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THE SOVIET SPACE PROGRAM

THE PROBLEM

To estimate Soviet capabilities and probable acmmphshme.nts in
space over the next five to ten years.

COMCLUSIONS

A. The USSR's space program has hecome a key element in Soviet
world prestige. Space remains the major area in which the Soviets
can still propound a credible claim to world primaey. The USSR is
also concerned to explore the military implications of space capabilities,
and at least one military support system is already operational. We
believe that the Soviet space program will retain its priority, that its
accomplishment will continue to be impressive, and that it will focus
on goals for which the USSE can most favorably compete. { Paras.
35-38)

B. The Soviet program has been focused so far on four main cate-
gories of activity:

a lunar and interplanetary probes project which scored some

initial successes but has been consistently unsuccessful since 1959;

a manned space flight project emphasizing biomedical research,
which has secumulated a total of more than 450 man hours in

seven launches;
a stratepic photo-reconnaissance project which began in late
1862 and now apparently is performing its mission successfully;
unmanned scientific exploration of near-space, a project recently
plagued by numerous equipment failures.  (Paras. 1, 5-7, 10-18)

C. Soviet launchings have sharply increased in the past year. This
has been due almost wholly to the reconnaissance project which ap-
pears to enjoy a high priority. A number of satellites recently
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launched by new and diversified technigues could be precursors to
meteorological, communications, navigation, or electromagnetic-recon-
naissance systems. | Paras, I, 8-9, 19-20)

. The Soviet space effort has been characterized by repeated use
of a few components and techniques, plus a total reliance on military
boosters and an extensive sharing of other equipment and facilities
with the ballistic missile program.  This practice has kept down costs,
but the space effort has been expensive and it now appears to have
reached a stage where new and more costly systems will be necessary
to sustain the previous rate of progress, Like Khrushchev, the new
Soviet leaders will balance economic and other considerations carefully
in decisions about future space projects. (Paras. 29-4, 21-23, 28-39)

E. Future missions will include unmanned space vehicles for the
loration of near-space, the moon, Mars, and Venus. The Soviets
will probably continue to take advantage of each opportunity for the
launching of probes to Mars and Venus to analyze the atmosphere and
surface of the two planets. Lunar probes will be equipped for in-
vestigating the hmar surface. {Paras 57-39, 42-47)

F. In the near term the Soviets will probably seek to rendezvous
and dock two or more vehicles in earth-orbit and thereby to develop
techniques for the assembly and resupply of space stations. If they
can use current spacecraft, initial docking experiments could take place
during 1965, and a space station to accommodate two or three PEr50nS
could be achieved in 1986. We have no evidence, however, that exist-
ing Soviet manned spacecraft are suitable for this mission. If a wholly
new spacecraft is required, rendezvous and docking is unlikely before
1966; a small manned space station could probably be placed in orbit
about a year later. (Paras. 48-52)

G. We believe that a new large booster with a thrust on the order
of two million pounds is under development in the USSR, and that it
could be available for manned operations as early as 1966, A year or
two after its first manned flight, the Soviets will probably use it and

_appropriate space hardware to create a large manned space station.
Such a station might weigh as much as 100,000 pounds and accom-
modate a rotational crew of five to ten persons for extended periods.
It could be created in about the same time frame, ]:r}-' rnu].ti.Ple rendez-
vous operations using existing boosters, but we consider this approach
unlikely.  (Paras. 2425, 53)
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H. The propaganda value of & manned circumlunar flight, and its
simplicity and low cost relative to a manned lunar landing, lead us to
consider this as a prime Soviet goal. If the USSR is not seeking to
beat the US in 2 manned lunar landing, this project would probably
be timed to precede the Apollo mission in an attempt to detract from
the US achievement and to identify the USSR with manned explora-
tion of the moon.  Use of the present space booster for the circumbhumnar
mission is possible but unlikely. Using the new, large booster noted
above, the mission could be accomplished as early as 1967, but con-
sidering the problems of technology and cost, we think it more likely
that the flight would not occur before 1968, and it might be even later—
especially if the project is planned to incorporate advanced hardware
required in a subsequent manned lunar landing project. (Paras.
54-58})

L. We do not believe that a manned lunar landing competitive with
the present Apolla schedule, ie., aimed at the 1968-1960 period, is a
Soviet objective. The apparent status of Soviat space technology, eco-
nomic considerations, statements by the leadership, and continued com-
mitments to other major space missions all lead us to this conclusion. It
seems certain, however, that the Soviets intend to land & man on the
moon sometime in the future, and some RAD effort toward this goal
is almost oerta.in]}r in progress. {Parus. 33-34, a9, 1)

J.  We estimate that another, very large booster with a thrust on the
order of five million pounds is under development and could become
available for manned space flight as early as 1968, Using this booster
and an earth-orbital rendesvous technique, and with a very high degree
of success in all phases of the project, the Rest Soviet attempt at a
manned limar landing might occur as early as 1969, In view of the
magnitude of the technological problems and the level of resources
which the Soviets are likely to commit to this project, we believe a
more probable date for such an attempt to be a few years later.
(Paras. 26-27, 60, 62)

K. If the Soviets choose to direct their efforts toward even more
extensive manned exploration of space, they may develop very large,
quasi-permanent stations for the assembly and launching of spacecraft
from near carth orbit. A suitably large space station could be created
in the early 19705 using the very large booster diseussed abave. If 50,8

“ShCRER 3




=i

manned lunar hmr_‘]iug mission launched from a space station could

oeeur in the middle 1970s.  (Para. 63)

L. We believe that the Soviets will experiment with a variety of
space systems for military purposes, that they will employ those sys-
tems which can be economically and militarily justified, and that some
military role for man in space may emerge by the end of the period,
particularly as the ability to operate manned space stations grows.
Within the next five to ten years, additional military support systems
will probably become operational. Considering the capabilities of
current hoosters and other available indicators, we think that the sys-
tems mast likely to be deployed in the next few years are those for
communications and TV relay, weather forecasting, geodesy, and navi-
gation. A maneuverable satellite for electromagnetic and photo-
graphic reconnaissance may also be developed. Penctration aid satel-
lites with electronie payloads could be operational late in this decade.
[ Paras. 64-66)

M. We do not estimate that the Soviets will deploy offensive or
defensive weapons in space within the mext five to ten years. This
conclusion is based upon our judgment that such systems will not com-
pare favorably in cost and effectiveness with ground-based systems
and, to a lesser extent, upon our view that the Soviets would see politi-
cal disadvantages in deploying weapons in space. Soviet technology
applicable to this field, however, will improve in the normal course of
development of nuclear technology, ICBMs, and space projects. Fur-
ther, we recognize that the Soviets might reach different conclusions
as to relative cost, effectiveness, and political impact. Ewen if they
should elect to deploy space weapons, however, we believe that they
would regard them primarily as a means of supplementing existing
forces, of introducing additional complications into US defense plan-
ning, and of supporting Soviet claims to strategic parity or even
superiority.! - (Paras. 67-69)

' Far a fuller discuzsion af pessible Soviet development and deployment of space weapons
see MIE 11463, “Saviet Capabilities and Intsntions te Ovbit Muclsor Weapans™ {Secret,
15 July 1863), and pertinent ssetions of MIE 11-B-64, “Soviet Cogabiliites For Sirategic
Attack” {Top Secret, Limited Distribution, § October 1984]) and NIE 11-3-G4, "Saviet Adr and
Missile Diefanse Capalbilities Throagl: Mid-1970" {Top Secret, 16 December 18484 ).




DISCUSSION

I. THE SOVIET SPACE RECORD

1. In the soven years since Sputnik I, the Soviet space program has come to
encompass four main categories of activity:

3. Unmanned, scientific explorztion of near space;

b, Luner and planetary prokes;
e Manned space flight; and
d, Strategic reconnaissance,

Some of these efforts have been spectacularly successful, others comsistently
unsuccessful.  The program has expanded in scope and complesity, and rocently
has accelerated.  OF the slightly more than 100 launches to date, almost coe-third
took place in 1964.%

2, The Soviets have focused, at least unbil recently, on a few well defined
objectives.  While amassing 2 number of space “frsts™ the program has been
characterized by the repeated use of s limited aumber of proven techniques and
components.* It has made maddmum wse of boosters and other hardware
developed for military purposes and has relied heavily on military facilities
for the launch, tracking, and control of space missions. Moreover, the mana-
getial and engineering base for the space program, while characterized by &
very high competence, appears to have been concentrated for the most part in
existing institutions.  From all these indications, we infer that the Soviets have
been attempling to carry out an ambitious program with & remarkable EEETIOTY
of means,

3. From the beginning, the mainstay of the program has been the 558 ( frst
generation) 1CBM booster which has been used for seme 89 space launches.
The Soviets regularly have lnunched this 900,000 pound thrust booster from
Tyuratam within & few seconds of pre-determined times, aftes periods of on-pad
preparation as short as 2 day or two, oven for manned missons. In 1961, the
Soviets began to use a second military booster, the 59.4 MEEM, to launch from
Kapustin Yar small satellites into near-earth orbits.  This very much Jess expensive
Booster hes now been used mere than 20 times.

4. The 55-8 booster is combined with an upper stage to increase its payload
capacity for space missions. The first such upper stage, the Lunik, was intro--
duced in 1858 on a luner probe It has alio been wsed in the launching of
recoverable satcllites weighing some 10,500 pounds, igeluding sll six of the
one-man Vostok and most of the reconnaissance vehicles, A laspes upper stage,

*Foe clronological sumisaries of the several categodies of Tunchings in the Sevist space
program o date, see Annex &,
" Far graphics illustratiog the principal types of velicles and technigues employed o date,

#ow Annex B,
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the Venik, s been used for a varlety of missions in the past four years, The
85-6/ Venik combination has been used with an additional stage to launch il
lunar and planetery probes since the fall of 1960, Since late 1963, this combina-
tion also has bean used to lawnch recoverable satellites weighing seme 12,000
pounds, including four reconmaissance vehicles and, most recently, the new
three-man spacecraft, Vaskhod. Full utilization of this combination could result
in a payload weight on the order of 15000 pounds.

Unmanrned Scientific Satellites

£ The first Soviet scientific satellites were Sputniks 1, 2, and 3, launched from
Tyuratam in the period October 1957-May 1958, These were instrumented
satollites weighing up to 2925 pounds, designed to collect astrogeophysical
and bislopieal dats at aldtodes up to LO0) nm. Data collection was fairly
limited snd sclective and there was subsequently an apparent fack of systematic
and comprehensive messurement of the space environment needed for future
space ventures.

6. After a long pause in this project, the Soviets initiated in late 1981 a new
series of satellites from Kapustin Yar using the 55-4 MEBM booster. These satel-
lites, identified by the Soviets as part of the Cosmos series, are spin-stabilized,
space-orisited, and nonrecoverable. {:

:kmlys:is indicates that
they are not highly advanced technologically and that the program is Limited
in scope relative to comparable US projects: all have been launched on an
inclination of 43° from the Equator; numerous failures have resulted from a
continuing inability to develop useful, reliable equipment for a payload of 300-
500 pounds; and orbital altitudes have becn concentrated jo & range below
900 nm., probably the maxiomm achievable with this booster payload combi-
nation.

7. In 1984, four seientific satellites—Flectrons I through 4—were launched
in pairs aboard 8585 from Tyuratam. They appear to be similar in design and
purpose to some of the Kapustin Yar Cosmos satellites.  Use of the 55-6 hooster
permitted the orbits to extend out some 35,000 n.m.

8 A number of non-recoverable satellites launched in Aupgust 1964 from
Tyuratam and Kapustin Yar—Cosmos 38 through 44—were described in Soviet
anpouncements as additional scientific satellites in the Cosmos serics, We are
unable to gauge the purpose or degres of success of all the satellites in this
series.  Howewer, the available evidence feads us to believe that several were
to conduct radiopropagation experiments and thal others were precursors of navi-
gation or communications-relay systems.

