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B koHue 60-x rogos Ha CTapokany>XCKom wocce, B TO
BpeMS Ha okpamHe MOCKBbI, BbIpOCI0 HOBOE 12-3TaxHoe
3aaHve. B HeM pa3mecTuncs UHCTUTYT KOCMUYECKUX
nccneposaHun Akagemun Hayk CCCP (MKW AH CCCP).
CosnageHue rnyboko cumsonuyHoe. OTevecTBEHHas
Hayka O KOCMOCe Ha4anacb B ManeHbKOM pOCCUMCKOM
ropogke Kanyre, KOTOpyto N0O npasy Ha3biBalOT
«KOCMUYECKOW» UNK ropogom Limonkosckoro: Benukum
yyeHbI Npoxun B Kanyre 43 roga— camyio
NNOAOTBOPHYIO NOPY CBOEMN XXU3HW.

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
Kalr:Jga for 43 years. That was the most fruitful period
of his life.




Ceoum chacagom 3aaHue
MHCTUTYTa BBIXOAMT Ha nnowaae,
HOCSILLYIO MMS BbIAAIOLWErocs
COBETCKOro y4eHoro akagemuka
M. B. Kengbiwa. Akagemmk
Kenasilw, BHECLUMA 3HAYUTENbHbIA
BKNaj B pa3paboTKy u
npeTBOpPEHKE B »XU3Hb COBETCKOWM
KOCMWYECKOW NpOorpammbil,
NpYHUMan HenocpepcTeeHHoe
y4acTue B opraHusauum w
cTaHoBneHun MHcTuTyTa
KOoCcMMUYecKux uccneposaHun AH
CCCP.

CozpaHHbin B 1965 r. Ha Gase
psaa otaencs u naboparopun,
paboTaswux paHee no
KOCMU4YECKOI TeMaTuke B
Pasnu4YHbIX MHCTUTYTax Akagemun
HayK u Apyrux BefomcTs,
MHCTUTYT ABNAETCA roNOBHOW
opraHmsauuen AH CCCP w coseTa
«MHTEepkocMoCc» B obnactu
Hay4HbIX uccnenoBaHun
KOCMWYECKOro NpoCTPaHCTBa,
nnaHeT COnHeYHOM CUCTeMbl K
Apyrux o6bekToB BeceneHHow.
MK AH CCCP nopy4YeHbl Takxe
noAroToBka n obocHOBaHWe
NPOrpamMm KOCMUYECKUX

IF[RE

uccnenoeaHun, paspaboTka,
MCNbiTaHWA W NpUMEHEHne
Hay4HOR annapaTypbl OnA 3TKUX
nccnenoeanun, obecneveHne
MeXAyHapoaHoro coTpyaH1vyecTea
B 06NacTu KOCMU4YECKKX
uccneaoBaHun.

CrpykTypa UHCcTUTYTa
onpegenAeTcA OCHOBHbIMW
3agadamMu ero Hay4Ho-
TEXHU4ECKON AenaTenbHocTu. B
MHCTUTYTE MMEelDTCA HayYHble
oTaensl n nabopaTtopuun nNo
Pas3nuUyHbIM HanpaeneHusam
KOCMUYECKON (PU3MKMK:
KOCMWYEeCKOWN nna3smbl,
nccneaoBaHuii NnaHer,
3KCMNEepPUMEHTANBHOM K
TEOPETUHECKON acTPOPU3UKN,
KOCMUYECKOro
MartepuanosefeHun, ONTUKO-
huanecKkmx uccnegosaHnm, a
Takxe oTaens! Hay4Ho-
TexHu4eckoro obecneyeHums
IKCNepuMeHToB Ha
aBTOMATUHECKUX U MUNOTUPYEMbIX
KOCMWHYECKWUX annaparax.
WHCTUTYT pacnonaraeT MOLLHOW
BbiMMCNnTENbHOM 6ason gns
06paboTku Hay4HOW MHOpMaL K.
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MnasHei Kopnyc MHCTUTYTa KOCMHUYECKMX
HccnegqosaHui

Main building of the Space Research
Institute of the USSR Academy of
Sciences
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Kpome TOro, umeeTcs psag
TEXHUYEeCKUX nogpasgeneHni un
cnyx6, BKNIOYaoLWMX OnNbITHOE
NpOW3BOACTBO, KOHCTPYKTOPCKMA,
TEXHONOMMHYECKUH 1 TEXHUHECKUIA

oTAenbl, KOHTPONbHO-
MCMbITaTeNbHYIO CTaHyWio, oTaen
Hay4HO-TexXHMYecKon nHgopmaLmm
W NaTeHTHO-NULEH3NOHHLIA OTAen.
MKW AH CCCP nog4uHeHb!
Ocoboe koHCTpyKTOpCKOE 610p0
(OKB MKW AH CCCP) B

r. ®pyHae, KOTOpoe B HacToswee
BpeMs ABNAETCA MOLHOW
KOHCTPYKTOPCKOW OpraHu3ayuen
CO CBOWM OMbITHLIM
NpoV3BOACTEOM, U TEPMUHAIBHARA
cTaHywA npu LleHTpe aanbHen
KOCMWYECKOW CBA3Wn B EBnatopuu,
obpabaTbiBaowan M nepegaroLian
Hay4HYK MHOPMAaLWIO.

WMHCTUTYT nmeeT ceoum
noapasfeneHus Ha KOCMOApPOMax.
B 3apga4y atux nogpasneneHuin
BXOAWT OpraHu3ayun v y4acTtue B
3aKMIOMUTENBHLIX UCMNBbITAHUAX
KOMMNNEeKca Hay4HOW annapaTtypbl
nepep 3anyckoM KOCMWUYECKOro
annapara. ’

B r. Tapyce Kanyxckoit obnacTtu



CO34aHO W pa3BMBaEeTCA HOBOE
ONbLITHOE NPOM3BOACTBO Hay4HOW
annapatypbl MK AH CCCP —
Komnnexkc obuen nnowaanbo

20 TbIC. KB. M.

OpHOBpEMEHHO C OpraHuaayven
NPOW3BOACTBA CTPOATCSH >KUMOW
MUKpPOpanoH, BbiToBble 06BEKTHI W
06BbEKTLI MHXEHEePHOro
obecneverun. U
NPOV3BOACTBEHHBLIA KOMINEKC, 1
MWKpPOpaWoH pacnonaratoTca B
OOHOM M3 KpacMBENLWX MecT
MogmockoBbA, rae Xwnu u
paboranu K. I'. MaycToecKkuiA,

B. A. BataruH, M. 1. LiseTaesa n
Apyrve Bblgatoujmecs coBeTckue
nucaTenu n XyL0XHUKW.

Moyt 10 netr UKW AH CCCP
BO3rnaensn ero nepsebin
OVPEeKTOp aKageMuK

. U. Netpoe. C 1973 no 1988 r.
MHCcTUTYTOM pyKOoBOAMN aKagemMuk
P. 3. Carpees. B 1988 r.
AVPEeKTOPOM Ha ansTepHaTUBHON
OCHOBe ObIn n3bpaH |neH-
KoppecnoHgeHT AH CCCP

A. A. lNanees.

C WHcTuTyTOM CBR3aHbl UMEHa
Takux Begylmx yHeHbIX CTpaHbl,
Kak akagemmk #. B. 3enbgosuy,
uneH-koppecnoHaeHT AH CCCP
W. C. Wknoeckui, 30eck
paboTaloT YneH-KOppecnoHAEHT
AH CCCP P. A. CioHsieB, OKONO
50 QoKTOpOE Hayk W1 cBbiwe 170
KaHaunaTtoB Hayk.

Mpu MHCTUTYTE QYHKLUMOHUPYIOT
cneymManu3MpoBaHHblie YyeHble
COBETbI NO 3aluTe AOKTOPCKUX U
KaHauaaTckux auccepTauuvin.

MKW AH CCCP sBnsieTtca
meToguyeckon 6ason psaga By30B
CTpaHbl, B TOM YKCre Takux, Kak
MockoBCKUA (hU3NKO-TEXHUHECKUH
MHCTUTYT M MockoBckuia
UHXKEeHepHO-bHUanvecKuin
UHCTWTYT.

3a nocnegHue rogsl MHCTUTYT
COBMECTHO C Hay4HbiMKM coBeETamMK
AH CCCP no 0CHOBHbIM
HanpaeneHUAM KOCMUYECKUX
nccnegosaHuik npoeen 6onblyio
paboTy No NnepcneKkTUBHOMY
NNaHUPOBaHUIO N CO3AaHUI0
nNporpaMm KOCMUHEeCKKX
nccnefoBaHU U MX KoopAvHauuW.
3Ha4uTenbHan YacTb 3THX
NporpamMM BLINONHAETCA B pamKax
MEXyHapo4HOro
COTpyAHUYecTBsa.

CotpyaHukun MKW AH CCCP
NPUHUMANKM aKTMBHOE y4yacTve B
NOArOTOBKE Hay4HOW annapartypbl,
nNpoBeAeHNn IKCNEPUMEHTOB,
nony4eHun u obpaboTke Hay4HOW
mHpopMaLMK C KOCMWYECKUX
ob6beKkToB, 3anyckaembixX No
COBETCKOW KOCMUYECKON
nporpamme (annapaTtoB v CTaHyWi
cepun «Kocmoc», «[porHoa»,
«Mapc», «Bexepa», «JlyHa»,
AUNOTUPYEMbBIX KOCMUYECKUX
Kopabnen «Cow3a» U opbuTanbHbIX
Hay4HbIX cTaHywn «CamoT»), a
Tak>Xe B NpoeKTax,
OCyLWEeCTBNAEMBIX B pamKax
MexXxyHapoaHOro
coTpyaHu4ecTa — «Coloa» —
«Anonnou», APAKC, «CHer»,
«Pagyra», «MIHTEpkoCcMOC»,
«Bera», «®oboc» v gp.

B pamkax Hay4HO-TEeXHU4EeCKOn U
meTogudeckon pabotel MKW AH
CCCP ezaumopencteyeT bonee
yem co 100 Hay4HbIMK
OpraHu3auusaMM CTpaHbl n
AECATKaMKU 3apyOeXKHbIX HayUYHbIX
opraHusayuvi. Npwu ocywecTBneHnn
NUNOTHUPYeMbIX NoneToe UHCTUTYT
BO3rNaBnseT MeETOAUHECKYIO W
TeXHUYECKYI0 NoArOTOBKY
KOCMOHaBTOB NO Hay4HbIM
aKcnepuMeHTam, nposogumbim AH
CCCP.

YcnewHaa MHoronnaHoeas
AeATensHocTb UHCTUTYTA,
HanpaeneHHas Ha pasBuTue
(hyHAaMeHTaNbHbLIX U NPUKNagHbIX
nccnenoBaHui, HEOAHOKPAaTHO
oTMe4vanacbh NpaBUTENIbCTBOM
CCCP.

C 1986 r. Ha 3HameHu NHcTuTyTa
opaeH NlennHa. Bonee gsyxcoT
cotpyaHmkos UKW AH CCCP
HarpaXxgeHbl opgeHamMm v
menanamu Cosetckoro Cotosa,
oKono 50 coTpyAHMKOB CTanu
naypeatamu JleHuHCKOR 1
MocypapcTeeHHON npemun,
npemum JIeHWHCKOro Komcomona.
Akagemuky P. 3. Cargeesy
npuceoeHo 3saHue [epon
Couunanuctuydeckoro Tpyaa.
Tonbko 3a nocnegHue 10 net
coTpygHukamn MHCTMTyTa nogaHo
6onee 500 3asBOK Ha
n3obpeTeHnsn, 3apermncTpupoBaHo
7 OTKpbITUA, B TOM YMcne psag
n300peTeHnin 1 OTKPLITHIA caenaH
COBMECTHO C aBToOpamu u3

CTpaH — y4aCTHUL, NporpamMmbl

«MHTepkocMmocC».

C 1967 r. UHCTUTYT exerogHo
ABNAETCA Y4aCTHUKOM BbicTaBKku
AOCTWXEHWA HapoAQHOTO
xossinctea CCCP (BAOHX). 3a
DOCTUTHYTBIE YCMNEXW KONNeKTus
WMHcTuTyTa HarpaxkaeH 6onee HYem
Asaauateio [lunnomamm

| cTeneHwn, okono

700 COTpYAHWKOB HarpaXaeHbl
Aunnomamu MNo4deTta, 30M0ThLIMM,
cepebpAHbIMKM 1 6POH30BbLIMMK
meganamu BOHX.

YyeHble MHCTUTYTa SBNAIOTCA
4YneHamMn MHOMMX MHOCTpPaHHbIX
Hay4HbIX 06WeCTB U akagemui:
MexayHapogHOro KoMuTeTa o
KOCMUYECKUM UCCneaoBaHnAM
(KOCIAP), MexayHapoaHo®
acTpoHOMUYECKON theaepalm
(MA®), MexxgyHapogHoro
acTpoHomu4eckoro cotosa (MAC),
MexayHapogHoro
reocmandeckoro cowsa (MIC),
KoHCcynsTaTUBHOW KOMWCCUMK
LleHTpa no ouyeHke CNyTHUKOBOW
CUTyauuu Ans nporpaMmel
MexayHapogHoro nay4eHua
mariuTocdeps (MUM), Komuccum
no nnaHeTapHbIM HayKam,
O6uwectea M. M. Mnaxka (OPIN),
KoponeBCcKoro acTpoHOMUYECKOro
o6wectsa (BenukobpuTtahus),
HaywoHanbHOW aKkagemum Hayk
CWA v paga apyrux.

Beaywwe cneynanuctel MHCTUTYTa
BXOART B pegkonnerum
OTe4eCcTBEHHLIX W 3apybexHbIX
XypHanos («KocMmuyeckue
nccnepoeaHuna», «WiccnepgosaHua
3emnu n3a kocmoca»,
«ACTPOHOMUYECKIWIA XYpHaU»,
«PUanka nnasmel», «3eMns u
BcenenHan», «Space Science
Instrumentation» u gp.).
ExeroaHo coTpyaHukK WHCTUTYTa
nybnukyoT okono 500 HayuYHbIX
paboT B8 OTEYECTBEHHbLIX W
3apybeXXHbIX XypHanax.
MNapatenocTeO «Hayka» exxerogHo
BbinyckaeTt 5-6 c60pHMKOB cTaTen
U MOHOTpachui, NoATOTOBNEHHbIX
B MHCcTUTYTEe 061wum o6 bemom
cBbiwe 100 aBTOPCKMUX NUCTOB.
MHCTUTYT BegeT 6onbwyto paboTy
no nponaraxge Hay4YHbIX 3HaHWA.
Ero cotpygHuku perynsipHo
BbICTYNAIOT B LEHTPaNbHON
nedatw, 6onee 100 yenoeek
ABNRAIOTCA YneHamu BcecotoaHoro
obuwecTtea «3HaHue», okono 20



4YenoBek y4acTeyloT B pabore
pasnuYHbIX ero opraHoe: B
npaeneHun 1 B Hay4Ho-
MEeToAUHEeCKMX coBeTax.

Lienb HacTosLero wagaHua —
npeAcTaBuTb OCHOBHbIE
HanpaeneHns Hay4Ho-
TexHu4eckon geatensHocTn UK
AH CCCP, kpaTtko
nHcpopmupoBaTh 0 Haubonee
WHTepecHbIX paboTtax,
nony4eHHbIX peaynetaTtax, o
MHOrorpaHHoOM TBOPYECKOM »WU3HW
Hay4HOro KonnekKTuea, CBOWM
TPYAOM BHOCSALUEro CKPOMHYIO
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. g 0

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,

VYueHbit coset MHCTUTYTA

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

' |



Mpynna coTpyAHWKOB
WMHcTUTYTa, HarpaxaeHHbIx 3a
aKTMBHBIA BKNaA B peanu3auuio
npoekta "Bera”, c
pykoeoacrtesom AH CCCP.




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



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

Kocmogpom BankoHy

p. Paketa-HocHTenNb
«[lpoToH» 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. lis 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.

11



Axkagemux I W. Netpos Axkagemuk P. 3. Cargees YneH-koppecnoHgeHT AH CCCP
A. A lanees
Academician G. I. Petrov

Academician R. Z. Sagdeev

Corresponding member of the USSR
Academy of Sciences A. A. Galeev

0 BUEHHE
T Tt W MAEFCRH
P it B TR TR
e ppAit Buiir
" N
.

nt T 11
- “11-}:““.. Clos i

s [ e (AR TIIAT
'::;m u\'L\$:1\"" TUPOCTRAH TR
it

| LETN

i
Kim g J;Illls l:l,::':., U

e TPANCTR,
Bivgp

i,
o
- i




Axagemuk H. b. 3ensgosuy YneH-koppecnoHgeHT AH CCCP
W. C. Uiknoeckuii

Academician Ya. B. Zeldovich

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

PaboTtsl yq4eHbix MHCTHUTYTA nyﬁnmys&mu
BO MHOTHX COBETCKMX W 38pybexHbIX

usgaHuax
Bpyvenme UncTuTyTy opAena Jletuna Works of the scientists of the Institute
are printed in many Soviet and foreign
Presentation with Lenin Prize publications
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lpynna naypearos JIleHWHCKOW M
FocypapcTeBeHHONW NPeMUA U NPEMHM
JIeRMHCKOro KOMCOMONa — COTPYQHUKH
UK AH CCCP

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 roctax y MHcTuTyTa generaymsa
Jiutoeckon CCP

The delegation of the Lithuanian Soviet
Socialist Republic is a guest of the
Space Research Institute
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Cnywarenu Akafemuy o6LLeCTBeHHbIX
HayK 3HEKOMATCH C BbiCTaBKOH

gocTuxennn MHCTHTyTa

Listeners of the Academy of social
sciences are seeing the exhibition of
achievements of the Space Research
Institute
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1 TASMEHHbBIE
/ICCTIEAOBAHA

PLASMA
STUDIES

PuU3mMKa KOCMUYECKOW Nna3mMbl — O0A4HO U3 OCHOBHbIX
HanpaBneHun TeoOpeTUHECKUX N 3KCNepMMeHTarnbHbIX
nccnefoBaHun, BeINONHAEMBbIX B MIHCTUTYTE KOCMUYECKUX
nccnegosanun AH CCCP. Bce 3Be3abl, B TOM 4ucne u
Hawe ConHue, Mex3Be34Has U MexnnaHeTHasn cpeaa,
BEpXHWE CNOW NNaHeTHbIX atMocgep (MoHocgepa),
cnosom, npnbnuantensHo 99% BelecTBa anakTMku
HaxoAuTCA B NNa3MEHHOM COCTOAHMMU. TnasmeHHyto
npupoay UmerT U npoueccol NpeodbpasoBaHnsa O4HMX
BUAOB 3HEPruM B Apyrue, COCTaBNAIOWME CYyTb aKTUBHbIX
sBneHnn Ha ConHue n B 6numxanwmx OKpPecTHOCTAX
(MarHuTOCepax) nnaHeT, B TOM Yucne n 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.




WaydyeHune BNUAHWMA aKTUBHOCTKH
ConHua Ha cocTosiHWe, HanpuMep,
OKONO3eMHOro NpOCTPaHCTBA B
3HAYUTENBbHOW CTENeHn CBOAUTCA
K uccnefoBaHuio NNasmbl B
ConHe4HOW cucTeme.

C sanyckom B 1957 r. nepeoro B
MUpE COBETCKOrO WCKYCCTBEHHOMO
cnyTHUKa 3emnun uccnegosaTensm
OTKPbINCA NPsSIMOA AOCTYN B
OKONO3EeMHOE KOCMUYecKoe
NPOCTPaHCTBO — HACTOALLYIO
«NNasModuandeckyro
nabopaTopuio», Ha4mHaloLyIoCca
Bcero B 100 KM OT NOBepXHOCTU
3emnu.

Bbnarogapa Tennosomy
pacLUMpeHUIo ropsyen nNnasmol
COJITHEYHOW KOPOHbI NNaHeThl
ConHe4Hon CUCTEMDI
OKa3bIBAKTCA MOrPy>XXeHHbIMU B
CBEpPX3BYKOBOW NOTOK CONHEeYHOMN
nnasmbl — CONHe4Hb BeTep. OH
6bin o6Hapy><eH B 1959 r.
COBETCKUMU «NIYHHUKaMW».

Mo cywecTBy, CONHEYHLIN
BeTep — 3TO HenpepbIBHO
pacWUPSIOWAncs CoONHeYHan
KOpOHa. YacTulbl 3TOro BeTpa,
npeogoneBan ConHe4vHoe
NpUTsXKeHWe, ABWXYTCA OT
ConHua ¢ nocToAHHO
HapacTalouwen CKOpOCTbH — UX
«nogTankveaeT» 6onee ropsaqun
ras. Ha paccTosiHUM HeCKONbKUX
COMHEYHbIX PaguycoB OHWU
[OCTUraloT CKOpPOCTU 3ByKa, a npu
yaaneHuwn ot ConHuya Ha ogHy
aCTPOHOMWYECKYIO eAuHULYY
(cpepHee paccTosiHMe OT 3eMnu
Ao ConHua) mx CKOpoCTb
cocTtaensieT yxe 300—500 m/c.
Haberaa Ha marHuTHoe none
Halwen NnaHeTbl, CONHEeYHbINA
BETEp NOKanW3yeT ero B
OorpaHu4eHHOW KoMeToobpa3HoW
nonoctu— marHutocchepe. Ha
o6paweHHon K ConHuy CTOpoHe
ee rpaHvwya— marHuronay3a —
OTCTOMT OT yeHTpa 3emnu
npumMepHo Ha 70 Teic. kM. B
NPOTUBOMONOMXHOM HanpasneHun
marHutoccepa BuITArMBaeTCA Ha
MHOTWE MWNNIMOHBI KWNOMETPOB,
06pasys MarHUTHbLIN XBOCT 3eMnu.
MaruuTtoccepa nornowaeT nNuilb
HebonNbLUYIO YacTb IHEPruK
NOTOKA CONHeYHOro BeTpa. Tem
He MeHee faxke 3Ta 3Heprus
cnocobHa BLisBaTh
MHOFOYUCNEHHbIe (huanveckue

ABNEHNA B OKOMO3EMHOM
NPOCTPaHCTBE, B TOM YUCIe ApKue
CBe4veHusa B BepxHen aTmocdepe,
Ha3kbIBaeMble NONAPHLIMK
CUSHUAIMW.

3agaqvamu psga TeopeTUHeCKUX u
3KCNepUMeHTaNLHbIX
nabopatopuin MHCTUTYTa
SIBNAIOTCA KakK co3gaHwe mogenen
MarHuTocdep nnaHeT, Tak u
nccneaoBaHue oTheNbHbIX
huanyecKux SBneHuNn,
cneyuduyeckux Ans Takux
CNOXHBIX U B3aVMOCBA3AHHbIX
CUCTEM, KaK CUCTEMA CONHEYHbIA
BeTep —mMmarHuToccepa —
woHocgepa NNaHeTbl.

OAHUM M3 OCHOBHBIX 3NEMEHTOB,
onpeaensiowux xapakTep
B3aWMOAENCTBUA NOTOKOB
KOCMWYeCKOW Nnnasmbi,
MCTEKAKLWMX U3 MHOTUX
acTpouandecknx obbLeKTOB B
pe3ynbTare UxX akTUBHOIO
B3aWMOAEeNCTBUA C OKpy»KaloLlein
cpepon, ABNAETCA Tak
Ha3biBaemasn
6ecCTONKHOBMTENbHARA yAapHas
BOJHA.

Korpga roBopAaT «yaapHasa BonHa»,
TO NpW 3TOM 0BbIYHO UMEIOT B
BUAY PacnpoCTPaHALYHOCA CO
CBEpPX3BYKOBOW CKOPOCTbIO
TOHKYIO NepexogHyto obnacTb B
rasoBoi cpefe, XWAKOCTU UK
TBEpAOM Tene, B KOTOPOW
npoucxoauT ckaukoobpasHoe
yBenuv4eHwe aasneHus,
NNOTHOCTKW, TeMNepaTypsbl U
CKOpOCTW OBWXEHWSA BELECTEA.
YpaapHbie BOMHbI MOTYT BO3HWUKATb
NpW B3pbiBax, ABWXeHWW Ten co
CBEPX3BYKOBOW CKOpPOCTbLIO B
Kakon-nubo cpeae, Hanpumep nNpu
nonetax peakTUBHLIX CAMONETOR,
NP MOLWHBLIX ANEeKTPUHECKUX
paspsgax.

Cam c¢akT cywectsoBaHus
YA2PHBIX BONH B MEXNNaHeTHOM
NPOCTPaHCTBE KaDKeTCsl
Heobbl4HbIM. M3-3a cUNbHOM
paspeXXeHHOCTW CONHeYHOoN
nNasmbl 4acTuybl B HEN
CTaNnKMBalTCA Ype3BblHanHO
peaKo, n anvHa nx ceobogHoro
npobera (paccTosaHue,
npoxoAumMoe HacTuuen OT OfHOro
cTonkHoBeHUs ¢ cebe nopobHOM
A0 APYroro) 3a4acTylo npesbiluaeT
pasMepbl TakUX rMraHTCKux Ten,
Kak nnaHeTbl. U BCce-Takun

yAapHble BONHbI BO3HWKAIOT.
[eno B ToM, 4TO B Nnasme gaxe
npwu 6onbwon anvHe ceobogHoro
npobera B3auMofencTBMe HacTuy,
Mexay cobon oCylecTBNAeTCA C
MOMOLLBID CaMOCOTNacoBaHHbIX
3NEeKTPOMarHWTHLIX NOnen.
YaapHbie BONHbI NPU 3TOM
ABNAKTCA OCHOBHBLIM MEXaHU3MOM
npeobpa3oBaHus KUHETWYECKON
3HEprvK CTankKuMeamwwWmxcs
CryCTKOB BewecTBa B 3Hepruio
YCKOPEHHbIX YacTul, U U3Ny4YeHus.
PerynspHeie 3anyckm
BbICOKOANOrelHbIX CryTHWUKOB
cepuun «[MporHo3» No3BoNunu
coTpyaHukam MK AH CCCP
NPOBECTU YHUKAIbHbIE
uccnenoBaHus CTPYKTYpbl
yaapHou BonHbl y 3emnu. C
MNOMOLLBIO YCTAHOBNEHHLIX HA
60pTy CNyTHUKA [EeTEeKTOpOB
nnasmel U KonebaHuin
ANEKTpUHEeCcKUX nonen Beinu
BbISICHEHbI MEXaHU3MbI
Auccunaymm 3HeprumM U yCKOpeHus
3NEKTPOHOB B CUNbHBIX YAAPHbIX
BONHax.

YckopeHue 3NeKTPOHOB yAapHOW
BONHbI NpeacTaensaeT ocobbii
WHTepec C TOYKW 3peHuns
acTpogpuanku. Hanpumep,
BCNbIXWBAIOLWUe CBePXHOBbIE
3Be3abl U Nna3sMeHHble BbIOPOChI
W3 Agep aKTWUBHbIX ranakTuk
BUAHbI 6narofaps U3NyYeHUo B
MeX3Be34HOM MarHUTHOM none
yNbTpapensaTUBUCTCKUX
3NEeKTPOHOB, T. €. 3NEeKTPOHOB,
ABWXYLLMXCSA CO CKOPOCTbIO,
6NM3KOM K CKOPOCTH cBeTa.
Bonpoc o npeobpazoBaHun
KWHETUYECKOW IHEPTrUM
BblbpacbiBaeMoi NNasmbl B
3Hepruko HebonNbLUOW JONK
YCKOPEHHbIX 3NeKTPOHOB UMeeT,
Takum obpasom, ans
acTpohn3nK1 NepBoCcTENEHHOE
3HayveHne. OgHUM U3 NPUHAHHDbIX
MEXaHW3MOB Takoro poga w
SIBNSETCA YCKOpPEHWe 3NeKTPOHOB
yAapHbiMK BoNHaMK. UCTOMHMKOM
YCKOPEHUA 30ECH CIYXUT
B3aUMHOE [BWXKEHNEe HECKONbKNX
NNa3MeHHbIX NOTOKOB Ha (PpoHTe
yAapHON BONHb.. OHO BO3HUKaeT
aHanorMyHo TOMy, Kak
NPOUCXOAWUT ONPOKUAbIBaHWE
rpebHA MOPCKOW BOMHbLI 60NbLLUOIA
aMnnuTygbi NpM HaberaHwM ee Ha
6eper. lNepega-a saHeprum
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3NeKTpOHaMm OCYLeCTBNRETCA C
MOMOLLLIO HU3KOYaCTOTHBIX
nna3mMeHHbIX BOJH,
BO36y>X4aembiX NOTOKaMu NNasmbl
W 3aTeM Nornowaembix
3NEeKTPoOHaMM.

WccnegoBaHwa nNasmMeHHbIX BONH
W YCKOPEHHbIX 3NEKTPOHOB Ha
cnyTHuke «[lporHos-8» nokasanw,
YTO 3HEpPrus YCKOPEHHbIX
3NeKTPOHOB Tem 6onblue, HYeMm
6onblwe BpeMeHn 3NeKTPOHbI
ABWXYTCH B pe3oHaHce ¢
YCKOPSAIOWWUMK WX NNA3MEHHbIMK
BONHaMWU. 3TO BpemMms
onpefensieTca pasmepom
obnacti, B KOTOpOW BO30Y>X4eHbI
nnasmeHHble BoNHblL. MacwTabbl
OKONO3eMHOW yAapHOH BOMHbLI
HEeBENWKW, U NO3TOMY YCKOpeHue
9NEKTPOHOB He3Ha4yuTeneHo. B
acTpomanyeckux obbveKTax,
Hanpumep B NNa3MeHHbIX
Bbibpocax 13 sgep ranakTuk, aToT
macwTab wamMepseTCA COTHAMMU
ceeTOBbIX neT. MNoaToMy Tam
3NeKTPOHbl UMEKT A0CTaTOYHO
BpeMeHW, 4ToObl yCKOPUTLCA A0
CKOpOCTH, 6NIM3KORN K CKOPOCTH
CBeTa, Korga ux aHeprus
Ha4YuHaeT B COTHM MWNNMOHOB pas
NpeBbIWAaTh IHepruio NOKos
aneKTpoHa. NanyyeHne Takux
3NeKTPOHOB faxke B cnabbix
MEeX3Be3HbIX MarHUTHbLIX MNONAX
nonagaeT He TOMbLKO B pagvo-, HO
W B ONTUYECKUA U PeHTreHOBCKWH
AVanasoHbl HacToT U3NYYEHUA.
Takum obpaszom,
3KCNepuMeHTanbHbie U
TeopeTWyeckue nccneaosaHus
OKOJIO3EMHbIX M MEXMNAHETHbIX
yAAPHLIX BOMH CTaHYT, BO3MOXHO,
KNKOHOM K NMOHUMaHWIO
MEXaHW3MOB U3Ny4YeHWs Janexkux
acTpohuanyeckmx o6 HEKTOB.
PeweHne atnx npobnem Bxoauno
B 334344 NpoekTa «MHTepLIoK»,
OCYyLWeCTBNEHHOIo Ha CNyTHUKEe
«[MporHo3-10». [MyTem namepeHus
napameTpoB NNa3smMbl, IHEPrU4HbIX
4acTuy, NNA3MeHHLIX BOJH,
INEKTPUHECKUX N MarHUTHbIX
nonen B6nu3n U BHYTpW (hpoHTa
OKONO3eMHOMN WU MEXXNNaHEeTHBLIX
yAapHLIX BONH UccnegoBanach
CTPYKTypa (ppoHTa 1 ee
3aBUCWMOCTb OT napameTpoB
NnoToKa NNasmbl Nepepg yaapHon
sonHon. Ocoboe BHUMaHWe npw
3TOM yAenanoch U3y4eHuto
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nnasMeHHbIX ABNeHWA,
OTBETCTEEHHBLIX 3a paccesHue
3HepruM Ha (PpoHTE BOMHbLI, T. €.
3a Harpee MOHOB W 3NEKTPOHOB
nna3smbl.

AHanorv4yHble uamepeHuss B6NU3n
hpoHTa yAapHOW BOMHbI W B
obnacTn «npegwoKa», nexawlen
Mexay (PpOHTOM BONHbLI U
CUMOBBLIMW NTMHUAMW MarHUTHOro
nons, NO3BONUK
WAeHTUULWPOBAaTbL MEXaHU3M
YCKOPEHWS 3apsdXXeHHbIX YacTul
6eCCTONKHOBUTENBHBIMA
YAapHbIMKM BONTHAMM.

M3y4eHre XapakTepucTukK
MeXXNNaHeTHbIX yAapHbiX BONH U
UxX cBA3K € aBneHusMn Ha ConHue
NO3BONUNO UccnenoBaTbh NPUYKUHLI
BO3HMKHOBEHWS W MEXaHW3MbI
06pa3oBaHus 3TUX BOSH, YCNOBWUA
WX pacnpocTpaHeHUs1 U YCKOpeHUs
yacTuy.

MockonbKy MeXxnnaHeTHble
yAapHble BOMHbI— sAiBNeHve
OTHOCUTEeNbHO pefkoe,
BO3HMKAKOLee NULb B pe3ynbTarte
[OCTAaTOMHO CWbHBIX BCMNbIWEK W
BblOpocoB BewecTBa Ha ConHuye,
OCHOBHbIM O6BEKTOM
uccnefoBaHui B aKCnepuMeHTe
«HTepwoK» ctana yaapHas
BONHa, KoTopas obpa3syeTcs
nepep marHutoctepoin 3emnu.
JTUM B 3HAYUTENbHOW CTEeneHw
onpegensnca v Bbl6Op CNyTHWKA
«MporHos» gns npoBegeHus
akcnepumeHTa. Anorein ero
opbuTkl cOCTaBNAET OKONO

200 TbiC. KM, (DPOHT OKONO3EMHOM
Y4apHOW BONHbI pacrnonoXeH Ha
paccTtoaHMM 100— 150 ThIC. KM.
Taxkum 06paszom, CNYTHUK He
TONbKO 4acTo nepecexKan ero, HO
W JOCTaTOYHO ANUTenbHoe BpeMs
HaxoAWcs B HEBO3MYLUEHHOM
CONIHEMHBIM BETPOM NPOCTPaHCTBe
nepes opOHTOM BOMHBLI.
MHorokpaTHas pervcrpayus
CUINbHOW OKOMO3EMHOW BOMHbI U
6onee cnabbix MeXxnnaHeTHbIX
yAapHbIX BOMH No3sonuna
WccneaoBaTh UX XapakTepucTUKK
B pasnn4yHbIX YCNOBUSAX W B
3aBUCUMOCTW OT NapaMeTpoB
noToKa Nnasmbl CONHEYHOro
BeTpa.

OpaHa u3 rnaBHbix ocobeHHoCTen
BbINONHEHHOro 3KcnepuMeHTa —
ero KOMNNeKCHbIN XapakTep,
U3MmepeHue BCeX U B Nepeylo

oyepeab KKOHeBblIX
XapakTepucTUK U3ydaembix
npoyeccos. BopTtosas 3BM
obecnevmBana rubkoe
ynpasnexdue NporpaMMon W, 4To
0cobeHHO BaXKHO, «0byvana» BecCb
KOMMNMeKc annapartypbl
pacno3HaBaTb MOMEHT
nepece4veHus (ppoHTa yaapHOn
BOMHbI. 3TO NO3BONMUNO
peanuaoeaTb B6NM3an hpoHTa
peuM BbICTPOA 3anucu
uHbopMaymn. Tem caMmbim
obecne4nBanoch BbICOKOE
BpeMeHHOe paspelueHue
M3MepeHWn, 4TO Aaano
BO3MOXHOCTb BnepBble U3y4UTb
BHYTPEHHIOK CTPYKTYpY (bpoHTa
BONHbI U nAEHTU(PULUMpoBaTL
¢uranyeckue npoyeccel,
BNUsIOWmMe Ha hopMupoBaHue
3TOW CTPYKTYpPbI, pa3orpes u
YCKOpPEHUWe 4acTuy.

Bonbwoe BHumaHue B UHCTUTYTe
yAenseTca uccneaoBaHuio
BHYTPE@HHEero cTpoeHus
MarHuTocdepsbl.

MaruuTHoe none 3eMnn ABNRETCA
cBoeoOpa3HoOA MarHUTHON
NOBYLKOW, B KOTOPOH
3apsXeHHble YacTulbl
yAEPXKUBAIOTCA ANUTENbHOe
Bpems. BHyTpeHHAA ee YyacTb—
nnasmoccepa — 3anonHeHa
CPaBHUTENbHO XONOAHOW
WoHOCHEepHOW NNasMon ¢
TemnepaTypoii nopsgka
HEeCKONbKKX ThICAY rpagycos. Bo
BHELLHEN e 4acTn
HakannMBakTCA YacTulbl CO
3Ha4YMTEeNnbHO Gonblien

3Heprven — TeMneparypa nnasmbi
Tam nopsgka munnuapga
rpagycos. Kak nokasanu
nccNeaoBaHus Ha CNyTHUKax
«[lporHoa», B3anMofencTBUE BTHUX
4acTuy ¢ XONogHOW MOHoCKEepHOH
NNasMol NPUBOAUT K Harpesy
nNasmbl BO BHEWHWUX CNORX
nnasmocdepsl O [eCATU ThiCAY
rpaaycoB u Bbille.

lMNMpoHwKana B marHuTocdepy Yepes
cBoeobpasHbie «Lenu» Unn
«BOPOHKW», ofpasylolmecs Ha ee
rpaHuyax, nnaama CoNHe4HOro
BeTpa COCTaBNAET 3HAUUTENbHYIO
4acTb NNasMEeHHOro «HaceneHus»
MarHWTHOro wnenda nnaHeTol U
Tak Ha3biBaeMon nna3MeHHOn
MaHTWK NoA rpaHuuaMm
marHuTocchepsl. MccnegosaHus



NyTein NPOHWKHOBEHUA U MUrpayuu
nnasmbl N0 MarHuTocepe BenuCb
MeToAoM HabnogeHus
«@CTECTBEHHbIX MEYeHbIX
aToOMOB» — WOHOB renus,
Kucnopoaa (Ha cnyTHUKax
«[1porHos»), a Takxe no
CBEYEHUIO BO30YXKeHHbIX
MONIEeKYyl B BEPXHWUX CNOAX
atmocdepb! (Ha cnyTHUKaxX
«WIHTepkocmoc — Bonrapms-
1300», «Opeon»).

MNna3meHHble U3MepeHus,
BbINOMHEHHbIE HA
aBTOMaTUYECKUX MeXXNNaHeTHbIX
CTaHUMAX, NO3BONMUNKN TaKXXe
vccnegosaTh B3aumogencTeve
CONHEYHOro BeTpa ¢ nnaHeTamu
Mapc w BeHepa, o6HapyxuTb y
HUX yAapHble BOMNHbI, NNa3MeHHO-
MarHuTHblE WNERMdbI.
BbiscHMNOCHL, 4TO NNasmeHHble
npouyecchbi B MarHUTocepax Bcex
3TUX NNaHEeT, pa3nNu4anch
KONU4eCTBEHHO, OCTaloTCS
KayeCcTBeHHO 6nu3kummn ans
MHOrMx Hawbonee MHTepecHbIX
fBneHW. 1 B 3TOM CMbICne
TPYAHO NepeoueHnTb 3Ha4eHwe
uccnenoBaHWn B MarHutoccepe
3emnu—camon foCTynHOM Ans
Hac.

WccnepoBaHne marHuTocgepsl
3emnn cnocobcTeOBANO
BO3HUKHOBEHWIO U YTBEPXAEeHUIO
psAaa BaXKHeNLWnX onamndecKmnx
naen. K rnasHeBIM U3 HUX, No-
BUOAWMOMY, MOXKHO OTHECTW
cdopMupoBaHue B3rnsga Ha
nnasmy Kak Ha cpepy, AMHaMmuka
KOTOpOW onpeaenaeTca He TONbKO
BXOASLMUMK B €€ COCTaB UOHaMKU U
3MNEKTPOHAMK, HO W LUMPOKUM
CNEeKTPOM MPUCYLYMX nnasme
BOMHOBbLIX ABWXeHUH. Hanbonee
APKWUM NPUMEpoM Takoro
nnasMeHHoro obbeKkTa ABNSeTCH
OKOJ03eMHan yaapHas BONHa.
BosgelcTBue aneKTpOMarHWTHbIX
KonebaHuin Ha sHepruyHble
YacTuUbl pagualuoHHbIX NOSICOB
NPUBOAUT K UX PacCesHUIO U
NPOHUKHOBEHWIO Ha BCe 6onee
Marsble BbiCOTbl. B KOHUE KOHUOB
yacTuubl «rM6HYT», Bbi3biBas
cBeveHue B atmoctepe. Bpems
YKU3HWM YacTuy B pagualuoHHbIX
nosicax onpegensieTcs, Takum
o6pa3om, ypoBHeM
3aneKTpoMarHUTHOW
TypOyneHTHOCTH.

OanH U3 BakKHeAWMX PU3NHecKux
npoueccos (ponk ero B AUHaMUKe
KOCMW4YeCKOW nnasmMbl cTana fcHa
TONbKO B CBRA3U C
marHuTocgepHbiMK
MccnefoBaHUSIMK) —
nepecoeavHeHWe MarHWTHbIX
nonen. MNpegcTaesnexdve o
nepecoeguHEHUA MarHUTHbIX
nonen («paspbiBe» MarHWTHbIX
CUNOBbIX NUHWIA) NO3BONWNO
MOHATE TO YAUBUTENLHENLWEE
obcToaTensCcTBO, YTO cnaboe
MEeXNNaHeTHOe MarHWTHoe none
(NNOTHOCTL ero aHeprvK Ha Aga
NopsiAKa MeHbLLE NNIOTHOCTK
KMHEeTU4EeCKON 3HEPrum
CONHEYHOro BeTpa) BnuseT Ha
60ONbWWHCTBO NPOLECCOB BO
BHelHuX obnacTax
MarHutocgepsl, a Takxe rnyboko
BHyTpu Hee. lNepecoeagnHeHne
0Ka3anocb OAHWM W3 MNaBHbIX
npoueccos, onpegensaioLmx
CTPYKTYPY W AVMHAMWKY BCEWn
MarHutocdepsl, B YHaCTHOCTH
LUMPKYNAUMIO 3HEPTUK BHYTPK Hee.
HecmoTpa Ha Takoi rnobanbHbIf
XapakTep SBNeHus, Cam CNOXHbIA
npouecc nepecoeguHeHuUs
peanuayeTcs B OTHOCUTENbHO
HebonbwKx obnacTax
marHutoctepsl B ee noboBon 1
XBOCTOBOW 4acTax.
3KCNepUMeHTanbHbIe
ucecnepoBaHua marHutocdepsl
nokasanwu, 4To C
3NeKTpogUHaAMU4eCKON TOYKK
3peHus ee Heobxogumo
paccMaTpuBaTh Kak eauHylo
noHochepHo-MarHuTocepHyio
cUCTeMy. DNeKTpoauHaMHUyecKan
CBA3b pasnu4HbIX YacTen
MarHuTocdepbl ocywecTBnaeTCA
nocpeacTeOM TOKOB BAOMNb
CUNMOBbIX NUHWIA MArHWTHOro NONS
(npogoneHbIX TOKOB). Hanbonee
CWNbHblE NPOAOSbHLIE TOKWU
HabnioaalTca Ha aBpoparnbHbIX
CUNOBbIX NMHWAX (B 30HE
NONSAPHBIX CUSHUA). DTU TOKK
CBA3bIBAKOT C MoHoCcKhepon
norpaHnYHble 06nacTu gHEeBHON
marHuToccepbl U NNasMeHHbIN
Ccnon marHutocgepHoOro XBocTa,
T. €. Te 06nacTu NpocTpaHcTBa,
rae NPOUCXOAAT OCHOBHBIE
AWHAMWYEeCKue nNpouecchl.
MN3mepeHus, BINONHEHHbIE B
aBpopasibHOM MarHuToctepe Ha
Bbicotax 1000 —8000 kwm,

nokasanu, 4To B 3Tux obnacrax
CYLWECTBYIOT 3Ha4YnTernbHble
NpoAaonkbHble aNeKTpuyeckue
nons. Kpome Toro, HazeMHble
HabnwaeHWs CBeHEHWNA,
BbI3BAHHbLIX 3MEeKTPOHaMM,
BbICBINAIOWWMWUCA Ha 3TKUX
CW/IOBbIX NIMHKUSX, NOKAa3bIBAIOT,
4YTO OHW NPOLWNK Hepes
yCKOpPSIOWYIO pa3HoCTb
noTeHUuana B HECKOIMbKO
KWNOBONbLT.
3nekTpoguHaMu4eckas CBA3b
MoHocchepbl € MarHUTocepon,
Takum o6pa3om, He ABNAETCS
MaeanbHOW, TaK Kak CyLeCTBYHOT
obnacTu co 3Ha4nTEeNbHbIMK
NPOJONLHLIMW 3NEeKTPUHECKUMU
NoNsIMK.

M3aydeHne martHuTocgepsl 3emnu
npeacrasnsieT cobon CNOXHYK
3KCNepUMeHTanNbHYIO 3a4a4y.
3A4ecb uccnegoBarenu
BCTpeYaloTca C NpAMo
NPOTUBONONOXXHBIMK
TPYOHOCTSIMUA, YEM NPU U3YHEeHUK
nabopaTopHoi Nnasmbl,— 30HAbI
34eCb NPaKTUYEeCKW He
BO3MYLAIOT OKPYXKAIOLWYIO KX
nNasMmy U uamepeHus B NOMHOM
CMbICNe MOXHO paccmaTtpuBaTh
Kak TodeudHble. OgHaKko yucno
TO4YeK, B KOTOPbIX OHW
NPOBOAATCS, OrpaHU4eHO YMUCNOM
WCNONb3YEMbIX KOCMUYECKMX
annapartos. [na noHWMaHua
NPWYUHHO-CNEACTBEHHBIX CBA3eMN
MexXxay SBMEeHWAMW B CNOXHOW
MarHWTocgepHO-MOHOCHEpPHOK
COMHEYHOW cucTeme Heobxoaumo
OgHOBpEeMeHHOe 30HAupOBaHWe
pPas’nuU4YHbIX ee KPUTUYEeCKUX
obnacren ¢ NOMOLYbLIO AOCTATOYHO
pPasBUTON CETH MCKYCCTBEHHbIX
cnyTHUKOB. Mpu aToM
CNyTHUKOBLIE HabnaeHns
AOMKHbI «NOAAEPXKUBATLCA»
M3MepeHUAMKU Ha3eMHbIX CTaHLWIA.
BaykHOCTb U3y4eHuUs NpoLeccos B
3eMHOi marHutocdepe
onpeaenseTcs, KOHeYHO, He
TONbLKO (PyHAAMEHTANbHBLIM U
o06wednanHeckuMm aHa4veHueMm
aTux uccnegosaHnin. C KaxabiMm
rogoMm BCe O4YeBugHee CTAHOBWTCH
B3aUMOCBA3b NPOLEeCcCcoB Ha
ConHye n B OKONO3eMHOW
KOCMWYeCKOW nnasme. flons
3HEpPrMn KOpnyCcKynApHOro
uanyyeHus -ConHya, nonagarowero
B marHutoctepy 3emnu,
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coctaensieT 10'? BT, 4TO, MOXET
6biTb, HE O4eHb BENUKO Mo

KOoCMUYecKuM macwrtabam. Tem He

MeHee, MHOrMe ero
nocneacTeuA — MarHuTHele 6ypw,
HapyweHus paauocBA3n, BbIXOA
M3 CTPOA NWMHWUA aneKTponepeAaq
¥ Apyrve — XopoLio W3BECTHbI.
He Bbi3biBaeT COMHEHWA Y
6onbWWHCTBA Y4eHbIX U PaKT
BIIMAHWA CONHEYHOW aKTUBHOCTM
Ha knumaTt 3emnu. KoHeuHo,
hyHaamMeHTanbHbIX U3MeHeHUI
KNMMaTa Ha Hawwux rnasax He
npoucxoauT. JTO Npoyecc
ANUTEeNbHBIA, pesynbTar
AEWCTBUA OYeHb U OYEHb MHOMMX
thakTopoB. Mbl—CBUOETENKN
Kak 6bl «MFHOBEHHbIX>»
konebaHuiA KnumarTa.
MHTepecHo, HanpuMep, 4TO B
pesynbTaTe CONTHeYHOro
«WwTOpMar» B aerycte 1972 r.
6bin 3aperucTpupoBaH apgexT
3aMeneHns CKOPOCTH
BpalyeHunsi 3emnu, a 3To, no
MHEHUIO pAga y4eHbiX, NpUBeno
K NOKaNbHbIM NOro4gHbLIM
aHOManusaM Ha nnadere.
MwnoTes n goragok o npu4uHax
M CNeACcTBUAX CONHEYHO-3EMHbIX
CBSi3er NosBUNOCb, 0CO6EeHHD 3a
nocneaxHue rogwl, MHoro. Ho ans
TOro, 4Ytobbl NOCTaBUTH
npeanonoXeHua Ha Teepabli
Hay4HbIh pyHAaMeHT, TpebyeTcs
Nony41Tb elle HeMano
aKCNepUMeHTaNbHbIX AaHHbIX O
npoyeccax Ha 3emne, B
6nuKHEM KOCMOCE W BepxHen
aTtmoctpepe, HaKonNuTb
AOCTATOYHLIN (PaKTUHECKUA
Mmarepuan 0 B3auMOCBSA3U 3TUX
npoyeccoB mMexay cobon u ¢
CONMHEYHOW aKTUBHOCTLIO. 3TO
O4Ha M3 BaKHeWWwMx 3agaq
KOCMWYECKON (DM3WKK Ha
coBpeMeHHOM aTane. Ee
peLeHnio NOCBALYEH, B
4acTHOCTH, NPOEKT

«HTepbon» —3anyck CUCTEMbI
13 ABYX CNyTHUMKOB TMNa
«[IPOrHO3», KaXKablA U3 KOTOPLIX
paboTaeT B nape C ManbimM
CMYTHUKOM (CYOCNYTHUKOM).
OcHoBHanA uens NpoekTa—
u3yyeHune pUaNHecKux
MEXaHWaMoB, oHycnoBnMBaloLLmUX
nepegady B MarHutocgepy
3HEPruM CONMHEYHOro BeTpa, ee
HakonneHue Tam v
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nocnegylowyo auccunauuio B
aBpopanbHbiX obnacTax
MarHuTocepbl, B MOHOChepe U
atMmocepe BO BpemA
MarHuTHbIX 6ypb.

Cuctema CnyTHUKOB NpoeKTa
«MHTepbon» no3sonsaeT
uccnegoBartb ABa OCHOBHbIX
acnekTa aKkTUBHOCTH
MarHuTocgepbl: NPUYUHHO-
cneacTBeHHbIe CBA3WU W
husnHeckKue MexaHU3Mbl
ABNEeHuA. [lNA 3TOro oAuH 13
CNYTHUKOB — «XBOCTOBOWA 30HA»
BMeCTe C CONPOBOXAAILWWM ero
CyObCnyTHMKOM 3anycKaeTcs B
XBOCT MarHutocdepsbl,
cnyxatymn ceoeobpasHbiM
pe3epByapoM aHepriu
MmarHuToccepHbix cy66ypb.
Lpyron — «ABpopancHbIil 30H4>»
c ero cybenytHukom C2-A—Ha
opbuTy, Nnepecekalowyto
obnacTb Hag O0BanoOM NONSPHBIX
CUAHWIA Ha BbICOTaxX

5—15 TbIC. KM, Ta€E
pasbirpbiBAKOTCA NPOLECCHI
YCKOpPEHWA 4acTuly NoNApHbIX
CUAHWKA, NPOTEeKaloT
aNeKTpUYeCcKne TOKW,
CBA3bIBaIOLME XBOCT
MarHMTocgepbl ¢ NPOBOASALLEN
MOHOChepon NNaHeThbl.

JAns uccnegoBaHusA
B3aVMOCBA3M ABMNEHUA B XBOCTE
MarHuTocgepsl U ee
aBpopanbHON 30He OpouTbl
«XBOCTOBOro» U
«ABpOpansHOro» 30HA0B
BbiGpaHbl Takum 06pasom,
4To6bl 0HECneYnTb
BO3MOXHOCTb O4HOBPEMEHHLIX
uamepeHuin B obnactu
oXugaemoro nepecoefuHeHus B
XBOCTe MarHutocdgepbl U Ha
aBpopanbHbIX CU/I0BbLIX NMUHUSAX,
NPOXOAALLMX Yepes 3Ty obnacTe.
JAns 3TOr0o NUHUA ancua CUNLHO
BbITAHYTOW OpbUTbI «XBOCTOBOMO
aoHAa» npu anoree 200—

250 TbIC. KM [OMKHA
nepecexkaTb NnasMeHHbIn CNow
XBOCTa Ha pacCTOfAHWM Nopsgka
100 TeIC. KM. OpbuTta
«ABpOpanLHOro 3oH4a»
nepecexkaeT aspopasibHble
MarHuTHble CUNOoBbIe SIMHUK Ha
BblcOTax 5—15 TbiC. KM Npu
anoree 20 TeiC. KM. HaknoHeHune
v nepurein obemx opbuT
COOTEETCTBEHHO COCTaBNAKT

65° n 500— 1000 Km.
OpHOBpeMeHHO C NoKanbHbIMK
W3MEPEHUAMU CO CMYTHUKOB C
NOMOLYBIO CKaHWUPYIOLEro
choTOMETpa, ycTaHaBNMBaeMoro
Ha «ABpOpanbHOM 30HAE»,
HabniogaeTcs rnobanbHas
KapTUHA NONSPHbLIX CUAHWIA.
W3amepeHun, BoINONHAEMbIE Ha
«MporHo3ax» U ux
cybcnyTHUKax, no3sonsaT
uccnegoBaTh NPoUecchl B
aBpopanbHOW 30HE W 6nKHER
obnacTu xsocta. 10 AaeT
BO3MOXXHOCTb M3y4aTb
MexaHu3Mbl 06pa3oBaHUA 1
Ha4abHOrO YCKOpPeHUN
3aMKHYTbIX MarHUTHbIX
obpasoBaHuii — NnNasmomaos,
06pasyoluxcsa B XBOCTE B
nepuoabl AMCCUNAaLMKA SHEPTK.
OAHOBPEMEHHO C 3TUMM
M3MEPEHUSAMN BaXKHOE 3Ha4eHue
WUMeloT uccneaoBaHus
nNasmeHHOW ¥ MarHUTHOM
CTPYKTYpPbl AanbHMXx obnacten
MarHuTocdepHoro xsocta (Ha
paccTtosHuu 6onee MMnNnuoHa
KWNOMETPOB OT nnaHeTsl). OHun
BbINONHAKTCA rPYynNnon
npubopoe, ycTaHaBnNMBaembIxX Ha
acTpoPu3M4HecKoOM CNyTHUKe
«PenukT-2», 3anyckaemom Ha
rano-opbuty OKONO CONMHEYHOo-
3eMHOW TOYKM Nubpayum L, 310
NOMOXEeT Nyulle NnpeacTaBUTb
AVMHAMUKY MarHuTocoepbl Kak
eAnHON NNasMeHHO-MarHMTHOM
CUCTEMBI, NO3BOMUT MOHATb, Kak
NPOUCXOANT YCKOPEHUe W
AanbHerwan 3sonioyms
nnasmongoe, coOpMUPYIOLLMXCA
B XBOCTE MarHutocodepbi.
O6wupHbIE Hay4HbIe
pesynsTaTbl N0 U3Y4eHUuto
(PU3MKKN NNA3MEHHbIX SBMNEHUA,
npoTeKaloWmux B OKONO3eMHOM
KOCMU4ECKOM NpOCTpaHcTBe,
y4eHble HaAETCA NONY4YUTb B
X04e peanusayumu npoekTta
3KCNEPUMEHTaNbHbIX
MccnefoBaHui ¢ NOMOLLLIO
CUCTEMBI ManbIX KOCMUYECKUX
nabopaTopuin, OCHaLEHHBbIX
CONMHEYHbLIMKM Napycamu.
OcHoBHaA 3afada npoexkTa
(npegsapuTensHoe ero
Ha3BaHuwe «Perata»)—
OpraH13aymMs MHOrO30HIOBLIX
HW3MepeHUA C BLICOKUM
BpEeMeHHBIM U



NPOCTPaHCTBEHHDbIM
paspeweHneMm. PasesepTheiBaHne
AO0CTATOYHO NNOTHOM
CNYyTHUKOBOW CeTW, NOMUMO
peweHun (PyHAaMEHTAaNbHbIX
BONPOCOB (PU3NKK NNA3MbI,
ABMNOCL OBkl OAHOBPEMEHHOD
BaXKHbIM 3NEeMEHTOM
WCCNegoBaHWA BIUAHWA
CONHEYHON akTWBHOCTU Ha
atMocdepy, KnuMmart U
6uoctepy 3emnu.

