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lMpe3udeHm Akademuu Academician

apmusnnepulickux HayK, Anatoly A. Blagonravov,
akademuk AHamonui President of the Academy
Apkad 4 b. p of Artillery Sciences

«TEOPETUK «[JIABHbIV KOHCTPYKTOP»  Academician Sergey P. Korolev,
KOCMOHABTUKU», Mstislav V. Keldysh, Kocmuyeckoli mexHuKu, “Chief Designer” for rocket
npe3sudeHm Akademuu akademuk Cepeeli [lasnosuy  technology
Hayk CCCP, akademuk of Cosmonautics”, Koponés
Mcmucnae Bcesonodosuy President of the Academy
Kenoobiwu of Sciences of the USSR
AkaneMuyeckass Hayka Oblla TECHO CBsI3a- Academic science has been closely associ-
Ha ¢ paKeTOCTPOEHUEM C CaMOTro Hayaja paboT ated with space rocket technology from the first
10 CO3JaHUI0 PAKETHO-KOCMHUYECKON TEXHUKH. day when rocket science was created. In the
Ocenblio 1948 roga UCTIBITHIBAIOTCS TIEPBBIE OT- autumn of 1948 the first Soviet controlled bal-
€UYECTBEHHbIE KOMILJIEKCHl C YIpaBISIEeMbIMU listic missile systems were tested, and in 1949
OaJTUCTUYECKUMU pakeTaMu, U yxe B 1949 romy scientists began to use them to explore the upper
3amecmumens C UX TIOMOIIBIO YYEHBIE MPUCTYITUIN K U3yde- atmosphere. In 1951 systematic biomedical re-
Zﬁiazﬁﬂ'ggﬂ HUIO BepXHMX cl0€B atMocdepbl. B 1951 romy search began that involved high-altitude rockets.
o npu HaYMHAIOTCSl CHUCTEMAaTUYECKHEe MEIUKO-OMo- S.P. Korolev supervises the experiments back to
Mpesuduyme AH CCCP JIOTMYECKME HMCCAENOBaHMs Ha 0a3e BBICOTHBIX back with an outstanding Soviet expert in me-
no «o6vekmy [I» — . . .
ucKyccmeenHomy pakeT. PykoBOIUT 3KCIepMMEHTaMU BMeCTe chanics, president of the Academy of Artillery
cnymHuky 3emnu — ¢ C.T1. Koponé€BbsIM KpYITHEHTITNIT OTEeUeCTBEH- Sciences, future director of the Institute of Me-
%‘%ﬂl‘:’aﬁﬁzsa"”"" HBIIl CITELIMAIMCT B 00J1aCTU MEXaHUKU, Mpe3u- chanical Engineering (Academy of Sciences
Mikhail K. Tikhonravov JIEHT AKafieMUU apTWIIEPUIACKUX HayK, B Jajlb- of the USSR), academician A. A. Blagonravov.
Deputy Chairman HelinreM aupekTop MHCTUTYTa MaIIMHOBEACHUS On August 27, 1957, the first successful

of the special Commis-
sion for Artificial Earth
Satellites (“D" Object) of
the Academy of Sciences
of the USSR — the first
artificial satellite

YuéHoili cekpemape
CneyuaneHol
Komuccuu npu
Mpe3udouyme AH CCCP
no «o6vekmy fi» —
ucKkyccmeeHHomy
cnymuuky

3emnu — leHHaouti
AnekcaHoposuy
CKypuduH

Gennadyi A. Skuridin,
academic secretary

of the special Commis-
sion for Artificial Earth
Satellites (“D" Object) of
the Academy of Sciences
of the USSR — the first
artificial satellite
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AH CCCP akanemuk A. A. biaroHpaBos.

27 aprycta 1957 roma cocTosuicsi MepBbIA
YCIEIIHBIN 3aIyCK MEXKOHTUHEHTAIbHOM Oat-
JIMCTUYECKOM paKeThl — 3HAMEHUTON KOPOJIEB-
CKON «CeMEPKM», OTKPBIBILIEH BO3MOXHOCTh
peanu3any JaBHEW MEUTHl YUEHBIX — IOCTaB-
KM Hay4yHBIX TPUOOPOB B KOCMMYECKOE IPO-
cTpaHcTBO. HaumHaeTcs oAroToBKa K 3amycKy
HWCKYCCTBEHHOTO CIYTHUKA 3eMJId, KOTOPBIMA
OIHOBPEMEHHO JTOJDKEH OB CTaTh NEpBOil Ha-
YUYHOI KOCMUUYECKOM naboparopueit. nsi Ko-
OpIMHAILIAM paboT IO CO3AAHUIO HAYYHBIX TIPH-
0OpOB ISl CIYTHUKA CO3MAETCSI CIeLUaTbHbBIN
pabouuii opran npu I1pesunuyme AH CCCP —
CrnieunaibHasi KOMUCCHSI TIO OCYIIECTBIICHUIO
Hay4YHOTO PYKOBOJACTBA IPY CO3IaHUU 00BEKTa
«/I» Bo rnaBe ¢ akagemMukoMm M. B. Kengbiiem.
Ero 3amectutensmu HaszHavarotcs C.I1. Ko-
ponéB u M. K. TuxoHpaBoB, y4EHBIM CeKpeTa-
pém — I'. A. CKypuauH.

launch of an intercontinental ballistic missile
was made. It was the famous Korolev’s Semer-
ka (the Seven), which made the long-standing
dreams of scientists to put scientific instru-
ments in space come true. Preparation for the
launch of the first artificial satellite began, the
one which also was to become the first scientific
laboratory in space. A special working group, the
Commission for Artificial Earth Satellites (“D”
Object) of the Academy of Sciences, headed by
M. V. Keldysh, was established to coordinate
development of scientific instruments for the
spacecraft. S.P. Korolev, M.K. Tikhonravov
were appointed his deputies and G.A. Skuri-
din — the scientific secretary.



Mszkas nocadka Soft landing of the R 1 nose

20/106HOU Hay4HO- cone with scientific equipment

uccnedoeamensckol and dogs — human

yacmu 6annucmuyeckoi predecessors in space flights

pakemsi P-1 c co6akamu-

npedwecmeeHHUKamu

modeli 8 nonémax

Ha pakemax
benka u Kycauka Belka and Kusachka HayuHo-uccnedosamensckue R 1and R 2 scientific ballistic 27 aszycma 1957 200a. August 27, 1957. The first
neped cmapmom before the launch 6. Kuep missiles and scientific payload Mepeeolli ycnewHbil successful launch

P-1 u P-2 u cxema nonesHoli diagram msxénoli p of S.P. Korolev's R 7 (8K71)

Cl
C.I1. Koponéea P-7 (8K71) heavy rocket

Ld o P
¢ Hay4HoU annapamypoli

benka u Kycauka Belka and Kusachka
nocne nonéma after the flight
Henyméeoiii u 3Ub Neputevyi and ZIB
nocne nonéma after the flight




4 OKTABPA

1957 rOfA —
HAYAJIO
HOBON—  _
KOCMUYECKOU
3Pbl B UCTOPUU
YEJIOBEYECTBA

OCTOBER4,1957 —
THE BEGINNING

OF SPACEAGE

OF HUMAN HISTORY

BHu3y: nepeas nonoca Cnpaea: lepebiii

2azemoli «[lpasda» UCKyccmeeHHbIl cnymHuK
om 6 okmabpsa 1957 200a 3emnu — nepeoe
€006 06y' 8 uc p Y mea

3anycke e CCCP nep KocMuy4eckoe

Py
UCKycCmeeHH020 cnymHuka meno

3emmu Right. Sputnik — the first
Bottom. The first page of artificial satellite of the Earth
“Pravda” daily from October 6,  and the first man-made space
1957, announcing the successful body

launch of the first artificial

satellite of the Earth

p
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Hepawsdin & ArEpe CRyoCmaciisil . crvreiny Feo i
coxdan o Counepresan cmpoae!

TP HE W
CRL

Mcmucnae Bcegonodosuy

Kenowiw u Cepeeli lasnosuy
ponée Ha KOCMOOp

baiikoHyp

Mstislav V. Keldysh and Sergey

P. Korolev at Baikonur cosmodrome
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4 okmabpsa 1957 200a. C HO P-7
(8K71I1C) c nep UCKycc cny 3emnu

October 4, 1957. The launch of R 7 rocket launcher (8K71/1C)
carrying the first Sputnik

P p




Bce xomenu camu yeudemso
pyKomeopHoe 4ydo-
CIMYTHUK — dsuxxywytoca
38€3004KY

Everyone wanted to marvel
at the moving star —
the man-made Sputnik

[IpoGsieM ¢ co3maHueM U cCaMOro CIyTHUKA,
W HAyYHOUW amnmaparypsl IJISI HETO BO3HUKIIO
JOCTaTOYHO MHOTO, U OH OBbLT BBIBEIEH B KOC-
Moc TosibKo 15 mas 1958 roma. TeM He MeHee,
Hallla CTpaHa TIepBOI JOCTaBWIIA HA OKOJIO3eM-
HYI0 OpOUTY pyKOTBOpHOE HebecHoe Teno. Um
cran oobekT I[TC — mpocTeiiuuii CIyTHUK, 3a-
myieHHbIN 4 okTa6pst 1957 roma. Cremyommm
3 HosiOpss 1957 rona cTapTyeT BTOpOW KOCMH-
yeckuii anmapat (KA), BrepBble 1OCTaBUBIINIA
B KOCMOC XHMBO€ CyIIeCTBO — cobaky Jlaiiky.
(OdunuanbHo oba anmapara ObUIM 3aIlylleHbI
B paMKax MeXIyHapomHOTo reo@u3nyecKo-
ro roga — ¢ 1 uronst 1957 roma mo 31 mexaGpst
1958 rona.) U Tonpko mocie 3TOro moiouuia
odepenb CIYTHUKA, KOTOPBIM TepBOHAYAIb-
HO JOJDKEH OBUT CTaTh TIEPBBIM. DTO OBLT yXe
MOJIHOLIEHHBII armnapaT, o0JIagaloluii BCeMU
cHCTeMaMU, TPHUCYIIMMH COBPEMEHHBIM KOC-
MUYeCKUM pazpaboTrkaMm. BriepBble OOpTOBbIE
yCTPONCTBA MPUHUMAIU U UCIIONHSUIM KOMaH-
Iibl, TIepenaHHble ¢ 3emiuun. Ha criyrHuke pa6o-
TaJM HaydyHblEe TIPUOOPHI, pa3paboTaHHBIE Ce-
MBIO IPYIIaMU COBETCKHUX YYEHBIX. Pe3ybraThl
WCCIIeIOBAHUI TepenaBaiNch Ha 3eMIIIo TI0
panroKaHaiaM.

c pexa Cny
c i ¢ Ascmp

The image of the Sputnik’s track
made in Australia

Many issues, which arose during construc-
tion of the satellite itself and its instruments,
postponed the launch as late as May 15, 1958.
Still, the USSR was the first to put a man-made
celestial body into orbit. The so called “sim-
plest satellite” (or PS object) was launched on
October 4, 1957. It was followed by the second
spacecraft that for the first time brought a liv-
ing creature, Laika the dog, into space on No-
vember 3, 1957. (Officially both launches were
dedicated to the International Geophysical
Year: July 1 1957 — December 31, 1958). And
only then it was the turn of the satellite, which
had originally had to be the first. Dubbed “The
Third Sputnik”, it was already a full-fledged
spacecraft sporting all the systems inherent to
modern ones. For the first time onboard devices
received and executed commands sent from the
ground. Instruments built by seven different
groups of Soviet scientists operated onboard the
satellite. Research results were downlinked to
the Earth.

K Mep
cnymtuka 3emnu I1C-1

ucKycc

Inner configuration of the first artificial

satellite of the Earth (PS 1)

P J pamypol
8 nepsom UC3:

1 — c0soeHHOe mepmoperie
cuci p pezynup
eanus []TK-34; 2 — paduo-
nepedamuyuk [j-200;

3 — KOHmMpo/ibHble mepmo-
peneu Ggpopene; 4 — 2ep-

6 — 610K numanus;

7 — wimencenbHbll pasvém;
8 — nAamo4HbIl KOHMakm;
9 — eeHmunamop; 10 —
ouggpysop; 11 — oucmaH-

71 i nepex. ;
12 — 3kpaH

5

Cxema 2eHepayuu cuzHanoe
«6un-6un» nepedamyukamu
lMepeozo cnymHuka

Mepeebie nonoceor
3apy6exHbix 2azem

Payload layout of the first
artificial satellite of the Earth:
1— dual thermal switch of
the thermoregulation system
DTK 34; 2 — radio transmit-
ting unit D 200; 3 — control
thermal switch and barometric
switch; 4 — seal; 5 — antenna;
6 — power supply; 7 — plug-
and-socket joint; 8 — heel
connection; 9 — fan; 10 —
diffuser; 11 — remote switch;
12 — shield

il

Scheme depicting “beep-beep”
generation by the Sputnik’s
radio transmitters

First pages of world
newspapers




Maccaxup emopozo
UCKYycCmMeeHHO020
cnymHuka 3emnu —
cobaka Jlaiika

Tpemuti uckyccmeeHHbll
cnymHuk 3emnu —
nepeas 6 ucmopuu
3aammocgepHasn
opb6umaneHaa HayyHas
cmanyus e yexe
npedonpusmus

Akademuk Cepeeli
Hukonaeeu4 BepHoe —

0 qulics ¢ KUl
y4éHblil, cmoaswul
y UCMoKo8 Ho8oli HayKu —
Kocmuyeckoli ¢pusuku,
noseuswelicsa 6nazodaps
npAMbIM 3KchepumeHmam
8 Kocmoce 8 50-60-x 200ax
XX eeka

Academician Sergey

N. Vernov — prominent
Soviet physicist, one of

the originators of a new
science — space physics,
which emerged thanks to the

immediate space experiments

in spacein 1950-1960s
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Laika the dog — the passenger

of the second artificial satellite
of the Earth

The third Sputnik — artificial
satellite of the Earth — the first
orbital scientific station in the
workshop
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' Hemlion m'm Pedonse’ Moom [ﬂp-
TopmoxeHue cnymHuKka Braking in the upper
8epXHUMU cnoAMU atmosphere by the results
ammocegepeol no pesyne- of the second Sputnik’s flight
nonéma p
ucKyccmeeHH020 cnymHuka
3emnu

Bbnazodapa mpemoemy The outer radiation belt was
cnymHuKy enepesie discovered by S.N. Vernov
66171 OMKpbIM 8HEWHUU and A. E. Chudakov with
paouayuoHHbIl nosc the help of the third sputnik

3emnu C.H. BepHogbim
u A.E. Yyoakoebim

Tp (i cnymHuk — o6vekm [] — cman nepeoii
Kocmuyeckol P pueti, oc é i p
Komnnekcom npu6opos:

« MazHumomemp;

¢homoymHoxKumenu dna pezucmpayuu KopnyckKynapHoIx

nomokoe;

conHeyHvle 6amapeu;
pubop dna pezucmpay

nyyax;

MazHUMHell U UOHU3AYUOHHbI MaHoMempbi;

UOHHbIe /108y WIKU;

¢ 8 KoCcMuYecKux

o. .
Kue ¢ pbl;

p
Macc-cnekmpomempuyeckas mpy6ka;
60op Ona peaucmp X

P
yacmuy;
damyuk 0nsA pezucmpayuu 4Yacmuy KOCMUYecKkol nNeinu,

] b OJ15 UCC

P P
uoHocepeol;
, payuu 3apax X yacmuy;
3/1eKmpocmamudyecKux nonelii;
MA2HUMHO20 nondA 3emnu;

Kocmuyeckux iyyeu;
KopnycKynapHozo usny4enus Connuya;
odaeneHus u n. 'mu epol;

yacmuy KocMuyeckou nelnu

The third Sputnik — Object ‘D’ was the first space laboratory,
which carried a significant scientific payload:

magnetometre;

photomultiplier detector for particle fluxes;
solar batteries;

cosmic rays photon detector;

magnetic and ionization gages;

ion traps;

electrostatic flux metres;

mass spectrometre tube;

cosmic radiation intensity detectors;
detectors for space dust particles,

which were used to study:

ionosphere;

concentration of charged particles;
electrostatic fields;

cosmic rays;

Solar particle radiation;
atmospheric pressure and density;
space dust particles

Payload and service equipment

Komnnekc npubopos
60pyo e20 ofthe third Sputnik

u Py P
cnymHuka




13.09.1959 200a. «JlyHa-2» enep

8 Mmupe 00ci
p 'mu JlyHel 6 p Mopsa AcHocmu. Annapam

Ha pas2oHHol cmyneHu pakemel 8K72, Mecmo nonadaHusa
8 JlyHy u nep 671100 mexn. 7]
nnasmel. Hay4Hele pe3y p & Mupe
ycmatroeneHo omcymcmeue y JlyHol 2106an1bH020
MA2HUMHO20 NOJIsA €O 3HA 7] I é molo;

P 8 Mmupe np pom K. U. [puHzay3a ebinonHeHbl

u mexn.
P P

Sept. 13, 1959. Luna 2 was the first to reach the surface

ofthe Moon in the region of Mare Serenitatis (the Sea

of Serenity). The spacecraft attached to the booster of the 8K72
rocket launcher, the place of touchdown, and the first

results of the interplanetary plasma studies. Scientific

results: no significant lunar global magnetic field was

found; the instrument developed by K. I. Gringauz measured
interplanetary plasma fluxes for the first time ever

B st0 xe Bpemsi pewmenuem LK KITCC
u Cosera MunuctpoB CCCP Komuccus Aka-
IEMUM HayK I10 MCKYCCTBEHHBIM CITYyTHMKaM
3emum mpeoOpasyercsi B MexXIyBeIOMCTBEH-
HBII HAayYHO-TEXHUYECKUU COBET IO KOCMU-
yeckuM wuccienoBanusm (MHTC mo KHMH).
Eé npencemarenem HaszHawyaercss M. B. Ken-
npi. CoBeT paboTaeT Kak OpraH, KOTODbIi
paspabaTeiBasl peKoMeHnmauvu s [Ipesuany-
ma AH CCCP u Komuccuu Ilpesnauyma Co-
Bera MuHuctpoB CCCP 1o BoOeHHO-IIPOMBIII -
JIeHHbIM BompocaM. eareasHocth CoBeTa
CYILIECTBEHHO CIOCOOCTBOBaja aKTUBU3ALUU
KOCMUYECKUX UCCICTOBAaHUN B CTpaHe.

JlocTkeHrue BTOPOM KOCMHUYECKO CKOpO-
CTU TIO3BOJIMJIO HayaTh HucciaenoBaHus JIyHbI
u iaHeT ComHeuyHOU cucTeMbl. [1on€Tel muto-
TUPYEMBIX KOpabJieli 3HaMeHOBaJIM Havyajlo He-
MOCPEACTBEHHOTO TPOHUKHOBEHUS YeloBeKa
B KocMoc. OCHOBHBIM TIPUHIIUIIOM IIpOTpaM-
MbI JAJIbHEHIIIIETO OCBOCHUSI M MCIIOJIb30BaHUS
KOCMMYECKOTO IPOCTPAHCTBA CTajo pelle-
HUe BcE 0Oojice CIIOXKHBIX 3aad B MHTepecax
HE TOJIbKO HAayKW U TeXHUKHU, HO U IIJIST XO3sIii-
CTBEHHBIX Iiejieii. OTHOBPEMEHHO pa3BHUBaeT-
Ccs MEXIYHapOTHOE COTPYIHHUYECTBO B TOITO-
TOBKE M peaju3aluyd KOCMUYECKHMX MPOEKTOB.
KoopnuHanuio u HaydHO-TEXHHYECKOE PYKO-
BOICTBO 3TUMHM PabOTaMU OCYIIECTBIISIET AKa-
nemusi Hayk CCCP. PakerHas TexHuMKa, Koc-
MHMYECKHME WCCIICIOBAaHMS CTAHOBSTCS OTHUM
M3 CaMBIX HAyKOEMKUX HarmpaBJICHUI YelloBe-
YECKOM AEeATETbHOCTH.

9; r:' A_ﬁw Luna 2
i l{ﬁﬂf‘

2 i m

O e I [

2 i i 5
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At the same time, following the decision of
the USSR Government, the Commission of
Academy of Sciences for Artificial Earth Satel-
lites was transformed into the Interdepartmental
Scientific and Technical Council on Space Re-
search (most commonly known as its Russian
abbreviation MNTS po KI). M. V. Keldysh was
appointed its chairman. The Council acted as
an advisory body for the Presidium of the USSR
and the Commission of the Presidium of the
Council of Ministers for military and industrial
Issues.

Exploration of the Moon and the Solar sys-
tem started as soon as the escape velocity was
achieved. Human space flights marked the ad-
vent of direct space exploration. Outer space
exploration program was based on gradual solu-
tions of more and more complex tasks not only
for the sake of science and technology, but also
for economic purposes. International coopera-
tion in space projects was emerging at the same
time. The Academy of Sciences coordinated and
supervised these activities as scientific and tech-
nological manager. Rocketry, space exploration
became one of the most science-intensive areas
of human activity.

07.10.1959 200a. AMC
«JlyHa-3» (8eepxy)

Top. Oct. 7, 1959. Luna 3
interplanetary station was the

8nepevie nepedana first to transmit the images of
Ha 3emiio uzobpaxieHusa the lunar far side to the Earth
o6pamHoli cmopoHbl and to make a gravitational
JlyHel u ocywjecmeuna manoeuvre near another
2pasumayuoHHbIl space body. The mass of the
manéep ebnusu opy2020 spacecraft — 278.5 kg

Kocmuyeckozo mena. Macca
annapama: 278,5 k2

Paseumue pakemei Progress of R 7 — 8K72 rocket
P-7 — Hocumens 8K72. launcher. Luna 1, Luna 2,
«JlyHa-1,-2,-3» Luna 3
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8 UCMOopuU KOCMUYecKo20
Kopa6na-cnymuHuka
«Bocmok-1» c cobakamu
Benkoli u Cmpenkoli

u 8038pawjeHue ux Ha
3emnio — eaxcHelwul
3man nodzomoeku nonéma
4enoeeKa 8 KOCMOC

AMC «Benepa-1».
12.02.1961 200a ¢ Koc-
moopoma baiikoHyp
ocyujecmenéH nyck
pakemeoi-Hocumensa
M 8K78»,
Ha
K BeHepe c
CKylo asmomamuyeckyio

MeXxn.

Km

P L

yio cl 4
«BeHepa-1». Annapam 6bin
o6opydoeaH npubopamu
0n4 usmMepeHus UHMeH-
CUBHOCMU KOCMUYecKux
nyyel, HanpaxéHHocmu
MeXnjaHemHbIX MazHuUm-
HbIX noneli, pecucmpayuu
MUKpomMemeopumos um.n.
Cannapama «BeHepa-1»
6b121U nonyYeHbl 0aHHbIe
0 napamempax cosHey-
HbIX KOCMUYecKux sy4vet
8 OKpecmHocmsax 3emnu,
a makxe 0o paccmosHus
noymu e 2 MUTUOHA
Kunomempoe om 3em-
nu. flaHHele annapama
BeHepa-1» nod pO
Hanu4ue mexxnaaHemHou
naasmel 8 KOCMU4YeCcKOM
npocmpaxcmee
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Successful flight of the first
spaceship Vostok 1, which
carried the dogs Belka

and Strelka and returned them
to the Earth, was an important
stage on the way to the human

spaceflight

Venera-1 interplanetary
station. Feb. 12, 1961. Molniya
8K78 rocket launcher started
from Baikonur cosmodrome
and put Venera-1 — the

first Soviet automatic
interplanetary station — into
the cruise trajectory to Venus.
The spacecraft carried
instruments for measuring
cosmic rays intensity, strength
of interplanetary magnetic
fields, micrometeorite
registration, etc. Venera-1
provided data on solar cosmic
rays parameters in the vicinity
of the Earth and up to the
distances of approximately

2 million kilometers from it.
Venera-1 data proved the
existence of interplanetary
plasma in space

19.08.1960 200a c Kocmodpo- August 19, 1960. Vostok 8K72

ma baiikoHyp ocywecmenéH

nyck pakemoi-Hocumens

«Bocmok-8K72», komopas
Ha yio

op6umy smogoa Kopafnb- .

cny C C

u Cmpenkoli. <Bocmok-1»,
cep. N 2 gbigedeH Ha op6u-
my c napamempamu: HaKno-
HeHue opbumel — 64,95°;

launcher lofted from the
Baikonur cosmodrome the
Second spaceship with the
dogs Belka and Strelka to the
near-Earth orbit. Vostok 1,

No. 2 series was put into

the orbit with the following
parameters: inclination

64,95 deg; period — 90,7 min.;
minimal distance from the

20.08.1960 200. Ha
meppumopuu CCCP
coeepwiusn MAzKyio NoCaoKy
cnyckaemoliii annapam
emopozo Kopabnsa-
cnymHuka. Bnepesie

Ha 3emi0 u3 Kocmoca
6/1a20N0/1y4HO 8epHYNUCL
JKueble cywecmea — cobaku

Aug. 20, 1960. Soft landing
of the Spaceship 2 lander
on the territory of the USSR.
For the first time ever living
beings — dogs Belka

and Strelka — successfully
returned to the Earth after
having been in space.
Academician Oleg Gazenko

nepuod obpaujeHus — Earth (in the perigee) — 306 km;
90,7 MUH; MUHUMA/bHOE maximal distance to the Earth
pacc om (in the apogee) — 339 km

P
Hocmu 3emnu (8 nepuzee) —
306 Kkm; MakcumasibHoe pac-
C om P 'mu

3emnu (e anozee) — 339 km

HccnenoBaHus B KOCMOCE CYILIECTBEHHO HO-
TTOJTHWINA TPATUIIMOHHBIE METOIBI (DU3NISCKUX
M3MEPEHMI, OTKPBUIA COBEPIIEHHO HOBBIE I'O-
PU3OHTHI B Hay4yHOM Ioucke. OOHUM U3 mep-
BBIX pe3yJIbTaTOB 3THUX pabOT CcTajlo OOHapyXkKe-
HME OUHAMHUYECKOIO Xapakrepa arMocdepbl
Boiiie 100...150 kuoMeTpoB, uccieaoBaHue eé
cocTaBa Ha OOJIBIIINX BBICOTAX.

BbLi BBIMTOJIHEH MIMPOKUIA KOMILIEKC MOHO-
c(epHBIX SKCITEPUMEHTOB 10 BHICOT B HECKOJIb-
KO THICSIY KMJIOMETPOB. [IpsaMbIMU U3MepeHMsI-
MM YCTAHOBJIEHO pacipeaeeHue 3J1eKTPOHHOM
KOHIICHTPAllMM TI0 BBICOTE, OTKPBITHI paaua-
LIMOHHBIE TIOsica M OOHApyXeHO upe3Bbluaii-
HOE MHOroo0pasue IPOLIECCOB, MPOTEKAIOIINX
B OKOJIO36MHOM KOCMMYECKOM ITPOCTPAHCTBE
B 3aBUCHUMOCTH OT 3JIEKTPOMArHUTHBIX U KOP-
nmycKynsapHeix uanydyeHuit  Comnua. Crano
SICHO, YTO MOHOC(hepa — JIMIIb HYDKHSIS YacTh
OOIIMPHON TUIa3MEHHOW OO0O0JIOUKU 3eMJIU.
Boime He€ HaxomuTcs MarHuTocdepa — 00-
JIaCTh, Tlle MOBEICHUE IUIa3Mbl OIpeneIsieTcs,
MpeXIe BCEro, MAarHUTHBIM TTOJIeM 3eMJIM U B
3HAYUTEIBHON CTEIEHM TaK HA3bIBAEMbIM COJI-
HEYHBIM BETPOM — ITOTOKOM 3apsDKEHHBIX Ya-
CTHII, TOCTOSTHHO MCITyCKaeMbIX COJTHIIEM.

IlepBbie mpsiMble U3MEPEHUS ITIOTOKOB COJI-
HEYHOro BeTpa ObUIM BbIMOJIHEHBI B 1959 romy
Ha COBETCKOII aBTOMATMYECKOW CTAHIUU
«Jlyna-2». 3arem ero mapaMeTpbl MCCIEI0-
BaJIMCh Ha APYIMX MEXIUTAHETHBIX CTAHIIUSIX
U UCKYCCTBEHHBIX CITYTHUKAX 3eMJIH.

benka u Cmpenka.Ha npecc-  presented the heroes
tepeny Akao at the press conference

Hayk CCCP zepoes in the Academy of Sciences

npedcmasusn akademuk of the USSR

Onez [a3eHko

Space research expanded traditional physical
methods and opened new horizons in science.
One of the first results of this work was the dis-
covery of the dynamic nature of the atmosphere
above 100...150 km and study of its structure at
high altitudes.

There was a wide range of ionosphere experi-
ments up to altitudes of several thousand kilo-
meters. Direct measurements have shown the
distribution of electron concentration across al-
titudes. Radiation belts were discovered, and an
extraordinary diversity of processes occurring
in near-Earth space, depending on electromag-
netic and particle radiation of the Sun. It be-
came clear that ionosphere is only a lower part
of the extensive plasma shell of the Earth. Above
it resides the magnetosphere — the region where
plasma behavior is determined primarily by the
magnetic field of the Earth and largely by so-
called solar wind, a stream of charged particles
continuously emitted by the Sun.

The first direct measurements of solar wind
streams were performed in 1959 on the Soviet
automatic station Luna-2. Then other interplan-
etary stations and artificial satellites measured its
parameters.
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12.04.1961 200. Co cmapmoeo-
ao KomnneKca Ne1 Kocmoapoma

yp ocyujec
nyck pakemei-Hocumens
«Bocmok-8K72K», komopas
Ha yto
op6umy coeemckuli KOCMu-
qecxu‘ﬁ Kopabnb «<Bocmok».
K

kocmonasm lOputi TATAPUH.
Ay6nép: lepman TUTOB. 3a-
nacHou kocmonaem: [puzoputi
HEJIIOBOB. «<Bocmok-3A»,
cep. N° 3 6b111 8bI8€0€H HA

P y ¢ nap p Ha-
KnloHeHuUe op6umeol — 64,95°;
nepuod obpaujeHus — 89,34
MuH, MUHUMansHoe pac-

om mu
3eMﬂu (e nepuaee) — 181 km;

MAaKc pacc

om nosepxHocmu 3emau

(8 anozee) — 327 km. [loném
npodomxanca 14yac 48 MuHym.
Mocne cosepuieHus 00HO20
o6opoma eokpya 3emnu cny-

[ (i annapam Kopab.
coeepwius nocadky Ha meppu-
mopuu CCCP

April 12,1961. Vostok 8K72K
rocket launcher started
from the No. 1 launch pad
at Baikonur cosmodrome,
lofting Vostok Soviet
spaceship to the near-Earth
orbit. Yuri GAGARIN piloted
the spaceship. Second
flight pilot — German
TITOV. Backup pilot —
Grigory NELYUBOV. Serial
Vostok 3A No. 3 was
launched to the orbit with
the following parameters:
inclination — 64,95 deg.;
period — 89,34 min;
inclination — 64,95 deg;
period — 90,7 min; 181 km;
maximal distance to the
Earth (in the apogee) —
327 km. The flight lasted

1 hour 48 min. After the first
orbit the spaceship’s lander
descended to the Earth

on the territory of the USSR

12 ANPEJIA
1961 rOJA.
MEPBbIU
BUCTOPUU
MoJIET
YEJIOBEKA
B KOCMOC

APRIL 12, 1961.
THE FIRST
HUMAN
SPACEFLIGHT



Annapam «Kocmoc-2» 3any-
weH 6 anpena 1962 200a ons
usy4eHus 2e0aKMUBHbIX NO-
MOKO08 3apAXKeHHbIX Yacmuy
y 3emnu. Macca annapama
— 285 K2; Macca nonesHol
Hazpy3ku — 15 k2; ebicoma
8 nepuzee — 211,6 KM; 8bico-
ma e anozee — 1545,6 km; Ha-
K —49° 0—
102,25’. Bnepebie 8 ucmopuu
5

P P

P
HuA p
3emHoli uoHocepol

ypbl

«Kocmoc-3». Annapam 3a-
nyweH 24 anpens 1962 200a
unpedHasHaveH 011 uccse-
S .

C

p
Bebicoma e nepuzee — 229 km,
8 anozee — 720 KM, nepuod
obpaujeHus 6oKpye 3emnu —
93,8; y20/1 HAK/I0HA NNIOCKO-
cmu op6umel K nnockocmu
3Kkeamopa 3emnu — 48°59.
CnymHuk umen annapamypy
0na uccnedosaHusa yacmuy
Mansix sHepauli

18

Cosmos 2 spacecraft was
launched on Apr. 6, 1962 to
study the structure of the
Earth’s ionosphere. Mass of the
spacecraft — 285 kg, payload
mass — 15 kg; perigee —
211.6 km, apogee —

1545.6 kmy; inclination —

49 deg, period — 102.25 min.
For the first the ion
temperature of the Earth’s
ionosphere was measured

Cosmos 3, launched on April
24, 1962, aimed at auroral
studies. Perigee — 2229 km,
apogee — 720 km, inclina-
tion — 48.59 deg, period —
93.8 min. The satellite payload
included instruments to
measure low-energy particles
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CKkopocmb c4éma 3kpa-
HUpPOBAHHO20 CHEMYuUKaA
letizepa (umnynecel 6 ce-
KyHOY) 8CnbIWKU U3JTy4eHus
om b [

Count rate in pulses per
second of the radiation burst
after the explosion of the US
thermonuclear bomb in the
atmosphere on July 9, 1962

amepukKaHckoli mepmo- at 12:00:09,8, as registered by
AdepHoli 6om6bl 9 urons shielded Geiger count tube
1962 200a & 12:00:09,8, onboard Cosmos 5
3apeaucmpupoeaHHol
cnymHukom «Kocmoc-5»

TwarenbHass  o6paboTKa  SKCIEPUMEH-

TaJbHOTO MaTepHalia, IOJIYYCHHOTO IepBBIMHU
pa3BeluMKaMM KOCMOCA, 3HAYUTEJbHO pac-
IYpWIa, a B psiie CIydaeB CYIIECTBEHHO W3-
MEHUJIa UMEBIINE MECTO TEOPUHU U TIPEICTaBIe-
HUS 0 (DU3MKO-XMMUUYECKUX XapaKTepHCTHUKaxX
BepxHelt aTMocdephl ¥ OKOJI03eMHOTO KOCMU-
YeCKOTO MPOCTPAHCTBA.

CoBeTcKkue yuyéHble U KOHCTPYKTOPHI paKeT-
HO-KOCMUYECKOM TEeXHUKU TIONYyYWIN TIETbIA
psII BBIIAIOIIMXCSA PE3YJIBTaTOB, OIpPEIETUB-
mux Beayiee noyoxeHue Coserckoro Corosa
B 3TOIl OTpaciv HayKu W TexHUKW. [lonrBep-
IWJIaCh U TIPABUJILHOCTH OCHOBHBIX HallpaBJie-
HUI HAYaThIX B CTPaHE KOCMUYECKUX UCCIEeNO0-
BaHUil. Ho 3T0 GBUIM TOMBKO TIEpBBIE IIATU HA
MnyTu no3HaHus BeeneHHoi.