4, In the laonching of all thess satellites, the Soviets tested new and varied
arhiting, techniques suitable for a varicty of specialized space systems. In one
instance, three satellites |Cosmos 38, 33, and 40) were placed into orbit by a
single booster launched from Tyuratam, Similarly, two small satellites { Cosmas
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42 and 43) were launched from Kapustin Yar by a single booster,  This technique
is useful to extend the coverage of scientific payloads or to Jaunch navigation,
communization, or ELINT collection satellites, In another instance, Cosmos 41
was Injected from a parking orbit ints a highly elliptical orbil; this technigque.is
adaptable to placing wehieles into synchrongus orbits useful for communications
systems or possibly for an sdvanced ELINT collection systera.  Finally, Cosmos
44 was placed into a high eireular orbit, which would be suitable for 2 solar lab-
oratory, an ELINT colloctor, or a weather satellite.

Lunar and Planetary Probes

10, From late 1958 to early 1960, the Soviet space program concentrated
heavily on the moeon, with an estimated nine firflngs. These early probes, of less
than 1,000 pounds, were launched by direct ascent using the 858/ Lanik com-
bination.. Three were successful, including Lunik 111 which in late 1959 passed
behind the moon and later transmitted photographs of the hidden side But
after two apparent faflures in 1980, the USSR sbandoned the direct-ascent
technique,

1L In late 1980, the Soviets introduced s new technique to launch sub-
stantially heavier probes toward Mars, Venus, or the moon. The 558/ Venik
combination places the probe and its own propulsion stage into a low pirking
orbit arpund the earth, after which they coast to a point where the probe can be
gjected and put on the desired trajectery. Some 18 launchings have been at-
tempted with this technique.  During each opportune time since 1980, the Soviets
have launched at least one and sometimes theee 1900 pound probes toward Mars
and Venus. The lamnching of lunar probes, weigiiug some 3,100 pounds,
was resumed fn Janvary 1963

12, Sinea the fall of 1968, this project of lunar and planetary probes has used
an average of four S5-0 boosters per year. The total of 27 accounts for ahout
one-third of all §5-6 boosters allocated to the space program. In 1864, at Joast
two probes were launched to Venus, two to the moon, and one to Mars, The
project, however, has heen marked by failure since Lunik 111 in 1952, Of the
21 subsequent launches, none has been successful encugh to eollect any significant
scientifie data, or even to provide the Soviets with confirmation of the payload's
ability to perform its mission. Our evidence indicates that the most recent
planstary probe, Zond-2, which was launched toward Mars on 30 November
1964, will miss the planct by about 730,000 miles. The many persistent dif-
ficulties, particularly with the ejsction stage, may handicap or modify Soviet plans
for tunar and planctary exploration in the fubure,

Monned Space Flight

13, The Soviet manned space fight project has accomplished significant re-
sults while proceeding at a cautious and methodical pace.  No undue risks have
been taken, and no human being has been committed until there was a high
degree of confidence that all equipment would Funetion 1o complete the Hight
without the participation of the cosmonaut. The Vostok spacecraft, ficst Hown
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in 1960, was tested extensively before initial manned use, and probably the
Voskhod as well. Measurements of the space radistion hazard have been made
within the unmanned craft prior to manned fights. In the case of Vestok, a
failure in any project using the same hardware was followed by two successiul
unmanned missions before the next manned fdight. Cosmes 47, launched one
week before the three-man Veskhod, was a dress rehearsal complete with dum-
mies in the spacecraft. :

14, The 12,000-pound Voskhod has retained many of the technical features
of the 10,500-pound, one-man Vastok, including an essentially similar life support
system, Separate automatic and manual systems for spacecraft orientation were
retained, as well as a globe device permitting the cosmonaut to ascertain his
position and orientation without the aid of ground stations. Soviet cosmonauts
have used the manual systems sparingly during flight, and de-orbiting has heen
secomplished by the sutomatic system under ground control.  No out-of-arbit
maneuvering has taken place and no attempts at rendezvous and docking have
besn made. However, some preliminary experience of value to these ends was
obtained in the two dual Vostok missions of 1962 and 19683,

15. In the seven manned Bights thus far (incloding one of five days), over 450
man hours have been amassed.  The Seviet project has emphasized hiomedical
experimentation, nndd these Aights have given rise to serious Sovist concém ahout
the possible effects of space light of several weeks or mare on human beings.
The inclusion of a doctor aboard Voskhod was an effort to acquire first-hand
medical data. ’

Sirategic Reconnaizsance

16, In December 1661, the Soviets begen to launch a new series of Vostok-
like, recoverable earth satellites from Tyuratam, They deseribed these ac part
of the scientifie Cosmos series, a designation which they have applied to satellites
launched for o varisty of purposes, The rate of launchings has inereased from
six in the Brst year of the project to cight i the second amd 13 in the third.
OF the %4 which have achieved orbit, all but one were successfully recovored
in the USSE, Like the lunar and planetary program, this project has consumed
ahout onethird of the 55-6 boosters allocated to space.

IR Y .
C ast if not all of these recoverable vehicles heva had a photo-
reconnaissance misslon. It 35 clear from the pattern of launch Hmes that the
Soviets desire the periges of these satellites (sbout 110 nmL) bo ooour OVer
Merth America during prime daylight hours. This is probebly dictated by
photographic requirements, but we cansot exclude the possibility that other data,
cyuch as Comint, Elint, and infra-red, are also being collecled,

16, The majovity of these sateliites weigh about 10,000 pounds snd have
eonducted strategic reconnaissance missions over land targets. The best photop-
raphy from these satellites would probably be adequate to detect and identify
most military installations, aireraft and major naval vessels, industrial installa-

8 =HEERE
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tiong, and lines of communication. Beginoing with Cosmas 22 in November
1063, however, four have weighed about 12,000 pounds and sppear to perform
a higher resolution mission. The best photograply [rom these satellites may
be comparable to good Waorld War 11 aerial photography, which would be
adequate for detailed analysis of targets located by the system of lesser resolu-
ten or by other means,

19, We do not know what success the Soviets have actually achieved with
photo-reconnaissance satellites. Whatever the degree of success, the project

clearly has a high peiority. The pace of launchings and the timing of flights .

in 16084 suggest that the system is considered operational and is performing
routine missions satisfactorily.

0. We have no direct information on why the Sovists are conducting this
extensive photo-reconnaissance project or what their objectives are.

:'lﬂaa Saviet program probably was undertaken to accomplish the following:

4 to target as precisely as possible US nuclear sirike forces, espocially
ICEM sites, to monites their operational status, and to detect new deployments; ©

b. to map areas of military interest, especially in the area from Turkey east
ﬂ:l.l‘cl'l:lgh ﬁfghﬂﬂhmﬂ;

¢ to monitor the development and test of new military systems, oot only
in the US but probably also in Communist China; and

d. to moniter large-scale military and naval activity.

Satellite photo-reconnaissance probably also provides the Soviets with soveral
other types of information, including an evaluation of the US potentinl for
satellite reconnaissance. In any case, their satellites give the Soviets a collection
mechanism which is subject to their own control and quickly covers a vast area
of the world,

Costs

91, Mo direct informatign iz available on the USSR's actual expenditures for
its space program. Our caleulations derive from indirect data, primarily US
analogy, and our cost figures reflect the costs of the Soviet program as though
they were ineurred in the US. These figures do not include the costs of con-
structing facilities and developing hardware used in the space program but in-
tended primarily for military purposes,

99 We sstimate that through mid-1964 the Soviets had spent the equivalent
of zome $4-6 billion for those space projects which resulted in launchings and
hence can be identified. (About one-third of this total was probably expended

"We currently estimate that the Soviet peodetic error in location of US missile l:.u:l\g
aites 15 on the order of 12002500 feet.  We beliewe that, by wsing all available mesns,
inclading recononissance satelliies, the USSH wel be able o reduce the geodetic emmor to
aboat TO0-1,500 fest by the end of the decade.
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on the lonar and planetary probe project, whils the strategic reconnaissance
project has absorhed about 51 billion.} Additional expenditures for programs
that wre underway but not yet ideatified by means of launchings may be on
the order of some $2-4 billion. Thus, we estimate that total Soviet outlays for
space thmug]q figcal 1964 lie within a range of $6-10 billion, We believe that
annual expenditures have steadily increased over the past seven years, snd recent
indications of incressed activity indicate that they will continue to grow as the
result of new projects evidently programed for the next several years.

il. FACTORS AFFECTING FUTURE PROSPECTS

23, The major spree missions te be undertaken in this decade will reflect
decizions made during the last several years. These decisions were reached
at & time when the economic consitraints normally operative on Soviet policy
have been accentuated, consumer and defense industries have given rise to
greatly increased demands for searce, high-quality resources, and expensive
new strategie weapons programs are underway, Ewven so, all recent evidence
indicates that the Soviets have decided to enlarge and diversify the space
program, A pumber of techniques not previously attempted by the Soviets
have recently been wsed in the orbiting of carth satelfites. More important,
we have evidence that new, more powerfil boosters will become available for
space launchings. Howewver, evidence of the nature of new space projects appears
only late in the development eyele; thus we cin not yet determing what missions
may have been planned for the new boosters,

Bposter Capabilities ond Costs

24. The payload capacity of the 556 is substantial enough to permit a wide
range of significant new missions in near space. These include o variety of
military suppart missions, menned and unmanned rendesvous and docdng ex-
periments, and the creation of a small space station, With this propulsion
system, it would also be marginally possible to conduct a manned circumlunar
flight. The payload limitations evident in the Kapustin Yar Cosmos project,
which uses the $5-4 booster, probably can be overcome.  Other currently avail-
able military boosters also could be adapted Lo space misstons,

25, We believe that the Soviets soon will begin Sight testing a considerably
larger booster which could be used s & “global rocket,” as a carrier for the 100
MT warhead, or as a space booster. This booster, which we associate with the
85-large ICEM, may have a thrust on the corder of 2 million pounds, roughly
equivalent to that of the US Saturn 1.  Such a booster probahly will be available
for unmanned space laonehings in 1985 Tt could be available for manned
launchings as early as 1966, but we consider 1967 a more likely date, This
new system with a suitable upper stage probably will be able to place payloads
of as much as 50000 pounds into low earth orbit. Along with appropriate
manned spacecraft, It could be used to create snd resupply o larger spece sta-
Hon more efficiently than the 556 and would offer more realistic prospects for
a manned circumbunar fight. The costs of these projects, if purchased in the
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5, would be perhaps $6-8 billion, not incleding the cost of development of

the booster.

26, We estimate that the Soviets alss have ender development a very large
booster with a thrust on the order of five million pounds.  'We believe it unlikely
that this vehicle will be E:'ght-!ﬂbed belore 1967, but it is [mmp'hle that such a
test could occur in the latter half of 1966, Thus, such a booster could be ready
for initial manned misions as early a5 1968, but we think it more likely that
thay would occur & year or so later. Such a large booster would be unfilely
for ICBM application; in this case, the cost of its development; perhaps on the
grder of $4-5 hillion, would be chargeable to the space program.

27. Should this new booster prove to have a thrust of some five million pounds,
it probably would be able to place payloads weighing on the order of 100,000-
150,000 pounds into low earth orbit.  This would be adequate for the establish-
ment of a large manned spaee station. Considering the variety of techniques
open o the Soviets for conducting a maenned lusar landing, such a new booster
alsa could be used for this mission.