Manas kocmuyeckas
nabopaTtopusa paspaboTaHa
yyeHbsiMU 1 cneyunanuctamu MK
AH CCCP. Ee KOHCTpyKuMs
YAOBNETBOPAET BbICOKUM
Tpe6oBaHMAM MAarHUTHOMA WU
XUMHUHECKOW YUCTOThI, TOHHOCTH
OpueHTaUuK, OTNN4aeTcs
OTHOCUTENbLHOW NPOCTOTON W
AELWEBU3HON, CNOCOOHOCTLIO
HeCcTW Ha 6opTy AOCTATOYHO
60nbLWON NONEe3HbIA rpys.
NabopaTopus paccuuTaHa Ha
NPOAOMKUTENBHBLIA CPOK
aKTUBHOrO CyleCTBOBaHUA.
MNpoekT «Perara»
npegnonaraeTcsl peanusoBartb
BO B3avUMOAEWCTBUU C
nporpammon «<Knacrep»
EBponeickoro KOCMU4eCcKoro
areHTCTBa, uenb KOTOPOWn —
vccnegoBaHUe TOHKOW
CTPYKTYpbl NPOLECCOB B
OKONO3eMHOM KOCMWYECKOM
npocTpaHcTEe.

Mpy nayyeHun pusmkm
marsuToccepbl Bce 6onbLie
BHUMaHWA yAenseTca MeToay
aKTUBHOW OUarHOCTHKMW, T. €.
VUCKYCCTBEHHOW UHXEeKLUn
nnasmel B MarHuTocgepy AnA
n3y4YeHus1 NNasMeHHbIX U
3NEKTPOMArHUTHLIX BOMH NPU KUX
HenocpeACTBEHHOW reHepalyuv B
6eCcCTONKHOBUTENBHOW Nnasme
MOHOCEepbl U MarHUTOCEpPLI.
AKTUBHbIE (YynpaBnaeMbie)
3KCNepuMMeHTbl (HanpasreHHoe
BO3AEUCTBUE NpuU
KOHTPONUPYEMbIX YCNOBMAX)
OTKpbIN HOBLIA 3Tan B
uccnegoBaHUMKM KOCMoca,
npubnuxas MeTogbl
nccnenoBaHMin B OKONO3EMHOM
KOCMMYECKOM NpOCTpaHCTBe K
MeTogam, UCNoNb3yembiM B
¢du3nke nabopaTopHOW NNasMbl.
KoHTponupyeMoMy n3ay4eHuo
3NeKTPoAUHaMUYEeCKOW CBA3U

aBspopanbHOn MoHochepb! U
MarHuTocgepbl NOCBALLEH
npoekT ANJ3KC, ocHoBOW
KOTOpPOro ABNAKOTCA
CNYyTHUKOBbIE NNasmMeHHble
3KCNEPUMEHTBI C UHXEeKLuen
NY4YKOB 3NEKTPOHOB U(KUNu)
NNa3MeHHbIX CryCTKOB B
marHmTocdgepy C
OAHOBpeMeHHOW perucTpayuven
AIBNEHWIH, NOPOXKAaeMbIX
MHXXeKUWern nydka,
B3auUMOAENCTBMEM My4Ka C
(boHOBOW Cpefon n
pacnpocTpaHeHUeM B HeW.
lonoBHas opraHusayusa no
NOAroTOBKE W peanusauum
npoekta— U3MUP AH CCCP.
CotpyaHunkun MKW AH CCCP
NPUHUMAIOT y4HacTue B NpoeKTe.
MoaobHble 3KCNEpPUMEHTHI,
OCYLWECTBNEeHHbIE B NocnegHee
Bpems B CLUA v AnoHun (c
y4acTuem ApYyrux cTpaH),
NO3BONUNKU MHOIO€ MNOHATL B
npouyeccax B3aMMO4enCcTBUA
NOTOKOB 3aps»XeHHbIX YacTuy, C
noHocdepHOW NnasaMmon Ha
BbicoTax Ao 300 km. B npoekTe
AMN3KC aKTMBHbIe
3KCNEepUMEHTBI C
WUCrnonb3oBaHWeM ABYX
CNYTHUKOB BbINONHSAIOTCA Ha
BbicoTax Ao 3500 km. AMNM3KC
ABNAETCA NOrMYECKUM
NPOAOMKEHWEM aKTUBHbBIX
PakeTHbIX 3KCMepUMEHTOB Tuna
APAKC v NOPKYMNAUH
(cepepguHa 70-x—Havano

80-x rr.).

B npoexkte APAKC
MCNONBL30BaNUCL ABEe
paHyy3ckue
nccnepoBaTenbCKkue pakeTbl,
3anyleHHLle C ocTpoBa
KepreneH. Ha 60pTy kKaxgown
pakeTbl 6bina ycraHoBneHa
COBETCKas nnasMeHHas nywka
MOLYHOCTED 15 KBT, KoTOpas
WHXXeKTUpoBana B MOHOCEepY K
MarHuTocoepy nyyxkm
ANEeKTPOHOB C 3HepruamMu 27 mn
15 kaB. B MarHMToCONpsXXEeHHOM
pavoHe (ApxaHrenbckas obn.) u
K I0ry OT Hero HaxogunuchL
OnTU4eCKue u
pPaauonoKauuoHHbIe CTaHLum,
no3BonuBLIKWE OO6HapPYXUTb U
3auKcHMpoBaThb NPUXOAL,
3NEeKTPO! HOro ny4ka B
ceBepHoe nonywapwe. B xoge

3KCNEPUMEHTA YAANOCh TaKxe
OTOXAECTBUTL U
NPOKOHTPONUPOBAaTh
BO30yxaeHwe BOJH,
BbI3biIBAeMbIX MYyUYKOM
3NEKTPOHOB BO BpEMA
ABWXeHMs U B noHocoepe, U
MarHuToctepe 3emnu, a TaKkxe
W3Y4UTb YCNOBUA KX
pacnpocTpaHeHus.

MomMuMo NnasmeHHbIX
aKcnepuMeHTOB NpoekT AN3KC
BKNIOYaeT B cebn Takxe
Ha3eMHble, 6anNNoHHbIE K
pakeTHble HabnoaeHus. B
oTAeNbHbIE NEPUOAbLI BPEMEHW
(B 0CO6EHHOCTH B aKTUBHbIE)
BbINONHAKTCH
KOppenupoBaHHble W3mepeHusi
Nno BCeMmy BLICOTHOMY paspesy —
OT MecTa pacnofoXeHus
CNYyTHWKa A0 NOBEPXHOCTH
3emnu. XoTA ocHOBHan
HanpasfeHHOCTb NpoeKTa
ANJ3KC — npoBegexve
SKTUBHBIX 3KCNEepUMEHTOB,
BaXkHbl U HabniogeHua
reopn3n-ecKmnx AsnNeHun B
OTCYTCTBUN UHXXEKLUKN NYYKOB W
nnasmbl (B TaK HasbiBaeMoM
NAacCUBHOM PEXXMME U3MEepPEeHWNA).
MpuHUMNUanNsHO BaXKHOW
ocobeHHOCTLIO NpoekTa AMNJ3KC
ABNAETCH CUHXPOHHOE
M3MepeHne OCHOBHbIX
puUamMyecKnx napameTpoBs
cpefibl, Ny4Ka U reHepupyembix
nonen Ha AByx pasHeCeHHbIX
KOCMUYeCKMX annaparax —
OCHOBHOM CIyTHUKE U
cybenyTHuke. MNpu aToM
OAHOBpPEMEHHbIE M3MEepeHUs
BLINOMHAKTCA KakK Ha
pasnUuyHbIX B3aWMHbIX
pacctosHmax (ot 0,01 go 1000—
2000 Km), Tak U B pasnuyHbIX
(no oTHOWweHMO K obnacTsam
BO3MYLLEeHWUs cpeabl U
pacnpocTpaHeHusa ny4kKa) 3oHax
MarHuTocdepbl 1 MOHocdepsl.
B nepcnexkTuBe nnaHupyeTcs
NpoBOoAWTL NOAOOHBLIE aKTUBHLbIE
AKCNepUMEHTLI C MHXEeKLueir
Ny4KOB 3MEKTPOHOB U
nNasMeHHbIX CryCTKOB Ha
pPaccToAHUAX A0 HECKOMBKUX
paguycoe 3emnu. 310 Aact
BO3MOXXHOCTb HENOCPEeACTBEHHO
MoAenuposaTthb u
[AWarHocTUpoBaTh
MarHuTocgepHble NpPoLecchi,
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onpegensiowve npoTekaHve
pPa3nU4YHbIX aBpPOPaNibHbIX
siBneHwin. C 3TOW yenbio B
danbHenwem npegnonaraeTcs
OCYLLECTBUTb HA OCHOBE
npoekta AMN3KC-2 n

npoekTta «lAMnakT»
MeXOyHapOoaHbIA KOMMNNEKCHBLIN
NpPoeKT «Anoren».

B npoekTe «AKTUBHbLIN»
CpefCTBOM BO3AEWCTBMA HAa
OKpy»<aloLyo cpegy ctana
3NEeKTPOMarHUTHas 3Heprus
OYeHb HWU3KOYaCTOTHOro
paguoavanasoHa, uanydaemas
60pTOBBIM CMYTHUKOBLIM
nepefaTyMKoM C NOMOLLBLHD
pasBepHyTONn B KOCMOCe
aHTeHHbl 4OCTaTO4YHO 60MbLWOro
pasmepa.

Llenb npoeKkTa — KOMNNEeKCHoe
uccnegoBaHue
pacnpocTpaHeHus
ANeKTpoOMarHMTHeIX BonH OHY-
AwvanasoHa B marHutocdepe
3emnu, a Takxe ux
B3aMMOOENCTBUA C
IHEPrnYHbIMK 3apsXKeHHbIMK
YacTuUaMM paaualuoHHbIX
NOACOB.

«AKTUBHbBIN» — NepBbIn
KOCMWYECKWIA 3KCMEPUMEHT, B
KOTOPOM ynpasnaembii
cybCnyTHUK MCNONbL30Bancs Ans
uccneaoBaHus
NpOCTPaHCTBEHHOW CTPYKTYpbl
PU3nHECKNX ABNEHWA,
CONpPOBOXAAMOLMX MHXEKLMIO
mowHoro OH4Y-uany4eHus B
marHuTocgepy. CybcnyTHUK —
310 cBoeobpa3Hbli 30HA,
MeqnneHHo oTaensemMbin oT
OCHOBHOro annaparta. B
JansHeAweM pacCcTosHue
MeXAy CryTHUKOM U
Ccy6CcnyTHUKOM U3MEHANOCH
KOHTpONMpyembiM 06pa3om B
npegenax oT COTHW METPOB [0
CTa KWUNOMETPOB C NOMOLBIO
KOppeKTupyioLlen ABUraTenbLHOW
yCTaHOBKU. Takum 06pa3om C
NOMOLYLID CYBCNyTHUKA
uccneaoeanachb He TOMbKO
6nvxHAR 30Ha Many4arTens, Ho
W ABNEeHWs B NPOMEXYTOYHON W
AansHeln 3oHax.

Kocmudeckue mccnegosaHus B
obnacTu CONHEeYHO-3eMHOWN
m3ankKn npegycMmaTpusaioT
uayyeHue n camoro ConHuya. B
3TOW NporpaMmmMme ronoBHas posb
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NpUHAANEXUT OpPYruMm
WMHCTUTYTam AKageMun Hayk

CCCP, a VKW nomoraeT um B
¢hOpMMPOBAHUM KOMMNNEKCOB
Hay4HOW annapaTypbl U ux
UCNbITAHMAX Ha UCNbITaTeNbHON
6aze UHcTUTYyTa. Tak,
KOMMNEeKCcHan nporpaMma
CNYyTHWKOBOrO NpoeKTa
KOPOHAC (ronosHbie
opranmsayum M3MWUP AH CCCP
u ®PHUAH) npegycmaTpusaeTt
peleHne Takux KnoYvesbIx
3a4ad, Kak onpegeneHve
XapakTepucTuK U
MEeCTONOMNOXeHWA (KoOpoHa unu
XpoMocoepa) «CoOnHe4YHOro
yCKOpUTeNs»; onpeaeneHue
napameTpoB CONMHEYHOW Nnasmbl
KNaccu4ecKnumm
CNeKTPOCKONUYECKUMM
MeToAaMu M HOBbIMKM METOfamu,
MCMONb3YOLWMMK, HanpUMep,
perucTpayuio nynbcaymmn
U3NYyYEeHUS U3 BCTbIWEYHbIX
apoK MNu AAepHbIX y-NIMHUKA.
OcHoBHas uenb
3KCNepUMEHTa — NOWCKK
npegBeCTHUKOB BCNbIWEK B
pasnuyHbIX CnekTpanbHbIX
AvanasoHax U BbiACHEeHUe
MeXaHMW3MOB BbieneHus
3Hepruu.

HabnioaeHue pasnuyHbIx
NPOABNEHWA CONMHEeYHON
aKTMBHOCTU W uccnegoeaHve ee
BNMSIHWA HA OKONO3EMHOE
npoCcTpaHCTBO — TpaguymMoHHas
3agaqa Ansa ConHeyHon
KOCMUYECKOW 06cepBaToOpuu.
OcobeHHOCTb NpoeKkTa
KOPOHAC —B TOM, 4TO Ha
bopTy cnyTHuKa byaeTt
ycTaHoBneHa annapartypa Kak
ANA HabnwaeHna ABNeHnn Ha
ConHue, Tak U ANs AUarHoCTUKK
OKONO3EeMHOW NNasmbl.

K 3apayam npoekTa OTHOCATCH
Tak)xe uccneaoBaHus
CONHEYHOW KOPOHbI U 06nacTu
YCKOPEHHOrO COMHEeYHOro BeTpa
C NOMOLYbIO BHE3aTMEHHOro
KopoHorpada u
paguocneKkTpoMeTpa.

Mo npoekty KOPOHAC gonxeH
6bITb, KpOME TOro, OCYLWEeCTBMNeH
OAWH U3 NepBbIX 3KCNEPUMEHTOB
no renuocencMonorum —
HabnaeHWe OCHOBHLIX
rapmoHuK kone6aHuin ConHua.
CnekTp cobCTBEHHbBIX

konebaHun ConHuya cogepXuTt
MHpOpMAaLMIO O TOM, Kak
W3MEHsIETCA TemnepaTtypa oT
NOBEPXHOCTW BNMOTL 40
CONHEeYHOro AApa, a Takxe o
AVHaMWKe BHYTPEHHUX Crnoes
ceeTuna. Takum obpasom,
Hapsagy ¢ HeMTPUHHOWN
acTpoOHOMUEWN
renuocencMonorus aaet
BO3MOXXHOCTb HENOCPEeACTBEHHO
nayyaTb Hegpa 6nvxxaullien K
Ham 3Be3bl.

Ecnn npoekt KOPOHAC
HaMe4yeHo peanu3oBaTb
HenocpeacTBeHHO B (hase
MaKCHUMymMa CONHeYHON
aKTUBHOCTH, TO ApYyrom
«CONMHEYHbIN» NPOEKT —
«HenWTpoH» —bypner
BbINONHATLCA B NepUoA
OTHOCUTENBLHO CNOKOWHOrO
ConHuya. 370 NO3BONUT
noNy4YnuTE UHPOPMaLUIO O
cTayuoHapHbIX npoyeccax B
aKTUBHbIX NNasMeHHbIX
o6pa3oBaHUAX B OTCYTCTBUK
BTOPUYHLIX 3¢hpeKTOoB,
CBA3aHHbIX CO BCNbIWEYHbLIMM
ABNEHUAMM.

Hay4Hble 3agaqu npoekTa
BKNIOYAIOT UCCNefoBaHus
NOTOKOB ObICTPbIX HENTPOHOB M
KOPOTKOBOSTHOBOrO MU3Ny4eHus!
ConHuya B gnanasoHe oT
yNbTPaMArkoro peHTreHoBCKOro
[0 ramMMa-usany4eHus.

B obwwupHon nporpamme
NAaHUPYEeMbIX CONHEYHbIX
uccnegoeaHnin ocoboe MecTo
3aHuMaeT npeanoxeHHoin UK
AH CCCP u HIMO wm.
NaBoykuHa NpoOeKT
«LInonNnKOBCKWN», KOTOPbLIW
npegycmatpusBaeT co3faHve
cneynanbHOro 3oHaa v
BbiBegeHWe ero Ha TPaeKTopuIo
noneta K ConHuy ¢
MCNONbL30BaHWEM
rpasmMTayuoOHHOro NoNs
KOnutepa. 310 gacT
BO3MOXXHOCTb BbINONMHUTL
U3MepeHuss BO BHYTPEHHen
yacTu renvocdepbl —
6NMKARLLNX OKPECTHOCTHX
ConHuya — npakTU4eckKu
€AWHCTBEHHON
HeWccnenoBaHHOW obnacTu
ConHe4yHon cucTembl.

Bce nogrotaenueaemule B
HacTofuee BpemMs NPoeKTbl (1



coBeTCKue, U 3apybexxHbie) no
uccneposanuio ConHya ¢
OKONO3eMHbIX OpOiuT He B
COCTOsIHUM obecne4vnTb
NPOCTPaHCTBEHHOE pa3spelueHue
Nno ero NoBepXHOCTH nydle

100 kM. C noMoLybio
annapaTtypbl, YCTAHOBNEHHOW Ha
30HAEe, NpY noneTe ero B6NM3n
ConHya moxHo 6ygeTt nobutkes
B 10 pas ny4wero paspelleHus.
Kpome TOro, guarHoctuka
ConHuya B pasanuuHbIx
AnanasoHax — PeHTIeHOBCKOM,
ynbTpadnoneToBOM U

BUANMOM — UCKITIOHUTENbHO
BaXXHa 4NA U3YYEeHUs1 KOPOHbI U
obnacTh reHepayuu CONHEYHOro
BeTpa Kak TakoBbiIX; OHa
NOMOXeT yBA3aTb pe3ynbTaTtbl
NPAMbIX U3MEPEHWIA
XapaKTepUCTUK KOPOHHI,
nonydenHbix ¢ 6opTta 30Hga, C
pacyeTHbIMU CTPYKTYPHbLIMW
napameTpamu, a ux, B CBOKO
oyepegb, ¢ poTocepHbIMN K
XpomMmocepHbIMU
obpasoBaHusMn. Npu 3TOM K3
«KapTUHOK», CAenaHHbIX Npu
nonete 86nuan ConHya, 6yaer
cocTaBneHa CTepeoCKOonMyecKas
TpexmepHas naHopama
CTPYKTYpPHbIX 06pa30oBaHWiA.

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 phenomenaon,
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
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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
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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
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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.



QoTorpachus CONHeYHOM KOPOHL,
cAenaHHas B NepHOL 3aTMEHMS.
Haxofgsicb B COCTOSIHUM NOCTOSHHOIO
PacLuMpeH1n, CONHeYHaa KopoHa
3anonHAeT MeXNNAaHeTHOe NPoCTPaHCTBO
HOHW3O0BaHHLIM Fa30M — COMMHEYHbIM
BETPOM, KOTOPLIH PacnpocTpaHAeTcs co
CBEPX3BYKOBOHW 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

Haberas Ha MarHMTHOe Nnofne Hallen
nnaHeThl, CONHEYHbLIA BETEep NMOKanu3yeT
€ro B OfPaHUYEHHOW KOMETOOODAa3HON
nonocTH —marHiTocghepe. Ha
obpatyeHHon K COMHLY CTOPOHE ee
rpaHmMya yganeHa or yeHTpa 3eminmn
npumepHo Ha 70 Teic. kM. B
NPOTHBONOOMHOM HanpasneHuu
marnuTocgepa BeITArMBAETCA Ha MHOTve
MHINHOHBI KWNOMETpoB, o6pa3sys
MarHMTHbLIM XBOCT

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

Cnythuk «[IpOrHO3». JKCUEHTPHUCHUTET M
HaKMNoHeHHe ero opéuTel NO3BONSAIOT
uccregosarh Takue pasHoobpasHbie
paioHbl, KaK MeXnAaHeTHan cpega,
YABPHLIA OPOHT, NepPexogHLIA CRoW M
BHELHAR MarHMTocchepa

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

ABpopalbHOe BBICHINAHHE

YacTHIl
Auroral precipitation



Tporoust
_~ TIONAPHOTO Kacna
“ Protons of the polar cusp

MarHuTHEIR
momoc, 0r
Magnetic pole. South
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OguH 13 cnyTHkoB «Opeons.
BuiBofjeHHBIE® Ha NONAPHLIe OPGHTLI, OHK
NO3BOMKAN YTO4HWTL 06NacTu n
MexaH13Mbl MPAMOTO MPOHUKHOBEHHS
CONHeYHOT0 BEeTpa B MarHMTocgepy

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

UcnbiTanms cnyTHuka «Opeon» Ha
KocMogpome

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

Mnaama conHeyHOro seTpa obrexKaer
MarHuTocghepy M NPOHMKAeT B NONAPHYIO
uoHocepy NPpHBNU3KTEeNsHO Ha 80°
MarHWTHOW LWMPOThI. MoKasaHel Npogbuan
BbICLINGHUA HACTHL|, NONYYeHHbLIe B
TeYeHHe HECKONbLKMX NOCTef0BaTensHbIX
npoxogoB cnyTHhuka «Opeon» Yepea
PanoH MoAsPHOro 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



MarnuToCcghepa TecHO CBA3aHa C
HoHOChepoK NoOcpegeTBOM CHIMOBLIX
TIHHAKW MarHMTHOIo Nonsa 3emnu.
SHEPIruyHbEIe 3apAXEHHbIe HacTHLbI
(3MeKTPOHbI M NPOTOHLL), NPHUXOLALNE U3
XBOCTa BAOML 3THUX CHIOBLIX MIMHWHA,
BTOpraloTCcA B arMocghepy M Bo3byxgawT
cBeYeHHe 66 atoMOB M MONeKyn —
NONAPHBIE CUSHURA

The magnetosphere is closely
associated with the ionosphere and
atmosphere by lines of force of the
earth's magnetic field. Energetic
charged particles (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

MogroToBka k paboTe yCTaHOBKM
MOGEeNUpOBaHMA NNasMeHHLIX Npoyeccos
M ABNEHWHA B KOCMOCEe

A laboratory installiation simulating
plasma processes and phenomena in
space

CnyTHHK «HHTepkocMoC — Gonrapua-
1300». OcHogHan ero 3agaqya —
KOCMUYECKHE HCCNeRoBaHnA (hHIHHECKHuX
npoyeccos B HOHOCHepe u
marHuTocghepe 3eMnn M MX B3aMMOCBA3MN

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

Oxonosemuan ynapHas BoJHa
Nearspace bow shock

Cxema COBeTCKO-(bpaHLy3CKOro
aKCNepHMeHTa «ApaKc»

Scheme of the Soviet-French
experiment Araks

Pakera «3pugaH» C NNasmMeHHON NyLLIKOH
Ha 6OpTY roTOBa K CTapTy

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

Cxemartuqeckoe npegcTasnenne

Peanu3aLmMn MexayHapoHeIX MPOeKTos
«MHTepwoK» 1 «MHTepbon» Ha
CnyTHUKax «porHoa»

Scheme of international missions
Iintershock and Interball on the Prognoz

satellites



Cxema 3KCnepMMeHTOB NPoeKTa
«AKTUBHBIA».

Scheme of the experiments of the
Activnyi project

Cxema aKcnepumMeHToB npoekta AMN3KC

Scheme of the experiments of the APEX
project

HixeKImA 3MeKTPOHOB
Injection of electrons

Hmkexnna mnasmsi
plasma injection

O6nacTe B3aMMOMEHCTBHSA
BOJTHA-4ACTHIIA
region of shock-particle
interaction

BrichinaHue AKX TPOHOB
precipitation of electrons
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[ 1] JAHETHBIE
NCCTIEAOBAHVA

PLANE TARY
EXPLORATION

WccneposaHne ConHe4HON CUCTEMbl— CTapenluee
HanpaBneHwe acTpoHomuyeckon Haykn. OgHako B
nocnegHve AecATUNETUS OHO Janeko BbilLIO 338 pamKu
YUCTOW aCTPOHOMMUM, B HEro BKNKYUIUCL (PU3KKH,
reoun3nKn, reoxmMmmku, reonorv. nNasHbIM CpeacTBOM
U3y4eHnsa nnaHeT CcTann KoCMU4YecKue annapatbl. K3
cnnasa acTPOHOMUM U Hayk O 3emne phopmupyeTcs
HOBbI KOMNNEKC (PyHAaMEeHTaNbHbIX HayK — (Pu3nka
nnadeT, NNaHeToNorus, NNaHeTOXUMUS,— aHanorM4HbIN
Haykam 0 3emne, HoO oxBaTbiBalOWW 6onee LUMPOKKUIA
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, %eochemists 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.




OcHoBHOW 3aga4en uccnenoBaHui
NNaHeTHbIX Ten ABNAETCA
n3ydeHue ux aTtmocdep,
NOBEpPXHOCTU U BHYTPEHHEero
CTPOEHUA C Lenblo YCTaHOBUTL
Wnu yTo4HUTL obLure
3aKOHOMEPHOCTH (PU3UHECKUX U
XMMUYECKUX NpOoLeccoB,
onpeaenslowWmx «XXU3Hb» N60K
nnaHeTbi, B TOM Y1ucne u 3eMnu.
Ans pewerun npobnemoi
obpaszoBaHna ConHeYHOW
CUCTeMbl 0OCO6EHHO BaXKHbLIM
ABNAETCA U3y4eHWe Manbix Ten:
acTepouaoB, eCTeCTBEHHbIX
CNYTHWKOB MNaHeT U KOMeT.
HakoHeu, HakonneHwe AaHHbIX O
npupoae nnaHeT —Heo6xoAuMbIA
aTan nepep co3gaHuem Ha JlyHe,
Mapce NOCTOAHHO AENCTBYIOLWMUX
aBTOMATUYECKUX Hay4HbIX
obcepBaTopun n 0OUTaAEMbIX
CTaHUWi, KOTOpbIE NOMOryT
3anoxuTb 6asy ana 6yayuwero
OCBOEHUA W KONOHW3auuMn nnaHeT.
NMnaHeTHaAa TeMaTWKa 3aHUMaeT
BaXKHOE MeCTO B AeATeNbHOCTH
WUHctuTyTa. OCHOBHOW 3aga4en
ABNAOTCA 3KCNEpUMEHTANbHBIE
umccnegoeaHus. OHn BegyTCH
MeToAaMu ONTUHECKON U
MH(paKpacHOW CNeKTPOMETpUM,
choToMETPUM U MHDpPaKPaCHOW
pPaguoMeTpumn, Macc-
CNEeKTPOMETPUK, ra30BONA
xpomaTorpacun, peHTreHOBCKON
dnoopecyeHTHOW
cnekTpoMmeTpuun. BoinonHsaoTcA
MEeTEOpPONOrMiecKue NaMmepeHus
Ha NOBEpPXHOCTU U B aTMmocdhepax
APYTuX nnaHer.

Hapsay ¢ akcnepyMeHTanbHbIMK
uccnegosaHamK 6onbluoe
BHUMaHWe yAenseTca Takxe
pa3paboTke TeopeTUHecKux
npobneM, rnasHsbiM 06pasom B
obnacTu MogenvpoBaHUA
NPOLUECCOB B MMaHeTHbIX
aTmoccrepax, B TOM 4YUCne Ha
pPaHHUX CTaAUAX UX IBONIOLUN.
WHCTUTYT aKTMBHO y4acTByeT B
obecneqeHm KOCMHUHECKHX
3KCNeguuuin UCXOAHBIMK faHHBIMU
(paspaboTke UHXXEHEepPHbIX
mogenen Ten ConHe4HON
CHCTEMBI), B NOArOTOBKE
NepcrneKTUBHbLIX Hay4HbIX
nporpamMm McCcnefoBaHusa nnaHer.
3a BpemMsA CBOEro CywecTBoBaHWUsA
WHCTUTYT yHacTeoBan B
NOArOTOBKE W NpOBEAEHUM

60NbWKWHCTBA KOCMUYECKUWX
aKcneguunin, CBA3aHHBLIX C
nnaHeTHbIMW UCCNeaoBaHUAMM.
Cunamun UHcTHuTyTa
obecneunBanach 3Ha4YUTENbHAA
A0ONA Hay4HHOW «Harpy3km»
KaXK40W U3 3TUX 3KCneguLMin.
WccneposaHua HOCUNKM XapakTep
nocneacBaTensHo
pa3ssuBaloeinca nporpaMMbi:
CTaBUNUCH HOBbIE 3a4a4M,
CywecTBeHHO
COBepLUeHCTBOBaIUCb OT noneTa
K NOneTy MeTOAWKA W Hay4Hble
npubopel.

MNepBaa mexnnaHeTHas Tpacca
6bina nponoxxeHa CoBeTCKUM
Cowsom 12 cheepans 1961 r.,
KOrga MHOrocTyneH4aTas pakerta-
HOCUTENL BbLIBENA HA Tpaccy
noneta kK nnaxsete BeHepa
aBTOMATUYECKYHD CTaHLMIO
«BeHepa-1». B 1967 r. BnepBebie B
Mupe Ha 3emnio BV NepegaHsbi
paguocurHansl ¢ Apyron
nnaHeTsl—C BeHepsi:
3HameHuTan «BeHepa-4» Bowna B
aTmocdepy nnaHeTsl U NpoBena B
Hel NpAMble U3MepeHus
XUMWUYECKOro cocTasa, AaBreHus,
NNOTHOCTW, TEMNEPATYpPSLI, &
Tak>Xe 3NeKTPOHHON
KOHLUEeHTpaLu1 B MoOHoCcepe.
Bobina obHapy>eHa BOAOpOAHaA
KopoHa BeHephi.

K BeHepe 6b1N0 3anyleHO B
obujer CNOXKHOCTH

16 KOCMU4ECKUX annapaToB cepuu
«BeHepa» v gBa annapara «Bera»
C NOCaAoYHbLIMU BEHEPUAHCKUMMK
MOAYNAMW U a3pOoCTaTHbIMK
3oHpgamu. Ecnuv nepeble «BeHepbi»
(N0 BOCBHMYIO BKJTHOMMTENLHO)
NONHOCTBLIO BXOAWNKW B aTMocepy
nnaHeTbl, TO CTaHYWW BTOPOro
NOKONEHWA pasgenanvck Ha
CnycKaemble annapartbl U
opbuTanbHble OTCEKMW.
Cnyckaembid annapat BXogvn B
aTtmocdepy, a opbUTanbHbIA—
NMBO CTAHOBWNCA CNYTHUKOM
nnaHeTsl («BeHepa-9, -10 u -14»),
nubo nponeTan Hag NnaHeTon Ha
HEKOTOPOM YAANeHUA W yX0Aun Ha
opbuTty Bokpyr ConHya («Benepa-
11, -12, -13»). Ha 6opTy
opbuTansHoro annapara
HaxoAuNMCe Hay4Hble Npubopel
ANA AUCTAHUMOHHbBIX
uccnegosaHui nNnaHeTbl NO ee
U3Ny4YeHUIO B pa3HbiX AManasoHax

ANWH BONH, a TakxXe annapatypa
ANA uccnegoBaHnsa
MeXXnNNaHeTHOW NNasMbl,
MarHUTHbIX nonen u gna
npoBeaeHusi aCTPOHOMUYECKHUX
uccneposanui. CtaHywn «BeHepa-
15, -16» BeIBOgGUNUCE HA OpPBUTY
CMyTHWKa NNaHeTbl; Ha MecTe,
npegHasHa4YeHHOM ANA YCTaHOBKK
cnyckaemoro annapara,
pasmelljanacb 60nblian
pagvonoKaymoHHan aHTeHHa, ¢
NOMOLLBIO KOTOPOW BbINONHANACH
CbeMKa CeBepHOro nonywapus
nnaHeTbl (ronosHas

opraHusayma — UHCTUTYT
pagvoanexkTpoHuku AH CCCP).
Cnyckaemble annapaTbl CTaHuuH
«BeHepa-9 u -10» Bnepeble B
MUpe nepeaany Ha 3emnio
naHopamb! C NOBEPXHOCTH ApPYron
nnaHeTbl. OHu 66K NONy4YeHbI
NOUCTUHE B 3KCTPEMAaSbHBIX
ycnoeusax (TemnepaTypa CBbile
450° C, paBneHwe nNo4TH

100 aTtmocdoep). CoTpyaHukn UKK
AH CCCP npvHMManu aKkTuBHOE
y4acTue B MHTepnpeTayum
naHopam.

PeaynbTaTbl M\3aMepeHUA NOTOKOB
paccensHHOro CONHEYHOro
nanyyeHus B atmoccepe BeHepol
cTanu nepBbIM LArom B
AokasaTtenbCcTee Toro, 4To
MMEeHHO NapHUKOBLIA adheKT
ABNAETCA NPUHMHOW BLICOKMX
TemnepaTyp Ha NoBEPXHOCTH U B
arMoccpepe nnaHeTbl. B 3TOM Xe
aKcnepumeHTe 6bin Nony4eH
CNEeKTp U3Ny4YeHUs, OTPAXKEHHOIo
nosepxHocTbio. OH ykasan Ha
611M30CTb BEHEPUAHCKMX NOpPOA B
MecTe nocagku K 6asanstam.

Mo onTU4YecCKUM n3MepeHusM ¢
y3KumMu punsTpaMu Bnepeble
6biN0 oyeHeHO cogepXkaHue BOAbl
B aTMocgepe nop obnakamu
(okono 0,01% Ha BbicoTe 40 Km).
Ha opbuTanbHeIX annapartax
«BeHepa-9 v -10» cunammn
coTpyaHnKoB MHCTUTYTA Obinn
npoBegeHbl ABa KPYMNHbIX
KOMMAeKca Hay4HbIX
3KCNEepUMEHTOB: ONTUKO-
hU3NYECKUIA U NNa3MmeHHbIn. B
nNepBoOM UCCNenoBanuchb CNexKTp
CBeYeHWA BepxHeW aTMocdepsl,
[ONroTHasa 3aBUCUMOCTL NOTOKa
yXOaRALero ANMHHOBONHOBOO
WH(paKpacHOro U3ny4eHus u
(POTOMETPUHECKUX XapaKTepPUCTUK
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nnaHeTsl B 4NMHHOBONHOBOM
yneTpauoneToBoM guanasoHe,
CNeKTp OTpaxkeHnsa 0bnaxkoes B
6nuxkHeM MHpakpacHOM
AvanaszoHe. Bo BTopoM —
M3yHanucb ABMNeHus 0O6TeKaHus
nnaHeTbl CONHEYHLIM BETPOM.
Hpkum pesynbTaTtom
BbINOMHEHHbIX MCCNEeAOoBaHWA
cTano nony4eHwe cnekTpa
CBEYEHWUA HOYHOW BEpXHEeNn
aTtMocthepnl BeHepbl, KOTOpbIHA A0
TOr0 HECKONbKO pa3s 6e3ycnewHo
nbiTanuce HabnogaTte ¢ 3eMnu.
Bnepsbie 66110 HAAEXHO
3aPpMKCMpOBaHO NpUCYTCTBWE
Kucnopoga B atmocoepe BeHepebl.
B nna3amMmeHHbIX 3KCnepuMeHTax
[eTanbHO uccnefosanach
CTPYKTYpa yAapHOW BONHbI,
BO3HUKaKOLWen npu obTekaHun
nnaHeTbl COSTHEYHBIM BETPOM W
pacnonoXxeHHon 3a (PpoHTOM ee
Typ6yneHTHON 30HbI.

MN3mepeHus xMMU4eCcKoro coctaea
aTMoccpepbl, NpoBeAeHHbIe Ha
CTaHUMsIX NepBOrO NOKOEHUS,
nokKasanu, 4TO OCHOBHblE €€
KOMMOHEHTbI—3TO YrNeKUCnbii
ras u a3oT (HeCKONLKO NPOLEHTOB
no otHoweHuio K CO,). OgHako
ANA NOHUMAHUA MHOTUX
NpOLECcCoB, NPOUCXO4ALMX B
aTtmocdepe (B TOM 4Yucne
nepeHoca aHeprum,
cdopMupoBaHnA 06NaKoB), Hy>Hbl
AaHHble 0 TaK Ha3bIBAaeMbIX
ManbiX COCTaBMAKOWMX, poSb
KOTOpbIX B 3TUX Npoyeccax MoXxeT
6biTb Onpegenaowen. Bonpocei
NPOUCXOXAEHWA U IBONIOLUA
nnaHeTHONM aTtMocdepbl TakxKe
Henb3s pelwnTb 6e3 3HaHWA
M30TOMHOro cocTasa.

KoMmnnekc akcnepyuMeHToB No
W3YYEHWUID TOHKOMO0 XUMWYECKOro U
WU30TOMNHOro cocraea aTtmocdepsbl
BeHepbl 6bin npoBegeH Ha
KOCMWYEeCKMUX annapartax
«BeHepa-11 n -12». Hanbonee
BaXKHbiM pPe3ynLTaToM 3TUX paboT
CTano uamepeHwe W30TOMNHOro
COCTaBa WHEpPTHbIX ra30B..
MN30TONbI MHEPTHBIX FA30B MOXHO
pasgenuTb Ha gge rpynnbi:
paguoreHHble, KOTopble
obpasoBanuck B pe3ynbTarte
paguoakTUBHOro pacnaga, u
pPEenMKTOBbIe, COXPaHWBLUMECA CO
BpemMeH obpaaoBaHua CONHEYHOH
cuctembl. OTHOCUTENBHOE U

abconoTHOE cogeprkaHne
PENUKTOBLIX M30TONOE NO3BONSET
cyanTb 06 yCNoOBUAX,
CNOXXWBLUMXCA B NPOTONNAaHEeTHOR
TYMaHHOCTW K B X0ge camoro
npouyecca (POpMMpPOBaHKA NNaHeT.
MamepeHun, npoBefeHHbIe
COBETCKMMU CTaHLUAMMW, NOKasanu
NPUMEPHO paBHOe KONUYECTBO
pPaavoreHHbIX U penUKTOBbIX
U30TONoOB aproHa Ha BeHepe, B TO
BpeMs Kak Ha 3emne penvkToBbIX
u3oTonoB npumepHo B 300 pa3s
MeHbllUe, YeM paauoreHHblX. Kak u
AecduvunT Boabl HA BeHepe, 310,
O4EeBWAHO, CBA3aHO C
ocobeHHOCTAMKU (hOPMWPOBaHUA
nnaHeT. HekoTopble KOMNOHEHTbI
aTmocdepbl N3MepAnUch
OAHOBPEMEHHO pasHbIMU
npwbopamu. Hanpumep, asoT u
aproH perucTpypoBanucb U Macc-
CNeKTPOMEeTPOM, W ra3oBbIM
xpomatorpacom. MazoBbIN
xpomaTorpadg gan takxe
cBefeHWA O ABYOKWUCHK Cepbl U
MOHOOKWCH yrnepoga (oKono
0,01% w 0,003% cooTBEeTCTBEHHO,
3TK AaHHble OTHOCATCA K BbiCOTam
12—42 KkM).

C nomouyblo oNTUHECKOro
cnexkTpomeTpa 6binu Nony4eHbl
COTHW CMEeKTPOB AHEBHOro Heba
BeHepbl B guanasoxe ot 0,4 oo
1,2 MKM Ha BbicOTax OoT 60 KM K
A0 camMoin noBepxHOCTH. Mx
MHTepnpeTaywA Bnepebie Agana
NONHbIA BepTUKaNbHbIN Npoghunb
HanuyvA BoAblI B aTMochepe
BeHepbl, cnekTpanbHbie NOTOKK
3HeprvuM B HeW, BEPTUKANbHYIO
cTpatTudukaymio obnakos B
MecTax nocagkm.

C nomoubio cneymanbHbIX
npubopo., CO3aHHbLIX B
MHCTUTYTe, Takxe Bnepebie BbINO
06Hapy»eHO HU3KOYacTOTHOe
aNeKTpoOMarHMTHoe 1anydeHue B
aTtmoccepe BeHepsbl, cBA3aHHOe,
BO3MOXXHO, C rpO30BbLIMW
paspsgamu.

3ameTum, 4TO NO CBOUM
XapakTepucTUKaMm BCE HayuYHble
Nprbopbl He ycTynanu
aHanorMyHbLIM UHCTPYMEHTaMm
amepuKaHckoro 3oHga «lvoHep —
BeHepa», a Koe B 4HeM
CyLWeCTBEHHO MX NPeBOCXOAUNN.
Ha «BeHepe-13 v -14» 3T
3KCNEpPUMEHTLI NPOBOAUNIUCH
BHOBb, NpU4YeM C NOMOLLbIO

3HaYUTENBLHO
yCOBEPLWEHCTBOBaHHbLIX Npubopos,
YTO NO3BONUMO, B HaCTHOCTW,
CYLWEeCTBEHHO pacLUMpWTL CrINCOK
MONEKYn, NAEHTUOULMPOBAHHbIX
Macc-CneKTpOMeTpOoM, BrepBbie
HaAEeXXHO U3MEepUTb U30TOMHLIE
OTHOWeHUA HeoHa. ONTUYECKKWIA
aKcnepuMeHT 6bin AONONHeH
uccneaoBaHUAMK B
yNbTpacroneToBoM AnanasoHe u
W3MEepPeHUsIMKU CreKTpoB
M3NyYeHUn, NPpUXOAALMX C pasHbiX
HanpasneHun.

ConHe4Han 3Heprun,
nornoweHHas NNaHeTon B
BUWAMMOM AuanasoHe,
nepensny4yaeTcsa B MH(paKpacHOM
Ha gnuHax BonH 6onee 5 MKm.
CnekTp 3aTOro «yxoasuwero»
W3Ny4HeHWA UMEET CNOXXHbIN BUA,.
OH 3aBUCUT OT ra3oBOro cocTtasa
aTMocdpepbl, cocTaBa HacTul
obnakoB, Wx BepPTUKANbHOW
CTPYKTYpbI, TEMNepaTypbl
aTMmoccpepbl B Uanyyaioljen
obnactu. o wHppakpacHbIM
CNeKTpam yxXoAsLEero nany4eHus
MOXHO BOCCTaAHOBWUTL 3TU
XapakTepucTuKu (Npuyem BO
MHOrMx MecTax nnaHeTbl) B
3aBMCMMOCTW OT LUMPOTHI,
AONTOThl, BpeMeHu CyToK. B cBasu
C 3TUM Ba)KHOW 33Ja4en SBNseTcs
nony4yeHue Takux CNeKTpoB C
[OCTATOYHO BbICOKUM
NPOCTPAHCTBEHHbIM pa3peLleHuem
(okono 100 km); aTO MOXeET BbiTb
cAenaHo TONbKO C
WCKYCCTBEHHOIO CNyTHUKA
BeHepbl. 3kcnepuMeHT no
MH(paKpacHOW CNeEKTPOMETPUK
Bexepbl 6610 nogrotoenen KK
AH CCCP B koonepaywu ¢
mHcTuTyTamm AH IT'IP v nposegeH
Ha cTaHyuW1 «BeHepa-15». bbino
onpegeneHo cogepxavue H,O n
O. Ha BbicoTax okono 60 KM Ha
pasHbIX WWpOTax, U3MepeHo
LWMPOTHO-AONIOTHOE none
TeMnepaTyp B guanasoHe BbiCOT
60—90 KM, o6HapyxeHbl pe3kue
NOKanbHO-BpeMEHHbIE Bapuayvwu B
CTPYKTYpe BEpXHero cnos
obnakos.

HoBbIM WAarom B COBETCKKUX
uccnepoeaHuax ConHeYHon
CHUCTEeMbI CTan NpoekT «Berax». B
oTnu4Me OT BCeX npeablayuux OH
6bIn MHOroyeneBLIM: B OQHOM
3anycke npegycMaTpuBasiuCh



uccnenoBaHus nnaHeTsl BeHepbi
(c noMoLBIO CNycKaeMbix
annapaTtoB W a’poCTaTHbIX
30HAO0B) U KomeTel Mannes (npw
nponeTe KOCMUWYEeCKOW CTaHLMK
yepes ee KOMy).

Ha cnyckaemeix annapartax
BnepBbie ObIN NONy4YeH
NpeynsoHHbIA TeMnepaTypHbIA (C
TOYHOCTBIO nopsigka 1 K)
BEPTUKAlBHLIW NPOMWUNL
aTmocepbl BeHepbl BO BceM
AvanasoHe BbICOT: NPUMEpHO OT
50 km go noeepxHocTn. Oba
3KCNepUMeHTa NPOBOGWUITUCH
COBMECTHO C (PpaHLy3CKUMK
y4eHbiMu. Bnepebie BbINOMHEHDI
NpsiMble U3MEepPEeHUus coaepXaHus
CepHON KWCNOTblI B 06NaYyHOM
cnoe. 3TO OCHOBHAA
COCTaBNAWAR aspo30nbHbIX
YacTuu, No KpawHeh mMepe B
BepxHen 4actu obnakos. OgHako
3NeMeHTHbLIW aHanms,
NnpoBeeHHbIN PEHTIEHOBCKUM

O NOOPECUEHTHBIM METOLOM,
nokasan, 4To B HMXHUX sipycax
o6nakoB B COCTaB 4acTwl BXOAART
TaKxe xnop u goccop. C
NOMOLLYbK ONTUYECKOro
aHanuaartopa pasmepos 4YacTuy
6bIN0 BLISICHEHO, YTO B WX
pacnpefeneHun AOMUHWPYET Tak
HasciBaemas Moga 1 (cTteneHHOM
CNeKTp C noKasaTenem okKono 4),
a KoahpUUMEHT NpenoMneHus
6nu3ok k 1,5. BepTukansHas
CTpyKTypa 06NakoB B MecTax
nocagKu CnycKaembix annaparos
3HA4YUTENbLHO OTNUYaeTcA OT
NoNy4eHHOW B pRAe Npeabiaywmx
3KCNEPUMEHTOB.

Boiparowmmes ycnexom cran
noneT Asyx a3poCTaToB B
atmocthepe BeHepsl,
NPOACMKABLUMACA OKONO ABYX
CYTOK Ha BbicOTe 54 KM. 31O
6binv NepBble a’3pocTaTsbl B
atmoccpbepe Apyroi nnaHeTbl. B
Hay4HYIO Nporpammy BXOQuIM
n3MepeHns AaBneHus,
TeMmnepaTypbl, CKOPOCTH BETpa,
napameTpoB TypbyneHTHOCTH,
o6beMHoro KoadpuumneHTa
paccesaHna obnakos,
oceeweHHocTU. Mporpamma
roToBUNach U peanu3oBbiBanach B
Koonepayum ¢ ydeHbiMu ®OpaHuymm
n CUA. CeTb pagnoTenecKkonos,
pacnonoXeHHbIX No Bcemy
3eMHOMY Wapy U 06beanHEeHHbIX B

MeXAyHapo4Hyl cucTemy
cBepxanWHHOb6a30Boro
wHTepdepoMeTpa, onpegensana
NONOMXeHWe U CKOpoCTb
aspocTaTtoB. Bbinu namepeHsbl
cpefHne CKOpOCTW 30HaNbHOro
BeTpa Ha BbICOTe Agpeinda (okono
67 M/c), MepUaNOHaNLHOro BeTpa
(oxono 4 m/c), obHapyXeHbl
CUnbHble TYpOyneHTHLIe
ABWXEeHWA (amnnutyga go 2 m/c),
oporpadgpuyeckme apeKThl B
aTMochepHbIX ABUXEHUAX.
Mony4eH nponnb U3MeHeHus
CONHEYHOro NOTOKAa Npu nepexoae
C HOYHOW CTOPOHbI Ha AHEBHYIO.
Co cnyckaembix annapaTos u
a’pocTaToB OAHOBPEMEHHO BbINO
0bHapyXeHO HO4YHOEe CBeYeHne
Tponocdepbl, 06ycnosneHHoe, no-
BUOMMOMY, TENnnoBbIM
Wany4yeHueM NOBEpPXHOCTH Ha
ANWHaxX BOMH OKONO 1 MKM.
Ycnexu COBeTCKUX yHeHbiX B
u3y4eHun nnaHeTbl Mapc no
CpaBHEHUIO C pe3ynbTaTamm
BEHEepPWaHCKOW nporpamMmbl
BLIMMAZAT 3HAYUTENBHO
CKpOMHee.

B 1971 r. kK Mapcy cTapToBanu
aBTOMaTU4ecKue ctaHymm «Mapc-
2» n «Mapc-3». Co cTtaHywu
«Mapc-2» 6eina cbpoweHa
Kancyna, AOCTUrias NnoBEpxXHOCTH
nnaHeTsl, a 0T «Mapca-3»
oTheneH CnycKaemblid annapar,
KOTOpbIA COBEPLUMI MAMKYIO
nocaaky. Kakon-nn6o Hay4Hown
MHpopmaLMM OT 3TUX NOCAA04HbIX
YCTPOWUCTE NOMY4YUTh He YAanocCh.
Camun cTaHyum ctanm
WUCKYCCTBEHHBLIMWU CNYTHUKaMK
Mapca. C vx nomowbo 6bino
BbINONHEHO 11 Hay4HbIX
3KCNeprvMeHTOB, CEMb M3 KOTOPbIX
CBA3aHbI C U3YYHEeHWEM NNaHeTbl:
AVCTaHLUMOHHbIE U3MEpPEeHUs
TemnepaTypbl ee rpyHTa,
uccnegoeaHuna penbeda
NOBEPXHOCTH, COCTABa U CTPOEHUA
atmoccoepbl. Mamepernn
TeMnepaTypbl NOBEPXHOCTH Npw
nomowu MK-paguomeTpa
noKasanu, 4YTo BO BpeMs NbiNesoin
6ypu OHa HKXe, YeM npu
HOPMankHOW NPO3PaqHOCTH
atmocdepsl. o gaHHbIM 3TOro
3KcneprwMeHTa onpegenanack
Tak>xe TENNOBaA VHepUMsA rpyHTa,
a no HewW, B CBOIO OYepeapb,
oueHvBanach xapakTepHas

BenW4uHa 3epeH rpydTa (0,05—
0,5 mm). PoTOMETp, HACTPOEHHbLIA
Ha NONOCY NOrnoweHus BoAbl, Aan
npogunk ee cogep»aHusa BOoNb
noAcnyTHUKOBOW 30HBbI.

B 1974 r. Kk Mapcy 6binu
3anyweHbl elie YeToipe
cTtaHymm — «Mapc-4, -5, -8, -7».
Llenbio HOBOro KOCMU4eCKOoro
3KCNepuMeHTa cTanu
KOMMEKCHbIe NccnegoBaHusa
nnaHeTbl 0QHOBPEMEHHO C OpbuUThI
€e WCKYCCTBEHHOro CnyTHUKa 1
HenocpeAcTBEHHO Ha
NOBEPXHOCTW.

Ha cnyckaemom annapate
cTaHuymwm «Mapc-6» BnepBble B
WCTOPUU KOCMOHaBTUKU
BLINONHANWUCEL MPAMbIE M3MEPEHUs
Temnepatypbl U AaBNeHWA
MapcuaHCKoW aTmocdepbl.

C nomoLLb0 UCKYCCTBEHHOTO
cnyTHUKa «Mapc-5» MHCTUTyTOM
61N NpoBeAeHbl ABa
3KCNepuMeHTa MNo UCcCnenoBaHuo
XMMWYECKOro coctaea
aTtmocgepbl. OANH U3 HUX —
U3MepeHue cofep>KaHusa BOAAHOIo
napa e atmoccdepe —nokaaan,
4YTO B OTAENbHLIX panoHax Mapca
oHO MmoxeT gocturatb 100 MKM
OCaXKAEeHHON BOAbL. JTO
3HauyuTenbHO 6onble, Yem
Habniaanock aBTOMaTUYECKON
cTaHymei «Mapc» B aHanorm4Hom
Ce30He ABYMS rogamu paHblue.
Kpome TOro, okaszanoch, 4YTo B
obnacTaAx, OTCTOAWMX Apyr OT
Apyra Bcero Ha HeCKOmMbKO COT
KWNOMETPOB, coaep)aHue Boabl
MOXKeT pasnuyaTtkcs B 3—4 paasa.
JKcnepuMeHT Ha «Mapce-5»
nokasan npucyTcTene
HeboNbWOoro KoNu4yecTsa 03oHa B
HU3KKX WKUpOoTax. 3TOT pe3ynkTar
MMen BadKHOe 3HadveHue 4nA
MNOHWMAaHUA POTOXMMUYECKNX
npoyeccoe B aTtmocoepe
nnaHeTbl.

Mpw nomowm poTomeTpa Ha
NHWK «JlaiimaH — aneda» 6bINK
onpeaeneHbl NNOTHOCTbL U
pasmepbl BOAOPOAHOW KOPOHbI
Mapca—camoil BHeWHel YacTu
€ero artmocgepbi.

BHoBb 6binKM NpoBegeHbl UK-
paavoMeTpus NOBEPXHOCTH,
cdoTomeTpust B GnvokHem UK-
AvanasoHe, B TOM 4wcne B
nonocax CO,, a Takxe B BUOAUMOM
AvanasoHe. Nposogunuch



WU3MepeHUa U MeTo40M
nonspuMeTpuin.
doToMeTpUYECKKE U
nonApUMeTpUHECKHe U3MepeHua
nokasanu, 4To 3epHa peronura
uMetloT 6onee Menkylo
MUKPOCTPYKTYpY — nopsaKa
OAHOr0 MMKpPOHA.

MamepeHnsa paguonanyvyeHus
nnadeTbl Ha BonNHe 3,4 CM C
NOMOLYbLIO paguoTeneckona
NO3BONUAWN NONYYUTL faHHbIE O
TemnepaTtype U AW3aNeKTpU4eckon
NOCTOAHHOW rpyHTa Mapca fo
rnybuMH B HECKONbKO OECATKOB
CaHTUMETpPOB.

Ha4uHasa ¢ cepeguvHbl 80-x rogoe
Hapsgy C NpOACIKEHWEM
nccnegosaHuK NNaHeT ydeHble
06paTunUch U K COBEpPLIEHHO
WHOMY Knaccy 06bekToB
COnHeYHOW CUCTEMBI— MaSbIM
Tenam: KoMeTam 1 actepougam.
Manbie Tena, MMEeHHO u3-3a ux
Masion maccbl U 60nLWOoR
yaaneHHoctu ot ConHua, He
BOMXKHbI 661NN CUNBHO
M3MEHWUTLCA 3a BpeMs CBOero
cyuwjecteoBaHusa. CnegoBaTentHo,
WX U3ydeHWe MOXKET faTb
YHUKaNBHYH MHgOopMayuio o
npoyeccax, NpoTeKaslKX B
nepvog 3apoxgeHns ConHe4vHom
CHUCTEMBI.