HccnenoBaHusi MpOBOAMIMCH OTAEIbHBIMU
WHCTUTYTaMU AKaleMHH HayK, KOHCTPYKTOP-
CKMMH M TIPOMBIIUIEHHBIMUA OpraHU3alusIMU
pPa3HbIX MUHUCTEPCTB U BemoMcTB. Ha mepBbix
JTamax Takasi (opMa TIpOBeICHUS KOCMUYE-
CKHX OKCIIEPMMEHTOB BIIOJIHE OIpaBabIBaIa
ce0s1, MOCKOJIbKY OHM BBIMOJHSUIUCh Ha 0ase
CAUHWYHBIX, IO CYTH, YHUKAJbHBIX 3aITyCKOB
KOCMUYECKUX anmnaparoB. [lanpHeiiime rccie-
JIOBaHUsI, HallpaBJeHHbIe Ha OoJiee neTaabHOe,
yOIyoJnEHHOE M3yYeHWe KOCMUYECKOTO TIPO-
CTpaHCTBA, TNIAHOMEPHOE HAKOTUIEHUE U 0000-
LIEHWEe Hay4YHbIX JaHHBIX, HEOOXOAMMOCTh
B CIICLIMATM3UPOBAHHBIX SKCITEPUMEHTAX, OPH-
GHTUPOBAaHHBIX Ha pelleHue OoJiee CIOXHBIX
MpoGJieM M TOATOTOBKY HOBBIX 3TalloOB IIPO-
HUKHOBEHHSI YeJIOBeKa B KOCMOC, TpeOoBan

«Mapc-1». 1 HoA6ps 1962

Mars 1.0n Nov. 1, 1962

200a c kocmodpoma baiikoHyp ~ Molniya 8K78 rocket launcher
ocyujecmenéH nyck pakemoli-Ho- lifted from the Baikonur
cumens «MonHus-8K78», komo- cosmodrome carrying Soviet

pasa Hamp P Mars-1 interplanetary station
nonéma k Mapcy coeemckyto  to the cruise trajectory to
AMC «Mapc-1». Ceasb canna-  Mars. Communication with
pamom npekpamusace Ha pac- the spacecraft stopped at
cmosHuu 50 maH km om 3emnu. the distance of 50 million km
U3mepeHa uHmeHcusHocmeb Koc- from the Earth. Instruments
muyeckux nyyel, uccnedosana onboard the station mea-
HanpaXEHHOCMb MazHUMHo20 sured the intensity of cosmic
nons 3emnu u mexnanasemuou rays, studied the strength on
cpeobl, usy4yeHbl nomoku uo-  the Earth’s and interplanetary
HU3UpPOBAHHO20 2d3a, udyujezo magnetic fields, fluxes of
om ConHya, uccnedosaHo pac- jonized gas flowing from the
ped poud Sun, and the distribution of
sewjecmea npu nepecedeHuu  meteoroid matter during
0dsyx MemeopouodHbIX No- crossing of two meteoroid
mokoe Ha paccmosaHuu om 1 streams at the distances from
00 1,24 a.e.om Connya 1to 1.24 a.u. from the Sun

Careful processing of experimental data of
the first explorations of the outer space signifi-
cantly expanded, and sometimes even changed
our understanding of the physical and chemi-
cal characteristics of the upper atmosphere and
near-Earth space.

Soviet scientists and rocket engineers ob-
tained many outstanding results, which deter-
mined the leading position of the Soviet Union
in this field of science and technology. But those
were only the first steps on the path of explora-
tion of the Universe.

At that time space research was made by sep-
arate institutes of the Academy of Sciences, as
well as by engineering and industrial facilities of
various ministries and departments. At the dawn
of the space era this form of space experiments
fully justified itself, because launches were sin-
gular and every space experiment was installed
aboard, in fact, unique spacecraft. Further re-
search aimed at a more detailed, in-depth study
of outer space, systematic accumulation and
compilation of data, specialized experiments de-
manded not just a broader field of research and
new scientific and engineering organizations,
but their effective cooperation as well.



Kpynneliwuii e CCCP
cepnyxoeckulii
napab6onuyeckuti
paouomeneckon

U paduosioKayuoHHbIe
cuzHanbl, nepedaHHole
8 HosI6pe 1962 200a um

The largest radio telescope

in the USSR (Serpuhov)

and radio location signals,
which were transmitted in
November 1962 to Venus,
reflected from the planet,

and were received on the Earth

Ha Ben!gpy, ompaxkéHHole

om Hee U npuHAmMeole

Ha 3emne

He TMPOCTO pacIIupeHus (ppoHTa HcciemoBa-
HUU, TIPUBJIEYCHUSI K HUM HOBBIX HAyIHBIX
U KOHCTPYKTOPCKMX OpraHu3aluii, Ho u obe-
criedeHust ux 3¢ HEKTUBHOTO B3aMMOICICTBYSI.

DTa 3amaya MorJia OBITh pelleHa IMyTEM
CO3[IaHUSI HEKOEero Hay4YHO-MEeTOJUYECKOro
KOCMHMYECKOTO IIEHTpa, YTO MO3BOJIIO OBbI CY-
IIECTBEHHO YMOPSIIOYUTh Bemyluecs: pabdo-
ThbI, UCKJIIOYWIJIO OBl MapajuieNn3M, CAeIalo UX
Oosiee 1ieJIeyCTPEMIEHHBIMU M TUIAHOMEPHBI-
MU, 00ecrevryio HeoOXONUMOe Pa3BUTHE BCEX
HampaBJIeHUd Hay4yHbIX 3HAaHUU O KocMmoce,
HaKOHEIl, Najo Obl BO3MOXHOCThH TOJYIUTh
HaunboJblIee KOJTUYECTBO HOBBIX NAHHBIX MPU
HaMMEHBIINX 3aTpaTax.

B wrone 1963 roma IlpesumeHT AxameMuu
Hayk CCCP akamemmk M.B. Kenmpimr 06-
paTWiCSl C TIMUCbMOM B IUPEKTUMBHBIE OpPTaHbI
CTpaHBI C MPENIOKEHUEM OPraHN30BaTh B CHU-
creMe AkagemMyun Hayk OObeTMHEHHBIN WHCTH -
TYT KOCMMYECKMX uccaenoBaHuil. OCHOBHOM
€ro 3amaueil TOJKHO ObLIO CTaTh CUCTeMaTHUe-
CKO€ MCClieIoBaHWEe KOCMHYECKOTO MPOCTPaH-
CTBa C MOMOIIBIO YHUGMULIMPOBAHHBIX MAJIbIX,
a 3aTeM U TSDKENBIX UCKYCCTBEHHBIX CITYTHUKOB
3eminn, co3maBaeMbIX OTEUYECTBEHHON TPO-
MblnuteHHOCTbI0. [lpu atom WMHcTUTYT noO7-
JKeH pa3pabaThiBaTh U U3TOTABIIMBATH HAYIHYIO
anmapaTypy, MOHTUPOBAaTh €€ Ha CEpUIHO U3-
roTaBIMBaeMble KOCMUYECKHE araparsl, Npo-
BOIWTH WX WCTIBITAHUS, BHITIOTHSTE TPEACTap-
TOBYIO TIOATOTOBKY Y y4aCTBOBAaTh B 3aITyCKaXx.

This problem could be solved by the estab-
lishment of a scientific and methodological
space center, which would significantly stream-
line the work underway, eliminate overlaps, and
make the activities more structured, so that all
areas of scientific space knowledge would devel-
op. Finally, such a center would make it possible
to get as much new data as possible at the lowest
cost.

In July 1963 the President of the Academy
of Sciences of the USSR Academician Mstislav
Keldysh proposed to organize a Joint Institute
for Space Research within the Academy of Sci-
ences. Its main goal was to start systematic ex-
ploration of outer space with standardized small
and then heavy artificial satellites, made in the
country. The Institute should develop and build
scientific equipment, mount it on serially pro-
duced spacecraft, prepare them to launch, and
participate in launch.

Mcmucnae Bcesonooosuy
Kendoiw. Meicnu o nep-
cneKmueax KocMuyeckKux
uccnedosanuli

CnymHuK «3/1eKmpoH»
Elektron spacecraft

CnymHuk «Cmpena»
Strela spacecraft

CnymHuk «Kocmoc-11»
Cosmos 11 spacecraft

Mstislav V. Keldysh.
Thinking on the future
of space research
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MAY 15, 1965. SPACE
RESEARCH INSTITUTE
OF THEACADEMY
OF SCIENCES

OF THE USSR —
IKIWAS FOUNDED

-
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30aHue UHcmumyma Kocmuveckux ucciedoe8aHuli
Akademuu Hayk CCCP

IKI's building

Camoe xe raBHoe — MHCTUTYT Hamemscs
OBl (YHKIIUSAMM 3aKa3yuKa M0 BCeM HAyIHBIM
KOCMUYECKUM armaparaM, 4YTO MCKIII0YaIo
IUKTAaT Tpou3Bomutens: «BoT Bam KocMmuye-
CKUII amapar, He HpaBUTCS — He Gepurte, HO
JIPYroro He OyneT».

ITo muenuto M. B. Kennpliia, aj1s1 BbINOJIHE-
HUS 3a1a4, KOTOPBIEe TPEIIarajioch IMOCTaBUTh
nepen OObeTMHEHHBIM WHCTUTYTOM, OH JOJI-
XeH ObLT MUMETb MOCTOSIHHBII COCTaB BBICOKO-
KBaJTM(PULIMPOBAHHBIX HAyYHBIX COTPYIHUKOB,
C ONBITOM KOCMUYECKMX WCCIeOOBaHMI, ce-
DPbE3HYIO ONMBITHO-KOHCTPYKTOPCKYIO M MTPOM3-
BOJICTBEHHYIO 0a3y, LIEHTp cOopa U 00paboTKU
Hay4YHOil MH(MOpMALMU, YTOOBI OIEepaTUBHO
HCTIOJIb30BaTh Pe3yJIbTaThl UCCIEIOBAHUM, UC-
MbITaTeJIbHBIA KOMIUIEKC ISl TIOJTHOTO 00bEéMa
WCTIBITAHUI MPHU TOATOTOBKE CITYTHMKOB K 3a-
nycky. Ilpeanonaranock, 4To MHCTUTYT cTaHeT
TOJIOBHOW OpraHu3aluell o WCCIeT0BaHUIO
W UCIIOJIb30BaHUI0O KOCMMYECKOIO IPOCTPaH-
CTBa B MHTepecax (hyHIaMeHTaIbHOI HayKU.

IIpennoxenne M.B. Kennpia Obuto mpu-
HATO U1 MHCTUTYT CO3MIaH, XOTS U C CYIIIECTBEH-
HO MEHBILIKMMU, YeM NEPBOHAYAIbHO IJIaHUPO-
BaJIOCh, TTIOTHOMOYMSIMH.

manei cmpoumenscmea 30anusa Uhicmumyma
KocmuyecKux uccned i A Hayk CCCP

IKI's building. Phases of construction

Most importantly, the Institute would be the
customer for all research satellites, thus avoiding
their specifications to be imposed by manufac-
turer rather than scientists.

According to Keldysh, such Institute should
have a regular staff of highly experienced sci-
entists with background in space research; and
a batch of well-equipped laboratories and pro-
duction facilities, a data processing center for
quick access to information, test facilities for
pre-launch tests. The Institute was envisioned as
the leading organization for basic science space
research.

Keldysh’s proposal was approved and the
Institute was established, albeit with far less au-
thority than had been planned initially.



ITocranosaenune Cosera Munncrpos CCCP
«O co3ganun MHcTHTyTa KOCMUYECKHX MccaenaoBanuii Akagemun nayk CCCP»

Ne 392-147 15 mas 1965 r.
COB. CEKPETHO

B mensix obecrieueHus najapHeiIero pa3putust B Coerckom Coro3e McciieoBaHMl KOCMUYECKO-
ro MPOCTPAHCTBA, HAKOILIEHWS W OOOOIIEHMS HAYYHBIX 3HAHUI 0 KocMoce CoBeT MHMHHMCTPOB
Coro3a CCP ITOCTAHOBIJIAET:

1. Ipunsare npemtoxenne Akagemun Hayk CCCP o cosmanuu B 1965 romy B r. Mockse UHcTH-
TyTa KOCMHUYeCKUX ucciienoBaHuii Akanemun Hayk CCCP.

2. YcraHoBUTh, YTOo MHCTUTYT KocMuvecKux uccienoBanuii Akanemun Hayk CCCP sBisiercs
TOJIOBHOM OpraHM3alMell TT0 HAayYHBIM MCCIIEIOBAaHUSIM B O0JIACTU M3YYEHUsT KOCMOca, pas3pa-
0O0TKEe ¥ U3YYEHWIO HAYYHBIX MPOOJIeM 1o uccienoBaHuio JIYHbI U IJIaHET COTHEYHOW CHCTEMBI,
CBSI3AHHBIX C KOCMUYECKUMU TIOJIETAMU, U SIBJISIETCSI HAYYHO-METOMUIECKOl 6a30it MexmyBenom-
CTBEHHOTO HAyYHO-TEXHUIECKOTO COBETA MO KOCMUYECKIM MCCIIEIOBAHUSIM MTPY AKaleMUU HayK
CCCP.

3. Bosnmoxuth Ha MHCTUTYT KOCMUYeCKUX uccienoBannii Akanemun Hayk CCCP:

— HayYHO-METOIMYECKOE PYKOBOICTBO M 00OOIEHNE PE3YIbTaTOB PaboT, MPOBOANMBIX OPTaHMU-
sarusimu Akanemun Hayk CCCP, rocymapcTBeHHBIX KOMUTETOB, MUHUCTEPCTB 1 BenomctB CCCP
10 MICCJICIOBAHUIO BEPXHUX CIOEB aTMOc(epbl, KOCMUYECKOTO MpPOCTpaHCTBa, JIYHBI U IIaHeT
COJIHEYHOW CUCTEMBI;

— Ppa3paboTKy MepCreKTUBHBIX KOMIUIEKCHBIX IIAHOB MCCIEIOBAaHU KOCMUUYECKOTO TTPOCTPaH-
cTBa, JIYHBI ¥ TUTAHET COJIHEYHOW CHUCTEMBbI, U3bICKAHUE TTyTell U METOIOB UX BBHITIOJTHEHUS B KO-
POTKME CPOKHU ¥ C HAMMEHBIIIMMU 3aTPaTaMu CPEJICTB.

4. Axamemuu Hayk CCCP B mByXMecsdHBIN CPOK pa3paboTaTh W IMPEICTaBUTh COTJIACOBAHHOE
¢ MuHucTepcTBOM 0611Iero MamuHocTpoeHust 1 MuHuctepctBoM o6oponsl CCCP TMonoxeHue
00 MHcTuTyTe KOocMuyeckux uccienoBannii Akagemuu Hayk CCCP, a Komuccun Beiciero co-
BeTa HapoaHoro xo3siictBa CCCP 1mo BoeHHO-TIPOMBINIIEHHBIM BOTIPOCAM PACCMOTPETh U YTBEP-
1uTh 310 [lonoxenue.

5. Paspenmrs Akagemun Hayk CCCP moctpouts B 1965-1967 romax, B BUIE MCKIIOUEHUS, B T.
Mockse mist pa3MeniieHuss MHCTUTYTa KOCMUYECKUX UCCIIEIOBAHMI J1abopaTopHbIe KOpITyca 00-
11eil paboyvel MIomaabio OCHOBHOTO HazHavyeHust 10 30 ThiC. KB. METPOB.

Mocropucnioiikomy orBecti Akagemun Hayk CCCP ist CTpOUTENCTBA YKA3aHHBIX KOPITYCOB
3eMeJIbHBIN yuacToK. CTPOUTEIBCTBO KOPITYCOB MHCTUTYTA KOCMUYECKUX UCCIIEIOBAHUI BO3JIO-
XuTh Ha [NaBcrenctpoit pu [ocynapcTBEHHOM TPOM3BOICTBEHHOM KOMMTETE MO MOHTAXKHBIM
Y CTIeIIUATBHBIM cTpouTesibHbIM padotam CCCP.

6. Paspermte Akagemun Hayk CCCP u Tocrutany CCCP, B Buie MCKITIOYEHUS, BKIIIOUUTH
B IUIaH KalUTAIBHBIX Pa0oT Ha 1965-1966 okl CTPOUTEIBCTBO JJA00PATOPHO-TIPONU3BOJICTBEHHBIX
KoprnycoB MHCTUTYTa KOCMMYECKUX MCCIIEIOBAaHU 0e3 HATMUYUS YTBEPXKIEHHON B YCTAHOBJICH-
HOM TOPSIIKE MPOEKTHO-CMETHOM JTOKYMEHTAIIVH.

T'ocoanky CCCP Bripenp 10 yTBEpXKICHUS MPOEKTHO-CMETHOM JTOKYMEHTAlMM (PMHAHCUPOBATh
CTPOUTEJILCTBO YKA3aHHBIX OOBEKTOB IO MPOEKTAaM M CMETHO-(DMHAHCOBBIM pacuéram, COCTaB-
JICHHBIM IO pabOYMM YepTeKaM.

Ipencenarens CoBeta Munucrpos Coro3a CCP A. Kocbkirun

Vnpasnsiommuii [lenamu CoBeta Munuctpos CCCP M. CMHPTIOKOB

All PD. @.93. Koanexuus nocmanosnenuii u pacnopsyceruii. CM CCCP 3a 1965 e.
3asepennas Konus Ha 6aakKe.

Cogemckas KocmMuueckas UHUYUAMUBA 8 20CY0apcmeeHHbx dokymenmax. 1946—1964 ee. |
1100 peo. 1O0. M. Bamypuna. M.: H30-60 «PTCogm», 2008.

HHCTHTYT
KOCMHUYECKHX
HCCJIENOBAHHH
PAH

MHcmumym kocmuyeckux ucciedosaruti (MKU) 6bin
€030aH KaK 207108HOU UHCMuUmMym Akademuu Hayk
CCCP no ucciedo8aHuI0 KOCMUYECK020 NpOCMpaHcmea
8 UHMepecax hyHOaMeHmMabHelX HayK Ha OCHOBAHUU
nocmarosnerua Coeema MuHucmpos CCCPom 15 masa
1965 200a N2 392-147 u cmpyKmypHoO chopmupo8aH
coznacHo lMocmaHosneHuam lpe3uduyma Akademuu
Hayk CCCP om 9 utona 1965 200a N° 403-006

uom 5 aszycma 1966 200a N2 588-014.

B 1986 200y ViHcmumym HazpaxoéH OpoeHom JleHuHa
30 3Ha4UMesnbHeil 8K1A0 8 pazsumue omeyecmaeHHoU
KocmudeckoU HayKu u mexHuKu.

B 1992 200y IKW AH CCCP npeobpasosaH 8 Iicmumym
KocmMuyeckux ucciedosaHuli Pocculickol akademuu
Hayk.

B HacmoAujee 8peMa NosIHOe HAUMEHOB8AHUE
uHcmumyma ®edepasibHoe 20cy0apcmeeHHoe
6ro0xxemHoe y4pexoeHue Hayku MHcmumym
Kocmuyeckux uccedosaHutl Poccutickoti

akademuu Hayk. Yemas VIKM PAH coomeemcmayem
delicmaytowjemy 3aKkoHO0amebcmay U ymeepx0éH
npukazom QAHO P® om 05.11.2014 200a N° 884.

VIKW PAH nony4un Ceudemesnscmeo Mockosckou
peaucmpayuoHHoU nasamel om 6 aHeaps 1995 200a
cepus MPI1, pecucmpayuoHHsit Homep 001.386-Y,
peecmp N2 OKI1-02698692.

WKW PAH nonyyeHa JluyeH3us Pocculickozo
Kocmuyeckoeo azeHmcmaa Ne 910K om 31.03.2008 200a
Ha ocyujecmesieHue Kocmuyeckol desmenbHocmu

¢ 6ecCpOYHbIM CPOKOM Oelicmaus.

WHcmumym umeem Ammecmam akkpedumayuu
ucneimamernbHozo yeHmpa Ne OCC.
KT.134.01.6.4.761600.01.07. om 16 utona 2007 a.

Ha npaso nposedeHus cepmuUKAYUOHHbIX
ucneimaxuti HayyHou u opyeoli yesnegol annapamypebl
KOCMUYeCcKUx annapamos U ucnsimaHuu

HA 371eKMPOMAazHUMHYI0 COBMECMUMOCMb.

Space Research Institute (IKI) was founded as principal
organisation of the Academy of Sciences of the USSR for space
research and exploration for fundamental science under

the Government Resolution from May 15, 1965 No. 392-147
and was formed under the Resolutions of the Presidium of the
Academy of Sciences of the USSR from July 9, 1965 No. 403-006
and August 5, 1966 No. 588-014.

In 1986 IKI was awarded with the Order of Lenin for significant
contribution to national science and technology development.

In 1992 IKI of the Academy of Sciences of the USSR was
transformed into the Space Research Institute of the Russian
Academy of Sciences. Now its full name Federal State Budgetary
Scientific Institution Space Research Institute of the Russian
Academy of Sciences. The organization charter complies with
the Russian legislation in force and was approved by the Order
of Federal Agency of Scientific Organizations from November 5,
2014, No. 884.

IKI RAN got a Certificate of Moscow Registration Chamber from
January 6, 1995, MRP series, reg. No. 001.386-Y. List No. OKPO —
02698692. IKl also got a Licence of Russian Space Agency

No. 910 K from March 31,2008, which permits it to run space
activities with no fixed term.

Institute has Test Centre Accreditation Certificate No. FSS.
KT.134.01.6.4.761600.01.07 from July 16, 2007, granting a right
to run certificate tests of scientific and other special-purpose
equipment of spacecraft, and tests for electromagnetic
compatibility.
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ApxueHas ebinucka

u3 lNMoc Mpe3uduyma
AH CCCP N2403-006 «O co30anuu
UHcmumyma kocmuveckux
uccnedoeanuti AH CCCP»

om 9 utona 1965 200a

Excerpt from an Archive. Resolution
of the Presidium of the Academy

of Sciences of the USSR No. 403-006
“On the foundation of the Space
Research Institute of the Academy
of Sciences of the USSR” from

July 9, 1965
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POCCHACKAS AKADEMHA HAYK 3aMecTHTeNo AHpeKTOpa

APXHB POCCHICKON AKAJEMHH HAYK HHCTHTYTa KOCMHYECKHX
nccnenosanuii PAH

Mocsa, . Hosooposnusescsan 34
N TS 1o10 tae 121508 Hasuposy P.P.
¢-mak archive_mn@maln
24 10 06 w i) 557/ /25%
Ha W
APXHBHAA BBITTMCEKA

u3 lNocranornenns [peananyma AH CCCP Ned03-006 «O coznanuu
HucturyTa kocmugecknx uccaenosanuiit AH CCCP» ot 09 miona 1965 r.

Apxus PAH coobinaer, uto 8 [Tocranosnenun [Mpesnanyma AH CCCP Ned03-
006 «O coznanun Uucruryra kocmuyecknx ueenenosanuit AH CCCP» ot 09 mions
1965 r. 3HAYHTCA:

«Coper Munuctpos CCCP nocranosnennem Ne392-147 or 15 man 1965 r.:

I [Mpuuan npennoxexne o co3naduy B 1965 r. B r. Mockee MuctiTyTa
KOCMUYECKHX Heonenosanui Axanemun nayg CCCP.
2. Veranopun, yro HHCTHTYT KoCMHYecKHX HCCenoBaHui AxkaleMun

HayK  ABIAETCA  TOMOBHOH  opraHHsauHedl no  Hay4dHbIM
HCCNeoBAHHAM B oDMacTH H3ydeHHs Kocmoca, paspaboTke W
H3IY4YEeHHID HaYYHBIX I'I'PDEJ'IEM, CEA3AHHEIX € XKOCMMHYeCKHMH
TIONETaMH, H ABNAETCH Hay4HO-MeTOAHYeCKo Gazoit
MexiyBeiOMCTBEHHOIO  HAYYHO-TEXHHYECKOTD  COBeTa 110
KOCMHYECKHM HCCNEJOBAHHAM,

..................................................................................... sesa

Tpesnnnym Axanemun Hayk CCCP noctanoBnseT
l. Cospare 8 cucreme Axagemuu Hayx CCCP HHCTHTYT KoCMMYECKMX
necnenosannit AH CCCP.

Ilpeaunent Axanemun nayk CCCP M.B. Kennsin
aKaJieMMK

['naeweii Y4eHnli cekpetaps
IMpesnauyma AH CCCP
aKalleMuK H.M. Cucaksuy.

OcroBanne: ApxHe P .70, nn.47-50.

Jlupektop ApxuBsa FAE_ o= Py BIO. Aduann

Jas.oTnenom E% 7

T.I'. Kpacnosa
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Apxue PAH, deno 1729,

onuce 2, doKymeHm 172,

cmpanuysi 2 u 3. Habpocku M. B.
Kenoviwa cmpykmypol Uncmumyma
Kocmuyeckux uccnedosatuti (MKU)

€ KOJIuU4eCmeom WmamHbiX eQUHUY,
8 nodpasodeneHuUsAX.

Asmozpad [1970]

Archive of the RAS, File 1729, List 2,
Doc.172, pages 2 and 3. Drafts by
M.V. Keldysh on the structure of Space
Research Institute (IKI) with staff
numbers per departments.
Autograph [1970]

Mpe3udenm Akademuu Hayk CCCP
Mcmucnas Bc dosuy Keno

u 6yoywjuii oupekmop UKU leopauli
WeaHoeuy [lempoe Ha Kueeckom
3aeo0e «ApceHan» 1964 200

Mstislav V. Keldysh, president

of the Academy of Sciences of the USSR,
and Georgy I. Petrov, future director of IKI
at the Arsenal plant, Kiyv, 1964
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basoeasa nnam-
¢opma Hay4Ho-
uccnedoeamens-
CKO20 cnymHuKa
¢ Xumuveckumu
ucmoyHukamu
3Hepauu jC-Y1

Base platform of
the scientific satel-
lite with chemical
batteries DS-U1

bazoeaa nnam-
¢opma HayyHO-
uccnedoeamerns-
CK020 cnymHuKa
C CO/THeYHbIMU
6amapeamu
Ac-y2

Base platform

of the scientific
satellite with solar
batteries DS-U2

BHu3y: 6asoeas
nnamepopma
Hay4Ho-uccne-
doeamenbckoz0
cnymHuka

€ conHeyHou
opuenmayueu
Ac-y3

Bottom. Base
platform of the sci-
entific satellite
with orientation
to the Sun DS-U3

B.M. KoemyHeHko — K.U.Tp Y3 — 8610, Jud
2/1a8HbIl KOHCMpPYKMOp cA uccnedosamens Kocmoca,
cnymHukoe OKb-586 paspabomyuk nepedamyuka
V. M. Kovtunenko, chief nepeozo cnymhuka

designer of the OKB-586 K.I. Gringauz, prominent space
satellites scientist, designer of the trans-
mitter for the first Sputnik

Mnamgopma «lpozHo3» Prognoz platform, built by
HIMO um. C.A. Jlaeo4kuHa, Lavochkin Association, which
Ha Komopoli nocmpoeHo was a base for 12 spacecratft.
12 cnymuukos. [naeHoiii Chief designer G. N. Babakin

koHcmpykmop I'.H. ba6akux

B surenesckom OKB-586 (duempore-
TPOBCK) Moj pykKoBoactBoM B. M. KoBryHeHKO
ObUT pa3paboTaH Mayiblii YHUGMDUIMPOBAHHBIN
crytHUK cepur C-Y B TpEX OCHOBHBIX MO-
IUUKALUSIX: C XUMUYECKUMU HMCTOYHMKAMU
toka JIC-V1, ¢ conHeunbimu 6aTapesimu JC-Y?2
U C CUCTeMOIi cotHeuHo opueHTaumu JIC-Y3.

3ammra 3CKM3HOTO MPOEKTa CIYyTHUKA CO-
cTosutach JieToM 1964 roza ¢ yyacTueM r1aBHOTO
koHctpykropa OKB-586 M.K. furens u Ilpe-
sugeHta AH CCCP M. B. Kenaplia, npeacra-
BUTEJIE TIPeANPUATAN-CMEXHUKOB W WHCTU-
TyTOB AKaleMuu HayK. [oKmambIBal MpOEKT
B. M. KoBtyHeHko. B xone o6¢cyxneHust He 000-
uwioch U 6e3 noxku aerrsa. K. W. I'punrays us
Pamuorexunueckoro nunctutyra AH CCCP, yxe
MMEBUIVI OMBIT MPOBEACHNS UCCIEAOBAaHUI Ha
0OpTy KOCMHMYECKWX alllaparoB, 3asBWI, UTO
paccMaTpuBaEMbIid TIPOEKT — BYEpPAILIHMUIA I€Hb
KOCMOHABTHKU: TePMETUYHBIA KOPITyC U, KakK
CJIEICTBUE, JJIST pa3MeliaeMoil Ha GOpTy CIyT-
HMKa TI0JIe3HOM HAarpy3Ku OCTAHETCSI, B JIy4IleM
cilydae, He 6oJyiee TPeTH OT OOIIEel Macchl KOC-
Mudeckoro armapara. Oco0oli TIOJIeMUKU 3TO
3asiBJieHUe He BbI3BaIO. Bce OTIMYHO MOHUMA-
JIA, 9YTO B CTPaHe HET JIEKTPOHMKU JIJIST PabOTHI
B OTKPBITOM KocMoce. Ho HempusTHEIIT ocamok
octayics. TeM He MeHee, MPOEKT ObLI TPUHSIT.

Panee B koponésckom OKDb-1 6butd co3-
nanbl Manble crytHuku (MC), 3amynieHHBbIe
non HauMmeHoBaHueM «Kocmoc-2, -3 1 -5».
B OKB-586 mocuuranu, yro ab6pesuatypa MC
pacippoBBIBAETCS KAK «MOCKOBCKHUIA CITyT-
HUK» U Ha3Baiu cBoii 1C, 4To 03Hayao «IHe-
TPOTIETPOBCKUIA CITyTHUK>.

Vi ch

4 1 b 4
M-71 HIO um. C. A. Jlaso4KuHa,
Ha poli 6bi1u NoC
6onbwue cepuu annapamoe
0N uccnedoeaHus Mapca,
R

T

p
acmpodu3suyeckue obcepaa-

P «vAr p u«p
InaeHwblli KOHCMpYKmMop
I.H.babakux

M 71 universal platform designed
by Lavochkin Association was a
base for large series of spacecraft
for Mars, Venus, and Comet Halley
exploration, as well as Astron and
Granat astrophysical observatories.
Chief designer G. N. Babakin

Soon, a group under the leadership of Prof
V.M. Kovtunenko (Design Bureau OKB-586,
Dnepropetrovsk) developed a standardized se-
ries of DS-U small satellite, with three main
versions: a) chemically powered DS-U1, b) with
solar panels DS-U2, and c¢) DS-U3 with solar
orientation system.

In summer of 1964 V.M. Kovtunenko pre-
sented the satellite study design to the OKB-586
chief designer M. K. Yangel, representatives of
industry, Academy of Science, and its President
M. V. Keldysh. K.I. Gringauz of Radio-Techni-
cal Institute of the USSR who had been already
experienced in space experiments, remarked that
the project was already out of date, since it had
a heavy pressurized body, which would leave to
scientific payload one third of overall spacecraft
mass at best. Even though everybody on the
meeting understood that the nation at that time
didn’t have electronic components capable of
working in the open space, this remark left an
uneasy feeling. Still, the project was adopted.

S.A. Korolev’s Design Bureau OKB-1 had
earlier built small satellites (MS, ‘Maly Sput-
nik’ in Russian), launched under names Cos-
mos 2, 3, 5. OKB-586 experts assumed that MS
stood for ‘Moscow Sputnik’ and called their or-
biters DS, which meant ‘Dnepropetrovsk Sput-
nik’.



Jnst AkameMuM HayK IIpeaycMaTpHBalIOCh
M3rOTOBJIeHUE 18 MabIX CIIyTHUKOB CEpUU
JC-Y. OHu mnpenHa3zHayajuch ST TPOIOJ-
XKEHUsI MCCIEeNOBaHMI, HadaThix B 1962 romy
no mporpamme «KocMoc» ¢ 1iebio HakKoruie-
HUS CTaTUCTUYECKUX NAHHBIX, a TaKXe Ipo-
BEeIEHUSI DPsila HOBBIX MCCJIEIOBAaHU, B TOM
yycae napaMeTpoB BepxHeil aTMocdephl, Ba-
pyanunii KOCMUYECKOTO M3JY4EeHUsI, BCIBIIIEK
Ha CoJHIIe B yabTpadHUOJIETOBOM M PEHTTEHOB-
CKOM Juara3oHax, IIpoXoXaeHus1 B noHochepe
CBEPXIUIMHHBIX BOJIH, METCOPUTHOTO BEIIECTBA
B OKPECTHOCTSIX 3eMJIU, BBIITOJTHEHUS MUPOBOIA
MarHUTHOM ChEMKHU U APYTUX LIENEH.

B nampneiimem B OKB-586 Oputn paspa-
0oTaHBI M 3amylleHBl B IPOM3BOICTBO OoJee
TsDKENbIE  aBTOMaTUYecKuWe YHUGUIMPOBaH-
Hble opOutanbHble cTaHuu (AYOC) B aByX
Momupukanusx. OHM KMCIOJIB30BAIMCh B OTe-
YEeCTBEHHOI KOCMMWYECKOI IIporpamMme Hadu-
Hast co cnyTHHKa «KocMoc-261», HO 0coGeH-
HO aKTMBHO — B MEXIYHApOIHOM MporpaMme
MHTEPKOCMOC.

IMpennoxenue M.B. Kennpiiia MoHTHpO-
BaTh HAYYHYIO alllmaparypy Ha CepUiiHO W3-
roTaBjJMBacMble JieTaTeIbHbIE ammapaTbhl B TOT
Tepuo TMOJTHOCTHIO ompaBnaio ceds. B xome
pPa3BUTHSI TIPOTPaAaMMBI KOCMUYECKHX HCCIIe-
JIOBaHUI yHUGUKALMS CEPUMHBIX CITyTHUKOB
TpaHchOpMHMpOBAJIaCh B CO3MaHME 0a30BBIX
aTopM ISl yCTAaHOBKY Ha HUX HAYJHOM arl-
naparypbl, B COOTBETCTBUU C 3aJayaMu IKCIIe-
pUMeHTa (IBeHaaIaTh CIyTHUKOB cepuu «I1po-
THO3», HBIHelIHUe Tutatrdopmbl «HaBurarop»
u «Kapat»).

Bwmecte ¢ TeM, TIpaBa 3aKa3urKa Ha HaydYHbIE
KOCMMYECKMe armmapatel MHCTUTYTY KocMu-
yeckux uccienopaHuii (MKHW) tak u He ObLIM
NaHbl. MUHUCTEPCTBO OOILET0 MalIMHOCTPO-
€HUs — TPOU3BOIUTEIb U OMHOBPEMEHHO 3a-
Ka3uMK KOCMUYECKOI TEXHUKU — 3/1€Ch CTOSIIO
HacMepTh. Bo3MOXHO, 3TO U CTajlo OMHOW W3
MPUYUH CETOTHSIIHETO OCIa0JIeHUSI HayUYHBIX
KOCMMYeCKUX no3unmii Poccun.

