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Summary
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Soviet Scientific
Space Program:
Gaining Prestige!

The USSR has numerous, diverse, and, in many cases, ambitious scientific
space missions planned for launch through the end of the century. These
include missions in astronomy, planctary research, solar-terrestrial physics,
and biomedical research. They form the basis for the increasing prestige of
the Soviet scientific space program. On the basis of Soviet vested interest in
carrying out their program as announced and our analysis of their
technical capabilitics, we believe that these missions are plausible.

The varicty of missions planned reflects the increasing maturation of the
Soviet scientific space program. In 1983, the Soviets launched their first
spacecrafl dedicated to astronomy; their future space astronomy program
includes several more dedicated missions. The program is well planned and

will address every range of the clectromaganctic spectrum with the possible
cexception of the visible. Future Soviet planctary missions, unlike the
missions in the 1960s and 1970s, include the investigation of multiple
celestial bodies in a single mission—a testimony to the Soviets® erowing

confidence and the increasing sophistication of their spacecraft,

Some future Soviet scientific space experiments will further scientitic
understanding; others will reproduce, to some extent, experiments previous-
ly performed. For cxample, the Mars-Phobos spaccecraft, the next gencra-
tion of Soviet lunar/planctary/asteroid spacecraft, will carry instruments
to perform the most detailed study of the Martian plasma environment

mrrns memmAnoted T¥osiesies sne Aot memest this Atbar mvsmarimeante an tha

Mars-Phobos mission to produce fundamental discoveries about Mars.
Many of the observations planned were made by the US Viking missions in
the 1970s and their predecessors. Among other missions planned by the
Sovicts are Prognoz 13, which will colicct background radiation resulting
from the creation of the universe; the Corona solar probe; and the Mars
Orbiter. These missions will be comparable to the US Cosmic L ackground

Newlanne sha Chcmncmcaw Cacnn A eV THewcnmn aalac canhis Anad ska TIC
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Mars Observer, respectively. Each of the Westera missions is scheduled for
launch within a couple of years of the respective Sovict mission.

The instruments and equipment to be carricd by some future Sovict
scientific spacecraft will be significant technological accomplishments. For
cxample, the Soviets ptan to automatically deploy a 10-meter-diameter
parabolic antenna made of composite materials during their Radioastron
very-long-baseline interferometry mission{’
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plish some military objectives with its scientifi

rme USSR's image as a majér player in space sciences has been enhanced
by its access to space. Not only do the Soviets have a vigorous scicntific
space program planned, they also have the ability to implement it without
cancern for launch standdowns, given the diversity and number af launch
vehicles in their inventor

Contributing to the prestige of the Soviet scientific space program is its in-
creased visibility, The successes of the Venus and Venus—Halley's Comet
missions, launched in 1983 and 1984, respectively, were widely publicized.
Soviet officials now speak with greater candor about future scientific space
missions and permit more access to Soviel space lacilities. In addition,
international participation frorn Westerr a¢ well as other Bloc countries
has increased the program’s visibilit:

The Soviet scientific space program, by virtue of its scope, launch support,
atiu [JUU“C“.’, PLOXCIILY 4 YIdIUIC l-'llllllCUgC U vLlct (rautuin UUI“UCUH‘
programs. Budgelary considerations and launch standdowns have forced
the National Acronautics and Space Administration to postpone and
cancel scientific missions. Japan and the Curopean Space Agency, the
other two major space players, do not have as vigorous scientific space
programs planned: -

Ine USDK will derive a variely of Denents (rom Its sClenting spacc
program in addition to the advancement of scientific knowledge. These

benefits include the following:
+ Promiotion of an image as a pcaceful nation opposed to the militarization

of space.
* Intcrnational recognition as a major forcc in the space arena.
* Exposurc to and acquisition of forcign technology and experience.
« A diplomatic tool,
The interest with which the present Sovict leadership views the scientific
space program suggests that Sovict officialdom recognizes these benefits
and will exploit them whenever possible
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Scope Note

Keverse Blank

In this paper, we primarily discuss missions whose main functions are the
advancement of astronomy, planctary rescarch, solar-terrestrial physics,
and biomedical research. The discussion is based primarily on open-source
information [~ :] Although we have a paucity of
information on some missions, we have detailed information on others
attributed directly to Soviet space official *

This pancr does not address future remote-sensing. meteorological, and

; Wis, OF SSichtiic CRporinicnts 1o B¢ sonducisd on
manned space platforms. Although these missions, too, will acquire
scicntific data, we believe most will also conduct rescarch and intelligence-
collection functions for the military. This is not to say space science
missions have no application to in{elljgence collection and/or military
support] major Academy of Sciences insti-
tutes supporting the scientitic space program—such as the Institute of
Space Research; the Institute of Terrestrial Magnetism, [onosphere, and
Radio Wave Propagation; and the Institute of Geophysics and Analytical
Chemistry—are funded heavily by the military = .
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Sorviet Scientific
Space Program:
Gaining Prestige

Introduction

The USSR has conducted work in the space scicnces
since its entry into space in 1957. This cflort, pursued
rclentlessly over time, is the foundation for the scien-
tific space missions to be launched in the late 1980s
and into the next century

The Soviets' scientific space program, as dcfined in
this paver. is & scluitvély sanali vatt Of {hieic eaiire
space program. Only about S percent of the spacecraft
launched in the past six years have been dedicated to
scientific functions. (Seventy percent supported the
military exclusively; 25 percent performed both
civil/scientific and miljtary miscions ) We do-not
-foresce an appreciable percentage increasc in space-
craft dedicated to the space sciences through the cnd
of the century. However, the USSR derives many
benefits from its modest investment in scientific mis-
sions

On the basis of the Soviets' vested interest in carrying
out anndunced scientific space missions and our anal-
ysis of their technical capabilities, we believe that the
future scientific space missions addressed in this

paper are plausible. On several of lhcsc missions, the
1iQQD hna alinitad Wastmrn ma-

an unprecedented number of details prior to taunch.
Because of the inereasing international attention be-
ing given these plans, we belicve the Soviets have an
cven greater intere<t in carrying them out and casur-
ing their success