Scienfific and Technical Considerations®

28, We believe that Soviet capabilities in the basic and applied sclences will
be adequate throughout the period of this estimate to suppert an ambitions
space program.  Diffculties in the program are mere likely to arise from tech-
nological than from scientific limitations. While current Soviet space technology
can be extended with comparative ease to mest the requirements for ab least a
small manned space stztion, requirements considerably more complex and de-
manding must be met in such missions as a manned elreumlunar flight or a
manned luner landing and returmn.

20. The Soviets probably now have sulielent hiomediez] datz to plan with
confidence a manned fight of one to two weeks; this would be more than ade-
quate for either a elrevmlunar or lunar landing mibssion. From all indications,
however, they appesr to be more concerned st this time with the effects on
human beings of considerably longer missions, such as manned vehicles in earth
orbit for 30 days or so.  There are few indications of how the Soviets will solve
the bipmedical problems now believed to be associated with missions of such
duration, but we see no reason why practieal solutions should mot bhe ready in
time for projects late in the decade

3. Soviet engineers may already be working on other problems of manned
lunar Bight, such as parabolic re-eatry into the certh's atmosphere and aero-
dynamically-mansuverable spacecraft, but we have no evidence that this is the
case.  Some limited suceess is evident in solving other problems related to this
misgion, such as lght-welght power supplies, spacesuits, and space-restartable
motors, but much work apparently remains to be done. A comparisen of Vostok
and Voskhod Indicates that the Veskhod lifs-support system fe similar to the
earlier system. [t will require modification for inclusion in & spacecraft which

“Faor a detailed discussion of this topie, see Amnes C,
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could meet the rigid weight restrictions which would be impased by the manned
lunar landing mission.

3L The USSE's luck of sites outside Soviet territory for tracking and data
scquisition has imposed limitations on several of its space projects, pacticularly
the launching of lunar probes. At present, the prinelpal fagilitics for tracking
and communications in lonar and planetary eperations are located in the Crimea.
The Soviets probably will not undertake manned lunar fights until they can
establish the additional sites necessary to maintain continuous contect. To
achieve such. a capability, they would need to establish two additionzl major
sites, which ideally should be spaced about 180 degrees apart, and located near
the equator, One of thess new sites could be located in the Soviet Far East:
this would improve their eapabilities to a point which they might consider
sufficient to risk 2 manned hooar missien.

Oiher Indiredt Evidence of Future Prospacts

32 In sum, the Soviet space program appears to be in a state of transition.
While we can estimate technically feasible extension of all current profects, wa
helieve that the Soviets do not have in hand the neeessary economic sed tech-
nical resources for undertaking all such projects simultandously, We therefore
helieve that some potential projects will not be undertaken, others will be slowly
paced, and substantial resources will be committed to only a few, The expansion
of the reconnaissance project over the past year shows that projects of demen-
strable strategic value can and will be funded. Moreover, other useful missions
ean still be accomplished with existing boosters and hardware. Beyond these
activities, the Soviet leaders will have weighed the costs of various projects
which could be sccomplished with the advanced boosters under development
and the other hardware likely to be within the capabilities of their seientists and
en,gineers. Tl'll:j’ Pl'ﬂb-a.b.[}-' considerad g mnnnr,!i lunar landi,ng ag the most de-
manding space venturs that could be undertaken in the next five to ten years,

33. Sowviet statements relating to the manped lunar mission ean be traced
back to 1861, when President Kennedy challenged the USSH to = spaee race
with this as the specific goal. In mrm'dering heow to respond to the U5 challenge,

the Soviels would have had to assess carefully the hensfits from such a project

against those to be derived from other uses—military, space, and civilian—of
the same resources, Equally important would be the Soviet leaders’ view of
their ability to compele successfully and their assessment of the consequences for
Sowviet prestige should disaster result from a project whose Hming was dictated
by the US.

3. Some ambivalence in public statements by Seviet leaders suggests that they
may be trying to keep their options open, but during the past year or so they
have shown increasing caution, implying that the USSR has not in fact entered
2 lunar race. Thus, Khrushchey voiced both decp concem about the technical
diffieulties of such an undertaking and a willingness to profit rom U8 experience
and possible US failures.  He and others expressed concern over the high cost of
vndertaking & manned lunar landing. His remarks in the past year clearly

12 B

e




e

weiere: intended to convey the impression that the USSR was not competing with
the US in any race to the moon and ko lay the foundation in the minds of the
Soviet people (hat the US might be first. The new Sovict leaders have made
public statements in a similar vein,  After the Bight of Voskhod, Brezhmey stated:
“Wa Soviet people do not regard our space research as an end in itself, as a kind
of race . . . The spirit of frantic gamblers is alien to ws” At the Kremlin
reception for the Voskhod cosmonauts, Kesygin pointed oot that the economic
needs of carthly projects must not be forgotten in the rush into space.

35, For political reasons, however, the Soviets could ill afford to slecken in
the space race and from all indications they have no intention of doing so.
The USSH's space program has become a key element in Soviet world prestige.
Space remains the major area in which the Soviets can still propound & eredible
clalm to woeld primacy, We expect that the Soviet space program will invelve
a range of undertekings which in their overall impact will be strongly competitive
with the US program during the nest five to ten years. The world reaction to
the flight of Voskhod (the first “manned space laboratory”) has again.demen-
strated to the Soviet leaders the value of scoring space “Brsts”  ‘The Soviet desire
to project a strong national image, in conjunction with the other considerations
we have mentioned, makes it likely that they will continue to endeavor to focus
the space race on goals for which they can most faverably compete.

38, Avsilable evidence does mot of itself indicate whether or not the Soviets
now have progeams for the military use of space, apart from the military support
capahility provided by the Cosmos satellites. The limitations of thizs evidence,
however, are such that our chances of identifying military programs are poor.
Soviet decisions to develop military space systems will depend on their expected
cost and effectiveness a5 compared with alternative systems, the politeal and
military advantages and risks which could be expected, and the Sovict estimate
of US intentions and capabilities in comparsble fields, We believe that the
USSE will produce and deploy those military space systems which it finds to
be feasible and advantazgesus in comparison with other types of weapong and

military equipment.
[t QUTLOOK FOR THE PROGRAM

Intreduction
I7, The USER's Chief Designer of Spececraft, in an interview published in
Izvestiya on L January 1984, spoke about likely space missions for the lollowing
three to five years. Commenting on “near space” (ie, short of the moon), he
outlined Soviet objectives:
1. astrogeophysical satellites, with special emphasis en the study of radiation;
k. meteorological satellites;
. synechronous satellites for radio and TV relay;
d. suborhital vehicles for transport of mail and Iater of passengers;
e manned orbital space stations, to serve as bases for servicing systems of
unmanned satellites for scientific research.,
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As for "lar spuce,” he stated that research in the immediate vicinity of the moon
and en its surface could he accomplished enly with the aid of small, automatic
vehicles in this time period,

38. Clearly, the foregolng represents at most the unclassified portion of the
Soviet space program, The strategic reconnaissince project, for example, is not
mentioned. Aside from classified reconnaissance and other possible military
support projects, however, the Soviet statement is consistent with what we know
of the USSR's activities and capabilities, and it gives some guidance concerning
Sowvict expectations over the next several years,

39, An estimate of Soviet goals for the next 10 years, however, must be hased
on additional evidence. The pattern of Sovict technological accomplishments to
date, as well as Soviet statements on the subject, lead us to helieve that thelr
present priority efforts fnvelve an ambitious project for unmanned lunar and
planctary explorations, and a project to establish manned, earth-orbiting stations
with increasingly longer and more complex missions. Tn addition, Khrushchew,
despite his open pessimism as to the neas-term feasibility of a manned lunar
landing, stated as recently as June 1984 that the USSR did in fact have such 8
project, and we believe that work to aemmp[ish this mission is u.nderu.ray, Ad-
dlitional military space projects probably will alse be undertaken, .

40. We consider it unlikely that the Soviets will seck to establlish a large space
station and to achieve a manned humar landing concurrently. 'We estimate that
the first of these projects would cost on the order of $12-16 billion, induding the
cost of booster development.  The cost of 2 mannad Junar fanding project, again
Ineluding the cost of booster dovelopment, might be oo the order of $15:20 hil-
lion through the first landing and recovery; for several years preceding this mis-
sion, peak expenditures would probably run about $3-45 billion per year. Be-
cause the two projects would Involve & number of common developments, the
combined cost of atbempting both would be less than the sum of these estimated
costs,  But it would be considerably more than the cost of either single project.

Probable Timing®

4l An estimate of the dates by which major goals might be achieved is pre-
carious st best, since our sources of space intellipence provide definite evidence
of & new project only late in the development cyele, usually not until major
components reach the fight test stage, In owur cstimates of tming, therefore,
we consider official statements and other indications of Soviet priorities, the
trends in the program to date, the current Soviet state-of-the-art, and the USSEs
capability to undertake projects of more demanding sophistication. In arriving
at likely dates for specifie missions, we have assumed o high but not unreasonable
level of success and a sharing of priorities among several categories of projects:
In gencral, the likely date for any given mission would be o year or so later than
whal we consider to be the earliest practicable date, We note that delays and

' For a graphic summary of this mbject, see Tabls oo pages B3-57.
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failures have oocurred and have somctimes plagued the Soviets for long periods,
Such dilicullies can recur &t any time—aspecially upon the introduction of hard-
ware based on new and more complex technology-—and could delay achieve.
ment of a specific mission by & year or teo

Unmaonned Exploration of Near Space

42 Soviet scientists have identified a wide range of scientific problems to be
studicd by means of satellites and space probes during the International Year of
the Quiet Sun (IQSY), 1984 and 12653 Soviet plans for the IQSY include
rockets and satellites for observing solar electromagnetic radiation, corpuscular
streams, eosmic rays and radiation belts, magnetic fields, and the upper atmos-
phere. Many of these objectives may be carried gut by the small Kapustin Yar
Cogmos satellites.  Cther [0SY objectives supgest that additional Elektron satel-
lites will be launched from Tyuratam. Ie connecton with the Soviet Cloud
Year, which runs coneurrently with the IQSY, the USSR is also likely to launch
satellites to zid cloud rescarch.

43, Under the US-USSH bilateral apreemeant on scientific cooperation in space,
signed in 1082 and since amended, the Soviets have agreed to exchange meteor-
ological data and cloud pictures from satellites beginning early in 1985, The
ariginal agreement called for the exchange of data to commence in the second
half of 1964, Soviet hedging on this agreement and the absence to date of an
operational Soviet meteorological satellite seppest that the Soviet project has
encountered diffculties, Neverlheless, we belisve that Soviet metesrologies]
satellites will be operational within the next few months,

Lunar and Inferplanetary Probes

44. Soviet statements and recent attempls to launch instrumented lonar and
planetary probes reveal a continuing interest in deep space exploration. As part
of the I0Q5Y, the Soviets have also aonounced plans to monitor interplanatary
magnetic felds both by probes and satellites,

45, We believe the Soviets will launch probes to Mars and to Venus when
periods of opportunity next ocour; for Venues, the fall of 1965, and for Mars, late
1966. Probes to Venus probably will investigate the planet’s stmosphere and
may attempt to penetrate it Soviet probes to Mars are likely to attempt high-
resolution phatogeaphy, specirogeaphie analysis of the planct’s atmosphere and
surface, and investigation of magnetic ficlds and any radiation belts.

46, The Soviets almost certainly will launch additional unmanned lunar probes
within the coming year. The precise times chosen for the launch of Bve such
probes since early 1063 suggest one of two objectives: either to obtain photo-
praphs from a lunar-orbiting vehicle for lunar mapping or to obhtain data on the

* Solar activity—in the form of sobar Bares and sunspots—is cyclic in nature.  During 1964
and 1945, sctivity will be ab the bottom. of the 1i-year eyele, By the late 1960s, solar activity
will rise to maximoum levals, creating increased rosmic ™y and other radiation hazards for man

in space.
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properties of the luner surface by means of a sofl landing. The precise condi-
tions required to repeat these missions were passed up in December 1964 and
fanuary 1985, but will recur on a few days in February and March and again
late in the year.