Hcuesno wu3 mnpemraraemoro M. B. Ken-
npimeM HasBaHust MHcTUTyTa M ciioBo «O0b-
eIUHEHHBI», XOTS (OPMUpPOBAJICS OH, Kak
W TUTAHUPOBAJIOCh, Ha 0a3e MHOTMX OTIEJIOB
u JabopaTopuii, pabOTaBIIMX paHee IO KOC-
MMYECKON TeMaTHMKe B Pa3JMYHbIX MHCTUTYTax
AKameMMu HayK W IPYTMX BEOOMCTB, a TaKXkKe
B KOHCTPYKTOPCKHX M TIPOMBILIJICHHBIX Opra-
HU3alusX, B ToM yucie KopojaésckoM OKbB-1.

MHCTUTYTY BMEHSJIOCH BBITIOJTHEHHE 3KC-
MepUMEHTAIbHBIX pabOT IO TaKUM HaIlpaBJlie-
HUSM KOCMUYeCcKOU (DU3UKU KaK acTpodUu3uKa
U (pu3uKa riaHeT u Maybix TeJ1 COJTHEYHOM cu-
crembl, puzuka CoJHIIA U COJTHEYHO-3€MHBIX
CBsI3ell, KocMUYecKasl Ijia3Ma U 1Mcclel0BaHus
B o0yiacTu HeJlnHelHoi reodusrku. Emy Tak-
K€ TIOpyYaIiCh IMOATOTOBKA IPOrpaMM Hayd-
HBIX KOCMUYECKUX MCCIENOBaHUI; pa3paboTKa
¥ UCTTBITAHUS KOMIUIEKCOB HAyYHOM aIlmapary-
pHI 110 TIPOEKTaM, BKITIOYEHHBIM B OTEYECTBEH -
HYI0 KOCMUYECKYIO ITPOrpaMMmy.

18 small DS-U satellites were planned for the
Academy of Science. They should have contin-
ued the Cosmos program, which began in 1962,
as well as performed some new tasks, for ex-
ample, study of upper atmosphere, cosmic ra-
diation variation, solar bursts in UV and X-ray
bands, propagation of very low-frequency waves
in the ionosphere, meteorites in near-Earth
space, global magnetic survey, etc.

Later OKB-586 developed and built a series
of standardized heavy automatic orbital stations
(AUOS in Russian) in two versions. They were
used for the national space program starting
from the Cosmos 261 satellite, but especially for
the international program Intercosmos.

Prof. Keldysh’s idea to install scientific in-
struments on serially built spacecraft has
worked. As space research program evolved the
concept of standardized satellites transformed
into the concept of unified platforms, where sci-
entific instruments could be mounted according
to the needs of specific space mission (for ex-
ample, 12 Prognoz satellites, current Karat and
Navigator platforms).

At the same time, the Space Research In-
stitute (or IKI, short for Institut Kosmicheskih
Issledovany in Russian) was not granted the cus-
tomer’s rights for scientific spacecraft. Ministry
of General Machine Building Industry, then the
producer and the customer of space technology
at the same time, was uncompromising in this
question. Perhaps, this was one of the reasons
for today’s weakening of Russia’s positions in
space research.

Neither was the Institute named “Joint” as
had been initially proposed by M. Keldysh’s, al-
though it was formed from many divisions and
departments of the institutes of Academy of Sci-
ence and other bodies (including S. Korolev’s
OKB-1), that had dealt with space research.

The Institute was in charge for experimental
activities in the following fields of space physics:
astrophysics; physics of planets and small bodies
of the solar system, solar physics and solar-ter-
restrial interactions, space plasma research and
nonlinear geophysics. It also was commissioned
with development of space research programs;
development and testing of technologies for the
projects included in the national space program.

HayyHo-
uccnedosamesnsvckue
cnymHuku OKb-586

Scientific spacecraft of various
purposes built by OKB-586

on the base of AUOS unified
platform (short for Automatic
Universal Orbital Station)

p 20 Ha. u.
Ha yHUuyupoeaHHou
nnamgopme AYOC
(aemomamuyeckasn
yHueepcaneHasa

P c Jus)
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Mpe3udenm Akademuu
Hayk CCCP Mcmucnae
Bceeonodosuy KEJIgbILL

u npoekm namamHuka emy
Ha nnowadu, Hocaweli e20
ums, 8 Mockee

Mstislav V. KELDYSH, president
of the Academy of Sciences

of the USSR, and the project
of a monument proposed to
be placed at the square of his
name in Moscow
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Keldysh’s Square in Mos-
cow, where IKI's building is
located. The arrow points
at the suggested place

for the monument

Mnowade Kenoviwa e Mockee,
Ha Komopoli pacnonoxeHo
0 WKW PAH.Cmp 7]

y p mecmo
014 yCMAaHOBKU NaMAMHUKA
8esuKomy y4éHomy

M. B. Kengplln He TOJBKO HEMOCPEICTBEH-
Hoe ydvacTBoBaJ B opranuzaiuu MKW, Ho
U ObUI, IO CYTH, OCHOBHOI OBWXYIIEH CHJION
3TOTO Tpoiiecca, OCOOEHHO B TIEPBBIE, CaMble
TPYAHBIE TOIBI €T0 CTAHOBJEHMSI.

CUMBOJIMYHO, YTO 3[aHWE MHCTUTYTAa HaXO-
IWTCS Ha TIIOIIanv, Hocsiei uMs Kenmplma.
Korna-To 31ech miaHUpoBasoCh MOCTAaBUTD IMa-
MSTHUK TIPOCJIaBJICHHOMY aKaJeMUKYy, HO 3TU
IUIAHBI IO CUX TTOP HE pean30BaHbI.

B pasHble roabl MHCTUTYT KOCMMYECKUX
uccaenoBauuit (MKWM) Bo3srnmaBnsiiv  axaje-
muk T.U.TlerpoB (1965—1973), akameMuk
P.3. Carnees (1973—1988), akanemuk A. A. l'a-
neeB (1988—2001), axkamemuk JI. M. 3eneHslit
(c 2001 roga mo HacTosIIIIEe BPEMST).

3a mpouenmue co AHS obpazoBaHuss MH-
crutyta 50 JeT MEeHsUIUCh W BO3jIaraéMble Ha
HETO 3aJa4M, U eTo CTpyKTypa. Peopranuzamnuum
3a4acTyl0 HOCUJIM PaluKaIbHbIN XapakTep.

OnHUM U3 NIEPBBIX HAYYHBIX MOAPa3AeICHUIA,
chopmmpoBannasix B UKW, cran otnen reodu-
3UKU — (PU3MKY KOCMMYECKOI I1a3Mbl. B Hero
BOILLJIY TpyIina TeopeTukoB Bo riase ¢ I'. A. Cky-
pUIOVHBIM, paHee pabGoTaBmmx B OtaeneHUN
MPUKJIaTHON MaTeMaTUKU MareMaTu4ecKoro
uHctutyta uM. B.A. Creknosa (OIIM MMUN)
AkaneMM HaykK, JJabopaTopus TMOJSIPHBIX CUS-
Huii u3 MHctutyra dusuku atMocdepsr (MDA)
Bo rnase ¢ 0. . TanbnepunbiM. B otnene ObL1
TakXe 00pa3oBaH CEKTOP KOCMHUYECKON IIia3-
MbI, KOTOpbIi Bo3rnaBwi O.J1. Baiicoepr.

B 1967 rogy opraHusyeTcs OTHeN KOCMUYe-
CKHX JIydeil, KOTOpHIil TI0 CBOEi TeMaThKe ObLT
HauOosnee OMM30K K oTaeny reopusuku. Emé
OIVH OTIEJ, B KOTOPOM BEJIMCh WCCIIENOBAHUS
KOCMHUYECKOM IIIa3Mbl, KOCMHUYECKON TIa30BOM
NMHaMUKU, Bo3rasiser akagemuk I'. U. Tletpos.

M. V. Keldysh did not only establish IKI, but
was, in fact, the driving force of its forming, es-
pecially in the first and most difficult years.

Symbolically, the Institute’s building is locat-
ed on the square bearing Keldysh’s name. There
was a project of a monument of this famous aca-
demic, however it has not yet been built.

Over the years IKI was headed by Acade-
mician G.I. Petrov (1965—1973), Academi-
cian R.Z. Sagdeev (1973—1988), Academi-
cian A.A. Galeev (1988—2001), academician
L. M. Zelenyi (2001 — present).

The structure of Institute changed through-
out its history as did the scope of tasks it was en-
gaged in, and the changes were sometimes truly
radical.

One of the first scientific departments in the
Institute was the Department of Geophysics
and Space Plasma Physics. It was formed from a
group of theoreticians headed by G.A. Skuridin
(previously at the Department of Applied Math-
ematics of the Steklov Mathematical Institute
of the Academy of Sciences) and Laboratory
of Auroras (Institute of Atmospheric Physics)
headed by Yu.l. Galperin. Within the Depart-
ment there was space plasma working group
headed by O. L. Vaisberg.

Cosmic Rays department was established in
1967, and its field of interest was quite close to
that of the Department of Geophysics. Another
department, which studied space plasma and
space gas dynamics was headed by Academician
G. 1. Petrov.
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Aupexkmopei Uncmumyma Kocmudeckux uccsiedoeaHuti Poccutickoli akademuu HAyK — 8bloaioujuecss y4EHble-(husuKu, akadeMuKu —
cnocob6cmeosanu 3¢hghekmueHomy paseumuro omeyecmeeHHOU Kocmu4yeckol HayKu u npespawjeHuro UKU e npusHanHb Il Mupoeoli yeHmp
cosemckoli, a 3amem U poccuticKkoli Kocmu4yecKol HayKu

Directors of Space Research Institute of the Russian Academy of Sciences — prominent physicists, members of the Academy, contributed to a rapid development
of national space science and turned IKI to a world-renown centre of Soviet, and later Russian, space science

TEOPTUA UBAHOBUY NETPOB
GEORGY I. PETROV

Mepesbili dupekmop IHcmumyma, y4éHbiti-me-
XAHUK, C UMeHeM Komopo2o C8A3AHbI MHO2UE
sbl0arowuecs 00CMuXeHUs omeyecmaeHHoU
pakemHo-KocmMuyeckol mexHuKu mopou
Nnos108uHbI 08AOYAMO20 CMOIeMUS.

B 1953 200y oH u3bupaemcs 4seHoM-Koppe-
cnoHOeHmom, 8 1958 200y, no npedcmasJie-
Huto M. B. Kendwiwa u C.I1. Koponéea, — deli-
cmeumesbHbIM YsieHoM AKademuu HayK.

. Y. [lempoa 6611 HeopAuHapHoU TUYHOCMbIO,
cosmewaroweli 8 cebe Wupokuli u 00Ho8pe-
MeHHO 21y6oKul 8327190 Ha paccmampuea-
eMble NPoYeccyl U AB/IEHUSA, YMO NO38OJIAIO
YX8amume ux Cyme U co30ame Mamemamuye-
CKyto MOOe/Ib 07151 KaYeCcmBeHHO020 ONUCAHUA.

B pasHoli cmeneHu emy 6bi71U NpUCyU4U Yepmbl
KaK meopemuka, mak u 3xcnepumeHmamopa.
OH 00UH U3 NepabixX OUeHU1 nepcnekmuabl
6bicmpodeticmaytowux 3BM 0ns peweHus
3a0a4 MexaHuKu, 8HEC 02pOMHBbIU 8K1a0 8 paz-
8uUMuUe aspoMexaHuKu 60/16Wux ckopocmed,
peuweHue npobieMbl mensio3awumel KOCMU-
Yeckux annapamos, 8xo0Awux 8 ammocgepy
€O CBEPX38YKOBLIMU CKOPOCMAMU, 6/IUSKUMU

K nepsoli Kocmuyeckou.

leopeus NieaHosu4a He cmario 13 mas
1987 200a. Emy 6bi10 74 200a.

The first director of the Institute, physicist with
specialization in mechanics, whose name

is closely connected to many outstanding
achievements of national rocket technology
in the second part of the XX century.

Elected corresponding member of the Academy
of Sciences in 1953, and full member (upon
submission by M. V. Keldysh and S. P. Korolev)

in 1958.

An extraordinary scientist, Georgy I. Petrov
posessed both wide and deep insight of the
physical phenomena, which allowed him to
grasp their essence and to build an adequate
mathematical model to describe them.

A theoretician as much as an experimenter,

he was among the first to justify the potential
of high-speed computers for mechanics and
made a large contribution to aeromechanics
of high speeds and thermal insulation of space-
craft, entering the atmosphere with supersonic
velocities close to orbital velocity.

He passed on May 13, 1987 in the age of 74.

- |
.

POAJIbJ] 3UHHYPOBUY CATJEEB
ROALD Z. SAGDEEV

Jlokmop ¢puzuko-mamemamuyeckux Hayk,
npoceccop. B 1964 200y u3bpaH uneH-
KoppecnoHOeHmMom, 8 1968 200y — delicmau-
mesibHeIM YsieHoM Akademuu Hayk. Paboman
8 Kypuamosckom uHcmumyme u licmumyme
A0epHoU uzuku Cubupckozo omoesieHus, 20e
cmasn 00HUM u3 co30amerneli cospemeHHOU
¢usuku nnasmel. C 1973 no 1988 200 P. 3. Caz-
O0ees — oupekmop VKW. 3amem pykogodun
Hay4YHO-MemoouYecKUM UeHmMpoM aHanumu-
Yeckux uccnedogaHuti uHcmumyma.

Emy npuHadnexam MHo204ucIeHHble mpydbl
no ¢husuke niasmel (yodpHsie 80J1HbI, Npoyec-
Cbl NepeHoca, Heycmouyugocmuy), KocMuye-
cKoU gpusuke. OcobeHHO u3secmHa e2o meo-
pus 6eccmosikHo8uMes1bHbIX yOdpPHbIX BOJIH,
6€3 KOMopPOoU HEMbIC/IUMbI HU COBPeMeHHAst
KocMuyeckas (u3UKa, HU pewieHue npobieMbl
mepmosdepHO20 CUHMe3d, HU MHO20e dpy2oe.
3a co30aHue Heok/iaccuyeckoli meopuu npo-
yeccos nepeHOCa 8 mopoudanbHoU niasme
emy npucyxdaemcs JIeHUHCKAs npemus.

OH 0CHOBAJT (hu3UYECKYIO WKOJTY, KOMOopast
Hacyumvigaem decimku OKMOopPo8 HayK

U NOJIb3yemcs Mex0yHapoOHbIM NPU3HAHUEM.

P.3. Cazdee8 — uHocmpaHHeil 4neH Hayuo-
HaneHoli akademuu Hayk CLUA u Koponesckoui
akademuu Hayk Llseyuu.

PhD., Professor. Elected corresponding member
of the Academy of Sciences in 1964, and full
member in 1968. He worked at Kurchatov
Institute and Institute of Nuclear Physics (Sibe-
rian Branch of the RAS), where he became one
of the founders of the modern plasma physics.
In 1973-1988 R.Z. Sagdeev was a director of IKI.
Later, he headed analytic research department
of the Institute.

He authors numerous works on plasma (shock
waves, transfer processes, instabilities) and
space physics. Among the most renown is his
theory of collisionless shock waves, which is
one of the keystones of modern space phys-
ics, thermonuclear fusion, and many other
fields. He was awarded with Lenin prize for
development of neoclassical theory of transfer
processes in thoroidal plasma. R.Z. Sagdeev
founded a school in physics, which counts tens
of PhD’s and is acknowledged worldwide.

Foreign member of the U.S. National Academy
of Sciences and Royal Swedish Academy of
Sciences.

AJIbBEPT ABYBAKUPOBUY TAJIEEB
ALBERT A. GALEEV

Jlokmop ¢puzuko-mamemamuyeckux Hayk,
npoceccop. B 1987 200y uzbpa uneH-
KoppecnoHOeHmom, 8 1992 200y — Oeli-
cmeumesbHbIM YsieHoM Akademuu Hayk.
Cneyuasnucm e obiacmu U3UKU NA3Mbl.
OkoHyun Hosocubupckuti 20cydapcmeaeH-
HbIl yHUBepcumem, napasnnesnbHo ¢ y4éboli
paboman 8 Vihicmumyme A0epHoU u3uKu
COAH CCCP.

B 1973 200y nepewén Ha pabomy e KW, 20e
8032/1a8UJ1 0MOes KOCMUYECKOU NAa3mel.
C 1988 200a - dupekmop Hcmumyma.

ApKuli manaHm u meopyeckas sHepaus
noseosnunu emy 006UMbCA YHUKASTbHBIX
pe3yslbmamog 8 06;1acmu Kocmuyeckol
¢husuku. Paspabomasn meoputo 83pbi8H020
nepecoeduHeHUs CUI08bIX IUHUL 8 MA2HUMO-
chepHOM X80CMe,  MAKXKe meoputo c/1a6o2o
83aumodelicmaus 80J1H 8 N1d3me U coemecm-
Ho ¢ CazdeesbIM HEOKIACCUYECKY0 Meopuio
nepeHoca 8 mokamakax. [ipednoxun meopuio,
00BACHAWYIO YCKOpeHUe COTTHeYHO20 8empa
U3 KOPOHAsbHbIX Oblp NPU NOMOWU asbghee-
HOBCKUX BOJTH.

A.A. [anees — naypeam npemud: JleHUHcKoU,
JleHuHcko2o0 komcomona, [pesudeHma PO,
HECKOJTbKUX MeXXOYHAPOOHbIX.

B HacmosAuwjee 8pema nouémHsili Oupekmop
WKW PAH

PhD, Professor. Elected corresponding member
of the Academy of Sciences in 1987, and full
member in 1992. Specialized in plasma physics.
He graduated from Novosibirsk State Univer-
sity; while studying, he also worked at Institute
of Nuclear Physics (Siberian Branch of the

RAS). In 1973 he started working at IKI, where
he headed Space Plasma Department. Director
of the Institute since 1988.

His bright talent and energy were the keys to his
unique results in space physics. He elaborated

a theory of explosive reconnection of force lines
in the tail of the magnetosphere, the theory

of weak wave interactions in plasma, and,
together with Sagdeev, neoclassical theory of
transfer in tokamaks. He suggested a theory, ex-
plaining solar wind accelaration from coronal
holes by Alfven waves.

He was awarded with Lenin Prize, Prize of Lenin
Komsomol, Prize of the President of the Russian
Federation, several international awards.

Now A.A. Galeev is Director Emeritus of IKI.

JIEB MATBEEBUY 3EJIEHBIA
LEV M. ZELENYI

Jlokmop ¢pu3uko-mamemamuyeckux Hayk,
npocgeccop MOTU. B 2003 200y uzbpaH
4s1eH-KoppecnoHoeHmom, 8 2008 200y —
delicmaumestbHbIM 4ieHoM AKademuu HayK.
C 2013 200a — suye-npe3udeHm PAH, npedce-
damesnb Cogema no kocmocy PAH. B 1972 200y
OKOHYUJ (haKyslbmem aspou3uKku

U KOCMUYecKux ucciedosaruli Mockosckozo
(hu3UKO-MexHUYecKo20 UHCMuUMyma u cman
pabomame 8 KW, 20e npowién nyme om uH-
XeHepa, Maadwez0 Hay4yHo20 COMPYOHUKA

00 dupekmopa uHcmumyma (c 2002 200a).

OcHosHoe HanpasseHue Hay4HoU desmesb-
HOCMU — (PU3UKA KOCMUYECKOU NJ1a3mbl.
M3secmHeili cneyuanucm e obnacmu meopuu
6eccmosikHo8UMes1bHOU N1a3Mel, nepe-
COeOUHeHUA MA2HUMHbIX noseli, OUHAMUKU 3a-
PAXEHHbIX Yacmuy, pU3UKU Ma2HUMOCepbl.
bbis1 Hay4HbIM pyKo8oOuMesnemM 00HO20 U3 Ca-
MbIX ycnewHbIX MeX0yHapOOHbIX KOCMUYECKUX
npoekmos IHTEPBOJI.

B Hacmoswee 8pems Hay4HbIl pykogoOumesb
€ pocculickoli CmopoHbl MeXOyHapoOHO020
npoekma 9K30MAPC u omeuecmeaeHHoU
JlyHHOU Npo2pamMmel, 00HA u3 3aday Komopoli
ucnone3oseaHue JlyHvl 8 Ka4ecmee ecme-
CMBEeHHO20 UCC/Ie008aMesIbCKO20 NOTU2OHA.

Jlaypeam npemuu lpe3udeHma P®.

PhD, Professor. Elected corresponding member
of the Academy of Sciences in 2003, and full
member in 2008. Vice president of the Russian
Academy of Sciences since 2013, the chair-
man of the Space Council of the RAS. In 1972
he graduated from the Moscow Institute

of Physics and Technology (Department

of Aerophysics and Space Research) and began
working at IKI, starting as an engineer and,
since 2002, — director of the Institute.

Main area of research — space plasma physics.
Well-known expert in the theory of collisionless
plasma, magnetic fields reconnection, charged
particle dynamics, magnetosphere physics.
Principal Investigator of one of the most suc-
cessful international space missions Interball.
Today — Principal Investigator (Russian part)
of ExoMars international project and na-
tional lunar program. Awarded with the Prize
of the President of the Russian Federation.
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B nHero Bxomumm teopetnueckas (B.b. Jleo-
Hac) u akcriepuMmeHTaibHas (B. b. bapaHoB) ja-
6oparopuu. [lo3nHee B cocTaB oTAesa Ha Tpa-
Bax JlabopaTopuu Bolilia repeBenéHHas B UK
u3 KypuyaToBckoro MHCTUTYyTa Tpymmna COTpy.-
HukoB Bo miaBe ¢ M. M. IMonropHbiM. OHu 3a-
HUMAJIMCh JIA0OPATOPHBIM MOJIETNPOBAHIEM
B3aMMOJEICTBUSI COJTHEUHOTO BETpa C MarHUT-
HBIM ToJIeM 3eMJIM ¥ aTMOchepaMHt TTaHeT.

B 1971 rony 8 UKU mepeBonutcs n3 Pamuo-
TEXHUYECKOro MHCTUTYTa AKaJeMUU HayK 00jb-
111as rpyra yuéHslx, Bosriasusgemast K. Y. I'puH-
ray30M, KOTOpasi Ha TPaBaX CaMOCTOSITEJTBHOTO
oT/IeNIa TAKXKE 3aHMMAETCsl IKCIEPUMEHTATbHBI-
MU UCCIIeIOBAaHUSIMU COTHEYHOM TUTa3MBI.

Otmen reodu3uK BCKOpe pacopMHUpPOBHI-
BaeTcsl, U Ha ero 06a3e co3gaércs otTaea pusruKu
KocMUuecKoil miasmel Bo riiase ¢ JI.JI. Banbsi-
HOM, paHee paboTaBlIMM B UHCTUTYTE (PUBUKMU
3emiin AKageMHUu HayK.

B pesyibrate ouepemHOil peopraHU3ALMU
BO3HMKAET HEIITaTHOE IUTa3MEHHOE OT/ele-
Hue. Ero pykoBoauteseM «Ha OOILECTBEHHbBIX
HayaJilax» CTAaHOBUTCS HE3a/I0JITO IO 3TOTO TIPU-
memammii B Macrturyt P. 3. Carnees. [locie ero
HazHauyeHus aqupekropoM MKW oH mpuriama-
et B MHcTuTyT cBOero yueHuka A.A. I'aneesa,
KOTOPBIN BO3TIABJISIET TUIA3MEHHOE OTIEJICHUE.
B 1973 rony oHo mpeoGpasyercs B oTaea ¢hu-
3UKM TU1a3Mbl. [ToMuMoO TeopeTuyeckoii J1abo-
paropuu A.A. I'ajeeBa B cocTaB OT/ea BOILUIU
Jabopatopusi MOJISIPHBIX CUSIHUI (3aTeM (pU3U-
k1 MarHutocdepHbix npoiieccon) FO. U. Iajb-
TepuHa, naboparopust OKOJIOTITAHETHOM
I1a3Mbl, oOpa3oBaHHasl Ha 0a3e oTaena 3KC-
TePUMEHTATEHBIX WCCIICIOBAHUM COJTHEUHOMN
ma3mel K. M. I'punTraysa u mabopatopust Mose-
nupoBaHus WM. M. [NoaropHoro, a Takxe rpymn-
nel  Kocmuueckoi rtasmel - O.J1. BaiicOepra
U COTHEYHBIX KocmMuueckux jiydeit H. @. [Muca-
PEHKO, CTaBILUX MO3IHEE 1a6OPaTOPUSIMHU.

IlnasmMeHHOe HampaBieHUE WCCIeIOBAHUI
MPOJOJIKUAT U B AaJIbHEHNIIIEM, TIO BBIPAKEHUIO
HoBoro aupektopa Mucruryra P.3. Carpee-
Ba, «COBepIlEHCTBOBaThcs». Co3maércs Teo-
petnueckuit otaen Bo miaBe ¢ A.A. [ameeBbiM
U OTIEJ COJTHEYHO-3EMHBIX CBSI3€il BO IJ1aBe Co
I'. A. CkypuaunbsiM. [locne u3bpanus A.A. l'a-
neeBa nupekropoM MKW 3aBenyiomium otae-
JIoM (PU3KMKM KOCMUYECKOI TIa3Mbl CTAHOBUT-
cs1 JI. M. 3eneHslii.

OpmHUM U3 TJIaBHBIX HAyYHBIX HAMpaBICHUN
WHcTuTyTa BCerma CUMTANMCh WCCIENOBAaHMS
miaHeT W Manbix Tesl CONHEYHOU CHCTEMBI.
OnHako TMepBOHAYATBHO PabOTHI MO 3TOU Te-
MaTuKe OBbLIM PacCpPeAOTOYEHBI MO Pa3HBIM
nozipasaeneHusiM. Ha mocnenHeM artamne cBoeid
JesITeIbHOCTU Ha TOCTy AupekTopa UHcTutyTta
I'.W. [1eTpoB mNpuHSN pelieHUe O peopraHu-
3alUU TJIAHETHOW TeMAaTWKU, OOBEIWHUB He-
CKOJIbKO HAyYHBIX TPYMIN B paHTre JabopaTopuii
B €IMHBII TYHHO-IIJIAHETHBIN OTAEJ MO CBOUM
JITIHBIM PYKOBOACTBOM. OITHAKO 3TO HE HAIILIO
MOHMMaHUs y HoBoro nupekropa P. 3. CarneeBa.
Psin naGopaTopuit TyHHO-IJIAHETHOTO MPOoduUIIst

It included theoretical (V.B. Leonas) and
experimental (V.B. Baranov) laboratories. Later
they were joined by a group headed by I. M. Pod-
gorny (from the Kurchatov Institute), who
formed a separate laboratory. They modeled in
a lab interaction of solar wind with the Earth’s
magnetic field and atmosphere of planets.

In 1971 a large group of scientists, led by
K.I. Gringauz (from the Radio-Technical Insti-
tute of the Academy of Sciences), formed an in-
dependent department for experimental studies
of solar plasma.

Shortly afterwards the Department of Geo-
physics was transformed into Space Plasma
Physics Department headed by L.L.Vanyan
(previously at the Institute of Physics of the
Earth of the Academy of Sciences).

As a result of yet another reorganization
a new Plasma Department was organized.
A newcomer to the Institute R.Z. Sagdeev vol-
unteered to head it. After he had been appointed
the Director of the Space Research Institute,
he invited one of his students A.A. Galeev to
head the plasma department, transformed into
Plasma Physics Department in 1973. Besides
A.A. Galeev’s theoretical laboratory, this new
department consisted of Yu.I. Galperin’s Lab-
oratory of Auroral Studies (later renamed to
Laboratory for Magnetosphere Physics), Labo-
ratory for Circumplanetary Plasma based on
K.I. Gringauz’s Department for experimental
solar plasma studies, 1. M. Podgorny’s Modeling
Laboratory and O.L. Vaisberg’s Space Plasma
Group and N. F. Pisarenko’s Solar Cosmic Rays
Group, which later were transformed into labs.

Later plasma studies in the institute contin-
ued to “improve”, according to the new Insti-
tute director R.Z. Sagdeev. A. A. Galeev headed
a new Theoretical Department and G. A. Skuri-
din — the Department of Solar-Terrestrial Rela-
tions. After A. A. Galeev was elected the director
of IKI, L. M. Zeleny became head of the Space
Plasma Physics Department.

Study of planets and small bodies of the So-
lar system has always been one of the main ar-
eas of Institute’s research. However, initially
these activities were distributed among multiple
departments. Not long before his retirement
from the office of director G.I. Petrov decided
to reorganize the planetary realm, combining
several research laboratories into a single De-
partment of Moon and Planets, under his per-
sonal leadership. However, it did not find un-
derstanding of the new director R.Z. Sagdeeyv.
A number of laboratories engaged in lunar and
planetary studies was soon closed, and the De-
partment of Moon and Planets (after being re-
named to Comparative Planetology Laboratory)
was transferred to Institute of Geochemistry and
Analytical Chemistry of the Academy of Sci-
ences.

Soon both manned and unmanned moon
programs start being scrapped across the USSR.
By the early eighties this subject was virtually
eliminated in IKI and was revived only recently.



BCKOpE JIMKBUAUPYETCs, a oTaea JIyHBl U Iia-
HET, TIepBOHAYAJIbHO MepeMMEHOBAaHHbBIN B Jia-
0OpaTOpUI0 CpPaBHUTEIbHON TIJIAHETOJIOTUM,
CO Bceil TeMaTUKOI U 060pyI0OBaHUEM TIEPEBO-
nutcst B UIHCTUTYT reOXUMUU Y aHAJTUTUYECKOM
xumun (FEOXHW) Akanemun HayK.

Bckope B cTpaHe TPOMCXOOUT pe3KOe CBO-
pauuMBaHue JIyHHBIX TIIpPOrpaMM, KakK ITHJIO-
TUPYEMBIX, TaK W C IIOMOIIbLIO aBTOMaTHYe-
CKHUX CpEICTB, W K Hayaly BOCBMHIECSTBIX
roJoB TMPOIUIOrO CTOJETUSl B3Ta TeMaThKa
B MUKW mnpakTuyecku JUKBUIUPYETCS U HAYU-
HaeT BO3POXKIATHCSI TOJBKO B TTOCICTHUE TOMIBI.

EnvHblit  oTmen TuUlaHETHBIX MCCIeaoBa-
Huii B UKW 661 chopmupoBan B 1974 roay.
Ero BosrmaBun B.W. Mopo3. B otnen Bomi-
JU YeThipe JabopaTOpUM: CIEKTPOCKOIUU
(B.1. Mopos), dotomerpun u uHbpaKpac-
Hoit (MK) pamnomerpun (J1. B. Kcandomamnu-
™), Macc-cnektpomerpun (B.T. Mctomun),
GU3UKO-XMMUYECKUX HCCeNOBaHUIA TUIaHEeT
(JI.M. MyxuH). IlepBble pe3yabTaThl OBLIN
MOJyYeHbl COTPYIHMKAMM OTIe/ia Ha aBTOMa-
THUYECKUX MeXIUIaHeTHbIX cTaHuusix (AMC)
«Mapc-3 u -5 nmo UK-pamnomerpuu. Ilpo-
BOOWINChH TaKXe BSKCIEPUMEHTBI IO IHCTaH-
IIMOHHOMY WM3MEpPEHUIO COIepKaHUsI BOISTHOTO
napa B atMocdepe Mapca. [IpruopureTHbie pe-
3yJIbTaThl ObLIM TIOJyYEHBI B SKCIEPUMEHTaX,
npoBea€HHBIX B aTtMocdepe BeHepbl. Paspa-
OaThIBAIMCh MHXXEHEPHBIE MOJIEIN ITIIAHETHBIX
arMmocdep. CHavana 3To ObLIA CITpaBOYHbIE Ma-
TepUaibl HEOOBILIOTO 00BEMA, HO TIOCTETIEHHO
TpeGOBaHUSI K MX JIETATBHOCTH CO CTOPOHBI KOH-
CTPYKTOPOB TUIAHETHBIX KOCMMYECKMX arrapa-
TOB BO3pACTaIM, U K UX TTOJTOTOBKE MOJKIIIOYA-
JIOCh BCE OOJIbIIIEE YMCIIO YUEHBIX OT/EIA.

Tem He MeHee, TeMaTHKa padOT OT/eIa IEPBO-
HayaJbHO OblIa orpaHWYeHa JUIb (PU3NIECKU-
MM MCCIIEIOBAaHUSIMU aTMOCGep U IMTOBEPXHOCTEM
MIaHeTHbIX Teq. Ilpeanonaraaoch, YTO reoJoru
U crienranucThl o TB-cbéMke OymyT BblAEIeHb
B CaMOCTOSITEJIBHBIE CTPYKTYPHBIC TOApa3esie-
HUSI, ONHUM U3 KOTOPBIX, B YaCTHOCTH, CTaJl OT-
JIeJT ONTUKO-(U3MUECKIX U3MEPEHUIA.

KocTsik 3TOro otmena cocraBWJ Tepelien-
muii B 1967 rony B MKHM 13 MoCKOBCKOro MH-
CTUTyTa Teo(pu3uKku, aspodOoTOCHEMKU U Kap-
Torpauy KOJIJICKTMB YYEHBIX M WHXXEHEPOB,
BosrnasisieMblii b. H. PonroHoBbiM. K MOoMeH-
Ty Mepexoia 3TOT KOJUIEKTUB yxe OoJjiee NecaTu
JIET TIPOBOAWII MCCIeNOBaHUSA B 00J1acTH (hOTO-
rpaMuecKuX U KOCMUUYECKUX ChEMOK U 00pa-
00Tku BuaeonHdpopMaliru. K nepsbim padoram,
npoBeae¢HHbIM oTaesoM B MKW, MoxXHO oTHe-
CTM M3y4yeHHue Tororpaduu Yy4acTKOB JIYHHOM
TIOBEPXHOCTU TIO MX M300pakeHUsIM, TiepenaH-
HBIM Ha 3eMJIIO C TIEPBOTO U BTOPOTO JIYHOXOIOB.

B ocHOBHOM Xe paboThl oTaena ObLIA CO-
CpPenoTOUEHBI Ha ChEMKaX 3eMHOUN TOBEpPXHO-
CTHU, UMEBIIUX 1IEJIbIO, C OMHOU CTOPOHBI, OT-
paboTKy ¢oTorpapuuecKux MeToa0B U CPEICTB
MHUCTAaHIIMOHHOTO 30HAMPOBAHUSA, C APYrol —
BBISIBJICHUE Kpyra 3a/ay, KOTOpble MOXHO pe-
1IaTh 110 MaTepraiaM KOCMUYECKOMN ChEMKMU.

The integrated Planetary Research Depart-
ment was formed in IKI in 1974. It was headed
by V.I. Moroz and included four laboratories:
Spectroscopy (V.I1. Moroz), Infrared Photom-
etry and Radiometry (L. V. Ksanfomaliti), Mass
Spectrometry (V.G. Istomin), Physical and
Chemical Planetary Exploration (L. M. Mubhin).
Its first results the department obtained from
Mars-3 and Mars-5 stations (they concerned IR
radiometry). There were also experiments on re-
mote measurement of water vapour in the Mar-
tian atmosphere. The results of experiments in
Venus atmosphere were the first of the kind. A
set of planetary atmospheres engineering models
was developed. In the beginning it was a small
reference library, but gradually more and more
specialists of the department began to work on
it, as spacecraft designers demanded for data of
higher and higher precision.