The Soviet scicntific space program—by virtuc of its
scope, faunch support, and increasing visibility—
presents a challenge to competing programs of other
nations. In previous ycars, the US space science
program was more advanced, sophisticated, and ro-
bust when contrasted with that of the USSR. Howev-
cr, current US taunch standdowns znd the National
Acronautics and Space Adminisiration (NASA) bud-
gel constraints provide the USSR an opportunity (o
surpass NASA's accomplishments, at lcast in some

areas. NASA’s budget will need to accommodate a
replacement shuttle orbiter, shuttle redesign work,
and larger space station cost estimates than expected.
US space science missions have therefore been de-
layed and canccled. For example, the launch of the
US Mars Observer will be delayed wwo years, from
1590 to 1992, and some Spacelab shuttle flights have
been canceled. The scientific space programs of the
other two maiar saaee nlayerc—the Furnnean Sanne
Aacnrv ll‘\A \ lnd l-nmn_-h-\u- n-.o

oL -I...---.-
Cr sees LWVETINY,

scope, nor sophlsucauon of the Soviets' program. The
USSR cutrently has unequaled access to space:
NASA is expericncing a launch standdown, and
ncither ESA nor Japan is ablc to launch at a rate
approaching the Sovieis'

Scientific Space Program: Making a Name for I(sell

A major factor contributing to the strength of the
Savict scientific space program is the active support
given it by the Soviet leadership. Opea-source infor-
mation states that in 1983 Yuriy Andropov, then
General Secretary of the Communist Party of the
Soviet Union, chose Vyacheslav Kovtunenko, whom
he rcgardcd asa bnlhan( dcsngncr (o rcvuahzc lhc

I¥:

ment work for the Mars-Phobos spacccrzl’l to be
launched in 1988.

Therc have also been a variety of indications of the
importance General Secretary Mikhail Gorbachev
places on the Sovict scientific space program:

| N in August 1985
orbachev was so impresse the successes of the

Venus-Halley's Comet {(Vega) and the Venera 15

and 16 missions that he gave permission to the

USSR Academy of Scicnces for an unmanned Mars
" soil sample return mission.




crei

Dr. R. Sagdeyev, dircctor of the Institute of Space
Research (K1), publicly claimed that Gorbachev
has a personal interest in gencral problems relating
to space and that on certain occasions Gorbachev
has cxpressed interest in special basic science pro-
jects. These claims are supported by the Soviet
press, which reported in March 1986 that Gorba-
chev invited Sagdeyev, Kovtunenko, and a host of

other Soviet space officials responsible for the Yega
" mission to the Kremtin to discuss the mission with
him.

N -
. 2 .lGorbachcv. recogniz-
ing the value of international coooeration on the

Vepa mission, decidad in Maroh 108 10zt
cooperation with the West, and the United States in
particular, on future space missions. This decision
was a reversal of his previous position of refusing to
cooperate with the United States in space as long as
the United States was pursuing its Strategic De-
fense Initiative (SDI).

The USSRs image as a major player in space
sciences has been enhanced by its aceess to space. Not
only docs the USSR have a vigorous space science
program planned, it has the booster capacity to
implement it. The USSR has cight well-tested, reli-
able launch vehicles, And it launches about 100
spacecraft (mostly military) annually. In addition, the
SL-X-17 hcavy-lift launch vchicle and a shuttle arc
undcr development, and a new medium-lift lavach

payloads can also be deployed from the Mir space
statioo

Contributing to the prestige of the Soviet scicatific
space program is ils incrcased visibility. The Soviet
press has publicized the recent successes of the scien-
tific space program. particularly the Venera 15 and
16 radar mapping missions and the Vega mission.
Moreover, the Sovict lcadership has permitted Soviet
spacc oflicials greater candor in their discussions and
has permitted Western scientists morc aceess to Sovi-
ct space facilities, including IKI[ and the Tyuratam
taunch complex. Examples of this openness are the
1986 ABC Nightline coverage of the Vega encounter
of Halley's comet televised from 1K1 and the many
details of the Murs-Phobos mission provided to

Western scientists by'P'o(h.iJ\dividual Sovict scientists
and the Soviel press

Also contributing 1o the prestige and visibility of the
Sovict scieatific program is international participa-
tion. In late 1985, the Sovicts established a new
organization, Glavkesmos, whose responsibilitics in-
clude promoting international cooperation in space.
Some Western space officials believe that Sagdeyev
has been given an official mandate to seck interna-
tional cooperation in the space sciences. This coopera-
tion encompasses Western nations, including the
United States and ESA, and other Bloc countries. For
cxamnle at [rzet nine Weetarn unteiae ne seall ~-
CSA wiit pruvide hardware and/or technical expertise
for the Mars-Phobos mission -

Future Missions: Basis for Prestige

The diversity, number, and, in some cases, sophistica-
tion of Sovict scicnlific space missions planned
through the end of the century form the basis for the
scientific space program's increasing international
prcsligc,‘

Astronomy Missions

 Although the Soviet Union has had an ongoing scien-

tific space program since 1957, it has conducted
relatively few astronomical studies from space. Many
such studics have been conducted by the West. The
Curivis s ANUR I RGN UL 8 3PBLECTRIL UCUICHLED
o astronomy was the taunch in 1983 of Astron, which
carrics an ultraviolet telescope. Before 1983, the
Soviets had conducted most of their space astronomi-
cal rescarch from manned space stations. In April
1987, the Soviets docked Kvant, a space station
module dedicated to astronomy, 10 their Mir'space

clatiar

A composite view of (ulure space astronomy missions
suggests that the Sovicts have a coordinated and well-
planncd program of astronomical investigation that
spans the entire clectromagnetic spectrum with the
possible exception of visible light. We do not know if




the Sovicts arc plaaning to conduct rescarch ia the
visible range of the specteum, as the United S!z’l'm
will do with the Hubblc Space Telescope = 7

Tables 1 and 2 provide dc(axlcd infocmation oa lhc
Savict astronomy tmsston

Gamma I. Gamma 1 will carry instrumeants to observe
ramma-ray sources and locate new oncs. Gamma rays
are very energetic photoas produced by nuclear reac-

tions. Gamma rays originate from large cosmic
- buests, where matter is in an cxtreme state—

supc.r‘uzh temperatures, exceptionally powerful mag-

RTUT §icids, and IRICHSC TEGIAUIOH GUAES. DUCH t'x_w,u-

tions are very difficult (o simulate on Earth

Analysis of data collected by Gamma | could enhance
understanding of the physical naturc and evolution of

objccts in the universe. This analysis may also help
dchinc both the nature of gamma-ray sourcces and

their relation to other sstrophysical objects and ex-
pa@_ knowledge of the laws of physical phenomena.