47. Throughout the decade, we expect the Soviets to continue to launch hunar
and planetary probes. Despite the poor record to date, the Soviets will come
to achieve some success, More sophisticated missions probably will be under-
taken as new and more powerful launch syslems bocome available,

Manned Spoce Flight

48. We see no indication that the Soviet space technolopists are likely to de-
part from the orderly, evolutionary development which has charscterised their
manned space project thus far, The evident Sovict concern with the biomedical
problems of prolonged fight probably will have comsidersble influence on
manned fights scheduled for the near futwre, The Soviets will probably con-
duct short fights—Ffve days or lase—which concentrate on engincering advances
and somewhat longer flights designed to explors further the effects of weight.
lessness and solar radiation and to evaluate potential countermeasures.

49. Renderoous and Docking. Soviet statements for several yoars have indi-
cated an intent to rendesvous and dock twe or more vehicles in earth orbit
Docking experiments involving manned vehicles probably will await further
flight testing of the new Voskhod space craft and of necessary propulsion and
control systems.  According to reliable Soviet sources, the Voskhod possesses no
capebility for out-of-orbit maneuvering. The only Soviet vehicle which has
demonstrated a maneuver capability to date has been the unmanned Polyot. In
November 1063 and April 1964, the Soviets placed two of these 6,000-pound
vehicles in orbit, esch as the sole payload aboard an $5-6 booster. “These vehi-
cles incorporated restartable eagines, and Polyot IT swecessfully accomplished
& modest, onc-degree change of its orbital plane some hours afler launch.

50. If the Voskhod is suitable for docking tho Brst manncd rendexvons and
docking operation could oceur in 1965 We do.not know, howsver, whether
this is the case, and wholly new manned spacecraft may be required for rendez-
vous and docking.  If so, the mission woud be unlikely before 1968, Unmanned
flight tests of a new spacecraft would require about one year, snd we have no
evidence suggesting that any have begun.

5L Monned Space Stafion. The Soviets have expressed much interest in spuce
stations during the past few years and are doing considerable research in long-
duration life support systems, We beliove that one of theie goals is to have a
station in operation within the next several years. The Soviet press has earried
numerous articles deseribing the advantages of earth-orbiting space statione for
future progress in space exploration and linking the dual Vostol, Falyoe, amd
Woskhod missions with this goal. Docking such a mansed spaceeraft with a
station module having o capability for extended life support is a practical and
cconomical approach for the USSH.
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52 Am carly space station consisting of two vehicles would probably weigh
on the order of 25000 pounds, carry a créw of two or three persons, and have
an orbital lifetime of a few weeks. If the requisite rendezvous and docking
operation i demenstrated successfully early in 1965, such a small space station
utilizing the Vostok/Vaskhod technology and currently available boosters could
be assembled in orbit in 1966, The mission could be sccomplished with a
wholly new spacecraft design about one year after successful rendezvous and
docking. We do not believe multiple rendezvous and docking operations for
purposes of resupply would be attempted with such an early station.

43 Establishment of a larger manned space station could be aceomplished
by multiple rendezvous operations using existing boosters.  However, we.think
it mare likely that the Soviets would employ a larger booster, which we estimate
could become availuble for manned operations as early as 1968, Al things
considered, we think it probable that & year or two after the inftial mansed
fiight with this booster (the 55-Large) the Soviets will use it and sppropriate
space hardware to ereate a large manmed space station in earth orbit Such a
station might weigh as much-as 100,000 pounds, assuming 2 single rendervous
and assembly in orbit. A station of this siee with & rotational crew of five to
ten persons could be mainiained for extended periods with repeated rendervous

and docking operations for purposes of re-supply.

54, Manned Circumlunar Flight  There are no spesific indications of Soviet
intent to carry oot a manned circumbunar project, but s relative gimplicity com-
pared to the manned landing mission, ag well a5 its propaganda value 23 a major
“first,” Tead us to consider it (along with carth-orbiting space stations} as a prime
Soviet goal, IF the TUISSE is not sceking to beat the US in 2 manned lunsr land-
ing, this project probably will be timed to precede the Apolle mission in an
attempt to detract from the US achiovement and to ideatify the USSR with
manneéd explotation on the moon. .

55. Chdef precequisites for the manned clrcumlusnar mission are very precise
guidance systems and a technique for re-eniry into the carch's atmosphere at
parabalic veloclty, Le, on the order of 36,000 ftfsec. Recovery problems would
be greatly simplified if the Soviets were to develop systems for recovery of the
spa at sea, but this is not absolutely essentizl.  There are two basic tech-
niques by which the Soviets could ecarry out the manned cirewmlunar mission,
The first would call for rendesvous snd docking in easth orbit before cmbarking
on the lunar trajectory.  The sccond would involve launching a sulficiently large
vehicle so that rendezvous and docking would not be required.  Total Hight time
in either case would be about one week.

56, The: manned cireumlunar mission could e aceomplished as carly as 1967,
but a number of substantinl technological problems, indicating thase we have
cited above, would have to be solved in the next two years. By resorting to
rendezvous and docking, the Soviets theoretically could accomplish the manned
circombunar mission with the 556 Booster. Faor axampla, with as few as threa
launches and two rendezvous and dockings, they might assemble in earth orhit
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a vehicle adequate for the mission. We believe the Soviets will have acquired
sufficient experionce to permit them to solve the rendesvous and docking aspect
of the problem in time for an attempt in 19671968, but we consider this approach
L|.n|J'kI:[:,'.

57. We estimate that the 55-Large booster, which will probably be available
in the same period, will be adequate to accomplish this mission without dockdng,
The Soviets are more likely to select this alternative, primarily because it avoids
the risks inherent in the multiple rendesvous and docking operations. With
the S5-Large booster, the Soviets could accomplish the marned circumlunar
miszion as early as 1967, but for & number of reasons we consider it unlikely to
ooour before 1965 or [ater,

5B, Tk is possible that the Soviets will seek to reduce the competition for funds
and technologieal resources by phasing their manned projects over a period of
several years, Stretch out could also occur for technical reasons, especially if
the project is planned to ineorporate advanced hardware required in & subsequent
manned luner landing project.  Finally, deliberate delay could oecur if the
Soviets perceived lags in the US Apollo project and wished to time their cir-
cumlunar attempt to preceds it.

59, Manned Lunar Lending. It scems certain that the Soviets intend to land
a man on the moon somelime in the future, but there are at present no specific
indications of any such project simed at 1968-19G3, Le, intended to be com-
petitive with the US Apolle project. Some Ré&Dd effort toward a manned lunar
landing iz almost cestalnly in progress and we naote that considarable preparatory
work could have been going on without as yet providing Brm indications of ils
nature.  Although many of the eritical prerequisites for a manned lunar landing
have not been observed in Soviel space operations, we would not necessarily
soa them this early.

60. We have estimated that a very large booster (about five million pounds
thrust) eould become avallable for manned space Biglt in 1968 (see para-
graph 26). We doubt that the thrust of this booster would be sufficient for
a manned lunar landing mission without earth-orbit rendezvous or the US tech-
nigue of lunar-orbit rendezvous.  If the earth-orbit rendezvous technique were
used, some one to thres rendezvous probably would be required, depending on
the actual thrust of the booster and Soviet success in reduclag the weighis of
structures and components below present levels. Thus a Soviet attempt at a
manned lunar landing in a perisd competitive with the present US Apells
schedule cannot be maled out.

8. Te compete in this fashion, however, the Soviels would have had to make
an initial decision to this effect several years ago and to have sustained = high
priority for the project in the ensuing period.  This would have required them
to undertake a burdensome and rapid extension of their space technology and
to reconcile the heavy demands of this projoct with those of other important
space ventures and military programs, all with no clear assurance that they
would triumph. The appearance and non-appearance of various technical de-
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velopments, economic considerations, leadership statements, and continued com-
mitments to other major space missions all lead ws to the conclusion that a
manned lunar landing ahead of the prescot Apollo schedule probably is not
a Soviet objective. ‘

62 With a very high degree of success in all phases of the project, the Brat
Seviel attempt at & manned lonar landing might oecur as early us 1965, In
view of the magnitude of the technological problems and the level of resources
which the Soviets are likely to commit to this project, we believe a more probable
date for such an attempt to be a few years later.

3. IF the Sovicts choose to direct their space station cfforts toward even more
extensive manned exploration of space, they may develop very large quasi-
permanent stations for the assembly and launching of spacecraft from near-carth
orbit. Indeed, a number of Sovict statements suggest that they view this as
an attractive approach to subsequent manned fight into deep space. A suitably
large space station probably could be created in the early 1970s by making use
of the same very large booster we have diseussed above.  If 50, 2 manned hanar
landing mission launched from a space station could occur in the middle 19705,

Possible Saviet Milifary Uses of Space

64, Throughout the period of the estimate, new military space applications
will be introducerd as Soviet technology advances and as requirements for such
systemns are developed.  We believe that they will experiment with a varfely
of space systems which could be used for military purposes, that they will
employ those systems which can be economically and militarily justified, and
that some military role for man in space may emerge by the end of the period,
particularly as the ability to operate manned space stabions grows.

85. Military Support Systems, The launching of recoverable phalo-recon-
naissance satellites from Tyuratsm probably will continee, and this project
may come to involve missions of longer duration as well as various orbital param-
eters {eg, altitude and inclination). There is also some evidence that a photo-
video reconnaissance system was under investigation. In 19621 several
‘Tyuratam Cosmos satellites were orhited with a photo-video systemn.

This
project has been inactive for several years, but Soviet military authoTs have
written that such a system is meeded and it may be reswmed.

86, The high priceity evident in the recoverable photo-reconnaissance satellite
project will probably be applied to other selected military support systermns which
the Soviet leaders decide are essential. Considesing the capabilities of current
boosters and other available indicators, ve think that the systems most likely
to become operational in the next few years will be for these purposes: com-
mumnications and TV relay, weather forecasting, peodesy, and navigation.  Multi-
purpase vehicles incorporating combinations of these missions are possible, and
it may be that both Soviet military and nonmilitary interests in such satellites
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can be accomplished with a single project. A mancuvershle satellite for electra-
magnetic and photo-reconnalssance may also be developed {using Palyot tech-
nology) to meet military needs in the next few years. Fenetration aid satellites
with clectronic payloads probably could net be operational until late in the
decade because of power requirements, although feasibility demonsirations using
existing hardware could oeour at any time.

87. Offensive Weapons Systzms®  Although the USSR almest certainly is in-
vostigating the feasibility of space systems for wse as offensive weapons, we
have no evidence that the Soviet lesdership serfously contemplates a program .
to establish an orbital bomberdment capability. For the foreseeable future,
wee think that orbital weapens will not compare faverably with ICBMs in terms
of effectiveness, reaction time, targeting fexibility, vulnerability, average life,
and positive contrel, In view of these considerations, the much greater cost
of arbital weapon systems, and Sovict endorsement of the UN resolution against
nuclear weapons in space, we believe that the Soviets are unlikely to develop
and deploy an orbital weapon system within the next Sve to ten years.

8. Even without sny special efforts, however, Soviet technology applicable
to this field will improve in the normal course of continued development of
nuclear technolagy, ICEMs, and space projects. 'We recognize that the Soviets
might reach different conclusions as lo cost and effectiveness, and that altered
political considerstions in some future phase of East-West relations might lead
them to a different decision, Even in these circumstances, we beliove that they
would regard space weapons primarily as means of supplementing exdsting
forees, of introdusing additional complications into US defense planning, aned
of supporting Soviet claims to strategic parity or even superiorily.

