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B koHue 60-x rogos Ha CTapokarny»xCckom wocce, B TO
BpeMsi HA OKpauHe MOCKBBbI, BbIPOCNO HOBOe 12-3Ta)kHoe
3aaHuve. B Hem pasmecTunca MHCTUTYT KOCMUYECKUX
nccneposaHun Akagemun Hayk CCCP (MUKW AH CCCP).
CoenageHue rnyboko cumsonuydHoe. OTedecTBEHHas
Hayka O KOCMOCe Ha4danacb B ManeHbKOM POCCUNCKOM
ropogke Kanyre, KOTOpyk No npaBy Ha3biBaKOT
«KOCMUYECKOW» UNKn ropoaom LInonkosckoro: sennkum
y4eHbin npoxun B Kanyre 43 roga— camyto
NA0A40TBOPHYIO NMOPY CBOEW »XU3HMU.

Late in the 1960s a new 12-storey building rose in
Starokaluzhskoye Highway, then on the edge of the
city. It housed the USSR Academy of Sciences’ Space
Research Institute. This was a deeply symbolic
coincidence. Soviet space science originated in Kaluga,
a small town in Russia, which is by right called a Space
City or Tsiolkovsky's City: the great scientist lived in
Kaluga for 43 years. That was the most fruitful period
of his life.




Csoum chacagom 3paHuve
MHCcTUTyTa BbIXOAUT Ha nnowaas,
HOCALLYIO UMSA BblAatoLLerocs
COBETCKOro y4eHoro akagemmka
M. B. Kengpiwa. Akagemnk
KenAasiw, BHECWNA 3HAYUTENbHBIV
BKNag B pa3paboTky u
NpeTBOpPeHUe B XU3Hb COBETCKOWM
KOCMMW4€EeCKOW nporpammsl,
npuHUMan HenocpeacTBeHHOoe
y4yacTue B opraHusauyuv un
cTaHoBneHun NHcTutyTa
KOoCMU4Yeckux uccnegosarHumn AH
CCCP.

CosfgaHHbi B 1965 r. Ha 6a3e
psiga otaenoB u nabopatopum,
paboTaBlMX paHee Nno
KOCMUYECKOW TemaTuke B
pasnn4HbIX UHCTUTYTax Akagemum
HayK v Apyrux BefjOMCTB,
MHCTUTYT siIBNAIETCA roONOBHOW
opraHusayven AH CCCP u coseta
«NHTepkocMoc» B obnactu
Hay4HbIX uccneaoBaHUn
KOCMUYECKOro NpoCTpaHCTBa,
nnaHet ConHeYHOWM CUCTEMbI 1
Apyrux o6bekToB BceneHHon.
MK AH CCCP nopy4eHbl TakXe
nogrotoska u obocHosaHve
NPOrpaMM KOCMMUYECKUX

uccnegosaHui, paspaboTka,
UCNbITAHUA N NpUMeHeHue
Hay4HOW annapaTtypbl 4Nsi 3TUX
nccneposaHun, obecneveHue
MeXAyHapoAHOro coTpygHudecTsa
B 06nacT¥ KOCMUYECKNX
uccnefoBaHun.

CtpykTypa UHCTUTYTa
onpeaenseTcsi OCHOBHbLIMU
3aga4aMu ero Hay4Ho-
TexXHU4YeckKon aesTenbHoCTU. B
MHCTUTYTE MMEeIoTCA Hay4YHble
otaensl n nabopartopuum no
pas’nuyHbIM HanpaBfeHUAM
KOCMUYECKON (PU3UNKMU:
KOCMUWYeCKOW nna3mbl,
ncecrnenoBaHun nNnaHer,
3KCrepuMeHTarIbHON U
TeopeTn4EeCKOW acTpouU3nKu,
KOCMU4ECKOro
MartepuanosegeHunss, ONTUKO-
Pr3nHecKux uccnenoBaHun, a
Tak>xe oTAenbl Hay4YHo-
TexHu4eckoro obecneveHus
3KCNepuUMEHTOB Ha
aBTOMaTUYECKUX U NUNOTUPYEMbIX
KOCMU4YeCKUX annaparax.
MHCTUTYT pacnonaraeT MOLYHOX
Bbl4MCNMTENbHON 6a3on Ansa
06paboTkn Hay4HOW MHpopmaluu.

naBHbM kKOpnyc MHCTUTYTa KOCMUYECKMX
uccnegoBsaHum

Main building of the Space Research
Institute of the USSR Academy of
Sciences
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Kpome Toro, umeeTcs psg
TexXHU4eCcKux noapasgeneHuwin n
CNy>x6, BKOYaIoLWMX ONbITHOE
NPOuU3BOACTBO, KOHCTPYKTOPCKUA,
TEXHONOrMYEeCKUN N TeXHUYECKUA

oTAenbl, KOHTPOSbHO-
MUCNbITaTesNbHYIO CTaHUuIo, oTAen
Hay4HO-TeXHU4EeCKON UHdopmaymum
W NAaTEHTHO-NIMLEH3UOHHBIN oTAen.
MKW AH CCCP noa4vHeHbl
Oco6oe koHCTpyKTOpCKOE 610p0
(OKB K AH CCCP) B

r. ®pyH3e, KOTOpoe B HacTosilee
BpeMs SiIBNAETCS MOLYHOW
KOHCTPYKTOPCKOW OpraHusayuen
CO CBOWM ONMbITHLIM '
NPOU3BOACTBOM, U TepMUHaNbHas
cTaHuus npu LleHTpe aanbHen
KOCMU4yecKon cBfAsu B EBnatopun,
obpabaTbiBalowas v nepegarouias
Hay4HY0 UH(POpMaUMmIO.

MNHCTUTYT umeeT cBOU
nogpasaeneHus Ha KocMoapomax.
B 3agayy atux nogpasaeneHui
BXOAUT OpraHuM3auusi u y4actuve B
3aKNo4YUTESIbHbIX UCMNbITAHNUSAX
KOMNIeKkca Hay4yHon annapartypbl
nepea 3anyCckomM KOCMU4YECKOro
annapara. )

B r. Tapyce Kanyxckon obnacTtu



CO034aH0 U pa3BuBaeTCsA HOBOE
ONbITHOE NPOU3BOACTBO HAyYHOW
annapaTtypbl UKW AH CCCP —
KoMnnekc obwen nnowanbio

20 TbIC. KB. M.

OagHoBpeMeHHO C opraHu3auuven
nNpon3BOACTBA CTPOATCH XUIOU
MUKpPOPanoH, 6bITOBblE 06 BEKTHI U
06BEKTbI MHXXEHEepPHOro
obecnederus. U
NPOV3BOACTBEHHbIA KOMMMEKC, 1
MUKPOpanoH pacnosnaratoTcs B
OAHOM U3 KpacuMBEWLUUX MeCT
MNogMockoBbSA, rae XXunu u
pa6otanu K. I'. [aycToBCKUH,

B. A. BataruH, M. WU. LiBeTaeBa n
Apyrue BblaalowMecs CoBeTCKue
nucaTenu U XyaoXHUKMW.

Moytn 10 net KN AH CCCP
BO3rnNaBnsnN ero nepsbin
AVPEKTOp akagemMuk

. U. Netpos. C 1973 no 1988 r.
MHCTUTYTOM pyKOoBOAUN aKageMuk
P. 3. CarpeeB. B 1988 r.
AVPEKTOPOM Ha aslbTepHaTUBHON
ocHoBe 6bin u3bpaH YneH-
koppecnoHaeHt AH CCCP

A. A. lanees.

C WHctuTyTOM CBSA3aHbl UMEHA
Takux BeAyLMX YYeHbIX CTpaHbl,
Kak akagemuk . b. 3enbgosny,
4nex-koppecnoHaeHT AH CCCP
U. C. Wknosckun, 3gecb
paboTaloT YneH-KoppecnoHA4eHT
AH CCCP P. A. CioHsieB, 0KOMO
50 pokTOpOB Hayk u cBbiwe 170
KaHaMAaaToB Hayk.

Mpyn UHCTUTYTE DYHKUMOHMPYIOT
cneunanuavpoBaHHble Y4eHble
coBeTbl NO 3aWuTe AOKTOPCKUX U
KaHAuAaTCKUX guccepTaymn.

MKW AH CCCP siBnsieTcs
MeToaundeckon 6a3on psga By3oB
CTpaHbl, B TOM 4YUCne Takux, Kak
MockoBCKul (hnankKo-TexHNHECKUn
WMHCTUTYT 1 MockoBcKuiA
VH)XeHepHO-(husn4eckumn
WHCTUTYT.

3a nocnegHwue rogbl MHCTUTYT
COBMECTHO C Hay4HbiMKu coBeTamu
AH CCCP no OCHOBHbIM
HanpaBNeHUsIM KOCMUYECKUX
uccnenosaHun nposen 60nbLUYIO
paboTy Nno nepcneKTUBHOMY
NSaHMPOBAHUIO U CO34aHUIO
nporpamMmm KOCMMUHYECKUX
uccnefoBaHui U UX KoopauHauun.
3Ha4uTenbHas 4acTb 3TUX
nporpamMm BbINOMHAETCS B paMmkax
MeXAyHapogHoro
COTpyAHU4ecTBa.

CoTtpyaHukn UK AH CCCP
NPUHUMaNN aKTUBHOE y4acTue B
NoAroToBKe Hay4HOW annapaTypbl,
NpoBeAEeHUN 3KCNEPUMEHTOB,
nony4yeHun n obpaboTke Hay4HOW
MHdOpMaLM C KOCMUYECKUX
061beKToB, 3anycKaembix no
COBETCKON KOCMUYECKOW
nporpaMmMe (annapaTtoB W CTaHUWUh
cepuin «Kocmoc», «[MporHos»,
«Mapc»' «BeHepa», «”yHa»,
MUIOTUPYEMbIX KOCMUYECKNX
Kopabnen «Coto3» n opbuTanbHbIX
Hay4HbIX cTaHuun «CanioT»), a
TakKxe B NpoekTax,
OCYLLECTBNSAEMbIX B paMmKax
MeXAyHapoaHoro
coTpyaHudectBa — «Cot03» —
«AnonnoH», APAKC, «CHer»,
«Papyra», «MHTepkocMmoc»,
«Bera», «®oboc» n gp.

B pamkax Hay4HO-TEXHU4ECKOWN u
MeTogudeckon pabotel MK AH
CCCP B3anmopgenctayeT 6onee
yem co 100 Hay4HbIMU
opraHusauusMu cTpaHbl U
Aecarkamm 3apy6exxHbiX Hay4YHbIX
opraHusauyun. MNMpu ocyuwecTeneHnu
NUNOTUpyeMbiX nonetos MHCTUTYT
BO3rnasnsieT MeToANYECKYIO U
TEXHUYECKYIO NOATOTOBKY
KOCMOHAaBTOB NO Hay4YHbIM
3KcnepumeHTam, nposogumbim AH
CCCP.

YcnewHas MHoronsnaHosasi
AeaTenbHocTb UHCTUTYTA,
HanpaBfieHHan Ha passBuTue
hyHaamMeHTanbHbIX U NPUKNAAHbIX
uccnenoBaHW, HEOAHOKPATHO
oTMeYanacb NpaBUTENbLCTBOM
CCCP.

C 1986 r. Ha 3HameHu UHCTUTyTa
opAaeH JleHnHa. bonee gByxcoT
cotpyaHukos UK AH CCCP
HarpaxaeHbl opaeHamu n
megansmu Cosetckoro Cotosa,
okono 50 coTpyaHMKOB CTanu
naypeatamu JleHUHCKON w
FocypapcTBEHHOM npemMuyin,
npemun JIEHUHCKOro Komcomona.
Akapemuky P. 3. CargeeBy
npuceoeHo 3saHue [eposi
Coyunanuctudeckoro Tpyaa.
Tonbko 3a nocnegHue 10 net
coTpyaHukamm UHcTUTyTa nogaHo
6onee 500 3asBOK Ha
n3obpeTeHus, 3aperncTpmposaHo
7 OTKpPbLITUWA, B TOM YuCie psg
n306peTeHun U OTKpPbLITUA caenaH
COBMECTHO C aBTOpamu u3

CTpaH — y4aCTHWL, NpOrpaMmmsil

«MHTepkoCcMOC».

C 1967 r. MHCTUTYT exerogHo
ABNAETCA y4aCTHUKOM BbicTaBku
AOCTWXKEeHUA HapOAHOro
xo3sanctea CCCP (BAHX). 3a
BOCTUTHYTbIE yCnexu KONnekTus
UHcTuTyTa HarpaxxaeH 6onee 4yem
AsaguaTbio lunnomamu

| cTeneHn, oKono

700 cOTpyAHUKOB HarpaXkgeHbl
Aunnomamu MoyeTa, 30N0TbIMY,
cepebpsiHbiMU 1 6POH30BbLIMU
Mepansmu BOHX.

YyeHble UHCTUTYTA ABNAIOTCA
YyneHamu MHOTUX WHOCTPaHHbIX
Hay4HbIX 06WeCTB U akafeMun:
MexayHapogHoro komuteTa no
KOCMUYECKUM UCCneaoBaHUAM
(KOCIAP), MexayHapoaHow
acTpoHOMUYeCKon beaepaymm
(MA®), MexxayHapoaHoro
acTpoHomuyeckoro cotosa (MAC),
MexayHapogHoro
reousnyeckoro cotwaa (MIrc),
KoHCcynbTaTMBHOM KOMUCCUM
LieHTpa no ouyeHke cnyTHAKOBOW
cuTyauumn Ansi Nporpammbil
MexayHapoaHOro Uay4eHus
marHutocgepol (MUM), Komuccum
Nno nNNaHeTapHbIM HayKam,
O6uwecTtBa um. M. MnaHka (OPIN),
KoponeBcKoro acTpoHOMU4YECKOro
obuiecTtBa (BenukobputaHus),
HaynoHanbHOW akagemumn Hayk
CLWUA v psiga apyrux.

Begywme cneumanuctbl MHCTUTYTA
BXOAAT B peaKonnerum
OTe4eCTBEHHbIX U 3apy6exxHbIX
XXypHanoB («Kocmuyeckue
uccnepoBsaHus», «AccnegosaHus
3emnu n3 kocmoca»,
«ACTPOHOMUYECKUI XXypHaIT»,
«Pusmka nnasmbi», «3emnis u
BceneHnan», «Space Science
Instrumentation» n gp.).
E>xxerogHo coTpyaHuku MHCcTuTyTa
ny6nukytoT okono 500 Hay4HbIX
paboT B OTE4ECTBEHHbIX U
3apy6eXxHbix XXypHanax.
N3gaTtenbcTBO «Hayka» exerogHo
BbinyckaeT 5-6 COOpHUKOB cTaTen
¥ MOHorpacguin, NnoA4roTOBMEHHbIX
B UHCTUTYTE 06WmnM 06 bEMOM
cBbiwe 100 aBTOPCKUX NUCTOB.
MHcTUTYT BegeT 6onbuyto paboTy
Nno nponaraHge Hay4YHbIX 3HaHWA.
Ero coTpyaHuUK® perynsipHo
BbICTyNnaloT B UEeHTpasibHOU
neyaTtn, 6onee 100 4Yenosek
ABNAIOTCA YneHamu BcecolosHoro
obuwecTtBa «3HaHune», okono 20



YenoBsek y4yacTByloT B paboTe
pa3nnyHbIX ero opraHoBs: B
npaBneHun n B Hay4Ho-
MeToANYEeCKUX coBeTax.

Llenb HacTosIWero nsgaHus —
npeacTaBUTb OCHOBHbIE
HanpaBfieHUs Hay4HO-
TexHu4eckon agestenbHocTu UKU
AH CCCP, kpaTko
uHdopMupoBaTtb 0 Hambonee
UHTepeCHbIX paboTax,
NoslyHeHHbIX peadynbsraTtax, o
MHOrorpaHHOW TBOPYECKOW XXWU3HU
Hay4HOro KOnneKTuea, CBOUM
TPYAOM BHOCSILLErO0 CKPOMHYHO
nenTy B Nporpecc Hawero
obuwecTsa.

The Institute’s building faces the
square named after Academician
Mstislav Keldysh, an outstanding
Soviet scientist. Academician
Keldysh, who made a weighty
contribution to the elaboration
and implementation of the Soviet
space programme, took an
active part in organizing and
developing the USSR Academy
of Sciences’ Space Research
Institute. , ’

The Institute was founded in
1965 on the basis of some
departments and laboratories
earlier engaged in space
exploration at various institutes
of the Academy of Sciences and
other agencies. It is the leading
organization of the USSR
Academy of Sciences and the
Intercosmos Council in the field
of investigations of outer space,
the solar system planets and
other objects of the Universe.
The Space Research Institute
prepares and substantiates
space research programmes,
designs, tests and uses scientific
instrumentation for such
research, ensures international
cooperation in the field of space
research.

The Institute’'s structure is
determined by the main tasks of
its scientific and technical
activity. The Institute has
scientific departments and
laboratories studying various
aspects of cosmophysics: space
plasma, planets, experimental
and theoretical astrophysics,

YyeHbit coBeT UHCTUTYTa

space materials technology,
optical and physical studies, as
well as departments of scientific
and technical ensurance of
experiments on unmanned and
manned space vehicles. The
institute possesses a powerful
computer basis for processing
scientific information. In
addition, it has some technical
departments and services,
including experimental
production, the design,
technological and technical
departments, a control-testing
station, the department of
scientific and technical
information and the patent-
licence department.

The Special Design Office in the
city of Frunze, which is now a
powerful design organization
with its own experimental
production, a terminal station in
the Deep Space
Communications Centre in
Yevpatoria which processes and
transmits scientific information,

Scientific Council of the Institute

are subordinated to the Space
Research Institute.

The institute has its sections on
cosmodromes. They take part in
organizing and implementing the
final tests of scientific
instruments before the launch of
spacecraft.

In the town of Tarusa in the
Kaluga Region new pilot
production of scientific
instrumentation of the Space
Research Institute has been set
up on an area of 20,000 square
metres. Along with production
premises, a housing
neighbourhood, public service
establishments and engineering
facilities are being built here.
This is one of the most beautiful
places in the Moscow Region
where Konstantin Paustovsky,
Vasily Vatagin, Marina
Tsvetayeva and other
outstanding Soviet writers and
painters lived and worked.

For about ten years the Institute
was headed by its first director
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A group of the Institute staff
workers, rewarded for the
active contribution to he Vega
mission, with the leaders of the
USSR Academy of Sciences
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Academician Georgy Petrov.
From 1973 to 1988 this post was
held by Academician Roald
Sagdeyev. In 1988 A. A. Galeyev,
a Corresponding Member of the
USSR Academy of Sciences, was
elected among alternative
candidates as the Institute’s
director.

Such prominent scientists as
Yakov Zeldovich, an
Academician, and losif
Shklovsky, a Corresponding
Member of the USSR Academy
of Sciences, worked at the
Institute. R. A. Syunyayev,
Corresponding Member of

the USSR Academy of Sciences,
is on the Institute’s staff.

About 50 Doctors of Sciences
and over 170 Candidates of
Sciences work at the Institute.
The Institute has specialized
Academic Councils dealing with
the defence of Doctors’ and
Candidates’ degrees.

The Space Research Institute is
a methodological basis for some
colleges, such as the Moscow
Physical and Technical Institute
and the Moscow Engineering
and Physical Institute.

Over the past few years the
Institute, jointly with Scientific
Councils of the USSR Academy
of Sciences on the main trends
in space research, took part in
the long-range planning and
elaboration of space research
programmes and their
coordination. A considerable
part of these programmes is
implemented within the
framework of international
cooperation.

The Institute’s staff vigorously
participated in preparing
scientific instrumentation,
conducting experiments,
obtaining and processing
scientific data from space
vehicles launched under the
Soviet space programme
(spacecraft of the Cosmos,
Prognoz, Mars, Venera and
Luna series, Soyuz manned
spaceships and Salyut space
stations) and projects carried out
within the framework of
international cooperation —the
Soyuz—Apollo test project, the

10

Kocmopgpom bBavikoHyp. PakeTa-HocuTens
«[IpOTOH» roToBa K cTapTy

ARAKS project, the Signe,
Raduga, Intercosmos, Vega and
Phobos projects.

Within the framework of
scientific, technical and
methodological work the Space
Research Institute interacts with
more than 100 scientific
organizations in this country and
with dozens of foreign scientific
organizations. In carrying out
manned space flights the
Institute is in charge of the
methodological and technical
training of cosmonauts who take
part in conducting the Academy
of Sciences’ experiments.

Baikonur launching-site. Proton carrier
is ready for launching

The Institute’s successful
diversified activity aimed at
developing basic and applied
research is rated high by the
Soviet government. Over 200
research associates of the
Institute have been awarded
Orders and Medals of the Soviet
Union, about 50 staffers have
become Lenin and State Prize
Winners, as well as Lenin
Komsomol Prize Winners. The
title of Hero of Socialist Labour
was conferred on Academician
Sagdeyev.

Over the past ten years alone the
Institute’s staffers’ 500



applications for inventions were
filed, as well as seven
discoveries, including inventions
and discoveries made jointly
with authors from countries
which participated in the
Intercosmos programme.

Since 1967 the Institute has
annually been participating in
the USSR Economic
Achievement Exhibition. In
recognition of its successes the
Institute’s staff has been
awarded more than twenty
Diplomas, 1st class, Diplomas of
Honour, Gold, Silver and Bronze
Medals of the USSR Economic
Achievement Exhibition.

The Institute’s scientists are
members of many foreign
scientific societies and
academies: the International
Committee on Space Research
(COSPAR), the International
Astronautical Federation (IAF),
the International Astronomical
Union (IAU), the International
Geophysical Union (IGU), the
Consultative Commission of the
Centre for Estimating the
Satellite Situation for the
Programme of the International
Investigation of the
Magnetosphere (lIM), the
Commission on Planetary
Sciences, the Max Planck
Society (Federal Republic of
Germany), the Royal
Astronomical Society (Great
Britain), the National Academy of
Sciences (United States), etc.
The Institute’s leading specialists
are members of the editorial
boards of Soviet and foreign
journals (Kosmicheskiye
Issledovaniya, Issledovaniye
Zemli iz Kosmosa,
Astronomichesky Zhurnal, Fizika
Plazmy, Zemlya i Vselennaya,
Space Science Instrumentation,
etc.).

Every year the Institute’s
research associates publish
about 500 papers in Soviet and
foreign journals. The Nauka
Publisher issues five or six
collections of articles and
monographs prepared at the
Institute with an overall volume
of more than 100 author’s
sheets.

The Institute actively popularizes
scientific knowledge. Its staff
members regularly publish
articles in the national press,
over 100 staffers are members of
the All-Union Znaniye
(Knowledge) Society, about 20
scientists working at the Institute
take part in the work of the
Society’s bodies—in its Board
and Scientific-Methodological
Councils.

The aim of this publication is to
describe the main avenues of the
scientific and technical activity
of the Space Research Institute
and to provide brief information
on the most interesting
investigations and results
obtained, the multifaceted life of
scientists who make their
contribution to the progress of
our society.
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Academy of Sciences A. A. Galeev
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Akagemuk 5. B. 3enbgosuy

Academician Ya. B. Zeldovich

BpydeHue UHCcTuTYTY opgeHa JleHuHa

Presentation with Lenin Prize

MATEPANOR
B KOCMOCE

YneH-koppecnoHgeHT AH CCCP
. C. liknosckun

Corresponding member of the USSR
Academy of Sciences I. S. Shklovskii

PaboTtbl y4eHbix UHCTUTYTa ny6nm(y|6rcsv
BO MHOIMX COBETCKUX n 3apy6exXHbix
usgaHusix

Works of the scientists of the Institute
are printed in many Soviet and foreign
publications
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I'pynna naypearos JleHWHCKOH u
locyaapcTeeHHOU npemu n npemmumn
JleHnHCKOro KoMcomona — CoTPyAHUKU
UKU AH CcCCP

A group of Laureates of Lenin, State
and Young Communist League Prizes —
staff workers of the Space Research
Institute of the USSR Academy of
Sciences

B roctsax y UHcTuTyTa Aenerayms
JinToBckon CCP

The delegation of the Lithuanian Soviet
Socialist Republic is a guest of the
Space Research Institute

14



Cnywarenn Akagemmm obLeCTBEHHbIX
HayK 3HaKOMSITCSl C BbiICTaBKOH
AOCTUXKEeHNN UHCTUTYTa

Listeners of the Academy of social
sciences are seeing the exhibition of
achievements of the Space Research
Institute
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1 TASMEHHDBIE
/ICCTIEAOBAHVA

PLASMA
STUDIES

®duanka KOCMMYECKON nnasmbl— OAHO U3 OCHOBHbIX
HanpasneHun TeopeTU4ECKNUX U IKCNEepUMeHTanbHbiX
nuccnenoBaHUn, BbINONHAEMbIX B VIHCTUTYTEe KOCMUYECKUX
unccnegosaHun AH CCCP. Bce 3Be3abl, B TOM 4ucne u
Hawe ConHye, Mex3BesgHas u MeXxnnaHeTHas cpeaa,
BEPXHWE CNOU NNaHeTHbIX atmocdep (MoHocgepa),
cnosoMm, npubnusnTtensHo 99% BewecTBa [anakTuku
Haxo4uTCs B N1a3MEHHOM COCTOSIHWM. [1nasmeHHyio
npupoay UMeIT U npouyeccbl NpeobpasoBaHNs OQHUX
BUAOB 3HEPrun B Apyrve, COCTaBNAOWME CyTb aKTUBHbIX
saneHun Ha ConHue n B 6nv>kanwmx OKpecTHOCTSX
(MarHuTOChepax) nnaHeT, B TOM Yucne un 3emnu.

Physics of the plasma is one of the main lines of
theoretical and experimental investigations performed
at the Institute. All stars, including the Sun, the
interstellar and interplanetary medium, planetary upper
atmospheres (ionosphere)—in a word, roughly 99% of
matter in the Galaxy is in the plasma state. The
processes of the transformation of some types of
energy into other, which constitute the essence of
active phenomena on the Sun and in the close vicinity
(magnetospheres) of the planets, including the Earth,
are of a plasma nature.




M3y4eHne BNUAHUSA aKTUBHOCTU
ConHuya Ha cocTosiHue, Hanpumep,
OKOJS103eMHOro NpocTpaHcTBa B
3HaYUTENIbHOW CTeneHn CBOAUNTCS
K uccnegoBaHuvio nnasmbl B
ConHe4Hon cucTeme.

C zanyckom B 1957 r. nepsoro B
MUpEe COBETCKOIO UCKYCCTBEHHOro
cnyTHUKa 3emnu uccnegosatensam
OTKPbINICA NPAMOW AOCTyn B
OKONO3eMHOEe KOCMU4YecKoe
NPOCTPaHCTBO — HACTOSILLYIO
«NNasMopPu3anN4eckyo
na6opaTtopuio», Ha4yMHaoOLyOCA
Bcero B 100 KM OT NOBEPXHOCTU
3emnu.

bnarogaps TennoBomy
pacLIMPEHUIO ropsivyein nnasmbol
COSTHEYHOW KOPOHbI NNaHeTbl
ConHe4HON cUCTeMbl
OKasblBalOTCHA NOrpy>XeHHbIMU B
CBEPX3BYKOBOW MOTOK CONHEYHOMN
nnasmbl — CONHeYHbI BeTep. OH
6bin 06HapyxeH B 1959 r.
COBETCKUMU «JTYHHUKaMW».

Mo cywecTBy, CONHEYHbIN
BETEP — 3TO HENpPepbIBHO
paclmpsIoWanca ConHeYHas
KOpoHa. YacTuubl 3TOro BeTpa,
npeogoneBas CONHe4YHoe
NPUTSHXKEHUe, ABUXYTCA OT
ConHuya ¢ NOCTOAHHO
HapacTawulen CKOpOCTbIO — UX
«noaTankueaeT» 6onee ropsuun
ras. Ha paccTosiHUM HeCKONbKUxX
COSIHEYHbIX pPagnycoB OHU
[OCTUraloT CKOPOCTU 3BYKa, a npu
yaaneHuu ot ConHua Ha ogHy
aCTPOHOMUYECKYIO eanHULY
(cpepHee paccTosiHue OoT 3eMnu
Ao ConHua) nx cKopocTb
cocrtaBnseT yxxe 300—500 m/c.
Haberass Ha marHuTHOe none
Hawen nnaHeTbl, CONMHEYHbIN
BeTep fnoKanusyeT ero B
OrpaHM4eHHON KOMeToo6pa3Hon
nonocTu— marHutocoepe. Ha
ob6paueHHon K ConHuy CTopoHe
ee rpaHvya — marHuronaysa—
OTCTOUT OT ueHTpa 3emnu
npuMmepHo Ha 70 TbiC. KM. B
NPOTUBONONOXXHOM HanpasfeHux
mMarHuTocdepa BbITArMBaeTCAa Ha
MHOrMe MWISIMOHBLI KWTOMETPOB,
06pasysi MarHUTHbIA XBOCT 3eMnu.
MarnuTtoccepa nornowaeT nNuilib
He6onNbLUYIO YacTb 3HEepPruu
noToka CONnHeYHoro BeTpa. Tem
He MeHee faxe 3Ta aHeprus
cnocobHa BbI3BaTb
MHOrO4UCNEHHbIE (hbusmyeckue

SABNEHNS B OKOJSI03EMHOM
NPOCTPaHCTBE, B TOM 4YuUCne sipKue
cBe4YeHus B BepxHen aTmocdepe,
Ha3blBaeMble NONSAPHbLIMU
CUAHNAMU.

3agavamu paga TeopeTUHecKux u
3KCnepuMeHTanbHbIX
naéopatopun UHCcTUTyTa
SABNSIIOTCA Kak co3faHve mogenen
marHutocgep nnaHeT, Tak m
uccnegoBaHue OTAeNbHbIX
(pU3nNHeCKux ABNeHnNn,
cneynnyecknx ana Takux
CNOXHbIX U B3aUMOCBA3aHHbIX
CUCTEM, KaK cucTema COSNMHEYHbIN
BeTep — MmarHutocgepa —
noHocoepa nnaHeTbl.

OfHWM 13 OCHOBHbLIX 3M1EMEHTOB,
onpeaensiowWwmx xapakrep
B3auMOAENCTBUS NOTOKOB
KOCMUYECKOW nnasMmbl,
UcTeKamowmx n3 MHOrmx
acTpouanyeckux o6beKToB B
pe3ynbTaTe Ux akTUBHOMO
B3auMOLENCTBUA C OKpy>KatoLlewn
cpeaou, ABNSETCA Tak
Ha3blBaemas
6eccTonkHOBUTENbHAA yaapHasi
BOMHa.

Korpa roBopsiT «yaapHas BOnHa»,
TO NpyN 3TOM OOLIYHO UMEIOT B
BUAY pacnpoCTpaHSIoLYyOCA CO
CBEpX3BYKOBOW CKOPOCTbIO
TOHKYIO nepexoaHylo ob6nacTb B
ra3oBow cpepge, XXUAKoCTU Unu
TBEepAoOM Tene, B KOTOPOMU
nponcxoauT cka4ykoobpasHoe
yBenu4yeHue aasneHus,
NNOTHOCTH, TemnepaTypbl 1
CKOpPOCTU ABWXEHUS BellecTsa.
YaapHble BOSTHbI MOTYT BO3HUKATb
npu B3pbiBax, ABWKEHUN Ten Co
CBEpPX3BYKOBOW CKOPOCTLIO B
Kakon-nnbo cpeae, HanpumMep Npu
noneTtax peakTMBHbIX CaMONETOB,
NPU MOLWWHbIX 3NEKTPUHECKNX
paspsigax.

Cam hakT cyujectsoBaHuA
YAAPHbIX BOSIH B MeXMNS1iaHEeTHOM
NPOCTPAHCTBE KaXeTcs
HeoObl4HbIM. 3-3a cUNbHOU
pa3pe>XeHHOCTU CONMHEeYHON
nnasmbl YacTuubl B Her
CTaNIKUBaKOTCSA Ype3BblHaNUHO
peAaKo, U anuHa ux cBo604HOro
npobera (paccTosiHue,
NpPoOXoAuMOe YacTuuen OT OQHOro
CTONKHOBeHUA ¢ cebe noao6HoM
[0 ApYyroro) 3a4acTylo npesbiwaeT
pa3mepbl Takux ruraHTCKux Ten,
Kak nnaHetbl. U BCce-Taku

yAapHble BOMHbI BO3HUKAIOT.
Hdeno B TOM, 4TO B Nna3me faxe
npu 6onbwon anvHe cBo604HOrO
npobera B3aumogencTeme YacTuy
Mexgy cobon ocylecTBnsieTcs ¢
MOMOLLbIO CaMOCOrNiacoBaHHbIX
3NeKTPOMarHUTHbIX NONeun.
YaapHbie BOMHbI NpU 3TOM
SAIBNAKTCA OCHOBHbIM MEXAHU3MOM
npeobpasoBaHUs KMHETUHECKON
3HEeprum CTankuBaloLUXCA
CryCTKOB BeLecTBa B 3Hepruto
YCKOPEHHbIX YacTul U U3NyYeHus.
PerynsipHble 3anycku
BbICOKOAMNOrenHbIX CryTHUKOB
cepuun «[1porHo3» nossonunu
cotpyaHunkam UKU AH CCCP
NPOBECTU YHUKaSIbHbIE
uccneaoBaHusa CTpPYKTYypbl
yAapHOW BOMHbI y 3emnun. C
NOMOLLbIO YCTaHOBMEHHbIX Ha
60pTy CnyTHUKa AeTeKTOpoB
nnasmel n konebaHun
aneKTpu4ecknx nonen 6oinu
BbIACHEHbl MEXAHU3MbI
Avccunayum 3Heprum N yCKopeHus
3NEKTPOHOB B CUNMbHbIX YAAPHbIX
BOSIHAX.

YckopeHue 3neKTpoHOB yaapHOn
BOSIHbI NpeAcTaBnseT ocobbin
UHTEpeC C TOYKW 3peHunst
acTpocumsuku. Hanpumep,
BCMbIXMBaOLWMUe CBEPXHOBbLIE
3Be34bl U NNasMmeHHble BbIOpOCHI
U3 sfep aKTUMBHbIX ranakTuk
BUAHbI 6narofaps uany4YeHuio B
MeXX3Be34HOM MarHMTHOM none
ynbTpapensaTUBUCTCKUX
3NEKTPOHOB, T. €. 3/IeKTPOHOB,
OBWXYLLMXCA CO CKOPOCTHIO,
6n1mn3Kon K CKOpOCTH cBeTa.
Bonpoc o npeobpasoBaHuu
KUHEeTUYEeCKOW 3Heprum
BbibpacbiBaeMon nnasmbl B
3HEepruio HeboNbWON 40U
YCKOPEHHbIX 3/1eKTPOHOB UMeEET,
Takum obpasom, Ans
acTpohmanku nepBocTeneHHoe
3Ha4eHne. OgHMM U3 NPU3HAHHbBIX
MexaHW3MOB TaKoro poga u
ABNAETCH YCKOpEHUE 3/1eKTPOHOB
yAapHbiMu BONTHaMU. ICTOYHUKOM
YCKOPEHUR 34eCb CNYXUT
B3aMMHOE [BWKEHUE HECKONbKUX
NNasMeHHbIX NOTOKOB Ha (PpOHTE
yaapHou BonHbl. OHO BO3HUKaeT
aHanorn4yHO TOMy, Kak
npoucxoauT ONpPoKuAbiBaHue
rpebHs MOPCKOW BOSHbI 60MbLLOK
amMnnuTyabl Npu HaberaHun ee Ha
6eper. MNMepepava aHeprum
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3MEeKTpoHaM OCyLeCTBNSAETCS C
NOMOLLbIO HU3KOYACTOTHbIX
nna3meHHbIX BOSH,
BO36y>XXaeMbIx NOTOKaMu NNasmbl
¥ 3aTeM nornowaembix
3AMeKTpOHaMM.

WccnepoBaHuA nnasMeHHbIX BOSH
N YCKOPEHHBIX 3N1IeKTPOHOB Ha
cnyTHuKe «[porHo3-8» nokasanw,
4YTO 3HEpPrns YCKOpPEHHbIX
3N1EeKTPOHOB TeM 6osblue, HeM
6onblue BpeMeHU 3NEeKTPOHbI
ABWXYTCA B pe3oHaHce C
YCKOPSIOWMUMU UX NNa3MeHHbIMU
BOSiHamMu. 3TO BpeMsi
onpeaensieTca pa3smepom
obnacTtu, B KOTOpon BO36Yy>XXAeHbl
nnasmeHHble BOMHbI. MacwTabbl
OKOJI03€MHOW yAapHOW BOJSIHbI
HEeBENUKU, N NO3ITOMY YCKOpeHue
3NEeKTPOHOB He3Ha4yuTenbHo. B
acTpousnyeckux obbekTax,
Hanpumep B NNa3MeHHbIX
Bbi6pocax u3 saep ranakTuk, aToT
MacwTab u3MepsieTcs COTHAMU
cseToBbIX neT. MNo3aToMy Tam
3NEeKTPOHbI UMEIOT AOCTATOYHO
BpeMeHU, 4TOObl YCKOpUTBLCS A0
CKOpoCTH, 6NIM3KON K CKOPOCTH
CBeTa, Korga ux aHeprusi
Ha4YuHaeT B COTHU MUNIMOHOB pa3
npeBbilWaTb 3HEpPrulo NOKost
aneKkTpoHa. U3nyyeHune Takux
3NEeKTPOHOB gaxke B cnabbix
MeX3Be34HbIX MarHUTHbIX NOSAX
nonagaeTt He TONbKO B paguo-, HO
¥ B ONTUYHECKUA U PEHTreHOBCKUMA
AnanasoHbl HaCcToT U3ny4YeHus.
Takum 06pa3om,
3KcnepuMeHTanbHbIE U
TeopeTudeckue uccnenoBaHus
OKONO3EMHbIX U MeXMNaHeTHbIX
yAapHbIX BONH CTaHyT, BO3MOXHO,
KITIO4OM K MOHUMaHUIO
MEeXaHM3MOB U3NyYeHUs ganekux
acTpou3n4ecKmux 06 beKTOB.
PeweHune aTtux npobnem Bxoanno
B 3aga4un npoekTa «AHTepwok»,
OCYLLECTB/IEHHOIO Ha CNyTHUKe
«lMporHos-10». MNyTem namepeHus
napameTpoB MNa3Mbl, IHEPru4HbIX
YyacTul, NNasMeHHbIX BOSH,
ANEeKTPUHECKUX U MarHUTHbIX
nonen B6nn3n n BHyTpu PpoHTa
OKOJSTI03EMHON U MEXNJ1aHETHbIX
yAapHbIX BONH uccneposanach
CTpyKTypa bpoHTa u ee
3aBUCUMOCTb OT NapameTpoB
noTtoka nnasmMbl nepes yaapHow
BonHon. Ocoboe BHUMaHWe npu
3TOM yAeNnanocCb U3y4eHuto
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NNasMeHHbIX ABNEeHUN,
OTBETCTBEHHbIX 3a paccesiHue
3Hepruu Ha ppoHTe BOSHbI, T. €.
3a HarpeB UOHOB U 3NEKTPOHOB
nnasmbl.

AHanoruyHble uamepeHusi B6nmau
(bpoHTa yaapHON BONHbLI U B
obnactu «npegwoka», nexaten
MeXgy (PPOHTOM BOJIHbI U
CUNOBLIMU NIMHUAAMWA MarHUTHOTO
nons, No3BoNUNU
naeHTUuYMpoBaTb MeXaHU3M
YCKOpPEeHUs1 3aps>KeHHbIX YacTuy,
6eccTONKHOBUTESIbHBbIMU
yAapHbIMU BONTHaAMU.

N3yyeHue xapakTepucTuk
MeXNNaHeTHbIX yAapHbIX BOMH U
UX CBRA3U C siBneHusiMu Ha ConHue
No3BONUNO UCCNeaoBaTb NPUYUHDBI
BO3HWKHOBEHUSI U MEXaHU3MbI
o6pa3oBaHUAa 3TUX BOJSIH, YCNOBUN
MX pacnpoCTpaHeHUsi U YCKOPEHUs
yacTuuy.

MockonbKy MexnnaHeTHble
yAapHble BONHbl — siBNeHue
OTHOCUTENbHO peaKoe,
BO3HUKaloLWee Nuilb B pesynbraTte
[AOCTAaTOYHO CUJbHbIX BCMbIWeEK U
Bbl6pocoB BewecTsa Ha ConHue,
OCHOBHbIM 06BEKTOM
uccnepoBaHun B 3KCNepuUMeHTe
«MIHTepwok» ctana ygapHas
BOSIHA, KOTOpas obpasyeTcsa
nepeg MmarHutocdepon 3emnn.
OTM B 3HA4YUTENBbHOW CTEeNneHu
onpeaensncs un Bbibop cnyTHUKa
«lMporHo3» ana nposegeHus
3KcnepumeHTa. Anoreu ero
opbuTbl cocTaBnsieT OKono

200 TbIC. KM, OPOHT OKONO3EMHOWN
yAapHOW BOJSIHbI PacrnosioXXeH Ha
pacctostHum 100— 150 TbIC. KM.
Takum 06pa3oM, CNyTHUK He
TONbKO 4acTo nepecexkan ero, HO
W OOCTaTOYHO ANUTEeNbHOEe BpeMsi
HaxXo4UNCA B HEBO3MYLLEHHOM
CONHEYHbIM BETPOM NPOCTPaHCTBE
nepen POHTOM BOMHbI.
MHorokpaTHas perucrpayms
CUNTbHOW OKONT03€MHOW BOMHbI U
6onee cnabbix MeXXnnaHeTHbIX
yAapHbIX BOMH no3sonuna
uccnenoBaTb UX XapakKTepUCTUKK
B pPa3nU4yHbIX yCNOBUAX U B
3aBUCUMOCTW OT NapamMeTpoB
noToKa NnasMbl CONTHEYHOro
BeTpa.

OpHa 13 rnaeHbIX ocobeHHOCTEN
BbINOSIHEHHOMO 3KCNepuMeHTa —
ero KOMNNEeKCHbIA xapakTep,
nu3MepeHue BCex U B Nepsylo

o4yepefb KNOYEBbIX
XapaKTepuUCTUK U3y4aembix
npoueccoB. boptoBas IBM
obecne4unBana rubkoe
ynpasneHue NporpaMmMon u, 4To
0CO6EHHO BaXKHO, «0by4ana» BeCb
KOMNJIeKC annapatypbl
pacno3HaBaTb MOMEHT
nepece4eHus GpoHTa yaapHON
BOJSIHbl. 3TO NO3BONUIIO
peanusoBaTb B6M3n ppoHTa
peXxxum 6bICTpon 3anucu
uHdopmaymn. TeM caMmbim
obecne4ynBanochb BbICOKOE
BpeMeHHOe paspeleHue
U3MepeHu, 4To Aano
BO3MOX>XHOCTb BrepBble U3y4nuTb
BHYTPEHHIOK CTPYKTYpY (PpOHTa
BOMHbI U NAESHTUPULUPOBATL
¢hmsndeckue npoueccsl,
BNMsiIOWWe Ha popmupoBaHue
3TOW CTPYKTYpbl, pa3orpes u
yCKOpeHUue YacTul.

bonbwoe BHUMaHue B IHCTUTYTE
yaenseTcs nccnenoBaHuio
BHYTPEHHEro CTpoeHus
marHuTocdepsb!.

MarHuTHoe none 3emnu sBnsieTca
cBOe0bpa3HON MarHUTHON
NIOBYLWIKON, B KOTOPOU
3apsi>KeHHble YacTulbl
YAEPXUBAIOTCA ANUTENbHOE
BpeMsi. BHyTpeHHAR ee 4acTb—
nnasmocdepa — 3anonHeHa
CpaBHUTENbHO XONOAHOW
MOHOCEepHON nNasmon ¢
TeMnepaTypon nopsgka
HEeCKONbKUX TbICSY rpagycos. Bo
BHELUHEN XXe 4YacTun
HaKannMBalTCA YacTuubl CO
3Ha4YuTenbHO 6onbLuen

3Hepruen — TeMmnepartypa nnasmol
Tam nopsgka munnvapga
rpagycos. Kak nokasanu
uccnenoBaHua Ha CnyTHUKax
«[porHo3», B3aumogencTeme 3Tmx
4acTuy C XONo4HOW NOHOCHEpPHON
nnasmon NpuBOAUT K HarpeBy
nnasmMbl BO BHELWHUX CNOSX
nnasmocdepbl A0 AECATU TbiCAY
rpagycos u Bbille.

MNMpoHukas B marHutToccepy Hepes
cBoeobpasHbie «Wwenu» unu
«BOPOHKMK», 0b6pa3syiowmecs Ha ee
rpaHuuax, nnasma CosiHeYHOro
BeTpa cocTaBnseT 3Ha4YmTenbHyto
4acCTb NNA3MEHHOro «HaceneHus»
MarHUTHOro wnenda nnaHeTsl U
Tak Ha3blBaeMoOW nnasmMeHHOw
MaHTUW NoA rpaHvuamm
marHuTocdepsl. ViccneaosaHus



nyTen NPOHUKHOBEHUS N MUrpauun
nnasmbl N0 MarHUTocgepe BenNuchb
MeToAoM HabnoaeHus
«@CTECTBEHHbIX MEYEHbIX
aTOMOB» — WOHOB renus,
Kucnopoga (Ha crnyTHuKax
«[MporHos»), a Takxe no
CBeYeHUI0 BO30Y>XXAEHHbIX
MONEKYn B BEPXHUX CMOAX
aTMmocdepb! (Ha cnyTHUKax
«UHTepkocMmoc — Bonrapus-
1300», «Opeon»).

MnasmMeHHble U3MepeHus,
BbINOMHEHHbIE HA
aBTOMAaTUYECKUX MEXNAaHETHbIX
CTaHUUAX, NO3BONUNKN TaKXe
uccneaosaTh B3auMoaencTeve
CONHEYHOro BeTpa C nnaHeTamu
Mapc u BeHepa, o6HapyxuTb y
HUX yAapHble€ BOJSIHbI, NNAa3MeHHO-
MarHuTHble Wendbl.
BbiscHUNoOChb, 4TO NNasMeHHbIe
npoueccsbl B MarHuTocgepax Bcex
3TUX NNaHeT, pasnuMyascb
KONUYeCTBEHHO, OCTaloTCs
Ka4yeCTBEHHO 61mM3KumMu gns
MHOrMX Haubonee MHTEpPECHbIX
ssneHun. 1 B 3TOM CMbICne
TPYAHO NepeoueHUTb 3HadYeHue
uccneaoBaHun B marHntocdepe
3emnu —camon gOCTynHOW Ans
Hac.

UccneposaHne marHutocgepsbl
3emnu cnocobcTeoBano
BO3HUKHOBEHUIO U YTBEPXAEHUIO
pAfa BaXXHENWNX puanyeckmx
vaen. K rnaBHbIM U3 HUX, NO-
BUOUMOMY, MOXKHO OTHECTH
¢dopmupoBaHue Barnsga Ha
nnasMy Kak Ha cpegy, gMHamuka
KOTOpOW onpenensieTcsi He TONbKO
BXOASILMMM B ee COCTaB UoHaMUN 1
3NeKTpOHaMu, HO U LUMPOKUM
CMeKTPOM NpUCYLLUX nnasme
BOJTHOBbIX ABMXeHuA. Hanbonee
APKUM NPUMEpPOM TakKoro
nnasmeHHOro obveKTa siBNseTcA
OKONO3eMHas yaapHasn BOnHa.
Bosgencreue aneKTpoMarHUTHbIX
Koneb6aHun Ha SHeprudHble
YacTulbl pagualnoHHbIX NOSICOB
NPUBOAUT K UX PacCesHUIo n
NPOHUKHOBEHUIO Ha BCe 6onee
Manble BbiCOTbl. B KOHUE KOHUOB
YacTuybl «rMbHYT», BbI3blBas
cBedeHne B aTMoccepe. Bpems
XXU3HKW YacTuly B pagnaymoHHbIX
nosicax onpegenseTcs, Takum
06pa3om, ypoBHEM
3N1eKTPOMarHUTHOW
TypOYNEeHTHOCTH.

OAauH 13 BaXXHENWMUX (ru3n4ecknx
npoueccoB (ponb ero B AguHammuke
KOCMUYECKOW nsia3mbl cTana acHa
TONbKO B CBA3N C
MarHuTocgepHbIMn
uccnenoBaHUaMnN) —
nepecoeanHeHne MarHUTHbIX
nonen. MNpeacraBnenue o
nepecoeanHEHUN MarHUTHbIX
nonen («paspbiBe» MarHUTHbIX
CUNOBLIX NIMHWUA) NO3BOSIUNO
NOHATb TO yaAuBUTENbHENLLEE
06CcTOATENbLCTBO, YTO cnaboe
MeXNnaHeTHoe MarHuTHoe none
(NNOTHOCTbL ero 3aHepruun Ha aBsa
nopsiaka MeHblue NNOTHOCTH
KUHETUYECKOW 3Heprum
CONHEeYHOro BeTpa) BnusieT Ha
60nbWKHCTBO NPOLECCOB BO
BHeLWHux obnacTsax
mMarHuTocdepsbl, a Takxe rinyboko
BHYTpu Hee. lNepecoeguHeHune
oKasanocb OAHUM U3 rnaBHbIX
npoueccos, onpeaensiowmx
CTPYKTYpPY U AUHAMUKY BCeWn
MarHuTocoepbl, B HaCTHOCTU
LUMPKYALMIO S3HEPrun BHYTPU Hee.
HecmoTps Ha Takon rnobasnbHbiv
XapaKkTep SiBIeHUs1, CaM CIIOXXHbIN
npouecc nepecoeguHeHnUs
peanunsyeTcs B OTHOCUTENbHO
Heb6onbWwKx obnacTax
MarHuTocdepbl B ee no6oBON U
XBOCTOBOM 4acCTsX.
OKcnepuMeHTasnbHble
nccneanoBaHus mMarHuTocoepsl
nokasanmu, 4To C
3NeKTPOANHAMUYECKOWN TOYKU
3peHusi ee Heob6xoAUMO
paccmaTpuBaTb KaK eguHyto
NMOHOCEepHO-MarHMTOChepHyo
cucteMy. AnekTpoguHammnyeckas
CBSI3b pa3fIn4HbIX YacTen
MarHutocdepbl OCywecTBNAeTCA
nocpeacTBOM TOKOB BAOMb
CUNOBbLIX JIMHUA MarHUTHOroO Nons
(npogonbHbIX TOKOB). Hanbonee
CUNbHblE NPOAOSIbHbIE TOKU
Habn[alTCA HA aBpopasibHbIX
CUNOBbLIX NMUHUAX (B 30HE
NONSAPHbIX CUAHUIA). DTN TOKU
CBf3bIBAIOT C MOHOChepon
norpaHu4Hble 06nacTn gHeBHON
MarHutocgepbl ¥ NasmMeHHbIA
CNOA MarHUToccepHOro xBocTa,
T. e. Te 06nacTy NpoOCTpPaHCTBAa,
rae Npovucxoasit OCHOBHbIE
AvHaMuyeckne npoyeccsl.
N3mepeHusi, BbINOSIHEHHbIE B
aBpopasibHOn MarHutocdepe Ha
BbicoTax 1000 —8000 Kk,

nokasanu, 4To B 3TuUx obnacTtax
CyLeCTBYIOT 3Ha4uTenbHble
NpPoAonbHbIE ANeKTpu4eckue
nonsa. Kpome Toro, Ha3eMHbie
HabniogeHnsa cBeYeHun,
BbI3BaHHbIX 3M1EKTPOHaMM,
BbICbINAIOWMMUCA Ha 3TUX
CUIIOBbLIX JIMHUSAX, NOKAa3biBaloT,
YTO OHU MpOWK Yepes
YCKOPSIIOLYIO pa3HOCTb
noTeHuymnana B HeCKOJMbKO
KWNOBONbT.
AnekTpoguHamMuyeckas CBsa3b
MoHOCEepbI C MarHMTocgepoun,
Takum o06pa3om, He aBnseTca
naeanbHOW, Tak Kak CywecTByloT
ob6nacTun co 3Ha4YUTENbHbIMU
NPOAONbHLIMU 3NEKTPUHECKUMMU
nonsMun.

N3yyeHne marHuTocoepbl 3emnu
npeacTaBnseT cobon CNOXHYHO
3KCNepuUMeHTasbHyto 3aga4y.
3aecb uccnegoBartenu
BCTPEYalTCA C NPAMO
NPOTMUBONONOXXHbIMW
TPYAHOCTSIMU, YeM MpU U3ydeHuu
nabopaTopHOi Nna3mbl,— 30HAbI
34eCb NPaKTU4EeCKN He
BO3MYLLAIOT OKPY>XXaIoLLYO UX
nnasmy n n3MepeHusi B NOSIHOM
CMbICNe MOXXHO paccMmaTpuBaTtb
Kak ToyeydHble. OgHaKo 4ucno
TOYeK, B KOTOPbIX OHU
NpPOBOAATCS, OrpaHUYeHO HYUCIIOM
UCNOSb3yeMbIX KOCMUYECKMNX
annapartoB. [1na NnOHUMaHusA
NPUYUHHO-CNeACTBEHHbIX CBA3EN
Mexay siBfIeHUSIMU B CITIOXHOMN
MarHuTocgepHO-UoHOChepHON
CONTHEYHOW cucTeMe HeobxoaumMo
OAHOBpPEMEHHOE 30HAUpOBaHWe
pPasfnUYHbIX €e KPUTUHECKMUX
obnacTen ¢ NOMOLLbIO AOCTATO4YHO
pasBUTON CEeTU UCKYCCTBEHHbIX
CNyTHUKOB. Mpu 3TOM
CNyTHWKOBbIE HabnoaeHus
AOSKHbI «MNOAAEPXXUBATLCA»
M3MEpPEHUAMN HA3EMHbIX CTaHUUNA.
Ba)kHOCTb U3y4eHus Npoueccos B
3eMHON MarHuTocoepe
onpegensieTcs, KOHe4YHo, He
TONbKO PyHOAaMEHTaNbHbIM U
obwedpunanyecknm sHa4eHnem
3TUX uccnegosaHuin. C KaxabiM
roAoM BCe o4YeBuAHee CTaHOBUTCSH
B3aMMOCBA3b NpOLECcCoB Ha
ConHue n B OKOT03EMHOM
KocMudeckown nnasme. onsa
3HEeprun KOpnyCKynsapHOro
n3ny4eHus -ConHya, nonagaoLuero
B marHutoccepy 3emnu,
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cocTtaBnsieT 102 BT, 4TO, MOXET
6bITb, HE O4YEeHb BEeNUKO No

KocMu4Yeckum macwitabam. Tem He

MeHee, MHOorue ero
nocneAcTBuUS — MarHuUTHble 6ypu,
HapyLleHUss paguMoCBA3N, BbIXOA
M3 CTPOA NIMHWUIA 3neKTponepeaad
W Apyrve — XopoLo U3BECTHbI.
He BbI3bIBAET COMHEHUN Y
60onbWKNHCTBA y4YeHbIX U PaKT
BSfIUSIHUA CONHEYHOW aKTUBHOCTHU
Ha knumat 3emnu. KoHeuyHo,
dyHAaMeHTaNbHbIX U3MEeHeHU
KfiMMaTa Ha Hawwux rnasax He
npoucxoauT. ITO npouyecc
ANUTenNbHbIN, pe3ynbTat
AENCTBUA O4EeHb U O4EeHb MHOIUX
¢akTopoB. Mbl—cBugeTenu

KaK 6bl «MrHOBEHHbIX>»
KonebaHun knumara.
UHTepecHo, Hanpumep, 4YTO B
pesynbtaTte COMHEeYHOro
«lWwTopma» B aBrycte 1972 r.
6bin 3aperucTpuposaH ahdeKT
3ameaneHna CKopocTu
BpauwjeHus 3emnu, a 3To, NO
MHEHUIO psga yYeHblX, npuseno
K NIOKanbHbIM NOroAHLIM
aHoManusiM Ha nnaHere.
f'vnoTes u Aoragok O npuyMHax
W CNeacTBUSAX CONMHEYHO-3EMHbIX
cBsi3eil NOSIBUIIOCb, OCOGEHHO 3a
nocnegHue rogsl, MHoro. Ho ans
TOro, 4To6bl NOCTaBUTb
npeanosioXXeHus Ha TBepAbIv
Hay4HbI pyHOaMeHT, TpebyeTcs
nony4uTb elje Hemarno
3KCNepuMeHTasbHbIX AaHHbIX O
npoyeccax Ha 3emne, B
6nMXXHEM KOCMOCe U BepxHeun
aTmocdepe, HaKoONUTb
[OCTaTO4HbIA (haKTU4ecKun
Martepuan O B3aUMMOCBA3WN 3TUX
npoueccos mexay cobon n c
COJTHEYHOW aKTUBHOCTbLIO. JTO
oAHa U3 BaXKHenwWwux 3anay
KOCMUYECKON (PU3NKK Ha
coBpeMeHHOM 3Tane. Ee
peLweHunto NOCBSALLEH, B
YaCTHOCTH, NPOEKT

«UHTEepbon» — 3anyck cucTemsl
“3 ABYX CNyTHUKOB Tuna
«[MpOrHo3», KaXAb U3 KOTOpPbIX
paboTaeT B nape C manbim
CNYTHUKOM (Cy6CnyTHUKOM).
OcHoBHas Lenb NnpoekTa—
nsydeHune puan4ecknx
MexaHu3moB, 0SycCnoBnuBaoLLUX
nepegady B marHutocdepy
3HEeprum CofTHeYHoro BeTpa, ee
HakKomnneHue Tam 1
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nocneaylowyo guccunayumio B
aBpopasibHbIX 06nacTax
MarHuTocdepsl, B OHOCKepe n
aTmoccepe BO Bpemsi
MarHuUTHbIX 6ypb.

Cuctema cnyTHUKOB npoekTa
«UHTEepbon» nossonseT
uccnegoBaTb ABa OCHOBHbIX
acnekTa aKTUBHOCTH
MarHutocgepbl: NPUHUHHO-
cneAcTBeHHble CBA3U U
(pu3nyeckue MexaHu3Mbl
sABNeHun. [ina 3Toro oguH u3
CMYTHUKOB — «XBOCTOBOW 30HA»
BMeCTe C CONpOBOXAAoLWUM ero
Cy6CnyTHUKOM 3arnyckaeTcs B
XBOCT MarHutocgepsil,
cnyxauwmmn csoeobpasHbiM
pe3epsyapoOM 3Heprum
MarHuTocepHbix cy66ypb.
Opyron — «ABpopanbHbiA 30HA»
c ero cybenyTHukom C2-A—Ha
opbuTy, nepecekarouyyro
obnacTtb Hag oBaNIOM NONAPHbBIX
CUSIHU Ha BbiCOTax

5—15 TbIC. KM, rQe
pasbirpbiBaloTcs nNpoueccol
YCKOPEHUA YacTul, NONSIPHbIX
CUSIHUI, NpoTeKaloT
3NeKTpUHeCcKue TOKM,
cBA3biBaoOWmMe XBOCT
MarHuTocoepbl C NposoAsLLEn
MoHocepon nnaHeTbl.

Ona wccneposaHus
B3aMMOCBSAI3U ABSIEHUA B XBOCTE
MarHuTocdepbl n ee
aBpopasibHOW 30He OpbUTbI
«XBOCTOBOIrO» U
«ABpOpanbHOro» 30HA0B
BblbpaHbl Takum 06pasom,
4TO6bI 06ECneYnTb
BO3MO>XXHOCTb O4HOBPEMEHHbIX
uamepeHun B obnactum
0XXugaemoro nepecoeguHeHusi B
XBOCTe Marhutocdepbl U Ha
aBpopasibHbIX CUNOBbLIX NUHUAX,
NpoxoAswWmx HYepes 3Ty obnacTb.
[Ans 3TOr0o NUHWMA ancup CUNbHO
BbITAHYTON OpbUTbI «XBOCTOBOrrO
30HAa» npu anoree 200—

250 TbIC. KM fgosKHA
nepecekaTb nnasMeHHbIA Cron
XBOCTa Ha pacCTosiHuM nopsiaka
100 Tbic. KM. Opbuta
«ABpopanbHoOro soHga»
nepecekaeT aBpoparibHble
MarHWTHble CUMIOBbIE SIMHUWU Ha
BbicOTax 5—15 TbiC. KM npu
anoree 20 TbiC. KM. HaknoHeHue
n nepuren o6enx opobUT
COOTBETCTBEHHO COCTaBNSAOT

65° 1 500— 1000 Km.
OHOBpPEMEHHO C NOKanbHbIMU
M3MepeHUsIMM CO CNYTHUKOB C
MOMOLLbIO CKaHWpYyIoLWwero
¢doTomeTpa, ycTaHaBNMBaemoro
Ha «ABpopasibHOM 30HAE»,
Habnogaetcs rnobanbHas
KapTuHa NONSIPHbIX CUAHWUA.
MN3amepeHus, BbiNONMHAEMbIE Ha
«MporHosax» n ux
cybcnyTHUKax, no3sonsaioT
uccnepoBaTb NpPOLECCHI B
aBpopasibHOW 30HEe U bnuXxHen
obnactu xBocTta. 3710 AaeT
BO3MOX>XHOCTb U3y4aTb
MexaHu3mbl 06pa3oBaHusa u
Ha4YanbHOro yCKOpeHus
3aMKHYTbIX MarHMTHbIX
obpasoBaHuin — NNasMouaos,
ob6pasyowmnxca B XBoCTe B
nepuogbl guccunaymm aHeprum.
OgHOBpPEMEHHO C 3TUMMU
U3MEepPEHUsIMU BaXKHOE 3HayeHue
MMeIOT uccnegoBaHusi
NAasMeHHON U MarHUTHOU
CTPYKTYpbl AasibHUX obnactewn
MarHuTocgepHoro xsocTta (Ha
paccTtosHun 6onee MunnuoHa
KunomeTpoB OT nnaHeTbl). OHun
BbINOJIHAIOTCS rPynnon
npubopoB, yCTaHaBNMBaeMbIX Ha
acTpou3nN4eCKoOM CnyTHUKE
«PenukT-2», 3anyckaeMoMm Ha
rano-opbuTy OKONO CONHEYHO-
3eMHON TOYKK nubpauwm L,. 3T0
NOMOXET nydlle npeacTaBuTb
ANHAMUKY MarHutocdepbl Kak
eAVHON NNasMeHHO-MarHMTHOW
CUCTEMbI, NO3BOMUT MOHATb, Kak
NPOUCXOAUT YCKOpEeHue u
AanbHenWas 3s0niouus
nnasmouaos, OpPMUPYIOLUXCA
B XBOCTEe MarHuTocoepbl.
O6wunpHble Hay4Hble
pesynbTaTbl NO U3yHEeHUIO
PU3NKN NNasMeHHbIX ABMEHUN,
nNpoTeKalWwmx B OKOTO3EMHOM
KOCMUYECKOM MpOoCTpaHCcTBe,
y4eHble HaAelTCs Nony4nTb B
xo4e peanuaayuu npoekTa
3KCNepUMeHTasbHbIX
nccnenoBaHuUmM C NOMOLLBIO
CUCTEMbI MasnbiX KOCMUYECKUX
nabopaTopuii, OCHaLEHHbIX
COMMHEYHbIMU Napycamu.
OcHoBHas 3aga4va npoekTa
(npeaBapuTensHoe ero
Ha3BaHue «PeraTta»)—
opraHusayusi MHOro30HA0BbIX
U3MepeHu C BbICOKUM
BPEeMEeHHbIM 1



NPOCTPaHCTBEHHbIM
paspeweHueM. PassepTbiBaHue
AOCTATOYHO NMNOTHOW
CNyTHUKOBOW CETW, MOMUMO
peweHnsa pyHAaMeHTasbHbIX
BOMNpPOCOB (PU3NKK NNasmbl,
ABUNOCb Hbl O4HOBPEMEHHO
BaXXHbIM 3/IEMEHTOM
nccnegosaHU BNUSAHUA
CONTHEYHOM aKTUBHOCTU Ha
aTmocdepy, Knumart v
6uoccepy 3emnu.

Manas kocmudeckas
nabopatopus paspaboraHa
ydeHbiMK U cneyunanuctamu KN
AH CCCP. Ee KOHCTpyKuus
yAOBNETBOPAET BbICOKUM
TpeboBaHUAM MarHUTHOW U
XUMUYECKON YUCTOTbI, TOHHOCTU
OopueHTauuu, oTnu4aeTcs
OTHOCUTESIbHOW NPOCTOTON U
AeleBnU3HON, CrnoCOB6HOCTbIO
HecTun Ha 60pTy A4OCTaTOYHO
60nbLWON NONE3HbLIN rpy3.
JlabopaTopus paccuyuTaHa Ha
NPOAOIMKUTENbHLIA CPOK
aKTMBHOrO CylecTBOBaHUS.
MpoekT «Perara»
npeanoniaraeTca peann3osaTtb
BO B3auMOAenCcTBun C
nporpammon «Knactep»
EBponenckoro KocMu4eckoro
areHTCTBa, Uenb KOTOpon —
nccnenoBaHue TOHKOMW
CTPYKTYpbl NPOLECCOB B
OKOJTI03€MHOM KOCMWUY€E€CKOM
npocTpaHcTBe.

Mpwv n3yyeHun pusnku
MarHutocgepsl Bce 60nblue
BHMMaHUA yaensieTcsa metoay
aKTUBHOM ANArHOCTUKWU, T. e.
UCKYCCTBEHHON UHXXEKLnn
nnasmbl B MarHuTocoepy ans
U3y4eHUsa nnasMeHHbIX U
3N1eKTPOMarHMTHbLIX BOSIH MPU UX
HenocpeACTBEHHON reHepauuun B
6eCcCTONKHOBUTENBHON Nnasme
MoHocoepbl U MarHuTocgepbl.
AKTUBHbIE (YnpaBnsiemble)
3KCNepuMeHTbl (HanpasfieHHoe
BO34eucTBue npu
KOHTPONUPYEeMbIX YCITOBUAX)
OTKpbIIW HOBbLIW 3Tan B
uccnenoBaHUM KOCMOCA,
npubnu>xxas meToabi
nccnenoBaHU B OKONTO3EMHOM
KOCMUYECKOM MpOCTPaHCTBE K
MeToAaM, UCNoNb3yeMbiM B
dusmnke nabopaTopHOM Nnasmsbl.
KoHTponupyemMoMy uUay4eHuio
3NeKTPOANHAMUYECKON CBA3U

aBpopasnibHONn MoHOCdEpPbI U
MarHuTocdepb! NOCBALWEH
npoekT AMN3KC, ocHoBOWM
KOTOPOro sBNAOTCA
CNYTHUKOBbIE NJSIa3MEHHbIE
3KCNEepUMEHTbI C UHXeKLuen
Ny4YKOB 3S1IEKTPOHOB U(NNn)
Nya3MeHHbIX CryCTKOB B
MarHuTocdepy C
O4HOBpPEMeHHOWN perucTpauuen
ABMEHUN, NOPOXAAEMbIX
UHXeKuMen ny4ka,
B3aMMOAENCTBUEM Ny4yKa C
doHoBOW Cpepnon u
pacnpocTpaHeHUeM B HeW.
lonoBHas opraHusauus no
NOAroTOBKE W peanusauum
npoekta—WU3MUP AH CCCP.
CotpygHuku KN AH CCCP
NPUHUMAIOT y4acTue B NpoeKTe.
Mopo6bHble 3KCNEPUMEHTbI,
ocCyljeCcTB/EeHHbIE B nocnegHee
Bpems B CLUA u AnoHuu (c
y4YacTueMm Apyrux ctpaH),
NO3BOSINMIN MHOFOE MOHATbL B
npoueccax B3auMoAenCcTBus
NOTOKOB 3apsXKEHHbIX YacTuy, C
MOHOChepHON Nna3mon Ha
BbicoTax ao 300 kM. B npoekTe
AMN3KC aKTuBHble
3KCNepUMEHTbI C
ucnonb3oBaHUEM ABYX
CNYTHWKOB BbINOSTHAIOTCA Ha
BbicoTax g4o 3500 km. AMN3KC
SIBNSIETCA NIOrM4eCcKuM
NpPoAOSKEHNEM aKTUBHbIX
paKeTHbIX 3KCNEePUMEHTOB Tuna
APAKC n NOPKYMAWH
(cepepguHa 70-x — Ha4ano

80-x rr.).

B npoekte APAKC
ncnonb3oBanuch ase
dpaHuy3ckue
nccnepoBaTenbCKue pakeTbl,
3anyuleHHble C OCTpoBa
KepreneH. Ha 60pTy kaxgoun
pakeTbl 6bna ycTaHoBneHa
coBeTCKasi NnnasMeHHasi nywka
MowHOCTLIO 15 KBT, KoTOpas
MHXeKTuposana B uoHocgepy u
MarHmutocoepy ny4vku
3NEeKTPOHOB C 3Heprusamn 27 n
15 k3B. B marHutToconpsikeHHOM
panoHe (ApxaHrenbckast 061.) n
K 10Ty OT Hero HaxoAunucb
onTu4eckue u
paAvoNoKayMoHHbIe CTaHUuu,
NO3BONUBLUME O6HAPYXUTb U
3acpmkcupoBaTb NpUXon,
3NEeKTPOI HOro Ny4kKa B
cesepHoe nonywapue. B xoge

3KCnepuMeHTa y4anocb Takxe
OTOXAECTBUTb U
NPOKOHTPONMpPOBaTh
B036yXgeHne BOSH,
BbI3bIBAEMbIX NYYKOM
3N1EeKTPOHOB BO BpeMsi
ABWKEHUs N B MoHocdepe, n
MarHutocepe 3emnu, a Takxe
M3Y4UTb YCNOBUA UX
pacnpoCcTpaHeHus.

MoMuMoO Nna3meHHbIX
akcnepumeHToB npoekT AMNJKC
BKOYaeT B cebs Takxe
Ha3eMHble, 6aNNOoHHbIE U
pakeTHble HabnioaeHus. B
oTAesnbHblE NEpUoAbl BpEMEHU
(B OCO6EHHOCTW B aKTUBHbIE)
BbINOMHSAOTCA
KOppenupoBaHHble U3MepeHUus
no BCEMY BbICOTHOMY pa3pesy —
OT MecTa pacnonoXXeHus
CnyTHUKa A0 NOBEPXHOCTU
3emnu. Xota ocHoBHas
HanpaBfeHHOCTb NpoeKTa
AMN3KC — npoBegeHne
aKTUBHbIX 3KCNEePUMEHTOB,
BaXXHbl U HabnogeHnst
reoun3nyeckux siBneHnn B
OTCYTCTBUAWN UHXKEKLUN NYHKOB U
nnasMbl (B TaKk Ha3biBaeMOM
NacCCUBHOM pPeXuUMe U3MepeHuin).
MpuHYMNnanbHO BaXKHOWM
ocobeHHocTbio npoekTa AMN3KC
ABNAETCA CUHXPOHHOE
n3mepeHne OCHOBHbIX
Pu3n4ecKux napameTpos
cpeAabl, Ny4YKa U reHepupyembix
nonen Ha AByX pasHECEHHbIX
KOCMUYECKnxX annaparax —
OCHOBHOM CMyTHUKE U
cybenyTHuke. Mpu aToMm
OAHOBPEMEHHbIE U3MEPEHUA
BbINONHAIOTCA KaK Ha
pPas’nu4YHbIX B3aUMHbIX
pacctosHusax (ot 0,01 go 1000—
2000 KM), Tak ¥ B pasfiNyHbIX
(no OTHOWeHUIO K 0bnacTsmM
BO3MYLLEHUA cpeabl U
pacnpocTpaHeHus nyyka) 30Hax
MarHutocgepbl U MoHocepbl.
B nepcnektuse nnaHupyeTtcs
npoBOAUTb NOAOOHbIE aKTUBHbIE
3KCNEPUMEHTbI C UHXXeKLnen
Ny4YKOB 3NEKTPOHOB U
NNa3MeHHbIX CryCTKOB Ha
pPacCTOsAHUAX A0 HECKONbKUX
paguycos 3emnu. 310 gact
BO3MOXXHOCTb HENocpeACTBEHHO
MoAenvpoBsaTb U
AnarHocTupoBaTtb
MarHuTocdepHble NpoLecchl,
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onpegensiowme npoTtekaHue
pasnuyHbiX aBpopasibHbIX
aBneHui. C 3Ton yenbio B
AanbHewwem npegnonaraeTcs
OCyLEeCTBUTbL HA OCHOBE
npoekta AMN3KC-2 u

npoekTta «MmnakT»
MeXAyHapOoAHbIN KOMMNEKCHbIN
NPOeKT «Anoren».

B npoekTe «AKTUBHbLIN»
cpeacTBOM BO34EACTBUSA HA
OKpy>KatoLlyto cpefy crana
3M1IeKTpOMarHMTHas 3Heprus
OYeHb HM3KO4YaCTOTHOro
pagvoananasoHa, u3nydaemas
60pTOBBLIM CNYTHUKOBbLIM
nepeaaT4yMKoM C NOMOLLLIO
pa3BepHYyTON B KOCMOCe
aHTEeHHbl A4OCTAaTO4YHO 60MbLIOro

pa3mepa.

Llenb npoekTa— KOMNMeKcHoe
uccnepoBaHwe
pacnpocTpaHeHus

3NeKTpPOMarHuTHbIX BosiH OHY-
AuanasoHa B marHutocgepe
3emnu, a Takxe ux
B3auMo4encTBus C
3HEPruYHbLIMU 3aPSXKEHHBIMU
yacTuuamm pagualMoHHbIX
NOSACOB.

«AKTUBHbBIN» — NepBblv
KOCMUYECKUIA SKCNEPUMEHT, B
KOTOPOM yrnpasBnseMbin
cy6CcnyTHUK MCNONb30BaNCsa AN
nccneaoBaHun
NPOCTPaHCTBEHHOW CTPYKTYpbI
(PU3n4eCKux siBfieHUn,
COMNpOBOXAAIOWMX UHXXEKLMNIO
mowHoro OHY-uany4eHus B
marHuToccepy. CybcnyTHUK —
370 cBoeobpa3Hbii 30HA,
MeAfeHHO OTAensemMbii OT
OCHOBHOro annapara. B
AanbHevleM paccTtosHue
MeXAay CryTHUKOM U
Ccy6CnyTHUKOM U3MEHSIOCH
KOHTpONupyembiM 06pa3om B
npegenax oT COTHU METPOB A0
CTa KW/IOMETPOB C MOMOLLbIO
KOppeKTupyioLen asuraTenbHON
ycTaHoBKWU. Takum o6pas3om ¢
nomoublo cybcnyTHUKa
uccnegosanacb He TONbKO
6NWXKHAS 30Ha nany4arens, HO
N ABNEHUN B NPOMEXYTOHHOMN U
AanibHen 30Hax.

KocMuyeckue uccnepoBaHns B
06nacTu CoONHEeYHO-3eMHOWN
¢du13nkn npegycmaTpuBatoT
n3yyeHue u camoro ConHuya. B
3TOW NporpaMmme ronoBHas posb
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NPUHAANEXUT ApyruM
MHCTUTYTaM AKageMmn Hayk

CCCP, a UK/ nomoraeT um B
(bopMMpPOBaHUK KOMMJIEKCOB
Hay4HOW annapaTypbl U UX
UCNbITaHUSIX Ha UCMbITaTeNbHON
6ase NHcTuTyTa. Tak,
KOMNNEKCHaa nporpamma
CNYTHUKOBOro NpoeKTa
KOPOHAC (ronosHbie
opraHusauyuwnm UISMUP AH CCCP
u ®UNAH) npegycmaTpusaeT
pelweHne Taknx KnoyeBbIX
3aad, Kak onpeaeneHue
XapakTepUCTUK 1
MeCTOMNONOXEeHUs (KOpoHa unu
Xpomocepa) «COSTHEYHOro
ycKkopuTens»; onpeaeneHue
napameTpoB COSIHEYHOW MNa3mbl
Knaccuyeckumu
CNEKTPOCKOMUYECKUMMU
MeTo4amMu U HOBbIMW METOAaMMU,
nCnonb3ylowWwmMn, Hanpumep,
perucTpayumio nynbcauum
U3Ny4YeHUs U3 BCMbIWEYHbIX
apoK UNU SAEpHbIX y-NUHUA.
OcHoBHas uenb
3KCnepuMeHTa — NOUCKM
npeABeCTHUMKOB BCNbILWEK B
PasnunYHbIX CNneKTpasbHbIX
AuanasoHax U BbISCHEHUe
MexaHU3MOB BblaeneHus
3Heprum.

HabniogeHve pasnuyHbix
NpPOSIBNEHUA CONTHEHHOWN
aKTUBHOCTU U UccnepoBaHue ee
BIVAHUA Ha OKOJI03eMHOe
NPOCTPaHCTBO — TpaguunoHHas
3agada Ans CosIHeYHOM
KocMmuyeckon obcepBaTopumn.
Ocob6eHHOCTb NpoeKkTa
KOPOHAC —B TOM, 4TO Ha
6opTy cnyTHuka byaeT
yCTaHOBMeHa annapaTtypa Kak
Ans HabniogeHus AaBNeHWn Ha
ConHue, Tak U Ans AMarHoCTUKK
OKONO3EeMHOM NNasmbl.

K 3aga4am npoekTa OTHOCATCSA
TakXXe uccnegosaHus
CONHEYHOW KOpPOHbI U obnactu
YCKOPEHHOro COMHEeYHoro seTpa
C NOMOLLbIO BHE3ATMEHHOrO
KOpOHorpada u
paguocnekTpoMeTpa.