WccnenoBaHuA Manbix Ten yxe
BHECNW OrPOMHbLIV BKNaA B
NNAHETHYIO KOCMOTrOHMIO.
WmeloTcs B BUAY pesynbTaTthl
U3Yy4eHUs MeTeopuToB —
yHUKanbHbIX 06pas3yos
KOCMWYEeCKOro BeLlecTsa,
KOTOpble Npupoaa cama
«NpUCbLINAeT» Ha 3emMnio.
MeTeopuTbl ABNAIOTCA OCKONKaMK
6onee KpynHbIX Ten, rNaBHbIM
obpa3om actepovaos, M
06pa3yloTCA B pesynkTare ux
paspyweHua Npu B3auMHbIX
cTonkHoBeHusx. ECTb ewe knacc
OYeHb ManbIX METEOpPUTOB (Tak
HasbiBaeMbie YacTuubl bpaynnu),
UMEIoLMX, BEPOATHO, KOMETHOE
npoucxoxaexue. MNoka, ogHaxko,
He SICHO, KakOBbl CBR3N MeXAy
pasHbIMK TUNaMKu Manbix Ten, He
W3BECTEH PRA UX BaXKHENLWX
xapakTepucTuk. OcobeHHO
3arafoyHbl KomeTbl. B TO xe
BpPEMA OHW nNpeAcTasnsalT cobon
HanboNbWWA MHTepec aNs
wccnepoeaTteneil, NOCKOMbKY
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UMEIOT ra3oBylo U NbiNeBYIo
KOMMOHEHTLI. 3TO NO3BONseT
NONYYUTb YHUKANbHYIO
WHdopMaumio, BKNOHan ceefeHus
06 anemMeHTHOM 1 gake
MU3oTonHOM coctase 6e3 nocagkw
Ha OCHOBHOE Teno,
NpeacTaBNAWER O4eHb CNOXHYIO
TEXHUYECKYI 3aga4vy (XoTs
paspabarkiBaloTCA U TaKue
NPOEKTh).

MccnegoBaHna KOMET KpanHe
BaXXKHbl U ANA AWArHOCTUKU
(hu3nYeCcKnx yCnoBui B
MEXNNIaHETHOM NMPOCTPaHCTBE.
Ucnonb3osaHue 3aTUX HeGeCHbIX
Ten B KayecTee eCTeCTBEHHbIX
30HA0B — eMHCTBEHHAA B
HacTosWee BpeMs BO3MOXXHOCTb
uccneaoBaTh Te yHacTKU
KOCMUWUYECKOro npoCTPaHCTBa,
KOTOpble NoKa TPyAHOAOCTYMNHbI
ANKR MedXnnaHeTHbIX CTaHUWiA,
OcyuwecTBneHve npoekTa
«BeHepa—komeTa Nannesn»
CTano nepBbIM BaXXHbIM LLAroM B
peanuaayuu Nporpammbl
uccnefoBaHuiA ManbiX Ten
ConHe4HoW CUCTEMbl CpeacTBamMmu
KOCMUYECKOW TEXHUKW. B Hem
y4acTeoBanu gga MAEHTUYHBIX
KOCMU4YecKux annaparta— «Bera-
1» n «Bera-2». B kayecTBe
623080 KOHCTPYKUUK
WCNONbL30BaNUCh aBToMaTrn4eckune
MeXXNnaHeTHbIe CTaHuWK
«BeHepa» BTOPOro NOKONeHus.
Onsa npoekTa «Bera» 6bino
XapakTepHO WKUPOKOe
npuBneYeHne MHOCTPaHHbIX
y4aCTHUKOB Ha ypOBHe
KOCMUYECKUX areHTCTB,
WHCTUTYTOB W OTAENbHbIX
uccnegoearenei. Ans
KONNEKTUBHOIO pelleHus
BONPOCOB, BO3HWKAIOWMX B X04e
coemecTHOW paboTbl NO NPOEKTY,
6bin cosaaH MexxayHapoaHbIn
Hay4HO-TeXHUYECKUA COBeT nog
npeacenaTensCTBOM akagemuka
P. 3. Cargeesa.

Mporpamma noneta KOCMUYECKUX
annapatoB «Bera» 6bina Takoea.
Craprtoeanu annapatsl 15 u

21 pexabps 1984 r. B vioHe
1985 r. oMK gOoCTUrNK
OKpecTHOCTK nnaHeTsbl Benepa. 3a
ABoe CyTOK A0 nponeTta nnaHeThbl
OT HUX OTAENUNUCL CNyCKaeMbie
annapartbl, KOTOpbI€ NPOAOCMXUW
ABWXeHue nNo nonagarowen

TpaeKToOpuUu U BOWNU B
aTtmoccoepy BeHepbl.

MmMnynbcom, coObLieHHbIM
KOPPEKTUPYIOWWM ABUraTenem,
nponeTHble annapatbl 6binK
nepesBefieHbl Ha TPaeKTopuIo,
obecne4unsarowylo NponetT MUMO
nnaHeTsl U BO3MOXHOCTb
peTpaHCNALMKM UHopMmaum,
nocTynaiowjei co Crnyckaembix
annapaTtoB. 3aTeM B pesynbTaTe
rpaBuTaUuoOHHOro MaHespa B none
TAroteHus BeHepbi NponeTHble
annapaTbl nepewnu Ha
TPaeKTOpUI0 BCTPEYM C KOMETOMN
Fannen, COCTORBLIEACH B Ha4ane
MapTa 1986 r.

O «BeHepuaHCKOW» HacTu
npoeKTa y>Xe rosopunocs.
Pacckaxem Tenepb 06
nccnepoeaHusx KomeTol Mannes.
Kakumu 6binv HayyHble yenu
3KCNeanuYMU KOCMUYECKUX
annapatoe k komeTte MNannen?
Mpexae Bcero, peds Wna o
BbIACHEHWW NpUPOAbI ALpa U
aTMocdepbl KOMETBI.
Wcnonb3oBanuce Aea nogxoaa:
BO-NepBbiX, AWCTaHLUWOHHbIe
U3MepeHnss Npu NOMOLLM
onTu4decKux Npnbopos, U BO-
BTOPbIX, NPAMbIE M3MEPEHUA
BewecTsa (rasa v nbinu),
nokuaaowero s4po u
nepeceKarowero TpaeKkTopuio
ABWXeHus annaparta. Kpome Toro,
uccnegoeanachk CNoOXHas KapTuHa
npoueccos, KoTopas
HabnwgaeTca Npu BCTpede
WOHU30BaHHOW KOMMNOHEHTHI
KOMETHOro rasa ¢ NOTOKOM
CONMHEYHOro BeTpa.

OnTnyeckne nNpubopbl
pa3mellannck Ha cneyuanbHOM
nnartcopmMe, KOTOpas
noBopaYyueanacb BO BpeMs
nponeTta sapa, aBTOMaTUYECKM
oTCneXuBas HanpasneHve Ha
Hero. 3Tta nnatcgopmMa 6bina
pa3spaboTaHa COBMECTHO
4exoCnoBaUKUMU U COBETCKUMU
cneyManucTaMm U U3roToBneHa B
Yexocnosakun. OgHuUm 13
rnasHbIX 3NEeMeHTOB ONTUYECKOro
KoMmnnekca 6eina TeneBU3MoHHas
cucTema, cocTonllas us
OMHHOOKYCHOR W
KOpOTKOGOKYCcHOW Kamep. C -
NOMOLLLID ANWHHOMOKYCHON
Kamepbl MOXXHO 6b1N0O pasnuyartb
Ha pacctoaHuK 10 000 kKm geTanu



paamepom okono 100 m.
KopoTkodokycHan, umes
paspellieHue noxyxe, cbnagana
6onee WWPOKUM NONeM 3peHusn,
NO3TOMy OHa BLICTPO Haxoguna
ANPO KOMETbI (Camylo ApKylo ee
4acTb) W, BblAaBasa CUrHanbl Ha
NOBOPOTHYIO Nnatgopmy,
yAep>XvBana ero B none 3peHus
ANWHHOPOKYCHOW Kamepkil.

B cocTtae TeneBU3NOHHON
CUCTEMbI BXOAWN
MUKpOnpoueccop, KOTOPbIA
ynpasnan paboTon Kamep:
BLINONHAN NpeaBapuTenbHYIO
06paboTKy M3obpakeHui,
BbIbUpan KaHansl, UnNbTPL,
onpeAensan 3KCno3uyuio.
TenesuanoHHan cuctema 6Geina
co3faHa yqYeHbimun CCCP, BeHrpuu
1 OpaHymu.

B onTuyeckuin KOMNnekc,
YCTaHOBNEeHHbIW Ha nnaTtdgopme,
NOMWUMO TeneBU3UOHHOW CUCTEMbI
BXO4unu Takoke npubopsl,
KOTOpble AOMKHbI 6bln
obecneymMBaTb NpoBefeHUe
AETanbHbIX CNEeKTPOCKONUYECKWX
uccnenoBaHUn XUMUHECKOTO
cocTasa pa3nu4yHbix obnacTten
atmocdepbl (KOMb) U XBOCTa
KOMeTbl. 3TO, B HACTHOCTH,
TpexKaHanbHbIA CNeKTpoMeTp
(TKC), paspaboTaHHbiA 1
W3rOTOBNEHHbIW Hay4YHbIMW
yupexaeHusmu bonrapun, CCCP
1 OpaHyuK, U UHpPaKpacHbIR
cnekTpoMeTp (MKC), co3gaHHbIi
B0 ®paHymn. McnbiTaHus
WHbpakpacHoro cnekTpomeTpa
npoeogunuck 8 CCCP coBmMecTHO
(bpaHLy3CKMMK U COBETCKUMMK
cneymwanuctamu. CoBMeCTHO
BbINOMHANACH W MHTepnpeTayusa
JAaHHBbIX.

OpHa U3 BaXKHEMLIMX Lenen aTux
uccneaoBaHm — NOUCK
NepBUYHbLIX, UK, Kak ux euje
Ha3bIBaKOT, «pOAUTENBCKUX»
monekyn. HazemHbiMK
CNEeKTPOCKONUYECKUMI
M3MepeHUaMK Nerko
onpeaensitoTCA MONeKynbl
«flONepHUe», T. €. BTOpU4Hble. A
BOT «pOgUTEenbCKue» MONeKynbl
HW pasy He Habnoganuce. [leno B
TOM, 4TO NpY Nepexoge
KOMETHOro nbga U3 TBepaoro
COCTOAAHMA HEenocpeacTBeHHO B
razoobpasHoe ras sbineTaeT Cc
NOBEPXHOCTW KOMETbI NOYTH €O

CKOpOCThIO 3ByKa. B panoHe nagpa
NNOTHOCTb €ro O4YeHb Benuka,
NO3TOMY MONEKYynbl UHTEHCUBHO
B3aMMOLENCTBYIOT Apyr C ApYyrom
W B HUX NPOUCXOOAT
CywecTBeHHble XMMUu4eckue
u3aMmeHeHus. B xoge aTux
npoueccos 1 06pasyloTca
«A0oYepHUe» MoneKynbl.
OnTuyeckne uccrnepoBaHnsA
rasoBoro cocrtasa aTMmocdepbl
KOMEeTbl A0MKHbI 661K
AOMNONHATLCA €ro N3MepeHUsIMN
npwv NOMOLYM Macc-cneKTpomeTpa
HelTpansHoro rasa (UHI),
paspaboTtaHHoro B ®PIM npu
y4yactum cneyuanuctos Benrpuu v
CCCP.

Kak y>xe oTMe4anocb, KoMeTHaA
atmocdepa COCTOUT HE TOMbBKO U3
rasoBbiX, HO WU U3 NbifeBbiX
YyacTuy. Npu OTHOCUTENBHOH
CKOpOCTH CONUXKeHWA
KOCMW4ECKOro annapara ¢
KOMETOW, paBHOM no4Tn 80 KM/C,
aTa nbiNb NpeacTasnseT 60NbWyo
onacHocTb. MoaToMy NpULINOCH
cosfjaeaTtb cneynanbHble
MHOrOCNOMHbIE 3KpaHbl AN
3aWuThl annaparta oT coyaapeHud
C nbineebiMu YacTuyamu. OgHako
MMeHHO 6Gonbllan oTHOCWUTENbHasA
CKOpOCTb 4acTuy 1 6bina
ucnonb3oBaHa ANA onpeaeneHus
ux coctasa. Ecnu Ha nyTh Takomn
4acTulbl NOCTaBUTb MULLEHb, TO
npu ygape O Hee YacTtuya
B3pbiBOO6PA3HO UCNapAeTCca u
npespaujaetca B obnayko
nnasmel. Macc-cnekTpomeTp
onpegenvuT ee cocTas, a
cnegosaTtensHo, U cocTas sgpa
KOMeTbl, U3 KOTOpOro ata Yactuua
6bina BbipBaHa. TakoBa nges
akcnepumenTa NYMA. MNpubop
ANna 3Tux uenen 6bin co3faH
coBmecTHO cneyvanuctamm CCCP,
Pl 1 ®paHyumu.

Psa apyrux npubopos,
paspaboTaHHbIX COBETCKUMM
cneyuwanucramv, npegHasHa4arncs
ANnA naMepeHna nanvecKmx
XapakTepucTUK NbiNesoro
noTOKa—4ucna 4acrtuy
pasnu4yHOW Maccbl, WX pa3mepoB,
NNOTHOCTW. PasHble 3h(peKThl
WCNONb30BaANUCL ANA 3TUX
U3MepeHWid, B TOM 4Yucne
NbE303NEKTPUHECKNA, MOHM3aLUWA
W CBETOBbIE BCMbILLKKW NpW yaape,
n3mMeHeHvne CBeTOBOro MnoToKa oT

ConHua npw npobuBaHMN TOHKOW
NNEHKW.

DoToOMoOHU3aLMA rasa,
noKugarwuero aapo, NpMBOgnT K
o6pasoBaHuIio BOKPYr Hero
nnasmeHHon 060N0YKHK
(voHocdepbl), cocTosWwen U3
WOHW30BaHHLIX MOonekyn. BmecTe
C HeWTpanbHbIM Fa30M WOHbI
OBWXYTCA CO CKOPOCTLIO OKONO

1 KM/C, OQHaKO 3TO ABUXKEeHWe
NOAYVHAETCA APYrMM 3akoHam. Ha
HEeUTpasnbHbIA ra3 He OeWUCTBYIOT
HUWKaKue CUnbl, KpoMe rpaBuTaLuK
1 CBETOBOro gasneHws. A Ha
KOMETHbIE MOHbI «4aBWUT»
CONHeuYHbIA BeTep. MNpu BCTpede
CONHeYHOro BeTpa ¢ noHocdepon
A0NMKHbEI 06pa3oBbIBATLCA
yAapHas BONHa, yCunNuBaTbCs
MarHuTHoe none, BO3HWKAaTb
BONHOBbLIE NpOLecChl,
CONpPOBOMJaloWwmecs
3MEeKTPOMarHUTHLIMW
KonebGaHuaMmu. YckopeHue
KOMETHbIX WOHOB B MarHUTHOM
none COMHEYHOro BeTpa MOXeT
[OCTUraThb BbICOKMX 3HEPTHM.

Ana uccnepoBaHMa aTUX
npoyeccoe Ha ctaHumax «Bera-1»
n «Bera-2» 6binKn ycTaHOBNEHbI
XOpOLWO NpOAYMaHHbLIE KOMMNEKCHI
npubopoe. OguH 13 aTHX
npubopoB — marHutomeTp MULLIA,
pa3paboTaHHbLIn aBCTPUNCKUMMK
yHeHbIMK. CnekTpomMeTp KOMeTHOW
nnasmbl MNITA3SMATL,
pa3paboTaHHbIi cneyvanucTamm
Benrpun, CCCP u ®©Pr,
npegHasHa4ancs gns
uccneaoBaHUn KOHLEHTpaLWK,
COCTaBa M 3HEepruM MOHOB Kak
CONMHEYHOro BeTpa, Tak u
KOMETHOW nna3sMbl.

Ans obHapy»KeHUA MOHOB BbLICOKMX
3Heprun, YCKOpeHHbIX MarHUTHbIM
nonem CONHEYHOro BeTpa,
npeAHa3Ha4yanca CnekTpoMeTp
aHepruyHbIX Hactuy TIOHOE-M,
pa3paboTaHHbIN yYeHbIMU
Benrpuw, CCCP n ©PI.

Jea npubopa mcnonbsosanuce
ANnA perncTpayvn HU3KOHacTOTHbIX
(Monbwa, CCCP, YexocnoBakus)
W BblcoKo4YacToTHLIX (CCCP,
PpaHUyns) NNasMeHHbIX BOIH.
AHanwa pesyneTatoB M3MEepEHWA,
NpoBeAEHHbIX NPpXU NOMOLYM
NprbopoB NNA3MEHHOro
KOoMnnekca, fosmxeH boin
CYLECTBEHHO YTOYHUTL
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NpeAcTaBNeHusn O ABMEeHUNX,
KOTOpble HabnogalTca Npu
B3aMMOLENCTBUMA CONHEYHOro
BETpa C KOMETON.

O6paboTtka doTorpacmin KOMETbI
"annes, nony4eHHbIX ¢ 6opTa
CTaHuuWi, Nno3sonwna cgenartb
BbIBOA, YTO AAPO KOMEThI
npegcraensieT cO60M BbITAHYTOE
MOHOMUTHOE TENO HenpaBUNbHOW
hopmbl. MakcuManbHbBIR pasmep
ero Bgonb Havbonolwen ocu
oueHwBaeTcA B 14 KM, a B
nonepeYHUKe — OKONO 7 KM.
dopmMmy Aapa 0QHW CPABHUBAKOT C
KapTopenuHon, gpyrme —c
3eMMAHBIM OPEXOM (apaxucom),
TpeTb— ¢ 6aHaHOoM,
YeTBepTbie — CO CTONTAHHbIM
6awmaxkoM. Aapo obnanaeT o4eHb
HU3KOW OTparkaTernbHOn
CNOCcO6HOCTHLIO.

HanomHum, 4TO 40 nocnegHero
BpPEeMeHM CyL|ecTBOBanu Tpu
Hanbonee BEpOATHbIE rMNOTE3bl O
(PU3NHECKOW CTPYKType sgpa
KOMETbI.

3710, Npexge BCero, Mogenb,
ONUCHIBAKOWANA RAPO Kak eauHoe
TBEpAOe Teno, COCTORALee 13
KOHrnoMeparta 3aMep3Luux rasos U
KaMeHUCTOro MeTEeopUTHOro
BeljecTea.

Mo apyroi runoTese, sapo —
NNOTHLIA POA pasnUYHbLIX YacTuy.
HakoHneu, runoTtesa, 4To A4p0—
3TO MHOXECTBO ManbixX 4YacTul,
rpaBMTayUOHHO CBA3AHHbLIX MeXay
cofon.

'vnoTesa, cornacHo KOToOpoun
KOoMeTa— «neTawlmin ancbepr»,
6bina npuHATa 3a OCHOBY NpwU
paspaboTKe MHXXeHepHOW MOZenu
KOMeTbl gna npoekta «Bera». U
OHa nogrBepaunacs. [iBonHas unu
6onee cnoXxHaa MHOXeCTBEeHHas
CTPYKTypa (HECKONbKO OTAENbHbIX
Ten) NOYTU MCKTKIOYEHA.

lleTyune BewecTsa, Nbabi,
onpegensiowme cneyuuky
noBeAeHWs KOMeTbl, NepemMeLlaHbl
B Agpe C TyronnaBkKum
BELeCTBOM, KOTOpoe
npecbnanaer B ero
NOBEpPXHOCTHOM cnoe. TonwuHa
3TOro TyronnaBkKoro cnosi—oT
OAHOro A0 HEeCKOMNbKMUX
CaHTUMETpOB.

ConoctaBneHne u3obpaxeHun,
nony4eHHblX ¢ «Berun-1» n «Beru-
2» Np¥ OQHOBPEMEHHON CbeMKe C
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pa3HbiX CTOPOH, NO3BOMUNO
onpeaenuTb Nepuoj BpalleHus

aapa—oauvH obopoTt 3a 50—55 u.

HaknoHeHue 3KkBaTopa K
NNOCKOCTH OpOUTbI MeHbLue 15°.
MNamepeHun, BbINONHEHHLIE C
NOMOLUBIO PaaNOMETPHUHECKOrO
KaHana cnektpomeTpa
MH(PpPaKpPaCcHOro U3ny4eHuns,
nokasanu, 4To NOBEepPXHOCTL sapa
rops4as —npumepHo 100° C. 3T1o0
HamHoro 6onblue, Yem
npeacKasbiBanoch Ans nNegsHon
mogenu. Mo MHeHUID y4eHbiX,
CTONb BbiCOKAA WH(hpakpacHas
TeMmneparypa 06bACHReTCA
Hanu4YneM N30nupyloLero cnosi
NOBEPXHOCTHOrO NOPUCTOro
YepHOro TyronnasKoro BewecTea.
OTOT CNOW NpUHUMAaEeT CONHeYHoe
Wany4eHue, 4acTb ero
nepevsnyyaeT B WH(paKpacHOM
Anana3soHe, 4YacTb nepegaer
negsHOMYy KOHrnomepary.
Monekynesl BOgRAHOMO napa,
obpasyloumeca B pesynbtarte
ucnapeHun, audpdyHgupytoT
CKBO3b MOpbl BBEPX W NOKUAAIOT
KomeTy. pu 3TOM OHW yBNekaroT
6onee menkue 4acTuubl NbiNK.
MoBepXHOCTHLIA CNOW B
OTAeNbHbIX MecTax Bpems OT
BpEMEeHW B3NAMbLIBAETCA, U TOrga
obpasyeTcsa akTuBHas obnacTtb C
0Cco060 MOLHBIM UCTEHEHWUEM
BewecTsa.

BoamoxHO, 4TO aHanoroMm sapa
KOMETbI, pasyMeeTCcs B CHUIbHO
YMEHbLEHHOM BUAE, MOXET
CNY>XUTb MapTOBCKWA cyrpob
CHera Ha ynuue ropoga.
MokpbliBaloWKMiA ero CNoi rpasm
MOXXET HarpeBaTbCA B COMIHEYHbIE
OHW 00 BLICOKUX TemnepaTtyp U B
TO XXe BpeMsi OH JONro CoXpaHseT
cyrpob oT TasHuA.

Tyronnaskuin NOBEPXHOCTHBLIN
cnon Aapa KOMeTbl 04eHb BbICTpO
(NnpMMepHO 3a CYTKW)
obHoenseTcA. BepxHue ero
4acTuLbl OTPbLIBAOTCA U YHOCATCA

rasom, a CHU3y npununakoT HOBbIE.

Mpwn 3aTOM TONWMHA ero
NOCTENeHHO A0MKHa pacTu u B
uTOore, CNyCcTA Kakoe-To Bpems,
ucuMcnaemoe, No-BUAUMOMY,
OEeCATKaMn W COTHRAMMW ThICAY neT,
KOMETa MOXeT NOTEPATL CBOKD
aKTUBHOCTb W CTaHeT
acTepovaom.

B yenom, no gaHHeIM «Beru-1» 1

«Bern-2», ¢ noBepxHOCTU Aapa
eXKeceKyHgHO UCnapsnoch
nopagka 40 T sogbl. iamepeHun
npubopom MKC nokasanu, 410
BTOPLIM NO KOMUYECTBY
KOMNOHEHTOM SIBMNAETCA
yrnekucnoli ras. Mo cnekrpam,
NONy4YEeHHbIM NPY NOMOLYM ITOrO
npwbopa, 6biN0 ycTaHOBNEHO
Tak>Xe, 4TO B ra3oBOM NOTOKeE,
nokugawouwem s4p0, COAEPXKUTCA
3Ha4yuTenbHOe KONU4ecTBo
CINOXHbIX OpraHUYeCKUX MONeKy”n.
OpraHunyeckoe BeWeCTBO
NPUCYTCTBYET M B NblNEBbIX
yacTuyax, CoOCTaB KOTOpbIX
aHanuauposancsa Npuéopom
NMYMA. N3 aHanu3a pesynbTaTtos
3TUX OBYX 3KCNEPUMEHTOB
cnepyeTt, 4TO B 5Ape KOMeTbI
lannes (v, BepoATHO, sgpax
APYrux KOMeT) MMeeTCs MHOro
OpraHu4eckoro Bewjectea. JTo
HOBbIN (hakT B PU3NKE KOMET.
Vaanocb oueHWUTb CpeaHIon
NNOTHOCTL sApa KomeTsl Fannes.
O6bem ero 661 NonyyeH B
pesynesTate 06paboTku
TeNeBU3UOHHBbIX CHAMKOB. [No
rpybbiM NpMKugKam oH
cocTtaBnseT NnpuMmepHo 5-10"'m?3,
Macca sagpa onpegensnace no
peakTUBHOMY apPeKTy, KOTOPbLIWA
cozpasancs Bbl6pocoM rasa u
nbinu B ctopoHy ConHya. PacyeTs
BbINONHANUCL HE3aBUCUMO
COBETCKUMU U 3apy6eXKHBIMK
y4eHbiMn. PeaynbTarthl
nony4unucs 6NU3KUMKU —macca
agpa okono 30 mnpg. T. Takum
ob6pa3om, cpegHAaa NNOTHOCTL
aapa coctaesnset 0,5 r-cm 2,
3Has maccy u CKOpOCTb ee NnoTepu
(40 T/c), MOXXHO onpeaenuTb
XapaKTepHoe «BPEeMS XXWU3HWU»
KOMEeTbl— NONy4aeTCcs NopsgKa
50 000 net. Ha camom gene OHO
MOXET ObiTb 66NbWKM, TaK Kak
aKTUBHOCTb KOMETbI, BEPOSITHO,
yMeHbLUaeTCs oT ogHoro oboporta
K ApYyromy.

CneKTp CONHEYHOro U3ny4YeHusn,
pacCcesaHHOro KOMeTHOW NbiNbio,
6b1n NpoaHanU3nMpoBaH COBMECTHO
C AaHHbIMW NbUTEBbIX CHETYMKOB.
Hauwny4ywee cosnageHve
ONTHUHECKUX W NPAMbIX W3MEpPeHNA
nony4aeTca, ecnv NPUHATL 4NA
4acTuy NNOTHOCTb, CYWECTBEeHHO
(B HECKONBLKO pa3s) MEHbLUYIO
eAuHULbl. 3TO 03Ha4aeT, YTo



KOMETHbIE MNbINIMHKW UMEIoT
NOpUCTYIO CTPYKTYpPY. Mogo6Hbie
4acTULbl HAXOA4AT Ha NOBEPXHOCTH
3emnu, U BbICKA3bIBANWUCH
NpegnonoXeHus, YTo 3To
o6pasybl KOMETHOW NMbUK.
JKCrNepUMEHTbl C NblNeBbIMK
CYeTYMKaMK NoKasanu, Y4To OKOMo
MWUINMOHA TOHH NbiNKW NOKUgaeT
KOMEeTHOe A4p0 €XXeCyTOYHO.
Kpome Toro, umerotcsa aexTbl,
CBA3aHHble C Pa3nNUYHbIM
BfIUSIHWEM CBETOBOrO [aBNeHus
Ha ABWXXeHWe YacTuy pasHbiX
Macc 1 pasmeposB. Becbma
HeOXuU4aHHbIM OKasancs
XxapakTep pacnpegeneHus 4acTtuy
no pasmepam: 6b110 06HAPYXXEeHOo
aHoManbHO 60NbLoe KONMYECTBO
ManbIx YacTuy pasMepom nopsigka
COTOWM [0NU MUKpOMeTpa.
M3amepeHusn, BbINONTHEHHbIe
npubopamMm nnNasMeHHoro
KOMNAekKca ctaHuwn «Bera-1» u
«Bera-2», nokasanu, 4To ras,
WCNAapAIOWKWINCA C Sigpa KOMeTbl U
pacnpocTpaHAIoOWUIACA B
MeXXnnaHeTHYIO cpegy Co
CKOpPOCTBIO OKOMNO OfHOro
KWUnoMeTpa B CeKyHgy, B
KOHE4YHOM CYeTe NONHOCTbLIO
MOHU3UPYETCA COMHEYHbIM
nanydyexueM. B pesynbrare
BO3HMKAET rMraHTCckoe
nnasmeHHoe obpa3oBaHue
pa3MmepoM OKOMO OAHOro
MWNIMOHA KUNOMETPOB,
cosgalowee NpensTCcTBMe Ha NyTw
CBEpX3BYKOBOro NOTOKa
COnHeMHOro Betpa. Jaxe
marHutoccpepa 3eMnu MMeeT B
10—15 pa3 MeHbluKe pa3Mmephbl.
MNepep KOMETOW B CBEPX3BYKOBOM
NOTOKEe CONHEeYHOW Nia3mbl
obpaayeTtcs ceBoeobpasHas
yAapHas BONHa, He noxoxas no
CBOEN CTPYKTYpe Ha XOpOoLuo
M3y4yeHHble ygapHble BOMHbI
nepeg 3emnen W ApyruMu
nnaHetamu. BnepBble
BbINONHEHHbIE NPAMbIE U3MEepeHUsa
nnasmbl M NNasmeHHbIX BOMH BO
BHYTPeHHEeN 4acTu KoMbl ¢ 6opTa
annapaToB «Bera» nomoryT
nysie nNoHATbL 0co6eHHOCTH
ob6pa3zoBaHua NNasmbl U
M3Ny4eHuN rasa He TONbKO B
KOMETHBIX, HO U B paae Apyrux
acTpogmanyeckmnx o6beKTos, B
KOTOpbIX B3aWMOAeNCTBUE
nnasmbl urpaet 60NbLWYK Pob.

Wtak, B pesynstare akcneauyuu
KOCMUWYECKUX annapatoB K
KoMmeTe Nannes yaanocos
Nony4MTbL 60NbLWON 06beM AaHHbIX
0 cocTase ee sapa, (PU3n4eckKmx
XapakTepucTuKax,
B3aUMOAENCTBUMU C CONMHEYHbIM
BETPOM, HApMCOBaTb peasnbHylo
KapTUHY NpUpO4HOro o6bekTa,
paHee Tak AeTanbHO He
Habnogaswerocs. JTM gaHHsle
no3BONWNM caenaTk BbIGOp B
nonbL3y O4HOM W3 TeOpeTUYEeCKMUX
MO4eNnen KOMeThl U CylecTBEHHO
YyTOYHUTB €ee.

Hosble gaHHbie 0 komeTe [Mannes
CNOCO6CTBOBANW BbiABMXXEHUIO
HOBbIX WAEA O PONKN KOMET B
ConHe4Hon cucteme.
MNpeanonaraetcs, 4TO
Habnwgaemble KOMETbHl NPUXOAAT
W3 ranakTU4eckoro «pesepsyapa»
KOMeTHbIX agep(10'—10 %) —
obnaka OopTta, pacnonoXeHHoro
Ha okpavHax ConHe4Hon
CUCTEMBI.

Kak cnegyer w3 pac4eToB MHOIMMX
y4eHblx, rano, wnn cobCTBEHHO
o6naxko OopTta, He MOXeT, no-
BUOUMOMY, YAEPXaTbCA Ha CBOEM
MecTe B Te4eHWe BCero BpemeHu
cyuwiecteoBaHua ConHeyvHoH
cuctembl (4,5 mnpa. net),
NOCKONbKY AeWCTBUE
rpaBuMTayMOHHOrO NOMA MMraH TCKUX
KOMNNEKCOB MONEKYNAPHOro
Bogopoga B anakTuke
OKasblBaeTCA cunbHee
nputspkeHus rano K ConHuy.
OpHako rano HabnoaaeTcs No
NPUXOLALYMM U3 HErO KOMEeTaM W,
cnepoBaTenbHO, HeNpepbIBHO
NOMONHAETCA U3 NOCTOAHHOIO
«pe3epByapa» — BHYTPEHHero
KOMeTHOro obnaka, B KOTOPOM
YMCNO KOMETHbIX sgep ewe
6onbwe—pgo 10",

YyeHble MHCTUTYTA goKTOpa
(PU3MKOo-MaTeMaTUHECKMUX HayK
N. C. Mapo4nuk u J1. M. MyxuH
obpaTtunM BHUMaHWE Ha TO, YTO
€Cnv 3TN OLEeHKN NPaBUNbHbI U
ecrnv nNpegnonoXuTb, Y4TO
TUNU4YHas macca sgpa BO
BHYTpeHHeM peaepByape Takas
Xe, Kak y komeTbl MFannesn, To
nonHas Macca KOMeT B
ConHe4yHoW cUCTeMe NpeBbilaeT
Maccy nnaHer.

Ecnu aTo Tak, To paavkansbHo
MeHsieTCA U npeacTaBneHue o

pacnpeaeneHun yrnosoro
momeHTa B ConHe4HOW cucteme.
Jlo cux nop cumMTanoch, YTo B
ConHue cocpegoToHeHo 99,9%
Maccel Bced matepun ConHeyHon
cUCTeMbl, a B nnaHetax—98% ee
yrnoesoro MomeHTa. Tenepb xe
nony4yaetcs, 4To B ConHye
coCcpefoTOHMEeHO HeCKONbKo bonee
97% Maccbl, HO NpaKTU4eCcKW Becb
yrNOBOA MOMEHT COCpPefOTO4eH B
obnaxke OopTa. MNpu 3TOM NONHLIA
yrnoeon momeHT ConHeyHon
cucTeMbl fonxkeH 6biTe B 10 unu
Aaxe 100 pa3 66nblWKM, HYem
CYUTANoCh paHee.

Cnepyowum aTanoM B nporpamme
nccnegoeaHuin ConHeYHon
CUCTEMbI CTan MHOroueneson
KOMMMEKCHBIA NpoeKkT «doboc»,
BKJ/TIOYAIOWMIA B cebn:
mccnegoeaHusa cnyTHuka Mapca
doboca AUCTaHLWUOHHBIMW
MeTof4aMn Npu nponeTe Ha
6NM3KOM pacCTOAHUWA OT HEro v
NPAMbIMW U3MEPEHUAMU C ManbiX
NOCafo4HbIX 30HA0B;
nccnegosaHua Mapca ¢ opbuTel
€ro MCKYCCTBEHHOrO CNyTHWUKA,
uccnepoBaHus ConHya;
nnasmeHHble uccnegosaHus. 3ToT
NPOEKT TaK Xe, Kak U NpoeKT
«Bera», aBnanca
MexayHapoaHsiM. COBMECTHBIMM
YCWINAMW YHeHbiX 14 CTpaH u
EBpONEencKoro KOCMUYeCKoro
areHTCcTBa ObiNK paspaboTaHbl
CNOXHbie NNaHeTHbIA,
NNasMeHHbIA U CONHEYHBIA
KOMNNEKCbI Hay4HOI annaparypbi.
MnaHeTHLIA KOMNNEeKc
npegycmarpusan, B YaCTHOCTH,
aKTUBHbIE METOAbl MCCNefOoBaHNI:
AWUCTaHYMOHHLIM NnasepHbIn Macc-
CNeKTpOCKONWYEeCKWA aHannsa
cocTaBa rpyHta v gucTaHyMoOHHbIW
Macc-aHanu3 BTOPUYHbIX UOHOB, a
TakXXe paguonoKaymoHHoe
3oHauposaHue ®oboca.
MaccrBHble MeTOAbI
uccneaoBaHviA BKOYaNnW B cebn
CbeMKYy W KapTorpadgupoBakue
NOBEPXHOCTHU, paauoMeTpu4eckue
(Tennosble) U cnexkTpanbHbie
U3MepeHus, uccnegosaHnAa ramma-
MU3ny4YyeHua nosepxHocTu ®oboca
um Mapca, HeMTPOHHOrO U3ny4eHus
noBepxHocTH Poboca,
CNeKTpoMeTpU4ecKue
uccnefoBaHUsa XMMUYECKoro
cocTtaBa aTtmoccepbl Mapca.
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MpeaycMaTpuBanuch Takxe
KOHTaKTHble MeToAbl
uwccnefoBaHWi C NOMOLLBIO
AONroOXUBYLEN aBTOHOMHOWM
ctaHymu (JAC) u nocago4HOro
nepeaBuUraloLerocs 3oHaa
(MPON).

PasymeeTcs, MapCuaHCKUn
cnyTHUK Poboc B6bin OQHOW M3
OCHOBHbIX Llenel MUCCUM.
OpHaKo, K coXaneHu,
NOMHOCTBLIO peanu3oBarthb
nporpamMmy npoekta «Poboc» He
yAanock. B kocMoHaBTuke
HeyAa4u BO3MOXHbI, Kak BO
BCAKOM ApYroM TpyAHOM M
abconioTHO HoBOM gene. Ewe

K. 3. Unonkosckui nucan o
nonetax B KocMoc: «PaboTaroumx
oxugaioT Gonbline
pa3o4apoBaHuA, Tak Kak
6naronpusTHOE peweHWe Bonpoca
ropasgo TpygHee, Yem AymMailoT
camble NpoHUUATENbHbIE YMbI».
Kocumuueckue annapathl «®oboc-
1» KM «Poboc-2» 6bINKM 3anyLyeHbl
7 u 12 wona 1988 roga. B Havane
ceHTAOpA cBA3b ¢ «Pobocom-1»
6bina notepsiHa. Cny4unoce 370
13-3a oWwKbKKN B KOMaHAe,
BblgaHHOW Ha 60pT annaparta. B
pesynbTaTte OTK/II4UNAach
cucTeMa opMeHTauuu w
conHeuYHble 6aTapeun
«QTBEpPHYNucb» oT ConHya.
BopToBLie CUCTEMBI CTann
nony4aTtb BCE MEHbLUE 3HEPruuK, U
aBToMaTU4eckKas CTaHuuA
oKasanacb He B COCTOSIHUW
BbINOMNHATL Kakne-nubo KomaHgb!
WM pearMpoBaTth faxKe Ha MOLWHble
paguocurHansl ¢ 3emnu.

B ces3u c noTepen ogHoro
annaparta 6binu NpeanpUHATLI
AONONHUTENbHBIE MEepbl ANA
NOBLILLEHWA HAAEXHOCTHU paboThl
«doboca-2». B yacTHOCTH, BMECTO
3annaHMpoBaHHbIX ABYX
KOppeKUWiA TpaeKTopun Ha
y4acTtke nogneta Kk Mapcy 6bina
nposegeHa TONbKO OgHa.
Byaywas opbuta npu aTom
noBbIWANach, 4YTo yxyAwano
ycnoeusi paboTbl Hay4HOW
annapaTtypsl, NpegHasHa4eHHoN
Ans uccnegosaHuin Mapca u
OKOJTONNAaHEeTHOro NPOCTPaHCTBa,
HO MOBLILIAN0 HAAEXKHOCTb
ynpaBneHus cTaHyuen.

Yepesa 200 cyTok nocne crapTa,
29 auBaps 1989 r., «doboc-2»

BbilleN Ha CUMbHO BLITAHYTYIO
ANNUNTUYECKYD OpOUTY Hag
MapCHaHCKUM 3KBaTOPOM.
KpaHue TO4KK OpbuTbl OTCTORANMN
OT NOBEPXHOCTM NNAHEeTbl Ha
paccToaHua 819 km 1 81 214 km.
Ha takon opbuTe cTaHyun
cosepwuna 4,5 obopoTa.
Wccneposanna Mapca
NPOBOAWNUCHL NPU NponeTe
annaparta Ha fOoCTaTO4HO Manbix
BbICOTaXx.

3artem B pe3ynbTaTe HOBbIX
BKJIIOHEHWA KOPPEKTUPYIOWEen
ABUraTenbHOW YCTaHOBKM
TpaekTopua noneta 6bina
nocnegoeartentHo npeobpasoeaHa
B 3NNUNTUYECKYIO C
MUHMMaNbHBLIM yAaneHuem oT
noeepxHocTh Mapca ( B
nepuyeHTpe) 6400 kKM, a 3aTeM B
KpPYroByi0, pacrnonoeHHylo Bbille
opbuTtbl Poboca Ha 350 KM,— Tak
HasblBAeMyK OpbuTy
HabnogeHnsA.

C opbutbl HabnwaeHWs B TeveHWe
Tpex CYyTOK NpoJoMmKanuch paHee
HaYaTble UCCnegoBaHUA CaMoro
Mapca, ero arMmocdepbl 1
OKONONNaHeTHOro NPOCTPaHCTBA.
3arem, KOrga KOCMMYECKUA
annapart Haxogunca Ha yganeHuu
oT 860 go 1130 kM oT Poboca,
6bin NnpoBegeH NepBLIW CeaHC ero
TeneBU3UOHHOW CbeMKW. Bbino
NONYYEHO AEBATL TENeBU3UOHHbIX
usobpaxeHuin doboca.
MepepanHan Ha 3emnio
BuaeouHopmayun
“CcnonNb30Banach ANA YTOYHEHURA
napameTpoB AsvxeHuss Poboca u
€aMoro KOCMUYecKoro annapara ¢
uenbio Nocneaywero ux
cobnvxeHus. Korga pacctosiHve
mexgy PobocoM U KOCMUYHECKUM
annapaTtom coKpaTunocb 4o
320—440 km, 66N NpoBefieH ewe
OAWH CeaHC TeneBU3NOHHOW
cbemku. Mony4veHHble Npu 3TOM
n3obpaxeHns MapcUaHCKoro
CNyTHWKa WUCMONb30BANNCL Kak
aAnAa 6annucTUHecKux yenen, Tak
M ANA M3ydeHusa penbeda u ero
aetanen.

Mocne yTouHeHWA napameTpoB
opbuTtel ®oboca, 21 mapTa,
KOCMWYeCKUiA -annapaT nepeLuen
Ha KBa3UCUHXPOHHYIO C
ABWKEHUEM MapCUaHCKOro
CnyTHWKa opbuTy, TO yaanasace OT
Hero Ha pacCTosiHue OKOMo

400 km, TO Nnpubnuxxasce A0

200 km. Bbina BeinONHeHa elye
ofHa TEeNeBU3MOHHAs CbeMKa
®doboca ¢ gocTaTONHO BLICOKWUM
paspeLleHueM.

OpHoBpeEMEHHO Benach
NOArOTOBKA K BblBEAEHWIO
KOCMMYECKOro annapara B NepBbIX
yucnax anpens B obnactb
MHepUUanbHOro NPOCTPaHCTBA,
pPacrnonoOXeHHyYI0 C BHeWHen No
OTHOWeHWIO K Mapcy CTOpOHbI
doboca n OTCTOALLYIO OT ero
NoBEPXHOCTU Ha PacCTOAHWE

35 kM. lNMocne aToro KOCMU4eCcKU
annapart, MCnonb3ys NKLlb
MHpopMaLmo cO6CTBEHHBIX
60pTOBbLIX PAANOTEXHUHECKNX
CpencTB W TENeBU3NOHHON
cUCTeMbl, AomKeH 6bin NpUCTYNUTL
K BbINOSTHEHWIO COBEPLUEHHO
HOBOFO 3NeMEeHTa KOCMUYECKOro
noneTa— CoONpoOBOXAEHWIO
HebecHOro Tena v CNOXHoOMy
MaHeBpUpPOBaHUIO HaL ero
NOBEPXHOCTLID. NnaHuposanocs,
YTO, «3aBWUCHyB» Ha BbICOTE
okono 50 M Hag NOBEPXHOCTLIO
MapCcHaHCKoro cnyTtHuka, «doboc-
2» 6ypeT AOBONLHO [ONIO
OBUraTbCs BMECTe C HUM, NPOBOAA
TENEBU3UOHHYIO CHEMKY, a TaKXe
BbINOSTHAA MHOMOYUCNEHHble
3KCNepUMeHTbI, BKJIIOHas
KOMMNNEKCHbIE UccneaoBaHuna
nosepxHocTu ®oboca
NOCpefCTBOM MHOMOKpPaTHOro
BO3L4EACTBMA Ha HEe Na3epHoro u
WMOHHO-NYYKOBOrO U3Ny4YeHUs.

B KoHue y4acTka «6perowero»
noneTta Ha noeepxHocTb Poboca
AOMKHBI 6bINMKU AEeCaHTUPOBATLCA
nocagoudHble CTaHuM—
AONTOXUBYLLAA U NOABWKHASR.
OpgHako 27 mapTta nocne
BbINO/IHEHURA Pa3BOPOTOB
KOCMW4YECKOro annaparta C Uenbko
npoBegeHUs TENEBU3NOHHON
ceMkn ®oboca u nocnegyowen
nepega4vn nony4YeHHom
nmHhopMaymMm Ha 3emnio
YCTaHOBUTb HaAEXHYIO
paguocBA3b CO CTaHUMen He
yAanochb.

Takum 06pa3om, NONHOCTLIO
BbINO/THUTL NPeayCMOTPEHHYIO
npoeKkTom «Poboc» nporpammy
AKCNEepUMEHTOB He yganock. B 1o
e BpeMs 3HaYUTENbHbIN 06bem
nccnegoeadvi 6bun NposefeH Ha
Tpacce nepeneta 3emnsa—Mapc



W MpU OBWXEHUA KOCMU4YECKOro
annapara Nno OKONIOMapCHUaHCKUM
opbutam elwe JO NOTepU C HUM
CBR3W.

WHTepecHble pe3ynbraTbl
NonyYeHbl, HanpMMep, B U3y4eHUn
KOCMMYECKUX raMma-BCnsieckos U
XXECTKOro U3ny4yeHus CONHeYHbIX
BCMbllLeK B COBETCKO-
hpaHLy3CKOM 3IKCNepuMeHTe
AMN3KC, B xoge kKoToporo 6bino
[OCTUrHYTO Haubonee BbICOKOE
LNA cCOBpeMeHHOW ramma-
acTpoHOMUM BpemeHHOe
pa3pelueHue.

Bwino zapeructpupoBaHo bonee
50 UHTEHCUBHbLIX ramma-
Bcnneckos. MNMpu aTom
obHapy>eHbl HOBble MX CBOWCTBA:
TOHKanA BpEMEHHARA CTpyKTypa
npocdunen ¢ xapakTepHbIM
BpeMeHHbIM MaclwTabomM oxkono
HECKONBKWUX MUMNUCEKYHA,
MHOIOKOMMOHEHTHOCTbL W ObICTpas
nepeMeH4YnBOCTb CNEKTPOB.
3amKcrpoBaHEl TaKkxe
MHOrOYUCNEeHHbIe CNeKTpasbHbie
getanu Bcnneckos. [InA ogHoro
13 Hanbonee MOLYHbIX COOLITUIA
u3mepeHa NepemMeHHOCTb NOTOoKa
ramma-nyqei ¢ xapakTepHbiM
BpemMeHeM MeHee 1 MC,
3aperucTpupoBaHo Many4veHve c
3HEPrUAMKU OKONO HECKONbKUX
[ECATKOB MEra3aneKTpoH-BOSMbT U
obHapy»eHbl crnekTpanbHele
NUHUK C aHepruammu 1 MaB.

Ans HekoTOpbIX Hanbonee
MOLYHBIX COMHEeYHbIX BCNbIWEeK
obHapy»eHO UHTEeHCUBHOE
AgepHOe M3nyyeHue.

K yucny 6e3ycnoBHbIX
AOCTUXEHWA HaQ0 OTHECTW
npoBegeHHble U3MepeHUn
COCTaBNAOWMX OKONONNaHeTHON
nnasmbl. iccnegosaHus
BbINOMHANWUCH C NOMOLLYbLIO
KOMNnekca annapatypbl, KOTOPbIA
Bknioyan B cebs npubopel ans
M3Y4YEHUA MarHUTHOro Nons,
ANEKTPUHECKMUX U MArHUTHBIX
BOMHOBbIX U3NYy4YeHWA WU OpyrvX
SABNEHWI, onpeaensiowmx MUuanky
nnasMeHHbIX npoyeccos. B
YaCTHOCTMW, U3y4eHue NnasMeHHbIX
BOMH BCErga CHWTaNoCh OAHUM U3
OCHOBHbIX BUArHOCTUHECKUX
MeTOA0B UCCNEeAoBaHWA NNA3MbI.
MMeHHO aHanu3 nnasmeHHbIX
konebaHui B COYETaHWM C
U3MEpPEeHUSIMU MarHUTHOrO NONSA K

XapakTepucTUK Nnasmbi
No3BONAKT obecneqYnTb
HaAeXHYI0 MaeHTUPUKaLWIO
npoueccos B cbTexkawwem
NNaHeTy NOTOKE COMHEYHOro
BeTpa U B MarHutocdepax
nnaxet. bonee ToroO,
nwccneaoBaHus NNasmeHHbIX BONH
NO3BONAKT B pRAE Cny4aes
BblAENUTb HOBblE ABNEHUS,
KOTOpble He yaaeTcs o6HapyXuTb
APYr¥MU MeTOo4aMN M3MEPEHUNA.
MNepBble uccneaoBaHuA
MapCUaHCKOW marHurtoccpepbl u ee
B3aUMOLENCTBUA C CONMHEYHBIM
BETPOM GblNn BbINONHEHbI B
1971—1974 rr. ¢ 6opTa
WCKYCCTBEHHbIX CNYyTHUKOB
Mapca— «Mapc-2», «Mapc-3» n
«Mapc-5». Bblnu obHapy»xeHbl
yAapHasa BOnHa, wnendg
MarHuTocgepsbl, onpeaeneHsl ee
¢dopma 1 pasmepsl, NONy4eHsb
yKasaHua Ha cyllecTsoBaHue
cobcTeeHHOro cnaboro
MarHWTHOro nons W BeiABNeHa
rops4as nnasma nnaHeTapHoro
NPOUCXOXOEHUA KaK B CAMOW
MarHuTocgepe, Tak U B
obTekawwem notoke. B
pesyneTare aHanusa 3TUX LaHHbIX
6bina 3anoxeHa ocHoBa
COBpEeMEHHbIX NpeacTaBneHun o
BHeWwHux obonoukax Mapca u
NpoOTeKalowmux B OKOMNONNaHeTHOM
npocTpaHcTee npoyeccax. OgHako
3TWU NpeACTaBNEeHUA HOCUNK
orpaHun4eHHbIA xapakrep,
NOCKOMbKY OpBbUTbHI KOCMUYECKUX
annapartos mano
COOTBETCTBOBANW 3agaqam
uccnefoBaHWK MarHuTocdepsi
nnaxeTbl, @ BO3MOXHOCTH
YyCTaHOBNEHHOW Ha HUX Hay4HOW
annapaTypbl 6binu
HefOCTaTOMHLIMKU Kak no
WHPOPMATUBHOCTK, Tak U NO
cocTasy.

B TO Xe Bpems MapcuaHckasi
aTtMoccepa BbidbiBaeT 0C0oObINA
UHTepec cneywanuctos. fleno B
TOM, YTO, NOCKOMbKY BEenMu4MHa
CcO6CTBEHHOro MarHUTHOro NONA
Mapca mana, NnoToK Nnasmbl U3
ropsa4yen CONHEYHOW KOpPOHbI
(conHe4Hbin BETEp) AONXeH
[OCTUraTb BEpPXHUX CNoes
aTmocgepbl NNaHeTbl Npexxae,
Yem OoCTaHaBNMBaeTCA ee
MarHWTHbIM nonem. B peaynbTtate
MmarHutoccepa Mapca

hopMupyeTCcs B yCNOBUAX
B3aUMO4ENCTBMA CONHEYHOro
BETPa KakK C MarHUTHLIM NONEM
nnaHeThl, Tak U C ee aTMoc(epon.
CnepoBaTtenbHO, OHA AONXKHA
CyLWeCTBEHHO OTNUYAaTbCA W OT
rMraHTCKuUX marHutocdep nnaver
C CUNbHBLIM MarHUTHLIM NOMEM,
Kak, Hanpumep, y 3emnu, u oT
HaBeAEHHOW MarHuTocoepsbl
BeHepbl, 06pasyiowencs npu
B3aUMOLEUCTBUN CONHEYHOro
BETpa HenocpeACcTBEHHO C
noHocepor NNaHeTsbi.

N3-3a OTCYTCTBUA B NPEXHUX
3KCNeanUMAaX KOCMUYECKMX
annapatos K Mapcy npubopos,
M3MepAIoWMX NapamMeTpbl NNasmbi
B WMPOKOM YIrNIOBOM W
3HepreTU4EeCcKoM guanasoHax, He
661510 gaHHbLIX U 06 MOHHOM
CoCTaBe U XapakTepucTukKax
pa3nM4YHOro copTa WOHOB B
OKONOMapCHUaHCKOM
NpoCTpaHcTBe. 3HaHue 3Tux
napameTpoB MapCUaHCKOW
noHocgepbl 0COOGEHHO BaXHO ANS
NOHUMaHWUA KOMOWHUPOBAHHOIO
XapakTepa B3auMOAenCTBUR
NNaHeTbl C CONHEYHbIM BETPOM.
Bbicokasi MAHEBPEHHOCTb
«(poboca-2», MHOroKpaTHble
U3MeHeHWA ero opbuThl
NO3BOSIUMM UCCNefoBaTh Kak
obnacTb B3aMMO4enCcTBUA
COMHEYHOro BeTpa C MarHUTHLIM
nonemM U atMocdepor NnaHeThl,
Tak U ee NpOTHAXXeHHbIA
MarHUTHbIN Wnend, KOTopbIv
obpasyeTca npu o6TekaHuu
Mapca noTOKOM CONHEYHOro
BeTpa.

Okasanocb, 4YTO B MapCUaHCKOW
marHutToccepe, Kak U B 3eMHOM,
XOpOLWO peanu3yloTCa Takue ee
CTPYKTYpbl, KaK MarHmtonaysa
(rpaHuya marHuTocdepnl) U
nNasmMeHHbIA CNoOW B XBOCTE
MarHuTocchepbi, a Takxe CToswan
nepeg Hen B NOTOKE COMHEeYHOro
BeTpa yAapHas BonHa. Yganocs
BbIACHUTL W Apyrue 6onee TOHKuWe
AeTanu CTpyKTypbi MapCUaHCKOW
MarHuTocgepbl.

BHyTpn marHuTocoepsl,
3anonHeHHOW CpaBHUTENbHO
XONogHOW NNasmMon NNaHeTHoro
NPOUCXOXXAEHUA, AOBOSIbHO YaCcTO
BCTpe4alTCcA OCTPOBKKW Bonee
ropsaYen CONHeYHOW nNnasmbl. 3TO
CBUAETENLCTBYET O TOM, 4TO



cnaboe marHuTHoe none Mapca
TECHO nepenneTaeTcs C
MeXnNNaHeTHbIM MarHUTHbIM
nonem, co3gaBas eCTeCTBeHHbIN
«MarHMTHbIM>» KaHan gna
NPOHUKHOBEHUA CONHEYHOM
nnasmel B marHutocgepy. Takas
B3aWMOCBA3b NONewn 3aTpygHseT
pasgeneHvwe BKNaaos
MEeXNNaHeTHoOro u NNaHeTHoro
MarHMTHOrO NOnew, U B
pesyneTare 4eTko
WaeHTUUUMpOBaTb NapamMeTpsl
CcOo6CTBEHHOrO MarHMTHOrO NMonNs
Mapca He npeacTaBnsieTcs
BO3MOXHbIM.