9. Defensive Weapons Systems.  Undoubtedly, the Soviets have given con-
sideration to space systems for use against satellites®® As their general space
technolopy increases, thay may elect to start active R&L} on such a project.
Booster and hardware costs would be high, and the advantages over a ground-
based system would be guestionable. Should they elect to do so, they probably
could develop by the late 1980s a launch and rendezvous technique against a
nonmaneuvering satellite for unmanned inspection. The use of nuclear warheads
for destruction would be subject to the same restrictions cited in the case of
offensive space systems. We do not expect, however, that during the perind
of the estimate any Soviet manned or unmanned vehieles already in orhit will
have the capability to maneuver and rendezvous with a US wehiele for purposes
of exarnination and neutralization because of the great costs and technical com-
plexities inhesent in such a project.

*For & fuller discussion of possible Sowiet development and deplopment of offensive space
weagans, t4a NIE 11.8.83, “Seviet Capahilities und Istentinas to Orbit Nuclear Weapans™
{ Secret, 15 July 1963} apd pertinent seclios af NIE 11-8.84, “Saviet Capabililics for Strategic
Attnck™ (Top Secret Limited Distribution, § October 1964},

N Fgr Goviet capabilities to counter enemy satellites from ground-based facilitis, soe NIE
11-3-64, "Soviet Air and Missde Defenve Capabilities Through Mid-19707 (Top Seceet, 16
December 1964). .
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TABLLE 2
ESTIMATED TIMIMG OF SOVIET UNMANNED SFACE PHG;EE.'I‘S
Mirsspon Dare

1. Military Support Profecis®
Resonnaissance—Fhoto {TT Gosmos)

1. Man-Mancuverabls ... o0 eene i oo ... Simee 1962
2. Maneaverable [based on Polbyet) .. ........... 1BG5-1964
Reconmaissance—COMINT, ELINT
Infra-ged ® oo oo eiisnrnnarrinnrsacasrersrenns LOGE-1008
Meteorology © oiieeeaianis A .. hEEs
Commanications and TV Relay ... ........ . ....... 19651848
Navigation .. ...oiourerenanias ... oG- 1048
Goadsiy o overnrensass i iai..... 1bES1pes
Qur&-ﬁﬂpm Survsillanos {P]mto—lddbﬂ} e
Penetration Aid—Electronic
Payload Onby .
1. Dernamlsbion .. .. ...oeevee-vaeeoioino.- 1963
B Operatianal ..o oo Late in decade

11. Lunar Probes
Fhota reconnsisases {bassd oo Cosmes 4, 7, 9, and 15} 1565

Soft-Landing of Instraments .. _........ 18451967
111, I[mterplanstary Eroles .
Mars ... e iieaeiaeiiiai oo December 1968-Janisry 1967
February-March 1969
VEmts « o e ae e e oo oo Dotober-Mevember 1965
May-Jone 1967

Diecember 1968-Tanaary 1963

IV, Asrrogeophysicol Mizsions
Mear-Space Satellites . ... QST ( 1064-1965}
StAr PIBEES o oov s os e eieir e eaesone s DQEY [1064-1965)
* Constdering cureent Soviet arbital-payload espabilities, multi-purpose wehickes incorporating
combinations of these missions are pessibbe.
" Wi cannot exclade the passibility that soch electromagnetic rnconaaisance & already being
soromplished aboard the TT Cosmes phote seconmaisanse atzllites.
¢ The sstimated date for o meteorclogical stellite &5 based oo the US-USSR agrecment ta
begin exchange of data in 1545,
4
:lThe praject spparently i naw nactve.
* Sines October 1060, the USSR has launched at least 1 and as many as 3 probes during each
apportune launch perfod.  ZOND 2, a Mars peobe launched on 30 Movember 1964, will rexch
the vicinity of the planet in Awgast.
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ANNEX A

CHRONOLOGICAL SUMMARIES OF SOVIET SPACE LAUMCHINGS,
. 1957-1964

TABLE 1: Soviet Launchings of Non-Recoverable Earth Satellites
TABLE 2: Soviet Launchings of Lunar and Flanetary Frobes
TABLE 3: Soviet Manned Spaceflight Projects

TABLE 4: Soviet Launchings of FPhoto-reconnaissance Satellites




!
¥
=hEEhE—
Tahde ?
SOVIET LAUNCHINGS OF NOM-RECOVERANLE EAMLTH SATELLITIES =
Lausci Lausca
Eﬁﬂﬁ FATION Date _ Fainr Hewinss
Hpeetnik | 4 Oet 57 T Wrld"s first ardificial satellite,
EpuLnik 2 4 Nov b7 TT Aslrogrophysical payboad ples dog; oz
perimentation on bistelemetry, tetiog
life suppert sysiem, animal tolerones o
. flight acceloration, eda,
Sputnik 3 15 May 58 T Hologieal  nstrogeophrsical pavload for
LIGY.
Caosnas—» T 0oL & Ky Launeh failiere.
Cosmas—ub 2L ke GI HYy Launch fnilure
Casmos | 16 Mar &2 K¥ First aucerssiol Taunch.
Coanmos 2 G Apr G2 Y lenospherse  beacon;  early  faflloze  of
sysiem
Coamos 3 M Apr 02 KY Moasurement of soft eleelrons; partiad
[-31 Lol =L
Cosmas 5 2 Moy 62 HY Repsat of Cosmos 3 with higlher spogee.
Cosanos § MW Jun G2 KY  Cosmic ray messsrtments; gencrally sue-
ersalul. .
Cosmas & 18 Aug 62 Ky Unknown mission; spparent systom fsilarg,
Casmaa 11 m el G2 WY Mensureent of ortificial radiation belt,
system faibwre,
Cosmios 14 B3 Apr B3 EY Tasaitdy Lo measure  micrometoorites;
system failure,
Casmas 17 2 May 03 LY  Measuroment of artificlel radiation belt
wnerlly successiul
{Repeat of Cosmas 11),
Cosmos 19 6 Aug 63 KY Cosmie ray measirements; genovally suc- -
ertsful. (Mepest of Coamaos B}
Cnsmog—h MOt 063 KY Laumely faijlwre,
Folyat 1 I How 63 T Singn intended to mansuwwer,
Cosmas 21 11 Hev 63 T Minsion wndebermined,
Cosmos 33 13 Dex 63 KY  Micrometearite messurement;  pamibly
sugoemslul. (Repeat of Ceamos B4).
Eleotron | & 2 ) Jan 64 TT Multi-jurpese sstrogeophysical payloads,
willh emphosis o setifeial and selar
radintion; Apegees of some 3,500 and
E6, 000 n_m.
Cosmas—» I8 Feb 64 TT Migsion uedotorsiined; failed to schisve -
arbit,
Cosmes 25 27 Feb 04 RY  Ceamic ray measorementa; geoecsily sue-
cessful,  (Repeat of Cosmos 6 and 10}
Cosmas 2§ 18 Mar 84 EY  Goomagnetic Geld dots; partisl suceess,
Palyet 2 12 Apr 64 T Accomplished  smoll moneuvers  which
ehanged orbital inclination by about
gne degres
Casmaog-—» 4 Jun G4 T Mission undetormined; fnibed to aghicws
artsHl. H
Cosmas 31 OJdun 64 Ky Peasible micrameteorite measurement; ap- I
parent aystem failore
Set Tootodies sl nnd of fabile,
R 23
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Talsle | (Candrzned)

Lewron Lawscn
Ea:_\._lu:uﬂnn DhaTe I'assT REManzs
Electron 3 & 4 Il Jul B4 T ftepent of Electrons 1 oand 2,
Cosmes 36 Jul G4 LY Casmibe rmy measurements; geoecally soc-
cossful.  (Hepeat of Cosmas 8, 19, nod
235},
Cosmoea 38, 39, 40 L8 Aug G4 T First Sovist triple paylosd; spaced in
wirgdo oebit. [ 1 iSee
. IMscussion parn. &),
Cosmaos 41 E2 Aup 64 T Misston undetermined; ejected from park-
ing orbit inte s highly clliptien] orcbit.
Coamos 42 & 43 22 Aug 04 Ky First doubly payioad Bsunshed from

Fapusiin Yar; spaced in single arbit.
{See Discussinn pora. 9).

Cosmos 44 25 Aug G4 TT Plosed beto circalar orldt; =alar panel
power supply; spin-stabilized. Poasible
meteoralogieal satallita,

Clasmas 49 24 Ot 64 KY  Geomagnetic fisld data; pensrally suo-
censdul,  (Repest of Cosmaog 26},

Coamas 51 i Dee 64 K Mierameteorile  measurement; geoerally
gucurasful.  [([epent of Cosmos 14 and
23).

= In additian {6 Lhe launelings notod oo Ui Labde, we belisve 1.h:1:t there was 3 launch
failure in this series in carly 195K,
L Undesignated; not announced by the Saviels,
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Tahle 2

SOVIET LAUNCHINGS OF LUNAR AND PLANETARY PROBES
Mate: All launchings have beon from Tyurstum

Lawreca PATLOARS
DaTe Tanoer (LEE) REMARES

—llge of Direct-Aseent Technique—-

4 Des 58 Moan 1,000 % Laanch fuilire.
2 Jan 50 Mohn 1,000 Fnik [, Mised moon and went jnks orbit around
aun.
18 Jun 59 Mousn 1,000 % Laupeh failure.
12 Sep 59 Maoon - 1,000 Tunik [J, Imposted moon.
4 Ogt £ Maoon £,000  Lunik §1f Clreumbvnsr,  Succesfully phote-
graphed hidden side of moan.
15 Apr BD Maooo 1,00k Tnsufficient velocity. Nemrest approach to moon

wag 100,000 mibes

—Beginoing of Parking-COrbit Techaiqus—*
i Premature cutolf of Venili stage engies; parking
prbit mot ochieved,

10 Qb 60 Mars

14 et 80 Mara ‘ Premnture cuted of Veoik stage enpine; packing
orbit mot nehioved,
4 Feb 61 Venus " USSR sunouneed an EB"r’E
i2 Feb 61 Venus 1,400 USSR snnounced suscess; Sommunisation f_:‘&hm
during the interplanctary-coast phase.
25 Aup 62 Vepias 1,500%  Unseeesssfol; twobling 4tk otage produsing mo
wsaful thrust.
I Bep 62 Vemus 1,800k Unsaccessful; tumbling 4th stage producing oo =
ugelul thrust.
12 Bep 62 Venus 1,800 % Uosusceseful; passible partinl sititude stabilisstion
failure of 4th stage proeducing oo uselil thrast.
24 Det 62 Mara 1.900%  Unauceessful; malfunctions subsequent Lo 4th
stape ignition.
1 Mov &2 Mrers 1,900 Sowlets announce Mam I

communieaticn failure with
ke probe in March 1963,

& Mav 62 Mars 1,000%  Unsesssssfuli[T

4 Jam 63 Masn 3,100+  Achieved parking arbit] $th stage fniled.

3 Faby 63 Maon 4,100 Venik stope failed; parking orbit nos sohieved.

2 Apr 63 Maoon 3, tha Lunik TV. Pnssed within 4,000-8,000 milea of

moon after mid-gourss carrectiob,

21 Maor 64 Maon 3,000%  Venik singe [ailed; parking orbit not achieved.
=7 Mar G4 Venis 1,800t Annpunced as Cosmoa I7 alter 4th stage Lailed.