The launch of Gamma 1, also referred to by the
Sovicts as the “Gamma Obscrvatory,” has been de-
laycd since 1979, buf[:

we exnccl its launch in G8E.

t jdclays were due to dhnchies laBncai-

g the primary instrument, the gamma-ray telescope

Skale. whaes acincinal marite are e hich ancnlas

resolution and sensitivity, and to problems with space-

cralt desigr

r — 1

L |

Gamma | will probably include a camera in addition
to tts three reparted (cl scopes (scc table 2). Accordmg

Cardniins. «

[ € U mm
1T SSQOTyTY, WA JpasIiiail WG LAy an \.A‘:\u.-.uﬂ

that will havc photographic output, nccessitating

retricval of il canistérs from its 350-kilometer (km)
circufac orbit. No other dc(:nk regardiag this experi-
ment arc xvaxlablq" -

Granat. Granat will cacry instruments to locate gam-
ma-ray and X-ray sources, deteemine their character-
istics, and construct high-resolution images of these
sources. Because the sourccs of gamma radiation ace
not well established or understood, astronomers want
(o ascertain the acrival dicection of the gamma radia-

- tion and heace (he focation of these sources. The mast

effective technique foc determining location is to
make precision timing comparisoas (tciangulation
lc..nntumxl UUNG Miicnte cnacneralt sensretad b
fong dts(anccs. Granat will operate in coajunction
with threc spaceeraft—ESA’s solar probe Ulysses and
the two Sovict Mars-Phobos spacecraft. Using trian-
gulation, sources-of gamma bursts are expected to be
located with an accuracy of 10 arc scconds. Data
acquired during these missions may cnhance under-
standing of the final stages of stellar cvolution (for
cxample, pulsars and black holes) and the nature of
very encegetic phenomena occurring naturally in decp
space. The data may also improve the ability to
forecast the {utucce cvolution of our own sun

r ranat will carcy a
¥ranco-Sovict X-ray and zamma ray tclescope with
an cnergy range of 3 kiloclectroavolts (keV} to 10
McV, as showa in tablc 2. This instrument will

EELES

,: this
1astrument could provide limited data relevant (o a
auclcar weapon detonation owside the atmosphere.
Furthermore, given the involvement of the French and
their ckpcclalious for data, we belicve that the tele-
scopc was not designed exclusively for that purpose.

fiimmtinm in o ra-

atmospherc could bcddcc(cd [:

Although we have dctails on oaly three of the experi-

meats to be Aowa on Granat (sce table 2), an IK1
official has stated that it will carry seven primacy




S

Tnble 1
Futur: Soviet Astronomy Spicecraft

N:m.\c./‘

Mission Spacecraft
Leunct
Diite
Gummu | Collect data on the f ne strue- Modified
(fate ture of known discre ¢ gamma- Progress
1980s) ray sources and sear: h for new
ones e e
Granat Locate galactic and xtra-ga- Astron (Ve -
flute lactic sources of gam ma-ray €ra type)
19805} and X-ray radiation, record
time and spectral ch: racteris-
lics of gamma-ray a1 d X-ray
sources, and construit high-res.
oo Qlution images of these sources
Aclita Observe and analyze cosmic Possibly a
(curly 1o dust and molecular ¢ ouds and modified
md- determine the distrit ation of Progress
1590s) submillimcter wavel ngth back-
ground radiation rest lting from
e the creation of the u iy . _
Rudio- Study the structure ; nd physi- Unknown
astron “cal nature of compact super-
{carly 10 powerful cosmic ener gy gencra-
mid- ters, study phenomer o
1$90s) appearing to travel {isier than

the speed of light (su serluminal
phenomena), and stu ly radio-
wave scattering in in.crstellar

" Orbit

55.0:);r.r\‘circular (;r.-‘ -

oit with 65-degree
inclination

200,000-km apogee,
2,000-km perigee,

four-day period, $1-
degree inclination

Initial orbit 10 have

7.400-km perigee,
77,000-km 2pogce,
24-hour period, und
65-degree inclinu.
tion: final orbit to
have 46.8-day period
and 1-million-km
upogee

and be three-axis stabilized

‘Other Cour- Mass  Expecicd T Comments
tries Involved Lifetime
France, 1,500 kg Atlcast one Will have a large solﬁr panel
Poland year

1o within 0.5 degree
" Bulgaria, 2270kg  18-24 months

France,
Denmark

. vFram:c 12-18 m;!'n-li\s

ia, Nether-
lands,
Australia

FRG. Bulgar-

Two years

Telescope to operate be-
tween 0.1 mm and 1.0 or 2.0
mm; will be cooled to 27 K
aluminum alloy mirror
made in USSR

32




Table 2
Instrumients on Future Soviet \stronomy Spacecra

Nanwe Instruments (iype/nam 2) Encrgy Range Total Collection Ficld of View Angular Encrgy Detectors
e _ e _Arca . Resolution Resolution
Gamma ! Franco-Soviet gamma- ‘ay 50 MeV-6 GeV 1,400 sq cm 20 degrees 10 are minut:s ay 8§ degrees at 100
telescopc—Skala best MeV: 34 degrees
a1 350 MeV
Fr:;\co-Sovicl pulsar X.ray 2.20 -ke ' 600 sq cm 10 by 10 degrecs 3 degrees T
telescope—Pulsar X-2 S . e
Granat One-ton, Freneh-built, 20-700 keV 2,600 sq em 7 by 7 degrees 10 arc seconcs 8 degrees at 511 Position-sensitive
gamma-ray spark chan - (achicved whar keV scintillator
ber—Sigma

operating in1ri.
R N angulation maxie)

Franco-Soviet X-ray a1 d 3 keV-10 MeV ~ Xenon propor-

gamma-ray telescope tional counter;
ccintillator: bis.
muth-germanium

S oxide crystal

Sovict X-ray proportio: al 3-150 keV 600 sq em

6 degrees at 100
counter—Art Experim nt

keV; 20 degrees
e - at 6 keV

Acliti I-meter-diamcter teles ope 3-15 are minutes 25 are secondy ¢ French-duilt,

best 2-mm-diameter
detector arrays
wliil be cooled 1o
0.3 X
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Figure 1

Use of Radioastron for Very-Long-Bascline
Interferometry
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experimeats, with an emphasis on gamma-ray burst
detection. One of the experimentr /7 “ will be
an X-ray detector capablc of focusing ona gamma

burst within onc arc sccond and of narrowing the ficld
of view to improve accuracy

Aelita. Aclita will carry instruments to collect data on
nonemitling matter—molecular and dust clouds—and
background radiation (relic or residual ratii_aligp re-

sulting from the creation of the universe

Analysis of data from this mission could darify
understanding of the processes involved ia the forma-
(lon Q¢ SIS (N evalnnan of in(ercIanar matter

Aand
Sioiar Mallss, anc

galaxies as a wholc. A Soviet scientific journal stated
that the mission was also designed to continuc re-
scarch on cosmic background radiation that the Sovi-
cts began with Prognoz 9, launched in 1983. The
same journal stated that the aluminum alloy mirror
for the telescope was made in the USSR _l_lld the
dctector arrays were made in France

Radioastron. Radioastron will carry instruments to
colleet data on the nature of supcrpowerful cosmic-
cnergy generators and on radiowave scattering in
interstellar space. Data acquired by Radioastron arc
expected to improve the ability of Soviet radio astron-
omers to map the structurce of celestial radio sources,
such as clouds containing molecules of water and
hydroxide; radio stars; neutron stars; pulsars; black
holes; radio galaxy nuclei; and quasars. This mapoine
4ccuracy (s stX oracrs oI maganituae petier than the

best possible resolution using ground-based antennas.