Mo npoekty KOPOHAC pgomnxkeH
6bITb, KpOME TOro, OCyL|eCTBNEH
OAWH U3 NepBbiX 3KCNEPUMEHTOB
no resinocencmonorum —
HabniogeHne OCHOBHbIX
rapMoHuk konebaHun ConHua.
CnekTp cO6CTBEHHbIX

kone6aHun ConHua coaep>xut
vHopMaymio 0 TOM, Kak
M3MeHsIeTCA Temnepartypa oT
NOBEPXHOCTU BNNOTb A0
CONHEYHOro Aapa, a Takxe o
AVHaMUKe BHYTPEHHUX Cnoes
csetuna. Takum o6pasom,
Hapsagy C HeNTPUHHOMN
acTpoHOMUeEWn
renuocencmosniorust naet
BO3MOXHOCTb HenocpeacTBEeHHO
u3y4aTb Hegpa 6nvxanwen K
Ham 3Be3fpbl.

Ecnu npoekt KOPOHAC
HameYeHo peanusoBaTb
HenocpeAcTBEHHO B dhase
MaKCUMyMa CONHEYHOW
aKTUBHOCTU, TO ApYron
«CONHEYHbIN» MPOeKT —
«HenTpoH» —6yneT
BbINOSIHATLCA B Nepuop,
OTHOCUTENbHO CNOKOWHOro
ConHuya. 310 No3BONUT
NoNy4YnTb UHPOPMaLUIO O
CTayMoHapHbIX npoueccax B
aKTUBHbIX MNAa3MEHHbIX
obpa3oBaHusax B OTCYTCTBUU
BTOPU4HbIX 3¢ heKToB,
CBA3aHHbIX CO BCMbILWEYHbIMU
ABNEHUAMMU.

Hay4Hble 3aga4ym npoekTa
BK/IOYAIOT UccnenoBaHuN
NOTOKOB 6bICTPbIX HENTPOHOB U
KOPOTKOBOJTHOBOIO U3Ny4eHus
ConHuya B gnanasoHe oT
YyNbTPaAMSArkoro peHTreHOBCKOro
[0 ramma-nanydeHms.

B ob6wupHon nporpamme
NNaHNpyeMmbIX COSTHEYHbIX
uccnegosaHuin ocob6oe MecTo
3aHuMaeT npeanoXeHHoin UK
AH CCCP u HIMO uwm.
JlaBoykunHa npoekT
«Llnonkoscknn», KoTOpLIN
npegycMatpuBaeT co3aaHue
cneymanbHOro 3oHaa u
BbiBEEHME €ro Ha TPaeKTopuio
noneta K ConHuy ¢
MUCNonb30BaHNEM
rpaBvUTaLUOHHOrO NONs
lOnuTtepa. 310 gact
BO3MOX>XHOCTb BbINO/THUTb
M3MepeHnUs BO BHyTpPEHHeWN
yacTu renvocoepbl —
6nuxanwmnx oKpeCcTHOCTAX
ConHya — npakTu4ecku
eANHCTBEHHON
HeuccnepoBaHHOM obnactu
ConHe4Hon cUcTeMbl.

Bce nogrotasnueaembie B
HacTosuee BpeMSA NPOEKTbI (1



coBeTCcKue, u 3apybexxHbie) no
nccnegosaHuio ConHua ¢
OKOMO3eMHbIX OpbuT He B
cocTosiHun obecneynTb
NPOCTPaHCTBEHHOE pa3pelleHune
no ero NOBepxXHOCTU nyuilie

100 kM. C nomouybto
annapaTypbl, yCTaHOBNEHHOW Ha
30HAe, Npy nonete ero B6nn3u
ConHua MoXxHO byaeTt fobutbes
B 10 pa3 ny4uwero paspeLlueHus.
Kpome TOro, guarHoctuka
ConHua B pasnuyHbix
AnanasoHax — peHTreHOBCKOM,
ynbTpadmoneToBoM U

BUANMOM — UCKITIOMUTENBHO
BaXKHa ANA M3yYEHUS KOPOHbI U
o6nacTu reHepayuu CONMHEYHOro
BeTpa KakK TakOBbIX; OHa
NOMOXXET yBA3aTb pe3yfbTaTbl
NPAMbIX N3MEepEeHUn
XapaKTepUCTUK KOPOHbI,
nony4eHHbix ¢ 60pTa 30HAa, C
pacyeTHbIMU CTPYKTYPHbIMU
napameTpamu, a ux, B CBOKO
o4epenp, ¢ PoToCcHEepHbLIMU U
XpomocdepHbiMU
obpa3oBaHusiMu. Mpu aTom U3
«KapTUHOK», CAenaHHbIX Npw
nonete B6nu3un ConHuya, éyaer
cocTaBfnieHa ctepeockonuyeckas
TpexmepHasi naHopama
CTPYKTYpHbIX 06pa3oBaHun.

The study of the influence of
solar activity on the state of
near-Earth space is reduced to a
large extent to the investigation
of the plasma in the solar
system.

With the launching of Sputnik 1
—the world’s first artificial Earth
satellite—in 1957, direct access
to near-Earth outer space was
opened for researchers. This is a
true plasmophysical laboratory
which begins just 100 km above
the Earth’s surface.

Due to the thermal expansion of
the hot plasma of the solar
corona the solar system planets
are immersed into the
supersonic flux of the solar
plasma—the solar wind. It was
discovered in 1959 by Lunniks.
In fact, the solar wind is the
continuously expanding solar
corona. Overcoming solar
attraction, the particles of this
wind move from the Sun with a

constantly increasing velocity—
they are pushed by a hotter gas.
At a distance of several solar
radii they reach the velocity of
sound and when the distance
from the Sun is equal to an
astronomical unit (the average
distance from the Earth to the
Sun) their velocity is 300-

500 m/s.

Reaching the magnetic field of
our planet, the solar wind
localizes it in the limited comet-
like cavity—the magnetosphere.
On the side facing the Sun the
boundary of the
magnetosphere—the
magnetopause—is about

70,000 km away from the Earth’s
centre. In the opposite direction
the magnetosphere stretches for
many millions of kilometres,
forming the Earth’s magnetic
tail. The magnetosphere absorbs
only a small portion of the
energy of the solar wind flow.
Nevertheless, even this energy
can cause numerous physical
phenomena in near-Earth space,
including bright airglows, known
as auroral displays.

The tasks of some theoretical
and experimental laboratories at
the Institute is to construct
models of planetary
magnetospheres and to study
individual physical phenomena
specific for such complex and
interlinked systems as the solar
wind-magnetosphere-ionosphere
system.

The collisionless shock wave is
one of the main elements
determining the character of the
interaction between the space
plasma flows coming from many
astrophysical objects as a result
of their active interaction with
the environment.

By the shock wave one usually
means a thin transitional region
in the gas, liquid or solid
environment. This region
propagates at a supersonic
velocity and an abrupt increase
in the pressure, density,
temperature and speed of the
motion of matter takes place in
it. Shock waves can originate
during explosions, during the
motion of bodies at a supersonic

velocity in the environment, for
instance, during flights of jet
aircraft and during powerful
electric discharges. The very fact
of the existence of shock waves
in interplanetary space seems to
be unusual.

Due to the considerable
rarefaction of the solar plasma
the particles in it collide very
rarely,-and their mean free path
(a distance passed by a particle
from one collision with another
particle to another) often
exceeds the size of such giant
bodies as planets. And yet shock
waves do originate.

In plasma even if the mean free
path is large the interaction
between particles occurs with
the aid of self-congruent
electromagnetic fields. Shock
waves are the main mechanism
of the transformation of the
kinetic energy of colliding
clusters of matter into the
energy of accelerated particles
and emission.

Regular launchings of high-
apogee satellites of the Prognoz
series enabled the institute to
conduct unique studies of the
structure of the shock wave near
the Earth. The mechanisms of
the dissipation of energy and the
acceleration of electrons in
strong shock waves were
clarified through the use of
detectors of plasma installed
aboard the satellite and
oscillations of electric fields.
The acceleration of the electrons
of a shock wave is interesting
from the point of view of
astrophysics. For instance, flare
supernovae and plasma
ejections from the nuclei of
active galaxies are visible due to
the emission of ultrarelativistic
electrons in the interstellar
magnetic field, i. e., electrons
moving at a velocity close to the
velocity of light.

Thus, the problem of the
transformation of the kinetic
energy of the ejected plasma
into the energy of a small
portion of accelerated electrons
is of paramount importance for
astrophysics. The acceleration of
electrons by shock waves is one
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of the recognized mechanisms
of this type. The source of
acceleration here is the mutual
motion of several plasma flows
on the shock front. This motion
appears in the same way as the
turning-over of the crest of a sea
wave with a large amplitude
buffeting the shore. The energy
is transferred to electrons by
low-frequency plasma waves
excited by plasma flows and
then absorbed by electrons.

The studies of plasma waves and
accelerated electrons from
Prognoz 8 have shown that the
energy of accelerated electrons
increases with an increase in
time during which electrons
move in resonance with plasma
waves which accelerate them.
This time is determined by the
size of the region in which
plasma waves are excited. The
scale of the near-Earth shock
wave is not large, and, therefore,
the acceleration of electrons is
not great. In astrophysical
objects, for instance, in plasma
ejections from galactic nuclei,
this scale is expressed in
hundreds of light years. That's
why electrons there have enough
time to be accelerated to the
velocity close to the speed of
light when their energy begins to
exceed the rest energy of an
electron by hundreds of millions
of times. The emission of such
electrons even in weak
interstellar magnetic fields gets
not only into the radio range, but
also into the optical and X-ray
ranges of emission frequencies.
Hence, experimental and
theoretical studies into near-
Earth and interplanetary shock
waves will perhaps become a
key to understanding the
mechanisms of the emission of
far-off astrophysical objects.

The Intershock project carried
out from Prognoz 10 was aimed
at solving these problems. By
measuring the parameters of the
plasma, energetic particles,
plasma waves, electric and
magnetic fields near and inside
the front of near-Earth and
interplanetary shock waves the
front’s structure and its
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dependence on the parameters
of the plasma flow before the
shock wave were studied.
Particular attention was given to
studying plasma phenomena
responsible for the energy
scattering at the wave front, i. e.,
for the heating of the plasma’s
ions and electrons.

Similar measurements near the
shock wave front and in the
preshock region lying between
the wave front and the lines of
magnetic force made it possible
to identify the mechanism of
accelerating charged particles by
collisionless shock waves.

The study of the characteristics
of interplanetary shock waves
and their correlation with
phenomena taking place on the
Sun made it possible to study
the causes of the origination of
these waves, the mechanisms of
their generation, conditions of
their propagation and
acceleration of particles.

Since interplanetary shock
waves are fairly a relative
phenomenon which appears only
as a result of sufficiently strong
flares and ejections of matter on
the Sun, the shock wave formed
in front of the Earth’s
magnetosphere became the
main object of studies in the
Intershock experiment. This to a
large extent determined the
choice of the Prognoz satellite
for experimentation. The apogee
of its orbit is about 200,000 km,
the front of the near-Earth shock
wave is situated at a distance of
100,000-150,000 km. Therefore,
the satellite not only often
intersected this front, but also
moved for a sufficiently long
time in space which was not
perturbed by the solar wind
before the wave front. The
multiple recording of the strong
near-Earth wave and weaker
interplanetary shock waves made
it possible to study their
characteristics in various
conditions and depending on the
parameters of the solar wind
plasma flow.

One of the features of this
experiment is its comprehensive
character, the measurements of

all and, primarily, key
characteristics of processes
under study. The on-board
computer ensured flexible
control of the programme, and,
most importantly, taught the
whole set of instrumentation to
identify the instant of the
intersection of the shock wave
front. This enabled scientists to
introduce the rapid data
recording mode near the front.
Thus, a high temporal resolution
of measurements was ensured,
which gave a chance to study for
the first time ever the internal
structure of the wave front and
to identify physical processes
influencing the shaping of this
structure, the heating and
acceleration of particles.

The institute pays much
attention to the study of the
internal structure of the
magnetosphere. The Earth’s
magnetic field is a specific
magnetic trap in which charged
particles are contained for a
long time. Its inner part—the
plasmosphere—is filled with
relatively cold ionospheric
plasma with a temperature of
the order of several thousands of
degrees centigrade. In the outer
part of the magnetosphere
particles with a much greater
energy are accumulated —the
temperature of the plasma there
reaches 1,000 million degrees.
As shown by studies from
Prognoz satellites, the
interaction of these particles
with the cold ionospheric plasma
leads to the heating of the
plasma in outer layers of the
plasmosphere up to 10,000
degrees and higher.

Penetrating the magnetosphere
through specific “holes” or
“funnels”, which are formed on
its boundaries, the solar wind
plasma constitutes a
considerable part of the plasma
population of the planet’'s
magnetic tail and the plasma
mantle beneath the boundaries
of the magnetosphere. The ways
of the penetration and migration
of the plasma in the
magnetosphere were studied
through observations of “natural



tagged atoms” —helium and
oxygen ions (from Prognoz
satellites) and on the basis of
the glow of excited molecules in
the upper atmosphere (from
Intercosmos satellites— Bulgaria-
1300 and Oreol).

Plasma measurements carried
out from space probes made it
possible to study the interaction
of the solar wind with the
planets Mars and Venus, to
detect their shock waves and
plasma-magnetic trail.

It was found out that differing
quantitatively the plasma
processes in the
magnetospheres of all these
planets remain qualitatively close
for many most interesting
phenomena. In this sense one
can hardly overestimate the
importance of investigations in
the Earth’s magnetosphere
which is the most accessible to
us.

The study of the Earth’s
magnetosphere contributed to
the origin and assertion of some
major physical ideas. Of
particular importance is the
shaping of the view on the
plasma as a medium whose
dynamics is determined not only
by its ions and electrons, but
also by a wide spectrum of wave
motions inherent in the plasma.
The near-Earth shock wave is
the most graphical example of
such plasma object.

The effect of electromagnetic
oscillations on energetic
particles of the radiation belts
leads to their scattering and
penetration into ever lower
heights. In the long run, particles
perish, causing the glow in the
atmosphere. Thus, the life of
particles in the radiation belts is
determined by the level of
electromagnetic turbulence.

One of the major physical
processes (its role in the
dynamics of space plasma has
become clear only in connection
with magnetospheric studies) is
the rearrangement of magnetic
fields. The idea of the
rearrangement of magnetic fields
(the “rupture” of the magnetic
lines of force) enabled scientists

to understand an interesting fact
that the weak interplanetary
magnetic field (the density of its
energy is lower than the density
of the kinetic energy of the solar
wind by two orders of
magnitude) influences most of
the processes in outer regions of
the magnetosphere and deep
inside it. Despite such a global
character of the phenomenon,
the complex rearrangement
process takes place in relatively
small regions of the
magnetosphere in its frontal and
tail parts.

Experimental studies of the
magnetosphere have shown that
from the electrodynamic point of
view it must be considered as a
single ionospheric-
magnetospheric system. Various
parts of the magnetosphere are
electrodynamically connected by
currents along the lines of force
of the magnetic field
(longitudinal currents). The
strongest longitudinal currents
are observed in auroral lines of
force (in the zone of aurorae).
These currents link the boundary
regions of the daytime
magnetosphere and the plasma
layer of the magnetospheric tail,
i.e., space regions where the
main dynamic processes occur,
with the ionosphere.
Measurements made in the
auroral magnetosphere at
altitudes of 1,000-8,000 km have
shown that considerable
longitudinal electric fields exist
in these regions. In addition,
ground-based observations of
glows caused by electrons
precipitating on these lines of
force show that they have
passed through the accelerating
potential difference of several
kilovolts. Thus, the
electrodynamic connection of
the ionosphere with the
magnetosphere is not ideal since
there are regions with
considerable longitudinal
electric fields.

The study of the Earth’s
magnetosphere represents a
complex experimental task.
Researchers meet here with
difficulties which are directly

opposite to those met during
studies of the laboratory
plasma—probes here practically
do not perturb the plasma
surrounding them, and
measurements can be regarded
as point ones in the full
meaning. However, the number
of points at which they are
conducted is limited by the
number of spacecraft used. To
understand the cause-result links
between phenomena in the
complex magnetospheric-
ionospheric solar system the
simultaneous probing of its
critical regions is needed by
means of a sufficiently ramified
network of artificial satellites.
Satellite observations must be
supported by measurements
performed by ground-based
stations.

Studies of the processes taking
place in the Earth’s atmosphere
are of great fundamental and
general physical importance. At
the same time, the
interrelationship between the
processes occurring on the Sun
and in near-Earth space plasma
becomes more obvious with
every passing year. The share of
the energy of solar corpuscular
radiation penetrating the Earth’s
magnetosphere is 10?W, which
perhaps is not very great by the
space yardstick. Nevertheless,
many of its consequences—
magnetic storms, violations of
radio communications, the
putting of power transmission
lines out of order, etc.—are well
known.

Most scientists are unanimous
that solar activity influences the
Earth’s climate. Of course, no
fundamental changes take place
in the climate before our eyes.
This is a long process, a result
of the operation of many factors.
We witness only instantaneous
climatic variations. For instance,
as a result of the solar storm in
August 1972 the effect of the
slowing down of the Earth’s
rotation was recorded, which, in
the opinion of some scientists,
led to local weather anomalies
on the planet.

Many hypotheses concerning the



causes and consequences of
solar-terrestrial links have been
put forward, especially over the
past few years. But to provide
these hypotheses with a solid
scientific groundwork it is
required to obtain much more
experimental data on the
processes on the Earth, in near
space and in the upper
atmosphere, to accumulate
sufficient information on the
interrelationships between these
processes and solar activity. This
is one of the major tasks of
cosmophysics at the present
stage. In particular, the Interball
project is devoted to the
solution of this problem. Under
this project a system of two
Prognoz satellites is launched,
each of which operates along
with a minisatellite (subsatellite).
The main objective of the project
is to study physical mechanisms
causing the transfer of the
energy of the solar wind to the
magnetosphere, its accumulation
there and subsequent dissipation
in auroral regions of the
magnetosphere, in the
ionosphere and in the
atmosphere during magnetic
storms.

The satellite system of the
Interball project makes it
possible to study the two main
aspects of the magnetosphere’s
activity: the cause-effect
correlations and physical
mechanisms of phenomena. For
this purpose one of the
satellites—the Tail Probe—
together with a subsatellite
which accompanies it is
launched into the
magnetospheric tail which is a
reservoir of the energy of
magnetospheric substorms. The
other satellite—the Auroral
Probe—with its S2-A subsatellite
is injected into the orbit crossing
the region over the auroral oval
at altitudes of 5,000 to 15,000 km
where processes of the
acceleration of auroral particles
occur, and electrojets linking the
magnetosphere tail with the
conducting ionosphere of the
planet are flowing.

To study the interrelationship

between phenomena in the tail
of the magnetosphere and its
auroral zone the orbits of the
Tail Probe and the Auroral Probe
are chosen so that there is a
chance of simultaneous
measurements in the region of
the expected rearrangement in
the tail of the magnetosphere
and on auroral lines of force
passing through this region. For
this purpose the line of apsides
of the elongated orbit of the Tail
Probe at the apogee of 200,000-
250,000 km must intersect the
plasma layer of the tail at a
distance on the order of

100,000 km. The orbit of the
Auroral Probe intersects the
auroral magnetic lines of force
at altitudes of 5,000 to 15,000 km
with the apogee of 20,000 km.
The inclination and perigee of
both orbits are 65° and 500-
1,000 km, respectively.
Alongside local measurements
from satellites by a scanning
photometer carried by the
Auroral Probe, the global picture
of auroral displays is observed.
Measurements conducted from
Prognozes and their
subsatellites enable the studies
of the processes in the auroral
zone and in the region of the tail
which is the closest to the Earth.
This makes it possible to study
the mechanisms of the formation
and the initial acceleration of
closed magnetic formations—
plasmoids shaped in the tail
during the periods of the
dissipation of energy. Along with
these measurements of great
importance are studies of the
plasma and magnetic structure
of the far-off regions of the
magnetosphere tail (at a
distance of over a million
kilometres from the planet). They
are performed by a set of
instruments installed on the
Relikt-2 satellite launched into
the halo orbit near the solar-
terrestrial libration point L,. This
will help to better understand
the dynamics of the
magnetosphere as a single
plasma-magnetic system, to
comprehend how the
acceleration and further

evolution of plasmoids shaped in
the tail of the magnetosphere
take place.

Scientists hope to obtain vast
scientific results pertaining to
the physics of plasma
phenomena occurring in near-
Earth outer space in the course
of the implementation of the
project of experimental
investigations by a system of
small space laboratories fitted
out with solar sails. The main
objective of the project (its
preliminary name is Regatta) is
to organize multi-probe
measurements with high
temporal and spatial resolution.
The unfolding of a sufficiently
dense satellite network will
enable researchers to solve
fundamental problems of plasma
physics, being, at the same time,
a major element of the studies
into the effect of solar activity on
the Earth’s atmosphere, climate
and biosphere.

The Institute’s scientists and
engineers designed a small
space laboratory. Its design
meets the high requirements of
magnetic and chemical
cleanliness, the accuracy of
orientation, is relatively simple
and cheap, can carry a fairly
large payload. The laboratory is
meant for a long period of active
life.

It is intended to implement the
Regatta project in the
interaction with the Cluster
programme of the European
Space agency the aim of which
is the study of the fine structure
of processes in near-Earth
space.

In studying the physics of the
magnetosphere ever more
attention is given to the active
diagnostics method, i. e., the
artificial injection of the plasma
into the magnetosphere for
investigating plasma and
electromagnetic waves when
they are directly generated in the
collisionless plasma of the
ionosphere and the
magnetosphere.

Active (controlled) experiments
(the directed effect under
controlled conditions) opened a



new stage in space exploration,
bringing methods of research in
near-Earth outer space closer to
methods used in the physics of
laboratory plasma.

The APEX project is aimed at the
controlled study of the
electrodynamic links between
the auroral ionosphere and the
magnetosphere. The project is
based on satellite plasma
experiments with the injection of
electron beams or plasmoids
into the magnetosphere with the
simultaneous recording of
phenomena generated by the
injection of the beam, the
interaction of the beam with the
background environment and
the propagation in it. The
leading organization in
preparing and implementing the
project is the USSR Academy of
Sciences’ Institute of Terrestrial
Magnetism, lonosphere and
Radio Wave Propagation. The
staff of the Space Research
Institute participates in the
project.

Such experiments carried out of
late in the United States and
Japan (with the participation of
other countries) made it possible
to understand much in the
processes of the interaction
between charged particle flows
and the ionospheric plasma at
altitudes of up to 300 km. In the
APEX project active experiments
are staged with the use of two
satellites at altitudes of up to
3,500 km. The APEX project is a
logical continuation of active
rocket experiments of the
ARAKS and PORCUPINE type
(the mid-1970s—the early
1980s).

In the ARAKS project two French
research rockets launched from
the Kerguelen Island were used.
Each rocket carried a Soviet
plasma gun with a capacity of
15kW which injected electron
beams with energies of 27 and
15 keV into the ionosphere and
magnetosphere. Optical and
radar stations situated in the
magnetoconjugate area
(Arkhangelsk Region) and south
of it made it possible to detect
and record the coming of the

electron beam to the Northern
Hemisphere. In the course of the
experiment the excitation of
waves caused by the electron
beam during the motion in the
Earth’'s ionosphere and
magnetosphere was identified
and controlled, and conditions
of their propagation were
studied.

Alongside plasma experiments
the APEX project includes
ground-based, balloon and
rocket observations. In individual
periods of time (especially active
ones) correlated measurements
throughout height cross-
section—from the satellite’'s
position to the Earth’s surface—
are conducted. Although the
APEX project is mainly aimed at
active experiments, of
importance are also observations
of geophysical phenomena in
the absence of the injection of
beams and plasma (in the
passive mode of measurements).
Of principal importance is that
the APEX project provides the
synchronous measurements of
the basic physical parameters of
the environment, the beam and
generated fields from two
spacecraft—the main satellite
and the subsatellite.
Simultaneous: measurements are
performed at different mutual
distances (from 0.01 to 1,000-
2,000 km) and in different
(relating to the regions of the
perturbation of the environment
and the propagation of the
beam) zones of the
magnetosphere and ionosphere.
In the future it is planned to
conduct similar active
experiments with the injection of
electron beams and plasmoids at
distances of several Earth radii.
This will make it possible to
directly simulate and diagnose
magnetospheric processes
determining the course of
various auroral phenomena. With
this aim in view it is intended to
implement the international
comprehensive Apogee project
based on the APEX-2 project and
the Impact project. The Apogee
project is scheduled for

future.

In the Aktivny project
electromagnetic energy of very
low frequency radio range will
become a mean of exerting
influence on the environment.
This energy is emitted by the
on-board satellite transmitter
with the aid of a large aerial
unfolded in outer space.

The aim of the project is to carry
out comprehensive studies of
the propagation of VLF
electromagnetic waves in the
Earth’s magnetosphere and their
interaction with energetic
charged particles of the
radiation belts.

The Aktivny will be the first
space experiment in which the
controlled subsatellite was used
for studying the spatial structure
of physical phenomena
accompanying the injection of
powerful VLF radiation into the
magnetosphere. The subsatellite
is a specific probe slowly
separated from the main vehicle.
The distance between the
satellite and the subsatellite
changed in a controlled way
within the limits of hundreds of
metres to 100 km by a vernier
engine installation. Thus, not
only the close zone of the
emitter, but also phenomena in
the intermediate and far-off
zones were studied by means of
a subsatellite.

Several Institutes of the USSR
Academy of Sciences are
responsible for much of this
program. The Space Research
Institute will help these Institutes
in developing the scientific
instruments and testing them.
Space research in the field of
solar-terrestrial physics
envisages the exploration of the
Sun itself. For instance, the
comprehensive programme of
the CORONAS satellite project
(the leading organizations are
the Institute of Terrestrial
Magnetism, lonosphere and
Radio Wave Propagation and the
Physical Institute of the USSR
Academy of Sciences with the
participation of the Space
Research Institute) envisages the
solution of such key problems as
the determination of the



characteristics and location (the
corona or the chromosphere) of
the “solar accelerator”; the
determination of the parameters
of solar plasma by classical
spectroscopic methods and new
methods using, for example, the
recording of emission pulsations
from flare arches or nuclear
gamma-lines. The main purpose
of the experiment is to find the
forerunners of flares in different
spectral ranges and to elucidate
the mechanisms of energy
release.

It is traditional for a solar space
observatory to conduct
observations of the various
manifestations of solar activity
and to study its influence on
near-Earth space. Under the
CORONAS project the satellite
will carry equipment for
observations of phenomena
taking place on the Sun and for
the diagnostics of the near-Earth
plasma.

Under the same project the solar
corona and the regions of the
accelerated solar wind will be
studied by an extraeclipsing
coronagraph and a
radiospectrometer.

In addition, under the CORONAS
project one of the first
experiments in
helioseismology—observations
of the fundamental harmonics of
the Sun’s oscillations—will be
carried out. The solar spectrum
of the Sun’s own oscillations
contains information about the
change in the temperature from
the surface up to the solar
nucleus and also about the
dynamics of the Sun’s inner
strata. Thus, along with neutrino
astronomy, helioseismology
makes it possible to directly
explore the interior of the star
which is the closest to the Earth.
While the CORONAS project will
be implemented directly in the
maximum phase of the solar
cycle, the other solar project—
the Neutron—will be realized
during the period of the
relatively quiet Sun. This will
enable scientists to obtain
information on stationary
processes in active plasma

formations when secondary
effects linked with flare
phenomena are absent.

The scientific objectives of the
project include the study of fast
neutron flows and the short-
wave solar radiation in the range
varying from ultrasoft X-radiation
to gamma-radiation.

The “Tsiolksvskii Project” was
developed by the Space
Research Institute, USSR
Academy of Sciences and the
Lavochkin Research and
Operational Association to play a
major part in the extensive
program of solar studies. This
Project is aimed at desighing a
special-purpose probe and
inserting it into the sunward
trajectory with the use of Jupiter
gravity field. This makes it
possible to measure inside the
heliosphere—the nearest
vicinities of the Sun—actually
the only studied area of the
Solar system.

At present all the projects under
development, intended to study
the Sun (both the domain and
foreign) from the near-Earth
orbits are unable to ensure
spatial resolution over its surface
better than 100 km. 10 times
better resolution can be reached
with the aperture aboard the
probe, as it flies by the Sun.
Besides, the diagnostics of the
Sun in the X-ray, ultraviolet and
visible ranges is highly important
in studying the corona and the
solar wind generation region;
these diagnostics techniques will
help to relate the results of
direct measurements of corona
characteristics, made aboard the
probe, with the calculated
structural parameters, and the
latter in turn, with the
photospheric and chromospheric
formations. The “pictures” made
during the flyby near the Sun
will be used to compile a
stereoscopic three-dimensional
panorama of structural
formations.



Q@oTtorpagusi CONHE4HHON KOPOHDI,
cpenaHHas B nNepmnog 3aTMeHus.
Haxogsce B cOCTOSIHUM NOCTOSIHHOrO
pacLmpeHns, ConHe4Has KopoHa
3anonHseT MexnnaHeTHoe NPoCTPaHCTBO
MOHN30BaHHLIM ra30M — COJTHEYHbIM
BETPOM, KOTOPbIN pacrnpoCcTpaHaeTcsl co
CBEPX3BYKOBOU CKOPOCThIO 300—

800 km/c

Photograph of the solar corona during
an eclipse. The solar corona expands
continuously. It fills the interplanetary
space with an ionized gas-solar wind
which propagates at a supersonic speed
of 300-800 km/s

Haberasis Ha MarHMTHOe none Hawei
nnaHeTbl, COMHEYHbIN BeTep 10Kann3yeTt
ero B orpaHM4eHHON KOMeToo6pasHoun
nonoctu—marHutocgepe. Ha
obpatyeHHon K CosnHLy CTOpoHe ee
rpaHuya yfaneHa ot yeHTpa 3emnn Auroral precipitation
npumMepHo Ha 70 TbiC. KM. B : of particles
NPOTHBOMNONIOXKHOM HanpasieH!H ‘_/ P
MarHutTocgbepa BbITArMBaeTCsi Ha MHOTMe ——2

MUIISTMOHbI KMJIOMETPOB, 06pa3ys TR ;

MarHWUTHbIA XBOCT -

ABpopalibHOe BbIChHINAHHE
YaCTHI

Flowing over the magnetic field of our
planet the solar wind localizes it in a
limited comet-shaped cavity —
magnetosphere. Its border on the side
directed to the Sun is approximately
70.000 km behind the Earth centre. In
the opposite direction the
magnetosphre is extended by many
millions of kilometres in the form of a
magnetic tail

IInasmennslit c1oi
plasma sheet

CnyTHnK «[IPOrHo3». OKCYEHTPUCHTET U
Hak/I0HeHWe ero opbuTbl NO3BONAIOT
uccnefoBatb Takme pa3HoobpasHbie
pa1oHbI, KaK MeXnAaHeTHasi cpeja,
YAapHbIA (PPOHT, NepexoHbIN C/IoN u
BHeLWHsAS MarHurocghepa

The Prognoz satellite. The eccentricity
and inclination of its orbit allow for
investigation in such different areas as
the interplanetary medium, shock front,
transient layer and external
magnetosphere




ITpoTonsI
_~ TOJIAPHOTO Kacmna
Protons of the polar cusp

MarnuTHbIH T Ve

nooc, I0r
Magnetic pole, South

IU1a3MEHHOTO
cnos

protons of the
plasma sheet
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OpmH n3 cnyTHukoB «Opeor».
BbiBejeHHble Ha nonsipHbie OPOUTLI, OHN
NO3BOMIMNIN YTOHHNTL 06/1aCTH M
MexaHN3Mbl MPSIMOro NPOHUKHOBEHUS
CO/HEYHOro BeTpa B MarHuTocgepy

One of the Oreol satellites. Launched
into polar orbits, they made it possible
to investigate the regions and
mechanisms of direct penetration of the
solar wind into the magnetosphere

Ucnbitanmsa cnytHuka «Opeon» Ha
KocMogpome

Tests of the Oreol satellite on the
space-vehicle launching site

lMna3ma conHe4Horo BeTpa obTekaet
MarHuTocghepy v NPoHUKaeT B NOJISIPHYIO
noHocgpepy npubnunsutenbHo Ha 80°
MarHUTHOW LUMPOTbI. Moka3aHbl Npogunm
BbICbINaHUA 4acTuy, Nosy4YeHHble B
TeyeHne HeCKOJ/IbKMX NocsiefoBaresibHbIX
npoxogoBs cnyTHuka «Opeon» Yyepes
pavioH nonsipHOro Kacna

Solar wind plasma flows over the
magnetosphere and penetrates the polar
ionosphere to approximately 80° of
magnetic latitude. The profiles of
particle precipitation obtained in several
successive orbits of the Oreol satellite
passing through the polar cusp



Maruntocghepa TecHO cBsizaHa C
uoHocghepon NocpefCTBOM CUIIOBbIX
JTIUHAA MarHUTHOro Nonsi 3eMnu.
OHepruyHble 3apsiXKeHHbIe YacTuLbl
(3NeKTPOHbI U NPOTOHbI), NPUXoO[sLYMNe U3
XBOCTa BLOJIb 3TUX CHIIOBBIX JINHWUM,
BTOPraloTcsi B atMocgepy m Bo36yx[aiot
cBeyeHne ee aTOMOB U MOJIEKYT —
nonsipHbie CUSHUSA

The magnetosphere is closely
associated with the ionosphere and
atmosphere by lines of force of the
earth’s magnetic field. Energetic
charged patrticles (electrons and
protons), coming from the tail along
these lines of force, enter the
atmosphere and stimulate luminescence
of atoms and molecules, the polar
aurora

MogroTtoBka k paboTe yCcTaHOBKuN
MOJenupoBaHua NnasMeHHbIX Npoyeccos
1 sIBNIeHUA B KOCMOCe

A laboratory installation simulating
plasma processes and phenomena in
space

CnyTHuk «MHTepkocMoc — Bonrapus-
1300». OcHoBHas ero 3agadya—
KOCMMYECKue nccrnenoBaHnsi hnan4eckmnx
npoyeccos B noHocgepe n
marHuTocgepe 3eMnm n nx B3aMMOCBSA3N

The Intercosmos-Bulgaria-1300 satellite.
Its basic target is space investigation of
physical processes in the ionosphere
and magnetosphere of Earth and their
interrelationships




Cxema coBeTCKO-¢hpaHLly3CKOro
aKcnepumeHTa «Apakc»

Scheme of the Soviet-French
experiment Araks

Paketa «3pugaH» C nna3sMeHHOU NyLUKON
Ha 60pTy roToBa K cTapTy

The Eridan rocket with an on-board
plasma gun is ready for launching

*TIporxo3” (mpoexT “"HUHrepiuox™)
’Prognoz’ (’Intershock’ project)

MexapiaHeTHast yoapHasi BOJIHa
Interplanetary bow shock

Cxemartuyeckoe npegcraBrieHne
peanusaymn MexxgyHapoaHbIX NPOEKToB
«MIHTepLUoK» n «MHTepbon» Ha
cnyTHukax «[porHo3»

*’aBpOpaIbHOTO

3 omv L]
Amoral probe orbit

TInasmMenHslii MOpIeHb
plasma piston
Oxono3eMHas ynapHas BOJIHa

Nearspace bow shock Scheme of international missions

Intershock and Interball on the Prognoz
satellites
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Cxema 3KCrnepMMeHTOoB NpoeKTa
«AKTUBHbIN».

Scheme of the experiments of the
Activnyi project

Cxema akcnepumeHTOB npoekta AN3KC

Scheme of the experiments of the APEX
project

HHXeKIMaA 371eKTPOHOB
Injection of electrons

Nmxexnus 1U1a3mel
plasma injection -

O6nacTs B3aHMOJEHCTBHSA
BOJIHA-YaCTHIIA
region of shock-particle
interaction
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TAHETHBIE
NCCINEAOBAHVIA

PLANE TARY
EXPLORATION

UccneposaHne ConHeYHOM CUCTEMbI— CTapeviuee
HanpaBneHue acTpoHoOMU4eckon Hayku. OgHako B
nocnegHve AecATUNETUS OHO AaneKo BbIWSO0 32 paMKu
YUCTOWU aCTPOHOMUM, B HEr0 BKIKOHYUNIUCL PUIUKWK,
reouankun, reoxummnkn, reonorun. (NaBHbIM CpeaCcTBOM
N3y4eHus NfaHeT cTanu KoCMuYecKue annapatbl. U3
cnnaBa aCTPOHOMUM U HayK O 3emne opMupyeTcs
HOBbIN KOMMMEKC (pyHAAMEHTaNbHbIX HAyK — PU3nKa
NNaHeT, NNaHeTonornsa, NNaHeTOXUMMUA,— aHanorm4HbIv
Haykam 0 3emne, HO OxBaTbiBaOWMUn 6onee WMPOKUn
Kpyr npobnem. '

The study of the solar system is the oldest branch of
astronomy. However, over the past few decades it has
gone far beyond the framework of pure astronomy.

hysicists, geophysicists, geochemists and geologists
have joined astronomers. Space vehicles have become
the main means for exploring planets. The alloy of
astronomy and Earth sciences is shaping a new range
of basic sciences—physics of planets, planetology and
planetochemistry—which is similar to Earth sciences,
but which embraces a wider scope of problems.




OcHoBHOM 3agadven nccnenoBaHum
NNaHeTHbIX Ten ABNAeTCH
n3yyeHue ux aTtmocaep,
NOBEPXHOCTU U BHYTPEHHEro
CTPOEHUSA C Lenblo yCTaHOBUTL
W YTOYHUTB 0bwwme
3aKOHOMEPHOCTU (PU3NHECKUX 1
XUMUYECKUX NpOoLEeCccoB,
onpeaensiowmx «Xu3Hb» nobon
nnaHeTbl, B TOM 4Yucne u 3emnu.
Ons peweHus npobnemobl
ob6pasosaHus ConHe4HoON
CUCTEMbl OCOO6EHHO BaXKHbIM
SIBNSETCA U3yyYeHue Manbix Ten:
acTepovaoB, eCTECTBEHHbIX
CMYTHUKOB NJlaHeT U KOMeT.
HakoHel, HakonneHue AaHHbIX O
npupoae nnaHeT —Heo6xoANMbIN
3Tan nepeg co3gaHveM Ha JlyHe,
Mapce NnoCTOAHHO AEeNCTBYIOWMX
aBTOMaTUYECKUX Hay4YHbIX
o6cepBaTopun U obUTaeMbix
CTaHuuKn, KOTOopbie NoOMOoryT
3anoxuTb 6asy ana 6yayuiero
OCBOEHUA U KONMOHU3ayuu nnaHer.
MnaHeTHas TemaTuka 3aHUMaeT
Ba)XXHOE MeCTO B AesTeNbHOCTH
MHcTuTyTa. OCHOBHOM 33aa4en
SAIBNAIOTCA 3KCNEPUMEHTamNbHbIE
uccnegosanus. OHn BeayTcA
MeTo4amMu onTU4ECKOn n
UH(paKpacHON CNEeKTPOMETpUM,
doTOMETPUU U MH(PpakpacHoOn
paguoMeTpun, Macc-
CNeKTPOMETpUM, ra3osowu
xpomartorpacdumn, peHTreHOBCKOW
hnoopecUeHTHON
cnekTpomeTpun. BoinonHaoTcA
MeTeoponorniyeckne u3mepeHus
Ha NOBEpPXHOCTU U B aTMmocgepax
APYrux nnaHer.

Hapsigy ¢ akcnepuMeHTanbHbIMU
uccneposaHuaMmn 6onbluoe
BHUMaHWE yaensieTCa Takxe
paspaboTke TeopeTU4ecKux
npobnem, rnaBHbIM 06pa3oM B
obnactn mogenupoBaHus
npoueccos B NfaHEeTHbIX
aTmocepax, B TOM 4uCrie Ha
paHHKUX CTaAUAX UX IBONIOLUM.
NHCTUTYT aKTUBHO y4acTByeT B
obecneyeHnn KOCMUYECKUX
akcneguuui UCXOAHBLIMU AAaHHBbIMU
(paspaboTke UHXXeHepHbIX
mogenen ten ConHe4Hon
cucTembl), B NOAroTOBKE
nepcneKkTUBHbIX Hay4YHbIX
nporpamMm uccnegoBaHusi NnaHer.
3a Bpems CBOEro CyuwecTBoBaHUs
WHCTUTYT y4acTsoBan B
NOAroTOBKE U NpoBeAeHun

6onbwMHCTBA KOCMUYECKUX
3aKcneauLun, CBA3aHHbIX C
nnaHeTHbIMU UCCneaoBaHUAMMU.
Cunamun UHcTtuTyTa
obecneunBanacb 3Ha4yuTernbHasa
AONA HAyYHON «Harpy3ku»
Ka)Kaon U3 aTux aKcneguumn.
WccnepoBaHua HOCUNKU xapakTtep
nocnepoBaTtesibHO
pa3suBaloWencs NnporpamMmsl:
CTaBUNUCb HOBbIE 3ajauyu,
CyLWeCTBEHHO
COBEpLUEHCTBOBASIUCb OT noneta
K noneTty MeToAuka u Hay4Hble
npubopbI.

MepBas MexnnaHeTHasn Tpacca
6bina nponoxxeHa CoBeTCKUM
Coto3om 12 cpesBpans 1961 r.,
Koraa MHOrocTyneH4arasi pakera-
HOCUTENb BbiBeNa Ha Tpaccy
nonera K nnaHete BeHepa
aBTOMaTUYECKYIO CTaHUMIo
«BeHepa-1». B 1967 r. BnepBbie B
mMupe Ha 3emnio 66N nepenaHbl
paguocurHansl ¢ Apyrov
nnaHeTbl—C BeHepsi:
3HameHuTan «BeHepa-4» Bowna B
aTtmocdepy nnaHeTbl U Nposena B
Hen NpsiMble U3MepeHusi
XUMUYECKOro COCTaBa, AaBrieHus,
NNOTHOCTW, TeMnepaTtypbl, a
Tak>Xe 3NeKTpOHHOM
KOHLeHTpauun B noHocgepe.
Bbina obHapy>xeHa BogopoaHas
KopoHa BeHepbl.

K BeHepe 6bino 3anyueHo B
obLen CnoXXHOCTU

16 KOCMUYeCKUx annapaToB cepun
«BeHepa» u gBa annapata «Bera»
C NOCafo04HbIMM BEHEPUAHCKUMU
MOAYNAMU N a3pOCTaTHbLIMU
3oHaamu. Ecnu nepsbie «BeHepbl»
(MO BOCbMYIO BKNOYUTENBHO)
NOMHOCTbLIO BXOAUNU B aTtmocdepy
nnaHeTbl, TO CTaHYUM BTOPOro
NOKONEHUs pas3fensanucb Ha
cnyckaembie annapaTtbl U
opbuTanbHble OTCEKMW.
CnyckaemMbii annapaTt Bxoaun B
aTMmocdepy, a opbutanbHbin —
Nnu6bo CTaHOBMACS CNYTHUKOM
nnaHeTbl («BeHepa-9, -10 u -14»),
nubo nponeTan Hag nNaHeTon Ha
HEeKOTOpPOM yAaneHun n yxoaun Ha
opbuTty Bokpyr ConHuya («BeHepa-
11, -12, -13»). Ha 60opTy
opbuTtanbHoOro annapara
HaxoAUNUCb Hay4Hble NpUOoPBLI
ANA AUCTAHLMUOHHbIX
uccnepoBaHUi NnaHeTbl No ee
U3Ny4YEeHUIO B pasHbIX Anana3oHax

ANWH BOMH, a TakXXe annapaTypa
ANA nccnenoBaHus
MeXXNNaHeTHON Nnasmsbl,
MarHUTHbIX nofen n ans
npoBegeHns acCTPOHOMUYECKUX
uccneposaHnn. CtaHymu «BeHepa-
15, -16» BbIBOAUNUCL Ha OpOUTY
CNyTHWKAa NnaHeTbl; Ha MecTe,
npegHasHa4eHHOM ANA YCTaHOBKMU
CrnyckaeMmoro annapara,
pasmelyanacb 6onbwas
paavoNoKayMoHHan aHTeHHa, C
NOMOLLbIO KOTOPOW BbINOSIHAMNACh
CbemKa CeBepHOro nonylapus
nnaHeTbl (ronosHas
opraHusayusa — MIHCTuTyT
paguoanekTpoHuku AH CCCP).
Cnyckaemble annapaTbl CTaHUUh
«BeHepa-9 u -10» Bnepsble B
Mupe nepeganu Ha 3emnio
naHopambl C NOBEPXHOCTU APYyron
nnaHeTbl. OHK 6biNK NONyYeHbl
NOUCTUHE B IKCTpEeMasbHbIX
ycnoBusx (TemnepaTypa CBbile
450° C, paBneHue no4Tu

100 aTtmocdep). CoTpyaHuku NKU
AH CCCP npuvHuManu akTusHoe
yyacTue B uHTepnpeTayum
naHopam.

PesynbTaTbl u3amepeHu NOTOKOB
pacCcessHHOro CONTHe4YHOro
u3ny4yeHus B atmociepe BeHepbl
cTanu nepBbiM LWWArom B
[oKasaTenocTee TOro, 4To
UMEHHO NapHUKOBbIN 3P PeKT
SABNSAETCA NPUHMHON BbICOKUX
TemnepaTyp Ha NOBEPXHOCTU U B
aTMocgepe nnaHeTbl. B aTOM Xxe
akcnepuMeHTe 6bin nonyYeH
CNEKTP U3NYYeHUs, OTPAKEHHOIO
nosepxHocTbio. OH yKasan Ha
61130CTb BEHEpUaHCKUX Nopopa B
MecTe nocagku K 6asanbTam.

Mo onTU4eCKUM N3mMepeHusM ¢
y3KuMu punbTpamm Brnepsble
6b1110 OUEeHEHO coaepXKaHue BoAbI
B atMocoepe nog obnakamu
(okono 0,01% Ha BbicoTe 40 Km).
Ha opbuTtanbHbIX annaparax
«BeHepa-9 u -10» cunamm
coTpygHukoB UHcTUTyTa 6blNN
nposeAeHbl ABa KPYNHbIX
KOMMeKca Hay4YHbix
3KCNEPUMEHTOB: ONTUKO-
dur3nHecKkun N nnasmeHHbin. B
nepBOM UCCIiea0BanUCb CNEKTp
CBeYeHUs BepxHen aTtmocdepsbl,
[ONroTHasi 3aBMCUMOCTb NOTOKa
yXoAsWero AfMHHOBOTHOBOIO
MH(PaKpPaCHOro Usny4yeHus u
(POTOMETPUHECKUX XapaKTEPUCTUK
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nnaHeTbl B ANMMHHOBO/THOBOM
ynbTpacgnoneTosom guanasoHe,
CNEeKTp OTpaxeHus 06n1akos B
6nuxxHeM nHppakpacHOM
AvanasoHe. Bo sBTopom —
n3y4anucb siBneHus o6TeKaHus
nnaHeTbl CONHEYHbIM BETPOM.
ApKuMm pesynbTaTom
BbINOMHEHHbIX UCCNeaoBaHun
cTano noslydeHue cnekTtpa
CBEeYeHUs HOYHOW BepxHen
aTtmocdepbl BeHepbl, KOTOpbIK 40
TOro HECKONbKO pa3 6esycneLwHo
neiTanucb Habnogatb ¢ 3emnu.
Bnepsblie 66110 HageXXHO
3acukcmpoBaHo NpucyTcTeue
Kucnopoga B atmoccepe BeHepbi.
B nnasmeHHbIX aKkcnepuMeHTax
AeTanbHO Uccneposanach
CTPYKTypa yAapHOW BOMHbI,
BO3HUKaloWen npyu o6TekaHum
nnaHeTbl CONHEYHbIM BETPOM U
pacnonoXXeHHon 3a (PpoHTOM ee
TYpOyneHTHOW 30Hbl.

MN3mepeHns XxumMm4ecKoro cocrasa
aTMmocdepsl, NpoBeAeHHbIe Ha
CTaHUUSAX NEepBOro NOKONEHUs,
nokasanu, 4TO OCHOBHble ee
KOMMOHEHTbI— 3TO YrNEeKUCNbIN
ras u asoT (HeCKONbKO NPOLEHTOB
no oTtHoweHuto K CO,). OgHako
ANA MOHMMAHUA MHOMUX
nNpoLeccoB, NPOUCXOAALYUX B
aTtmocdepe (B TOM 4ucne
nepeHoca 3Heprum,
cdopmMupoBaHua 061aKoB), Hy>XHbl
AaHHble O TaK Ha3biBaeMbiX
ManbiX COCTaBNAKOLWMX, POSb
KOTOpbIX B 3TUX npoyeccax MoXeT
6b1Tb OnNpegensiowen. Bonpocsl
NPOUCXOXXAEHUA N IBONIOLUN
nnaHeTHOW aTMocepbl Takxe
Henb3A pewunTb 6e3 3HaHus
M30TONHOro cocTasa.

Komnnekc akcrnepumMeHToB no
U3YHEHUID TOHKOrO0 XMMUHECKOro U
M30TOMHOro cocTaBa aTtmocqgepbl
BeHepbl 6bin npoBeaeH Ha
KOCMUYECKUX annaparax
«BeHepa-11 u -12». Haunbonee
BaXHbIM pe3ynbTaToMm 3Tux paboTt
CTaNo u3MepeHue U30TONHOro
cocTaBa UHEpPTHbIX ra3os.
M30TONbl MHEPTHBIX ra30B MOXHO
pasgenuTb Ha ABe rpynnbl:
paguoreHHble, KOTopble
obpasoBanucb B pesynbraTe
pagnoakTUBHOro pacnaaa, u
penMKTOBbIE, COXpaHMBLUMECH CO
BpeMeH obpa3oBaHus ConHe4HON
cuctembl. OTHOCUTENBHOE U

abcontoTHOEe cogep>xaHue
pPenMKTOBbIX U30TOMNOB NO3BONSAET
cyauTb 06 ycnoBusx,
CNOXUBLUUXCS B NPOTONNaHETHOW
TYMaHHOCTU U B XOA4e CaMoro
npouecca (hopMMpOBaHUS NaHeT.
N3mepeHun, nposeAeHHbIEe
COBETCKMMM CTaHUMUAMM, NokKasanm
NPUMEPHO paBHOE KONUYECTBO
paguoreHHbIX U penUKTOBbIX
n3oTonoB aproHa Ha BeHepe, B TO
BpeMs KakK Ha 3emne penmkToBbIX
um3otonos npumepHo B 300 pa3
MeHblUe, YeM paauoreHHbIXx. Kak u
Aecduynt BOoablI HA BeHepe, 310,
0o4YeBUAHO, CBR3AHO C
0CO6EHHOCTSAMU (POPMUPOBAHUSA
nnaHeT. HekoTopble KOMMNOHEHTbI
aTMmocdepbl U3MEPANUCH
OAHOBPEMEHHO pa3HbIMU
npubopamun. Hanpumep, asoT u
aproH perucTpMpoBaniMcb U Macc-
CNEKTPOMETPOM, U ra3oBbIM
xpomaTtorpadoM. "a3oBbin
xpoMartorpad gan Takxe
CBeAeHusi 0 ABYOKUCU Cepbl U
MOHOOKUCHK yrinepoga (0Kono
0,01% un 0,003% COOTBETCTBEHHO;
3TW AaHHble OTHOCATCA K BbiCOTaMm
12—42 KmMm).

C nomowbio ONTUYECKOro
cnekTpomeTpa 6b11M NonyYeHbl
COTHU CNEeKTpOB AHEeBHOro Heba
BeHepbl B guanasoHe ot 0,4 po
1,2 MKM Ha BbIcOTax oT 60 KM un
[0 camon nosepxHocTU. Ux
WHTepnpeTauus Bnepsbie gana
NONHbLIN BepTUKanbHbIA Npousib
Hanuyus BOoAbl B aTMocepe
BeHeptbl, cnekTpanbHble NOTOKK
3Heprun B HeW, BEPTUKASTIbHYIO
cTpaTtudukaymio o6nakos B
MecTax nocaakm.

C nomouwblo cneyunanbHbIx
npnbopoB, CO3[aHHbIX B
MHCTUTYTe, Takxke Bnepsble 6bino
o6Hapy>XeHO HU3KO4acTOTHOe
3NEeKTPOMarHUTHoOE usnyyeHue B
aTtmocoepe BeHepbl, cBA3aHHOE,
BO3MOX>XHO, C rpO30BbIMU
paspsgamu.

3ameTuMm, 4TO NO CBOUM
XapakTepucTukam BCe Hay4YHble
npubopbl He ycTynanm
aHanorn4HbIM MHCTPyMEHTaMm
amepuKaHckoro 3oHaa «luoHep —
BeHepa», a kKoe B 4eM
CyWeCTBEHHO UX NPeBOCXOAUNM.
Ha «BeHepe-13 u -14» 311
3KCNepuMeHTbl NPOBOAUNUCH
BHOBb, NPUYEM C NOMOLLbIO

3Ha4YUTENbHO
yCOBepLIEHCTBOBaHHbIX NpM6opos,
4TO NO3BOSMNO, B HAaCTHOCTW,
CyWeCTBEHHO paclmMpUTb CNNUCOK
MOneKyn, naeHTUPULMPOBaHHbIX
Macc-CneKTpoMeTpOM, BnepBble
HaAEeXHO U3MepUTb U30TOMNHbIE
OTHOWeEHUA HeoHa. ONTuyeckun
3KCnepuMeHT 6bin AONONHEH
nccnegosaHusMU B
yNbTpacPnoneToBoM AnanasoHe u
M3MepeHUsIMU CMeKTpoB
U3Ny4YeHU, NPUXOAALLMX C pa3HbIX
HanpasfeHui.

ConHe4Hasn 3Heprus,
nornoujeHHasi nsaHeTon B
BMAUMOM AuanasoHe,
nepeusnyyaeTcsa B UHppakpacHOM
Ha AnuHax BosH 6onee 5 MKM.
CnekTp 3TOro «yxoaswero»
N3NyYeHUst UMeeT CNOXKHbIN BUA,.
OH 3aBUCUT OT ra3oBoro cocrtasa
aTtMmocepsbl, cocTaBa HacTuy
obnakoB, Ux BepTUKasnbHOW
CTPYKTypbl, TeMnepaTtypb!
aTMocdepbl B usny4aoLen
obnactu. Mo uHdpakpacHbIM
cneKTpam yxoAsiLero uany4yeHus
MO>XHO BOCCTaAHOBUTb 3TU
XapakTepucTuku (npu4emM BO
MHOMMX MecTax nnaHeTbl) B
3aBUCMMOCTU OT WINPOTHI,
[ONroTbl, BPEMEHU CyTOK. B cBA3u
C 3TUM BaXXKHOW 3aga4ven aBnsieTcA
nony4YeHue Takux CNeKTpoB C
AOCTaTO4YHO BbICOKUM
NPOCTPAHCTBEHHbLIM pa3peLleHnem
(okono 100 KM); 3TO MOXET 6bITb
cAenaHo TONbKOo C
WUCKYCCTBEHHOro CnyTHUKa
BeHepbl. AkcnepuMeHT no
MHPaKpaCHOW CneKTpoMeTpun
BeHepbl 6b1n1 nogrotosneH MKW
AH CCCP B koonepauwm ¢
unHctutytamu AH IF'AP n npoBeaeH
Ha cTtaHuyumn «BeHepa-15». bbino
onpeaeneHo cogepxanue H,O n
O, Ha BbIcOTax okoso 60 KM Ha
pPasHbIX WKUPOTax, U3MepeHo
LWMPOTHO-AONIOTHOE none
TemnepaTyp B Auana3oHe BbICOT
60—90 kM, obHapy>XeHbl pe3kue
NnoKanbHO-BpPEMEHHbIE Bapuauun B
CTPYKType BepxHero crnos
obnakos.

HoBbIM Warom B COBETCKUX
uccnegoBaHusax ConHe4Hon
cucTtemsbl cTan npoekT «Bera». B
OTNIMYMe OT BCeX NpeabIaywmnx oH
6bIn MHOroOUeneBbIM: B O4HOM
3anycke npegycmaTtpvuBanucb



uccnenosaHua nnaHeTbl BeHepbl
(c nomoublo cnyckaeMbix
annapaToB U a3poCTaTHbIX
30HA0B) U KoMeTbl Mannesa (npwm
nponeTe KOCMU4YeCKown cTaHuuu
yepes ee KOMY).

Ha cnyckaembix annapatax
Bnepsble 6bin Nony4YeH
NPELU3NOHHbIA TeMnepaTypHbIA (C
TOYHOCTbIO nopsigka 1 K)
BepTUKaNbHbIW Npohunb
aTMocdepbl BeHepbl BO Bcem
AnanasoHe BbICOT: NPUMEPHO OT
50 kM go nosepxHocTu. Oba
aKCnepvMeHTa NpoBOAUNUCH
COBMECTHO C (PpaHLy3CKUMMU
y4eHbiMK. BnepBble BbiNONHEHbDI
npsiMbie U3MepeHusi cogep>xaHuns
CEepHON KUCNOTbl B 06na4yHOM
cnoe. 3TO OCHOBHas
cocTaBnsowasi a3po30bHbIX
yacTuy, NO KpanHen mepe B
BepxHen 4acTtu obnakos. OgHako
3/1eMeHTHbIN aHanua,
npoBeAEHHbIA PEHTreHOBCKUM

¢ nNIoopeCUEeHTHBIM METOAOM,
nokasasn, 4To B HUXHUX sipycax
06n1aKkoB B COCTaB 4acTul BXOAAT
Takxxe xnop u gocdgop. C
NOMOLLbIO ONTUYECKOro
aHanusaTtopa pa3MmepoB 4acTuy
6bIN10 BbISICHEHO, YTO B UX
pacnpeaeneHnuM AOMUHUPYeT TakK
Ha3biBaemaa moga 1 (cteneHHon
CNeKTp C nokasaTenem oKono 4),
a Ko3(pdPUUMEHT npenomneHus
6nu3ok Kk 1,5. BepTukanbHasi
CTpyKTypa obnakoB B Mectax
nocagKu cnyckaeMbix annapaTos
3HA4YUTENbHO OTNUYaeTCA OT
nony4YeHHoOn B psae npeablaywmx
3KCNEepUMEHTOB.

Bbigatowmmcs ycnexom cran
noneT AByX aspocTaTos B
aTMocdepe BeHepbl,
NPOAO/MKABLUUMACA OKONO ABYX
CYTOK Ha BbicoTe 54 kM. JTO
6binn NepBble a3pocTaTthl B
atmoccepe Apyron nnaHeTtbl. B
Hay4HyI0 NporpaMMmy BXOA4uNu
n3MepeHus faBneHus,
TemnepaTypbl, CKOPOCTH BeTpa,
napameTpoB TypOyneHTHOCTW,
o6bemMHOro KoadpcuumeHTa
paccesiHust 06naKos,
ocseweHHocTw. MNporpammMa
rotoBunacb u peanu3osbiBanach B
Koonepaymu ¢ y4eHbiMn dpaHuymmn
n CUWA. CeTb paguoTeneckonos,
pacnonoXeHHbIX No BCEMY
3eMHOMY LWapy U 06beguHEeHHbIX B

MeXAyHapoAHY0 CUCTEMY
cBepX4IMHHO6a30BOrO
UHTepepomeTpa, onpeagensna
NosioXKeHne n CKoOpocTb
aspocTaTtoB. bbinu namepeHsbl
cpefHve CKOpOCTU 30HANbHOIO
BeTpa Ha BbiCOTe gpenda (0Kono
67 m/c), MepuauoHanbHOro BeTpa
(okono 4 m/c), obHapy>eHbl
CunbHble TypOyneHTHbIe
ABWXeHns (amnnutyaa Ao 2 m/c),
oporpaguyeckune apdeKTbl B
aTMOCepHbIX OBUKEHUSX.
Mony4yeH npodunb n3MeHeHus
COMHEYHOro NoToKa npu nepexoae
C HOYHOW CTOpPOHbI Ha AHEBHYIO.
Co cnyckaeMbix annapaToB u
aspocTaTtoB 04HOBPEMEHHO 6bino
06Hapy>XeHO HOYHOe cBeYeHue
Tponocdepbl, 06ycnoBneHHoe, no-
BUMAUMOMY, TENNOBbIM
n3ny4eHueM NOBEepPXHOCTU Ha
ANWHaxX BOSIH OKOMO 1 MKM.
Ycnexu coOBETCKUX yYeHbIX B
n3ydeHun nnaHeTbl Mapc no
CpaBHEHWIO C pe3ynbTaTtamu
BEHepuMaHCKOW nporpammbl
BbIMMAAAT 3HAYUTENLHO
CKpOMHee.

B 1971 r. kK Mapcy ctaptoBanu
aBTOMaTu4eckue crtaHuum «Mapc-
2» n «Mapc-3». Co cTaHyuu
«Mapc-2» 6bina cbpoweHa
Kancyna, AOCTUruan NoBepxXHOCTU
nnaHeTbl, a oT «Mapca-3»
OoTAeneH crnycKaembl annapar,
KOTOPbI COBEpLUUT MATKYIO
nocagky. Kakon-nm6o Hay4Howm
WHOpMaLMK OT 3TUX NOCAAOHHbIX
YCTPOWCTB MOSMy4uUTb He yA4anocsb.
Camu cTaHymu ctanu
WUCKYCCTBEHHbIMU CNYTHUKaMWU
Mapca. C nx nomowybio 6bino
BbINONHEHO 11 Hay4HbIX
3KCNEepPUMEHTOB, CEMb U3 KOTOPbIX
CBfi3aHbl C U3y4YEeHUEM NNaHeTbl:
[AVUCTaAHUMOHHbIE U3MEpPEHUs
TemnepaTypbl ee rpyHTa,
nccnegosaHus penseda
NOBEPXHOCTU, COCTaBa N CTPOEHUs
aTmocagepbl. 3mepeHus
TemMnepaTypbl NOBEPXHOCTU Npw
nomown UK-paguomeTtpa
nokasasnw, 4TO BO Bpemsi NbiNeBown
6ypy OHa HWXe, YeMm npu
HOpPMasibHOW NPO3payYHOCTH
atmocdepsbl. Mo gaHHbIM 3TOro
3KcnepuMeHTa onpegensnach
Tak)xe Tennosasi HepLUs rPyHTa,
a no Hew, B CBOIO o4epeab,
oueHuBanacb xapakTepHas

Benu4uHa 3epeH rpyHTa (0,05—
0,5 MMm). doTOMETP, HACTPOEHHbIN
Ha NONOCy nornouwieHusn BoAbl, Aan
npodunb ee coaep>xaHus BoNb
noAcNyTHUKOBOW 30HbI.

B 1974 r. K Mapcy 6binu
3anyujeHbl elle YeTbipe
cTaHuum — «Mapc-4, -5, -6, -7».
Lienbio HOBOro KOCMUYECKOro
3KCnepuMMeHTa cTanu
KOMMJIEKCHbIE UccneaoBaHusi
nnaHeTbl 0AHOBPEMEHHO C Op6UTHI
€e NCKYCCTBEHHOro CnyTHuKa 1
HenocpeAcTBEHHO Ha
NOBEPXHOCTM.

Ha cnyckaemom annapate
cTaHyum «Mapc-6» BnepBbie B
UCTOPUN KOCMOHaBTUKMU
BbINONHANUCb NPAMbIE U3MEPEHUS
TeMnepaTypbl U AaBNEHUN
MapCUaHCKOW aTMocdepsi.

C nomoLbio UCKYCCTBEHHOTO
cnyTHuka «Mapc-5» UHCTUTYyTOM
6binu npoBegeHbl ABa
3KCnepuMeHTa no uccnefoBaHuio
XUMUYECKOro cocrtasa
aTmocoepbl. OguH N3 HUX —
u3MepeHue coaepXxaHusi BOASHOMO
napa B aTmoccepe — nokaasarn,
4TO B OTAeNbHbIX panoHax Mapca
OHO MOXeT gocturatb 100 MKM
ocaxAeHHOM BoAbl. JTO
3Ha4YUTENbHO 60sbLUe, YeMm
Habn4anocb aBTOMaTUYECKON
CcTaHuyven «Mapc» B aHanorn4Hom
ce30oHe ABYMS roaamun paHblue.
Kpome Toro, okasanocb, 4TO B
obnacTtax, oTCcToAWmX Apyr oT
Apyra BCEro Ha HeCKOnNbKO COT
KUNOMETPOB, coAep>XaHue Boabl
MOXeT pa3fnim4aTtbest B 3—4 pasa.
OkcnepuMmeHT Ha «Mapce-5»
nokasan npucyTcTeue
HebonbWOoro Konu4ecTea 030Ha B
HU3KUX WnpoTax. ATOT pesynhTar
UMen BaXKHOe 3HayeHue AnA
NOHMMAaHUS POTOXMMUHECKUX
npoueccos B aTtMocgepe
nnaHeTsbl.

Mpu nomowm oTomeTpa Ha
NvHUK «JlanmaH — anba» 6b1nu
onpeaeneHbl NNOTHOCTb U
pasmepbl BO4OPOAHON KOPOHbI
Mapca—camMon BHelIHeN 4YacTu
ero arMocdepsi.

BHoBb 6b1n1M NpoBeaeHbl K-
paauoMeTpun NOBEPXHOCTHU,
¢doTtomeTpusn B 6nvxxkHem UK-
AnanasoHe, B TOM 4ucne B
nonocax CO,, a Takxe B BUAUMOM
AnanasoHe. [posogunuce



U3MepeHust 1 METOAOM
NONAPUMETPUN.
doTomeTpuyeckue n
nonsipuMeTpu4eckue u3mepeHmus
nokasanu, 4To 3epHa peronuTa
umeloT 6onee Menkyto
MUKPOCTPYKTYpy — nopsigka
OAHOr0 MUKpPOHa.

N3mepeHusa paguounsnydeHusi
nnaHeTbl Ha BONHe 3,4 CM C
NOMOLLbIO paguoTeneckona
No3BONWNU NOMY4YUTb AAHHbIE O
TemnepaTtype u AU3NeKTPU4ECKOn
NnocTosHHOM rpyHTa Mapca go
rny6buH B HECKONMbKO AECATKOB
CaHTUMETPOB.

HauuvHas c cepeauHbl 80-x rogos
Hapsgy C NpoAosHKeHneM
uccnenoBaHuin NnaHeT yyYeHble
obpaTunnuCb U K COBEpLUEHHO
MHOMY Knaccy o6bekToB
ConHeyHoOW CUCTEMbI— ManbIM
Tenam: kKOMeTam U actepovaam.
Mansie Tena, UMEHHO U3-3a UxX
Manon Macchl U 6onbLion
yaaneHHocTu ot ConHua, He
AOMMKHbI 661NN CUNBHO
U3MEHUTBLCA 3a BPeMsi CBOEro
cywectBoBaHus. CnegoBartensHo,
MX U3ydeHne MOXKET aatb
YHUKasnbHy0 UHpopmayuio o
npoyeccax, NpoTeKkaswWwux B
nepuopg 3apoxgeHun ConHe4Hon
CUCTEMBI.

MccnepnoBaHusa manbix Ten yxxe
BHECNW OrpOMHbIN BKNapg B
NMaHeTHYIO KOCMOrOHUIO.
NmeloTca B BUAY pesynbTaThl
WU3y4YeHnss MeTeopuToB —
yHUKanbHbIX 06pasyos
KOCMUYECKOro BelecTsa,
KOTOpble Npupoaa cama
«nNpucbinaeT» Ha 3emsio.
MeTeopuTbl SBNAIOTCA OCKONKamu
6onee KpynHbIX Tesl, rNaBHbIM
obpa3oM actepoungos, u
o6pa3yloTcsa B pesynbrarte ux
paspylweHnsa Npyu B3auMHbIX
CTONKHOBeHuAX. ECTb elye knacc
OY€eHb ManbiX METEOPUTOB (Tak
Has3blBaemble 4acTuubl bpaynnu),
MUMeIoLWmMX, BEPOSITHO, KOMETHOe
npoucxoxaeHue. MNoka, ogHako,
He AICHO, KaKOBbl CBA3N MeXAay
pasHbIMU TUNamMu manbix Ten, He
M3BECTEH pRA UX BaXKHENLINX
xapakTepuctuk. OcobeHHO
3arafjodHbl KOMeThl. B TO xe
BpPeMsi OHM NpeACTaBnAT cobon
Hanbonbwun HTepec ANA
uccnegosaTtenei, NOCKONbKY
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WUMEIOT ra3oByIO U NblNeBYO
KOMMOHEHTbI. ATO No3BonsieT
NONY4YUTb YHUKaNbHYIO
vHOopMaymio, BKKOHasi CBeaeHus
06 3neMeHTHOM u gaxe
N30TONHOM cocTaBe 6e3 nocagku
Ha OCHOBHOE Teno,
npeacTasnaiowen o4eHb CITIOXKHYIO
TEeXHUYEeCKylo 3agadvy (xoTa
pa3pabaTbiBalOTCA U Takue
NPOEKTbI).

UccnepnoBaHusi KOMET KpanHe
Ba)KHbl U ANA ANArHOCTUKK
du13n4ecKux ycnosum s
MeXniaHeTHOM NPOCTpPaHCTBe.
Ucnonb3soBaHue aTux HebeCHbIX
Ten B Ka4yeCTBe eCTECTBEHHbIX
30H40B — eAUHCTBEHHAas B
HacTosWwee BpeMA BO3MOXHOCTb
uccnegosaTtb Te y4acTKu
KOCMMY€ECKOro NpoCcTpaHCcTBa,
KOTOpble NOKa TpyAHOAOCTYNHbI
ANSA MeXNNaHeTHbIX CTaHUUAA.
OcyujecTBneHwe npoekTta
«BeHepa—kowmeTa Nannes»
CTano nepBbiM BaXKHbIM LWarom B
peanusayuu nporpammbi
nccnepoBaHun Manbix Ten
ConHe4HOM cUCTeMbl CpeacTBamm
KOCMUYECKON TEXHUKU. B HeMm
y4acTBoBav ABa UAEHTUYHbIX
KocMu4yeckux annapata— «Bera-
1» n «Bera-2». B ka4yecTBe
6a30BOM KOHCTPYKUUN
MCNONb30BaNNUCbL aBTOMaTUYECKne
MeXXNJiaHeTHble CTaHLuK
«BeHepa» BTOpPOro NoKosieHus.
Ana npoekTta «Bera» 6b1n10
XapaKTepHO LWMpOKoe
npuBneYeHne NHOCTPaHHbIX
Y4aCTHUKOB Ha ypOBHe
KOCMWYECKUX areHTCTB,
WHCTUTYTOB U OTAENbHbIX
uccneposatenen. [ns
KONMEeKTUBHOTO pelieHnst
BOMNPOCOB, BO3HUKAIOWMX B XoA€e
COBMeCTHOM paboTbl NO NPOEKTY,
6b1n cosgaH MexayHapoaHbI
Hay4HO-TeXHU4YECKUA COBET NoA
npeaceaaTtenbCTBOM akagemuka
P. 3. CarpeeBa.

Mporpamma noneta KOCMUYECKUX
annapatoB «Bera» 6bina TakoBa.
CtaptoBanu annapatbl 15 1

21 pekabps 1984 r. B uioHe
1985 r. oHn gocTurnu
OKpPECTHOCTU nnaHeTbl BeHepa. 3a
ABO€e CyTOK A0 nponeTta nnaHeTsbl
OT HUX OTAENUNUCb CnycKaemble
annapaTtbl, KOTOpble NPOAOIIKUIN
ABWXeHne no nonapatouien

TpaekTopuu U BOWMNU B
aTmocoepy BeHepbi.

MmnynbcoMm, coobLieHHbIM
KOPPEKTUPYIOWKUM ABUraTENEM,
nponeTHble annapaTbl 6bi1u
nepesegeHbl HA TPaeKTopuIo,
o6ecne4ynBatoLyto NponeT MUMO
nnaHeTbl U BO3MOXHOCTb
peTpaHcnauMM nHdopmMalum,
NoCTynaiowen co crnyckaembix
annapatos. 3aTeM B pesynbTaTte
rpaBuTaUUOHHOrO MaHespa B none
TAroTeHus BeHepbl nponeTHble
annapaTtbl nepewnu Ha
TPaeKTOPUIO BCTPE4YU C KOMETON
Fannen, cocTonBlWENCS B Ha4ane
mapTa 1986 r.

O «BeHepnaHCKOM» 4acTu
NpoeKTa y>e roBopunoCs.
Pacckaxem Tenepb 06
uccnepoBaHusx kKomeTol Mannes.
Kaknmu 6binu Hay4Hble uenmv
3aKCneauLUN KOCMUYECKUX
annapatoB K KomeTte [(annesa?
Mpexae Bcero, peyb wWna o
BbISICHEHUWN NpUPOAbI AApa U
aTMocepbl KOMETbI.
Mcnonb3osanucb ABa nogxoAaa:
BO-NepBbIX, AUCTAHLUUOHHbIE
M3MepeHUss Npu NOMoLn
onTuyeckux npnbopos, 1 BO-
BTOPbIX, NPAMble U3MepeHUst
BelecTsa (rasa v nbinu),
nokugatowero sapo u
nepecekarouwiero TpaeKkTopuio
ABWXeHusa annaparta. Kpome Toro,
nccnepoBanachb CNoXKHas KapTuHa
npoueccos, KOTopas
HabniogaeTcs npu BCTpede
WOHW30BaHHOW KOMMOHEHTbI
KOMETHOro rasa C NOTOKOM
CONHEeYHOoro BeTpa.

OnTnyeckue npubopbl
pasmeLwjanucb Ha cneunanbHOn
nnartgopme, KoTopas
nosopaYuBanacb B8O Bpems
nponeTa sagpa, aBTOMaTUYECKH
OTCNnexuBas HanpasfeHue Ha
Hero. 3Jta nnardgopma bbina
paspaboTtaHa COBMECTHO
4yexocnoBayKuMn U COBETCKUMU
cneyuanuctamm u U3rotoeneHa B
Yexocnosakuu. OgHum 13
rnasHbIX 3N1EMEHTOB ONTUYECKOro
KoMmnnekca 6bina TeneBU3NOHHas
cucTema, cocrtosiwas us
ANUHHOMPOKYCHOW U
KOpPOTKOOKyCcHOM kamep. C -
NOMOLLbLIO AJSTMHHOPOKYCHOM
Kamepbl MOXXHO 6b1110 pasnuyaTtb
Ha pacctosaHun 10 000 kKM aeTtanu



pa3mepom okosno 100 m.
KopoTkodokycHas, nmest
paspeuwieHue noxyxe, obnagana
6onee WUPOKUM NONEM 3pEHUS,
no3ToMy oHa 6bICTPO Haxoauna
AAPO KOMETb! (CaMyio ApKYIo ee
4acTb) WU, BblaaBas CUrHanbl Ha
NOBOPOTHYIO NNaTgopMy,
yAep>xuBasna ero B nosne 3peHusi
ANVUHHOMOKYCHOW Kamepbl.

B coctaB TeneBU3noOHHOM
CUCTEeMbI BXO4UN
MWUKpPONpoLEeccop, KOTOPbIX
ynpaensan paboTon kamep:
BbINONHAN NpeABapuUTEnbHYO
06paboTKy usobpaxkeHui,
BblbMpan kaHanbl, PUNbTPLI,
onpeaensan 3KCno3uyuio.
TenesuanoHHas cuctema 6bina
co3gaHa ydeHbiMu CCCP, BeHrpuum
1 OpaHumn.

B onTtudeckun komnnekc,
yCTaHOBMEHHbIW Ha nnaTtdopme,
NOMUMO TENEBU3NOHHON CUCTEMDI
BXOAWUSIU TakxXe Npuobopbl,
KOTOpble AOMKHbI 6binn
obecne4ynBaTb NpoBeAeHUE
AeTanbHbIX CNEKTPOCKONNYECKUX
uccneaoBaHUA XMMUHECKOro
cocTtaBa pasnu4Hbix obnacrten
aTMocdepbl (KOMbl) U XBOCTa
KOMETbl. OTO, B YaCTHOCTW,
TpexKaHasnbHbI CNEKTPOMETP
(TKC), paspaboTaHHbIN 1
W3roTOBSIEHHbLIN Hay4YHbIMU
yypexageHunamu bonrapun, CCCP
1 dpaHyuu, U UHpaKpacHbIN
cnexktpomeTp (UKC), cosgaHHbIn
80 ®paHumu. UcnbiTaHns
WH(ppaKpacHOro cnekTpomMeTpa
nposoaunuce B8 CCCP coBmecTHO
(hpaHLy3CKUMU U COBETCKUMMU
cneynanucrammu. CoBMeCTHO
BbINOSTHANACb U UHTepnpeTayms
AaHHbIX.

OpHa 13 BaKHeNWUxX uenen aTux
nccnegoBaHni — NOUCK
nepBUYHbIX, UMK, KaK UX eLye
Ha3bIBaIOT, «pOAUTENBCKUX»
monekyn. HazeMHbiMu
CNEKTPOCKONUYECKUMU
U3MEepEeHUAMU Nerko
onpeaensitoTCA MONeKy bl
«fj0MepHUe», T. €. BTOpUYHbIe. A
BOT «pOAUTENbCKUE» MONEKYNbl
HU pa3y He Habnoganuce. leno B
TOM, 4TO Npu nepexoae
KOMETHOro nbaa U3 Teepaoro
COCTOSIHUSA HEeNnocpeaCTBEHHO B
rasoobpasHoe ras BblnetaeT C
NOBEPXHOCTN KOMETbl NOYTU CO

CKOpOCTbIO 3ByKa. B panoHe sigpa
NMOTHOCTb €ro O4eHb BENuKa,
NO3TOMY MONEKY/Sbl MHTEHCUBHO
B3auUMOAENCTBYIOT ApYyr C APYrom
N B HUX NPOUCXOAAT
CyleCTBEHHbIE XUMUYEeCKue
u3MmeHeHus. B xoge 3aTux
npoueccos 1 obpasytoTca
«A0YepHUEe» MONEKynbl.
OnTuyeckue nccnegosaHns
rasoBoro cocrtasa aTtmocdepsi
KOMETbl AOMKHbI 6bInn
AOMNONHATLCA ero N3MepeHUsIMU
npy NOMOLYM Macc-cnekTpomeTpa
HenTpanbHoro rasa (UHrI),
paspaboTtaHHoro B PPl npu
y4acTtum cneuynanuctos BeHrpum n
CCCP.