However, the department was initially limited
in its subject by physical studies of atmospheres
and surfaces of planetary bodies. It was assumed
that geologists and television survey experts
would be gathered in separate divisions. One of
them was, in particular, the Department of Op-
tical and Physical Measurements.

The team of scientists and engineers from the
Moscow Institute of Geophysics, Aerial Pho-
tography and Mapping led by B.N. Rodionov,
joined IKI in 1967 and made the backbone of
this department. By the time of their transition
the team have been researching satellite imagery
and video processing for already 10 years. One
of the department’s first results in IKI was topo-
graphical analysis of the lunar surface by the im-
ages transmitted by Lunokhod 1 and 2.

For the most part the department was fo-
cused on orbital observations of the Earth, on
one hand refining photographic techniques and
remote sensing methods, on the other — select-
ing tasks that could be solved by satellite imagery.
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MOAroPHbIN
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Ilocne psma peopraHM3aLMii, TeMAaTUIECKO-
ro TMepeHaleJNMBaHusI, U3MEHEHMI Ha3BaHUS
OTIEJl B UITOTE COXPAHWJI CBOI MPOGUIL OITH-
KO-(U3NIECKIX UBMEPECHUIA.

B 1967 romy Ha 6a3e 4acTU COTPYIHUKOB,
pabortaBmux paHee B IIpoGiemMHoil pamuo-
dusuyeckoii 1abopatopri MOCKOBCKOTO TO-
CyIapCTBEHHOIO MeJaroruyeckoro HMHCTUTYTa
(MTI'TIN) um. B.HW. Jlenuna, 8 UKW dopmu-
pyeTcs HaydHoe TopasaesieHue paguousnde-
ckux npudopos. I1o Mepe coBepllieHCTBOBAHUS
CO3MaHHBIX B OTHOEJIe MHMKPOBOJTHOBBIX IIPU-
€MHUKOB OHM HAYMHAIOT MCITOJIb30BaThCS IS
HCCIIeOBaHUS paIuo®U3NIYECKUMU METOIaAMU
TTOBEPXHOCTHU CYIIIM W OKeaHa M3 KOCMOca, U B
1974 rony mpuHUMAaeTCs pelleHHe O Co3/a-
HUU CaMOCTOSITEJIbHOTO OTHeda MPUKIaTHOU
KOCMUYECKON (DM3UKKM TOH PYKOBOACTBOM
B.C. D1kuna.

IIpuopureTHO#i 3amayeil oTAena CTajao BbI-
SIBJI€HWE BHYTPUOKCAHMUYECKUX TITYOMHHBIX
MPOLIECCOB TI0 MX ITOBEPXHOCTHBIM «OTTOJIO-
ckaM». OnHako K Hayainy 1990-x romoB B CBSI-
3M C Pe3KUM COKpalleHueM (GUHaAHCHPOBAHUS
«OKEaHWYEeCKOTO» HAIpaBJIeHUs ILEHTP TSXKe-
CTHU ACATEJIbHOCTM OTAeNa IepeMEecTUICS Ha
WCCIeIoBaHUSI OKpyxXatoleit cpenbl. B cBs3u
¢ atuM B. C. DTKUH NpeaToXI THOe Ha3BaHKe
IUTsI cBoero otmena — «KocMuyeckue ucciaeno-
BaHUS 3eMJIM KaK 9KOJIOTMYECKON CUCTEMBI».

Bonpmme ycwimst ObLIM HampaBlIeHbI Ha
CTAHOBJIEHME HOBBIX TMPWIOXEHUN HaydHO-
TEXHUIYECKOTO TMOTeHIIMANIa OTAea B CIOXKUB-
muxcsl ycaoBuax. OmDHUM M3 HampaBIeHUN
paboT cTajau MaclTaOHbIE MPOEKTHI IO AUC-
TaHIIMOHHOMY 30HAMPOBAHUIO OKpYXKaloIIei
cpenpl. [Ipyroe HanpaBiaeHue paboT ObLIO CBSI-
3aHO C MEPEeHOCOM YCWJIMiII OTaesla C OKeaHa
Ha CyIlly, B YaCTHOCTH MPUMEHUTEILHO K JUC-
TaHIIMOHHOMY aHaJM3y IOYB M CHEXHBIX IT0-
KPOBOB.

Boinenunace u3 otaena B. C. OTkuHa u cra-
JIa CaMOCTOSITEJIbHBIM TOIIpa3aeieHueM J1abo-
paropust Kocmodusuku. Ha 6a3ze naboparopun
CO3MaéTCsT OTHEN TPUKITATHBIX KOCMUYECKUX
WCCIIeIOBaHUM, B JaJIbHEIIIEM TIepeMEHOBaH-
HbIl B oTnen kocMmodusuku. IlepBoHayaabHO
ero Bo3miasui C. C. Moucees, a ocjie ero yxo-
na u3 xku3Hu — A. C. EpoxuH.

Kpome otnena JIlyHbl M IIaHeT camyio ce-
DBE3HYIO PpEOpPraHM3aIvIo TIpeTepriesl OTAeT
actpopusuku (pykoBogutenp M. C. LkioB-
CKHUif), co3maHHBIi Ha 0a3e oTaesa paauo-
actpoHoMuu [ocynapCTBEHHOTO acTPOHOMU-
yeckoro wuHctutyTa uMm. [1.K. Iltepr6epra
MTIY. o nepexoga B UKW coTpyaHUKU 3TOTrO
Tofipa3AeIeHusT yXKe UMEJIA TOCTATOYHBII OTTBIT
B 00J1IacT KocMHUYecKoi actpoHomuu. C Kax-
IIBIM TOIOM TeMaTuKa paboT OTHesla CTAHOBU-
nack Bc€ Oosee wmmpokoit. Y. C. llknoBckuit
CTPEMUJICSI COCPENOTOUUTh YCWIMSI Ha «0OJIb-
LIOM» acTPOHOMHUM, T.€. MUcciaenoBaHusx [a-
JIAKTVKW, €€ HaceJIeHWs] U BHETATaKTUIEeCKUX
00BEKTOB, BOIpocax KocMmosoruu. OmHaKo
B 1985 roay W. C. LlIk0BCKUiA cCKOHYAJICS.

After a series of administrative reforms and
other changes, including changes of the name,
the department has retained its optical and
physical specialization.

In 1967 a scientific division for radio instru-
ments was established in IKI from the Radio
Laboratory of the Lenin Moscow State Peda-
gogical Institute. As the microwave receivers de-
veloped by the group were getting more sophis-
ticated, they started to be used to study the land
and the ocean from space. In 1974 the group was
reorganized in a separate Department for Ap-
plied Space Physics led by V. S. Etkin.

The first task of the department was to study
processes in a deep ocean by their visible effects
on its surface. But by the early 1990s due to cut
in funding of the ocean research, the depart-
ment’s activities drifted towards environmental
studies. Therefore V.S. Etkin suggested an-
other name for his department, which sounded
“Space Research of the Earth as an Ecological
System”.

The department struggled to apply its poten-
tial in the given circumstances. Among the new
objectives were large projects in Earth remote
sensing. Another idea was to move from ocean
to land, in particular to remote analysis of soils
and snow cover.

The Laboratory of Space Physics that once
had been the part of the department (headed by
V.S. Etkin), became a department of its own.
The newly established entity named Applied
Space Research Department (later Space Phys-
ics) was initially headed by S.S. Moiseev, and
after his death by N. S. Erokhin.

The Department of Astrophysics (head
1. S. Shklovsky) based at the Department of Ra-
dio Astronomy of the MSU Shternberg State
Astronomical Institute has undergone a major
reformation on par with the Moon and Plan-
etary Department. Its scientists, before they
joined IKI, had already had sufficient experience
in space astronomy. Each year the department’s
scope of work was widening. Shklovsky sought
to focus on the “big” astronomy, i.e. studies of
the Galaxy, its star population, and extragalac-
tic objects and cosmology. However, in 1985 he
passed.



K sTtomy BpemeHu B MHCcTUTyTE yXe Oosiee
JIECATH JIET CYLIECTBOBAJI OTAE] TEOPETUIECKOM
acTpo(OU3NKU, PYKOBOICTBO KOTOPBIM IPUHSLT
Ha cebs akagemuk f.bB. 3enpaoBuy, ¢ 3amaudeit
TEOPETUYECKUX HCCAENOBaHUM 10 KOCMOJO-
MY, HaOIoOZaeMbIM TIPOSIBICHUSIM ToOpsTde-
ro Tra3a B CKOIUICHMSIX TaJaKTHK U IMpolieccam
GopMUPOBaHUS CIIEKTPOB M3TYYeHUs B aKKpe-
LMPYIONIUX TUCKaX BOKPYT YEPHBIX ABIP U HEll-
TPOHHBIX 3BE3]1.

ITocne pasrpaHuyeHuss TeMaTUKU padboT
3TUX ABYX OTAeNIoB, NepeBoga K f.b. 3enbno-
BUYY J1a0OpaTOpUU PEHTTEHOBCKON acCTPOHO-
MMU Y psifia COTPYAHUKOB U3 OBIBIIETO OTHE/a
N.C. IIk/ioBcKOro, OTAEN  TEOpPEeTUYECKOM
acTpoM3UKKM TIpeobpasyeTcss B OTHET BBI-
cokux sHepruii Bo miaBe ¢ P.A. CioHsieBbIM.
Otnen acTpodu3uKM BO IIaBe C €ro HOBBIM
mupektopoM H.C. KappmameBbeiM  miepexoguT
B 1990—1991 rogax ¢ ocTaBUIMMHCSI B €r0 CO-
craBe jabopatopussMy B PU3NYECKUI WHCTH-
TYT AKazieMUM HayK.

Kak camocTosiTebHble HayyHblE MOIpa3-
NeJIEHUsI yKe B TIepBbIe TOMBI CYIIECTBOBAHUS
MUKHN Obmu Takke co3maHbl: jgaboparopus,
a 3aTeM W OTnes, MPUKIAAHON acTpodusu-
KM ¥ MUUIMMETPOBOM, CYOMUJUIMMETPOBOI
¥ WHOpPaKpacHOU TeXHUKHU; CIeIMaIbHbBIC Jia-
OopaTopuu IJIsi Pa3BUTUS TUCTAHIIMOHHBIX
METOJIOB 30HAMPOBaHUsI 3eMJIM U3 KOCMOCA;
CHIEKTPOMETPUM KOCMHUYECKOTO TamMMa-MU3Jy-
YeHUsI; aKTMBHOW JMArHOCTUKM; CBEpXIdajib-
Hell pamuonHTepdepoOMeTpUN; CIIEKTPOMETPUN
KOCMHUYECKOTO raMMa-N3TyIeHHs.

IIpu 3amyckax MepBbIX BBICOTHBIX paker,
WCKYCCTBEHHBIX CITyTHUKOB 3€MJIU, JIYHHBIX
W MEXIUIAHETHBIX CTaHIIWM ToJlydaeMast ¢ HUX
TeJieMeTpuyeckass HH@opmalus oOpabaThiBa-
mack B OTHOeNeHUM TIPUKIIaTHOW MaTeMaTUKK
(OIIM) B pamkax MHbOpMaIIMOHHO-PaCcUETHO-
ro 6opo (MPB). B 1966 rony KojuieKTUB 610po
MPAKTUYECKA B TIOJTHOM COCTaBe IEPEBOIMTCS
B MKMW Ha npaBax oTaesia aBTOMaTU3MPOBAHHOMN
00pabOTKU  TeJeMEeTpUUECKOi UHGbOPMaLIUU.
B 1988 rony oH 6bU1 OOBEAMHEH € OTAEIOM Oas-
muctuku. C 3TOro BpeMeHHU Bce paboThI IO 00-
paboTke TeJaeMeTpuru ¢ OopTa KOCMUYECKOIo
anmnapata npoBoastcss MKW B pamkax eguHoro
noApasaesieHusl, OMHON M3 IJIaBHBIX 3amay KO-
TOPOro CTaj0 IOJHOe MH(pOpMaLMOHHOE 00e-
cIieyeHre HayYHBIX 9KCIIEPUMEHTOB B KOCMOCE.
IIlupokoe MCHOMB30BaHME BBHIYMCIUTEIBHON
TEXHUKM, TMOCTOSIHHOE OOHOBJIEHME €€ MapKa
TTO3BOJIMJIO CYIIECTBEHHO Pa3BUTh TPOTPaMM-
Hoe obecreueHre 3a1a4, pelliaeMbIX OTIACIOM.

Cozpmaérest Takke Jsaboparopusi, cTaBIlast
B JaJbHEWIeM OTHeIOM, B 3amady KOTOPOU
BXOIOMJIa TEXHUYECKasl peajnu3alusi HaydHbIX
MPOEKTOB Ha OOPTY KOCMMUYECKHUX armnaparos,
BKJTIOUAsT pa3pabOTKy MOJTHOTO KOMIUIEKTa 3KC-
TUTyaTallMOHHO-TEXHUYECKOW  JOKyMEHTallK1
Ha KOCMMYECKYI0 HayyHylO ammnaparypy, Mnpo-
BellcHNE BCeX BHMIOB €€ WCIBITAHWI, a TaKXkKe
y4acTue B yIpaBJIeHUU pabOTON HAYIHBIX TTPH-
OOpOB B MOJIETE.

By that time the Institute had already for
more than 10years had the Department of
Theoretical Astrophysics led by Academician
Ya.B. Zeldovich. It focused at theoretical re-
search in cosmology, study of hot gas in galactic
clusters and spectrums of accreting disks around
black holes and neutron stars.

After the objectives of these two departments
were separated and Zeldovich’s department was
reinforced with an X-ray lab and several special-
ists from Shklovsky’s former department, the
Department of Theoretical Astrophysics was
transformed into the Department of High En-
ergy Astrophysics headed by R.A. Sunyaev. The
Department of Astrophysics headed by its new
Director N.S. Kardashev joined the Physics
Institute of the Academy of Sciences in 1990—
1991.

Several separate laboratories were established
during the early years of IKI. Among them are
the laboratory (later department) of astrophysics
and applied millimeter, submillimeter and in-
frared technologies; special laboratories for the
Earth remote sensing; laboratory for spectrom-
etry of cosmic gamma radiation; laboratory for
active diagnostics; laboratory for very long base-
line radio interferometry.

Data from the first high-altitude rockets, ar-
tificial Earth satellites, lunar and interplanetary
probes were processed at the Department of Ap-
plied Mathematics (namely in the Information
and Calculation Bureau) within Mathematical
Institute of the Academy of Sciences. In 1966
almost all Bureau staff joined IKI and formed
the Department of the Automated Telemetry
Processing. In 1988 it was merged with the De-
partment of Ballistics. From that point on IKI
had a full-fledged department for telemetry pro-
cessing, whose main task was full information
support of space experiments. The software de-
veloped by the Department was improving con-
tinuously, thanks to extensive use of computers
and their constant upgrade.

Technical support of research aboard the
spacecraft, including supply of full documenta-
tion for the instruments and their comprehen-
sive testing, as well as participation in opera-
tion and control during the flight were given to
another newly created lab that later evolved in
a department.
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JlabopaToputo 1 oTnes ¢ MOMEHTa ux odpa-
30BaHus Bo3raapis E. M. Bacumbes.

Pemenvie 3amad mMpoeKTUPOBAHMS U peaTv-
3alMM HAyYHBIX KOMIUIEKCOB MEXITJIAHETHBIX
anraparoB, CleAsIIMX IuiaTdopM, OOPTOBBIX
CHUCTeM, JIOTUKH YyIpaBjieHus, cbopa U nepena-
4y WH(pOpMAIMU ¥ T.TI. BO3JIaraeTcs Ha OTIENI
MPOrpaMMHO-YTIPABISIEMBIX CHUCTEM (PYKOBO-
nutenb — b. H. HoBukos).

i TmpoBeAeHUsS WCIBITAHWIT HAyYHBIX
npuOOpPOB, NpeaHa3HAYEHHBIX ISl YCTaHOB-
KM Ha KOCMUYECKUI ammapaT, WCCIeIOBaHUS
UX pabOTOCIIOCOOHOCTU B COCTaBe OOPTOBOTO
KOMILJIEKCa 1 B YCJIOBUSIX KOCMMUYECKOTO IMpO-
cTtpaHcTBa B MIHCTUTYTEe OBLTM CO3MaHBI KOH-
TposnbHO-UcnbITaTebHasT (KM C) 1 nétHo-uC-
neitatesnbHas ctaHuuu (JIMC), kotopeie cTanu
OCHOBHOI MCIIBITaTEJIbHOI 0a30if KocMmuye-
CKOTO TIpUOOPOCTPOCHUS B cHcTeMe AKame-
muu HaykK. OHM OCHallleHbl 00OpPYIOBaHUEM,
MTO3BOJISIIONIUM  TIPOBOOUTL MCIBITAHUST Ha
MeXaHW4yecKue (BUOpamus, ymap, JMHEWHBIC
Meperpy3ku), TepMOBaKYyMHbIE U KJIMMaTHye-
CKUE BO3IEUCTBUS, a TAKXKe Ha JIEKTPUIECKYIO
COBMECTUMOCTh CHUCTEM M IIPUOOPOB M BJIEK-
TPUYECKYIO MTPOYHOCTh M30JsUMU. B xome ot-
paboTtku Ha ucnbiTaTenbHol 6aze KUC u JIMC
Hay4dHasl arapaTtypa JOBOIUTCS IO 3adaHHBIX
TEXHUUYECKOI JOKYMEHTalMell XapaKTepUCTHUK.

TexHuyeckoe 3amaHWe Ha CTPOUTEILCTBO
KHWC un JIUC, ux cTpyKTypy M COCTaB MCIIbI-
TaTeJIbHOro 000pydOBaHUs OBLIO pa3padoTaHO
IOl PYKOBOICTBOM 3aMECTHUTENSI ITUPEKTOpa
MKU B. M. Parnepa.

HaszemHpblit ucnibiTatebHbli Komiieke MKH
aKKpemUTOBaH B KavyeCTBE MCITBITATEILHOTO
LIeHTpa AKaleMUH HayK ¥ BXonuT B Denepaib-
HYIO CHUCTeMY CepTUDUKAIMU KOCMUYECKOM
texHuku (PCCKT) ¢ mpaBamu TMpoBeneHUS
cepTU(PUKAITMOHHBIX UCTIBITAHUM HayIHO 1ie-
JIEBOIA anmaparypbl KOCMUYECKUX arapaToB.

B 1967 rony MHCTUTYTYy OBLIO MOAYMHEHO
Ocob6oe koHcTpykTOpckoe 6ropo (OKBb MKW)
Bo ®pyH3e (HbIHE BMIlIKEK) — KOHCTPYKTOP-
CKasl OpraHu3alysl CO CBOWM OIBITHBIM IIPO-
n3BoactBoM. ITocne pacrmaga CCCP OKB oka-
3aJI0Ch 3a TpaHMIIEH U B3aMMOJIEHCTBUE C HUM
CTaJIO OCYILIECTBJISATHCS HA TOTOBOPHOI OCHOBE.

ITpu LleHTpe manpHEr KOCMUYECKON CBS3U
B EBmaropuu (KpbiM) coznaHa TepMUHaIbHAS
CTaHIIMS C AaBTOMATU3MPOBAHHBIM KOMILUIEKCOM
00paboTKM U Tiepeayn HayIHOI MH(pOpMaIInu.

B Tapyce Kanyxckoit obiactT opraHusy-
€TCSl OIBITHOE TIPOM3BOJACTBO IO CO3IaHUIO
HayuHoii anmapatypsl (CKB KIT MKH). I1o-
cJielIHUE TOJbl OHO (PYHKIIMOHMPYET Ha IpaBax
npubopoctpouTtesbHoro otaeneHus MKA.

CeronHsHssg cTpyktypa MHcTuTyTa TIpen-
craBjicHa 15 OCHOBHBIMY HayYHBIMHU, 16 00CTy-
KUBAIOIUMUA U 2 TIPOU3BOACTBEHHBIMU TIO[I-
pa3neaeHUsIMU.

E. M. Vasilev was the head of the both since
its inception.

Design and construction of scientific com-
plexes onboard interplanetary spacecraft, track-
ing platforms, onboard systems, control logic,
data acquisition and transmission, etc. was as-
signed to the Department of Software-Con-
trolled Systems (head B. N. Novikov).

Testing and Control Station and Laboratory
Testing Station (KIS and LIS respectively, ac-
cording to Russian abbreviation) were created to
test the instruments before they were mounted
on spacecraft, and to study their performance
within onboard systems and under the space
conditions. They have become the main test-
ing facilities for space instrumentations at the
Academy of Sciences. They are equipped for
mechanical (vibration, shock, linear overload),
thermal vacuum, and climatic tests as well as
tests for electrical compatibility and insulation.
During fine-tuning at these facilities the instru-
ments are gradually adjusted according to their
specs.

V. M. Ratner, former IKI deputy director, su-
pervised these two testing facilities as they were
being built.

IKI test facilities are certified as the test cen-
ter for the Academy of Sciences and are part
of a Federal System of Certification of Space
Equipment, which is entitled to test scien-
tific space instruments according to certificate
testing.

In 1967 IKI was reinforced with the Design
Bureau (OKB IKI), an engineering organization
with a pilot production facility, in Frunze (now
Bishkek, the capital of Kyrgyzstan). After the
collapse of the Soviet Union this OKB became
a foreign organization and now is a contractor of
IKI.

A terminal station with automated scientific
data processing and transmission system was
built at Deep Space Communication Center in
Eupatoria (Crimea).

A pilot production facility for scientific in-
struments was established in Tarusa (Kaluga
region) — Special Design Bureau for Space In-
struments Engineering (SKB KP IKI). In recent
years it works on as the instrument-making de-
partment of IKI.

The current Institute structure includes
15 main departments, 16 service departments
(including 2 construction departments).
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KUC (K p Tapyca. OneimHoe npou3eodcmeo
cmaHyus UKU PAH). TepmoeakyymHas uCney Hoe KOHCmpy pcKoe 6lopo
ycmatoeka TBY-100r/3,8-07 KOCMUYecKo2o npu6opocmpoeHus

IKI Testing and Control Station Thermal vacuum Tarusa. Pilot production and Special Design
facility TBY-100[/3,8-07 Bureau of Space Instrument Engineering

|7

i,

E pus.70 p @pyH3se (HoiHe Buwkek). Ocoboe
n-2500 (PT-70) KoHcmpykmopckoe 6topo (OKB UKU) —
Eupatoria. CA-2500 (RT-70) 70 m antenna KoHcmpy pcKas op jusi co ceoum
ONbIMHbLIM NPOU3800CMEOM
Frunze (now Bishkek). Design Bureau
(OKB IKI) — engineering organization with its
own pilot production
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K umcity HaydHBIX TOIpa3neieHrit OTHOCSITCS:

* oTmeJ KocMOGHU3NKI
PYKOBOAMTENb — JOKTOP (U3UKO-MaTeMa-
tuyeckux HayK H. C. Epoxun;

* otTaea acTpo(U3NKH BHICOKHX SHEPruii
PYKOBOAMTENb — JOKTOP (DU3UKO-MaTeMa-
tuueckux Hayk M. H. [laeaunckuil;

* oTne’ (pu3MKH IUIaHeT
PYKOBOAMTENb — JOKTOP (U3UKO-MaTeMa-
Tnueckux Hayk O. Y. Kopabaée;

* otael (pu3MKN KOCMUYECKOI Ia3Mbl
DYKOBOAMTENb —  YJIEH-KOPPECTIOHIEHT
PAH, nokrop ¢u3nMko-mMaTeMaTu4ecKux
Hayk A. A. Ilempykoeuy;

* OTIeJ HCCle0BaHus 3eMIIH U3 KOCMOca
PYKOBOIWTENb — JOKTOp (hU3MKO-MaTeMa-
THYeckux Hayk E. A. lllapkos;

* OT/eJ] TeXHOJIOTHi CIlyTHUKOBOTO MOHUTOPHHTA
PYKOBOIWTENh — JOKTOP TEXHUUECKHUX HAYK

E. A. Jlynsanu;
*  OTIeJ ONTUKO-(hU3NMYECKHX HCCIIe0BAHMIA
PYKOBOIMTENIb — KAHAWAAT TEXHUUYECKUX

Hayk P. B. becconos;

* oTAe] KOCMHYECKOil TMHAMHUKHA M MaTeMaTH-
4ecKoii 00padoTKN nnopmManun
PYKOBOAUTENTb — JOKTOP TEXHUYECKUX HAYK
P. P. Hasupos;

*  OTHAeJ 9ePHOM IUIAHETOJIOTH
PYKOBOAMUTENb — IOKTOp (hU3MKO-MaTema-
tuueckux Hayk U. I Mumpoganos;

* OTHeNl HAOMIONATENHHONW M TeopeTHIEeCKOi
ACTPOHOMMUM H pauouHTEpdepoMeTpHn
DPYKOBOIWTENh — JOKTOP (bU3WKO-MaTeMa-
tnueckux Hayk C. C. Mouceenko.

K OCHOBHBIM OTZE/IaM OTHOCSITCSI TAKKE KOM-
IUIEKCHBIE MOpa3e/ieHHs], TaTeHTOBAaHUSI M MH-
HOBAallMOHHOM HeSITeIbHOCTH, O00pabOTKM MH-
(opmanum, Ha3eMHBIX HAYYHBIX KOMIUIEKCOB:

* OTHE] MPOEKTHPOBAHMS M IKCHEPUMEHTANb-
HOil 0TPa0OTKH OOPTOBOW M CHEHHAIH3MPO-
BaHHOIi aNMapaTypbl M KOMILIEKCOB
PYKOBOIUTENIb — JTOKTOP TEXHUYECKUX HAYK
U. B. Yyakos;

* OTIeJl MATEHTOBAHUS U WHHOBAIMOHHOI Jesi-
TEJIbHOCTH
pykoBonutenb — I. C. Yemunosa;

*  OTIEeJ TeJEKOMMYHUKALMOHHBIX CeTeil U BbICO-
KONPOH3BOIUTEIbHBIX BHIMUCINTEIHHBIX KOM-
IUIEKCOB
pykoBomutenb — A. b. Arexcandpos;

* 0THEeJ Ha3eMHbIX HAYIHBIX KOMILIEKCOB

pykoBonutenb — B. H. Hazapos.

Jnist  B3auMomeucTBUs  (yHIAMEHTATBHOMN
HayKu ¥ 00pa3oBaHUs CO31aH

* Hayuno-oopa3osarennnbiii  menrp (HOIIL
KU PAH)
PYKOBOIWTENb — KaHAWAAT (BU3NKO-MaTe-
Matnueckux HayK A. M. Cadoseckuii.

B 2014 rony ero ctpykTypa Obljla OOHOBJIE-
Ha. B Hacrosiiee BpeMsI OH COCTOUT M3 TPEX
OTIEJIOB: HAyYHO-MCCIEIOBATEIbCKUX TPOEK-
TOB; y4eOHbII, YacTblO KOTOPOIO cTaja aciu-
paHTypa, W OTAE] TONMYJISpU3alUM KOCMMYE-
CKUX UCCIIEIOBAHUN.

The scientific departments are:

* Space Geophysics (Prof. N. Erokhin);

+ High Energy Astrophysics (Dr. M. Pavlinsky);

» Planetary Physics (Dr. O. Korablev);

* Space Plasma Physics (Dr. A. Petrukovich);

+ Earth Exploration from Space (Prof. Dr.
E. Sharkov);

+ Earth Remote Sensing Technologies (Dr.
E. Lupyan);

* Optical-Physical Research (Dr. R. Bessonov);

* Space Dynamics and Mathematical Informa-
tion Processing (Dr. R. Nazirov);

* Nuclear Planetology (Prof. Dr. I. Mitro-
fanov);

* Theoretical and Observational Astronomy and
Radiointerferometry (Dr. S. Moiseenko).

Following are 2 integrated departments, 2 in-
formation processing departments and Educa-
tional Outreach Center, which are also consid-
ered as main departments:

* Onboard and Special Instruments R&D
(I. Chulkov);

* Patenting and Innovation Management
(G. Ustinova);

* Telecommunication Networks and High-Ca-
pacity Computer Clusters (A. Alexandrov);

* Ground Control and Operation Complexes
(V. Nazarov);

* Educational Outreach Centre (Dr. A. Sa-
dovsky).

Educational Outreach Center was established
to built a liaison between basic science and edu-
cation and reorganized in 2014. It currently con-
sists of 3 departments: Research and Develop-
ment Projects; Education (including graduate
school); Space Research Popularization.



Kaxoelii 200 8 [leHb Kocmo-
Haemuku — 12 anpensa,ue
JfleHb KOcMUYecKoU HayKu —
4 okmabpsa, UKU PAH npoeo-
oum [JHu omkpeimoix 0eepeli
051 cmyo u

koe u KoHgpep ]
Y4€HbIX

Ocranucsk B ctpyktype MKMW PAH, nomumo
aJIMUHUCTPATUBHO-YTIPABICHUECKUX, TEXHU-
YecKre M TPOU3BOACTBEHHBIC TOAPA3ICICHMSI,
a Takke, Ha MpaBax 000COOJEHHOTro Moapasie-
neHus1, CrenmaibHOe KOHCTPYKTOPCKOE GIOpo
KOCMUYECKOTO IMpuOopocTpoeHus B ropone Ta-
pyce Kanyxckoit odnactu u IlpeacraBureiib-
ctBo MHctutyTa B Kphimy B LleHTpe nanbHeit
KOCMUYECKOU CBSI3U.

Ana nponazaHdel docmu-

JKeHul KocmuYyecKol HayKu

U N0020MoBKuU MONI0OEXU

K HayyHolu pa6ome 8 UKU

PAH co30aH HOL| (Hay4Ho-
P L

P 4
u my3eli-ebicmaska,

Ha Komopoli npedcmasnieHs!
peansHbie npubopbel, MaKkemsi
KocMuyecKux annapamos

up uccneo.

Every year on April, 12
(Cosmonautics Day) and on
October, 4 (Space Science
Day) IKI hosts Doors Open
Day for high-school students
and undergrads, as well

as conferences for young
scientists

Technical and engineering departments re-
mained within IKI in addition to administra-
tive and management departments; Special
Design Bureau for Space Instruments Engineer-
ing in Tarusa (Kaluga region) is a separate divi-
sion (head V. Angarov). IKI also has an Office
in Crimea at the Deep Space Communication
Center (head — A. Scherbina).

To promote the achieve-
ments of space science and
to inspire younger genera-
tion for scientific career, IKI
has established EOC — Edu-
cational Outreach Centre
and Exhibition, presenting
real space instruments

and spacecraft mock-ups,
and the results of the real
research
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Taxénvie Hay4yHole Proton 1,2, and 3 — heavy
cnymHuuku «llpomos-1, scientific satellites
-2,-3»

16.07.1965 200a. Kocmodpom batikoHyp. lNepewbili cmapm
pakemei YP-500 («[1p ), P Ha
3eMHy0 op6umy c «Ip 1»ona
usyyeHuUA KocmuvecKux sy4eli u 63aumodelicmeus c sewse-

Kui cny

cmeom ceep oKUX i. Kocmuyeckas pakema-
Hocumenb «[lpomoH» — «paboy4as owadsb» KocMuyeckol
HayKu — 0 20061 0bec 3anycKku maxeénvix
Hay4YHo-uccneod: KUX cny u

HbIX cmaHyuti

July 16, 1965. Baikonur cosmodrome. UR-500 (Proton) heavy
launcher maiden flight, which brought to the orbit Soviet Proton

1 satellite dedicated to studies of cosmic rays and interaction with
ultra high energy matter. Proton launcher became a workhorse
for space science, for many years having been supplying the
launches of heavy scientific satellites and interplanetary stations

Komnnekc Hay4yHoli Scientific payload aboard
annapamypel, Proton 1,2, and 3
ycmanaenueaswulics

Ha cnymHukax

«[lpomoH-1, -2, -3»

CotpynHuku MHCTUTYTA HEMOCpPeaCTBEHHO
TOTOBWIM U TIPOBOIWIM HayJHBIE MCCIIEIOBa-
HUS W OKCIIEPUMEHTHI, TOJydaJin U oOpaba-
ThIBaJIM MHGMOPMALUIO ¢ KOCMUYECKUX arra-
paToB, 3aIyCKaeMBbIX KaK TI0 HaIlMOHATbHOM
KOCMUYECKOI TporpaMMe, HauyWHasi CO CITyT-
Huka «[IpoToH», Tak M B paMKax MeXIyHa-
POMHOTO COTpyaHWYecTBa. B mociemHee rombr
0COOEHHO BaXKHBIM CTaJIO UX aKTUBHOE YJ4acTHe
B KauyecTBE COMCIIOJHUTENIEH B 3apyOesKHbIX
KOCMUWYECKUX ITPOEKTAaX.

B onHux mpoexkTax y4éHble U CIEeLIMaJIMCThI
HMHctutyTa pazpabaTbhiBaJld U UCITBITHIBAIN OOP-
TOBBbIE KOMIUIEKCHI HAyYHOI anmapaTyphbl, a 3a-
TeM MPOBOIWIM UCCIEIOBAHMS C UX IIOMOIIBIO,
B IPYTMX — 3aHUMAJIMUCh TMOJyYyeHUEeM U obpa-
60TKOI HayYHOI MH(DOPMAITUU ¢ KOCMUYECKUX
anmnaparoB, €€ aHaJIM30M U MHTEPIIpeTallueid.

16 mions 1965 roma Gbuta 3amyileHa camasi
TsKENNass Ha TO BpeMsl HaydyHash KOCMUYecKast
crannusa «IIpoton» maccoit 12,2 ToHH (Macca
Hay4yHOM amrmapatypbl — 3,5 TOHH) JUISI KOM-
IUIEKCHOTO WM3YYeHUS KOCMHUUYECKUX JIydei
¥ B3aMIMOJICIICTBUSI C BEIIECTBOM YaCTHUIL CBEPX-
BBICOKUX 3Hepruil. McciaenoBaHusi ObUIM Mpo-
IoKeHbl Ha craHuusx <«[IpotoH-2, -3, -4».
Ha KA <«IIpotoH-4» Mmaccoii okono 17 TOHH
ObLT YCTAaHOBJIEH KOMILJIEKC Hay4yHOIl amrmapa-
TypBI Maccoit 12,5 TOHHBI.

ITonérer uckyccrBeHHoro cnytHuka (MC3)
«[IpoTOH» OTKPBLIM HOBOE HalpaBjeHWEe B pa3-
BUTUU 3KCIIEPUMEHTAIBHON M TEOPETUIECKOM
acTpodU3UKH, a TaKKe PUNKU DJIEMEHTAPHbBIX
yactuil. C IMOMOIIBIO YCTAHOBJICHHOTO Ha GOpTY

Proton 4 satellite had a mass
of 17 ton

CnymHuk «[IpomoH-4»
maccoti 17 moHH

CpaeHeHue pasmepos
Z .