MarHuTHble CUNOBbLIE NUHUMK,
CBA3aHHLIe C NNaHeTOoN u ee
atmocdepon, co3[alT B NOTOKe
NpoHMKalowero B atmocgepy
COMHEYHOro BeTpa KaHan notepb
WOHOB, 06pa3yIoWMXCH U3
atMocdepHbIX aTOMOB WU MOJMEKynn.
OHepro-macc-aHanuaarop
«doboca-2» Nno3soNUN OTAENLHO
N3MEpPUTbL NOTOKK CONMHEYHON
nNa3mbl (B OCHOBHOM, WOHbI
BOAOPO4A) M NNasMbl
nnaHeTapHoro NPoUCXoXaeHun (B
OCHOBHOM, UOHBI ABYOKWUCH
yrnepoga, yrneKucnoro rasa,
MOJSIEKYNSIPHOrO U aTOMapHOro
Kucnopoaa) U Tem cambim
onpefennTb NOTOK NNaHeTapHbIX
WOHOB, YXOAALWMX B
mexnnaHeTHyto cdepy. OH
cocTaBnNAeT NpumepHo (2—5)10%
WOHOB B cekyHAy. Takum obpasom,
atmoctpepa Mapca exxeceKyHaHo
TepAeT OAWH— OBa Kunorpamma
BewjecTtea. Kasanocb 6bl, aTO
HEMHOrO, HO C Y4ETOM CUNLHOW
paspeXXeHHOCTH MapCUaHCKOon
aTtMmocepsl (aaBneHue Ha
NOBEPXHOCTKU NNaHeTbl B CTO
CeMbAECAT pa3 HWXe, YeM Ha
3emne) Takmwe notepn MOryT
CyWeCTBEeHHO BNUATL Ha ee
3BOMIOLMIO.

[eAcTBUTENLHO, NONYyYeHHasn
oueHka yberaiouwjero ma
aTtmocchepsl Mapca notoka
MOHOCKHEepHLIX WOHOB NPaKTUYECKK
paBHa Benu4YMHe NOTEepb 3eMHON
MmarHuTocoepel Hepes ee
MarHUTHbIW wneid. OgHako ans
3emnu nogobHan NoTeps
npeHebpeXxxumo Mana gaxe B
KOCMOroHu4eckom macwitabe
BpemeHu. MNpu Taxkon
MHTEHCUBHOCTM NOTOKa yberaHusa

LY

aTmocdrepHbIi Kucnopoq y 3emnu
ucyesHeT 3a 10 mnpa. net. Ana
Mapca, KOTopbI N0 macce
NPUMEPHO B AECATb pa3 MeHblue
3emnun, Benu4MHa noTepb 2 Kr/c
3KBUBANEHTHA MCHE3HOBEHUIO C
NOBEPXHOCTH nnaHeTsbl 1-2-
MeTpOBOro cnos BOgbl 3a

4.5 mnpa. neT, T. e. 3a BCKO
ucTtopuio Mapca.
CnepgoBartenbHO, MOXKHO caenartb
BbIBOA, 4TO ecnv Mapc m B
npownom He obnaaan [OCTaTo4HO
MOLUHbIM MarHUTHbIM NOSeM, TO
B3aMMOJenCTBUE CONHEYHOro
BeTpa gaxe ¢ MHoro 6onee
NNOTHOW aTmMoccepo Ha paHHUX
CTaauAX 3BONIOYMW NNaHEeTbI
MO0 NPUBECTU K 3HAYUTENbHOW
3po3uu ee atmocdepsl. He
WUCKIIOHEHO, 4TO OTCYTCTBUE
AOCTaTOYHO CUNBHOIO MarHUTHOro
nons y Mapca n Benepbl u
ABNSETCA OCHOBHOW MPU4YUHON
noTepu BoAbl (MCTOYHUKA NETYYUX
BeWeCTB), MMEBLLUEWCA y NnaHeT
nocne akkpeyuu us
NPOTONNaHETHOro BewecTea.
Ewe oanH HeOXuAaaHHLIA
pe3ynLTaT, Nony4eHHbIA C
nomouybto «Poboca-2» —
obHapyXeHvwe KBa3n3axsa4eHHOW
pagvayMn M Ny4KOB YCKOPEHHbIX
WOHOB, NOAOOHLIX Ny4YKam
YCKOPEHHbIX 3/1eKTPOHOB U MOHOB
Ha 3eMHbIMKU NONAPHBIMK
cuaHuamK. MNpasaa, «<HacToswmx»
pagvaynoHHbIX NOACOB Ha Mapce,
nNoO-BUANMOMY, HET, TaK Kak
3HEepPruyHble YacTulbl B
MarHuTocdepe 3TOW nNaHeTbl
Aonro He XueyT. NonspHbie
cuaHuA Ha Mapce Takxe He
o6Hapy»KeHsbl.

K 4ucny Hanbonee MHTepecHbIx
pe3ynbTaToB uccnegoBaHum
camorc Mapca, HECOMHEHHO,
cnegyeT OTHECTH
paguvoMeTpuHecKkue (Tennosbie) U
CneKTpasbHble U3MepeHus
W3ny4YyeHun ero noBepxHocTU. OHK
BbINONHANUCL annapaTypHbLIM
KOMNNEKCOM, B COCTaB KOTOpPOro
BXO4WNIN CKaHUPYIOLMI
paguomeTp «TepMoCcKaH»,
KOMOMHUPOBaHHbLIA pagruoMeTp-
cnekTpodgoTomeTp KPOM un
KapTUpyowmin uHppakpacHbIA
cnekTpomeTp MCM.

«TepMOCKaH» BbINONHAN
«TENNOBYIO» CHEMKY MapCUaHCKOW

NOBEPXHOCTU U OAHOBPEMEHHO
NPUHUMAN KOPOTKOBONHOBOE
W3ny4eHue, OTpaXKeHHoe
NOBEPXHOCTbIO NNAHEeTHbI.

Mpubop KP®M peructpuposan
uanyyexsue Mapca yxxe He B ABYX,
a B WecTHaauaTH ydacTkax
cnekTpa. WecTtb U3 Hux
NPUXO4MNOCH Ha TennoBow
AwanasoH, a 4ecATb—Ha
KOpPOTKOBOMHOBbBIA, NO3BONAIOLWMA
npoBoguMTh OTOMETpUHECKHe
U3MepeHus B 6nmxHem
ynNbTpachnoneToBOM U BUOMMOM
yyacTkax cnexkTpa. BeinonHeHHble
¢ nomouwbo KPOM namepexus B
nonoce NornoweHus yrneKucnoro
rasa no3BOSIUNK, B HaCTHOCTH,
onpeaenuTb TemnepaTypy
cTparocgepsl Mapca. Kpome Toro,
nony4eHHole KPOM gaHHble 06
0CO6EHHOCTAX pacnpegeneHus
APKOCTU B KOPOTKOBONTHOBOM
Awana3oHe fanv BO3MOXXHOCTb
BbIACHWTb ONTHUYECKKE
XapakTepuCTUKK a3po30NbHbIX
yacTuy B aTtMocepe nnaHeTsbl.
CnexkTtpomeTp UCM paboTtan e
128 y4acTkax cnekrpa B
Awana3soHe, Hanbonee
ONTUMANBHOM ANS aHanusa
MUHepanorn4eckoro coctasa
rpyHTa. BeinOnHeHHblE M3MEPEHNA
OXBaTLIBAIOT 3HAYUTENbHYIO 4acTb
3KBATOPWaNbHON 30HbI NNAHeTHbI.
PesynbTaTbl aHanusa nony4YeHHoOW
uHcpopMayun NoKasbIBaloT
CywecTBeHHble Bapyaymm
CNEKTPasIbHbIX OTpaKaTenbHbIX
XapaKTepuUCTUK NOBEPXHOCTH, YTO
ABNAETCA HOBbIM PAKTOM B
3HaHuax o Mapce. [laHHble ©
cTeneHu rmaparayum MMHepanos
NO3BONAIOT NOAO3pEBaTh
npucyTcTBue Ha Mapce
0CaA04HbIX NOpoa.

Ha «®oboce-2» npoBoawuncs
TaKXXe 04eHb MHTepeCHbIN
AKCNEPUMEHT NO UCCNEeAO0BaHUIO
BEPTUKANbHOW CTPYKTYPhbI
ruwgpaTtayuMn nnaHeTbi.
McecnenoBaHua BbINONHANUCH
OpUrMHanNbHLIM METOL4OM, HUKOTAA
paHee Ha NNaHeTHbIX
KOCMWYECKUX annapatax He
npumensBwunmcs. CyTb meToga B
M3mMepeHur cneKTpa CONHEeYHoro
Wany4eHuns, npoweawero 4Yepes
aTtmocdepy Mapca, korga ConHye
HabnwgaerTca B6NM3K Kpas
NNaHeTbl — 3ax0AUT 3a Hero unu,



HaobopoT, BOCXOAMT, T. €. B
ycnoeusx 3atmenus ConHya
nnaHeTon. MNpM 3TOM CONHEYHbIE
ny4y MayT no KacaternbHOW W Ha
WX NMyTW OKa3biBAETCA
MaKCHUMalIbHO BO3MOXXHOE
KONW4eCTBO arMmocepHoro
BelwecTea—rasa W nbinu.
ConHe4Hble CNexkTpbl,
Nony4eHHble B 3TUX YCNOBUAX B
pa3Hble MOMEHTbLI BPEMEHW,
COOTBETCTBYIOT pasHbiM BbiCOTam
HaJ, NOBEPXHOCTbLIO NMNAHETHI, W,
aHanu3nMpysa Mx, MOXHO NONYy4YUTb
BEPTUKAaNbHOE pacnpegeneHue no
BbICOTE PasnUYHbIX
coCTaBnsAoWmMx arMocdeptl.
WamepeHusa npoBOAUIUCH B
AwuanasoHax, rge HaxogaTcs
CrnexkTpanbHbie NONocChi
YrNeKucnoro rasa, 030Ha,
BOAAHOrO napa.

AHanu3 aaHHbIX Nokasan, 4To
cofiepXaHve BOAAHOro napa B
atmoccepe Mapca Ha BbicoTax
20—60 kM 6nu3Ko B cpegHeM K
OHON [ECATUTLICAYHOW gone no
OTHOLLUEHWIO K OCHOBHOW
COCTaBNALWEN — yrneKncnomy
rasy. 3HauuMTeneHbie Bapualuu
WCNbITLIBAET C BLICOTOW
cogepXxaHue 030Ha. 3aMeTuM, 4TO
BEpTUKAanbHbIA X0A
OTHOCWUTENBLHOMO CoaepXaHnus
aTtmocdepHbiX raaoe Ha Mapce
nony4eH Bnepebie.

Bce sannaHvpoBaHHble
«MNaHeTHLIE» 3KCNepUMeHThbI
BbINOMHEHBLI YCNEeLWHO, XOTA
npegnonaranock, 4To o6vemM Ux
6yneT aHa4MTENLHO 6ONBLUMM U
no OXBaTy NoOBepXHOCTH, U MO
ANUTENBHOCTU U3MEepPEHWIA.
CywecTBeHHO, HTO BriepBbie Obinu
onpoboBaHbl HOBbIE METOAbI
uccnegosaHWi. HakonneHHbin
ONbIT NpeAcTaensieT 60NbLWyI0
LeHHOCTb ONA WUCNOoMb30BaHUS B
AanbHeALWnX uccnenoBaHnAx
Mapca.

OgHUM M3 BaXKHBLIX UTOroB
peanuaauuun npoexkta «Poboc»
CTano nony4YeHwe cepvm CHUMKOB
eCTeCTBEHHOro CnyTHUKa
nnaxeTsl —®oboca.

Cremka ganekmx KOCMUYecKux
06beKToB € Nnepepaqen
naobpaxerHunin Ha 3emnio No
pagvoKaHany npegcraenaer
coboM UCKMIOHUTENLHO CROXHYIO
Hay4HO-TEXHUHECKYIO 3aaaqy.

Co3pgaHHbi ANs NnpoBegeHus
TeNneBU3NOHHOIO 3KCnepuMeHTa
KoMnnexkc npubopoe cOCTOAN U3
Tpex TeNeBU3NOHHbIX Kamep,
CNeKTpoMeTpa, CUCTEeMBI
ynpaBreHus u CUCTEMBI
Bugeosanucu. OcduumanoHoe
Ha3saHue BCeW CHLEMO4YHON
CUCTEeMbl —
BULEOCTNIEKTPOMETPUHECKMA
KoMnneke «Pperat».
BuaeocnekTpoMeTpUHecKuin
KOMNNeKC npegHasHavancs gns
pelweHus AByX O4eHb pasHbIX No
XapakTtepy 3agay npoekTa.
Mepean 3aknio4anack B cbope
HaBWraynoHHOW HopMaLmnm,
HeobxoAUMOW ANA YyTOYHEHUA
B3aWMHOr0 NONOXEHUA
MeXnNnaHeTHOW CTaHUWMK v
MapCUaHCKOro CnyTHUKA.
BTopas —B nony4eHuM gaHHbIX O
thurype Poboca, CTpyKType,
MUKPOCTPYKTYpe W COCTaBe ero
NOBEPXHOCTH.

B peaynbTaTte onepaTtvuBHOM
HaBWrayMoOHHOW 06paboTKK
naobpaxkeHuin ®oboca,
nepegaHHbix ¢ 6opra cTaHuum
«Poboc-2», TOYHOCTb
NPOrHO3UPOBAHUA NOMOXKEHUA
MapCcuaHCKOro cnyTHuka oeina
yBEenu4yeHa npuMepHo B AECATb
pas, 4TO NO3BONMUMO yCnewHo
BbINONHWUTL onepayuu no
KOoppeKuun opbuTsl
MeXXnnaHeTHON CTaHUMKU K
noaBecTU ee Ha paccToORHue
200 km ot doboca.
MpoBegeHHble HABUrAYWOHHbIE
namepeHus NpeacTaBnNalT
3Ha4YuTenbHbIA UHTepec W ANA
Hayku. B 4acTHOCTH, OHK
NO3BONAKOT YTOHHUTL
XapaKkTepuCTUKU NPUINUMBHOIO
B3aumogencTena ®oboca c
Mapcom, nmbpaLuoHHOro
AswxeHua doboca, ero maccy u
NMNOTHOCTb, AAI0T HEKOTOPYIO
uHOpMaLMIO ANA aHanuaa ero
BHYTPEHHEro CTPOEHHA.

B xope akcnepumeHTa C
paccToaHui oT 200 go 1100 km
6b1n0 nony4eHo okono 40
naobpaxeHnn ®oboca,
nokpbiearowmx 6onee 80% ero
nosepxHocTu. PaspelweHune
CHUMKOB, CenaHHbIX C
MWUHMMANbHBIX PaCcCTOSHWMN,
coctasnseT 40 m. ConoctaBneHue
n306paXkKeHunid, NONYYeHHbIX C

6opTa «®oboca-2», CO CHAMKaMM
¢ «MapuHepa-9» n «BukuHra»
noKasbiBaeT, 4TO OHW XOpPOLIO
[AONONHAOT ApPYr Apyra Kak no
NOKPbLITUID NOBEPXHOCTH CryTHUKA
Mapca, Tak W no cnekTpasnbHbIiM
30HaM U YCNOBUAM HabnogeHusn.
Tak, «®obocom-2» Haubonee
AeTanbHO CHAT pavWoH K 3anagy OT
Kpatepa CTUKHW, KOTOPLIA MO
peaynbTaraMm npeabiayumx
aKcneguuuin 661N KapTUpoBaH
Hambonee nnoxo. Hosble
n3obparkeHna NO3BONAT
3HAYMTENbHO YTOUHWUTL urypy
kapty ®oboca. Bnepebie 6binn
nony4eHbl n3obpaxeHns doboca
u B 6nrKHEM WHDpaKpacHOM
AvanasoHe U3Ny4eHus.

B coBOKynHOCTH BCe
TENEBU3NOHHbIE CHUMKM,
cAenadHbie Npwv pasHbix yrnax
HabnogeHnA U OCBELLEHHOCTH,
NO3BOSIAKOT NPOaHaNM3anpoBaTh
yrnoBylo 3aBUCUMOCTb SIPKOCTH
noeepxHocTH doboca u
onpegensowme ee napameTpsbl
MUKPOCTPYKTYpPbI, Hanpumep
XapakTepHble pasmepbl H4acTuy
peronuTa. 3Tu gaHHbIe
HeobXoAuMMbI 4NA U3YYeHUR
NPoLEeccoB, NPOUCXOAALMX NPK
MeTeopuTHOW 60Mb6apavpoBKe
nosepxHocTu ®oboca, a Takxe
ANA OUEeHKN MEeXaHU4eCKMX 1
TEenNogUan4HecKux CBONCTB
cnaraLero ero selyjecrea.
Bonbluon uHTEpec, N0 MHEHWIO
cneyvanucToB, NpeacTasnaeT v
YHUKa/bHBIA CNEKTPOMETPUHECKMIA
9KCMepuMeHT, NpoBegeHHbIM B
OAHOM W3 CeaHCoB, Korga
OAHOBpPEMEeHHO C TeneBU3UOHHOW
CbeMKOW B Tpex 30Hax cnexkTpa c
nomouibio npubopos MCM u
KP®M 6binu nonyYeHsl
getanbHble cnekTphl Poboca B
ynsTpachuoneToBoM, BUAUMOM W
MH(pakpacHOM guanasoHax,
oxBaTbiBaOWMX 06NacTb 4nMH
BOnH ot 0,32 go 3,2 MKM.

Jo cux nop O cnekTpe OTpaXeHus
doboca 6bIN0 U3BECTHO OMEHBb
mano. OH u3y4arncs TONbKO ¢
3emnu, u rpu 3ToM MOrnu 6biT
nony4eHbl AaHHbLIE TOMBKO O
cpefHeM crnexkTpe OTpaXXeHus
MapCUaHCKOro CnyTHUKA.
HabniogeHua ¢ NOMOLbIO
npubopoe UCM n KP®M Bnepebie
Aanu cBefeHUs 0 TOM, KaK CnexkTp
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MEHSIETCA OT MecTa K MecTy.
CpegHss oTpaxaTenoHas
cnocobHocTe Poboca oHeHb
HU3Kas, OKONo 4%, U NOYTU He
32BUCUT OT ASTMHBI BONHBL. JTH
AaHHbleé NO3BONSAIOT
npegnonarars, Y4TO BEWecTBO
nosepxHocTHoro cnos ®oboca B
cpegHem 6nU3Ko K yrnuCTbIM
XOHAPWUTaM — OQHOMY W3 TUMOB
METeopUTOB. 3KCNnpecc-aHanua
pe3ynbTaTtoB 3kcnepumeHta UCM
Aan BO3MOXHOCTb CAenaTth BbiBOA
0 3aMeTHOWM HeocQHOPOAHOCTH
cocTaBa NOBEpPXHOCTH, a TakXe O
6onee HU3KOM COAepXaHuK BoAgbI
B MUHepanax, cnaralmowmx nopogbl
®doboca, Hem 0XUanoch.
YcTaHoBneHo, 4TO gHEBHAR
Temnepatypa ®oboca okono

300 K (27° C).

K coxaneHuio, npubopel ICM 1
KP®M npoHabnioganu ®oboc
BCEro OAWH pas, NO3TOMY AaHHbIX
AN HAAEXHOW MHTepnpeTauum
nony4eHo Mano.

WHTepnpeTayms gaHHbIX,
nony4eHHbIX ¢ 6opTa
KOCMMYECKWX annaparos, BecbMma
pacwwupuna npeacrasneHus o
Mapce, HO MHOTWE BONPOCHI,
Kacawwmecs ero npupoasi, nbo
He 3afaBanucb, NMG0 He Hawnwn
oTteeTa, nubo TpebyioT bonee
rny6okoro naydeHus. Bmecte c
TeM 3a npowegwue roasl
NOABANUCL W HOBbIE MAEW B HacTu
CcpencTs uccnegoBaHWiA 3TON
nnaHeTel. MeeTcAa B BUAOY
NpUMEHeHWe ANSA U3YYHeHUs
OWMHaMUKKW aTMmocdepsl
a’3poCTaTHbIX 30HA0B,
MUHepanoru4yeckoe
KapTMpoBaHWe NOBEpXHOCTU 1 ee
TennoBas v UHpaKpacHas
Cbemka, uccnegoBsaHue
BEPTUKANLHOW CTPYKTYpPbI
aTmocepbl N0 U3MEPEHUAM
CneKTpa CONMMHEYHOro U3ny4eHus B
ycnoeusix 3atmeHus ConHuya
Mapcom.

HakonneHHbI 3a npolwegiune
roAbl ONbIT KOCMUYECKUX
NMaHeTHbIX IKCNEepUMEHTOB
nokasan, 4To Hambonee

appeK TUBHA NO Hay4YHOMY
BbiXO4y NporpammMa, CocTosILan
M3 psga NnoneToB K O4HOMY
06BbEKTY C MHTEpPBANOM B
HECKONbKO NET; Npu 3TOM KaXKaas
npegbiaywan akcneauuus
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cospaeT 6a3y ana HoBbIX Gonee
CNOXHbIX MUCCUA. MIMeHHO Tak
obcToano geno ¢ JlyHon 1
Benepoi. Cenvac noaobHas
nporpamma paspabortaHa B
oTHoweHun Mapca. MNepebin 3Tan
3TOW Nporpammbl HAMeYeHOo
ocywecTenTe B 1994 r.
MpeaycmaTtpusaloTcA rnobansHble
WUCCnefoBaHuA ero NoBepxXHOCTU K
aTmocdepb! C NOMOLYbLIO
WCKYCCTBEHHbIX CNyTHUKOB
nnaHeTbl; a3pOCTaTHLIX 30HA0B,
BBOAWMbLIX B aTMocdepy;
MeTeopOonorM4ecKux cTaHuui 1
NeHeTpaTopoB, AOCTaBNAEMbIX Ha
MapCUaHCKYH NOBEPXHOCTb.

B 1996 r. nnaHupyeTcs
NPOAOIKUTL UCCNefoBaHUA
Mapca 1 goctaBuTb Ha 3emMnio
obpa3subl rpyHTa ¢ Poboca.

B 1998 r. Ha noBepxHOCTH Mapca
AonmKeH HavyaTts paboTy nepebi B
MCTOPUKN NNTAHETHBIX
nccneaoBaHui CamoABUXYLMIACA
annapat (Mapcoxopg) ¢ 6ypoBoi
yCTaHOBKOW Ha 6opTy.

Ha 2001 r. nnanupyeTca
poctaeka Ha 3emnio 06pa3yos
MapCWaHCKOro rpyHTa.
2003—2015 rr.—oTpaboTka
CpefCTB MapCUaHCKOW
NUNOTHMPYEMOW 3KCNEeauLUA.
MHCTUTYT KOCMUYECKUX
unccnepgosanun AH CCCP
ABNAETCH roNoBHOW
opraHusayuven no peanusayum
nporpamMmbl «Mapc-94»,

MpoekT «Mapc-94=»
npegycmarpuBaeT 3anyck K
Mapcy B okTsb6pe 1994 r. gByx
WAEHTUYHBIX KOCMUYECKUX
annapartoB. Yepe3 11 Mecsues
OHW BCTPETATCH C NNAHEeTOW K
CTaHyT ee UCKYCCTBEeHHbIMMK
cnyTHUKamMu. Kaxxabin us
annapatoB BbiGpOCUT «gecaHT»
Ha noBepxHocTsL Mapca:
aspocTaTHbin 30H4, ABe Manble
MeTeoCTaHyuu1, ABa neHeTparopa.
OpbuTta cnyTHUKa
aNNUNTU4HeCKas, BbICOTA B
nepuyeHTpe 300 KM, B anoueHTpe
18 000 kM, HaKnoHeHwe 50—70°,
ANUTENbHOCTL aKTUBHOIO
CywecTBOBaHUA OKONO OZHOro
roga, obwan macca Hay4YHOW
annapaTtypbl okono 250 Kr.
Hay4Hule 3anaqum:
doTorpachmpoBaHue obnacten
nnaHeTbl, Hanbonee MHTEpPECHBIX

C TOYKM 3pEeHUA recNorm4ecKon
MCTOPUM, IBONIOYMK KNumara,
Bbibopa MecT nocagku ans
6yaywux NnpoeKToB (aBe
TeNneBU3WOHHbIE Kamepbl Ha
NOBOPOTHOW Nnardgopme);
AVCTaHUMOHHOE onpeaerneHwe
cocTaea nopog (gea
uHppakpacHsix, ramma- u
HEWTPOHHbIAW CNeKTPOMETPbI),
rny6uHbl 3aneraHns Be4HOW
Mep3noTel (pagap), Temnepartypbl
NOBEepPXHOCTU (MHPpaKpacHbI
pagvomeTp);

AUCTAHUMOHHBIE N3MEepPEeHUs
NOKaNbLHO-BpEMEHHBIX W
BbICOTHbIX Bapuayui COCTaea,
TeMnepatypbl, AaBNeHus
atMocepbl (MOHOCepHbie
CNeKTPOMEeTpPbI, CNEKTPOMETPUA
CONHEYHbIX 3aTMEeHUA, aHanN13
paguosaTmMeHun);

NpsMble U3MEPEHUA NNOTHOCTU U
cocTaBa BepxHeW aTtMmocgepsl (N0
TOPMOXXEHUIO NpU Cnycke
NoCafoYHLIX annapaToB U Macc-
CNEeKTPOMETPOM);

W3MEPEeHUR MarHUTHOrO NOMsA U
OKONONMNaHeTHON NNasMbi
(MarHMTHLIA ¥ NNas3MEeHHLIA
KOMNNEeKCchl).

Ko BpemeHn nogneta CoBeTCKOro
annapata Kk Mapcy Ha
OKONOMapCHaHCKON opbuTe yxe
6yneT HaX0AUTLCH aMepPUKAHCKUIA
KOoCcMUYecKuiA annapat «Mapc-
O6cepeep» (3anyck B 1992 r.).
Hay4Hbin cocTaB v nporpamma
oboux annapaToB ABNSAIOTCA B
3HAYUTENbHOW CTeneHu
B3aUMOA0NoNHAKWMMK. [TNaBHoe
OTNUYKEe COBETCKOW MUCCUW B
TOM, Y4TO OHA COAEPXXUT
nocagodHbie CpeacTea, Npu4em
HOBOrO TMNa.

B npoyecce ogHOBpeMEHHOH
paboTbl KOCMUYECKMX annapaTos
«Mapc-94» u «Mapc-O6cepeep»
npegnonaraeTca oCywecTBNATb
O6MEH faHHbLIMKA U ONEpPaTUBHYIO
KoopauHauwio pabot. Kpome Toro,
MMEeeTCcs AOroBOPEeHHOCTL 00
yctaHoBke Ha 6opTy «Mapca-
O6cepBepa» COBETCKOro
npuemMonepeaaTyuKa ¢ Lenso
peTpaHCnAyUM 4acTu
TeneMeTpu4eckon uHipopmalmm ¢
aspoCcTaToB, ManbiX CTaHUWA \,
BO3MOXHO, NeHeTpaTopos. ATO
NO3BONUT 3HAYUTENBHO
yBeNu4UTb 06bem uHdopmauum,



NNaHWpyemMon K Nony4yeHuo B
npoekte «Mapc-94».
AapocTaTtHas cTaHums
yCTaHaBMMBAETCHA B AECAHTHOM
MoAyne, KOTOpbi BBOAUTCA B
aTmocdepy Mapca ¢
annunTudeckon 12-4acoBoun
opbuTkl. MecTo BBOgAa aspocTtara
onpeaenseTca NONOXXeHUeM
nepuueHTpa opbuTel (To4ka
BBOZA MOXEeT OTCTOATb OT
nepuueHTpa No WWpoTE BCEro Ha
HecKonbko rpaaycos). C yyetom
3BOMIOYMM CO BPEMEHEM LWMpoTa
nepyyeHTpa opbuTbl HA MOMEHT
BBOAA aspocrtar 6yger okono
40—45°, AspocTaTHasa CTaHuus
nocne passopavvMBaHus,
HaNONHEeHWSA ra3om 060N0HKU K
OTAENEHUA CUCTEMbI HANONHEHURA
u 6annacTa BKOYaeT B cebs
o6ono4ky o6beMoM OKONOo

6000 M*, HANONHEHHYIO renvem,
NpruBOopPHYO roHgony maccon 15 kr
u rangpon maccon 13 kr. [iHem
aspocTar nnaeaeTt B atmoccepe
Ha BbICOTE HECKONbKUX
KWUINOMETPOB Ha/f, NOBEPXHOCTHIO.
Houblo HUXHARA YacTk raMgpona
NOXXWUTCA HA NOBEPXHOCTD, a
060N04YKa U BEPXHAA 4acTb
rangpona Bcerga HaxoanaTcA Hag
noBepxHocTelo. anapon, NOMUMO
OCHOBHOW (PYHKLUMKN —
NpeaoxpaHuTL roHaony u
a’spocTar OT KacaHwA
NOBEpXHOCTWU, UCNONL3YEeTCA AN
pasMeLeHnA TeX HayYHbIX
npubopoB, 4R paboTbl KOTOPbLIX
TpebyeTca HenocpeacTBeHHas
6Nn30CTb MNKM KOHTaKT C
NoBEPXHOCTLIO. 3Ta annapaTypa
UMEEeT CBOM UCTOYHUKMW NUTaHWA 1
paboTaeT aBTOHOMHO. [laHHble
U3MepeHUn nepeaaloTca Ha
roHgony aspocrara no
paauokaHany. MNogbem m
onyckaHue aspocrara
OCYWECTBNAKTCA 3a cYeT
HarpeBaHUs CONMHEYHLIMKU Ny4amm
n, cnegoBaTensHo, yBenu4eHus
obbema renua aHeM M
OXN2XKAEHUA renusa u
yMeHblueHUs1 ero obtema B
BEYEpHWUE, HOYHBIE U YyTPEHHUE
yacbl. BeicoTa noeepxHOCTH, rge
aspocTaT MOXHO BBECTU B
atmocepy, A0MKHa GbITk HA
OfiMH — OBa KWNOMeTpa Huxe
HYNeBoro ypoBHSA NOBEPXHOCTH
nnaHeTel. BoaMoXHo, B Xo04e

AansHenwen paboTel 3TOT
AvanasoH yaacTCs paclumpuTb 40
HYNeBoro ypoBHsa. [lHem
MakcuMankHas BbICOTA NogbeMa
aspocrarta byger cocrasnaTb gga
KUNOMEeTpa OTHOCUTENBHO
HyNeBoro ypoBHA. HayuHble
W3MepeHus NnaHupyeTcs
BbINONHATE Kak B CBO60AHOM
nonere, Tak 1 C rangponom Ha
noBepxHocTw. MonyyeHHan
uHdopMaymsa nocne
npegBapuTensHon 06paboTku 1
CXXaTus 3anucbiBaeTcA Ha
3anoMuHalowee yCTpOWCTBO
eMKOCTbo nopsgka 50 Méur. C
3anoMuHalrowlero yCTpoucTea, a
TakKXXe C TeNneBU3UOHHbIX Kamep
(B pexkuMme HenocpeacTBEHHON
nepega|n) AaHHble NepenarTCs
no pagwokadany Ha 6opT
COBETCKOro U aMmepuKaHCKoro
WCKYCCTBEHHbIX CNYTHUKOB
Mapca. CeaHcbl CBR3W CO
CNyTHUKaMK NpOBOLATCH B
MOMEHT UX nponeTta B 30He
BWOUMOCTM aspocTtara. [ns
aMepUKaHCKOro KOCMUY4eCcKoro
annapara 3TO OKOJo 2 4acoB OHsA
W 2 4acoB HOYW MeCTHOro
BpemeHW. [1na COBETCKOro —B
nepuueHTpe opbuTel AHEM U Ha
y4acTke yaaneHus ot
NOBEPXHOCTEI — HOYLIO.
A3pocTaTtHana CTaHUuus Ha4ymHaeT
nepegasaTtb TenemMeTpuIO Ha
CNYTHUK NO 3anpOCHOMY CUrHany
OT Hero. Bcero kaxgbie CyTku
aspocTaTHas CTaHUusa A0rKHa
nepegats He meHee 100 mnH. 6uT
uHpopmaymn.

Kaxxgan manas craHyus uMeet
CBOW NOCaA0YHbLIA MOAYNL,
cHab>XeHHbIN a3pPOANHAMUYECKUM
TOPMO3HbLIM 3KpPaHOM, NapaLlioTOM
1M aMopTU3aLUOHHbIM
ycTpolcTeoM. MNocano4Hbie
MOAYNn OTAENSAKTCH OT
KOCMMYeCKOro annapara 3a
HEeCKONbKO CYTOK A0 nognerta K
Mapcy. MNpu 3TOM KaXKA0MY K3
HUX coobwaeTca onpegeneHHoe
npupaljeHme CKOpoCTU C Tem,
4TOObl OHWM COBEPLUMNK NOCaAKY
Ha pa3nu4YHbIX 3apaHee 33a4aHHbIX
WMpoTax, BKNO4as NoONspHbIe.
OcHoBHaA 3afaya ceTu Manbix
CTaHywi (4eTeipe w3 pacdeTa no
[Be Ha KaxaoMm annapare) —
NpPsAMble U3MepeHus
MEeTeopOoNoru4ecKux napaMmeTpos

C Uenbio uay4eHus obuien
UupKynsuum atMmocdepbl n
NPOrHO31MPOBaHUA METEOoYCNOBUH
ANA Texywen n Byaywmx MUCCUiA.
MpenmMmywecTea Takon cetm —
rnob6anbHOCTL OXBAarTa,
BO3MOXHOCTbL cbpoca
MeTeocTaHuwin B 0cobo
WHTEpECHBbIE PanOHbl — KaHbOHBI,
CTapbie pycna pek, Mano-
AOCTYNHbIE ANA UCCNeaoBaHWiA
ApyrvMmu cpeacTeamw, oxesaT
HabniogeHuamKn, Gnarogapa ux
ANUTENBEHOCTH (He MeHee
MapCMaHCKoro roga), scex
CE30HOB, BKNIOYas Ce30H
neineewix 6ype. AnnapaTtypa
Manbix cTaHymMin obecneuuT
n3mepeHve faBneHwus,
Temneparypbl, BNaOKHOCTH,
CKOpPOCTH BETpa, ONTUYECKOH
NpO3paqyHOCTH aTtMocHepkl.
MuHMATIOpHBIN ramma-
CNEeKTpOMEeTp MOXeT AaTb
BaXkKHyto uHcopmaLmio o
npoueccax obmeHa mexay
artmocgepoin u Teepaon
NOBEPXHOCTLID, BOAOW W rasom, ob
3NeMeHTHOM cOCTaBe OCeparoLen
Ha NOBEPXHOCTU NNAHETbI NbINK.
PaccmatpuBaeTcs BO3MOXHOCTb
YCTAHOBKM Ha ManbIX CTaHUMsX
OAHOKOMMNOHEHTHOro
CeACMOMeTpa U MarHMToMeTpa.
CencmomeTp 6ygeTt namepsatb
cobCTBEHHLIE U NPUWBHBLIE
konebaHmMa nnaHeTbl, 4TO
NO3BONWT ONpeaenuTL YPOBEHDb
CEACMUYECKON aKTMBHOCTW
Mapca. 3agaya marHutoMmeTpa —
U3MEPEHUR NOKANLHOro
MarHMTHOro NONA, NepexcOHbIX
NpoLYeccoB NpPU U3MEHEHWK
BHEWHero MarHWTHOro Nons v
BOCCTaHOBNEHWUSA MO HUM KapTUHBbI
NpoOBOAMMOCTK NOpPOoA Ha
paznuyHbiX rnybuHax.

Manbie cTaHyMK, Tak e Kak U
aspocTar, 6ygyT nepegaeaTb
MHPOpPMAaLMIO HA COBETCKUIA K
aMepUKaHCKWH MCKYCCTBEHHbIe
cnyTHUKKM Mapca no zanpocHomy
curHany.

Moporpes 60pTOBOW annapaTtypbl
ManblX CTaHYwn un ee
3NeKTponuTaHue
OCYWECTBNAKTCA OT
NNYTOHWEBLIX UCTOYHUKOB C
TEPMO3NEKTPOreHepaTopoM U
6ydepHbIM XMMUHECKUM
aKKyMyNsATOPOM.



MeHeTpaTopbl, COPOLWEHHbIE Ha
noeepxHocTe Mapca, noasonaTt
uccnenoBsaTb (hU3NKO-
MexXaHu4eckKue CBOMCTBA rpyHTa n
BHyTpeHHee CTPOeHWe NNaHeTbl.
B otnnumre oT maneix cTaHyuiA
neHeTpaTopbl 6yayT
OCYLYECTBNATL NOCAAKY C
BbLICOKOW CKOpPOCTLH — NopsgKka
100—150 m/c. KoHCTpyKums
neHeTpaTtopoB ofecne4ynBaeT ux
3arnybneHve npwu yaape Ha
HECKOMbKO MeTpOB.

B coctae Hay4HOW annapaTtypsbl
neHeTpaTtopa sonayT
TENeBW3WOHHANA Kamepa,

Habop cnekTpoMeTpoB,
akcenepoMeTp U CENCMOMETP,
MarHMTOMEeTp, METEeOKOMMIEKC.
MeHeTpaTopbl BBOAATCA B
aTmocdepy € opbuThl
WCKYCCTBEHHOMO CNyTHUKA
nnaHeTbl HE3aBUCUMO APYyr OT
Apyra nocne yTodHEHWA panoHOB
NocagKu.

Mocne 3apencTBOBaHUA

BCEX YeThipex NeHeTpaTopos
Ha4yHeT (PYHKLUOHUPOBAaTb CeTb
CTayMoOHaPHBIX CTaHUWA,
obecnequnBaloWMX ANUTENbHLIE
cercMu4ecKre uamepeHun. Bpema
aKTMBHOIO CywecTBOBaHWUA
NeHeTpaTopoOB OAWH— ABa roaa.
Takum 06pasom, uccnenoBaHus,
BbiNONTHAEMbIE C NOMOLLIO
a3poCcTaTHbIX 30HAOB, MAnbIX
NOCA[04HBIX CTAHUWA K
NeHeTpaTopoB, A3aayT, Npexje
BCEro, AaHHble, KOTopbie
HEBO3MOXHO NOMNY4YUTh C
annapartos, obpawjalowmxca no
opbrTam UCKYCCTBEHHbIX
cnyTHukoB Mapca.

370 TeneBnanoHHaN

CbeMKa NOBEpXHOCTU

C paspeweHunem oT

CaHTUMETPOB A0 HECKONbKMX
AECATKOB CAaHTUMETPOB;
cnexkTpanbHble UCCNeaoBaHuA
NOBEPXHOCTH C
NPOCTPaHCTBEHHLIM paspelueHuem
OT HECKONbKWUX METPOB A0
HECKONbKWX AECATKOB METPOB;
W3MepeHUs MarHUTHOro Nons
HWXe WoHoCKepsbl; UCCneaoBaHus
norpaHU4HOro CnoA arMocgepsl v
€ero U3MeH4YMBOCTU B TEYEHMKe
CyTOK; pagapHoe 30HOUpOBaHue
NOBEPXHOCTU C Lenblo
onpejeneHna XapakTepucTuk
MapCUaHCKUX Nopopa A0 rny6uHbl
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HEeCKONbKO COT MeTpOB;
nccnefoBaHus 3NeMeHTHOro
cocTaBa NnoBEpXHOCTHOrO CNnos ¢
BbICOKMM NPOCTPaHCTBEHHbIM
paspelleHnem (OT HECKONbKUX
COT METPOB A0 HECKONbKMX
KWNOMETpPOB); NpAMble
MeTeoponoruieckue UaMepeHus
Ha NOBEPXHOCTW NNaHeTbl B
pasHbiX WKWpOTax, UccnegoBaHus
npoueccoe o6MeHa BOAON M
YINEeKNCNbIM rasoM Mexay
armocdepoih U TBepaon
NOBEPXHOCTBIO, NIOKasNbHbIE
M3MepeHna Npo3pavyHOCTH
arMmocdepbl; MexaHu4yeckKue,
Tennoesle, XMMU4ECcKHe u
aneKTpu4eckue uccneaoBaHus
NOBEPXHOCTU A0 rNy6uHbI
HECKOMNbLKO MEeTpOB.

Kak yxe ynoMuHanocb, OgHOM U3
3agad uwccnenoBaHuia nNo
nporpaMmme «Mapc-94» ctaHet
BbI6GOpP MecTa nNocagku annaparos
no 6yaywmMM npoeKTam,
ONTUMANBHBIX C TONKW 3pEHUA
6e30NacHOCTH NOCaAKK U
NPOBEAEHUA Hay4YHbIX
wccnegoeaHui. B 4acTtHocTw,
OCHOBHOM Lenblo npoekTa «Mapc-
98» cTaHeT gocTaBka Ha nnaHeTty
CaMOABUXKYLUXCA
aBToOMaTUYeCcKuX annapaTos —
MapCcoXo40B.

MpeapapuTensHble NpopaboTku 1
WCNbITAHUA B YCNOBUAX,
MaKCUMAaNbHO NPUENUXKEHHBIX K
peanbHbIM, NOKa3anu, 4To
Hanbonee payuoHanbHbIM
npeacTaBNAeTCA UCNONb30BaHWe
ANA XO40BOW 4acTu mapcoxoaa
LWECTUKOMECHOro ABWXUTENRA CO
BCEMMW BeAyWWMK MOTOp-
Konecamu W WapHUpHO
couneHeHHon pamon. Koneca
BbINONHAKOTCA B BUAE KOHUYECKO-
yunuHgpuyeckon obe4vainkm c
rpyHTo3ayenammn. Takas cxema
XoA0BOK Yactu obnagaeT yenoiM
pAAOM AOCTOMHCTE: Manown
MacCoW; UCKMIOYeHNMeM OnacHoOCTH
nocagKku Mapcoxofa «Ha gHuWe»;
NOBbLILEHHOW BCNeACTBME HU3KOMo
pacnonoeHus LeHTpa Macc
NPOAOCNLHOW U NONepeYHOn
YCTORHMBOCTbIO; BO3MOXKHOCTLIO
ABMXEeHUA No cnabbiM rpyHTam c
60NbWUM YKNOHOM C
npeoaoneHnWem 3a cYeT LWapHUpHO
COYNEHEHHOW paMbl AOCTATOYHO
BbICOKUX NPENSTCTBUIA.

OpfHa 13 rnaBHBIX TEXHUYECKUX
npobnem wccnepoBaHuin ¢
NOMOLLYbIO Mapcoxoaa —
CNOXHOCTb yNpaBneHus ero
OBWXeHWeM Ha pacCTOAHWW B
MWUNMOHBI KWMOMETPOB.
Mapcoxopg gonxeH, Hanpumep,
yMeTb 06X0AuTb NPensTCTBUS,
KOTOpbiX 20—30 MMHYT Ha3ag OH
euje «He BUAEMN» Ha CBOEM NyTH.
MpUMEpPHO CTONbKO BpeMeH!
noHagobuTca paguocurHanam,
4TO6bI NPEOAONeTb paccTosHUe OT
Mapca go 3emnu n obpaTtHo.
Pewexwe npobnemsl BUGUTCS B
TOM, 4TO6bI CgenaTbh Mapcoxos
«CMCTEMOW-IKCNEpTOM», HAAENMB
ee onpegeneHHbIMU
«MHTENNeKTyansHsIMU
cnocobHocTAMM», «3emns» byaeT
onpegenAaTb cTpaTeruio paboTsl, a
caMm poboT — TaKTUKy ee
npoeBeaeHus. Ecnun ana
opbuTanbHOro annapara 3To
O3Ha4yaeT aBTOHOMUIO B peLleHWK
pAga HaBUrayuoHHbIX 3a4a4, TO
ANA mapcoxofa—aTo HavBbICLLee
NO CNOXHOCTU aBTOHOMHOE
agantveHoe (T. e.
npucnocabnuealoujeecs K
YCNOBWAM) ynpaBneHue
ABUXKeHUeM.

MoMUMO TENEBW3MOHHOW CUCTEMbI
Mapcoxog, no-BugMMOoMy, HY>KHO
6yaeTt ocHacTUTb NasepHbIM
AanbHOMepHbIM YCTPOWCTBOM gns
NPOKNaaKu Kypca v ynpasneHus
ABWXEHUEM.

HaewraymoHHoe obecnedeHune
Mapcoxoga A0MKHO pewartb ase
OCHOBHbIE 334a4M: BbIXO4, B
3ajaHHble paroHbl U
KoopAguHaTHas NpuBA3Ka
MapLpyTa.

MocnepgosaTtensHocTb 06x0a4a
LeneBbiX panOHOB HAMEYaeTCA
onpefensaTb B 3aBUCUMOCTH OT
peanbHbLIX KOOpAWHAT TOYKK
nocagku. MNnaHupyeTca, 4TO
«NPUBA3KA» TOYKWU NOCaAKU U
TpaccCbl Mapcoxoga K MecTHOCTH
6yAeT BbINONMHATLCA MO AAHHLIM
HE3aBMCUMbIX CUCTEM CHUCNEHUA
nyTU U aCTPOHOMUYECKUX
HabnogeHnn (ConHya, 3Be3pg), a
TakKXXe C NOMOLLLIO cCneyvansHoM
CUCTEMBI, BKNOHaoLweh B cebsn
KOMMMEKC CPeACTB ANA nogbema
Ha BbICOTY OT HECKONbKUX
AECATKOB [0 COTEH METPOB Haj
NOBEpPXHOCTLIO Mapca



TeneBn3VOHHBIX Kamep. JTa
cucTeEMa NO3BONWUT OCMaTpPUBaTL
panoH pasmepamMn NpUMepHO
100x 100 m ¢ paspelieHrem
nydiwe 1 M, 4TO AacT
BO3MOXXHOCTb OCYLEeCTBUTb
BbICOKOTOYHYIO NPUBA3KY
MECTOMNONOXXEHWUA Mapcoxoaa K
cpoTONNaHy MapcHUaHCKON
NOBEPXHOCTMW.

MNnaHupyeTCcA UCNONbL30BaTh TPW
BUAA CpefCcTB NoAbEMA:
aspocTaTHble (6annoH.l),
aspogvHaMMyeckue (BO3gyluHble
3memn) unu GannucTudeckue.
MocnegHui Bug paccMarTpusaeTcs
KakK pe3epBHbIN AnAa
MCNONL30BaHWA B CNny4ae Bbixoga
M3 CTPOR UNN HEBO3MOXXHOCTH
NpUMEHEHUA NepBbIX ABYX
(Hanpumep, Npym HebNaroNpUATHBIX
MEeTEeOYCNOBUAX).

JansHocTb NnepegsuXXeHns
Mapcoxoga f[orkHa gocturate
coteH kunomeTpoB. CKOpOCTb
6yaeT 3aBUCETL OT
3HepreTU4YecKUX BO3MOXHOCTEN, a
TakXXe OT penbedga MecTHOCTH K
Hay4yHOW NporpamMmbl Ha Tpacce
ABWXeHURA. B kavecTBe UCTOYHUKA
NUTaHWA MOTYT WCMNONbL30BAaTHLCA
nnbo conHe4Hble 6aTtapen, NMbo
M30TONHbIE
TEPMO3NEeKTPOreHepaTophi.
Mporpamma Hay4YHbIX
uccnegosaHwia ons Mapcoxofos
npegnonaraeTcs o4eHb O6WKMPHON
W, B YaCTHOCTW, BKNOYaeT B cebs
BubponpoceeqMBaHmne rnyouHHbLIX
CnoeB NNaHeTsl C Uenbio
BbIICHEHMA €e BHYTPeHHero
cTpoenus. Mapcoxog no3sonut
TaKXe nonNy4YuTb 60NbLIYIO Cepuio
naHopaMHbIX CHUMKOB NO Tpacce
aswxeHus. C ero noMoLybio
MOXHO 6bI10 6l OCYWECTBUTL M
cbop obpasyos nopop C
NOBEepPXHOCTK B0MLLION NNowanu v
¢ rny6uH B HECKOMBbKO METpOB.
3abop obpa3yoB rpyHTa U3
rnybuHHLIX CNOEB NNaHeThl
0CO6EHHO BaXKEH C TOYKW 3PEHUSN
ero nocnefyiowuero
«BMONMOrM4ecKoro» aHanuaa, Tak
Kak yBenu4MBaeTCcs BepOSTHOCTb
obHapy>KeHnUs Kakux-nubo cpopm
XWU3HW. BnocnegcTeuKM Mapcoxog
¢ cobpaHHbiMu Oob6pasyamMu Mor Gbl
CNY>UTb PAANOMaAKOM Ha
BblI6paHHOW UM NOAX0AALLEN
nnowanke ans 6yayulero

nocago4yHoro annapara,
060pyA0BaHHOroO BO3BpaTHOM
pakeTou Ans AOCTaBKW Ha 3emnio
MapCHUaHCKOro rpyHTa.
BO3MOXHEIR BApUaHT peanuaayuu
3TOro 3Tana uccrnegoBaHun —
3anycK AgByX aBTOHOMHbIX
annapatoB. OguH U3 HUX
COBEpPWMWT nocagky Ha
noeepxHocTb Mapca, gpyrow
CTaHeT ero CnyTHUKOM.
MocaaoyHbiA annapaT AOSKeH
UMeTb Ha 60pTy B3NETHYIO pakeTy
n HeboNbLWOW Mapcoxoq Ans
cbopa rpyHTa Ha AOCTaTO4HOM
yAaneHum oT MecTa nocagkw.
Mapcoxopg, o6opyayeTcs
MaHUNyNATOpaMu 1
rPYHTO3ab0pHbLIM YCTPOWNCTBOM,
KOTOpOE NO3BONUT B3siTb 06pasybl
C AOCTaTOYHO 60NbLLWOW rNyOUHDbI.
BaneTtHas pakeTta gocraenser
rPyHT K opbuTtansHoMy annapary
M CTLIKYETCS C HUM, nocne 4ero
o6pasybl neperpy>aloTcs B
CneyvanbHeIA BO3BpaLWaeMbii K
3emne moayne. MNpw nogneTe K
Hawen nnaHeTe OH
nepexsaTtbiBaeTcs opbuTanbHOM
cTaHuuen.

Beino 6bl yenecoobpasHo
BbINONHUTL Ha BOPTY CTaHUUK
NepBMYHbIA aHaNM3 MapCUaHCKoro
rpyHTa. 310 NO3BONMMUIIO Obi
pewnTb NpobneMmy KapaHTuHa,
MCKNIOYalowero nonagaxHve Ha
Hawy nnaHeTy BHE3EeMHbIX
opraHm3mos, Kak 6bi HW mMana
6blna Takana BepOATHOCTb.
Onepayus CTbIKOBKW Ha opbuTe
AOCTaTOYHO XOpowWo oTpaforaHa
COBETCKMMW CrieyuanucTamu.
OpgHako, y4MThIBas XKEeCTKUA
NUMWUT MAcCCbl B MEXNNAHETHbIX
nepenerax, npeAcTouT Gonbwan
paboTa no co3gaHuio OYeHb
NErkux CTbIKOBOYHbLIX CUCTEM W
y3noB.

B kauectee 6a30BOro KoMnnexkca
ANA OCYWECTBNEHNA MapCUaHCKOW
nporpammbl NpegnonaraeTcs
MCNONb30BaTh KOCMHUYECKKWe
annapartbl «CnekTp». MNepBbiM
NPaKTU4ECKUM ONbITOM
NPUMEHEHUs 3TUX annaparTos cTan
npoekT «Potoc».

3anyckn KOCMMYECKMX annaparTos
npeanonaraeTca oCyWecTBNATL C
NOMOLYbLIHD XOpOLLO cebA
3apeKoOMeH0BaBLLEeN
BbICOKOHa e HOW paKkeThbl

«[pOTOH».

MpopabaTtbiBaeTca TaKkxe
BapWaHT NporpamMMel
nccnegoeaHmih Mapca ¢
MUCNONbL30BaHUEM B Ka4ecTee
CpefcTBa BbiBEAEHWUA NONE3HOro
rpy3a B KOCMOC HOBOW pakeTbl-
HOCUTENs «3JHeprus». B aTom
crny4Yae O4HOW 3aKCneauUWen Mornu
6bi 6bITh peLleHbl, B NpUHLUNe,
BCE OCHOBHbIE 33[a4un
NepCcneKTUBHOW «MapCUaHCKON»
nporpaMmbl, a Takxxe obecneyeHo
OAHOBpEMEHHOe uccnegosaHue
3Ha4YuTENbHO 60NbWero Yucna
pavoHOB NNaHeTbl NPy NOMOLYH
Mapcoxo40B, aspocTaTHbIX 30HA0B
M ManbiX NOCaA0YHbLIX CTaHLWA.
MNpeasapwuTenbHble OLEHKK
NoKasbIBalOT, B HACTHOCTMH, HTO
OAHWM 3anyCKOM paKkeThl-
HocUTEeNns «3Heprus» MoryT 6biTb
AoctaeneHbl HA Mapc cpasy Tpu
Mapcoxoga—oauH TAaXenbin ¢
BO3MOXHOCTBLIO rnybokoro
6ypeHuAa 1 ABa Nerkux, HECKOMNbKO
KacceT C AeCATbi0 MeTeoMasKamm
Kaxpas u 60nbLoe Yueno
neHeTparopoB. Ygacrtcs
3HAYUTENbHO CHU3UTb U BECOBbLIE
OrpaHU4eHUs B pelleHun
npo6nemMel AOCTAaBKU MPyHTa €
Mapca.

YyeHbiMu UKW paccmaTtpuBaloTcs
W Apyrue NPOoeKTbl NNAaHETHLIX
nccnegoeaHvi. HekoTopble M3 HUX
HaXO4ATCA yXXe B CTaauu
npopaboTkK (NpOEeKT noneTa K
nnaHeTam-ruraHTam ¢
nocneaylowmM BbIXOA0M BO
BHYTPEHHIOI YacTe ConHe4Hon
CUCTEMbI ANS UCCNeaoBaHus
KopoHbl ConHua ¢ 61M3KKxX
paccTosHWK), Apyrue HaxXogaTca
Ha ypoBHE uaen.
MNpegnonaraercs, 4to KOnNuTep w
CartypH 6yayT uccnenoeatbes C
NOMOLLYBIO CNYCKAaeMbiX annapaToB
(aTmMocdepHbIX 30HA0B) U
WUCKYCCTBEHHbIX CNyTHWUKOB,

TuTaH —C NOMOLLLID NOCAA0YHOr0
annapata u a3poCcTaTHOro 3oHga.
BoaMoxkHa Takxe KOMOWHALWA B
OAHOW 3Kcneauuuu ABYX-Tpex
pasnuYHbLIX annapaTos.
OcHOBHbIMKM 3aga4amun
nccnegosadun tOnutepa m
CartypHa CcTaHyT npsiMbie
W3MEepeHus TeMnepartypsl,
AAaBNeHUs U NNOTHOCTK
armocoepbl, ee XUMUYECKOro u
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W30TOMHOro COCTaBa; u3y4veHue
CTPYKTYpbI 0611a4HOro Crnos 1
XapakTepyucTUK as3po30SbHbIX
HacTuy, BKIOYAA aHanua ux
XUMUYECKOro CocTaBa; uaMepeHue
CKOpPOCTW BeTpa, NOTOKOB
COMHEYHOro U TennoBoro
u3nyyeHun; perucTpayms
3NEKTPUHECKUX ABMEHUN B
aTmocdepe; aHanua ee
HEeWTPOHHOrO U UOHHOrO COCTaea,
ANeKTPOHHOW M WOHHOW
KOHLIeHTpauuu.
MpegycmaTpuBaeTCs TakxXe
M3ydeHue MeTeopuTHOro
BewecTea BO6NU3K nNnaxer,
MarHUTHOro Nons B
marHuTocoepe, 3HepreTU4ecKoro
CneKTpa 3apsiXXEeHHbIX 4acTuy,
perucTpauus paguonsnyyeHus
nnadeT, nay4yeHue
MOPCPONOrnHecKUX XapakTepucTUK
NOBEPXHOCTU CMYTHUKOB NNaHeT.
OpHol 13 3afa4 uccnegoBaHuia
Tutasa ¢ NOMOLBIO NOCaA0HHOTO
annaparta cTaHeT nony4deHuve
HU306paKeHUn ero NOBepPXHOCTH,
aHanu3 ee cocTasa u
MexaHW4eCKUX CBOWCTB.