Kak y>xe oTMe4anocb, KOMeTHas
atMocgepa COCTOUT He TONbKO U3
rasoBbiX, HO U U3 NblNEBbIX
vacTtuy. Npu oTHOCUTENbHOW
CKOpPOCTU CONMXKEHUst
KOCMUYeCKOro annapara ¢
KOMeTOWl, pasHon noyTtu 80 KM/c,
3Ta nbinb NpeacTasnsaeT 60nbuyio
onacHoCTb. Mo3aToMy NpULLINOCH
co3gaBaTtb cneyunanbHble
MHOrOCJ/IOMHbIE 3KpaHbl ANs
3awuThbl annapara oT coyaapeHun
¢ nNbinesbiMu YacTtuyamu. OgHako
UMEHHO 60nblias OTHOCUTENbHaN
CKOpOCTb 4YacTuy u 6bina
ucnonb3oBaHa ANs onpeAeneHus
ux coctaBa. Ecnu Ha nyTu Takown
4acTuubl NOCTaBUTb MULLEHb, TO
npu yaape o Hee 4Yactuya
B3pbiBOO6pA3HO ucnapsieTcsa u
npespawaeTcs B 06n1a4ko
nna3mbl. Macc-cnekTpomeTp
onpegenuT ee cocTtas, a
cnepoBaTenbHO, U COCTaB sapa
KOMETbl, U3 KOTOPOro 3Ta YacTtuya
6bina BoipBaHa. TakoBa naes
akcnepumeHnTa MYMA. MNpubop
Ansa 3aTux yenen 6oin cosaaH
coBMecTHO cneyuanuctamu CCCP,
OPIN n dpaHumn.

Psa gpyrux npubopos,
pa3paboTaHHbIX COBETCKUMMU
cneynanucTamm, npegHasHadancs
ANsi U3MEepeHUs PU3nNHeCcKnx
XapaKTepuCcTUK NblNeBoro
noToka—4ucna 4Yyactuy
pas3nu4HOn Maccbl, UX pa3Mepos,
nNoTHOCTU. Pa3Hble adpdeKTbi
MCNONb30BASIUCL ANA 3TUX
U3MepeHUn, B TOM Yucne
Nbe303MNEKTPUHECKUIN, NOHU3AUMSA
W CBeTOBble BCNbIWKW Npu yaape,
U3MeHeHne CBEeTOBOro noToka oT

ConHua npu npobuBaHUN TOHKON
NNEHKMN.

doTOoMoOHU3auus rasa,
noKugaowero ssapo, NpMBOAUT K
obpa3oBaHuio BOKpYr Hero
nnasMeHHoOn 060104KH
(noHochepsbl), cocTosiwen ua
MOHU30BaHHbIX MOseKyn. BmecTte
C HenTpasibHbIM ra3oM WNOHbI
ABWXYTCA CO CKOPOCTbIO OKONO

1 KM/C, 0AgHaKo 3TO ABUXEHUe
noA4YMHAETCA ApYrMM 3akoHam. Ha
HenTpanbHbIA ra3 He AeNCTBYIOT
HUKaKue Cunbl, KpOMe rpasurayum
M CBETOBOro AasneHusi. A Ha
KOMETHbI€ UOHbI «AaBUT»
CONnHeYHbIn BeTep. MNpu BCTpede
COMTHEYHOro BeTpa ¢ uoHocepon
AOMKHbI 06pa3oBbIBaTLCA
yAapHas BOSiHa, yCUnuBaTbCA
MarHWTHoe none, BO3HUKaTb
BOJSIHOBbIE NPOLECCHI,
conpoBoXaarowmecs
3M1eKTPOMarHUTHbIMU
KonebaHusaMU. YckopeHue
KOMETHbIX UOHOB B MarHUTHOM
none CONHEYHOro BeTpa MOXeT
[OCTUraThb BbICOKUX SHEPrun.

Onsa uccnepnosaHnsa aTuXx
npoueccoB Ha cTaHuusx «Bera-1»
n «Bera-2» 6bInn yctaHoBNEHbI
XOpPOLWIO NPOoAYyMaHHbIE KOMMMEKCbI
npubopos. OguH U3 3TUX
npu6opoB — marHutometp MULLIA,
pa3paboTaHHbIN aBCTPUACKUMU
y4eHbiMU. CneKTpoMeTp KOMETHON
nnasmbl MNJA3SMAT,
pa3paboTaHHbIA cneyvannucTamm
Benrpuu, CCCP n OPT,
npegHasHa4ancs ans
nuccnenoBaHWn KOHLUEHTpayumu,
cocTaBa M 3HEpPrun MOHOB Kak
CONHEYHOro BeTpa, Tak u
KOMETHOW nnasMmbl.

[Ans o6bHapy>XeHus MOHOB BbICOKUX
3HEeprun, yCKOPEeHHbIX MarHUTHbIM
nonem CONTHeYHOro BeTpa,
npegHa3Ha4ancsa CnekTpomeTp
3HepruyHbix Yactuy TIOHOE-M,
pa3paboTaHHbI y4eHbIMU
Benrpuu, CCCP n ®PT.

[sa npubopa ncnonbL3oBanUcCb
ANA perncTpaymm HU3KO4acTOTHbIX
(Monbwa, CCCP, Yexocnoeakus)
M BbICOKOYacCTOTHbIX (CCCP,
®dpaHuua) nnasMmeHHbIX BOSH.
AHanus pesynbTaToB U3MEpeHuN,
npoBeAeHHbIX NpY MNOMOLYK
npuéopoB NNasmeHHOro
KoMnsiekca, AormkeH 6bin
CyWEeCTBEHHO YTOYHUTb
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npeacTaBneHust O ABMEHUSIX,
KOTOpble HabnoAaTCa Npu
B3auMO4eNCTBUMN CONHEYHOro
BeTpa C KOMEeTON.

O6paboTka doTorpacuint KOMeTbl
anneq, nony4veHHbIXx ¢ 6opTa
CTaHuun, no3sonuna cgenartb
BbIBOJ, YTO S14PO KOMETbI
npeacrasnsieT co60n BbITAHYyTOE
MOHONUTHOE TeNno HenpasUbHOW
thopMbl. MakcumManbHbid pa3mep
ero Baonb Hambonblien ocu
oueHuBaeTcsi B 14 KM, a B
nonepeYyHnKe — OKONOo 7 KM.
®dopMmy agpa 0gHU CpaBHUBAIOT C
KapTodenvHon, apyruve —c
3eMSISiHbIM OPEXOM (apaxucom),
TpeTbn — C HaHaAHOM,

4yeTBepTble — CO CTONTaHHbIM
6awmakoM. Aapo obnapgaet o4eHb
HWU3KOW OTpaXkaTenbHON
CNOCOBHOCTLIO.

HanoMHuM, 4TO A0 NnocnegHero
BpPeMeHU CyujecTBoBanu Tpu
Hanbonee BepOATHbIE FTMNOTE3bI O
nsnyeckon CTpykType sigpa
KOMeTbI.

3710, Npexage Bcero, Moaenb,
onucbiBailowWas sapo Kak eguHoe
TBEepAoe Teno, cocrosiujee u3
KOHrfioMepaTa 3aMep3Luunx rasos u
KaMeHUCTOro MeTeopuTHOro
BelecTBa.

Mo apyrowu runoTese, A4po —
NNOTHBLIW PO Pa3SINYHbBIX YacTuL.
HakoHey, runotesa, 4TO A4p0 —
3TO MHOXECTBO MarbiX 4acTuu,
rpaBUTaLMOHHO CBA3AHHBIX MEXAy
cobon.

f'wnoTesa, cornacHo KOTOpown
KOMeTa— «neTaowun ancobepr»,
6bina npuHATa 3a OCHOBY Npu
paspaboTke UHXEHEepHOW Moaenu
KOMeTbl Ansi npoekTa «Bera». U
OHa noaTeepaunack. [lsonHas unu
6onee cnoXHas MHOXeCTBEHHas
CTPYKTypa (HECKOJSIbKO OTAEeNbHbIX
Ten) NoYTU UCKJIIoHEHa.

JleTyuue BewecTBa, NbAabl,
onpegensiowme cneunuky
noBeAeHUs KOMeTbl, NepemeLlaHbl
B si4pe C Tyronnaskum
BELLEeCTBOM, KOTOpoe
npeobnanaeT B ero
NOBEpPXHOCTHOM cnoe. TonwwuHa
3TOro TyronnaBKOro Cros—oT
OAHOro A0 HECKONbKUX
CaHTUMeTPOB.

ConocTaBneHue nsobpaxxeHun,
nony4eHHbix ¢ «Beru-1» n «Beru-
2» npu og4HOBPEMEHHOW CbeMKe C
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pa3sHbiX CTOPOH, NO3BONUNO
onpeaenuTb NeEpUoA, BpaweHus

sapa—oauH obopoT 3a 50—55 u.

HaknoHeHue 3kBaTopa K
NAOCKOCTHN OpbuTbl MeHblue 15°.
N3mepeHus, BbINOMHEHHbIE C
NOMOLLbIO PaANOMETPUHECKOro
KaHana cnektpomeTpa
MHMPaKpacHOro usnyyeHus,
nokasasnu, 4To NOBEepPXHOCTb Aapa
ropsidas — npumepHo 100° C. 3to
HaMHoro 6osnbLue, Yem
npeAcKasbiBanochb ANs neasaHon
Mogenu. Mo MHEHUIO YYeHbIX,
CTONb BbICOKAA UH(paKpacHas
TeMmnepartypa ob6bsacHAeTCs
HanU4yMeM U3onupyiowero cnos
NOBEPXHOCTHOrO NOPUCTOro
YepHOro TyronsaBKoOro BewecTsa.
OTOT CNown NpUMHUMaeT CONTHeYHoe
u3ny4yeHue, 4acTb ero
nepeusny4yaeTt B UHpaKpacHOM
AuanasoHe, 4acTb nepeaaeT
nepsiHOMy KOHrfomepary.
Monekynbl BogsiHOro napa,
obpasyowmecs B pesyibrtaTte
ucnapenusi, anddpyHANPYIOT
CKBO3b MOpbl BBEPX U NOKUAAIOT
KomeTy. lMpu 3TOM OHU yBnekaioT
6onee Menkne 4acTuubl NbIIK.
MoBepXxHOCTHLIN CNOK B
OTAEeNbHbIX MecTax Bpems OT
BPEeMeHU B3NambiBaeTCs, U toraa
obpasyeTcsa akTuBHas obnacTtb C
0Cc060 MOLHBbIM UCTEHEHUEM
BelyecTsa.

B0O3MOXHO, 4TO aHanorom sapa
KOMeTbl, pa3yMeeTCsa B CUNbHO
YMEHbLWIEHHOM BUAe, MOXeT
CNY>XUTb MapTOBCKUMA cyrpob
CHera Ha ynuue ropoga.
MokpbiBaloWMKA ero cnown rpssu
MOXXEeT HarpeBaTbCA B COSMTHEYHbIE
AHW OO0 BbLICOKUX TemnepaTyp u B
TO >Ke BpeMsi OH AONr0 CoXpaHseT
cyrpob OoT TasiHuA.

Tyronnaekuin NOBEPXHOCTHLIN
cnov sapa KoMeTbl o4eHb 6bICTPO
(NpuMepHO 3a CyTKMW)
o6HoBNsieTCA. BepxHue ero
YacTUlbl OTPbIBAOTCA U YHOCATCA

ra3om, a CHU3y npunuvnatot HOBble.

Mpu aTom TONWMHa ero
NOCTENEHHO AO/MKHA pacTu u B
uTore, CNyCcTsi Kakoe-To Bpems,
ucuucnsiemoe, NO-BUAUMOMY,
[ECATKAMU U COTHAMU TbICAY neT,
KOMeTa MOXeT MNoTepsiTb CBOKO
aKTUBHOCTb U CTaHeT
acTepouaoMm.

B yenom, no gaHHbIM «Berun-1» n

«Bern-2», ¢ noBepxHoCcTH sigpa
eXXeCeKyHAHO ucnapsnochb
nopsiaka 40 T Boabl. MamepeHus
npubopom UKC nokasanu, 4to
BTOPbIM NO KONUYECTBY
KOMMNOHEHTOM ABSIETCA
yrnekucnbi ras. o cnekTtpam,
NONy4eHHbIM NpY NOMOLLYMX 3TOro
npubopa, 6bIN10 yCTaHOBAEHO
Tak>Xe, YTO B ra3oBOM MOTOKe,
nokugaoouwem A4p0, COAEPXKUTCA
3Ha4UTENbHOE KONU4YeCcTBO
CNOXXHbIX OpPraHUYeCcKuUX MoJsieKysn.
OpraHu4eckoe BewecTBo
NPUCYTCTBYET U B NblEBbIX
YacTulax, coctaB KOTOpbIX
aHanuaupoBasicsa Npubéopom
MYMA. N3 aHanu3a pesynbTaTos
3TUX ABYX 3KCMEpUMEHTOB
cnepyeT, YTO B SApe KOMETbI
Fannes (1, BepoATHO, sapax
APYrux KOMeT) UMeeTCa MHOro
opraHu4ecKoro Beujectsa. 3To
HOBbLIN (PaKT B (PU3NKE KOMET.
Ypanocb OueHUTb CpeaHIon
NNOTHOCTb AApa KoMmeTbl Fannes.
O6bem ero 6bin NonyyeH B
pe3ynbTtaTe 06paboTku
TeNIeBU3NOHHbIX CHUMKOB. 1o
rpy6biM NpuKugkam oH
cocTtaBnsieT NnpumepHo 5:-10""' m?2,
Macca sigpa onpegensinacb no
peakTUBHOMY 3(P(PEKTY, KOTOPbLIN
cosaasasncsi BbIGpOCOM rasa v
nbinu B ctopoHy ConHua. PacyeThl
BbINOMHANUCL HE3aBUCUMO
COBETCKUMU U 3apyb6eXHbIMU
y4eHbiMU. Pe3ynbTtatbl
nony4unucb 6M3kuMmn — macca
sapa okono 30 mnpa. T. Takum
06pa3oM, cpenHAsa NNOTHOCTb
sagpa coctaensieT 0,5 r-cm 2,
3Hasa maccy u CKopoCcTb ee noTepu
(40 T/C), MOXHO onpeaenuTb
XapaKTepHOe «BpeMS XXU3HWU»
KOMETbl— Nony4aeTcs nopsaka
50 000 net. Ha camom pgene oHoO
MOXXeT ObiTb 60NbWKMM, TaK Kak
aKTUBHOCTb KOMETbI, BEPOSITHO,
yMeHbLUaeTcss OT ogHoro obopoTa
K OPYyromy.

CneKTp COMMHEYHOro U3nyyeHus,
pacCceaHHOro KOMETHOW Mbifbio,
6bin NpoaHanM3npoBaH COBMECTHO
C AaHHbIMU NbINEBbIX CHETYUKOB.
Hauny4wee cosnageHuve
ONTUYECKUX U NPAMbIX U3MEPEHUA
nony4aeTcA, eCNu NpUHATbL 4NN
YacTuy NNOTHOCTb, CYLECTBEHHO
(B HECKOMBbKO pa3) MEHbLUYIO
eAvHuULpbl. ITO 03HAYaeT, 4YTo



KOMETHbIE MbISIMHKU UMEIOT
NOpUCTYIO CTPYKTYpY. Moao6bHbie
YacTulbl HAXOA4SAT Ha NOBEPXHOCTU
3emnu, 1 BbICKa3biBanucb
NpeAnoONOXXeHus, YTO 3TO
06pasubl KOMETHOW MbiK.
OKCnepuMeHTbi C NbineBbIMK
cHeTUYUKaMK nokKasanm, 4TO OKONo
MUNNUOHA TOHH MNbIW NOKNAaeT
KOMETHOE SiAP0 €XXeCYTOYHO.
Kpome TOro, umetrorcs agppekThl,
CBA3aHHble C pa3fINyHbIM
BNUSAHWEM CBETOBOroO faBneHus
Ha ABWXXEHWe 4acTul pasHbix
macc v pa3mepos. Becbma
HeoXXuaaHHbIM OKasancs
XapakTep pacnpegeneHus 4acTtuy
no pasmepam: 6binio 06HapY>XeHO
aHoManbHO 60nbLoe KONUYecTBo
ManbIX 4YacTuy pasMepom nopsgka
COTOM A0NU MUKpOMeTpa.
N3mepeHusi, BbINONHEHHbIE
npubopamu NNasmMeHHoro
KOMnneKca ctaHuuin «Bera-1» n
«Bera-2», nokasanu, 4To ras,
MCNapsIIoWUACA C fapa KOMEeTbl U
pacnpocTpaHAIWmMncs B
MeXXNNaHeTHyIo cpeay Co
CKOPOCTbIO OKONO OAHOro
KunomeTpa B CEeKyHay, B
KOHEYHOM cYeTe MOSTHOCTbIO
MOHU3NPYETCA CONMHEYHbIM
nanydeHuneM. B pesynbtate
BO3HUKaeT rMraHTckoe
nnasMmeHHoe obpasoBaHue
pasMepoM OKONO OAHOro
MWNIMOHA KUSIOMETPOB,
cospaioliee NpensaTcTeBue Ha NyTu
CBEpX3BYKOBOro NoToka
COMHeYHoro BeTpa. flaxke
marHutoccpepa 3emnu nmeet B
10— 15 pa3 mMeHblune pasmMepsbl.
Mepen KoOMeTON B CBEPX3BYKOBOM
NOTOKE CONTHEYHOW NNasmbl
obpasyeTcs csoeobpasHasn
yAapHas BONHa, He Noxoxkas no
CcBOEn CTpPYKType Ha XOopoLlo
U3y4eHHble yaapHble BOMHbI
nepen 3emnen U A4pyrumu
nnaHetamu. Bnepsbie
BbINONMHEHHbIE NPSAMbIE U3MEPEHUA
nnasmbl U NNa3MeHHbIX BOMH BO
BHYTPeHHen 4acTu KoMbl ¢ 6opTa
annapatoB «Bera» nomoryT
nyywe NOHATb 0CO6EeHHOCTH
o6pa3oBaHus Nnasmbl U
U3NyYeHUs rasa He TONbKO B
KOMETHbIX, HO U B psge ApYyrux
acTpocuanyecknx o6bLEKTOB, B
KOTOpbIX B3auMmogencTeve
nnasmbl urpaeTt 60nbLy0 ponb.

UTak, B pe3ynbTaTe aKcneguuum
KOCMUYECKUX annapaToB K
KomeTe Mannes yganocb
nony4unTb 60nblon 06bEM AaHHbIX
O cocTaBse ee aapa, PU3n4eckKnx
xXapakTepucTukax,
B3aUMOAENCTBUUN C CONMHEYHbIM
BETPOM, HapucoBaTb peasnbHyo
KapTuUHyY NpupoaHoro o6bekTa,
paHee Tak AeTanbHO He
Habnogaswerocs. ATU AaHHble
no3sonunu caenatb BbI6GOP B
nonb3y O4HOW U3 TeOPEeTUHECKUX
MoAenen KOMeTbl U CyeCcTBEeHHO
YTOYHUTD ee.

HoBble aaHHble 0 KoMeTe "annes
cnoco6CcTBOBaNU BbIABUKEHUIO
HOBbIX UAEN O poSsin KOMET B
ConHe4Hon cucteme.
MpegnonaraeTcs, 4TO
HabnoaaeMbie KOMeTbl NPUXoaAaT
U3 ranakTu4eckoro «pesepsyapa»
KoMeTHbIx sgep(10''—10'3) —
o6bnaka OopTa, pacnonoXXeHHoro
Ha okpauHax ConHe4yHon
CUCTEMBI.

Kak cnegyeT u3 pac4eToB MHOrUx
y4deHbIX, rano, nnn co6CTBEHHO
o6bnako OopTa, He MOXeT, no-
BUAUMOMY, yAepXXaTbCsA Ha CBOeM
MecTe B Te4eHue BCEero BpeMeHu
cywecteoBaHua ConHe4Hon
cuctemsl (4,5 mnpa. ner),
NOCKONbKy Aencreue
rpPaBUTAaLMOHHOrO NONA FMraHTCKUX
KOMNIEKCOB MONEKYNAPHOro
Boaopoaa B NanakTuke
OKa3blBaeTCs CunbHee
npuTs>xeHunsa rano Kk ConHuy.
OpHako rano HabniogaeTcs no
NPUXOASALYMM U3 HErO KOMEeTaMm u,
cnepoBartenbHO, HenpepbiBHO
NONONHAETCA U3 NOCTOAHHOIO
«pe3epByapa» — BHYTPEHHero
KoMeTHOro obnaka, B KOTOPOM
4UCIO KOMETHbIX sigep ele
6onbwe —pa0 10™.

YueHble MHCTUTYTa AOoKTOpa
(PU3MKO-MaTeMaTUHECKUX HayK
N. C. Mapo4Huk u J1. M. MyxuH
o6bpaTunu BHUMaAHWE Ha TO, YTO
€Cnn 3TN OLUEeHKU NpaBubHbI U
ecnv NpeanonoXuTb, YTO
TUNUYHaA macca sgpa Bo
BHYTPEHHEM pe3epByape Takas
Xe, Kak y komeTbl Mannes, To
nosHasi Macca KOMeT B
ConHe4HoOW cucteme npesbiiaeT
Maccy njiaHer.

Ecnu 310 Tak, TO paguKanbHO
MeHsieTCsa U npeacTaBneHne o

pacnpepaeneHuu yrnoBoro
mMomeHTa B ConHeyHOn cucteme.
[o cux nop cuuTanocs, 4To B
ConHue cocpegoTo4eHo 99,9%
Maccbl Bcet maTepun ConHeyHon
cuctemsbl, a B nnaHetax—98% ee
yrnoBoro MomeHTa. Tenepb xe
nony4aetcs, 4To B ConHuye
cocpefoTO4EHO HeCKosbko 6onee
97% Maccbl, HO NpPaKTU4eCcKu BecCb
yrnoBOA MOMEHT COCpPeAO0TOYEH B
obnake OopTa. Mpy 3TOM NONHBLINA
yrnosoi MOMeHT ConHevHon
cucTeMbl A0/MKEH 6biTb B 10 unu
pAaxe 100 pa3 66nblwKM, Yem
CcYMTanoChb paHee.

Cnepylowum 3TanoMm B nporpamme
uccnegosaHun ConHe4HoOW
CUCTEMBI CTasi MHOrouenesou
KOMMNMEKCHbIN NPOeKT «doboc»,
BKJOYaoWmn B cebs:
nccneposaHus cnyTHuka Mapca
®doboca AUCTaHUNOHHBIMU
MeToAamMu nNpu nponeTte Ha
61M3KOM paccTosiHUKM OT Hero u
NPAMbIMW U3MEPEHUSIMU C MarbiX
Nocafo4YHbIX 30HAOB;
uccnegosaHua Mapca ¢ op6uThl
€ro UCKYCCTBEHHOro CrnyTHUKA;
uccnegosanusa ConHua;
nnasMmeHHble uccnefosaHusa. AToT
NPOEKT TaK e, Kak U NpoeKT
«Bera», asnsncsa
MeXxayHapoaHbiM. COBMECTHbIMU
yCcunusamm y4deHbix 14 cTpaH v
EBponenckoro KoCcMuM4ecKoro
areHTcTBa 6binn pa3paboTaHbi
CNOXHbl€ NNaHeTHbIN,
nNasMeHHbIW U COMTHEYHbIN
KOMNNEKCbl Hay4YHOW annaparypbil.
MNnaHeTHbIN KOMMNNEeKC
npeaycMmaTtpusasl, B YaCTHOCTMH,
aKTUBHbIe METOAbl UCCNefOoBaHNUNA:
ANCTaHUUOHHbIN NasepHbIA Macc-
CNEKTPOCKONUYeCKUn aHanusa
cocTaBa FpyHTa U AUCTaHUMOHHbLIN
Macc-aHanu3 BTOPUYHbIX MOHOB, a
TakXXe paguosioKaymoHHoe
3o0HAupoBaHue doboca.
MNaccuBHble MeTOAbI
uccneaoBaHun BktoHanu B cebs
CbEMKY U KapTorpadupoBakue
NOBEPXHOCTH, paguomMeTpuyeckne
(TennoBbie) U cneKkTpasibHblie
M3MepeHUs, uccnefosaHus ramma-
u3ny4yeHusi nosepxHoctu Poboca
n Mapca, HeATPOHHOrO U3ny4eHus
nosepxHocTn doboca,
cneKkTpoMeTpu4eckue
uccneaoBaHUA XUMUHECKOro
cocTtaBsa aTmoccdepbl Mapca.



MpenycmaTpuBanucb Takxe
KOHTaKTHblE METOAbI
ncecnefoBaHU C NOMOUYbIO
AONroXusyLLen aBTOHOMHOW
ctaHumm (OAC) n nocagodHoro
nepeasuraiowierocsi 3oHga
(nPOMN).

Pa3ymeeTcs, MapcrmaHCcKui
cnyTHUK doboc 6bin ogHOM K3
OCHOBHbIX Lenen Muccum.
OaHako, K coxaneHuio,
NONHOCTLIO peann3osaTb
nporpamMmy npoekTta «Poboc» He
yaanock. B kocMoHaBTuke
HeyAa4yn BO3MOXKHbI, KaK BO
BCSIKOM ApYrom TpyAHOM U
a6conioTHo HoBOM Aene. Ewe

K. 3. Unonkosckun nucan o
nonetax B Kocmoc: «PaboTarowmx
oxugaioT 6onbluve
pa3oyapoBaHuf, Tak Kak
6naronpusiTHOe pelleHne Bonpoca
ropasfo TpyaHee, Y4em AymaioT
camble NpoHUUaTeNbHbIE YMbI».
Kocmuyeckue annapatbl «Poboc-
1» n «®oboc-2» 6bINK 3anyLeHbl
7 v 12 nons 1988 ropga. B Ha4ane
CeHTA6ps cBA3b C «PO60COM-1»
6bina notepsiHa. Cny4mnocs 310
n3-3a owmnbku B KOMaHge,
BblAaHHOW Ha 60opT annapata. B
pesynbTare OTKto4Unach
cucTeMa opuveHTauum u
ConHe4Hble 6aTapeun
«OTBEepHynuCb» oT ConHua.
BopToBble cUCTEMbI CTanun
nony4aTb BCe MeHbLUe 3Heprum, un
aBToMaTu4eckas cTaHuus
oKasanacb He B COCTOSIHUU
BbINONIHATb Kakune-nmbo KomaHAab!
W pearumpoBaTtb faXke Ha MOLHble
paguocurHansl ¢ 3emnu.

B cBs3u ¢ noTtepen ogHOro
annaparta 6binv NpeanpuHATLI
[ONOSIHUTEeNbHbIE Mepbl ANA
NoBbIWEHUA HaAEeXXHOCTU paboThl
«Poboca-2». B yacTHOCTHU, BMECTO
3annaHuMpoOBaHHbIX ABYX
KOppeKuun TpaekTopuu Ha
y4acTke nogneta Kk Mapcy 6bina
npoBeAeHa TONbKO OAHa.
byaywan opbuTta npu aToM
noeblWwanacb, 4To yxyawarno
ycnoeusi paboTbl Hay4HOW
annapartypbl, npeaHa3Ha4eHHON
Ans uccneposaHun Mapca v
OKONONMaHeTHOro NPOCTPaHCTBA,
HO NOBbLIWANO HAAEXHOCTb
ynpasneHusa CTaHuuen.

Yepes 200 cyTok nocne crapTa,
29 siHBaps 1989 r., «®oboc-2»

BbllEN HA CUNbHO BbITAHYTYIO
ANNUNTHUYECKYIO OpbuTy Hapg,
MapCUaHCKUM 3KBaTOPOM.
KpawHue To4ku opbuTbl OTCTOSANU
OT NOBEpPXHOCTWU NNaHeTbl Ha
paccTosHust 819 kM 1 81 214 km.
Ha Takon opbute cTaHuyms
cosepwwuna 4,5 obopota.
WccnegosaHua Mapca
NPOBOAUNUCH NpU NposieTe
annapaTa Ha [40CTaTO4HO ManbiX
BbICOTax.

3aTteM B pesynbTaTe HOBbIX
BKJTIOHEHUA KOppPEeKTUpYyloLen
ABuUratenbHOW yCTaHOBKU
TpaekTopus noneta 6bina
nocnepgosaTtenbHO Npeobpa3oBaHa
B 3NNUNTUYECKYIO C
MUHMManNbHLIM yAaneHnem oT
nosepxHocTu Mapca ( B
nepuyeHTpe) 6400 KM, a 3aTeM B
KPYroByio, pacnonoXXeHHylo Bbille
opbutbl ®oboca Ha 350 KM,— Tak
HasbiBaemyto opbuTy
HabnoaeHus.

C opbuTbl HabnogeHUA B Te4deHue
Tpex CYyTOK NpoAo/mKanucb paHee
HavaTbie uccneaoBaHUA CaMmoro
Mapca, ero atmocdepbl 1
OKOJSONSIaHETHOro NpoCTpaHcTea.
3aTeM, kKorga KocMU4ecKun
annapaTt HaxoAwunCcs Ha yaaneHuu
oT 860 go 1130 km oT doboca,
6b1n NpoBeAEeH nepBbid CeaHC ero
TeneBU3noOHHOW CbeMKu. bbino
nNonyYeHo AeBsAATb TeNEeBU3UOHHbIX
n3obpaxeHun doboca.
MepepaHHan Ha 3emnio
BuaeonHdgopmaymsa
ucnonb3oBanacb ANA yTOYHEHUs!
napameTpoB ABwxeHus doboca u
€CaMoro KOCMU4€eCKoro annapara c
uenblo nocneayowero mx
cbnuxeHna. Korpga pacctosiHue
Mexgy ®o60CoM U KOCMUYECKUM
annapaToM COKpaTWUnocb A0
320—440 km, 6b1n NnpoBeaeH elye
OAWH CeaHC TeNneBU3NOHHON
CbeMKU. [Nony4eHHble npu 3TOM
nM306padKeHNs MapCUaHCKoro
CNyTHWUKa UCNONb30BANIUCb KaK
Ana 6annucTudecKux Lenen, Tak
u ANs U3ydeHun penbeda u ero
aAetanen.

Mocne yTOMHEHUR napaMeTpoB
opbutbl ®oboca, 21 MapTa,
KOCMWYeCKWUW .annapaTt nepewen
Ha KBa3WCUHXPOHHY!IO C
ABWXEHNEeM MapCuaHCKoro
CnyTHUKa opbuTy, TO yAansascb oT
HEero Ha paccTosiHue oKono

400 KM, TO Npubnunxasacob 4o

200 kM. Bbbina BbinonHeHa ewe
OAHa TeneBU3NOHHasi CbeMKka
®doboca ¢ 4OCTATOHHO BbICOKUM
paspelueHneM.

OpHoBpeMeHHO Benachb
no4groToBka K BbiBe4EHWUIO
KOCMWU4YeCKOro annapara B nepBbix
yucnax anpens B o6nacTb
MHepuManbHOro NPOCTPaHCTBa,
pacnonoXXeHHyI0 C BHeLlHen No
OTHOWeHUIo K Mapcy CTOpOHbI
doboca u OTCTOALLYIO OT €ero
NOBEPXHOCTWU Ha pacCcTosHue

35 kM. lNocne 3TOro KoOCMU4ecKun
annapart, UCnonNb3ys NuLb
MHOpMaLUIO COBCTBEHHbIX
60pTOBbLIX PAANOTEXHUHECKUX
CpeacTB U TeneBu3NoHHOW
CUCTeMbl, AoMKeH 6bln NpUCTYNUTL
K BbINOSTHEHUIO COBEPLUEHHO
HOBOrO 35IeMeHTa KOCMUYEeCKOro
noneTta— CoONpoOBOXXAEHUIO
HebeCHOro Tena u CNOXXHoMy
MaHeBpUPOBaHUIO Hag ero
noBepxHOCTbIO. NMnaHuposanocs,
4TO, «3aBUCHYB» Ha BbICOTE
okono 50 M Hag NOBEpPXHOCTLIO
MapCMHaHCKoOro cnyTtHuka, «®doboc-
2» 6yaeT AOBOMbLHO AONMIO
ABUraTbCsl BMECTE C HUM, NPOBOASA
TENEeBU3NOHHYIO CbEeMKY, a Takxe
BbINOSTHAA MHOrOYUC/IEHHbIE
3KCNepuMeHTbl, BKo4Yas
KOMMEKCHble UccnenoBaHus
nosepxHocTu doboca
nocpeAcTBOM MHOIOKpPaTHOro
BO3AENUCTBUSA Ha Hee NasepHoro v
MOHHO-NYYKOBOrO U3Ny4yeHus.

B koHue yyacTka «6peiouiero»
noneta Ha noBepxHocTb doboca
AOMKHbI 66NN fecaHTUPOBaTLCS
Nnocago4YHble CTaHUum —
AONrOXMBYLLAA U NOABWKHAA.
OpHako 27 mapTa nocne
BbINOSIHEHWUA Pa3BOpPOTOB
KOCMMU4€eCKOro annaparta C uenbto
nposegeHnsa Tenesu3noHHON
cbeMmku d®oboca u nocneaytoulen
nepeaayn Nony4yeHHou
uHdopmaymm Ha 3emnio
YyCTaHOBUTb HaZAEXHYI0
paguocBAa3b CO CTaHuuMen He
yAanoch.

Takum 06pa3om, NONHOCTbLIO
BbINOMHUTL NpeayCMOTPEHHYIO
npoekToM «®o6oc» nporpammy
3KCNepuUMEeHTOB He yganock. B 1o
)Xe Bpemsl 3HauuTesbHbIN 06 beM
uccneposaHui 6bin NposefeH Ha
Tpacce nepeneta 3emna—Mapc



W Npu ABUKEHUN KOCMUHECKOro
annaparta No OKONIOMapCUaHCKUM
opbutam ewe 40 NOTEPU C HUM
CBA3WN.

MHTepecHble pe3ynbTaThbl
nony4eHsl, HaNnpumep, B U3y4eHun
KOCMUYECKUX ramma-BCnneckos u
XKECTKOro U3Ny4YeHUs CONMHEeYHbIX
BCNbILWEK B COBETCKO-
(paHLy3CKOM 3KCNepuMeHTe
AMN3KC, B xoae kKoToporo 6bino
AOCTUrHYTO Hanbonee BbICOKOE
ANsA coBpeMeHHOW ramma-
acTpOHOMUK BpeMeHHOe
paspeLueHue.

Bbino 3apeructpuposaHo 6onee
50 MHTEHCUBHBIX ramMma-
Bcnneckos. Mpu aTom
o6Hapy>XeHbl HOBble WX CBOWCTBA:!
TOHKaA BPEMEHHAA CTpyKTypa
npocpunen ¢ xapakTepHbIM
BpPEeMEHHbIM MaclTaboM OKOoNo
HECKONbKUX MUNSNCEKYHA,
MHOrOKOMMOHEHTHOCTb U 6bICTpast
nepeMeH4YnBOCTb CNEeKTPOB.
3acrMkcupoBaHbl Takxe
MHOrOYMUCNEHHbIE CNEKTparbHble
AeTtanu Bcnneckos. [ns ogHOro
13 Hanbonee MOLWHbIX CO6bLITUIA
n3MepeHa NnepeMeHHOCTb NoToKa
ramma-ny4yen C xapakTepHbIM
BpeMeHeM MeHee 1 McC,
3aperncTpupoBaHoO usnydeHue c
3HEeprusiMM OKOMO HECKOJSbKUX
AECATKOB MerasfneKTpoH-BONbT U
06Hapy>XeHbl CneKTpanbHble
NUHWUK C 3Heprusmm 1 MaB.

Ans HekoTopbIX Haubonee
MOLLHbIX COJTHEYHbIX BCMbIWEK
06Hapy>XeHO UHTEeHCUBHOEe
ffepHOe U3ny4eHue.

K 4ncny 6e3ycnoBHbixX
DOCTWXXEHWA Haao OTHECTH
nposefeHHble U3MEPEHUR
COCTaBNAOWMX OKONONNaHeTHON
nnasmbl. UccnegosaHus
BbIMONHSANMUCb C MOMOLLbIO
KOMMniekca annapaTypbl, KOTOPbIv
BKNoYan B cebs npubopbl ANKA
U3y4eHns MarHUTHOro nons,
3NEeKTPUYECKUX N MarHUTHbIX
BOJSTHOBbIX U3MyYeHUA 1 ApYrux
ABMIEHWUI, onpeaensiiowmx Puanky
nnasMeHHbIX npoyeccos. B
4aCTHOCTU, U3y4eHne NNasMeHHbIX
BOSIH BCeraa CcYvMTanocb O4HWUM U3
OCHOBHbIX AUarHOCTUYECKUX
MeTO40B MccnefoBaHUn NNasmbl.
WmMeHHO aHanu3 nnasMeHHbIX
koneb6aHun B co4eTaHuu C
U3MepeHUsIMM MarHMTHOro Nons w

XapaKTepPUCTUK Nnasmbl
No3BoNAT obecnevnTb
HaZEeXHYI0 naAeHTUdUKaymio
npoueccoB B o6Tekatowem
nnaHeTy NOTOKe CONMHEYHOro
BeTpa U B MmarHutTocgepax
nnaHet. bonee ToOroO,
nccneaoBaHUsa NNasMeHHbIX BOJSIH
NO3BONAIOT B psge cny4aes
BblAENUTb HOBbIE ABMEHWUS,
KOTOpble He yaaeTcs obHapyXuTb
APYrMMK MeToAaMU U3MEPEHUN.
MepBble uccnepoBaHun
MapCuaHCKon marHutocdepbl 1 ee
B3aUMOAENCTBUSA C CONMHEYHbIM
BETPOM 6biNn BbINONHEHbI B
1971—1974 rr. c 6opTa
UCKYCCTBEHHbIX CNyTHUKOB
Mapca — «Mapc-2», «Mapc-3» u
«Mapc-5». Bbinu o6Hapy>xeHbl
yAapHasa BOnHa, wnendg
MarHuTocdepsbl, onpeaeneHbl ee
dopMa u pasmepbl, NONy4YeEHbI
yKasaHus Ha CyujecTBoBaHue
co6cTBeHHOro cnaboro
MarHUTHOro NONs W BbifBNeHa
ropsiyan nnasma nnaHeTapHoro
NPOUCXOXAEHUA KaK B CamoWn
MarHuTtocoepe, Tak 1 B
obTekatowemMm notoke. B
pe3ynbTaTe aHanu3a 3TUX AaHHbIX
6bina 3anoxeHa ocHoBa
COBpPEMEHHbIX npeacTaBneHun o
BHeWwHux obonovkax Mapca u
NpoTeKalowmx B OKOMOMNSIaHETHOM
npocTpaHcTBe npouyeccax. OgHako
3TK npeacTaBNeHUA HOCUNU
OorpaHu4YeHHbIV XapakTep,
NOCKOJIbKY OpbUTbI KOCMUYECKKX
annapaTtos mano
COOTBETCTBOBaNM 3a4a4am
uccneaoBaHui MarHuTocoepbl
nNaHeTbl, @ BO3MOXXHOCTH
yCTaHOBJ/IEHHOW Ha HUX Hay4YHOW
annapaTtypbl 6b1n1
HeAoCTaTO4YHbIMK KakK no
MHOPMATMUBHOCTH, TaK U NO
cocTasy.

B TO Xe Bpemsa mapcuaHckasi
aTMmocdepa Bbi3biBaeT 0CO6bIN
WHTepec cneynanucTtos. [leno B
TOM, YTO, NOCKOMIbKY BENMYMHa
CO6CTBEHHOro MarHUTHOro nNonNs
Mapca mana, NnoTOK nnasmbl U3
ropsiie”t CoONHe4HON KOPOHbI
(conHeYHbIN BETEP) AOMKEH
[ocTuraTb BEpXHUX cnoes
aTMmocdepbl NnaHeTbl Npexae,
Yem OCTaHaBNMBaeETCA ee
MarHUTHbIM nonem. B pesynbTaTe
marHutocgepa Mapca

copmupyeTcs B yCnoBusix
B3auUMOAENCTBUA CONHEYHOro
BeTpa Kak C MarHUTHbIM Nosnem
nnaHeTbl, Tak U C ee aTMoctepon.
CnepoBaTenbHO, OHa A0MKHa
CyLWeCTBEHHO OT/INYaTbCA U OT
FMraHTCKUX MarHutocdep nnaHet
C CW/MbHbIM MarHUTHbLIM NONEM,
Kak, Hanpumep, y 3emnu, un ot
HaBeAeHHON MarHuTocdepsl
BeHepbl, o6pasyioweinca npu
B3aMMOAENCTBUU CONTHEHHOrO
BeTpa HenocpeacTBEHHO C
MoHoccepon NnaHeThbl.

N3-3a OTCYTCTBUS B NPEXHUX
3KCneAULUAX KOCMUYECKUX
annapaTtos Kk Mapcy npu6opos,
U3MepsiloLWnX napaMeTpbl Nasmbl
B LWUMPOKOM YrnoBOM U
3HEepreTU4eCKOM AuanasoHax, He
6biN0 AaHHbLIX U 06 MOHHOM
coCTaBe W XxapakKTepucTukax
pasnuyHoOro copta WOHOB B
OKOSIOMapCHaHCKOM
npocTpaHcTBe. 3HaHue 3Tux
napaMeTpoB MapCUaHCKOMU
noHocepbl 0CO6eHHO BaXKHO ANs
NOHUMaHUA KOMOUHUPOBAHHOMO
xapakTepa B3auMoAenCcTBUA
nnaHeTbl C CONMHEYHbIM BETPOM.
Bbicokas MaHeBpeHHOCTb
«Poboca-2», MHOroKpaTHble
U3MeHeHUs ero opbuTbI
NO3BONMNM MUCCNeaoBaTh Kak
obnacTtb B3aumogencTaus
CONMHEYHOro BeTpa C MarHUTHbLIM
nonem u aTtmMoceepon nnaHeTsbl,
TakK U ee NPOTAXKEHHbIN
MarHUTHbIN LWNend, KOTopbIv
obpasyeTcsi npu 06TekaHuu
Mapca NOTOKOM CONHEYHOro
BeTpa.

Okasanocb, 4TO B MApCUaHCKOW
mMarHuTocdepe, Kak u B 3eMHOW,
XOpOLLO peanuayloTcs Takue ee
CTPYKTYpbl, Kak MarHutonaysa
(rpaHuua marHuTocepbl) 1
nNas3meHHbI Crnon B XBOCTE
mMarHuTocdepsl, a Takxe cToswas
nepea Hen B NOTOKEe COMMHEYHOrO
BeTpa yaapHasa BonHa. Yaanocb
BbISICHUTb U Apyrue 6onee TOHKue
AeTtanu CTpyKTypbl MapCuaHCKOW
MarHutocdepbl.

BHyTpu marHuTocdepb!,
3anosIHeHHOW CpaBHUTENbHO
XOSI04HOM NNa3Mown NNaHeTHOro
NPOUCXOXAEHUSA, [OBOJSIbHO YacTo
BCTpeYaloTCA OCTpPOBKK 6onee
ropsiyen CONHe4HOW nsiasmbl. 3TO
CBUAETENLCTBYET O TOM, 4TO



cnaboe marHuTHoe none Mapca
TECHO nepenneTaeTcs C
MEeXMNSIaHETHbIM MarHUTHbIM
nonem, cosgaBasi eCTECTBEHHbIN
«MarHUTHbIN» KaHan ans
NPOHUKHOBEHUSI CONHEYHOMN
nnasmbl B MarHutocdepy. Takasi
B3aUMOCBSA3b NOfen 3aTpyaHseT
pasgeneHve BKNagos
MEXNSIaHETHOro U NNaHeTHOro
MarHMTHOro nonew, v B
pesynbTare 4eTKo
uaeHTUMympoBaTb NnapameTpbl
CO6CTBEHHOr0 MarHUTHOrO NONs
Mapca He npeacTtasnseTcs
BO3MOXXHbIM.

MarHnTHble cunosbie NUHUMK,
CBfi3aHHble C NNaHeTon u ee
aTMmocdpepon, co3galoT B NOTOKe
npoHuKatouero B atmocdepy
CONHEeYHOro BeTpa KaHan notepb
MOHOB, 06pasyoWMXCA U3
aTMocepHbiX aTOMOB U MOJSIEKYI.
OHepro-macc-aHanusaTtop
«Poboca-2» NO3BONUN OTAENBHO
U3MepuUTb NOTOKU COSTHEHHOW
nnasmbl (B OCHOBHOM, UOHbI
BOoAOpoAa) U nNNasmbl
nnaHeTapHOro NPoOUCXoXaeHus (B
OCHOBHOM, WOHbI ABYOKUCH
yrnepoaa, yrnekucnoro rasa,
MONEKYNAPHOro U aToMapHoro
KWUCNopoaa) u Tem cambiM
onpeaenuTb NOTOK NaaHeTapHbIX
WOHOB, yXOAAWMUX B
MexnnaHeTHylo ciepy. OH
cocTaBnsieT npumepHo (2—5)10%
WOHOB B CEeKyHAay. Takum obpa3om,
aTmocdepa Mapca exxeceKyHAHO
TepsieT 0OAUH — ABa Kunorpamma
BewecTBa. Kasanocb 6bl, 3TO
HEMHOro, HO C y4EeTOM CUJIbHOWN
paspe>xxeHHOCTU MapCuaHCKowm
aTMmocdepsbl (faBneHue Ha
noBEepXHOCTW NNaHeTbl B CTO
CeMbECAT pa3 HWXe, YeM Ha
3emne) Takue noTepu MOryT
CyWEeCTBEHHO BNUATb Ha ee
3BONIOUMIO.

HdencTButenbHO, Nony4vyeHHas
ouyeHka yberatoujero n3
aTtmocdepbl Mapca notoka
MOHOCKEPHbIX MOHOB NPaKTUYECKU
paBHa BeNnn4MHe noTepb 3eMHON
MarHutToccepbl Yepes ee
MarHuTHe wnend. OgHako ans
3emnu nogobHan noTteps
npeHebpeXxxumo mana gaxe B
KOCMOrOHM4YeCKOM MacwTabe
BpeMeHun. lNpu Takon
WHTEHCUBHOCTK NOTOKa yberaHus

aTMmocepHbIn Kucnopog y 3emnu
ucyesHet 3a 10 mnpa. net. ina
Mapca, koTopbii N0 Macce
NPUMEPHO B AECATb pa3 MeHblle
3emnu, BenuumnHa notepb 2 Kr/c
3KBUBANEHTHA UCHE3HOBEHWUIO C
NnOBEpXHOCTU nnaHeTbl 1-2-
MeTpOBOro CNos BOAbl 3a

4.5 mnpa. neTt, T. e. 3a BCIO
ucrtopuio Mapca.
CnepoBaTenbHO, MOXHO caenaTb
BbIBOJ, YTO ecnu Mapc u B
npowwnom He o6nagan AOCTAaTOYHO
MOLUHbIM MarHUTHbIM Nonem, To
B3aMMoAencTBue CONHEYHOro
BeTpa gaxe C MHoro 6onee
NNOTHOW aTMOCMepon Ha paHHUX
CTagusax 3BONIOYMM NNaHeTbl
MOrno NpUBECTU K 3HAYUTENbHON
3po3umn ee aTMmocdepsbl. He
WUCKJIOYEHO, YTO OTCYTCTBUE
[OCTaTOYHO CUSTbHOrO MarHUTHOrO
nonsa y Mapca v BeHepbl u
SABNSIETCA OCHOBHOW NPUYMHON
noTtepu BoAbl (UCTOYHUKA NEeTy4ux
BELeCTB), MMeBLUEACH y nNnaHeT
nocne akkpeywm u3
NPOTONNAHETHOro BeLecTsa.
Ewe oavH HeoXnpaHHbIA
pe3ynbTaT, Nosy4eHHbIN C
nomouybto «doboca-2» —
obHapy>xeHue KBa3usaxsa4eHHOMN
paguauumn M Ny4KOB YCKOPEHHbIX
MOHOB, NOAOO6HBLIX Ny4YKam
YCKOPEHHbIX 3/1eKTPOHOB U MOHOB
HaZ 3€MHbIMU NONAPHbLIMU
cuaHuamu. MNpasaa, «HaCTOALWMX»
paavaymoHHbIX nosicos Ha Mapce,
no-BUAUMOMY, HET, TaK Kak
3HepruyHble 4YacTuubl B
marHuTocdepe 3ToON NNaHeThbl
[onro He xwuByT. NonspHble
cusiHuAa Ha Mapce Takxe He
o6Hapy>XeHb!.

K 4yucny Hanbonee MHTEpECHbIX
pe3ynbTaTtoB UCCneaoBaHUN
camoro Mapca, HeCOMHEHHO,
cnepyeT OTHECTU
paguoMeTpuyeckue (Tennosbie) U
cnekTpasibHble U3MepeHUs
n3ny4eHusi ero noBepxHocTn. OHu
BbINONHANUCH annapaTypHbIM
KOMNNEKCOM, B COCTaB KOTOPOro
BXOAUNU CKaHWpYoWuin
paguoMeTp «TepMOCKaH»,
KOMOGUHUPOBAaHHbLIN paguoMeTp-
cnekTpodoTtomeTp KPPM un
KapTupylowmin nHdpakpacHbIn
cnektpomeTp UCM.

«TepMOCKaH» BbINONHAN
«TennoBylo» CbEMKY MapCuUaHCKOM

NOBEPXHOCTU U OAHOBPEMEHHO
NpPUHUManN KOPOTKOBOSTHOBOE
nU3ny4veHue, oTpaxkeHHoe
NOBEPXHOCTLIO NNaHeThbl.

Mpu6op KP®M peructpuposan
uanyyeHune Mapca yxe He B ABYX,
a B WeCcTHaauaTu yyactkax
cnekTpa. LWecTb U3 Hux
NpUXo4UNIOCh Ha TennoBow
Avana3soH, a aecAaTb—Ha
KOPOTKOBOMHOBbIA, NO3BONAIOLLNA
npoBoAUTL (hoTOMEeTpuyeckue
n3mepeHus 8 6NXKHEM
ynbTpacuoneToBoOM U BUAUMOM
yyacTkax cnekTtpa. BbinonHeHHble
¢ nomoubto KPOM namepeHus B
nonoce NOrnoLWeHUs yrineKkucnoro
rasa No3BoOSfiUNWN, B HAaCTHOCTW,
onpeaenuTb TemnepaTypy
cTpaTtoctepbl Mapca. Kpome TOro,
nony4eHHbie KP®M pgaHHble 06
OCOBEHHOCTSAX pacnpeaeneHus
SIPKOCTU B KOPOTKOBOSTHOBOM
AuanasoHe ganu BO3MOXXHOCTb
BbISICHATb ONTUYECKue
XapaKTepuCTUKKN aspo30MbHbIX
4acTuy B atMocdepe nnaHeTbl.
CnekTtpomeTp UCM pabotan B
128 yyacTkax cnekTpa B
AnanasoHe, Haubonee
onTUManbLHOM ANS aHanusa
MUHEepanorn4ecKoro coctasa
rpyHTa. BbinonHeHHble namepeHus
OXBaTbIBAIOT 3HAYUTENbHYIO 4acTb
3KBaTOPUaNbHOW 30HbI NSIAHEThI.
PesynbTaTbl aHanuaa nony4YeHHou
MH(pOopMayUn NOKa3bIBaKOT
CyweCTBeHHble Bapuayuu
CneKTpasbHbIX OTpaXaTenbHbiX
XapaKTepucTUK NOBEpPXHOCTU, YTO
ABNAETCA HOBbIM (pakTOM B
3HaHmax o Mapce. [laHHble O
cTeneHu rnapaTaymm MMHepanoB
NO3BONSAIOT NOAO3peBaTb
npucyTcTeue Ha Mapce
0Caf04HbIX Nopoa,.

Ha «®oboce-2» nposoguncs
TakXXe OYeHb MHTEepeCHbIN
3KCNepuMeHT NO UCCreaoBaHuIo
BepTUKanbHOW CTPYKTYpbI
ruapaTtaumm nnaHeTbl.
MccnepoBaHusa BbINONHANUCH
OpuUrnHanbHbIM MeTOA4O0M, HUKOraa
paHee Ha nnaHeTHbIX
KOCMMYECKUX annapatax He
npumeHsBwmMmcs. CyTb meTtoaa B
U3MepeHUn CnekTpa CONHEeYHOro
n3ny4eHus, npoweawero Yepes
aTtmoccepy Mapca, koraa ConHue
HabniogaeTcs B6n11M3n Kpas
nNaHeTbl — 3axo4uT 3a Hero unu,



Hao6opoT, BOCXO4UT, T. €. B
ycnosusix 3atmenus ConHya
nnaHeTon. MNpu 3TOM ConHeYHbie
ny4v nayT No KacaTtenbHOW n Ha
MX NyTU OKa3biBaeTCA
MaKCUManbHO BO3MOXXHOE
KONMYECTBO aTMOCKEPHOro
BelwecTsa—rasa U Nbiun.
ConHe4Hble cneKTpbl,
Nosly4eHHbIe B 3TUX YCNOBUSAX B
pasHble MOMEHTbl BpEMEHM,
COOTBETCTBYIOT pa3HbiM BbICOTaM
HaJ NOBEPXHOCTbLIO Nf1aHEeThI, U,
aHanu3npys ux, MOXKHO NMONy4uTb
BepTUKanbHOe pacnpegeneHue no
BbICOTE Pas3fU4HbIX
cocTaBnsAowmx atMocepul.
N3mepeHus npoBognMnucs B
AuvanasoHax, rge HaxogaTcs
cnekTpanbHbie Nonochl
yrneKucnoro rasa, 0O30Ha,
BOASIHOrO napa.

AHanus3 gaHHbIX NoKasarn, 4To
copepXxaHue BOAAHOro napa B
aTtMocoepe Mapca Ha BbicoTax
20—60 KM 6n11M3K0 B cpeaHEM K
OAHOW [AECATUTBLICAYHOW fone no
OTHOLLEHUIO K OCHOBHOM
COCTaBNAOLWEN — YyrieKucnomy
rasy. 3HauuTenbHble Bapuauum
UCNbITbIBAET C BbICOTOMN
coaep>xaHue o3oHa. 3aMeTuMm, 4To
BEPTUKanbHbIN XOA4,
OTHOCUTESIbHOIO CoAep>KaHus
aTMocepHbIx razos Ha Mapce
nosny4yeH Bnepsble.

Bce 3annaHupoBaHHble
«MNNaHeTHbIE» IKCNEPUMEHTDI
BbIMOJSIHEHbI YCNEeLWHO, XOTSH
npeanonaranocb, 4To o6beM ux
6ygeT 3Ha4YUTENBHO 66NbLUMM U
no oxeBaTy NOBEpPXHOCTU, U NO
AMTENBbHOCTU U3MEpPEeHUIA.
CywecTBeHHO, 4YTO BnepBble 6b1u
onpo60oBaHblI HOBble METOAbI
uccnegosaHnin. HakonneHHbIN
onbIT NpeAcTaBnseT 60nbLlyto
LEeHHOCTb ANA UCMNOSb30BaHUA B
AanbHenLWnx uccneaoBaHUAX
Mapca.

OAHUM U3 BaXKHbIX UTOrOB
peanusauyun npoekta «Poboc»
CTano nonyveHue cepun CHUMKOB
€CTeCTBEHHOro CnyTHUKa
nnaHeTbl— Poboca.

Cbemka ganeknx KOCMUYeCcKux
06BbEKTOB C nepeaayen
u3o0bparkeHnn Ha 3emMnio No
pagvokaHany npeacrasnseT
CO60 UCKNIOYUTENBHO CITOXXHYIO
Hay4YHO-TEXHUYECKYIO 3agady.

CospgaHHbI ANs NpoBegeHus
TeneBU3NOHHOTO 3KCNepUMEHTa
KoMnnekc npubopoB COCTORN U3
Tpex TeneBU3NOHHbIX KaMep,
CneKTpomeTpa, CUCTEMBI
ynpaefieHUss U CUCTEMBI
Bugeosanucu. OcuumanbHoe
Ha3BaHWe BCEeA CbEMOYHOM
cUCTEMbl —
BUAEeOCNneKTpoMeTprU4ecKum
KoMnnekc «Pperat».
BuageocnekTpomeTpuieckum
KOMNNeKC npegHasHavancs gna
pelweHuss ABYX O4EHb pasHbiX NO
XxapakTepy 3agad npoekTa.
MepBas 3akn4anacb B cb6ope
HaBuraymoHHon uHdopmMaymm,
Heo6xoanMon ANA YTOYHEHUA
B3aWUMHOr0 NONOXEHUA
MEeXNNaHeTHOW CTaHuun 1
MapCUaHCKOro CnyTHUKA.
BTopasi—B nony4eHun AaHHbIX O
curype doboca, cTpykType,
MUKPOCTPYKTYpe U CocTaBe ero
NOBEPXHOCTWN.

B pesynbTate onepatusHon
HaBurayMoHHon o6paboTKu
n3obpaxeHun d®oboca,
nepeaaHHbIX ¢ 60opTa cTaHuum
«®060c-2», TOYHOCTb
NPOrHO3MpPOBaHUS NOSIOXKEHUS
MapCUaHCKOro cnyTHuka 6bina
yBenu4eHa npuMepHo B A4eCATb
pas, 4TO NO3BONUNO yCMELHO
BbINONHUTbL onepayuu No
KOppeKkuuu opbuTbl
MeXnJaHeTHOW CTaHUuu n
noAaBeCcTU ee Ha paccTosiHue
200 kM oT doboca.
MpoBeaeHHble HaBUrayUoOHHbIE
n3MepeHus NpeacTaBNNAoT
3Ha4UTeNbHbIA UHTEPEC U ANs
Hayku. B 4acTHOCTH, OHM
NO3BONAIOT YTOYHUTb
XapaKTepuUCcTUKuN rnpunmnBHOro
B3anmogencteus doboca ¢
Mapcom, nubpaumnoHHoro
AswxeHust doboca, ero maccy u
NNOTHOCTb, [AIOT HEKOTOPYHO
nHpopMaymio AnNa aHanusa ero
BHYTPEHHEro CTPOEHUA.

B xoae akcnepuMeHTa C
pacctosiHun ot 200 go 1100 kM
6bin0 nony4eHo okono 40
n3obpaxeHnn doboca,
nokpbiBatowmx 6onee 80% ero
noBepxHOCTU. Pa3pelieHue
CHUMKOB, caenaHHbIX C
MUHUMASIbHbLIX PaCcCTOSHUA,
coctasnseT 40 m. ConocTtasneHue
n306pa>keHun, NONyYEeHHbIX C

6opta «dPoboca-2», CO CHUMKaMU
¢ «MapuHepa-9» n «BukuHra»
NnoKasbiBaeT, YTO OHU XOPOLLO
[ONONHAIOT APYr Apyra Kak no
NOKPLITUIO NOBEPXHOCTU CNyTHUKA
Mapca, TaKk U No cnekTpanbHbIM
30HaM 1 ycnosusm HabnogeHus.
Tak, «Pobocom-2» Haubonee
[eTanbHO CHAT panoH K 3anagy ot
kpaTepa CTUKHW, KOTOPbIA NO
pesynbTatam npeablaywmx
akcneavuyuin 6bin KapTMpoBaH
Haubonee nnoxo. Hosble
n306pa>keHnss NO3BONAT
3HA4YUTENbHO YTOYHUTbL PUrypy 1
kapTy ®oboca. Bnepsblie 66111
nony4eHbl n3obpaxeHua doboca
1 B 6nmxHeM UHMpakpacHOM
AnanasoHe U3nyYeHus.

B coBokynHoCTU BCe
TeneBU3NOHHbIE CHUMKM,
caAenaHHble NMpuY pasHbiX yrnax
HabnioaeHns N oCBeLEeHHOCTH,
NO3BONKAIOT NpoaHanNM3npoBaThb
yrnoByilo 3aBUCUMOCTb SPKOCTH
nosepxHocTu doboca m
onpeaensiowue ee napameTpsbl
MUKPOCTPYKTYpbl, Hanpumep
XapaKTepHble pa3mepbl 4acTuy
peronuta. 3TN AaHHble
Heo6XxoAUMbI AN U3yveHus
NpoLeccoB, NPOUCXOAA[LUMNX NPU
MeTeopuTHON 60Mb6apaupoBke
nosepxHocTu doboca, a Takxe
ANA OUEHKN MeXaHU4eCKux u
Tennopuanyeckux CBONCTB
cnaraiouero ero BewjecTsa.
Bonblon UHTEepec, N0 MHEHWUIO
cneyuanucToB, NnpeacTaBnseT u
YHUKanNbHbI CNEKTPOMETPU4ECKNn
3KCNEepUMEHT, NPOBeAEHHbIN B
OAHOM M3 CeaHcoB, Korga
OAHOBPEMEHHO C TeNeBU3NOHHON
CbEMKOM B Tpex 30Hax cnekTtpa C
nomowybio npubopos MCM u
KP®M 6bi5in nony4eHsbl
AeTanbHble cnekTpbl Poboca B
ynbTpapuoneTosoM, BUAUMOM U
MH(ppakpacHOM aunanasoHax,
oxBaTtbiBalowmx obnacte AnNuUH
BONH ot 0,32 o 3,2 MKM.

[o cux nop o cnekTpe OTpaXeHus
®doboca 66110 N3BECTHO OHEHb
Mano. OH n3y4ancs TOnbko C
3emnu, u npu 3TOoM Mornu 6biTb
NONy4YeHbl faHHbIE TOMbKO O
cpegHeM CrnekTpe OTpaXKeHUs
MapcuaHCKOro CnyTHUKa.
HabnioaeHus ¢ nomouwbio
npuéopos MCM n KP®M snepsbie
Aanu cBefeHust 0 TOM, Kak CnekTp



MEHSETCA OT MecTa K MecCTy.
CpeaHsisi oTpaxkaTenbHas
cnocobHocTb Poboca o4eHb
HU3Kas, okono 4%, u NOYTU He
3aBUCUT OT AMUHbI BOMHbI. JTU
AaHHble No3BONAIOT
npegnonaraTb, 4TO BEWECTBO
noBepxHOCTHOro cnosi ®oboca B
cpeaHeM 6nU3KO K yrincTbiM
XOHApUTaMm — OAHOMY U3 TUMOB
MeTeopuToB. JKCNpecc-aHanu3
pesynbtatoB akcnepumenta UICM
Aan BO3MOXHOCTb cfienaTb BbiBOA
O 3aMeTHOW Heo4HOPOAHOCTHU
cocTasa NnoBepXHOCTU, a TakXke O
60nee HU3KOM coAep>XaHun BOAbI
B MUHepanax, cnarawLwmx nopoabl
doboca, 4eM 0XKUAaANoChb.
YcTaHOBNEHO, 4TO AHEeBHas
TemnepaTtypa ®oboca oKono

300 K (27° C).

K coxaneHuo, npub6opbl UCM n
KP®M nponabnioganu ®oboc
BCEro 0AWH pas, No3TOMY AAHHbIX
ANA HaAEeXHOW UHTepnpeTauuu
nonyYeHo mano.

MHTepnpeTauyus faHHbIX,
nony4yeHHbIX ¢ 6opTa
KOCMUYECKUX annapaTos, BeCbMa
pacwmpuna npeacTasfieHus o
Mapce, HO MHOrMe BOMNPOCHI,
KacawLuMecs ero npupoapl, nmbo
He 3agaBasniuCb, NMO6O He Hawnn
oTBeTa, NMbo TpebytoT 6onee
rny6okoro nay4yeHus. Bmecte c
Tem 3a npoweaiue rogpl
NOSIBUNIUCb U HOBbIE UAEUN B 4acTu
CpeacTB uccrenoBaHun 3Ton
nnaHeTbl. MeeTca B BuAYy
npUuMeHeHne ANsA U3yYeHus
AWHaMUKKn atMmocdepsbl
aspoCTaTHbIX 30H40B,
MUHepanorn4eckoe
KapTupoBaHue NOBEepPXHOCTU U ee
Tennosas u MHpakKpacHas
CbeMKa, uccneposaHue
BEpPTUKaSIbHOW CTPYKTYpblI
aTMocoepbl N0 U3MEPEHNUAM
cnekTpa COMHEYHOro uU3ny4YeHus B
ycnosusix 3aTMenuss ConHua
Mapcom.

HakonneHHbi 3a npoweawue
roAbl ONbIT KOCMUYECKUX
NnaHeTHbIX 3KCNepUuMeHTOB
nokasas, 4To Haubonee
appeKTnBHaA NO HAYHHOMY
BbIXOA4y nNporpamma, CoCcTosLwas
u3 psiga NnoneToB K O4HOMY
06beKTy C UHTepBasiom B
HECKONbKO NeT; Npy 3TOM Kaxaas
npeabigywan akcneauuus

co3paet 6asy Ans HoBbIX 6onee
CITIOXXHbIX MUCCUIA. IMeHHO Tak
o6cTosno aeno ¢ JlyHon n
BeHepon. Cenvac nogobHas
nporpamma paspaboTaHa B
oTHoweHun Mapca. MNepebin 3Tan
3TOW NporpaMMbl HAMEYeHo
ocyuwecTsuTb B 1994 r.
MpeaycmaTpusatotcs rnobasnbHbie
uccneaoBaHuA ero NOBEPXHOCTU U
aTMmocdepbl C MOMOLLbIO
WUCKYCCTBEHHbIX CNYyTHUKOB
nnaHeTbl; a3poCTaTHbIX 30HA0B,
BBOAUMbIX B aTMocdepy;
MeTeOopOonorn4ecKux CTaHuum u
neHeTpaTopos, AOCTaBNSAEMbIX Ha
MapCUaHCKyt0 NOBEPXHOCTb.

B 1996 r. nnaHupyeTcsi
NpPOAOCIKUTb UCCNneaoBaHns
Mapca u goctasuTb Ha 3emnio
obpasybl rpyHTa ¢ doboca.

B 1998 r. Ha noBepxHoCcTU Mapca
[OMKeH Ha4yaTb paboTy nepsbiv B
uUcTopun NNaHeTHbIX
nuccnegoBaHuin cCaMmoaBUKYLLIMIACA
annapat (Mapcoxopg) ¢ 6ypoBon
yCcTaHOBKOW Ha 60pTy.

Ha 2001 r. nnaHupyeTcs
[ocTtaeka Ha 3emnio o6pasyos
MapCuUaHCKOro rpyHTa.
2003—2015 rr.—oTpaboTka
CpeACTB MapCUaHCKoOn
NUNOTUPYEMOU 3Kcneauuun.
WNHCTUTYT KOCMUYECKUX
uccnepgosanun AH CCCP
SABNAETCS rosIOBHON
opraHusayuen no peanusaymu
nporpammbl «Mapc-94».

MpoekT «Mapc-94»
npegycMmatpusaeT 3anyck K
Mapcy B okTsibpe 1994 r. aByx
NMOEHTUYHBIX KOCMUYECKUX
annapartoB. Yepe3 11 mecsues
OHU BCTPETATCA C NNAHETON U
CTaHyT ee UCKYCCTBEHHbIMU
cnyTHUKamn. Kaxabin n3
annapaToB Bbl6pOCUT «aecaHT»
Ha nosepxHoOCTb Mapca:
aspocTaTHbIN 30HA, ABE Manble
MeTeoCcTaHuun, ABa neHeTpartopa.
OpbuTta cnyTHuKa
aNnNUNTUYeckKas, BbiCoTa B
nepuueHTpe 300 KM, B anoyeHTpe
18 000 kM, HaknoHeHne 50—70°,
ANUTENBHOCTb aKTUBHOIO
CyujeCTBOBaHUA OKOMO OAHOro
roga, obwas Macca Hay4Hon
annapartypbl 0kono 250 Kr.
Hay4Hble 3apaqu:
¢oTorpacmposaHue obnacrten
nnaHeTbl, Hambonee UHTEpPECHbIX

C TOYKU 3peHUsi FeoNnorn4ecKon
MUCTOpUK, 3BOSNIOLUA KNUMaTa,
BbibOpa MeCT nocaaku gns
6yayumx npoeKToB (ABe
TeneBU3NOHHbIE KaMepbl Ha
NOBOPOTHOW NnaTtdgopme);
AUCTaHUMOHHOE onpeaeneHue
cocTtasa nopop (aBa
nH(ppakpacHbix, ramma- v
HEUTPOHHbIN CNEKTPOMETPbI),
rNy6buHbl 3aneraHus Be4HON
Mep3noTbl (pagap), TemnepaTypbl
NOBEPXHOCTU (MH(PpaKpaCHLIV
paguoMeTp);

AVUCTaHUMOHHbIE U3MepeHUs
NOKasnibHO-BPEMEHHbIX U
BbICOTHbIX Bapwauyun cocrasa,
Temnepartypbi, AaBNeHNUs
aTMocdepbl (MOHOCHEpPHbIe
CNeKTPOMETPbI, CNEKTPOMETPUA
COMHEYHbIX 3aTMEeHU, aHanu3
paguo3aTMeHun);

NPSAMbIe U3MepPEeHUsi NNOTHOCTY U
cocTaBa BepxHeil aTmocdepsbl (N0
TOPMOXXEHUIO NpyU Cnycke
nocafo4HbIX annapaToB U Macc-
CNEeKTPOMEeTPOM);

M3MepeHUss MarHUTHOro Nons u
oKononsiaHeTHON NNas3mbl
(MarHUTHBIN U NNA3MEHHbIN
KOMNNEKCbI).

Ko BpemeHu nogneTta coBeTCKOro
annaparta k Mapcy Ha
OKOJIOMapCUaHCKoOn opbuTe yxxe
6yaeT HaxoAUTLCA aMepUKaHCKUIA
KocMuyeckun annapat «Mapc-
O6cepsep» (3anyck B 1992 r.).
Hay4HbIn cocTas u nporpamma
oboux annapaTtoB ABAAIOTCA B
3Ha4YMTENbHON CTENeHu
B3aMMoaononHsowumn. I'nasHoe
OoTNnu4mne COBETCKOW MUCCUM B
TOM, YTO OHa COA4EPXUT
nocafoYHble CpeacTBa, Npuyem
HOBOrO TWna.

B npouecce ogHoBpeMeHHOM
paboTbl KOCMUYECKUX annapaToB
«Mapc-94» n «Mapc-O6cepep»
npegnonaraeTcsa OCywecTBNATb
obMmeH AaHHbIMK U OnepaTUBHYIO
KoopAauHauuio paboT. Kpome TOro,
MMeeTCHA AOroBOPEHHOCTb 06
ycTaHoBke Ha 6opTy «Mapca-
O6cepBepa» COBETCKOro
npuemonepegaTynka c uenbto
peTpaHcnauum 4acTm
TeneMmeTpu4eckon nHgopmaymm ¢
aspocTaToB, MafbiX CTaHUUA WU,
BO3MOXXHO, MeHeTpaTopoB. ATO
No3BONUT 3HAYUTENbHO
yBenuuuTb 06beM MHgopmauum,



NNaHMpyeMon K nonyyeHuio B
npoekTe «Mapc-94».
AspocTaTHas cTaHuus
yCTaHaBfMBaeTCA B feCaHTHOM
moayne, KOTopbii BBOAUTCA B
aTmocdepy Mapca ¢
annunTuyeckon 12-4yacosom
opbutbl. MecTOo BBOAA aspocTaTa
onpeaenseTcs NONOXeHUeM
nepuueHTpa opbuTbl (To4ka
BBOAA MOXET OTCTOSATb OT
nepuyeHTpa no WwupoTe BCero Ha
HecKonbKo rpagycos). C yyeTom
3BONIOLUN CO BpEMEHEM LuMpoTa
nepuuyeHTpa opbuTbl HA MOMEHT
BBOAa alpocTaTt 6yaeTt OKosno
40—45°. AspocTaTHasa cTtaHuus
nocne passopa4vBaHus,
HanNONMHEHUA ra3omM 060N04KU U
oTAeneHna CUCTEeMbl HanoNHEHUs
u 6annacTta Bkno4aeT B cebs
060M104Ky 06 EMOM OKOMO

6000 M3, HANONMHEHHYIO renuvem,
npubopHyo roHaony maccon 15 kr
u rangpon maccon 13 kr. [iHem
aspocTaTt nnasaeT B aTtMocdepe
Ha BbICOTE HECKOJbKUX
KWNOMEeTpOB Haj NOBEpPXHOCTLIO.
Houblo HVWXKHAR YacTb rangpona
NOXXWUTCS HAa NOBEPXHOCTb, a
obono4vka u BepxHaa YacTb
rangpona Bceraa HaxoasaTCsl Hapg,
noBepxHocTbLIO. Manapon, NnoMUMO
OCHOBHOW (pyHKLMN —
npeaoxpaHuTb roHaoNy U
aspocTtaTt OT KacaHusi
NnoBepXHOCTU, NCNONb3yeTCA ANs
pa3MeLleHnsa Tex HayYHbIX
npubéopoB, gna paboTbl KOTOPbIX
TpebyeTcs HenocpeaCTBEeHHas
6NN30CTb MNN KOHTAaKT C
NoBEepxHOCTLIO. JTa annapartypa
uMmeeT CBOW UCTOYHUKU NUTAHUA U
paboTaeT aBTOHOMHO. [laHHble
n3mMepeHun nepepatroTca Ha
roHgony aspocrara no
paguokaHany. Moagbem n
onyckaHue aspocTtara
OCyWeCTBNAKTCA 3a cyeT
HarpeBaHWUsi CONMHEYHbIMU fyHamu
W, cnepoBaTenbHO, yBEeNnu4eHus
obbema renua gHem n
OXNAKAEHUNA renus n
yMeHblleHust ero obbema B
BeYepHUe, HOYHbIE U YyTPEeHHUe
Yyacbl. BbicoTa noBepxHOCTH, rae
a3pocTaT MOXXHO BBECTMU B
atMmocdepy, [oMmKHa 6biTb Ha
OMH— ABa KUMOMEeTpa Huxe
HYNeBOro ypoBHsi NOBEPXHOCTU
nnaHeTbl. Bo3aMOXXHO, B xoae

AanbHenwen paboTbl 3TOT
AvanasoH yaacTcsa pacwuvpuTs ao
HyNeBOro ypoBHs. [lHem
MakcumanbHasi BbicoTa nogbema
aspocTaTa 6yaeT cocTaBnaTb ABa
KunomeTpa OTHOCUTENbHO
HyNeBoro ypoBHsi. Hay4Hblie
u3MepeHusi nnaHmpyeTcs
BbINONHATbL Kak B CBO6O4HOM
noneTte, Tak U C rangponoM Ha
nosepxHocTu. NMonyyeHHan
nHcopmayma nocne
npeasapuTenbHon o6paboTku n
CXaTus 3anucbiBaeTCsa Ha
3anomuHaiouiee yCTpouncTeo
eMKOCTbI0 nopsigka 50 Méut. C
3anomuHalouero ycTpoucTsa, a
TakXxe C TeneBU3NOHHbIX Kamep
(B pe>xxume HenocpencTBEHHON
nepega4uv) gaHHble nepenaroTcs
no pagvokanany Ha 6opT
COBETCKOro U aMepuKaHCKOoro
UCKYCCTBEHHbIX CMYyTHUKOB
Mapca. CeaHcbl cBSi3un €O
CNyTHUKaM1 NPOBOAATCA B
MOMEHT UX nponeTa B 30He
BMAUMOCTM aspocTarta. [na
amMepuKaHCKOro KOCMU4YeCKoro
annaparta 3TO OKOS0 2 4acoB AHSA
M 2 4acoB HOYM MECTHOro
BpeMeHu. [lna cOBETCKOro —B
nepuueHTpe opbuTbl gHEM U Ha
y4acTke yaaneHus oT
NOBEPXHOCTbIO — HOYbIO.
AapocTaTHasa cTtaHuua HayuHaeT
nepegaBsaTtb TeNeMeTpuio Ha
CNYyTHWUK MO 3anpOCHOMY CUrHany
OT Hero. Bcero kaxagble CyTku
aspocTaTHas CTaHUuusa AOMKHA
nepenatb He meHee 100 MNH. 6uUT
uHcopmaymn.

Kaxgaa manas crtaHumsa umeet
CBOM NOCafO04HbLIN MOAY b,
CHab>xeHHbI a3poANHaAMUNYECKUM
TOPMO3HbIM 3KPaHOM, NapatloTOM
¥ amopTU3aUNOHHbLIM
yCTponcTBOM. [Mocago4Hble
MOAynu OTAENSTCA OT
KOCMUYeCKOro annapara 3a
HEeCKONbKO CyTOK A0 nognera K
Mapcy. MNpn 3TOM KaXX[0MYy U3
HUX coobujaeTca onpeaeneHHoe
npupauieHme CKOpoCTU C TeMm,
4TO6bl OHM CoBepLIUIM NOCaAKY
Ha pasnu4yHbIX 3apaHee 3aAaHHbIX
WMpoTax, BKOYaa NonsipHble.
OcHoBHas 3agada ceTu Manbix
CTaHumn (YeTbipe U3 pacdeTa no
ABEe Ha KaxAoM annaparte) —
npsiMble U3MepeHUs
MEeTeopOosIorMyecKmux napameTpos

C uenbio naydeHus obuen
uupkynsuumn atmocdepsbl U
NPOrHO3MpoOBaHUA MeTeOYyCNoBUN
ANa Tekylwen n 6yaywmx MUCCUNA.
MpeumyuiecTBa Takon cetTn —
rno6anbHOCTL OXBaTa,
BO3MOXHOCTb cbpoca
MeTeoCTaHuui B 0cob60
MHTEepEeCHble panoHbl — KaHbOHbI,
CTapble pycna pek, mano-
[OCTyMHble A4NSA uccnefoBaHun
APYruMmu cpeacTBamMu, oxBat
HabniogeHuammn, 6narogaps mx
ANUTENbHOCTH (He MeHee
MapCuaHCKoro roga), Bcex
Ce30HOB, BKNIOYasA CEe30H
nbineBbix 6ypb. AnnapaTtypa
Manbix cTaHuun obecneyunT
u3MepeHue faBreHus,
TemMneparTypbl, BNaXXHOCTHW,
CKOpPOCTU BETpa, ONTUHECKOWN
npo3paYHoCcTu aTmocdepbl.
MuHuaTIopHbIM ramma-
CNeKTpoOMeTp MOXET AaTtb
BaXKHYIO MH(pOpMayuio o
npoueccax obmeHa mexay
aTMocoepon n TBepaon
NOBEPXHOCTbIO, BOAOW U ra3om, 06
3N1IeMEHTHOM COCTaBe ocegatoLyein
Ha NOBEPXHOCTU NNaHeTbl NbiNw.
PaccmaTpuBaeTcs BO3MOXHOCTb
YCTaHOBKMW Ha ManbIX CTaHUUsIX
OAHOKOMMOHEHTHOrO
cencMoMeTpa U MarHuTomeTpa.
CencmomeTp 6ygeT uamepstb
CO6CTBEHHbIE U NPUNNBHbIE
KonebaHns nNaHeTbl, 4YTO
no3BONUT onpeaenuTb ypoBeHb
CenCMNYECKON aKTUBHOCTHU
Mapca. 3aga4a marHutomeTpa —
N3MepeHUs NOKanbHOro
MarHUTHOro nons, nepexoaHbix
NpoueccoB Npu U3MeHeHun
BHELIHero MarHUTHOro Nosisi u
BOCCTaAHOBJ/IEHUSA NO HUM KApTWUHbI
NpPoOBOAUMOCTM NMOPOA Ha
pasnu4HbIX rnyéuHax.