Radioastron will operate in conjunction with 70-meter

ground-bascd antennas in the USSR "to conduct very-

long-bascline interferometry (VLBI; sce figure 1).
sotrt e L. .

po

22 NN Gigutas sisuie

tion that cannot be achieved by observations made
solely from Earth. Western radio astronomers recog-
nize, however, that the 1-million-km apogec orbit
chosen for the final phase of the mission will cause
difficulties in calibrating the antenna becam because

at that distance it will be difficult to find varesolved
sources, ’




- Figure 2
Design of the Radioastron Antenna

A 10-meter-diameter parabolic antenna will be de-
ployed automatically on Radioastron. The antenna
will operate at frequencies of 327, 1665, and 4830
megahertz and 22.2 gigahertz. It will have carbon
SSIT I panidhs wiinigad e prias Gusign
around a 3-meter, solid central paraboloid (sce figure
2). Automatic deployment and the use of composite
materials are significant tcchnological advances over
the design of an earlier 10-mcter-diameter, rib-truss,
wire-mesh-covered antcana manually asscmbled on
Salyut 6 in 1979. (The 10-meter-diameter antenna
deployed on Salyut 6 is the largest parabolic antenna

deployed by the Soviets in space.) According toa_
Soviet technical paper, the pointing accuracy of the
Radioastron antenna wil! be 120 arc seconds and
possibly can be improved 10 40 arc second

. [T, _khe Feder-
al Republic of Germany, Bulgaria, and the Nether-
lands have agreed to develop cooled transistors that
will reduce receiver noise. In addition, Australia has
.agreed to build an [.-band recciver and antennas in




New South Wales and Tasmania, Australia, to sup-
port the mission. The Soviets have also sought cooper-
ation, technologies, and instrumentation for the
Radioastron mission from NASA—including usc of
the US Deep Space Network (DSN), magnctic wide-
band recorder technology, and data-processing sys-
tems. If the Sovicts use sites only within their land
mass and Australia, rather than those in the DSN,
polential communication time with Radioastron
would be reduced. Magnetic wideband recorder tech-
nology is available from Western countrics other than
the United Claics. Uata-processiug sysiveis, however,
may be a key concern for Radioastron planners. We

P -t~ RO oo 0 ces e

UG e witd e wvtivie AL MV AV av i GG
own data-processing equipment for this mission, time-
share possiblc existing Soviet data-processing systems
with other Soviet users, or acquire the capability
abroad, cither through the purchase of data-process-
ing svstems or an agreement with a foreign company
to process the data. The Soviets have also cxpressed
interest in participating in the proposed ESA-NASA
Quasat VLBI mission. However, if the Soviets fail to
rcach agreement with NASA and ESA, they are
preparcd to conduct the Radioastron mission indepen-
dently

Other Space Astronomy Missions. As carly as the late
1970s and until 1984 [~

:] discussed a possibic radio astronomy mission
using a 30-meter-diameter antenna in space. The
mission entailed cansteuction of the agtenna by coc.
monauts in low-Earth orbit. Low-Earth orbit is gener-
ally considered to be an orbit whose apogec is no more
than 400 km. We believe that, although the Soviets
may have a continuing interest in such a mission, it
has not been officially approved. Possible, not-strictly-
scientific applications of a 30-meter-diameter, space-
based antenna include signal collection, radiometric
SUTVCULIANICE (LG rAUIUMELIIC MCASUTEMEnt Of CIECLro-
magnctic cmissions at microwave frequencics—for
cxample, emissions from rocket plumes and the sur-
face of water), radiometric remote seasing, and possi-
bly communication '

The Soviets arc also pursuing an ultraviolet space
telescope project, although we do not know if it is
funded. According (o an kast kuropean press report.

scienticte from the USSP the German Democratis

Republic, and Czechoslovakia aticnded a three-day
mecting in January 1985 to discuss the project. More
recent press reports indicate that the United Kingdom
is considering whether to place instruments on a
Soviet “extreme-uitraviolet and X-ray astronomy sa-
tellite™ to be launched in the 1990s. These rcports
may refer to the Spektr-Roentgen-Gamma mission
now being planned for launch in the carly 1990s.
According to the Sovict press and
Spektr-Roentgen-Gamma will be an tnternational —=
mission and will-carry ultraviolet, X-ray, and gamma-
ray scnsors il :

Z,u:aal 8;0.02 I:
The Soviets have undertaken funar and planctary )
missions since the carly days of their space program.
Although not always successful, their desire to explore
space has been relentless. The Soviets have not
launched a spacecraft 1o Mars since: 1973; however,
13 launches were attempted before 1973, By 1976,
the year of their last lunar launch, 48 spacecraft had
been launched to the Moor. The Soviets have
launchcd_lé spacecraft to Venus, the most recent in

1984

Soviet planctary spacecraft launched in the §1980s
after Venera 13, which was launched in 1981, have
increased lifetimes and cxtended flights. Yet none of
these spaczeraft will collect data on the outer plancts.
On the basis of comments by Sagdeyev and the

Soviets' pact uce of RTCGs. we belicve that ae

quate power supply, specifically inadequate RTGs,
has preveated Soviet exploration of the outer solar
system. The USSR has not cmployed RTGs in space
since their usc on two Kosmos missions in 1965 and on
lunar rovers in the early 1970s. Althoygh a nuclear
reactor could supply cnough power for a mission to
the outer plancts, the Soviets have been unwilling to
#CCePL tne WEIgnt penaity ol a rcactor 10f sucn a
mission. The Sevicts may reconsider such missions
now that testing of the SL-X-17 heavy-lift launch
vehicle has begun




Table 3
Future Soviet Planetary Missions

Name Mission Launch Spacecraft Orbit Other Panici;\;nls
Date
Mars- Collect data on the Sun, in-  Mid-July First of new generation of "Martian Au;(l:a—';';;n_cc FRG C
Phobos terplanctacy space, Mars, 1988 planctary spacecralt Switzerland, United King-
and Phabos dom, Brazil, Bulgaria,

GDR, Poland, Finfand.
Sweden, ESA. Crechaslova-
kia, Hungﬂg _

Mars Perform geochemical and Early-to- Mars-Phobos type Martian France

Orhiter limatalasicml rvonrimente mid. 1990¢

Mz s Lo Madi-Thobus (pn Temivinn

sample Mars for mal)x(s 1990s )