MNpu Nomowym aspocTaTHOro 30HA3a,
Apendyrouwero B atmocoepe
TuTtaHa, MOXXHO U3MepATL ee
TeMmnepaTtypy v AaeneHue,
CKOpPOCTE W HanpaBneHHOCTb
BeTpa, NapamMeTpsbl
TypOyneHTHOCTH, uccnefosaTte
XapaKTepuCTUKU aspo3ons,
aHanM3upoBaTb XMMWUHECKWUIA
cocTae atmocdepsl.
TeneBusnoHHaA Kamepa,
yCTaHoBfieHHasi B roHgone
aspocTaTta, No3BONUT NONYYUTb
npu BbicoTe noneta 5—6 Km
AeTanbHble W306paXkeHus
NOBEPXHOCTW.

MpeanonaraeTcs, 4TO U
nepcnekKTUBHas nporpamMmmMa
uccnegoeaHvia Mapca, v Bce
nocnegyloujye «nnaHeTHble»
npoeKTbl 6yayT OCYWeCTBNATLECA
Ha MeXayHapogHOW OCHOBe C
WWPOKKUM yHacTUeM Opyriux 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. Cxperimental
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 pum 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 pm.
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 pm 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 muiti-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 7 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 tae
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?3 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 2.

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, *here 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.

55



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
Qort 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
cbviously 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
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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. Quicklook 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 aboyt 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
appreoach 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
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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.
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64



CnekrpoghoroMeTpbl MOAB u MOAB-2
(«Berepa-11, -12, -13, u -14»). C ux -~
NOMOLWEID 6LINC H3MEPEHO cogepXaHHe
BOgAHOro napa B atMocghepe BeHepsl OT
NOBEPXHOCTH [0 BLICOThI 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
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One of the laboratories of the
department of planetary exploration of
the Institute
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Kocmuyeckui annapar «Bera» u cxema
ero ronera

Vega spacecraft and the scheme of its
flight

MeineygapHet Macc-aHanuaarop NYMA

A dust-impact mass-analyzer PUMA

Cxema cnycka.annapara ¢ BBegeHMemM 3kcnepumeHT «Aspocrars Habriogenwsa 3a gBuxeHneM aspocTtara

aspocTarHoro 3oHga BLINOAHANKCE C NOMOLLYBIO rNO6aNLHOro
The Aerostat experiment MHTepgepoMeTpa, B COCTas KOTOporo

Scheme of the spacecraft descent with BXOgMIN 7 KPYMHERLLUX

the injection of the aerostat probe PajguoTenecKonoB Mupa

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

3apyGexaible pagHOTEIeCKOTIB!
Foreign radio telescopes

3apyGexHEIE PANHOTENIECK OTILI
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6 Mapta 1986 r. Ha 3KpaHax MOHMTOPOB B
MK AH CCCP nossunucCb nepebie
uaobpaxeHnn Agqpa koMeTel Fannes

The first images of the Halley comet
nucleus on monitor screens at the
Space Research Institute, March 6, 1986
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Hsobpaxenne sgpa komeTsl [annes,
nepegaxHoe ¢ 60pTa aBTOMAarM4ecKon
cTaHuynu «Bera-2» 9 Mapra 1986 r.

The image of the Halley comet nucleus
transmitted from the board of the
automatic station Vega 2 on March, 9,
1986

Tak BeIrMAGAT A4P0 KoMeTel annes

nocne 06paboTkK uaobpaxeHun Ha 3BM

The Halley comet nucleus after
computer processing of images




CnyrtHuk Mapca @®o6oc

Phobos — Mars satellite

PR}- r T ORH"' ~s X }8 M ABTOMaTUYECKAER MEXNNaHeTHas cTaHyms

PASPEIEHMES

«Po60C»

The Phobos automatic interplanetary
station




KOHCTDYKTHBHAA CXeMa OMTHKO-
MexXaHU4ecKoH YacTu 6noka
TEeBU3HOHHLIX KaMep 1 CMeKTpoMeTpa:

1 — WKPOKOYTOMNbHbLIE TENEBH3UOHHBIE
OGBEKTHELI; 2 — y3KOYrOMBHLIA TENeBU3NOHHBIA
ofbexTue; 3 —06BeKTHB CNeKTpoOMeTpa;

4 — nuchpakyuoHHan pelwetka; 5—M3C-

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 3KCrepyMEeHTa Mo nasepHoMy
30HAMPOBaHMIO NoBepxHocTH Poboca:
1—na3zep ¢ WCTOHHWKOM NWUTaHKA,

2— 4 06beKTHE; 3— fansHoMep:
4 —cepeonpueog; 5— c
AETEKTOPOM MoHOB; 6— Gnok o6GpaboTku
AaHHBLIX; 7— 6N0K ynpasneHus

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

1—Ilaser 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 3KCrnepyuMeHTa no MOHHOMY
3oHgMpoBaHMio nosepxHocT Poboca:
1—MHXEKTOP WOHOB; 2—6rOK 3MEKTPOHUKHK;
J—mwmacc-cnekTpomeTp

The scheme of the ion probing of the
Phobos surface:

1—ion injector; 2—electronics unit;
3 —mass-spectrometer

1



TaKk B NPegCTaBeHHM Xy OXHWKE
HOMKeH Obin BbIrNAJETE KOCMUWYECKHA
annapar «Poboc» B GperowjemM nonere
Ha/[ NOBePXHOCTBEID Ma8pPCHaHCKOro
CryTHHKE




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




npH Nocaike BBepx onopoit
For landing with the support up

Cxema nocagky [ONTOXHBYLYEH
8BTOHOMHOW CTaHLMH HA NOBEPXHOCTE
doboca

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

Cxema paboTsl NOGBHXXHOTO 30H4a Ha
nosepxHocTh Poboca

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



Hanpasnenue ga Conmmme
Direction to the Sun

INanenu connewnbix GaTapeit
Panels of solar batteries

AAC Ha nosepxHocTn Poboca

LAS on the Phobos surface
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Cxema gocTaBky o6pasloB MapCHaHCKoro
rpyHTa Ha Semmo

A concept how to deliver Martian soil
samples to the Earth

HasemHble ucribiTraHmus Mapcoxoga

Ground-based tests of Mars Rover
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Kocmuveckuin annapar Mapc-94.
Haywroe obopygoBaHue
Op6UTANBHOIO MOZYNA

Mars-94. Spacecraft. Scientific
equipment
of the orbital module
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ACTPODIINHECKIIE
NCCTIEAOBAHNA

ASTROPHYSICA
RESEARCH

Hay4Hble acTpoHOMU4ecKue npubopbl, BbIHECEHHbIE 3a
npeAensl 3eMHON aTMocdepbl, OTKPbISIM HOBYIO 3py B
acTpoduanke. BosHWKNM Takme HanpaBneHus
acTpohM3nM4ECKNX UCCNef0oBaHUN, Kak
cybMunnumeTpoBsasn, yneTpaduoneTosas, peHTreHoBCcKas
1 raMmma-aCTpoOHOMMA. KocMmuyeckue nccnegosaHUA BO
BCEX AManasoHax M3ny4eHWs —O0A4HO U3 OCHOBHbIX
HanpasneHun gesTenbHocT NHCTUTyTA.

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.




OpgHoBpeMeHHO BeayTCs W
TeopeTu4eckue paboTel B o6nacTtu
COBpPEeMEHHOW acTpoU3nKu:
KOCMOMOrMY, BHEranak TM4ecKom
acTpoHOMUM, (DU3MKKU HepHbIX
Ablp, HEWTPOHHLIX 3Be3g,
KBa3apoe, NpoUeccos
o6pasoBaHus 3Be34 U NNaHeTHbIX
CUCTEM, UX IBONIOUMM, 3BONHOLUM
ranakTuk v ux saep ¥ MHOTMX
Apyrux pyHAaMEeHTanNbHbIX
npobnem.

Pa3sutne BHeaTmoctepHon
aCTPOHOMUM LUNIO NO TPEM
OCHOBHbIM HanpasneHvam. Ons
acTpoHoOMU4ecKux HabnogeHun
WCNONbL30BaNUCh TENECKONbI,
yCTaHOBNEHHbIe Ha NUNOTUPYEMbIX
KOCMWYeCKMX annaparax:
cTaHumsx «CanoT» u kKopabnsix
«CoH3». ACTpOHOMUYECKME
Npubopbl BXOQWNN B COCTaB
KOMNNEKCoB annapaTtypbl
aBTOMaTUYECKUX MHOrouenesbiX
annapartoe, HanpuMep
WUCKYCCTBEHHBIX CMYTHUKOB 3emMnu
cepuin «Kocmoc», «lNporHos»,
AMC «BeHepa». U, HakoHey, B
nocnegHue rogsl 4na
acTpoOHOMMWYECKUX uccnegosaHun
CTanu co3fasaTbCs
cneynanu3npoBaHHbie
KOCMWYyeckue annapathi. MNepBbiM
M3 HMX CTan CnyTHUK «ACTpOH». C
NOMOLLLI0 aCTPOHOMWHYECKHX
npubopoB, YCTAaHOBNEHHbIX Ha
cTaHymsx «CanoT», NpoBOAUNUCE
HabmoaeHwA B
yneTparvoneToBOM W ramma-
Avanasonax. Ha 6opty «Caniota-
4» paboTtan KoMnnexkc
PEHTreHOBCKUX Teneckonos, B
KOTOPbIA BXOOWNW 3epKanbHbIA
PEHTreHOBCKUIA TeneckKon
(AuanaszoH aHeprun ot 0,2 Ao
0,28 k3B) n Teneckon «PUNKUH» CO
wenesbiMM KonnuMaTopamm
(Avana3oH aHepruw ot 0,2 no

10 ka3B). 3epkano Teneckona
CKONbL3SAILWero nageHus uMeno
¢hokycHoe paccTtosiHue 624 mm,
AvnameTp BXOAHOW anepTypsbl

197 Mm.

Bo Bpema gByX aKcneguuuin Ha
opbutancHon craHuum «CanioT-4»
C NOMOLYLIO Teneckona «OunuH»
6L NpoBeaeHsbl HabnaeHus
MHOIUX PEeHTreHOBCKWUX
MCTOHHMKOB — Jlebega X-1,
Fepkyneca X-1, Liupkynsa X-1,
peHTreHoBckon Hoson A0620-00 u

Apyrvx. Beinv nony4ensbl
WHTEepecHble CBeAEeHUA O
CBOWCTBax aTUX OOHEKTOB.
HoBwidn gvanazoH AnvH BONH 6bin
0OCBOEH Ha opbuTanbHOM CTaHYWK
«CanoT-6», Ha KoTopoW 6bin
ycTaHoBneH 6onbuion
CybMUNNUMeTpOBLIA Teneckon ¢
AunameTpom 3epkana 1500 mm.
Y>e B xoe noneta aTor CTaHyvm
Ha ee 60pT 6bIN QOCTABNEH B
BUAE OTAENbHbIX 6NOKOB M y3noB
pagvoteneckon KPT-10
(KOCMMYEeCKUA paauoTeneckon c
10-meTpoBOW aHTeHHon). PaboThl
C TenecKonoM Ha4yanucb C
KOCTUPOBKMW aHTEHHbI U
onpegeneHus ee Anarpammbl
HanpaBneHHOCTH, a 3aTem 6bin
BbINOMHEH UWKn
3annaHupoBaHHbIX UCCNeA0BaHUA.
OHu BKNKOHanNM B cebs
HabnmoaeHun nynbcapa 0329+ 054
1 0630p y4acTka Mne4dHoro nyTu.
Lvpokasn nporpamma
acTpoPU3NHECKUX IKCNEPUMEHTOB
BLINONMHANACH M HA OpOUTANEHOW
craHumu «CamoT-7». OgHuUMm n3
rNaeHbIX UCCNefoBaTenbCKUX
WHCTPYMEHTOB CTaHuvu cTan
60NLLWOA peHTreHOBCKWH
Teneckon ansa HabnwaeHwn B
AvanaaoHe 3Hepruid ot 2 oo

30 k3B c rasoBbIMK
NPONOPYUOHANBbHBIMW CHETHUKAMMU
obwein nnowaaso 3000 cm?. Mone
3peHus WeneBbiX KONNMMaTopoB
Teneckona coctasnsno 3x3°. 3a
ceaHc HabnogeHwa
AnutensHocTeio 1000 ¢ Teneckon
MOr OGHapPYXX1UTb UCTOYHUK C
NOTOKOM 3HEpruM B HECKONLKO
THICAY pa3 MEeHbLLUUM, Yem
uanyvaemoin KpabosuaHoun
TymaHHocThio. Cpeau
pe3ynLTaToB BbINONMHEHHbIX
uccnefoBaHUini MOXHO OTMETUTL
06Hapy>eHWe MOLYHON BCMbILLKK
PEHTreHOBCKOro nany4eHus
akTuBHOMW ranakTuku NLC4151.
Ewe oavH acTpOHOMUYECKWIA
npubop, yCTaHOBNEHHbIW Ha
cTaHuyumn «CanioT-7»— ramma-
Teneckon «EneHa» — 6bin
npegHasHa4YeH ans UaMepeHus
(pOHOBOro U3NY4HEHUN
KOHCTPYKUWN KOCMWUYECKOro
annapata. MNony4eHHbIe € ero
NOMOLYLIO AaHHble BaXXHbl 4N
NOArOTOBKW 3KCNEPUMEHTOB C
60NbWKMMKM raMMa-TenecKonamm.

O6wupHasa nporpamma
HabnogeHUWd BCNNeCcKoB
KOCMWYECKOro raMma-uanyyeHus
6bina BbINONHEHA C NOMOLWLIO
npvbopeoB, YCTaHOBNEHHbIX Ha
aBTOMaTUHECKMX MeXNNaHeTHbIX
cTaHuusax cepumn «BeHepa» u
cnyTHUKax «MporHoa». Lensto
3TUX 3KCNEPUMEHTOB, B KOTOPbLIX
NPpUHUMANK y4acTue n
thpaHUy3CKue yyeHble, SBNANOCL
onpefeneHue TOHYHLIX KOOpAMHAT
ramMmma-BCrnnecKoB METOLOM
W3MepeHus BpemeHu npuxoaa
curHana Ha Kaxgbii na
pasHeceHHbIX B NPOCTpaHCTBe
KOCMWYECKMX annapaToB
(meTogOM TpraHrynsayuu). [ns
aToro nomumo «BeHep»
«[MporHo3a» McnonbL3oBanvch
TaKXe KoCMMYecKue annapars!
CLWA v ©OPI'. KoopawHaTbl COTeH
ramma-scnneckos Gbinu
onpeAeneHsbl ¢ TOHHOCTLHY
HECKO/MbKO YrNOBLIX MWUHYT, a B
OfHOM Cny4ae A0 NATH YrNoBbIX
CeKyHA.

Mamepanuce cnekTpel raMmma-
BCNNECKOB, a TaKkXe ux
BpemMeHHble npodwunu. Mo
pe3ynsTaram 3Toro 3KcnepuMmeHTa
onybnukoBaHbl gBa KaTtanora
KOOpAUHAT CNeKTpoB WM Npodmnen
ramma-scrnneckoe. Cam BCNneck,
no-BMAUMOMY, SIBNSIETCS
pe3ynbTaToM B3pbiBa Ha
NOBEPXHOCTWU HEWTPOHHOW 3BE3A4bI.
M3 apyrux pesynbTaTos
BHeaTMoctepHbIX
acTpoOHOMUYECKMX HabngeHwiA
cnegyeT OTMETUTb MCCNefoBaHue
CNexKTpa U3any4eHus
MeXXnnaHeTHOW cpefbl B
yNbTpauoneToBoM guanasoHe,
KOTOpOE NO3BONMUNO OOHAPYXUTL
AsmxeHne CoNHeYHOM CUCTEMBI
OTHOCUTENbHO MEX3Be3[HOro
rasa n onpefennTb HEKOTOpbIE
hrsnHecKue napameTpsbl
OKONOCONHEYHOro NPOCTPAHCTEA:
NNOTHOCTL aTOMOB BOgOpoAa 1
renus, ux Temnepatypy v
CKOpPOCTb ABWXEHUS
oTHocuTensHo ConHua.

B akcnepuMmeHTax Ha CNyTHWKax
«[porHoa» u craHyunx «BeHepax,
B KOTOPbLIX TakKXe NpvHUManu
ydacTme dopaHuyy3CKMe yyeHble,
yAanoce Nony4uTs 0630p Heba B
nuHusax Bogopoaa (A1216A) u
renus (A584£ C YrnoBbIM
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paspelweHueM gsa rpagyca.
MNprMeHeHne OpUrMHaNBEHON -
METOAVKMU C UCNONb30BaAHUEM
NOrNoLaroLMX BOAOPOAHLIX
KIOBET fan0o BO3MOXHOCTb
U3MEPUTL LUMPUHY JTMHUM
BOAOPOAA, 4TO, B CBOIO o4epefb,
No3BONUNOC ONpefenvuTb
TeMnepaTypy MeX3Be3fHbIX
aToOMOB BOAOPOAA, NPONETaIoWMX
yepe3 ConHeuryto cuctemy. [ins
MHTepnpeTauuu nony4aembix
AaHHbIX B MHCTUTYTE OblNa
paspabortaHa TeopeTuHecKas
Moaens AswxxeHun ConHevHon
CUCTEMBI HEPEe3 MEeX3BEe34HYIO
cpeay.

Co3gaHue KOCMUYeCKUX
annapaToB, cneyvarnsHO
npeaHasHaqYeHHbIX ANs
NpoBeAEHUR aCTPOHOMUHECKMNX
HabniogeHun, No3BonseT
Hanbonee achheKTUBHO
WUCNONL30BaTh CNOXHble
COBpPEMEHHbIE KOMNNEKChI
Hay4HOI annapaTypol. Ha 6opTy
Takux annapatoB MoXeT 6biTb
yCTaHOBMEHO OAHOBPEMEHHO
HECKONbKO KpYNHLIX TENeCKOonos,
paboTaloWwmx B CMEXHbIX
AwanasoHax. 31o obecne4usaeT
nonydexHne 6onee NONHOW
KapTWHbI NPOLECccoB,
NPOTEKAOWMX B KOCMUHECKUX
WUCTOYHUKaxX uanydeHusi. Kpome
TOro, cneyuanuanpoBaHHbie
cnyTHUKW-o6cepeaTopum gaioT
BO3MOXHOCTb BbINONHATL
perynsipHbie gnurensHole
HabnogeHMa B TeyeHue
HEeCKONbKKX ner.

MNepBbi cOBETCKUA
cneyvanv3vpoBaHHbIA
aCTPOHOMMWHECKHWA CNYTHUK
«ACTpPOH» 6bin BuIBEAEH Ha
BbICOKOANOoremnHyo opbuTy B
mapTe 1983 r. OH
npegHasHayanca An\
acTpotuanyeckmx uccnenoBaHun
B obnacTtu ganekoro
yNbTpaPuoneToBoro U3ny4eHus n
PEHTIEHOBCKOMO M3nyyYeHus
cpeaHux 3Hepruin. B coctas
KOMNneKca Hay4yHOW annapaTtypbl
Kocmudeckon obcepeaTopui
Bowen paspaboTaHHbIA Yy4eHbIMU
u cneyuanuctamu MK AH CCCP
(COBMECTHO CO CMEXXHbIMU
opraHvaaumsmu) 60NbLIOIA
pPEHTreHOBCKUWIA Teneckon-
CneKTpomeTp C nnowaabto
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HyYBCTBUTENbHbLIX AETEKTOPOB
okono 2000 cm®. To4HOCTB
HasefeHun U cTabunuaayum
obcepBaTopmMn NpyM NpoBeAeHUK
PEeHTreHOBCKUX HabnoaeHun
coctasnsna 2—3'.

Ecnu Ha opbuTansHOW CTaHuvK
«CanoT-7» BpemMs HabnogeHWn
OfHOr0 UCTOYMHUKA COCTaBNANO
NULL CeKyHAbl, TO Ha

«ACTpOHE» — A0 Tpex 4acoB. 3710
cgenano BO3MOXHbIM OnpegenvTb
OCHOBHbIE 334344
aKCnepyMeHTa— nony4yeHue
CNEKTPOB U geTanbHoe
uccneaoBaHue O4WHOYHBIX
WUCTOYHUKOB PEHTIeHOBCKOro
nany4exus (B Tom yucne 15
nNynsLCapoB, OCTATKOB
CBEpPXHOBbIX, KOMNAKTHbLIX
PenATUBUCTCKUX O6BLEKTOB B
TEeCHbIX ABOWHbIX CUCTEMAX,
aKTUBHbIX ranakTuk U T. n.). N3
NONYYEeHHbLIX Pe3ynLTaTtoB MOXHO
OTMeTUTL o6Hapy»eHue achdhexkTa
«BbIKIMKOYEHUS» UCTOYHMKA
Fepkynec X-1, onpegenexHve
BEPXHUX FPaHuL, NOTOKOB OT
CBEpPXHOBOW, BCMNbIXHYBLUEH B
ranaktuke M83. HeogHokpaTHO
npoBoAWNUCL HabnaeHUs
«bbicTporo 6apcrepa», NpuUyem
Habnoganucs MMNYNbLChI
Pas’snNUYHBLIX ANTMTENBHOCTH U
¢hopmbi. Mpu 3TOM GbIN
obHapy>eH HOBbIA TUN
Bcnneckos. Mpu NOKPLITUK
«bbicTporo 6apctepa» JlyHoun
yAAnoCkL OOHapY»WTk MOYLWWWA OT
HEero NOCTOAHHBIA NOTOK
PEHTreHOBCKOro Uany4eHus.
CnyTHUK «ACTPOH» YCNELWHO
pa6otan Ha opbute H6onee NATH C
NONOBWUHOW NeT.

JNletom 1983 r. Ha
BbICOKOanoremHyilo opbuty 6bin
BblBeAEeH UCKYCCTBEHHbIA CNYTHUK
3emnu «MporHo3-9»,
npegHasHa4eHHbIA Ans
acTpothusnyeckux uccneposaHun.
OcHoBHbIM NpMbopoM KOMNNeKca
Hay4HOW annapaTypbl 3TOro
CNyTHUKa SABNASICA
BbICOKOYYBCTBMTENbHbIN
paguomeTp «PenukT»,
npeAHasHaYeHHbIW Ans
uccneaoBaHWA YrnoBbIX

G NoKTYauMn ApKOCTN (POHOBOIO
«3-rpaflyCHOro» pagvouanyyeHus
Ha ANMHE BONMHbI 8 MM.

Mouck chniokTyayun TemnepaTypbl

PENUKTOBOro U3Ny4eHus B
HacToswee BpeMa npuobpen
xapakTep (pyHAaMeHTaNbLHOro
3KCNepuMeHTa, NOCKONLKY 3TH
¢noKTyaummn HecyT B cebe
NpAMY0 MHOpMaUUIo O
BaXKHENLMX 3Tanax McTopuu
paseuTua BceneHHoW, Ha4YWHaA C
CaMOi paHHeW, CBepXNNOTHOW K
rops4en cTaguuM ee 3BONIOUUK
B6NM3KN KOCMONOrM4eCcKow
CUHIYNAPHOCTU U KOH4Yas
COBPEMEHHBIM MOMEHTOM; O
(PU3rMHEeCKMUX CBOUCTBAX
BellecTBa, 3anonHALWero
BceneHHyo (BKNKOHAA U TEMHOE
HecBeTSALeeCA BellecTBO); O
MoMeHTe ob6paszosaHusA
rpaBvTayMoHHO CBA3AHHbIX
ofvexkToB BO BceneHHOW M
CBOWCTBax aTUX 0OLEKTOB.
MepBoHa4anbHO HabnaeHUs
pPenUKTOBOro M3ny4eHus
NPOBOAVNKCL C NOBEPXHOCTW
3emnu. MNpu 3TOM Ha Ka4ecTBe
pe3ynbTaToB CKasbiBanocb
3Ha4YUTenNbHOEe NOrnoLjeHue U
nepevany4yeHne MUKpPOBOTHOBOIO
paguouanyyeHus atmoccepon. B
3KcnepuMeHTe «PenukT» Bnepsble
ANA U3yHeHusi KpynHomacliTabHomn
aHu30TponNuKU (POHOBOMO
nanyyeHun 6b1na npuMeHeHa
opbutanbHan TexHuka. «4Yucroe»
Bpemsa HabnogeHwn coctaBuno
nonroga. K Tomy e yganocs
A0O6UTLCA O4EeHb BLICOKOM
4YBCTBMTENLHOCTW Teneckona—
OH MOr pasnuyuTb ABe TOYKWU Ha
HebecHon chepe ¢ pa3Hulen
Temneparyp, COCTaBNALWen
BCEro Nullb AEeCATUTLICAYHLIE
ponw rpagyca.

Bnepsuie 6bina nony4qexa
paanoapKocTHas Kapta 6onbluei
vacTtu HebecHoin cpepbl €
yrnoebiM paspelueHuvem 5,8°,
yyTeHBl NapameTpbl AUNONbLHON
KOMNOHEHTbl aHu3oTponuu. [ns
Mogenen Co CNeKTpoOM akKagemmkKa
A. B. 3ensgoeuya gns
nepBUYHBIX (PNIOKTyauyun
NNOTHOCTK BewecTea Obin
onpeneneH BepxHW npegen Ha
KBaApynonkHYIO COCTaBNAIOLYHO,
KOTOpbLIA OKa3ascs cywecTBeHHO
HWXe nopora, NoNy4eHHoro
3apybeXxHbIMKU UCCneoBaTensMu.
PesynsTaThl 3KCnepumeHTa
«PenuKT» OTKpbUTN HOBblE
BO3MOXHOCTH pelieHus Hanbonee



MHTEPECHbIX KOCMOMOrMYeCKUX
npobnemMm, CBR3aHHLIX CO
CTPYKTYpOWA U 3BONOUMEN
BceneHHon, a Takxe ¢
obpa3oBaHueM ranakTuK.

31 mapTta 1987 r. B Kocmoc 6bin
aanyuyeH acTpouUanyecKuin
moaynb «KeaHT». Mocne
CTbIKOBKW MOAYNSA C KOMMNEKCOM
«Mup» Ha opbuTte ctana pabotatb
HOBasA KoCMWYecKas
obcepBaTopuna «PeHTreH»,
No3BONSAOLWANs uccnefoBaTb
WMCTOYHWMKK B LUMpOYaALLEM
AvanasoHe aHeprum (2—

1300 kaB). B ee cocTtaBe —
YeTbIpe PEHTreHOBCKUX
Teneckona, npegHasHa4YeHHbIX
ANA peweHrUs NPUHUMNnanNLHO
HOBbIX 3a34a4 acTpohU3nKu
BbICOKMX 3Heprun. Cambin
KpYnHLIA U3 HUX — «[ynscap X-
1» —co3gaH B MKW AH CCCP
COBMECTHO C y4eHbiMWU paga
APYrvX Hay4qHbIX opraHu3ayun
CTpaHul. Teneckon mmeeT

achchek TMBHYIO nnowansL
AeTeKTUpYIoLWKX YCTPOWCTB B

6 pa3 6onbLuylo, Hem y
aMepMKaHCKOro PeHTreHOBCKOro
cnyTHuka-obcepsaTopun HEAO-3.
HOpyroin npubop — Teneckon c
TeHeBOW MacKou—co3faH
COBMECTHO YTpEexTCKOW
nabopaTopyen KOCMWUYeCKuX
uccnegosarHui B MlonnaHauu u
BUpMUHIreMCKMM YHUBEPCUTETOM B
BenukobputaHuw.

Ewe oavH Teneckon —
cnekTpomeTp «CupeHb-2» — Obin
co3gaH B oTgene KOCMU4eCcKon
acTpodusnku EBponerckoro
KOCMMYECKOro areHTcTea.

W, Hakoney, npubop
3anagHoOrepMaHCKux y4eHbIx
«EKCE», npegHasHa4eHHbIN gns
paboTbl B 06M1acTH BbICOKUX
aHeprun, 6bin co3gaH MHCTUTYTOM
BHeaTMocthepHON PU3NKK
obuwecrtea um. Makca lMNnaHka u
THOUHIreHCKUM YHUBEpPCUTETOM.
OcobeHHocTeO Npubopa ABNAETCA
AetekTop Tuna «PocBuY».

C nomouwsto ob6cepBatopuu 6b1n0
NPOBEAEHO HECKOMNBLKO ThICAY
HabnoaeHwA, B pesynsTaTte
KOTOPbIX MONYyYEeHbl BaXKHbIE
Hay4Hble pe3ynbTaThbl.
Hawbonbwwih nHTEpec,
HECOMHEHHO, NpeacTasnAlT
nccnefoBaHua CBepPXHOBOW

3Be3[bl, BCNbIXHYBLUEW B KOHUE
ceBpana 1987 r. B bonblom
MarennaHosom obnake.
CeeTtawasca obono4ka,
o6pasoBaBLUAACA NpW B3pbiBe
3Be3fbl, cHa4ana 6uina
HAcTONbKO NNOTHOW, YTO «He
Bbinyckana» Hapy>y NOTOKW
PEHTreHOBCKOro 1 ramma-
U3NY4YEeHWs, KOTOPbIE TePSAnu
CBO 3HEPrui0, Kak Obl
«3acTpeBasi» B Hen. Ho
NOCKONbKY obono4vka
pasneTtanacb BO BCe CTOPOHbI C
KONOCCANLHOM CKOPOCTLIO, OHa
NOCTEeneHHO CTaHOBWNAaChL BCe
«npo3payHee». B peayneTarte
10 aBrycta 1987 r.
obcepBaTopurein «PeHTreH» 6bino
3aperucTpupoBaHO XeCcTKoe
pPEHTIEHOBCKOE W3Nny4eHue.
MNanyyeHue Takoit npMpoabl,
MMEIoLeEe aHOMAalbHO XEeCTKWA
CNeKTp, aCTPOHOMbI paHee
HUKOrga He Habmoganu.
BeaycnoBHO, 3TO uany4vyeHue
ABUNOCH CNEACTBUEM
paguoakTUBHBIX pacnagoe saep
kobanbTa, NpeBpaLalowmMxcs B
}Keneso. AgepHoe ramma-
nany4eHue UCNbITbIBaeT B
060no4YKe AECATKU U COTHU
paccesiHvii, yMeHbLUaeT CBOIKO
OHEepPruio U NPUXoAuT K 3emne B
BWE HenpepbIBHOrO
PEHTreHOBCKOro noToka ¢
Ype3BbiHaWHO XXECTKUM CNeKTpOoM.
Motok many4eHus ot CBepxHOBOW

MeAIeHHO U HEeYKSIOHHO HapacTan.

HapacTtaHue npogomkanock gaxe
Torga, korga 98% kobanbTa yxe
pacnanocs. 3T0 MOXHO
OO6BACHUTL NULLb ObICTPbIM
«MNpOCBETNEeHUeM» 060NOYKK.
OcHoOBHOW Lenbto
NPOAOIKaBLUMXCA 3aTeM
HabniogeHwn CeepxHoBOW cTan
NOUCK PEHTreHOBCKOro
nynscapa— 6bICTpOBpaLlalou|encs
3amMarHW4eHHOW HeWTPOHHOW
3Be3fbl, POAVBLLENCS B
pesynetarte rubenu ronyboro
CBepXrvraHTa B cocegHem
ranakTuke.

CnegyeTt oTMETUTDb, HTO XKECTKOe
PEHTreHOBCKOe M3ny4yeHue,
HabnogaBweecs obcepeaTopuen
«PeHTreH», umeno
6bICTpONEepeMeHHbIA KOMNOHEHT C
XapaKTepHbIM BpEMEHEM
M3MEHEHWUA HECKONbLKO AHen. B

TO XXe BpemMs MHas NnepemMeHHOCTb
Habnwganacs B 60nee MArkKom
AnanasoHe SNOHCKWUM CMYyTHUKOM
FMHIrA. PaanuyHoe BpemeHHOe
noBegeHue U3anyyeHus roBopuT o
pas3Hon ero npupoge B pasHbIX
AnanasoHax 3Heprun.

Cpean opyrux o6bekToB
HabnogeHun obcepBaTopUu
«PeHTreH»: ksasap 3C 273;
PEHTreHOBCKUIA nynbcap
lepkynec X-1; U3BECTHbIM
«KaHauaaT B YepHbie Ablpbi»
Nebegb X-1; UCTOHHMK,
n3ny4arwuwmn ramma-ny4m
CBEPXBbICOKUX 3HEPIruviA,

Nebepb X-3; TpaH3UEHTHLIA
uctouHuk Llecben X-4 n mHOrve
Apyrve o6beKThbi.

Euwe oagHa opbutansHas
obcepeaTopua — «[paHaT» —
6bina 3aayMaHa Kak KOMMNeKc
npnbopoB ANA npoBegeHus
AeTanbHbIX UCCNeaoBaHui B
LUMPOKOM AuanasoHe 3Hepruin —
oT 3 go 2000 kaB. An=A
CpaBHEHUA, aMepuKaHCKas
cnyTHUKoBas obcepsaTtopusi
«JUHWTENH», KoTopas Aana
Maccy «CBEXWX HOBOCTeW»
(3avacTyio coBepleHHO
HeoXuaaHHbIX), Morna paborarb
NUWL B MArKOM AuanasoHe
aHeprui—ot 0,1 o 3 kaB.
OcHoBoin NpnGOPHOro KoMnnekca
obcepBaTopumn «[paHaT»
ABNAKTCA Teneckonsl APT-I wn
«Curma».

PenTreHoBCcKuMi Teneckon APT-I,
pa3paboTanHbii yqeHbimu MKIA AH
CCCP coBmecTHO C ApyruMmu
opraHu3ayuaMmn, COCTOUT U3
YeTbipex WOEHTUYHLIX Mogynew C
napannenbHbIMU ONTUHECKUMM
ocAMK. Kaxxabiii Moayne uMmeeT
KOAMPYHOLWYHO Macky u 16
NoBTOpsOWMXCH MOTMBOB (41 Ha
43 anemeHTa), KONNUMaTop C
nonem 3pexHus 1,9 Ha 1,8°
NO3WUYNOHHO-HYBCTBUTENbHbIA
HeTeKTop, 6N0KK 3NeKTPOHUKW.
CoBeTcKo-thpaHLy3CKUiA Teneckon
«CurmMa» C BbICOKOW
YyBCTBUTENbHOCTLIO AaeT
BO3MOXXHOCTbL KapTorpagupoBaTs
HebecHyio cepy C BbICOKUM
yrnoBbIM paspelleHrem B
Avana3soHe aHeprui 50 kaB —

2 MaB. Cucrema nonyqeHus
ma3obpakeHus BkYaeT B cebn

KOAVPYIOWYIO MAcKy, COCTOSLLYIO
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U3 29x53 aneMeHTOB Ha OCHOBe
ncesgocny4anHorn Tabnuubl n3
29x31 aneMeHToB, WU NO3ULMOHHO-
HYBCTBUTENBHLIA AETEKTOP.
3ddekTuBHAA nnowanb
petekTtopa 800 cm?. Teneckon ¢
nonem 3peHuA 4,2x4,25°
NO3BONSIeT CTPOUTL U3o6parkeHue
WCTOYHUKOB C YrNOBbIM
paspelweHuem 16" .
MpegnonaraeTcs, 4TO 3a Bpems
aKcnepumeHTa Teneckon «Curma»
cMoXeT Habnpats 6onee

100 ranakTU4ecKux u
BHEraslakTUHEeCKMX MCTOYHUKOB.
Euie oagvH peHTreHOBCKWUA
Teneckon — APT-C —coctouT us
ABYX nap yCTpOWCTB
geTeKTupoeaHua. Kaxkgas napa
6narogaps kKadawouwemycs
KonnuMmaropy Habniwopaet
nooYepeaHO MCTOHHUK U (POH.
SHepreTMHecKW ananasoH
Teneckona 3— 150 kaB.
OcobeHHOCTH Op6KnThI
cnyTHUKoBon obcepeaTopum
«[paHaT» n emKas boptoBas
namaTb obecne4nBaloT
BO3MOXHOCTL BECTU HabngeHus
B TeueHue 24 4. ITo Hapsay C
6onbLwoi Nnowaasl 4eTeKTOpoB
AenaeTt ob6cepeaTopuio peKopaHOW
no YyBCTBUTENbHOCTH.

«[panar» — KpynHeAwmm
LeneHanpaBneHHbld NPOeKT No
MccneaoBaHuIio ramma-BCnneckos.
naBHOM 0CO6EHHOCTLIO
3KCcnepuMeHTa ABNAeTCA
yCTaHOBKa annapaTypbl Ha
noBOpOTHOW nnardgopme. 3TO
[AeT BO3MOXHOCTb B CHUTaHHbIE
CeKyHAbl HaBOAUTL Nprbopbl HA
UCTOYHUK raMmMma-Bcnnecka,
no3BonsAN NonNy4artb ero
AeTansHble CNeKTpbl 1
npocnexxueatk pa3sutue cobbiTuA
BO BpemeHW. Micnonb3soBaHue
[ETEKTOPOB C Y3KUMK NONSAMM
3pEHUA U COBMELLEHHbIMK
ONTUHECKUMWU OCSIMU
obecneumBaeT TO4HyIO (40
YrnoBbIX MUHYT) NoKanusayvio
WCTOYHWKOB raMMa-BCNNeCcKOB.
Bonbluve Hagexasl B pelieHun
nepcneKTUBHBLIX 3aaa4
BHeaTMOC(epHON acTPOHOMMK
y4YeHble CBA3LIBAIOT C
3annaHuMpoBaHHbIM Ha Ha4ano
90-x rr. npoekToM «CnekTp-
PeHnTren-lNammar.

Peanuaayus npoekTa NO3BonuT
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cAenaTtb 3Ha4YuMTenNbHbIA wWar
Bnepes B NOHWMaHWKW CBONCTB
pa3nU4YHbIX KNaccoB
acTPOHOMUYECKUX 0O6BEKTOB,
onpegenedHvn NpMpoasbl MHOTUX,
NnoKa He A0 KOHLA NOHATHLIX,
hu3nHeCKUX ABNEHUA,
Habniogaembix Bo BeceneHHoM.
Mpwbopbl HOBOW OpBUTANBHOW
obcepBaTopuk AONMKHbI
NO3BONUTb NONYYUTb YHUKaNbHYIO
WHOpMaLMIO O ranakTUYeCKMUx
WCTOYHUKAX PEeHTreHOBCKOro
M3ny4eHWs (YepHbiX Ablpax v
HEWTPOHHLIX 3Be3fax B ABOWMHbLIX
3Be3[HbIX cUCTemMax, ocTaTkax
BCMbIWEK CBEPXHOBLIX, ropsa4Yem
MEeX3Be3HOM rase),
CBEepPXMAaCCHBHLIX YepHbIX Ablpax
(OHWM B MUNNUOHBLI UNKU AaXe B
MUNnuWapAasl pas mMaccvBHee
ConHua) B Agpax aKkTUBHBIX
ranakTuK, MEXranakTUYeCKOM
rase B CKOMMEHWRX ranaxkTuk,
PEHTIEHOBCKOM M3NyYeHun
HOpManbHbIX ranaktuk. OrpomHas
nnowage cobuparowmx sepkarn,
yCTaHOBNEeHHbIX Ha 6opTy
obcepBaToOpUK PEHTIeHOBCKUX
TenecKonoe, WuWpo4vanluvi
3HepreTU4ecKUn AnanasoH,
CcNocobHOCTL CTPOUTL
PEHTreHOBCKME N306paXkeHus C
BbLICOKWM paspeLueHUeM,
NpOBOAUTL PEHTTEHOBCKYIO
CNEeKTPOCKONWIO OTKPbLIBAKOT
YHUKabHbIe BO3MOXHOCTH
ncnonb3oBaHuA obcepBaTopun
ONA pelweHns KOCMONormyecKux
npobnem.

MoxHo 6ygeT BeCTW NOWUCKK
caMblIX ygAaneHHbIX peHTreHOBCKUX
KBa3apoB — 3TUX UCKIIIOYUTENBHO
Apkux obpasoBaHui, U3nyyeHue
KaXoro M3 KOTOpbIX He ycTynaeT
W3Ny4eHWIO Uenon ranakTuku us3
COTeH MMNNMapaoB 3Be3q.
$¥lpKOCTb pEHTreHOBCKOro
Wany4eHWUs O4HOMO N3 TaKuXx
kBasapos (0X-169) scero 3a Tpu
yaca U3MeHseTCA B [Ba pasa.
BbixoguT, 4TO OH NO CBOUM
pa3amepam He 6onebwe ConHe4HoM
CUCTEMbI, Aa>Ke NPpUMepHO
BMONOBWHY MeHble. Camasn
TAXKeNnas JepHas gblpa noAobHbIX
pa3mepoB vmena 6bl Maccy oKono
200 munnuoHoB conHy. OTKyga
e Toraa YyaAoBULLHbLIMA BbIXOA
3Hepruv y Keasapoe?
O6cepBaTopuu 6yayT AOCTYNHbI

COTHW TLICAY cBepxcnabbix
PEHTFeHOBCKUX UCTOYHUKOB,
HaxoAALWMXCA Yy rpaHuLbl
Habnogaemoi BceneHHoM.
JetansHoe vx usyyeHwe NO3BONUT
NPONUTL AONONHUTENBHBLIA CBET
Ha npobnemy audyaHoro
peHTreHoBCKOro ¢oHa.

[eno B TOM, 4TO Hebo B
PEHTreHOBCKOM AuanasoHe He
BbIrNsauMT TemHbim. CyulecTeyeT
¢doHOoBOE, «pa3masaHHoe»
uany4yeHue, cpaBHUMoe C
N3ny4eHrnem ANCKPETHBbIX
WCTOYHUKOB. MNpegnonaraeTcs,
YTO 3TO— U3NYy4eHne OYeHb
paspeXeHHOro ropsyero
MEXKranakTU4ecKoro rasa,
3anonHAKWero Bce
npocTpaHcTBo. Ecnu 3aTo Tak, To
no eenuduHe audcdysHoro poHa
MOXHO CyauTb O cpegHewn
nnoTHOCTM BcenenHow n,
cneposaTenibHO, O TOM, KakoB
HawW MUp — «3aMKHYTbIA» UMK
«PAa30MKHYThIA», CMEHUTCA N
Koraa-nuwbo Habniogaemoe
pacwvpeHue BceneHHoOW cxkaTueM.
Wnn oHo 6yaeT npogomkaTbes
6eCKOHEYHO ...

Ho, moxeT 6biTb, (hoH—3TO
CNYBLUMECA BOEOWHO OYeHb
Aanekue v No OTAeNnbHOCTU NoKa
He pasnuyMMble TOYe4YHble
MCTOYHUKK? Hanogobue Toro, Kak
cBeT Aanekux 3sesf CnvuBaeTCA B
Msirkoe cusiHue Mne4Horo nyTu ...
MoaTomy TenecKonbl
obcepeatopun «CnekTp-PeHTren-
Mamma» 6yayT HanpaBneHbl U Ha
«nycTole» obnactu Heba, rge
NPUCYTCTBYET TONLKO (POH, C TEM
4ToObI NPOBOAUTL NOACYETHI
cBepxcnabbiX peHTreHOBCKUX
WUCTOYHUKOB.

BaxHoh 3agaden npoekTa cTaHeT
W uccnefoBaHue TPaH3UEeHTHBIX
(nponagarowmx) peHTreHOBCKUX
WCTOYHUKOB W raMMa-BCNNecKoB.
LUnpokuin aHepreTUHecKuin
AWanasoH, BbICOKKe
YyBCTBUTENBHOCTb, CNeKTpanbHoe
W yrnoeoe paspelweHue npubopos
opbutansHoOW obcepBaToOpUm
BoigsuraoT «CnekTp-PeHTreH-
Mamma» B psig Hanbonee
WMHTEPECHbLIX Hay4YHbIX
KOCMUHECKWX NPOEKTOB NepBon
nonoBuHbl 90-x rr. B pamkax
CNOXXMUBLUENCA MEXAyHapOAHON
KoonepayuvM B NpoBeaeHwn



acTpouanHecKnx uccnenoBaHumn
c 6opTa KOCMUYECKKUX annapaToB
3TOT NPOEeKT CTaHeT, C OAHOK
CTOpOHBI, BXKHBLIM AOMNOSTHEHWUEM
K nnaHupyemoMy 3anycky
obcepeaTtopun ROSAT (®PIM—
AHrnus), ¢ gpyron —
HeobxoAUMbBIM NOrMHECKUM
3B€HOM Npw nepexoae oT
npoekToB 80-X IT. K Ype3BbliHaWHO
AOPOroCTOALMM NpoeKTaM KoHuya
90-x rr.— XMM (EBponenckoro
KOCMWYECKOro areHTcrtea), AXAD
(HaynoHanbHOro ynpaenexms no
aspoHasTuke CLUA). MNpoekT
XMM, Hanpumep,
npeaycMaTpueaeT YCTaHOBKY Ha
60pTy KOCMWUYECKOro annapara
YeTbipeX PeHTreHOBCKUX
TEeNeckKonoB «KOCOro NageHus» —
Belb PEHTreHOBCKUE Ny4M Henb3si
CPOKYyCHMPOBaTb, Kak CBeT, B
ONTUYECKMUX Teneckonax, NOSTomy
MX NOCTEneHHO «CBOAAT» C
NOMOLLBIO BNOXEHHBbIX ApYr B
Apyra koney— 3epkan. Kaxabin
M3 Teneckonoe 6yaeT COCTOATL U3
50 3epkan u uMmeTb (POKyCcHoe
pacctosHue 7,5 m.

OaHWM U3 OCHOBHBIX
WHCTPYMEHTOB obcepBaTopuun
«CnekTp-PeHTren-famma» ctaHeT
COBETCKO-AAaTCKWIA Teneckon-
KoHueHTpaTop XSPEST
(ycTaHaenmBaeTCA BAONb rMaBHOM
ocu obcepBaTopuu), B KOTOPOM
UCNONb3yeTCA peHTreHoBCKan
ONTHKa KOCOro nageHus no cxeme
KOHYC-KOHYC. CymmapHasn
nnowaas NoOBepxHOCTH
PEHTreHOBCKMX 3epKan aByx
WAEHTUYHBIX TENECKONOoB
coctasut 130 M2
YyBCTBMTENBLHOCTbL TENECKoNa B
20 pa3 npeBbiCHT
YyBCTBMTENbHOCTbL annapaTtypsl,
KoTopas 6blna ycTaHoBMneHa Ha
aMepUKaHCKOM CNyTHUKe
«QUHLWTENH»,

Teneckonsi NNaHUpyeTcs
BbiBOAWTL B KOCMOC B CINOXXEHHOM
COCTOSIHUM WU 3aTeM pacKpbiBaTb
Mx Ha opbuTe. PoKanbHoe
paccTosiHMe TENecKonos COCTaBuT
8 M 1 ero MOXHo 6yaeT U3MeHATb.
Yrnoeoe paspeleHue 2' .
PaspaboTka v M3roTtoBneHue
ONTHUYECKOWN CTPYKTYpbI
Teneckona, BKNoYas MexaHuam
packpbITva, OyayT BLINONHATLCS
COBETCKUMMK CneyuanycTamu.

CoBeTCcKOn CTOPOHOW NPOBOAATCA
M BCe pacyeTbl TeNNOBbIX W
MEXaHW4ECKUX XapaKTepucTuK
Teneckona, a Takxe ero
UCNLITAaHWA Ha COOTBETCTBUE
YCNOBWAM 3KCnnyaTaymm Ha 6opTy
KoCMM4ecKoro annapara. B
CO3aHMK Teneckona HamepeHbl
NPUHATL y4acTve Takxe
cneyuwanuctol CLUA, QuHNaHauu u
pAaa opyrux cTpaH. Tak, B
Yexo-CnoBakuwm paspabartbiBaeTcs
cucTemMa CMeHbl U TOYHOIO
HaBegeHus (hoKanbHbIX
AEeTeKTopoB Teneckona.

Ewe oguH Teneckon Kocoro
naaeHus JET-X (Takxe
ycTaHaBnuMBaeTCA BAONL rNaBHON
OCH) NpegHasHayeH ANA TOYHOW
noKanuaayuuv, CNeKTPoCKOoNuUM u
NOCTPOEHMA M300pakeHus cnabbix
PEHTreHOBCKUX WCTOYHUKOB C
paspeweHvem 10", B cocTas
Teneckona BOWAET ONTUHECKUIA
MOHUTOP C 3epKanoM AuameTpom
30 cM ¥ YCTPOWCTBOM C Tak
Ha3blBaeMon o6paTHOW 3apsiiOBOA
CBA3bH. JTO KpeMHWEeBLIA
MUKPOKPUCTaNN, NOBEPXHOCTL
KOTOpPOro COAEPXXUT COTHU ThICAY
AatymkoB. CeeTt, cobupaeMblin 1
yCcUnuBaeMmblid 3epKasioMm, naaaet
Ha HKMX U NpeobpalyeTcA B
3NEeKTPUYECKUE CUrHansl,
NpOonopuuoHasnbHble ero
MHTEHCUMBHOCTH B 3TOW 4acTu
n3obpaxeHns. POTONNACTUHKM,
KoTopble Bcerga 6binm
«CTaHAAPTHBIM NPUNOXEHUEM» K
Ha3eMHbIM aCTPOHOMUYECKMM
Kamepam, perucTpupoBanuv TOMbKO
CeMb U3 KaXKA0W ThICAYM
ceeToBbIX KBaHTOB. lNpKbop ¢
3apaaoBON CBA3LIO perucTpupyeTt
700 13 KaXO0W ThICRYN KBAHTOB.
OnTuyeckomy moHuTOopy ByayT
[OCTYNHBI THICAYM 3BEe3[ Ha

Kax o nnowagke HabniogeHus
BNNOTb A0 3Be3[ 20-h v paxe
21-n BeNU4YMHbLL. JTO MOXeT
obnerdnTb ONTUYECKYIO
naeHTUUKaLWIO PEHTIEHOBCKUX
O6BHEKTOB M NO3BONUT CUHXPOHHO
uccneoBaTb UX NEPEMEHHOCTL B
PEHTTEHOBCKOM M ONTUHECKOM
AvanasoHax.

Hag cospaHwem Teneckona JET-X
COBMeCTHO paboTaioT
cneywanuctel AHrnuK, Utanum,
CCCP, ®PI' u EBponeickoro
KOCMWUYECKOro areHTcTea.

3Tk ABa rNaBHbIX MHCTPYMEHTa
obcepBaTtopun AONONMHAICT APYr
Apyra: COBETCKO-AaTCKuit
Teneckon 6narogapna OrpoMHON
cobuparlollelr nnowaann 3epkan
CMOXET NpOBOAUTL AeTanbHylo
CNEeKTPOCKONUIO CPaBHUTENbLHO
cnabbix UCTOMHUKOB, a Teneckon
JET-X, nmelowmin esicokoe
yrnoeoe paspelueHue, [OoSmKeH
AaTb pekopAHble pesynbTaTbl Npu
AnvTenbHbIX rNy6okux o63opax
He6a v npn HabnwgeHUsx
ceepxcnabbix 06LexkToB. NasHLIe
334341 3TUX UHCTPYMEHTOB
CBSA3aHbl C BHEranak TM4eCcKowm
acTpoHOMWEN U KOCMOMOTrUen.
Baonb rnaeHon ocu ob6cepBaTopumn
yCTaHaBNuBaeTCA M Co3fjaBaeMbiv
COBETCKUMMW YYeHbIMKM Teneckon ¢
Kogupyiowen mackon (MAPT),
npeaHa3HavYeHHbLIA ann
NOCTPOEHUA W300parKeHuin n
CNeKTPOCKONUM UCTOYHUKOB B
MECTKOM peHTreHOBCKOM
pwanasoHe. Ero yrnosoe
paspeweHwe —7".

B koonepayum cneywanucTos
CCCP, lepmaHum u

AHrnum paspabaTsiBaeTcs
Teneckon HOPManNbLHOro NaaeHus
EUVITA gna HabnogeHusa
WCTOHHWUKOB B AuanasoHe
npegensHoro (IKCTpeMankeHoro)
yneTpaguoneToBOro U3ny4eHina 1
WccnegoeaHvini 0QHOPOAHOCTH
MeX3Be34HOW cpefbl. [1Ba
WAEHTUYHBIX Teneckona
yCTaHaBNMBAIOTCA BAONb MMaBHON
ocn obcepBaTopuM, gBa—Ha
noBOpOTHOIK nnaTtdgopmMe. Yrnoeoe
paspelweHne Teneckona—10".
Ha nosopoTHOW nnaTtdopme
NNaHWpYeTCA TakXXe pasMecTUTb
euje oAVWH COBETCKWK Teneckon c
Kogupytowen mackon APT-CIMN gans
nocTpoeHus uaobpaxkeHus 1
CNEeKTPOCKONUU APKUX
PEHTIEHOBCKUX UCTOYHUKOB,
WUCCNeAoBaHUA NPOTRXEHHBIX
PEHTreHOBCKUX MCTOYHUKOB
(NnpocTpaHCcTBEHHOE paspelleHve
Teneckona 7") v YexocnoBaykui
Teneckon kKocoro nageHus (FATA)
ANA HabngeHUA APKKUX
WCTOMHUKOB B CTaHAApPTHOM
PEHTIEHOBCKOM AWanasoHe
(yrnoeoe paspeweHue 20").

JAns onpepeneHua KoopauHar
NOBOPOTHOM NNaTopMLl B
Bonrapuuv nsrotasnueaeTcs
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3BE34HbIN AaTYMK, KOTOPbLIA
ogHoBpemeHHo byaeT
MCNONBL30BaTLCA ANA ONTUYECKMX
HabngeHUn peHTreHOBCKUX
WCTOYHUKOB.

AHanNM3 ¥ CNeKTPOCKONWA ramma-
BCNNECKOB KOCMWYeCKOro
npoucxoxaeHus éyayt
BLINONHATLCA COBETCKUM
NpuboOpOM KOCMUYECKUX ramma-
Bcnneckoe CMNWH.
O6cepeaTopuio «CnekTp-PeHTren-
Famma» nnaHWpyeTcs BobIBECTHM Ha
CHUMBbHO BbLITAHYTYIO OpOUTY C
Ha4anbHbLIMK BbICOTaMKu B nepuree
500—1000 kKm w B anoree

200 TbIC. KM.
MpoaomxuTensHOCTL paboyero
ydactka opbuTel Npyu 3TOM
cocTaBuT 3—4 cyTok. B TeveHue
roga Kocmudeckuin annapart 6ygeT
Ny ABaXKAbl BXOAWTL B TeHb
3emnun He 6bonee 4yeMm Ha 3 u.

B cBA3n cO 3HAYUTENBHBLIM
oXxuaaemsiM 06BEMOM Hay4HOW
mHpopmauum n Heo6Xo0AUMOCTLIO
npoBefeHus ANUTenNbHbIX
uccnefosaHii OCHOBHBIM
peXxMMom paboTel Nnpubopoe
CTaHyT aBTOHOMHbIE HabnwgeHus
C peructpauver nHdopmayum B
CO6CTBEHHLIX 3aNOMUHAKOWMX
ycTpoicTeax. B ovepeaHoM
ceaHCe CBA3W HaKoNneHHas
vHpopmMalua 6yaeT nepegapaThbeca
Ha 3emnio
BLICOKOMH(POPMATUBHBLIM
paguokomnnekcom. CpegHas
NPOACIKUTENbHOCTL ceaHca
HabnAeHA B TAKOM pexume
COCTaBMT OfHK CYTKW. Yucno
ceaHcoB B rog— 200—250.