Manble cTaHuun, Tak Xe Kak 1
aspocrTart, 6yayT nepeaaBaTtb
MHGOPMALUIO HA COBETCKUA U
aMepUKaHCKUIN UCKYCCTBEHHbIe
cnyTHukKM Mapca no 3anpocHomy
curHany.

Mopgorpes 6opToBOM annapaTypbl
ManbixX CTaHyum u ee
anekTponuTaHwue
OCYyLEeCTBNAOTCA OT
NAYTOHUEBbIX UCTOYHWUKOB C
TepMO3neKTporeHepaTopom u
6ydepHbIM XMUYECKNM
aKKyMyNsTOPOM.



MeHeTpaTopbl, COPOLIEHHDbIE HA
nosepxHocTb Mapca, no3sonaT
uccnegoBaTtb (PU3NKO-
MexaHu4yeckue CBOUCTBA rpyHTa 1
BHYTpEHHee CTpOeHue nnaHeTbl.
B oTnunumre ot manbix ctaHuuin
neHeTparTopsl 6yayT
OCYyWeCTBNATbL NOCaAKy C
BbICOKOW CKOPOCTbIO — nopsigka
100—150 m/c. KoHCTpyKyus
neHeTpaTopoB obecrne4ymBaeT ux
3arnybneHvne npu yaape Ha
HECKONbKO METpOB.

B coctas Hay4HOW annapaTtypbl
neHeTpartopa sonayT
TeneBu3UOHHasa kamepa,

Habop cneKkTpoMeTpoB,
akcenepomeTp n CEUCMOMETP,
MarHuToMeTp, MeTEOKOMNMSIEKC.
MeHeTpaToOpbl BBOAATCA B
aTMmocdepy € opbuTbl
WUCKYCCTBEHHOIrO CnyTHUKa
nnaHeTbl HE3aBUCUMO ApYr OT
Apyra nocne yTo4HeHus1 panoHOB
nocagkw.

Mocne 3apgencTBoBaHUs

BCeX YeTblpex NeHeTpaTopoB
Ha4HeT (PYHKUNOHNPOBATb CETb
CTauWoHapHbIX CTaHUun,
obecnevunBaloWmx anMTenbHbie
cencMmmuyeckue namepenus. Bpems
aKTUBHOMO CyLeCTBOBaHUSA
neHeTpaTopoB O4VH— ABa roga.
Takum o6pa3oM, uccneaoBaHus,
BbINONIHAEMbIE C NOMOLLbIO
aspoCTaTHbIX 30HA0B, MarnbixX
NOCaA04HbIX CTaHUMIA U
neHeTpaTopoB, AaayT, Npexae
BCero, AaHHble, KOTopble
HEBO3MOXXHO NONY4YUTb C
annaparos, o6pawaowmxcs no
opbuTam UCKYCCTBEHHbIX
cnyTHukoB Mapca.

370 TeneBnU3nOHHas

CbemKa NoBepPXHOCTU

C paspeLlueHnem oT

CaHTUMETPOB A0 HECKOMbKUX
DEeCATKOB CaHTUMETPOB;
cnekTpanbHble UccnefoBaHus
NOBEPXHOCTU C
NPOCTPaHCTBEHHbIM paspelueHnemM
OT HECKOSbKUX MeTpoB A0
HECKOJSTbKUX AeCATKOB METpPOB;
M3MepEeHUR MarHUTHOro nNons
HWXe UuoHocdepsbl; uccnepoBaHus
norpaHu4HOro cnos atmoccepsbl 1
ero U3MeH4YMBOCTU B Te4YeHue
CYTOK; pafapHoe 3oHAupoBaHue
NOBEPXHOCTU C Lenbio
onpeaeneHus xapakTepucTuk
MapcuaHCKuUx nopog Ao rnybuHbl
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HECKOSNbKO COT MeTpOB;
nuccneaoBaHusi INEMeHTHOro
cocTtaBa NOBEPXHOCTHOrO Crosi C
BbICOKMM NPOCTPAHCTBEHHbBIM
paspewieHneM (OT HECKOMbKUX
COT MEeTpPOB [0 HECKOSIbKUX
KWNOMETPOB); NpsiMble
MeTeoponoruieckmue namepeHus
Ha NOBEPXHOCTW NilaHeTbI B
pasHbIX WUpoTax, uccnegoBaHns
npoueccos ob6MeHa BOAOWN m
YrNeKUCnbIM rasom mexay
aTmocdepon u Teepaon
NOBEpPXHOCTbIO, NOKasibHbie
MU3MepeHUss NPo3payHOCTH
aTMmocepbl; MexaHu4eckue,
Tennosble, XMMUYECKNE U
aneKTpu4eckue uccnegoBaHus
NOBEPXHOCTU A0 rNy6uHbI
HECKOJIbKO MEeTPOB.

Kak y>xe ynoMuHanocb, ogHou u3
3agady uccnegosaHun no
nporpammMe «Mapc-94» ctaHeT
BblI6Op MeCTa nocagky annapaTos
no 6yayuwmm npoekTam,
ONTUMasbHbIX C TOYKWN 3peHunsi
6e3onacHOCTM nocagku m
npoBeAeHns Hay4HbIX
uccnegosaHun. B yactHocTy,
OCHOBHOM Lenblo npoekTa «Mapc-
98» cTaHeT gocTaBka Ha nnaHeTty
camMoaBUXKYLLMXCS
aBTOMaTU4eCKUX annapaTtoB —
Mapcoxoa0B.

MpeasapuTenbHbie NPopaboTKu u
UCNbITaHNA B YC/IOBUSX,
MaKCUMasnbHO NPUGMMXKEHHbIX K
peanbHbIM, NOKasanu, 4To
Hanbonee pauuoHasnbHbIM
npeAcTaBNsAeTCa UCNonb3oBaHue
ANsi Xo40BOW YacTU Mapcoxoaa
LWECTUKONECHOro ABWXUTENN Co
BCEMU BeAyLMMNU MOTOp-
Konecamu u WapHUpHO
couneHeHHon pamon. Koneca
BbINONHSAIOTCA B BUAE KOHUYECKO-
unnuHapu4eckon obevanku c
rpyHto3ayenamu. Takas cxema
xo[0BoW 4acTu obnagaeT uenbim
pPSAOM AOCTOUHCTB: Masfion
MacCcoWn; UCKITIOHEHUEM OMacHOCTU
nocagku mapcoxoa «Ha AHuLe»;
NOBbILWEHHOW BCNEeACTBMUE HU3KOro
pacnonoXeHus ueHTpa macc
NpoAoNbHON U NoNepeYHon
YCTOAYUBOCTbIO; BO3MOXXHOCTbIO
ABWXeHUsi No cnabbiM rpyHTam ¢
60MbWNM YKNOHOM C
npeofoneHnem 3a cyeT LWapHUPHO
CO4SIEHEHHOW pambl 4OCTaTOYHO
BbICOKUX NPENATCTBUNA.

OaHa 13 rnaBHbIX TEXHUYECKUX
npobnemM uccneposaHun
NOMOLLbIO Mapcoxoaa —
CNOXXHOCTb ynpaBneHus ero
ABWXeHNeM Ha pacCTOsiHUM B
MUWIMOHBbI KUTOMETPOB.
Mapcoxopa aonxeH, Hanpumep,
ymMeTb 06xoanTb NPenATCTBUS,
KoTopbix 20—30 MUHYT Ha3ag OH
euje «He BuAen» Ha CBOEM NyTHw.
MNpuMepHO CTONLKO BpeMeHu
noHagobuTcs paguocurHanam,
4yT06bl NPEoAONEeTb PacCTORHUE OT
Mapca ao 3emnu n o6paTHo.
PeweHne npobnemMsbl BUUTCA B
TOM, 4TO6bI CAenaTb MapCcoXo4
«CUCTEMON-3KCNEPTOM», HaAeNuB
ee onpegeneHHbIMU
«UHTEeNNeKTyanbHbIMU
cnocobHocTaMu». «3emns» byaeT
onpeaenaTb cTparernio paboThbl, a
cam poboT — TaKTUKy ee
nposegeHus. Ecnu gnsa
opbuTtanbHOro annapara 3To
O3Ha4aeT aBTOHOMMIO B pelueHun
psga HaBUrauMoHHbIX 3adad, TO
ANA Mapcoxofa—3To HauBbiCLiee
No CNOXHOCTU aBTOHOMHOE
agantusHoe (T. e.
npucnocabnueatoweecs K
yCnoBsusiM) ynpasrieHune
ABWKEHNEM.

MoMUMO TeneBU3NOHHON CUCTEMBI
Mapcoxop, no-BUAUMOMY, HY>KHO
6yaeT ocHacTuUTb NasepHbIM
AanbHOMEpHbLIM YCTPONCTBOM AN
NPOKNaAKu Kypca v ynpasneHus
ABWKEHUEM.

HaswuraynoHHoe obecneveHue
Mapcoxoga AO0SKHO pelwaTb ase
OCHOBHbIE€ 33a4a4u: BbiXxo4 B
3a4aHHble pPanoOHbI U
KoopAguHaTHas npuBs3ka
MapupyTa.

MocnepoBaTtenbHOCTL 06x04a
uenesbix panoHOB Hame4aeTcs
onpeaensitb B 3aBUCUMOCTU OT
peanbHbIX KOOPAUHAT TOYKU
nocaaku. MnaHupyeTcs, 4TO
«MpUBA3Ka» TOYKM NOCaAKN U
TpacCbl MapcoxoAa K MeCTHOCTH
6yaeT BbINONHATLCA NO AAHHbIM
He3aBUCUMbIX CUCTEM CHUCIIEHUSA
nyTU N aCTPOHOMUYECKUX
HabnoaeHnun (ConHuya, 3sesn), a
Tak)xe C NoMOLLbIO cneynanbHON
cUCTeMbl, BKNoYatowen B cebs
KOMMNeKc cpeacTB ANns nogbema
Ha BbICOTY OT HECKOJIbKUX
AECATKOB [0 COTEH MeTpoB Hag
nosepxHoCTbIO Mapca



TeneBU3NOHHbIX Kamep. JTa
cucTeMa No3BoNUT ocMaTpuBaTtb
panoH pa3mepamMu NpUMepHoO
100x100 M c paspelueHmnem
nyyqwe 1 M, 4TO AacT
BO3MOXXHOCTb OCYyWECTBUTb
BbICOKOTO4YHYIO NPUBA3KY
MECTOMNOMOXXEHUsI Mapcoxoaa K
cdoTonnaHy MapcuaHcKoun
NOBEPXHOCTM.

MnaHupyeTcsa ucnonb3oBaTtb Tpw
BuAa cpeAcTB nogbema:
aspocTaTtHbie (6annoHbl),
aspogvHaMuyeckue (Bo3gyLUHble
3Men) unu 6annucTuyeckue.
MocneaHwun BUA paccmartpusaeTcs
KakK pe3epBHbi onsi
ncnonb3oBaHUA B Criydae Bbixoaa
M3 CTPOS WU HEBO3MQXXHOCTU
nPUMEHeHNs NepBbIX ABYX
(Hanpumep, npu HebnaronpUsATHbIX
MeTeoyCnoBusx).

[anbHOCTb NepeaBuXeHUs
Mapcoxoaa AofKHa AoCTUraThb
coTeH kunomeTpoB. CKOpPOCTb
6yneT 3asuceTb OT
3HepreTu4ecknx BO3MOXXHOCTEN, a
TakXe OT penbeda MECTHOCTU U
Hay4HOW Nporpammbl Ha Tpacce
ABWXeHus. B kayecTBe NCTOYHUKA
NATaHUA MOTYT UCNONb30BATHLCA
nnbo conHe4YHble 6aTapeun, Nubo
N30TOMNHbIE
TEepMO3NeKTporeHepaTopsb!.
Mporpamma Hay4HbIx
nccnegoBaHuMmM Ansi MapcoxonoB
npegnonaraeTcsi 04eHb O6WNPHON
W, B 4aCTHOCTW, BKNo4aeT B cebs
Bub6ponpocee4ymBaHune rnyobuHHbIX
CNnoeB NNaHeTbl C Uenbio
BbIICHEHUSA ee BHYTpPEeHHero
cTpoeHusi. Mapcoxon no3sBonuT
TakXXe Nony4uTb 60NbLIyIO Ceputo
naHopamHbIX CHUMKOB MO Tpacce
aswxeHus. C ero nomouybio
MO>XHO 6bIN0 6bl OCYLWECTBUTL U
cb6op obpasuoB nopog C
NOBEPXHOCTM 60MbLION NnoWwaau v
¢ rny6buH B HECKOJSIbKO METpOB.
3abop o6pasuos rpyHTa us
rny6uHHbIX CNoeB NNaHeTbl
0COH6EHHO BaXXeH C TOYKU 3peHust
ero nocnefyowiero
«buonorn4yeckoro» aHanusa, Tak
KaK yBenn4MBaeTCs BEpPOSTHOCTb
o6HapyxeHusa Kakux-nubo copm
Xu3Hu. Bnocnegcrteum mapcoxop,
¢ cobpaHHbIMK1 o6pasyamu Mor 6bl
CNY>XWUTb pagUoOMasKoM Ha
BblOpaHHON UM noaxoasiien

nnowaake ans 6yayuero

nocanoYHoro annapara,
obopyaoBaHHOro BO3BpaTHOM
pakeTou Ans [OCTaBKu Ha 3eMnio
MapCUaHCKOro rpyHTa.
Bo3MOXHbI BapyaHT peanusayuu
3TOro aTana uccnenoBaHnn —
3anyck ABYX aBTOHOMHbIX
annapaTtoB. OguH U3 Hux
COBEpLUT NOCaaKy Ha
nosepxHocTb Mapca, gpyrown
CTaHeT ero CrnyTHUKOM.
Mocano4yHbI annapaT AormKeH
MMeTb Ha 60pTy B3NETHYyIO pakeTy
1 HebonbLWIOW Mapcoxos AN
cbopa rpyHTa Ha 4OCTaTOYHOM
yAaneHuu oT MecTa nocagkwu.
Mapcoxopg ob6opyayeTcs
MaHunNynaTopaMu 1
rPYHTO3a60pHbLIM YCTPONCTBOM,
KOTOpO€e Nno3BONUT B3ATb 06pas3upl
C AOCTATOYHO 60NbLIOK FNYy6UHbI.
BaneTHas pakeTta goctaBnsetr
rPYHT K opbuTanbHOMy annapary
N CTbIKYeTCSsi C HUM, Nocne 4ero
o6pasupbl neperpy>atwTca B
cneynanbHbI BO3BpaLiaembin K
3emne mogynb. Mpu nogneTte K
Haweun nnaHeTe OH
nepexBaTtbiBaeTcsi opbuTanbHoOm
cTaHuyuewn.

Bbino 6bi yenecoobpasHo
BbINONMHUTb Ha 60pTy CTaHuum
NepBUYHbLIN aHaNU3 MapCcMaHCKoro
rpyHTa. 910 NO3BONUNO 6bl
pewunTb NpobnemMy KapaHTuUHa,
UCKNoYalouwero nonagaHue Ha
Hawy nnaHeTy BHE3eMHbIX
opraHu3moB, Kak 6bl HU mana
6bina Takas BepOATHOCTb.
Onepauus CTblkOBKK Ha opbute
[OCTaTOYHO XOPOWO oTpagoTaHa
COBETCKMMU cneynanucTamu.
OpaHako, y4uTbiBas XXeCTKun
NIMMUT MaCCbl B MEXMNJIaHeTHbIX
nepenetax, npegcrout 6onbian
paboTa no co3f4aHuo O4eHb
Nerkux CTbIKOBOYHbIX CUCTEM U
y3n0B.

B kauyectBe 6a30BOro komnnekca
ANA OCYWeEeCTBIeHUSI MapCUaHCKON
nporpaMmbl npegnonaraeTcs
ucnosnb3oBaTb KOCMUYecKue
annapatbl «CnekTp». [lepBbiM
NpPaKkTU4EeCKUM OnbITOM
NPUMEHEHUs 3TUX annapaTos cTan
npoekT «Po6oc».

3anycku KOCMU4YeCKuX annapaTtos
npegnonaraeTca OCyWecTBNATb C
NOMOLLbIO Xxopowlo cebs
3apeKoMeHaoBaBLLen
BbICOKOHAAEXXHOW pakeThbl

«MpOTOH».

MpopabaTtbiBaeTCA Takxe
BapuaHT nporpammbl
uccnegosalun Mapca ¢
UCNoNb30BaHMEM B KayecTse
CpeAacTBa BbiBEAEHUNA NONE3HOro
rpy3a B KOCMOC HOBOW paKeTbl-
HocuTens «QHeprus». B aTom
cny4yae OAHOW 3Kcneguuuen mMornum
6bl 6bITb peLieHbl, B NpuHuuUne,
BCE OCHOBHbIe 3a4a4v
NepCneKTUBHON «MapCUaAHCKOW»
nporpamMmbl, a Takxxe obecnedeHo
OAHOBpPEMEHHOE UccnegoBaHue
3HayuTenbHO 6onbliero yucna
pavoHOB NJiaHeTbl NpU NOMOLLM
MapcoxoA0B, a3pOCTaTHbIX 30HA0B
MU ManbiX NOCaAO0YHbIX CTaHLUN.
MpenBapuTenbHble OUEHKU
NoKasbiBaloT, B HYaCTHOCTH, YTO
OAHUM 3anyCKOM paKkeTbl-
HOoCcUTEeNnst «3QHeprusi» MoryT 6biTb
AocTasneHbl HA Mapc cpasy Tpu
Mapcoxofa— OAuUH TsHXenbin C
BO3MOXXHOCTbIO Ny60KOoro
6ypeHusa n aBa Nnerkux, HECKONbKO
KacceT C AeCATbI0 MeTeoMaskamm
Kaxxgasa n 6onbwoe 4ncno
neHeTpaTtopoB. YgacTtcs
3HA4YUTENbHO CHU3UTL U BECOBbLIE
orpaHV4eHus B pelleHuun
npobnembl 4OCTaBKMW FpyHTa C
Mapca.

YyeHbiMu MKW paccmaTpuBaloTcs
U Apyrve npoeKTbl NNaHeTHbIX
ncecnegosaHun. HekoTopble U3 HUX
HaxXoAATCA yXXe B cTaauun
npopaboTku (NpoeKkT noneTa K
nnaHeTam-ruraHTam c
nocneaywowmMM BbiXO40M BO
BHYTPEHHIOI0 YacTb ConHevHon
CUCTEMbI A4NSA UccnepoBaHus
KOopoHbl ConHuya ¢ 6nnM3kux
paccTosiHui), gpyrue HaxognaTcs
Ha ypoBHe ngew.
Mpepgnonaraetcs, 4to OnuTep u
CartypH 6ygyT uccnepoBaTtbCsi C
NOMOLLbIO CNYCKaeMbIX annapaToB
(aTMocdepHbIX 30HA0B) K
WCKYCCTBEHHbIX CNYyTHUKOB,

TuTaH —C NOMOLLBLIO NOCaA04HOro
annapara u aspocTaTHOro 3oHAaa.
Bo3amoxHa Takxxe kombuHauus B
oAHOM 3Kcneguuuu ABYX-Tpex
pas3nnyHbIX annapaTos.
OcHOBHbIMK 3aga4amu
uccneposaHun KOnutepa u
CatypHa CTanyT npsiMmbie
n3MepeHuss TeMnepaTypbl,
AaBneHus 1 NJIOTHOCTU
aTMocdepbl, €e XMMUYECKOro 1
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M30TOMHOro COCTaBa; usy4eHue
CTPYKTYpbl 061a4HOro Cnosi un
XapaKTepPUCTUK a3pOo30SibHbIX
4acTuy, BKNOYasa aHanus ux
XUMUYECKOro cocTaBa; uaMepeHue
CKOpOCTU BETpa, NOTOKOB
COSIHEYHOro U TEennoBoro
U3ny4eHus; peructpayms
3NEKTPUHECKUX ABNEHUN B
aTMmocgepe; aHanus ee
HENTPOHHOro U MOHHOro COCTaBa,
3NEeKTPOHHOWU U UOHHOW
KOHLeHTpauuu.
MpegycmatpusaeTca Takxe
nU3yyeHue MeTeopuUTHOro
BelwecTsa B651M3n nnaHer,
MarHWTHOro nons B
MarHuToccepe, 3HepreTu4ecKoro
CneKTpa 3aps>KeHHbIX YacTul,
permcrpaums paguonsnyyeHus
nnaHeT, usydeHve
MOpPONOrMyecKnx xapakTepucTuk
NOBEpPXHOCTU CMYTHUKOB NNaHeT.
OpaHon u3 3aga4 uccnenosaHum
TuTaHa ¢ NOMOLbLI0O NOCaA04HOro
annapara CTaHeT nosiydeHve
n3o06paxkeHuin ero NOBEPXHOCTH,
aHanu3 ee coctasa 1
MexaHN4eCKux CBOUCTB.

Mpu nomMowm aspocTaTHOro 30HAA,
Apendytowero B atmocgepe
TuTaHa, MOXXHO U3MepSATb ee
TeMnepaTtypy v AasBneHue,
CKOpPOCTb U HanpaBfeHHOCTb
BeTpa, napameTpbl
TypbyneHTHOCTU, uccnenoBaTb
XapaKTepuCTUKu a3posons,
aHanM3npoBaTb XUMUHECKUA
cocTas aTtMocdepbl.
TenesnsnorHas kamepa,
yCTaHOBMEeHHas B roHgone
aspocTara, Nno3BONUT NONY4UTb
npu BbiCOTE nosieta 5—6 KM
AeTanbHble U306parkeHus
NOBEPXHOCTMU.

MpepnonaraeTcs, 4TO ®
nepcneKTUBHas nNporpamma
unccnegosaHun Mapca, u Bce
nocnepylowme «nraHeTHble»
npoeKTbl 6yAyT OCyLWeCcTBNATLCA
Ha MeXayHapoAaHOW OCHoBE C
WMPOKUM y4acTUeM ApYyrux CTpaH.

The main task of exploring
planetary bodies is the study of
their atmospheres, surface and
internal structure in order to
establish or specify the general
regularities of physical and
chemical processes which
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determine the life of any planet,
including the Earth.

To solve the problem of the
formation of the solar system it
is of particular importance to
study minor bodies—asteroids,
natural satellites of planets and
comets.

Finally, the accumulation of data
on the nature of planets is a
stage necessary before the
establishment of operating
automatic scientific
observatories and manned
stations on the Moon and Mars
which will help to set up a basis
for the future use and
colonization of planets.

The exploration of the planets
figures prominently in the
Institute’s activity. Experimental
studies are given priority. They
are conducted by methods of
optical and infrared
spectrometry, photometry and
infrared radiometry, mass-
spectrometry, gas
chromatography, and X-ray
fluorescent spectrometry.
Meteorological measurements
are taken on the surface and in
the atmospheres of other
planets.

Alongside experimental studies
considerable attention is given
to the elaboration of theoretical
problems, mainly in the field of
the simulation of processes in
planetary atmospheres, including
the early stages of their
evolution.

The Institute takes an active part
in providing space expeditions
with intitial data (the elaboration
of the engineering models of the
solar system bodies), in the
preparation of promising
scientific programmes of
planetary exploration.

The Institute took part in the
preparation and implementation
of space missions associated
with planetary studies. The
Institute was responsible for the
considerable part of the
scientific payload of all these
missions. The studies were
carried out under a steadily
developing programme: new
tasks were set, the technique
and scientific instruments

essentially improved from
mission to mission.

The first interplanetary route was
blazed by the Soviet Union on
February 12, 1981, when the
Venera 1 probe was launched
towards the planet Venus by a
multi-stage booster rocket. In
1967 —for the first time in the
world—radio signals from
another planet—Venus—were
transmitted to the Earth: the
famous Venera 4 probe entered
the Venusian atmosphere and
carried out there direct
measurements of the chemical
composition, pressure, density
and temperature and measured
the electron concentration in the
ionosphere. The hydrogen
corona of Venus was discovered.
All told, 16 Venera probes and
two Vega probes with landing
Venusian modules were
launched towards Venus. While
Veneras 1 to 8 (inclusively) fully
entered the planet’'s atmosphere,
the second-generation Venera
probes were divided into descent
modules and orbital
compartments. The descent
module entered the atmosphere,
while the orbital module either
became the planet’s satellite
(Veneras 9, 10 and 14) or flew
above the planet at a certain
distance and was placed into the
orbit around the Sun

(Veneras 11, 12 and 13). The
orbital vehicle carried scientific
instruments for remote studies
of the planet from its emission in
different wavelength ranges, as
well as equipment for studying
the interplanetary plasma,
magnetic fields and for
conducting astronomical studies.
Veneras 15 and 16 were injected
into the orbit of the planet’'s
satellite. A large radar aerial was
placed at the site designed for
positioning the descent module.
This aerial was used to survey
the planet’s Northern
Hemisphere. (The leading
organization was the USSR
Academy of Sciences’ Institute
of Radio Electronics).

The descent modules of

Veneras 9 and 10 transmitted—
for the first time ever—



panoramas from the surface of
another planet. They were
obtained in extreme conditions
(temperature above 450° C,
pressure of about 100
atmosphere). The staff of the
Space Research Institute took an
active part in the interpretation
of these panoramas.

The results of measuring the
fluxes of scattered solar
radiation in the atmosphere of
Venus became the first step in
proving that the greenhouse
effect is the cause of high
temperatures on the planet’s
surface and in its atmosphere. In
this experiment the spectrum of
radiation reflected by the surface
was obtained. It showed the
similarity of Venusian rocks at
the landing site with basalts.
From optical measurements with
narrow filters the water content
in the atmosphere under the
clouds was estimated for the
first time ever (about 0.01 per
cent at an altitude of 40 km).
Two major experiments—the
optical-physical and plasma
ones—were conducted by the
Institute’s staff, suing orbiters of
Veneras 9 and 10. In the first
experiment the spectrum of the
glow of the upper atmosphere,
the longitudinal dependence of
the flux of outgoing long-wave
infrared radiation and the
planet’'s photometric
characteristics in the long-wave
ultraviolet range, as well as the
clouds’ reflection spectrum in
the near infrared range were
studied. In the second
experiment the phenomena of
the flow of the solar wind
around the planet were
investigated.

These studies have to their
credit the obtaining of the
spectrum of the glow of the
Venusian nocturnal upper
atmosphere. The attempts to
observe this spectrum from the
Earth were unsuccessful. The
presence of oxygen in the
atmosphere of Venus was
reliably recorded for the first
time ever.

In plasma experiments the
structure of the shock wave

produced during the flow of the
solar wind around the planet and
situated behind the front of its
turbulent zone was studied in
detail.

Measurements of the chemical
composition of the atmosphere
conducted from the first-
generation probes showed that
its main components are carbon
dioxide and nitrogen (several per
cent with respect to CO,).
However, to understand many
processes taking place in the
atmosphere (including energy
transfer and formation of clouds)
scientists need data on minor
constituents whose role in these
processes can be decisive. The
problems of the origin and
evolution of the planetary
atmosphere cannot be solved
without the knowledge of the
isotopic composition either.
Experiments in studying the fine
chemical and isotopic
composition of the atmosphere
of Venus were carried out from
Veneras 11 and 12. The most
important result of these
experiments was the
measurements of the isotopic
composition of inert gases.
Isotopes of inert gases can be
divided into two groups:
radiogenic ones formed due to
radioactive decay and relict ones
which have survived since the
time of the formation of the solar
system. The relative and
absolute content of relict
isotopes enables one to judge
the conditions shaped in the
protoplanetary nebula and in the
course of the process of the
formation of planets.
Measurements conducted by
Soviet space probes have shown
that the number of radiogenic
and relict argon isotopes on
Venus is roughly equal while on
the Earth the number of relict
isotopes is roughly 300 times
lower than the number of
radiogenic isotopes. Like the
shortage of water on Venus, this
is apparently due to the specific
features of the shaping of
planets. Some components of
the atmosphere were measured
simultaneously by different

devices. For example, nitrogen
and argon were recorded by a
mass-spectrometer and by a gas
chromatograph. The gas
chromatograph provided also
data on sulphur dioxide and
carbon monoxide (about 0.01%
and 0.003%, respectively; these
data refer to height of 12-42 km).
Hundreds of the spectra of the
daytime sky of Venus in the
range of 0.4 to 1.2 um were
obtained by an optical
spectrometer at heights ranging
from 60 km to the very surface.
Their interpretation gave for the
first time ever the full vertical
profile of the presence of water
in the atmosphere of Venus,
spectral energy fluxes in it, the
vertical stratification of the
clouds at landing sites.

Special devices created at the
Institute enabled scientists—also
for the first time—to detect the
low-frequency electromagnetic
radiation in the atmosphere of
Venus. This radiation is
apparently due to lightning
discharges.

In their characteristics all
scientific instruments were not
inferior to similar instruments of
the US Pioneer-Venus
spacecraft and in some
parameters considerably
surpassed them.

These experiments were
conducted from Veneras 13 and
14 once again by considerably
improved instruments, which
greatly expanded the list of
molecules identified by the
mass-spectrometer and made it
possible to reliably measure—
for the first time—the isotope
ratios of neon. The optical
experiment was complemented
by studies in the ultraviolet
range and by measurements of
the spectra of radiation coming
from various directions.

Solar energy absorbed by the
planet in the visible range is
reemitted in the infrared range
on wavelengths of over 5 pm.
The spectrum of this outgoing
radiation is complex. It depends
on the gas composition of the
atmosphere, the composition of
the particles of the clouds, their
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vertical structure, the
temperature of the atmosphere
in the emitting region. From the
infrared spectra of outgoing
radiation it is possible to
reconstruct these characteristics
in many places of the planet
depending on the latitude,
longitude and the time of the
day. In this connection it is
important to obtain such spectra
with sufficiently high spatial
resolution (about 100 km). This
can be done only from an
artificial satellite of Venus. The
experiment in infrared
spectrometry of Venus was
prepared by the Space Research
Institute in cooperation with
institutes of the Academy of
Sciences of the German
Democratic Republic and was
performed from Venera 15. The
H,O and O, content at altitudes
of about 60 km on various
latitudes was determined, the
latitudinal-longitudinal
temperature field in the 60-

90 km height range was
measured, sharply pronounced
local-temporal variations in the
structure of the upper clouds
were detected.

The Vega project became a new
step in Soviet studies of the
solar system. Unlike previous
experiments, it was a multi-
purpose experiment: one
launching envisaged the
exploration of Venus (by descent
modules and balloons) and
Halley’s comet (during the
probe’s flight through its coma).
Descent modules obtained for
the first time the precision
temperature (with an accuracy of
about 1 K) vertical profile of the
Venusian atmposphere in the
entire height range—from about
50 km to the surface. Both
experiments were conducted
jointly with French scientists.
Direct measurements of the
sulphuric acid content in the
cloud layer were made for the
first time. This is the main
component of aerosol particles,
at least in the upper clouds.
However, elemental analysis
carried out by the X-ray
fluorescence method has shown
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that in the lower clouds there
are only chlorine and
phosphorus. Using the optical
analyzer of particle sizes it was
established that in their
distribution the mode 1 (the
power-law spectrum with the
exponent of about 4) is
predominant and that the index
of refraction is close to 1.5. The
vertical structure of the clouds at
the landing sites of descent
modules greatly differs from that
obtained in previous
experiments.

The flight of two balloons in the
Venusian atmosphere which
lasted about 48 hours at an
altitude of 54 km was an
outstanding achievement. They
were the first balloons in the
atmosphere of another planet.
The research programme
included measurements of the
pressure, temperature, wind
velocity, turbulence parameters,
volume coefficient of cloud
scattering, and illumination. The
programme was prepared and
implemented in cooperation with
French and American scientists.
The network of radio telescopes
located throughout the globe
and incorporated into the
international system of very
longbase interferometer
determined the position and
speed of the balloons. The
average velocities of the zonal
wind at the height of the drift
(about 67 m/s) and of the
meridional wind (about 4 m/s)
were measured, strong turbulent
motions (amplitude of up to

2 m/s) and orographic effects in
atmospheric motions were
detected. The profile of the
change in the solar flux during
the transfer from the night side
to the day side was obtained.
The night glow of the
troposphere was detected
simultaneously from descent
modules and from balloons. The
glow is apparently caused by the
thermal emission of the surface
on wavelengths of about 1 um.
Soviet scientists’ successes in
the exploration of the planet
Mars look much more modest as
compared with the results

obtained under the Venus
research programme.

In 1971 Mars 2 and Mars 3 were
launched to Mars. A capsule
dropped from Mars 2 reached
the planet’s surface. A descent
module separated from Mars 3
made a soft landing. These
landing modules did not give
any scientific information. The
probes themselves became
artificial Martian moons. Using
them, eleven scientific
experiments were made, seven
of which were linked with the
study of the planet: remote
measurements of the
temperature of its soil, studies of
the relief of the surface, of the
composition and structure of the
atmosphere. Measurements of
the temperature of the surface
by an IR-radiometer have shown
that during a dust storm it is
lower than in the event of the
normal transparency of the
atmosphere. From the data of
this experiment the thermal
inertia of soil was determined on
the basis of which the size of the
grains of soil (0.05-0.5 mm) was
assessed. The photometer tuned
on the water absorption band
gave the profile of its content
along the subsatellite zone.

In 1974 four other probes—
Marses 4, 5, 6 and 7—were
launched to Mars. The aim of the
experiment was to carry out
comprehensive studies of the
planet simultaneously from the
orbit of its artificial satellite and
directly on the surface.

On the descent module of

Mars 6 direct measurements of
the temperature and pressure of
the Martian atmosphere were
carried out for the first time in
astronautics.

Using the Mars 5 artificial
satellite, the Institute conducted
two experiments aimed at
studying the chemical
composition of the atmosphere.
One of them—measurements of
the water vapour content in the
atmosphere—has shown that in
some areas of Mars it can reach
100 uwm of settled water. This is
much more than it was observed
from the Mars probe in a similar



season two years earlier.
Besides, it was found out that in
regions separated from each
other just by several kilometres
the water content can differ
three-four-fold.

The Mars 5 experiment has
shown the presence of a small
amount of ozone at low
latitudes. This result was
important for understanding
photochemical processes in the
planet’'s atmosphere.

The density and size of the
hydrogen corona of Mars—the
outermost part of its
atmosphere—were determined
by a photometer on the
Lymanalpha line.

IR-radiometry of the surface and
photometry were carried out in
the near IR-range, including CO,
bands, and in the visible range
as well. Measurements were
made by the polarimetry method
too.

Photometric and polarimetric
measurements showed that
regolith grains have a finer
microstructure—about a micron.
The measurements of the
planet’s radio emission at the
wave of 3.4 cm by a radio
telescope made it possible to
obtain data on the temperature
and dielectric constant of
Martian soil to depths of several
tens of centimeters.

Since the mid-1980s, along with
the continuation of planetary
studies, scientists turned to quite
a new class of the objects of the
solar system—minor bodies:
comets and asteroids.

Minor bodies, precisely due to
their small mass and large
distance from the Sun, did not
alter considerably during their
existence. Hence, their studies
can yield unique information on
the processes which occurred
during the period of the
origination of the solar system.
The studies of minor bodies
have already made a great
contribution to planetary
cosmogony. Mention should be
made here of the studies into
meteorites—unique samples of
space matter which are sent to
the Earth by nature itself.

Meteorites are debries of larger
bodies, mainly asteroids and are
formed due to their destruction
during mutual collisions. There
is also a class of very small
meteorites (Browpley’s particles)
which are, apparently, of
cometary origin. So far
connections between different
types of minor bodies are not
clear, and some of their major
characteristics remain unknown.
Comets are especially enigmatic.
At the same time, they are of the
greatest interest for researchers
because they have the gaseous
and dust components. This
makes it possible to obtain
unique information, including
data on the elemental and even
isotopic composition without the
landing on the main body. Such
landing is a very difficult
technical task, although such
projects are also being worked
out.

Cometary studies are also very
important for the diagnostics of
physical conditions in
interplanetary space. The use of
these heavenly bodies as natural
probes is now the only chance
to explore those sections of
outer space which so far are
almost inaccessible to man-
made space probes.

The implementation of the
Venus—Halley’s comet project
was the first major step in
realizing the programme of
studying minor bodies of the
solar system by space
technology. Two identical
spacecraft—Vega 1 and

Vega 2—took part in this
experiment. The second-
generation Venera space probes
were used as basic structures.
The Vega project was
characterized by the broad
participation of foreign partners
at the level of space agencies,
institutes and individual
researchers. For the collective
solution of the problems
originating in the course of the
joint work on the project the
International Scientific and
Technical Council chaired by
Academician Sagdeyev was set

up.

The flight programme of Vega
space probes was as follows.
The spacecraft were launched
on December 15 and

December 21, 1984. In June 1985
they reached the vicinity of the
planet Venus. Two days before
the flight close to the planet
descent modules were separated
from Vegas. The descent
modules continued the motion
along the appropriate trajectory
and entered the atmosphere of
Venus.

By the pulse imparted by the
vernier engine the flyby vehicles
were transferred into the
trajectory ensuring the flyby and
the opportunity to relay
information coming from
descent modules. Then, as a
result of the gravitational
manoeuvre in the field of the
gravitation of Venus flyby
vehicles were transferred to the
trajectory of the encounter with
Halley’s comet, which took place
in March 1986.

The Venusian part of the project
was already described. Let us
describe now the studies of
Halley’s comet. What were the
scientific objectives of the flight
of Vegas to Halley’'s comet? In
the first place, it was intended to
elucidate the nature of the
comet’s nucleus and
atmosphere. Two approaches
were used: first, remote
measurements by optical
devices, and, second, direct
measurements of matter (gas
and dust) which leaves the
nucleus and crosses the
trajectory of the vehicle’s
motion. In addition, a complex
picture of processes which is
observed during the encounter
of the ionized component of
cometary gas with the solar wind
flow was studied.

Optical devices were installed on
a special platform which turned
during the flight past the
nucleus, automatically tracing
the direction towards it. This
platform was worked out jointly
by Czechoslovak and Soviet
specialists and was
manufactured in Czechoslovakia.
One of the main elements of the
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optical complex was a television
system which consisted of a
long-focus and a short-focus
cameras. It was possible to
discern parts about 100 m in
size at a distance of 10,000 km
by the long-focus camera.
Having a worse resolution, the
short-focus camera possessed a
wider field of vision. Therefore, it
found the comet’s nucleus (its
brightest part) quicker, and,
sending signals to the turning
platform, kept it in the field of
vision of the long-focus camera.
The television system included a
microprocessor which operated
the cameras: carried out the
preliminary processing of
images, chose channels and
filters, and determined the
exposure. The television system
was created by Soviet,
Hungarian and French scientists.
In addition to the television
system the optical complex
included devices which ensured
the detailed spectroscopic
studies of the chemical
composition of various regions
of the atmosphere (coma) and
the comet’s tail. Mention should
be made here of a three-channel
spectrometer designed and
manufactured by research
institutions of Bulgaria, the
USSR and France and an
infrared spectrometer created in
France. The infrared
spectrometer was tested by
French and Soviet specialists.
The data were interpreted jointly
too.

One of the major aims of these
studies is the search for primary
molecules known also as parent
molecules. Daughter or
secondary molecules are easily
determined by ground-based
spectroscopic measurements.
But parent molecules were never
observed. When cometary ice
turns from the solid state directly
into the gaseous state, the gas
escapes the comet’s surface at a
speed almost equal to the velocity
of sound. In the region of the
nucleus its density is very great.
Therefore, molecules intensively
interact with each other, and
essential chemical variations
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take place in them. In the course
of these processes daughter
molecules are formed.

The optical studies of the
gaseous composition of the
comet’s atmosphere were
complemented by its
measurements by a mass-
spectrometer of neutral gas
designed in the Federal Republic
of Germany with the
participation of Hungarian and
Soviet specialists.

As mentioned above, the
cometary atmosphere consists
not only of gaseous particles,
but also of dust particles. With
the relative velocity of the
spacecraft’s approach to the
comet equal to about 80 km/s
this dust poses a great threat.
That’s why special multi-layer
shields were created to protect
the spacecraft against collisions
with dust particles. However, it
was precisely the high relative
speed of particles which was
used for determining their
composition. If a target is placed
on the way of such a particle,
the latter with the impact against
it evaporates explosively and
turns into a plasma cloud. The
mass-spectrometer will
determine the composition of
the particle, and, hence, the
composition of the comet’s
nucleus from which this particle
was taken. Such is the idea of
the PUMA experiment. The
device for such purposes was
created jointly by specialists of
the Soviet Union, the Federal
Republic of Germany and
France.

Some other devices developed
by Soviet specialists were
designed for measuring the
physical characteristics of the
dust flow—the number of
particles of different masses,
their sizes and density. Various
effects were used for these
measurements, including the
piezoelectric effect, the
ionization and light flares during
the impact, the change in the
light flux from the Sun when the
film is pierced.

The photoionization of gas
leaving the nucleus leads to the

formation of a plasma envelope
(ionosphere) around it. This
envelope consists of ionized
molecules. Along with neutral
gas, ions move at a speed of
about 1 km/s. However, this
motion is subjected to other
laws. No forces, except for
gravitation and light pressure,
influence neutral gas. The solar
wind exerts pressure on
cometary ions. With the
encounter of the solar wind with
the ionosphere a shock wave
must be formed, the magnetic
field must be intensified, wave
processes must originate, being
accompanied by electromagnetic
oscillations. The acceleration of
cometary ions in the magnetic
field of the solar wind may reach
high energies.

To study these processes
Vegas 1 and 2 carried well
thoughtout sets of devices. One
of such devices—the MISHA
magnetometer—was designed
by Austrian scientists. The
PLASMAG spectrometer of
cometary plasma worked out by
specialists from Hungary, the
Soviet Union and West Germany
was meant for studying the
concentration, composition and
energy of ions of both the solar
wind and the cometary plasma.
The TUNDE-M spectrometer of
energetic particles designed by
scientists from Hungary, the
USSR and West Germany was
meant for detecting high-energy
ions accelerated by the magnetic
field of the solar wind.

Two devices were used for
recording low-frequency
(Poland, the USSR and
Czechoslovakia) and high-
frequency (the USSR, and
France) plasma waves. Analysis
of the results of measurements
conducted by devices of the
plasma set was to greatly specify
the concepts of phenomena
observed in the course of the
interaction of the solar wind and
the comet.

The processing of pictures of
Halley’s comet taken from
Vegas 1 and 2 made it possible
to conclude that the comet'’s
nucleus is an irregularly shaped



elongated monolithic body. Its
maximum size is estimated as

14 km along the major axis and
about 7 km across. The shape of
the nucleus looks different for
different scientists: like a ground
nut, like a banana, or like a boot
which is down at the heels. The
nucleus possesses very low
reflectivity.

Until recently there were three
most probable hypotheses about
the physical structure of the
comet’s nucleus.

In the first place, this is a model
describing the nucleus as a
single solid body consisting of a
conglomerate of frozen gases
and stony meteoric matter.
According to another hypothesis
the nucleus is a dense swarm of
various particles.

The third hypothesis assumes
that the nucleus consists of
numerous small gravitationally
interconnected particles.

The hypothesis according to
which the comet is a “flying
iceberg” was adopted when the
engineering model of the comet
for the Vega project was worked
out. This hypothesis proved to
be correct. A double or a more
complex multiple structure
(several individual bodies) is
almost excluded.

Volatiles and ice determining the
specific features of the comet’s
behaviour are mixed up in the
nucleus with refractory material
which is predominant in the
surface layer. The thickness of
the refractory layer varies from
one centimetre to several
centimetres.

The comparison of pictures
taken from Vega 1 and Vega 2
with simultaneous photography
from different sides determined
the period of the nucleus’s
rotation—a revolution during 50-
55 hours. The inclination of the
equator to the orbital plane is
less than 15°.

Measurements carried out by a
radiometric channel of an
infrared radiation spectrometer
have shown that the surface of
the nucleus is hot—
approximately 100° C. This is
much more than it was predicted

for the ice model. In scientists’
opinion such high infrared
temperature is due to the
insulating layer of surface
porous black refractory
substance. This layer receives
solar radiation, re-emits a
portion of it in the infrared
range, imparting another part to
the ice conglomerate. Molecules
of water vapour formed due to
evaporation diffuse through
pores upward and leave the
comet. Water vapour molecules
take smaller dust particles with
them. From time to time the
surface layer in individual places
is broken, and an active region
with powerful releases of
material is formed.

Perhaps a snow-drift in an urban
street is similar (of course, in a
much reduced form) to the
cometary nucleus. The dirt layer
covering it can be heated on
sunny days to high temperatures
and, at the same time, it
preserves the snow-drift from
thawing for a long time.

The refractory surface layer of
the comet’s nucleus is renewed
very quickly (approximately
during 24 hours). Its upper
particles are torn off and are
carried away by gas, and new
particles adhere to it from below.
The layer gradually becomes
thicker and tens of thousands or
hundreds of thousands of years
the comet can lose its activity
and become an asteroid.

On the whole, according to data
obtained by Vegas each second
about 40 tonnes of water
evaporated from the surface of
the nucleus. Measurements by
the infrared spectrometer have
shown that carbon dioxide is the
second (in quantity) component.
From spectra obtained by this
instrument it was also
established that the gas flow
leaving the nucleus contains a
considerable number of complex
organic molecules. Organic
material is also present in dust
particles whose composition was
analyzed by the PUMA device. It
follows from the results of these
two experiments that there is
much organic matter in the

nucleus of Halley’'s comet (and
apparently in nuclei of other
comets). This is a new fact in the
physics of comets.

The average density of the
nucleus of Halley's comet was
assessed. The volume of the
nucleus was determined as a
result of the processing of
television pictures. It is roughly
5:10" m?®. The mass of the
nucleus was determined from
the reactive effect produced by
the release of gas and dust
towards the Sun. Calculations
were made independently by
Soviet and foreign scientists.
The results were close—the
mass of the nucleus was
estimated at about 30,000 million
tonnes. Thus, the average
density of the nucleus is

0.5 g-cm 3.

Knowing the mass and the speed
of its loss (40 t/s), it is possible
to determine the comet’s typical
lifetime—on the order of 50,000
years. Actually it can be greater
since the comet’s activity
apparently decreases from one
revolution to another.

The spectrum of solar radiation
scattered by cometary dust was
analyzed jointly with data of dust
counters. The best coincidence
of optical and direct
measurements takes place if one
assumes for particles a density
considerzbly (by several times)
smaller than unity. This means
that cometary dust particles are
porous in structure. Similar
particles are found on the
Earth’s surface, and hypotheses
were put forward that these are
samples of cometary dust.
Experiments with dust counters
have shown that each second
about a million tonnes of dust
leaves the cometary nucleus. In
addition, there are effects linked
with the cifferent influence of
light pressure on the motion of
particles of different masses and
sizes. The character of the size
distribution of particles proved
to be unexpected: an
anomalously great number of
particles small in size (about a
hundredth of a micrometre) was
detected.



Measurements carried out by the
plasma-complex instruments of
Vegas 1 and 2 have shown that
in the final analysis gas
evaporating from the comet'’s
nucleus and propagating into
the interplanetary environment at
a speed of about a kilometre per
second is fully ionized by solar
radiation. As a result, a giant
plasma formation about a million
kilometres in size originates. It
puts up an obstacle in the way
of the supersonic flow of the
solar wind. Even the Earth’s
magnetosphere is 10— 15 times
smaller. A specific shock wave is
formed in front of the comet in
the supersonic flow of solar
plasma. This wave does not
resemble in its structure the well
studied shock waves in front of
the earth and other planets.
Direct measurements of plasma
and plasma waves in the internal
part of the coma conducted, for
the first time ever, from Vega
spacecraft will help scientists to
understand better the specific
features of the formation of
plasma and gas emission not
only in comets, but also in some
other astrophysical objects in
which the interaction of plasma
plays a prominent role.

So, as a result of the expedition
of space probes to Halley’s
comet it was possible to obtain a
large amount of data on the
composition of its nucleus,
physical characteristics and the
interaction with the solar wind,
to get a real picture of the
natural object which earlier was
not observed in such detail.

New data on Halley’s comet
produced new ideas on the role
of comets in the solar system. It
is supposed that comets
observed by scientists come
from the galactic reservoir of
cometary nuclei (10" to 10 '?) of
the Oort cloud situated on the
outskirts of the solar system.

As follows from calculations by
many scientists, the halo, or the
Oort cloud proper apparently
cannot remain in its place during
the whole period of the
existence of the solar system
(4,500 million years) because the
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effect of the gravitational field of
the giant complexes of
molecular hydrogen in the
galaxy is stronger than the
attraction of the halo towards
the Sun. However, the halo is
observed from comets coming
from it and, hence, is
continuously complemented
from the constant reservoir—the
internal cometary cloud in which
the number of cometary nuclei is
still greater—up to 10™.
L.S.Marochnik and L.M.Mukhin,
Doctors of Sciences (Physics
and Mathematics), on the
institute’s staff pointed out that
if these estimates are correct
and if it is assumed that the
typical mass of the nucleus in
the internal reservoir is the same
as that of Halley’s comet, the
total mass of the comets in the
solar system exceeds the mass
of the planets.

If this is so, the concept of the
distribution of the angular
momentum in the solar system
must be radically altered. Up to
now it was believed that the Sun
concentrates 99.9% of the mass
of entire material of the solar
system and that the planets
concentrate 98% of its angular
momentum. Now we must
recognize that the Sun
conrecognizes somewhat more
than 97% of the mass and that
practically the entire angular
momentum is concentrated in
the Oort cloud. The full angular
momentum is concentrated in
the Oort cloud. The full angular
momentum of the solar system
must be 10 or even 100 times
larger than it was considered
earlier.

The comprehensive multi-
purpose Phobos project was the
next stage in the solar system
exploration programme. The
project included: studies of the
Martian moon Phobos by remote
methods during the flight close
to it and by direct measurements
from small landing probes; solar
studies; and plasma
investigations. Like the Vega
project, the Phobos project was
international. Sophisticated
planetary, plasma and solar

complexes of scientific
instrumentation were designed
through the joint efforts of
scientists from 14 countries and
the European Space Agency.
The planetary complex
envisaged, in particular, active
methods of studies: the remote
laser mass-spectroscopic
analysis of the composition of
soil and the remote mass-
analysis of secondary ions, as
well as radar probing of Phobos.
Passive methods of studies
included the photography and
the mapping of the surface,
radiometric (thermal) and
spectral measurements,
investigations of the gamma
radiation of the surface of
Phobos and Mars, of neutron
radiation of the surface of
Phobos, spectrometry of the
chemical composition of the
Martian atmosphere.

The project also envisaged
contact methods of studies by
the long-living self-contained
station (DAS) and the landing
mobile probe (PROP).

Of course, the Martian moon
Phobos was one of the main
goals of the mission.
Regrettably, the programme of
the Phobos project was not fully
implemented. In astronautics
setbacks are possible like in any
other difficult and new
undertaking. Long ago,
Konstantin Tsiolkovsky wrote
about space flights: «Great
disappointments are here in
store because the favourable
solution of problems is much
more difficult in this field than it
is believed by many brilliant
scientists.”

The Phobos1 and Phobos2
spacercraft were launched on
July 7 and July 12, 1988,
respectively. Early in September
communications with Phobos 1
were lost. This happened due to
the error in the command sent to
the spacecraft. As a result, the
attitude control system and solar
cells turned away from the Sun.
On-board systems began
receiving ever less energy, and
the spacecraft proved to be
unable to execute any



commands and to react even to
powerful signals from the Earth.
After the loss of Phobos1
additional measures were taken
to raise the reliability of the
operation of Phobos2.
Specifically, instead of planned
two corrections of the trajectory
in the section of the approach to
Mars only one correction was
made. This put the future orbit
higher which worsened the
conditions of the operation of
scientific instruments designed
for exploring Mars and near-
Martian space, but increased the
reliability of control of the
spacecraft.

Two hundred days after the
launch, on January 29, 1989,
Phobos 2 entered a greatly
elongated elliptic orbit above the
Martian equator. The extreme
orbital points lay 819 km and
81,214 km away from the planet.
The spacecraft made 4.5
revolutions in this orbit. Studies
of Mars were carried out when
the spacecraft was flying

at sufficiently low altitudes.
Then, due to new switchings on
of the vernier engine installation,
the flight trajectory was
successively transformed into
elliptic with the minimum
distance of 6,400 km from the
surface of Mars (in the
pericentre) and later into circular
situated higher than the orbit of
Phobos by 350 km —the so-
called observation orbit.

From the observation orbit
studies of Mars, its atmosphere
and space around it continued
for three days. Then, when the
spacecraft was 860 to 1,130 km
away from Phobos, the first
television survey session was
conducted. Nine television
pictures of Phobos were taken.
Video information transmitted to
the Earth was used to specify
the parameters of the motion of
Phobos and the spacecraft for
arranging their subsequent
rendezvous. When the distance
between Phobos and the
spacecraft decreased to 320-440
km, another television survey
session was conducted. The
pictures of the Martian moon

thus taken were used for ballistic
purposes and for studying the
relief and its features.

Upon specifying the orbital
parameters of Phobos, on March
21 the spacecraft went to an
orbit quasi-synchronous with the
motion of the Martian moon,
moving away from it to a
distance of about 400 km or
approaching it to a distance of
200 km. Another television
survey of Phobos was made with
a sufficiently high resolution.

At the same time, preparations
were made for putting (early in
April) the spacecraft into inertial
space situated on the side
external with respect to Mars
and lying 35 km away from its
surface. Then, using information
of its own on-board radio
facilities and television system,
the spacecraft was to start quite
a new element of a space
mission— the accompanying of
a celestial body and complex
manoeuvring above its surface. It
was planned that hovering at a
height of about 50 m above the
surface of the Martian satellite,
Phobos 2 would move for a
rather long time together with
the Martian moon, carrying out a
television survey and numerous
experiments, including
comprehensive studies of the
surface of Phobos through a
multiple impact on it by laser
and ion-beam radiation.

At the end of the section of the
hedge-hopping flight two
landing modules—the longliving
station and the mobile station —
were to be sent to the surface of
Phobos. However, on March 27
after turns aimed at conducting
television survey of Phobos and
the subsequent transmission of
data obtained to the Earth,
reliable communication with the
spacecraft was not established.
Thus, the experimentation
programme under the Phobos
project was not fully
implemented. At the same time,
extensive studies were
performed on the Earth—Mars
route and during the
spacecraft’s motion in near-Mars
orbits before the loss of

communications with it.
Interesting results were
obtained, for instance, in
studying cosmic gamma-ray
outbursts and hard radiation of
solar flares in the Soviet-French
APEX experiment in the course
of which the time resolution
obtained was the highest for
modern gamma-ray astronomy.
More than 50 intensive gamma-
ray outbursts were recorded.
Their new properties were
discovered: the fine time
structure of profiles with the
time scale of about several
milliseconds, the
multicomponent character and
rapid variability of spectra.
Numerous spectral features of
outbursts were recorded too. For
one of the most powerful events
the variability of the gamma-ray
flux with characteristic time less
than 1 ms was measured,
radiation with energies of several
tens of megaelectron-volts was
recorded, and spectral lines with
energies of 1 MeV were
detected.

For some most powerful solar
flares intensive nuclear radiation
was discovered.

The performance of
measurements of the
components of the near-Mars
plasma is a considerable
achievement.

The studies were performed with
the instrumentation package
which included the instruments
for investigating the magnetic
field, the electric and magnetic
wave radiations and other
phenomena which determine
physics of plasma processes. In
particular, the measurement of
plasma waves is always
considered as one of the
diagnostic methods for studying
the plasma. It is the analysis of
plasma oscillations together with
measurements of the magnetic
field and plasma characteristics
that makes it possible to identify
reliably the processes in the
solar wind flowing around the
planet and in magnetospheres of
planets. Moreover, the study of
plasma waves allows, in some
cases, revealing new phenomena
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which cannot be discovered with
other methods of measurements.
For the first time the Martian
magnetosphere and its
interaction with the solar wind
were studied in 1971-1974 by the
Martian artificial satellites Mars2,
Mars3, and Mars5. The shock
wave, the magnetospheric tail
were detected, the shape and
size of the magnetosphere were
determined, the indication that
there is the weak intrinsic
magnetic field was obtained, the
hot plasma of planetary origin
was detected as in the
magnetosphere itself as in the
flow around the planet. The
analysis of these data laid
foundation for present-day
concepts on external envelopes
of Mars and on processes
occurring in the near-planetary
environment. However, these
concepts were somewhat limited
since orbits of these spacecraft
did not properly correspond to
the objectives of the planet’s
magnetosphere study and the
capability of their scientific
payloads was insufficient for
providing required information
capacity and necessary
measurements.

At the same time the Martian
atmosphere is of particular
interest for specialist. Indeed,
since the intrinsic magnetic field
of Mars is weak, the plasma flow
from the solar hot corona (the
solar wind) should reach the
upper layers of the planetary
atmosphere before it can be
stopped by the magnetic field.
As a result, the Martian
magnetosphere is formed in the
conditions of the solar wind
interaction with the magnetic
field of the planet and with its
atmosphere. Thus, it should
differ essentially from giant
magnetospheres of planets with
the strong magnetic field, as in
the case of the Earth, and also-
from the induced
magnetosphere of Venus
forming during the solar wind
interaction directly with the
ionosphere of the planet.
Because the previous missions
to Mars did not carry the
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instruments to measure plasma
parameters in the wide angular
and energy ranges there were
not obtained the data on the ion
composition and characteristics
of ions of various sorts in the
near-Martian environment.
However, these parameters are
most significant for
understanding the complicated
character of the solar wind
interaction with the planet.

The high manoeuvrability of
Phobos 2, the capability to
change repeatedly its orbit made
it possible to study the
atmosphere of the planet and
also with its extended magnetic
tail which forms during the solar
wind interaction with Mars.

It proved that in the
magnetosphere of Mars as in
that of the Earth its structures
like the magnetopause (the
magnetosphere’s boundary), the
plasmasheet in the
magnetospheric tail and the
shock wave standing before it in
the solar wind flow manifest
themselves well. The mission
succeeded in revealing also finer
details of the Martian
magnetosphere’s structure.
Inside the magnetosphere filled
up with the comparably cold
plasma of planetary origin there
are many islets of the hotter
solar plasma. This indicates that
the weak magnetic field of Mars
is closely interwoven with the
interplanetary magnetic field
thus forming a natural
«magnetic» canal for

the solar plasma penetrating to
the magnetosphere. Such an
interrelation between these fields
impedes the separation of the
contributions from the
interplanetary and planetary
magnetic fields, and, thus, it is
impossible to identify distinctly
parameters of the Martian
intrinsic magnetic field.
Magnetic field lines connected
with the planet and its
atmosphere generate in the solar
wind flow penetrating to the
atmosphere a canal for loss of
ions formed from atmospheric
atoms and molecules. The
Phobos 2 energy mass-analyzer

measured separately the flows of
the solar plasma (mainly,
hydrogen ions) and the planetary
plasma (mainly, ions of carbon
dioxide, CO,, molecular and
atomic oxygen). This made it
possible to determine the flux of
planetary ions going away to the
interplanetary sphere. The flux is
approximately (2 to 5) 10® ions
per second. Hence, the Martian
atmosphere losses one-two
kilograms of the matter every
second. It may seem to be not
many, however, having regard to
the highly rarefied atmosphere
of Mars (the pressure on the
planet surface 170 times lower
than that on the Earth) such
losses can affect essentially its
evolution. Indeed, the obtained
estimate of the ionospheric ion
flux leaving the Martian
atmosphere is practically equal
to the losses of the Earth
magnetosphere through its
magnetic tail. However, for the
Earth this loss is negligible even
in cosmogonic scale of time.
With such a loss rate
atmospheric oxygen near the
Earth could disappear for 10
billions of years. For Mars which
has the mass approximately ten
times smaller than that of the
Earth the loss rate of 2 kg/s
indicates that the 1-2m layer of
water could disappear from the
planet surface for 4.5 billions of
years, i.e., during all the history
of Mars. '

This suggests that whenever
Mars did not have a sufficiently
strong magnetic field in the past,
the solar wind interaction with
the much more dense
atmosphere at early evolution
stages of the planet could bring
about considerable erosion of its
atmosphere. It is not impossible
that the absence of the
sufficiently strong magnetic field
near Mars and Venus is mainly
responsible for the loss of water
(source of volatiles) the planets
have after accretion from the
protoplanetary matter.

One more unexpected result of
the Phobos 2 on-board
measurements is detecting
quasicaptured radiation and



accelerated ion beams similar to
the beams of accelerated
electrons and ions above the
Earth’s aurorae. It is true that
the “real” radiation belts are
obviously absent on Mars since
energy particles do not live for a
long time in the magnetosphere
of this planet. No aurorae were
also detected on Mars.

Among the most interesting
results of investigations of Mars
itself are radiation radiometry
(thermal) and spectrometry of its
surface. The measurements were
conducted with the
instrumentation package which
involved a scanning radiometer
“Termoscan”, a combined
radiometer-spectrophotometer
KPFM and a mapping infrared
spectrometer ISM.

“Termoscan” made “thermal”
survey of the Martian
atmosphere and concurrently
received shortwave radiation
reflected by the surface.

KRFM recorded Martian
radiation in sixteen spectrum
bands six of which
corresponded to the thermal
range, ten—to the short-wave
range, that allowed photometry
in the near ultra-violet and
visible spectral ranges.
Particularly, the KRFM
measurements in the CO,
absorption band made it
possible to estimate the Martian
stratosphere temperature.
Besides, the KRFM data on the
peculiarities of brightness
distribution in the short-wave
range helped determine the
optical characteristics of aerosol
particles in the atmosphere.

The spectrometer ISM operated
in 128 spectrum bands in the
most optimal range to analyze
the mineralogical soil
composition.

The measurements cover a
major portion of the planet
equatorial zone. The analysis of
data showed that spectral
reflection characteristics of the
surface vary essentially; and this
is new in our knowledge about
Mars. The data on the hydration
level of minerals point to the
presence of sedimentary rocks

on Mars.

The Probos 2 spacecraft carried
also a very interesting
experiment to study the vertical
structure of the planet
atmosphere. The studies were
conducted with an original
method, which has never been
employed aboard the planetary
spacecraft. The essence of this
method is to measure a
spectrum of solar radiation
which had passed through the
Martian atmosphere, when the
Sun is observed near the planet
edge—either it sets or rises, i.e.,
under solar eclipse conditions.
Here the solar rays move
tangentially and in their way
there occurs the maximum
possible amount of atmospheric
matter-gas and dust. The solar
spectra obtained in these
conditions at different time
moments, correspond to
different heights above the
planet surface, and the analysis
can yield vertical distribution
over height of various
atmospheric components.
Measurements were conducted
in the CO,, ozone, water vapor
spectral bands.

The analysis of data revealed
that the water vapor content in
the Martian atmosphere at
heights 20-60 km averages
0.0001 relative to the main
component—CO,. The ozone
content considerably varies with
height. Note, that vertical
variations of the atmospheric
gas relative content on Mars
were estimated for the first time.
All envisaged planetary
experiments were successfully
fulfilled, though it was expected
that the data amount would be
much more, in terms of surface
coverage and experiment
duration. Significantly, for the
first time new methods of
investigations were tested, which
will be essential in future
exploration of Mars.

One of most important results of
Phobos Project implementation
was a sequence of images of the
Martian artificial satellite—
Phobos.

Survey of far space objects and

image transmission to the Earth
via radio-link is an enormously
complex scientific and
technological task. The TV
experiment was conducted with
the instrumentation which
included three TV cameras, a
spectrometer, a control system
and a video recording system.
The official name of the whole
survey system is the Fregat
videospectrometric complex.
This instrumentation was
intended for two extremely
different objectives of the
Project. The first objective was
to collect the navigational data
to specify mutual position of the
interplanetary station and the
Martian satellite. The second
objective—to acquire
information about the
configuration, structure,
microstructure of Phobos, and
about the composition of its
surface.

The accuracy of prediction of a
Martian satellite position has
about ten times increased as a
result of an on-line navigation
processing of Phobos images.
This allowed correction of the
interplanetary station orbit at the
distance up to 200 km from
Phobos.

The navigational measurements
taken are of a considerable
scientific interest. In particular,
they make it possible to refine
characteristics of tidal
interaction between Mars and
Phobos, the librational
movement of Phobos, its mass
and density. Besides, they give
certain information for its inner
structure analysis.

There were made about 40
images of Phobos from a
distance of 200 up to 1100 km in
the process of experiment,
which cover more than 80% of
its surface. The resolution of
photographs, taken from the
minimal distances, is 40 m. The
comparison of images obtained
from Phobos 2 with the
Mariner 9 and Viking images
shows that they supplement
each other well in both—the
surface coverage by the Martian
satellite and in spectral bands

o



and observation conditions.
Thus, Phobos 2 has taken
photos in the greatest detail of
the region westward the
Stickney crater that was mapped
worst in the previous missions.
New images will allow
refinement of the shape and map
of Phobos. The images of
Phobos were obtained for the
first time in the near IR radiation
band.

All the TV images, taken at
different observation and
illumination angles, allow the
analysis of the angular
dependence of the brightness of
the Phobos surface and
microstructure parameters, for
example, sizes typical of regolith
particles. These data are
absolutely necessary for
studying the processes, that take
place during meteorite
bombardment of the surface of
Phobos, as well as the
evaluation of mechanical and
thermophysical properties of its
substance. In the opinion of
specialists, the unique
spectrometric experiment,
carried out in one of the
sessions, is of great interest.
During the experiment, along
with the TV imaging in three
spectral zones the ISM and
KRFM instruments measured
detailed spectra of Phobos in
ultra-violet, visible and infra-red
bands, that cover the wavelength
area from 0.32 to 3.2 pm.

Until now we knew very little of
reflection spectrum. We studied
it only from the Earth, thus, we
could get data only on the mean
reflectance spectrum of the
Martian satellite. Observations
with the ISM and KRFM
instruments gave, for the first
time, the data on the spectrum
variability from place to place.
Mean reflectance of Phobos is
very low. It is about 4 percent,
and it practically does not
depend on a wavelength. These
data allow us to assume that the
surface soil of Phobos is, at an
average, close to carbonaceous
chondrites—one of the types of
meteorites. Quickiook analysis of
the ISM results made it possible
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to make a conclusion of a
noticeable inhomogeneity of the
surface composition, and also of
a lower than expected water
content in minerals, and
composing the Phobos rock. The
daytime temperature of Phobos
is estimated to be about 300 K
(27° C).

Unfortunately, Phobos was
observed with ISM and KRFM
instruments only once, therefore
there are little data for reliable
interpretation.

Interpretation of the spacecraft
data considerably improved our
knowledge about Mars, but
many questions about its origin
either have not been asked or
have not been answered, or
require deeper understanding.
Along with this, over the recent
years new ideas have emerged
about the means to investigate
this planet. Thus, the dynamics
of the atmosphere could be
studied using balloons
measurements, mineralogical
mapping of the planet’s surface,
and its thermal IR survey; the
analysis of the vertical profile of
the atmosphere from solar
radiation spectrometry in the
conditions of the Sun’s eclipse
by Mars.

The experience of space
planetary experiments
accumulated over the recent
years showed that most efficient
scientifically could be a
consistent program of several
flights to the same object with
an interval of several years, each
expedition creating a base for
the next one, for new, more
sophisticated missions. This was
the case with the Moon and
Venus. Today there is a similar
program developed for Mars.
The first stage of this program is
scheduled for 1994. It is
envisaged that global studies of
the surface and atmosphere will
be conducted with artificial
Martian satellites, with balloons
placed in the atmosphere,
meteorological stations and
penetraters delivered to the
Martian surface.

For 1996 it is planned to
continue Mars’investigations

and to deliver Phobos soil
samples to the Earth.

In 1998 a Martian rover, first in
the history, with a drilling
system aboard will start
operating.

In 2001 samples of Martian soil
are planned to be delivered to
Earth.

In 2003—2005 instrumentation
for a Martian manned expedition
will be tested.

The Space Research Institute,
USSR Academy of Sciences, will
be the leading organization in
the MARS-94 Project.

The MARS-94 project envisages
the launch of two identical
spacecraft to Mars in October
1994. In eleven months the two
spacecraft will come close to
the planet and become its
satellites. Each spacecraft will
jettison a descender toward the
surface of Mars (with a balloon,
two small meteorological
stations, two penetrators).

The orbit of such spacecraft is
elliptic, its perigee height is

300 km, its apogee height is

18 000 km, its inclination is 50
to 70°, active lifetime is about 12
months, the total mass of the
scientific equipment is about
250 kg.

The scientific goals are:
photographing of Mars’regions
most interesting from the
viewpoint of its geological
history, evolution of climate,
selection of landing sites for
future projects (two TV cameras
aboard the turning platform);
remote sensing of the soil
composition (two IR, gamma-,
and neutron spectrometers), of
the permafrost depth, the
surface temperature (IR-
radiometers);

remote measurements of local,
temporal, and altitudinal
variations of the composition,
temperature and pressure of the
atmosphere (IR spectrometry,
solar-eclipse spectrometry, radio
occultation analysis);

contact measurements of the
density and composition of the
top atmosphere (from the
decelerations of descending
landers, as well as by mass-



spectrometers);

measurements of magnetic
fields and near-planetary plasma
(magnetic and plasma
measuring instrumentation).

By the time the Soviet
spacecraft approach Mars
another spacecraft, the US
MARS-OBSERVER spacecraft to
be launched in 1992, will already
be orbiting Mars. The scientific
instrumentation and the
program of these two space
projects will be mainly
complementary. The main
difference of the Soviet mission
is that it includes landing units
of the new types. Data exchange
and timely coordination of
activities are envisaged for the
period the MARS-94 and MARS-
OBSERVER spacecraft will be
simultaneously operating in
orbit. Besides, agreement has
been achieved about installing a
Soviet transceiver aboard
MARS-OBSERVER to relay part
of the TM data from balloons,
small-stations and, possibly,
from penetrators. This will
considerably increase the body
of information which the MARS-
94 Project plants to receive.

A balloon station is carried in
the descender which enters the
Martian atmosphere from the
elliptic 12-hour orbit. The
position of the orbit pericenter
determines the balloon’s entry
point (this point may be only
several degrees from the
pericenter in latitude). Because
of the time evolution, the orbit
pericenter latitude of the balloon
will be 40 to 45° at the moment
of entry. After the envelope is
deployed and filled with gas,
after the ballast and the inflation
systems are jettisoned, the
balloon station has an envelope
about 6000 m?® in volume, filled
with helium, an instrumentation-
carrying gondola (15 kg mass),
and a guiderope (13 kg-mass).
In the daytime the balloon is
floating in the atmosphere
several kilometers above the
surface. In the night-time the
lower part of the guiderope falls
on the surface whereas the
envelope and the top of the

guiderope are always above the
surface. The principal function
of the guiderope being to
protect the gondola and balloon
from touching the surface, it is
also used for placing those
scientific instruments which can
operate only very closely to or in
contact with, the surface. Such
instruments have their own
power supply and operate
autonomously. The
measurement data should be
sent to the balloon gondola via
the radio link. The balloon
moves either up or down due to
the effect of heating by solar
rays, with helium volume
increasing during the day or
with helium cooling and
decreasing its volume during the
evening, night and morning
hours. The height of the surface
where the balloon may be
inserted into the atmosphere
should be one or two km below
the zero level of the planet
surface. Maybe, during the
preparation of the project it
would be possible to extend that
range, to the zero level. In the
daytime the maximum height up
to which the balloon may rise
should be two km with respect
to the zero level. Scientific
measurements are planned both
for a free flight and with the
guiderope on the surface. The
information acquired after the
data reduction and compression
is written into 50 Mbit-memory.
From that memory unit and from
the TV cameras (online mode)
the data are relayed via the
radio link for the Soviet and US
satellites of Mars.
Communication sessions with
satellites are run when they are
in the visibility zone of the
balloon. It should be at abouyt 2
p.m. and 2 a.m. (local time) for
the US spacecraft. For the
Soviet spacecraft it should be at
the orbit pericenter during the
day and within the area far from
the surface during the night.
The balloon station starts
transmitting TM data to the
satellite after receiving an
interrogation signal from it.
every 24 hours the balloon

station should transmit not less
than 100 min bit data.

Each small station has its lander
provided with an aerobraking
shield, a chute and a
shockabsorber. Landers are
jettisoned by the spacecraft
several days before their
approach to Mars. Each of them
is imparted a certain velocity
increment so that they could
land at several present latitudes
(polar latitudes included).

The major task of a network of
small stations (4 stations: two
for each spacecraft) is direct
measurements of meteorological
parameters to learn more about
the general atmosphere
circulation and to predict
meteorological conditions for
this and next missions.
Advantages of such a network
are global coverage, a possibility
to jettison meteorological
stations into most interesting
areas (that is, canyons, old river
beds hardly accessible with
other instruments), a possibility
to conduct long-duration
observations (not less than one
Martian year) covering all
seasons, including a season of
dust-storms. Instrumentation of
small stations will measure the
pressure, temperature, humidity,
wind velocity and optical
transparence of the atmosphere.
A miniature gamma-
spectrometer could provide
essential information about
water and gas exchange
between the atmosphere and
the solid surface, about the
elemental composition of the
dust settling on the planet.

A possibility to install a
onecomponent spectrometer
and a magnetometer aboard the
small stations is now under
consideration. The seismometer
will measure proper and tidal
oscillations of the planet, and
thus to determine the level of
Mars’ seismic activity. The
magnetometer will measure the
local magnetic field, transient
processes accompanying
variations in the external
magnetic field, it will also
reconstruct from them the



patterns of rock conductivity at
various depths.

Small stations as well as a
balloon will transmit data to the
Soviet and US satellites of Mars
in response to the interrogation
signal.

The heating and power supply
of the onboard equipment of
small stations are provided by
plutonium sources with a
thermoionic generator and a
buffer chemical battery.
Penetrators jettisoned onto the
surface of Mars, will help study
physical and mechanical
properties of the soil and the
inner structure of the planet.
Contrary to small stations, the
penetrator will land at a high
velocity—of about 100-150 m/s.
During the impact their design
permits them to penetrate
several meters deep beneath the
surface.

The scientific instrumentation of
the penetrator will include a TV
camera, a set of

spectrometers an accele
rometer and a seismometer,

a magnetometer, a meteo
complex.

Each penetrator enters the
atmosphere from a Martian
satellite, independently of
others, after the landing sites
are updated.

When all (4) penetrators

are set, a network of long-term
stations starts functioning,
making seismic measurements
over a long period of time,

the lifetime of penetrators

being 1—2 years. Thus,
investigations to be made with
balloons, small landing stations
and penetrators will provide,
above all, the data which

could not be obtained

from Martian orbiters.

These investigations cover

TV survey of the surface,

with a resolution from several
centimeters to several tens

of centimeters; spectrometry

of the surface with a ground
resolution from several meters to
several tens of meters; magnetic
field measurements below

the ionosphere; studies of

the boundary layer of the
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atmosphere and of its variability
during 24 hours; impulse and
radar sounding of the surface to
determine the characteristics of
Martian rocks down to several
hundreds of meters; studies of
the elemental composition of
the surface layer with a high
ground resolution (from several
hundreds of meters to several
kilometers); direct
meteorological measurements
on the surface of the planet at
different latitudes; studies of
water and carbon dioxide
exchange processes between
the atmosphere and the solid
surface; local measurements of
the atmospheric transparence;
mechanical, thermal, chemical
and electric studies of the
surface and several meters
deep, beneath the surface.

As has already been mentioned,
one of the goals of the MARS-94
Project will be selection of
spacecraft landing sites for
future projects; these sites
should be optimal for landing
and for scientific research
opportunities. In particular, one
of the main objectives of the
MARS-94 Project will be delivery
to the planet of automatic
Martian rovers.

Preliminary analysis and tests in
conditions maximally close to
real ones have shown that it is
most rational to use for the Mars
rover’'s running gear a six-
wheeled propulsive device with
motor wheels which are all drive
ones and with a jointed frame.
The wheels will be made as
conical-cylindrical shells with
cleats. Such a system of the
running gear has some merits: a
low mass; the exclusion of the
danger of the Mars rover’s
landing on the bottom;
enhanced longitudinal and
transverse stability; due to the
low position of the mass centre;
the capacity to move on soft soil
with a large gradient and to
overcome, due to the jointed
frame, sufficiently high
obstacles.

The control of the motion of the
Mars rover over a distance of
millions of kilometres is a

difficult technical problem. For
instance, the Mars rover must be
able to circumvent obstacles
which it did not see on its way
just 20 or 30 minutes ago. Radio
signals will need roughly the
same time to cover the distance
from Mars to the Earth and back.
The solution of the problem lies
in making the Mars rover as an
expert system by imparting some
intelligence to it. The Earth will
determine the strategy of the
operation while the robot will
determine the tactics. While for
the orbital module this means
the autonomy in solving some
navigation problems, for the
Mars rover this implies
sophisticated, self-contained and
adaptive motion control.