R return

—

The Soviets have shown interest in a Jupiter mission
since the 1970s. Although a Sovict interplanctary
scicntist stated that a mission to Jupiter and its moons
has been under consideration since carly 1985, we
have no indication that the Soviets arc giving it
scrious consideration

Beginning in carly 1986, the Soviets most likely
switched their focus from research on Venus to a
long-term investigation of Mars. Table 3, detailing
future Soviet planctary missions, reflects this switch.
The focus on Mars will
De sustained at Icasl (hrough tNe IYYUS. wWe ao Aot
know the specific reasons for the realignment of
cffort. Venus may now hold less attraction for the
Soviets because it is better known. The most recently
launched Venera and Vega spacecraft acquired much
high-quality data on Venus. In addition, in the late
1980s or carly 1990s, the United States plans to
TAUILL LIy T gutian spavociaii, wioes sessrde
to map the entire surface ~f Venus using a synthetic
aperture radar (SAR, ’

"

The Sovicts may belicve that they can attain greater
prestige internationally by focusing on Mars. Rela-
tively little attention has been given Mars since the
mid l970$ whcn lhc US Viking program was activc

YTV

in the early 1990s; however, the US mission is being
designed with limited resources and w1ll focus on
geoscience and atmospheric studie: ™

A new trend in Soviet mission planning for planetary
spacecraft is evolving. Multiobjective missions with
several participating nations began in 1984 with the
launches of the Vega spacecraft, which collected data
on both Venus and Halley's comet. The Mars-Phobos
mission to be launched in 1988 follows this trend.
Multiobjective missions, in addition to being economi-
cal, indicatc the Sovicts® increasing confidence in their
AOHILY 10U SUCTCSSI LY COMHPICLE CULIPICAICU LISt pratis
ctary mission:

Mars-Phobos. The Sovicets interd to separately launch
two sophisticated, unmanned spacecraft in mid- 1988
as part of a scientific investigation of Mars and
Phobos onc oflls two moons (scc insct). The 460-day

NN vl am ‘o J‘.......nd 12 M‘l‘—'

data on the Sun, interplanctary space, Mars, and
Phobos (see table 4). Non-Sovict Bloc nations will
participate in at least 13 of the 22 experiments on the
mission. Additionally, three distinguished US scicn-
tists have been named as interdisciplinary investiga-
tors




Mars-Phobos: An Ambitious Mission

The Mars-Phobos mission is an ambitious undertak-
ing. lts complexity rivals that of the US Viking
mission, which landed an impressive biochemical
analysis package on the Martian surface. Openness
about the goals of the mission demonstrates Soviet
confidence in their planetary program gained from
the Vencra |5 and 16 missions and from the Vega
missions

Phobos will be only the fifth extraterrestrial body to
he directln camplod by s conencents rr e oo 00
o greué scienific inierest becau‘se it may be oy
asteroid origin. Knowledge of its composition and
structure could provide insights into the origin of the
solar system. Previously, asteroids could be studied
only by ground-based instrument.

According to open-source reporting, both Mars-
Phobos spacecraft will be three-axis stabilized, will
have star orientation sensors capable of a stabiliza-
tion accuracy of * 1 degree, and will be the first of a
new generation of modular interplanetary spacecraft
adapted for future flights to planets, asteroids, and
comels (see figure

The scientific merit of the Lima-D laser experiment
(see table 4) has been queslioned:r -
. SPUEHC P UIIIHNCin DUVt J[IUL'( uye-
cials have opeMy criticized the experiment, which
weighs 70 of the 400 kilograms (kg) total weight of
the 22 experiments on the missior

We believe that the Soviets may have other reasons to

Justify the inclusion of this experiment in the mission.
Nt cmmmma a? S

A sl o Shiziiis
mation on how the West designs, develops, and space-
qualifies a laser—a step that could be necessary in
the development of a space-based military laser.
Although the Lima-D experiment is not a test ofa
prototype space-hased weapon, its performance’

. . is
very similar to lasers required for sonte strategic

netiniidacli lonmne comda.
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dolarca nonlicntinae o
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During the near encounter with Phobos, when the
spacecraft will hover above the Moon's surface, very
precise navigation will be required. The relief on
Phobos can be as great as I km. Furthermore,
Phobos's small, unmapped gravitational field, which
is undoubtedly highly irregular because of Phobos's
shape, adds to the complexit y of the navigation
problem. (According to an open source, the Soviets
will equip the spacecraft with Jootpads, These may be
intended to serve as shock absorbers in case of

ce. . e e me .
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Soviet space officials have discussed two landers Jor
the mission. The hopper lander will weigh 20 kg and
have whiskerlike rods to orient itself. lt is designed 1o
hop approximately 20 meters in each of its 10
planned hops. The hopper will transmit data {0 the
Mars-Phobos spacecraft for relay to EartH}

The stationary lander will be spin stabilized on its
descent from the spacecraft to Phobos and will be
fixed to the surface by an anchor. The lander will
weigh approximately 30 kg, will be powered by three
deployable solar panels, and will carry a S-meter-
long surface penetrator. Data transmissions from the
fixed lander to Earth would be planned during 30-
minute communications sessions every other orbit of
Phobos around Mars. The expected lifetime of the
tunaer 1y vae year”

The spacecraft are expecied (o make the most de-
tailed study ever conducted of the plasma environ-
ment near Mars. However, the experiments devoted
to the study of Mars itself are not expected to

produce fundamental discoveries about the planet,

LY N A S Y]
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ies. The spacecraft will measure the composition of
the atmosphere, determine how atmospheric tempera-
ture varies with altitude, map the surface, and scarth
Sor water. Such observations have been made by the
US Viking orbiters and several earlier Mariner
probes. Furthermore, the Viking landers made direct
measurements of atmospheric and surface progerties.
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The Mars-Phobos Spacecraft
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Mockups of the Mars-