B TeyeHuve pabodero yukna
annapaTt cMmoxeT HabnogaTe BCHO
HebecHyio chepy. B kaxgom
OTAENbHOM CeaHce KOCMUYeCKun
annapar MOXeT aBTOMaTUYECKU
no 3agaHHoW nporpaMmme
nepecTpaMBaTbCsl Ha pa3sHbie
MHTEpeCyoLue YYeHbIX
WCTOYHMKM.

MnaHupyeTcs, 4YTo opbuTansHas
obcepeaTopus «CnekTp-PeHTreH-
Famma» 6ygeT faBaTb HECKONLKO
MUNNMapaoB eauHUL, uHopMaLum
eXxegHesHO. ITy mHpopmMmaymio He
cMOoXeT 0b6paboTaTh NONHOCTLIO
HW OAWH U3 BbIMUCNUTENbHbIX
LUEeHTPOB, HW OfHA M3 HAYYHbIX
rpynn. Beixoa w3 NonoXeHns —Be
NPUHATUN CUCTEMBI KOHKYPCHbIX
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3asBOK Ha HabnogeHua. 310
OTKpOEeT [OCTYN K y4acTuio B
npoexkTe BCeM oO6CepBaTOpPUsIM,
WHCTUTYTaMm W yHUBepcuTeTam
cTpaHbl. Mo ycnosusm
cornaweHvn o coTpyaHudYecTee
CoeeTckuin Cowo3s nonyumt
3HaYUTENBLHYIO HacTb
HabngarenbHOro BpeMeHu
Kaxgoro w3 npubopos
obcepBatopum «CnekTp-PeHTreH-
MNamma», v 310 Bpema 6yaeT
pacnpeaeneHo mMexay
pPasnuYHbBIMKA rpynnamm
acTPOHOMOB U (PU3MKOB Ha
KOHKYPCHOM OCHOBE, KaK 3TO
UMeno mecTo ansa obcepBaTopum
«JAHWTenH» (CLWA), cnyTHUKOB
IUE v EXOSAT (Eeponenckoe
KOCMUYECKOe areHTCTBO), KakK 3To
nnaHupyeTca ANS KOCMUYECKOro
Teneckona umeHu Xabobna.
HoBbiid aTan B passuTuM ramma-
acTPOHOMUM y4eHble CBA3bIBAIOT C
BBeAEHMeM B IKCNNyaTayuio
caMoro KpynHoro B Mupe ramma-
Teneckona— «amma-1»,
npeaHa3Ha4YeHHoro Ans
BHeaTMocepHbIX HabnwgeHu B
AvanasoHe 3Heprui 50—

5000 MaB. BmecTe ¢ COBETCKUMM
y4eHbIMW B €ro co3gaHuu
NpUHUManNK y4actue ppaHuy3ckue
cneuyuwanucTel. B coctas
KOCMKYeCcKOW ob6cepeaTopuu
BXOAAT TAKXXE TENeCKon MArKoro
ramma-uany4yeHua v
PEeHTreHoBCKuiA Teneckon-
cnekTpomeTp. MNonbckue
cneyManucTbl M3roToBUNKU AN
obcepBaTopun 38€34HLIM AATHMK
«Teneasesaga».

Bkro4eHre ramma-guanasoHa B
KpYr acCTPOHOMUYECKNX
HabnogeHnin, HECOMHEHHO,
npuBeno K HOBOMY
Ka4eCTBEHHOMY CKauyKy B
NO3HaHWM OKpPY>Xalowero mupa.
OpaHO 13 oTNU4MA ramma-
AvanasoHa oT Apyrux 4YacTten
cnekTpa— 6onblas aHeprus
raMma-KBaHToB. A 3TO nossonser
uccnefoBaTh B3aMMOAEWCTBUA C
60onblWKM BblgeNeHneM 3Heprui B
KaXK,JOM 3NeMeHTapHOM npotecce.
Takwue npoueccsl, NO-BUANMOMY,
nexart B OCHOBe
«)XU3HEAEATEeNbLHOCTU» 3Be3f W
fAaep ranakTuk, NPOUCXOAAT Npu
3Be3[jHbIX BCNbIWKaxX U BO BPEMS
B3pbIBOB ranakTuyeckux saep.

M amMa-acTpOHOMMA faeT, Takum
06pa3oM, BO3MOXHOCTb 3arnaHyTb
B MMP CaMbiX BbICOKMX 3HEprun,
«YBUAETE» U U3YYUTb NPOLECCHI,
KOTOpble YNpaBnaloT MUPOM 3Be3[
W ranakTUK U B KOHEYHOM cyeTe
onpegensiioT passuTue
BceneHHoM.

Dpyras npymMedaTenbHas
0CO6€HHOCTb raMmMma-uany4yeHus —
€ro BbICOKas NpoHWKaowas
cnocobHoCTb. OHO He
NOABEPXXEHO BNUAHWIO
ANEeKTPOMArHUTHLIX nonew v
pacnpoCTpaHAETCA NPaKTUYECKU
NPRMONUHENHO.

MornoweHwe No Bcem
HanpaBneHWaM B cCpeaHeM

He NpeBbIWaeT AONer NpoueHTa.
MeTaranakTuka npo3padHa ans
Takoro uanydeHus. lNornowexHve
ramMmma-KBaHTOB CTAHOBUTCS
CYLeCTBEeHHbIM MWLLb ANA OYEHb
yaaneHHbIX YacTen BcenenHon,
roe cpefHAs NNOTHOCTbL BewecTsa
6onbLue.

B ramma-ny4ax gonxHsl 6uiTb
«BUOHbI» W Takue ocobble panoHbl
ManakTvky, Kak, Hanpumep, ee
UEeHTpP, CKpbITbIA obnakamu NbuK
W rasa, oKpy>arowmmm
ranakTudeckoe s4po, U NOTOMY
HEBUOMMOE B ONTUHECKUX ny4ax.
Beicokas npoHuKawowas
CNOCO6HOCTL perucTpupyemMoro
ramma-msnyqeHus nossonser
uccnenoBaTh MEX3Be3aHylo U
MEXranakTU4ecKyr cpeay, B TOM
4Yucne pacnpegeneHue BeLecTsa,
He nposensaowero ceba B Apyrux
AvanasoHax 4SIMH BONH; Nony4artb
uHdopmayuio 0 AAepHOR U
3NeKTPOHHOW KOMMOHeHTax
KOCMUYECKMX Ny4ei BbICOKMX
3HEeprun; u3dy4aTb NpoLUecChl,
npoucxogsawme B penaTUBUCTCKUX
acTpoHOMUYecKux obbekTax, a
Tak»e NpoLecChbl HYKNeocuHTesa
npwv B3pbiBax 3Be3[, BECTU NOUCKK
aHTuBellecTsa Bo BceneHHOM.

B teneckone «amma-1» B
oTNnu4ue OT paHee
yCTaHaBNMBaBLUMXCA Ha
KOCMUYECKUX annaparax
npUMEeHeHa WNPOKO3a30pHan
ucKpoBasi Kamepa. B oTcekax
TaKoOW Kamepbl UCKpa ABUXETCH
BAONL Cnega 4YacTuuybl, ecnu ee
TPaeKToOpuA OTKNOHeHa OT
BepTuKanu 6onee 4Yem Ha 20°.
S3TO yny4uwaeT NpoCcTPaHCTBEHHYIO



TOYHOCTb OnpegeneHus
KOOPAVHAT UCTOYHUKA U3NYy4YeHWs,
yMEeHbLUAET YMCNO NOXKHbIX
npoboeB, UCKAXAIOWMX KapTUHY
HabnwogeHun.

Tpeku 3apsi>XeHHbIX HacTu,
NposBMBLUMECH B BUA4E UCKP B
3a30pax MCKPOBbLIX Kamep,
hrKcupyloTCa ABYMSA
HU3MepUTenbHBIMK
TeNeBU3NOHHbIMKU KaMmepamu,
NpocMaTpuUBaloLMMK Yepes
NNoCKue 3epKana 3a3opbl
MCKpOBbLIX Kamep C AByX
nepneHguKynNApHLIX HanpaBneHWiA.
TeneBusanoHHaa cucrema
M3MepseT KoopAWHaTbl UCKpP C
paspeweHuvem 0,15 MM Ha Tpex
YPOBHAX MO BbICOTE KaXKA0ro n3
3a30pOB W NepefaeT 3TW AaHHbIe
B TeNeMeTpU4ecKyld CUCTEMY.
MNpwn HasemHoW obpaboTke
NOMNyYeHHbIX TeneMeTpU4ecKnx
[aHHbIX OCYLLEeCTBNAETCA BTOPOW
aTan pacnosHaBaHus ramma-
cobbITUA U ONpeaensTCA
HanpaeneHwe nponeTa,
KOOpAMHATBI TOYKW KOHBEpCcUm
raMma-KBaHTa U ero 3Heprus.
PacnoaHaBaHne Npov3BoAUTCA NO
XapakTepHbiM ONs1 raMMa-KBaHTa
BbICOKOW 3HEpruv nNpuaHaxkam
«KapTUHKW» B 12-3a30pHOMH
MCKPOBOW Kamepe: B BepPXHWX
3a30pax WUCKpPbl OTCYTCTBYIOT, a
nocne o4HOro M3 aNeKTpPoLoB
HabniaalnTCA TPeKu 3apsiKeHHbIX
yactuy. Mpu atom HabnoaeHwe
pacxogsenca U3 TOHKH
KOHBEPCUU «BUNKW» 3MEKTPOH-
NO3UTPOHHOW Napbl ABNAETCA
Hanbonee QOCTOBEPHLIM
NpU3HaKoM perucrpauvm ramma-
KBaHTa.

HanpaeneHwe npuneTa ramma-
KBaHTa onpegenseTca no
HanpasneHuio GUcceKTpucel yrna
OBVXXEHUS pOXOeHHOW UM napbl
JacTuy, a ero aHeprusa—no
MHOrOKpaTHOMY paccesiHuIO
3NEeKTPOHOB W NO3UTPOHOB B
3NEeKTPOAax UCKPOBLIX Kamep u no
yucny 4acTuy B 3NeKTPOHHO-
(OTOHHOM Kackapge,
pa3BMBLLEMCA B CNOUCTOM
(cBMHEY — CUMHTWNNATOP)
CTPYKType CUMHTUNNAYUOHHOrO
KanopumeTtpa.

Bpemsa akTUBHOrO CcyuwecTeoBaHus!
KocMuHeckon naboparopuu Ha
opbwuTe JOMKHO ObITb HE MeHee

roga. Bonbwon Habop
TEXHONOrM4eCKMX 1
KanubpoBOYHbIX AAHHbIX
nossonsaeT cneguTb 3a
COCTOSIHUEM CUCTEM Teneckona B
npouyecce akcnepumeHTa. C
NOMOLLBIO 98 TenekoMaHg MOXXeT
M3MEHATBCA noruka otéopa
cobbiTin K cocTae paboTarowmx
610KOB 3NEKTPOHUKM, HYTO
obecneymBaeT BLICOKYH
XuU3HegeATeneHOCTL NpUubopa.
3HauuTenbHbIX ycnexos, ocobeHHo
B NocnegHve rogel, 4OCTUrNA v
paguvoacTpoHoMus. Mo rpyEbim
oueHKam, OHa AaeT cerogHs
NPUMEpPHO NONOBUHY
3KCNEepVMEHTasIbHbIX AaHHbLIX O
«TahHax Heba». Bo mHOrom
MMeHHO 6narofapsa 3TUM AaHHbIM
COBEpLIAETCA NOANUHHAS
peBONIOUUA B U3YHeHUK
BcenerHoi. AcTpodusuku
pPacCcYUTLIBAIOT C NOMOLLBIO
pPaavoacTPOHOMUM «YBUAETH» U
NOHATL, KOTA4a W Kak
o6paszoBanuce nNepebie ranakTuku,
nepsebie 38e34bl W NepBLIe
NNaHeTHbIE CUCTEMBI; YTO CO6OoI
npeacTaBNAT KBasapbl U sapa
ranakTuk, CBA3aHbl NI OHU C
60NbWKUMKU YepHBIMK AblpaMu;
KakoBbl BoO6Lje OCHOBHbIE
CBOWMCTBA OKpy>Kalowjero
NpPOCTPaHCTBa, ero cpegHasn
NNOTHOCTb, 3BONIOLYMA, HAYMHAA
OT MOMeHTa bonblloro B3pbiBa.
HakoHel, He MeHee MHTepecHO
onpegenuTb, eCTb N1 apyrue
NPOCTPaHCTBa, CYLEeCTBEHHO
OTNUHaIoWMeECH No CBOUM
3aKOHOMEPHOCTAM OT Hallero,
yBUOETb W UCCneaoBaTh Apyrue
nnaHeTHbIE CUCTEMBI, ONpeaennTe
BEPOATHOCTE BOSHUKHOBEHUA
XXWU3HM B pasnUYHbIX panoHax
BceneHHOW 1 nonbITaTeCA
06HapyXuTb Apyrue BHE3EeMHble
uMBMNU3aLMK.

PagvoMeToabl AaOT BO3MOXHOCTL
ncenegoBaTth 06bEKThI, OT
KOTOpbIX A0 3emnu u3-3a
60NbLWOro ux yganeHus OXoauT
npeaensHo Manoe KonuyecTso
3HEepruM U KOTopble UMeKT
HaCTONbLKO HU3KYIO TemnepaTypy,
YTO UX U3NYYEeHWEe NPUXCAUTCA
TONbLKO Ha PagMogManasoH.
OpHako ua-3a 60NbLIOK ANUHBI
paguoBONH paspelarowas
CNOCO6HOCTL pagnoTeneckonos

He NpeBbILaeT BO3MOXKHOCTEeH
HeBOOPY>XeHHOoro rnasa. Beixog
61N HaWgeH B MccneaoBaHUK
W3NY4YEeHWUA KOCMUYECKWX
06BLEKTOB METOAOM aHanuaa
WHTepdepeHUMOHHON KapTuHbI,
co3gaBaemMon gByma u 6onee
paguoTeneckonamu, ¢ 3anuchio
MHpopMaLmMn Ha MarHUTHbIX
NeHTax, KOTopble 3aTeM
obpabaTbiBaloTCA Ha OBM C
Mcnonb3oBaHWeM CBeAEeHUA O
Tekywen reomeTpum
WHTepcepomeTpa u KoopavHat
paguoucToqHuKa. Takas cuctema
OKaszanacb 3KBUBaNEeHTHOM
paguoTeneckony ¢ AuameTpom
A8HTEHHbI, PABHLIM PacCTOAHUIO
MeXgy Teneckonamm.

Yxe gnuTencHoe BpeMsA y4eHbIMU
MKW AH CCCP BegyTcs
wHTepdepoMeTpUyecKne
paguoHabniogeHua agep
BHEranakTu4ecKnx o6 beKToB M
panoHoB 3Be374006pa3oBaHus B
ManakTuke. B atnx HabnogeHusx
peanuayetcs Hanbonblwas
paspelwaian cnocobHoCTE No
CpaBHEHWIO C APYrMMU MeTofamu
uccnefoBaHnid Bo BCeX
AvanasoHax 3NeKTpPOMarHUTHOro
cnekTpa (Ao 0,0004" Ha BOMHe
1,35 cm). B akcnepymeHTax
y4acTBYOT paguoobcepBaTopum
CCCP, CLIA, Asctpanuu, OPI,
Weeyun. Cosgan nHTepcepomeTp
¢ 6ason Eenatopus — Cumens—
MywuHo.

B MK AH CCCP BnepBbie 6binu
wccnepoBaHbl YHUKANbHBIE
BO3MOXHOCTH NEpPCNeKTUBHbLIX
BHeaTMOChepHbIX
acTpoHOMUHecKux HabnaeHw,
CBAi3aHHbIe C CO3faHMeM KpYynHbIX
paguoTeneckonoB B KOCMOCe 1
pa3HeceHneM MX Ha pacCTOAHUS,
HaAMHOro NpeBbilaloWme auameTp
3emnu. 3TO NO3BONUT HA MHOrO
NOPAAKOB YBENUYnTb KX
YYBCTBUTENLHOCTbL W YrnoBoe
paspelweHve. NepBbli Wwar B 3TOM
HanpasneHun 6bin caenaH B
1979 r., Korga no wHWYMaTvee u c
ydacTveM MHCTUTYTa Ha cTaHuuMu
«CanwT-6» 6bin pasBepHyT
KOCMUYECKUIA paauoTeneckKon c
aHTeHHoW gnameTpoM 10 m (KPT-
10).

Begetcs paspaboTka HOBbIX
WMHCTpymeHTOoB. OQWH K3
6nvxarlumMx NpoeKToB, Hafg
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KOTOpbIM paboTaloT y4eHble,
npeacrasnsiet cobown
[ONrOBPEMEHHYIO NPOrpaMmy
uccneaoBaHW B KOCMOCE,
BKJ1I04AIOLLYIO CepuIo
3KCNEPUMEHTOB NO CO34aHMI0
Ha3eMHO-KOCMUYECKMX
paaroacTpoOHOMUYECKUX
Komnnekcos. B cepeguHe 90-x
roAoB NNaHMpYeTCA OCYWEeCTBUTb
nepebi 3Tan NpoeKTa—
peanv3oBaTb Ha3eMHO-
KOCMUYECKWIA
paguovHTepdepomeTp
CaHTUMETPOBOro guanasoHa
paamoBonH («PaguoacTpoH-CM»).
PaavounTepdepomeTp byaet
COCTOSITb U3 KOCMWUHECKOrO
paguoTeneckona gnametpomM 10 m,
paboTarowero B Yetbipex
AvanasoHax 4/mH BonH: 92; 18; 6
1 1,35 cM U MeXXayHapoaHOW CeTun
Ha3eMHbIX PaguoTenecKonoB.
KocMu4ecKuin paguoTenecKon
yCcTaHaBnvMBaeTCA Ha 6opTy
aBTOMaTU4ecKoro annapara
«CneKTp», ABWXYLLErocsa no
opbuTe NCKYCCTBEHHOIO CNyTHUKA
3emnu ¢ nepuogom obpaleHusi
04HW CYTKKW 1 HaMBONbLIKMM
yaaneHuem ot 3emnu 70 ThIC. KM.
Mo paspewaroujein cnocobHOCTH
Takas cucTema byget
SKBUBA/IEHTHA MMMraHTCKOMY
paguoTeneckony ¢ gvameTpom
aHTeHHb! HECKONLKO AeCATKOB
ThICAY KWIOMEpOB.
HazeMHO-KOCMUYECKHiA
paguouHTepgepomeTp
«PagunoactpoH-CM»
npegHasHadeH Ans uccnepoBaHWr
C BbICOKWMM YINOBbIM
paspeleHmemM CTPYKTYpPbl MOLYHbIX
KOMNaKTHbIX MCTOYHUKOB
paguonsnyyHeHus: agaep akTUBHbIX
ranakTvk U KBa3apos;
ranakTU4eCKux pensaTUBUCTCKUX
06beKTOB (NyNbCcapos,
OKpECTHOCTEN YepHbIX AbIp),
KOCMMYEeCKUX MasepoB B obnacTtsx
o6pasoBaHuA 3Be3A U NNAHEeTHbLIX
CUCTEM, UeHTpa Halwewn
FanakTuku.

PaspaboTka npoeKkTta
«PaguoacTpoH» 6bina Ha4ata B
MKW, a c cepeguHbl 1990 r.
npogomkaeTca B Puanyeckom
uHcTuTyTe AH CCCP.

MoxHO oxmngaTtb, 4TO nocne
«PaguoacTpoHa» B KOCMOcCe
NOSABATCS Lenbleé CUCTEMBI U3
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MHOMMX paauoTenecKonos,
noseonslolWuWe uccnegosaTtb
acTpoHoMu4ecKune o6beKTbl,
nony4artb AeTanbHble UX
naobpaxeHun, onpeaensTb
KOOpAMHAaTBI C OYEeHb BLICOKOW
TOYHOCTLIO. MNoABUTCA
BO3MOXHOCTb NPAMbIMW MEeTOAaMMK
W3MepsATL PpaccTosHMA A0
yAaneHHbIX 06BeKTOB, U3y4aTb UX
AsvxeHuve. CosfaHne Takux
CUCTEM, BUAUMO, CTaHEeT
BO3MOXHbIM YXXe B Ha4Yane
cnepayiowjero Beka.

Bonbluon uHTepec npeacrasnseT
¥ NpogonXxeHue uccneaoBaHuin
KpynHoMacwTabHoW aHU30TponNUMu
PENIMKTOBOro U3Ny4YeHUA, HadaTbixX
B 9KCnepumeHTe «PenukT-1» Ha
60pTy cnyTHUKa «[porHo3-9».
YyeHolie MKW AH CCCP rotoesaT
HOBbIN NPOEKT — «PenukT-2»,
CyWweCTBEHHOW OCOBEHHOCTBIO
KOTOpPOro cTaHeT oxnaxaeHuwe
NPUEMHUKA W3NYHEHUR U aHTEHHbI,
4TO NO3BOSIUT NOBLICUTL
YyBCTBUTENBHOCTL annapaTtypsl
ewe B 3—4 pasa no cpaBHeHUIO C
[OCTUrHYTOW B NpoekTe «PenukT-
1». YCTPONCTBO OXNaXAeHUR
npeactaensieT cobon
TPEXCTYNeH4YaTbl M3Ny4Yatowmia
paguoMeTp C TemnepaTypamu
cryneHen 250, 150 u 100 K.
Kocmuyeckuin annapart
nnaHupyeTcs BbIBECTU B
OKPEeCTHOCTH TOYKKM nubpayum L ,.
B npoekTe npegnonaraeTca
uccneaoBaTh KpynHoMacwTabHblie
M YaCTU4YHO cpegHemacwTabHble
noKTyayMm penuKkToBoro
U3NYyYEeHUA.

B akcnepumeHTe «AanuTa»,
nNnaHupyeMoM Ha cepeavHy

90-x roges, oxnaxaeHue
annapaTypbl 6ypeT
obecneymnBaTbCA YXKe He
pagwauroHHbeIM cnocobom, a
cneuvanbHOW KpUOreHHOM
CUCTEMON — XUOKUM HEOHOM U
CBEpPXTEKYy4MM renvem, a gns
rnyboKooxnaxgaembix
6onoMeTpoB — LUUKNUHECKHK
paboTaowmmMm aacopbyMoOHHBLIM
KpUOreHHbIM pepukepaTopoMm.
YHyBCTBMTENBLHOCTb annapaTypbl
npu 3TOM gocTuraeT NpUMepHO
10 ° K. Oxxupgaemoe Bpems
paboTbl KPUOTEHHON CUCTEMBI,
cornacHo pacdetam, 3—4 roga.
Ha cnyTHuke 6yayT ycTaHOBNEHbI

Teneckon guaMmeTpoMm 1 M
(paspabaTtbiBaeTcs BapuaHT
Teneckona AnaMeTpoM 3 M) C
thokansHbIMKU Npubopamu
AauwanasoHa 2 MM — 300 MKM, a
Takxe Hebonbluve Teneckonsl
MUNNUMETPOBLIX BOMH.

MomMuMO MccneaoeaHus
PENUKTOBOIC M3Ny4eHUA TaKoMy
annapaTypHOMy Komnnekcy 6yayT
AOCTYNHLI U acTpopmuanyeckune
HabnogeHUs MHOTUX OWUCKPETHBIX
WUCTOYHWUKOB M3NYy4YeHWH B
npakTU4ecKn HenccnenoBaHHbIX
cybMunnuMeTpoBOM U
KOPOTKOBOSTHOBOM
MUNNUMETPOBOM AuanasoHax. B
4YacTHOCTH, NbiNeBoe BewecTso
ranakTuK uany4aer, rnasHblM
obpasom, Ha cybMUNNUMETPOBLIX
BonHax. Pasnuuna mexay
pagvoapKumMKn u
PaAvoCNOKONHBIMU KBa3apamu
Takxe cnegyeTt UCKaTb B 3TOM
AuanasoHe.

BmecTe C COBETCKMMK YyHEHBIMK B
3TOM NpoeKTe NPUHUMAIOT
y4actue ux konneru us Uranuu.

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 03294054
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
(A\1216A) 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
MB83. 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,
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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 Roenigen
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 Tibengen 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?. 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
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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.

i

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 —liquid
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 3to 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 Italy are taking
part in the project jointly with
their Soviet colleagues.
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Benepa 11
Venera-11

Benepa
Venus

Benepa 12
Venera-12

Iporwos 7
Prognoz-7

Counts per 16 msec
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IMporsos 7
Prognos 7

HasemHble HCNbITaHNs CryTHUKE-
obcepBaTopHu «ACTDOH»

Ground-based tests of the Astron
satellite-observatory

C noMoLybo NpubOPOB, YCTAHOBNEHHLIX
Ha 6opTy craHyui «BeHepa-11»,
«BeHepa-12», cnyTHuke «MporHo3-7»,
Habmoganoce bonee 30 ramMa-
BCN1eCKoB

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

lamma-scnneck 4 HoA6pa 1978 r.

A gamma-burst observed on November,
4, 1978



CoBeTcKo-(bpaHLy3CKHiA CryTHHUK
«CHer-3»

Soviet-French Signe 3 satellite

C yBenuyeHueM pPacCTOAHUA MeXZY
KOCMHYECKWMMW annaparaMi noKkanusaymsa
BCIIECKOB C NOMOLYLIO METOAa
TPHEHIYNMALMA 3HAYHTENBHO YNYYLLISETCS.
Tak, cobuitwe 5 mapta 1979 r. 6wino
NOKaTM30BaHO C TONHOCTLIO B HECKONLKO
YrAioBsIX MUHYT B HanpasneHus Ha
ocrarok CeepxHosoH 8 BonbLIOM
MarennaHosoM obnaxe

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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N R i I T T L e CoBeTcKo-(hpaHLy3CKMA SKCNePUMEHT
15001 counts/s «CHer-2MI1 9» Ha crnyTHuke «[1porHo3-9».
MOLUHBIA KOCMHUYECKMA TaMMa-BCNNecK
GRB 830801. 3sonioyms BO BpeMeHn
cpegHei 3Hepruu (hoToHOB B
perucTpupyeMomM npubopoM cnekTpe
1000 1 (npaBar wkKana ¥ KpeCTHKM, pasMep

KOTOPbLIX N0 BepTUKanu gaet
npegcTasneHne 0 HeonpPegeneHHoCTH
NPUBEAGHHOIO 3HaYeHUA 1
COOTBETCTBYET O4HOMY CTaHLapTHOMY
oTKnoHeHm0). Kpusas 6necka ramma-
BCNecKa B fuanasoHe 3Heprin 68—
930 k3B (nesan wwkana U cnNowHas
Kpusan). Litpuxosas nuHuR
coOTBETCTBYeT ypPOBHIO (hoHa. Ha BpesKe
B Apyrom Macwrabe NpMBEAEHO Haqano
BCnnecka

500 |

0 5 10 t.s

N G IR NN G R A R DAL I LU AL S I T SR e

Soviet-French Signe 2MP9 experiment
1500 | counts/s 1 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

1000 |

500

29.VIII 1983

Field of view of the instrument aboard4i
the ICE satellite

O6nacTb NOKaM3ayMn MCTOYHMKE
MSrKnX KOPOTKHX NOBTOPHBLIX
ascnneckos SGR 1806-218
cossesgum CTpenbya no faHHbIM
COBETCKOIo 3KCNepuMeHTa Ha
CcnyTHuKe «[MporHo3-9» n
aMBPUKaHCKOIro 3KCNepuMenHTa Ha
cnyTHuxe ICE

Ecliptic plane

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
1 1 ! 1 1 1 i ] ! | | the Prognoz 9 satellite and the

-90
24
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Cxema rnobanbHoi
pPagMoNHTEPIhePEeHLMOHHONW CeTH,
BKMKOYarLeH B cebA Bce KpynHelune
paguoreneckons! Mupa. C noMoLYbLIO 3TOA
CETH NPOBOAATCA perynapHble
uccnegoBaHns TOHKOW CTPYKTYDbI
KBaszapos, AOep ranakTuk, obnacred
obpasoBanma 3Be3f M NIIAHETHLIX CUCTEM

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

O6paboTtka mHghopmaymm
paguonHTepghepoMeTpa Ha
cneynpoyeccope

Processing of VLBI data using a special
processor

Cxema HeorpaHU4eHHO HapalyBaemon
aHTeHHb paguoTeneckona

A radio telescope antenna of unlimited
augmentation.

Controlled vehicle

Ynpaenmowsi anmnapar l

(MokanbHBIE KOMITIEKCH
Focal complexes
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Cpa3Hasn aHTEHHA
Communication
antenna

PapuonsoGpaxenre

HCCIelyeMoro HCTOYHHKA

Flight control center

PaguocpoTorpachun sgpa cenghepToBCKoM
ranaktukn NGC-1275 Ha gnuHax BonH 2,8
u 1,35 cm. lNMepexog Kk 6onee KOPOTKUM
BONIHaM MO3BOTHI BbIABUTL TOHKYIO
CTPYKTYPY SAPa HCTOYHHKA

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-KOCMWYEeCKOro
paguwonHTepgepoMeTpa

Diagram of Earth-space radio
interferometer

Radioimage of the source studied




Kocmuyeckun annapar «PaguoacTpoH»

The Radioastron space vehicle

Moayne «KeaHT» ¢ obcepearopwen
«PeHTreq» Ha 6opry:

1 — nabopartopssi oTcex (N0O);
2—nepexogHan kamepa J1O; 3—oTcex
Hay|Heix npubopoa (OHIM); 4 —uyeHTpansHsIR
nocT ynpaeneHus; 5— npubop
acTpoOopHMeHTalMn; 6 — ONTHHEeCKMA BHM3WUP;

7 — AaTHuK WHOpaxKpacHoW BepTukany (2);
8—3Be3gHuiR paTtiKk (2); 9—rupogutsi (6);
10— 6noKK UMpPOBOH MaLLMHLY;

11 —CconHeYkeld gaTtimk (3); 12— aHTeHHb!
cucTeMbl conwkeHms «Wrna» (8); 13—
aHTeHHB! cHCTeMel convxeHus «Kypc» (5);

14 —aHTeHHB! paguoTeneMeTpuw (4); 15—
aHTeHHbl KoMaHgHOW pagwonuHm (2); 16—
SKTUEHBLIA CTbIKOBOYHLIA arperar, 17—
NacCUBHLIA CTLIKOBOYHLIA arperat; 18 —
arperaTtel CUCTeMbl Mu3Heobecnedvexns; 19—
poctasnsemoe obopyaosaHwe OQNA CTaHUWMM;
20 —peHTreHoBCKUA Teneckon «[Tynscap X-1»;
21 —peHTTeHOBCKUA TenecKon «docBnY»;

22 —peHTreHOBCKWA Teneckon TTM;

23 —cnexTpomMeTp «CupeHs-2»;

24 —yneTpadwoneTosbii Teneckon «nasap»;
25 —3neKTpodopeTHHECKan YCTaHOBKA
«CpatnaHan; 26 — nopy4Hu

9 10

18 4 12 5 6

Kvant module with the observatory
Roentgen aboard:

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

&— 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 2423 11 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 XeCTKOro peHTréHOBCKOro «[lynscap X-1» (pombel) B AHBape 1988 r. sennaerTcs pacnay Co-56, KOTOPbIK
manyyeHna CeepxHoBOA B Bonbliom AnA cpaBHeHWs C 3KCNEePHMEHTANNLHEIMH pacnpejeneH Bo BRYTPeHHUX 8M
MarennanosoM obnake no gaHHbIM AaHHbiMKW NpHBegeHa TeopeTrHYyecKkan BeLecTsa 0bONOYKH
HabmogeHnn Ha mogyne «KBanT» npH KDHBARA, paccyYuTanHan xogoM MoHTte-
nomow Teneckonos NEKCE (kpecTsi) v Kapno. MCTOYHHKOM XeCTKMX ¢hOTOHOB Spectrum of hard X-ray radiation of the
Supernova in the Large Magellanic
— LMC X-2 Cloud by the data of observations
— LMG X-1 aboard the Kvant module by telescopes

|— SN1387A

0540-69.3

Yyacrok Bonsworo Marennanosa o6naka  The Large Magelianic Cloud region

2°.5x8°5 B peHTreHOBCKOM guanasoHe, 2.°5x8.°5 in the X-ray range plotted by
NOCTPOBHHLIA N0 HA6O[EHWUAM the observations of the TTM telescope

Teneckona TTM obcepaaropum of the Reentgen observatory in August,
«PeHTreH» B aerycte 1987 r. BeicoTa 1987. The height of the peaks is

MUKOB NPONOPYXOHATbHE 3HAYUMOCTH proportional to the significance of the

AETEKTUPOBAHWA HCTOYHMKA source detection

102

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

LMGC X-4
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PesynsTarsl onpegeneHus Nepuoga nynecaymi
PeHTreHoBCKoro uctoqHuka Mepkynec X-1 pasnu4HeiMu
Teneckonamu B 1972—1988 rr. MNocneguue HabnioqeHus Ha
Mmogyne «KBaHT» NOKaskLIBarT, YTO HEHTPOHHAS 3Be3ja
BOLWLATA B PEXHM KBA3NCTaLWOHaPHOIO yCKOPEeHHs,
aHanoruyHei HabmogasweMycs 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 UanyyeHnsi PeHTreHOBCKOH HOBOW B CO3BE3AMH
Jicuyka no ganHbiM Tpex npubopos obcepeaTopru
«PeHTreH»: FCIC (17 man 1988 r.); Byx geTekTopos
npubopa MEKCE (15 masn, 4, 6 1 8 HIOHRA); 0QHOro U3
fpetexkTopoe npubopa «[lynecap X-1» (15 Mas n 4—8 uioHs ).
Habntogaembirn CNEKTP COCTOMT U3 [BYX KOMMOHEHT: MATKOW C
TeMneparypoi 20 MUIMHOHOB rPaLyCcOB M XXECTKOM,
cBMAeTensCTRyIOLeH O Temneparypax nopagxka Munnuapga
rpagycos

The spectrum of the radiation of X-ray Nova in the Fox by
the data of three instruments of the Reentgen 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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Kocmudeckwid annapar «[paHar»

Granat spacecraft

HasemHble 3NeKTPUYeCKHe MCNbITaHWs
HE]HHOﬁ annaparypsl obcepsaropumn
«[ paHar»

Ground-based electrical tests of the
Granat observatory scientific
instruments
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CnyThuk-o6cepparopus «Crnexkrp-
PexTren-FaMma» BLIBOAWMTCA Ha
BBLICOKOGIMOreMHyI0 31JTMNTHHECKYIO

opouTy

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

Ha3eMHbie 3N1eKTPHYECKHE UCNILITaHWA

Kocmuyeckun annapart «Cnexktp-PeHTrex- Teneckona «amma-1»
Fammas»

Ground-based electric tests of the
Spektr-Roentgen-Gamma spacecraft Gamma 1 telescope




Cxema Teneckona «amma-1s:

1 — o6WKWBKA KOCMHMYECKOro Kopabns;

2—TeHeBO# 3KpaH; 3—cucTema 3epkan;

4 —BUAMKOH; 5— KanopumeTp;

6,8 — CUMHTHANALNOHHBIA CHETUMK

= = - — aHTMCOBNANEeHWA; 7 — WUCKPOBas Kamepa; 9,

6 11 — BHYTPEHHWIA CUMHTHUNNRALMOHHBIA CHETHMK

10 —4epeHKOBCKMA CHETYMK,

."-...v

r—7 Gamma 1 telescope:
1 —spacecraft covering; 2—shadow screen;

6 3 —mirror system; 4—vidicon;
/ 5—calorimeter; 6—scintillation counter of
- anticollisions; 7—spark chamber;
8 8 — scintillation counter of anticollisions;
ﬂ,‘/ 9 —internal scintillation counter;

10— Cherenkov counter; 11 —internal

scintillation counter.

W
-nnr‘.‘"__‘
-PH"'T"-

MogroToeka Teneckona «amma-1» K
KanubpoBKe Ha HAIeMHOM yCKopuTene
«[laxpa»

Preparation of the Gamma 1 telescope
to the calibration aboard the ground-
based accelerator Pakhra
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CBY-6nok pagHoMeTpa gna
MCCI1IegOBAHMA BHH30TPONMKM PENHKTOBOMO
wnanyqerun. Mpubop paboran Ha

aBTOMaTH4ecKon cTaHymm «[IporHo3-9»

Microwave module of the radiometer for
investigating the anisotropy of relict
radiation. The device was flown on-
board Prognoz 9 spacecrafft.

BHewHWA B1A Teneckona «Penukr-2»

External view of the Relict 2 telescope

Opfuta koCMU4ECKOro annapara (npoekT  KapTa Heba, nony4eHHas B AuWanasone CybMunnuMeTpOBLIA Teneckon Ha
«PenuKkT-2=) B OKPECTHOCTH LeHTpa 8 MM B 3KCNEDUMEHTE «PenukT-1» Mamupe
nubpaipn Lz

Sky map obtained within the range of Submillimeter telescope in the Pamir
The orbit of the spacecraft (Relikt 2 8 mm in the Relikt 1 experiment Mts
project) in the vicinity of the libration
centre Lp

“Pemmicr-2” (1991) 4 X
'Relict-2 S

>

1500000 km
Touka niGpanus L2
Fibration p%
700000 kM

"Pemvikt-1"" (1983)
Relict-1




PLNKTTAHBIE
Al'TPABJ TEHINA
OCMHECKINX _
/CCTEAOBAHA

APPLIED
SPACE
RESEARCH

C koHuya 60-x —Ha4ana 70-x T. B pasaBUTUM KOCMUYECKNX
uccnegosaHu 0603Ha4YMNOCk HOBOE HanpasreHue,
CBRA3aHHOE C WMCMONb30BaHWEM KOCMWUYECKOW TEeXHWUKW AN
M3y4YeHMA Haweln COBCTBEHHOW nNnaHeTbl, HabnwgeHns 3a
COCTOSIHMEM NPUPOAHON cpefabl, OpraHu3aLmm
pauvoHanbHOro NpUpoaonNonb3oBaHuA.

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 nepsbix coTorpacpuin
NOBEpPXHOCTH 3eMnu, caenaHHbIX ¢
O0p6UTLI, NOKa3an Hay4Hyo U
NpakTU4eCcKyto adpPeKTUBHOCTb
KOCMUHeCKon cbeMku. OcobeHHo
6onbWwon MHPOPMAaTUBHOCTBIO
obnagaeT MHOro3oHanbHasn
hoTOCHEMKAE.

B pamkax nporpammbl
«NHTepkocmoc» UK AH CCCP
COBMECTHO C HapOAHbIM
npeanpuaTweM «Kapn-Llenc-
Wewa» (FQP) 6binu paszpaboTaHsbi
MHOr030HanNbHbIA KOCMUYECKWniA
¢oToannapat MK®-6 1
MHOroKaHanbHbin npoektop MCI-
4, NnpepHa3sHaYeHHbIA ONs CUHTE3a
UBeTHbIX W306parkeHni u3
30HaNbHbLIX CHUMKOB. B ceHTAbpe
1976 r. 6binu NpoBeaeHb!
yCnelwHbie neTHo-
KOHCTPYKTOPCKUE UCNbITaHWUS
MK®-6 Ha kocMu{eckom Kopabne
«Coi03-22». B xoge noneta 6bino
nony4eHo Gonee

2500 MHOro3oHasbHbiX CHUMKOB
3eMHOA NOBEPXHOCTH.
[fopaboTaHHbii No pesynbTatam
nabopaTopHbIX UCCnegoBaHuA 1
NEeTHO-KOHCTPYKTOPCKUX
ucnbiTaHuwi annapat MK®-6M wn
npoekTop MCIM-46 ¢ 1977 r.
CepUtHO WM3roTaBNMBaKOTCH
NPOMBILLNEHHOCTBIO U YCNewHo
3KCNyaTUpPYrOTCR BO MHOMMX
Hay4YHbIX M NPOU3BOACTBEHHDbIX
opraHuzayuax CCCP w 3a
pybex<om.

B KocMUYeCKUX UCCNenoBaHuAX
3eMnun BaXKHYIO pOSb UrparT Tak
HasbiBaemblie onepaTuBHbIE
meTtoabl c6opa n o6paboTku
wHcpopmaymu. B otnmume ot
MeTOA0B KOCMU4YECKOro
goTorpampoBaHUA OHK
NO3BONAOT Mnonyyartb
wHOpMaL UKD O 3EeMHON
NOBEPXHOCTK B rnobanbHOM
macwrabe ¢ NepuoanHHOCTLIO,
HeQOCTYNHON ApYrUM CpeacTBam.
310 obecnedunBaeT U3ydeHue
TaKuUX AUHAMUHECKUX ABNEHWA W
npoyeccoB, Kak Ce30HHbIe
M3MeHeHuAa naHgwacdgToB, CXoA
CHEXHOIO NOKpOBAa, pasBuTHe
AensT pek, pacnpeaeneHve
TBEPAOro pe4Horo CToka B
BOAOEMaxX, KOHTPONb COCTOSIHUA
CEeNbLCKOXO3ANCTBEHHON
pacTUTENLHOCTH, Xo4a
CeNbCKOXO3ANCTBEHHbIX paboT.

OnepaTuBHbIE AaHHble
npeacTaBnNAT COB0W BaXKHEWLUYHO
COCTaBNAIOLYI0 KOCMUYECKUX
MEeTO0B M3YHEHUS 3EMHON
noBepxHocTH, HabnwaeHus 3a
COCTOSIHMEM OKpY>KaloLlen cpeasbl
¥ pauuoHanbHOro
NpUpPoACNONb30BaHKUA.

Ana nony4YeHns onepaTtueHoOn
BUaeouHoOpMayuM B MUPOBOW
NnpakTuke Hanbonee WWpoKo
NPUMEHSAIOTCA MHOTO30HaNbHBbIE
CUCTEMbI ONTUHECKOrO
CKaHupoBaHus, coYeTarowme
[OCTaATOUHYIO AeTanbHOCTL
HabnaeHnA C BLICOKON
pPaguoMEeTPUHECKON TONHOCTBIO.
Wucopmanus, nonyyHaemas
CMCTEMaMK Takoro Tuna,
nepenaeTca NO KaHanam
KOCMUYECKOW CBA3KW Ha Ha3emHbie
NPUEMHbBIE NYHKTLI U
perucTpupyeTcs cneyuansHbIMU
yCTpOMCTBaMK B BUAe
MHOrO30HasbHbIX CHUMKOB MK
UMPPOBLIX MarHUTHBIX
Buaeosanucen. [ina o6paboTkum
pes3ynbTaTtoB CbeMKu
NMPUMEHSIOTCH KakK TpaauLMOHHbIE
BU3YanbHO-MHCTPYMEHTANbHbIE
MeToAbl, Tak u yudgposble,
peanuayembie ¢ nomoLybo 3BM.
OTKpbIBaKOTCA LWMPOKUE
NepcneKTUBLI aBTOMaTU3ayum
npoueccoB 06paboTKn
nocTynaiowen co CnyTHUKOB
uHdopMauyun. 3To HeoO6XoaAUMBIA
war Ha nNyTW co3gaHus
onepaTUBHOW CUCTEMbI
MccnegoBaHWin 3eMnu M3 KOCMOoCa.
CoBepLieHCTBYS ONTUKO-
3MEeKTPOHHbIE METOAbI
uccnenoBaHus 3emMnu U3 Kocmoca,
cneymnanuctel MKW AH CCCP
COBMECTHO C psijoM ApYrux
COBETCKMX W 3apybexKHbiX
opraHm3ayuin paspaboranm
MHOrO30HaNbLHYIO CKaHUPYIOLYIO
cuctemy (MCC) «PparmeHT» M
YCMEewHO NpoBen HaTypHbIn
akcnepumeHT Ha UC3 «MeTeop».
MCC «®parmeHT» NoO3BONAET
nony4aTh C BbiCOKOW
paguoMeTpUHecKo TOYHOCTBK
onepaTUBHYIO MHOMO30HANBHYK
BUOeoMHOpMaLMIO,
oTO6paxaoLylo C XOpOoLIMM
NPOCTPaHCTBEHHbIM pa3peLueHnem
6bICTPO NpoTeKawLwmue N3MeHeHUs
06BLEKTOB 3eMHOM NOBEPXHOCTH B,
BMOWMORA M BNvKHen

MHdpakpacHon obnacTu cnekTpa.
CbemMKa BLINOSHAETCH B

8 gmanasoHax BUOMMON W
6nuxxHen nHppakpacHoh obnacTu
CnekTpa C paspelueHuem 85 M npu
nonoce 063opa okono 90 kKm.
OnepaTUBHOCTL, BO3MOXHOCTb
NONYYEeHWA CHUMKOB OHOrO U
TOrO e panoHa C onpegeneHHon
NepuoaUHHOCTBIO B pasHoe Bpems
roga, Npy pasHbix yrnax

ConHya —BOT OCHOBHbIE
AOCTOMHCTBA CUCTEMBI
«®parmeHT». OHM no3BoNAOT
ncnonbL3o0BaTh ee Hauwbonee
acdhdeKTUBHO ANA UCCNenoBaHui
B UHTEpecax CenbCKOoro X03anucTea
¥ Hayk o 3emne.

C nomowbio MCC «®parmeHT»
Nony4yeH 3Ha4YuTe NbHbIA 06bEM
mHbopmayuun, o6cnenopaHsl
MWNNUOHbLI KBaApaTHbIX
KWIOMETPOB 3eMHON NOBEPXHOCTH
(eBponeitckan YacTb TeppUTOpuU
CCCP, Tepputopun

Bonrapwu, 4P, PymbiHUK

1 Hexo-Cnosakuu).

Hawnbonblumn ycnex B nay4eHuu
3emMnu u3 KocMoca AOCTUraeTcs
NpyM UCNONb30BaHUKM CpeacTB
KOCMUYECKON TeXHWKK B
codeTaHum C
nccnegoBaTenbCKUMm
camoneTamu-nabopaTopusmum,
Nno3eonawwuMKM obcnepoeaTtb
CcpaBHUTenNbLHO Hebonblume
painoHbl, oTpabaTbiBaTb
KOCMMYECKYIO annapartypy,
YTOYHATb U AeTanNU3upoBaTh
Nony4YeHHy U3 KocMoca
uHcpopmayuio.

MKW AH CCCP npoeen 60nbluy
paboTy No co3QaHuo Takmx
nabopartopui Ha 6a3e camoneToB
pasnuYHOro Knacca.

Hapspgy c paspaboTkon MeToaoB U
annapaTypbl MHOrO30HaNbHLIX
CbeMOoK 3emMnu U3 KocMoca u
ONTUYECKOro CKaHWpoBaHWA B
NHcTUTyTe Benuch paboThl B
0o6nacTn asapOKOCMUYECKUX
MCccnenoBaHuUA C NOMOLLLIO
paguopUanyecKux MeToaoB —
paguockeaHorpaduu,
rMapoPU3NKN 1 UCTaAHUMOHHOIO
30HOMPOBAHUA aTMocdeps!,
BKNIOYaA TeopeTu4ecKue
uccnegosanus. PaspabarteiBanuce
UcxoaHble faHHble Ana
Pas’sANYHbIX Hay4YHbIX NpPOrpamm,
co3faBanuchb CnekTpanbHbie U
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naHopamHbie npu6opbl
AUCTEaHUWMOHHOrO 30HAMPOBaHKUSA
artmocoepbl 1 3eMHORA
NOBEPXHOCTH, BbINONHANWCH
nabopaTopHoe moAenupoBaHve u
HaTypHble CaMOMETHLIE U
CMYyTHUKOBLIE UCNBITaHWS.

B UHcTuTyTe umeeTcs pag
nabopaTopvi, 3agaqen KOTOpbIX
ABNAETCA NpoBegeHue
(hyHAaMeHTaNbHbIX UCCNeaoBaHuin
B obnacTu o6paboTku
a3poKOCMUYECKON MHpOopmMauum,
nony4aemon Npyv NpoBeaeHun
a3pOKOCMUYECKUX uccnenoBaHui
NO U3yHeHWUO NPUPOAHBIX
pecypcos 1 QUCTaHLUMOHHOMY
30HOMPOBAHUIO, a TakKXXe
KoOpAuHauuvs uccrnenoBaHMi no
aTMM npobnemam B pamKax
HayuHon nporpammel AH CCCP u
FKHT CCCP. B 3aga4m
naboparopuin BXOOWUT TakKXKe
nposegeHve TeOPEeTUHECKUX U
aKCNepUMEeHTanNbHbIX
uccnegoBaHUA NO OnpegeneHuio
CBA3W pPaanaLUoOHHbIX U
npegMeTHO-cneyuduyHecknx
XapakTepuCTUK NPUPOLHbIX
00bEKTOB, BbINOMHEHWe
TeMaTu4eckon o6paboTKK
uHpopMaymMM Ha
cneynanmM3npoBaHHbIX
BbIHUCIMTENBHBIX KOMMNMEKcax.
MpoeegeHbl hyHAaMeHTanbHbIe
MccneaoBaHuA CUCTEMBI
«aTMocpepa — noBepxHOCTb» C
Lenbio Co3aaHuna u
3KCNEPUMEHTANBHON NPOBEPKU
puamnyeckn 060CHOBaHHbIX U
MaTemMaTu4eckn CTPOrmx MeTogoB
AWCTaHUUOHHOrO onpeaeneHus
NOMHOro KOMMeKca ONTUHeCcKux
napameTpOB eCTeCTBEHHbIX
NOBEPXHOCTEWN (B TOM HUCNe
NOBEpPXHOCTHU OKeaHa),
aTtMmoccepbt M obnakos. Ha
OCHOBE 3TUX METO40B COBMECTHO
co cneymanucrtamm MKW AH AP
pa3paboTaHbl MHOrOKaHarnbHbIe
cnekTpomeTpbol MKC, KoTOpbIE
66N yCTaAHOBNEHbI HA CNYTHUKaXx
«MHTepkocmoc-20 u -21». lMNocne
ycnewHbIX UCNbITAHWUA 3TOW
annapartypbl U1 METO4OB
BWCTaHUWOHHOTO 30HAUMPOBaHUSA
CUCTeMbl «aTMmocdepa—
NOBepXHOCTL» Obinu paspaboTaHbl
MoaMcPrUMPOBaHHBIE
cnekTpomeTpbl MKC-M, kOoTOpLIE
B 1983—1985 rr. paboTanv Ha
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6opTy cTaHuuu «CanioT-7»
COBMECTHO C MHOroKaHanbHo1
¢oTokamepon MK®D-6M.
PeaynbTaTbl 3TUX 3KCNEPUMEHTOB
noATEEPAWMNK BbICOKYIO
athpeKTUBHOCTE METOAVKK U
annapatypbl MKC-M,
obecneuunBalowux oqHOBpeMeHHOe
onpegenexnuve B 6e306Na4HbIX
yCnoBusix KoathpuuueHToB
CNeKTpanbHOW APKOCTU
pa3nu4HbIX TUNOB 3eMHON
NOBEPXHOCTK, a TakxXxe
CNEeKTpanbHOE W BEepTMKalbHOe
pacnpegeneHvsi ONTUYECKOH
ToNwWwmMHLlI atMocdeps! co
cpenHeKBaapaTUHHOW OWNOKOM
15—20% B gManasoHe
M3MEHEeHM 3TUX NapaMeTpoB Ha
NopsAoK BenUYHUHDBI.

B ob6nauHbix ycnoeusx metoguka
v annapartypa obecnesvnu
onpeaeneHne BbICOTbl BEPXHEW
rpaH1uybl 1 ONTUHECKOR TONWMWHbI
obnakoe, a Takxe
Ko3athpuyMeHTOB yaensHOro
NOrnNoLWeHNA CONHEeYHON paguayuu
o06naYyHbIMKW YacTULAMW.
O6Hapy»eHO NOBbIWEHWE 3TUX
KO3(phUyMeHTOoB Ha

2—3 nopsaka no CpaBHEHWID C
aHanoruYHLIMA BenNUYMHaMU 4Ns
Kanens YWCTOW BOAbLI U NbAd, HTO
MOXeT ObITb CBA3aHO C
3arpasHeHMsiMM 06NaxkoB K
BblAENEHNEM «KWUCNbIX» OCaAKOB.
Ha ocHOBe MaTtepuanos
3KCNepuMeHTa c annapaTypomn
MKC-M u dpotokamepon MK®-6M
6bina paspaboraHa MeToguKa
abconTHOW KanubpoeKK
(POTOCHWMKOB C BbICOKOW
POTOMETPUHECKON TOYHOCTHHO.
3TO NO3BOMMIIO NOBLICUTL
WH(POPMATUBHOCTb CHUMKOB,
OCYLeCTBUTb 06 BEKTUBHLIN
KOHTpOMb BuaeonHdopMaLum,
obecne4nno BO3MOXHOCTb ee
aBTomMaTuyHeckon o6paboTku.
PeaynbTaTbl 3KCNEpPUMEHTOB C
MKC-M 1 MK®-6M nokasanu, 4To
NpaKkTU4eCKU BCA NONyYeHHan
nHOpMaLMAa MOXKeT
MCNONL30BATLCA ANA pelleHun
WMPOKOro Kpyra HayJHo-
uccnefoBaTensCKuX,
HapOAHOXO3ANCTBEHHbIX M
TEeXHWYECKMX 3a4a4:

— W3y4eHuWe npoueccos
npeobpa3oBaHWA CONHEeYHOR
paguayum B cUCTeMe «OKeaH —

aTtmoccepa—obnaka»;

— onpegenexHve
NPOCTPaHCTBEHHO-BPeMEHHbIX
pacnpegeneqHyvin aHTponoreHHoro
aspo30nA NOKaNbHOro 1
rno6anbHoro MacwTabos;

— OnepaTUBHLIKM y4eT BNMAHUA
aTmocdepbl Npy U3y4eHun
NpUpOAHLIX pecypcos.
MNamepeHns NnpsiMOWA CONHeYHOH
paguanun ¢ NOMOLLbIO
annapaTtypsl MKC-M
(3kcnepuMeHT «OKKynbTaymn»)
NO3BONUNIM ONpegenuTb
XapaKTepUCTUKKU CNEKTPanbHOro
NpoNycKaHus UNNiMUHATOPOB
CTaHyuMu, 41O obecneqmno yyeT
3TUX XapaKTepucTUK npu
ob6paboTke Bcei nHopmMaymu,
nNoNy4eHHoOW B aKCNepuUMeHTe
MKC-M.

B akcnepumenTe «OKkynbTayma»
6binM NONYYeHbl BEPTUKaNbHbIE
pacnpegeneHus GoAepXaHus
030Ha M a’po3onA B
cTpaTtoctepe, o6Hapyxuewue
aHTUKOPPEnsaLUIo MeXxAy 3TUMK
BewecTsamu, 4YTO NO3BONseT
06bscHUTL Habnwaaswmecs
paHee aHoManuu B nonoce
nornoweHmn o3oHa B UK-
AuanasoHe cneKkTpa 9,6 MKM.
AHOManus CocToAna B TOM, 4TO B
NeTHWIA Nepvoa B 3TOWA nonoce
6bino o6Hapy»xeHo cnaboe
nornoweHe ConHe4Hon pagwaymm
npyu 60NbLLIOM CoAepXXaHUu 030Ha
W cunbHOE NorsnoweHue Npu
Manom cogep>xaHuu o3oHa. Takan
aHomanus obycnosneHa Tem, 4To
nogHuMarowuecs B crpartocdepy
aHTponoreHHble rasel BCTYNAOT B
peaxkymio ¢ 030HOM, B pesynbTate
4ero coaep<aHve 030Ha
yMeHbLlaeTcs, Ho obpa3syeTca
a3p0o30/Sib, NOrNoWaKoLWiA
CONHeYHy paguauuio. 3ToT
npouecc segeT K 00pa3oBaHUI0
O30HHbIX Ablp.