In addition to the television
system the Mars rover must be
provided with a laser rangefinder
for determining the route and for
motion control.

The navigation system of the
Mars rover must solve two major
problems: the entry into
prescribed regions and the
coordinate fixation of the route.
The succession of the
circumvention of prescribed
regions will be determined
depending on the real
coordinates of the landing point.
It is planned that the referencing
of the landing point and the
route of the Mars rover to the
terrain will be carried out
according to the data of the
independent systems of
calculating the route and
astronomical observations (of
the Sun and stars) and by a
special system including
facilities for raising TV cameras
from several tens to hundreds of
metres over the Martian surface.
This system makes it possible to
scan the region about

100x100 m in size, with the
resolution better than 1 m,
which offers an opportunity of
precise referencing of the Mars
rover to the photoplan of the
Martian surface.

It is intended to use three means
of raising TV cameras: the
balloon, aerodynamic (kites) or
ballistic methods. The latter



method is regarded as the
reserve one and will be used
when the first two methods
malfunction or cannot be used
(for instance, during
unfavourable meteorological
conditions).

The range of the Mars rover’s
motion must be hundreds of
kilometres. The speed will
depend on energy potential, the
relief of the terrain and the
research programme on the
motion route. Solar cells or
isotopic thermoelectrogenerators
can be used as a power source.
The research programme for the
Mars rovers will be extensive. In
particular, it will include the
vibroprobing of the planet’'s
deep strata in order to elucidate
its internal structure. The Mars
rover will make it possible to
take a large series of panoramic
pictures on the route. It will be
able to collect rock samples
from the surface of a vast area
and from depths of several
metres. Rock sampling from
planetary deep strata is
important for future biological
analysis since this will increase
the probability of detecting some
life forms. Subsequently the
Mars rover with collected
samples would serve as a radio
beacon on the suitable area it
chose by it for the future landing
module equipped with a return
rocket for delivering Martian soil
to the Earth.

Possible version of implementing
this stage of research is the
launching of two self-contained
vehicles. One of them will land
on the Martian surface and the
other will become a Martian
moon. The landing module must
have a take-off and a small Mars
rover for collecting soil at a
sufficient distance from the
landing site. The Mars rover will
have manipulators and a soil
sampler which will make it
possible to take soil samples
from a sufficiently large depth.
The takeoff rocket will deliver
soil samples to the orbiter and
will dock with it. Then soil
samples will be reloaded to a
special module which will be

returned to the Earth. When this
module approaches the Earth, it
will be intercepted by the orbital
module.

It would be reasonable to
perform the primary analysis of
Martian soil samples aboard the
space probe. This would solve
the problem of quarantine ruling
out the carriage of
extraterrestrial organisms to the
Earth, no matter how little such
probability can be.

The link-up operation in orbit is
worked out well in the Soviet
Union. However, due to the
stringent mass limit in
interplanetary missions, great
efforts must be made for
creating superlight docking
systems and units.

As a base complex for
implementing the Martian
research programme Spektr
spacecraft will be used. The
Phobos project was the first
experience in using such
vehicles.

Spacecraft will be launched by
the highly reliable Proton
booster rocket.

It is also intended to use the new
Energiya booster for launching
payload into outer space under
the Mars exploration
programme. In this case one
expedition could solve the main
problems of the long-range
Martian programme, including a
simultaneous study of much
more regions on the planet by
Mars rovers, balloons and mini-
landers. Preliminary estimates
show that a single launching by
the Energiya booster rocket can
deliver three Mars rovers to
Mars—a heavy Mars rover which
will be able to carry out deep
drilling and two light Mars
rovers, several cassettes with ten
meteorological beacons each
and a large number of
penetrators. The launching by
the Energiya booster will
considerably reduce weight
limitations in solving the
problem of bringing soil samples
from Mars.

Scientists in the IKI are also
cnsidering other projects for
planetary studies. Some of them

are already in the stage of
analysis (the project of the flight
to giant planets with the
subsequent entry into the
internal part of the solar system
for exploring the solar corona
from close distances) while
others are at the level of ideas.

It is planned that Jupiter and
Saturn will be studied with
descenders (atmospheric
probes) and artificial satellites,
Titan, with a lander and a
balloon probe. For one mission a
combination from two or three
various vehicles is also possible.
The main objectives for studying
Jupiter and Saturn will be: direct
measurements of temperature,
pressure, and density of the
atmosphere, its chemical and
isotopic composition; the study
of the cloud layer structure and
characteristics of aerosol
particies including the analysis
of their chemical composition;
measurements of the wind
velocity, of the fluxes of the
solar and thermal radiation;
recordings of electrical events in
the atmosphere; the analysis of
its neutral and ion composition,
the electron and ion
concentration.

It is also envisaged the study of
the meteoritic matter near
planets, of the magnetic field in
the magnetosphere,
measurements of energy spectra
of charged particles, recordings
of radio emission of planets, the
investigation of morphological
characteristics of the surface of
planetary satellites.

One of the objectives to study
Titan with a lander will be the
imaging of its surface, the
analysis of its composition and
of mechanical properties.

A balloon probe drifting in the
atmosphere of Titan will
measure its temperature and
pressure, the velocity and
direction of the wind, parameters
of the turbulence; this probe will
also study characteristics of
aerosol and the chemical
composition of the atmosphere.



Kanubposka npubopa UOAB Ha
naboparopHOM CTeHAae

OpjHa 13 xpoMaTorpamMm, noslyHeHHbIx Ha
«Bernepe-13». BugHbl nuku,
cootBetcTBytoume O, CO, SO, m
APYruM MasibiM MOSeKyNsPHbIM
cocrasnsowmmM arMocgepsl BeHepsbl

Calibration of the IOAV on a laboratory
stand
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O6pa3sLbl nepBuYHbIX (Heo6paboTaHHbIX)
Macc-CneKTpoB, Nosy4YeHHbIX Ha
cryckaeMbix annaparax «BeHepa-13» n
«BeHepa-14» B pe)xume aHanm3a
61aropoHbIX ra3oB. AMNINTYAbl Macc-
NMMKOB B yCIT0BHbIX e[uHALax
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Samples of original (unprocessed)
mass-spectra obtained on board
descent vehicles of Venera 13 and
Venera 14 in the noble gas analysing
mode. Amplitudes of masspeaks are
given in conventional units
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One of the chromatograms obtained on
board Venera 13. Peaks are visible
corresponding to O,, CO,, SO, and
other minor molecular components of
the Venus atmosphere
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O6pa3sybl CNEeKTPoB COMHEYHON
pagmaymm, pacCcesiHHoON B r/1y60Kux C/10sIxX
armocgpepsl BeHepel, Bnepsbie
un3mepeHHon Ha «BeHepe-11, -12» (yucna
8671131 KpUBLIX — BLICOTa Hag
noBepxXHOCTbLIO B KUIOMeTpax)



CnektpogotomeTpsl MOAB u MOAB-2
(«BeHepa-11, -12, -13, n -14»). C nx
noMoLybio 6bIST0 N3MEPEeHO cofepiKkaHune
BogsiHOro napa B atMmocgepe BeHepbi OT
noBepxXHOCTH [0 BbICOTbI 60 KM

Spectrophotometers IOAV and IOAV 2
(Venera 11, 12, 13, 14). They measured
the water vapour content in the Venus
atmosphere from the surface and up to
60 km

B ogHon n3 nabopatopumu oTgena
nnaHeTHsIX UccneposaHmi MHCTUTYTa

One of the laboratories of the
department of planetary exploration of
the Institute
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Samples of solar radiation spectra
scattered in deep layers of the Venus
atmosphere first measured on board
Venera 11, 12 (figures near curves
indicate the altitude above surface in
km)

Cnopagun4yeckoe HU3K04acToTHoe
3/1eKTPOMAarHUTHOe U3sly4eHue B
armocgbepe BeHepbl, reHepupyemoe, no-

BUANMOMY, 3N1EKTPUHECKUMM Pa3psifamMi.

Bnepsbie 3aperncTpupoBaHo Ha
«BeHepe-11» u «BeHepe-12»

SC altitude above 6052 km
Boicota KA nam ormetkoit 6052 xm
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MockoBckoe Bpems

Sporadic low-frequency electromagnetic
radiation in the Venus atmosphere,
generated evidently by electric
discharges. First recorded on board
Venera 11 and Venera 12
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Kocmuyeckun annapar «Bera» u cxema
ero roneta

a
"

Vega spacecraft and the scheme of its
flight

MbineyaapHbin Macc-aHanu3atop NMYMA

A dust-impact mass-analyzer PUMA

Cxema cnycka.annapara ¢ BBegeHneM OKkcnepuMeHT «Aapocrar»
aspocTaTHOro 3oHga

. The Aerostat experiment
Scheme of the spacecraft descent with

the injection of the aerostat probe

By3Hoc-Altpec
Buenos-Aires

3apy6exHble panHOTEsNIeCK Ol

Habnogenus 3a gBv)XxeHneM as3pocrara
BbIMOSIHAJIACb C MMOMOLLbIO r1106as1bHOro
uHTEepgepomeTpa, B cocTas KOTOPOro
BXOAUNN 7 KPYNHENLLUNX
paguoTeneckonos Myupa

The aerostat was observed by the global
interferometer which includes 7 largest
radiotelescopes of the world

3apy6esxanle pagHoTeNeCKONLI
Foreign radio telescopes
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6 mapta 1986 r. Ha aKpaHax MOHUTOPOB B
UKW AH CCCP nosisunuce nepssble
u3obpaxxeHns sgpa kometsl [annes

The first images of the Halley comet
nucleus on monitor screens at the
Space Research Institute, March 6, 1986
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U3zobpaxeHue sgpa komeTsl [annes,
nepega+HHoe ¢ 60pTa aBTOMaTU4eCKoh
craHymm «Bera-2» 9 MapTta 1986 r.

The image of the Halley comet nucleus
transmitted from the board of the
automatic station Vega 2 on March, 9,

1986

Tak sbirnaguT a4po Kkometsl [annes

nocne 06paboTku usobpaxenns Ha IBM

The Halley comet nucleus after
computer processing of images




CnyTtHuk Mapca ®oboc

Phobos — Mars satellite

MR
BCK 9PETAT 4P

COLP PRIPEBEHUE: 75 M

P HQQT U,H:Hg' ’«E; 352‘{,’“ %‘:Wﬁ | ABTOMarmyeckas MexxnnaHetHasi CTaHuyus

«@Poboc»

The Phobos automatic interplanetary
station




KOHCTpYKTHUBHasi cxemMa OfnTUKO-
MexaHu4eckou Jactu 651oka
TE/1IeBU3NOHHbIX KaMep U CrieKTpoMeTpa:
1 — LIMPOKOYrONbHbIe TENEeBU3NOHHbIE
06beKTUBbI; 2 — Y3KOYronbHbIA TENeBU3NOHHbIA
06beKTuB; 3— 06BEeKTUB CNeKTpoMeTpa;

4 — aupakymoHHas peweTtka; 5—MN3C-
maTpuubl; 6 — 3epkano-Kpbiwka; 7 — paguarop

The constructive scheme of optical and
mechanical part of the unit of TV
cameras and the spectrometer:
1—wide-angular TV objectives; 2—narrow-
angular TV objective; 3— spectrometer
objective; 4 —diffraction lattice; 5— CCD-
matrix; 6 —mirror-cover; 7 —radiator

Cxema 3KcrnepuMeHTa no n1a3epHoMy
30HAMPOBaHMI0 nosepxHocTh doboca:
1—na3sep C UCTOYHHWUKOM MUTaHUSA,

2 — ¢pokycupyiowmin 06beKTUB; 3 — aanbHomep;
4 —cepBonpusof; 5—pedneKTpoH ¢
AEeTeKTOpPOM WUOHOB; 6 — 610K 06paboTkm
AaHHbIX; 7— 610K ynpaBneHus

The scheme of the experiment on laser
probing of the Phobos surface:

1—laser with the power source; 2—focusing
objective; 3—range finder; 4 —servomotor;
5 —reflectron with the ion detector; 6 —unit
of data processing; 7 —control unit

Cxema aKcrnepumeHTa rno MOHHOMY
30HAgMPOBaHMIO nosepxHocTu doboca:

1 — WHXXEeKTOp MOHOB; 2 —6N0K NEKTPOHUKM;
3 —macc-cneKkTpomeTp

The scheme of the ion probing of the
Phobos surface:

1—ion injector; 2—electronics unit;

3 —mass-spectrometer
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Tak B npeAfCcTaBIeHUN XyL[OXKHUKA
AOMKeH 6bin BbIrNA[ETs KOCMUYECKUHA
annapar «@®oboc» B 6peloLemM nonete
Haj NOBEPXHOCTbIO MapCUaHCKOro
cnyTHuKa




This is how the painter sees the Phobos
spacecraft in low-level flight above the
surface of the Martian satellite




1p¥ HOPM anEHOM NMocanke
For normal lag

npu NOCcaaKe BBEPX OMOPOH
For landing with the support up

220D 1 1
] ’7777.71?311'71‘.?37?
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Cxema rnocagku [ONroxusyLyemn
aBTOHOMHOW CTaHUMy Ha NOBEPXHOCTb

®oboca

The scheme of the landing of a long-
living autonomous station (LAS) at the
Phobos surface

Cxema paboTbl NOABMXHOIO 30H[A Ha
nosepxHocTu doboca

The scheme of the operation of the
mobile probe at the Phobos surface




Hanpasnenue Ha Connue
Direction to the Sun

ITanenn conneunbix GaTapeit
Panels of solar batteries

Hayunan armaparypa
scientific payload

IpoHuKalonmii 30H/
_ penetrating probe

AAC Ha nosepxHocTn doboca

LAS on the Phobos surface







Cxema gocrtaBku 06pa3yoB MapCUaHCKoOro
rpyHTa Ha 3eMsio

A concept how to deliver Martian soil
samples to the Earth

HaseMHble ucnbiTaHns Mapcoxoga

Ground-based tests of Mars Rover




ELISMA
ES1, ES2
SC1. SC2, SC3

CITYCKAEMBIA MOZ1YJIb
DESCENT MODULE

OPBUTAJIbHBIA MOL1YJIb
ORBITAL MODULE

//
—
ARGUS SPIKAM/EVRIS
P1,
LFi, Li2 PLATFORM 1 PLATFORM 2
IBUTATEJIbHA A CHCTEMA
PROPULSION SYSTEM
THERMOSCAN
HFI
RLK-M HFDL ELECTRONIC UNITS % MAK [ NEUTRON SO
LILAS2 BD2 T ol
& A Y n 0 IF — 1 -
YV g I E
Y Ul
SLED-2 ¥ - =
r H | O\ <
== X \‘ h
MAREMF ESI DIMIO SBI. SB2 z
‘ «obo PFS MORION-S MARIPR
DI1. D2,

Kocmudeckun annapar Mapc-94.
Hay4Hoe o6opygosaHue
opbuTanbLHoOro Mogyns

Mars-94. Spacecraft. Scientific
equipment
of the orbital module
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ACTPODINIINHECKIE
NCCTIEAOBAHIA

ASTROPHYSICAL
RESEARCH

Hay4Hble acTpoHOMUYeCcKue Npubopbl, BbIHECEHHbIE 3a
npeaenbl 3eMHOM aTMOC(epbl, OTKPbINN HOBYIO 3py B
acTpocpusunke. BosHukNKM Takue HanpaBneHus
acTpou3an4eCcKnx UccnefoBaHnn, Kak
cybmunnumeTpoBas, ynbTpadmonetoBasi, peHTreHoBCKas
n raMma-acTpoHOMUSA. KocMnyeckune nccnenoBaHuns BO
BCEX AnanasoHax M3Ny4eHUs — 0A4HO U3 OCHOBHbIX
HanpasneHun geatenbHOCTU UHCTUTyTA.

Scientific astronomic instruments taken beyond the
terrestrial atmosphere have ushered in a new era in
astrophysics. There have sprung such new areas in
astrophysical research as submillimetric, ultra-violet,
X-ray and gamma-astronomy. Space research in all the
ranges of radiation is one of the chief directions of the
Institute’s activities.




OpHoBpemeHHO BeayTCA U
TeopeTudeckue paboTbl B obnactu
COBpPEeMEeHHOW acTpOPU3UKK:
KOCMONOrun, BHEranakTU4eCKon
acTpoHOMUU, (PU3NKKN YepHbIX
Ablp, HENTPOHHBIX 3BE34,
KBas3apoB, Npoyeccos
o6pa3oBaHus 3B8e34 U NNAHETHbIX
CUCTEM, UX IBOMIOLMK, IBONIOLUM
ranakTuk u ux saep ¥ MHOrMx
Apyrux pyHaaMeHTanbHbIX
npobnewm.

PassuTtue BHeaTMocdepHoOn
aCTPOHOMMUU LLNO MO Tpem
OCHOBHbIM HanpasfieHusM. Ons
acTpoHoMun4eckux HabnoaeHun
MCNONb30BANUCb TENECKOoNbI,
YCTaHOBJ/IEHHbIE HA NUNOTUPYEMbIX
KOCMUYECKUX annaparax:
cTaHyuax «CanioT» u kopabnsax
«Co103». ACTpOHOMUYECKUe
npu6opbl BXoAUNU B cocTas
KOMMNNEeKCoB annapartypbl
aBTOMaTUYECKUX MHOroueneBbix
annapartoB, Hanpumep
MCKYCCTBEHHbIX CMYTHUKOB 3emnu
cepun «Kocmoc», «[porHos»,
AMC «BeHepa». WU, HakoHel, B
nocnegHue roabl Ans
acTpPOHOMUYECKUX UCCneaoBaHun
cTanu cosgasaTtbCs
cneunanuaMpoBaHHble
KocMuyeckue annapatsl. [epBbim
M3 HUX CTan CnyTHUK «ACTpoH». C
NOMOLLbIO aCTPOHOMUYECKUX
npubopos, yCTAaHOBMEHHbLIX Ha
cTaHyusx «CanioT», NnpoBOAUNUCH
HabnogeHus B
ynbTpacnoneToBomM n ramma-
AuanasoHax. Ha 6opty «CanioTa-
4» paboTan KOMNNeKc
PEHTFEHOBCKUX TENEeCKOomNoB, B
KOTOpbIA BXOAUNWU 3epKasibHbIN
PEHTFeHOBCKUA Teneckon
(anwanasoH aHeprun ot 0,2 go
0,28 k3B) n Teneckon «®unuH» co
wenesbiMM KonnumMaTopamu
(awanasoH aHeprun ot 0,2 go

10 kaB). 3epkano Teneckona
CKONb3AWEro nageHus uMeno
dokycHoe paccTosiHue 624 Mmm,
AnameTp BXO4HOW anepTypbl

197 mMm.

Bo Bpems gByx akcneauuun Ha
opbutanbHon ctaHuun «CanioT-4»
C nomoLuyblo Teneckona «dunuH»
6b1nn npoBeAeHbl HabnoaeHUs
MHOrMUX PEHTIreHOBCKMUX
uctoyHukos — flebeags X-1,
Fepkyneca X-1, Uupkyns X-1,
peHTreHosckon Hoson A0620-00 m

Apyrux. beinm nony4eHsbi
WHTEepeCHble CBeAEeHUsI O
CBOWCTBax 3TUX 06BHEKTOB.
HoBbi Ananas3oH ANuH BOMH 6bin
OCBO€EH Ha opbuTanbHOW CTaHuun
«CanwoT-6», Ha KOTopow 6bin
yctaHoBneH 60nbLwon
Cy6bMUNNMMETPOBLIA Tefneckon ¢
AnameTpom 3epkana 1500 mm.
VYe B xoA4e nonerta 3TON CTaHuum
Ha ee 60pT 6biNn AocTaBrieH B
BuAe oTaenbHbIX 6110KOB U y3N0B
paguoteneckon KPT-10
(kocMuyeckun paguoTteneckon c
10-meTpoBOM aHTeHHOW). PaboThbi
C TenecKonom Ha4anucb C
IOCTUPOBKU aHTEHHbI U
onpegeneHus ee gnarpaMmbl
HanpaBfieHHOCTH, a 3aTtem 6bin
BbINOSIHEH LMKN
3ansiaHUpPOBaHHbIX UCCNefoBaHUN.
Onu BkNoYanu B cebs
HabnogeHns nynscapa 0329+ 054
1 0630p y4acTka Mne4dHoro nyTu.
Lnpokas nporpamma
acTpon3anN4ecKmux 3KCNepumMeHToB
BbINOMHANACb U Ha opbuTanbHOM
ctaHuymm «CanioT-7». OgHUM 13
rnaBHbIX UccneaoBaTeNbCKUX
WHCTPYMEHTOB CTaHuyuu ctan
60nbLON pEHTreHOBCKUIA
Teneckon gnsa HabniogeHun B
AvnanasoHe 3Heprum ot 2 Ao

30 kaB c rasosbiMK
NPOMNOPLUOHANBbHBIMU CHETYUKAMMU
o6uwein nnowagbio 3000 cm? Mone
3peHus WeneBbiX KONIMMaTopoB
Teneckona coctasnsano 3x3°. 3a
ceaHc HabnoaeHun
AnnTtenbHocTbio 1000 ¢ Teneckon
MOr 06Hapy>XuTb UCTOYHUK C
NOTOKOM 3HEPrun B HECKOJSIbKO
TbICAY pa3 MEHbLUWUM, YeM
n3ny4aembin KpabosumgHomn
TymaHHoCTbio. Cpegu
pe3ynbTaToB BbINOSTHEHHbIX
nccnenoBaHUn MOXKHO OTMETUTDb
obHapy>eHue MOLHOW BCMbIWKU
PEeHTreHOBCKOro UasnyyeHus
akTuBHou ranakTuku NLC4151.
Euwe oanH aCTpOHOMUYECKUN
npu6bop, yCTaHOBNEHHbIN Ha
cTaHuymn «CantoT-7»—ramma-
Teneckon «Enena» —6bin
npegHasHa4yeH Ans U3MepeHus
pOHOBOro U3nNy4yeHus
KOHCTPYKLUUN KOCMUYECKOro
annaparta. Mony4eHHble C ero
NOMOLLLIO faHHble BaXXHbl 4NN
NOAroTOBKU 3KCNEPUMEHTOB C
60nbWKUMK ramma-Teneckonamu.

O6wwupHas nporpamma
HabnogeHUn BCNNecKoB
KOCMUYECKOro raMma-usnyyeHus
6bina BbINOSIHEHA C NOMOLLbIO
npubopoB, yCTAHOBNEHHbIX Ha
aBTOMaTUYECKUX MeXNNaHeTHbIX
cTaHumax cepumn «BeHepa» u
cnyTHUKax «[porHos». Lienbto
3TUX 3KCNEPUMEHTOB, B KOTOPbIX
npuHUMann y4acTtue u
dpaHuy3CKune yyeHble, SBNAaNoCb
onpeaeneHne TO4YHbIX KoopauMHaT
ramMmmMa-BCcnnecKos mMeTogoM
U3MepeHns BpeMeHu npuxoga
curHana Ha Kaxagbin n3
pasHeCeHHbIX B NPOCTpaHCTBe
KOCMUYeCKUX annapaTtos
(meTogomM TpuaHrynsauyuu). Ans
3TOro NOMMUMO «BeHep» n
«[1porHo3a» ncnonb3oBanucb
Tak)XXe KOCMU4ecKue annapaTbl
CUWA un ®PI'. KoopguHaTbl coTeH
ramMmma-scnneckos 6binm
onpegeneHbl C TOYHOCTBIO
HECKONbKO YrNOBbIX MUHYT, a B
OAHOM cny4ae A0 NATU YrnoBbiX
CeKyHA,.

U3mepsanuck cnekTpbl ramma-
BCMMECKOB, a TakXe Ux
BpeMeHHble npocunu. Mo
pesynbTaTam 3TOro 3KCnepumeHTa
ony6nukoBaHbl aBa KaTanora
KoOpAuHaT CneKTpoB v npodunen
ramma-scnneckos. Cam Bcnneck,
no-sMAUMOMY, SIBNSIETCA
pe3ynbTaToOM B3pbiBa Ha
NOBEepPXHOCTU HEUTPOHHOWN 3BE3AbI.
N3 apyrux pesynbtaTtoB
BHEaTMOCEepPHbIX
acTpoHOMUYeCcKuUx HabnoaeHun
cnepyet oTMETUTb UccneaoBaHue
cnekTpa uanydeHus
MeXXnnaHeTHOM cpenbl B
ynbTpacnoneToBoM AnanasoHe,
KOTOpOE NO3BOJSIUIO0 O6HaPY>XXUTb
ABwxeHne ConHeYHon cucTembl
OTHOCUTENbHO MEX3Be3AHOro
rasa w onpegenuTb HEKOTOpble
dunanyeckue napameTpbl
OKOJIOCONMHEYHOro NPOCTPaHCTBA:
NIOTHOCTb aTOMOB BOAOPOAA U
renus, ux Temnepartypy u
CKOpPOCTb ABWXKEHUS
oTHocuTenbHO ConHua.

B akcnepumeHTax Ha cnyTHUKax
«lMporHo3» n cTaHuusx «BeHepa»,
B KOTOPbIX TakXe nNpuHumanm
y4acTue dpaHuy3CKue yyeHble,
yAanocb nony4nTtb 0630p Heba B
nuHusix Bogopoaa (A1216A) u
renus (A584A) c yrnosbim
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paspelleHueM aBa rpagyca.
MpumeHeHne opuUrnHanbHON
MEeTO4UKU C UCNONb30BaHUEM
nornowaoumx BoA0POAHbIX
KIOBET 4afio BO3MOXXHOCTb
M3MEpPUTH LIMPUHY NNHWUN
BOAOPOAA, YTO, B CBOKO o4epenp,
no3BONUNO onpeaenuTb
TemnepaTtypy MeX3Be34HbiX
aToMOB BOZ4OpOAA, NponeTarowmx
yepe3 ConHe4Hylo cuctemy. [ins
WHTepnpeTauum nony4aembix
AaHHbIX B UHCTUTYTe 6biNa
pa3paboTaHa TeopeTnyecKas
Mogenb aAvxeHus ConHeYHon
CUCTEMbI HYepes MeX3Be3aHYI0
cpeay.

Co3paHne KOCMUYEeCKnx
annapaToB, cneyuasnbHO
npeaHasHaYeHHbIX 4Ns
npoBeAeHUA aCTPOHOMUYECKUX
HabniogeHun, nossonsieT
Hanbonee 3aPPEKTUBHO
MCNONb30BaTb COXHbIe
COBPEMEHHbIE KOMMNEKChI
Hay4Hon annapatypbl. Ha 6opTy
Takux annapaTtoB MOXeT 6bITb
yCTaHOBMEHO OAHOBPEMEHHO
HECKOJIbKO KPYMNHbIX TeNecKonos,
paboTalowmx B CMEXHbIX
AnanasoHax. 91o obecneunBaeT
nony4eHune 6onee NONHON
KapTWHbI NPOLECCOB,
NpOTEeKalWmx B KOCMUYECKUX
UCTOYHMKaxX nanydeHusa. Kpome
TOro, cneunanu3vpoBaHHble
CcnyTHUKK-o6cepBaTopuu aatoT
BO3MOXXHOCTb BbINONHATb
perynsipHble AnuTenbHbie
HabnoaAeHUA B Te4eHune
HECKONbKUX neT.

MepBbiA COBETCKUA
cneyvannampoBaHHbIv
aCTPOHOMUYECKUIA CMYTHUK
«ACTpOH» ObiN1 BbiBEAEH HaA
BbICOKOANorenHyo opbuty B
mapTte 1983 r. OH
npeaHasHavancs gns
acTpoU3NYeCKUx uccnesoBaHumn
B obnacTtu ganekoro
ynbTpacpnoneToBoro U3ny4eHus u
PEHTreHOBCKOro n3nyyeHus
cpegHux aHeprun. B coctas
KOMMNMeKca Hay4Hon annaparypbl
KocMuyeckon obcepsaTopum
BoOwen pa3paboTaHHbI y4eHbIMU
u cneynanuctamm MK AH CCCP
(COBMECTHO CO CMEXHbIMU
opraHusauyusamm) 60nbLOoN
PEHTrEeHOBCKUA Teneckorn-
CNeKTpPOMEeTp C nnowaabto
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4yBCTBUTENbHbIX AETEKTOPOB
okono 2000 cm?. To4HOCTb
HaBegeHus u ctabunusaymu
obcepsaTopun Npu nposeaeHUn
peHTreHoBCKUX HabnoaeHun
coctasnsana 2—3.,

Ecnu Ha opbuTtanbHOn cTaHumn
«CanioT-7» Bpems HabniogeHun
OAHOro UCTOYHWUKA COCTaBNANO
NUWb CeKyHAbl, TO HA

«ACTpOHe» — 10 Tpex 4acoB. JTO
cA4enano BO3MOXHbIM OnNpeaenuTb
OCHOBHble 3a4a4u

3KcnepuMeHTa — nony4veHue
CNeKTPOB u aeTanbHoe
uccneposaHne OAUHOYHBIX
MCTOYHUKOB PEHTreHOBCKOrro
n3ny4deHusi (B ToM 4ucne 15
nynbcapoB, OCTaTKOB
CBEPXHOBbIX, KOMMNAKTHbIX
penAaTUBUCTCKUX OOBHEKTOB B
TECHbIX ABOMHbIX CUCTEMaAX,
aKTUBHbIX raflakTuK u T. n.). A3
NOMY4YeHHbIX pe3yfibTaToB MOXXHO
OTMEeTUTb O6Hapy>xeHue apdekTa
«BbIK/TKOY4EHUA» UCTOYHUKA
lepkynec X-1, onpegenenve
BEPXHUX FpaHuy NOTOKOB OT
CBEpXHOBOW, BCNbIXHYBUENW B
ranakTuke M83. HeogHokpaTHO
nposoaunucb HabnioaeHus
«bbICTpOro 6apcrepa», Nnpu4yemMm
Habnoganucb UMNYNbChbI
pPasnu4YHbIX 4NUTENBHOCTU M
¢opmbl. Mpu 3TOM 6bIN
obHapy>eH HOBbIA TUN
Bcnneckos. MNpu NOKPbLITUK
«bbicTporo 6apcrepa» JlyHoun
yAanocb 06Hapy>XuTb Uaywmn ot
Hero NOCTOSIHHbIN NOTOK
PEHTreHOBCKOro U3ny4eHus.
CnyTHUK «ACTpPOH» yCMnewHo
pa6otan Ha opbuTe 6onee naTu c
NONOBUHONX NeT.

Jletom 1983 r. Ha
BbICOKOANOrenHyo opbuty 6bin
BblBE4EH UCKYCCTBEHHbIA CNyTHUK
3emnun «[porHos-9»,
npegHasHa4yeHHbIn AN
acTpomnanyecKkux nccneaoBaHun.
OcHoBHbIM NpUH6OPOM KOMMNeEKca
Hay4HOW annapaTypbl 3TOro
CNyTHUKa SBNANCA
BbICOKOYYBCTBUTESTbHbIN
paguoMeTp «PenukT»,
npegHasHa4eHHbIn 4N
nccnenoBaHUn yrnoBbIX
dniokTyaymn AapKocTu (hoHOBOro
«3-rpagycHoro» paguonsnydeHus
Ha ANWHE BOSMHbI 8 MM.

Mouck dnokTyauun TemnepaTypbl

PENUKTOBOrO U3ry4YeHus B
HacTosiee Bpemsa npuobpen
xapakTep (pyHAaMeHTanbHoro
3KCNepuMeHTa, NOCKONbKY 3TU
noKTyayum HecyT B cebe
NPAMYI0 UHPOpMaLMIO O
BaXHEULWNX 3Tanax ncrtopuu
pa3BuTua BceneHHOW, Ha4YMHasA C
camMov paHHeW, CBepXnnoTHON U
ropsiHen ctaguu ee 3BOOLUN
B651M3KU KOCMOOrnyeckon
CUHIYNAPHOCTU U KOH4Yas
COBpEMEHHBIM MOMEHTOM; O
Pur3n4ecKux CBONCTBAX
BelecTsa, 3anonHsaLWero
BceneHHylo (BkNo4as u TeMHoe
HecBeTsLeecs BEWecTBo); O
MOMeHTe obpa3oBaHus
rpaBuUTaLUOHHO CBA3aHHbIX
obbekTOB BO BceneHHon m
cBOMCTBax 3TUX 06BHEKTOB.
MepBoHayanbHO HabnioaeHus
pPenNKTOBOro U3ny4eHus
NpPOBOAUNUCH C NOBEPXHOCTU
3emnu. MNpu 3TOM Ha KayecTsBe
pe3ynbTaTtoB CKa3biBasloCb
3Ha4YuTenbHOEe norsoweHne n
nepeusnyyeHme MMKpPOBOSIHOBOIO
paguounsnyyenusi atmoccepon. B
3KcnepuMmeHTe «PenukT» Bnepsble
ANSA n3yveHns KpynHomacwTabHon
aHu3oTponuun (poHOBOIO
n3ny4vyeHms 6bina npuMeHeHa
opbutanbHas TexHuka. «4uctoe»
BpeMa HabnogeHun cocTaBuno
nonroga. K ToMy Xe yaanocb
[OOUTLCS O4EeHDb BbLICOKOM
4yBCTBUTENbLHOCTU Teneckona—
OH MOF pasnu4yuTb ABe TOYKU Ha
HebecHon ccepe C pasHuuen
TeMmnepartyp, cocTasnsowen
BCEro NULb AECATUTBICAYHbIE
[onwu rpagyca.

BnepBble 6bina nonydeHa
pagnospKoCTHas KapTta 6onbluewn
4acTu HebecHon cdhepbl C
yrnosbiM paspelueHuem 5,8°,
y4TeHbl napaMmeTpbl AUNOSIbHON
KOMMOHEHTbI aHU30Tponuu. Ans
MoAesnien Co CNeKTPOM akagemMuka
. b. 3enbgosnya gns
nepBUYHbIX (ONIOKTYyauui
NNOTHOCTW BewecTsa Obin
onpeaeneH BepxHWA npegen Ha
KBaApynosibHyl0 COCTaBNSIOLWYIO,
KOTOpbI OKa3aiCsa CyWeCcTBEeHHO
HWXe nopora, NoNy4eHHoro
3apy6exHbiMU uccnepoBaTensiMu.
PesynbTaTbl 3kCnepumeHTa
«PenukT» OTKpbINN HOBbIE
BO3MOXXHOCTU pelueHust Hanbonee



UHTEPECHbLIX KOCMOSIOMMYeCKnX
npobneM, CBA3aHHbIX CO
CTPYKTYpOU 1 3BONIOUMEN
BceneHHoOR, a Takxe C
obpa3oBaHMEM ranakTuk.

31 mapTa 1987 r. B KOCMOC 6bif1
3anyuweH acTpopuanyeckum
moaynb «KeaHT». MNocne
CTbIKOBKWM MOAYNA C KOMMNMEKCOM
«Mup» Ha opbuTe cTtana pabotaTb
HOBas KocMu4yecKas
obcepsatopus «PeHTreH»,
Nno3BoNsoWas nccneaoBatb
WUCTOYHUKU B WMpOYanLIEM
AuanasoHe 3Heprum (2—

1300 k3B). B ee coctaBe —
YeTblpe PEHTreHOBCKUX
Teneckona, npeagHasHa4Y€HHbIX
ANA peweHns NpUHYMNnanNsHO
HOBbIX 33434 acTPOPU3NKK
BbICOKUX 3Heprun. Cambin
KPYNHbIA U3 HUX— «ynbcap X-
1» —cosgaH B8 UKU AH CCCP
COBMECTHO C y4YeHbiMu psiga
APYrnx Hay4HbIX opraHu3auumn
CTpaHbl. Teneckon umeet
achdekTnBHYIO Nnowaab
AEeTEeKTUpYIoLWmUX YCTPOUCTB B

6 pa3 60nbLUyIO, YEeM Y
aMepuKaHCKOro peHTreHOBCKOro
cnyTHuKa-o6cepsatopum HEAO-3.
[pyron npubop — Teneckon ¢
TeHeBOW MacKown —co3gaH
COBMECTHO YTpexTcKown
nabopaTopuen KOCMUYECKUX
uccnenosanun B NlonnaHgum v
BUPMUHrEeMCKUM yHUBEpPCUTETOM B
BenukobputaHuu.

Ewe oguH Teneckon —
cnekTpoMeTp «CupeHb-2» —6bin
CO3[aH B OTAeNne KOCMUYECKOn
acTpomankn EBponenckoro
KOCMUYECKOro areHTCTBa.

W, HakoHey, npubop
3anagHorepMaHCKux y4eHbix
«TEKCE», npegHasHa4YeHHbIn Ansi
paboTbl B 0611aCTU BbICOKUX
3Heprun, 6bin cozaaH UHCTUTYTOM
BHeaTMoC(epHOn husnku
obuiectBa uM. Makca lNnaHka n
THOOUHIEHCKUM YHUBEPCUTETOM.
OcobeHHOCTLIO Npubopa sBnseTca
petekTop Tuna «doceuy».

C nomouwbio o6cepsaTopuun 661110
npoBeAeHO HECKONbKO ThICAY
HabnoageHun, B pesynbrarte
KOTOpPbIX NOJSIy4€EHbl BaXKHbIE
Hay4Hble pe3ynbTaTbl.
Hanbonbwuin uHTepec,
HECOMHEHHO, npeACcTaBnaloT
ncenenoBaHUA CBEpXHOBOW

3Be34bl, BCMbIXHYBLWEWN B KOHLUE
¢despans 1987 r. B bonbom
MarennaHoBom obnake.
CeeTswasca obonoyka,
obpasoBaslwancsa npu B3pbiBe
3Be3gbl, cCHavana 6bina
HaCTOMbKO MNIOTHOW, YTO «He
BbiNyCKana» Hapy>y NOTOKM
PEHTreHOBCKOro U ramma-
N3ny4yeHus, KOTopble Tepsinu
CBOIO 3Hepruio, kak 6ol
«3acTpeBas» B Hen. Ho
nocKonbky obonoyka
pasneTtanacb BO BCe CTOPOHbI C
KONIOCCasfIbHOW CKOPOCTbIO, OHa
NocTeneHHO CTaHoOBUNAach BCe
«Npo3payHee». B pesynbTate
10 aBrycta 1987 r.
o6cepBaTopuen «PeHTreH» 6bino
3aperncTpMpoBaHo XeCcTKoe
pPEeHTreHOBCKOE u3ny4eHue.
MNanyyeHue Takon npupoabl,
vMeloLlee aHOMarbHO XXeCTKUN
CNeKTp, aCTPOHOMbI paHee
HUKoraa He Habnoganu.
Be3ycnoBHO, 3TO U3ny4deHue
SIBUNOCb CneacTeveM
paguoakTUBHbLIX pacnagos siaep
kKobanbTa, NpeBpaLlaloWnxcs B
»xeneso. AaepHoe ramma-
WU3ny4yeHne UCNbITbiBaeT B
060M04Ke [EeCATKU U COTHU
paccesiHuii, yMeHbLlaeT CBOIO
3Hepruio u npuxoauTt K 3emne B
BUAe HenpepbiBHOro
PEHTreHOBCKOro notoka ¢
Ype3BblHaNHO XXECTKUM CNEKTPOM.
MoTok uany4eHus ot CeBepxHOBOW

MeAJSIeHHO U HEeYKSIOHHO HapacTan.

HapacTtaHue npogonkanocb gaxe
Toraa, korga 98% kobanbTa yxe
pacnanocb. 3TO0 MOXXHO
06BACHUTL NULLB BLICTPLIM
«MpocBeTNeHneM» 060M04KMN.
OcHosHOM Uenbto
NPOAOMKaBLUNXCSA 3aTeMm
HabnogeHnn CeepxHOBOW cTan
NOUCK PEHTreHOBCKOro
nynbcapa— 6bICTpoBpawjatoLencs
3amMarHM4eHHOW HEUTPOHHOM
3Be3Abl, poauBLUENCS B
pesynbTaTte rubenu rony6oro
cBepxruraHta B cocefHeun
ranakTuke.

CnepnyeT OTMETUTb, YTO XKECTKoe
PEeHTreHOBCKOEe U3ny4yeHue,
HabnogaBweecs obcepBaTopuen
«PeHTreH», umeno
6biCTpONEpEMEHHbIN KOMINOHEHT C
XapakTepHbIM BpeMeHeM
U3MEHEHUA HECKONbKO aHen. B

TO >Xe BpeMsi UHas NepemMeHHOCTb
Habnoganacb B 6onee MArkom
[uanasoHe SINOHCKUM CNyTHUKOM
TMHIA. PaanuyHoe BpeMeHHOe
noBegeHvne U3Ny4eHus rosopuT O
pa3Hon ero npupoge B pasHbiX
AuanasoHax 3Heprum.

Cpepgy apyrux o6beKToB
HabnogeHnn obcepeaTopun
«PeHTren»: keasap 3C 273;
PEHTIEHOBCKMI Nynbcap
lepkynec X-1; n3secTHbin
«KaHguaaTt B YepHble Ablpbl»
Nlebeab X-1; UCTOYHUK,
MU3ny4arouwun ramma-ny4m
CBEpPXBbICOKUX 3HEpruim,

Nebeppb X-3; TpaH3MEHTHbIN
ucTouHuk Lledpen X-4 n mHorve
Apyrve o6beKThbI.

Ewe ogHa opbuTtanbHas
o6cepsaTtopua — «[paHat» —
6bina 3agymMaHa Kak KOMNnekc
npubopos A4nsi nposeAeHusi
AeTanbHbiX uccneanoBaHuin B
LUMPOKOM AuanasoHe aHeprun —
ot 3 go 2000 kaB. Ans
CpaBHEHUsi, amepuKaHcKas
cnyTHUKoBasi o6cepsaTopus
«QNHWTEeNnH», KoTopas gana
Maccy «CBEeXUX HOBOCTEen»
(3a4acTyio coBepLueHHO
HeoXXuAaHHbIX), Morna pabéoraTb
NUWb B MAITKOM aguana3soHe
3Heprun —ot 0,1 ao 3 kaB.
OcHoBow NpubOpHOro Komnnekca
obcepBaTtopuun «[paHaTt»
ABNAOTCA Teneckonol APT-IN n
«Cunrma».

PeHTreHoBckun Teneckon APT-I1,
paspaboTraHHbin ydyeHbiMn UK AH
CCCP coBmeCcTHO C gpyrumu
opraHusayusiMuM, COCTOUT U3
YeTbIpex UAEHTUYHbIX MOogyien C
napannenbHbIMU ONTUHECKUMU
ocamu. Kaxxabim mogynb umeet
KOAWPYIOWYIO Macky 1 16
NOBTOPAIOWMXCA MOTMBOB (41 Ha
43 aneMeHTa), KONNUMaTop C
nonem 3penma 1,9 Ha 1,8°,
NO3ULUOHHO-HyBCTBUTENbHbIV
[eTekTop, 610KN 3NEKTPOHUKW.
CoBeTcko-paHLy3CKU Teneckon
«Curma» c BbICOKOW
4yBCTBUTENILHOCTLIO AaeT
BO3MOX>XHOCTb KapTorpadgupoBaTb
He6eCHylo cepy C BbICOKUM
yrnoBbiM paspeLleHnem B
AvanasoHe 3Heprun 50 k3B —

2 MaB. Cuctema nony4eHus
nm3obpaxeHns Bkno4aeT B cebsa
KOAUPYIOLWYIO MacKy, COCTOSILLYIO
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13 29x53 351eMeHTOB Ha OCHOBE
ncesgocny4yavHon Tabnuuybl U3
29x31 aneMeHTOB, U NO3ULUOHHO-
4yBCTBUTENbHbIW AETEKTOP.
AdppekTuBHas nnowanb
petekTtopa 800 cm? Teneckon c
noneM 3peHus 4,2x4,25°
No3BOMSAET CTPOUTL U306parkeHne
WCTOYHUKOB C YrfOBbIM
paspeweHuemM 16’ .
MpeanonaraeTcs, 4TO 3a BpeMsi
akcnepumeHTa Teneckon «Curma»
cMoxeT Habnopgatb 6onee

100 ranakTU4ecKux u
BHEranakTU4eCKuUX UCTOHHUKOB.
Ewe oguH peHTreHOBCKUiA
Teneckon— APT-C —coctouTt mn3
ABYX Nap yCTPOUCTB
AeTekTupoBaHua. Kaxgas napa
6narogaps kadatowemycs
Konnumartopy Habniogaer
noo4yepeaHO UCTOYHUK U (POH.
OHepreTu4eckun agnanasoH
Teneckona 3— 150 kaB.
OcobeHHOCTU OpbUTbI
CNyTHUKOBOW ob6cepBaTopumn
«paHaT» un emkasa 6opToBasi
namaTb obecne4ymBatoT
BO3MOXXHOCTb BECTU HabnoaeHust
B TeyeHue 24 4. OTO Hapsigy C
6onbwon nnowaablo AeTeKTopos
AenaeT o6cepBaTopUio peKopaHou
No 4yBCTBUTENbHOCTH.

«[paHaT» — KpynHenwunmn
LeneHanpaBneHHbIA NPOEKT No
uccnefoBaHUIo raMMma-BCneckos.
nasHon 0cO6eHHOCTbLIO
3KCnepuMeHTa ABNseTCcA
yCTaHOBKa annapaTtypbl Ha
noBOpOTHOW Nnatdgopme. ATO
[aeT BO3MOXXHOCTb B CHUTaHHbIE
CeKyHAbl HaBoaUTbL NPUGOPLI Ha
WUCTOYHUK Framma-BCcnnecka,
no3BonsAs nony4aTtb ero
AeTalnbHble CNeKTPbl U
npocnexusaTb passuTtue cobbiTus
BO BpeMeHu. cnonb3oBaHue
AETEeKTOpOB C Y3KUMU NONSAMU
3pEeHNs U COBMELLEHHbIMU
ONTUYECKUMU OCSIMU
obecnevmnBaeT TOYHyIO (40
YrnoBbiX MUHYT) NnoKanuaauuio
WCTOYHUKOB FraMma-BCNNECKOB.
Bonbluve HapexAabl B pelleHnn
nepcneKTUBHbIX 3aaa4
BHeaTMoOC(epHON acTpOHOMUMU
y4eHbie CBA3bIBAIOT C
3annaHupoBaHHbIM Ha Ha4ano
90-x rr. NpoekToM «CnekTp-
PeHTreH-Mamma».

Peanusauus npoekta Nno3sonuT

84

caenaTtb 3HaYMTESNbHbI wWar
Bnepeg B NOHUMaHUN CBOUCTB
pas3nnyHbIX KNaccos
aCTPOHOMUYECKUX O6BHEKTOB,
onpeaeneHut Npupoabl MHOTUX,
nokKa He A0 KOHLA NOHATHbIX,
Pur3anyecKux siBNEeHUM,
Habniogaembix BO BceneHHon.
Mpnbopbl HoBOW opbuTanbHOM
obcepBaTopun AOSMKHbI
NO3BOMUTL NONYYUTb YHUKASIbHYIO
MHOpMaUMIO O ranakTU4ecKux
NUCTOYHUKAaxX PeHTreHOBCKOro
n3ny4eHus (YepHbix gblipax u
HENTPOHHbIX 3Be3fax B ABOWUHbIX
3Be34HbIX cucTemax, ocrarkax
BCMNbIWEK CBEPXHOBbIX, rOpAYeM
MeX3Be34HOM rase),
CBEPXMaCCUBHbIX YepHbIX Ablpax
(OHU B MUNNUOHBI UNKN faxKe B
MUNNuapAbl pa3 maccusHee
ConHuya) B sigpax akTUBHbIX
ranakTuK, MeXxranakTu4ecKoM
rase B CKOMMEHUNX ranakTuk,
PEeHTreHOBCKOM U3NyYeHuun
HOpManbHbIX ranakTuk. OrpoMHasi
nnowagb cobuparowmx sepkan,
yCTaHOBSEHHbIX Ha 60pTy
obcepBaToOpUN PEHTreHOBCKUX
Teneckonos, W1Upo4YanLunmn
3HepreTU4eCKUn gnanasoH,
CNOCO6HOCTb CTPOUTL
pPeHTreHoBCKUe U3obpakeHus ¢
BbICOKUM paspeLleHueM,
NPOBOAUTb PEHTFEHOBCKYHO
CNEeKTPOCKONUIO OTKPbIBAIOT
YHUKasibHble BO3MOXXHOCTHU
ucnonb3oBaHus obcepsaTopum
ANA peleHna KOCMONOrn4ecKux
npo6newm.

MoXXHO 6yaeT BeCTU NOUCKMU
CaMbiX yAarneHHbIX PEHTreHOBCKUX
KBa3apoB — 3TUX UCKJIIOYUTENBHO
sApKux o6pasoBaHuin, usnyyeHue
KaXXA0ro u3 KOTopbiX He ycTynaeT
N3NYYEHUIO LeNon ranakTuku us
COTEeH MUNIMapaoB 3eeaa.
SApPKOCTb PEHTIEHOBCKOro
N3ny4YeHnUst OQHONO U3 Takux
kBasapos (0X-169) Bcero 3a Tpu
yaca U3MeHsieTCs B ABa pasa.
BbiIxoguT, 4TO OH NO CBOWUM
pasmepam He 6onbwe ConHevHon
CUCTEMBI, AaXe NPUMEPHO
BNOnoBuHy MeHbwe. Camas
TAXenas 4YepHas Abipa NOA0OHbIX
pa3mepoB umena 6bl Maccy oKoso
200 munnuoHoB conHy. OTkyga
Xe Toraa 4yAoBULLHBIA BbIXOA
3Hepruu y ksasapos?
O6cepBaTopun 6yayT AOCTYMHbI

COTHM ThICAY cBepxcnabbix
PEHTFeHOBCKWUX UCTOYHWUKOB,
HaxXoAAWMXCA Y rpaHuLbl
Habnogaemon BceneHHon.
[eTanbHoe ux u3y4eHuwe NnO3BONUT
NPONUTL AONOMHUTENbHLIA CBET
Ha npobnemy auddysHoro
pPeHTreHOBCKOro ¢oHa.

[eno B TOM, 4TO He6O B
PEHTFEeHOBCKOM AuanasoHe He
BbIrNAAUT TeMHbIM. CyulecTeyeT
¢doHoBOE, «pa3masaHHoe»
n3nyyeHue, cpaBHUMOE C
N3ny4YyeHMem AUCKpPETHbIX
uctoyHukos. MNMpegnonaraeTcs,
4YTO 3TO — U3NYyYEeHUe OYeHb
pas3pe>XeHHOro rops4yero
MeXXranakTU4YeCcKoro rasa,
3anonHswero sce
npocTpaHcTBO. Ecnun aTo Tak, To
no BenuduHe audcysHoro oHa
MOXXHO CyaAuTb O cpeaHen
nnoTHocTu BceneHHou wu,
cnepoBaTenbHO, O TOM, KakoB
Haw MUP — «3aMKHYTbIN» UNU
«Pa30MKHYTbIN», CMEHUTCH NN
Koraa-nubo Habniogaemoe
pacwupeHue BceneHHon cxkaTtuem.
Unun oHo 6yaeT npoaonXkaTtbca
6eCKOHEYHO ...

Ho, moxeT 6bITb, HPOH —23TO
CNMBLINECA BOEAUHO OYEHb
Aanekue u nNo oTAeNbHOCTU Noka
He pa3NMyuMble TOYeYHble
MCTOYHUKKN? Hanopobue Toro, kak
CBET Aanekux 3se3q CNuBaeTCA B
MSArkoe cusiHue MneyHoro nyTw ...
MoaToMy Teneckonbl
o6cepBaTopumn «CnekTp-PeHTrex-
Famma» 6yayT HanpasneHbl U Ha
«nycTble» obnactu Heba, rae
NPUCYTCTBYET TONMbKO (POH, C TeM
4TO6bI NPOBOAUTL NOACHETbI
cBepxcnabbix peHTreHOBCKUX
WUCTOYHUKOB.

BaxxHon 3apaden npoekta ctaHeT
N uccnepoBaHue TpPaH3UEHTHbIX
(nponagarowmx) peHTreHOBCKNUX
MCTOYHUKOB U ramMma-BCNIECKOB.
LLinpokun aHepreTudeckun
[AvanasoH, BbiCOKUe
YyBCTBUTENBHOCTb, CNEKTpasibHOe
W yrnosoe paspelueHue npnéopos
opbutanbHon ob6cepBaTopum
BblABUraloT «CnekTp-PeHTreH-
Mamma» B psg Haubonee
MHTEpEeCHbIX Hay4YHbIX
KOCMUYECKUX NPOEKTOB NepBom
nonosuHbl 90-x rr. B pamkax
CNOXXUBLUEUCA MexayHapoAHON
Koonepauuu B npoBegeHun



acTpodum3n4ecKux nccnegoBaHumn
¢ 60pTa KOCMUYECKUX annapaTos
3TOT NPOEKT CTaHeT, C O4HON
CTOPOHbI, B&XKHbIM AONONTHEHUEM
K NnaHMpyeMoMy 3anycky
o6cepsatopun ROSAT (PPl —
AHrnug), c gpyron —
Heo6Xx04MMbIM NOTUHECKUM
3BEHOM Npu nepexoae ot
npoekToB 80-X Ir. K Ype3BblHanHO
[OPOroCcTOAWMM NPOEKTaM KOoHLa
90-x rr.—XMM (Esponewckoro
KOCMUYeCKOoro areHtcrea), AXAD
(HaunoHanbHOro ynpasneHusi no
aspoHaBTuke CLLUA). MNMpoekTt
XMM, Hanpumep,
npegycMmatpvBaeT yCTaHOBKY Ha
60pTy KOCMUYECKOro annapara
YyeTbipex pPeHTreHOBCKUX
TeNecKonoB «KOCOro nageHwnsa» —
BeAb PEHTIEeHOBCKWE Ny4u Henb3s
cdokycupoBaTb, Kak CBeT, B
ONTUYECKUX Teneckonax, No3ToMy
UX NOCTENEHHO «CBOASAT» C
NOMOLLbLIO BNOXKEHHbIX ApYr B
Apyra Konew— 3epkan. Kaxabin
13 Teneckonos bygeT COCTOATb U3
50 3epkan n umeTb (POKyCHoEe
paccTosiHue 7,5 m.

OAHWM 13 OCHOBHbIX
WMHCTPYMeHTOB o6cepBaTopum
«CnekTp-PeHTren-amma» ctaHeTr
COBETCKO-AaTCKuiA Teneckon-
KOHueHTpaTop XSPEST
(yctaHaBnuBaeTCs 8A40Nb rNaBHON
ocu ob6cepBaTopumn), B KOTOPOM
UCNoNb3yeTCs peHTreHoBCKas
onTUKa KOCOro nageHus no cxeme
KOHyC-KOHyc. CymmapHasi
nnowanb NOBEpXHOCTH
PEHTreHOBCKUX 3epKan AByX
VMAEHTUYHBIX TENEeCcKonos
coctaBuT 130 M2
YyBCTBUTENbHOCTb TENEcKona B
20 pa3s npesbiCUT
YyBCTBUTENbHOCTb annaparypbl,
KoTopas 6bina yctaHoBneHa Ha
amMepUKaHCKOM CnyTHUKe
«OUHWTENH>.

Teneckonbl NnaHupyeTcs
BbIBOAUTbL B KOCMOC B CJTOXXEHHOM
COCTOSiHUM U 3aTeM pacKpbiBaTb
ux Ha opbute. PokanbHoe
paccTosiHe TeneckKonos COCTaBuUT
8 M 1 ero MOXXHO 6yaeT U3MeHATb.
Yrnosoe paspelueHue 2’ .
PaspaboTka n narotosneHue
ONTUYECKOWN CTPYKTYpbl
Teneckona, BKO4ast MexaHu3m
packpbiTus, 6yayT BbINOMHATLCA
COBETCKUMU CneyuanucTamu.

CoBeTCKOn CTOPOHOM NPOBOAATCS
M BCe pacyeTbl TENMOBbIX U
MexaHU4eCKnUxX XxapakTepucTuk
Teneckona, a Takxe ero
UCNbITaHUA Ha COOTBETCTBUE
yCNnoBuAM 3KCnsyaTayum Ha 6opTy
KOCMMU4yeckoro annaparta. B
co3faHun Teneckona HaMepeHsl
NPUHATL y4HacTue Takxe
cneyuanuctel CLUA, ®uHnaHgum v
psifa Apyrux ctpaH. Tak, B
Yexo-Cnosakuu pa3pabartbiBaeTcs
cucteMa CMeHbl U TOYHOrO
HaBegeHNa (POKasTbHbIX
[eTeKTopoB Teneckona.

Ewe oauH Teneckon Kocoro
nageHus JET-X (Takxe
yCTaHaBNuBaeTCsa BAONb FNaBHON
ocu) nNpegHasHayeH A4nNs TOYHOW
nokanusayuu, CneKTpocKonun u
nocTpoeHus naobpaxeHunsa cnabbix
PEHTreHOBCKUX UCTOYHUKOB C
paspewexunem 10”. B cocTtas
Teneckona BoWAeT ONTUYECKUN
MOHUTOP C 3epKanioMm AuameTpoM
30 CM ¥ YyCTPONCTBOM C TaK
Ha3biBaemMon obpaTHOM 3apAaoBONA
CBA3bl0. ATO KPEMHUEBLIN
MUKPOKpUCTans, NOBEPXHOCTb
KOTOPOro COAEPXXUT COTHU TbiCAY
patuynkos. CeeT, cobupaembin u
ycunuBaeMbll 3epKasioM, nagaet
Ha HuUX u npeobpasyeTcs B
3NeKTpU4ecKune curHanbi,
Nponopy1oHanbHblie ero
WHTEHCUBHOCTK B 3TOW 4YacTu
n3o6paxkeHusi. PoTonNacTUHKMU,
KOTOpbie Bceraa 6binu
«CTaHAAPTHbLIM NPUNOXKEHUEM>» K
Ha3eMHbiM aCTPOHOMUYECKUM
Kamepam, perucTtpupoBanu TonbKo
CeMb U3 KaXXAOoW TbICAYMU
CBEeTOBbIX KBaHTOB. Mpunbop ¢
3apsAoBON CBA3LIO perncrpupyeT
700 13 KaXKAO0W ThICAYN KBAHTOB.
OnTuyeckomy MoHuTOpy 6yayT
[OCTYMHbI TbICSYM 3Be3f Ha
Kaxkgon nnowaake HabnogeHus
BNNOTb A0 3Be3a 20-n n gaxe
21-A BenNU4nHbI. DTO MOXET
obnerynTb ONTUYECKYHO
MAEHTUMDUKALUIO PEHTIEHOBCKUX
06BEKTOB M NO3BONUT CUHXPOHHO
uccnegoBaTbh UX NepPeMeHHOCTb B
PEHTreHOBCKOM U ONTUYECKOM
AnanasoHax.

Hap co3paHvem Teneckona JET-X
COBMeCTHO paboTatoT
cneynanucTbl AHrnuu, Utanum,
CCCP, ®©PI' n EBponewnckoro
KOCMUYECKOro areHTCcTBa.

OTu ABa rnasBHbIX UHCTPYMEHTa
obcepBaTopun AONOMHSAIOT Apyr
Apyra: CoBeTCKO-AaTCKui
Teneckon 6narogapsi OrpoMHON
cobupatouien nnowaanun sepkan
CMOXeT NpoBOAUTb AeTarnbHylo
CNEKTPOCKONUIO CpaBHUTESbHO
cnabbix UCTOYHUKOB, a Teneckon
JET-X, nmetowun BbicoKoe
yrnoBoe paspelweHue, AomKeH
AaTb pekopAHble pe3ynbTaTbl Npu
AnuTenbHbIX rny6okux ob63opax
He6a u npu HabnoaeHNAX
cBepxcnabbix 06bekToB. [TNaBHbIE
334241 3TUX UHCTPYMEHTOB
CBA3aHbl C BHEranakTu4eckown
acTpoOHOMMEN U KOCMONOruen.
Bponb rnasHon ocu obcepsaTopun
ycTaHaBNuBaeTCs U co3faBaeMbiv
COBETCKMMU yHEeHbIMU Teneckon C
Kogupytowen mackon (MAPT),
npegHa3Ha4yeHHbIn ANA
NOCTPOEHNA N306pa>KeHun 1
CNEKTPOCKONUN UCTOYHUKOB B
>KECTKOM PEHTreHOBCKOM
AnanasoHe. Ero yrnosoe
paspeweHne —7".

B koonepauuu cneuvanuctos
CCCP, 'epmaHum v

AHrnuu paspabarbiBaeTcs
Teneckon HOpManbHOro NageHus
EUVITA gnsa HabniogeHus
WUCTOYHUKOB B AnanasoHe
npeaenbHOro (3KCTpemanbHOro)
ynbTpauoneToBoro U3nydeHus u
uccnenoBaHMn 0gQHOPOAHOCTU
MeXx3BesaHon cpeabl. [iBa
WAEHTUYHbIX Teneckona
yCTaHaBNMBalTCA BAOMNb rNaBHOM
ocu obcepBaTopum, aBa—Ha
noBOPOTHOW nnaTtdgopme. Yrnosoe
paspelueHue Teneckona— 10".
Ha nosopoTHOM nnaTdgopme
NNaHWpPyeTCAa TakXXe pa3mecTUTb
ewe 0AuH COBETCKUI Teneckon ¢
Koaupyowen mackon APT-CI gns
NOCTPOEHUA U3obpaxkeHus n
CNEKTPOCKONUU APKUX
PEHTreHOBCKUX UCTOYHUKOB,
uccneaoBaHUs NPOTSXKEHHbIX
PEHTreHOBCKUX UCTOYHUKOB
(npocTpaHCTBEHHOE paspelleHne
Teneckona 7") v Yyexocnosaykun
Teneckon kocoro nageHus (FTMTA)
Ans HabnoaeHusa ApKUX
UCTOYHUKOB B CTaHAApPTHOM
PEHTreHOBCKOM AuanasoHe
(yrnosoe paspeweHue 20").

[Ona onpeaeneHus koopavHat
NOBOPOTHOW NNaT(OPMbI B
Bonrapuw nsrotasnusaeTcs

(2]
4]



3Be3gHbI AaTuUK, KOTOpPbIN
oaHoBpeMeHHO byaeTt
MCNoNb30BaTbCs ANA ONTUYECKUX
HabnioAeHUA PEHTreHOBCKMUX
WCTOYHUKOB.

AHanua n cnekTpocKonusa ramma-
BCMNNECKOB KOCMUYECKOro
npoucxoxaeHus éyayT
BbINOSIHATLCHA COBETCKUM
npu60pOM KOCMUHECKUX Framma-
scnneckos CIUH.
O6cepBaToputo «CnekTp-PeHTren-
Famma» nnaHupyeTcs BbiBECTU Ha
CUMbHO BbITAHYTYIO OpbuTy C
HaYanbHbIMK BbICOTaMu B nepuree
500—1000 kM 1 B anoree

200 TbIC. KM.
MpoponmxuTenbHOCTL paboyero
y4actka opbuTbl Npu 3TOM
coctasut 3—4 cyToK. B TeueHue
roga kocmudeckun annapart byget
NuWb ABaXXAbl BXOAUTbL B TEHb
3emnu He 6onee 4em Ha 3 u.

B cBfA3u co 3Ha4uTenbHbIM
oXuaaemoiM 06 HEMOM HayHHON
MHdopmMaLun u Heo6xoaUMOCTbLIO
npoBeAeHun 4NUTENbHbIX
nccneaoBaHU OCHOBHBLIM
pexxumom paboTbl Nnpubopos
CTaHyT aBTOHOMHble HabnogeHus
C perucrtpauven uHgopmayuu B
CO6CTBEHHBIX 3aNOMUHAIOLWMNX
ycTpoucTBax. B o4epegHom
ceaHCe CBA3W HaKOMNEHHas
wHdopmauua byaeT nepenaBaTbCs
Ha 3emnio
BbICOKOMH(POpMATUBHbLIM
paguokomnnexkcom. CpegHss
NPOAOMKUTENBbHOCTbL CeaHca
HabnaeHUA B TaKOM pexxume
COCTaBUT OAHU CYTKW. Yucno
ceaHcos B rog— 200—250.

B TeuyeHue paboyero ynkna
annapart cMoXeT HabniogaTtb BCO
HebecHylo cdepy. B kaxxgom
OTAeNIbHOM CeaHCe KOCMUYeCKUn
annapaT MOXeT aBTOMaTU4eCKu
no 3agaHHon nporpamme
nepecTpamBaTbCA Ha pasHble
VUHTepecyowWme y4eHbIX
UCTOYHUKMU.

MnaHupyeTcs, 4To opbuTtanbHas
o6cepBaTopus «CnekTp-PeHTreH-
Mamma» 6yaeT AaBaTb HECKONbKO
MUNMapAOB eAuHUL UHOopMayUn
eXxeaHeBHO. Ty UHpOpMaLUIO He
cMoxeT 06paboTaTb NOSTHOCTLIO
HW OAWH U3 BLIMUCUTENBHBIX
LEeHTPOB, HA OAHA U3 Hay4HbIX
rpynn. Beixog 1“3 nonoxeHus —s
NPUHATUN CUCTEMbI KOHKYPCHbIX
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3as8BOK Ha HabnwgeHus. 310
OTKpOEeT AOCTYN K y4acTuio B
npoekTe BCceM ob6cepBaTopusm,
MHCTUTYTaM U yHUBepcuTeTam
cTpaHbl. Mo ycnosusm
cornaweHun o CoTpyaHu4ecTBe
CoseTtckun Coto3 nonyuut
3HAYUTENbHYIO YacTb
HabnogaTenbHOro BpeMeHu
Kaxxaoro u3 npunéopos
o6cepBaTtopum «CnekTp-PeHTreH-
Mamma», n 31O Bpems 6yaeT
pacnpeaeneHo mexay
pasnuyYHbIMK rpynnamm
acTpoOHOMOB M (PU3UKOB Ha
KOHKYpPCHOW OCHOBe, KaK 3TO
umeno MecTo ansa obcepsatopum
«nHwTenH» (CLUA), cnyTHukoB
IUE n EXOSAT (EBponenckoe
KOCMUYeCKOe areHTCTBO), Kak 3TO
nnaHupyeTcs ANS KOCMUYECKOro
Teneckona umeHu Xabbna.
HoBbi aTan B pas3suTuM ramma-
aCTPOHOMWUW y4YeHble CBA3bIBAIOT C
BBEAEHWEM B 3KCMyaTayumio
€Camoro KpynHoro B Mmpe ramma-
Teneckona— «amma-1»,
npegHasHa4YeHHoro Ans
BHeaTMocdepHbIX HabnogeHun B
Avana3soHe 3Heprun 50—

5000 MaB. BmecTe ¢ coBeTCkumMuH
y4eHbIMU B €ro co3gaHuu
npuHUManu yyactue paHuyy3ckue
cneyunanucTbl. B coctas
KocMuyeckon obcepsaTtopum
BXOAAT TaKXXe TeneCKon MArkoro
ramMmma-usnyyeHus m
PEeHTreHOBCKUA Teneckon-
cnekTpomeTp. Monbckue
cneunanucTbl U3roToBunu ans
o6cepBaTopun 3BE34HbLIN AATHUK
«Tenessesga».

BknioyeHne ramma-guanasoHa B
KpYyr aCTPOHOMUYECKUX
Habn4eHnn, HECOMHEHHO,
nNpuvBeno K HOBOMY
Ka4eCTBEHHOMY CKauiKy B
NO3HaHWUK OKpY>Katowero Mupa.
OgHo U3 oTNUYKK ramma-
AuanasoHa OT Apyrux 4acteun
cnekTpa— 6onblian aHeprusi
ramMMma-KBaHTOB. A 3TO no3sonseT
uccnenoBaTb B3aUMOAENCTBUSA C
60NblUMM BblgENEHNEM 3HEPrumn B
Ka>XXA0M 3NneMeHTapHOM npouecce.
Takue npouyeccobl, NO-BUAUMOMY,
nexar B OCHOBe
«KU3HeAeATenbHOCTU» 3Be3[ U
sAep ranakTuk, NPOUCXOANAT Npu
3Be3/[HbiX BCMbIWKax U BO BpeMs
B3pbIBOB raflakTu4eckux sgep.

Famma-acTpoHOMUS faeT, Takum
06pa3oM, BO3MOXHOCTb 3arfisiHyTb
B MUP CaMbIX BbICOKUX 3HEprun,
«yBUAETb» U U3Y4UTb NPOLECCHI,
KOTOpble ynpasnsiioT MUPOM 3Be3[
M ranakTukK U B KOHEYHOM cyeTe
onpeaensiloT passuTue
BceneHHon.

Opyras npumedartenbHas
OCO6EHHOCTb ramma-usny4eHusa —
ero BbiCOKasi NpoHuKaoLas
cnocobHocTb. OHO He
NOABEPXXEHO BNUSIHUIO
3N1EeKTPOMarHUTHbIX Noneun u
pacnpocTpaHAeTCA NpaKTU4eCKu
NPAMONUHENHO.

MornoweHne no scem
HanpaBfieHUsM B CpeaHEM

He npeBbillaeT Jonen npoueHTa.
MeTaranakTvka npospadHa gns
Takoro nanydenwus. lNornowexHune
ramMMa-KBaHTOB CTaHOBMTCSH
CyWEeCTBEHHbIM NULLb AN OYeHb
yAaneHHbIx Yacten BceneHHown,
rae cpegHss NNOTHOCTL BeljecTBa
6onbuwe.

B ramma-nyyax gonmxHbl 6b1Tb
«BUAHbI» U Takne ocobble panoHbl
ManakTuku, Kak, Hanpumep, ee
LUEeHTP, CKpbITbin o6nakamu nbinu
¥ rasa, oKpy><atoLmmu
ranakTudeckoe s14po, U NOTOMy
HEeBUAUMOE B ONTUYECKUX Ny4ax.
Bbicokas npoHukaiowas
CNOCO6HOCTb perncTpupyemoro
ramMmma-usniy4yeHusi nossonseT
uccneaoBaTb MEX3BE3AHYIO U
MeXranakTuyeckylo cpeay, B TOM
yucne pacnpegeneHuve BewecTsa,
He nposBnsowero ceba B apyrux
AvanasoHax A4NIMH BOJSH; nony4aTtb
MHOpMaYMIO 0 SAEepHON U
3M1eKTPOHHOW KOMMOHEHTax
KOCMUYECKUX NyYen BbICOKMX
3Hepruin; ndy4aTb Npouecchl,
npoucxogsiyme B penaTUBUCTCKUX
aCTPOHOMMYECKUX obbekTax, a
Tak>Xe Npouecchbl HyKNeocuHTesa
npw B3pbiBax 3Be3[,; BECTU NOUCKKU
aHTuBelecTBa BO BceneHHon.

B teneckone «[amma-1» B
OoTnnyMe OT paHee
yCTaHaBNMBaBLUMXCA Ha
KOCMUYECKUX annaparax
npuMeHeHa WnpoKo3a3opHan
uckposasi kamepa. B otcekax
TakoW Kamepbl UCKpa ABUXeTCS
BAONb CneAa 4acTuubl, ecnu ee
TPaeKTOpUA OTKIOHEHa OT
BepTukanu 6onee 4yem Ha 20°.
370 yny4waeT nNpoCTPaHCTBEHHYIO



TOYHOCTb onpeaeneHus
KOOpAUHAT UCTOYHUKA N3NyYeHus,
YMEHbLUAET YUCNO NOXKHbIX
npo6oes, UCKaXatowmx KapTuHy
HabnioaeHus.

Tpekun 3apsi)XeHHbIX YacTuu,
NPOABUBLLMECH B BUAE UCKP B
3a30pax UCKpOBbIX Kamep,
duUKcupyloTCa ABYMSA
n3MepuTesbHbIMU
TeneBU3MOHHBIMU KaMepaMmu,
npocMaTpuBaloWnMn Yepes
Nnockue 3epkana 3a3opbl
MCKPOBbIX Kamep C ABYyX
nepneHANKYNApHbIX HanpasneHun.
Tenesu3noHHaa cuctema
n3mepsieT KoopauHaTbl UCKP C
paspeweHuem 0,15 MM Ha Tpex
YPOBHSIX MO BbICOTE KaXXA0ro U3
3a30poB M nNepenaeT 3TU AaHHbIe
B TENEMETPUYHECKYIO CUCTEMY.
Mpu HaszemHon 06paboTke
NOMYyYEHHbIX TeNemMeTPUHEeCKux
AaHHbIX OCYLLEeCTBNAETCS BTOPOW
3Tan pacno3HaBaHuUs ramma-
cobbITUA N onpeaensaloTcs
HanpasrneHue nponeTa,
KOOpAUHATbLl TOYKWU KOHBEpPCUU
ramMma-KBaHTa U ero 3Heprus.
Pacno3HaBaHue npon3BoauTcs No
XapaKTepHbiM ANsi raMMa-KBaHTa
BbICOKOW 3HEpPruv npusHakam
«KapTUHKKW» B 12-3a30pHON
UCKPOBOW Kamepe: B BEpXHUX
3a3opax UCKpbl OTCYTCTBYIOT, a
nocne oAHOro U3 3NEeKTPOA0B
HabNoAA0TCA TPEKU 3apAXKEHHbIX
yactuy. MNMpu aTom HabnogeHne
pacxogswencs U3 TO4Ku
KOHBEPCUN «BUNKU» 3NTEKTPOH-
NO3UTPOHHOW Napbl ABNSIETCA
Haubonee AOCTOBEPHbLIM
NpU3HaKOM perucTpayvm ramma-
KBaHTa.

HanpasneHue npuneTa ramma-
KBaHTa onpeaenseTcs no
HanpasneHuio 6ucceKTpucol yrna
ABWKEHUA pOXXAEHHOW UM napbi
yacTuy, a ero aHeprus—no
MHOrOKpaTHOMY pacCesHUIo
3M1eKTPOHOB U NO3UTPOHOB B
3NeKTpoAax UCKPOBbLIX Kamep U no
4ucny 4acTuy B 3N1EKTPOHHO-
¢oTOHHOM Kackapge,
pa3BuBLLUEMCA B CIOUCTON
(cBUHEY — CUMHTUNNATOP)
CTPYKTYp€E CUMHTUNNSLNOHHOIO
KanopumeTpa.

Bpemsi akTUBHOro cyLiecTBOBaHUSA
KocMmudeckon nabopatopuun Ha
opbuTte AOMKHO 6bITb HE MeHee

rona. bonbwon Habop
TEXHONOMNYECKUX U
KanubpoBOYHbIX AaHHbIX
nossonseT cneauTb 3a
COCTOSIHAEM CUCTEM Teneckona B
npouecce akcnepumernTa. C
noMoLLbio 98 TenekoMaHg MOXXeT
U3MEHATLCA nornka otéopa
cobbITun n coctae paboTarowmx
610KOB 3NEKTPOHUKN, YTO
obecneuymBaeT BbICOKYIO
XXN3HeneaTenbHOCTb Npubopa.
3HayuTenbHbIX ycnexoB, 0CO6eHHO
B nocnegHuve roabl, AocTUrNa u
paguoacTpoHomus. Mo rpy6bim
oueHKaMm, OHa gaeT ceroaHs
NPUMEPHO NOJTOBUHY
3KCnepuMeHTasbHbIX AaHHbIX O
«TanHax Heba». Bo MHOrom
MMeHHO 6narogapst 3TUM AaHHbIM
coBepliaeTcs nNoanMHHas
peBonioyMs B U3y4eHuu
BceneHHon. ACTpoduauku
paccHmMTbLIBAOT C NOMOLLbIO
paguoacTpoOHOMUU «yBUAETb» U
NOHATb, KOrAa n Kak
o6pa3oBanucb nepeble ranakTuKu,
nepsble 38e3A4bl U NepBble
nnaHeTHble CUCTEMbI; YTO cobown
npeAcTaBNAOT KBasapbl U sgpa
ranakTukK, CBA3aHbl /1N OHU C
6onbwKMK YepHbIMU Ablpamu;
KakoBbl BOO6LE OCHOBHbIE
CBOMUCTBA OKpYy>Katowero
NPOCTPaHCTBA, ero cpeaHss
NNOTHOCTb, 3BONIOLUUA, HAYMHAA
OT MOMeHTa bonbworo B3pbiBa.
HakoHel, He MeHee UHTepecHO
onpeaenuTb, eCTb Nn gpyrue
NPOCTPaHCTBA, CyWeCcTBEHHO
oTnuyarouwmecs no CBOUM
3aKOHOMEPHOCTSIM OT Hallero,
yBuaeTb U uccnegoBsatb gpyrue
nnaHeTHble CUCTEeMbI, OnNpeaennuTb
BEPOATHOCTb BO3HUKHOBEHUA
XXU3HWU B pasfiMyHbIX panoHax
BceneHHOW ¥ nonbiTaTbCs
06HapyXuTb Apyrune BHE3EeMHble
uuBunu3sayum.

PagnomeToabl faloT BO3MOXXHOCTb
uccnepoBaTb 06bEKTbI, OT
KOTOpbIX A0 3emnu n3-3a
60NbWOro Ux yaaneHus oxoaut
npegensHO Manoe Konu4ecTso
3HEprun U KOTopbie UMEIOT
HaCTONbKO HU3KYI0 Temnepartypy,
4TO UX U3Ny4eHue NpuxoanTcs
TONbKO Ha paguoananasoH.
OpaHako un3-3a 60nbLlon ANUHBI
paauoBONH paspeluarouan
CNOCO6HOCTL paauMoTeneckonos

He NpeBbIWaeT BO3MOXXHOCTEN
HEBOOPY>XEHHOro rnasa. Boixog
6bIn HanaeH B UccrneaoBaHum
U3ny4eHust KOCMUYECKMUX
06BEKTOB METOAOM aHanusa
WHTepdepeHUYMOHHON KapTUuHbI,
co3nasaemMon asymsi u 6onee
paguoTeneckonamu, C 3anucblo
MHOpMaLUN Ha MarHUTHbIX
NeHTax, KoTopbie 3aTeM
obpabartbiBatoTca Ha OBM ¢
ucnonb3oBaHWeM cBefeHun o
TeKyllen reomeTpum
WHTepdepomeTpa U KoopauHaT
paguoncTodHuka. Takaa cuctema
oKasanacb 3KBUBasSIEeHTHOW
paguoTeneckony ¢ AuameTpoMm
aHTEeHHbl, paBHbIM PaCCTOSIHUIO
MeXAy Teneckonamu.