: Phobas spaceeraft
displayed at the Paris

Air Show, June 1987,

Reverse lank




Table 4

Experiments To Be Conducted
During Mars-Phobos Mission

Experiment Subject Participating Expcrimcyll Subject Participating
. of Swudy Countrics of Study Countrics
Fregat (television coverage)  Phabos sur- Bulgaria. GDR. [PNM (mcasurcment of Neutren radi- USSR
(ace USSR .. ocutron flux intcnsity) ation from
Lima-D (fascr-mass spectro-  Phobos soil Austria, Bufgar- Phobas sur-
metric analysis) compasition ia, Czechosl face
kia, GDR, FRG.  Sovikoms {spectrometric Solar wind Austria, FRG,
USSR study of the ecncrgy mass and plasma Hungary, USSR
Grunt (radar study) " Phobossail . USSR and charge composition of  near Mars
[P
. P a ot Ot otoa PR
AKFM, I3M, and Termos-  Surtace tem- US3K, rrance ¢ UL UMANTIRILSIT Sruly N el Sina Sust e, riunge-
kan (radiometric and spec- peratures of solar wind) v, FRG. USSR
tral measurements) Mars and ) AEG-F (spectrometric study  Interplane- USSR, Hungary
Phobos of angular distributions of lary space
Stationary lander Phobossoll, USSR, France, ~ low-cncrey electrons) and plasma
inner struc- FRG, Hungary ncar Mars
ture, and li- Let (high-cnergy sofar cos- Cosmic mye  ESA, Hungary,
) bration point mic-ray specteometry) ___FRG, USSR
Hopping lander Phobos gravi- USSR Sled (low-cacrgy solar cos- Cosmic rays Hungary, FRG,
ty, soil, and mic-ray spectrometry) USSR
magnetic Plazma (radiosounding) Martian iono- USSR
. ficld L sphere
August (spectromelric Composition France, USSR FGMM and Magma Martian mag- GDR. USSR,
study} and structure (magnetometry) nctosphere Austria
of Martian and magnctic
atmosphere e . characteris-
Aspéra (cosmic plasma Martian at- Finland, Sweden, tics of Phobos
analyzer) mosphere USSR . Terck (solar X-ray study) Solar activity  Czcchoslovakia,
APV-F (plasma wave Martian mag-  Czechoslovakia, USSR
studies) netosphere ESA, Poland. RF-15and SUPR (monitor-  Solar activity ~ Czcchoslovakia,
and interplan- USSR fom Af Y orn amd sites - vean
Grary wicuut solar radiation)
GS-14 (gamma emission G‘,““’“a radi- USSR VGS and Lilas (cosmic solar  Sofar activity  France, USSR
study) ation from and gamma bursts study)
Martian and " P o
Iphir (solaroscillation study)  Sun’s inner ESA, France,
Phobos sur- Switrerland
rﬂCCS structure wilzerland,
USSR
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According to open-source information, the spacecraft
‘will rendezvous with Phobos and hover 50 meters
above its surface for a period of 15 to 20 minutes.
During this time, the spacceraft will drop a long-lived,
stationary lander and perhaps a lander that will hop
along the surface. The lander(s) will carry instruments
to study scismology, soil composition, temperature,
and the orbital dynamics of Phobos. Also during this
time, a lascr and a particle beam will be fired at
Phobos to produce an ion cloud composed of vaporized
soil. The ion cloud will be analyzed to determine the
composition of Phobos’s surface and to identify ions
implanted by the solar wind. Alter the hovering
ovitasc. ilic xsoacecrait’s vrbit will be chianeed o fuciii-
tate sensing of ghe Sun and Mars and further sensing
of Phobos™

Mars Orbiter. This mission, consisting of two space-
craft, will include geachemical and climatological
cxperiments much like the US Mars Obscrver. A
variety of sensors, including a SAR, a penetrometer (a
device for measuring the penetrability of a solid), and
a high-resolution television camera, are being zonsid-
cred for the mission. Also under consideration arc a
rover and balloons instrumented with a wide variety
of sensors| , the mission is

being considered for 1994

Mars Rover-and Soil Sample Retura. Key Soviet
space officials have repcatedly expressed interest in

anmther mi

rover to collect data about the surface of Mars and a
soil sample return. The mission is being considered for
the late 1990s. According to onc official, Gnrbachev
has approved a soil sample return missior. *

Manaed Mars Mission. Soviet officials r—

(

e a
pursuing @ long-term goal of 2 manned Mars mission.
[n addition (o thesc and similar statements, we have
three indicators of Soviet preparations for a manned
mission to Mars:

« The long-duration stays in space by cosmonauts.
. AE Jdreport of the development of magncto-
plasua ayitaiinc thiusicns or & manncd Mass

mission.

Sese””
v

C

* The mention of the possible development of a
nuclear rocket engine for 2 manned Mars gissk:'n in
the Soviet Encyclopedia of Cosmonautics

We belicve that the Sovicts have established a goal of
placing man on Mars. Although & manned Mars
flyby—probably onc ycar in duration with a crew of
three—could precede a manned fanding, two factors
suggest that the Sovicts are considering a landing for
their first manned Mars mission. First, recent com-
menls by Soviet space officials indicate that the
duration of the mission will range from one and a half
to three vears—longer than a fivby would require,
Aund sccond. ihe receniiv annouaced unmanned Maurs
missions planned for launch in the 1990s could pro-
vide the necessary scicntific data and technology
experience—which a manned flyby might otherwise
provide—to plan and support 2 manned Mars landing.

The Sovicts probably will not attenipt a manned
mission to Mars before the year 2000. A manned
Mars mission depends on successful development of
the propulsion system, on-orbit assembly techniques,
and other advanced systems (cryogenic cooling and
improved insulation). The manned Mars spacecralt
and propulsion system will have to be assembled in
low-Earth orbit. Such an undertaking will requirc the
SL-X-17 heavy-lift launch vehicle, now under devel-
opment; a manacd space station to support the assem-
bl in arhits and nrnhahle o cnnees tue naw ander
development. ta maye large components into position
for asscmbly

j indicate that the Soviets arc
investigating using nuclear encrgy to propel the space-
craft from Earth orbit. Launch vehicles equipped with
cither nuclear rocket engines or conventional rocket
cngines with cryogenic propeliants woula minimize
the number of suppart launches required (o assemble
a spacccraflt in fow-Earth orbit. However, both en-
gines will requirc the development of advanced refrig-
cration and insulation techniques to maintain the
cryogenic propellants in a liquid state. (The current
Soviet rocket engine technology réquires considerably
morc propellant and, hence, more support launches.)
We believe that the Soviets possibly cauld have both

meemilabla ke sbha id 100QN
“
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Venus - jndica(cs that the
Soviets have uu prans 10r 2 mission to Venus at least
through the 1990s. However, in the early 1980s, the
Soviets focused their interest on missions to Venus.
These missions were to include a lander with high-
temperature electronics capable of withstanding the
harsh Venusian cavironment for several months, a
lander with a much shorter lifetime, a rover, balloons,
Venus radar mapper(s), and payloads launched on a
Veaus-Earth-Mars trajcclory. Any of these missions
could be reinstated in the future

Moon. The lunar polar orbiter that had been an
approved mission intended for launch in 1990 or 1991
fnas heen canceied for. hudgetary reasans Aithangh
Soviet space officials have voiced interest in establish-
ing a lunar basag_ _Jindicalc that it has
not been included in their current space plan. This is
Br_op_ablv.lb_g five-year plan that began in 1986.

