sec to r  is made by the  automatic guidance 
system with assurance of landing a t  the preassigned place of Soviet Union 
t e r r i t o r y  with very high precision. Over t h i s  sec to r  the  thermal flows 
are subs tan t i a l ly  l e s s  than duri3g the  f i r s t  dipping, and do not exceed 
those taking place during descent of a r t i f i c i a l  Earth 's  s a t e l l i t e s .  However, 
the f a c t  t h a t  the  thermal insula t ion  is subject  t o  heat  f o r  the second time 
complicates the  r e l i a b i l i t y  of thermal shielding,  implying its complex 
s t ruc tu re  t h a t  includes a spec ia l  se l ec t ion  of hea t - res is tan t  materials.  

The dd of AS ZOND-6 entered the  dense layers  of the  atmosphere on 17 
November E 6 8  a t  1658 hours. A s  t he  ve loc i ty  was about 200 kmlsec a t  the 
a l t i t u d e  of 7.5 km, the  parachute system was switched on and the  device 
landed. 

SCIENTIFICO-TECHNICAL PROBLEMS OF FLIGHT 

Many s c i e n t i f i c  problems connected with radia t ion  hazards i n  a period 
of increased s o l a r  a c t i v i t y  were tackled. especia l ly  with emphasis on t h e i r  
e f f e c t s  on l i v i n g  beings. I n  t h i s  regard, ZOND-6 pursued the  program s t a r t e d  
by ZOND-5 with the use of b io logica l  objects .  

A t  t he  same time experiment was conducted with a photoemulsion chamber, 
permitting t o  obtain da ta  on the  multi-charge component of primary cosmic rays 
at  grea t  distances from Earth (of the  order of severa l  hundred thousand kilo- 
meters), which is i n  the  region of high charges. 

A r eg i s t r a t ion  device of meteoric p a r t i c l e s  was a l s o  i n s t a l l e d  on board 
of ZOND-6. Its i n t e r e s t  centered i n  the passage of the  s t a t i o n  on its re turn  
journey through the Leonides meteoric shower, with i ts  wel l  known, particu- 
l a r l y  high encounter ve loc i ty  with the  Earth (about 72 km/sec). This stream, 
which is one of the most remarkable na tu ra l  phenomena t h a t  people observed 
more than once i n  the form of a b r igh t  shower of " fa l l ing  s t a r s" ,  has t h i s  
time apparently sh i f t ed  i n  space probably on account of J u p i t e r  a t t r ac t ion .  
Obviously, only the forthcoming data  processing can t e l l  us the extent  t o  
which t h i s  encounter ac tua l ly  took place. 

Of pa r t i cu la r  i n t e r e s t  is the  prospective study of the  f i lm with the  
image of lunar  surface taken from heights  from 10000 t o  3500 km. This f i lm,  
with high resolut ion,  permitted the  obtaining of high q u a l i t y  photographs, 
especial ly  by comparison with the  photo-television p ic tures  obtained from 
LUNA-3 and ZOND-3. The good qua l i ty  of p ic tures  is explained by the  absence 
of the usual in ter ferences  taking place when these a r e  transmitted by radio 
channels. The photographs obtained have a 13 by 18 cm cadre dimension. 
and the  object ive had a 400 nun foca l  distance.  Obviously, a d . t a i l e d  ana- 
l y s i s  of t h i s  mater ial  w i l l  require  some time, but ,  as of now, it is already 
permitted t o  speak i n  terms of la rge  volume of new and valuable information 
delivered t o  laborator ies .  



The technica l  achievements during the  f l i g h t  of ZOND-6 c o n s i s t  i n  t he  
f u r t h e r  improvement of t he  f l i g h t  i t s e l f  along t h e  rou te  Earth-Moon-Earth 
and of the  system of cont ro l led  (guided) descent during atmosphere en t ry  
wi th  the  second cosmic ve loc i ty .  The guidance i t s e l f  is  based upon t h e  
overload v a r i a t i o n  a t  atmosphere entry .  

. . 
Indeed, over t he  nominal, computed t r a j e c t o r y  the  overloads vary i n  a ' 

s t r i c t l y  s p e c i f i c  fashion,  s o  t h a t  a program can be assigned of overload 
v a r i a t i o n ,  f o r  example, according t o  time of descent .  I n  a r e a l  f l i g h t ,  
by measuring the  a c t i n g  overloads and comparing them with  t he  program over- 
loads ,  one may ob ta in  a represen ta t ion  on the  charac te r  of motion, Thus, 
f o r  example, i f  overloads exceed t h e  programmed values ,  t h i s  means t h a t  t h e  
device proceeds over a t r a j e c t o r y  below the  computed one. 

One should p a r t i c u l a r l y  stress t h a t  t he  opcrat ion of t h e  guidance system 
is not  con t ro l led  from the  ground, s i n c e  t h e  descending device is surrounded 
by a shee t  of iotlized a i r ,  making t h e  communication with Earth impossible. 
This imparts a d d i t i o n a l  and pecu l i a r  requirements t o  guidance system relia- 
b i l i t y  and renders t h e  automatic f l i g h t  except ional ly  complicated from t h e  
technica l  viewpoint. 

F ina l ly  we should mention the  working of f  i n  f l i g h t  condi t ions  of t h e  
aerodynamic shape and c h a r a c t e r i s t i c s  of t h e  descending device. 

The most appropr ia te  f o r  t h e  lat ter  is  t h e  app l i ca t ion  of axi-symmetric 
segment-conical shapes f o r  t h e  protruding p a r t s ,  For t he  r e a l i z a t i o n  of t he  
aerodynamic l i f t  f o r  such devices ,  i t  is necessary t o  compose them i n  such a 
fashion t h a t  t h e  cen te r  of g rav i ty  be  displaced r e l a t i v e  t o  symmetry ax is .  
Then, d u r i n g i t s m o t i o n  i n  t h e  atmosphere t h e  device w i l l  have an angle of 
a t t a c k ,  the  s o  c a l l e d  balancing angle ,  and t h e  inc iden t  a i r  flow w i l l  come 
a t  an angle t o  t he  device 's  a x i s  of symmetry. The asymmetric s t reaml ine  flow 
p a s t  a symmetrical body assures  t he  onset  of t h e  aerodynamic l i f t .  

SIGNIFICANCE OF ZOND-6 ' S FLIGHT 

The success fu l  performance of ZOND-6 has c l e a r l y  shown t h a t  Soviet  engi- 
neers  and s c i e n t i s t s  made s t i l l  one more s t e p  forward on t h e  d i f f i c u l t  path 
of mastering space rou te s  with r e t u r n  of spacec ra f t s  t o  Earth.  It has com- 
p l e t ed  t h e  tasks  assigned t o  preceding Zond series and allowed t o  ob ta in  a 
series of important experimental da t a  on the  construct ion of onboard systems 
and on the  ins t rumentat ion of p i lo t ed  spacecraf ts f o r  manned f l i g h t s  t o  t he  
Moon. The Soviet  Union ma te r i a l i ze s  i n  sequence the  s c i e n t i f i c a l l y  founded 
program f o r  t h e  study of t he  Moon, considering it  as a very important ob j ec t  
of r e sea rch ,  
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