P pamypst
cny «p 4
(cneea) u «llpomoH-1, -2,
-3» (cnpasa)

Proton 1, 2, 3 (right) and
Proton 4 (left) onboard
equipment

The Institute specialists were involved in both
national and international projects, preparing
and performing space experiments, collect-
ing and processing data from spacecraft, start-
ing from the first Proton heavy satellite (1965).
In recent years they were also very active in in-
ternational projects as cooperators and co-inves-
tigators.

In some projects scientists and specialists of
the Institute developed and tested onboard sci-
entific equipment, and then did research with
their help, in others they received and processed
data from spacecraft, analyzed and interpreted it.

On July 16, 1965 the heaviest at that time sci-
entific space station Proton was launched. Hav-
ing mass of 12.2 tons (with 3.5 tons of scientific
payload), it was aimed at in-depth study of cos-
mic rays and effects of ultrahigh-energy particles
on matter. This research continued on Proton 2,
3, 4. Proton 4 had a mass of 17 tons with scien-
tific payload of 12.5 tons.



Komnnekc Hay4yHou Scientific payload onboard
annapamypsi cnymHuka Proton 4
«[lpomoH-4»

CIIYTHUKOB HMOHM3AaLIMOHHOIO KaJlOpUMETPA,
ramMmMma-Tejieckona W MpuOOpPOB M U3YYEHUS
KOCMUYECKUX JIy4ell BIEpBbIE B KOCMOCE UC-
CJIEIOBAJIMCh COJIHEYHbIE KOCMMYECKHE JIY4YU
U UX pavalMOHHasl OIMACHOCTb, PErMCTPUPO-
BaJIUCh SHEPTETUYECCKUIA CTIEKTP U XUMUAYECKUAN
COCTaB KOCMMYECKOTO H3JIYYEHUS, U3y4yaloCh
SIIEPHOE B3aMUMOJEHCTBUE YACTHULL CBEPXBBICO-
KUX dHepruil, prkcrupoBanach abCOTIOTHAS UH-
TEHCUBHOCTb U OIPEIEIISICA SHEPreTUYeCKUit
CIEKTP raJlIaKTUYECKOI0 TaMMa-Mn3J1y4eHUSI.
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8cex yacmuy zanakmuye-
CKUX KOCMUYecKux s1y4yeu.
Kpecmuku — npu6op

C33-14, kpyxku — UK-15 g

Integral spectrum of all
galactic cosmic rays particles.
Crosses — SEZ 14, circles —
K15 -

C J p 3Hepauli IK 15 — spectrometer
u3apnooe UK-15, for energies and charges,
npeoHasHayeHHoll to register nuclei of energies
ana pezucmpayuu adep 107°°..10" eV in primary

nepeuYHbIX KOCMUYecKux
nyl;voeﬁ -] Bganasoue 3Hepaull
10"°...10" 3B

cosmic rays

Flights of Proton spacecraft family marked
a new trend in experimental and theoretical as-
trophysics as well as particle physics. For the
first time space-born instruments examined so-
lar radiation and its hazards, energy spectrum
and chemical composition of cosmic rays, in-
teractions of ultrahigh energy particles, absolute
intensity and energy spectrum of galactic gam-
ma rays.
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WnumezpaneHsili cnekmp
NpPomMoHo8 KOCMUYecKux Jiy-
yel. 1-3 — «[I[pomoH-2, -3»

p 1—«lp 3»

Integral spectrum of galactic
cosmic ray alpha patrticles,
according to various authors.

1— Proton 3 6e30 ne.

. P p
UnmezpaneHeili cnekmp emo- HuA; 4 — «[lpomoH-3» ¢ Oe-
PUYHbIX p 6. mexkmop ]

2e0MAzHUMHO20 3Keamopa.
2 — «[lpomoH-3», 4 — «[po-
MOH-4» and 3, without orientation
Integral spectrum of secondary ~ detector; 4— Proton 4 with
electrons near geomagnetic equa-  orientation detector
tor.2— Proton 3,4 — Proton 4

Integral spectrum of cosmic
ray protons. 1-3 — Proton 2

Ipuzopoe
Haym Jleonudosuy
(1915-2005)

Naum L. Grigorov
(1915-2005)

H.J1. [puzopoe — evbioarowulics
cosemckuli ¢pusuk — uoeoso2

npoexkma «[IlpomoH». OH paspaboman
Opu2UHANbHbIG Memo0d onpedesieHus
cmeneHu Heynpyz2ocmu é3aumodelicmeus
npomoHo8 KocMmuyecKux jiy4el

C AamoMHbIMU A0paMu ammocgepel.
N306pén HoebIli MemOO usmepeHus
3Hepauu 8bICOKO3Hep2U4YHbIX AOPOHO8 —
UOHU3AYUOHHbIU Kanopumemp.
lMpeodno>xun memoo usmepeHus

HUXXHeli 2paHuybl 3¢h¢hekmueHo20
ceyeHus Heynpy2o20 83aumodelicmaus
NpoMmMoHOo8 KocMu4ecKuXx jiy4eli 8bICOKOU
3Hepauu c A0pamu ammocgepbl nymém
usmMepeHus NOMoKa dOpOHO8 8 HUXKHell
yacmu ammoceepeol, udyuux 6es
conpoeoX0eHus opyaumu yacmuyamu

N.L. Grigorov — prominent Soviet physicist, who
bore an idea of Proton series. He developed a
genuine method to determine the range of inter-
action inelasticity between cosmic ray protons
and atmospheric atom nuclei. He invented a new
method to measure the energy of high energy had-
rons, named ionization calorimeter. He proposed
a method to determine the lower boundary of
effective cross-section of inelastic interaction be-
tween cosmic rays protons and atmospheric nuclei
by measuring hadron flux with no accompanying
particles in the lower atmosphere

2 'g Tl n SpgpexkmueHoe ce-
e ~{ | veHueHeynpyzozo
p-p-83aumodeiicmeus.
Touyku — «[lpomok-1, -2,
-3»; Kpueas — OaHHble,
nosyyeHHvle no3dHee Ha
ycKkopumensax

i Effective cross-section

of inelastic p-p interaction.
Dots — Proton 1,2,and 3;
curve — later data obtained
at accelerators
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BHu3y: 3¢ppekmuseHblie
ceyeHuUsA Heynpy2020 63a-
delicmeus

oL S

cAadpamu yanep;aa.
1— «llpomoH-1,-2,-3» 6e3

2— «I7porrnom-3»r c demexk-
pom; 3 — «[p 4
| Effective cross-section
of inelastic interaction
" | between protons and carbon
I nuclei. 1— Proton 1,2,and 3
1 without orientation detector;
- - 2 — Proton 3 with orientation
o o detector; 4— Proton 4
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3 ¢peepana 1966 200a asmomamuyeckas
JlyHHAs cmaHyus «JTyHa-9» enepevie

8 Mupe cogepuiwia MA2KyH NOCaoKy

Ha noeepxHocmu JlyHbl Ha 3aNnadHOM Kpae
OkeaHa bypb, 3anadHee Kpamepoe PeliHep
uMaputi. Ha 3emsio 6b11a nepedaHa nepeas
8 Mupe Kpyaoeas (pomonaHopama iyHHoU
noeepxHocmu e patioHe NOCAOKU CMaHyuu.
lMpoeedéH pad Hay4HbIX uccnedoeaHuli

U usmepeHuli HenocpedcmeeHHO

Ha nosepxHocmu JTyHol

On February 3, 1966, Luna 9 automatic lunar
station became the first spacecraft to achieve a soft
landing on the Moon’s surface, on western border
of Oceanus Procellarum (Ocean of Storms), to the
west of Reiner and Marius craters. It was also the
first to transmit photographic panorama of the
lunar surface near the landing site to Earth. Several
scientific experiments were run in situ

Luna 9 lander — the first
to achieve a soft landing
on the surface of the Moon

MocadoyHelii annapam
asmomamuyeckol mexnna-
HemHou cmanyuu «JlyHa-9»,

c
P P

8 UCMopuUU MA2KYI0 NOCadKy

Ha nosepxHocme JlyHol

«JlyHa-9» 8 yexe 3asoda

um. C.A.JlasoyKkuHa

u cxema nosiéma cmaHyuu
Luna 9 at the Lavochkin
Association plant and it’s flight
scheme

Manopama nyHHoU
noeepxHocmu, cocmas-
JIeHHas u3 usobpaeHuli,
nepeodaHHbIX HAa 3emMJli0
AMC JlyHa-9»

Lunar surface panorama,
made from images,
transmitted to the Earth
by Luna 9

AMC «JlyHa-9» 8 nepeném-
Holi KoH(u2ypayuu

Flight configuration of Luna 9
automatic lunar station

31 auBaps 1966 roga 3amyiieHa aBToMaTH4e-
ckas craHuus «JIyHa-9». 3 despans 1966 rona
CITyCKaeMblld ~ ammapaT CTaHIIMM  BIIEPBBIE
B MHpE COBEpLUIMJI MSITKYIO TMOCAIKy Ha Io-
BepxHocThb JIyHbl U mepenan u3 paiioHa Okea-
Ha Bypp maHopaMy okpyxaromero yaHmiacd-
Ta. [InUTeIbHOCTh aKTUBHOIO CYIIECTBOBAHUS
CITyCKaeMOTO arrapaTta Ha TTOBepXHOCTH JIyHBI
cocraBmia 46 yacoB 30 muHyT 30 CEeKyH/I.

HanmomuuM, uto HU onHa U3 paHee Mpen-
MPUHUMABIIMXCS TIOTBITOK KaK OTEYeCTBEH-
HBIX, TaK M aMEPUKAHCKUX WCCIenoBaTeeit
IIOCTaBUTh Ha JIYHHYIO MOBEPXHOCTb HAY4YHYIO
arrmapatypy B pabOTOCIIOCOOHOM COCTOSTHUU
He yBeH4ajach ycrexoM — ¢ 1959 no 1965 rox
OBLIO COBEPIIEHO IMSTh XKECTKUX «I10CANOK» Ha
JIyHy amepukaHCKUX « PeHIXKEepOB» U YeThIPEX
CcOBETCKUX «JIyH».

BeimonHeHHass NpW  pa3IAYHBIX  BBICOTAX
CosHIIa Hajl TOPU30HTOM ChEMKA Jajia BO3MOX-
HOCTb W3YYUTh MUKpOpebed JIYHHOTO TPyHTa,
OMpeNenTb pa3Mepbl U GopMy BMAAWH M KaM-
Hell. YcrenHas mocaka CIlyCKaeMoro arrapaTa
«JIyHa-9» u n300paxkeHus JIyHHOI TTOBEPXHOCTH,
rnepenaHHbie Ha 3eMITio, UMeJn OOJIbLIoE 3Haue-
HUe TSI TaTbHEUIMX MoNEToB K JIyHe, BKimodast
ITAHUPYEMYIO BBICAIKY Ha He€ YeIoBeKa.

3mapra 1966 roma 3amyileHa aBTOMAaTH-
yeckas craHuug <«JlyHa-10». 3 amnpenss oHa
cTajla TIePBBIM MCKYCCTBEHHBIM CITYTHUKOM
Jlyaer (MUCJI). B TedyeHue 56 cyrok u3Mepsi-
JIUCh TaMMa-M3JTydeHue TIOBEPXHOCTU, Mar-
HUTHOE U TpaBUTALIMOHHOE Tojsi. [lomydeHs
KOCBEHHBIE JaHHBIE O XMNMHWYECKOM COCTaBe

On January 31, 1966 Luna-9 unmanned sta-
tion was launched. On February 3, 1966 for the
first time ever its lander descended to the Moon
and sent back panorama near Oceanus Procel-
larum. The lander’s active lifetime on Moon
surface totaled 46 hours, 30 minutes and 30 sec-
onds. (It is worth to note that none of the pre-
vious USSR’s or United States’ endeavours to
deliver operational scientific equipment to the
surface of the Moon had been successful, with
five US Ranger-family and four USSR’s Lu-
na-family landers crashing from 1959 to 1965).

Luna-9 sent back images of lunar surface
at different sun’s position above the horizon,
which made it possible to study small features of
the relief, sizes of rocks, and depressions. Suc-
cessful Luna-9 landing and the images it re-
trieved were of high importance for further lunar
flights including manned Moon exploration,
which was then underway.

On March 3, 1966 Luna-10 unmanned
spacecraft was launched. On April 3, it became
the first artificial satellite of the Moon. Surface
gamma emissions, magnetic and gravitation
fields were being studied for 56 days. Chemi-
cal composition and radioactivity of rock were
measured, albeit indirectly. 3 more orbiters fol-
lowed the spacecraft: Luna-11, -12 and -14
(1966—1968). Each was unique, bearing its own
features, sporting new designs and new instru-
ments.



U paguoakKTUBHOCTHU Tnopon JIyHbl. B panbHeii-
meM Obutn 3amymensl ewmg Tpu MCII:
Jlyna-11, -12, -14» (1966—1968). Hu onHa u3
CTaHUMI He MOBTOpPsiIa MPEAbIAYILYIO: B KaX-
IO¥l ObUTa CBOSI M3IOMUHKA, pealn30BaHbl HO-
Bble KOHCTPYKTOPCKUE PEIeHUs], UCTIOIb30Ba-
Ha JIONOJIHUTEIbHASI Hay4YHasl anmaparypa.

YcraHoBneHHast Ha «JlyHe-12» doToTeneBu-
3MOHHAs cCTeMa Tepenana KpyrmHoMacITabHble
U300pakeHus y4acTKOB JIYHHOU MOBEPXHOCTH.
CucreMaTnieckue UIMTEIbHBIE HAOIIONESHMS
3a u3MeHeHueM mnapameTpoB opoutr MCJI mo-
3BOJIMJIM YTOUHUTbH COOTHOLIEHWE Macc 3emiu
" e€ eCTECTBEHHOTO CITyTHUKA U TaHHbBIE O Tpa-
BUTAlIMOHHOM T10J1e JIyHBI, €€ dopme. M3yua-
JIUCh TaKXKe KOCMUYECKUE JIy4U U TTOTOKU UILy-
mux ot CoJTHIIa 3apsIKeHHBIX YACTUII.

Annapam «Jlyna-10»

Luna 10 and the first artificial

u ebigedeHHblli elo satellite of the Moon it inserted
Ha OKoJI0/lyHHY10 Op6umy into the orbit

P (i UCKYCC 7]
cnymHuk JlyHel

Phototelevision system onboard Luna-12
orbiter sent large-scale images of lunar surface.
Regular and long observations of spacecraft or-
bital parameters resulted in more precise calcu-
lations of Earth-to-Moon mass ratio as well as
Moon’s shape and gravitational field. Cosmic
rays and charged particles form the Sun were
also being studied.

3 anpens 1966 200a enepevie 8 Mupe
asmomamudyeckuu annapam JlyHa-10»
8blees1 Ha OKOJI0/TyHHYI0 op6umy
ucKyccmeeHHsi1ti cnymuuk JlyHel.

CmaHyus ebINosIHUWIA pSA0 HAYYHO-
mexHUYeCcKUX uccsiedo8aHuti U usmepeHut.
O6uyee epeMs aKIMUBHO20 CYyUW4ECIMBOBAHUS
cnymHuka JlyHel Ha ceJieHOYyeHmpu4yecKou
op6ume cocmaeusio 56 cymok 6 4acoe

50 muHym. lpoeedeHo 219 ceaHcoe ceA3U

On April 3, 1966 Luna 10 automatic station put
into the circumlunar orbit the first artificial satellite
of the Moon. Several scientific and technological
experiments were performed. Active lifetime of the
spacecraft on the circumlunar orbit was 56 days 6
hours and 50 minutes with 219 communication
sessions

Mcmucnae Bcesonooosuy
Keno pacc

Mstislav V. Keldysh examines
the images of the lunar
surfaces, transmitted

by the Luna 9 lander

p
CHUMKU NnogéepxHocmu
JlyHel, nepedaHHble
nocado4HbiM annapamom
cmanyuu «JlyHa-9»

O0HOomunHvle NyHHblE Luna-11,12,and 14 orbital
op6umansHele probes of one and the same
uccnedosamenu — series

«JlyHa-11,12u 14»
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18 okma6psa 1967 200a enepeabie 8 Mupe
ocyuwjecmersi€H cnyck Nocado4yHo20
annapama AMC «BeHepa-4» e ammocghepe
BeHepbi c nepedadeli Ha 3emsiio0 OGHHbIX

0 memnepamype, 0aesieHuU U XUMU4ecKom
cocmaee ammochepbl nnaHemol

On October 18, 1967, Venera-4 automatic space-

craft was the first to descend into the atmosphere

of Venus and transmitted to the Earth data on the
temperature, pressure, and chemical composition
of the Venusian atmosphere

Cxema moyHocmu Pointing accuracy scheme
HasedeHus AMC of Venera-4 automatic
«BeHepa-4» interplanetary station

R, A,

Left. Venera-4 at the Lavochkin
Association plant

4» 8 yexe
um. C.A.JlasoyKkuHa

Lander of Venera 4 automatic
interplanetary station

MocadoyHbili annapam
AMC «BeHepa-4»
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12 wions 1967 roma 3amymena AMC «Be-
Hepa-4» — TIepBbIM KOCMMWYECKHUI1 amrapar,
BBITIOJTHUBIIMI TIpIMble M3MEPEHUSI B aTMO-
chepe mpyroii maaHeTsl. CIIOXHOCTh pean3a-
LIMY MPOEKTa 3aKJI0YaIoCh B TOM, YTO K 3TOMY
BpeMeHU He OBLIO JTOCTOBEpHOU MHMOpManum
00 ycloBUsAX B aTMocdepe M Ha IOBEPXHOCTU
TUIAHETHI, MPEXIe BCero, o TeMreparype u AaB-
sennn. CITyckaeMmblid — aIrmapar M3TOTOBUIIN
B pacuérte Ha maBieHue B 10 atmocdep. B uro-
re CTaHUMSI TpeKpaTuiaa paboTy Ha BBICOTE
25 KAJIOMETPOB OT TIOBEPXHOCTU, He BHIIEpKaB
peanpHOrO maBieHus B 18 armocdep. Bmecte
C TeM, yIaJ10Ch BBITTOJTHUTD MPSIMbIE UBMEPEHUST
XapaKTEePUCTUK aTMOC(HEPhl B TEUCHUE TEePBBIX
MOJIyTOpa 4YacoB CITyCKa: TeMIIepaTyphl, HaB-
JIEHHsI, CKOPOCTH BeTpa, conepxanus CO,, N,
n H,O Ha BbicoTax 25...55 KUJIOMETPOB OT I10-
BEpXHOCTU IUIAHETHl. BBISICHWIOCH, YTO aT-
mocdepa coctout Ha 90..95 % us CO,, asor
He HalimeH. B MOMeHT pa3spylieHus cCITycKae-
MOTO ammapaTa Obula 3aUMKCHpOBaHA TeMIIe-
parypa atMocdeps 535 K.

Ha npon€tHoM armmapaTe U3Mepsuuch mapa-
METPhl KOCMUYECKOU TIa3MbI W yJIbTpaduoe-
TOBO# paavaluu. bbljia OTKpbITa MPOTSIKEHHAS
BozmopoaHasi KopoHa Benepsl. B mocnemyrommx
samyckax AMC «Benepa-5 u -6» (1969) BbimoJ-
HSIJTUCh aHAJIOTMYHbIE U3MEPEHMS ¢ TTOMOIIbIO
MPUOOPOB TIPOJIETHBIX U CITyCKAaeMBIX arrapa-
TOB, KOTOpPBIE€ OBLIA pacCYMTAaHBl Ha NaBJIEHUE
25 atMocdep. IIpu Bo3pacTaHUM B XOHE CITy-
cka napieHus 1o 27 atMocdep u TeMneparypbl
no 320 °C nmpuéM CUTHAJIOB CO CTaHLMI TIpe-
KpaTuics.

Cxema nonéma cmaxyuu «Bexepa-4»
Venera-4 flight scheme

On June 12, 1967 Venera 4 was launched —
the first spacecraft to take measurements in the
atmosphere of another planet. The project’s dif-
ficulty was that by that time no reliable informa-
tion about the atmosphere and the surface of
the planet (mainly, their temperature and pres-
sure) was available. The lander was made with
assumption of 10 bar pressure. Hence the sta-
tion stopped working at a height of 25 km above
the surface, unable to bear the real pressure of
18 bar. However, the first hour and a half of de-
scent brought back some results on temperature,
pressure, wind speed, CO,, N, and H,O con-
centrations on the heights of 25...55 km from the
surface. Research yielded that the atmosphere
consisted by 90...95 % of CO,, no nitrogen was
found. Temperature recorded at the time of the
lander’s destruction was 535 K.

The flyby spacecraft measured space plasma
properties and ultraviolet radiation. Venus’s vast
hydrogen corona was discovered. During subse-
quent missions of Venera-5 and 6 (1969) similar
measurements were carried out with instruments
located on flyby modules and landers designed
for pressures of 25 bars. As the pressure reached
27 bar and temperature grew to 320 degrees Cel-
sius, stations stopped sending data.



Instrument detectors on
the outer side of scientific
module, Mars 69 automatic
interplanetary station

Aamuuku npu6opoe

Ha P mu
8epxHe20 HAYy4HO20 MOOyNsA
AMC «Mapc-69»

Cocmae Hay4yHoli annapamypbel op6umanbHo20
annapama:

OcHogHoli Hay4HoU 3ada4eli cmaHyuu «Mapc-69»
66110 homozpagupoeanue nosepxHocmu Mapca
npu nomowju mpéx gpomomesie6U3UOHHbIX
ycmaHoeok, komopsle o6ecneyusanu
mMakcumasbHoe paspeuwieHue Ha CHUMKax
mecmHocmu 200...500 mempoe. [[pumeHeHue
mpéx ceemogunbmpoe 0aeaso 803MOXKHOCMb
noJsly4ums CHUMKU 6 pasiu4HeIX 0UanasoHax
cnekmpa. O6veKmuebl ¢ POKYCHbIM paccmosHuem
8 50 u 350 munnumempoe 3axeamoi8asiu nioujade
pasmepom 1500x 1500 u 100x 100 Kusilomempoe
coomeemcmeeHHoO.

Ha AMC «<Mapc-69» mak<e 6b11a ycmaHoe/ieHa
Hay4Hasa annapamypa 05 npogedeHus

WUpoKo20 KomnJieKca uccsie0oeaHuti niaHemel

u oKoson/iaHemMHo20 npocmpaHcmed. Paduomemp
paduoyacmomHbili PA69 npedHasHavanca

015 onpedenieHUss memnepamypbl noeepxHocmu
Mapca. Usmepumens enaxxHocmu UB1 onpedenan
codep)xaHue 800IHO20 hapa 8 ammocgepe
nnaHemel. Ynempaguosemoesiii cnekmpomemp
YC3 cnyxun ons peazucmpayuu cnekmpoe
OmMpaXX€HHO20 OM NJIaHeMbl U3Jly4yeHus.
Ungpakpachelii pypve-cnekmpomemp YTB1
peaucmpupoean ussy4eHue ammocegepboi

u nodcmunaroujeli nosepxHocmu niaHemeol.
HAamyuku npubopa-pezucmpamopa Kocmu4ecKoz2o
usnyyenusa KM69 npedHasHayanuco

014 uccnedo8aHuA cocmaea u cnekmpa
COJIHEeYHbIX KOCMUYecKuUX Jiy4eli, 3/1eKmpoHo8
unpomoHos. lfamma-cnekmpomemp I'C3
npeOHAsHayasncsA 015 usmepeHuUss amniumyoOHbIX
2amm-cnekmpos. Macc-cnekmpomemp eodopoda
u 2enus YMP2M cny»xun 0na aHanu3a uoHH020
HelimpaneHo20 cocmasea ammocgepsi njaiaHemsi.
JHepzaocnekmpomemp 3apsxKeHHbIx Yyacmuy MJ118M
NIaGHUPOBaIoCh UCNO0J1b308AMb 0J151 U3MepeHUA
nomokoe cosiHe4yHol nia3mel. Cnekmpomemp
uoHoe masnbix 3Hepauli PUM-803 npedHasHaqancs
0719 pasdesibHbIX U3MepeHuli NJIOMHOCMU NOMokKa
npomoHoe u aneha-4yacmuy.

CTYTHUKWU/ IKISATELLITES / 1965-2015

AIS Mars 69 at the Lavochkin
Association plant

AMC «Mapc-69» e HI1O
um. C.A.JlasoykuHa

Scientific payload of the orbiter:

Mars 69 main scientific goal was to make images of the
Martian surface with three photo and TV cameras with
maximal resolution of 200...500 m on the surface.
Three light filters were used to obtain images in differ-
ent spectral bands. Lenses with focal lengths of 50 and
350 mm made images of 1500x1500 and 100x100 km
area respectively.

Besides, Mars 69 scientific instruments studied Mars and
near-Mars space. RA68 radiofrequency radiometer was
used to determine the temperature of Martian surface.
IV1 moisture meter determined the content of water
vapour in the atmosphere of the planet. USZ ultraviolet
spectrometer registered the spectra of radiation reflected
from the planetary surface. UTV1 infrared Fourier
spectrometer studied the radiation of the atmosphere
and planetary bedrock. KM69 was an instrument to
register cosmic radiation and to study the composition
and spectra of solar cosmic rays, electrons, and protons.
GSZ gamma spectrometer measured amplitude gamma
spectra. UMR2M hydrogen and helium mass spectrom-
eter analysed ion neutral composition of the atmosphere.
PL19M Energy and mass spectrometer measured the
fluxes of solar plasma, RIP-803 spectrometer for low-
energy ions was used to measure separately flux density
of protons and alpha particles

MAPC-69. lMpoexm Komn/1eKCHO20 Ucc/1edo-
eanus Mapca cocmos u3 08yX msaenoix
AMGC, Komopbie npedHAa3Ha4aaucy onsa
uccsie0oeaHus nJiaHembl c op6umei UcKyc-
CMBeHHO020 CNYMHUKA, U 6bITU NepebIMU

6 CCCP u Mmupe MHO20MOHHbIMU MeXXNJ1a-
HemMHbIMU CMAHYUAMU, @ MAKXe nepebimMu
KocmMuy4ecKuMu annapamamu, Co30aHHbIMu
coemecmuo HIMTO um. C.A. Jlagoykuxa u UKU
AH CCCP. OcHaujeHbI 60/1bWIUM KOMNJIGKCOM
Hay4Hou annapamypebl, paspabomaHHoli

8 KU u opyaux uHcmumymax. O6e cmaxnyuu
npoexkma MAPC-69 no2u6nu us-3a asapuu
pakemei-Hocumens «[Ipomon»

Mars 69 mission was dedicated to comprehensive
study of Mars and consisted of two heavy automatic
interplanetary stations, which would study the plan-
et from the orbit. They were thefirst interplanetary
stations in the USSR as well as in the world to have
amass of several tons. Another point was that they
were the first spacecratft built jointly by Lavochkin As-
sociation and IKI. They bore large scientific payload,
whose instruments were developed in IKI and other
institutes. Both stations of Mars 69 mission perished
in Proton launcher failure

H, @,
T (o P (d

«Mapc-69»
Some instruments of Mars 69 spacecraft

JHepzo-macc-
cnekmpomemp
PUM-803A

RIP-803A energy and mass
spectrometer

SHepzo-macc-
cnekmpomemp PUI-
803A c ycmaHoe1eHHbI-
MU KoXyxamu

RIP-803A energy and mass
spectrometer with housing

JHepzo-macc-cnekmpo-
memp PUIN-804AP

RIP-804AR energy
and mass spectrometer

Cnekmpomemp yacmuy
Particle spectrometer

Macc-cnekmpomemp
YMP2M Ha c6opke
annapama

UMR2M mass spectrom-
eter during spacecraft
assembly

Macc-cnekmpomemp
YMP2M co cHameimu 3a-
WUMHbLIMU KpblWKAMU
neped nonémom

UMR2M hydrogen and
helium mass spectrometer.
Protective coverages are
taken off before the flight
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3anyckom 6 CCCP cnymHuka «Kocmoc-261»
Ha4yas10Ccb compyoHU4ecmeo
coyuanucmu4ecKux CmpaH 6 ucc1e0o8aHuu
KocMu4ecKo20 npocmpaHcmeda u noJIoXeHo
Havasno npoepamme UHTEPKOCMOC,

no Komopoli 3anyujeHo 23 cnymHuka

Ha 3/unmuYeckue opbumei u 11 pakem
«Bepmukane» Ha ebicombi om 500

00 1500 km

Cosmos 261 launch opened a collaboration of
socialist countries in space studies and started

the Intercosmos program. Under the aegis of this
program, 23 satellites were put into elliptical orbits
and 11 Vertikal rockets were launched to the heights
500...1500km

Sm6nema npozpammel UHTEPKOCMOC
Intercosmos program’s insignia

OO0Ha u3 pakem «Bepmukane»
One of the Vertikal geophysical rockets
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«Kocmoc-261» ([C-Y2-TK)

Cosmos 261 (DS-U2-GK)

19 nekadpsa 1968 roga ObUT 3amyllieH CITyT-
HUK «KocMoc-261» i KOMIUIEKCHBIX MCCIIe-
IOBAaHU BEPXHUX CJIOEB aTMocdepsl 3emin
U TIPUPOJBI TONSPHBIX CUSTHUNA, MOJIOXUBIINX
HayaJio TIporpaMMe COTPYTHUYECTBA COLIMAIIH -
CTUYECKUX CTPaH.

14 okTs10ps 1969 rona, B COOTBETCTBUU C MEX-
MPaBUTEIILCTBEHHBIMU U MEXBEIOMCTBEHHBIMU
COTJIALIEHUSIMU O COTPYOHUYECTBE B HMCCIENO-
BaHUM KOCMHUYECKOro IPOCTPAHCTBA B MUP-
HbIX 1ensix craptoBasl UC3 «MHTepkocMoc-1».
B pamkax mporpammbl 3amyiieHo 23 CIyTHUKA
u 11 BBICOTHBIX pakeT «BepTukainb».

[Mo HazHaUeHWIO ¥ HATIPABJIEHHOCTH UCCIIENO-
BaHUI CIIyTHUKU cepuil «THTEPKOCMOC» MOXHO
YCJIOBHO Pa3eNUTh Ha CIEAYIOIINUE BUBL:

* comHeuyHble — «MHTEepKOCMOC-1, -4, -7, -11,
-16, — Konepuuk-500», mjas1 ncciaenoBaHmii
yABTPaHOIETOBOTO M PEHTTEHOBCKOTO W3-
sydyeHnit CojiHIIa, CITIOPagunIecKOro COTHEY~
HOTO PaaOU3IyYEHMSI;

* uoHocdepHbie — «MHTEpKOCMOC-2, -8, -12,
-19, — Bonrapus-1300»;

* MarHutocepHbie — «MHTEepKocMoc-3, -5,
-6, -10, -13, -14, -17, -18» — i usyue-
HUSI TIPOLIECCOB, MPOMCXOMSIINX B BEPXHEH
atMocdepe 3emMiIn, HU3KOYACTOTHBIX BJIEK-
TPOMAarHUTHBIX U3JTyYeHU, TUHAMUKU pa-
IHUAIMOHHOTO Tosica 3eMJIM, KOCMUYECKUX
JIydeii CBEpXBBICOKMX DHEPIUii, a TakKXke
3JICKTPOMArHUTHOW CBSI3W MarHUTOC(hephI
¢ noHocoepoii (cnyTHuk «MHTEPKOCMOC-6»
MMeJl Bo3BpalllaeMblii Ha 3eMJII0 OTCEK C Ha-
YUYHOI anmapartypoii);

Mepebiii cnymHuk Intercosmos 1 — the first
npozpammer satellite of the Intercosmos
WHTEPKOCMOC — program

«MHmepkocmoc-1

TonoeHele yacmu

pakem «Bepmukane»

C Hay4HoU annapamypolt
0151 KOCMUYeCKUX
uccnedosaHuii

Vertikal upper stage with
scientific payload for space
studies

On December 19, 1968 Cosmos 261 spacer-
aft was launched for comprehensive study of the
upper Earth atmosphere and the nature of auro-
ras. It ushered in the program of cooperation be-
tween socialist countries, which later was named
Intercosmos.

On October 14, 1969 Intercosmos-1 satellite
was launched following intergovernmental and
interdepartmental agreements on cooperation in
the exploration of outer space for civil purposes.
A total of 23 spacecraft, along with 11 high-alti-
tude Vertikal rockets were launched wtithin the
program.

Intercosmos satellites may be divided into the
following types by their scientific purposes:

« solar: Intercosmos-1, 4, 7, 11, 16, Coperni-
cus 500 to monitor ultraviolet and X-ray ra-
diation from the Sun as well as sporadic solar
radio emission;

« ionospheric: Intercosmos-2, 8, 12, 19, Bulgar-
ia 1300,

* magnetospheric: Intercosmos-3, 5, 6, 10, 13,
14, 17, 18 to study the Earth’s upper atmo-
sphere, low-frequency electromagnetic radia-
tion, dynamics of the Earth’s radiation belts,
cosmic rays of ultrahigh energies, as well as
the magnetosphere-ionosphere electromag-
netic interaction (/ntercosmos-6 had a reentry
module with scientific instruments);



«MHmepkocmoc-15» — Intercosmos 15, the spacecraft
annapam H08020 muna of new series on the base of
Ha nnam¢opme AYOC: AUOS platform: deployed
packpeimoiti  nonéme; nod-  in the flight; before the

K

encapsulation

A

neped 3anyckom

* «MHrepkocmoc-20, -21» — st uccaenoBa-
HUA 3emuu (cyiid, MUpOBOro okeaHa u at-
Mocdepsl).

HckycctBeHHbIe CITyTHUKM 3eMiu «HTepkoc-
MOC» ObLTM co3aHbl Ha 0a3e YHU(PUIIMPOBAHHOTO
KA cepun «KocMoc» 1 oTJIMYaIuCh APyr OT Apyra
CHCTeMaMU OpHMEHTAIlM, WUCTOYHUKAMU ITMTa-
HUS ¥ paTAoOTeIeMETPUIECKIMH CUCTEMaMM.

KocMuueckuii anmapaT cocTosii U3 repMme-
TUYHOTO IWJIMHIPUYECKOTO KOPITyCa, BBITIOJ-
HEHHOTO U3 aJTIOMWHMEBOTO CIUIaBa, M IBYX I10-
nychepuyeckux aHuil. HaydyHasi anmapatypa
pa3Melaiach B BepxHell noaycdepe, B LIUIUMH-
IPUYECKOM OTCeKe — CIIy>keOHas amrapaTypa,
B HUDXHEH mostycdepe pacnoiaraiuch CUCTEMBbI
SHEepPronuTaHus.

Ha moBepXHOCTM IUIMHOPUYECKON YacTH
Kpenujuch MaHeJIu COJHEYHbIX OaTapeit, 0Jio-
K/ COJIHEYHBIX JAaTYMKOB, HWCITOJTHUTEIbHBIC
OpraHbl CUCTEMBI OPUEHTALIMN Y aHTEHHO-(Du-
JIepHble ycTpoiicTBa. JaTyuku Hay4yHOl amra-
paTyphl pacrojlarajiich Ha BepxHeii moiychepe
CIIYTHUKA WU CHAPYXM IUJIMHIPUIECKON Ya-
CTU KOpIIyca Ha CIeLIMaIbHBIX IITaHrax. Macca
cnyTHUKOB «MHTepkocMoc» cocrasisiia ot 200
1o 1300 kumorpaMMoOB.