Yxe anutenbHoe Bpems y4eHbiMU
UKW AH CCCP BegyTcst
WHTepdepomeTpuyeckme
paguoHabniogeHns saep
BHeranakTu4eCckux o6bekToB 1
pavioHoB 3Be3a006pa3oBaHus B
ManakTtuke. B aTux HabnoaeHnax
peanusyeTcs Hanbonblas
paspewatowjan cnocobHOCTb No
CpaBHEHUIO C ApYrMMU MeToAamMu
nccnenoBaHUn BO BCEX
AuanasoHax 351eKTpoOMarHUTHOro
cnekTtpa (go 0,0004"” Ha BOnHe
1,35 cm). B akcnepumeHTax
y4acTBylOT paguoobcepsaTopumn
CCCP, CLWIA, AscTtpanuu, ©PT,
Weeuyun. CosgaH nHtepcepomMeTp
¢ 6a3oinn EBnaTopus — Cumens —
MyuwmHo.

B UK AH CCCP BnepBble 6binu
nccnepoBaHbl YHUKanNbHble
BO3MO>XHOCTW NEePCneKTUBHbIX
BHeaTMOC(EepHbIX
acTpPOHOMUYECKUX HabnoaeHun,
CBsi3aHHble C CO34aHUeM KpYnHbIX
paguoTeneckonoB B KOCMOCE U
pasHeceHneM UX Ha paccTosiHUSA,
HaMHOro npeBbilalowme gnameTp
3emnn. 310 NO3BOMUT HA MHOrO
NOPAAKOB YBENUYUTL UX
4yBCTBUTENBLHOCTb U yrnosoe
pa3peweHue. MNepBbiA wWar B 3TOM
HanpasneHun 6bin caenaH B
1979 r., Korga no uHuynaTuee u c
y4qactneM UHCTUTYTa Ha cTaHuum
«CanioT-6» 6bin1 pa3BepHyT
KOCMUYecKun paguoTteneckon C
aHTeHHou guameTpom 10 M (KPT-
10).

BepeTtcs pa3spaboTka HOBbIX
UHCTpyMeHTOB. OguH u3
6nuxanwmx NpoeKToB, Hag,
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KOTOpbIM paboTaloT yyeHble,
npeacTtasnsieT coboun
[ONroBpeMeHHyo nporpammy
uccnegoBaHWn B KOCcMoce,
BKJ1IO4AIOLLYIO CEepUIo
3KCNEepPUMEHTOB MO CO34aHuI0
Ha3eMHO-KOCMUYECKUX
pPaanoacTPOHOMUYECKUX
Komnnekcos. B cepeguHe 90-x
rofoB NnaHMpyeTCs OCyLeCTBUTb
nepsbin 3Tan npoekrTa—
peanu3oBaTb Ha3eMHO-
KOCMWYECKUA
pagvouHTepcdepomeTp
CaHTUMETPOBOro AuanasoHa
paguoBonH («PaguoacTtpoH-CM»).
PapguounTtepdepomeTp 6yaeT
COCTOATb U3 KOCMUYECKOro
paguoteneckona gnametpom 10 m,
paboTatowero B 4eTbipex
AuanasoHax AnvH BonH: 92; 18; 6
n 1,35 cMm n MexxgyHapoaHOM ceTu
Ha3eMHbIX paanuoTeNnecKonos.
Kocmuyeckun paguoTteneckon
yCTaHaBnmMBaeTCs Ha 60pTy
aBTOMaTU4eCcKoro annapara
«CnekTp», ABMXYyLlEerocsa no
opbuTe UCKYCCTBEHHOrO CNyTHUKA
3emnu ¢ nepuogom obpatyeHusn
OAHN CYTKWU U HanbonbLwum
yaaneHuem ot 3emnu 70 ThbiC. KM.
Mo paspelsatouien cnocobHOCTH
Takasa cucrtema byaer
3KBUBANEHTHA MMraHTCKOMY
paguoTeneckony ¢ gnameTpoM
aHTEeHHbl HECKONbKO [EeCATKOB
TbICAY KWTOMEpPOB.
HaseMHo-kKoCMUYeckun
pagwouHTepdepomeTp
«PaguoacTtpoH-CM»
npegHasHadYeH Ansa uccnepoBaHun
C BbICOKMM YrNoBbIM
paspelleHnemM CTPYKTYpPbl MOLYHbIX
KOMMAaKTHbIX UCTOYHUKOB
paguousnyyeHus: sagep akTUBHbIX
ranakTuK U KBasapos;
ranakTu4ecKux pensiTuBUCTCKUX
06bekTOB (NynbCcapos,
OKPECTHOCTEN YepHbIX Ablp),
KOCMUYEeCKUX MasepoB B 06nacTsax
obpa3osaHuA 38e34 U NNaHEeTHbIX
CUCTEM, LeHTpa Hallen
ranakTukw.

PaspaboTka npoekTa
«PagnoacTpoH» 6bina Ha4aTa B
UKW, a c cepeguHbl 1990 r.
npogonmxaetca B Pusnyeckom
nHcTuTyTe AH CCCP.

MoxXxHO oxugaTtb, 4TO nocne
«PaguoacTtpoHa» B KOocMoce
NOABATCA Lenble CUCTEMbI U3
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MHOruMx pagnoTenecKonos,
nossonsiouue uccrnenoBaTtb
acTpoHOMU4Yeckue o6bEKThI,
nony4aTb AeTalbHble UX
n3obpaxkeHusi, onpegensitb
KOOpAuHaTbl C O4EHb BbICOKOW
TOYHOCTLIO. NosBuUTCSA
BO3MOXXHOCTb NPAMbIMU METO4aMu
U3MepATb PacCTosHUA A0
yAaneHHbiX 06beKToB, U3y4aTb UX
Aswxenne. Co3aaHne Takux
cucteMm, BUAUMO, CTaHeT
BO3MOXXHbIM Y>Xe B Ha4ane
cnepytoulero seka.

Bonbwon nHTepec npeacraBnsieT
W NPOAOIMKEHNe nccnefoBaHUn
KpynHoMacwTabHon aHu3oTponuu
PENUKTOBOrO U3Ny4YeHus, HayaTbiX
B 3KcnepumeHTe «PenukT-1» Ha
60pTy cnyTHUKa «MporHo3-9».
YyeHble MK AH CCCP rotossaT
HOBbIA NPOEKT — «PennkT-2»,
CyujeCTBEHHOW O0COHEHHOCTLIO
KOTOpPOro CTaHeT oxnaxaeHwe
NPUEeMHUKA U3NYHEeHUA U aHTEHHbI,
YTO NO3BOJSIUT NOBLICUTL
YyBCTBUTENbHOCTL annapartypbl
euje B 3—4 pasa no cpaBHEHUIO C
AOCTUTHYTOM B NpoeKTe «PenukT-
1». YCTPONCTBO OXNnaxneHus
npeactasnseT cobon
TpexcTyneH4yaTbini u3ny4aiowmm
paguomeTp C TemnepaTtypamm
ctyneHen 250, 150 n 100 K.
KocMmuyeckuin annapat
nnaHupyeTCcAa BbiIBECTU B
OKPECTHOCTU TOYKMK nnubpayun L ,.
B npoekTe npegnonaraetcs
nccnepoBaTtb KpynHoMacwTabHble
M 4aCTUYHO cpegHemacwTabHble
noKTyaymm penmkToBoro
n3nyyeHus.

B akcnepumeHTe «AanuTta»,
nNaHUPyeMOM Ha cepeauHy

90-x rogos, oxnaxageHuve
annapaTtypbl 6yaeT
obecne4nBaTbCA yXXe He
paguaumnoHHbiM Cnocobom, a
cneuvanbHOW KpUOreHHOU
CUCTEMOW — XXUAKUM HEOHOM U
CBEpPXTEeKy4YUM renvem, a gns
rnybokooxnaxgaembix
6onoMeTpoB — LUKINYHECKU
pab6oTatowmm aacopOLUUOHHBIM
KPUOreHHbIM pedpurKxepaTopoM.
YyBCTBUTENBHOCTb annapartypbl
npu 3TOM AOCTUraeT NpUMepHO
10 ~®* K. Oxungaemoe Bpems
paboTbl KPMOreHHOW CUCTEMBI,
cornacHo pac4yetam, 3—4 ropaa.
Ha cnyTHuke 6yayT yCcTaHOBMEHbI

Teneckon anamMeTpom 1 M
(paspabaTbiBaeTCA BapuaHT
Teneckona guameTpom 3 M) C
¢okanbHbIMK Npubopamu
AvanasoHa 2 Mm— 300 MKM, a
Tak)xe Hebonblme Teneckonbl
MWINIUMETPOBbLIX BOMH.

Momumo nccneposaHusn
PEnNUKTOBOrO U3Ny4YeHuss Takomy
annapaTypHOMYy kKomnsiekcy 6yayt
BOCTYMHbLI U acTpouanyeckue
HabnoaeHns MHOTUX ANCKPETHbIX
WCTOYHUKOB U3NyYeHWn B
NpPakTU4eCKn HenccnegoBaHHbIX
CcybMuUNIMMeTpoBOM U
KOPOTKOBOSTHOBOM
MUNIUMETPOBOM AuanasoHax. B
4aCTHOCTW, NblNeBoe BewecTBo
ranakTukK u3nyyaet, rnaBHbIM
obpa3om, Ha cybMHUNIMMETpPOBbIX
BonHax. Pasnuuua mexxay
pPagvospKUMKU U
pPaanoCnoKOMHbLIMA KBa3apamu
Takxe cnegyet UckaTb B 3TOM
AvanasoHe.

BMecTe c coBeTCKUMU y4eHbIMU B
3TOM NpoeKTe NpuHUMaloT
y4acTtue ux konneru u3 Utanun.

At the same time other
theoretical studies are also
performed in the field of
contemporary astrophysics such
as cosmology, physics of black
holes, extra-galaxy astronomy,
neutron stars, quasars,
processes of formation of stars
and planetary systems, their
evolution, evolution of galaxies
and their nuclei and a lot of
other important problems.
Research and development of
extra-atmospheric astronomy
had been performed on three
basic trends. Telescopes
mounted on manned
spacecraft—stations Salyut and
spaceships Soyuz—were used
for astronomic observations.
Astronomic devices were part of
the sets of instrumentation of
automatically piloted multi-
purpose spaceships such as
earth artificial satellites
(sputniks) of the series Cosmos,
Prognoz, AMS Venera. And then
in recent years specialized
spaceships have started to be
developed for astronomic
studies. The first of them was



the Astron satellite.

By means of astronomic devices
mounted on board the Salyut
station observations were carried
out in the ultra-violet and
gamma ranges. On board

Salyut 4 a set of X-ray
telescopes was employed that
included a mirror X-ray
telescope (range of energies
from 0.2 to 0.28 keV) and
telescope Filin with slot
collimators (range of energies
from 0.2 to 10 keV). The grazing-
incidence telescope had a focal
distance of 624 mm, and a
diameter of the input aperture of
197 mm.

During two expeditions on board
the Salyut 4 orbit station with
the aid of the telescope Filin
surveys of many X-ray sources
such as Cygnus X-1, Hercules X-
1, Circinus X-1, X-ray Nova
A0620-00 and others were
conducted. Interesting
information was obtained about
their properties.

A new range of wavelengths had
been studied on the Salyut 6
orbit station where a
submillimeter telescope with a
mirror of a 1500 mm diameter
had been installed. During the
flight of that station a SRT-10
(space radio telescope with a
10-meter aerial) radio telescope
was delivered to the station in
the form of separate blocks and
joints. The work with the
telescope started with
adjustment of the aerial and
determination of its directional
pattern, and then a series of
planned investigations was
carried out. They included also
observations of Pulsar 0329+054
and a survey of a part of the
Mulky Way (Galaxy).

An extensive programme of
astrophysical experiments was
carried out on board the

Salyut 7 orbital station. One of
the chief research instruments of
the station was a large X-ray
telescope for surveys in the
range of energies of 2 to 30 keV
with gas proportional meters of
a total square area of 3000 cm?2
The field of vision of slot
collimators of the telescope was

3x3°. For a seance of
observations of 1000 s duration
the telescope was able to detect
a source with an energy flux a
few thousand times less than
that emitted by the Crab nebula.
The detection of a powerful
burst of X-ray radiation of active
Galaxy NLC4151 is among the
results of the investigations
carried out.

Another astronomic device
installed on board the Salyut 7
station — gamma-telescope
Helena—was intended to
measure background radiation
of the spacecraft structure. The
data it helped obtain are
important for arranging
experiments with large gamma
telescopes.

A profound programme of
observations of bursts of space
gamma radiation was conducted
by means of devices mounted on
automatic interplanetary stations
of the Venera series and
Prognoz satellites. The goal of
the experiments in which French
research workers also
collaborated, was to determine
the exact coordinates of gamma-
bursts by the method of
measuring the time of the signal
entering each of the spaceships
being at a distance in space (the
method of triangulation). For
that purpose besides Venera
and Prognoz spaceships the
USA and FRG spaceships were
used either. Co-ordinates of
hundreds of gamma bursts were
determined with a precision of a
few angular minutes, and in one
case to five seconds of arc.
Spectra of gamma bursts as well
as their time profiles were
measured. Basing on the results
of that experiment two
catalogues of co-ordinates of
spectra and profiles of gamma-
bursts were issued. The splash
itself is, apparently, a result of
an explosion on the neutron star
surface.

Among other results of
extraatmospheric astronomic
surveys it is worth noting the
investigation of the radiation
spectrum of the interplanetary
medium in the ultraviolet range

which made it possible to detect
the motion of the Solar system
with regard to interstellar gas
and to determine some physical
parameters of the near-the-Sun
space: density of hydrogen and
helium atoms, their temperature
and speed of movement as
regards the Sun.

The experiments on board the
Prognoz satellites and the
Venera stations in which French
research workers participated
either have yielded a survey of
the sky in lines of hydrogen
(A1216A) and helium (A584A) with
an angular resolution of two
degrees. The utilization of an
original procedure with
application of absorbing
hydrogen vessels provided an
opportunity to measure the
width of the hydrogen line
which, in its turn, made it
feasible to find temperatures of
interstellar atoms of hydrogen
flying through the Solar system.
To interprete the data obtained a
theoretical model of motion of
the Solar system through the
interstellar medium has been
developed at the Institute.
Creation of spaceships specially
intended to carry out space
surveys makes it possible to
effectively use complicated
modern sets of scientific
instrumentation. Several large
telescopes working in adjacent
ranges can be installed
simultaneously on board such
ships. This provides for a more
complete picture of processes
occurring in space radiation
sources. Besides, specialized
observatories-satellites provide
an opportunity to fulfil regular
long-term surveys during a few
years.

The first Soviet specialized
astronomic satellites Astron

was injected into a high-apogee
orbit in March, 1983. It was
intended to conduct
astrophysical studies in the
domain of distant ultra-violet and
X-ray radiation of medium
energies. The set of scientific
instrumentation of the space
observatory included a large
X-ray telescope-spectrometer
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with sensitive detectors of
around 2000 cm?in area
developed by scholars and
research workers of the Space
Research Institute of the USSR
Academy of Sciences (jointly
with other institutions). Precision
of guidance and stabilization of
the observatory in carrying out
X-ray observations was 2—3' .
If at the orbital station Salyut 7
observations could be
conducted during seconds only,
at the Astron it could be
performed during almost 3
hours. That made it possible to
define the basic goals of the
experiment—the obtaining of
spectra and detailed
investigation of individual
sources of X-ray radiation

(15 pulsars, remnants of Super
Nova compact relativistic objects
in close binary systems, active
galaxies, etc. included). Among
the results obtained it is worth
noting the discovery of the effect
of “switching off” of the source
Hercules X-1, ascertainment of
the upper boundaries of fluxes
from the Super Nova in galaxy
M83. Observations of a “rapid
burster” were conducted
repeatedly and impulses of
various duration and shape were
observed. A new type of
splashes was discovered. When
a “rapid burster” was covered
with the Moon there was
discovered a constant flow of
X-ray radiation coming off it. The
Astron satellite had been
working successfully in orbit for
more than five and a half years.
In the summer of 1983 an
artificial earth satellite Prognoz 9
was injected into a high-apogee
orbit. It was intended for
astrophysical investigations. The
main device of the scientific
instrumentation set of the
satellite was a highly sensitive
radiometer Relict intended for
studying angular fluctuations of
brightness of the background
“3-degree” radio-radiation at a
wavelenght of 8 mm.

Nowadays search for
fluctuations of temperatures of
relict radiation turned into a type
of fundamental experiment,

since such fluctuations carry
direct information about the
most important history stages of
the development of the Universe
beginning from the earliest
super-dense and hot stage of its
evolution near the cosmological
singularity and finishing with the
present moment; about physical
properties of the substance
filling the Universe (the dark
non-fluorescent substance
included); about the moment of
formation of gravitationally
linked objects in the Universe
and properties of those objects.
Observations of relict radiation
were carried out initially from
the Earth’s surface. The quality
of the results was influenced by
essential absorption and
overradiation of a microwave
radio radiation of the
atmosphere. In the Relict
experiment orbital technique
was first used to study large-
scale anisotropy of background
radiation. The “pure” time of
observations was half a year.
Besides they managed to
achieve very high sensitivity of
the telescope —it could
distinguish two points on the
celestial sphere with a difference
of temperatures of merely ten
thousandth fractions of degree.
A radio brightness map of the
most part of the celestial sphere
with an angular resolution of 5.8°
was developed, parameters of
these dipole component of the
anisotropy were taken into
account. For models with
Academician Ya. B. Zeldovich’s
spectrum for first density
fluctuations of the substance the
upper limit of the quadrupole
component was ascertained
which appeared to be much
lower than the threshold
determined by foreign
researchers.

The results of the Relict
experiment opened up new
vistas in tackling the most
interesting cosmological
problems related to the structure
and evolution of the Universe
and to the formation of galaxies
as well.

On March 31, 1987 the Kvant

module was launched into
space. After the module docked
with the Mir complex a new
space observatory Roentgen
started working in orbit making
it possible to investigate sources
within the widest range of
energies (2—1300 keV). It
contained four X-ray telescopes
intended for tackling principally
new problems of astrophysics of
high energies. The largest
among them is Pulsar X-1
developed at the SRI of the
USSR Academy of Sciences
jointly with scholars of a number
of other scientific institutions of
the country. The telescope has
an effective square area of
detecting devices as much as

6 times that of the American
X-ray satellite-observatory

HEAO 3.

Another device—a telescope
with a shading mask —was
developed jointly with the Space
Research Laboratory of the
Utrech University and University
of Birmingham (the United
Kingdom). One more
telescope — spectrometer

Siren 2 was developed in the
Space Astrophysics Division of
the European Space Agency.
And last, the device of West
German scholars— Hekse
intended for work in high energy
domain was created by the
Institute of extra-atmospheric
physics of the M. Planck Society
and Tubengen University. The
specific feature of the device is
the Foswich type detector.

A few thousand observations
were carried out with the aid of
the observatory and very serious
scientific results were arrived at.
It goes without saying, the
studies of the Supernova star
that flashed at the end of
February, 1987 in Great Magellan
Cloud are of the greatest
interest.

The fluorescent shell formed
during the burst of the star was
so dense at first that it did not
allow fluxes of X-ray and gamma
radiation outside and so the
radiation energy is lost as if
“stucking” in it. But since the
shell was flying to bits at a



tremendous speed, it was
becoming gradually more
“transparent”. As a result, on
August 10, 1987 a hard X-ray
radiation was recorded by the
Roentgen observatory.
Radiation of such an origin
having an anomalously stiff
spectrum has never been
observed before by astronomers.
By all means the radiation was a
result of radioactive decays of
cobalt nuclei transmitting into
iron. Nuclear gamma radiation
suffers scores and hundreds of
dispersion in the shell,
decreases its energy and comes
to the Earth in the form of a
continuous X-ray flux with an
extremely hard spectrum.

The radiation flux from the
Supernova was increasing slowly
and steadily. The growth
continued even when 98% of
cobalt had broken down. The
fact can be attributed merely to
rapid “clearing” of the shell.
The main goal of the continued
observations of the Supernova
Star was a search for an X-ray
pulsar—rapidly rotating
magnetized neutron star born as
a result of destruction of a blue
supergiant in a neighbouring
galaxy.

It should be noted that a hard
X-ray radiation observed by the
Roentgen observatory had a
fast-changing component with a
characteristic time of variation of
a few days. At the same time
another variability was observed
in a softer range by the
Japanese GINGA satellite. A
different time behaviour of
radiation testifies to its different
nature in various energy ranges.
Among other objects of
observation by the Roentgen
observatory are quasar 3C 273;
the X-ray pulsar Hercules X-1;
the known “candidate to black
holes” Cygnus X-1; the source
emanating gamma rays of super-
high energies Cygnus X-3; a
transient source Cepheus X-4
and many other objects.

One more orbital observatory —
Granat had been planned as a
complex of instrumentation for
carrying out detailed

investigations in a wide range of
energies from 3 to 2000 keV. For
comparison, the American
satellite observatory Einstein
which yielded a lot of “latest
news” (often quite unexpected),
could work only in the mild
range of energies of 0.1 to

3 keV.

The basis of the instrumentation
complex of the Granat
observatory are telescopes ART-
P and Sigma.

The X-ray telescope ART-P
developed by scholars of the SRI
of the USSR AS jointly with
other institutions, consists of
four identical modules with
parallel optical axes. Each
module has a coding mask and
16 repeated patterns (41 out of
43 elements), a collimator with a
vision field of 1.9 by 1.8°, a
position-sensitive detector,
electronics blocks.

The Soviet-French telescope
Sigma with a high sensitivity
provides an opportunity to draw
maps of the celestial sphere with
a high angular resolution within
the energy range of 50 keV —

2 MeV. The system of obtaining
images consists of a coding
mask of 29x53 elements based
on a pseudo-random table of
29x31 elements and a position-
sensitive detector. The effective
square area of the detector is
800 cm?2 The telescope with a
vision field of 4.2x4.25° makes it
possible to draw images of
sources with an angular
resolution of 16’ . It is supposed
that during the experiment the
Sigma telescope will be able to
observe more than 100 galactic
and extragalactic sources.

One more X-ray telescope —
ART-S —consists of two couples
of detecting devices. Each
couple, thanks to a rocking
collimator, observes in turns the
source and the background. The
energy range of the telescope is
3—150 keV.

Specific features of the orbit of
the Granat satellite observatory
and capacious memory provide
an opportunity to fulfil
observations for 24 hours. This,
together with a large area of

detectors, makes the observatory
a record one in sensitivity.
Granat is the greatest
purposeful project on
investigating gamma bursts. The
major feature of the experiment
is the mounting of the
instrumentation on a turntable.
That provides an opportunity just
in seconds to sight the
instruments on gamma bursts
making it possible to obtain its
detailed spectra and to follow
the development of the event in
time. The utilization of detectors
with narrow fields of vision and
aligned optical axes provides an
accurate (up to angular minutes)
location of sources of gamma
bursts.

Great hopes in coping with
perspective problems of extra-
atmospheric astronomy are set
on the project Spectr-Roentgen-
Gamma planned for the
beginning of the 90s.
Implementation of the project
will provide for an essential
advance towards better
understanding of properties of
various classes of astronomic
objects, ascertainment of the
nature of many still not quite
clear physical phenomena
observed in the Universe.
Devices of the new orbital
observatory must provide for
unique information on galactic
sources of X-ray radiation (black
holes and neutron stars in binary
star systems, remnants of flares
of Supernovae, hot interstellar
gas), supermassive black holes
(their masses are as much as
millions or even billions times
that of the Sun) in nuclei of
active galaxies, intergalactic gas
in accumulations of galaxies,
X-ray radiation of regular
galaxies. The huge square area
of mirrors of the X-ray
telescopes mounted on board
the observatory, the widest
energy range, the ability of
drawing up X-ray images with a
high resolution and of doing
X-ray spectroscopy open up
unique possibilities of utilizing
the observatory for tackling
cosmological problems.

It will be feasible to search for



the most distant X-ray quasars-
these particularly bright
formations, each of which in
terms of radiation is on par with
a whole galaxy of hundreds
billions stars. Brightness of X-ray
radiation of one of such quasars
(OX-169) merely for three hours
changes as much as twice. Thus,
in terms of the dimensions it is
not bigger than the Solar
system, it is even approximately
half of it. The heaviest black hole
of similar dimensions would
have a mass of about 200 million
suns. Then how to explain an
enormous energy output of
quasars?

The observatory will be able to
observe hundreds thousands of
superweak X-ray sources being
near the boundary of the
Universe under observation.
Their detailed studying will shed
additional light on the problem
of a diffuse X-ray background.
The thing is that the sky in the
X-ray range does not look dark.
There is a background
“smeared” radiation compared
with the radiation of discrete
sources. It is supposed that it is
a radiation of a very rarefied hot
intergalactic gas that filled the
whole space. If it is correct, then
the magnitude of the diffuse
background will help judge the
average density of the Universe,
and, consequently, whether our
world is “closed” or “open”,
whether the observed expansion
of the Universe will be replaced
by compression, or it will
continue infinitely...

But, may not the background be
point sources, very distant and
not discernable yet separately,
merged in a whole? Similar to
that when light of remote stars
merges into mild shine of the
Milky Way ... Telescopes of the
Spectr-Roentgen-Gamma
observatory will, therefore, be
directed at “blank” areas of the
sky either, where there is the
background only, so that to
calculate superweak X-ray
sources.

Investigation of transient
(disappearing) X-ray sources and
gamma-bursts will be another
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important goal of the project.
The wide energy range, high
sensitivity, spectral- and angular
resolution of the orbital
observatory devices place the
Spectr-Roentgen-Gamma among
the most interesting scientific
space projects of the first half of
the 90s. Within the framework of
the existing international co-
operation in carrying out
astrophysical research on board
space vehicles the project will
become, on the one hand, a
serious supplement to the being
planned launching of the ROSAT
observatory (the FRG-the UK), on
the other hand, it will become a
necessary logical link in transfer
from projects of the 80s to
highly expensive projects of the
end of the 90s — XMM (European
Space Agency), AHAF (the
U.S.NASA). The XMM project, for
instance, envisages the
mounting of four X-ray
telescopes of “grazing
incidence” on board the space
vehicle since X-rays cannot be
brought in focus as light in
optical telescopes, therefore,
they are gradually brought
together with the help of rings—
mirrors put into one another.
Each of the telescopes will
consist of 50 mirrors and will
have a focal distance of 7.5 m.
One of the main instruments of
the Spectr-Roentgen-Gamma
observatory will be the Soviet-
Danish telescope —concentrator
XSPEST (it is mounted along the
main axis of the observatory),
which makes use of X-ray optics
of grazing incidence by the
cone-cone diagram. The total
area of the surface of the X-ray
mirrors of two identical
telescopes will be 130 m2 The
sensitivity of the telescope will
be as much as 20 times that of
the American satellite Einstein.
Telescopes are planned to be
taken into space folded and then
when in orbit they are opened.
The focal distance of the
telescopes will be 8 m and it will
be able to change. The angular
resolution is 2’ .

The optical structure of the
telescope as well as the

mechanism of opening will be
developed and manufactured by
Soviet specialists. All
calculations of thermal and
mechanical properties of the
telescope as well as its testing
for fitting the operation
conditions on board the
spacecraft will be done by the
Soviet Side. Specialists from the
USA, Finland and from some
other countries are also going to
take part in developing the
telescope. Thus, in
Czechoslovakia a system of
change and precise guidance of
focal detectors of the telescope
is being developed.

One more telescope of grazing
incidence JET-X (it is also
installed along the main axis) is
designed for accurate location,
spectroscopy and drawing up
weak X-ray sources with a
resolution of 10”. The telescope
will include an optical monitor
with a mirror of 30 cm diameter
and a device with the so-called
charge feedback. This a silicone
microcrystall whose surface
contains thousands of sensors.
Light accumulated and amplified
by the mirror is incident on them
and is converted then into
electrical signals proportional to
its intensity in this area of the
image. Photoplates that always
were a “standard supplement” to
ground-based astronomic
chambers recorded only seven
out of each thousand of light
quanta. A device with charge
feedback records 700 of each
thousand of quanta.

The optical monitor will be able
to observe thousands of stars on
each platform of observation up
to stars of 20-th and even 21-st
magnitude. This can promote
optical identification of X-ray
objects and will make it feasible
to simultaneously investigate
their variability in X-ray and
optical ranges.

Specialists of the United
Kingdom, Italy, the USSR, the
FRG and the European Space
Agency are working jointly at
developing the telescope JET-X.
These two chief instruments of
the observatory supplement each



other: the Soviet-Danish
telescope, owing to the huge
accumulating area of the mirrors
will be able to perform detailed
spectroscopy of comparatively
weak sources, and the telescope
JET-X, having a high angular
resolution, must yield record
results in long-term deep surveys
of the sky and in observations of
superweak objects. The major
goals of these instruments are
related to extra-galactic
astronomy and cosmology.

The telescope with a coding
mask (MART) developed by the
Soviet scientists is assembled
also along the main axis of the
observatory, it is designed for
drawing up images and
spectroscopy of sources in a
rigid X-ray range. Its angular
resolution is 7".

The telescope of regular
incidence EUVITA is being
developed in co-operation by
specialists of the USSR, the
Germany and the United
Kingdom to observe sources

in the range of ultimate (extreme)
ultraviolet radiation and

to investigate homogeneities

of the interstellar medium.

Two identical telescopes are
mounted along the main axis

of the observatory, two others
—on a turntable. The angular
resolution of a telescope is 10" .
It is planned to place on the
turntable one more Soviet
telescope with a coding mask
ART-SP for drawing up images
and for spectroscopy of bright
X-ray sources, for investigating
extended X-ray sources (spatial
resolution of the telescope is 7")
and a Czechoslovakian telescope
of grazing incidence (GITA) to
observe bright sources in a
standard X-ray range (angular
resolution is 20").

To ascertain the co-ordinates of
the turntable a stellar sensor is
being manufactured in Bulgaria,
it will be used also for optical
observations of X-ray sources.
The analysis and spectroscopy
of gamma-bursts of space origin
will be done by the Soviet-made
device SPIN for space gamma-
bursts.

The observatory Spectr-
Roentgen-Gamma is planned to
be launched to a strongly
extended orbit with initial
altitudes at perigee of 500—
1000 km and at apogee of

200 thou. km. The period of the
working part of the orbit will be
3—4 days. During the year the
space vehicle will enter the
Earth’s shadow only twice for
not more than 3 h.

Due to an essential amount of
information expected and the
necessity for conducting long-
term investigations the devices
will be used mainly for
independent observations with
information being recorded in
their own storage. Accumulated
information will be transmitted
to the Earth by a highly
informative radio complex
during the near communication
period. A mean period of
observation under such
conditions of work will be one
day. The number of periods of
observation per year is
200—250.

During the working cycle the
observatory will be able to
observe the whole celestial
sphere. In each individual period
of observation the spacecraft will
shift over to various scientifically
interesting sources automatically
according to a special
programme.

It is planned that the orbital
observatory Spectr-Roentgen-
Gamma will yield a few milliards
of information units daily. This
information cannot be processed
by any computer centre or by
any scientific group. The way out
of the situation is in assuming a
system of competitive
applications for observations.
This will open access to
participation in the project to all
observatories, institutes and
Universities of the country.
According to the conditions of
the Agreements on co-operation
the Soviet Union will have at its
disposal a considerable part of
observation time of each of the
devices of the observatory
Spectr-Roentgen-Gamma, and
the time will be distributed

between different groups of
astronomers and physicists on a
competitive basis as it happened
in the case of the observatory
Einstein (the USA), the satellites
IVE and EXOSAT (the European
Space Agency) and as it is
planned for the Hubble space
telescope.

A new stage in the development
of gamma-astronomy scholars
relate to the commissioning of
the world largest gamma-
telescope— Gamma 1 intended
for extra-atmospheric
observations within the energy
range of 50—5000 MeV. French
scientists took part in its
development jointly with Soviet
scientists. The space observatory
involves also a telescope of soft
gamma-radiation and an X-ray
telescope-spectrometer. Polish
specialists manufactured a
stellar sensor Telezvezda.

The fact that astronomic
observations involve also
gamma-range leads to a
qualitative leap in the knowledge
of the world. One of the specific
features of the gamma-range as
compared with other parts of the
spectrum is great energy of
gamma-quanta. This makes it
possible to investigate
interaction with great emanation
of energy in each elementary
process. Such processes are,
evidently, the basis of “vital
activity” of stars and galactic
nuclei, and they occur in stellar
bursts and during bursts of
galactic nuclei. Gamma-
astronomy gives, therefore, an
opportunity to have an insight
into highest energies, “to see”
and study the processes which
govern the world of stars and
galaxies and, eventually,
determine the development of
the Universe.

Another noteworthy feature of
gamma-radiation is its
propagation ability. It is not
subject to the influence of
electromagnetic fields and
propagates practically
rectilinearly. Absorption in all
directions on the average does
not exceed fractions of percent.
Absorption of gamma-quanta
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becomes significant only for very
remote parts of the Universe,
where the average density of the
substance is bigger.
Gamma-rays help see such
peculiar areas of the Galaxy, as,
for instance, its centre hidden by
clouds of dust and gas
surrounding the galactic nucleus
and, therefore, not seen in optic
rays.

The high penetrating ability of
gamma-radiation being recorded
makes it possible to investigate
the interstellar and intergalactic
medium, involving the
distribution of the substance not
manifesting itself in other ranges
of wavelengths; to get
information on nuclear and
electronic components of
cosmic rays of high energies; to
study processes occurring in
relativistic astronomic objects as
well processes of nuclei
synthesis at star bursts; to seek
for antimatter in the Universe.

In the telescope Gamma 1,
unlike the earlier used
chambers, there was used a
spark chamber with a wide gap
on the spacecraft. In
compartments of such a
chamber the spark moves along
the particle trace if its track
deviates from the vertical by
more than 20°. This improves the
spatial precision of determining
co-ordinates of the radiation
source, decreases the number of
false breaks-down distorting the
observation picture.

Tracks of charged particles
occurring in the form of sparks
in gaps of spark chambers are
recorded by two measuring
television cameras observing
through flat mirrors gaps of
spark chambers from two
perpendicular directions. The
television system measures co-
ordinates of sparks with a
resolution of 0.15 mm at three
levels along the height of each
gap and transmits these data to
the telemetric system.

During ground processing of
obtained telemetric data the
second stage of identification of
gamma-events is done and
direction of their pass, co-
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ordinates of the conversion point
of the gamma-quantum and its
energy are determined.
Identification is carried out on
the basis of properties of the
“picture” typical of the gamma-
quantum of high energy in a
12-gap spark chamber: in upper
gaps sparks are absent, and
after one of the electrodes tracks
of charged particles are
observed. And the observation of
a diverging from the conversion
point “fork” of an electron-
positron couple is the most
reliable sign of gamma-quantum
recording.

The direction of the gamma-
quantum arrival is determined by
the direction of the bisectrix of
the angle of motion of the
couple of particles born by it,
and its energy is determined by
repeated scattering of electrons
and positrons in electrodes of
spark chambers and by the
number of particles in electron-
photon stage developed in the
laminated (lead scintillator)
structure of the scintillation
calorimeter.

The period of an active existence
of the space laboratory in orbit
should be not less than a year. A
big set of technological and
calibrating data makes it
possible to follow the state of
the telescope systems in the
course of the experiment. By
means of 98 commands the
logics of selecting events and
composition of working
electronics blocks can be
changed which provides a high
vital activity of the device.

Radio astronomy has achieved
essential success, particularly for
the recent years. By crude
estimates today it yields
approximately half the
experimental data on “sky
mysteries”. Virtually thanks to
these data a genuine revolution
in research of the Universe is
taking place. Astrophysicists
hope that radioastronomy will
help them “see” and understand
when and how first galaxies
appeared as well as first stars
and first planet systems; what
quasars and galactic nuclei are

and whether they are related
with big black holes; what in
general the chief properties of
the surrounding space are, its
mean density, evolution starting
with the moment of the Big
Bang. And last, it is of no less
interest to find out whether there
exist other spaces, essentially
differing in their regularities
from ours, to see and study
other planet systems, to
ascertain the probability of life
appearance in different areas of
the Universe and to undertake
an effort to detect other extra-
terrestrial civilizations.

Radio methods provide an
opportunity for investigation of
objects from which extremely
little energy reaches the Earth
because of their great
remoteness and which have
such a low temperature that
their radiation is only in one
radio-frequency range. However,
due to a great radio wavelength
the resolution ability of radio
telescopes does not exceed the
abilities of the naked eye. The
way out had been found in
studying space objects by the
method of analysis of the
interference pattern created by
two or more radio telescopes,
the information being taped, the
tapes then are computer
processed using data on the
current geometry of the
interferometer and co-ordinates
of the radio source. Such a
system appeared to be
equivalent to the radio telescope
with the aerial diameter equal to
the distance between the
telescopes.

Scientists of the SRI of the
USSR AS have been conducting
interferometric radio surveys of
nuclei of extragalactic objects
and areas of star formation in
the Galaxy for a longtime period
already. In these observations
the greatest resolution ability is
utilized as compared with other
methods of studies in all the
regions of the electromagnetic
spectrum (up to 0.0004" at a
wavelength of 1.35 cm). Radio
observatories of the USSR, the
USA, Australia, the FRG and



Sweden take part in the
experiments. An interferometer
has been created with the base
line Yevpatoriya— Simeiz —
Pushchino. )
At the SRI of the USSR AS .
unique feasibilities for
prospective extra-atmospheric
astronomic observations have
been explored for the first time
in connection with the creation
of large radio telescopes in
space and placing them at
distances prevailing greatly the
Earth’'s diameter. This will permit
their resistivity and angular
resolution to be increased by
many orders. The first step in
this direction was undertaken in
1979, when on the Institute’s
initiative and with its
participation a space radio
telescope with a 10 m dia aerial
(KRT-10) was deployed on

Salyut 6.

New devices are being
developed. One of the near
projects at which scientists are
working is the long-term
program of studies in space
which includes a series of
experiments with the aim to
develop ground-based and space
radio astronomical systems. In
the mid-90s it is planned to
implement the first stage of the
Project that is to develop a
ground-based and space radio
cm-range interferometer
(Radioastron-cm). This radio
interferometer will consist of a
space radio telescope 10 m in
diameter which works in 4
wavelength ranges: 92 cm;

18 cm; 6 cm; and 1.35 cm and
of the international network from
ground-based radio telescopes.
The space radio telescope is to
be installed on board the
unmanned Spektr spacecraft
which is on the orbit of an
artificial Earth satellite with a
period of revolution equal to 1
day and with the longest
distance from the Earth equal to
70 thousands of km. The
resolution of such a system will
be equivalent to a gigantic radio
telescope with an antenna
diameter in several tens of
thousands of km.

ife

The Radioastron-cm ground-
based and space radio
interferometer is intended for
studying with a high-angular
resolution the structure of
powerful compact radio
emission sources: nuclei of
active galaxies and quasars,
galactic relativistic objects
(pulsars, vicitinies of black
holes), space masers in the
regions of star formation and of
planetary systems, the center of
our Galaxy.

It was the Space Research
Institute which began the
development of the Radioastron
Project, however, from the
middle of 1990 the activity within
this Project is going on in the
Lebedev Institute of Physics,
USSR Academy of Sciences.

It may be expected that after the
Radioastron in space there will
appear entire systems consisting
of a lot of radio telescopes
enabling investigations of
astronomic objects, getting their
detailed images, ascertainment
of co-ordinates with very high
accuracy. It will become feasible
to measure the distance to
remote objects by direct
techniques, to study their
motion. Development of such
systems will, apparently, become
feasible at the very beginning of
the next century.

Of great interest is to continue
investigations of large-scale
anisotropy of relict radiation that
had been started in the
experiments Relict 1 on board
the satellite Prognoz 9.
Scientists of the SRI of the
USSR AS are working at a new
project— Relict 2 which
particular feature will be cooling
the radiation receiver and the
aerial which will help enhance
the sensitivity of the
instrumentation as much as 3 to
4 times the one achieved in the
project Relict 1. Cooling
arrangement is a three-stage
emitting radiometer with
temperatures of stages 250, 150
and 100 K.

The space apparatus is planned
to be injected in the vicinity of
the libration point L,.

The project envisages
investigations of large-scale and
partially medium-scale
fluctuations of relict radiation.

In the experiment Aelita, planned
for the middle of the '90s,
cooling of the instrumentation
will be provided not by the
radiation method, but by a
special cryogen system —Iliquid
neon and superfluid helium, for
deeply cooled bolometers a
cyclically working adsorbing
cryogen refrigerator will be used.
Sensitivity of the instrumentation
reaches approximately 10 ~° K.
The expected working time of
the cryogen system, as
predicted, is 3 to 4 years. A1 m
dia telescope (a 3 m dia
telescope is being developed)
with focal devices of a 2 mm—
300 wm range will be deployed
on the satellite, and smaller
telescopes of millimeter waves
as well. Besides investigations
of relict radiation, such an
instrumentation complex will be
able of performing astrophysical
observations of many discrete
sources of radiation in
practically unexplored
submillimeter and shortwave
millimeter ranges. In particular,
the dust matter of galaxies
emanates, mainly, on
submillimeter waves. Distinctions
between radio bright and radio
quiet quasars should be sought
within that range either.
Scientists from lItaly are taking
part in the project jointly with
their Soviet colleagues.
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HaseMHble ucnbiTanmsa crnyTHuKa-
obcepsaTtopun «ACTPOH»

Ground-based tests of the Astron
satellite-observatory

C nomoLLbio NPU6OPOB, YCTaHOBIEHHbIX
Ha 60pTy cTaHymn «BeHepa-11»,
«BeHepa-12», cnyTHuke «[IpOrHo3-7»,
Habmoganoce 6onee 30 ramMma-
BCNeckos

More than 30 gamma-bursts have been
observed by instruments mounted
aboard Venera 11, Venera 12 stations,
as well as on board Prognoz 7 satellite

Famma-scnneck 4 Hos6pst 1978 r.

A gamma-burst observed on November,
4, 1978



CoBeTCcKO-(bpaHLy3CKUA CryTHUK
«CHer-3»

Soviet-French Signe 3 satellite

C yBenunyeHneM pacCTOSIHUS MeXA4y
KOCMUYECKMMK annapartamm 1oKanm3ayms
BCI/1€CKOB C NOMOLLbIO MeToga
TPHaHIyNAYNA 3HAYUTEIILHO YIly4LLIaeTcs.
Tak, cobbiTue 5 mapra 1979 r. 6bin10
J10Ka/I30BaHO C TOHHOCTBHIO B HECKOJILKO
YrnoBbIX MUHYT B HanpaB/IeHUN Ha
octarok CBepxHoBo#A B BosnbLuom

Marennarvosom obnake
Location of burst by the method of
triangulation improves considerably as
the separation between the spacecraft
grows. Thus, the event on March 5,
1979, was located with an accuracy of
several angular minutes toward the
remnants of a supernova in the Large
Magellanic cloud
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Ilone 3penus npuGopa Ha cnytauke ICE
Field of view of the instrument aboard
the ICE satellite
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CoBeTCKO-¢hpaHLly3CKNN SKCNEePUMEHT
«CHer-2MI1 9» Ha cnyTHuKe «[IporHo3-9».
MowyHbi KOCMUYECKNA raMMa-scrnneck
GRB 830801. 3Bonioynsi BO BpeMeHu
cpefgHe# aHeprum ¢hOTOHOB B
perucTpupyemMom npubOPOM CrieKTpe
(npaBas wkKana n KPecTuku, pasmep
KOTOPbIX N0 BepTHKanu gaet
npegcTasfieHue 0 HeonpeAeneHHoOCTH
npUBeAEHHOro 3Ha4YeHUs1 n
COOTBETCTBYeT OfHOMY CTaHA[apTHOMY
OTKJ/IOHeHHI0). KpuBasi 6r1ecka raMma-
BCrfiecka B guana3oHe 3Heprun 68—
930 k3B (neBas wkana u cnnowHas
kpusas). LLitpuxoBas nMHUs
COOTBETCTBYEeT ypOBHIO (poHa. Ha Bpe3ke
B ApyroM maciwrtabe npusegeHo Ha4asno
Bcnnecka

Soviet-French Signe 2MP9 experiment
aboard the Prognoz 9 satellite. Powerful
space gamma-burst GRB 830801.
Evolution in time of the mean energy of
photons in the spectrum recorded by
the instrument (right scale and crosses
which size by the vertical gives the
assumption of the uncertainty of the
given value and corresponds to one
standard deviation). The curve of the
glitter of gamma-burst within the range
of energies 68-930 keV (left scale and
solid curve). Dashed line corresponds to
the back-ground level. The beginning of
the burst is given in other scale

ObnacTte nokanusaymm NCTOYHNKa
MSITKNX KOPOTKUX MNOBTOPHbIX
scnneckos SGR 1806-21 B
cosse3guu CTpernbya no gaHHbIM
COBETCKOIro 9KCrepuMeHTa Ha
cnyTHuke «[1porHo3-9» n
amepUKaHCKOro SKCrnepuMeHTa Ha
cnyTHuke ICE

The region of the localization of
the source of soft short recurring
bursts SGR 1806-21 in the
Archer (Sagittarius) by the data
of the Soviet experiment aboard

I the Prognoz 9 satellite and the

American experiment aboard the

o. y ICE satellite



Cxema rnobasnbHon
pagnonHTephepPeHLMOHHON CeTH,
BK/IIOYaloLLen B cebsi BCe KpynHehLume
pagnoTteneckons! Mupa. C noMoLLyblo 3ToN
CeTU NPOBOAATCS perynsipHbie
nccnegoBaHust TOHKOW CTPYKTYPb!
KBa3apos, sigep ranaktuk, obnacresn
o6pa3oBaHnsl 3Be34 W NaHeTHbIX CUICTEM

The global VLBI network including all
the largest radiotelescopes worldwide.
Regular investigations of the fine
structure of quasars, galactic nuclei,
regions of star and planetary system
formation are performed by means of
this network

O6paboTka uHpopmaymm
paguomHTepghepomeTpa Ha
cneynpovyeccope

Processing of VLBI data using a special
processor

CxeMa HeorpaHU4eHHO HapaLyBaemMomn
aHTeHHb! paguoTesieckona

A radio telescope antenna of unlimited
augmentation.

Controlled vehicle

Yupasnaonmi annapar '

(DoxabHbIe KOMITUTEKCBI
Focal complexes
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Pamnon3o6paxenue
HCCIlelyeMOro HCTOYHHKA

Radioimage of the source studied

Cps3Has aHTEeHHa
Communication
antenna

ymn
Flight control center

PagunogpoTorpaghus sgpa cengpepToBCKon
ranaktuku NGC-1275 Ha gnuHax BosiH 2,8
n 1,35 cM. lMepexo K 60nee KOPOTKUM
BOJIHAM MO3BOJINI BbISIBUTb TOHKYIO
CTPYKTYpYy sgpa MCTOYHUKA

A radio photograph of the nucleus of
the Seifert Galaxy NGC 1275 at
wavelengths of 2.8 and 1.35 cm. A shift
to shorter wavelengths has made it
possible to determine the fine structure
of the source nucleus

Cxema Ha3eMHO-KOCMUYECKOro
paguomHTepgepomeTpa

Diagram of Earth-space radio
interferometer

. KOppensATop

~ Muitichannel

~ digital correlator



Kocmuyeckuu annapar «PagmnoacTpoH»

The Radioastron space vehicle

Mogyne «KBaHT» c o6cepBaTopuesn
«PeHTreH» Ha 60pTy:

1— na6opaTtopHbiid oTcek (/10);
2—nepexogHas kamepa J10; 3—otcek
Hay4Hbix npubopos (OHIM); 4 —ueHTpanbHbIR
nocT ynpasneHus; 5—npubop
acTpoopueHTauun; 6 — OoNTU4EeCKUn BU3NP;

7 — AaT4nK MHpaKpacHOW BepTukanu (2);

8 —3Be3gHbi AaT4YMK (2); 9 — rupoAauHbi (6);
10— 6n0KK YPPOBOA MaLLUHbI;

11 —conHeyHbin aaTyuk (3); 12— aHTeHHb!
cuctembl c6nmxerHus «Urna» (8); 13—
aHTEeHHbl CUCTeMbI connxerun «Kypc» (5);

14 —aHTeHHbl paguoTenemeTpuu (4); 15—
aHTeHHbl KOMaHAHOW paguonuHum (2); 16 —
aKTUBHBLIW CTbIKOBOYHbLIM arperart; 17 —
NacCuBHLIN CTLIKOBOYHbLIM arperar; 18 —
arperaTbl CUCTEMbl XuaHeobecneveHusn; 19 —
pocTasnsemoe o6opyaoBaHue 4ns CTaHuwm;
20— peHTreHoBckun Teneckon «Mynbcap X-1»;
21— peHTreHoOBCKUA Teneckon «PoceBu4»;

22 — peHTreHoBCKu# Teneckon TTM;

23 —cnekTpomeTp «CupeHb-2»;

24 —ynbTpacuoneTosbi Teneckon « nasap»;
25 —anekTpodopeTudeckan ycraHoBKa
«CBeTnana»; 26 — nopy4Hu

9 10

18 4 12 S 6

Kvant module with the observatory
Roentgen aboard:

1—laboratory compartment (LC);
2—transient camera of LC; 3—compartment
of scientific instruments; 4 —central control
post; 5—astroorientation instrument;

6 —optical sighting device; 7—infrared
vertical sensor (2); 8 —star sensor (2);

9 —gyroscopes (6); 10 —digital computer
units; 11 —solar sensor (3); 12—antennae of
the Needle approaching system (8);

19 25 14 13 26

15 14 7 20 22 24 23

1 21

13 —antennae of the Course approaching
system; 14 —radiotelemetry antennae (4);
15 —antennae of command radiolink (2);
16 —active docking unit; 17— passive
docking unit; 18 —units of the life-support
system; 19—equipment delivered for the
station; 20 — X-ray telescope Pulsar X-1; 21 —
X-ray telescope Foswitch; 22 — X-ray
telescope TTM; 23— Lilas 2 spectrometer;
24 — ultraviolet telescope Glasar;

25 —electrophoretic system Svatlana; 26 —
hand-rails
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CneKTp »ecTKoro peHTreHoOBCKOro
u3anyvenmsi CeepxHoBon B BonbLiom
MarennaHosom obnake no gaHHbIM
HabnogeHnn Ha Mogyne «KBaHT» npu
nomouyym teneckonos NEKCE (kpeCTbi) n

— LMC X-2

VYuactok Bonbworo MarennaHosa obnaka
2°.5x8°.5 B peHTreHOBCKOM guana3soHe,
NOCTPOEHHbIA MO HabII0AEHNAM
Teneckona TTM o6cepsaTopumn
«PeHTreH» B aBsrycte 1987 r. BoicoTa
MMKOB NPonopuynoHasibHa 3Ha4uMoCTn
AeTeKTUPOBaHNA NCTOYHMKA
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10°
ENERGY (keV)

«[ynbcap X-1» (pombsbi) B ssHBape 1988 r.
Ans cpaBHeHUs1 C 3KCNepPUMEHTasIbHbIMMK
AaHHbLIMW nNpuBeeHa TeopeTnyecKas
KpuBasi, paccyntaHHas xo4omM MoHre-
Kapo. ICTOYHUKOM XKEeCTKux ¢poToHOB

— LMG X-1

|— SN1987A

0540-69.3

TAND,
N7
SANAL v‘ﬁ)ﬁ;ﬂ-‘"\‘

The Large Magellanic Cloud region
2.°5x8.°5 in the X-ray range plotted by
the observations of the TTM telescope
of the Reentgen observatory in August,
1987. The height of the peaks is
proportional to the significance of the
source detection

3
10

sBnseTcs pacnag Co-56, KOTopbin
pacnpegernieH BO BHyTpeHH1ux 8M
BeujecTBa 060/104KH

Spectrum of hard X-ray radiation of the
Supernova in the Large Magellanic
Cloud by the data of observations
aboard the Kvant module by telescopes
Hexe (crosses) and Pulsar X-1
(rhombuses) in January, 1988. The
theoretic curve calculated by Monte-
Carlo method is given for the
comparison with the experimental data.
The source of the hard photons is the
decay of Co-56 which is distributed in
internal 8 m matter of the envelope
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PesynbTartsl onpegenenus nepuoga nynscaymm
PEHTreHOBCKOro nctoyHuka lepkynec X-1 pasnuyHoimm
Teneckonamu B 1972— 1988 rr. lNocnegHne Habri:ogeHns Ha
Mogyne «KBaHT» NMoKa3biBaroT, YTO HEUTPOHHAs 3B8e3/a
BOLU/IA B PEXUM KBA3NCTaLMOHAPHOIro yCKOPEHHUS,
aHanornyHbin Habnogaswemycs B 1972— 1978 rr.

The results of the determination of the period of X-ray
source Hercules X-1 pulses by various telescopes in
1972-1988. The last observations aboard the Kvant module
show that the neutron star enters the mode of the
quasistationary acceleration similar to that observed in
1972-1978

CnekTp u3ny4yeHnsi peHTreHOBCKOU HOBOWU B CO3BE34MU
Jlucuyka no gaHHbIM Tpex npubopos obcepsaropumn
«PeHTreH»: CIC (17 masi 1988 r.); ABYyX AETEKTOPOB
npubopa NEKCE (15 mas, 4, 6 u 8 nioHs); 04HOro U3
AetexkTopos npubopa «[lynscap X-1» (15 masi u 4—8 unioHs).
Habntogaembin CnekTp COCTOUT U3 [iBYX KOMMOHEHT: MSIFKOW C
Temneparypon 20 MHISIMOHOB rPagyCoB M XECTKOMH,
cBMAeTeNbCTBYIOWEN O TeMnepaTypax nopsigka Munnvapaa
rpagycos

The spectrum of the radiation of X-ray Nova in the Fox by
the data of three instruments of the Rcentgen observatory:
GSPS (May, 17. 1988); two detectors of the HEXE instrument
(May, 15, June, 4, 6 and 8); one of the detectors of the
Pulsar X-1 instrument (May, 15 and June, 4-8). The observed
spectrum consists of two components: soft with the
temperature of 20 million degrees and hard with the
temperature of the order of milliard degrees
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Kocmudyeckun annapar «[paHar»

Granat spacecraft

Ha3seMHble aneKkTpuyeckme ucrbiTaHns
Hay4HoU annapartypbi o6cepBaTropumn
«[paHar»

Ground-based electrical tests of the
Granat observatory scientific
instruments




CnyTHuk-o6cepBaropusi «CnekTp-
PeHTreH-FamMma» BbIBOUTCS Ha
BbICOKOAIOrenHyo 3NIMNTUHECKYIO
opbuty

Spektr-Roentgen-Gamma is launched
into high apogee elliptic orbit

Kocmuyeckmn annapat «CnekTp-PeHTreH-
Famma»

Spektr-Roentgen-Gamma spacecraft

200 TBIC. KM
200.000 km

Ha3semHble anekTpu4yeckue ucnbITaHus
teneckona «amma-1»

Ground-based electric tests of the
Gamma 1 telescope
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Cxema Teneckona «amma-1»:

1 —o6wmrBKa KOCMU4ECKOro Kopabns;
2—TeHeBOW 3KpaH; 3—cucrema 3epkan,

4 — BUAWKOH; 5 —KanopumeTp;

6,8 — CUMHTUNNAYMOHHBIA CHETHMK
aHTucoBnageHun; 7 —WUCKpoBasi kamepa; 9,
11 —BHYTPEHHUIA CUMHTUNNALNOHHBLIA CHETHNK
10 —4epeHKOBCKUA CHETUUK.

Gamma 1 telescope:

1 —spacecraft covering; 2—shadow screen;
3 —mirror system; 4 —vidicon;

5 —calorimeter; 6 —scintillation counter of
anticollisions; 7—spark chamber;

8 —scintillation counter of anticollisions;

9 —internal scintillation counter;

10— Cherenkov counter; 11 —internal
scintillation counter.

lMogroroBka Teneckona «amma-1» K
KasimbpoBKe Ha Ha3eMHOM yCKopuUTerne
«naxpa »

Preparation of the Gamma 1 telescope
to the calibration aboard the ground-
based accelerator Pakhra



Opbuta KocMn4eckoro annapara (MpoeKkT
«PefinkT-2») B OKPECTHOCTH YeHTpa

nubpayum L,

The orbit of the spacecraft (Relikt 2
project) in the vicinity of the libration
centre L,

"Pemukr-2” (1991) 1 X
'Relict-2’

Touka nuGpanum L2
Fibration point L2

”Pemukr-1" (1983)
*Relict-1

~

400000 xm/
KMh\

y

1500000 xm

700000 km

CBY4-6n0k paguomMetpa Ans

nccnegoBaHns aHN30TPONMN PesINKToBOro

uany4qenus. Npubop pabortasn Ha
aBTOMarnyeckon craHymmn «[porHo3-9»

Microwave module of the radiometer for

investigating the anisotropy of relict
radiation. The device was flown on-
board Prognoz 9 spacecraft.

BHeLuHui Bug Teneckona «Penukr-2»

External view of the Relict 2 telescope

Kapta Heba, nony4yeHHas B guanasoHe
8 MM B aKkcnepuMmeHTe «Penukr-1»

Sky map obtained within the range of
8 mm in the Relikt 1 experiment

Cy6MUNNIMMETPOBbLIA TeNeckon Ha
Mamupe

Submillimeter telescope in the Pamir
Mts




PLAKT IA/IHBIE
Al'TPABRJ TEHIA
KOCMNHECKIX
NCCTEAOBAHN

APPLIED
SPACE
RESEARCH

C koHuya 60-x —Ha4yana 70-x rr. B pa3BuTUN KOCMUYECKUX
uccnepoBaHun 0603Ha4MNOChL HOBOE HanpasneHue,
CBA3aHHOE C UCMONb30BaHWEM KOCMUYECKOW TEXHUKU ANs
N3y4YeHus Hawen cob6CTBEHHOW nnaHeTbl, HabnoaeHna 3a
COCTOSIHMEM NPUPOAHON Cpeabl, OpraHu3aunm
payMoHanbHOro NPMPoOAONOb30BaHUSA.

Since the end of the '60s—the beginning of the '70s a
new trend in the development of space research has
been forming which is associated with application of
new space technologies to study our own planet, to
observe the state of the natural environment, to
arrange a rational use of nature resources.




AHanus nepBbix hoTorpacum
noBepxHOCTK 3emnu, caenaHHbIX C
opbuThl, NOKasan Hay4Hylo u
npakTU4ecKyio apPeKTUBHOCTb
KocMuyeckon cbemkn. OcobeHHO
60nbwon MHPOPMaATUBHOCTLIO
obnagaeT MHOro3oHanbHas
(poTOCHEMKA.

B pamkax nporpammbil
«MHTepkocmoc» MKU AH CCCP
COBMECTHO C HapOAHbIM
npeanpusaTuem «Kapn-Llenc-
Wena» (TOP) 6binn pa3paboTaHbl
MHOro30HasbHbIA KOCMUYECKNI
oToannapat MK®-6 u
MHOroKaHanbHbI npoekTop MCI-
4, npeagHasHa4yeHHbIN AN CUHTE3a
LBETHbIX U3obpaxkeHnn n3
30HaNbHbIX CHUMKOB. B ceHTA6pe
1976 r. 661K NpoBegeHb!
ycnewHble NeTHo-
KOHCTPYKTOPCKUWE UCNbITaHus
MK®-6 Ha kocMmudeckom kopabne
«Co103-22». B xoge noneta 661510
nony4eHo 6onee

2500 MHOro3oHanbHbIX CHUIMKOB
3eMHOW NOBEPXHOCTH.
Jopa6oTaHHbIn NO pesynbTaTam
nabopaTopHbIX UCCnefoBaHun n
NETHO-KOHCTPYKTOPCKUX
ucnbiTaHun annapat MK®-6M v
npoekTop MCI-46 ¢ 1977 r.
CEpUNHO U3roTasnNuBaroTCA
NPOMBILLITEHHOCTBIO U YCNEeLWHO
3KCNNyaTUpPYOTCA BO MHOMMX
Hay4HbIX N NPON3BOACTBEHHbIX
opraHusauusx CCCP wu 3a
py6e>kom.

B kocMuyeckux nccnegosaHusnx
3eMnu BaXKHyIO pOofib UrpatoT Tak
Ha3biBaeMble onepaTuBHble
meTtoabl cb6opa u 06paboTKu
uHcpopMayun. B otnudme ot
MEeTO40B KOCMUYECKOro
hoTorpachupoBaHusi OHU
NO3BONSAIOT Nony4aTtb
UHOpMaLUUIO O 3eMHON
noBepxHOCTWN B rNob6anbHOM
macwTtabe C NepuogUHHOCTLIO,
HEeAOCTYNHOW APYyruM cpeacTBaM.
310 obecne4vunBaeT UsyyeHue
Takux gUHaAMUYECKNX ABMEHUNA U
npoueccoB, Kak Ce30HHble
n3MeHeHus naHawagToB, CXo4
CHEXHOro NnoKpoBsa, passutue
AenbT pek, pacnpegenexHuve
TBEpPAOro pe4yHoro ctoka B
BOAOEMax, KOHTPONb COCTOSIHUA
CeIbCKOX035NCTBEHHON
pacTUTENBLHOCTK, XoAa
CenbCKOX035ANCTBEHHbIX paborT.

OnepaTtuBHble aaHHble
npeacTaBNAlT CO60M BaXKHENLLYIO
COCTaBNAIOLWYIO KOCMUYECKNX
MEeTOAO0B MU3y4eHUs 3eMHOMN
NnoBEepXHOCTU, HabngeHus 3a
COCTOSIHUEM OKpYy>Katoulen cpeabl
W payMoHanbHOro
NpPUpoOAONONb30BaHUSA.

Ana nonyyeHns onepaTtueHOM
BugeonHdopmaymum B MMpOBOMN
npakTuke Hanbornee WUPOKO
NPUMEHAOTCA MHOMO30HasbHbIE
CUCTEeMbl ONTUYECKOro
CKaHuMpoBaHus, coyeTtaroume
[OCTaTOYHYIO AEeTaNbHOCTb
HabniogeHnsa ¢ BbICOKOW
pagMoMeTPUHECKON TOHHOCTHIO.
MHdopmauus, nonyvaemas
cuctemMamm Takoro Tvna,
nepepaeTcs No KaHanam
KOCMUYECKOW CBSA3N Ha Ha3eMHble
NPUeMHbIE NYHKTbI U
perucTpupyeTcsa cneymanbHbIMU
yCTponcTsamu B BUAE
MHOrO30HaNbHbIX CHUMKOB WU
LUMPPOBLIX MArHUTHBIX
sugeosanucen. ins o6paborTku
pe3ynbTaToB CbeMKU
NPUMEHSRAIOTCS KaK TpaauLUOHHbIe
BU3YaNbHO-UHCTPYMEHTanNbHbIE
MeToAbl, TaK U YUpoBbIe,
peanu3yemMbie ¢ Nomowbio IBM.
OTKpbIBaAOTCA WNPOKNE
nepcnekTusbl aBToMaTusaymm
npouyeccoB 06paboTku
NOCTynarowen co CryTHUKOB
uHdopmaymm. 3To Heob6xoaNMbIA
war Ha nyTu co3gaHus
onepaTtuBHON CUCTEMbI
uccnenosaHun 3emnu U3 KocMmoca.
CoBepLueHCTBYS ONTUKO-
3M1EeKTPOHHbIE METOAbI
uccrniegoBaHua 3emnum U3 KOCMoOCa,
cneyuanuctel MKW AH CCCP
COBMECTHO C pSAOM Apyrux
COBETCKUX U 3apyberkHbixX
opraHusayun paspabotanu
MHOrO30HaNbHYIO CKaHUPYIOLLYHO
cuctemy (MCC) «®dparmeHT» v
yCnewHo npoBenn HaTypHbIN
akcnepumMeHT Ha NC3 «MeTeop».
MCC «®parmeHT» nNo3BonseT
nony4yaTtb C BbICOKOW
paguoMeTpUHeCKoOn TOYHOCTbIO
onepaTuBHYIO MHOFO30HAaNbHYHO
BugeouHdopmaymio,
oTobparkalowyto C XOpOoLLIUM
NPOCTPAHCTBEHHbIM paspelueHnem
6bICTPO NpoTeKatowme N3MeHeHUs
06BEKTOB 3E€MHOW NOBEPXHOCTU B,
BUAMMON U 6nMXKHEN

uvHdpakpacHon obnacTu cnekTpa.
CbeMka BbINONHSETCH B

8 gmanasoHax BUAUMOWN Y
6nvxHen nHdppakpacHom obnactu
cneKTpa Cc paspellieHuem 85 M npu
nonoce 063opa okosio 90 KMm.
OnepaTuBHOCTb, BO3MOXXHOCTb
NONYYEHU CHUMKOB OA4HOro U
TOro XXe panoHa C onpeaeneHHon
NepuoaUHHOCTLIO B pas3HOe Bpems
roga, Nnpyu pasHbix yrnax
ConHua— BOT OCHOBHblE
[BOCTOUHCTBA CUCTEMDI
«®parmeHT». OHU NO3BONSAIOT
ncnonb3oBaTb ee Hanbonee
adpPeKTUBHO AN uccnenoBaHum
B WHTepecax CenbCkoro x03sncTea
n Hayk o 3emne.

C nomouypbto MCC «®DparmeHT»
nonyYeH 3Ha4YnTesnbHbiA 06bem
umHdopmaymm, obcnenoBaHbl
MUNSIMOHbI KBaApaTHbIX
KWIOMETPOB 3€MHOMN NOBEpPXHOCTH
(eBpOnenckas 4YacTb TeppuTOpUM
CCCP, Tepputopum

Bonrapun, 4P, PymbiHum

n Yexo-Cnosakuw).

Haunbonbwuni ycnex B usy4eHun
3emnu n3 Kocmoca gocTuraeTcs
npy UCNONb30BaHUK CPEACTB
KOCMUYECKON TEXHWUKN B
coyeTaHuu C
nccnepoBaTeNnbCKUMU
camonetammn-nabopaTopmsimu,
nossonsowmmm ob6cneanoBaTb
CpaBHUTENbHO HeboMbLne
panoHbl, oTpabaTbiBaTb
KOCMUYECKYIO annaparypy,
YTOYHSTb U geTanu3npoBaTb
NOSTyHEeHHYI0 U3 KOCMOoca
uHdopmaymio.

MKW AH CCCP nposen 60nbluyto
paboTy No Cco3[aHuI0 Takux
nabopaTtopu# Ha 6a3e camoneTos
pasnuYHoOro Knacca.

Hapsigy ¢ paspaboTkon meTogoe u
annapaTypbl MHOrO30HasbHbIX
CbemMoK 3emnu u3 Kocmoca 1
ONTUYECKOro CKaHMpOBaHus B
MHCcTUTYyTEe Benucb paboTb! B
obnacTn aspoKoCMUYECKNX
ncenenoBaHnui C NOMOLLbLIO
paanodum3n4ecKkux MeTogoB —
paavookeaHorpagpwu,
rmaponanKu n gUCTaHUMOHHOIO
30HAupOBaHUA aTMocdeps!,
BKMOYAA TeopeTudeckue
unccnegosaHus. PaspabatbiBanvch
ncxodHble AaHHble ANs
Pa3ANYHbIX Hay4YHbIX NPOrpamm,
co3faBaMCb CneKTpanbHble U



naHopamHble NpubopbI
ANCTaHUMOHHOrO 30HAMPOBaHUS
aTMocdepbl U 3eMHON
NOBEPXHOCTW, BbIMNOSTHANUCH
nabopaTtopHoe MogenupoBaHue u
HaTypHble CaMONETHbIE U
CNYTHUKOBbIE UCMbITaHWUS.

B UHcTUTyTE MMeeTcs psg
na6opatopui, 3agayen KOTOPbIX
SAIBNAETCA NpoBeAeHue
dyHAaMEHTaNbHbIX UCCneaoBaHUn
B ob6nactn o6paboTku
a’poKocMU4ecKon nHdopmMaumm,
nony4yaemon npv nposegeHun
a3pOKOCMUYECKUX UCCIeaoBaHUn
No U3y4eHU0 NPUPOAHbLIX
pecypcos u AUCTaHLUOHHOMY
30HAUPOBAHUIO, A TaKXe
KoOopAuHaluusi uccnegoBaHuia no
3Tum npobneMam B pamkax
Hay4Hon nporpammbl AH CCCP u
FKHT CCCP. B 3aga4u
nabopatopun BXOAUT TakxXe
npoBegeHne TeopeTU4HecKux u
3KCNEepUMEHTaNbHbIX
uccneaoBaHui No onpeaeneHnto
CBSA3N paaualyMOHHbIX U
npeamMeTHO-cneymuHecKmx
XapakTepUCTUK NPUpPOAHbIX
06beKTOB, BbiNnONHEHUe
TemaTudeckon ob6paboTkm
MHdOopMauumu Ha
cneunanu3npoBaHHbIX
BbIMUCIIUTESbHBIX KOMMNMeKcax.
MNposeaeHbl pyHAAMEHTaNbHbIE
uccneaoBaHNs CUCTEMbI
«aTMocepa — NoBEePXHOCTb» C
uenblo cosaaHusa u
3KCNepUMEHTaNbHOW NpPOBEpPKU
Puan4eckn 060CHOBaHHbIX U
MaTeMaTu4eCKu CTporux MeToaos
ANCTaHLUUOHHOIO onpegenexHus
NONHOro KOMMNeKca onTUYEeCKnx
napameTpoB eCTEeCTBEHHbIX
noBepxHocTen (B TOM 4ucne
NOBEPXHOCTU OKeaHa),
aTtmocdepbl n obnakos. Ha
OCHOBE 3TUX METOA40B COBMECTHO
co cneymanuctamm MK AH AP
pa3paboTaHbl MHOrOKaHasnbHble
cnektpomeTpbl MKC, KoTOpbIe
6blnn yCTAHOBMEHbI HA CNyTHUKAax
«UHTepkocmoc-20 n -21». [Mocne
yCnewHbIX UCMbITaHUA 3TON
annapartypbl U METOA0B
[AUCTAHLUOHHOIO 30HAUPOBaHUA
cucteMbl «atMmocdepa—
NoOBEpPXHOCTb» 6blLM paspaboTaHbl
MoAauduUnpoBaHHbIe
cnekTpomeTpbl MKC-M, koTopbie
B 1983—1985 rr. paboTtanu Ha
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60pTy cTaHuum «CanioT-7»
COBMECTHO C MHOroKaHanbHoOu
doTokamepon MK®D-6M.
PesynbTaTbl 3TUX 3KCNEPUMEHTOB
NoATBEPAWUN BbICOKYIO
3pPEKTUBHOCTb METOAUKN U
annapatypbl MKC-M,
o6ecneunBalowmx 0AHOBpPEMEHHOE
onpegeneHune B 6e306naqHbIX
ycnoBusaix KoagpuymeHToB
CNeKTpasibHOW SAPKOCTU
pasfiMyHbIX TUNOB 3EMHOMN
NOBEPXHOCTH, a Takxe
cnekTpanbHOe U BepTUKasnbHOe
pacnpeAeneHus onTUu4ecKon
TONWMHBI aTMOCepbl CO
cpegHekBagpaTU4HON owmbkon
15—20% B gnana3soHe
M3MEHEeHUA 3TUX NapaMeTpoB Ha
nopsAoOK BeNMUYUHBI.

B o6na4HbIx ycnoBusix Mmetoanka
¥ annapartypa obecneuunu
onpegeneHne BbiCOTbl BEPXHEN
rpaHuybl U ONTUHECKOW TONLUHBI
obnakos, a Takxe
KO3(hPULNEHTOB yaeSIbHOro
NOrnowWweHnusi CONMHeYHON pagwalum
o6navHbIMKM HacTuuamu.
O6Hapy>eHO noBblWeHne 3TUX
KO3(ppUUNEHTOB Ha

2—3 nopsgka no CpaBHEHUIO C
aHanorn4HbIMM BenuYuHamMmn ans
Kanenb YUCTOM BOAbl U NbAa, YTO
MOXeT 6biTb CBA3aHO C
3arpsisaHeHusimn 06n1akoB U
BblAEeNEeHNEM «KUCNbIX» 0CaAKOB.
Ha ocHoBe maTepuanos
3KCnepuMeHTa C annapaTtypow
MKC-M u ¢poTokamepon MK®P-6M
6bina paspaboTaHa MeToauka
abcontoTHON KanmbpoBKwU
(POTOCHUMKOB C BbICOKOW
POTOMETPUHECKON TOYHOCTbIO.
3TO NO3BONUIO NOBBLICUTH
MHAOPMATUBHOCTb CHUMKOB,
OCyLWEeCTBUTb 06 BEKTUBHbLIN
KOHTPOMb BUAEOUHGOPMaL UK,
obecne4nno BO3MOXXHOCTb ee
aBToOMaTu4eckon o6paboTku.
PesynbTaTbl 3KCNEpUMEHTOB C
MKC-M n MK®-6M nokasanu, 4To
npakTu4ecKn BCS NonydeHHas
uHopmaymsa MoXxeT
NCnonb30BaThCA ANA pelueHns
LUMPOKOro Kpyra Hay4Ho-
nccneaoBaTenbCKux,
HapOAHOXO3ANCTBEHHbIX W
TEeXHUYECKNX 3aau:

— W3y4yeHue npoueccos
npeobpa3oBaHUs CONHEYHON
paguauum B cuCTemMe «oKeaH —

aTmocoepa—obnaka»;

— onpepenexve
NPOCTPaHCTBEHHO-BPEMEHHbIX
pacnpeaeneHuin aHTponoreHHoro
aspo30Ns NIOKasbHOro u
rno6anbHoro macwTabos;

— onepaTuBHbIA y4eT BIIUSHUA
aTMmocgepb! Npy U3yvyeHuu
NPUPOAHbLIX PecypcoB.
N3mepeHust NpsAsMon CONHEYHON
paguauun ¢ NOMOLWbIO
annapatypbl MKC-M
(3kcnepuMeHT «OKKynbTayus»)
no3Bonunu onpegenvuTb
XapaKTepUCTUKKN CNeKTpasibHOro
NponycKkaHna UNNIOMUHATOPOB
cTaHuyuu, 4To obecneumno ydet
3TUX XapaKTepUCTUK npu
obpaboTke BCcen MH(pOpMaLuu,
NOMy4YeHHOW B 3KCrepuMeHTe
MKC-M.

B akcnepumMeHTe «OKKynbTayus»
6b11M Nnony4YeHbl BepTUKanbHble
pacnpegeneHusi coaepXxaHus
030Ha U a3po3ons B
cTpaTtocdepe, 06HapyxxusLimne
aHTUKOPPENAUUIo MeXay 3TUMm
BelwecTsammn, 4To NO3BONAET
06bsACHUTL HabnoaasLMecs
paHee aHOManuu B nonoce
nornoweHnsa o3oHa B UNK-
pAnanasoHe cnekTtpa 9,6 MKM.
AHOManus coctosina B TOM, 4YTO B
NneTHWA nepuoa B 3TOW NOnoce
6bino o6Hapy>xeHo cnaboe
nornoLweHne CoONHEeYHON paguanuu
npu 60NbLWOM COAEpPXXaHUU 030Ha
W CUNbHOE NornoweHue Npu
Masiom coaep>kaHuu o3oHa. Takasi
aHoManusa obycnosneHa TeM, 4YTO
noaHumaloumecs B ctparocoepy
aHTpONOreHHble rasbl BCTynawT B
peakuuio C 030HOM, B pe3ynbTraTte
Yyero cogepxxaHue o3oHa
yMeHbLuaeTcs, Ho obpasyeTcs
a’3po30nb, Norfouwaumumn
COSTHEeYHYI0 paguaymio. 3ToT
npouecc seaeT K o6pasoBaHuo
O30HHbIX AbIp.

AHanus pesynbratoB
akcnepumeHta MKC-M,
BKJIIO4ABLUUIA TaKXXe CpaBHeHue
MaTepuanos 04HOBPEMEHHbIX
AUCTaAHLUMOHHbIX U
NOACNYTHUKOBbLIX U3MEPEHUA Ha
Ha3eMHbiX nnatgopmax,
noATBEPAWUN NpUBELEHHbIE Bbile
OLEHKN TOYHOCTWU U HAAEXHOCTH
MeTOAUKK K annapartypbl
AVCTaHLUMOHHOIo onpeaeneHus
KOMMJiekca napameTpoB B



pa3NNYHbIX YCNOBUSIX CUCTEMBI
«aTMochepa — NOBEPXHOCTb».
310 no3BonsieT caenaTb BbIBOA O
npeBoCXoACTBE METOA0B NO
CpaBHEHUIO C 3apybe>kKHbiMK
aHanoramu, KoTopble TpebyioT
MHOTMX anpuUOpPHbIX
npeAnosIoXXEeHUW O COCTOAHUMN
NoBEpXHOCTU U aTMocdepbl, He
noAAaoWUXCA NpoBepKe U3
kocMoca. Hanpumep, meToguka
onpeaeneHusi KoappuymeHToB
CNeKTpasibHOW APKOCTK OKeaHa,
paspaboTaHHas B CLLUA, ocHoBaHa
Ha NPeAnoNOXXeHun, 4To 3TOT
KoathpuLyMeHT B KpacHowm obnactm
cnekTpa paBeH Hymnio, YTO BEPHO
Wb ANA YUCTON U CNOKOWHOMN
noBepXHOCTK, a MeToAnKa ydeTa
BMMAHUSA aTMocdepbl
npegycmatpuBaeT

ucnonb3oBaHue

oNTU4ECKUX Moaenen,
peanv3aymsi KOTOpbIX HEe MOXeET
6biTb NpOBEpeHa U3 Kocmoca.
Mony4eHHble pesynbTaThbl
NOCNY>XXUNnM OCHOBaHWeM AN
UCNONb30BaHUA METOANKU U
annapatypbl MKC-M kak B
Cny>e6HbIX KOCMUYECKMNX
cucTemax, Tak n gns
AanbHenwero pasBuTus
uccnegoBaHun 3emMnu U3 Kocmoca.
B HacTosWee BpeMsi 3Tn
uccnefoBaHUsS OCYLLECTBNRAIOTCA
no NpoekTy «KocMomeTpus».
(«Feocuctema») n B pamkax
akcnepumeHTa «0O630p»>,
BX0oAsWero B npoekT «[pupoga».
NpoekT «KocmomeTpus»
BKNIOYAET B Ce65 IKCNEepUMEHTbI
¢ annapatypor MKC-M, koTopas
nepeBe3eHa CO CTaHuyum «CantoT-
7» Ha cTaHuuio «Mup» n ycnewHo
¢dyHKumMoHupoBana B 1988 r.