AHanu3 pe3ynsTaToB
akcnepumeHTa MKC-M,
BKIOYABLIKWIA TaKXXe cpaBHeHWe
MaTepvanoB 04HOBPEMEHHBIX
OWUCTaHLUMOHHBIX W
NOACNYTHUKOBBIX U3MEepeHW Ha
HasemHbIx nnardgopmax,
noaTBEpAVN NpUBEAEHHbIE Bbille
OLUEHKW TOYHOCTU U HaAEXHOCTU
MeTOAUKK M annapaTypbl
AWCTaHUYWMOHHOro onpeaeneHus
KOMNNeKca napameTpoB B



pa3aNUYHbIX YCNOBUSAX CUCTEMDI
«aTMmocdepa — NOBEepPXHOCTb».

310 no3BonseT caenaTk BLIBOA O
NpesoOCXOACTBE METOA0B Mo
CpaBHEHUIO C 3apybexXHbIMK
aHanoramu, KOoTopble TpebyloT
MHOTMX anpUMOpPHbIX
NPeANONOMEHUA O COCTOSIHWUM
noBepxHOCTU U aTMocepbl, He
NOAAAIOWMUXCA NPOBEpKe U3
Kocmoca. Hanpumep, meTogmka
onpegeneHus kKoapduymeHToB
CNeKTPanbHOM SIPKOCTU OKeaHa,
paspaboTtaHHas B CLLUA, ocHOBaHa
Ha NpeanonoXXeHwWu, 4To 3TOT
KOa(pbMUMEeHT B KpacHoO obnacTtu
cnekTpa paseH Hyni, 4TO BEPHO
MMWE ANA YUCTONR U CNOKOMHOM
NnoBepXHOCTH, a MeToAuKa yyeTa
BNUAHUA aTMocdepbl
npegycmarpuvsaeT

Ucnonb3oBaHue

oNTUHECKUX Mogenen,
peanu3ayusa KOTOPbIX HEe MOXeT
6biTb NpOBEPEHA U3 KOCMOCA.
MonyyeHHbIe pe3ynbTaThl
NOCAY>XWUNK OCHOBaHWeM ANs
UCNOMbL30OBaHUA METOANKW U
annapaTtypbl MKC-M kak B
CNY>XeOHbIX KOCMUYECKUX
cucTemax, Tak u ans
AanbHenwWwero pa3suTus
wccnegoesaHun 3emMnu M3 KOCMoca.
B HacToswWee Bpems aTK
HCCneaoBaHUA OCYLLECTBNAKOTCA
no npoekTy «KocmomeTpus».
(«reocuctema») u B pamkax
aKcnepumeHTa «0630p»,
BxoAslero B NpoekT «lNpupogar.
MNpoekT «KocMomeTpusi»
BKIIOYaET B cebsl IKCNepUMEHTLI
¢ annapaTypon MKC-M, koTopas
nepeseseHa co crtaHuum «CanoT-
7» Ha CTaHUMO «Mup» K ycnewHo
dyHKywoHupoBana B 1988 r.

Ha ctaHyumio «Mup» Takxe
floCTaBNeH KOMNNeKc annaparypsbl
MKC-M2, koTtopas 6eina
ycTaHOBNeHa Ha NOBOPOTHOW
nnatcpopme ACTI-I BmecTe ¢
WH(PpaKpacHbIM
TenecnekTpometTpom UTC-70 n
apyro# annapaTypoin. B pamkax
akcnepumenTta «O630p» B KW
AH AP c yyeTom pesyneTaTos
akenepumerta MKC-M 6uina
HayaTta pa3paboTka Moy nbHOro
onTudeckoro 3oHga (MO3),
obecneumBaoLwero
NPOCTPaHCTBEHHbIA OXBaT
nnowaan 100—150 km?2,

JkcnepuMeHT «O630p» BKNKOHaeT
Takxe cosaaHve 60pTOBOro
BblHMCNUTENbHOro YCTPOUCTBA
(bBY) ans o6paboTku
wHdpopmaymmn.

Hay4yHnas nporpamma npoekTa
«KocMomeTpus» Ha CTaHuuM
«Mup» npepycmaTtpusaet
ycoBeplEeHCTBOBaHWE METOA0B
AWCTaHUMOHHOro onpeaeneHus
KoMnnekca (pruanyeckKnx
napameTpoB 3eMHOW NOBEPXHOCTH,
okeaHa U atmocgepbl C Lenso
CyLWEeCTBEHHOrO NOEbLILEHWA UX
TOYHOCTWM U HAAEMHOCTU Ha
OCHOBE COYEeTaHUA M3MepeHWi
CNeKTpanbHbIX W YrNoBbIX
pacnpegeneHnin SpKoCcTU U
CcOOCTBEHHOIO Many4eHma 3eMnun.
MNpegycMoTpeHa Takxke
paspaboTka meToaoe GopToBO
06paboTKK1 MHOpMaLK,
NONy4Y4eHHOW B 3KCNEpUMEHTE
MKC-M2, ¢ nomouybto
CNeyManbHOro BeIMUCNUTENbHOMO
YCTPOWMCTBA, BKMIOYEHHOro B
KOMMJIEKC annapartypbl CTaHUuK
«Mup».

Komnnekc obecneuuT: cxaTue
6onblworo o6bema nHpopMauum u
nepefaqy ee Ha HaseMHble
cTaHyuu 6e3 noTeps;
aBTOMAaTU4YeCKOe UCNONbL30BaHKE
[aHHbIX CNeKTPanbHOW ApKOCTH,
nony4aembiX € NOMOLLbIO
annapatypbl MKC-M2, gns
ONepaTUBHOIO onpegeneHus
BbIAEPXKKW MHOTOKaHarbHbIX
c¢roToannapaTos B pasznUuYHbIX
YCINOBUAX CUCTEMbI

«aTMocgepa — NOBEPXHOCTb»;
onepaTUBHOE pasfenexHune
obnadHbix 1 6esobnaqHbIX
YCrnoBu Npu NpoBegeHuu
(poTOCHEMKK 3eMHOMN
NOBEPXHOCTM.

Ba)kHbIM pa3aenom nporpammbl
npoekTta «KocmomeTtpus»
ABNAETCH OnepaTuBHoe
nony4vyeHune nHgopmauuu ob
aHTPONOreHHbIX NPUMecax Hag
NPOMBIWNEHHbIMW panoHamMu, B
TOM 4UCNE HAZ NOACNYTHUKOBLIMW
nonuroHamu CCCP, Nepmanuu,
Monbww, HYexo-Cnosakuu.
HaeepgeHuwe annapatypbl MKC-M2
AOMKHO obecne4nBaTbLCA
CKaHupyiowen nnaTgopMon,
NO3BONSAIOWER OTCNEXUBATb
uccnenyemole 06LEKTLI B TEeHEeHWe
ANUTenNbHOro BpeMeHu.

CoqeTtaHue annapatypbel MKC-M,
MK®-6M ¢ UK-cnekTpoMeTpom
obecnevmBaeT UayyeHue
a3p030/bHbIX U ra3oBbIX
npumecen B atmocdepe u okeaHe,
a Take onpegenexve
TemnepaTypbl NOBEPXHOCTH
okeaHa (TMNO) n BepTUKaNbHbLIX
npocunen TemnepaTypbl
aTMocgpephbl.

MNopobHbie 3a4a4K UccnefoBaHKIA
OAHOBPEMEHHO B ONTHUHECKOM M
WK-pguanasoHax cnekTtpa
pewanuce paHee Ha CrnyTHUKE
«Kocmoc-1151», Ha aTtom
CNyTHUKE BnepBbie Bbin
MCNOSMb30BaH CNEKTpanbHo-
yrnoBoi MeToA TEPMUYECKOro
30HAWPOBaHWSA, pa3paboTaHHbIA B
MKW AH CCCP, u
MHOroKaHansHein MK-pagmomeTp,
obecne4vBalOWMin M3MEpPEHUA
TENNOBOro U3nNy4eHus 3eMnu B
10 yyacTkax MK-guanasoHa
cnekTpa npu 3-x yrnax
BU3NPOBaHMA. ITHU U3MEPEHUR,
KOTOpbie NpOBO4WMNUCE B
Komnnekce ¢ CBY-uamepeHusmu,
no3sonNunuK onpegenuTe
TemnepaTypy NOBEepXHOCTU C
NOrPewWwHoCTL 1°.

MpoeogaTcA paboTel NO
MOBLIWEHUIO TOYHOCTH M3MEPEHWIA
C NOMOWLIO YNOMSAHYTbIX Bbille
MEeTOA0B AUCTaHUWOHHOrO
onpegeneHvusi NOMHOro KoMnnekca
puanMHecKux napamMeTpoB
armocdepsl 1 NOBEPXHOCTHU. 3TU
MeToAbl M annapaTypa 4OMKHbI
obecnednTb Nony4vyeHve
KOCMUYECKON MHGpopmaL i,
Heob6XoAMMON ANA peleHusn
KOMNNeKCHoM npobnemsi
COXpaHeHus OKpy»Kalolljen cpefbl,
Knumara v NpupogHbLIX PECYpPCOB.
BaxxkHoe npuknagHoe 3HaqeHve
UMEeIOT BbINONHEHHbIE B
MHCTUTYTe byHAAMeHTanNbHbIEe
uccneposaHus B o6nacTu
reomu3an4ecKon ruapoavHaMuKu.
3T uccnenoBaHus BedyTca no
ABYM OCHOBHbIM HanpasfeHUsM.
MepBoe — NOWCK PU3NYECKKUX
NepBONPUYMH TaKUX NPUPOAHLIX
KaTacTpoguyeckux ABneHun, Kak
TandyH, UMKNOH, TOPHaAo,C
Luensio paspaboTku MeToOgUKHK
paHHero nporHo3a obpasosaHus
noao6HbIX CTPYKTYP B aTtMocdepe.
Bropoe — BbigeneHue npoyeccos,
Haubonee NOAxXOAALMX C TOHKK
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3peHUs U3yYeHus Npupoasl
pasnuyHbIX aHOMaIbHbIX ABNEHWUN
B aTMocdepe, okeaHe U
noHocepe.

Ha nepsom HanpasneHun
coTpyaHmkamm MKW AH CCCP
6bUN OTKPLIT HOBLIV NPUHUMN
reHepayvm CTPyKTyp, OCHOBaHHbIN
Ha TaK Ha3biBAEMOM CNUPanbHOM
MexaHuame. 3a c4eT, Hanpumep,
BpaweHus 3eMnu BO3HMKaeT
CpefHsn Koppensauyus Mexay
CKOPOCTbIO TYpOYNEeHTHbIX
OBWKEHWUA N BUXpPEM CKOPOCTM.
3710, B CBOIO 0Yepenb, NPUBOAUT K
reHepayum KpynHomacwtabHbixX
BUXpeW TuUna TandyHoB.
lNMocTpoeHa Teopusa HadanbHON
CTaguuM pas3BuUTUS TaKUX CTPYKTYP,
npeanoXeHsbl MeToAUKK
obHapy»XeHusi panoHOoB
Tponu4eckon genpeccun. Mpu
3TOM HanfeHa TakXe CBA3b
Mexay pOoHTaNLHON
pasmMepHOCTLIO U3ONUHUIA
TemnepaTypbl 06naYHbIX CTPYKTYp
CO CTENEHbIO U3BUIIMCTOCTM ITHX
M30SIMHUA U BO3MOXXHOCTBLIO
obpasosaHua TaudgyHOB.
PesynbTarsl o6paboTku
MH(paKpacHbIX M306paxKeHUi
o6na4yHOCTH, NONYYeHHLIX C
ANOHCKWX reocTaunoHapHbIX
CNYyTHWKOB, AaloT
yAOBNETBOpUTENbHOE CoBNageHue
C NpegnoXeHHOW Mogenkio.

4T0 KacaeTcs BTOPOro
HanpasneHws, TO, Npexae BCero,
cnepyeT OTMeTUTb pa3paboTky
TEOPUM YCUNUTENbHBIX
MEXaHW3MOB BONHOBbIX
npoueccos. KMcnonb3oBaHue 3TOM
Teopuu NosbilLaeT
ANarHocTu4ecKue BO3MOXXHOCTH
npu UccneaoBaHuKu pasnuyHbIX
reoman4eckux siBNeHun.

C y4acTuem COTpyaHWUKOB
WHCTUTYTa BLINONHAIOTCA TakXe
MHOIOYUCNEHHbIE CNYTHUKOBLIE
3KCNepuMEHTBI C MCNOMb30BaHWEM
ramma- U peHTreHOBCKOM
annapartypsbl C Lenbio aHanusa
paavaluoHHON 06CTaHOBKK
pPasnuyHbiX panoHOB 3EeMHOW
NOBEPXHOCTW.

K BaKHbIM (hyHAAMEHTarnbHbIM U
NPUKNaaHbBIM HanpaslieHUaM
KOCMUYECKUX UCCneaosaHun,
BbinonHaembix UKW AH CCCP,
OTHOCATCA M paboTel B 06nacTu
KOCMW4YeCKOro

MarepvanoseaeHus.

B MHcTUTYTE BEQYyTCR
TeopeTuyeckue,
3KCNepuUMeHTanbHbIe, UHXEeHEepHO-
TeXHUYECKMEe M Hay4HO-
OpraHu3alWoHHble paboThl
LMPOKOro npouna,
HanpasreHHble HA UccnegosaHue
(bU3NYHECKMX ABIMEHWUIA B YCNOBUSX
MUKpOrpasuTayuu, uayyeHuwe
ocobeHHOCTeN Npoueccos
nony4YeHnWst Marepuanos B
KOCMOCe, a Takxe CTPYKTYpbl U
CBOWCTE 3TUX maTtepwarnos.
MepcneKTUBHBIM NPaKTUHECKUM
BbIXOAOM paboT Mo KOCMUYECKOMY
MaTepuanoBeaeHuio SBNseTcA
nony4YyeHne pasnu4HbIX
Marepuanos C yry4lweHHbLIMA
XapakTepucTUKaMK, a Takxe
npeanoXeHus gns
COBEpLWEeHCTBOBaHUA 3eMHOW
TEXHOMOruu.

OCHOBHBIMW HanpasneHusaMm
uccnefgoeaHuii B obnacTtu
KOCMU4ECKOro
MaTepuanosegeHus,
BbINONHAEMEIX B MHCTUTYTE,
ABNSIOTCA: U3yHeHne
ocob6eHHOCTen KpucTannusayvmm
pPasnuyHbIX, B TOM YuKcCne
noNynpoBOAHUKOBLIX, MaTEpUanoB
U3 XXUOKOW K ra3oBoi ¢pas (M3
pacnnasa, w3 pacTeopa, U3
pacTBopa B pacnnase; C
WUCNONL30BaHWEM KanunnApHbIX
CWN; METOAO0M ra3oTpPaHCNOPTHLIX
peakuwin) B yCrnoBMAX
MUKpOrpasuTayuu; nayyeHme
nNpoueccoB 3aTeepAeBaHus
pacnnaBoB pasnuU4HbIX
KOMMO3UYUOHHBIX MaTepuanos,
aMopHLIX CUCTEM B YCNOBUAX
MWKDPOrpaBuTaLmm; uayyeHue
pasnuUyHbIX (PU3NHEeCKUX
NpoueccoB (KOHBEKLWH,
anbdysuu, TennoMacconepeHoca,
nepeoxnaxgeHua u 7. 4.) B
»KWOKOW U ra3osoi ¢pasax npu
pasnMYHbIX YPOBHAX rpaBuTaymMm u
UX Ponu Npu NONyYeHUu
MaTepuanoeB B KOCMOCE; U3y4eHue
BNVSIHUA MUKpOrpasvTaymMm Ha
KpucTannuaauuio U3 pacTsopoB 1
pacnnaeos Nnpu 4OCTaTO4HO
HU3KKUX (6NIM3KUX K KOMHATHbIM)
TemnepaTypax, B HaCTHOCTW Npu
SABMIEHUAX MACCOBOW
KpucTannuaauum.

O6bvekTammn uccnegosaHuin
ABNAIOTCA NONYNPOBOAHUKOBbLIE

marTepuanbl, MeTannbl, cnnassl,
KOMMO3WUMOHHbIE MaTepuansi,
CTekna, AvcnepcHble MaTepuans
“ ap.

OpaHvM M3 Ba)KHBLIX HanpasfeHun
paboT, BbINOMHEHHLIX B
WHCTUTYTe, ABNAETCA Takxe
uccnepoeaHne ocobeHHoCTeN
nony4YeHWA maTtepuanos B
YCNOBUAX NOBbILLEHHON
rpaBuTayuu (B 3KCNnepumeHTax Ha
ueHTpudyrax, NO3BONSAIOLLMNX
6onee rny6boKO NOHATL Posb
rpasuTauyumn B TEXHONOMMHECKMX
npoyeccax v Nony4eHuu
MaTepuanoB C ynyYleHHbIMK
CBOWCTBaMM).

Bonbwoe BHUMaHWE yaensercs u
paboTtaMm No uccnefoBaHu
CTPYKTYPHOrO COBEpLUeHCTBa
NONy4YeHHbIX B KOCMOCE W Ha
3emne ob6pa3yos ¢
MCNONb30BAHMEM TaKUX HOBEWULIWX
MEeTOA0B, Kak 3neKTpoHHOe
KaHanuposaHue u obpaTtHoe
paccesiHue MOHOB, a Takxe
peHTreHoBcKas gudpakToMeTpus
C aHanu3oMm pes3ynbTaros Ha JBM,
3NeKTPOHHasA, ONTUHeCKas u
CKaHWpyloLass MMKPOCKOMNUS.
O6ny4eHne NONYNPOBOAHUKOBBLIX
KOCMUYECKUX MaTepuanos
TAXEenNbIMM MOHAMW NO3BONSAET,
HanpumMep, nony4artb
paavaymoHHblie adpeKThbl,
KOTOpble NPUBOAAT K
pa3ynopsaoYeHUI0
KPUCTaNNM4ecKon CTPYKTYphl 1 ee
amopcum3ayum B 3aBUCMMOCTK OT
3Heprun n [o3bl 06NyYeHus, HTo
MOXET NOCNy>XUTb OCHOBOM
NepcneKTUBHOIO HanpasneHus —
paguaLMoHHO-KOCMUYECKON
TEXHONOTUN.

Cneynanuctel MHCTUTYTA
NPUHUMAIOT aKTUBHOE y4acTue B
CO34aHuM cneymanuampoBaHHON
annapaTypbl 4NS8 NpoBegeHus
TEXHONOMMYECKUX IKCNEPUMEHTOB.
B 6onbwmMHCcTBE Cny4vaes aTu
paboTbl NPOBOARTCA B TECHOM
COTPYAHWYECTBE C YYEeHbIMU
APYrvx cTpaH.

MNokasaTencHOW B 3TOM
OTHOLUEHMWN MOXHO CHUTaTb
pa3paboTaHHYI0 COBMECTHbIMU
YCUINUAMKM yYeHbIX HexocnoBakum
n cneywanuctos us MK AH
CCCP TexHONornyeckyio
YCTaHOBKY HOBOFO NOKONEHUs
«Kpuctannuaarop». Mo yenomy



pRAY NAapaMeTpOB — TOYHOCTH
HAMEPEHUA U NOAAEPXXaHUA
TemMnepaTypbl, AWanasoHy
CKOpOCTEN nepemelyeHus
06pasuoe, BO3SMOXHOCTAM
perMcTpaLMmn AaHHbIX U KOHTPONSA
npoBEAEHUA 3IKCNEePUMEHTOB —
0Ha NPEeBOCXOAWNT 3apyberkHbie
aHanorn. YcraHoeka cHabxeHa
MMKpONpPOLEeCCOpPOM U MOXeT
paboTaTb NOMHOCTHLIO B
aBTOMATUHECKOM pEeXXMme No
nporpaMmMe, 3anuUcaHHoOW Ha
MarHWTHOW nexHTe. WHgopmayma o
X0file IKCNepuMeHTa, BKNoYas
TeMnepaTypy HarpeBaTenew,
NOKa3aHWsi akcenepoMeTpos U

T. A., 3anUCLIBAETCA Ha TOW Xe
MarHWTHOW nNeHTe. pn 3TOM
faHHble 06 ypoBHE
MUKPOYCKOpPEeHMIA 1 Xoae cepum
IKCNepUMEHTOB MOryT NOCTynaTth
Ha 3emnio B peansHoMm macwrabe
BPEMEHM.

NabopaTopueit KOCMUYECKOro
watepuanosefeHus MHcTUTyTa
cosaaH cneyMancHblil KOMNNeKe
HazeMHOW OoTpaboTKu
IKCNepuMeHTOB, NNaHUpyeMbix K
NpOBEAEHUIO B KOCMOCE C
HCMOMNb30BAHMEM YCTaHOBKH
«KpucTannuaaTop».

finA aBTOMaTU4HeCKOro KOHTpons
TemnepaTypbl pabo4ein 30HbI
TEXHONOrMYECKUX YCTaHOBOK
COBMECTHO CO CreyuanucTamm
[P 6bin paspaboTtaH npubop
APl (aBTOMaTUHECKWIA
perucTpaTop napameTpoB).

Ewe ogHa TexHonorvyeckas
yctaHoBKa — «PacTesop» —
co3gaHa Ha ocHOBE Koonepauum
COBETCKMX M NONbCKNX
cneynanucToB. OHa
npegHasHaueHa ans
HccneaoBaHWA Npoueccos
HU3KOTemnepaTypHON
KpUCTanNM3auum u3 pacTBopoB U
H3y4eHUs NepcneKTUBHbIX
METOA0B NONYYEeHWUA UEHHbLIX B
NPaKTUYECKOM OTHOLLIEHWK
KpUCTannos..

COBMECTHO C Yy4YeHbIMU U3

pRAa ApYrux CTpaH HayaTa
paspaboTka psga HOBbIX
TEXHONOrMYEeCKUX YCTaHOBOK Ans
paboTbl Ha 60pTy aBTOMaTUHECKUX
KOCMMYECKUX annaparos.

Ycnexw, 4OCTUIHYTbIe
KOCMUYECKON TEXHONOTUEN, YXKe
cerogHs NO3BONAKOT CTPOUTL

ONTUMUCTUYECKKUE NPOrHO3bI.
Kocmuyeckaa TexXHOMOrMsa MOXXeT
W AONKHA CTaTh HOBOW OTPAaCnbIO
COBpEeMeHHOro Npou3BOACTBa.
lNepcnekTuWBbl ¥ Hee CaMble
3aMaHJYMBbIe: OTAENEHWe TexX Uin
MHBIX OpraHnYecKux BewecTs OT
CMecei; BbipawMBaHue CNOoXXHbIX
NoNynpOBOAHUKOBBIX KPUCTannoe
C COBeplUeHHOW CTPYKTYpOW;
nony4yeHwe ocobo NpoO4YHbIX
KOMMO3ULHUOHHBLIX MaTepuanos u
CNNaBoOB C YHWKaNbHbIMK
MarHUTHbIMWA W
CBepXNpoBOAALYWUMIKA CBOACTBAMM,
NOKPLITUA, YCTOWHUBbLIX NPOTUB
KOppO3uK; becTurensHoe
nnaesnexHne CTEKON ANA Nasepos
W MHOroe, MHOroe gpyroe.
Mo-euauMomy, elle Kakoe-To
BpemsA paboTbl B 06nacTu
KOCMWMYECKOW TexHonorum 6yayT
HOCWUTb B 6ONblUel CTeneHu
Hay4HO-MCCnegoBaTeNlbCKUn U
ONbITHO-KOHCTPYKTOPCKWIA
xapakTtep. Tem He MeHee,
TWarensHoO NpoAyMaHHasa U YeTKo
CnnaHnpoBaHHan Nporpamma
MOXET 3HaYMTENLHO COKPaTUTL
4YWUCTO UCCrefoBaTenbCKun
nepvog. dyHaameHTanbHbIe Xe
nccnepnoeanus B obnacTtu
KOCMWYECKOro MarepnanoseseHuns
HUKOrga He NoTepsAloT CBOEH
aKTyanbHOCTWM W BCcerga 6yayTr
MOLWHLIM pPbI4aroM pasByUTUSA Kak
3eMHOW, TaK U KOCMWYECKOWN
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?. 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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OxHan yacTe o3epa Bankan ¢ gencrou
peku CeneHri U CpefiHeBbICOTHLIE
ropHeie xpebTel Mpubankanss

Southern part of the Baikal Lake with
the delta of the Selenga River and the
medium-altitude mountain ridges near
the lake

MHOrosoHane LI KOCMHYECKUA annapar
MK®-6 1 oTfensHbie CHUMKKM 3eMHOWR
NOBEPXHOCTH, NOMyYEHHbIE C ero
NOMOLYLIO

The multiband space camera MKF-6 and
some photographs of the earth’s surface

made with it



Paiton cpegrero TeveHnn peku Bunmon

A region in the middle stream of the
Viluy River

AngaHckoe Haropee. B yeHTpe CHumka —
KoHpepckui MaccHe, OCTPOBEPLUWHHEINA
xpebeT NpasnisHON KonbLeobpasHoi
Ghopmbi

The Aldan highiand. The sharp-peaked
ridge in the centre of the photograph is
of correct circular shape. This is the
Kondersky mountain range

Paiion Mamupo-Anasn. CHHMOK
0XBaTLIBEET BLICOKOIOPHYIO 30HY XpebTos
C XOPOLUO Pa3BUThIM ONegeHeHnem

The Pamir-Alal region. The photograph
illustrates high ranges with weil
developed glaciation
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KOMNOHOBOYHAA CXeMa MHOrO30HaNbHON
CKaHMPYIOLEH TesIeBH3NOHHON CHCTEMbI
«@parmMeHT». [10316MeHTHLIA

MpOCMOTP —CTPOYHOE CKaHupoBaHue
36MHOM NOBEPXHOCTH B HanpaseHuH,
nepneHauKynspHoOM nofery,
NPOUIBOLAUTCA NMYTeM HenpepLIBHOIo
KauaHnus crneynansHoro 3epKana;
CKaHMpOBaHWe B Hanpas/eHuk noaeta
(Habop CTPOK) NpoMCXOAMT B pe3ynsTare
ABMXKEHNA CAMOro CryTHUKaE:

1—cxannpylowee sepkano; 2—npueog,
3epkana; 3 — ofibeKTHB; 4 — ONopHbie
WCTOHMHWKW CBETA; 5— ONMTUKO-3MeKTPOHHLIA
KOMMYTaTOp; 6 — BONOKOHHO-ONTUHECKHUA
paseeTBuTenNk; 7 — NONOCOBLIe CNeKTPAaNbHLIE
MNbLTPL; B — haTONPUEMHHKK; 9 — 6710KK
YCUWNMTENeR NOCTORHHOMD TOKA M
BbICOKOBONLTHLIX MCTOMHUKOB NWTaHKA
¢oTonpuemHukos; 10—6nok aHanoro-
ynchposoro npeobpasosanms; 11—G6n0KkKM
CHCTeMs! ynpaBneHus, cbopa, obpaGoTkK
WHbopmaLum; 12 —6noK cHCTEMBI
INeKTponuTaHwA, 13 — paguaTtophl
oxnaxgeHus (hoTONPHEMHUKOB

Ha cHuMKax, BbiNONTHEHHBIX B gBYX 30Hax
CneKkTpa,—4acTk aKkBaTopun YepHoro
MOPSR y ero 3anagHoro noGepexes 1
Gonblian 4acTk genstsl fyHas

Layout diagram of the muitiband
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 photagraphs show part of the
Black Sea surface at its western coast
and a large part of the Danube deita 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




PparMeHT CheMKU Mexgypeqsn foHa m
Xonpa. Liperosan gugpgepeHymayms
nonei B codeTaHun ¢ BOMbLIMM
YBEINHYEHHEM HCXO4HBIX CHUMKOB
obecneyYnBaeT BLICOKYIO ShheKTHBHOCTL
HMCMONL30BAHHA MHOMO30HETBHON
KOCMHYECKOW CheMKI NpH
CeNLCKOXO3AHCTBEHHOM M3yHeHHH
TeppuTopuu. MMpHUBE[EHHLIN YBETHON
CHMMOK M0O3BONsAeT pacno3HaBaTth CocTas
KynbTyp. OTYETIMBO BLIABMAIOTCA
Paznu4ua B MCNoNb30BaHuy 3emens. C
MOMOLULIO TaKMX CHAMKOB MOMHO
NPOBOAMTE CEMbCKOXO3ANCTBEHHOE
panoHUpOBaHWe TePPUTOPHIA

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

Bbopt camonera-naboparopumn AH-30,
060pY[OBAHHOIo 4NA WCCNeoBaHuA
3eMHBIX pecypcos

Inside the aircraft laboratory AN-30

equipped for investigating the earth's
natural resources
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B nabopatopui KOCMHY8CKOro
MarepuanoBegeHns

CoseTcKo-vJexocnosaykas
TEXHONOIHYecKan ycTaHoBKa
«Kpuctannuzarop HCK-1»,
npefHa3sHaveHHaa 4ns NpoBe[eHns
ucene[oBaHui Ha GopTy OpGUTansHOW
CTaHYHH ¥ NoNy4eHns Marepuanos B
noNyNPOMBILLNeHHLIX MacluTabax

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

OfHHOYHBIE MOHOKPHUCTANBI W CDOCTKH,
nony4eHHLIe B YCIIOBUAX
MuKporpasuTayyun. CoBeTcko-
MOHIOMLCKUA SKCNEPUMBHT «3PASHET »

Single monocrystals and aggregates
produced under conditions of
microgravity in the Soviet-Mongolian
experiment Erdenet



HcnoneaosaHmne 6opToBoH
TEXHOMNOrMYecKon annaparypbl
«Kpuctannuazarop HYCK-1» B KOMnnekce
Ha3eMHON 06paboTKK IKCNePUMBHTOB,
nnaHupyeMbix 418 BLINOMHEHUS Ha
OpOUTANBHOW CTaHLMK

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

lMogroToeka akcnepumeHTa «lansmMupas
M0 COBETCKO-CUPHHCKOW NporpamMme
«Magep»

Preparation of the Palmir experiment by
the Soviet-Syrian program Mader

Hccnegosanmne obpasyos Ha
PEHTIeHOBCKOM guchpakTomeTpe

Study of samples by the X-ray
diffractometer

Annapartypa «MegoH» gns uccnegoBaHus
TEXHOMOrHYeCKKX NPOoYeccos B yCNOBHAX
MOBLILLE@HHOO TATOTeHUS

The Medon equipment for investigations
of technological processes under high
gravity

:ra
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/IHOOPMAL I IOHHO-
BbIHICT INTES bHbBIV
KOMIMTIEKC

DATA
HANDLING
AND COMPU
COMPLEX

B WHcTuTyTe BegeTcs 6onbwas paboTta no
NPOEKTUPOBAHUIO W CO34aHUI0 KOMNNEKCoB 06paboTKu
Hay4HOW MH(bOpMmaLMK, aBTOMaTU3aUUN Hay4YHbIX
3KCNEpPUMEHTOB, pa3paboTke U COBEpPLUIEHCTBOBAHUIO
mMaremaTu4eckoro u annapartypHoro obecne4veHuns cbopa u
06paboTKK AaHHbIX NpU NOAroTOBKE M NPOBELEHUN
uccnefoBaHUi Kak C UCNoNb30BaHWeM KOCMUYECKUX
annapaTtoB, Tak W Ha 3KcnepuMmeHTanbHon base
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.




LleHTpanusosaHHbie c60p u
06paboTKa [aHHbiX No Hay4HbIM
3KCNepuMeHTam NpoOBOARATCA B
wHTepecax nccnegosaHnin MK
AH CCCP, a Takxe Bcex
opranHusayvin CCCP w gpyrux
CTpaH (Yepes coBeT
«IHTEpPKOCMOC»), YHaCTBYIOLWWX B
COBMECTHbIX npoekTax. O6meH
Hay4HOW MHopmayuen
ocyuwecTenseTca 6onee 4em c

10 aapybexHbiMKM CTpaHamu, a B
CCCP —c HecKONbKUMK
[EeCsATKaMM HayuYHbIX, NPOEKTHLIX WU
NPOMBILLNEHHBLIX OPraHU3aLui.
Ans onepatmMeHoro cbopa wn
obMeHa AaHHLIMU UCTIONbL3YIOTCA
TenerpadHble, TenedoHHbie (Co
CKOpOCTbIO A0 9600 60a) 1
WWPOKOMNOSIOCHBIE KaHanbl CBA3M,
a Takxe CnyTHUKWU-
peTpaHCNATOPLI.

WHCcTUTYT pacnonaraet MOLYHOK
BblHMCNUTENbHOW 6a30M C
CyMMapHOMH
NpPOU3BOANTENLHOCTBIO
BbIMUCNTUTENBHBLIX KOMMNEKCOB B
HECKONbKO COTeH MWNNWOHOB
onepayui B cekyHay. Takoi
MOLUHBIA BblYUCNUTENbHBLIN LleHTp
6bin CO34aH B CBA3K CO
3HAYUTENbHbLIM YBENUYEeHUeM
061HEMOB HAY4YHOR KOCMUYECKOW
wHpopmayum, Heo6Xo0AUMOCTBIO
MOAEenupoBaHuA (hran4eckmnx
ABNEHWIA, a TaKXKe
Heob6X0AUMOCTLIO yrpaBneHusa
Hay4HbIMKM npubopamu Npu
peanuaayuM KOCMUYECKKX
NPOEKTOB.

Kocmuyeckue npoekTbl nocnegHux
neTt oTnu4alTCcA 60NbLLWOK
CNOXXHOCTLIO U HAayYHOW
3HAYUMOCTBIO, NO3ITOMY O4eHb
BaXXHO MMETb BbICOKOHaAEXHbIE
KOMMNNEKCbl NpUema, perncrpayum,
o6paboTkn n oTobpaxeHua
uHopMayuK, NocTynaowen ¢
KOCMUYECKMX annapartos.
3HauuTenNbHbIX YCNEexXoe B 3TOM
Hanpasnexun UHCTUTYT nobuncs
npy peanusauum MeXAyHapoaHoro
KOCMUHeCKOro npoekTta «Bera».
Bbin co3faH MOLLHLIM KOMMEKc
cpeAcTB gocTaBKu M 06paboTKu
Hay4HOW uHhopMaLuK, KOTOPbLIA
BKNKOYan B cebA TexHU4ecKne
cpefcTBa, yctaHoBneHHble B UKW
AH CCCP w B LeHTpe ganeHen
KOCMWHYECKON CBA3MW.

B WHcTUTYTEe ucnonb3oBanuce

cnepyowme TeXHUHECKKe
CpeAcTBa: NyHKT npuema v
pacnpefeneHus Hay4HON
nHdpopMay MK, KOMNNEKC
KOHTPONBbHO-UCNBITATENBHOR
annapatypbl, 9BM obwero
HasHa4YeHus ¢ 6aHKOM AaHHbIX,
UeHTp obpaboTku
BuAeonHgopmMmayum, cuctema
perucTpayuu nHdopMayum Ha
6a3ze MukpoIBM, nNyHKT
TenedoHHO-TenerpagHON
TEXHONOrMYECKON CBA3W,
KOMMNEeKC Hay4HoN 06paboTku m
BU3yanu3aymMmM Tenesnu3moHHON
HOpMaLMKN, TENEBU3VOHHBbIE W
NPOEKUUOHHbIE YCTAHOBKMU B
LieHTpe oTob6paXkeHus.

Bnepebie B uctopum MHCTUTYTA
BCE nepe4yucneHHble cpeacTaea
paboTanu Kak eguHbIN OpraHnusm B
HernpepbIBHOM TEXHONOMMYeCKOM
npouyecce, 0OgHOBpPEMEeHHO
npuHUMasn mMHdgopMayuio ot
YAANEeHHbIX Ha3eMHbIX
U3MepuTenbHbIX NYHKTOB U
Bbigasan ob6paboTaHHble AaHHble
3aMHTEepecoBaHHbIM
noTpebuTensiM, B TOM 4Yucne B
LileHTp ynpaBneHus NnoONeTom.
CaMbIM 3HA4MTENBHBIM
notpebutenem nHpopmayum B
WHCTUTYyTe sBNAnack nokaneHas
BblHUCNUTENbHAA CETb,
nocTpoeHHas Ha 6asze OBM
obuwero HasHa4eHusi 1 BOCbMMW
komnnekcoe CBUT
(camocToATENLHLIA
BUAEOUHOPMALUOHHBIA
TepmuHan). IBM obujero
HasHauyeHus 06paboTaHHyI0
WHopMayuio 3aHocun B 6aHK
Hay4HbIX AAHHbIX, KOTOPbIA ObiN
AOCTYNeH ANA nonb3oBaTtenen
CeTH Ha A3blKe BbICOKOro ypOBHA.
Komnnekcel CBUT

61V NOAKNKHEHBI

kK OBM 4epes ycTponcTeo
rpynnosoro ynpaenexHws EC7922,
npu4eM 3Ty CBA3b BrepBble
obecneymnBanu paspaboTaHHbie B
WNHcTuTyTe coBMecTHO ¢ MOTH
ycTpoinctea conpsixkeruss JIEC n
ONTO3NEKTPOHHaA cucTema
WHOpMAaLUOHHOTO 0b6MeHa.
Takxe Bnepsble B MHCTUTYTE
NPUMEHSNNCL
BbICOKO3(P(heKTUBHbIE
ONTO3NEKTPOHHbIE CUCTEMbI
nepeaa4ym notpeburensm
WHpopmaymK, NoNy4YEeHHOW B

NyHKTe npuema, U pacnpegeneHus
LaHHBIX.

Cnegyowum warom B paspuTum
cpeacTe 06paboTKM KOCMUYECKOW
nHopmaymK ABKUNOCL cCo3gaHne
KOMMnekKca cpeacTe gns
06paboTku MHOpMaLuKu NpoekTa
«®oboc». MNpu coxpaHeHuu
OCHOBHOW apXuTeKTypbl
KoMnnekca cpeacte o6paboTku
npoekTa «Bera» B HOBOM
KOMNNeKce rnaseHcTayeT
KOHUenuua pacnpegeneHHon
06paboTku aaHHbIX. B UHCTUTYTE
NoNy4YMnNK WKWPOKOe pasBuTe
pacnpeeneHHsle KOMNeKCh
06paboTku uHpopmayum Ha 6ase
MWHK- U MUKpOIBM Tuna CM-4,
«3nekTpoHuka», [BK, PC. ins
CBSI3W MalUUH UCMONb3YeTCA
LWKMpOKKnK Habop
nocnefoBaTesnbHbIX U
napannenbHbliX MHTepdencos co
cKopocTaMM obMeHa po 250 kb/c.
PaanuuyHble apXuTeKTypHbIe
pelweHuns, ebibpaHHbie Npu
paspaboTKke KOMNNEeKcos,
NO3BONAIOT OCYLWECTBINATb
napannensHyo u
nocnepoBaTenbHy
(koHBeWnepHyio) obpaboTKy
mHopmaymm. CymmapHas
NPOM3BOANTENEHOCTL NPWU 3TOM
3aBUCHUT OT crneyuduk pellaeMbix
33434 ¥ MOXeT AOCTUraTb OMEeHb
BLICOKUX 3Ha4eHuWi. MNpu aTom
obLan CTOMMOCTb
pacnpegeneHHbIX
BbliHMCNUTESNbHBIX KOMNNEKCOB
(PBK) goctaTo4HO HM3Ka Nno
CPaBHEHWIO C
BbICOKONpou3soguTenbHbimu OBM.
PBK wncnonbayloTcs B HacTosLee
BpeMA ONA NpoBefeHuA 3Kcnpecc-
aHanu3a Hay4HOW K CNyXebHown
UHOpMaLMK, NOCTYNAaoLWEn C
KOCMWHECKUX annapartoB, a TakXe
perucTpayuu 3Ton uHpopMmauum Ha
MarHWTHbIX HOCUTensx. Kpome
Toro, Hebonbwwue rabaputel PBK
NO3BONAT UCMONL30BaTb UX B
Ka4vecTBe MOBUNbHLIX
BLIMMCAUTENBHBIX CUCTEM NpU
npoBeaeHUN WCNbITaHWA Hay4YHON
annapaTtypbl U cny»ebHbIx cucTem
KOCMUYECKUX annapaTtosB Ha
nonuroHax. NpuMepoM Takoro
komnnekca asnsetca POMAHC
(pacnpeneneHHas
obpabaTbiBalowan MobuneHas
apXuTeKTypa Ha3eMHbIX CpefcTs),
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KoTopas 6bina ycnewHo
UCcnonb3oBaHa Npu NpoBeaeHun
NpeacTapToOBbLIX UCNbLITaHWUA
Hay4YHOM annapaTypbi NpoeKTa
«Poboc» Ha kocmogpome. OnbiT
aKcnnyarayuu KoMnnekca
no3sonkn copMynupoBaTh psag
HOBbIX MPUHLMNUANBHBIX PeLleHWH,
KOTOpble ByayT MCNonb30BaHbI
npu cosaaHuu PBK cneayiowmx
nokoneHuwd. Passutve
HanpaBneHwsi, CBA3aHHOTO C
paspabortkoin PBK, nozsonur B
6nvxanwee BpemMA 3Ha4YWUTENbHO
YBENUYUTL BLIMUCNTUTESNbHBIE
pecypchbl, ucnonb3yemMble Ans
obpaboTku nHpopmayum B
KOCMUHYECKUX UCCNeafoBaHusXx,
npoBogumbix B MHCTUTYTE.

B nocnegHue rogel B
obecneverHun
BbICOKONPOU3BOAWUTENbHBLIX
BbIMMCNUTENBHbIX MOLYHOCTEN
Hapagy ¢ pa3paboTKown
CYNEepPKOMNMNbIOTEPOB NONYYUNO
passvTHe anbTepHaTuBHOe
HanpasneHwWe — co3gaHve
BbLIMUCIUTESNBHBIX CUCTEM
BbICOKOW NpOU3BOAUTENBEHOCTH C
MCMONb30BaHWEM NapanfenbHbiX
MaTpUYHbIX NpPOLECCopoB,
CBA3aHHbIX C UeHTpanbHbIM
npoyeccopoMm. NpuMmepom Takow
BbLICOKONPOU3BOAUTENLHON
CUCTEMBI C UCMONb30BaHUEM
napannenbHbiX MaTpPU4HbIX
NPOLECCOPOB MOXET CNy»XuTb
KOMMeKc, paspaboTaHHbin
COBMECTHbLIMK YCUNUAMM YHEeHbIX
MKW AH CCCP n obbeguHeHus
U30T(Bonrapws).

NpumeHeHWe caMOW COBpEeMeHHON
3aneMeHTHOW 6as3sbl, HOBbLIX
KOHCTPYKTOPCKUX W
TEXHONOrMYECKUX peLleHuin
no3BONMNO CO30aTh HAAEXHLIA B
aKcnnyartayumM ManorabapuTHbi
BbI4MCNMUTENbHbIA KOMNNEKC C
BbICOKMMWU TEXHUHECKUMMK

Xapak TepucTUKaMm.
MpouasoanTENLHOCTL
LEeHTpanNLHOro npoyeccopa Ha
pPasnU4YHbIX TECTOBLIX NporpaMmMax
coctaenset ot 1,1 Ao

2 MWUINWOHOB Oonepayui B
cekyHay. O6bem onepaTUBHOW
namATK 16 M6ainT. MaTpudHbIA
npoljeccop obnagaeT NMKOBOW
NPOU3BOAWUTENBHOCTLIO

12 MMNNWOHOB onepayun c
nnasaloLen 3ansaTol B ceKyHay W

UMeeT NOKanbHYI NaMATb A0
4 MbawnT.

Pa3pa6oTaHHoe y4eHbimu UKW AH
CCCP matemartunyeckoe
obecneverHue faeT NOMHYIO
He3aBUCUMOCTb NPOLECCOB cHeTa
B MaTpU4HBIX Npoyeccopax,
BBOAA-BbIBOAA U CYeTa B
UeHTpanbHOM npoyeccope. 310
nNO3BONAET UCNONBL30OBaTbL Cpasy
BCIO CUCTEMY ANA peLleHUs O4HON
CNOXHOW 334841 U NPUCTYNUTL K
YUCNEHHOMY MOAENUPOBAaHUIO
3a4a4, 4T0 66110 HEBO3MOXHO
NPy UMEBLLMXCA paHee
BbIMUCNNTENbHLIX CPEeaCTBax.
Ve Heckoneko net B MKW AH
CCCP akcnnyatupyeTcs
BbICOKONPOW3BOAMTENbHBLIA
koMnnexkc u3 10 MmaTpu4HbIX
npoueccopos EC-27086,
noakn4eHHbix K EC-1037 ¢
NMUKOBOA NPOU3BOAUTENBHOCTBIO
120 MMNNWOHOB Onepayun C
nnasawLlel 3ansAToi B CeKyHAay
Mnu cebiwe 300 MUNNUMOHOB
06bI4HBIX ONepauuin B CeKyHay.

B nocnegHwve rogsl B HcTUTyTE
6onblioe BHUMaHWe yaenseTcs
uucpoeon obpaboTke
BuaeouHdopmaynn.
Pa3paboTaHHLIn KOMNMEeKe
TEXHUHECKHX CpeacTB U
MmaremaTtudeckoro obecneyeHun
ANA aBTOMaTU3UPOBaHHOW
06paboTKu BMACOMHGOPMALWK
CBUT sBnsieTcs NepCneKTUBHLIM
cpeacTBoM npu obpaboTke
WHbopMaL MK, oTBe4aloLen
BbICOKMM TpeboBaHMAM
nonb3oBartenen B cambiX
pasnuyHbIX crepax AEATENbLHOCTH
(pasBegke NpupoOAHLIX pecypcos,
HabnwaeHUU 3a U3MEHEHUAMK
OKpy>xatoujer cpeabl, NPOrHose
ypoxas, HabniogeHum 3a
pacTUTENBHbIMK KYNbTypamMu u
NecHbIMKM MaccuBamm,
MeaUYUHCKOW AMarHocTuke,
doTOMETPUHECKUX
uccnefoBaHusaX, ONo3HaBaHWH
06BEKTOB NpU CbEMKax C
netaTenbHbIX annNaparTos,
aCTPOHOMMWYECKUX UCCNEAoBaHUAX
u ap.).

C noMOLYbiO 3TUX KOMMNEKCOB
NPOBOAATCA TEeMaTUYECKUA
aHanwa v obpaboTka
n3obpaxeHwin, HabngeHve
eCTeCTBeHHbIX NpoYeccoB B
peXxume KBasupeanbHOro BpeMeHu

u Knaccudukayma no
NPOM3BOACTBEHHbIM Chepam.
OcHOBY Takux CUCTEM
COCTaBNAT 4OCTATOMHO
npousBoauTenbHas MMKpo3BM ¢
obwupHon nepudepuen, LBeTHOW
auMcnnen, nynsT onepartopa C
LLAPUKOM ANS WHTEPaKTUBHOIO
Awanora nons3osartens c
CUCTEMOA.

MatemaTudeckoe obecnedexHuwe
MH(pOpPMaLMOHHO-
BbIMUCNUTENBHOINO KOMNeKca
BrJIIO4aeT obuwee,
obwecucTemMHoe 1 cCneynanbHo
npeaHasHadeHHoe ansi 06paboTku
pe3ynbTaToB YHUKaNbHbIX
HU3NHECKUX IKCNEPUMEHTOB U
pe3ynbTaTOB KOCMUYECKUX
WccnefoBaHuiA.

B 3BM EC wMpoKO uCnonb3ykTcs
TPaHCNATOPLI C A3LIKOB
Accembnep, ®opTpaH, MNN/1, a
TakK)Xe guanoropbie CUCTeMbI
pefaKTUpPOBaHUA TEKCTOB W
yAaneHHoro BBOAA 33aHusA C
angaeuTHO-UMPpPOBLIX AUCNNEEB.
[na 6onbwmMx NpoU3BOAUTENBHIX
OBM cdyHKUMOHMPYET cuctema
pasfaeneHus BpeMeHu,

OcsoeHa n BHeAPRETCA B
mareMaTu4eckoe obecneveHue
ceTu TeneobpaboTKu
onepayuoHHas cuctema 3BM EC
Ha 6ase obuero
TENeKoOMMYHUKaLWOHHOro MeToga
AOCTYyna, NO3BONAIOWEro CTPOUTb
ceTn IBM c kommyTaymein
nakeTos.

PelweHbl 3aga4m CTaTUCTUYECKON
06paboTKu TeneMeTpu4ecKon v
TpaeKTOpHOW WHdOopMayMK
KOCMUYECKMX annapaTtoB, a TakXe
OLUEHKK W NOBbLIWEHWUA TOYHOCTH
nony4aemsix pesynsTaTosB.
CospaHbl 3¢phekTUBHO
paboTaioue nakeTbl NPOrpamMm
pPelleHns yKasaHHbIX 334a4 Ha
3BM.

OcywecTeneHO MaTteMaTu4eckoe
obecneveHme 3KCNEPUMEHTOB Ha
annaparax, HanpaBnsieMbIX K
Benepe u Mapcy. B 4acTtHoCcTw,
6biNna NnokasaHa BO3MOXHOCTb
noneta K komete Nannen ¢
npeasapuTenbHbiM 06neToM
BeHepsbl. NMpu 3TOM 6bINa
npoBeAeHa OUeHKa oXxuaaemon
TOYHOCTWU OnpeaeneHua opbuThl
KOMETbI MO AaHHbLIM
acTpoMeTpUYecKux HabngeHun.



C nomouybto paspaboTaHHOro B
WHcTuTyTE MeToga
rapaHTUpyloLWero oueHWBaHus
6bIN0 NOKA3aHOo, YTO B MOMEHT
BCTPEYU C KOCMUYECKUM
annapaTtom «Bera» owwbka
onpeAeneHus NonoXXeHWR KOMeThl
He NpeBbICUT 2—3 TbIC. KM. 3TOT
NPOrHO3, NONOXXEHHBLIW B OCHOBY
NPoeKTa, NONHOCTLH ONpaBhancs
Ha NpaKkTuKe.

Ha ocHoee Tex xe meTogoB Gbinu
OleHeHbl OXuaaemble
NOrPewWHOCTH YTOYHEHUA OpbuTel
KOMeTbl No ee HabNAEHUAM C
6opTa annapatoe «Bera» u
NOrPEeLWHOCTH onpeaeneHus opouT
annapaTtoB C UCTNONb30BaHWEM
TPaeKTOPHbLIX W
MHTepEPOMETPUHECKUX
M3MepeHWIA Npu NOMOoLKN CeTH
DSH.

Mony4yeHHblE OUEeHKW nernu B
OCHOBY MeX[yHapo4HOro nNpoeKTa
«JloymaH», 3aKnioyaslerocs B
MCNONb30BaHUKU faHHbIX
HabnogeHun KoMeThl ¢ 6opTa
COBETCKUX KOCMUHYECKMX
annapaTtoe ANs HaBeAeHWs Ha
KOMETY 3anaHOeBpOnencKoro
annaparta «[pkoTTo». BbINO
NoKasaHo, 4YTO CTaHAapTHan
NOrPELHOCTL onpeaeneHus
NOMOXXEHWA KOMeTbl B MOMEHT
BCTPeYU C «[PKOTTO» B 3TOM
cny4ae He npeebicuT 100 KM.
Boina paspabortana appekTuBHan
MEeTOoAMKa YTOHHEHUA opOunTbl
KOMeTbl N0 ee HabnigeHwsm C
oaHoro unu oboux annapaTtos
«Bera». B x0ge peanwsaymm
npoekTta «JlouymaH» KoopauHaTsl
sapa KomeTbl Hbinv onpeaeneHs
€ To4HoCTb0 30—50 KM. OHu
66Nk NepepaHsl B EBponencKoe
KOCMMYeCKOe areHTCTBO, KOTopoe
MCNONbL30BaNO UX NpU
OKOHYaTeNbHOM HasBegeHuH
annaparta «[DKOTTO» Ha KOMeTY.
OcyuwlecTBNANOCH TaKxe
HaBuraymoHHoe obecneqeHue
3KCNEepUMEHTOB Ha
WCKYCCTBEHHbIX CNyTHUKax 3emMnu.
B 4acTHOCTK, ANA 3KCNepuUMeHTa
«PenukT» 6bina BbibpaHa
yCTONYMBAA HEKOPpPEKTUpyeMas
opbuTa cnyTHWKa C anoreem Ha
rpaHule 30Hbl FPaBUTaLWMOHHOIO
pencteua 3emnu. ITa opbuta
6bina c ycnexom peanvaoBaHa Ha
npakTHKe.

MNpoeepeHa coBMecTHan
ctaTucTudeckasa obpaboTka
nokKa3saHuiA AaTyYUMKOB OpUeHTauuK
CNyTHUKA KU TenemMeTpU4ecKux
AaHHBbIX B 3KCNEepuMeHTe
«PenukT». Mony4yeHHble
pe3ynbTaTbl MCNOMNb30BaHbl 4NA
NOCTPOEHUA KapTbl
WHTEHCUBHOCTW PENUKTOBOIO
u3ny4eHun Ha HebecHon cepe.
MpoBeaeH aHanus reouan-HecKmux
CUTYaLuWil, KOTOpbIE MOrNK
BO3HWMKHYTb B npouyecce noneta
CNyTHUKa npoekTa «UHTeploK».
Ha ocHoBe aToro aHanusa
BbIbupanuce opbuta U Bpems
3anycka CnyTHYKa, a Takxe
OCYLWECTBNANOCH ynpasneHue
60pTOBOW Hay4HOW annapaTypon.
PeweH psp sonpocos
HaBWUrayuoHHoro obecneveHus
HOBbIX Hay4YHbIX KOCMWYECKUX
npoekToB. PaapaboTaH KoMnnexc
nporpammM, rno3sonsAoLMA
HaxXoguTb ONTUMANbHBIE
TpaeKTopuwu noneTta K ApYyrum
Tenam ConHeyHoW cucTtembl. Mpu
3TOM NpegycMoTpeHa
BO3MOXHOCTb MHOMOKPaTHBLIX
rbaBUTALMOHHBIX U AKTUBHbIX
MaHeBpoB Yy 60NbLIKX NNaHeT U ux
cnyTHUKoB. C NOMOWLIO 3TOro
KOMnneKkca Bblnu nccnenosaxbl
TpaeKTopuu noneTta K
acTepovaaMm C npegBapuTenbHbIM
obnetom BeHepbl, 3emnu u
Mapca. PaccMOTpeHbl
BO3MOXHOCTH MCMONb30BaHUA
rpaBuTayWoHHOro MaHeBpa OKONo
IOnutepa ana noneta B
6nuMKanwylo OKPeCTHOCTb
ConHuya, a Takxe K CaTypHy u ero
CNYTHUKaM.