WckycctBeHHblli  cmyTHUK — «MHTepkoc-
Moc-15» (amymieH 19.06.1976 roma) mperncraB-
JI7T cO0OM KOCMMUYECKUI arnmapaT HOBOTO THUTIA
¥ OBbUI ITpeIHa3HAYeH ISl OCYILECTBIECHMS OoJiee
IUPOKOI MPOrpaMMBbl HAYYHBIX UCCIIETOBAHMIA.
TMocnenytomye CIyTHUKHA 3TOM cepuu (3a MC-
kmoueHneM «MHTepKocMoca-16») co3gaBainch
Ha 6a3e yXe 3TOro KOCMUYEeCKOTro arapara.

» Intercosmos-20, -21 for Earth’s studies (land,
oceans, and atmosphere).

Intercosmos family spacecarft were based on
Cosmos standard spacecraft equipped with dif-
ferent orientation control systems, power units,
and radio telemetry systems. Each spacecraft
consisted of pressurized cylindrical aluminum-
alloy body and two hemispherical ends. Scientif-
ic payload was housed in the upper hemisphere,
the cylindrical compartment accommodated
service equipment, power supply system was lo-
cated in the lower hemisphere.

Solar arrays and solar sensors, orientation
control system effectors as well as antennas and
feeders were mounted on the outer side of the
cylindrical compartment. Scientific sensors were
mounted to the upper hemisphere of the satel-
lite or to the bars on the outside of the cylindri-
cal part. Intercosmos family satellite mass ranged
from 200 to 1300 kg.

Intercosmos-15 (launched on June 19, 1976)
was a new type of spacecraft designed for a
broader research program. Subsequent satel-
lites in the series (except for Intercosmos-16) all
shared this design.

Cnymuuku «Kocmoc»
pasnu4yHozo
HazHaveHus

Ha nnamgopmax
AC-Y1u/jC-y2
Cosmos satellites

for various purposes
built on the platform
DS-U1 and DS-U2
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Ceepxy 8HU3: ycmaHoeKa
cny n P -5»
HA pakemy-Hocumerns;
HayyHaa annapamypa
cnymHuka «<lHmepkoc-
moc-9 -KonepHuk-500»;
cnymHuk «lHmepkoc-
Moc-20» Ha nnamgopme
AYOC npucmeliKkoeaH

K pakeme-Hocumenio
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Top to bottom. Intercosmos
5 mounting on the launcher;
Intercosmos 9, aka
Copernicus 500 scientific
payload; Intercosmos 20
(AUOS platform) mounted
on the launcher

Bo Bpemsi monéra ammapara <«HMHTepKoc-
MOC-15» ObUIM MCHBITAHBI €0 HOBBIE CUCTEMBbI

U arperatbl, B TOM YHUCJIe CO3JIaHHas CIIeI-
amuctamu BHP, I'IP, ITHP, CCCP u YCCP
enuHas TeneMerpudeckas cuctema (ETMC),
MO3BOJISIIONIAsT TIPUHUMATh HaydHylo WHOOp-
Maluio ¢ 6opTa CIyTHHMKA Ha Ha3eMHBIX ITyH-
KTaX, pacrlojIOXXEHHbIX Ha TEPPUTOPUSIX CTpaH,
YYaCTBYIOIIUX B COBMECTHBIX IKCIIEPUMEHTAX.
Cucrema ETMC ycraHaBiauBajiachb TakXke Ha
KA «MHTepkocMoc-18 n-19».

Ot criytHuKa «MHTEpKOCMOC-18» OBLT oTHE-
JIEH YeXOCTOBALIKUI MaJiblii HAyYHBIN CITyTHUK
«Maruon». Lleap coBMECTHOro aBTOHOMHOIO
MMOJIETa ATUX allllapaToB — UCCIIEIOBaHNEe TIPO-
CTPAaHCTBEHHON CTPYKTYpbl HU3KOYACTOTHBIX
9JIEKTPOMAarHUTHBIX MOJield B OKOJO3EMHOM
KOCMMYECKOM TpocTpaHCcTBe. OTHOBpEMEHHO
CO CITyTHUKOBBIMU 3KCIIEPUMEHTAMU OCYIIECT-
BJISUTUCH COTJIACOBAHHBIE U3MEPEHUSI HA MOHO-
cepHBIX ¥ COJTHEYHBIX 00CEPBATOPUSIX CTPAH—
YYaCTHMIL COTPYIHUYECTBA.

Ha uckyccTBeHHBIX cmyTHUKax 3emiaun «H-
Tepkocmoc-20, -21» TPOBOAMINCH UCTILITAHUS
co3naHHoit crienuanuctamu BHP, T'IP, CPP,
CCCP u YCCP skcneprMeHTalbHOI TeJleMe-
TPUYECKOM CHUCTEMBbI, TpeIHA3HAUYCHHON st
cbopa MHGpOPMALUM C HAa3eMHBIX U MOPCKHUX
M3MEPUTEIbHBIX MYHKTOB (OyeB) U mepenauu eé
MOTPEOUTEISIM.

DKCMEPUMEHTBI, TIPOBEAEHHBIC Ha CITyTHUKAX
cepur «MIHTEpKOCMOC», Al BaskKHbIE HaydHBIE
pe3ynbTathl B obnactu ¢msuku CojHIIA, BEpX-
Heil atMocdepbl, MOHOC(hEpbl U MarHUTOCHEpbI
3emsu. OHM MO3BONUIM M3YYWUTh BHYTPEHHIOIO

«MiHmepkocmoc-22 -
Bbonaapus-1300»

Ha popme «/l p
U ycmaHoe/ieHHbIli HA HEM

Intercosmos 22, aka
Bulgaria-1300 on the Meteor
platform, and the corner
reflector for laser location

J P
ona JlazepHou 1okayuu

During Intercosmos 15 flight some new sys-
tems and components were tested including
the telemetry system created by engineers from
Hungary, the German Democratic Repub-
lic (East Germany), Poland, the USSR, and
Czechoslovakia, which downlinked scientific
data to the ground stations located in the coun-
tries participating in joint experiments. Intercos-
mos-18 and 19 satellites were also equipped with
this telemetry system (ETMS for short).

Intercosmos 18 carried a small separate
Czechoslovak scientific satellite Magion. The
two orbiters were launched to study the spa-
tial structure of low-frequency electromagnetic
fields in the near-Earth space. Together with the
satellite experiments concurrent measurements
were carried out at ionospheric and solar obser-
vatories of the partner countries.

The experimental telemetry system for land
and sea measurement stations (buoys) designed
by specialists from Hungary, East Germany,
Romania, the USSR, and Czechoslovakia was
tested on Intercosmos 20, 21.

Experiments performed on Intercosmos fam-
ily satellites gave important scientific results
regarding solar physics, as well as upper atmo-
sphere, ionosphere, and magnetosphere of the
Earth. Moreover, they contributed to our under-
standing of shock front’s internal structure and
physical processes responsible for its formation,
heating and acceleration of particles. Physics of
collisionless shocks is very significant with re-
gard to the physics of space and astrophysical
plasma.



Cxema ycmpoticmea
nocado4Hozo annapama
cmaHyuli «BeHepa-7 u -8»

Venera-7 and -8 lander’s
diagram

MocadoyHsili annapam
cmanyuli «<Benepa-7 u -8»
Ha nosepxHocmu BeHepol

Venera-7 and 8 landers on the
surface of Venus

CTPYKTYpy DpOHTA ymapHOI BOJHBI U WIEHTHU-
dunupoBath (uznyeckue MpoLecchl, OTBET-
CTBEHHBIE 3a (POPMUPOBAHUE ITOU CTPYKTYPHI,
pasorpeB U ycKopeHue yactuil. Pemenue mpo-
6seMbl (PU3UKU OECCTOJKHOBUTENBHBIX yaap-
HBIX BOJTH UMeeT OOJIbIlIoe 3HaUeHue B (pusnke
KOCMUYECKOM U acCTPO(PU3NUIECKOM TIa3MBbl.

17 aBrycra 1970 rona craptoBasia AMC «Be-
Hepa-7». CrycKaeMblii armapaTr CTaHIIUU ObUT
paccuuTaH yxe Ha maBieHue 150 armocdep
u temneparypy 500 °C. 15 nexkabps 1970 roma
OH omycTuiicsl Ha BeHepy u B TeueHue 27 MUH
nepenaBail MHOOPMAIIUIO C TTOBEPXHOCTHU APY-
roil raHeThl. [1o maHHBIM GOPTOBBIX MPHUOO-
pOB cocTaB aTMoc(epbl — B OCHOBHOM YTJie-
KUCJIBIA Ta3, TeMmIepaTypa Ha IOBEPXHOCTU
475 °C, naBneHue 96 atmocoep.

HccnenoBanust BeHepbl ObLIM TpOmOJIKE-
HBI Ha cryckaeMbIx ammapatax AMC «Bene-
pa-8...-14». Cranuumu «Benepa-15 u -16» uc-
CJIeOBAIN TIIAHETY C OPOUTHI UCKYCCTBEHHBIX
CIYTHUKOB BeHephl.

KA «BeHnepa-8» craproBasa 27 mapra
1972 roma. BrepBble cITyckaemblii  ammapar
CTaHUUU TPOU3BEN MOCAIKY HAa THEBHYIO CTO-
pOHY TUTaHeThl. BaXkHOif Bexoil B BeHepuaH-
CKOI1 TIporpaMMe HcCCIeOBaHUi cTajia paboTa
MEXIJIAaHETHBIX cTaHUuil «Benepa-9 u -10»
(1975), criyckaemble amnmapaThl KOTOPBIX BIep-
BBIE TIepeayii Ha 3eMITIO TeJIeBU3NOHHBIE M30-
OpaXkeHUsl y4yaCTKOB TIIOBEPXHOCTU B MecTe
nocanku. CIryckaemble aImapatbl  CTaHIIAN
«Benepa-11 u -14» (1978—1982) BbITONTHU-
JIM TOHKMI XMMUWYECKUI aHaiu3 aTtMochepbl
W TPYHTA TTaHEeTHI.

On August 17, 1970 Venera-7 interplan-
etary station was launched. Its entry and land-
ing probe was designed to withstand pressure of
150 bar and temperature of 500 °C. On Decem-
ber 15, 1970 it landed on the surface of Venus
and sent back 27 minutes of data. The onboard
instruments detected that the atmosphere main-
ly consisted of carbon dioxide, surface tempera-
ture was 475 °C, and pressure 96 bars.

Research continued with Venera-§ to Ven-
era-14 landers. Venera-15 and -16 explored the
planet from the orbit.

Venera-8 was launched on March 27, 1972.
For the first time its lander descended on the
dayside of the planet. An important milestone
in the Venusian research program were Venera-9
and Venera-10 missions (1975), whose landers
were the first to send back to the Earth televi-
sion imagery of the surface at the landing site.
Landers of Venera-11 to -14 (1978—1982) made
precise chemical analysis of the atmosphere and
soil of the planet.

15 Oexa6ps 1970 200a enepebie 8 MUpe KOC-
MuyYecKuli annapam 0ocmue UHoli niaHemel
ConHeyHoli cicmembl U nepedasas UHGgop-
mayuro ¢ eé nosepxHocmu. i3mepeHus
nokasasnu, Ymo memnepamypay noeepxHo-
cmu naaHemevl 6nuska K+ 475 °C, a daeneHue
nouymu e 100 pas ebiwie 3eMHO20

On December 15, 1970the first spacecraft reached
another planet in the Solar system and transmit-

ted back data from its surface. The measurements
revealed that the temperature at the planet's surface
was close to +475 °Celsius and the pressure was
almost 100times higher that that of the Earth’s
atmosphere

0O0HomunHele annapamel Venera-7 and -8 twin

«BeHepa-7 u -8» spacecraft approaching Venus
Ha noonéme K BeHepe and at the Lavochkin
u 8 c6opoyHom yexe HIMO Association plant

um. C.A.Jlasoykuna




« .22 OKMAOPA 1975 200a mexxn1aHeMHasn
cmaHyus ,,BeHepa-9’; npeodosnes
3a 136 cymok nonéma paccmosiHue 6onee
300 munnuoHoe KuIoMempoe, 8bisedeHa
Ha op6umy eokpyz BeHepbl ucmana
nepebIM 8 ucmopuu UCKYycCmMeeHHbIM
cnymHukom BeHepol. Cnyckaemeiti annapam
CMaHyuu coeepuius MsA2KyIo Nocaoky Ha
noeepxHocme BeHepbl. Bnepebie 8 ycnosusx
ammoccepel nnaHemsi BeHepa npu
daeneHuu, e 90 pas 6onbuwiem, 4em Ha 3emJie,
umemnepamype 485 epadycoe no Ljenbcuto
noJsiy4yeHo yHUKa/IbHoe U3obpakeHue
noeepxHocmu BeHepbl Ha mecme
nocadku...»

U3 coobwerus TACC

“..October 22, 1975. Venera-9 interplanetary
station was put into the orbit around Venus,

having travelled more than 300 million kilometers
in 136 days. It became thefirst artificial satellite

of Venus. The lander of the station performed soft
landing to the planet’s surface. For the first time ever
unique image of the Venusian surface at the landing
site was obtained in the Venusian environment,
with the atmospheric pressure 90 times higher than
that on the Earth, and the temperature 485 degrees
Celsius. ..”

by TASS report

MocadoyHbili annapam

cmanyuu «Benepa-9»

8 MOHMAa)<HO-

ucneimamenvHom yexe HIMO Maxopamel, nepe-

um. C.A. Jlagoukuna OaHHble N0OCAd0YHbIMU
annapamamu AMC

Venera-9 lander at the «BeHepa-13 u-14».3mu

Lavochkin Association YHUKA/IbHbIE 8bICOKO-

integration and test plant Kayec u306p
JKeHUus no-npexHemy
aKmyaneHsl U uccnedy-
romca y4€Hbimu
Panoramas made by

Venera- 3 and 14 landers.
These unique high-quality
images are still the object
of scientific studies
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«BeHepa-9» 8 c6opoyHOM
yexe HIMO um. C.A.Jlasoy-
KuHa

Venera-9 at the Lavochkin
Association plant

Natxop ped
cnyckaembiMu annapama-
mu AMC «Benepa-9 u -10»

Panoramas delivered
by Venera-9 and Venera 10
landers

Maznumocegepa Benepol

no daxHeim npubopa PUSIT-
2801 AMC «Berepa-9 u -10»

BEHEPA-13 kame

BEHEF - 14 wamepa J

Venusian magnetosphere
according to RIEP-2801

instrument on Venera-9 and 10

Cxema ycmpolicmea cnyckaembix annapamos
AMC «BeHepa-9,-10,-11,-12,-13,-14»

Diagram of Venera-9, 10, 11, 12, 13, 14 landers

1 — mennosawjumneiii kopnyc; 1 — thermal shielding

2 — nocadoy4Hoe ycmpolicmeo;  body; 2 — landing gear;

3 — HayyHaa annapamypa; 4 — 3 — scientific payload;
po0o 'Koe mop 4 — aerobraking gear; 5 —

ycmpoticmeo; 5 — aHmeHHa; 6 — antenna; 6 — parachute

omcek napawlomHou cucmemsl;  system compartment; 7 —

7 — omcek Hay4HoU annapamy-  compartment for payload

pbl, pabomaroweli 8 o6nayHom  working in the cloud layer;

cnoe; 8 — HayyHasa annapamypa; 8 — scientific payload; 9 —

9 — menepomomemp; 10 — telephotometer; 10 — ser-

cny pamypa; 11 —  vice payload; 11 — strong
npoyHelli Kopnyc; 12 — menno-  casing; 12 — thermal

13 — demndpep insulation; 13 — damper
Cxema nocadku cnyci annap AMC «BeHepa-9,

-10,-11,-12,-13,-14» Ha nosepxHocmb BeHepbl

Scheme of Venera-9, 10, 11, 12, 13, 14 landing to the Venusian
surface

SILIKM,
BBOJ BEITAMHOMD
MAPALLIKITA
WMNAPALBOTA
YEO[A

YBOJ| BEPXHEM
L TEINOIALLATHOH




Beepxy: AMC «Benepa-15 u -16» Ha ¢hoHe uzo6pa-
JKeHus nonspHoli o6nacmu Benepel, cuHme3supo-

8AHHOLI U3 NOJTOCOK Neped u3o6p

BHu3y: «BeHepa-15» é c6opoyHom yexe
HIMO um. C.A.JlasoykuHa

C opOUTHI UCKYCCTBEHHBIX CITyTHUKOB Be-
Hepbl ctaHuuu «Benepa-15» u «BeHepa-16»
(1983) mpoBeaud pPaaroONOKALIMOHHYIO CBEMKY
TOBEPXHOCTH TUTAHETHI. DTO MO3BOJIUIIO COCTA-
BUThb pelbeHBbIN I100yCc €€ CeBepHOro mojy-

apusi.

Top. Venera-15 and 16 automatic interplanetary
stations. Background — images of polar regions,
synthesized from the strips of transmitted images.

Bottom. Venera-15 at the Lavochkin Association
integration and test plant

Venera-15 and 16 (1983) performed orbital
radar mapping of the surface. A relief globe with
altitude map of the northern hemisphere was
created based on this data.

Bnadumup AnekcaH-
oposuy KomeneHukoe
(1908-2005). Boioarowyuti-
cA y4éHolli 8 o6nacmu pa-
oduomexHuKu, paouocesasu

P 4
akademuk Akademuu
Hayk CCCP u Poccutickoli
akademuu HayK, 08ax<0bl
lepoti Coyuanucmuyecko-
20 Tpyoa

Vladimir A. Kotelnikov
(7908-2005). Prominent
expert in the field of radio
technology, radio com-
munication, and planet radio
location, full member of the
Academy of Sciences of the
USSR and Russian Academy
of Sciences, twice the Hero

of Socialist Labour

OcHoeHble mpyobl B. A. KomeneHukosa
noceauwjeHsl npobnemam
cosepweHCMB808AHUS Memoodoe
paduonpuéma, usy4eHuio paouonomex

u paspabomke Memoooe 60pb6bbl c HUMU.
E2o0 KpynHeliwue Hay4yHble 00CMuXKeHus —
co3daHue 8 1933 200y meopembl omc4émos,
HocAwel e20 umsA, co30aHuUe meopuu
nomeHyuanbHOU nomMmexoycmouyueocmu,
a makxe paspabomka niaHemapHeix
paouosiokamopoe u nposedeHue
NuoHepcKux uccsedosaruli 6 obnacmu
paouosokayuoHHOU acmpoHomMuu, 8 MoM
qucsie paduosIOKAYUOHHbIX UCC/1e008aHUll
Benepoi, Mapca u Mepkypusa

Main works by V. A. Kotelnikov are dedicated

to the development of radio receiving methods,
radio interference, and the ways to avoid it.

His most significant achievement was sampling
theorem, named after him, development of
potential immunity theorem, development of
planetary radio locators, and pioneer studies in
radio location astronomy, which included studies
of Venus, Mars, and Mercury

BEMEFR TOFY MAKCEEMNA

)

BeHepa. lopbl Makceenna. Venus. Maxwell Montes.

CuHme3upoeaHHoe u3o- Synthesized images built by the
6paxkeHue, nocmpoeHHoe data of Venera-15 and 16
no mamepuanam AMC

«BeHepa-15 u-16»
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Kocmuyeckue annapameor

«JlyHa-16» (cenma6pe 1970 200a),
«JTyHa-20» (¢peepane 1972 200a)

u «JlyHa-24» (aszycm 1976 200a) docmaesusnu
Ha 3eM’110 06pazybl 2pyHMA U3 pasiuYdHbIX
patioHoe JIyHel u c pasHoli 2;1y6uHbl
6ypeHus. [jo cux nop He umeem aHas10208

8 Mupo8ol NpaKmuke 8bINOJIHeHHbILI

6 asmomamu4ecKoM pexxume KOMnIeKc
Oelicmeuti: nocadka 6 3a0aHHOM palioHe
JlyHobl, 63amue 06pa3yoe 2pyHma opy2020
HebGecHO20 mesia, no020MmoeKa ux
Ko6GpamHoli mpaHcnopmupoeke

u eé ocyujecmesieHue

Luna 16 (September 1970), Luna 20 (February 1972),
and Luna-24 (August 1976) brought back to the
Earth soil samples from various lunar regions and
fromdifferent depths. Up until now no similar opera-
tions, performed fully autonomously, were done.
Spacecraftlanded in the chosen region of the Moon,
retrieved samples of the soil at another space body,
prepared them to the return mission, and returned
totheEarth

«JlyHa-16» \ i -
Luna 16 E

Lunar soil, delivered to the
Earth by Luna 16, Luna-20, and
Luna-24 from Mare Fecunditatis
(the Sea of Fertility), Mare
Crisium (the Sea of Crises), and
lunar continental regions

JlyHHbIl 2pyHm, docmas-
nNeHHbIl HA 3emio annapa-
mamu «JlyHa-16, -20 u -24»
u3 Mops U3o6unus, Mops

Kp usucoe u P
patioHa JlyHer

12 cenraopa 1970 roma craproBaia AMC
«JIyHa-16» — TiepBbIii aBTOMAaTUYECKMIA KOC-
MUYECKUKN armapar, MAOCTABUBIUUNA JIYHHBIN
rpyHT (105 rpammoB) Ha 3emito. «JlyHa-24»,
samyiieHHas 9 asrycra 1976 roma, mocraBumiia
170,1 rpaMmMOB TpyHTa, 0Opa3Lbl TPYHTA B3SITHI
C INIyOMHBI OKOJIO IBYX METPOB.

17 Hos6psa 1970 roga Ha JIyHy HecaHTUpPOBaH
TIEPBBIA CAMOXOJIHBIA aBTOMATUYECKUAM ara-
patr — «JlyHoxon-1» («Jlyna-17»). C ero nomo-
IIBIO ETAJIbHO O0C/IeoBaHa JIyHHAasl TTOBEepX-
HocTh B Mope [oxneii Ha muromany 80 ThICSd
KBaJIpaTHBIX METPOB, TojydyeHo Oosee 200 ma-
HopaMm ¥ cBbIe 20 TBICSY CHUMKOB TIOBEpX-
HOCTH, TIPOBEIECHBI aHATN3 TPYHTA M UCCIIENO0-
BaHMS €T0 MEXaHUYECKUX CBOMCTB, B 25 TOUKAx
AHAJIM3MPOBAJICS XUMUYECKUII COCTaB TPYHTA.
JMUTeTbHOCTh  aKTUBHOTO  CYLIECTBOBAHMUS
«JIynoxona-1» mpeBbicuia 300 cyTok. Ynpas-
JISUT JTYHOXOJIOM € 3eMJTM CMEHHBIIM SKUTaX U3
TISITU Y€JIOBEK, B YUCIIO KOTOPBIX BXOAMIIU U CO-
TpynHuku UKH.

Anmapar-maHetoxon  «JIlyHoxom-2»  (o-
crasneH Ha Jlyny 16 smBaps 1973 roma ¢ mo-
MOIIIbIO aBTOMATUYECKOM cTaHLuU «JIyHa-21»)
npopaboTan Ha JYHHOW moBepxHOCTU B Mope
SAcHoctn okono 150 3eMHBIX WM TATH JIyH-
HBIX CYTOK. YCTaHOBJIEHHBbIE Ha HEM [OMOJI-
HUTETbHBIE TIPUOOPHI UM TIOBBIIIEHHAs pabo-
TOCITOCOOHOCTh OOPTOBBIX CUCTEM ITO3BOJIMINA
BBITTOJHUTb 3HAYUTEJIBHO OOJIbIIUI O0BEM UC-
cjieoBaHuiA, yeM Ha annapare «JlyHoxoa-1».

ModnunHeie kancynel AMC

«JlyHa 16 u -24», docmasusuwiue
Ha 3emJ110 NIyHHbIU 2pyHmM,

e mysee HIO um. C. A. JlagoykuHa

Genuine modules of Luna 16

and Luna-24, which returned lunar
soil to the Earth, in Lavochkin
Association museum

BosepamHas pakema cnymuuka
«JlyHa-16» 8 c6opo4HOM yexe
HI0 um. C.A. JlagoyKkuHa

Luna 16 return rocket at the
Lavochkin Association integration
and test plant

On September 12, 1970 Luna-16 inter-
planetary station was launched, the first ro-
botic spacecraft to bring lunar soil (105 g) to the
Earth. Luna-24 launched on August 9, 1976 re-
turned with 170.1 g of soil sampled from a depth
of about 2 m.

On November 17, 1970 the first self-pro-
pelled robotic spacecraft Lunokhod 1 (Luna-17)
touched the Moon. It examined in detail
80 thousand square meters of lunar surface
in Mare Imbrium and transmitted more than
200 panoramas and over 20 thousand images of
the surface, studied Iunar soil including its me-
chanical properties and made chemical analy-
sis in 25 locations. Its active lifetime exceeded
300 days. A crew of five engineers including IKI
specialists piloted Lunokhod 1 from the Earth.

Lunokhod 2 (delivered to the Moon on Janu-
ary 16, 1973 onboard Luna-21 interplanetary
station) have worked in the Mare Serenitatis for
about 150 earth or 5 lunar days. Equipped with
additional instruments and onboard systems
with improved performance, it collected much
more science data than its predecessor.



B 10 Bpemst B CIIIA mpakTuyecku mnapai-
JISIBHO C TIPOrpaMMOI COBETCKMX JIYHHBIX aB-
TOMAaTOB aKTUBHO pPa3BOPAYMBAIMCh PaOOTHI
MO TOATOTOBKE BBICAIKM HA JIYHHYIO TOBEpX-
HOCTh aMEPHKAHCKMX aCTPOHABTOB. OTeUeCTBEH-
HbIE MCCIIEMOBATENI CO 3HAYUTEIEHO MEHBIIIMMK
(bUHAHCOBBIMU 3aTpaTaMM W TPU TOJHOM OT-
CYTCTBMU PUCKA, CBSI3aHHOTO C paboToi Joaeit
B CBEPX3KCTPEMATbHBIX YCIOBUSIX, OOECTICUMIN
OIEPEXaIoIIYI0 MSTKYIO MOCaaKy KOCMHUYECKO-
ro ammapara Ha JIyHy, qocTaBuiv Ha 3eMIio 00-
PAa31LIbl JIYHHOTO TPYHTA, BBITTOJHWIN JUTUTEIEHOE
KOHTAKTHOE U3yYeHHe (UBUKO-XUMHUUECKUX

CBOICTB JIYHHBIX IOPOA IMPU IBUKECHUU I10 JIYH-
HOM TITOBEPXHOCTU MCCJICAOBATCIIBCKOIO 30Ha.

«JlyH0X00-1» Ha nocadoyHou
nnamdopme (cneea) u e

Lunokhod-1 on the landing
platform (left) and in the ther-
p Yy 4 mal vacuum isolation (top),
(esepxy) 6 HIMO um. C.A. Jla- at Lavochkin Association.
80 Huxxe — nep Below — firstimages from

op 7] p lunar surface and general
cmu u o6wuti 8ud annapama  view of Lunokhod 1
«JlyHOX00-1»

cny

At that time the United States were almost
simultaneously deploying their manned Moon
program. Soviet researchers have accomplished
a soft landing of a spacecraft on the Moon, re-
turned samples of lunar soil back to the Earth,
completed a long-term in situ physical and
chemical soil studies while piloting the rover
on the lunar surface earlier then their rivals, at
a much lower cost, with completely no risks re-
garding people working in super extreme condi-
tions.

Beepxy: 6 coeep Ci as

p P
Holl «JIYHOX00-2» naHopama nyHHo20 2pyHma
=) 6 A,

Top. Advanced Lunokhod 2 pmasty

Cnesa: mecma nocadku
JlyHOX0008

Left. Lunokhods’ landing sites

Right. Vertical panorama
of lunar soil along the side
of Lunokhod

leopauti Hukonaesuy4
ba6akuH (1914-1971).
InaeHelli KOHCMpYKmop
MawuHocmpoumenoHo20
da um. C.A.J1
Hac 1965 no 1971200 —
sbldarouwjuiics y4€HbIL
U KOHCMpyKmop
KocmuyecKol mexHuKu,
lepoti Coyuanucmuye-
ckozo Tpyda, naypeam
JleHuHcKol npemuu, YneH-
KoppecnoHoeHm AH CCCP

Georgy N. Babakin, Chief
Designer of Lavochkin Plant
for Machine Building (1965-
1971), prominent scientist
and space engineer. Hero

of Socialist Labour, recipient
of Lenin Prize, correspond-
ing member of the Academy
of Sciences of the USSR

Moo pykoeodcmeom I'.H. babakuHa
€030aHbI cepuu KocMu4eckux annapa-
moe 051 ucciedoearus JlyHel u nnaHem
CosiHe4HoOU cucmemeol, KOCMU4ecKue
annapamel, 6nepebie 8 Mupe coeepuius-
wue MA2Ky nocadKy Ha NoeepxHocmeo
Jlynol, Mapca u BeHepbol; pabomasuiue

Ha opbumax ucKyccmeeHHbIX CNYMHUKO8
JlyHel u BeHepbol; 0ocmasusuwue o6pasybi
JIYHHO20 2pyHMa Ha 3eMJiio; uccaedoeas-
wue JlyHy camoxo0Hble Hay4YHble iabopa-
mopuu

Series of spacecraft for Moon and planetary studies
were built under the leadership of G.N. Babakin,
including the spacecraft, which were the first to
perform soft landing on the Moon, Mars, and
Venus; orbiters for the Moon and Venus; return
stations which delivered lunar soil samples to the
Earth; self-propelled science laboratories




«Mapc-2 u-3»—nepebie 8 ucmopuu
ucKyccmeeHHole cnymHuku Mapca.

2 0ekabps 1971 200a nocado4Hbili
annapam AMC «Mapc-3» enepebie

8 UCmopuU cogepuiw Ms2KyI0 NOCAOKY

Ha nosepxHocmb Mapca mexy obnacmamu
Anekmpuc u PasmoHuc

Mars 2 and Mars 3, the first artificial satellites of Mars
On December 2, 1971, Mars 3 lander was thefirst
to achieve soft landing on the Martian surface

HonzoepemenHolie Long term orbital stations
op6umaneHele cmaHyuu (DOS) Salyut, Salyut-4, -6,
(40C) «Canrom», and-7

«Canom-4,-6, -7»
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19 anpens 1971 roga 3amyiieHa nepsast 10J-
TOBpeMeHHasi opouTaibHasl cTaHLus «CatioT».
Ha wHeit mpoBomwmmch uCClieNOBaHUS CIEK-
TpoOB 3BE31 B yiabTpaduoneroBom (YD) u ram-
Ma-avana3oHe, MOTOKOB 3apsSKEHHbIX YacTUIL,
TEPBUYHOTO KOCMUYECKOTO M3JIy4eHUs, TTOTO-
KOB HEUTPOHOB 1 raMMa-kBaHTOB. Ha KA «Ca-
moT-4» (1974—1977) perucTpupoBalvch CreK-
TPHl COJTHEYHBIX BCITBIIIEK, ITOTOK HEHTPOHOB
¥ TaMMa-KBaHTOB, M3JydeHUE DPEHTTCHOBCKUX
HWCTOYHUKOB. Ha cTaHIMK BTOPOTo MOKOJIEHUS
C IOBYMSI CTHIKOBOYHBIMHU y3iamu «Camor-6»
(1977—1982) nabmomanucek actpodusmdeckue
ucroyHuku B Y®-, MK-, caHTMMETPOBOM
U pagmomuanaszoHe. Ammapatypa «CamioTa-7»
HCClieoBaJa PEHTTEHOBCKME MCTOYHUKHU, (HO-
HOBbI€ NMOTOKM TaMMa-KBaHTOB U 3apsixKeHHbBIX
YaCTUIl, MOHU30BAHHOE KOCMMYECKOE WU3ITy-
YeHHUe, OCYIICCTBJICHBI IpYyrve HaOIIOIeHUS
U DKCITEPUMEHTBHI.

28 mas 1971 roga ObUIM 3aImylIeHBI aBTOMa-
TUYeCcKue ctaHuuu «Mapc-2», «Mapc-3». B ne-
Kabpe 3TOro e rofa IocCie IeCTUMECTIYHOTO
noJiéta 00e CTaHIMK ObLIM BBIBEAEHBI Ha OKO-
JloMapcuaHckue opoutsl. [1pu mopin€re K ria-
HeTe oT «Mapca-3» ObUT OTIENEH CITyCKaeMblid
anmapar, KOTOPBIi COBEPIII MSTKYIO ITOCAIKy
Ha mnaHeTy. OpOuTaibHbIE anmapaTbl CTAHIIUMA
CTalMl MCKYCCTBEHHBIMM CITyTHMKaMu Map-
ca. BrImmotHeHHBIE UMM CeMb SKCITEPUMEHTOB
OBbLIU CBSI3aHbI C MCCIENOBAHUSIMU CaMOi Tijia-
HeTHl (M3MepeHUs TeMIIepaTyphbl TPYHTa TIjia-
HeTHI, U3ydeHue e€ peiabeda, cocraBa U CTpoe-
HUS aTMOoc(dephl ¢ TTOMOIIBI0 MH(ppaKpacHOro
pamroMeTpa, yiabTpachHoIeTOBOro (HOTOMETpa,

«Henwv3s nepeoyeHUmMb 3HaieHue 3mozao
H0B8020 N00B8U2a cO8eMCKOU HAyKu.
OH 8 nontHoOM cmbicne OMmKpbieaeim Ho8yo
3pye ucc/1e008aHUU KOCMUYECKO20
npocmpaHcmea».
NMpocpeccop bepHapo Jlosenn,
oupeKmop 3HamMmeHUMOoU aHulickoli
paouoacmpoHomu4eckoli o6cepeamopuu
oopenn baHk 06 3Kkcneduyuu annapamoe
«Mapc-2 u-3» k Mapcy
“One cannot overestimate the significance of this
feat made by Soviet science. It literally opens a new
age in space exploration.”
Prof. Sir Bernard Lovell, director

of British Jodrell Bank Observatory
on Mars 2 and Mars 3 missions to Mars

Beepxy: AMC «Mapc-3»
enepebie 6 ucmopuu

8bIXo0um Ha opbumy
uu(yl C oy
Mapca

Top. For the firs time ever Mars
3 enters the orbit and becomes
an artificial satellite of Mars

®omousobpaxerue Mapca,
nepedarnHoe AMC «<Mapc-3»
Ha 3emio

Photo image of Mars,
transmitted by Mars 3

On April 19, 1971 the first long-term orbital
station Salyut was launched. Its instruments
studied star spectra in UV and gamma bands,
charged particles, cosmic background radiation,
neutron and gamma ray fluxes. Salyut-4 (1974—
1977) recorded solar flare spectra, neutron fluxes
and gamma rays, X-ray radiation sources. Saly-
ut-6 (1977—1982), the second generation station
with two docking ports observed astrophysical
sources in the ultraviolet, infrared, centimetre,
and radio bands. Salyut-7 (1982—1991) instru-
ments examined X-ray sources, background
gamma-quantum and charged particles fluxes,
ionized cosmic radiation, made other observa-
tions and experiments.