T Apr B4 Veous 1,900 Fand 1. Initial teajectory would hawve chused

probe Lo pass within 24,000 miles of Vemus,
Soviets apnounced bwo mbd-course corrections
(4 Apsil 84 sad 15 May G4); miss-distance
inereased and contast apparently lest before
passing Yeuwis,

Ges Teolooces sk and of tahle.
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Table 2 (Coutinued)

Lauwrcn PaTLOADS
DiaTe TaRQET (LBS.)Y HEMARES

—Beginning of Parking-Orbit Technfgue {(Confinusd)—
H Apr 64 Maoan 3,100%  Venik stage failed; parkiog arbit nat achisved.
a0 Nov G4 Mars 1,80 Zend IJ power encountersd difficulties in frst day
of Hight. Wil arrive in the vicinity of Mars
during the early part of August 1065; preseat
indicotions sre that it will miss the plenet by
- about 750,000 mile.

= All direet-pacont launches used tis 55-6 booster and the Lunik upper stage.  In addition
Lo the lavnch attempis noled in this series, we beliewe that thers were thres lsuoch [Ailures,
two io the fall of 1958 and one in eerly 1960,

b Faylond estimated. Other payloads were announced by the Soviet and substantiated by
alher evidense. '

© All these lnunches have uped the 55-6 boester and Venik upper stage to place into earth
orbit & 15,000-1b package consicling of the payvload and its propuls=ion stags, This stage
(known ns the 4th or cjection stage) is used to eject the paylosd from ecarih orbit and lo
plaee it on A trajectory towarda its target,

4 Paylaads unknown. Believed to be Lhe same as Lhe 1,400 Ibs. announosd by the Soviels
for the Venus abot of 12 February 1961, "
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Table 3
BOVIET MANNED SPACEFLIGHT PROJECTS -

MNate: Althaugh there bave been s number of failares in the Sovict program, we have oo evidence supporting the failure
of any Soviet manoed spaoscralt.

Recow.
Lannch Recavenr ERT
DIparapaTion Dark DaTe Onerr REdamEs
HKaorabl® t 15 May &0 1E May &0 44 Paylond: 8,908 Iha. First koown Soviet use of the
[attempted) expression . “Cosmis  Space  Ship”  Hetro-rocked
' failure; decsyed Sep 62,

{Unapnouncsd) 2B Il BD e . Failure of 5506 booster.

Horabl® 2 19 Aug G0 20 Aug 6D 16 Payload: 10,120 fba.  Contained two dogs and other

Bputnik ) biolagical specimens,  First sescessful recovery of
Yostok-like apacecraft.  Comprehersive biotelemetsy
eaperimentation; io-Sight television menitoring of
dog; efests of acceleration, weightlessneas, radintion
on ablmals, plants, organisms incleding immunologi-
oal, mierohiclogien! and cytological stadies,

Horabl' 3 I D 680) 2 Des 60 17 Fayload: 10038 lbs. Similinr to Horsb!' 2. DBurped

(Bpastnile 4) (aflemplad}) ap ob re-eatry.  Two doga.

(Urnnnouneed) 22 Do 60 .. . Failure of 35— booster.  Twao dogs.

Koeabl" 4 9 Maor 61 9 May 61 1 - Faylond: 10,240 Ibs. Contained ooe dog. Continuation

{Bpatnik 9) of man-rating of Vostok.

KEorshi' § 25 Mar &l 25 Mar 81 1 Payload: 10,308 lhs. Contained one dog. Conlinuation

(Sputaik 100 . aof man-rating of Veslek.

Voslok 1 12 Apr 6l 1t Apr 61 H Faylosd: 10,385 [s. Gagarin; first manned arbital
apace Might.

Vostak 2 6 Aug &I T hug 61 17 Paylosd: 0,408 Iba. “TPitow; first one-day mission;

demonstrated human ability to ent, sleep, and work
undar conditions of spees fight; vestibular dfs-
tarbances sulferad by eosmanaut.

Vealok 3 11 Aug 62 15 Aug 62 84 Paylond: 10,412 lba. HNikclayev; along with Voatok 4,
the first test of two subjects under geperally similar
conditions of spase Might.

Voatok £ 12 Aug B2 15 Aug 62 45 Fayload: 10,425 Ihe. Popovich,

Vaoatok § 4 Jun 63 19 Jun &3 &1 Paylond: 10,340 Jbs, Bylkovekiy; further sealuation of
human reactions te exiended space fight, eapeeially
cardiovasular deconditioning.

Vagtak & 16 Jun 63 19 Jun 63 45 Payload: 10,340 Ibs, Tersshkavs; along with Voatak 5
firat tisd of male and female subjests undor gonersily
similar conditions; firet flight of & non-pilot.

Crasmes 47 * B Oct &4 T 0ot 64 6 Yoskhod with dummies, Computed paylosd same as
Venkhod,

Yoakhod I = 12 Oel B4 13 Oez 04 16 Paylesd: 11,730 Iha, Cal. V. M. Komarov, De. BB

Yegerow, end Eng. K. Feoktistov; Gt flight without
apacesulis; firat Nighl with direct in-Bight medieal
chaervations, iocluding sampling of body Guids.

¢ Al lnunchings have cmployed the 55-6 hoogter. Vostok-related Aights {15 May 1960-16 Juee 1063} wmployed the
Lunik upper stnge. The Palyots were launehed as the sole payload sboard §5-0', Voskhod-related Sights, beginning
with Cosmos 22 on 16 Now 1963, have employed the Venik upper stage. Payload weights are those announeod by Soviats,
nod aubstrntinted by other evidenoe,

* Six days prior to the luunch of Voskhod, Cosmos 47 provided final Aight quabifieation of the neew cpacecraft.  Thia
gonslibuled the only full ight test of the Voskhod carrying all of its ssoclated subsystems., Four ather Coames oparations
(22, 40, 24, and 45}, in addition to performing their primary recounaissance missions, served to moermie the Venik jpro-
pulsion stage and possibly provided testog of Vesik)Veakhod competability and of Voskhod straokural inu'gri:;r.
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Toble 4

SOVIET LAUNCHINGS OF PHOTO-RECONNAISSANCE SATELLITES «

Orenar- Onarran PARaMETERS *
[H & Periges Apogee  Inclina-
Destararion  Lavwes Date Mooz Daxs v Orprr {am} {mm) tiom
{Failure) 11 D 61 .o (Md nod achieve orbit)
Cramoa 4 2% Apr &E Ad 3 days 1] I7E -
Coarnon 7 el &2 A4 adays 113 199 il
Cosmas § 37 Bep  6Z Ad 4 days 163 191 65°
Coseos 10 17 Qet 62 A 4 days 133 ‘205 857
Casmos 12 22 Dee B2 A & days 114 243 [l
Cosmos 13 21 Mer €3 A B dnyn 11 152 657
Cosmo 15 2 Apr 63 Ad 5 days 43 200 85"
Coamoa 16 8 Apr B3 A 1 days 112 218 [
Coamaoa 18 24 Moy 63 A B days 113 173 65*
Cosmoa 20 18 Oot &3 A 8 days (H 168 B5*
Casmaon B2 16 Hav &3 B i days 111 1 G5*
{Failare) 28 Mov 63 {Did not achigve arbit) '
Cemmos 24 19 Dee 63 A 9 daye 114 220 G5
Cosmoa 28 £ Apr 64 A Bdnyn 113 213 85"
Coamoa 20 25 Apr 64 A 8 days 1E1 153 Ga°
Cosmos 30 18 May 4 B E days 112 207 £5°
Copmas 32 10 Jun 64 A & days 113 1E0 s®
Cagmas 31 23 Jun B4 A B days 113 158 65
Cosmos 34 1 Ful g4 B 8 days 111 194 65"
Coamea 35 6 Jul o4 A 8 daya 17 145 e -
Cpanvon 37 14 Aug 04 A 8 days 111 1] 65°
Clasmoa 45 13 Zep G4 B 5doys 111 176 B5°
Casman 48 24 Sep 64 A £ daya 115 148 e
Casmas 48 14 Dot 6d A G daye 1oa 150 Ll
Cosmas 5O 28 Ot &4 A Diearbit ettempt o 1] 130 LA
cighth day failed

Cosmos 52 i1 Jan 65 A § dnya 106 185 65

* All launchings kove been from Tyuratam sod all succesalul recoveries bove besn made on Ined io
the UBSIL [t is clear from the pattern of lnuneh times that the Soviets desise the periges of these
satellites to oceur over North Americs during prime deylight hours. This paints to phetogrsphic mis-
&lons, but we eanngt exchude the pesafbility that cther sdectromagnetic data auch as Comint, Elint, and
itffa-red, are alss being oolleoted.

* The estellites which bave operated fn what we designate s Mode A weigh ahout 10,000 (s, and
apperr o be performing o gensral search and surveillsnce mission,  Mode B satellites weigh ahaut
12,000 lbn., end appear to be performing & higher-resslution misai [Sen dizcussion parn, 1R,)

* Thean erbital parameters have been taken from Sovisl anpounssments.
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ANMEX B

PRINCIPAL TYPES OF VEHICLES AMD TECHMIQUES EMPLOYED IN
SOVIET SPACE PROJECTS, 1957-1964

Figure 1: Family of Soviet Space Vehicles Used 1857-1954

Figure 2: A—Typical Soviet Planetary Frobe Operation
B—Typleal Soviet Lunar Probe Operation

Figure 3:[_

Figure 4: Earth Trace of Coverage of US by Soviet Photo-reconnalssance Satel-
lite Lawnched on 51 Degree Inclination




. SEERET- Annex B

F‘igure I
VEHICLE GROSSWEIGHT  THRUST | IN USE
STAGES {Ibs) LN 1957 | 1958 | 1959 | 1960 | 1961 | 1962 | 1963 | 1984
Bt g estainer | S00000 00,900
Lunlk Staps ] 17,150 11,000
Venik Sage 31,000 63,000
Aih Slape 13,000 15,700
KY Bonsler (554 &8 i 130,000
KY Second Stage 16,000 19,000
Folyol Slape 5,400 ?
Vaskhod or
TT Cosmosz-0
spacecrodt
{12,000~ 74, 000 T}
D‘!:p ?"pul:t i De-grhit .
(1, £6h. 3, 40015 FEffErechrd
Vostok or RS é J N "
TT Cogmand Ay e PPy Tm——
spoceessft: i T zlage |
{0,000 5] —
b b
Early Lunik N
Sty A oo o Ol O B
Lie T -
payload E P
{185 300014} Ef stoge
KY 'I'_-a-ln';l; -
zorellita
{300 500 1k
\ \ l\ / KY
FLERL
stoge
55-4
]
Sputniks Luniks Sputniks 4.10 Yenus | TT Cosmas Palyat 1, 2 KY
1,2, 3 L2 9 Vastoks 1-6" Mars 1 23,30, 34, (;Iu-szml;as
¢ L TT Cosmos 4-7 Lunik 4 45, 47, L 2,01,
{Drect Azcent} ote. Zond 1, 2 and 5 & ..
{Earth-okis Voskhed 1
Ejection)

FAMILY OF SOVIET SPACE VEHICLES USED, 1957 - 1964
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Figure 24
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ANNEX C

Soviat Scientific and Technical Capabilities for Space Flight
Wew Propulsion Systems

Guidance

Tracking and Communications Systems

FIGURE 1: Soviet Deep Space Tracking Station at Yevpatoriys
Spacecraft Power Supplics

Facilities for Simulating Space Environmesnt

Life Suppart Systems

Data Processing

Orientation and Stabilization of Space Vehicles
Maneuver, Rendezvous and _Dﬂr:b:iug
Re-Entry and Recovery




ANMNEX C

Soviet Scientific and Technical Capabilities for Space Flight

L. We beliove that Soviet capabilities in the basic and applicd sciences will be
adequate throughout the period of this estimate to support an ambitious space
pragram. This ja,n;]gm::nt is based on Soviet spaee achievements to date, and
on & comprehensive review in the major fielde of science directly contributing
to the space program. In & few felds, the Soviets are outstanding, netably In
astronomy {particularly radio astronomy and celestial mechanics), astrogeophysics,
space medicine, and theoretical mathematics, Moreover, they are closely Follow-
ing U5 developments in these and other areas. Diflewlties in the Soviet space
program are more likely to arise from technological than from scientific limitations.
Very complex and demand!ng requirerments must be met in such missions as
orbiting a large space station or conducsting 2 manned lunar fipht

2. Responsibility for the direction of the Soviet space program apparently
rests with an unbnown sothorily directly under the Council of Ministers. The
program itself has been carried out, for the most paet within the framework of
éxisting institutions. The Academy of Sciences has been responsible for the
scientific experimentation carried ool by most unmanned space shots, and co-
erdination has been through the Commission on the Exploration and Utilization of
Cosmic Space. Basle biomedical research in support of the space program is
the responsibility of the Academy of Medical Sciences. The Soviet air Forees
have played 2 major role in physiological resespch, in Brst-generation manned
spacecraft design, and in the selection and training of cosmonauts.  Subsystem,
space suit, and capsule development iz largely the responsibility of the State
Committes for Aviation Technology, The test sanges are under the eontrol of
the Strategic Rocket Forces, which have provided lasunching services. We
think it likely that the Tywratam Cosmos military support program is sponsored
by the Ministry of Defense, but there is no evidence as to the operational control
of such systems.