Ha cTtaHuyuio «Mup» Takxe
AOCTaBNEH KOMMNIEKC annapaTtypbl
MKC-M2, koTopas 6bina
ycTaHOBfieHa Ha NOBOPOTHOM
nnatcpopme ACII-I" BmecTe ¢
WH(PpakpacHbIM
TenecnekTpomeTpom UTC-71 n
Apyron annapaTtypown. B pamkax
akcnepumeHTa «O630p» B KU
AH AP c y4eToM pe3ynbTaToB
akcnepumeHtTa MKC-M 6bina
Ha4aTa paspaboTka MOA4YSIbHOro
onTuyeckoro 3oHaa (MO3),
obecneumnsaioujero
NPOCTPAHCTBEHHbIN OXBaT
nnowaan 100—150 km?2.

OkcnepuMeHT «O630p» BKNoYaeT
Takxe cosgaHue 60pToBOro
BbIHUCNTENBHOIO YCTPONCTBA
(BBY) ans o6paboTku
uHdopmaymm.

Hay4Has nporpamma npoekTa
«KocMoMeTpus» Ha cTaHuum
«Mup» npegycmatpusaeTt
yCOBEpLUEHCTBOBaHMe METOA0B
AWUCTaHLUMOHHOro onpeaeneHus
Komniekca (puanyeckmx
napaMmeTpoB 3eMHON NOBEPXHOCTH,
okeaHa 1 aTtMoccepsbi C Uenbio
CyWEeCTBEHHOrO NOBbILEHUA KX
TOYHOCTU U HAAEXHOCTU Ha
OCHOBE CO4YeTaHUsA U3mepeHun
CNeKTpasibHbIX U YrnoBbIX
pacnpegeneHnn sipKoCcTu u
co6CTBEHHOro usnyyeHusi 3emnu.
MpegycMmoTpeHa Takxe
paspabotka metogoe 60pTOBOWM
06paboTku nHopmMauuu,
NONYy4YE€HHOW B 3KCNEpUMEHTE
MKC-M2, ¢ nomowbio
cneynanbHOro BbIMUCIIUTENBHOIO
YCTPOWNCTBA, BK/IIOYEHHOMO B
KOMNMEKC annapaTtypbl CTaHuum
«Mmp»_

KomMmnnekc obecneuunT: cxaTtue
6onbworo o6beMa nHpopmaymm 1
nepegady ee Ha Ha3eMHble
cTaHuymm 6e3 noTtepsb;
aBTOMaTU4eCKoe Ucnonb3oBaHue
AaHHbIX CMEeKTpanbHOW APKOCTH,
nony4aembiX ¢ NOMOLLbIO
annapatypbl MKC-M2, ans
onepaTUBHONO onpegeneHus
BbIAEPXXKN MHOFOKaHasbHbIX
hoToannapaTtoB B pa3nnyHbIX
yCrnoBUAX CUCTEMBDI

«aTMocdepa — NOBEPXHOCTb»;
onepaTtuBHOe pasgesneHue
06nadvHbIX M 6e306Na4HbIX
yCcnoBun npu nposegeHun
doTOCHLEMKUN 3EMHON
NOBEPXHOCTMU.

BaxxHbiM pa3fenom nporpammbl
npoekta «KocmomeTpus»
SIBNSAETCA onepaTuBHOE
nony4eHwe nHgopmaymm ob
aHTPOMOreHHbIX NPUMeECsiX Hag
NPOMBbILWNEHHBIMA panioOHaMK, B
TOM 4ucne Hafg NoACNyTHUKOBbLIMU
nonuroHamu CCCP, 'epmaHuu,
Monbwwn, Yexo-Cnosakuu.
HasepgeHuve annapatypbl MKC-M2
BOMKHO obecnevmBaTbCs
CKaHupyowen nnaTtgopmon,
No3BONSAIOLWEN OTCNeXusaTb
uccnegyemble 06BLEKTbI B TEHEHUe
ANUTENBHOIO BPEMEHN.

CouyeTaHue annapatypbl MKC-M,
MK®-6M ¢ UK-cnekTpomeTpom
obecneuymBaeT usyyeHue
a3p0o30JibHbIX U rasoBbiX
npumecen B atMociepe n okeaxe,
a Takxe onpegeneHve
TemnepaTypbl NOBEPXHOCTH
okeaHa (TMNO) u BepTUKANbHbIX
npocunen TemnepaTypsbl
aTMmocdepsbl.

Moao6Hblie 3aga4m uccneaoBaHun
OAHOBPEMEHHO B ONTUYECKOM U
UK-guanasoHax cnekTtpa
pelwanuce paHee Ha CnyTHUKe
«Kocmoc-1151». Ha atom
CnyTHUKe BriepBbie 6bIN
NCNONb30BaH CNeKTpasibHO-
yrnoBon MeToh TepMUYEeCKOoro
30HANPOBaHUA, pa3paboTaHHbIA B
MKW AH CCCP, n
MHoOrokaHansHbin UK-paguomeTp,
obecne4dunBaloWin U3MepeHus
TensoBOro UanydeHnsa 3emnu B
10 ywacTtkax UK-gnanasoHna
cnekTtpa npu 3-x yrnax
BU3UPOBaHUA. TN U3MEpEHUS,
KOTOpble NPOBOAUIIACL B
komnnekce ¢ CBY-uamepexusimm,
no3soNunu onpegenvuTb
TemnepaTypy NOBEPXHOCTU C
NorpeLwwHocTbo 1°.

MposogsaTcs paboTbl nNo
NOBbLIWEHUIO TOYHOCTU U3MEPEHUIA
C NOMOLLbIO YNOMSHYTbIX Bblille
MeTOA0B AUCTaHLUOHHOIO
onpeaeneHnsi NOSTHOro Komniekca
Pur3n4ecKux napameTpos
aTMmocdepbl U MOBEPXHOCTU. 3Tn
MeToAbl U annapaTypa A0KHbI
obecne4nTb nNonyyeHune
KOCMUYEeCKOW UHdopMaLuu,
Heo6xoaAuMON ANs pewieHnst
KOMMNMEKCHOW Npobnemsl
CoxpaHeHusn OKpy>kaloLen cpegbl,
KnMMmarta U NpupoaHbIX PeCypCoB.
BaxxHoe npuknagHoe 3Ha4deHue
MMEIOT BbINONIHEHHbIE B
UHCTUTYTe dyHOaMeHTalbHble
uccneposaHust B obnactm
reousnyeckon ruapoauHaMuKu.
3Tn uccnepoBaHus BedyTcs Mo
ABYM OCHOBHbIM HanpaeBfieHUsIM.
MepBoe — nouck nanyeckux
NepBOMNPUYUH TaKUX NPUPOLHbIX
KaTacTpoOMUYECKUX ABMEHUIA, Kak
TandyH, UMKIOH, TOpHaAo,C
uenbio pas3paboTku MeTO4UKHK
paHHero nporHo3a o6pa3oBaHusi
noAo6HbIX CTPYKTYyp B aTtMocdepe.
BTopoe — BbigeneHue npouyeccos,
Haunbonee NOAXOAAWMX C TOHKM
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3peHns N3y4YeHus NpupoAabl
Pas3nNnyYHbIX aHOMaNbHbIX ABNEHUA
B aTMocdepe, okeaHe U
noHocepe.

Ha nepBom HanpasneHuu
cotpygHukamu UKW AH CCCP
6b151 OTKPLIT HOBbLIA NPUHLMN
reHepayum CTpyKTyp, OCHOBaHHbIV
Ha Tak Ha3biBAEMOM CNUpasnibHOM
MexaHu3me. 3a cyeT, HanpuMmep,
BpauweHuss 3emMnu BO3HUKaeT
CpeaHANn Koppensauusa Mexay
CKOPOCTbIO TypOYyNeHTHbIX
OBWKEHUIA N BUXPEM CKOPOCTM.
3710, B CBOIO o4epeab, NPUBOAUT K
reHepauuu KpynHomacwtabHbIx
BMXpen Tuna TandgyHoB.
MocTpoeHa Teopus HavanbHoOM
cTaguu pasBUTUS Takux CTPYKTYyp,
npeAnoXXeHbl MeTOAUKU
0o6Hapy>eHusi panoHOB
Tponuyeckon genpeccun. MNpu
3TOM HaneHa Tak)Xe CBs3b
Mexgy (PpoHTanbHON
pPa3MepHOCTbIO U30STUHWNIA
TemnepaTtypbl 061a4HbIX CTPYKTYP
CO CTeneHblO0 U3BUMTUCTOCTU ITUX
WU30NUHUA U BO3MOXXHOCTbIO
obpa3oBaHusi TangpyHOB.
PesynbTaTbl 06paboTku
MH(ppaKpacHbIX U306parkeHUn
0611a4HOCTH, NONYHEHHbIX C
SAINOHCKWX reoCTayUoHapHbIX
CNyTHWUKOB, AaloT
yAoOBneTBOpUTENbHOE CoBMNaaeHue
C NpeanoXXeHHOU MoAenbio.

YT0 KacaeTcs BTOpOro
HanpasneHus, To, Npexae BCero,
cnepyeTt OTMETUTbL pa3paboTky
TEOpPUX YCUNUTESbHbIX
MeXaHMU3MOB BOMHOBbIX
npouyeccos. Micnonb3oBaHue 3Tow
Teopuu noebillaeT
AnarHocTuyeckue BO3MOXHOCTU
npy uccneaoBaHMn pasnuyHbIX
reouanyecKux siBfNeHuin.

C yyactuem coTpygHUKOB
MHCTUTYTa BbLINOMHAIOTCA TakXe
MHOrO4UCNEHHbIE CMYTHUKOBbIE
3KCMNepUMEHTbI C UCNOSb30BaHMEM
ramma- U peHTreHOBCKOW
annapaTypbl C 4enbio aHanusa
pagvaymoHHon o6CTaHOBKMU
pasnuyHbIX panoHOB 3E€MHOW
NOBEPXHOCTMU.

K BaXKHbIM (byHAAMEHTaNbHbIM U
npuKNaaHbIM HanpaerieHUsiM
KOCMWYECKUX UCCnenoBaHuu,
BbinonHsiembix UKW AH CCCP,
OTHOCATCA n paboTbl B o6nacTtu
KOCMUYECKOro

MaTepuanoBegeHus.
B UHcTUTyTE BegyTcsa
TeopeTuyeckue,
3KCNepUMeHTasIbHble, UHXXEHEPHO-
TEXHUYECKUE U Hay4HO-
OpraHu3ayuoHHble paboTbl
LUMPOKOro npoduns,
HanpasfeHHble Ha uccnepoBaHue
PU3NHEeCKUX siBNEHUN B YCNOBUAX
MUKpOrpasuTauum, ndyyeHue
0cob6eHHOCTEn NpoLeccos
nony4yeHus MaTtepuasnos B
KOCMOCe, a TakXe CTPYKTypbl 1
CBOWCTB 3TUX MaTepuanos.
MepcnekTMBHLIM NPaKTUHECKUM
BbIXOAOM paboT N0 KOCMUYECKOMY
MartepuanosefeHuio aBnseTca
nony4YeHue pasfimyHbIX
mMaTepuasnos C yny4leHHbIMU
XapakTepuctukamm, a Takxe
npeanoxXeHust Ans
COBEpLUIEHCTBOBaHUS 3€MHOMN
TEXHOMOorun.

OCHOBHbIMW HanpaBNeHUsIMU
uccnegosaHun B obnacTtu
KOCMKUY€ECKOro
MarepuanoBegeHus,
BbINOSIHAEMbIX B UHCTUTYTE,
ABNAIOTCA: U3yYeHue
0CO6EHHOCTEN KpucTannuaaymm
pasfnu4yHbIX, B TOM 4ucne
nonynpoBOAHUKOBbLIX, MaTep1anos
M3 XUAKOW U rasosomn ¢as (13
pacnnaBa, U3 pacTsopa, u3
pacTtBopa B pacnnase; C
MCNOMb30BaHMEM KanunnspHbIX
CUN; METOAO0M ra3oTpaHCMNOPTHbIX
peakuuin) B yCnoBusix
MUKpOrpasuTauum; nayyeHue
npoueccos 3aTBepAeBaHus
pacnnasoB pasfninyHbIX
KOMMO3ULUMOHHBLIX MaTtepuanos,
aMoOpHbIX CUCTEM B YCJTIOBUAX
MUKpOrpasuTauum; nay4yeHue
pas3ninyHbIX PU3NYECKUX
nNpoueccoB (KOHBEKLUUN,
Andbdy3um, TennoMmacconepeHoca,
nepeoxnaxaeHusi U T. 4.) B
XXUOKOW 1 rasoBon ¢asax npwu
pasfiUYHbIX YPOBHAX rpasutayum v
UX ponu Npyu NONy4YeHuu
MaTepvasioB B KOCMOCe; n3yyeHue
BSIMSIHUA MUKPOrpasuTaymm Ha
Kpuctannusayuio 13 pactBopoB 1
pacnnasoB Npu [OCTaTOYHO
HU3KNX (65IM3KNX K KOMHATHbIM)
TemMnepaTypax, B HaCTHOCTU Npu
ABMIEHNAX MaccoBOWn
KpucTannusayum.

O6bexkTamu uccnenoBaHun
SIBNAOTCA NONYyNpOBOAHUKOBbLIE

Martepuvarnbl, MeTansnbl, CNNasbl,
KOMMO3ULMOHHbIE MaTepuanbl,
cTekna, gucnepcHble matepuanbl
v ap.

OAQHUM U3 BaXKHbIX HanpasneHun
paboT, BbINOMHEHHbIX B
MHCTUTYTe, ABNAETCA Takxe
nccneposaHue ocobeHHoCcTen
nony4YeHus maTtepuanos B
yCrnoBusiX NOBbILLEHHON
rpaBuTauum (B aKCnepuMmeHTax Ha
LUeHTpudyrax, NO3BONAOLUX
6onee rny6oKo NOHATbL POnb
rpaBuTauum B TEXHOSMOrMYECKUX
npoyeccax v Nony4yeHuu
MatepvasioB C yny4leHHbIMU
CBOMCTBaMM).

bonblwoe BHUMaHWe yaenseTcs u
pa6boTtam nNo uccnenoBaHUIO
CTPYKTYPHOrO COBEpLUEHCTBA
NONy4eHHbIX B KOCMOCE U Ha
3emne ob6pasuos c
MCNONb30BaHUEM TaKUX HOBEWLINX
MEeTOA0B, KaK 3/1IeKTPOHHOE
KaHanupoBaHue u obpaTHoe
paccesiHne UOHOB, a TakKXe
peHTreHoBCKas AudpakToMeTpus
C aHanuaoMm peaynbTtaTtoB Ha OBM,
ANEeKTPOHHasi, onTu4eckas u
CKaHUpYoWas MUKPOCKOMMUS.
O6ny4veHne nonynpoBOAHNUKOBBIX
KOCMUYECKUX mMaTepuanos
TAXXEeNbIMA MOHaAMW NO3BONSET,
Hanpumep, nony4aTtb
paguaunoHHbie appeKThbl,
KOTOpble NPUBOASAT K
pas3ynopsAoHeHUIo
KpUCTanN/In4eCcKon CTPYyKTYypbl U ee
amopcu3auum B 3aBUCUMOCTU OT
3HEprum 1 Ao3bl 065yHeHUs, 4TO
MOXXET NOCNY>XXWUTb OCHOBOW
NepcNeKTUBHOrO HanpaBneHus —
paguaLMoHHO-KOCMUYEeCKOMN
TEeXHONoruu.

Cneynannctbl MHCTUTYTa
NPUHMMAIOT aKTUBHOE y4acTue B
co34aHun cneynanmuampoBaHHOU
annapaTtypbl 451 APOBEAeHUsN
TEXHONOrNYECKUX 3KCNEPUMEHTOB.
B 6onbwunHCTBE Cny4aes 3Tm
paboTbl NPOBOAATCS B TECHOM
COTPyAHUYECTBE C YYeHbIMN
APYrux cTpaH.

MokasaTenbHOM B 3TOM
OTHOLLUEHUN MOXXHO CYMTaTb
pa3paboTaHHyi0 COBMECTHbIMU
YCUNUAMWN y4YeHbIX HexocnoBakum
n cneymnanuctos 3 UK AH
CCCP TexHONorunyeckyio
yCTaHOBKY HOBOMO NOKONEHUsi
«Kpuctannusarop». Mo yenomy



pay NnapaMeTpoB — TOYHOCTU
WMEepeHus ¥ nogaep>XaHus
TeMnepaTypbl, Ananas3oHy
CKOpoCTen nepemeLleHuUs
06pa3yoB, BO3MOXXHOCTAM
perucTpayum AaHHbIX U KOHTpONS
npoBeAeHUA 3KCNepMMeHTOB —
0Ha NpesBoCXoAUT 3apy6exxHble
aHanoru. YcraHoBka cHabxxeHa
MMKpPONPOLLECCOPOM U MOXET
paboTaTb NOSMHOCTLIO B
aBTOMaTUHECKOM peXXume no
nporpaMMe, 3anvcaHHoOW Ha
MarHuTHon neHTte. UHpopmayua o
X0Ae 3KCNepuMeHTa, BKIoYas
TemMneparTypy HarpesaTtenem,
nokasaHusa akcenepomeTpoB U

T. A., 3anUCbiBaeTCA Ha TOW Xe
MarHUTHOW nexTe. lNpu aTOM
AaHHble 06 ypoBHe
MUKPOYCKOPEHUIA U XoAe cepumn
3KCNepMMEHTOB MOryT NOCTynaTtb
Ha 3emnio B peanbHOM macwTabe
BPEMEHU.

NlabopaTopuen KOCMUHECKOro
matepuanosegeHus UHctutyta
co3gaH crneymanbHbii KOMNIeKC
HazeMHOW OTpaboTKu
3KCNEePMMEHTOB, NAaHupyembIX K
npoBEAEHUIO B KOCMOCe C
CrNoNb30BaHUEM YCTAHOBKM
«KpuctannusaTop».

finn aBTOMaTU4ECKOro KOHTPONA
TeMnepaTypbl paboyen 30HbI
TEXHOTOMMYECKUX YCTaHOBOK
COBMECTHO CO crieyunanucramm
[AP 6bin pa3spaboTaH npubop
APl (aBTOMaTUYECKUMA
perucTpaTop napameTpos).

Ewe oaHa TexHonorunyeckas
yctaHoBKa — «PacTBop» —
co3gaHa Ha OCHOBe Koonepauuu
COBETCKUX WU NONbCKUX
cneymnanuctos. OHa
npeaHasHadeHa Ans
uccneposaHua Npoueccos
HU3KOTEMNepaTypHOn
KpUcTanM3ayuum 3 pacTsopoB U
u3yHeHUs NepcneKTUBHbLIX
METOAOB MONYYEHUS LEHHbIX B
NPaKTUHECKOM OTHOLLUEHUN
KpuCTannos.

CoBMECTHO C y4eHbiMU U3

paga Apyrux cTpaH HadaTa
paspaboTka psiga HOBbIX
TEXHONOrM4eCKUX yCTaHOBOK ANA
paboTbl Ha 60pTy aBTOMaTUYECKUX
KOCMUYECKUX annapaTos.

ycnexu, 4OCTUTHYTbIE
KOCMU4YECKOW TexHosoruen, yxe
CerogHA NO3BONSAIOT CTPOUTL

ONTUMUCTUHECKUE NPOrHO3bl.
KocMuyeckas TEXHONOrUA MoXxxeT
M AO0SHKHA CTaTb HOBOW OTPachbio
COBpPEMEHHOro NpoM3BOACTBA.
MepcnekTuBbl y HEE CaMble
3amaH4uBble: OTAeNneHne Tex unu
WHbIX OpraHM4YecKux BewecTs OT
CMecCei; BblpaluBaHue CnoXXHbIX
nNonNynpoBOAHUKOBbLIX KPUCTanNnos
C COBEpLIEHHOW CTPYKTYypoW;
nony4eHue ocob60o NPOYHbIX
KOMNO3WLUMOHHbBIX MaTepuasnios v
CNNaBoB C YHUKaNbHbIMU
MarHUTHbIMA U
CBepxXNpoOBOAALMMN CBONCTBAMU,
NOKPbITUK, YCTONHUBLIX NPOTUB
KOppo3uu; 6ecTturensHoe
nnaeneHue CTeKon AN nasepos
M MHOroe, MHOroe gpyroe.
Mo-Bugumomy, eule kKakoe-To
Bpemsa paboTbl B o6nactu
KOCMUYECKOWN TexHonorum 6yayT
HOCUTb B 60/blien CTeNeHu
Hay4HO-UCCNefoBaTeNbCKUA U
ONbITHO-KOHCTPYKTOPCKUNA
xapakTtep. TeM He MeHee,
TwarenbHO NpogyMaHHasi U 4eTKO
cnyaHMpoBaHHas nporpamma
MOXET 3HaA4YUTENbHO COKPaTUTb
4UCTO UccnenoBaTenbCKUn
nepuos. dyHgaMeHTanbHbIe Xe
uccnepnoBaHma B obnactu
KOCMUYeCKOro MartepuanosegeHusi
HUKOrga He NOTEpPSIOT CBOEN
aKTyanbHOCTW u Bcerga 6yayT
MOLHbIM pbl4aroM pasBUTUS Kak
3EeMHON, TaK U KOCMUYECKOWN
WHAYCTPUW.

The analysis of first photographs
of the Earth’s surface taken on
orbit has shown scientific and
practical efficiency of space
photography. Multiband
photography is characterized by
particularly great informativity.

A multiband photographic
camera, model MKF-6, and a
multichannel false colour
combiner, model MSP-4, for
synthesizing false colour images
from single-band photographs
have been developed by SRI of
the USSR AS in co-operation
with the People's enterprise Carl
Zeiss Jena (the GDR) within the
framework of the Intercosmos
program. Flight testing of MKF-6
was performed successfully on
board the spacecraft Soyuz 22

in September 1976. In the course
of the flight more than

2500 multiband photographs of
the earth surface have been
taken. MKF-6M and MSP-4B
improved as a result of
laboratory work and flight
testing have been serially
manufactured since 1977 by the
industry and operated with
success in many scientific and
industrial organizations in the
USSR and abroad.

The so-called fast methods of
data acquisition and processing
play an important role in space
research of the Earth. In contrast
to methods of space
photographing they enable
getting information on the earth
surface on a global scale with a
periodicity that cannot be
achieved by other methods. That
ensures studies of such dynamic
processes as seasonal changes
of landscapes, the coming off of
the snow cover, development of
river deltas, distribution of solid
river run-off in water reservoirs,
control of the state of
agricultural vegetation, the
course of agricultural works, etc.
Fast data are the most important
component of space techniques
of studying the Earth surface,
surveying the state of the
environment and reasonable use
of natural resources.

Multiband systems of optical
scanning combining sufficiently
detailed observations with high
radiometric accuracy are widely
used in world practice to obtain
fast video information.
Information obtained by such
systems is delivered through
channels of space
communication to ground-based
receiving stations and is
recorded by special devices in
the form of multiband
photographs or digital magnetic
video recording. To process the
obtained results both
conventional visual-instrumental
methods and digital ones
implemented by means of
computers. Wide prospects open
up for computerization of
information delivered from
satellites. This is a necessary
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step towards creation of the fast
system of investigating the Earth
from space.

Improving further optoelectronic
methods of studying the Earth
from space, specialists of the
SRI of the USSR AS jointly with
some other Soviet and foreign
institutions have developed a
multiband scanning system
(MSS) Fragment and have
carried out a successful full-
scale experiment on the Meteor
satellite. The MSS Fragment
makes it feasible to get fast
multiband video information with
high radiometric accuracy,
illustrating rapidly projecting
changes in the objects on the
earth’s surface with a good
spatial resolution in the visible
and near infrared regions of the
spectrum. Photographing is
done in 8 ranges of the visible
and near infrared regions of the
spectrum with a resolution of
85 m at a survey band of 90 km.
Fast delivery of images and the
possibility of producing images
of the same region with a certain
periodicity during the year at
different Sun’s angles are the
major advantages of the
Fragment system, that makes it
possible to use it most efficiently
for the benefit of agriculture and
Earth sciences.

By means of the MSS Fragment
a substantial amount of
information has been obtained,
millions of square kilometers of
the Earth territories have been
surveyed (the European part of
the USSR, the territories of
Bulgaria, the GDR, Rumania,
Czechoslovakia).

The greatest success in the
study of the Earth from space is
ensured by utilizing space
technology in combination with
research aircraft-laboratories to
survey comparatively small
areas, to optimize space-borne
equipment, to specify and verify
the information received from
space.

The Institute has contributed
greatly to the development of
air-borne laboratories on the
base of planes of different
classes.
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Alongside the development of
methods and equipment for
multiband imaging of the Earth
from space and optical
scanning, the Institute
conducted research work in the
field of aerospace remote
sensing using radiophysical
methods: radio oceanography,
hydrophysics and remote
atmospheric probing, theoretical
investigations included. Initial
data for various research
programmes were prepared,
spectral and panoramic devices
for remote probing of the
atmosphere and earth surface
were developed, laboratory
simulation and full-scale air- and
space-borne tests were carried
out.

In the Institute there are some
laboratories the goal of which is
to fulfil fundamental research in
the domain of processing
aerospace information gained in
aerospace investigations on
studying natural resources and
remote sensing, as well as to
co-ordinate theoretical and
experimental research in
ascertaining relations of
radiation and object-specific
characteristics of natural
objects, to perform thematic
processing of video information
with special-purpose computer
complexes.

Fundamental investigations of
the system “atmosphere-surface”
were fulfilled with an aim to
develop and verify
experimentally physically
substantiated and
mathematically rigorous
methods of remote
determination of a whole set of
optical parameters of natural
surfaces (the surface of oceans
included), of the atmosphere and
clouds. Multichannel
spectrometers MKS were created
jointly with specialists from the
SRI of the GDR AS using these
methods and then they were
deployed on the satellites
Intercosmos 20 and 21. After
successful tests of the
instrumentation and methods of
remote probing the system
“atmosphere-surface”, modified

spectrometers MKS-M were
developed that in 1983—1985
worked on board the spacecraft
Salyut 7 together with a
multichannel camera MKF-6M.
The results of the experiments
have confirmed high efficiency
of the procedures and devices
MKS-M ensuring simultaneous
ascertainment of spectral
brightness factors for various
types of the earth surface under
cloudless conditions as well as
spectral and vertical distribution
of the atmospheric optical
thickness with a mean square
error of 15—20% within the
range of changes of these
parameters by an order of the
magnitude.

Under overcast sky conditions
the procedure and
instrumentation have provided
determination of the altitude of
the upper border and optical
thickness of clouds as well as
factors of specific absorption of
solar radiation by cloud
particles. Compared with similar
values for drops of pure water
and ice, an increase of these
coefficients by 2—3 orders has
been found out, that can be
related to fouling of clouds and
falling out of “acid”
precipitation.

A procedure of absolute
calibration of photographs with
high photometric precision has
been developed employing the
experimental results with MKS-M
and camera MKF-6M. It helped
enhance informativity of
photographs, control objectively
the video information, process it
automatically.

The results of the experiments
with MKS-M and MKF-6M have
indicated that, in fact, all the
information obtained can be
used for tackling a wide scope
of problems in science, national
economy and technology:

— studies of processes of
transformation of solar radiation
in the system “ocean —
atmosphere —clouds”;

— ascertainment of spatial-time
distributions of man-made
aerosol on local and global
scale;



— effective account of
atmospheric effects in studying
natural resources.
Measurements of direct solar
radiation by means of MKS-M
(the experiment Occultatsiya)
made it possible to determine
characteristics of spectral
transmission of the station
windows and so the
characteristics could be taken
into account when processing
the information obtained during
the experiment with MKS-M.
Vertical distributions of ozone
and aerosol in the stratosphere
have been obtained in the
experiment Occultatsiya, which
discovered anticorrelation
between these substances,
hence, anomalies earlier
observed in the absorption band
of ozone within the IR-range of
the 9.6 mm can now be
explained. The anomaly was in
the fact that in the summer
period in that band a weak
absorption of solar radiation was
observed at a large content of
ozone and a strong absorption
was observed at a low content of
ozone. Such an anomaly can be
accounted for by the fact that
man-made gases rising to the
stratosphere undergo a reaction
with ozone, hence the ozone
content decreases, but aerosol
forms absorbing solar radiation.
This process leads to formation
of ozone holes.

The analysis of the MKS-M
experimental results involving
correlation of data of
simultaneous remote and under-
satellite measurements on
ground-based platforms as well,
has confirmed the above given
estimates of accuracy and
reliability of the procedure and
instrumentation for remote
determination of parameters
under various conditions of the
system “atmosphere—surface”.
Thus it can be concluded that
these procedures are more
advantageous as compared with
similar methods abroad which
require many a priori
suppositions about the state of
surface and atmosphere that
cannot be checked from space.

For instance, the procedure for
ascertainment of factors of
spectral brightness of ocean
developed in the USA assumes
that the factor in the red region
of the spectrum equals nought
which is correct only for a clear
and quiet surface, and the
method of allowing for the
influence of atmosphere
envisages the use of optical
models implementation of which
cannot be checked from space.
The results obtained served as a
basis for employing the
procedure and instrumentation
MKS-M both in auxiliary space
systems and for further
development of research of the
Earth from space. Nowadays the
investigations are being carried
out within the project of socialist
countries Cosmometriya
(Geosistema) and within the
scope of the experiment Obzor
entering the project Priroda. The
project Cosmometriya covers
experiments with
instrumentation MKS-M which
was brought from the station
Salyut 7 to the station Mir and it
functioned successfully in 1988.
The instrumentation complex
MKS-M2 was delivered

to the station Mir, which was
installed on the turntable

ASP-G together with the infrared
telespectrometer ITS-7D and
other instruments. Wilthin the
scope of the experiment Obzor
development of a modular
optical probe (MOP) with due
account of the results of the
experiment MKS-M had been
started at the SRI of the GDR
AS, the probe will ensure a
spatial cover of an area of 100-
150 km?2. The experiment Obzor
involves also evolvement of an
on-board computer device (OCD)
for processing information.

The research programme of the
project Cosmometriya at the
station Mir envisages
improvement of methods for
remote ascertainment of a set of
physical parameters of the
Earth’s surface, ocean and
atmosphere with an aim to
substantially increase their
accuracy and reliability

combining measurements of
spectral and angular
distributions of brightness of the
proper radiation of the Earth.
The project envisages also
development of methods of on-
board processing of information
obtained in the experiment MKS-
M2 with the help of a special
computer device included in the
instrumentation complex of the
station Mir.

The complex will provide:
compression of a great amount
of information and its delivery to
ground-based stations without
loss; automatic use of spectral
brightness data obtained with
the aid of the instrumentation
MKS-M2 for fast determination
of the exposure of multichannel
photographic cameras under
different conditions of the
system “atmosphere-surface”;
fast division of cast-sky and
cloudless conditions when
taking photographs of the
Earth’s surface.

An important section of the
project programme
Cosmometriya is fast obtaining
of information on man-made
impurities over industrial
districts, including under-
satellite testing grounds of the
Germany, Poland, Czechoslovakia.
Guidance of the instrumentation
MKS-M2 should be ensured with
a scanning platform enabling
objects under investigation to be
tracked during a long period of
time.

Combination of devices MKS-M,
MKF-6M with an IR-spectrometer
will enable studying aerosol and
gas impurities in atmosphere
and ocean as well as
determination of temperature of
the sea surface (TSS) and
vertical profiles of atmospheric
temperature.

Similar research problems
simultaneously in the optical and
IR-ranges of the spectrum were
tackled previously on the
satellite Cosmos 1151. A
spectral-angular method of
thermal probing evolved at the
SRI of the USSR AS was first
used on that satellite as well as a
multichannel IR-radiometer



providing measurements of
thermal radiation of the Earth in
10 points of the IR-range of the
spectrum at 3 angles of sighting.
The measurements taken in the
complex with UHF —
measurements permitted the
surface temperature to be
determined with an error of 1°.
Works are undertaken to
enhance precision of
measurements with the aid of
the above mentioned methods of
remote determination of a full
set of physical parameters of the
atmosphere and surface. These
methods and instrumentation
should ensure obtaining space
information, necessary to cope
with a complex problem of
saving the environment, climate
and natural resources.
Fundamental investigations in
the field of geophysical
hydrodynamics fulfilled at the
Institute are of great importance.
The investigations have two
main trends of development. The
first one is search for physical
initial causes of such nature
disasters as typhoons, cyclone,
tornado with an aim of evolving
a procedure for an early
prediction of formation of such
structures in the atmosphere.
Second is to single out
processes the most suitable from
the point of view of studying the
origin of different anomalous
phenomena in the atmosphere,
ocean and ionosphere.

Research workers of the SRI of
the USSR AS have found a new
principle of generation of
structures based on the so-
called spiral mechanism. For
instance, due to the Earth’s
revolution there appears a mean
correlation between the
turbulent motion velocity and
velocity vortex. This, in its turn,
leads to generation of large-
scale vortices such as typhoons.
A theory of the initial stage of
development of such structures
has been constructed,
techniques for detecting areas of
tropical depression have been
set forth. A correlation between
frontal dimensions of isolines of
temperatures of cloudy
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structures and the extent of
curvature of these isolines and
probability of typhoon formation
was found. The results of
processing infrared images of
cloudness received from
Japanese geostationary satellites
yield a good agreement with the
proposed model.

As for the second trend, first of
all, it is worth noting the
evolvement of the theory of
amplifying mechanisms of wave
processes. The application of the
theory enhances diagnostical
opportunities when investigating
various geophysical phenomena.
Research workers of the Institute
participate in numerous satellite-
borne experiments with
application of gamma- and X-ray
instrumentation aimed at
analyzing a radiation situation in
different regions of the Earth’s
surface.

Important fundamental and
applied space research
performed at the SRI of the
USSR AS involves work in space
materials science. The Institute
carries out a wide range of
experimental, theoretical,
engineering and organizational
work aimed at investigating
physical processes under
conditions of microgravity,
studying specific features of
processes of production of
materials in space as well as
structures and properties of
these materials.

A prospective practical result of
work on space materials science
is production of various
materials with improved
characteristics as well as
suggestions with respect to
improvement of earth
technologies.

Major trends of research in the
field of space materials science
fulfilled at the Institute are as
follows: studies of specific
features of crystallization of
various, semiconductor ones
included, materials of liquid and
gas phases (from melting, from
solution, from solution in
melting; with application of
capillary forces; by the method
of gas transport reactions) under

conditions of microgravity;
studies of processes of
hardening of melts of various
composite materials, amorphous
systems under conditions of
microgravity; studies of various
physical processes (convection,
diffusion, heat- mass-transfer,
overcooling, etc.) in liquid and
gas phases at different levels of
gravity and their role in
producing materials in space;
studies of the influence of
microgravity upon crystallization
out of melts and solutions at
sufficiently low temperatures
(near to the room temperature),
in particular, in phenomena of
mass crystallization.
Investigations concern mostly
semiconductor materials, metals,
alloys, composite materials,
glass, disperse materials, etc.
One of the major trends of
research work performed at the
Institute, is also investigation of
specific features of producing
materials under conditions of
enhanced gravity (in experiments
with centrifuges which are to
ensure an insight into the role of
gravity in technological
processes and production of
materials with improved
properties).

Much attention is drawn to
research work on structural
perfection of the samples
produced in space and on the
Earth applying such new
methods as electronic
channeling and ions
backscattering as well as X-ray
diffractometry followed by data
computer processing, electronic,
optical and scanning
microscopy. Exposure of
semiconductor materials
produced in space to heavy ions
yields radiation effects that
cause disorder in the crystalline
structure and its amorphism
depending on the energy and
dose of irradiation. This
phenomenon may serve as a
basis for a new prospective
trend, namely radiation —space
technology.

Researchers of the Institute take
an active part in creation of
specialized instrumentation for



conducting technological
experiments. In most cases work
is carried out in close co-
operation with scientists from
other countries.

Significant in this respect may
be regarded a technological set
of new generation Cristallizator
elaborated by joint efforts of
scientists from Czechoslovakia
and specialists for the SRI of the
USSR AS. It surpasses foreign-
made analogues in a whole
number of parameters such as
precision of measurement and
temperature maintenance,
velocities range of handling
specimens, opportunities for
data recording and control of
carrying out experiments. The
set is equipped with a
microprocessor and can work in
whole in automatic mode
according to a taped routine.
Information about the course of
the experiment, including
temperature of heating devices,
data of accelerometers, etc. is
written on the same tape. Data
on the level of
microaccelerations and course
of a series of experiments may
reach the Earth in real time
scale.

A special set for ground drill of
experiments planned to be
conducted in space using the set
Cristallizator has been created
by the laboratory on space
materials science of the Institute.
A device ARP (automatic register
of parameters) has been
developed jointly with GDR
specialists for automatic control
of temperature in the working
zone of technological sets.

One more technological set—
Rastvor—has been created as a
result of co-operation of Soviet
and Polish specialists. It is
intended for investigating
processes of a low temperature
crystallization out of solutions
and for studying prospective
methods of obtaining valuable in
practical respect crystals.
Development of a number of
technological sets for work on
board automatic space devices
has been started in co-operation
with scholars from other

countries.

The progress in space
technology even now allows us
to make optimistic predictions.
Space technology can and
should become the new branch
of modern production. Its
perspectives are most tempting:
preparation of one or other
organic substances from their
mixing; growth of
semiconductor polycrystals with
the perfect structure; production
of very firm composites and
alloys with the unique magnetic
and superconductive properties,
corrosion-resistant coatings;
grass melting with no use of a
crucible for lasers and many
many others.

Obviously, for some time the
activity in the field of space
technology will be, to some
extent, of research and
development character.
Nevertheless, the well thought-
out and well planned program
can reduce significantly this
research period. Fundamental
studies in the field of space
materials science will always be
topical and will always give a
powerful impetus to the
development of ground-base and
space industry.
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IOxHas yacTb o3epa baukan c 4enbToun
pekn CeneHrn n cpefHeBbICOTHbIE
ropHsie xpe6Tbl Mpnbankanss

Southern part of the Baikal Lake with
the delta of the Selenga River and the
medium-altitude mountain ridges near
the lake

MHOro3oHanbHbIN KOCMMYECKMN annapat
MK®-6 n oTgenbHble CHUMKU 3eMHON
NOBEPXHOCTH, NOJTyHeHHbIe C ero
noMoLybIo

The multiband space camera MKF-6 and
some photographs of the earth’s surface
made with it



PaioH cpegHero TedeHusi peku Bunion

A region in the middle stream of the
Viluy River

AnpgaHckoe Haropbe. B yeHTpe CHUMKa —
KoHgepckni MaccuB, OCTPOBEPLUMHHbINA
xpebeT npaBu/IbHON KOJbLieobpasHon

¢opmbl

The Aldan highland. The sharp-peaked
ridge in the centre of the photograph is
of correct circular shape. This is the
Kondersky mountain range

PawoH Mammupo-Anasi. CHUIMOK
oxBaTbiBaeT BbICOKOrOPHyl0 30HY xpebTos
C XOPOLUO Pa3BUTbLIM Of1eJEeHeHNEM

The Pamir-Alai region. The photograph
illustrates high ranges with well
developed glaciation
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KoMnoHOBOYHasi CxeMa MHOro30HasIbHON
CKaHUpyIoLLed TesIeBU3NOHHON CACTEeMb!
«®parMeHT ». [103/1eMeHTHbIA

nNPOCMOTP — CTPOYHOE CKaHMpoBaHue
3eMHOM 0BEePXHOCTH B HarnpasneHny,
nepneHAuKyNsPHOM noneTty,
nNpoN3BOAUTCSA NMYTEeM HeNnpepbLIBHOIO
KayaHusi cneynansHoro sepkana;
cKaHMpoBaHWe B Hanpas/ieHuu nosnera
(Ha6op CTPOK) NPOUCXOAUT B pe3ynbrare
ABWXXEHUS1 CaMoro CriyTHUKa:

1—ckaHupyloulee 3epkano; 2—npueog
3epkana; 3— 06beKTuB; 4 —onopHeie
WUCTOYHMUKU CBeTa; 5 — ONTUKO-3MEeKTPOHHbIN
KOMMYTaTop; 6 — BONOKOHHO-ONTUHECKUA
pa3seTBuUTeNb; 7 —NONOCOBLIE CNEKTPasbHbIe
GUNLTPLI; 8— PoTONPUEMHUKM; 9 — 610KK
ycunurtenen NOCTOSIHHOTO TOKa u
BbICOKOBOJ/IbTHbIX UCTOMHUKOB NUTaHWA
(oTonpuemHukos; 10 —6n0k aHanoro-
yudposoro npeobpasosaHus; 11— 6noku
CUCTeMb! ynpaBneHus, cbopa, 06paboTku
nHpopMayun; 12— 610K CUCTeMbl
anekTponuTaHus; 13 —paguartopbl
OXNTAXKABHUA (POTONPUEMHUKOB

Ha cHUMKax, BbIMONHEHHLIX B [BYX 30HaxX
cneKkTpa,—4acTb akBaTtopuu YepHoro
MOpS y ero 3anagHoro nobepexss n
6onbLuas YacTb gensTsl JyHas

Layout diagram of the multiband
scanning TV system Fragment. Element-
by-element look-up or scanning of the
earth’s surface in the direction across
the flight trace is performed by
continuous rocking of a special mirror;
scanning in the direction of the flight is
effected as a result of the satellite
movement proper:

These photographs show part of the
Black Sea surface at its western coast
and a large part of the Danube delta in
two bands of the spectrum

1—Scanning mirror; 2— Mirror drive;
3—Lens; 4—Reference light source;

5 — Optoelectronic multiplexer; 6 —Fiber-
optical bifurcator; 7—Spectral band filters;
8 —Photodetectors; 9—D.c. amplifiers and
high voltage photodetector supplies;

10— Analog-to-digital converter; 11 —Data
acquisition, processing and control system;
12—Power supply units; 13— Photodetector
cooling radiators




dparMeHT CbeMKn MexXxgype4ybs [joHa n
Xonpa. LipetoBas guggeperHymayms
nonew B codeTaHumn ¢ 60/bLINM
yBeIn4eHneM NCXOLHbIX CHUMKOB
obecneynBaeT BbICOKYIO0 3¢hheKTUBHOCTL
MCnonb30BaHUA MHOTO30HAITbHON
KOCMUYECKOM CHEMKU Npu
CeJIbCKOXO3AUCTBEHHOM U3yHeHUn
TepputTopum. Mpuse[eHHbIN YBETHOA
CHMMOK NO3BO/IAET pacrno3HaBaTb COCTaB
KynbTyp. OT4eTIMBO BbIABNSIIOTCS
pasnu4ms B UCNonb3oBaHun 3emens. C
MOMOLLbIO TaKUX CHUMKOB MOXHO
npoBOANTL CesIbCKOXO3ANCTBEHHOE
panoHupoBaHme TeppUTopPumn

A fragment of the photograph of the
Don and the Khoper interfluve. Colour
difference of the fields in combination
with substantial magnification of the
initial photographs ensured high
effectiveness in utilizing multiband
space photography for agricultural
analysis of the territory. This colour
photograph reveals the composition of
the crops. The difference in utilizing the
land is observed clearly. It is possible to
perform agricultural classification of the
territories by means of such
photographs

Bopt camoneTta-naboparopumn AH-30,
060py0BaHHOIO 4151 UCCIIe [OBaHUSA
3eMHbIX pecypcoB

Inside the aircraft laboratory AN-30

equipped for investigating the earth’s
natural resources
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B nabopatopum KOCMUYECKOro
maTepuanosefeHus

CoseTcko-4exocioBalKkas
TexHosorn4eckas ycraHoBKa
«Kpucrannunsarop HCK-1»,
npegHa3HavYeHHasi 4nsl NPoBegeHust
uccnegoBaHui Ha 60pTy op6UTaNIbLHON
cTaHynun u nony4yeHnst MaTtepuasios B
nonynpPOMbILLINTeHHbIX MacwTabax
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In the laboratory of space materials
science

Soviet-Czechoslovakian technological
plant Crystallizer-TSK-1 for
investigations on board the orbital
station and for the productions of
materials on a semi-industrial scale

OANHOYHBIE MOHOKPUCTASITbI N CPOCTKH,
nosly<HeHHble B yCOBUSIX
MuKporpasuTaumm. CoBeTCcKo-
MOHTOIbCKNIA 9KCNEePUMEHT «SpLhaHeT »

Single monocrystals and aggregates
produced under conditions of
microgravity in the Soviet-Mongolian
experiment Erdenet



Ucnonb3osaHue 60pToBON
TeXHO/I0rMYecKou annaparypbl
«Kpucrannusarop HYCK-1» B komnnekce
Ha3eMHoW 06pabOTKU IKCNEePUMEHTOB,
nnaHMpyembiX 47151 BbINOMHEHUs Ha
0p6UTanbHON CTaHUNM

The use of the on board technological
equipment Crystallizer TSK-1 in the
ground-based processing of the
experiments to be performed aboard the
orbital station

logroTtoska akcnepuMeHTa «[lansmupa»
110 COBETCKO-CHPUNCKOMN NporpaMme
«Magep»

Preparation of the Palmir experiment by
the Soviet-Syrian program Mader

UccneposaHne obpasLosB Ha
PEHTreHOBCKOM AughpakToMeTpe

Study of samples by the X-ray
diffractometer

Annaparypa «MegoH» gns nccnegosaHus
TEeXHOJI0rM4EeCKUX NPoLeccoB B yC/I0BUSIX
MOBbILLEHHOIO TATOTEHUs

The Medon equipment for investigations
of technological processes under high
gravity




HDPOPMAL OHHO-
SHICT IATESTBHBIN
COMIMIEKC

DATA
HANDLING
AND COMPU
COMPLEX

B UHcTuTyTe BepeTcs 6onbwas paboTa no
NPOEKTUPOBAHUIO U CO34aHUID KOMNEKCoB 06paboTku
Hay4yHOW MH(popMaumK, aBToMaTU3aumm Hay4HbIx
3KCNepUMEHTOB, pa3paboTke U COBEPLUEHCTBOBAHUIO
maTteMaTU4ecKoro u annapartypHoro obecnedeHus coéopa u
06paboTKM AaHHbIX NPy NOArOTOBKE W NpOBeAEeHUM
nccnefoBaHUm Kak C MCNoMb3oBaHWEM KOCMUYECKUX
annapaToB, Tak U Ha 3KCnepumeHTanbHon 6ase
WHcTuTyTa.

Substantial work is carried out at the Institute on
designing and developing facilities for processing
scientific information, automation of scientific
experiments, evolving and improving software and
hardware for data acquisition and processing when
preparing and performing investigations both in space
and in the laboratories of the Institute.




LieHTpanusoBaHHble c60p u
06paboTka AaHHbIX NO HayYHbIM
3KCnepuMeHTam NpoBOAATCA B
UHTepecax uccnegosaHun UKU
AH CCCP, a Takxe Bcex
opranusaymn CCCP n gpyrux
CTpaH (4epes coBseT
«MHTepkocMoC»), y4acTeyloWUX B
COBMECTHbIX npoektax. O6meH
Hay4HOu uH(opmalven
ocyulecTBnseTcs 6onee 4yem ¢

10 3apybexxHbiMK CTpaHamu, a B
CCCP —c HeCcKkOnbKumu
AEeCATKaMU Hay4HbIX, MPOEKTHbIX U
NPOMBILLSIEHHbIX OpraHu3ayun.
[ns onepatusHoro céopa u
obMeHa gaHHbIMK UCMOMb3YIOTCA
TenerpadHble, TenedoHHble (Co
cKopocTbio Ao 9600 6oa) u
LMPOKOMNOMOCHbIE KaHasbl CBA3N,
a TakxXe CnyTHUKKU-
peTpaHCNATOpbI.

WHCTUTYT pacnonaraeTt MOLLHOW
BblHUCNUTENbHON 6a3on C
CyMmMmapHoun
NpPou3BOAUTENbHOCTLIO
BbIMUCNIUTENbHbLIX KOMMNJIEKCOB B
HECKOSIbKO COTEH MUNIMOHOB
onepauui B CeKyHay. Takown
MOLYHbIA BblMUCNUTENBHBLIN LIeHTp
6bin co3naH B CBA3W CO
3Ha4YUTENbHbIM YBENUYeHneM
06beMoB Hay4HHOW KOCMUYECKON
uHdopMauumn, Heo6xoAMMOCTbIO
MOAENUPOBaHUA (PUIUHECKUX
SIBNEHUN, a TaKXe
Heo6X0AUMOCTbLIO YNpaBfieHUs
Hay4HbIMKU Npubopamu npu
peanu3aumm KOCMUYECKMUX
NPOEKTOB.

KocMmuueckue npoekTbl nocneHux
net otnuyatotcs 6onbLion
CNOXXHOCTbIO U Hay4HOW
3HAYMMOCTbBIO, NO3TOMY O4Y€eHb
BaXXHO UMETb BbICOKOHAAEXHblE
KOMMJIEKCbl Npuema, perucrpauum,
06paboTkn n oTob6paKeHust
MHopMaLuK, nocTynaiowen ¢
KOCMUYECKUX annapartos.
3Ha4ynTenNbHbIX YCNEXOB B 3TOM
HanpasneHun MHCTUTYT fobuncs
npv peanusauyun MeXxayHapoaHoro
KOCMU4yecKoro npoekTta «Bera».
Bbin co3aaH MOLHBbIA KOMNNEKC
cpeacTB Aoctasku u 06paboTku
Hay4HOW UHOPMaLUK, KOTOPLIVA
BKNo4an B cebs TexHu4eckue
cpeAacTBa, ycTaHosneHHblie B KU
AH CCCP wu B LleHTpe ganbHen
KOCMWYECKOW CBA3WN.

B UHCTUTYTE ucnonb3oBanucb

cneayowme TexHuyeckue
cpeacTBa: NyHKT npyema 1
pacnpegeneHus Hay4Howu
WHOpMaL K, KOMMNNEKC
KOHTPONbHO-UCTbITATENbHON
annapatypbl, 9BM obwero
HasHa4eHusi ¢ 6aHKOM AaHHbIX,
ueHTp 06paboTkmn
BuaeouHdpopmayum, cuctema
perncTpaymm uHpopmaymm Ha
6a3e MuKpo3OBM, nyHKT
TenedOHHO-TenerpagHoOn
TEXHONOTNYECKOW CBRA3M,
KOMNNeKC Hay4yHou o6paboTku u
BU3yanu3auum Tenesu3noHHON
UHOpMaLUK, TENEBU3UOHHBIE U
NPOEKUMUOHHbIE YCTAaHOBKU B
LleHTpe oTo6parkeHus.

Bnepsbie B uctopumn MHcTuTyTa
BCE NepeyvucneHHble cpeacTea
paboTanu Kak eauHblA OpraHu3Mm B
HenpepbIBHOM TEXHONOMUYECKOM
npouecce, 04HOBPEMEHHO
NpPUHUMaRn vHdopmaymio ot
yAaneHHbIX Ha3eMHbIX
M3MepuUTESNbHbIX NYHKTOB U
BblgaBasi 06paboTaHHble gaHHble
3aMHTepecOBaHHbIM
notpebutensaM, B TOM 4Yucne B
LleHTp ynpaBneHust NnoneTom.
CambiM 3Ha4YuTEnNbHbLIM
notpebutenem nHpopmMauum B
UHCTUTYyTe siBNAnacb nokanbHas
BbIMUCNIUTENBHAA CeTb,
nocTpoeHHas Ha 6aze OBM
obuwero HasHa4YeHus U BOCbMU
komnnekcos CBUT
(camocTosTENbHLIN
BMAEOUH(POPMaLUOHHbLIN
TepmuHasn). 3BM obuero
HasHa4yeHusi 06paboTaHHyo
nHopmaymio 3aHocun B 6aHK
Hay4YHbIX AAHHbIX, KOTOPbIA 6bin
AOCTyneH Ans nonb3oBartenewn
CeTU Ha A3biKe BbICOKOrO YPOBHS.
Komnnekcol CBUT

6b1 NOAKSOYEHbI

K OBM uepes ycTponcTeo
rpynnosoro ynpasnexus EC7922,
npu4em 3Ty CBA3b BnepBble
obecneunBanu paspaboTaHHble B
UHcTuTyTe coBMecTHO ¢ MOTU
ycTponcTtea conpsixxeHus QJIEC n
ONTO3NEKTPOHHAA cuctema
MHdOPMaLUOHHOro obmeHa.
Tak>xe snepsbie B UHCTUTYTE
NPUMEHSNNCb
BbICOKO3(P(PEKTUBHbBIE
ONTO3NEKTPOHHbIE CUCTEMBI
nepeaa4v notpeburensam
wHdopmMaymu, Nony4yeHHoOW B

NyHKTe npuema, u pacnpeaeneHus
OaHHbIX.

Cnepylowum warom B passutum
cpeAcTs 06paboTKM KOCMUYECKOMN
MHopMayumn SBUIOCL CO3aaHue
KoMnnekca cpeacTs 4NN
06paboTkn nHopmaymm npoeKTa
«®oboc». MNpu coxpaHeHuu
OCHOBHOW apXuTeKTypbl
KoMnsiekca cpeacTs 06paboTku
npoekTta «Bera» B HOBOM
KOMMNeKce rnaBeHCcTByeT
KOHUenuus pacnpegeneHHon
06paboTkn gaHHbIX. B UHCTUTYTE
NONY4YUNU LUIMPOKOE pasBuTue
pacnpefeneHHble KOMNNEeKChbI
06paboTku uHcpopmauumn Ha 6ase
MUHU- U MUKpOOBM Tuna CM-4,
«3nekTpoHuka», ABK, PC. ins
CBAA3U MalUWUH UCMONb3yeTCA
LWMpOKUIA Habop
nocneaoBaTtenbHbIX U
napannenbHbIX UHTEepencos co
ckopocTsimMu obmeHa o 250 kb6/c.
PasnnyHble apxuTeKTypHbie
pelweHusi, BoibpaHHbie npu
pa3paboTke KOMMIEKCcoB,
NO3BONKAIOT OCYWECTBNATb
napannenbHyo u
nocneaoBaTtesbHyto
(KoHBenepHyo) 06paboTKy
uHcpopmayumn. CymmapHasi
NPOU3BOAUTENBHOCTL NPU 3TOM
3aBUCUT OT cneynuduKku pelsaemMbix
3a4a4 U MOXeT [OCTUraTb OYeHb
BbICOKUX 3Ha4eHun. [Npu 3TOM
obuwas ctoumocTb
pacnpeaeneHHbIX
BbIYMCNUTENbHbIX KOMMNIEKCOB
(PBK) pocTaTto4HO HU3Ka no
CpaBHEHMIO C
BbICOKONpON3BoAuTENbHbiIMU OBM.
PBK ucnonbayloTcsi B HacTosilee
BpeMs ANs npoBefeHUst aKcnpecc-
aHanu3a Hay4YHow U cnyxxebHon
mHdopmayumu, noctynarouien ¢
KOCMMYECKUX annapartoB, a Takxe
perucrpayum 3Ton uHdpopMayum Ha
MarHUTHbIX Hocutensax. Kpome
Toro, He6onblme rabaputol PBK
NO3BONAT UCNOML3OBATb UX B
Ka4YecTBe MOOGUNbHbBIX
Bbl4MCNUTENbHBLIX CACTEM NpU
NpoBeAEeHUN UCNbITAHWUIA Hay4HOW
annapaTtypbl U CnyXebHbIX cuctem
KOCMUYECKUX annapaToB Ha
nonuroHax. Mpumepom Takoro
komnnekca sisnsetca POMAHC
(pacnpeneneHHas
obpabaTbiBaiowas MobunbHas
apxuTeKTypa Ha3eMHbIX CpeAcTB),



KoTopasi 6bina ycnewHo
MCnonb3oBaHa nNpu NpoBeAeHUN
npeAcTapToBbIX UCNbITaHUA
Hay4yHOW annapaTtypbi NpoekTa
«®oboc» Ha kocmogpome. OnbIT
3KcnnyaTaymmM Komnnekca
Nno3sonun copmMynnMpoBaTb psg
HOBbIX NPUHLUUNUASTBHBIX peLieHuH,
KoTOopble 6yAyT UCNONb30BaHbI
npu cosaaHum PBK cnegyowmx
nokoneHun. Passutue
HanpaeneHus, CBA3aHHOro C
pa3paboTtkon PBK, nozsonut B
6nuxanwee BpeMs 3HA4YUTENBHO
yBENUYUTb BbIMUCNUTESbHBIE
pecypcbl, ucnonb3yembie 4ns
06paboTkn nHpopmayum B
KOCMUYECKUX UCCreaoBaHUsX,
npoBoAuMbIX B MHCTUTYTE.

B nocnegHune rogbl B
obecnedeHun
BbICOKOMPOM3BOAUTESbHbIX
BblYUCNIUTENbHbIX MOLYHOCTEN
Hapsgy ¢ paspaboTkon
CynepKOMNbIOTEPOB NOMY4nUso
passuTue anbTepHaTUBHOE
HanpasfieHne — co3gaHue
BbIYUCNIUTESNbHBIX CUCTEM
BbICOKOW NPOU3BOAUTENBHOCTU C
MCNonb3oBaHUEM napannenbHbiX
MaTpU4HbIX NPOLECcCOopoB,
CBA3aHHbIX C LEeHTpasbHbIM
npoyeccopoM. Npumepom Takomn
BbICOKOMPOU3BOAUTENBEHON
CUCTEMBI C UCNONb30BaHUEM
napannenbHbIX MaTpPUYHbIX
NPOLECCOPOB MOXXET CNY>XWUTb
KoMniekc, paspaboTaHHbIn
COBMECTHbIMU YCUNTMAMU YYEHbIX
UKW AH CCCP n ob6bveguHeHus
N30T (Bonrapus).

MpumeHeHne camon CoBpEMEHHOWM
3aneMeHTHon 6as3sbl, HOBbIX
KOHCTPYKTOPCKUX U
TEXHONOrMYECKUX peLueHun
no3BOJSIUNO CO34aTb HAAEXHbIA B
akcnnyatayuu manorabapyTHbI
BblY4UCNUTENbHbBIA KOMNNEKC C
BbICOKUMW TEXHUYECKUMU
XapakTepucTuKamu.
MponssoguTeNbHOCTb
LeHTpanbHOro npoyeccopa Ha
pa3NUYHbIX TECTOBbLIX NPOrpaMMax
coctasnsiet ot 1,1 go

2 MUINMOHOB onepauvn B
cekyHgy. O6vem onepaTMBHOW
namatyu 16 M6anT. MaTpnyHbIn
npouyeccop obnagaeT NMKOBOW
NpPOU3BOAUTENBHOCTLIO

12 MMNNMOHOB onepayun C
nnasaiowien 3ansiTon B CEKyHay w

MMeeT NoKanbHyl NamaTb A0
4 M6anrt.

Paspa6oTtaHHoe y4eHbiMu KN AH
CCCP matemaTtuyeckoe
obecneyeHne paaeT NONHyO
HEe3aBUCUMOCTb NPOLECCOB cHeTa
B MaTpUy4HbIX npoyeccopax,
BBOAA-BbIBOAA U cHeTa B
LeHTpanbHOM npoueccope. JTo
No3BONSAET UCNONb30BaTb Cpasy
BCIO CUCTEMY ANSA pelleHust O4HON
CNOXHOW 3a4ayn M NpUCTYNUTb K
YMCNEHHOMY MOAENUPOBAHUIO
3aaa4, 4To 6bINO0 HEBO3MOXHO
Npyu UMEBLLUXCA paHee
BbIMUCNUTENBHBIX CpeACTBax.
Ve Heckonbko net 8 UKU AH
CCCP akcnnyaTtupyeTtcsi
BbICOKOMNPOU3BOAUTESIbHbLIA
kKoMnnekc u3 10 MaTpuyHbIX
npouyeccopos EC-2706,
noakntoYeHHbix K EC-1037 ¢
NUKOBOW NPOU3BOAUTENBHOCTBLIO
120 MunnuoHoB onepayun c
nnasaiolien 3anaTon B CeKyHAay
uwnu cebiwe 300 MUNNNOHOB
06bI4HBbIX Onepayuin B CeKyHAy.

B nocnepgHue rogbl B IHCTUTYTE
60nblOe BHUMaHWe yaensieTcs
undcpposon obpaboTke
BUAeOouHOpmaymn.
Pa3paboTaHHbIn KOMNIEKC
TEXHUYECKUX CpeacTs u
MartemaTuyeckoro obecnedyeHust
4Na aBToMaTU3npoBaHHOMN
06paboTkn BUAEeoOnHpopmauum
CBUT aBnsieTcA nepCneKTUBHbLIM
cpeacTBoM npu o6paboTke
nHpopmayum, oTeevaloLlen
BbICOKUM TpeboBaHusM
nonb3oBaTtesnien B cambix
pasnuyHbIX cdepax AeATEeNbHOCTH
(passegke NpUpPOAHbLIX pecypcos,
HabniopeHnn 3a N3AMEHEHUAMU
OKpy>XaioLien cpegbl, NPOrHo3e
ypoxxas, HabniogeHum 3a
pacTuTenbHbIMU KyNbTypamu u
NecHbIMKM Maccusamm,
MeAULMHCKON AuarHoCTuke,
hoTOMeEeTpUYECKUX
nccnepoBaHUsx, ONo3HaBaHUK
06bEeKTOB NpU CbEMKAXxX C
netartenbHbIX annapartos,
aCTPOHOMUYECKUX UCCIef0oBaHUNAX
v ap.).

C nomoLybio 3TUX KOMMNNEKCOB
NPOBOAATCA TemaTU4eckun
aHanu3 u obpaboTtka
n3obpaxkeHun, HabnogeHve
€CTeCTBEHHbIX NPOLEecCoB B
pexunme KBasupeanibHOro BpemMeHu

1 knaccudukauus no
NPOU3BOACTBEHHLIM ChepaMm.
OcHoBy Takux cuctem
COCTaBNAT AOCTAaTOYHO
npoussoguTenbHas MUKpoOBM c
obwmnpHon nepudepuen, LBeTHON
ancnnen, nynsT oneparopa C
LWapUKOM ANSsi UHTEPaKTUBHOIO
Awanora nonb3osaTens c
CUCTEMOWN.

MaTemaTtudeckoe obecneyeHue
MH(OPMaLUOHHO-
BbIMUCNIUTENBHOIO KOMIJieKca
BKo4aeT obuyee,
obuwecuctemHoe 1 cneymanbHO
npeAHasHadeHHoe Ansa 06paboTku
pe3ynbTaToB YHUKamNbHbIX
PU3nNYECKUX IKCNEPUMEHTOB U
pe3ynbTaToB KOCMUYECKUX
uccnegoBaHui.

B 3BM EC wupoko ncnonbaytorcs
TPaHCNATOPbI C A3bIKOB
Accembnep, ®opTpaH, MJ1/1, a
Tak>Xe Auanorosble CUCTEMbI
peAakTUpoBaHUS TEKCTOB U
yAaneHHOro BBOAA 3a4aHun C
angasuTHO-YUPPOBLIX AUCNNEEB.
Onsa 60onbwmnx NponsBoaUTENbHBLIX
OBM yHKYMOHUPYET cuctema
pasgeneHust BpeMeHu.

OcBoeHa v BHegpsieTCs B
mMaTemaTuyeckoe obecneyeHune
ceTu TeneobpaboTku
onepayunoHHas cuctema 3BM EC
Ha 6a3e obuero
TenieKOMMYHUKALMOHHOrO MeToaa
AO0CTyna, NO3BONAIOWEro CTPOUTL
cetn OBM c kommyTauuven
nakeToB.

PeweHbl 3aga4m cTtaTtucTU4ecKomn
06paboTku TenemMeTpuHeckon u
TpaeKTopHON uHopmaymm
KOCMUYECKUX annapaToB, a Takxe
OLEHKW U NOBbIWEHNA TOYHOCTH
nony4yaembix pe3ynbTaTos.
CospaHbl 3ppeKTUBHO
paboTatoue nakeTbl NPoOrpamMm
pelweHnst yKasaHHbIX 3aga4 Ha
OBM.

OcyuwecTBneHo matemaTudeckoe
obecne4veHne 3KCNEepUMEHTOB Ha
annaparax, HanpaBnseMbIX K
BeHepe u Mapcy. B 4yacTtHoCTH,
6blna NnokasaHa BO3MOXHOCTb
noneta K komete Nannes c
npegsapuTesibHbiM 06N1eToM
BeHepbl. MNpu aTom 6bina
npoBefeHa oueHka oXxuaaemoun
TOYHOCTHW onpegeneHus opbuTbl
KOMETbl NO AaHHbIM
acTpomeTpuyeckux HabnogeHui.



C nomouwybto paspaboTaHHOro B
MHCcTUTyTE MeToAa
rapaHTUpyHoLWero oueHnBaHus
6b110 NOKa3aHo, YTO B MOMEHT
BCTPEYM C KOCMUYECKUM
annapatom «Bera» owwnbka
onpeaeneHnsa NONOXEHUs1 KOMEeTbl
He NpeBbICUT 2—3 TbIC. KM. JTOT
NDOrHO3, NOJSIOXKEHHbIW B OCHOBY
npoeKTa, NOMHOCTLIO onpasaancsa
Ha NpaKkTuKe.

Ha ocHoBe Tex xe meTtogoB 6binun
OleHeHbl OXXuaaembie
NOrpPEHOCTU YTOYHEHUA OpbUTbI
KOMEeTbl N0 ee HabnoaeHUsm c
6opTa annapatoB «Bera» un
NOrpewHoCcTn onpeaeneHus opobuT
annapaToB C UCMONb30BaHUEM
TPaeKTOPHbIX U
UHTepepoMeTpU-eCcKnx
W3MepeHuin Npu NOMOoLM ceTu
DSH.

Mony4eHHble OUEHKWU fernu B
OCHOBY MeXyHapOAHOro npoekTa
«JloymaH», 3aKknioyasLerocs B
UCNONb30BaHUN AAHHbIX
HabnogeHun KoMeTbl ¢ 6opTa
COBETCKUX KOCMUYECKUX
annapaTtoB ANs HaBefeHWUs Ha
KOMETY 3anagHoeBpOornencKoro
annapata «[bkoTTo». bbino
nokasaHo, 4YTo CTaHAapTHas
NOrpeLwwHoCcTb onpeaeneHus
NONOXEeHUs1 KOMETbl B MOMEHT
BCTpe4Yu C «PKOTTO» B 3TOM
cnyyae He npesbicuT 100 KM.
Bbina paspaboTaHa apdpekTusHan
MeToauKa yTO4HEeHUs opbuTbl
KOMETbI N0 ee HabnioaeHusM ¢
oAHOro unu obomnx annapartos
«Bera». B xoae peanusauuv
npoekTta «JloymaH» KoopAuHaThbl
saapa KoMeTbl 6binNn onpeaernexsl
€ To4HOCTbIO 30—50 KM. OHun
6611 nepepaHsl B EBponenckoe
KOCMUYECKOe areHTCTBO, KOTopoe
MCNoNbL30BasIo UX NpU
OKOHYaTeNbHOM HaBegeHuUu
annaparta «[PKOTTo» Ha KOMETY.
OcyuecTBNaAnoChb Takxe
HaBuraymoHHoe obecneyeHue
3KCNEPUMEHTOB Ha
NCKYCCTBEHHbIX CnyTHUKax 3emnu.
B yacTtHOCTW, ANA 3KCnepuMeHTa
«PenukT» 6bina BblibpaHa
ycTonymBas HeKoppekTupyemas
opbuTa cnyTHUKa Cc anoreem Ha
rpaHule 30Hbl rpaBUTaYUOHHOro
gencteus 3emnu. OTa opbuta
6bina c ycnexom peanu3oBaHa Ha
npakTuke.

MpoBeneHa coBMecTHasn
cTaTucTuyeckas obpaboTka
noKasaHuWih AaTYMKOB OpUEHTaLun
CNyTHUKA U TenemeTpu4ecKux
AaHHbIX B 3KCNepuMeHTe
«PenukT». MNMony4eHHble
pe3ynbTaTbl UCNONb30BaHbI ANA
NOCTPOEHUS KapTbl
WHTEHCUBHOCTU PESNTIMKTOBOrO
u3ny4eHns Ha HebecHon cepe.
MpoBeneH aHanu3 reouUanyeckmx
CuTyayun, KoTopblie MOrnu
BO3HWKHYTb B npouecce noneta
CNyTHUKa npoekTa «AHTepLloK».
Ha ocHoBe aToro aHanusa
B8bi6bupanucb opbuta n Bpems
3anycka CnyTHUKa, a Takxe
OCyLeCTBNANOCH ynpaBneHue
6opTOBOK Hay4YHOW annapaTypoW.
PeweH psg Bonpocos
HaBUrayMoHHoOro obecneyeHus
HOBbIX Hay4YHbIX KOCMUYECKUX
npoekToB. PaspaboTaH KoMnnekc
nporpamMM, NO3BONAIOLWNA
HaxoAuTb ONTUMasibHble
TpaekTopuu noneta K Apyrum
Tenam ConHe4Hon cucTembl. MNpu
3TOM npegycMoTpeHa
BO3MO>XXHOCTb MHOIOKpaTHbIX
rpaBUTaLUOHHBIX U aKTUBHbIX
MaHeBpoB y 60NbWNX NNAHET U KX
cnyTHMKoB. C NOMOLWbIO 3TOrO
KoMmnnekca 6binu nccnenoBaHbi
TpaekTopuu noneta K
actepougam C npeasapuTenbHbIM
obnetom BeHepbl, 3emnu u
Mapca. PaccMoTpeHbl
BO3MOXXHOCTU UCNONb30BaHUSA
rpaBvMTaLMOHHOrO MaHeBpa OKOJS0
IOnuTtepa gns noneta B
6nu>kanwyo OKpeCTHOCTb
ConHua, a Takxe kK CaTypHy u ero
CNyTHUKaM.

NccneposaHbl BONPOCHI
ynpaBneHus ABUXEHUEM CUCTEM
CNYTHUKOB U CybCnNyTHUKOB,
npegHasHa4YeHHbIX ANA aKTUBHbIX
3KCNepuMMeHTOB B KOCMoce, a
TakXxe Ans uccnepoBaHus
MarHutocepbl 3emnu.
OnTumanbHOe npoBefeHue 3TUx
3KcnepuMeHToB obecneynBaeTcs
COOTBETCTBYIOWMWUM
pacnonoXXeHneMm CrnyTHUKOB U
CcybCnyTHUKOB ApYyr OTHOCUTENbHO
Apyra. QTo gocrturaetcs
COOTBETCTBYIOLEN KOppeKynen nx
opbuT. [ina obecne4eHus Takomn
KoppeKuyuu paspabotaH KoMnnekc
nporpamm onpegeneHus
OTHOCUTENbHOIO ABWKEHUSA

CNYTHUKOB K Cy6CNyTHWUKOB, a
Tak>Xe pacyeTta napameTpoB
KOPPEKTUPYIOLLMX UMY bCOB,
obecneunBaloLmx ucnpasreHue
3TOro ABWXEHUA U noaaepxxaHve
Tpebyemon KOHUrypayum opouT
npU HaNU4YUU pasnUYHbIX
BO3MyLjaloWmx oakTopos.
MokasaHna uenecoob6pa3HOCTb
ncnonb3oBaHuA
NPOTUBOCOSTHEHHON TOYKU
nubpauuun cuctembl ConHuye —
3emna gna nposeaeHus psaa
Hay4HbIX 3KCNEPUMEHTOB.
WccneposaHo aswxeHuwe
KOCMWUYeCKOro annapara B
OKPEeCTHOCTM 3TOW TOYKU U
paspaboTaHa meToguka Bbibopa
TpaeKkTopun noneta K To4Ke
nubpayum 6e3 nposeaeHUst
MaHeBpa nepexona Ha opbuty
nonerta OKOMo TOYKKU nubpauuun.
PaspaboTaHa MeToauka pacyeta
napaMmeTpoB KoppeKuuu
paccmaTpuBaeMbiX TPaeKToOpUi.
Paspa6oTaHbl MeTOAbI
CUTYaLMOHHOro aHanusa npwm
npoBeAeHUN IKCNEPUMEHTOB B
KocMoce, Korga Heob6xoaumo
ynpaensatb npubéopamu u
o6paboTkon nocTynatowjen
UHdOopMayMM B 3aBUCUMOCTH OT
B3aWUMHOr0 pacnosioXXeHus
HECKOSbKUX CNyTHUKOB,
marHutocgepbl 3emMnu n
pa3nuyHbIx HebeCHbIX Ten.
MpepgnoxeHa cuctema opobmuT
KOCMU4YEeCKUX annapaTtos,
obecne4dmBatowmux onTUManbHble
ycnosus onpegeneHua HebeCHbix
KOOpAWHAT UCTOYHWUKOB ramMma-
BCMN/1ECKOB W PaCCTOSIHUA A0 HUX.
PaspaboTaH KOMNneKkc nporpamm
nokanusayum UCTOYHWKOB ramma-
BCNSECKOB NO AAHHbIM
HECKONbKUX annapaToB C OLEeHKOM
TOYHOCTU. JTOT KOMNEKC 6bin
ucnonb3oBaH npu o6paboTke
[aHHbIX peanbHbIX U3MepeHun ¢
annapatoB «BeHepa» u
«[MporHos».

Paspa6oTtaH psig MeTod4oB U
nporpaMmM onpegeneHus
hakTU4eCKOn opueHTauumn
CnyTHUKOB Tuna «UNHTepkocmoc»,
«Apkag», «[MporHo3» no
TenemMeTpu4ecKum AaHHbIM. OTu
MeTOoAbl UICNONb30BaNUCL 4NA
onpeaeneHus opueHTalum
peasnibHbIX CNYTHUKOB.

CosaaH psp yCTONUUBDIX



6bICTPOAENCTBYIOWMX METOA0B U
nporpaMm OueHUBaHUA
napamMeTpoB CMOXHbIX
HeNUHeWHbIX Moaenen
husnyecknx SBneHun.
Pe3ynbTaTthl ICNONL30BaNUCL NpU
o6bpaboTke uHpopmaym no
akcnepumeHTaMm «MHTepLIoK»,
«PenukT», «ACTPOH».

Centralized acquisition and
processing of scientific
experiment data is performed for
investigations of the SRI of the
USSR AS as well as for all the
organizations in the USSR and
other countries (via the
Intercosmos Council)
participating in joint projects.
Scientific information is
exchanged with more than 10
foreign countries, and in the
USSR —with several dozen of
scientific, designing and
industrial organizations.
Telegraph, telephone (with a
speed of up to 9,600 bauds) and
wide-band communication
channels as well as relay
satellites are used for quick data
acquisition and exchange.

The Institute possesses a
powerful computer centre with a
total capacity of computing
complexes of a few hundred
millions operations per second.
Such a powerful computer
Centre has been created due to
an essential growth of the
amount of scientific space
information, the necessity for
simulation of physical
phenomena, as well as the
necessity for controlling
research instrumentation when
implementing space projects.
Space projects of recent years
are distinguished by great
complexity and scientific
significance, it is, therefore, of
great importance to have highly
reliable complexes of reception,
recording, processing and
presentation of data coming
from space vehicles. Substantial
success in this direction has
been achieved by the Institute in
implementing the International
space project Vega. A powerful
set of means of delivery and

processing of scientific
information was created,
involving technical means
mounted at the SRI of the

USSR AS and the Remote Space
Communication Centre.

The following technical means
were used at the Institute: centre
for reception and distribution of
scientific information, a complex
of control-testing
instrumentation, a general-
purpose computer with data
bank, centre for processing
video information, a
microcomputer-based system for
information recording, a centre
for telegraph-telephone
technological communication, a
set for scientific processing and
visualization of television
information, television and
projection camera units at the
Display Centre.

For the first time in the history of
the Institute all the enumerated
devices worked as a single body
in a continuous technological
process, simultaneously
receiving information from
remote ground-based
measurement-taking centres and
delivering processed information
to interested users and to the
Mission Control Centre as well.
The most serious user of
information at the Institute is the
local computer network based
on a general-purpose computer
and eight sets of SVIT (Self-
contained Video Information
Terminal). The general-purpose
computer filed the processed
information in the data bank
which employed a high level
language. SVIT sets were attach-
ed to the computer through a
group control unit ES7922, and
communication was ensured for
the first time by interface devices
ELES evolved at the Institute
jointly with the MFTI and by an
optoelectronic system of
information exchange. Highly
effective optoelectronic systems
of data communications were
also employed for the first time
at the Institute to communicate
the information obtained at the
Data Reception and Distribution
Centre.