On May 28, 1971 Mars-2 and -3 automatic
stations were launched. In December of the
same year after a six-month journey, both sta-
tions were inserted into Mars orbit. On ap-
proach to the planet Mars-3 jettisoned a probe
that made a soft landing on the planet. The
two spacecraft continued orbiting the planet.
They performed seven experiments, measuring
ground temperature, studying Mars topography,
composition, and structure of the atmosphere
with an infrared radiometer, ultraviolet photom-
eter, and radio telescope; there was also a system
to study magnetic field and charged particles in
the vicinity of Mars. They also completed three
experiments on studying of interplanetary me-
dium and one study of solar radio emission.

Mars exploration continued with Mars-4
through -7. Martian surface was photographed in
its southern hemisphere and various types of sci-
entific data were obtained. Martian atmosphere



IMocadoyHbili annapam
AMC «<Mapc-2 u -3»

Mars-2 and -3 landers

panuoTesieckorna; MMeJIcs TakKe KOMIUIEKC ISt
HCCIIEIOBAHNSI MAaTHUTHOTO TOJIST U 3apsiKeH-
HBIX YacTUIl B OKPECTHOCTSIX Mapca), Tpu —
C U3MepeHUeM TMapaMeTpoB MEXIUIaHeTHOM!
cpelibl U OITH — C MCCIIEIOBAaHUEM PaIUOU3ITY-
yeHust CoJHIIA.

ITporpammy mu3yyeHuss Mapca npomaoKIIN
3ateM AMC «Mapc-4...-7». Bbuio oOHapyxke-
HO WCTeueHUe TIaHeTapHbIX MOHOB. [lomyue-
HBI M300paXXeHus IMOBEepXHOCTM Mapca B ero
IOxHOM TmoJymapuM M pas3iuyHble HayYHbIC
JIaHHbBIe. BriepBbie BBITIOTHEHBI TIPSIMbIE UCCITe-
JIOBaHUSI MapCUaHCKO# aTMochephl. B obmactn
BBICOT OT 20 KM 10 MOBEPXHOCTH M3MEPSUIUCH
JIaBJIeHNe W TeMIlepaTypa, OMpeNessTuCh Xu-
MUYECKUil coctaB aTMocdepsl U, B YACTHOCTH,
colepXaHue BOASIHOTO TMapa B Heil. Bbiio BbI-
SIBJIEHO TIPUCYTCTBHE HEOOJBIIIOTO KOJTMIECTBA
030Ha Ha HU3KUX IIMPOTaX. B OCHOBHOM Xe aT-
Mocdepa, Kak MoKazald U3MEPEHHUsl, COCTOUT
W3 YIJIIeKUCIIOTO Ta3a, a30Ta U aproHa ¢ IpuMe-
cbio Kuciopona. OnuH u3 npudbopoB — MHGpa-
KpPAacHBIl panmuoMeTp — M3MEpPUJ SIPKOCTHYIO
TEeMITepaTypy rpyHTa.
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Cnyckaemeoili annapam Mars 3 descent module
AMC «Mapc-3» 8 my3ee in Lavochkin Association
HIMO um. C.A.Jlagoukuna —  museum — lander under
nocadoyHelli annapam protective cover and

8 3awyumHoli o60s104Ke aerodynamic brakes

u aspoduHamuyeckuli

mopmos

was probed directly for the first time. Pressure
and temperature were measured down to 20 km
to the surface. Chemical composition of the at-
mosphere and, in particular, water vapour con-
tent were surveyed. In the low latitudes small
amount of ozone in the atmosphere was found.
The studies showed that the atmosphere in gen-
eral was composed of carbon dioxide, nitrogen,
and argon with traces of oxygen. The infrared
radiometer measured the brightness temperature
of the soil.

O6HapyxeHue Discovery of Martian
mazHumocegepsl Mapca magnetosphere and planetary
u ucmeyenua ions escape.

nnaHemMapHeIX UOHOB. (Oleg Vaysberg)

(Onez Batic6epe)
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Op6umansHasa
AMC «Mapc-4, -5»

Mars 4 and -5 orbiters

Some scientific results

Hexkomopeie Hay4Hbie
of Mars-2,-3,and -5

pesynemamel pabomel
AMC «Mapc-2, -3, -5»
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IMPETHBIE NEPECEYEHNA (DPOHTE YAAPHOR BONMHL
Multiple bow shock Crossings
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Multiple outer magnetosphere entnes
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CnymHuk «Opeon»
Ha nnamgpopme [C-Y3
¢ {y3CKO20

npoekma A?’?(A,q

3anyck pakemosi MP-12

¢ nany6el Hay4yHo-
uccnedoeamerbckozo cyoHa
Akademuu Hayk

«Akademuk Koponée»

80 Opanuyysckoli leuaHe

lFeuanckuli Kocmuyeckuli
yenmp. Coeemckue

u hpanyy3ckue yyéHoie

u cneyuanucmel noay4yarom
OaHHble ¢ 3anycKkaembiX
pakem
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Aureol satellite on the DS-U3
platform, Soviet-French Arcad
project

MR-12 launcher blasts off the
deck of Academy’s research
ship “Academician Korolev”
from French Guiana

Guiana Space Centre. Soviet

and French researchers receive

the data from the launchers

27 nekaopa 1971 roaa 3anyckom MC3 «Ope-
oJI» Havajxach peaan3alusi COBETCKO-(ppaHIry3-
ckoro npoekta APKAJI 1o uccienoBaHuIo B3a-
MMOAENCTBUS MarHuTocepbl U HOHOCHEPHI.
Crycts nBa rozia ucciaeqoBaHusT ObITU TTPOIOT-
JKEHBI Ha aHAJOTUYHOM CHyTHUKE «Opeon-2»,
a ¢ ceHTs10ps 1981 roma — «Opeose-3». Ocobas
LIeHHOCTb BbIMoJIHEHHBIX TC3 «Opeosn-3» 3Kc-
MepUMEHTOB B TOM, YTO OHU OBLIM CKOOPIH-
HUPOBAHbI C HA3eMHBIMU M PAKETHBIMU U3ME-
peHusiMu. [lomydeHBl TPUHIUITUATHEHO HOBBIE
Hay4HbIC PE3YJbTaThl, CTABLINE BAaXXHOW BEXOU
B MU3YYEHUU OKOJIO3EMHOM MJIa3MBbl.

e
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T

CnymHuk «Opeon-3» Aureol 3 satellite on the AUOS

Ha nnameopme platform, Soviet-French Arcad
AYOC cosemcko- project, in integration and test
panyyscki p facility of the cosmodrome
APKA/[] 8 MmoHmaHo- and in Cosmos pavilion

at VDNH (now All-Russian
Exhibition Centre)

ucneimamesnibHOM Kopnyce
KocmMoOpoMma u 8 nasusiboHe
Kocmoc na BOHX

On December 27, 1971 launch of the Aureol
satellite started the joint Soviet-French program
Arcad for studies of magnetosphere-ionosphere
relations. Two years later it was continued on
the same satellite Aureol-2, and, from Septem-
ber 1981, Aureol-3. Aureol-3 experiments were
especially valuable because they were coordi-
nated with ground and rocket measurements. Its
groundbreaking scientific results became a mile-
stone in the study of near-Earth plasma.

.
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Prognoz satellite in the perigee
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14 anpens 1972 roma BbiBeieH Ha OpOUTY
TMEPBBIA BBICOKOAMOTEMHBIA CIYTHUK CEpPUU
«[IporHos», mpegHa3HAYCHHBINM ST U3YyYEHUS
COJTHEYHO-3EMHBIX CBSI3€ii — TPOIIECCOB COJI-
HEYHOI aKTUBHOCTH W WX BIUSHHUS Ha MEX-
TUTAHETHYIO Cpedy, MarHuTochepy M MOHOChe-
py 3emsu. C 1972 mo 1983 roa ocyuiecTBieHO
JIECATh YCIELIHBIX 3aITyCKOB CITYTHUKOB 3TOM
cepuM, TIPOBEIEHBI HAONIONEHMSI B TEUCHME
OJVHHAIIIATUJIETHEIO 1IMKJAa COJHEYHOM aK-
TUBHOCTH. «IIpOTHO3BI» C TIEPBOTO MO TPETHIA
npeaHa3sHAYaIMCh ST KOHTPOJIST paaudaliioH-
Hoil akTUBHOCTU CoOJIHIIA U TTPOTHO3UPOBAHUS
pagvalOHHON 6€30MaCHOCTH MOJETOB KOCMO-
HaBTOB. B xome monéroB KA «[Iporros-4...-8»
ObLIY BBIMTOJHEHBl YHUKAJIbHbIE UCCIEIOBAHMS
CTPYKTYpPBI YIApHBIX BOJIH COJTHEYHOTO BETpa
BO3JIe 3eMJIN.

Hayuynast annaparypa «IIporHo3oB» BKIIIO-
yajia TakxKe TPUOOpPHI IIST UCCIIEAOBaHUIA DJIeK-
TpoMarHUTHOro u3nydeHusi CoJyiHIIA, TTOTOKOB
COJTHEYHBIX KOCMUYECKUX JIyYeid U YacTHll Bbl-
COKHUX DHEpPruil BHE U BHYTPU MarHUTOCGHEpHI
3eMJIM, perucTpaldM XapaKTepUCTUK TLIa3Mbl
COJITHEYHOIo BeTpa 3a IMpeaeJaMd MarHMTO-
cdepnl 3eMJIM U BHYTPU MarHUTOCGhEpHl, TIPHU-
€MHUKU pamTuoOU3TydeHUs, MaTHUTOMETp, all-
naparypy sl U3MEpPEeHHUsl 103 MPOHUKAIOIIETo
W3TydeHUs Ha Tpacce moyiéta. Ha mocniemyro-
mux MC3 cepun «ITporHos» cocrap ammapary-
DHI CYILIECTBEHHO paclIMpuUJICs.

On April 14, 1972 the first of the Prognoz
high-apogee family satellites was put into orbit.
It was designed to study solar-terrestrial rela-
tions, solar activity and its impact on the inter-
planetary medium, the Earth’s magnetosphere
and ionosphere. In 1972—1983 ten of the Prog-
noz satellites were successfully launched, taking
measurements during 11-year solar cycle. Prog-
noz-1 to -3 were made for radiation and solar
activity monitoring and human space flight radi-
ation safety forecast. Structure of the solar wind
shockwaves near the Earth was studied during
Prognoz-4to -8 flights.

Prognoz satellites were also equipped with in-
struments to study solar electromagnetic radia-
tion, cosmic rays, high-energy particles, as well
as characteristics of the solar wind plasma both
inside and outside the Earth’s magnetosphere,
radio emission receivers, magnetometers, equip-
ment for measuring penetrating radiation doses
on orbit. Succeeding Prognoz satellites were
equipped with significantly more instruments.

Pacnonoxenue Hay4yHoU
pamypel Ha i
P mu cny
«lpozHo3-10» npoekma
UHTEPLLUOK

Scientific payload
arrangement on the outer
surface of Prognoz-10 satellite
(Intershock project)

Mocmpoerue munu4Hoi
op6umebl cnymHukoe
«lpozHo3»

Typical orbit of Prognoz series

Mpu6op «Penukm-1»
cnymHuka «[1po2Ho3-9»
Relikt-1 — an instrument
aboard Prognoz-9




Kapma He6a e duanasone
8 MM, nonyyeHHas
8 3Kcnepumenme PEJIUKT

Map of the sky in 8-mm
band, as derived from Relikt
experiment

PacnonoxeHue npu6opa
«Penukm» Ha cnymHuke
«[lpozHo3-9»

Relikt instrument onboard
Prognoz-9

Cxema epasumayuoHHo20 Gravity assist scheme, which
maHéepa c ucnonvzoeaHuem uses Moon to reach Langrange
JlyHel Ons 8b1800a 8 mo4Ky  point L2, for the project Relikt 2,
JlazpaHxa e He ocywecm- which was never realized
671€HHOM npoekme PEJINKT-2

TexHuyeckoe cosewaHue

Technical panel on Relikt 1
no npoekmy PEJINKT-1. Cneea
B.B. K 0,

project. From left to right:
V.V. Korogod, B.Z. Kanevsky,
A.S. Kosov, I A. Strukov,

V.E. Beker

b. 3.rKaHe3cqu, A.C. Ko'coe,
WN.A. Cmpykoes, B.3. bekep

Coszmannblii B MKMW PAH BbicOKOUYB-
CTBUTENIbHBIN pamuomeTp «PennkT», ycTaHOB-
JieHHbIt Ha «[IporHose-9» (3amymieH 1 umwoas
1983 roga), BIiepBbIE M3MEpUI M3 KOCMoOca
aHM30TPOINHNIO MUKPOBONHOBOTO (hona. He-
OOBIYHO BBICOKasi opbuta cnyTHuKa «IIpo-
THO3-9», TIOYTH MOCTUTABINAsT TOYKHU JTMOpaIuy
B XBOCTE MarHutocdepsl — 1,5 MUITUOHOB KU-
JIOMETPOB, MO3BOJWIA TONYYUTh MHTEPECHbBIE
JlaHHbIe MO0 (HU3NKE COTHEYHOTO BETpa.

C nomompio MC3 «ITporHos-10» (3amymeH
10 okTa0ps 1985 roga) npoBenéH dKCMEPUMEHT
MHTEPILIOK, mnonroroBiaeHHbIH YYEHBIMU
Huctutyra. bruta momydeHa yHUKanbHAs WH-
dopMals 0 CTPYKTYpPe OKOJIO3EMHOM yaapHOM
BOJIHBI Ha TPaHUIIAX MaTHUTOC(HEPHI.

A highly sensitive Relikt radiometer devel-
oped by IKI specialists onboard Prognoz-9
(launched on July 1, 1983) was the first instru-
ment to measure anisotropy of microwave back-
ground radiation from space. Prognoz-9 unusu-
ally high orbit of around 1.5 million kilometers
almost reached libration point in the magneto-
tail, so that it provided interesting data on solar
wind physics.

Prognoz-10 (launched October 10, 1985)
bore an Intershock experiment prepared by sci-
entists of the Institute. Unique information
about the structure of the magnetopause region
at the magnetosphere border was obtained.

Cxema npoekma UHTEPLLOK,
cnymHuk «[1po2Ho3-10»

Intershock project scheme
(Prognoz-10)



B sanBape-deBpane 1975roma peanusyercs
coBeTcKO-(paHIry3ckuii akcnepuMeHT APAKC
(Artificial Radiation and Auroral, Kerguelen —
Soviet Union — HCKycCTBeHHasl paavanus
W TIOJIIPHOE CHUSTHUE) TI0 MCKYCCTBEHHOW WH-
JKEKLIMU BJIEKTPOHOB M TUIa3MEHHBIX CTpYid
B MoHOCepe ¢ 6opTa pakeT (3aIyCKu OCYIIECT-
BIsUIHCH ¢ ocTpoBa Kepremen B MHmuiickom
OKeaHe) U UCCEeNOBAaHUIO COMYTCTBYIOLIUX
uM 3¢p¢deKToB B MarHuTocepe u MoHochepe
3eMan. DKCIEPUMEHT TO3BOJWI ITIPOBEPUTH
MHOTHE TUIIOTE3bl O CTPOSHUM MarHUToCchephl
¥ TIOBEICHUM YaCTUIl B Hell, MeXxaHU3Max TeHe-
paLy TOJISIPHBIX CUSTHUIA.

I'lyr yci

Cnp 0pbl U3 0OKyMeH-

¢panyysckux p
«3pudan» Ha ocmposee
Kep coemec
cosemcko-hpaHyys-
CKO20 3KC

] «JKcnepu-
meHm APAKC» 1975 200a Ku-
Hocmyouu jenmpHayudunem.
Pexucép — A. AHmoHos,

'm — B. b

APAKCc yqarcmueM CLUA

c
{eHap 4

CNES — ¢ppaHuyy3sckoe Kocmu-

YecKoe azeHMCMe0 U y4acmHuK

npoekma — npedocmasusno

0N punema ceou Mamepuanoi

Launching tower for
French Eridan sounding
rockets on Kerguelen island
during Soviet-French
collaborative experiment
ARAKS with the participa-
tion of the US

Right. Snapshots from “Experiment
ARAKS” documentary of 1975.
TsentrNauchFilm production.
Producer — A. Antonov, screen-
writer — V. Beletskaya. With contri-
bution of CNES (French participant
of the project)

Cneea: cxema cogemcko- HaszemHas nodzomoeka
¢paHyysKo20 3Kkcnep K Ha61100: uckyc-
ma APAKC CMeeHHO020 NoIAPHO20
Left. ARAKS Soviet-French cuAHuA

experiment scheme Ground preparation for artifi-

cial aurora observations

In January and February of 1975 the USSR
and France implemented joint ARAKS experi-
ment (short for “Artificial Radiation and Au-
roral, Kerguelen — Soviet Union”) on artificial
injection of electrons and plasma in the iono-
sphere from rockets (launched from Kerguelen
Islands in the Indian Ocean) and study of the
accompanying effects in the magnetosphere
and ionosphere. The experiment was used to
test many hypotheses about the structure of the
magnetosphere and particle behavior, about the
mechanisms generating auroras.

Cnpaea: evioatoujulica
cneyuanucm UKU AH CCCP
no mazHumocegepe 3emnu
U NONAPHBIM CUAHUAM
Opuii Uneuq fanenepuH
Ha ocmpoee Kepzenen
o6cyxoaem c Konnezamu
SKCI

PE&3) P
ma APAKC

Right. Yuri I. Galperin, promi-
nent IKl expert on magneto-
sphere and auroras, discusses
ARAKS’s results with his French
colleagues on Kerguelen island

Ceuo 'meo K
Holi medanu 3a akmueHoe
y4acmue e coeemcko-hpaH-

Aupexkmop NKU AH CCCP
Poaned 3unHyposuy Cazde-
€8 Ha npecc-KoHpepeHyuu

Uy3cKom 3KcnepumeHme
APAKC 2naeHoz20 Hay4Ho20
compyoHuka UKW PAH
Cepzesa AnekcaHoposuy4a

8 UKW, noceawénHoli

yc y P
coeemckKo-¢hpaHyy3ckoz0
3Kcnep 1ma APAKC

Mynunya

Certificate to service medal
for active participation in the
Soviet-French ARAKS project,
awarded to IKI's scientist
Sergey A. Pulinets

IKI's director Roald Z. Sagdeev
on the press conference on suc-
cessful accomplishment of the
Soviet-French ARAKS project




Bnao peku C Selenga mouth in Baikal lake,
8 03epo batikan e mpéx in three bands of one shot
30HAaX 00HO20 CHUMKA made by MKF-6 camera

annapama MK®-6

~

Kocmonaemer i 8U0 ucc

B. ®. BbiKoscKuii menibcko20 6/10Ka U 6Hy-

u B.B. AKcéHog Ha Kopao, P paci

«Cot03-22» annapama MK®-6 Ha kopa-

C ts V. E. Bykovsk 6n1e «Cot03-22» Ha Mecme
0smonauts V. . ByKovsky 06bIYH020 CMBIKOBOYHO20

and V. V. Aksenov in Soyuz 22 yana

spaceship

Research unit (external view)
and the place for MKF 6 camera
inside Soyuz 22 spaceship
instead of docking unit

B.B. AkcéHos npogodum

cvémKy annapamom MK®-6

8 opbumaneHom omceke

Kopab6ns «Cot3-22»

V.V. Aksenov makes the images
with MKF 6 camera in the
orbital module of Soyuz 22
spaceship

15 cenra0psa 1976 rona Ha OpOUTY BHIBOAUT-
¢ KocMuueckuit Kopabiab «Coro3-22», muiio-
TUPYEeMBI dKUIaxeM B cocTaBe B.dD. brikoB-
ckoro u B.B. AkcénoBa. Ha Ooprty kopa®is
OBbIT YCTAaHOBJIEH CO3MAHHBIN JJIST W3YyYeHUS
MPUPOIHBIX PECYPCOB M KOHTPOJSI OKpYXaro-
1LIei cpenbl U3 KOCMOCa, MHOTO30HAaJIbHBIN (ho-
toarmapat MK®-6, pa3paGoTaHHbIi Y4EHBIMU
u cneumanucramu CCCP u I'/IP u u3roroBieH-
Hblit Ha mpeanpusitin «Kapn Leiicc Mena».

IMporpamma monéra BKIIOYaJa TP OCHOB-
HbIe 3amadyu: JETHO-KOHCTPYKTOPCKHME WC-
nbITaHust anmnapatypbl MK®-6, nanpHeiinryio
OTpaboOTKy METOJOB MHOTO30HAJILHOTO KOC-
MHUYecKoro ¢ortorpadupoBaHus C LEIbIO MC-
cJieloBaHusI MTOBEPXHOCTU U aTMochepsl 3eM-
JIW, TIPOBEIEHUE CHEMOK OOIIMPHBIX PaiiloOHOB
CCCP u I'lP nna peureHus paKTUIECKUX 3a-
a4y B MHTepecax HapOJHOIO XO3sCcTBa 00eux
CTpaH.

ITonérom «Coro3-22» 3aBeplIniicsa OOLINUp-
HBI KOMILIeKC paboT B objactu oTorpa-
dUUecKMX METOIOB W3YyYeHUS W3 KOocMoca
MPUPOAHBIX PECYPCOB 3eMJIM, TMPOBEAEHHBIX
HWHcTUTYTOM KOCMUYECKUX McciienoBaHuii AH
CCCP, reorpadpuueckum daxyrpretom MIY
umeHu M. B. JlomoHOCOBa M IpyruMy Hay4d-
HbiMu opranuzauusimu CCCP. Meroa MHoro-
30HAILHOM (POTOCHEMKM OKaszajcsl BeCbMa
a¢hdeKTUBEH I MHOTMX OTpaciieii Hay4yHBIX
HCCIIEIOBAHUI U HApPOIHOIO XO3iCTBa, U €ro
pa3paboTka OblIa ynocroeHa ['ocynapcTBeHHOM
npemuu CCCP B 1984 rony.

Kocmuyeckuti MHo2030HanwHbili - MKF-6 multispectral

¢pomoannapam MK®-6, space camera, developed
pazpa6 i ¢ Kumu by Soviet engineers and

yu4é unoc scientists and built at Carl
cney Hapoo Zeiss Jena (East Germany)
npednpuamus AP «Kapn Leiicc

Uena»

On September 15, 1976 Soyuz 22 manned
spaceship, piloted by the crew of two cosmo-
nauts (V.F. Bykovsky and V.V. Aksenov), was
launched. MKF-6 multispectral camera, devel-
oped by USSR and East German engineers and
built at Carl Zeiss Jena, was installed aboard
the spaceship. It worked in four visible and two
IR bands.

The flight had three main tasks, which were
to perform flight tests of MKF-6 equipment; to
refine the methods of multispectral space pho-
tography for Earth studies, and to obtain images
of vast territories of the USSR and East Germa-
ny for practical purposes for both countries.

Soyuz 22 crowned a large-scale work con-
cerning space studies of natural resources, which
had been run in IKI, Lomonosov Moscow State
University (Department of Geography), and
other Soviet scientific institutions. Multispec-
tral imagery turned to be especially valuable for
many purposes of science and national econ-
omy, and the works on its development were
awarded with the USSR State Prize in 1984.



23 mapra 1983 roga BbIBeIeH Ha BBICOKO-
arnoreitHy1o opOoUTY MEPBbII COBETCKUIA CITeIU-
amusupoBaHHbIi MC3 misg acTpodusznyeckux

HabmoAeHuid — KocMmuyeckass o0cepBaTo-
pusi «AcTpoH». YcmemHo (GyHKIMOHUpOBaia
CBBIIIE CEMU JIET, YCTAHOBUB OTE€YECTBEHHBIN
peKopa UIMTENbHOCTM PaboThl B KOCMOCE.
CucreMa OpHMEHTAllMM TIO3BOJIsIa HABOIUTH
TEJIECKOTIBI B JIIOOYI0 TOUKY Heba C TOUHOCTBHIO
2...3°. IlpuMepHO TakKoil ke Obljla U TOYHOCTh
crabunusanuu. PaspabdotanHslii B MHCTUTY-
T€ PEHTTEHOBCKUIA TeNeCKON WMeN TIUIOIANb
1750 xBagpaTHBIX CAHTUMETPOB, TIOJIE 3pe-
HUST 3° U BpeMeHHOe paspelieHue 2,7 MUILTU-
cekyHn. MccnenoBanich HecTalluOHAPHBIE SIB-
JIEHUs B 3BE3[aX, aHOMAJIUM UX XMMUYECKOTO
coctaBa, Y D-uznydyeHue 3BE31 1 TaTaKTUK.

Bcero 6vuto uccienoBaHo 6osee 200 00b-
€KTOB, B TOM YMCJIE B PEHTT€HOBCKOM Juama-
30He — cBbille 70 pasJIMYHBIX UCTOYHUKOB.
Yacte m3 HUX HaAOMIO#ATach OXHOBPEMEHHO
B PEHTTEHOBCKOM U YIbTPadHOJIETOBOM Juana-
30Hax. BBUIM TIONTyYeHBI CIIEKTPHI HECKOTBKUX
COTEH 3BE311, B TOM YUCJIE C HEOOBIYHBIM XUMU-
YeCKUM COCTaBOM: HOBBIX U CBEPXHOBBIX 3BE3,
B yactHoctu CBepxHoBoif 1987 roma B Bomb-
moM MarestanoBoMm O6Jake; Apyrue rajakTu-
KW; Ta30Bble TYMAHHOCTH U KOMETA.

YO-HabmoneHnsT HECTAIIMOHAPHBIX 3BE3I
T BO3MOXHOCTh BIIEPBbIE HETIOCPEICTBEHHO
OMNpEeNeNUTh pa3Mephl U TEMIIEpaTypy UX ropsi-
YUX KOMIIOHEHT.

Astron automatic orbital
astrophysical observatory
at the Lavochkin Association
plant and during the flight

Aemomamuveckas
opbumansHaa acmpodu-
3uyeckas o6cepeamopus
«AcmpoHn» 6 yexe

HIMO um. C.A.Jlaso4ykuHa
uenonéme

On March 23, 1983 the first dedicated Soviet
satellite for astrophysical observations, Astron
space observatory was launched into high-apo-
gee orbit. It successfully worked for more than
7 years becoming the Soviet’s longest operating
space station of the time. Its orientation con-
trol system could point its telescopes anywhere
in the sky with an accuracy of 2...3°, with ap-
proximately the same stabilization accuracy.
The Institute supplied an X-ray telescope for the
project, with an area of 1750 cm?, a field of view
3° and time resolution of 2.7 ms. The project ex-
plored transient phenomena in stars, anomalies
in stellar chemical composition, UV radiation of
stars and galaxies.

More than 200 objects were studied (70 in
X-ray-band). Some of them were simultane-
ously observed in X-ray and ultraviolet ranges.
Spectra of several hundred stars were obtained,
including those with unusual chemical com-
position: novae and supernovae, in particular,
the Supernova SN1987 in the Large Magel-
lanic Cloud; other galaxies; gaseous nebulae and
comets.

UV observations of nonstationary stars for
the first time made it possible to directly mea-
sure the size and temperature of their hot seg-
ments.

Op6umansHas acmpodgpusuyeckas
o6cepsamopus «<Acmpon» cmapmosana
23 mapma 1983 200a. B meyeHnue 7 nem
6bU1U NpoBeOeHbl 06UWIUPHbIE HaYYHbIe
ucc/1e008aHUs 38€30, 2a/1IGKMUK

U Keasapoe e ynompacguosemosom

U peHmMzeHo8cKkom cnekmpax. Bcezo
uccedosaro 6osnee 200 06vexkmos,

8 peHM2eHoB8CKOM OUana3oHe —

cebiwe 70 pasiu4dHbIX UCMOYHUKOB.
Yacmb ucmoyHukoe Habmoodanace
00HOBpeMeHHO 8 peHM2eHO0BCKOM

u Y@-ouanasoHax. OCHOBHOU Hay4HbIli
npu6op — ceepXmoyHbili 08yX3epKa/lbHbIl
Y®-meneckon CITUKA, co30aHHbIt

8 HIMO um. C.A.JlaeéoukuHa

Astron orbital astrophysical observatory was
launched on March 23, 1983. For seven years

it studied stars, galaxies, and quasars n UV

and X-ray bands. More than 200 objects were
studied, including more than 70 X-ray sources.
Some of the sources were observed simultaneously
in UV and X-ray bands. The main instrument was
SPICA— high-precision two-mirror telescope, built
at the Lavochkin Association

Formation of Astron
astrophysical observatory
nominal mission orbit

@opmuposanue paboyeli
6 06¢

P P

P
«AcmpoH»

TR BT e

Nepexnfmas  aswraven PE
ot 1

OcHo8HOU UHCMpymeHm The main instruments
ob6cepeamopuu of Astron astrophysical
«AcmpoH» — meneckon observatory — SPICA telescope
CITUKA e mysee HI10 in the Lavochkin Association

um. C.A.JlasoykuHa museum
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Mex«0yHapooHbIii npoekma BETA
(Benepa-Tanneti) — uccnedoeaHue d8yms
KocMu4ecKumu annapamamu 6 nposIEMHOM
conuxceHuU 08yx HebecHbIX 06beKmos —
nnarHemel Benepa c decanmuposarnuem

Ha eé N08epXHOCMb NOCAOOYHbIX
annapamoe u 3anyckom 8 e€ ammocghepy
aspocmamHbix 30H00e u komembi [annes —
cman KynieMuHayueli coeemcko20 nepuooa
Uncmumyma Kocmusdeckux uccie0o8aHuli

International project Vega (short for Venus Halley)
with two spacecraft encountering two celestial
objects — Venus (leaving behind two landers

and balloons) and comet Halley. It became the apex
of the Soviet period of IKI% history

Hayuno-mexHuy4eckuii

deep ceoez0 ep —
mumatoesili cnyckaembili
annapam «Beza» & my3see
HINO um. C.A.JlasoykuHa

Scientific and engineering
masterpiece of the time —
Vega’s titanic descent module
in the Lavochkin Association
museum

MoHmax nocadoyHozo
annapama e kancyny
cnyc p
«Beza» 8 yexe HIO

um. C.A.JlasoykuHa

Lander installation into the
Vega descent module at the
Lavochkin Association plant

BHu3y: Kocmu4eckuli
annapam «Beza-1» 8 mep-

4 4. 4
20moeblli K NosI€my, 8 MOH-
MAaxHo-ucneimamesnsHOM
Kopnyce 31-li nnowadku
Kocmodpoma batikonyp

Bottom. Vega 1 spacecraft

in thermal vacuum shield-
ing ready for launch in the
integration and test building,
31 launch, Baikonur cosmo-
drome

«Beza» y BeHepbl
Vega encounters Venus

15 u 21 nekadps 1984 roaa 3anymeHst AMC
«Bera-1 u -2». B wione 1985roma craHmuu
npojeTean MuMo BeHepbl ¥ BBIILIM Ha Tpaek-
Toputo commkeHus: ¢ Komeroi Tamnes. [lepen
MPONETOM OKOJI0O BeHephl OT HUX OTHETWINCH
CITyCKaeMble almapaTbl, KaXIblii U3 KOTOPBIX
pasfenuics B BeHEpMaHCKON aTtMocdepe Ha
IIBE YaCTU — TTOCATOYHBIN MOMIYJTh U adPOCTaT-
HbII 30HA. B mpoliecce cHIKeHMS MOCaTOYHBIX
arrmapaToB M3MEPSUITMCh XapaKTePUCTUKH 00-
JIAYHOTO CJIOSI Y XMMUYECKOTO COCTaBa aTMO-
coepnl. Ilocagka monmyns craHuuu «Bera-2»
BIIepBbIC OblTa BHIITOJIHEHA B BBICOKOTOPHOM
paiioHe, TTO3TOMY aHAIN3 TPYHTA B ITOM Me-
cTe npeacTaBiisil ocoOblil nHTepec. [1o cBoemy
COCTaBy OH OKa3aJicsl OJIM3KUM K OJIMBUHOBO-
My TaOOpoHOpUTYy. bbLIM Takxke oOHapyxke-
HBI TIOPONIbI C OTHOCHUTEIHHO HEBBICOKUM CO-
Nep>XKaHWEM  eCTECTBEeHHBIX  PaauOaKTUBHBIX
3JIEMEHTOB.

AdpOCTaTHbIE 30HABI IIOCJE HAMOJIHEHUS
nx 00oJI0ueK rejrem apeidosanu B aTtMoche-
pe TIaHeThl Ha BbIcOTe 53...55 KMIOMETPOB,
BBITIOJIHSISI M3MEPEHUSI METeOpPOIOTMYECKUX
mapamMeTpoB. [IpomOJKUTETBHOCT  PabOTHI
30H/IOB cocTaBuiia 6osee 46 yacoB. bbuia mosy-
YyeHa HOBasl yHUKallbHasi MHGOpMalus O BeHe-
puaHckoil atMocdepe. B uwacTHOCTH, maHHBIE
30HIOB TIOKA3aJM HaNW4Me O4YeHb aKTUBHBIX
MPOLIECCOB B 00J1auHOM cjioe BeHephl, xapakTe-
PUBYIOIIMXCS] MOITHBIMU BOCXOISIIIIMMU 1 HUC-
XOISIIIMMU TIoToKaMu. Bein Takke oOHapyxe-
HBI TPO30BbIE Pa3PSIIbI.

R,

y L
Vega encounters Comet Halley

On December 15 and 21, 1984 Vega-1 and -2
interplanetary stations were launched. In June
1985 they flew past Venus and entered the en-
counter path with Halley’s comet. Before Venus
fly-by they released two descent modules each of
which further separated in the atmosphere into
a lander and a balloon probe. On their descent
the landers measured characteristics of the cloud
layer and chemical composition of the atmo-
sphere. Vega-2 was the first to land in highlands,
so the analysis of the soil in this place was of
special interest. The composition turned out to
be close to olivine gabbro-norites. Rocks with a
relatively low content of natural radioactive ele-
ments were also found.

The balloon probes, having been filled with
helium, drifted at an altitude of 53...55km,
measuring meteorological parameters. The
probes spent in the atmosphere over 46 hours.
They yielded unique new information about Ve-
nusian atmosphere. In particular, they discov-
ered very intensive processes in the cloud layer
of Venus, characterized by strong upstream and
downstream movements. They also detected
lightning.



lMpoexkm BETA
npoeodusics 8 mecHOM
MeXXOyHapoOHOM
compyodHuyecmee.

BHu3y: Hay4HbIl cosem
npeoc i cmpaH-
yyacmHuy 8 Uncmumyme
KOCMUYeCKux
uccnedosanuti AH CCCP

Project Vega was

an international effort.
Bottom. Scientific council

of representatives

of participant countries in IKI

Cneea: e0oxHosumenu

u opzaHusamopel
mex0yHapoOHo20 npoekma
BETA no uccnedosaHuto
Komemel [annes.

Cneea Hanpaeo:

Poaneo 3uHHyposuy
Caz0ees — dupekmop
WNHcmumyma kocmudeckux
ucc i AKao:

Hayk CCCP

Kapn Cazan — npe3udeHm
MnanemHozo o6wecmea
CLUA, ebioarowjutica
nonynapusamop
KocMuyecKux uccsedoeaHudi
Pome-M:puc BboHHe —
L4

X

Py .
K020

POcp P
Kocmu4vecKkoz2o azeHmcmea

Left. Inspirers and organizers
of Vega international project
on the study of Comet Halley.