While we can identify no compelling reason for the
Soviets to go to the Moon in the near term, a lunar po-
lar orbiter could survey the lunar surface for sites for
an cventual lunar base. A base could be the center for
logistic support of large space complexes. As an
example, propellants (hydrogen and oxygen) mined
from the lunar surface would be more efficiently
_supplicd to an orbiting station than those from Earth.

Tlhe Weste mmiceian i

have participated, was designed to collect data on
comets and asteroids, possibly including the asteroid
Vesta, in the solar system, .
suggests that the mission has been canceled because
of a lack of French funding for it-

Solar-Terrestrial Physics Missions

Solar-terrestrial physics addresses the flow of energy
(in the form of particulate and electromagnetic radia-
tion) from the Sun to Earth and the effccts of that
enzrgy flow on the space and atmospheric environ-
meat in the immediate vicinity of Earth. Sovict solar-
terrestrial physics experiments have been flown pri-
marily on Prognoz and Interkosmos spacecraft; some
have been included on interplanetary, lunar, and

ret

meteor missions. Since the late 1970s, Prognoz space-
craft have been launched every other year. The'
Sovicets launched 22 Interkosmos spacecraft between
1969 and 1981, and none have been launched since
then. Table 5 summarizes future Soviet solar-
terrestrial physics missions J”

An understanding of solar-terrestriaf physics is of
practical importance. Solar activity can affect the
maximum and minimum usable frequencies of a high-
frequency (HF) communications network. Also, ad-
vance assignment of a communications chanael re-
quires a knowledge of expected solar activity levels.
Solar activity can alsa nerturb cnacreraft arhite:
disrunt and daorade survatdiance, datection sad
tracking systems; and interfere with the operation of
spacecraft electronics. The Soviet manned space pro-
gram relics on the monitoring of solar radio emissions
when planning and performing extravehicular activi-
ties. Furthermore, evidence that solar activity aflects
global weather patterns is now fairly conclusive,
although the nature of the interaction is still a
complete mystery. A knowledge of the upper atmo-
sphere (altitudes between 60 and 500 km) is also
important because at these altitudes reentry vehicles
experience their maximum heat loads and the orbits
of low-altitude spacecraft are affected most by atmo-
spheric drsg

Active. The Active spacecraft will collect data on the
spatial structure of wave ducts, nonlincar distortion of

. LRt RO AN

(RF) heating of plasma, and RF discharge around the
spacecraft. [n addition to their scientific merits, the
cxperiments aboard Active could relate to Sovict
intelligence and/or military cﬂ"ortsr-

ret
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Table 5

Future Soviet Solar-Terrestrial Physics
and Biomedical Space Missions

Namc Mission Launch Spacccraft Orbit Other
Date Participating
e Countrics
Active Study the following: spatial Late tnterkosmos auto- Highly clliptical. Bulgaria,
(also called structure of wave ducts by fo- 1980s matic universal or- highly inclined Czechoslova-
Aktivayy-tki cusing on plasma wavcs, encr- biting satctlite kia. Potand,
getic particles, and cold plasma {AUOS) with a GDR, Roma-
mcasurcments; nonlinear dis- subsatellite nia, Hungary,
tortion of wave signals; particle Cuba
precipitation; RF heating of
Alaemac and DT Aol
around the coacncratt
Apcx Study plasma under conditions 1989 or Interkosmos AUQS Highly clliptical, GDR.
that cannot be duplicated in the 1990 R highly inclincd Bulgaria,
lab, as well as model and simu- Czechoslova-
late geophysical processes by kia, Poland,
mcans of injcction of clectron Romania,
and plasma beams Hungary
Prognoz it and Determine more precisely the Early Prognoz with One Prognoz will Czechoslova-
Prognoz 12 (with naturc and cxtent of the effects 1990s subsatellite have a 250,000-km kia, Bulgaria,
. Interbalt of solar bursts ard flares on the apogee, a 500-km Hungary.
experiment) Carth's ionosphere and perigee, and a 96- CDR, Cuba,
magnctosphere hour period; the oth-  Poland,
cr Prognoz will have  Romania,
a 20,000-km apogec.  France, Aus-
a 500-km perigee, tria, Canada,
and a five-hour ESA, Swe-
period den, Finland
Prognoz 13 (with *Mcasurc the solar wind and the  Early Prognoz To be placed at the Bulgaria
Relict Earth’s magnctosphere; study 1990s L2 Lagrange point
cxperiment) the large-scale structure and
dynamics of the development of
our galaxy; collect background
universe
Low-Altitude Study coherent clectromagnetic  Mid- AUOS with four un-  1,500-ken apogee and
Auroral Cluster structures of auroral longitudi- 1990s oricnted subsatellites  S00-km perigee
nal currents and the physics of
ionosphcric jon injection into
the magnctosphere -
Magnetospheric Will perform radio sounding to  Mid- Two Prognoz; cach
Mission stud, 1990s will cject a .
- - s
in the plasma sheet 10 trigger
substorms, and will measure lo-
. cal plasmas and ficlds
Biosal 1989 Collcct data for usc in the sisudy  SeporOct Vosiok type Inclined 62 degrees France
of space biology and m.c_lﬁ@"lc 1989
16
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The Active spacccraft may collect .information rele-
vant to Sovict investigations of commumcau ns be-
tween s acccrafl and submcr (o

The Active mission consists of 2 main spacccraft and
a 35-kg subsatellite!™
ayloab‘l‘itrumcnlallon on the primary
ll include a puls=d VLF transmitter
having 5- to 10-kW peak power and operating at 10
kilohertz. using a 10- to 20-meter loop antenna ™ -

— 1

cecrafl

Apex. The effects of both electromagactic and pactic-
ulate (xenon gas) injections into the ionosphere will be
—scosed by instruments on the Apex spacecrafl.f

J

A:rugnun ifanma iz ;;.;ll‘[ l-llltl;ll;l. EA[ICI;IICCIII.
[nterball experiment to be flown on the Prognoz 11

and 12 spacccraft will collect data usclul in modcling
solar cffects on the magnetosphere. Such a model will

Lue

cret

be useful in a varicty of both Earth- and spacc-based
civilian and military programs, including over-the-
horizon radar operations and communications. The
experiment involves the cjection of 35-ke
Czechoslovakian-built subsatellites (daughter satel-
lites) from the Prognoz spacecraft. The Prognoz
spacecralt will have a scannlng photometer capable of
ultraviolet imaging.*

Prognoz 13 With Relict Experiment. Instruments to
be flown on the Prognoz 13 spacecraft will measure
the solar wind and the Earth's magnetosphere, as well
as conduct an astronomy experiment. The Relict

SlrANAMU Avariant neiede nf cormoson wa Al monm
astronemy expenment eonsists of misrowave radisme.

ters that, like instruments on the Aclita spacecraft,
are designed to detect radiation (rthc( radiation) left
over from the creation of the universe. This experi-
meat is a2 continuation of the Relict cxperiment
conducted on Prognoz 9, launched in 1983.