Another step forward in
developing means for processing
space information is the creation
of the set of means for
information processing in the
project Phobos. While retaining
the main architecture of the set
of the Vega project data
processing means, the new set
gives preference to the concept
of distributed data processing.
Distributed complexes of
information processing based on
mini- and microcomputers of the
type SM-4, Electronica, DVK, PC
are widely used at the Institute.
A wide set of sequential and
parallel interfaces with exchange
rates up to 250 kb/s are used for
machine communication.
Different architectural solutions
chosen in the development of
the sets make it possible to fulfil
parallel and sequential
(pipelining) information
processing. The total
productivity depends upon the
specific features of problems
being solved and may reach very
high values, but the total cost of
distributed computer complexes
(DCC) is rather low as compared
with highly effective computers.
DCC are used at present for
carrying out proximate analysis
of scientific and housekeeping
information coming off space
vehicles as well as for logging
the information on magnetic
data carriers. Besides, small
dimensions of DCC permit their
use as mobile computer systems
when testing scientific
instrumentation and auxiliary
systems of space vehicles on
test grounds. ROMANS
(distributed processing mobile
architecture of ground-based
means) may serve as an
example. It was used
successfully in conducting pre-
launching tests of research
instrumentation of the Phobos
project on the space launch
area. The operation experience
gained makes it possible to word
a number of new principal
solutions which will be utilized
in evolving DCC of future
generations. Development of the
trend connected with the



development of DCC will make it
feasible to increase computer
resources used for information
processing in space
investigations conducted at the
Institute.

During the recent years in
ensuring highly productive
computer capacities an
alternative trend is being
developed alongside the
development of supercomputers,
that is the creation of computer
systems of high productivity
using parallel matrix processors
linked with the central
processor. A complex developed
by joint efforts of researchers of
the SRI of the USSR AS and
IZOT enterprise of Bulgaria may
serve as an example of such a
high productivity of a computer
system with utilization of parallel
matrix processors.

The application of the modern
elements base, new design and
technological solutions made it
possible to develop a reliable in
operation small-size computer
complex with high technical
specifications. The productivity
of the central processor in
different test programmes is I.1
to 2 million operations per
minute. The operative storage
capacity is 16 MByte. The peak
productivity of the matrix
processor is 12 million floating-
point operations per second and
the local storage is up to

4 MByte.

The software evolved by
scientists of the SRI of the
USSR AS yields a complete
independence of estimation
processes in matrix processors,
input-output and estimation in
the central processor. That
permits the whole system to be
used simultaneously for solving
one complicated problem and
numerical simulation to be
started. With previously available
computer means the latter was
impossible.

A highly productive complex of
10 matrix processors ES-2706
attached to ES-1037 with the
peak productivity of 120 million
floating-point operations per
second or more than 300 million

ordinary operations per second
has been operated already for
several years at the SRI of the
USSR AS.

In the recent years considerable
attention is given to digital
processing of video information
at the Institute. A complex of
hardware and software,
developed at the Institute for
automatic processing of video
information SVIT is a prospective
means for solving data
processing problems and meets
high requirements of users in
most different areas of activities
(prospecting for natural
resources, observation of
changes in the environment,
harvest prediction, observation
of vegetative crops and forests,
medical diagnosis, photometric
investigations, identification of
objects in air photography,
astronomical investigations,
etc.).

These complexes are used for
thematic analysis and processing
of images, for observing natural
processes in quasi-real time and
their classification by production
spheres.

The system is based on a quite
efficient microcomputer with an
extensive periphery, a colour
display, a joystick control panel
for interactive dialogue of the
user with the system.

The data handling and
computing complex is provided
with common software, general
system software and special
software for processing results
of unique physical experiments
and space research results.
Translaters from the Assembler,
Fortran and PL-1 languages, as
well as dialogue systems for
editing texts and for remote
input of jobs from alphanumeric
displays are widely used in the
ES-computers.

A time-sharing system is
employed in the big high
capacity computers.

An operating system of ES-
computers has been developed
and introduced in the software
of a teleprocessing system on
the basis of the general
telecommunication access,

permitting the arrangement of a
computer network with
switching of data packages.
Problems associated with
statistical processing of
telemetric and trajectory
information coming from space
vehicles, as well as problems of
assessment and enhancement of
accuracy of the results obtained
have been resolved. Efficient
packages of programmes for
computer-aided solution of the
above problems have been
developed.

Mathematical support to
experiments on vehicles
launched to Venus and Mars has
been ensured. In particular, a
possibility of a mission to
Halley’'s comet based on Venus
gravity assisted manoeuvre has
been indicated. The expected
accuracy of calculations of the
comet orbit basing on data of
astrometric observations has
been assessed.

The guaranteed assessment
method developed at the
Institute helped show that at the
moment of meeting with the
spacecraft Vega the error in
estimating the comet position
would not exceed 2 to 3 thou.
km. The prediction that had
been used as a basis of the
project proved to be quite
correct in practice.

The expected errors of
calculations of the comet orbit
basing on the observations on
board the spacecraft Vega and
errors of estimations of vehicle
orbits applying trajectory and
interferometric measurements by
means of the DSH network had
been assessed using the same
methods.

The obtained evaluations served
as a basis for the international
project Pathfinder the aim of
which was to make use of the
comet observation data obtained
on board the Soviet spacecraft
in order to guide the West
European vehicle Giotto to the
comet. It was shown that the
standard error of estimating the
comet position at the moment of
meeting with Giotto in this case
would not exceed 100 km. An



effective technique for
estimating more accurately the
comet orbit had been evolved
basing on its observations from
one or both vehicles Vega. In the
course of implementation of the
project Pathfinder the
coordinates of the comet
nucleus were determined with an
accuracy of 30 to 50 km. They
were transmitted to the
European Space Agency where
they were made use of in final
guidance of the vehicle Giotto to
the comet.

Navigational support to
experiments on board the
Earth’s artificial satellites has
been provided. In particular, for
the experiment Relict a stable
uncorrected orbit of the satellite
with the apogee on the border of
the Earth’s gravity zone has
been chosen. The orbit has been
used successfully in practice.
The data yielded by sensors of
the satellite orientation and
telemetric data in the experiment
Relict were jointly statistically
processed. The results obtained
have been utilized for drawing
up maps of intensity of relict
radiation in the celestial sphere.
Geophysical situations that
could have occurred in the
course of the flight of the project
Intershock satellite were
analysed. Following the analysis
the orbit and time of launching
the satellite have been chosen,
as well control of on-board
research instrumentation was
done.

Navigational references for new
research space projects have
been generated. A set of
programmes has been developed
for ascertaining optimal
trajectories of missions to other
bodies of the Solar system. A
possibility of repeated
gravitational and active
manoeuvres near large planets
and their satellites is also
envisged. The set of
programmes helped investigate
trajectories of flight to asteroids
with preliminary manoeuvre
round Venus, Earth and Mars. A
possibility of using Jupiter
gravity assisted manoeuvre was

considered for a mission to the
Sun’s near vicinity as well as to
Saturn and its satellites.
Problems of controlling the
motion of systems of satellites
and subsatellites intended for
active experiments in space have
been studied. They are also used
for investigating the Earth’s
magnetosphere. Optimum
conditions for conducting the
experiments are provided with
respective mutual location of
satellites and subsatellites. This
is achieved by an appropriate
correction of their orbits. To
effect that correction a special
set of programmes has been
developed for determining a
relative potion of satellites and
subsatellites and for estimating
parameters of correcting pulses
ensuring correction of the
motion and maintenance of the
predetermined configuration of
the orbits in the presence of
exciting factors.

It was shown that it was
reasonable to use the antisolar
point of libration of the Sun-
Earth system for carrying out
scientific experiments. The
motion of a space vehicle in the
vicinity of the point and a
procedure has been elaborated
to select trajectories of flight
towards the libration point not
conducting the manoeuvre of
transfer to the flight orbit near
the libration point. An estimation
procedure for correction
parameters of the trajectories in
question has been evolved.
Procedures have been developed
for analysing situations when
conducting experiments in space
and it is necessary to control
instrumentation and process the
incoming information depending
on the mutual location of several
satellites, the Earth’s
magnetosphere and various
celestial bodies.

Systems of spacecraft orbits
have been advanced ensuring
optimum conditions for
determining celestial co-
ordinates of gamma burst
sources and the distances
thereto. A set of programmes for
detecting gamma burst sources

basing on the data received from
several spacecraft has been
elaborated with assessment of
accuracy. That set was utilized
when processing data obtained
in real measurements on the
satellites Venera and Prognoz.
A number of techniques and
programmes have been
developed to determine the
factual attitude of satellites of
the type Intercosmos, Arkad and
Prognoz basing on telemetered
data. The methods have been
employed in ascertaining the
attitude of real satellites.

Some steady and fast methods
and programmes have been
developed to assess parameters
of complicated non-linear
models of physical phenomena.
The results have been used in
processing the information from
the experiments Intershock,
Relict and Astron.



ObpaboTka Hay4Hou nH¢hopmaLmum Ha
coBpemMeHHbix 3BM cepun EC
OCYyLLECTB/IAETCS] KaK C yAaeHHbIX
pucnnees, Tak M B NaKEeTHOM Pexume

Processing scientific information by
modern ES-computers is effected from
remote displays and in the package
mode

BaHku u apxuBbl 06paboTaHHON Hay4HOU
uHpopmMaLmm pacnonaratoTcsi Ha
MarHUTHOW neHTe B 606uHax

Banks and archives of processed

scientific information are stored on
magnetic tape in reels

AnnapatHbiv 3an 3BM EC 3n1eKTpoHHO-
BLIYUCITNTENIbHON MaLLMHbI € GUHON cepum

AES-computer room
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bonbLioe yncno nepughepnintbix
YCTPOUCTB, OCO6EHHO HaKonuTesne:n Ha
MarHUTHbIX UCKaxX U MarHUTHbIX
JNIeHTax,— xapakTepHasi 0CO6eHHOCTb
MaLUMHHOIO KOMN/IEKca CPeaCcTs
06paboTku

A large number of peripheral devices,
especially magnetic disk and tape
storages, is a characteristic feature of a
computer processing complex

AncnneiHbin 3an BbIYNCINTE/ILHOIO
yeHTpa MHcTutyTa

Display room of the computing centre

Komnnekc 06paboTku
BUAEOCNEKTPOMETPUHECKON HGOPpMaLn
M03B0/1SI€T BbINONHATL MHTEPAKTUBHLIN
aHanmM3 U uHTepnpeTaymio MaTepmanos
ANCTaHLMOHHOIO 30HANPOBaHUSA
noBepXHOCTH HebECHbIX Tersl, Nosy4aemMbix
c 60pTa KOCMUYECKMX annaparos

The complex for processing video-
spectrometric information features
interactive analysis and interpretation of
remote sensing data on celestial bodies
obtained with spacecraft



lMpumepbi 06paboTkn n306paxkeHus sgpa
komeTbl [annes, nony4yeHHbix ¢ 6opTa
aBTOMaTUYeCKux cTaHuymn «Bera-1» n
«Bera-2»

Processing of images of the Halley
comet nucleus, obtained from Vega 1
and Vega 2 automatic stations

Komnnekc CBUT, npegHa3HajqeHHbIA 4ns
asToMaTusayum npoyecca o6paboTku
AaHHbIX, NPeACTaB/eHHbIX B BULE
n306paxkeHumn

The SVIT complex designed for
computerized processing of video data




CBUT moxeT 6biTb MCNONb30BaH
MeULMHCKUMMU YHPEXAEHUAMM,
KOHCTPYKTOPCKMMK 610pO, cnyx6ammn
KOHTPO/ISI M OXPaHbl OKPYXKaloLLen Cpefbl,
Hay4HO-UCCre0BaTeNbCKUMN
opraHu3aumusiMM, CrneynanncTaMmm MHOrnxX
APYrux oTpacsie HapPO[HOro X03AHUCTBA.
OH nossonsiet Habnogatb Ha 3KpaHe
MOHMTOpPa BUAUMOE M306parkeHne u
pesaynbTarbl ero o6paboTku

SVIT may be used by medical
organizations, design bureaux,
environment monitoring and protection
services, scientific-research
organizations, also by specialists in
many other branches of the national
economy, input image and the results of
its processing can be observed on the
monitor display

AMepHUKaHCKNe y4eHble 3HaKOMSITCS C
BbIYUCITUTEIIbHBIM LEHTPOM UHCTUTYTa

The American scientists are acquainted
with the computing centre of the
Institute
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ROCMHECKOE
AYHHOE
P IBOPOCTPOEHNE

PAYLOAD
TECHNOLOGY

WHCTUTYT KOCMUYECKUX UCCNEeaoBaHWiA ABNAETCS
rONOBHON OpraHu3auuen no Hay4HOMy KOCMUYECKOMY
NPUOGOPOCTPOEHUIO B paMKax Kak HauuoHanbHOM
nporpammel, Tak n nporpammel «MHTEepkocmoc». Mopg,
pykoBoacTeom UHCTUTYTa Hag co3gaHnem 60pToOBOM
annapaTypbl 4N pa3nu4HbIX HanpaBneHUn uccnenoBaHnn
KOCMUYECKOro npoctpaHcTea paboTaeT 6onbLias
Koonepauusi Hay4HblX, KOHCTPYKTOPCKMX
npomMbiwsneHHbix opraHnsauum B8 CCCP n 3a pybexxom.

The Space Research Institute is the leading
organization in the development of scientific space-
borne instruments within the framework of the national
programme as well as the Intercosmos programme.
The Institute supervises a large group of scientific,
designing and industrial organizations in the USSR and
abroad dealing with the development of on-board
equipment for various experiments in space.




YHukansHbie npubopbl
0XBaTbiBalOT U3MEPEHUsIMU BECb
CNEeKTp 3NeKTPOMarHUTHbIX BOSMH
(oT xecTKux ramma-nyden oo
ASMHHBIX paauoOBOIH),
pPEerucTpupyoT noToKu
3apsXXeHHbIX YacTuy B guanasoHe
OT TennoBbIX A0 CBEPXBbICOKUX
3Heprun, aHanusupyloT
KOHLEHTpaLu1io U cocTtas
KOCMMYECKOM Nnasmbl,
HEeWTpanbLHOro rasa, uccneayot
KOMETHYIO U METEOPUTHYIO MNblfib U
T. 4. AnnapaTtypa obnagaeTt
BbICOKUMU TEXHUHECKUMMU
XapakKTepucTuKamu:
4yBCTBUTENbHOCTLIO,
paspelleHremM u
MHopMaTUBHOCTLIO. OHa
afanTupoBaHa K XXeCTKUM
yCnoBusiM KOCMUY€ECKOro
NpPOCTpaHCTBa, UMeeT
ONMTenbHbIW pecypc, HafexXHa B
pa6oTe.

OpgHon 13 cneunanuanpoBaHHbIX
opraHusayui B 061acTu Hay4HOro
KOCMUYECKOro npubopocTpoeHus
6e3 manoro 4eTBepTb Beka
saBnseTcs ocoboe
KOHCTpYKTOpPCKOe 610p0o
UHcTuTyTa B . dpyH3e. Ve ansa
nepBbIX TPEX CNyTHUKOB cepun
«[porHo3s» B OKB 6bino
pa3paboTaHo M usrotosneHo 60%
Hay4Hon annapaTtypsbl. C ee
NMOMOLLbIO U3YyHanUCb MarHUTHbIE U
aneKTpudeckue nonsi B
OKOJST03EMHOM KOCMWYECKOM
NpPOCTpaHCTBe, NOTOKU
3aps>XKEHHbIX 4acTul, CONMHEYHbI
BeTep. OT OTHOCUTENBLHO NPOCTbIX
YCTPOWCTB ANs1 U3yHeHnuss husnku
NONSAIPHLIX CUAHUA KOHCTPYKTOPbI
NpUWNKU K CO34aHUI0
CNOXXHeWnwero Komnnekca
¢oTOMETPOB ANSA COBETCKO-
paHyy3ckoro cnyTHuka «Opeon-
3», KOTOpbIA ycnewHo paboTtan B
KOCMOCe He OAUH rog.
3Ha4YnTenNbHbIX YCNEexXoB AOCTUMNN
cneynanuctel OKB B cosaaHum
npubopoB AnNs uccnenoBaHUN
nnaHeTbl BeHepa. Ecnu B
3KCNepuMeHTax Ha
aBTOMAaTUYECKUX MeXNNaHeTHbIX
ctaHuusx «BeHepa-7, -8, -9 n 10»
OKB yyacTBOBano kak
U3roToBUTENb TONBKO OTAESbHbIX
y3noB u 6n0koB, TO Ha
nocneayowmx ctaHuuax «BeHepa-
11, -12, -13 u -14» 66K

yCTaHOBNEHbl NpU6OpPbLI, LENUKOM
WU3roToBfieHHble B . DpyH3e. B nx
yucne npubop «lposa»,
npegHa3HayYeHHbI AN
perucTpaymm aneKTpuyecknx
pa3psgoB B atmMocoepe BeHepbi.
OH HopmanbHO paboTtan npwu
NATUCOTrpafyCHON XXape u
AaBneHun B CTO atMocdep Ha
NPOTSHXXEHUN BCEro BpeMeHu
CyWwecTBOBaHUA CrnyckaeMoro
annapara. YyBCTBUTENbHOCTb
npubopa nossonsina no
aKyCTU4eCKOMYy KaHany
perucTpupoBaTth LWyM BeTpa Ha
nosepxHOCcTu BeHepsl. [Npu 3TOM
Becb npubop «[po3a» ymeuwiancs B
o6beme Hebonbworo
TPaH3UCTOPHOro NpUEeMHUKA,
noTpebnsn mowHocTb okono 1 BT
W BMECTe C aHTEeHHOW BECWUn Nuilb
1300 r.

Psg yHuKanbHbiX npnbéopos
akcneguuuun «Bera» nossunca Ha
ceeT B cteHax OKB. Cpeau Hux
ynbTpacuoneToBbI CNEKTPOMETP
Ana aHanu3a cocTaBa rasosov
o6onoykun BeHepol. Mpu ero
pa3paboTke COBETCKUM
KOHCTPYKTOpaM BMecCTe CO
cneymanuctamm us dpaHyvn
NPULLNOCH pellaTb MHOXXEeCTBO
CIOXHbIX TeXHUYeCcKux npobnem,
Takux Kak obecnedeHue 3abopa
rasa aTmocdgepbl, HagexHas
Tennosas 3awmTa npubopa ot
XXapKux «o6bATUA» YTpeHHen
3Be3abl. BaxxHo 6b1n10 Takxe
COXpaHuTb Heobxogumoe
NONOXXEHUe ONTUYHECKUX
3/1EMEHTOB B yCNOBURAX
BO34EWUCTBUA OrpOMHbIX (B 150—
200 pas) neperpysok npu
TOPMOXXEHUMU CNyCKaemoro
annapata B aTMocgepe nnaHeTbl.
NcTo4yHMKOM ynbTpaduoneTosoro
U3ny4eHuUst B CNeKTpomeTpe
CNy>Xuna uMnynbCHas namna,
CBeT KOTOpOw Yepes
WNNIOMUHATOP BLIXOAWUN B
aTMocdepy, nornowancs
aTMocdepHbIMU rasamu u
Bo3Bpawjanca obpaTHO B
aHanusatop. 3aech cBeT
pasnarancs Ha cnekTpanbHble
coctasnsiowme. Npubop
NO3BOSTUN U3Y4UTb
NPOCTPAHCTBEHHYIO CTPYKTYpPY
pacnpeperneHusa nornotutenen s
aTMmocdepe, a 3HauuT, YTOHHUTb
KapTuHY POTOXUMUYECKUX

LUUKIIOB, OTBETCTBEHHbIX 3a
obpasoBaHue 06na4vHoro cnos
AaneKkon nnaHeTsbl.

Co3spaHHbii B OKB nbineyaapHbiv
Macc-aHanusatop NYMA pabotan
BO BpeMsi BCTPEYN KOCMUYECKUX
annapaToB C komeToun Fannes v
no3BONwUS CCyLWECTBUTb NepBoe
NPSAMOKOHTaKTHOE uccnegosaHue
KOMeTHOM nbuin. B npubope
Hawu BONNOLWEHE HOBenWwne
[OCTUWXKEHU ONTUKM,
TennoU3nNKn ¢
MUKPO3NEKTPOHUKMU,
BbI4YUCNUTENBHON TEXHUKU U
MexaHUKN. XUMUYEeCKOMY aHanuay
B npubope NMYMA nogsepranocb
o6naqko nnasmMbl, BO3HUKaloLee
npv yaape nNbifIMHOK O
cepebpsiHyiO MULLIEHb CO
CKOpOCTbIO nopsgka 80 kKm/c.
AnnapaTtypa morna
perucTpupoBaTbh NbIIMHKU Maccown
B MUSIIMOH pa3 MeHblue
MUnAUurpaMMa u onpeaenaTb ux
3fIeMEeHTHbIA COCTaB C TOYHOCTbLIO
[0 OAQHOM fecsaTon Aonu
npouyeHTa. B pesynbTarte
3KCNepuMeHTOB 6blf10 NONYYEHO
HECKOJNbKO TbICAY
«UHAMBUAYaNbHbIX» CNEKTPOB,
npuHagnexaymx Takum
aneMeHTaMm, Kak yrnepog,
BOAOPOA, a30T, KACNOPOA,
MarHumn, xkeneso, HaTpun n
Apyrue. lNMpoBeas nonHbIn aHanua
XMMUYECKOro coctasa, pasmepoB
M KOHUEHTpayuu nbinu, y4eHole
CMOrNN «NpopucoBaTb» CTPYKTYpPY
NOBEpPXHOCTU KOMETHOro sigpa.
Kpome TOro, npubop mmen ctosnb
BbICOKOE paspelueHune, 4To
no3Bsonun ysuaeTb U30TOMbI, a
3Ha4uT, onpeaenuTb U30TOMNHbLIE
COOTHOLIEHNUSI B KOMETHOW MNblSN.
B r. ®pyH3e b6bina cosgaHa
3Ha4YUTeNbHaA 4acTb annapartypbl
ANa MeXAyHapo4HOro npoekTa
«®oboc». Hanpumep, cuctema
JIMMA-]], nossonsiowjasi
OCyLEeCTBUTL Na3epHbIn Macc-
CNEeKTPOMETpUHECKUA aHann3
cocTasa rpyHTta ®oboca. Bo
Bpems «6petoujero» noneta
KOCMUYEeCKOro annapara Hapg,
MapCUaHCKUM CMYTHUKOM Ha
BbiCcOTe nopsigka 50 M C O4eHb
Masioh CKOPOCTbIO HarnpaBneHHbI
nasepHbin ny4 poKycupyeTcs B
KPOLIEeYHOEe NATHLIWKO Ha
nosepxHocTu ®oboca. bnarogaps



OrpOMHOW NSIOTHOCTU 3HEPrnm B
OCBELYEHHOM y4acTKe BeLecTBO
MrHOBEHHO UCnapseTcs, a Macc-
CNeKTpoMeTp uaeHTuduympyeT
YacTuybl, NonasLine Npu 3TOM B
«JIOBYLWWKY». TakoB NpuHUMN
paboTbl CUCTEMDI.

Coctout JIMMA-[] 13 HEeCKOSbKUX
610KOB: Na3epHOro uany4arens ¢
nepecTpanBaembIM
dhoKycupyowmMm 06 EKTUBOM,
nasepHoro ganbHomepa,
pecneKTpoHa C 4ETEKTOPOM,
6noka nuTaHusa nasepa, 6noka
06paboTku nHpopmayum u
ynpasnenusa. O6s13aHHOCTW CTPOro
pacnpegeneHsbl. [lansHomep
n3MepsieT pacCcTosiHue A0
noBepxHocTu doboca u nepepaet
AaHHble B 610K ynpaBfeHus.
Bnok ynpasneHusn ocywecTBnseT
noA¢OKYCUPOBKY fla3epHOro ny4a
B NATHO gnameTpom 1 MMm.
Kaxable nsaTb CeKyHa,
BbICTpenueaeT nasep,
obpasoBaBlmecs UOHbI NonagatoT
B OKHO pedneKTpoHa, a 3aTem,
CcrpynnupoBaHHbie No Maccam, Ha
petekTop. NHdopmauus
obpabaTbiBaeTcs 6opTtoBon OBM
¥ nepegaeTcs N0 KaHanam
TenemeTpumn Ha 3emnio.

Kaxabin 6nok ygosneTesopsieT
BbICOKUM TpeboBaHusM. Tak,
nasepHbli U3ny4vartenb umeeT
6onbwyo MOWHOCTL (3a 10 HC
BblgensieT NoYTU 4XKOyIb
3Hepruun) n Npu 3TOM NErok,
MUHMWATIOPEH, HAAEXXEH,
noTpebnseT MUHAMYM 3HEPruu.
Kpome JIUMbI-[ ana muccum
«Poboc» B OKB 6binn
M3roToBfeHbl MHPOPMaLUOHHO-
BblUUCIIUTENbHAS CUCTeMa
paanonoKayMoHHOro KOMIJieKcea,
6NoK aBTOMaTUKK 4ONTOXUBYLLEN
aBTOHOMHOW CTaHuuu U cuctema
cbopa 1 06paboTku BCen Hay4HOW
uHcpopmayumn MAPUOH.

OpaHo u3 «getuw» OKB —cambin
KPYNHbIA B MUpE KOCMUYECKNA
ramma-teneckon,
npegHasHa4YeHHbIn Ans
perucrpayum ramMma-um3nyvyeHusi
ranakTU4eckoro u
BHeranakTu4yecKoro
NPOUCXOXXAEeHUs B guarnasoHe
50—500 MaB. YyscTBuTenbHasn
nnowaab Teneckona—1,5 KB. M,
4yTO B 3 pasa Bbllle, HeM Y
aHafIorM4yHOro aMepuKaHcKoro

MHCTpyMeHTa. B Teneckone
«[aMMma-1» Bnepsble NpUMeHeHa
LWMPOKO3a30pHaa Uckposas
Kamepa, 6narogaps KoTopow
yryHWwaeTca TOYHOCTb
onpeaeneHnsi NPOCTPaHCTBEHHbIX
KOOpAMHAT U UCKNIOYalOTCS
noXHble cobbiTUA, UCKaxKalowme
KapTuHy HabnogeHuwi. MNMopg
MCKpPOBOW Kamepown pasmelyaeTcs
4YepeHKOBCKUM CYeTYUK, ero
Ha3HayeHue — «paspelaTb»
cobbITUA TONLKO NpU yCnoBuu
NPOXOXXAEHUSI U3NYYEHUs CBEPXY
BHU3 CO CKOPOCTbIO 60nbLie
NOPOroBon. 3TW YyCTPOWCTBA B
OCHOBHOM YCTpPaHAIOT (POHOBbLIN
NOTOK raMMa-KBaHTOB,
BO3HMKaloLWmx B aTMocdepe
3emnn.

Mony4eHne nHcopmaymm oT
WUCKPOBbIX Kamep Teneckona
«CamMma-1» BbINONHAETCA C
NOMOLLbIO BUAUKOHA
(nepepatowenn Tenesn3NOHHON
TPpybKM C 351eKTpPONpoBOASLLEN
MULLEHBbIO). NS Npeun3noHHbIX
M3MepeHun OTAEeNbHbIX YH4acTKOB
Heba 3TOT cnocob MOXXHO
npoaybnuposaTtb
oTorpacgpuyecknm. N3pecTHo,
4TO yrnoBoe paspelleHue ramma-
Teneckonos MOBLILLAETCA C
NOMOLLbIO KOAUPOBAHUA ero
anepTypbl. B Teneckone «amma-
1» npuMeHeHa ynpoujeHHast cxema
KOAMpPYIOWEeNn MaCKu, COCTOSLEN
13 ABYX O4HOMepHbIX Habopos
6pyckoB Bonbgpama TONWUHON

1 cm.

BaxxHbiM 3Tanom pa6otbl OKb
CTano co3gaHuve peHTreHOBCKOro
Teneckona Ans npoekTa
«[paHaT».

Kak u3BecTHO, ogHOn uU3
BaXKHEALWUX Mep NOBbILEHUS

3P PEKTUBHOCTU HaYHHbIX
uccnegosaHun Booblye ABnsieTcs
npUMeHeHne HOBEWLWNX MeTOA40B U
co3gaHvie NporpecCcuBHON
annapaTtypbl. OTO NOSHOCTLIO
OTHOCUTCH U K KOCMUYECKUM
nuccneaoBaHUAM.
CuctemaTunyeckoe
nocnepgosartefnibHOe BHeApeHUe
nepenosbiX TEXHOOrUA,
HOBEWLLNX AOCTUXEHUA HayKu U
TexHuku obecneymnno OKB
NOCTOSIHHOE COBepLIEHCTBOBaHWe
npou3BoACTBaA.

B pa3paboTke TexHONOrn4eckown

AOKYMEHTaLun n cosaaHum
npubopoB Bce 6onblee
npuUMeHeHne HaxoasaT cpeacTea
BbIHUCUTENBHON TEXHUKU U
[EeNCTBYIOT aBTOMaTU3NPOBaHHbIE
CUCTEeMbl NPOEKTUPOBAHUA U
MU3roToBMEHUA NeYaTHbIX nnart,
y4yeTa u pacnpeaeneHusi
KOMNNEKTYHOWMUX
aneKTpopaauoaeTanen, ceTesoro
NNaHNpoBaHWUs U ynpasneHus,
ONTUYECKUX, NPOYHOCTHbIX U
TennosbiX pacyeToB. B cocTtase
BblHUCUTENbHOro yeHTpa OKB u
MOLHbIE MaWWHbI, KOTOpblE MOTYT
BbINOMHATE COTHU ThICAY
onepauyun B ceKyHay, u
BbIYUCNUTENbHBbIE KOMMNNEKChI,
6asupytowmecst Ha MUHK-OBM.
HekoTopble kocMuU4yeckue
npu6opbl N3roTOBNAIOTCA HA
onbITHOM npou3soacTee UKW,
3Aecb BbINONHEHbI OTAESbHbIE
4acTu Hay4HOM u cny>xeb6Hown
annapaTypbl Takux nporpamm, Kak
«bonrapusa-1300», «AKTUBHbIN>,
«PenukTt», «[paHat», «Bera»,
«Poboc». Hanpumep, ans
KOoCcMU4ecKux annapatoB «Bera» B
uexax MHCTUTyTa U3roToBMEHbI
6noKu TpexkaHanbHOro
cnekTpomeTpa TKC, yanbi
TEeNeBU3NOHHOW CUCTEMBI,
aBTOMaTUYEeCKUMA AaTHUK
HaBegeHUs, 6MOKN 3NEKTPOHUKMU,
ynpaBfeHus n NuTaHus
MEeTeoKOMNNEeKCa, a Takxe
nabopaTtopHbIn U
TexHonorundeckun obpasubl
NbifeygapHoOro Macc-aHanusaropa
NyMA.

B onbITHOM NpoOM3BOACTBE 3aHATO
OKOMO CeMuaecaTy CneymanucToB
BbICOKOro Kniacca: Tokapeun u
(ppesepoBLMKOB, CBAPLWMKOB U
wnudoBLMKOB, crnecapen-
c60pLMKOB U PAANOMOHTAXKHUKOB.
TpuHaguaTb 4enoBeK U3 HUX
YAOCTOEHbI NpaBUTENbCTBEHHbIX
Harpag 3a yyacTue B CO3gaHum
npu6opoB ANA KOCMUYECKMUX
uccnegoBaHun.

The unique instruments are used
to make measurements in the
entire range of electromagnetic
radiation (from hard gamma rays
to long radio waves), record
fluxes of charged particles from
thermal to ultrahigh energies,



analyse concentration and
composition of the space
plasma, neutral gas, investigate
cometary and meteorite dust,
etc. These instruments feature
superb specifications: sensitivity,
resolution and information
capacity. They are adapted to
the severe conditions of space,
have a long life span and are
highly reliable.

For almost a quarter of the
century the Special Design
Bureau of the Institute in Frunze
has been one of the specialized
organizations in scientific space
instrument engineering. About
60% of the payload for the first
three satellites of the Prognoz
series was developed and
manufactured at the Special
Design Bureau (SDB). The
equipment was used to study the
magnetic and electric fields in
the near space, fluxes of
charged particles and solar
wind. The SDB started with
comparatively simple
instruments for studying physics
of polar aurora and then
advanced to the production of a
most complicated set of
photometers for the Soviet-
French satellite Oreol 3 that
orbited successfully for quite a
few years.

Specialists of the SDB gained
considerable success in
developing instruments for
investigating Venus. In
experiments on board the
automatic interplanetary probes
Venera 7, 8, 9 and 10 the SDB
took part as a manufacturer of
just individual assemblies and
units, but the subsequent
spacecraft Venera 11, 12, 13, 14
carried instruments all done in
Frunze. Among them was the
Groza instrument designed for
recording electric discharges in
the atmosphere of Venus. It
functioned normally at 500° C
and a pressure of 100 atm.
throughout the life span of the
lander. The sensitivity of the
instrument was so high that it
was possible to pick up the
noise of the wind on the surface
of Venus over the acoustic
channel. The whole Groza

instrument fits the size of a
small transistor radio,
consuming about | W and
weighing just 1300 grams
together with the antenna.
Some quite unique devices of
the Vega mission made their
appearance in the SDB. Among
them there was an ultra-violet
spectrometer for analysing the
composition of the Venus
gaseous shell. While developing
the device, the Soviet and
French engineers had to
overcome a great many
complicated technical problems
such as the atmospheric gas
intake, safe heat protection
against hot embraces of the
Morning star. It was also
important to retain the required
position of optical elements
under conditions of enormous
(150 to 200 fold) overload when
braking the lander in the planet’s
atmosphere.

A flash tube served as a source
of ultraviolet radiation in the
spectrometer. Light from the
tube through a window went to
the atmosphere, there it was
absorbed by atmospheric gases
and then returned into the
analyzer, where it resolved into
spectral components. The device
made it possible to study the
spatial structure of distribution
of absorbers in the atmosphere,
refine the pattern of
photochemical cycles
responsible for formation of the
cloud layer of the remote planet.
The dust-impact mass-analyzer
PUMA developed at the SDB
functioned during the
rendezvous of the spacecraft
with Halley’'s comet and thanks
to the device the first direct
contact study of the comet’s
dust was carried out. Newest
developments of optics, heat
engineering and
microelectronics, computer
technology and mechanics were
embodied in the device. A small
plasma cloud occurring when
dust specks encounter with a
silver target at a speed of about
80 km/s was subject to a
chemical analysis in the PUMA
device. The instrument couid

record dust specks with a mass
of one millionth milligram and
determine their composition by
elements with an accuracy of up
to one tenth percent fraction. As
a result of experiments a few
thousand “individual” spectra
were obtained of such elements
as carbon, hydrogen, nitrogen,
oxygen, magnesium, iron,
sodium and so on. Having done
a complete analysis of chemical
composition, dimensions and
concentration of dust, the
scholars managed “to draw up”
the surface structure of the
comet’s nucleus. Besides, the
device had such a high
resolution that it was possible to
see isotopes, and so to ascertain
isotopes ratios in the comet’s
dust.

An essential part of the
instrumentation for the
international project Phobos
was developed and
manufactured in Frunze. For
example, the LIMA-D system that
permits a laser mass-
spectrometric analysis of the
composition of Phobos soil to be
done. During a “low-level” flight
of the spacecraft over Mars’
satellite at a height of about

50 m at a very low speed the
directed laser ray is focused into
a minute spot on the Phobos
surface. Owing to an enormous
energy density in the illuminated
area the substance turns
instantly into a vapour and the
mass-spectrometer identifies the
particles trapped, so to say. This
is the principle of work of the
system.

LIMA-D consists of a few units,
namely: a laser radiator,
readjustable focusing lens, laser
range finder, reflector with a
detector, laser supply unit and
information processing and
control unit. The range finder
measures the distance to
Phobos and transmits the data
to the control unit. The control
unit does additional focusing of
laser ray into the spot of | mm
dia. Every five seconds laser
shoots, ions formed come onto
the reflector window and then,
grouped by masses, onto the



detector. The information is
processed by the on-board
computer and telemetered to the
Earth.

Each unit meets high
requirements. Thus the laser
radiator has a large capacity (for
10 ns it emitted almost a joule of
energy) but its weight is low, it is
tiny, reliable, consumes a
minimum of energy.

In addition to LIMA-D, the SDB
manufactured an information-
computer system of the radar
complex, an automation unit of
the long-life autonomous station
and a system of acquisition and
processing of entire scientific
information MARION.

One of the “offsprings” of the
SDB is the world largest space
gamma-telescope developed to
record gamma radiation of
galactic and extragalactic origin
within the range of 50 to

500 MeV. The sensitive area of
the telescope is 1.5 sq. m. that
exceeds three times that of a
similar US-built telescope. The
telescope Gamma 1 makes use
for the first time of a wide gap
spark chamber which helps
improve the accuracy of
ascertainment of spatial co-
ordinates and avoid false events
distorting the observation
pattern. Under the spark
chamber there is a Cherenkov
meter whose function is “to
allow” events only if radiation
passes from above at a speed
exceeding the threshold one.
These devices delete in whole
the background flux of gamma-
quanta occurring in the Earth’s
atmosphere.

Information from spark
chambers of the telescope
Gamma 1 is received with the
aid of the vidicon (a power-
conducting target camera tube).
For precision measurements this
technique may be duplicated by
photography. As is known, the
angular resolution of gamma
telescopes is enhanced by
coding its aperture. The
telescope Gamma 1 uses a
simplified scheme of the coding
mask consisting of two one-
dimensional sets of tungsten

bars | cm thick.

An important stage in the SDB
research and development was
creation of the X-ray telescope
for the Granat project.

It is common knowledge, that
one of the major means for
making scientific research more
efficient is to apply novel
methods and advanced
technologies. This refers fully to
space research. Systematic and
successive introduction of
advanced technologies,
innovations in science and
engineering ensures a
permanent improvement of
production.

Technical documentation and
novel devices are developed with
an increasingly wide application
of computer engineering.
Computer-aided systems are
employed for designing and
manufacturing printed circuit
boards, for recording and
distributing electric and radio
components, network planning
and management, optical,
strength and thermal
estimations. The computing
Centre of the SDB is equipped
both with high-capacity
computers performing hundreds
of thousands operations per
second and computing
complexes on the basis of
minicomputers.

Some space devices are
manufactured at the pilot
production department of the
SRI. Thus individual parts of
research and auxiliary
instruments of such programmes
as Bulgaria-1300, Activny, Relict,
Granat, Vega and Phobos were
fabricated at the Department.
For example, for the Vega
spacecraft there were
manufactured units of a three-
channel TKS spectrometer, units
of the television system, an
automatic meter of

guidance, blocks of electronics,
control and power supply of the
meteocomplex, as well as
laboratory and technological test
specimens of the dust and
impact mass-analyzer PUMA.
About seventy high qualification
workers are involved at the pilot

production department: turners
and milling machine operators,
welders and grinders, locksmiths
and fitters, radio assemblers.
Thirteen of them were awarded
governmental prizes for their
participation in creation of
instruments for space research.



FnasHbm kopnyc Ocoboro
KOHCTPYKTOPCKOro 61opo UHCTUTYyTa
KocMudeckmnx mccnegosaqmn AH CCCP B
r. ®pyH3se

Main building of Special Design Bureau
of Space Research Institute of USSR
Academy of Sciences in Frunze

YyacTok rubpugHbIX MUKPOCXEM

Hybrid IC production sector

MOHTa)HbI y4aCTOK OfHOro U3 LexoB
OKb
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3eMHbie gybnepbl KOCMUYECKHUX NpM6OPOB
npoxogaT B 6yKBasIbHOM CMbIC/1e C/0Ba
OroHb, BOAY, UCMbITbIBAIOT Yy[OBHLLHbBIE
Harpy3Ku, KOCMUHECKUA X004 N MHOTHe
Apyrne «HeB3rogbl». VX «TpsicyT» Ha
BubpocTeHA[e, cbpackiBaloT ¢ 60/1bLUNX
BbICOT Ha 6€TOHHbIe NUIoLaKN, NOLONry
3acraBnsloT paborate B 6apokamepax, B
yCnoBusix, NPUGIIMIKEHHbIX K peasibHbiM
yC/1I0BMSIM KOCMUHECKOIO rnosieta

The predecessors of the instruments
going to space, their back-ups, are
tested with fire, water, tremendous
loads, space cold and many other
severe conditions. They are jotted on a
vibration stand, dropped from a high
altitude on concrete sites, operated for
a long time in altitude chambers under
conditions approaching those of actual
space




B e .
s NS b O R e ¢
e

logroroska Teneckona APT-I1 k
3/1IEKTPUHECKUM UCTIbITaHUSAM

Preparation of the ART-P telescope to
electric tests

Paspabotymkam npnbopoB 4151 KOCMOcCa
npuxoAnTCsi ocBaMBaTh HOBbie
TEeXHO/Iorn4ecKue nNpoyeccsl,
MCrnonb30BaTb HOBENALLME [OCTHKEHUS
HayKy ¥ TEeXHWUKK, y4NTbIBasi MOCTOSIHHO Te
4Ype3BblHauHO TPyAHbIe YCIIOBUS, B
KOTOPbIX 3aTeM CYXK4EeHO [enCTBOBaTh
3TuUM npubopam

The designers of space instruments
master new technological processes,
apply the latest achievements of science
and engineering, remaining all the time
within the rigid framework of
exceptionally severe conditions under
which the instruments will operate
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OcHoBa OCHOB KOCMHMYECKOro
npmbopoCTPOEHNs —
MUKPOMUHMaTIopn3ayms

Microminiaturization is the cornerstone
of space scientific instrument
engineering

MogroTtoBka k paboTte y3na 4acTHOro
Ha3Ha4YeHUsi B MUKPONCNONTHEeHUN

Preparation of a miniature version of a
special unit for operation

Annaparypa «®parMeHT». C ee noMoLybio
obecneynBaeTcsi CbeMka 3eMHON
noBepxHOCTH C nosiocom 3axsarta 90 KM n
NPOCTPaHCTBEHHbIM pa3peLLeHnem
nopsigka 80 M 0HOBPEMEHHO B 8 30Hax
cnekTpa

The Fragment instrument images the
earth’s surface in a 90 km wide strip
and with a spatial resolution of about
80 m simultaneously in 8 bands of the
spectrum

Komnnekc npu6opos 4ns nccnepoBaHni
nnaHeTsl BeHepa

A package of instruments for
investigating Venus

Mbiney[apHbiA Macc-aHannsatop MYMA
Ana uccnepgosaHusa KoMetsl [annes

A dust-impact mass-analyzer PUMA for
investigating Halley’s comet




B coctaB UIHCTUTYyTa BXO[NT KOHTPOJILHO-
ucnbiTarenbHas CTaHumsi, OCHalLYeHHas
pasHoobpa3HbiM 060py[0BaHUEM U
ycTaHoBKamy [J11 MOAeIMpoBaHus B
Ha3eMHbIX yC/I0BMSIX BO3[eNCTBMS Ha
KOCMUYeCKu annapar ¢hakTopos
aKTUBHOIO ydacTKa TpaeKTopuu
op6uTasIbHOro nosera, cnycka Ha 3emisiio
M T. N.: NOQroToBKa annaparypsbl K
UCNbITAHUAM B TEPMOBaKyyMHOMN
ycTaHoBke; 6apokaMmepa;
TepMOBaKyyMHas ycTaHoOBKa 415
Mo4ennpoBaHusi yC/I0BMA KOCMUYECKOro
npocTtpaHcTBa. Macca 20 1, guameTp
2,8 M, gnuHa 11,8 M, nonesHsbin o6bLeM
60 m°

The Institute has a control-testing
facility equipped with most different
devices and plants to simulating the
effect of the active leg of the trajectory,
the orbital flight, descent to Earth, etc.
on spacecraft under terrestrial

conditions. The instruments are being MonTax nnat n c6opka Upget obcyxgeHne n3rotoBiIEHHOro
prepared for testing in a thermal- PafnoaNeKTPOHHON annapartypbl 4N TexHonorndeckoro obpasya CBY-
vacuum plant. Altitude chamber. npoekra «Bera» paguomMeTpa A4N1s CnyTHUKa «PeninkT-2»
Thermal vacuum plant for simulating

space conditions. Mass —20 t, Mounting of plates and assembly of The discussion of the technological
diameter —2.8 m, Iengath—1 1.8 m. radioelectron equipment for the Vega model of the microwave radiometer
Useful volume —60 m project manufactured for the Relikt 2 satellite
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MEXKLYHAPOHOE
COTPYAHNHECTBO

INTERNATIONAL
CO-OPERATION

Yem akTuBHEE 4enoBeK NPOHUKAET B KOCMOC, TeM
6onbwe Mbl ybexxgaemcsi B TOM, 4YTO usyyeHue
BceneHHOW, ee 3aKOHOB, BITUAHUS KOCMUYECKUX
(haKTOpOB Ha 3eMHble NPOLECChl XU3HEHHO HEOOXOAUMbI
Ans 6yayuero Bcex xutenen 3emnun. Yvucno rocyaapcTs,
y4acTBYOLWMX B NOCTAHOBKE MccneaoBaHun Ha 60pTy
KOCMWYECKMX annapatoB C KaXxAbliM rofom
yBenu4MBaeTcs.

The more actively man advances into space, the more
convinced we are that studies of the Universe, its laws,
the effect of space factors upon earth processes are
quite vital for the future of all inhabitants of the Earth.
The number of states taking part in arrangement of
investigations on-board spacecraft increases annually.




PacTteT cTpemneHue rocynapcts
o6beguHATL ycunua ans
npoBefeHns COBMECTHbIX
3KCNEepPUMEHTOB, YTO NO3BONAET
He TONbKO B KpaTyaulime CpoKu
pewarb CroXHble Npobnembl
KOCMOHaBTUKW, HO U
cnocobcTByeT Hay4Ho-
TeXHU4eCKOMY Nporpeccy CTpaH,
ycTaHoBneHuio 6onee TeCHbIX
cBsi3er B 06n1acCTy HayKu n
TEXHUKMW.

MexayHapogHoe COTpyAHMYECTBO
B KOCMU4YECKUX UCCneaoBaHUNAX
HblHE OCYLECTBNSETCA N0 MHOTUM
KaHanam.

NmetoTcs cneyuanbHO

co3faHHble ANs 3TON yenu
MeXAyHapoAHble OopraHusayum,
AEeNCTBYIOT pasnuyHble
ABYCTOPOHHWE U MHOFOCTOPOHHUE
cornauweHus, opraHusytoTcs
KOHrpecchl U KoOHdepeHuun
y4deHbIX, BeaeTcs 06MeH Hay4HOW
N TeXHUYECKOW UHopmaumen.

C cospaHuem NHCTUTyTa
KOCMUYeCcKux uccnegosaHun AH
CCCP wupoKo passepHynucb
paboTbl NO NOArOTOBKE Hay4HbIX
nNporpamMmm u NpoeKTOoB,
OCYLLEeCTBASAEMbIX B Koonepauuu c
MHCTUTYTamu 1 OpraHusaymsamm
Kak CounanucTuyeckux, Tak u
KanutanucTu4ecknx CTpaH.
Havyanucb npakTudeckue paboTbi
B pamKax nporpammbl
«MHTepKkocMOoC» (CNyTHUKK cepun
«NHTepKkocMocC», reopusnyeckune
pakeTbl «BepTukanb»). Bbinn
BbINOMHEHbI NEePBble CNYyTHUKOBbIE
3KCMNEepuUMeHTbl B pamKax
COBETCKO-(PpaHLy3CKOro
coTpygHudecTBa («Apkag-1» B
1971 r., «CHer-1» n «Kanunco» B
1972 r., «XKemo» n «Apkag-2» B
1973 r., «Apakc» B 1975 r.,
«CHer-3» B 1977 r. n 1. 4.).

B 1975 r. cocTtosncs nonet
COBETCKOro 1 amepuKaHCKoro
Kopabnew no nporpamme

«Cow3» — «AnonnoH». B noneTte
6bina peannaoBaHa COBMECTHO
pa3paboTaHHas Hay4Has
nporpamma.

MepBoHa4asnibHO B
MeXAyHapoAHOM COTpyaHu4ecTBe
OCHOBHOE MECTO 3aHUManu
NPOEKTbl, BbINOMHABLUMECS HA
ABYCTOpPOHHEN OCHOBe.
KoopauHauus paboT B Takux
npoekTax Hanbonee npocra u

no3BonseT Ucnonb3osaTb
HOoBewnwwue TexHUu4ecKue
pa3paboTku, umetowmecs B
Kaxaon u3 ctpaH. bnarogaps
COTPYAHUYECTBY C (bpaHLy3CKUMU
cneyuanucTamm B pamkax
COBETCKO-(ppaHLly3CKOro npoekTa
«Apkag-3» yganocb paspaborartb
TEXHOMOrnI0 MeTannuaayum
COSNMHEYHbIX NaHenen CnyTHuka
«Opeon-3», N0O3BONUBLUYIO
3HAYUTENbHO CHU3UTb YPOBEHDb
3NEeKTPOMAarHUTHbIX NOMEX B
JAuvanasoHe BOSIHOBbIX U3MEepeHUn
Ha 3TOM CNyTHUKE U OO6HApPYXUTb
PS4 HOBbIX BONHOBBLIX U3NTy4eHWUN
B MarHutoccepe.
Yexocnosaukue cneyvanucTbl
pa3paboTanu 60pToBYIO
BbIMUCNUTENbHYIO MalwuHy «bpog»
ANA COBETCKO-4eX0CnoBayKoro
npoekTta «HTepwok», KoTopas
ynpasnsina KOMMNeKCHbIM
3KcnepuMeHToM Ha 60pTy U
nos3sonusia nony4unTb
Ka4eCTBEHHO HOBblE AaHHblE O
CTpPYKType 6€eCCTONKHOBUTENbHbIX
yAapHbiX BOSH, BblAENAA MOMEHT
UX nepeceyYeHnsi KOCMUYECKUM
annapaTtoM Mo NpusHaky,
3an0XXeHHOMY B 60pTOBYIO
BbIMUCTIUTENBHYIO MaLLUHY.
YnpaBneHue 4acTbio npubopos
cnyTHuka «Opeon-3»
OCyLLECTBNANOCL (PpaHLy3CKON
60pTOBOI BbIHUCNIUTENBHON
MaLlMHOW MO NPOorpaMmam,
3akniagbiBaeMbiM C MOMOLLbIO
paguokomaHpg ¢ 3emnu.
Mcnonb3oBaHue TeXHONOrum,
pa3paboTaHHOW B 3TUX NpPOEKTax,
OTKpbiBaeT HOBble BO3MOXXHOCTU U
Ans 6yaywmx 3KCNepuMeHToB B
KOocMoce.

Mo mepe coBepLieHCTBOBaHUA
CUCTEMbl J4ONTOCPOYHOro
NNaHNPOBaHUS U C YY4ETOM YyXKe
MUMEIoLEerocs onbiTa
COTPYAHUYECTBA B COXMWBLUENACA
MeXAyHapoa4HOW Koonepauwu,
Ha4YMHas Co BTOPOW MOSIOBUHbI
70-x rr. UHCTUTYT BCe 6onblie
nepexoauT OT npoBefeHust
OTAenNbHbIX 3KCNEePUMEHTOB K
peanusayum KOMMNIEKCHbIX
COBMECTHbIX NpOrpamm 1
NPOEKTOB, OT ABYCTOPOHHErO
coTpyAHu4ecTBa K
MHOTFOCTOPOHHEMY.

Bbina ycnewHo BbinonHeHa
Hay4yHas nporpamma

NUNOTUPYyEMbIX NONETOB
MeXAyHapoAHbIX 3KUNadken Ha
COBETCKUX KOCMUYECKUNX
kopabnsx. Ha pasHbix cTaguax
pa3paboTkn n ocyLecTBNeHUs
HaxoAATCA MeXAyHapoaHble
npoekTbl «UHTepbon»,
«AKTUBHbIN>, AN3KC, «[paHaT>»,
«CnekTp-PeHTren-famma» u
apyrve.

B aTux npoekTtax nomumo UKW AH
CCCP wn psiga apyrux
opranusauun Cosetckoro Cotosa
NPUHUMAIOT y4acTue cneyuanucTbl
n3 bonrapuw, BeHrpuu, Nepmanun,
Monbwmn, Ky6bl, PymbiHuK,
Yexocnosakum, ABCTpum,
®paHuun, Wseuun...
MpuHUMNUanbLHO HOBLIWM 3Tan B
npaKkTUKe MeXAyHapoaHoro
coTpyaHudecTBa 6bin CBA3aH C
pa3paboTkon n peanusaymen
nNporpamMmmbl U3y4eHusi KOMeTbl
Mannes 8 1986 r. YuutbiBas
xapakTep paboT kak npu
npoBeAeHUN Ha3eMHbIX
acTpomeTpuyeckux HabnogeHun
KOMETbl, Tak U B Nepuog
HenocpeAcTBEHHOro ee
uccnegosaHusa ¢ 6opTa
KOCMUYeCKUX annaparos,
HayuoHanbHbie U MeXAyHapoaHble
areHTCTBa, Begywme paboTy B
3TOM HanpasfieHUU, NpeanNPUHSANN
KOHKpPETHbIe warv no
KoopAuHauum CBOUX YCUINAA.
Takoe pelieHue
obycnoBnueanocb, B HaCTHOCTH,
WHTepecaMu pauuoHanbHOro
UCnonb30BaHUsA HA3€MHbIX
CpeacTB ANA onpeAenenus
achemepng KOMETbl U KooOpauHaT
KOCMU4YeCKUX annapaToB C
MCnonNb3oBaHUEM gencTayiouen
MeXxayHapoaHOn ceTu
paguonHTepgepomMeTpoB,
OCYLWECTBNEHUS ONTUMAaNbHbIX
ycnoBun HabniogeHns KomeTbl no
pesynbTatam nponerta nepsBoro
KOCMUYeCKOro annapara v T. n.
YTo KacaeTCsi KOHKPETHO NpoeKTa
«Bera», B KOTOpOM y4acTBOBano
9 cTpaH, TO NpyU pacCMOTPEeHUN
npeanoXeHun No Hay4yHon
nporpaMMe MUCCUU K COCTaBy
Hay4YHOW annapaTtypbl Npexae
BCEro y4uTbiBaNIUCb HayYHbli U
TEeXHUYECKUI NoTeHumnan cTpaH —
y4acCTHUL, NPOeKTa, Ux onbIT B
paspaboTke u cospaHum npubopos
n cucteMm. 3TO NO3BONUIIO Hapsay

147



C 3KOHOMMEN COOCTBEHHbIX
pecypcoB pewnTb BONpoc
co3aaHusi annapaTypbl B Te
cXXaTble CPOKW, KOTOpble
onpeAensanMcb aCTPOHOMUYECKUM
OKHOM 3anycka KOCMU4eCKUx
annapaTtos 4/ BCTpeym C
nnaHeTon BeHepa n KoMeToN
Mannes. bopToBble Hay4YHble
npubopbl npoekTa «Bera»
oTBeYanu cambiM NOCNeAHUM
[OCTUWXKEHUAM HayKWU N TEXHUKM.
B Hux Hawnn wwnpokoe
npuMeHeHue Takue
NepCNeKTUBHbIE 3NEMEHTbI U
KOMMNOHEHTbI, Kak KOOpAWHAaTHO-
4YyBCTBUTENbHbIE NNacTuHebl, MN3C-
NPUEeMHUKN, YCTPOUCTBA,
namepsilowmue BpemeHa nponeta
YacTul, MUKpPONpPOLECCopb! U
BHYTpUnpubopHblie 3anoMuHatowme
yCTpOWCTBA.

MpoekT «Bera» nepegan
actagpeTy HOBOMY
KpynHoMacwTabHOMy NpoeKTy
nccnenoBaHuin HebecCHbIX Ten
ConHeyHon cuctembl «doboc». B
HEM y4acTBOBaNW y4eHble yXKe
14 ctpaH u EBponenckoro
KOCMUYECKOro areHTcTBaa.
Ceoero poga pekopacMmeHamu no
macwrabam mexayHapoaHom
Koonepauuu CTaHyT, no-
BMAUMOMY, NPOEKTbI
«PaguoactpoH» un «CnekTp-
PeHnTren-famma». Tak, ans
npoekTa «PagnoacTpoH»
6opToBYIO annapaTtypy v cpeacTsa
06paboTkn nHpopmayum Kpome
CoseTtckoro Coto3a 6yayT
paspabaTbiBaTb KoHcopunym
€BpONenCcKux
paguoobcepBaTopum,
TexHonorn4eckun yHuBepcuTeT
PuHNAHAUK, ABCTpanuinckoe
Hay4HO-uccnenosaTenbcKoe
obulectBo, ABCTpanunckas
paguoacTpoHoMU4ecKas
o6cepBaTopma n HaymoHanbHan
paguoacTpoHoMu4eckKas
ob6cepsaTtopus CLUA.

B yenom xe UHCTUTYT
COTpyAHMYaeT C opraHu3ayusiMm
u3 6onee 4yem 20 3apyb6erKHbIX
cTpaH. TpaguuMOHHBLIMK CTanun
CBA3U C TaKUMK Hay4YHbIMU U
NpPou3BOACTBEHHbIMW
KonnekTuBamu, Kak MHCTUTYT
KOCMUYECKNX UcCnenoBaHumn
bonrapckon akagemuun Hayk,
LieHTpanbHbln Hay4HO-
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uccnenoBaTesibCKUN UHCTUTYT
humandeckux uccnegosaHnm
BeHrepckon akagemun Hayk,
LieHTp nccneposanumn
KOCMUYECKNX U3NYHEHUA U
HauuoHanbHbi LUeHTp
KOCMU4EeCKUX uccneaoBaHui B
Tynyse (PpaHuyus), LleHTp
sAepHbIx uccnegosaHun B Cakne
(PpaHuusn), npeanpusTue
«Kapn-Lleinc-Nena» (MTepmanus),
Hay4HO-NPOU3BOACTBEHHOE
o6veaunHenne N30T (Bonrapus),
ACTPOHOMUYECKUA UHCTUTYT
YCAH, LleHTp kocMunyeckux
uccnegosaHui AkagemMmn Hayk
Monbwn n MHorumMu apyrumun. C
KoHua 70-x rr. peanu3yeTcs
NNoAOTBOPHOE COTPYAHUYECTBO C
KunpyHCKUM reocumanyeckum
MHCTUTYTOM B . KupyHa
(WBeyuns), TexHn4eckum
yHuBepcuTteToMm B r. [paye
(AscTtpus), UHCTUTYTOM
paguoacTpoHomumn uM. M. MnaHka
V Apyrumun BegyLmmm

B 06/1aCTM KOCMOHABTUKUN
Hay4YHbIMU yUpeXaeHUAMU
epmaHun. HakoHey, Ha4nHas ¢
1982 r. UK AH CCCP coBmecTHO
¢ NlabopaTopuen KOCMUYECKUX
ncenegoBaHun YTpexTCcKoro
yHuBepcuteTta (Hugepnangbl) n
MHCTUTYTOM pn3unkun um.

M. Mnanka (PPl npuctynunu K
pelueHU0 KOHKPEeTHbIX 3a4a4 B
obnacTn peHTreHOBCKOW
acTpoHOMUW.

Kpome Toro, y4eHble MHCTUTYTa
BeAyT nepenucky u obmeH
pesynbTaTaMu uccnegoBaHumn
6onee 4em co 100 Hay4YHbIMUK
yypexgeHusiM1 pasfnunyHbIX CTpaH
Mupa.

MUHTEHCUBHO UCNONb3yloTCs
cyujecTBylolue NPAMbIE NINHUU
cesasn MK AH CCCP —UUnoun
BAH (Benrpusi), UKK AH CCCP —
KHEC (®paHums), UKU AH
CCCP —WKW BAH (Bonrapus) n
PsA Apyrux.

MepBas M3 HUX (C HaynMoHanbHbIM
LEHTPOM KOCMUYECKUX
unccnegosaHun B Tynyae) 6bina
oTKpbiTa B 1979 r. Havano
WTATHOW 3KCNNyaTayum 3Ton
NUHUK, a TakXe nocneayoumn
BBOA, ABYX ApYrux noarsepavnv
WX XXU3HEHHYI0 HeobXo4UMOCTL U
3Ha4YUTeNbHO NOBbLICUNN
3(pPEKTUBHOCTb COBMECTHO

ocyujecTtenaemMbix pabot. CerogHs
OHW UCNONb3YIOTCA AN nepesaqgu
AaHHbIX Y>Xe NpoBeAEHHbIX
COBMECTHbIX NPOEKTOB U
3KCNEPUMEHTOB, AaHHbIX
MUCnbiTaHUN U pacHeToB
XapaKTePUCTUK HayYHbIX
npubopos, ANA onepaTuUBHbIX
cornacosaHun pasnuyHbIX
TEXHUYECKMX BONPOCOB,
CBA3aHHbIX C pa3paboTkon u
UCnbiTaHUsiMKU NPU60OpPOB, peLLeHUs
OpraHu3aluoHHbIX U APYrux
BONPOCOB. HakKoHew, ux MOXHO
paccmaTtpuBaTh (M 3TO B&XKHO
NOAYEPKHYTb) KaK 3NeMeHT B
cxeMe yrnpasneHus KOMMneKcamu
Hay4HOW annapaTtypbl B Nepuos
peanusaymMm COBMECTHbIX Hay4HbIX
KOCMU4YeCcKux nporpamm. B atom
cnydae cneuuanucTbl uMetoT
BO3MOXXHOCTb OrnepaTuBHO
NPUHUMATbL COrfiacoBaHHbIe
pelleHusi, B 4aCTHOCTH, No
KOPpPeKTMpOBKe NporpaMmbi
COBMECTHbIX UCCneaoBaHuu,
U3MEHEHUIO peXXnmoB paboTbl
6opToBOoM annapaTtypbl U T. 4. B
cny4ae BO3HUKHOBEHUS
«HewTaTHbIX» CUTyayun.
ExerogHo UHCTUTYT npuHumaeT
okono 300 uHOCTpPaHHbIX
Aenerayuin Ha cambiX pasfNnyHbIX
YPOBHSX, BKIO4aA NapTUAHO-
npaBuTeNbCTBEHHbIE Agenerayum
BO rnaBe C pykosBoauTensamm
ctpaH. Obwee 4nucno 3apybexxHbIX
roctesa gocruraeTt nonyropa—
ABYX TbICSY B rog,.

3apybexHble y4eHble —4acTble
rocty n OKb UHcTnTyTa B

r. ®pyHse. 3gecb nobuiBaNU
cneynanucTbl MHOTUX CTpaH,
y4acTeyowmx B paborax no
nporpamme «HTEpKOCMOC».
Hapsiny ¢ co3ganuem 6opToBOM
Hay4HOW annapaTypbl NO
nporpamme «UHTepkocmoc» OKB
OKa3biBaeT UM NMOMOLb B
pa3paboTke OTAeNbHbIX Y3108
npnbopoB AN KOCMUYECKNX
nccnenoBaHvun, NpoBoAUT
KOHCyfnbTauun no Bonpocam
NPOEKTUPOBAHUA.

Konnektus NHCTUTYTa
KOCMUYeCKUX nccnegoBaHum
Axkagemumn Hayk CCCP npuHumaeT
aKTUBHOE y4acTue B
pesitenbHocTn KomuteTa
COBETCKMX y4YeHbIX B 3aluTy mupa
NpPOTUB S4EPHON Yrpo3bl.



Their aspiration for uniting
efforts in carrying out joint
experiments grows either, thus
making it feasible to cope with
complicated problems of
aeronautics not only at the
earliest possible date, but it also
promotes research and
development in countries,
establishment of closer contacts
in the domain of science and
technology.

International co-operation in
space research is maintained
currently along many channels.
There are specially founded
international organizations,
numerous bilateral and
multilateral agreements;
international congresses and
conferences of scientists are
convened, scientific and
technical information is
exchanged.

After the Space Research
Institute of the USSR AS was
founded, widescale activities
commenced on elaborating
scientific programmes and
projects that were put into effect
in co-operation with institutes
and organizations in socialist
and capitalist countries.
Practical work started within the
framework of the Intercosmos
programme (a series of
Intercosmos satellites,
geophysical rockets Vertical).
The first satellite experiments
were implemented within the
framework of Soviet-French co-
operation (Arcad 1 in 1971,
Signe 1 and Calipso in 1972,
Gemeaux and Arcad 2 in 1973,
Araks in 1975, Signe 3 in 1977,
etc.).

1975 saw the joint flight of the
Soviet and American spacecraft
in Apollo-Soyuz Test Project
where a jointly elaborated
scientific programme was
realized during the flight.
Bilateral projects in international
co-operation were initially most
popular. Co-ordination of work
in such projects is most simple
and makes it feasible to utilize
innovations that every country
has at its disposal. Thanks to
co-operation with French
specialists within the framework

of the Soviet-French project
Arcad 3, a technology for
depositing a metal coating on
the solar-battery panels of the
satellite Oreol 3 has been
developed, that reduced
substantially the level of
electromagnetic interference in
the wave measurements on
board the satellite and
contributed to discovering new
wave radiation in
magnetosphere.
Czechoslovakian specialists have
developed an on-board
computer Brod for the Soviet-
Czechoslovakian project
Intershock that controlled an
interdisciplinary experiment on
board the spacecraft and yielded
qualitatively new data on the
structure of collisionless shock
waves, recording the moment of
crossing the latter in accordance
with the criterion memorized by
the on-board computer.

Some of the devices on board
the Oreol 3 satellite were
controlled by a French computer
according to programmes
transmitted from the Earth by
radio.

The utilization of technology
developed in these projects
opens up new vistas for future
space experiments. As the
system of long-term planning
improved and the experience
gained in the world co-operation
was taken into account,
beginning with the mid-70s, the
Institute shifts more and more
from individual experiments to
integrated joint programmes and
projects, from bilateral to
multilateral cooperation.

The research programme of the
flights of international crews on
Soviet spacecraft had been a
success. The following
international projects are
currently at different stages of
development and
accomplishment: Interball,
Active, APEX, Granat, Spectr-
Roentgen-Gamma, etc.

Besides the Space Research
Institute of the USSR Academy
of Sciences and some other
organizations of the Soviet
Union, participants in these

projects are also specialists of
Bulgaria, Hungary, the Germany,
Poland, Cuba, Rumania,
Czechoslovakia, Austria, France,
Sweden...

A principally new stage in the
world co-operation is associated
with the development and
implementation of the
programme of studying Halley's
comet in 1986. Taking into
account the nature of work
during ground-based astrometric
observations of the comet and
its “in-situ” study with
spacecraft, national and
international agencies, working
in this direction, have elaborated
concrete measures for co-
ordinating their efforts. The
decision was stipulated, in
particular, by the interests of
rational utilization of ground-
based means for determining the
ephemerides of the comet, the
co-ordinates of the spacecraft by
means of the existing
international network of radio
interferometers, introducing
optimum conditions for
observing the comet by the
results of the encounter of the
first spacecraft, etc. As far as the
Vega project is concerned,
which involves 9 countries-
participants, the scientific and
technological potential of the
member countries of the project,
as well as their experience in
developing and building
instruments and systems were
considered when analyzing
proposals for the scientific
programme of the mission and
the scientific equipment.
Alongside the saving of our own
resources, this has made it
feasible to tackle the problem of
developing equipment within the
time limits predetermined by the
astronomical window of
launching the spacecraft to
encounter with Venus and
Halley’'s comet. The on-board
research instruments of the
Vega project met the up-to-date
requirements of science and
technology. They incorporate
such prospective elements and
components as co-ordinate-
sensitive microchannel plates,
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CCD-sensors, particle time of
flight detectors, microprocessors
and memories in individual
instruments.

The project Vega handed on the
torch to a new largescale project
on investigating of celestial
bodies of the Solar system
Phobos. Scientists from 14
countries and the European
Space Agency take part in the
project.

The projects Radioastron and
Spectr-Roentgen-Gamma will,
evidently, become so-to-say
record-holders as regards the
scale of world co-operation.
Thus, for the Radioastron
project on-board
instrumentation and information
processing means will be
developed by, besides the Soviet
Union, the Consortium of
European radio observatories,
Technological University of
Finland, the Australian Research
Society, the Australian radio
astronomic observatory and the
US National radio astronomic
observatory.

The Institute co-operates in
whole approximately with
organizations in 20 foreign
countries. The ties have become
traditional with such scientific
organizations and production
collectives as the Space
Research Institute of Bulgarian
Academy of Sciences, Central
Institute for Physical Research of
the Hungarian Academy of
Sciences, Centre

d’Etudes Spatiales des
Rayonnements and Centre
National d’Etudes Spatiales in
Toulouse (France), Centre
d’Etudes Nucleaire de Saclay
(France), enterprise Carl

Zeiss Jena (Germany),

Scientific and production
corporation IZOT (Bulgaria),
Astronomic Institute of
Czechoslovakian AS, Space
Research Centre of Academy of
Sciences of Poland and many
others. And, finally, beginning
with 1982 the Space Research
Institute of the USSR Academy
of Sciences in co-operation with
the Laboratory of Space
Research of the Utrecht
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University (the Netherlands) and
the M. Planck Institut fur
Extraterrestrische Physik started
to solve concrete problems in
the area of X-ray astronomy.
Besides that, scientists of the
Institute correspond and
exchange experimental results
with more than 100 scientific
organizations in different
countries worldwide.

Intensive use is made of the
existing communications hot
lines between: Space Research
Institute of the USSR Academy
of Sciences and Central Institute
for Physical Research of the
Hungarian Academy of Sciences,
the Space Research Institute of
the USSR Academy of Sciences
and CNES (France), and the
Space Research Institute of the
USSR Academy of Sciences and
the Space Research Institute of
the Bulgarian Academy of
Sciences.

The first line (to the Centre
National d’Etudes Spatiales in
Toulouse) was commissioned in
1979. The beginning of
operational use of that line as
well as the subsequent
introduction of the two others
into service confirmed their vital
necessity and increased
substantially the effectiveness of
the work being performed
jointly. Today they are employed
for the transfer of the data of the
already accomplished joint
projects and experiments, data
on tests and estimations of
characteristics of equipment, for
fast co-ordination of various
technical problems associated
with the development and
testing of instruments, for
tackling organizational and other
problems. Finally, they may be
considered (and it is worth
noting this) as an element in the
scientific package management
system when implementing joint
scientific space programmes.
Specialists are able in this case
to make fast and co-ordinated
decisions, in particular, on
correcting programmes for joint
investigations, on changing the
operational regimes of the on-
board equipment, etc.

in case of emergencies.

The Institute receives about 300
foreign delegations annually at
most different levels, including
party and governmental
delegations headed by the
leaders of respective states. The
total number of foreign guests
amounts to 1500 to 2000 per
year.

Foreign scientists are frequent
guests also at the Special Design
Bureau of the Institute in Frunze.
It has been visited by specialists
of many countries that
participate in the Intercosmos
programme. Alongside the
creation of on-board research
equipment for the Intercosmos
programme, the Special Design
Bureau assists them in
developing individual units of
instruments for space research,
consults on designing.
Researchers of the Space
Research Institute of the USSR
Academy of Sciences take an
active part in the work of the
Committee of Soviet scientists
for Peace against the nuclear
threat.



MpoekT «Bera». XapakTepHo#
0CO6GEHHOCTHIO NPOeKTa CTaso LWMPOKOe
y4acTue B HeM MHOCTPAHHbIX yYEHbIX U
crneyuannCcToB Ha ypoBHE KOCMNYECKUX
areHTCTB, MHCTUTYTOB M OTfe/IbHbIX
uccnegosarenen. [ina KonneKTMBHOro
peLUeHus1 BONpOCOB COBMECTHOM paboTbi
no npoekTy 6bin co3gaH
MexgyHapoaHbisA Hay4HO-TeXHUYECKNI
coBeT nog npeAceA[arenscTeoM
akagemmnka P. 3. CargeeBa

Vega Project. The characteristic feature
of the Project is the participation of
foreign scientists and specialists from
many space agencies and institutes. The
International Scientific and Technical
Council has been established under the
Chairmanship of Academician

R. Z. Sagdeev to solve jointly the
problems of the co-operative activity
within the Project




B mex gyHapogHom koonepaymm (CCCP,
Asctpus, bonrapums, Bexrpus, I[P,
Monebwa, CLUA, ®paHyus, ®PI, YCCP)
paspabarbiBasiCsi BeCb KOMINIEKC
Hay4HOM annapartypsl

The whole scientific payload was
developed in the framework of
international co-operation (Austria,
Bulgaria, Chechoslovakia, France, the
FRG, the GDR, Hungary, Poland, the
USA, the USSR)




Yexocnosaykue cneynanncTbi —
paspaboTymku cybenytHuka C2 AC B
MOHTAa)XHO-MCNbITaTeIbHOM Kopryce
kocmogpoma lneceyk

Specialists from Czechoslovakia, who
were responsible for the S2 AK
subsatellite design, in the assembly-
testing hall of the Plesetsk cosmodrom

lNepen y4eHbiMn UHCTUTYTa BbICTynaeT
AnpeKkTop KocMmu4yeckoro yeHTpa B
Tyny3e XKan-Knopg KOccon

Jean-Claude Husson, Director of Centre
National d’Etudes Spatiales in Toulouse,
is speaking to the sicentists of the
Institute

CoBeTckue n LwBefCcKue y4eHble
06CyXfaloT pesynbTaTtbl COBMECTHOIO
akcnepuMmeHTa «[IpoOMHUKC»,
BbINOMTHEHHOro Ha 60PTy COBETCKOro
KOCMUYEeCKOro annapara

Soviet and Swedish scientists
discussing the results of the joint
experiment Promics on board Soviet
spacecraft
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B 1975 r. cocTosancs nepsbin

COBMECTHbIA COBETCKO-aMepUKaHCK1A
SKCNepUMeHTasbHbIA KOCMUYECKMA nonet
no nporpamme «Cot03» — «AnonnoH». Ha
CHUMKE: NCMbITaHNSI CTbIKOBOYHbBIX Y3108
kopabnien Ha N1eTHO-UCNbITaTeIbHON
craHymn UHCTUTyTa

The first joint Soviet-American test
space flight under the Apollo—Soyuz
program was held in 1975. The
photograph illustrates testing of the
docking units of the spacecraft at the
flight test station of the Institute

AMepuKaHCKue acTpoHaBTbl — yHaCTHUKN
nonera no nporpamMme «3IAC»
3HaKOMSITCSI C XO40M paboT o NPOeKTy
«Bera»

American astronauts—the crew
members in the flight within the EPAS
Program—uvisit the Institute to get
knowledge about the Vega Project




Cneymanuctsl I[P 3HakoMmaTcs ¢
nepBbIMU CHUMKaMH, BbINOTHEHHBIMK U3
KocMmoca Kamepon MK®-6

Specialists of the GDR are analyzing the
photographs made in space by the
MKF-6 camera

Mognucaxmne npoTtokona robunenHon 25-4
COBeTCKO-(ppaHLy3CKou paboyen rpynnbl
no kocmocy

The signing of the protocol of the 25-th
Anniversary meeting of the Soviet-
French Group on Space

lMognucaHue gorosopa O Hay4YHOM
coTpyaHn4ecTBe B 06nacTu
KOCMMY€CKOro MatepuasiopeieHus Mexay
UK AH CCCP n DFVLR ®PI

~anill

The signing of the protocol about the
scientific cooperation on space
materials science between the Space
Research Institute, USSR Academy of
Sciences and the DFVLR, the FRG

L

Mognucanme npoTokona o
coTpyaHnyHecTse (KpauHuh cresa —
npesngeHT KocMu4eckoro areHTcTea
Benukobputarnm)

The signing of the protocol on the
cooperation (the last at the left is the
President of the Space Agency of the
United Kingdom)

155



YHukaneHas annapartypa, oTnpasnsieMasi
B KOCMOC, CO34aeTCsi COBMECTHbIMM
YCUNUSIMK CreynanncToB pasHbIX CTPaH.
lpegcraBuTenu cTpaH — y4acTHUY
nporpamMmsbl «MIHTepPKOCMOC» Ha paboqes
rpynne Bo JlbBoBe 0b6CyXxAal0T Npob1embi
KOCMHYECKOro Hay4Horo
npmnbopocTpoeHns

The unique instrumentation to be
launched on board the spacecraft is
developed in cooperation with
specialists from different countries.
Representatives of the member contries
of the Intercosmos Program during the
Working Group meeting in L’'vov are
discussing problems of space
instrument engineering
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Bonrapckni KOCMOHaBT AnekcaHgp
AnekcaHApoB 1 ¢paHLy3CKN# KOCMOHaBT
XKaH-Jly KpeTbeH —roctu UHCTUTYTa

Aleksandr Aleksandrov, the Bulgarian
cosmonaut, and Jean-Loup Cretien, the
French cosmonaut—the guests of the
Institute

B Yexocrniosakum no npoekty «Bera»
6bina paspaboTaHa ckaHupyioLjasi
nnargopma, npegHasHa4eHHas Ans
HaBeAeHns1 Hay4HOW annapartypbi Ha
xomery. Mocon HYCCP Yectmup
JloBeTUHCKMH 1 YexocrioBaLKue
cneymanuctel 8 UK AH CCCP Ha
ucnbiTaHusix nnargopmsl (1985 r.)

A scanning platform for aiming the
scientific instruments at the comet has
been developed in Czechoslovakia for
the Vega project. The purpose of this
platform is unique in the practice of
space scientific instrument engineering.
Tchestimir Lovetinsky, Ambassador of
CSSR and Chechoslovakian specialists
are observing the testing of the platform
at the Space Research Institute

CoBeTckue 1 4yexocsioaykme
cneyuanncTbl roToBSIT K UCNbITAHNSAM
Hay4Hylo annapartypy no npoexTy
«UIHTEepLUOK»

Soviet and Czechoslovakian specialists
preparing to test the scientific
instrumentation for the Intershock
project
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lpob6ieMbi 3KOI0rMn BOHYIOT CEerogHs
BCex no[en 3eMnn He3aBUCHMO OT UX
npogbeccun. Po3nT nu nnaHerte
KnuMmarmn4yeckas kartactpoga? 3ror
Bonpoc obcyxaany cobpasLuMecs B
WMHCTUTYTE KOCMMYECKUX UCcrie4oBaHnn
Ha TenexkoHgpepeHumo Mocksa —
BawumHrToH y4yeHble, o6L{eCTBEHHbIE
AesTenu, eaTenn KynsTypbl AByX CTPaH

Problems of ecology is now a work for
people of the Earth independent of their
profession. Is the planet under the
threat of ecological catastrophe? This
problem was discussed by scientists,
public men, actors from the USSR and
the USA during the Moscow-Washington
Teleconference held at the Space
Research Institute
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