WccnepoBaHsbl BONPOCHI
ynpasneHus ABUXEHWEM CUCTeM
CNYTHUKOB M CybCnyTHUKOB,
npeAHa3HaYeHHbIX 4N aKTUBHbIX
3KCNEepUMEHTOB B KOCMOCE, a
Takxe ANsi UCCnefoBaHuA
marHuToctepsl 3emnu.
OnTumanbHoe NpoBefeHue aTUX
3KCNepumMeHToB obecneYmnBaeTcs
COOTBETCTBYIOLWMM
pacnonoXeHWeM CryTHUKOB U
cy6CnyTHUKOB APYr OTHOCUTESNBHO
Apyra. 310 gocTuraeTcs
COOTBETCTBYIOWEN KOoppeKunen ux
opbut. [Ina obecne4veHnn Takon
KoppeKkuuv pa3paboTaH KOMnnekc
nporpamMm onpegeneHun
OTHOCUTENBLHOTO ABWKEHUS

CNYyTHUKOB M Cy6CNyTHUKOB, a
TakKXe pac4yeTa napameTpoBs
KOPPEeKTUPYIOLWMX MMNYNbCOB,
obecnedunBalowWmx ucnpaenexHue
3TOro ABWXEHUS W NoaaepxaHue
Tpebyemon KoHdurypayuu opobuT
NpY HANW4YUK PasnNUYHBIX
BO3MyLaOWMX (haKTopoB.
NokasaHa yenecoobpasHoCTb
WUCNONb30BaHUA
NPOTUBOCONHEYHON TOYKHK
nwbpaywm cuctembl ConHiye —
3emnsa 4nA npoBegeHwa paaa
Hay4HbIX 3KCNEPUMEHTOB.
UccnepoeaHo aBuxkeHue
KOCMUW4ECKOro annapara B
OKpPEeCTHOCTH 3TOW TOYKM W
pa3paboraHa metoauka Bbibopa
TPaeKTOpUA noneTa K To4Ke
nubpayum 6e3 npoBefeHUN
MaHeBpa nepexoga Ha opbuty
nonerta OKONo TOYKW Nubpayum.
PaspaboTtaHa MeToguka pacyeTta
napamMeTpoB KOppeKyuu
paccMaTpvMBaeMbiX TPAEKTOPUHA.
PaspaboTaHbl MeToapl
CMTYaLMOHHOMO aHanuaa npu
npoBeeHWU IKCNEPUMEHTOB B
KOCMOCe, Korga Heobxoaumo
ynpaenaTe npubopamu u
o6paboTKOM nocTynawwen
wHhopMaLymMM B 3aBUCUMOCTU OT
B3aMMHOI0 pacnofoXeHus
HECKOSMBbKMX CMYyTHUKOB,
MarHutocdepsl 3eMnu u
pa3nMYHbIX HebecCHbIX Ten.
Mpeanoxena cuctema opbuT
KOCMWYECKWUX annaparos,
obecnequBaloLux ONTUManbHbIe
ycnosus onpegeneHnna HebecHbIx
KOOpAWHAT UCTOYHWUKOB ramma-
BCNNECKOB W PacCTOAHWA A0 HWX.
Paapa6otaH KoMnnekc nporpamm
nokanuaaymMmM UCTOYHUKOB ramma-
BCNNECKOB NO AaHHbIM
HEeCKONbKKX annapaToB C O4eHKON
TOYHOCTU. ATOT KOMNNeKc 6bin
ncnonL3oBaH npu obpaboTke
AaHHbIX peanbHbiX W3MepeHWid ¢
annapatoe «BeHepa» n
«[porHoa».

PaspaboraH pag metofos u
nporpamMm onpegeneHus
hakTU4EeCKOn opueHTaLUK
CNyTHUKOB Tuna «MHTepKocMmoc»,
«ApKag», «[porHoa» no
TENeMeTpU4eCcKMM AaHHbIM. 3TH
MeTOAbl UCNONL30BANUCL ANA
onpeaeneHus opueHTauuu
peanbHbIX CNYTHUKOB.

CospaH psg yCTOWYMBLIX



6bICTPOASHCTBYIOWMX METOA0B U
nporpaMm OLEeHUBaHUA
napameTpoB CNOXHbIX
HenWHerHbIX Mogenen
(hU3NUECKKUX ABNEHWIA.
PeaynbTaThl MCNONb30BANUCH NpK
obpaboTke uHgOpMaynK No
3KCnepuMeHTaM «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.|
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
transter 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.



Ob6paboTka Hay"“HON wHbopmaLMy Ha
cospemerHbix 3BM cepun EC
OCYLYECTBAAETCA KakK C yhaneHHbIX
AMCNNEes, TaK W B NaKETHOM DEXUMEe

Processing scientific information by
modern ES-computers is effected from
remote displays and in the package
mode

Bariu 1 apxuebl 06paboTaHHOK Hay<HON
HHbOpMAaLMKM pacnonaralTca Ha
MarHUTHOM nexTe B 606uHax

Banks and archives of processed

scientific information are stored on
magnetic tape in reels

AnnapatHein 3an 3BM EC aneKkTpoHHO-
BLIMMCIMTENBHON MALLMHBI €QUHON Ceprn

AES-computer room




Boneuioe Yucno nepucheprunHbix
yCTPOMCTB, 0COBEHHO HaKonuTenen Ha
MarHuTHbIX QMCKEx M MarHUTHbIX
neHTax,—xapaxkTepHas 0CO6EHHOCTh
MaLUMHHOro KOMNNeKca cpegeTs
obpaborku

A large number of peripheral devices,
especially magnetic disk and tape
storages, is a characteristic feature of a
computer processing complex

AucnnedHsin 3an BeINHCIUTENLHOIO
yeHTpa MHcTuTyTa

Display room of the computing centre

Komnnekc obpaboTku
BULOEOCNEKTDOMETDHUYECKON MHGbopMaLm
MO3B0NAET BbINOMHATL MHTEPaKTUBHBIN
aHanu3 u MHTepPNPeTayMio MaTepuanos
AUCTaHLUHMOHHOIO 30HGADOBaHHA
NOBEPXHOCTH HEGECHLIX Ter, MonyYaeMe
¢ 6opTa KOCMUYECKHX annaparos

The complex for processing video-
spectrometric information features
interactive analysis and interpretation of
remote sensing data on celestial bodies
obtained with spacecraft



Mpumepsl 06paboTk M300paKeHUA Agpa
KoMmeTs! [annesn, nonyyeHHe!x ¢ 6opTa
aBToOMaru4ecknx cTaHuywi «Bera-1» u
«Bera-2»

Processing of images of the Halley
comet nucleus, obtained from Vega 1
and Vega 2 automatic stations

Komnnexc CBUT, npegHasHaqveHHbIH [na
aeToMatUsaymMy npoyecca obpaborku
AaHHbLIX, NpefCcTaBneHHLIX B BUAE
Hn3o6paxeHun

The SVIT complex designed for
computerized processing of video data




CBUT moxer 6bITe MCnonb3oaaH
MEGHUMHCKHUMM YHPEN [EHHUSMY,
KOHCTPYKTOPCKUMKM Glopo, cnyx6amu
KOHTPO/IS M OXPaHbl OKPYXaloLyen cpegs,
Hay4HO-UCCNe40BaTenLCKUMH
OpraHu3aLMsaMy, CNeyUanicTammu MHOrMx
APyrix oTpacnen HapogHOro Xo3AHCTea.
Own nossonset Habmofarte Ha SKpaHe
MOHMTOPAa BHOAWMOS M30DPEXKEHHE U
peaynbratel ero 06paboriu

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

AMEPHKEHCKHE YYeHbIE 3HAKOMATCS C
BbIYUCTUTENbHBIM YBHTPOM UHCTUTYTa

The American scientists are acquainted
with the computing centre of the
Institute
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KOCMIAHECKOE
HAYYHOE
[ IPBOPOCTPOEHE

PAYLOAD
TECHNOLOGY

WHCTUTYT KOCMUYECKWX UCCNefoBaHui sBnseTcs
rONOBHOW OpraHusayren no Hay4HoOMy KOCMWUYECKOoMy
NPUOOPOCTPOEHUIO B paMKax Kak HauWoHaNLHOM
nporpammel, Tak U nporpammsl «MHTepkocmoc». Mog
pyKOBOACTBOM MHCTUTYTa Hag co3gaHuem 60pToBou
annapaTtypbl ANSA pasNnUyHbIX HanpasneHun uccnesosaHum
KOCMWYECKOro npocTpaHcTea paboTtaeT 6onblias
Koonepauusi Hay4HbIX, KOHCTPYKTOPCKMX W
npoMbilwneHHbix opranunsauynin B CCCP v 3a pybexxom.

The Space Research Institute is the leadin{g
organization in the development of scientific space-
borne instruments within the framework of the national
[?rogramme as well as the Intercosmos programme.

he 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.




YHukansHble npubopsl
OXBaThLIBAOT M3MEpPeHUsIMU BeCb
CNeKTp 3MeKTPOMarHUTHbIX BOSH
(0T XeCTKMX ramma-ny4en o
ANUHHBLIX PAAWOBOSIH),
pervcTpuMpyiloT NOTOKM
3apsXeHHbIX YacTuy B guanasoHe
OT TennoBbIX A0 CBEPXBLICOKUX
IHEPruA, aHaNU3NpyLoT
KOHUeHTpauuio U CocTas
KOCMWYECKOW NNa3sMsol,
HeATpanLHoro rasa, uccnegyoT
KOMETHYIO U METEOPUTHYIO NbiNb U
T. 4. AnnapaTtypa obnagaet
BLICOKMMW TEXHUYECKUMU
XapakTepuCTUKaMK:
YYBCTBMTEINBHOCTLIO,
paspelueH1em 1
nHdopmaTuBHOCTLIO. OHa
a[anTUPOBaHAa K >XEeCTKUM
YCNOBMAM KOCMWUYECKOro
npocTpaHcTea, UMeeT
ANUTENBHLIA pecypc, HageXHa B
paboTe.

OpHoR 13 cneyuanuanpoBaHHbIX
opraHu3auui B o6nacTu Hay4Horo
KOCMWUYECKOro npubopocTpoeHus
6e3 manoro YeTeBepTb BeKa
ABnAeTCcA ocoboe
KOHCTpyKTOpCKOe 6i0po
WNHcTuTyTa B 1. ®DpyH3e. Yxke Ans
nepebIX TPeX CNyTHUKOB CepuU
«[porHo3» B OKB 6b1no
paspaboraHo n usrotoeneHo 60%
Hay4HoW annapaTtypel. C ee
NOMOLLYbLI) M3YHanucCb MarHUTHLIE U
aneKTpu4ecKue Nons B
OKONO3EMHOM KOCMWYECKOM
npocTpaHcTee, NOTOKK
3apAXKEHHbIX 4YacTul, CONHEYHbIA
sBeTep. OT OTHOCHMTENBLHO NPOCTLIX
YCTPOWCTE ANA U3yYeHUsa PU3nku
NONAPHbLIX CUAHWUA KOHCTPYKTOPbI
NPULLNK K CO34aHUI0
CNOXHeWWero KoMnnekca
thoToMeTpOB ONA COBETCKO-
(paHyy3ckoro cnyThuka «Opeon-
3», KOTOpbIA ycnewHo paboTtan B
KOCMOCe He OAWH rog.
3HauuTenbHbIX YCNEeXoB AOCTUININ
cneywanuctel OKE B cosgaHum
npubopoB Ansi ccneaoBaHust
nnaHeTsl BeHepa. Ecnu B
3KCnepyMMeHTax Ha
aBTOMaTUHECKUX MeXnnaHeTHbIX
ctaHumax «Benepa-7, -8, -9 n 10»
OKB y4acteoBano Kak
M3roTOBUTESb TOMNBKO OTAEMbHbIX
y3noe 1 6noKoB, TO Ha
nocnepyrowmx craHyusx «Benepa-
11, -12, -13 1 -14» Gbinu

yCTaHoBNeHbl Npubopbl, LeNMKOM
W3roToBMEHHbIe B I. PpyH3e. B nx
yucne npubop «lposa»,
npegHasHa4YeHHsIn aAns
perucTpayum 3neKTprU4ecKux
paspagoB B aTMmoccepe BeHephl.
OH HopmaneHo paboTtan npu
NATUCOTIPaAYCHOW Xape W
AasneHwn B cTo atmocdep Ha
NPOTSAXEHWU BCEero BpeMeHu
CyWeCTBOBaHUA CNyCKaemoro
annaparta. HyBCTBUMTENLHOCTb
npubopa noasonsna no
aKyCTU4ECKOMY KaHasy
perucTpupoBaThb LWYyM BeTpa Ha
noBepxHocTH BeHepobl. Mpu aToM
Beck npubop «[posa» ymewancs B
ob6beme HebonbLOro
TPaH3WCTOPHOro NPUEMHMKA,
noTpebnan MowHocTe okono 1 BT
¥ BMECTe C aHTeHHOW Becun nuiub
1300 r.

Psp yHWkanbHbix npubopoe
akcneguymu «Bera» noseBunca Ha
ceeT B cTeHax OKB. Cpegu Hux
yneTpacuoneToBbIA CNeKTpomMeTp
ANA aHanuaa cocTaea rasosowu
obonouku Bexepsbl. Mpu ero
pa3paboTKe COBETCKUM
KOHCTPYKTOpam BMecCTe CO
cneyvanuctamm s dpaHuyum
NPVLLNOCL pelaTe MHOXEeCTBO
CNOXHbIX TEXHUYECKUX npobnem,
Takux Kak obecneyeHune 3abopa
rasa aTtMocdepsbl, HagexHas
Tennosas 3awmrta npubopa ot
XapKUX «0ObATUA» YTpeHHen
3ape3fbl. BaxkHo 6bino Takxe
COXpaHnTe Heobxogumoe
NonoXeHWe ONTUYEeCKHX
3M1EMEHTOB B YCNOBWSAX
BO34eWCTBUA OrpoOMHbIX (B 150—
200 pa3s) neperpysok npu
TOPMOXXEHWN CNyCKaeMoro
annaparta B aTMmocdepe nNNaHeTbl.
HcToyHukKoM ynbTpadgpuoneToBoro
WU3ny4YeHusa B CNEKTPOMETpe
CNy>wuna uMnybCHas namna,
CBET KOTOpPOM Yepes
WNNIOMUHATOP BbIXOAWN B
armoccepy, NOrnowancs
aTMocepHbIMA rasamm u
BO3BpaLjancs obparTHo B
aHanu3aTop. 3aeck ceeT
pasnarancs Ha cnekTpasbHble
coctaensowme. MNpubop
NO3BONWN MU3Y4YUTb
NPOCTPaHCTBEHHYIO CTPYKTYpY
pacnpefeneHnsa nornoTutenen B
aTtmocthepe, a 3Ha4YMT, YTOHHUTL
KapTuHy (POTOXUMUYECKUX

LMKII0B, OTBETCTBEHHbIX 3a
obpa3oBaHue 06naYHOro cnos
Aanekon nnaHeTbl.

CospanHbin B OKB nbineypapHbin
macc-aHanuaatop NMYMA pa6otan
BO BpPEMSA BCTPEYH KOCMUHECKMX
annapaTtoB ¢ KomeTon Mannes u
no3BoNuN CCyWecTBUTL NepBoe
NPAMOKOHTaAKTHOE uccnegosaHue
KOMeTHON nbinu. B npubope
HawnwW BonnoleHne HoBewuwmne
AOCTWXXEHWUS ONTUKMN,
TennouU3uku u
MWKPO3NEKTPOHUKM,
BblHYUCNUTENbHON TEXHUKU W
MEXaHUKW. XMMUYECKOMY aHanuay
B npubope NMYMA nogeepranock
obnayko nnasmbl, BO3HUKalOLee
npy ygape NbiNMHOK O
cepebpAHYI0 MULLEHBb CO
CKOpOCTLIO nopsigka 80 kKM/c.
AnnapaTypa Morna
perucTpupoBaTh NbUTMHKWU Maccom
B MWNNMOH pa3 MeHblue
MUNIUrpaMMa U onpeaensTb ux
3NEMEHTHLIA CoCTaB C TOMHOCTBLIO
A0 OAHOW gecATON AONK
npouyeHTa. B peaynbTarte
3KCNepuMeHTOB ObINO NoNy4YeHo
HECKONbKO ThICAY
«MHAMBUAOYANbLHBIX» CNEKTPOB,
npuHagnexawmux Takmm
3anemeHTam, Kak yrnepog,
BOAOPOA, a30T, KUCNopoa,
MarHui, >xenes3o, HaTpu K
Apyrve. MNpoBeags NONHbIA aHaNW3
XUMWUYECKOro CocTaea, pa3mepos
W KOHLUEHTpaumM1 NbifK, y4eHble
CMOINK «NpOPUCOBAaTbL» CTPYKTYpPY
NOBEPXHOCTU KOMETHOro sapa.
Kpome Toro, npubop umen ctone
BbICOKOE pa3spelueHue, 4To
NO3BONWN YBUAETb M30TONGI, a
3Ha4YUT, OoNpeaennuTb N30TONHbIe
COOTHOLWEHWA B KOMETHOM NbINK.
B r. ®pyH3e 6buna co3pgana
3Ha4yMTeNbHas YacTb annapartypsl
AN MeXAyHapoAHOro NpoekTa
«®oboc». Hanpumep, cuctema
JIMMA-[], nossonsaowan
OCYWECTBUTL NasepHbIA Macc-
CNeKTPOMeTPUHECKMA aHanNu3
cocTtaea rpyHTa ®oboca. Bo
Bpems «bpelowero» noneta
KOCMW4YECKOro annapara Hafg
MapCUaHCKUM CMYyTHUKOM Ha
BbicoTe nopsgka 50 M ¢ o4eHb
ME&NoN CKOPOCTBLIO HanpaeeHHbIA
nasepHeld Ny4 (bOKyCcHMpyeTcA B
KpOLe4yHOoe NATHBIWKO Ha
noeepxHocTh doboca. Bnaroaaps



OrpOMHON MNOTHOCTWU 3HEpruv B
OCBeLYEeHHOM y4acTKe BelecTBo
MrHOBEHHO MCNapseTcs, a Macc-
CneKTPOMeTp naeHTUdUYnpyeT
4YacTuybl, NONasLKe Npyu 3TOM B
«NOBYLWKY». TakoB NpUHUMN
paboTkl CHCTEMEI.

CocTtout JIMMA-[1 U3 HEeCKONbKMX
610KOB: NasepHOro uany4artens c
nepecTpavBaeMbim
chokycHpyiowmrM O6BLEKTUBOM,
nasepHoro ganbHomepa,
pecneKTpoHa C AeTeKTOpPOM,
6noka nuTaHuAa nasepa, 6noka
06paboTku uHopmaymmn u
ynpaenenua. O6R3aHHOCTH CTPOro
pacnpegeneHsl. [lansHoMmep
nW3MepsieT paccTosiHve Ao
noeepxHocTn Poboca n nepegaeT
AaHHble B 610K ynpaBneHus.
Bnok ynpaBneHus ocywecTenseT
noadOKyCMpPOBKY NnasepHoro ny4a
B NATHO AMaMeTpoMm 1 MMm.
Kaxable nATb CeKyHA,
BLICTPENIMBAET nasep,
obpa3oBaBLIMECs WOHBbI NonagarwT
B OKHO pedneKTpoHa, a 3aTem,
CrpynnupoBaHHbie NO maccam, Ha
peTtexkTop. MHgopmayua
obpabaTtbiBaeTca 6opTosoit IBM
W NepegaeTcsa No KaHanam
TeneMeTpuM Ha 3eMmnio.

Kaxabin 6nok yaoBneTBopAeT
BbLICOKUM TpeboBaHwaMm. Tak,
nasepHblA Uany4aTtens UMeeT
6onblyo MoWHOCTL (3a 10 He
BblAENSKEeT NOYTHU PKOYIb
3Hepru1) U Npu aToOM NEerok,
MWHWATIOPEH, Haae»eH,
noTpebnseT MUHUMYM 3HEpPruu.
Kpome JIUMBI-4] ans muccun
«®oboc» B OKB 6binm
M3roToBNeHbl MH(POPMALNOHHO-
BblMMCNUTENbHAA CUCTEMA
paavonoKayMoHHOIO KOMNNeKca,
6N0K aBTOMAaTUKK 4ONTOXXUBYLLEW
aBTOHOMHOW CTaHUWKM U cucTema
c6opa n 06paboTKu BCE HaAy-HHOW
wHgopmaymun MAPUOH.

OpaHo n3 «getuwy» OKB—cambin
KPYyNHbIA B MUPE KOCMUYECKWUIA
ramma-Teneckon,
npegHasHa4vYeHHbIA Ans
perucTpauumu ramma-w3nyyeHus
ranakTM4ecKoro u
BHeEranakTu4eckoro
NPOMCXOXAEHWUSA B AuanasoHe
50—500 MaB. YyescTBUTENBHANA
nnowaae Teneckona— 1,5 K. M,
4yTo B 3 pa3a Bbille, YeMm Yy
aHanorm4Horo aMepuKaHcKoro

WHCTpymeHTa. B Teneckone
«[amMma-1» BnepBbie NPpMMeHeHa
LWWPOKO3a30opHan UCKpoeas
Kamepa, bnarogaps KOTopown
yny4dlaeTcs TOYHOCTb
onpegeneHvus NpOCTPaHCTBEHHbIX
KOOpAWHAT U UCKNIOYaIoTCA
NOXHble COBbITUA, UCKAXKaKWWe
KapTwHy Habniogenwi. MNog
WCKpOBOW KaMmepoi pasMeLyaeTcs
YepeHKOBCKMA CHETYMK, ero
HasHa4yeHWe — «paspellaTb»
COOBITUA TONBKO NPY YCNOBWUU
NPOXOX4EeHNA U3Ny4YeHUs CBepxy
BHWU3 CO CKOpPOCTLIO 6onblle
NnoOporoBon. JTK yCTpOUCTBA B
OCHOBHOM YCTPaHSAIOT (POHOBLIN
NOTOK raMMa-KBaHTOB,
BO3HMKaloWWX B aTMocthepe
3emnn.

Mony4yeHwe wvHpopMauum ot
UCKPOBbLIX Kamep Teneckona
«["amma-1» BbINONHAGTCA C
NOMOLUBI0 BUOWKOHA
(nepepatowien TeneBU3MOHHON
TpyOKu € aneKTponpoBOgALLen
MULLEHBKD). [1NA Npeyn3noHHbIX
U3MepeHu OTAenbHbIX Yy4acTKOB
Heba 3TOT cnocob MOXHO
npogy6nupoBaTh
¢oTorpacdnyecknm. MseecTHo,
4YTO YrnoBOe pa3spelleHue ramma-
TenecKornos NoBbILLAETCH C
NOMOLLBIO KOOUPOBaHWUA ero
anepTypbl. B Teneckone «Mamma-
1» npymeHeHa ynpoujeHHas cxema
KOOUPYIOLWEH MacKu, cocToALlen
M3 ABYX OQHOMepHbIX HabopoB
6pyckoB Bonbhpama TONWWHON

1 cm.

BaxkHbim aTanom pabotel OKB
CTano cosgaHue peHTreHOBCKOro
Teneckona Ans npoexKTa
«[paHaT».

Kak wasecTHO, ogHOIM U3
BaXKHEALUMX Mep MOBLILEHWSA
3p(peKTUBHOCTU Hay“HbIX
nccnegoesaHwii Booblye ABnseTcs
NPUMEHeHWe HOBEWLLWX METO[0B U
co3faaHue NporpeccMBHON
annapaTtypbl. 3TO MONHOCTLIO
OTHOCUTCA U K KOCMUYECKWUM
UccnegoBaHUAM.
Cucrtemarmnyeckoe
nocnegoearernbHOe BHegpeHue
nepeaoBbLIX TEXHONOrMA,
HOBEMWLWMX JOCTUXXEHWUA HayKu U
TexHuku obecneqymnno OKB
NOCTOAAHHOE COBEpLeHCTBOBaHWe
NpoM3BOACTBA.

B paspaboTke TexXHONOrM4eCKoM

AOKYMEHTaUuW 1 co3gaHum
npubopoe Bce 6onbwee
npUuMeHeHWe HaxoasT cpeacTea
BbIHMCNNTENBbHOW TEXHUKK K
[EeNCTBYIOT aBTOMaTU3NPOBaHHbIE
CUCTEMbI NPOEKTUPOBaHUA W
W3roToBNEeHWA NeYaTHbIX Nnar,
y4yeTa 1 pacnpegeneHus
KOMNNEKTYIOLWMX
aneKTpopaguofeTanen, ceTesoro
NNaHMPOBaHWUA WU YNpaBreHus,
ONTUHECKWX, NPOYHOCTHBIX W
TennoBbix pacyeToB. B cocTtase
BblducnuTensHoro yeHtpa OKB u
MOLYHbIE MalLWHBI, KOTOpble MOTYT
BbIMNONHATH COTHW ThICAY
onepayvi B ceKyHay, W
BbLIMMCNNTENbHBIE KOMNNEKChbI,
6asvpytlowmecs Ha MMHU-OBM.
HekoTopble KOCMUYeCKue
Npu6OpLI U3rOTOBNAKOTCA Ha
onbITHOM NpowasoacTee K.
3pect BbINONHEHb! OTAENbHbIE
4acTW Hay4HOW W cny>kebHon
annapaTtypbl TaKux Nporpamm, Kak
«bonrapua-1300», «AKTUBHbLIA»,
«PenukT», «[paHaT», «Bera»,
«doboc». Hanpumep, ans
KoCMUYeckux annapatos «Bera» B
uexax MIHCTUTYTa U3roTOBNEHbI
ONOKK TPEXKaHAaNbHOro
cnekTpomeTpa TKC, yanbi
TeneBU3NOHHOW CUCTEMBI,
aBTOMATWYECKUIA JaTHMK
HaBeAeHus, 6N10KU INEKTPOHUKY,
yNpaBeHns 1n NUTaHns
MeTeOKOMNJIeKCa, a Takxe
nabopaTopHbIA U
TeXHONOrM4eckuin obpasubl
nbineyaapHoOro Macc-aHanuaartopa
NYMA.

B onbiTHOM Npou3BoACTBE 3aHATO
OKONO CeMUAECATU CreLuanucToB
BbICOKOIo Knacca: ToKapen u
dpe3epoBLUKOB, CBAPLYUKOB U
WNMOoBLMKORB, cnecapen-
COOpPWUKOB 1 PaaUOMOHTaXKHUKOB,
TpuHaguaTb HYenoBeK M3 HUX
yAOCTOEHbLI NPaBMTeNbCTBEHHbIX
Harpag 3a y4actve B CO3AaHuu
NpuOOPOB 4NA KOCMUYECKMX
uccnenoBaHuK.

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
rmicroelectronics, 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 could

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 Phobaos
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.



Mnasereir kopnyc Ocoboro

KOHCTpYKTOpCKOro 6iopo MHCTUTyTa
KocMuyeckux uccnegosanun AH CCCP B

r. @pyHae

Main building of Special Design Bureau
of Space Research Institute of USSR
Academy of Sciences in Frunze

YuacTok rubpugHBIX MUKDOCXeM

Hybrid IC production sector

MoHTaXHEIM yHacToK OgHOMo M3 yexos
OKB
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3emHbie Qy6nepbl KOCMUYBCKNX NPpUBOPOB
NpoxogaT B GYKBANLHOM CMbIC/E CNnoBa
OrOHb, BOAY, HCALITHIBAIOT YY[OBULLHBIE
Harpy3kH, KOCMUYECKHIA XONo[ W MHOTHe
Apyrvie «HeBarogel». Mx «TpacyT» Ha
BubpocTeHge, c6paceiBalT ¢ GONLLUKX
BbLICOT Ha 6eTOHHbIE NAOWAa[KH, NOROTY
aacTtasnsioT paborare B 6apokamepax, B
YCII0BHAX, NPUGIIMANEHHBIX K PEasIbHbIM
YCMNOBMAM KOCMMHYECKOro nonera

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
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Mogroroeka Teneckona APT-I k
BNEKTPUHECKUM MCILITaHUAM

Preparation of the ART-P telescope to
electric tests

Paapaborynkam npubopos 4na KOCMoca
NPUXOAHUTCA OCBauBaTk HOBLIE
TEXHONOMMYEeCKHe NPOLeCccsi,
HMCNONL30BaTE HOBEHLLME LOCTUXKEHWS
HayKH M TeXHUKH, YYUTLIBas MOCTOAHHO Te
4Ype3BbIMaHHO TPYAHBIE YCNOBWS, B
KOTOPbIX 3aTeM CyX0eHO QeiCTBOBATh
aTum 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 KOCMMYECKOIo
npuBopoOCTPOEHHA —
MUKPOMUHMETIOpU3auyua

Microminiaturization is the cornerstone
of space scientific instrument
engineering

Mogroroeka k paboTe yana 4acTHOIo
Ha3HaYeHUs B MUKPOUCHONHEHWA

Preparation of a miniature version of a
special unit for operation

Annaparypa « T». C 8@ NoMOLYBIO
obecne4ynBaeTca CLeMKa 3eMHON
NOBEPXHOCTH C NONOCOH 3axeara 90 KM 1
MPOCTPAHCTBEHHLIM Pa3peLueHHeM
nopagka 80 M ogHOBPEeMeHHO B 8 3oHax
cnekrpa

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

Komnnexc npnGopos 417 UCCNefoBaHMl
nnaHeTsl BeHepa

A package of instruments for
investigating Venus

MeineygapHet Mmacc-ananuaarop MYMA
AN uccnegoeaHuA KoMeTel Mannes

A dust-impact mass-analyzer PUMA for
investigating Halley’s comet




B cocras MHCTUTYTa BXOAWT KOHTPOMBHO-
UCnbLITarensHas CTaHuws, OCHaLeHHasn
paaHoobpa3sHbiM obopyAoBaHHeM M
yCTaHOBKaMH A8 MOAEeNHpoBaHnsA B
Ha3eMHbIX YCNOBMSAX BO3[EUCTBUA HA
KOCMHYECKMA annapar ¢ghakTopos
8KTHMBHOIO y4acTka TpaexTopun
opbHUTanbLHOro NoneTa, cnycka Ha 3emMnio
W T. N.: NogroToska annaparypsl K
HCNBITEHUAM B TEPMOBAKYYMHOH
ycraHoBeke,; bapokamepa;
TEPMOBaKyyMHas ycTaHoBKa s
MOAEnNUPOBaHUA YCIIOBHWA KOCMUYECKOro
npocrpaHcTea. Macca 20 1, guameTp
2,8 ™, Anuna 11,8 M, nonesHei obbem
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 nnar u cbopka Hpet obCcyxpeHne naroToBNEHHOMo
prepared for testing in a thermal- PagMoanNeKTPOHHOA annaparypsi gns TexHonorn4eckoro obpaaya CBY-
vacuum plant. Altitude chamber. npoekra «Bera» papuWoMeTpa QNA CnyTHUKa «Perukr-2»
Thermal vacuum plant for simulating

space conditions. Mass—20 {, Mounting of plates and assembly of The discussion of the technological
diameter—2.8 m, length—11.8 m. radioelectron equipment for the Vega model of the microwave radiometer

Useful volume—60 m*3 project manufactured for the Relikt 2 satellite




MEXKLYHAPOIHOE
COTPYAHMHECTBO

INTERNATIONAL
CO-OPERATION

Yem akTMBHEE YENOBEK NPOHMKAET B KOCMOC, TeM
6onblie Mbl yoexxgaemca B TOM, HTO U3ydeHue
BceneHHoWn, ee 3aKOHOB, BNMUSAHWUA KOCMUYECKKNX
(pakTOpOB HAa 3EMHbIEe NPOLECChl XXKN3HEHHO Heobxognmbl
Ans bygyuero Bcex xutenen 3emnu. Yucno rocygapcTs,
y4acTBYyHOLWMX B NOCTAHOBKE UCCneAoBaHui Ha 6opTy
KOCMMYECKUX annapaToB C Kax/abiM rogom
yBenu4yuBaeTcs.

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.




PacteT cTpemneHue rocynapcrs
obbeguHATE YCUNMA ANnA
NpoBeAEeHUA COBMECTHbIX
3KCNEepUMEHTOB, YTO NO3BONAET
He TONbKO B KpaT4awulume CpoKu
pelwaTt CNoXHbie Npobnemsl
KOCMOHAaBTUKK, HO U
cnocobCTBYET Hay4Ho-
TEXHWHECKOMY Nporpeccy cTpaH,
ycTaHoBneHuo 6onee TecCHbIX
cBfA3en B 06NacTn Hayku v
TEXHUKMN.

MexayHapoaHoe CoTpyAHUYeCcTBO
B KOCMWMHYECKWX UCCNefoBaHnAX
HbIHE OCYLWECTBISEeTCA NO MHOMUM
KaHanam.

VimeloTest cneyuansHo

CO31aHHLIE AN 3TOW uenu
MeXAyHapogHbie OpraHn3ayum,
AEeACTBYIOT pasnu4Hbie
ABYCTOPOHHWE M MHOTOCTOPOHHWE
cornawleHusi, opraHu3yroTCs
KOHrpecchl U KoHpepeHuun
ydeHblX, BegeTcs 0OMeH Hay4YHOW
W TEXHUYECKOW uHopmaluen.

C cospganvem WHcTuTyTa
KOCMHWYeCcKMX uccnegosadmi AH
CCCP wwvpoKo passepHynuch
paboTbl MO NOArOTOBKE HayYHbIX
nporpamm 1 NpPOeKToB,
OCYWeCTBNAEMbIX B KOonepayum ¢
MHCTUTYTamMu W OpraHmM3ayuamm
KaK COLManMCTUYeCKMX, TaK W
KanuTasIMCTUYECKUX CTPaH.
Havanuce npaktuyeckune paboTbl
B pamkax nporpammeol
«MHTepKOCMOC» (CNYTHUKKU Cepuu
«MIHTepKoCcMOC», reohnanveckmne
pakeTbl «BepTukanb»). Boinu
BbIMOSIHEHLI NEPBbLIE CNYTHUKOBbLIE
3KCNEepUMEHTBI B paMmkax
COBETCKO-(ppaHLly3CKOro
coTpyaHuyecTea («Apkag-1» B
1971 r., «CHer-1» n «Kanwnco» B
1972 r., «XKemo» N «ApKag-2» B
1973 r., «Apakc» B 1975 r.,
«CHer-3» B 1977 r. n 1. A4.).

B 1975 r. coctoanca nonet
COBETCKOro U aMepuKaHCcKoro
kopabnel no nporpamme
«Coto3» — «Anonnox». B nonete
6bina peanusosaHa COBMeCTHO
pa3paboTaHHana Hay4Has
nporpaMma.

MepBoHa4ansHo B
MeX4yHapo4HOM COTpyAHUYecTBe
OCHOBHOE MEecCTO 3aHUManu
NPOEKTLI, BLINONHABLUMECH Ha
ABYCTOpPOHHEelA OCHOBE.
KoopawHayus paboT B Takux
npoexkTax Hanwbonee npocrta U

NO3BONAET UCNONb30BaTh
HOBEWLWMe TeXHUYEeCcKune
pa3paboTKu, umetowmecs B
KaxKoW w3 cTpaH. bnarogaps
COTPYAHWHECTBY C (hpaHLy3CKUMK
cneyManvcramm B pamKax
COBEeTCKO-(hpaHLly3CKOro npoekrta
«Apkapn-3» yaanocs paspaboratb
TEXHONOrMI0 MeTannuaayun
CONHEYHbIX NaHenewn cnyTHUKa
«Opeon-3», NO3BONMBLLYIO
3HaYNTENbHO CHU3UTL YPOBEHb
3NEKTPOMAarHUTHbIX NOMEX B
AnanasoHe BOMHOBbLIX W3MepeHun
Ha 3TOM CNYTHUKE U OOHAPYXWUTb
pPAA4 HOBbIX BOMHOBbLIX M3NyYeHWA
B MarHutocgepe.
Yexocnosaukue cneyvasnucTel
paspaboTanun 60pTOBYIO
BbIMUCIUTENBHYIO MawuHy «Bpog»
ANA COBETCKO-4exoCoBaLKoro
npoekTa «MHTeplok», KoTopas
ynpaenana KoMMIeKCHbIM
3KCNEepUMEHTOM Ha 6opTy u
NO3BONUNA NONy4nTb
Ka4eCTBEHHO HOBLIE faHHble O
CTPYKType 6eCCTONKHOBUTENbHbIX
YAAPHbIX BOH, BLIAENAS MOMEHT
WX nepeceYeHUs KOCMUYECKUM
annaparToM no Npu3Haky,
3anoxeHHoMmy B 60OpTOBYHO
BbIYMCNUTENbHYIO MallWHY.
YnpasnexHwe 4acTbio Nnpnbopoe
cnyTHuka «Opeon-3»
OCYLLECTBNANOCH (hpaHLy3CKON
60pTOBOM BLIMUCITUTENBHON
MaLUMHOW NO Nporpammam,
3aKnagbiBaemMbiM C NOMOLWLIO
paguoKomaHg ¢ 3emnu.
Mcnonb3oBaHue TeXHONOrm,
pa3paboTaHHON B 3TUX NpOeKTax,
OTKpbIBaeT HOBblEé BO3MOXHOCTMU U
Ana Gyaywmx 3KCNepuMeHTOB B
Kocmoce.

o mepe coBepLUIEHCTBOBAHUA
CUCTEMbI [ONTOCPO4HOro
NNaHUPOBAHUA U C YHETOM YXXe
MMeloLerocs oneita
COTpyAHWYEeCTBa B CNOXUBLUEWCA
MeXayHapOAHOW Koonepauyum,
Ha4YMHan CO BTOPOW NONOBUHLI
70-x rr. MHCTUTYT BCce 6onblie
nepexoauT OT NpoBegeHus
OTAENbHBLIX 3KCNEPUMEHTOB K
peanu3ayun KOMMNIeKCHbIX
COBMECTHbIX Nporpamm M
NPOEKTOB, OT ABYCTOPOHHEro
COTpyAHW4eCTBa K
MHOrOCTOPOHHEMY.

Bbina ycnewHo BeINONHeHa
Hay4Has nporpamma

NUNOTUPYEMbIX NONETOB
MeXOYHapOoAHbIX 3KUNaXKen Ha
COBETCKUX KOCMUYECKUX
Kopabnax. Ha pasHbix cTagusax
pazpaboTKuM U ocylecTBNneHun
HaxoAATCA MeXAyHapogHbie
npoekTbi «MHTepbon»,
«AKTUBHBLIA», AMN3KC, «paHaT»,
«CnekTp-PeHTreH-Namma» u

Apyrve.
B aTtux npoexktax nomumo UKW AH

CCCP u psga apyrux
opraHu3aymn Cosetckoro Corw3sa
NPUHUMAIOT yHacTUe CneynanncTbi
w3 bonrapuvun, BeHrpuu, N'epmaHum,
Monbwn, Kybbl, PyMbiHuK,
Hexocnoeakuu, ABcTpum,
®panHuvu, LLeeyuu. ..
MpuHUMNManNbHO HOBLIA 3Tan B
NPaKkTUKe MeXAyHapoaHOoro
coTpygHudecTBa Obl1 CBA3aH C
pa3paboTKon 1 peanusayuen
NporpaMmMbl M3y4eHWA KOMEeTbI
Fannes B 1986 r. YuuTeiBas
XapakTtep paboT Kak npu
npoBegeHnn HaseMHbIX
acTpoMeTpuyeckux HabnioaeHui
KOMETbI, TaK U B nepvog
HenocpeACTBEHHOIO ee
uccnefoeaHuA ¢ 6opTa
KOCMW4ECKUX annaparoe,
HayMoHanNbHbIE U MeXAyHapoaHble
areHTCTBa, Begywue paboTy B
3TOM HanpaeneHuu, NpPeanpPUHANK
KOHKPETHBbIE Liarn no
KOOpAWHALIMK CBOUX YCUINUA.
Takoe pelweHue
06yCnoBNMBaNOCh, B YaCTHOCTH,
MHTEepecamMu payuoHanbHoOro
WCNONb30BaHWUA Ha3eMHbIX
cpeacTs ANA onpegeneHus
acbemMepng KOMeTbl U KOOpAWHAT
KOCMW4YeCKMX annapaToB C
MCNONb30BaHWeM AeACTBYHOWER
MeXayHapoaHOW ceTun
paguonHTepdepomeTpos,
OCYLECTBNEHUA ONTUMANbHBIX
ycnosui HabnigeHus KOMeTbl No
pe3ynbTaraMm nponerta nepeoro
KOCMWYECKOro annapara M T. n.
YT0 KacaeTcA KOHKPeTHO npoekTa
«Bera», B KOTOPOM y4yacTeBoBano
9 cTpaH, TO NpM paccMOTpeHuH
npeanoXXeHWin No Hay4Hou
nporpaMMme MMCCUWM M COCTaBy
Hay4HOW annapaTtypbl Npexae
BCEro y4UThIBaNUCb Hay4HbIN U
TEeXHUYECKUIA NOTeHUMan cTpaH —
y4acTHWL NpoeKTa, UX ONbIT B
pa3paboTke W co3gaHun npmbopos
M cUCcTeM. 3TO NO3BOSIMNO Hapsay
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C 3KOHOMMEN cObBCTBEHHbIX
pecypcoB pewuTb BONpOC
co3faHus annapaTypbl B Te
cXarvbleé CPOKM, KOTOpble
onpefensnMcb aCTPOHOMWUHECKUM
OKHOM 3anycka KOCMU4YeCKMX
annapaToB A4/151 BCTPE4M ¢
nnaxseton BeHepa U KomeTon
lNannes. bopToBblie Hay4HbIE
npubopbl NnpoexkTa «Bera»
OTBEe4aNnn CambiM NOCNegHUM
AOCTWKEHUSIM HAYKU U TEXHWUKM.
B HWX Hawnu wmMpokKoe
npUMeHeHue Takue
NepcneKTUBHbLIE 3NEeMEHTbI 1
KOMMOHEHTbI, KaK KOOpAWHATHO-
YyBCTBUTENbHbIE NnacTuHbl, M3C-
NpUeMHUKK, YCTPOMCTBA,
namepsilowme BpemMeHa nponerta
4acTHLY, MUKPONPOLECCopbl U
BHYTpHUNpWGOpHLIE 3anoMuMHaloLue
yCTPOWCTBA.

MpoekT «Bera» nepegan
acrageTy HOBOMY
KpynHOMacwTabHoMy NpoeKTy
uccnepoBaHun HebecHbIX Tern
ConHe4Hoi cuctembl «doboc». B
HEM y4acTBOBAaM y4eHble yXe
14 ctpaH n EBponeickoro
KOCMWYECKOro areHTcTea.
Ceoero poga pexkopacMeHamu no
macwiTabam MexayHapoaHoONn
Koonepayvm CTaHyT, no-
BUOMMOMY, NMPOEKTHI
«PaguoacTpoH» n «CnexkTp-
PenTtren-Mamma». Tak, gna
npoekra «PaauoacTpoH»
6opTOBYIO annapaTypy K cpeacTea
06paboTkn UHpopMaLUn Kpome
Cosetckoro Cowaa byayT
paspabaTteiBate KoHcopyuym
eBpONencKuX
pagwoobcepeaTopui,
TexHONOrMyecKUin yHuBepcuTeT
PUHNAHOMK, ABCTpanumuckoe
Hay4HO-uccnenoBaTenbCKoe
o6wecTso, ABCTpanuiiCKas
paguoacTpoHOMUYecKan
obcepsaTopusa m HaymoHanbHas
pagmoacTpoHOMUYECKan
o6cepeaTopusn CLUA.

B yenom xe UHCTUTYT
coTpyaHu4aeT C opraHusayuamMu
u3 6onee 4em 20 3apybexxKHbIX
cTpaH. TpaguuMOHHBIMK CTanu
CBA3M C TAKUMK Hay4HbIMW W
NPOX3BOACTBEHHBLIMW
KonnekTuBamu, Kak MIHCTUTYT
KOCMU4YECKUX UCCnenoBaHnin
Bonrapckon akagemMuu Hayk,
LieHTpanbHbIA Hay4HO-
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uccnenoBaTenbCKUA UHCTUTYT
huamn4eckmx uccnegosaHmm
BeHrepckon akagemMuu Hayk,
LleHTp nccneposanuin
KOCMUYECKWX U3nyYeHnn u
HaymoHanbHbIA LeHTp
KOCMMYECKUX UCCheaoBaHwin B
Tynyse (Ppanyus), LleHTp
saepHbix nccnegosanvia B Cakne
(PpaHyus), npeanpunTue
«Kapn-Lleiic-Nena» (MepmaHus),
Hay4HO-NPOU3BOACTBEHHOE
obbeguHeHune M30T (bonrapus),
ACTPOHOMWUYECKUIA MHCTUTYT
HCAH, LleHTp KoCMUYeCcKux
umccnegoBaHun AKkagemumu Hayk
Monblwwn 1 MHOrUMKM ApyrumK. C
KoHua 70-x rr. peanuayeTtcs
NNoAOTBOPHOE COTPYAHUYECTBO C
KWpyHCKUM reodr3nyecKmnm
MHCTUTYTOM B r. KupyHa
(Leeunn), TexHn4eckKmm
yHuBepcuteTom B r. paye
(ABcTpus), MHCTUTYTOM
paguoacTpoHomMun uMm. M. MNnaxka
W APYTYMK BegyLumm

B 06NacTU KOCMOHaBTUKH
HaY4YHbIMK YHPEXAEHUAMN
Mepmanunu. HakoHewy, Ha4KHaNA ¢
1982 r. UK AH CCCP coBmecTHO
c JlabopaTopuen KOCMUHECKHX
UccneaoBaHnM YTpexTcKoro
yHuBepcuTeTa (Huaepnaugpl) v
MHCTUTYTOM DU3NKKN UM,

M. Mnanka (PP npucTynunm K
PELUEHUIO KOHKPETHbLIX 3a4a4 B
o6nacTu peHTreHOBCKOMN
acTpOHOMUW.

Kpome Toro, ydeHole MHCcTMTYTa
BEeOyT Nepenucky u obmeH
pe3ynbTaraMu uccnegosaHun
6onee yem co 100 Hay4HbIMK
YUPEXAEHUAMMK PasnNUyHbiX CTpaH
mMupa.

MHTeHCUBHO MCMNONb3YIOTCH
CyWEeCTByIOWME NPAMbIE NTUHAW
ceszan UKW AH CCCP—LUOU
BAH (Benrpus), MKW AH CCCP —
KHEC (®panums), MKW AH
CCCP —MWKW BAH (Bonrapus) n
P4 APYTWX.

MepBan M3 HUX (¢ HayuoHanbHLIM
LEHTPOM KOCMMUYECKUX
uccnenoeaHui B Tynyae) 6eina
oTKpbiTa B 1979 r. Hawano
WTATHOW 3KCNNyarayuu 3TOW
NWHKWK, a TakKXXe nocneayrowmn
BBOA ABYX APYrvx nogreepavunu
WX XKU3HEHHYIO HeobX0AUMOCTL 1
3HAYUTESNIbHO MOBLICUIU
3aPheKTUBHOCTL COBMECTHO

ocyujecTBnseMbix pabor. CeroaHs
OHM MCNONL3YIOTCA ANA nepeaaqu
A@HHBIX yXXe NpPOBeAeHHbIX
COBMECTHbIX NPOEKTOB M
3KCNEPUMEHTOB, AaHHbIX
MCNbITaHUA U pac4eToB
XapakTepUCTUK Hay4HbIX
npubopoe, ANs onepaTuBHbIX
cornacoBaHui pasnu4HbIX
TexXHWYeCKux BONpoCcoB.,
CBRA3aHHbIX C pa3paboTKon n
WCNbITaHUAMK NPUOOPOB, pelleHns
OpraHu3ayuoHHBIX U OpYyrux
BONpOCOB. HakoHel, nx MOXHO
paccMmaTpuBaTth (M 3TO BaXKHO
NoA4epKHYTb) KaK 3NeMeHT B
cxeme ynpaBfieHus KOMMNnekcamm
Hay4HOW annapaTypbl B nepuos
peanusaymMm COBMECTHbLIX HayYHbIX
KOCMUYECKUX nporpamMmM. B aTom
cny4ae cneynanucTbl UMeloT
BO3MOXXHOCTbL OnepaTMUBHO
NPUHUMATL COrNacoBaHHbIe
peleHns, B HYacTHOCTK, NO
KOPpPEeKTUPOBKE Nporpammbl
COBMECTHbIX UCCNeaoBaHuim,
WM3MEHEHUIO PeXXMMOE paboTbi
6opToBoi annapartypbl M T. 4. B
cny4ae BO3HMKHOBEHMWA
«HelWTaTHbIX» CUTYyaLui.
ExerogHo MHCTUTYT npuHMMmaeT
okono 300 WHOCTPaHHLIX
AenerayuMi Ha camblx pasnuyqHbIX
YPOBHSIX, BKNOYas NapTUAHO-
npaBuTenbCTBEHHbLIE Aeneraymm
BO ffaBe C PyKOBOAUTENAMMU
cTpaH. Obwee 4Yrucno 3apybexHbix
rocTes gocTuraer nonyropa—
ABYX ThICS4 B rog.

3apy6exHbie y4eHble —4acThie
roctn u OKB MHcTutyTa B

r. ®pyHse. 3geck nobbiBanu
CneunanucTbl MHOTUX CTpaH,
ydyacTsyowmx B paborax no
nporpamme «MHTEpKocMOC».
Hapsgy ¢ cosgaHmem 60opToBOWA
Hay4HOW annapaTypsl No
nporpamme «UHTEepkocmoc» OKB
OKa3bliBaeT UM NOMOLLb B
pa3paboTke oTAeNbHbLIX Y3N0oB
NpubopoB AN KOCMWYECKUX
nccnegoeaHuii, NpoBoauT
KOHCYNbTauun no BONpocam
NPOEKTUPOBAaHUA.

Konnektus UHcTUTyTa
KOCMWYECKWX nccnegosaHnm
Axagemun Hayk CCCP npuHumaet
aKTUBHOe y4acTue B
AesTenbHoCcTH KomuteTa
COBETCKMX Y4Y€HbIX B 3alMTy Mupa
NpOTUB S48PHON 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: Interbali,
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 1ZOT (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

150

University (the Netherlands) and
the M. Planck Institut fir
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.



lMpoekt «Bera». XapakTepHoH
OCOBEHHOCTLIO MPOEKTa CTaNno LWHPOKoa
y4acTHe B HeM HHOCTPEHHBIX YYeHbIX 1
CNeYManuCToB Ha ypOBHE KOCMHYECKHX
areHTCTe, MHCTUTYTOB M OTBenbHLIX
uccnegosarenei. Jns KonnekTUBHOro
peLUeHnA BONPOCOa COBMECTHON paboTek!
no npoexTy Gkin cosgaq

Mex gyHapogHbLIiA HayYHO-TEXHHYECKUH
coBeT nof npegcegarenscTaoM
akagemuka P. 3. Cargeesa

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
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B mexgyHapogHow koonepayuu (CCCP,
Asctpun, Bonrapuwa, Benrpun, AP,
Monswa, CLIA, @paHyms, P, YHCCP)
pa3spabaTLisarnca Becs KOMNNEKe
Hay4HOH annaparypol

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)
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Yexocnopaykmne cneLyanucTel —
paspaborumkn cybenytauka C2 AC B
MOHTaXHO-MCMBITATeBHOM Kopnyce
KocMogpoma lNneceyx

Specialists from Czechoslovakia, who
were responsible for the S2 AK
subsatellite design, in the assembly-
testing hall of the Plesetsk cosmodrom

Mepeq y4eHuiMyu MHCTHTYTA BbICTYNAET
AMPEeKTOp KoCMHWYeCKoro LeHTpa B
Tynyse Xan-Knog iOccoH

Jean-Claude Husson, Director of Centre
National d’Etudes Spatiales in Toulouse,
is speaking to the sicentists of the
Institute

CoBETCKME U LUBEACKHE YYeHbie
o6Cy¥4arT pesynsTarbl COBMECTHOMO
IKCNepUMeHTa «[TDOMHKC »,
BLINONHEHHOro Ha 6opPTy COBETCKOro
KOCMWYECKOro annapara

Soviet and Swedish scientists
discussing the results of the joint
experiment Promics on board Soviet
spacecraft

153



B 1975 r. COCTORANCA NepBbLIA

COBMECTHbIH COBETCKO-aMEPHKaHCKHNA
AKCNEPHUMEHTAIbHBIA KOCMHYECKHA noneT
no nporpamme «Co3» — «AnoninoH», Ha
CHHUMKE: MCNBITaHUA CTLIKOBOYHBIX Y308
KOpabsied Ha NeTHO-NCILITATeNBHOM
cTaHymn MHCTHTYTa

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

AMepUKaHCKHe acTpOHaBTb! — yHaCTHHKH
noneta no nporpamMme «3MAC»
3HaKoOMATCH C XogoM paboT no npoexTy
«Bera»

American astronauts—the crew
members in the flight within the EPAS
Program —uvisit the Institute to get
knowledge about the Vega Project




Cneymanuctel [JP 3HaKkOMATCA C
NepBbIMKN CHUMKaMHM, BbINOTHEHHLIMW U3
Kkocmoca Kamepon MK®-6

Specialists of the GDR are analyzing the
photographs made in space by the
MKF-6 camera

MNognucanne npoTokona obunenHon 25-1
coBeTcKko-(bpaHLy3cKo# paboyed rpynnel
no Kocmocy

The signing of the protocol of the 25-th
Anniversary meeting of the Soviet-
French Group on Space

\

Mognucanune gorosopa O HayYHOM
coTpygHmyecTee B obnacTti
KOCMMYECKOro MarepuanoBefeHns Mexgy
MK AH CCCP u DFVLR @PIr

\\_\‘%
‘ —andl

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

Mogrn1caHKe NPoToKONa o
COTPYAHWYECTBE (KpanHui cresa —
npe3ngeHT KoCcMHWYeckoro areHTcTea
BenukobpnTaHum)

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



Vuuxansnas annapartypa, oTnpasnsaemMas
B KOCMOC, CO34aeTCHR COBMECTHLIMH
VCHUITUSIMKM CNeYUanHCTOB PasHbLIX CTPaH.
lMpegcrasuTend cTpaH — y4acTHHY
nporpaMmsl «MIHTEPKOCMOC» Ha paboyqe
rpynne 80 /lbeoBe ob6cyx a0t npobnemsl
KOCMHYECKOro Hay4HOro

npuGopoCTPOeHUS

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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Bonrapckuit KOCMOHaBT ANeKcaHgp
AnekcaHfpoB W (bpaHLy3CKniA KOCMOHaBT
Xan-Tly KpetseH —rocti MIHCTHTYTa

Aleksandr Aleksandrov, the Bulgarian
cosmonaut, and Jean-Loup Cretien, the
French cosmonaut—the guests of the
Institute

B Yexocnobakuu no npoekty «Bera»
6bina paspaboraHa cKkaHHpyoLan
nnarcopma, npegHasHa4eHHana s
HaBegeHWn Hay4HOW annaparypbi Ha
komeTty. MNocon HYCCP Yectmup
JIOBETHHCKMA W YeX0CoBayKHe
cneymwannicTel 8 MK AH CCCP Ha
ucneiTaHuax nnarghopmel (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

CoBeTcKne W YexocnosayKme
cneyanncTbl rOTOBAT K MCNLITaHWAM
Hay4HyO annapartypy no NpoexKTy
«MHTEpLIOK»

Soviet and Czechoslovakian specialists
preparing to test the scientific
instrumentation for the Intershock
project







Mpobnemsl 3KOMNOMMKW BONHYIOT CErogHA
acex mogen 3emnu He3aBHCUMO OT HX
npocheccui. Fpo3uT N nnaHeTte
KuMaTuyeckas karactpogha? 3rotr
sonpoc obcyxgany cobpaslunecs B
HHCTHTYTE KOCMUHECKMX HCCIIEOBaHNIA
Ha TenexoHgpepeHymio Mockea —
BalunHrToH y4eHble, obLECTBEHHBIE
AeaTeny, JesTend KynkTypsl gByX 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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