International Solar-Terrestrial Physics Program.
NASA, ESA, and the Japanese Institute of Spacc and
Astronautical Science are developing the Internation-
al Solar-Terrestrial Physics Program (ISTPP) o make
a long-term, comprehensive assessment of solar-
terrestrial interactions. In support of this program,
ESA has proposed Cluster—a group of onc main and
three companion, spin-stabilized satellites—and the
Solar and Heliospheric Observatory (SOHO), which is

intended to orbit the Earth-Sun LI Lagrange point.

The USSR has expressed much iaterest in participat-
ing in the ISTPP and has suggested several ways that
this might be accomplished. C state
that the Sovicts arc planning two Spacccr-n'
missions—the Low- Altitude Auroral Cluster and the
Maznc(osphcnc Mission—that complcmcnl the

. m—— . aen
LI P} uua.uvua M auutLvey, e uvnvu taes vi-

fered to support the ISTPP with the Corona solar
probe. These three spacecraft will be launched at {wo-
year intervals (o study solar flares and the solar
corona. . Jmany [nter-
kosmos countrics h=vr hern mvucd to participate in
the Corona missio-

cret
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Biomedical Missions

The USSR has a continuing biological satellite (bio-
sat) program and over the past 20 years has launched
nine dedicated biomedical missions. Biomedical ex-
periments have also been performed on the unmanned
precursors of manned spacecraft, on manned space-
craft, and on recoverable reconnaissance spacceraft.
The tightly focused, stated, long-term goal of all these
missions is to achieve unlimited human spaceflight.
Of the many biological and medical experiments
conducted by the Soviets in space, most have ad-
dressed the effects of weightlessness and radiation
exposurc One of the pnmary advantagcs of the
vnuaata Ao uu‘u. tuuv nv at un:uc« mumuuuu\ l(ldll uo
Sovict space stations (03 degrees versus 52 degrees),
and thus are exposed to higher levels of radiation.

- With these spacecralt then, the Soviets can acquire
data on radiation exposure without human risk. The
concern over radiation exposure to humans is particu-
larly relevant to long-term manned spaceflight, par-
ticularly manned interplanetary spaceflight, because
of the cumulative nature of radiation injury, unpre-
dictability of solar activity, and increased exposure as
one goes beyond the Earth's radiation belt

The most recent biosat (launched in September 1987)
was a 13-day mission. On board were two large
primates, probably rhesus monkeys, as well as a
varicty of smaller animals and plants. According to
recent, reliable reporting, the USSR will continue the
biosat program with launches cvery two years®

Benefits of the Soviet Scientific Space Program

Over the years, the USSR has derived a variety of
benefits and advantages from its pursuit of the space
sciences. We believe these benefits will increase in

number and anneat ac the nragram canturae ~ wddes
audience. lecn the support of Soviet ot’ﬁcnaldom, we
belicve that the leadership recognizes these benefits

and will continue to support a strong scientific space

progran

Scientific space missions can build or promote a
national image. The Sovict lcadership may consiter

aac s —nnt vemlos ~bla e .62
£ the most valuable Seachts of its space program

Lo be the promotion of the USSR as a pcace-loving
nation, as opposcd to the United States, which the

Sy/

Soviets claim is militarizing space through its SDI.
Numerous examples of this—all approved by the
Soviet leadership and some intended for international
consumption—are found in Sovict literature and espe-
cially in the Soviet news media:

¢ Pravda in July 1986 noted that **Moscow and Paris
are setting an example of the peaceful development
of space by cooperating with states belonging to
different social systems.”

.

On 14 July 1986, TASS broadcast a program in
English stating that the USSR has chosen to ad-

vance sCience throtohn nrograme ¢ cuch ae Yanra in

scence through ged in

contrast to the United States, which hopes to ad-
vance science by its SDI.

Sagdeyev has publicly joked before international
audiences that the laser to be flown on the Mars-
Phobos mission “is 10-to-the-minus seventh to 10-
to-the-inus cighth the strength of a laser for Star
Wars

A strong scientific space program can also promote
the image of the USSR as a technologically advanced
nation and a major player in space. International
recognition as a space power probably depends to a
great extent on visible accomplishments. Neither the
United States nor the USSR publicizes its military
and intelligence missions. Consequently, Soviet press
releases and television coverare of peaceful scientific
MISSIONS COUIA INNUENCe WOrid opinion, particularly
when they have unequaled aceess to space. In addi-
tion, at the Space Forum, a symposium hosted by the
USSR in Moscow in October 1987 and attended by
approximately 300 Western scientists, the Soviets
demonstrated confidence and prowess in openly dis-
cussing their scientific spacc program. Although thc

R
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was pohucally proﬁlablc This enhanced image could
favorably influcncr customers secking commerecial
launche:

The USSR also benefits internally from a strong
space science program. Technologics tested on scien-
tific space missions have been mcorporatcd into more

-4
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Soviet military and intelligence services. Gallium
arsenide solar panels were first flown on Venera 13
and 14 in 1981 and were later incorporated into the -
manned space program on Salyut 7. Furthermore,
SARs tested on civil/scientific missions probably will
aid the Sovng_;m d‘:vclopmg SARs for military
applications

The USSR has acquired foreign instrumentation and
operational procedures as a result of international
parlicipation in its scientific spacc program. For

e Alnar v - -
Co\muyn., e Comndiaa ~ Mrﬂlr\‘Ml"\n in tha Tntnme

ball mlssxon. acoordmz to thc Sovxct prcss Thcy havc

uyv.-w Bive .unu; LNV Cantivias uu.-w va :lav qu\n
lor the imager supptied by Canada for Sweden's
Viking satellite. If the cameras are to be placed on the
Interball, state-of-the-art technology in staring
imagers will be transferred to the USSR. In other
cascs, the Soviets have gained access to foreign

s

development and test facilitics. Foreign participation
can reduce the mission cost to the Soviets and/or
minimize the risk of equipment failure. Whenever
foreign technology is also applicable to mulitary sys-
tems, the payoff oLmlcrnauonal participation is even
more appealing |

As & diplomatic tool, the Soviet scientific space
program can be used to promote cooperation and
foster trust among nations. With offers to cooperale in
scientific space missions, the USSR can use to its
~rdvantaoe the frustration that some Western scien- «
tists feel over the uncertainties in US programs