3. We have heen unable to identify many of the individuals responsible for
research and development.  Technical snalysis indicates that two design teams
are respongible for the booslers and upper stages in all the strategic missile and
space projects which the USSR has undertaken. Similarly, the strong family
resemblance evident in the Soviet photographe of sclentifie satellites and equip-
ment wsed in lunar and planetary probes of the last five years indicates that a
single team of scientists and enginvers has been responsible for this preject.  This
and other evidence dicates that research and development for strategie missiles
and for space has heen elosely integrated in the USSR,
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Mew Propulsion Systems

4, We have estimated that the Soviets are :[Ewelnp[ug wio now large Loosters
with thrusts on the arder of two and five million pounds, respectively; the Rrst
of these could be available for manned operations in 1966, and the other in
1968-1989. The development of improved upper stages to capitalize on the Tift-
off capabilities of these large new boosters is likely in the same time frame.
Although there is no evidenee that the Soviets have undertaken the development
of high-energy upper stages, Sovict literature has reflucted an interast in such
propellants as liquid hydrogen and fuorine, We belisve that the Soviets could
begin test Inunches of an oxygen-hydrogen system at any time, and af a Buorine-
hydrogen system in the 19651868 period. US experience with the former
combination, and Soviet conservatism to date, suggest that an extensive Sight
test program requiring a year or more would be undertaken before such stages
would be acceptable in a manned launch combination.

5. The Soviets are actively engaged in the investigation of advanced electric
pmpulsim systems, They claim to have tested such a device aboard Tend-II.
In the near term, the Soviets could have available electrie propulsion devices
with thrusts of 01-1 pound, which could be used experimentally in orientation
control systems for the proper positioning of antenoas or optie systems, or to
prevent orbit decay of long-ived vebicles from afmospherie drag,  Systems
caPab]r, af thrusts up to one pound could be availalde late in the decade.
Because of power/weight requirements, the probable application of these systems
would be confined te missions of long duration such as decp space probes,

Guidonce

6. Sowviet space operations to date have been planned so as to make repeated
use of established ground equipment and methods for guiding satellites and
manned spacecraft into the desired sarth orbit.  Since 1957, almost all vehicles
fown from Tyuratam have been lavnched along the standard ICBM azimuth,
deviating by only » small fracticn from a 85° angle of inclinstion to the eguatar.
Thus, only minor alterations in techniques and eoordination of facilitier have
been necessary for the various types of orbital missions. The principal exception
to this standardization has eccwred enly recently with the launching of some
reconnaissance satelliles with an inclination of 51%.  The launching of all Cosmaos
satellites from Kapustin Yar at an approximate 48° angle has also facilitsted
standardization of thess operations. '

7. Sovist space vehicles launched from Tyuratam have thus far used the basic
first-generation 55-6 ICEM guidance—a radio-inertial system—during the boost
phase. Although the Sovicts have an all-inertial system operational with thelr
ballistic missiles, they probably will choose to continue with the radip-inertial
system for space ventures. This well-dried system is capable of a high degrec
of precision. For example, the orbital perameters of Veskhod differed enly
slightly from those of the deess-rehearsal vehiele, Cosmos 47, For future missions,
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sueh as marned sleeombunar ﬂiahl{1 mare preceian will be regquired in mird-course
and Legminal guidance than the Soviets have exhibited 10 date,

Tracking ond Communications Systems

. The chiel limitalion on Soviet capabilities for tracking and communication
with space vehicles is the lack of a global network capable of continuous tracking
and communications with satellites and space probes.  Facilities fest develaped
for the guided missite program are adequate to determine the initial trajectory
with a high degree of accuracy; this system also provides high-quality tracking
of satellites while over the USSR, The functioning of the system, however,
requires that the satellite cooperate; Le, transmit a signal in & preamanged
manner, In addition, the Soviets have develaped large phased array radars
which could be used for surveillance and tracking ol ebjecls in space over the
550

9. To extend their monitaring eapability, the Sovicts rely on a number of
supporting techniques.  Specially instrumented ships have been deployed into
the Pacifie Ocean and off the coasts of Africa, These are of principal value
during the first and last earth orbits, Their value Is otherwise limited by the
difficulty of accurately determining their positions an¢ the more fundamental
preblem 1lat eptimum locations for some missions are inland,

10 Special space tracking and telemetry reception stations are located in the
Crimea. At the principal station for lunar operations, located near Simferopol,
a number of multiple yagi and large helical arrays and a 100-foot parabolie dish
have been construsted. The primary instrumentation facility for planetary
probes is the Center for Long-Distance Space Radio Communications, which is
located near Yevpatoriya. It comprisss two areas—one a transmitter site
equipped with single steerable antenna array mounting eight parabolic dishes
cach 50 feet in diameter, and the olher o receiving site squipped with two of
these arrays!! Deep space shots appear to be under the operational control of
a-cantral computer complex in Moszow,

1L Additional land-based tracking stations would be a major aid to the track-
ing of all Soviet space vehicles and to the guidance of Tunar and Imterplanetary
probes.  The Soviets probably will sot undertake manned lunar Rights wntit
they can establish the additional sites nocessary to maintain continuous contact.
Ta achieve such a capability, they would need to establish two additional sites,
which ideally should be spaced about 190 degrees apart, and located near the
equator. One of these new sites could be located in the Soviet Far East; this
would improve their capabilities to a point which they might consider sufficient
to risk a manned Junar mission. There is evidence that the USSR i secking to

" 5o Figure 1 of this Aunnex,
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acquire site: for monitering space vehicles in South America, Africa, and the
Far East, Communications satellites could he used tn relay communiestions
and data transmissions from and to arbiting vehicles,

Spocecralt Power Supplies

1Z. A major element in space tracking, control, and communications is the
provision of adeguate power supplies for the space vehicles themselves. Sowict
space vehicles, both manned and unmanned, have net demonsteated a capahility
for sustained communications over long periods of time. A number of planctary
probes have failed beesuse of loss of power for communications, and Vostok
cosmonauts were cautioned to reduce use of their transmitters to eonserve power,

L3. Necessary power for the missions accomplished thus far has been provided
either by chemical batteries or sobar cells, or combinationg of Hhem, Magnmed
spacecraft have included thousands of pounds of batteries; some 3,000 pounds
of the 10,000 pound Vastok was devoted to bubteries. These sources aré in-
adequate for many types of long-lived, unmanned vehicles and for manned
missions of more than a week or 50, The Soviets are eoaducting high quality
research and development on othér enesyry sources such as thermoelectric and
thermionie devices. Small radigisotope-powered thermoelectric geneators are
available now. One using Polonium-210 vields 10 watts and another using
Cesium-144 vields five watts.

14. Power requirements for a space station of several months duration are
considerably higher, on the order of several kilowatts over those mentioned
above. In addition to improvements likely in solar batteries and other auxiliary
power sources, the Soviets probably are developing improved nuclear-power
sources for fulure use in these space vehicles, After 1965, they could have a
nuclear-isotope power supply with an output of several hundred watts, The
Soviets eould have a thermoelectric device for unmanned vehicles eapable of
generating about eight kilowatts by 1567, In eontrast, in the area of fusl esll
development, the Soviets have not made a substantial research and development
cffort and they arc not expected to have such units availahble for flight use prior
to 1567,

Facilities for Simulafing Space Enviranmeant

15. The Soviets announced recently that o spacecraft containing & cosmonaut
was tested in a new cloud physies chamber, operated by the instnate of Applied
Geophysics of the Academy of Sclences, USSR, The chamber, completed in
early 1964, is roughly cylindrical in shape, with an internal diameter of about
10 feet and height of 52 feet. Its capability to simulate an altitude of amly
some 130,000 feet and a temperature of only —45° C. falls far short of the
near-vacuum eonditions of outer space.  Also, the chamber has no means of
simulating radiation conditions encountered in spuce.  This chamber cannot
appraach the overall performance of space simulation chambers currently in use
in the US in the development of satellites and space probes.  In additen, a
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test chamber is known to exist at a traliog center for manned space flight at
Tomiling, outside of Moscow, and another is possibly located at an serohydro-
dynamics research institute near Moscow.  These also do not simulate the vacuum
conditions of outer space, but are wseful for evaluating su ar inlegrabed
human-equipment testing. We cannot exclude the possibility that smaller, more
adequate chambers exist, but a lack of suitable spree simulation facilities cpuld
have been a contributing factor in some of the Soviet satellite and space probe
Failures,

18, In any ease, whils the chamber mentioned in the announcement probably
was large enough to test the Vaoskhod spacecralt, we helieve a larger, more
adequate chamber or an extensive uomanned fight program will be required
to certify any new spacecraft for manned use. A chamber for the test of rocket
engines is now under construction, but we do not know its probable date of
availability, size, or space simulation capahbility.

Life Support Systems

17, In the Vostok manned spacecraft, designed before 1961, the Soviets bava
a life-sapport system which has the capabilily to sustain one man for a period
of up to 12 days in earth orhit. TFundamental to the design of this open-ended
system is the use of an sir-like mixture of oxygen and nitrogen at a sea-level
pressure of one atmosphere (147 psi).  Compressed alr &5 used to maintain this
pressure and chemical compounds (potassium superosdde and lithium hydroxide)
which absorh carbon diozide and release cxypen have served for atmosphere
regencration. A generally similar eabin envircament was created by the life-
support system aboard the Voskhod spacecraft, The eabin pressure was again
one atmosphere and other environmental parameters, such as gas composition,
temperature, and humidity were also within previous limits, The COy content
of the Vosklod atmosphere was about double, however, and increased during
the mission from L1 to L7 percent.  'While not outside safe limits, this and the
atypical rising of the cabin temperature probably represented a taxing of the
life-support system. = This comparison with Vostok environmental parameters
indicates that the Voskhod life-support system is little changed from the Vostok
sysbem, .

18, Soviet success and confidence in this system has permitted them to minimize
tha problems and hazards associated with exygen-rich atmospheres and reduced
pressurés both in the cabin and in the instrument compartment. They con adapt
this system and their experience to a small, manned earth-orbiting station as well
as to @ manned circumlunar mission.  For those fature missions in which weight
would he a greater limiting factor or in which fight duration would be sub-
stantally prolenged, swch as a manned lunar landing or a lacge space staticn,
wholly new technigues probably would be required. These could be partial
regenerative or elosed-loop systems. The first Soviet Hight with such a new
environmental control system would be experimental and would involve imited
ohjectives, primarily biomedical in nature.
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19, Soviet research and development on pressure suits has not been extensive
and eertain features from vl_-,i-i.r[J.I U5 swits have becen :].dl:lpl'l!d Du.n'ng Vaostok
missions, the suit was not pressurized and the face shield was open.  In the event
of cabin depressurization, the suit was to be Pq-\ey_-:surjzod automatically. While
the design is adequate for safety, cosmonaut mobility would be severely ham-
pered. The cosmonauts aboard Voskhod wore oo pressure suits. While this
undoubtedly reflected a high confidence in the spacccraft, it implies that the
Voskhod's construction apd life-support system do aot involve radical departure
from the Vostok technology, Considerable modification of the Vostok suit or
ong of new design would be necessary for operating outside the vehicle in space
or on the lunar surface.  Currently, the Sovicts appuear to favor the “hard suit®
concept for extravehicular operations and are actively developing a protobype
along these lines,

20, Our koowledge of the Sowiet capability to predict solar flare events i
limited to open source literature, but we beliave that they have a fair eapability
Lo forecast two or three days in advance these events, which produece hazardous
levels of cosmic radiation. Their research program i5 expanding and a new,
large solar olservatory was completed early in 1964 in the mountaine southwest
of Irkutsk. Space radiation hazards, with the exception of cosmic rays generated
by salar flares, are suficiently understood by the Sovicts that they should present
no major diffieulties.  These problems probably can be solved for manned erbital,
elrcumlunar, or lunar landing missions of minimum duration by the use of
suitzble shielding or an appropriste sreangement of on-beard equipment. But,
solar flares will remain a problem for fSights to cuter space.

2], A profound Soviet concern for the post-flight efects of weightlesspess
hecame apparent after the fve-day mission of Vostok ¥ in 1963 Soviet scien-
tists believe that it will be necessary to provide artificial gravily to offset the
deleterious elfects of weightlessness in manned flights lasting over several weeks,
We do not attribube any artificial gravity capability {0 current manned space-
craft systems. While incorporation of an artificial gravity system {such as a
centrifugal force arrangement ) into a spaceeraft or space station is theoretically
feasible, it dnvolves serloud technological prolilems which preclude its appearance
in a manned fight for several years

Data Processing

22 OFf vital importance in complex space operations is a high-speed system
ingorporating peovisions for the rapid transmission of data from Held stations
to a contral processing center where it ean be evaluated and corrective measures
supplied to other Beld stations better located for transmitting them to the space
vehicles. In the Soviet parking orbit technique for launching lunar and inter-
planetary vebicles, aboet 70 minutes elapse from the time the launch vehicle
passes the last tracking slation in the Soviet Far East before ejection stage must
be ignited at a precise moment somewhere over Africa.  The same constraint
is operative in the recovery of manned and unmanned vehicles from earth

arbit. The Soviet data-processing accomplishments implied in successful com-
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pletion of such missions indicate that high performancs computers are belng
used.  While Soviet propaganda flms on their earlior manned space flights
revealed use of vacuum-tube eomputers capable of 20,000 arithmetical operations
per second for space track computations and daty handling, it is estimated that
sven more advanced computers have been used in support of recent missions.
In 1965-1970, the Soviets probably could develop computers utilizing only solid-
state devices and eapable of performing a million operations per second.

23, During the same period, the Soviets probably will continue to press de-
velopment of computers with greater reliability and will seck to reduce size,
weight, and power requirements. Onboard computers will hecome
on manned vehicles to facilitate the process of meking decisions concerning
guidance and other vital operations. They also will be necessary with deep
space probes for preliminary data processing to reduce the volume of informa.
tion to be sent to earth over radio communications links having limited capability
for data transmission, as well a5 to handle the severa guidanee and navigation
problem associated with such fights. While some success fn microminituriza-
tion will probably he achieved in developing computers for use in space vehicles,
we are aware of no practical Soviet experience to date oven in the feld of missile
guidance. )

Orientation and Stabilization of Space Vehicles

24 A sophisticated complex of equipment is required to sense a space vehicle's
orientation and to effect changes in this erientation to accomplish the stabiliza-
tion prescribed by mission objectives. The enly exception oocurs in some ve-
hicles such as the Kapustin Yar Cosmos series, where atorotation, or spin-
stabilization, is adequate to prevent tumbling, All Soviet space vehicles to date
requiring such control have been provided with Fully automatic systems and
manned vehicles have included a completely isolated system for manual
operations.

25, Automatic earth orientation, at least in manned vehicles, has been hased on
gyroscopes and sun amd horizon seckers, with a magual capability based solely
on visual technigues for back-up. Limar and planetiry probes have mchded
sun seckers both to ordent the vehicle and to orient solar-power panels. The
system has failed on 8 number of probes. Lo is known about the crientation
system aboard reconnaissance satell;ih:s[:.

.

26. All Jnown Soviet stabilization systems are belioved to employ a cold-gas,
jet-reaction apparatus for attitede control.  Soviet announcements indicate that
the cosmonauts have practiced at least some manual control,  Our evidence indi-
cates that during the Bight of Vostok IIL the cosmonant attempted manual con-
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trol so as to witness the launch of Vastol IV. The mission duralion of the,
manual system apparently permits only a few mimutes of continuous operation,
We have ne evidence that any Sovict cosmonaut has used this manal system
to aceomplish orientation for recovery,

Maneuver, Rendezvous and Docking

7. The earth-orbit-rendezvous technique is 5o basic to & whole range of
future space operations that there ean be little doubt that the Soviets will soon
experiment with it. The paired flights of Vostok 3 and 4, as well as Vostoks
5 and 6, although not used to attempt a rendezvous/docking opération, did
represent an initial step in that dircction. Rendezvous and docking, even with
a cooperative targed, imposes fairly stringent requirements on & number of basic
technologics, the most critical of which are launch guidsnce, tracking, and
arbital maneuver, Mancuver, as distinct from orientation control, implies a
substantial propulsive capability to permit the vehicke to transfer from one orbit
to another,

8. Specific guidance requirements for rendezvous are diffieult to establish
because of the many modes by which rendezvous can be accomplished, The use
of pre-programmed trajectories and having rendezvous ocour soon after injection
into arbit of the second vehicle lessen requirements for in-orbit guidance. The
specific Soviet approach to rendervous is unknown but this technique appears
most likely in light of the Vestok 3 and £ operation.

29, A major .problem in sny ease ix the need for accorate orbital dats, or
ephemeris, on both the vehicls alresdy in orbit and the new amrival Tracking
to determine ephemeris can be accomplished from en-board equipment, but
operations can be timed so as to take maximuom advantage of ground tracking
to minimize on-bosrd requirements.  Current Soviet ground tracking equipment
amil technology are adequate to perform this function for two tooperating vehicles
providing that the operation occurs aves the USSE, ‘There are no known Soviet
efforts to develop an on-board capability to track one satellite From anather.

30. The maneuvering necessary for most rendezvous schemes requires a
propulsion system incorporating both thrust modulation and a restart capability.
The Soviets arc expericncing considerable dificulty with the in-space ignition
and operation of upper stages in lunar and planetary probes. At the same
timne, their retro-rocket engine has a high reliability. There is little intelligenoe
om further Soviet development of such propulsion systems. The mancuverable
Polyol probably is intended for use in rendesvous, but a useful maneuver ca-
pakility is yet to be demonstrated. Once developed, it could be adapted to
complicate Western attempie to counter Soviet satellites.

3L A signilicant reliability problem appears in any mission requiring repeated
launchings under serivus time constraints, 55 would be necessary if a substantial
number of rendezvous were intended. On this basis, the overall probability
of mission success to the moment of the last required docking declines very
rapidly as more than one rendesvous operation iz attempted. Even with a
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booster of demonstrated reliobility, such as the 558, we believe that more
than three launches (and two rendezvous) would involve excessive risk for any
mission which depends on all for its suceess.

Re-enfry and Recovery

3% The final step in sny manned mission is the recovery, The Soviets have
repeatedly shown their capability to successfully de-orbit and recover both
vnmanned and manned vehicles,  Sinee its introduction in 1960, the same type
of liquid-fueled retro-rocket assembly has been used to de-orbit these two types
of satellites. All operations to date have been essentially the ﬂME,E

]

33, Landing oceurs in daylight in the central USSR, some 70 minutes after
initiation of the sequence. The Soviets regularly announce that manned craft
have landed in the designated area and that the cosmonauts have been reached
within a fow minutes, We do not doubt the latter point but we have reason 1o
believe that the designated landing arca encompasses thousands of square miles.
The basic search technique for the downed payload probably involves the Soviet
HF/DF system, supplemented by aircraft. Final recovery is accomplished by
helicopters.

3, The Soviets have utilized an ablative-type {possibly esramic) heat shield
for protection apainst the heat flux brought about by atmospheric re-entry from
carth orhit, We belleve the heat protection materfal and structure on the
Vostok wehicle {10400 pounds) weighs shout 1,400 pourds,

35. For the final phase of recovery, ie, after re-eatry into the earth’s atmos-
phere, the Soviets hawe used two techniques The Vastok, snd probably all
10,000 pound reconnaissance satellites, deploy parachutes when they have de-
seended to about 20,000 fect.  Then, at the cosmonaul's option, he either remains
in the re-entry vehicle until impact or ejects himself in his seat to descend
separstely by parachute. The seat neludes equipment for an unplanned water
landing. Only the pilot of Vostok I clected to remdin within the recovery
vehicle. Seat ejection presumably would have heen wsed in case of boosler
malfunction during the initial launch phase

6. The Soviets have announced that the Voskhod does not employ this
techrique, Mo provision has been made for seat ejection, but rather, affler
the deployment of parachutes, a second retro-rocket is activated near the gr-:mnd
tor minimize impaet of the spacecraft and crew.  (As for an unplanned recovery
at sea, the Soviets have deseribed the Woskhod as wnsinkable.) The reliability
aof the technique must have been proven during the recovery of the 12,000-14.000
pound reconnaissance satellites over the past year.
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a7, If the Soviets plan to undertake manned lunar missions, they will have
to address themselves to the problems invelved in re-enteting the earth’s
atmosphere at parabolic velocities, e, those om the order of 38,000 fifsec
While these velocities constitute s very significant inerease over welocities of
re-entry for wehicles in near-carth orbit {26,000 ftfsec), it appears that heat-
shield problem can be overcome with a current state-of-the-art solution, probably
utilizing palymers. The employment of these materials is perhaps a step beyond
current Soviet usage in space vehicle applications, but Soviet work in this Geld
is going on and there are indications that charring polymer ablators have been
flown on ICBM vehicles targeted to the Pacific, The problems most likely to
emerge will be thase of maintaining low heat-shicld weights through extensive
materials testing and the improvement of bonding techniques. Testing of re-
entry materials by means of vertical frings with boosted re-eatries is a practical
approach to the problem of acquiring data carly in any project for the design of
a recoversble lunar spacecraft. As yet, we have detected no such tests.

38, A spacecraft designed to be recovered from a lunar mission would almost
certainly incorporate some provision for aerodynamic lift after atmospheric
re-entry.  As the declination of the moon changes during the moath, so does the
location of the re-entry point of the return trajectory. This produces a hﬂgl—
tudinal range varistion of some 2,000 to 10,000 miles from the re-eniry poimt
te an established landing arcs; the actual variation is & function of the inclina-
tion of the return trajectory to the eguator, Aerodynamic re-entry utilizing a
low, roll-modulated, lift-to-drag ratio of about 0.5 can provide control over
range from re-entry to landing points af about 1500 to 3500 nm., as well
as broaden the re-entry corridor depth to manageable guidance proportions
There are no indications that the Soviets have conducted asrodynamie re-entry
experiments in the manned space project.
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