Left to right.
Roald Z. Sagdeev, IKI's director

Carl Sagan, president of the
Planetary Society (the USA)

Roger-Maurice Bonnet,
the Director of Science
of European Space Agency

B uccnedosaHuu

Komemol [annes 6binu
3a0elicmeoeaHbl HECKOJIbKO
KA. Annapameli «Bez2a»

J P (o

KoMembl u no3eonunu
dsecmu eep lickuii

annapam «/J>komo» K Heli

Ha 600 KM — HUYMOXHOe

paccmosHue no KocMu4eckum

mepkam

Comet Halley were studied

by several spacecraft. Vegas
pinpointed the trajectory of the
comet and allowed European
Giotto spacecraft to approach
as close as 600 km — a trifling
in space travel

MexoyHapooHbili
Hay4YHO-mexXHU4YecKul
coeem no npoekmy BETA

8 MHcmumyme Kocmuyeckux
uccnedosaruii AH CCCP

International scientific
and technical council
on Project Vega at IKI




Cxema pa6omel, kapma
mapuwipymoe e ammoceepe
R e b

pbl U @ pagp
aspocmamHoz2o 30H0a
«Beza» Ha ucneiImanuax

Work schedule, trajectories
in the Venusian atmosphere,
and Vega’s ballon during tests

BHu3y: cnekmpo¢gomo-
mempol UOAB u UOAB-2,

€ NOMOWbI0 KOMOPbIX
u3smepeHo codepiKaHue e0-
05AHO20 napa 8 ammocgepe
BeHepbi

Bottom. IOAV and IOAV-2
spectrophotometers, which

measured the content of water

vapour in the atmosphere
of Venus
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Technical supervisors of Project
Vega — Boris Novikov,

on Soviet part, and Josette
Runaveau, Director of the
French participation, near
ASP-5 automatic platform

MeineydapHeiii macc-
aHanusamop [NTYMA

PUMA dust mass spectrometer

LV KOPPEKLIMA
S 310-330

u L
CYTEW MONETA

\’*“ V1 KOPPEKLIMA

~425 )
CYTKHM NMONETA

TPAEKTOPIA
KOMETBI TAJLNEA

ASP-5 automatic platform
of Project Vega (thermal
vacuum isolation (left); layout)




B UKW nony4eHo nepeoe usobpaxieHue
komemol [annesa

First image of Comet Halley received at IKI

Ho camoii nHTepecHOI OblIa TPEThSI 4acTh
MpoeKTa — MucciaeaoBaHue KomeThl [ajutes.
KocMmuueckue anmaparsl U KOMeTa JIBUTATUCH
Ha BCTpeuHbIX Kypcax. CKOpocTb COMMKEHUS
npesbiana 70 KMJIOMETPOB B ceKyHuy. Tpya-
HOCTb COCTOSIJIA U B TOM, UTO OBUIO HEBO3MOX-
HO 3apaHee pacCYMTaTh TPACKTOPHUIO IBUKECHUS
KOMEThI ¢ HeoOXoauMoil TouHoCcThio. E€ yTou-
HEHMe TPONOJIKAIOCh BIUIOTH JO TIPOXOXKIE-
HUS CTAaHIIMI MUMO KOMETHOTO sapa. «Bera-1»
npouuia Ha paccrossHuU 8890 KuinoMmeTpoB
oT Hero, «Bera-2» — Ha paccrossaru 8030 Ku-
soMeTpoB. biaronapst nHGopMau, moaydeH-
HOI OT ammaparoB «Bera», ymajgoch Gojiee TOU-
HO TIOIBECTH K KOMETEe €BPOICHCKUIA aImapar
«JIxoTT0» — 596 KMIOMETPOB.

Anmapatel  «Bera»  mepemaau  0KoJio
1500 cHUMKOB BHYTpeHHUX oOOJlacTeii Kome-
Tl U e€ sapa. beina moiayyeHa MHOOpMAaLMS
O TBbIJICBOI 0OCTAHOBKE BHYTPHM KOMBI, XapaK-
TEPUCTUKAX ITUIa3MBI, U3MEPEH TEeMIT MCIape-
HUSI KOMETHOTO BeniecTBa — 40 TOHH B CEKYH-
Iy B MOMEHT IIPOXoJa CTAHIIUKA OKOJIO KOMETBI
U1 MHoroe apyroe. M300paxkeHus siapa KOMETHI
OBLIY TTOJIyYEHBI BIIEPBHIE B MUPE.

UpesBbluaitHo ycrniemHbii mpoekT BETA —
uccienoBanus Benepsl u kKometwl [ammes —
MO CYTH, CcTajl KyJbMMHAlLIMEil <«COBETCKOIO»
reproga paboOTBl MHCTUTYTA. 3a 3HAYUTEIb-
HBIII BKJIal B pa3BUTHE OTEUECTBEHHON HayKHu
Y TEXHUKU MHCTUTYT ObLIT Harpaxa€H opaeHOM
Jlenuna, nupekropy uHctutyta P.3. CarmeeBy
MMPUCBOCHO 3BaHMe ['epos COLMAIMCTUYECKOTO
Tpyaa, OpIeHaMU U MeIaIsiMU ObUTM Harpaxmie-
HBI MHOTHE COTPYIHUKA MHCTUTYTA.

Llenmp ynpaenenus Esponelickuii cnymHuk
é obecne «/[. , acex
6. annap Opyaux nodoweodwudi
B c i I K
6 Y
Flight Control Centre operates L L
the approach of Vegas «Beza»
to comet Halley Thanks to Vegas, Giotto

spacecraft (ESA) flied by the
comet at a shortest distance
(compared to others)

U306paxerus adpa Komemol
lannea

Comet Halley nucleus

But the most interesting was the third part
of the project, i.e. studying Comet Halley. The
spacecraft and the comet moved on a counter-
course. Closing speed exceeded 70 km/s. The
difficulty was that calculation of the trajectory
of the comet with the required accuracy was
impossible in advance. Calculations lasted up
until the moment of encounter. Vega-1 passed
the nucleus at a distance of 8890 km, Vega-2 at
8030 km. The information gained from the Ve-
gas helped to navigate European Giotto satellite
as close as 596 km to the comet.

The Vega spacecraft transferred about
1500 images of internal regions of the comet and
its nucleus. They’ve obtained information on the
dusty environment inside the coma, character-
istics of plasma, measured evaporation rate of
cometary material (40 ton/s) at the time of the
flyby and much more. For the first time ever
comet’s nucleus was photographed.

Extremely successful VEGA mission (short
for “VEnus and HAlley’s comet” since “Hal-
ley” is pronounced as “Galley” in Russian) was
in fact, the culmination of the “Soviet” period
of the Institute. IKI was awarded the Order of
Lenin and R.Z. Sagdeeyv, the director of the In-
stitute, was awarded the title Hero of Socialist
Labor for significant contribution to the devel-
opment of national science and technology in-
stitute. Orders and medals were also awarded to
many Institute staff members.

Beepxy: npecc-
KoH¢hepenyus e UKU ona
€c08emcKuX U UHOCMPAHHbIX
JKYypHAnucmos, noceauwjéH-
HasA ycnewHomy 3asep-

- A

MmeXxxoy

npoexkma BETA

Top. Press conference for Soviet
and foreign media in IKl on
successful end of Vega interna-
tional project

BHus3y: nepebili cekpemapb
MTrK KINCC bopuc EnoyuH Ha-
2pa)xxdaem uHcmumym u ezo

compy P
C

5

P

Bottom. Boris Yeltsin, First
secretary of Moscow City Com-
mittee of the USSR Communist
Party, awards the Institutes
and its representatives with
state awards




Hayu4Heiii Modyne Cnpaea: ycmpoticmeo
«KeaHm» — emopoti modyns «Keanm»

0y/1b O« p o pemMmeHHOU
opb6umaneHol cmaHyuu op6umaneHoli cmaHyuu
«Mup» «Mup»
Kvant science module — Right. Scheme of Kvant
the second module of the Mir module of Mir space station
space station

TTM (meneckon *
€ meHeeol mackou) —
0O0UH U3 OCHOBHbIX
UHCMpymeHmoe

D

o6cep puu «f -
Ha modyne «<Keanm-1».Ce2o
nomowbio GblIu Nosly4deHol |
Hauny4wue HA KOHey, ]
1980-x - Hayano 1990- N
X 20008 Kapmebl o61acmu
uyeHmpa lanakmuku

8 peHmM2eHOoBCKUX Ty4yax .
eblwe 4 K3B

TTM — literally, “telescope
with shadow mask”

(in Russian), one of the main 1
instruments of Rentgen = . ¢
observatory installed on Kvant - =
module. His maps of Galactic 't
Centre in >4 keV energy band i Py
had the highest qualityinthe &
end of 1980’s — the beginning

of 1990’

..,_,.-
=
;

T

Hekomopesie ocHogHbIe
Hay4Hble pe3ynemamel
pa6omel modyns «KeaHm»:
cneKmpbl xécmkozo
peHm2eHo6cKo20 U 2amma-
u3sJly4yeHus ceepxHoeoll
1987A; omkpbimue »écmkou
8c p
peHmM2eHoBCKUX HOBbIX

Some most important results

of Kvant: hard X-ray spectra from
SN1987a supernova; discovery
of hard part in the spectra

of X-ray novae
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20 cespans 1986 roma 3amyieH 06a30BbIil
OJIOK OpOMTAIBPHON HAydyHOW CTaHLUU «Mwup»
C IIECThIO CTHIKOBOUHBIMHM y3J1aMu. 3a 15 jer
Ha KoMruiekce «Mup» moo6eiBajio 105 kocMmo-
HaBTOB, 10 JIeT OH KCILTyaTUPOBAJICSI B TUJIO-
THpyeMoM pexume. Ha ero 6opty 6bUIO Mpo-
BEACHO OKOJIO 18 ThICSY 3KCIEPUMMEHTOB, BO
MHOTHX U3 KOTOPBIX TIPUHSITN y9acTue yIEHbIe
MKW PAH. Hauunas ¢ 1987 roga ¢ moMoIibio
obcepBaropun «PeHTreH», yCTaHOBJIEHHON Ha
Monyie «KBaHT» CTaHIIMU, U3YJaTUCh PEHTIe-
HOBCKUE UCTOYHUKU.

OnbIT MPOBEACHUSI MCCIENOBAaHUN Ha MoO-
nyne «KBaHT», kKak 1 Ha G0OpTy Gojee paHHUX
OpOUTANBHBIX CTaHIMA, B TOM YHUCJIE CEpUU
«CamoT», oKas3ajl CyIIeCTBEHHbIE CIOXHOCTHU
paboTBI C THCTPYMEHTAMU PEHTTEHOBCKOTO T -
arasoHa, pa3MElIEHHBIMU Ha MWJIOTUPYEMBIX
KocMMYecKUX amnmaparax. Cpenu HUX: orpaHu-
YEHHOCTb CEaHCOB HAOMIONEHUI B Clly4ae, eCIA
HEOOXOIMMO TIPUBIEKATh IJIs pabOThI KOCMO-
HaBTOB, MOMIOIIEHUE MATKOTO PEHTT€HOBCKOTO
U3TydeHUsT B MUKpoaTtMocdepe BOKPYT OpOu-
TaJbHOM CTAaHLIMM, OCEIAHME BEIUECTBA ATOM
MHKpoaTMOocdepbl Ha 3aX0JIOXKEHHBbIE YacTh
PEHTIeHOBCKMX WHCTpyMeHTOB. Kpome TorO,
NMHAMWYECKNE MeXaHWYeCKue Harpy3ku Ha
CTaHUMU HaKJIaablBalOT CBOM OTPAaHUYEHMS Ha
rmapamMeTpbl CUCTEMBl aBTOHOMHOTO HaBEICHUS
U cTabuiam3anuu anmnaparypbl. Bc€ 3To BMecTe
B35ITO€ TOCTENMEHHO MPUBEJO K OTKa3y OT pe-
aTu3alid  MacIITaOHBIX — acTPODUINIECKUX
MPOEKTOB Ha 0a3e MUIOTUPYEMBIX KOCMUYE-
ckux Kopabjeit. Cpeay IMIIOCOB HEOOXOIUMO

On February 20, 1986 the base unit of Mir
orbital scientific station with six docking ports
was launched. During its 15-year lifetime Mir
was visited by 105 astronauts. 10 years it was
operated in manned mode. About 18 thousand
experiments were performed onboard, with IKI
scientists taking part in many of those. Since
1987 the station began studying X-ray sources
using Renigen observatory installed in the Kvant
scientific module.

Kvant legacy, as well as that of earlier Salyut
series, showed significant difficulties with X-ray
instruments borne by manned spacecraft. These
are limited crew observation times, absorption
of soft X-ray radiation in the microatmosphere
around the space station, condensation of this
atmosphere on cold parts of X-ray instruments,
to name just a few. In addition, dynamic me-
chanical loads on the station limited the capaci-
ties of the automatic pointing and stabilization
systems. All these factors led to abandonment of
major astrophysical research on manned space-
craft. Advantages however included the possi-
bility to repair the equipment by the crew. For
example in 1988 astronauts replaced a faulty de-
tector in Kvant's telescope that ensured another
several years of sustainable operation.



Kocmu4eckuti annapam
«@Poboc-2» e yexe HIMO
um. C.A.JlagoykuHa. Yué-
Hole UKW Ha Kocmodpome
y cmanyuu «@oboc-2»

Phobos-2 spacecraft at
the Lavochkin Association
plant. IKI’s scientists

at the cosmodrome near
Phobos-2 spacecraft

OTMETUTb BO3MOXHOCTb PEMOHTa armaparypbl
kocMoHaBTamu. Tak, B 1988 romy Ha Momyie
«KBaHT» KOCMOHABTHI 3aMEHUJIM HEUCTIPAB-
HbII neTekTop Teneckorna TTM (teneckon ¢ Te-
HEBOI MacKoii), U OH MOCJIe 3TOTO €llI€ T0Jroe
BpeMsI ITPOIOJIXKA YCTIEHUTHO paboTaTh.

7 u 12 woaa 1988 roma 3anymenst AMC
«®@oboc-1 u -2». [ImaHUpOBaIOCh BBIBECTH WX
Ha OpOUTY MCKYCCTBEHHBIX CIYTHMKOB Map-
ca (MCM), 6auskyio K opoute dDoboca. IIpo-
rpaMMa  TIpedycMaTpuBajia  MHOTOKpPATHBIE
CONMMXEHUST ¢ MapCUAHCKUM CITYTHUKOM, Tac-
CHBHbIC U aKTHUBHbIC NUCTAHIMOHHBIE MCCIIe-
JOBAHUSI €TO TIOBEPXHOCTU, TIOCANKy Ha HETO
MaJIbIX CTAHLIAM.

B centabpe 1988 roma «®o6oc-1» GbII MO-
TEepsSH Ha TyTH K Mapcy u3-3a OmmoOKu, J0-
nymeHHoi ynpasieHuamu LIYI1 npu Beimaye
koMaHI. «®o6oc-2» BeIBeIeH Ha opouty MCM
B KoHIle stHBaps 1989 roma. 3a nBa mecsua ero
paboThl TOJTYyYeHO Topasno OoJiblile AaHHbIX,
YyeM BO BCEX JAPYTMX OTEYECTBEHHBIX MapCH-
aHCKUX TIporpaMMax. B uacTHocTu, BIiepBbIe
ObUIM TIPOBENEHBI MACC-CHEKTPOMETPUYECKUE
U3MEpeHMs, KOTOpble TMO3BOJMIM OOHAapy-
KUTH TIa3MEHHBIE CIIOM B MAarHUTHOM XBOCTE
Mapca.

Mazrnumocgepa Mapca — Martian magnetosphere
pe3ynemameol pabomel as seen by Phobos-2
npu6opoe annapama instruments

«@Poboc-2»

On July 7 and 12, 1988 twin Phobos-1 and -2
interplanetary stations were launched. The plan
was to put them into orbit around Mars, close
to that of Phobos. The program included mul-
tiple rendezvous with Phobos, passive and active
probing of its surface, and landing small stations
onto it.

In September 1988 Phobos-1 was lost on its
way to Mars due to an error in command trans-
mission. Phobos-2 was inserted into Martian or-
bit in late January, 1989. During the two months
of its mission scientists received more data than
in all previous Soviet Martian program. In par-
ticular, mass spectrometric measurements dis-
covered plasma layers in the Mars magnetic tail.

Uz06,

v P L

cmu Mapca, nonyyeHHole

npu6opom «TepmocKkaH»

annapama «®o6oc-2» —
puop agc

HUe cosemCcKUX y4€HbIX

Mars surface images obtained
by Termoscan instrument
were pioneer results of Soviet
scientists

®omozpaguu Mapca

u ®oboca, nonyyeHHvle
¢pomokamepamu
annapama «®o6oc-2»

Mars and Phobos images
obtained by Phobos-2
cameras

Kapmelr Mapca

no mamepuanam npu6opa

«Tepmockan». B UKU AH

CCCP pacwiughpoekotii smoii
¢ a1

Maps of Mars by Termoscan
instrument. These data were
processed by V.I. Moroz

B.W. A?lopols




O6cepeamopus «[panam».
OcHOBHble UHCMpPYMeH-

me1 — APT-ITu CUTMA —
peHmzeHo8cKUe mesiecKkonbl
¢ Kodupyrowumu mackamu

OOuH u3 yemoIpéx

«2/1a3» ¢ Kooupytoweui
mackolu meneckona APT-T
Ha cmeHOe e KU

Pakema-Hocumene
«[TpomoH» co cnymHuKkom

«Ip Ha cmap
nnowyadke kocmoopoma
baiikoHyp

Proton launcher with Granat
spacecraft atop at Baikonur
launch pad
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Granat observatory. Main
instruments — ART-P

and SIGMA X-ray telescopes
with coded aperture

One of the four “eyes” of ART-P
telescope with coded mask
at IKI's test bench

SIGMA telescope during tests
at IKI's laboratory testing
station

Teneckon CUTMA
Ha ucneimanusx e JINC UKN

1 nekaops 1989 roga BbIBeZeHa Ha OpOMTY
KOCMMYECKasl PEHTIeHOBCKasi 00cepBaTOpUS
«[panar». Cpenu BakHEUIINX pe3yabTaToOB €€
HaOMIOJEHUN — OTKPbITUE BCIBIXMBAIOIIETO
PEHTIeHOBCKOTO ITyJibcapa, CJIeXeHUe 3a W3-
MEHEHNeM Tepruoa0B BpalleHus emeE 12 peHr-
T€HOBCKMX IMyJbCapoB, 0OHApYXEHUE NeCSITKOB
PEHTIeHOBCKUX BCIUIECKOB OT HEUTPOHHBIX
3BE€3n-6apcTepoB. O6cepBaTopust «I'paHaT» pa-
6otasia B kocMmoce noutu 10 yieT.

Brina takke mpennpuHsTa TiepBas MOIIBIT-
Ka MCCJIeIOBAaHUI TaMMa-BCIUIECKOB OTHOBpE-
MEHHO B ONTUYECKOM, MH(MpaKpacHOM U pa-
nuoauanazoHax. Ha ©6opty opOuTanbHOI
ob6cepBaropun ObUT ycTaHOBJIeH mpubop «[loma-
COJIHYX», KOTOPBII MpEeACTaBIsul cOOOU KOM-
IJIEKC PEHTTeHOBCKUX U ONTUYECKUX NEeTeK-
TOPOB, BKJIIOYAEMBIX IO pe3yJabTaTaM Tpyboro
U3MEPEHMsI TIOJIOXXEHUs raMMa-BCIlIecKa Mpu-
60poM «Konyc».

Ipynna compyoHukoe
WKW, paspa6omyukoe
meneckona APT-I1,
y némHozo obpasya

6 Ha uci X

puobop
8 JINC
IKI's scientists and engineers,
who developed ART-P
telescope, near the flight unit
of the instrument at test in
laboratory testing station

On December 1, 1989 Granat space X-ray
observatory was put into orbit. Among the most
important results of its work are discovery of a
flashing X-ray pulsar, tracking changes in rota-
tion period of 12 other X-ray pulsars, detection
of dozens of X-ray bursts from neutron stars.
Granat worked in space for almost 10 years.

It was also the first attempt to study gamma-
ray bursts (GRBs) in optical, infrared and ra-
dio bands simultaneously. The observatory was
equipped with Podsolnukh (“Sunflower”) system
essentially consisting of X-ray and optical detec-
tors activated after instrument Konus (“Cone”)
roughly measured gamma-ray burst position.
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BBery c/leea: peHmMa2eHoecKoe u306pa)KeHue nons lanak-

muy4ecKo20 yeHmpa 8x8° 8 duanasoHe 3Hepauli 3..
APT-I1. Omkpeimel mpu peHmaze-
Beepxy ci

nony

HoOB8CKUX Ucmo

.17 K3B,

p
MA2K020 2aMMa-NoCAeCeeyeHus APKO20 KOCMUYecKo20
2amma-ecnnecka 23 uronsa 1992 200a, okasaswezocs 6 none

3peHusa meneckona CUTMA

Top left. X-ray image of Galactic Centre 8x8° in 3..

.17 keV energy

band, obtained from ART-P. Three X-ray images were discovered.
Top right. The first observation of soft gamma-ray afterglow
of bright space gamma-ray burst on July 23, 1992, which got into

SIGMA field of view

Cneea: uzobpaxeHue 06-
nacmu yenmpa lanakmuku
8 duanasoHe 3Hepauii
3...17 K3B, nony4yeHHoe
meneckonom APT-T1 06cep-

P «I'
KOHMYypbI noKasvieaom
pacnpedeneHue MoseKynap-
Ho20 2a3a

O6cepsamopus «[panam»
8 -UC

HOM Kopnyce Kocmoapoma

IMod o6cepeamopueli

«fp Ha 31-iin
Baiikorypa b.C. H

3

mexHuYecKuli pykogodumeno

a KHA «Ip
om UKW AH CCCP
uB.n. Hukudropoe —

uc
A «[paHam» om HIMO
um. C.A.JlasoykuHa

Under Granat observatory at
Baikonur pad 31. B. S. Novikov,
technical supervisor of Granat
scientific package from IKI

side, and V. P. Nikiforov, testing
supervisor of Granat spacecratft,
from Lavochkin Association

Left. Inage of Galactic Centre
in 3-17 keV energy band,
obtained from ART-P telescope
onboard Granat observatory.
White contours depict the
distribution of molecular gas

Granat observatory
at the cosmodrome’s
integrating and test building

MHozonpoeono4Has npo-

Py P
(MIK) c mexHonozau4eckoli
pewémkoli Ha 8X00HOM
okHe meneckona APT-I1

Multiwire proportional cam-
era (MPK) with technological
grid on ART-P aperture

Kocmuyeckuii annapam «panam»
npopa6bomasn Ha op6ume 9 nem

u cman KpynHetiwieli Me»<0yHapOoOHoOU
Kocmuyeckoli acmpodpusuyeckoli
o6cepeamopueli. OH cmas1 OOHUM

U3 nepebix 8 Mupe UCKycCmeeHHbIX
CNYMHUKOB C HenpepbI8HbIM PeXKUMOM
HanpaeneHHo20 HabmodeHus 00 24 4yacoe
6 cymku. Omkpbimel 60s1ee 08yX OecamKoe
Heu3eeCmHbIX paHee peHMeeHoB8CKUX
UCMOYHUKO8, 3apeaucmpupoeaHo 6osee
250 KocmuYyecKUux 2aMmma-ecnsiecKos.
Bnepebie nocmpoeHo usobpaxkeHue yeHmpa
lTanakmuku c ebICOKUM paspeuwieHuem
Granat spacecraft operated for 9 years and was
the large-scale international space astrophysical
observatory. It was among the first artificial
satellites to achieve the mode of continuous
oriented observations up to 24 hours/day.

It discovered more than 20 previously unknown
X-ray sources, more than 250 gamma-ray bursts
were detected. A high-resolution image of Galactic
Centre was made for the first time ever

Cxema meneckona CUTMA
o6c¢ep puu «Ip

SIGMA telescope’s layout
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Mpoexm UHTEPBOJT— 00uH u3 K/lo4eabix
3J/1emeHmMoe 60/1bwioli MexOyHapooOHoU
npozpamMmel Ucc/1e008aHUSA CONTHEYHO-
3emHbIX cesasell. Kpome cnymHukoe
«inmep60on-1» («[Mpo2Ho3-11»)

u «iHmep60on-2» («Mpo2Ho3-12»)

U omoessieMbIX OImM HUX YeX0C/I08ayKux
cy6cnymuukoe «MazuoH-4» u «MazuoH-5»
6 KOMNJIeKCHYI0 cucmemy Ucc1e008aHuli
COJIHeYHO-3eMHbIX cés3ell 6OWTU:
AnoHo-amepuKaHckui cnymuuk GEOTAIL,
amepukaHckuti KA WIND, poccuticko-
YKpauHcKue Kocmudeckue annapamel
«Koponac-U» u «Kopornac-®», eeponelicko-
amMepuKaHcKas coHe4yHas obcepeamopus
SOHO, amepuxarckuti cnymHuk POLAR

Project Interball— one of the key parts

of the InterAgency Solar-Terrestrial Physics Program
(IASTP). Besides Interball-1 (Prognoz-11) and
Interball-2 (Prognoz-12) and their Czechoslovak
subsatellites Magion 4 and Magion 5 it counted
Wind (NASA), Polar (NASA), SOHO (NASA), Geotail
(NASA/JAXA), Koronas | and Koronas F (Roscosmos/
Ukraine), etc.

«Miumep6on-1» («lpo-
2H03-11») Ha ucnelImaHusax
e yexe HMO um. C.A.Jla-
80YKUHA

Interball 1 (Prognoz 11) during
tests at Lavochkin Association

Yexocnosaykuii cy6cnym-
Huk «MazuoH-4» cnymHuka
«UHmMep6on-1», Ha ucneol-
maxusax

Czechoslovak subsatellite Mag-
ion 4 of Interball-1 during tests
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WHTEPBOIJ1
INTERBALL

oplHiTa 3AMIKA AP
MHTEPBOM - 1/ MATWOH -4
193000 km
HaknodsHe 62,5

opbuTa 2amyCKa nape
WHTEPECOMN -2/ MATAOH -5
20000 wn

HaknarHismee GLE

& A
CONHEYHBLIA EETEP" .‘. .
. R

} X W VRTEPRONN

3 aszycma 1995 200a 3anyujeH nepesiii KA npoekma UHTEP5OJT1 —
«Mumep6on-1» (CO-M2 N2 512, «XXeocmoeoli 30H0») ¢ e20

cyé 4» c nycKosoli yc 17N32-3(317/3)
K p Mneceyk p 7} M Ha opbumy
canozeem 193 000 KM u HaknoHeHuem 62,8°

29 agzycma 1996 200a 3any i KA np WUHTEPBOJ1 —

«MHmep6on-2» (CO-M2 N° 513, «<AepopanbHbili 30HO») € e20
cy6cnymHukom «MazuoH-5» ¢ nyckosoli ycmaHoeku 17[132-3
(317/3) kocmodpoma lneceuyk Ha op6umy c anozeem 20 000 kKm
u HaknoHeHuem 62,8°

3 asrycra 1995 rona Havajiach peanuzaulusi
npoekra UHTEPBOJI (1995—-2000). B camom
Ha3BaHUM TIPOEKTa OMPEIC/IMIACh TJIaBHASI €To
3alaya — MOMCK B MarHUTOC(hEpHOM Iia3Me
«OTHEHHBIX IapOB» («(palipOoIOB») U UCCIIenO0-
BaHUE B3PHIBHBIX ITPOIIECCOB HArpeBa M yCKO-
PEHUS B HUX ILJ1a3Mbl, MPUBOISIIMX K BCIbIII-
KaM TOJISIPHBIX CUSTHUI 1 MAaTHUTHBIM OYpSIM.

Brumn 3amyiieHsl ABe TMapbl CITyTHUK-CYO-
cnytHuK. IlepBasi, ¢ aroreem 200 ThICSIY KUJIO-
METPOB, BHITIOTHSIIa U3MEPEHMsI B XBOCTE Mar-
HuUTOCGEPHI, Kacrax, BOJM3U MarHUTOINAy3Hl,
B MarHuTOCJIO€ M COJHEYHOM BeTpe. BTopas
napa, ¢ anoreeM 20 ThICSIY KUJIOMETPOB, UCCIe-
IoBajla MarHUTOC(EpHYIO IJIa3My Hall OBaJloM
HOJSIPHBIX CUSHUM, TOJSIPHON IIANKOW U B
Kacme Ha cpeqHUX BbicoTax. CucreMa M3 IBYX
OCHOBHBIX amrmapaTtoB — «XBOCTOBOIl 30HII»,
«ABpOPaJIbHBIM 30HI» M IBYX CYOCHYTHHUKOB
«MarvoH» To3BOJIMIA AETAIBHO HCCIIENOBaTh
MPOLIECCHl OMHOBPEMEHHO B PAa3IMYHBIX 00JIa-
CTSIX OKOJIO3€MHOTO KOCMMYECKOIO MpPOCTpaH-
CTBa, pa3IeINuTh MPOCTPAHCTBEHHBIC ¥ BpEMEH-
Hble Bapualli U3MePsSeMbIX TTApaMETPOB.

W3mepeHust, BbIMOTHEHHbIE 1O npoekTty MH-
TEPBOJI, 3acTaBuiv iepecMOTPETh TPeICTaBiIe-
HMS O Mpolleccax B TUIA3MEHHOM CJIO€ MarHUTO-
cepbl, U3yYUTb KPYIMMHOMACIITAOHYIO TUHAMUKY
e€ BO3MYILEHUI TIpU BHIOPOCE M3 BHELTHUX 00-
nacreii CojHIa (COJHEYHOM KOPOHBI) OOJIb-
LIMX Macc ropsiyeil mimasmbl U GopMUpoOBaHUE
TUTAHTCKUX «MarHUTHBIX OOJIAKOB» B COJTHEU-
HOM BeTpe. YIalloCh UCCIeI0BaTh II100aTbHYIO
MepecTPOMKyY Bceilt MarHUTOC(hepHOIl CUCTEMBI.

On August 3, 1995, the first spacecraft of project Interball was launched,
which was Interball 1 (SO-M2 No512, Tail Probe) with its subsatellite Magion
4. It was lofted by Molniya launcher from the launch pad 17P32-3(317/3)

at Plesetsk cosmodrome and inserted into an orbit with 193 000 km apogee
and 62.8 deg inclination

On August 29, 1996, the second spacecraft of project Interball was launched,
which was Interball 2 (SO-M2 No513, Auroral Probe) with its subsatellite
Magion 5. It was lofted by Molniya launcher from the launch pad 17P32-3
(317/3) at Plesetsk cosmodrome and inserted into an orbit with 20 000 km
apogee and 62.8 deg inclination

On August 3, 1995 [Interball (1995—2000)
project was launched. As stated in the name, its
main task was to search for so-called “fireballs”
in the magnetospheric plasma; it also studied
explosive processes of heating and acceleration
of plasma, which lead to auroras and magnetic
storms.

Two pairs “satellite-subsatellite”  were
launched. The first one in the orbit with an
apogee of 200 thousand km performed mea-
surements in the magnetotail, cusps, near the
magnetopause, in magnetosheath, and solar
wind. The other pair in the orbit with an apogee
of 20 thousand kilometers examined magneto-
spheric plasma above the auroral oval, the po-
lar cap, and in cusps at medium altitudes. The
system of two main satellites: Tail Probe, Auroral
Probe — and two Magion subsatellites meticu-
lously studied simultaneous processes in differ-
ent areas of near-Earth space, thus separating
spatial and temporal variations of the measured
parameters.

Results obtained by Interball instruments led
to reconsideration of the ideas about the pro-
cesses in the plasma layer of the magnetosphere.
They also suggested studying the large-scale
disturbances during emissions of tremendous
amounts of hot plasma from solar corona and
formation of giant “magnetic clouds” in the so-
lar wind. The scientists were able to explore the
global dynamic processes in the entire magneto-
sphere.



KomnnekcHele ucneimanus
uccnedoeamenbcKko20
U 6 2))
P P

6 HIMO um. C.A.JlasoykuHa

Interball-2 undergoes
complex tests at Lavochkin
Association

PesynbraThl M3MEpPEeHMIl CYIIECTBEHHO IO-
BIMSITM Ha TPEACTaBICHUS O (U3UKE Mar-
HUTOChEp GOJBIIMX IUIAHET, a TAKKE Ha TE€O-
PHIO TIPOLIECCOB B JANEKMX acTpODU3MUECKUX
o0BeKTax.
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ny TL.o4a"
MLT= .00 MLT= 228
Pe3ynemamel CUHXpOHHbIX Results of synchronous

u3smepeHuii KA
«UHmep6on-2»

observations by Interball 2

C6opka cnymHukoe
«MHmep6on-1u -2» 8 yexax
HIMO um. C.A.JlagoykuHa

Right. Interball 1 and 2 assem-
bling at Lavochkin Association
plants

The data also were highly influential for the
understanding of the magnetosphere physics
of the major planets, as well as processes taking
place at distant astrophysical objects.

21.11.1996
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usmepeHuu KA observations by Interball 1

«MHmep6on-1»

AaHHble cnymHukoe
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Interball-1 and-2 data
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VKW, e 1988- 1989 200ax
u xpanawasca y Jloea

Cxema ocHoeaHa Ha pa6o-
me lanbneputa u Qenv-
owmelina 1987 200a

Left. The outline of the Earth
night-side magnetosphere,
drawn by Yuril. Galperin,
IKI's eminent scientist,

in 1988-1989, and kept

by Lev M. Zelenyi. The outline
is based on the paper by
Galperin and Feldstein, 1987

Peanusayus muccuu
WHTEPBOJ1 cmana, no npu-
3HAHUI0 MUpo8oU Hay4Hou
obwecmeeHHOCMU, 8bI10AIO-
wumcs 8Kadom 8 uccnedo-
8aHue (hU3UKU 0KOJ103eMHO020
npocmpaxHcmea u conHey-
Ho x ceaseli. I

€€ yesnolo 66110 usyyeHue
¢usuyeckux MexaHu3mos,

3a
nepeaaqy 3Hepauu coIHe4HOo20
eempa e mazHumocgepy, eé
HakonsieHuUe mam u nocnedy-
rowyto duccunayuro e xeocme
u aspopansHeix o6nacmsax
mazHumocegepel, 8 UoHocpepe
u eepxHeli ammocgepe 8o
8pemA MazHUMoc@epHbIx cy6-
Oypb. YHUKaneHOCMb npoekma
ce8A3aHa c mem, Ymo, Mecme
c usyyeHuem 27106abHbIX,
KpynHomacwma6Hbix AeneHuli
8 0KOJ/103eMHOM KOCMUYeCKOM
npocmpaHcmee, uccnedosa-
1acb UX MOHKas, MesKomac-
wma6Has cmpykmypa, 4mo
€Masno 803MOXHbIM HA OCHOBe
conocmaesieHuUs OaHHbIX,
noJly4YeHHbIX 0M OCHOBHbIX an-
p u ux cybeny

Interball mission was interna-
tionally acknowledged as an
important contribution to the
studies of near-Earth physics

and solar-terrestrial relations.

Its main goal was to study physical
mechanisms underlying the trans-
fer of solar wind energy into the
magnetosphere, its accumula-
tion, and subsequent dissipation
in the tail and auroral regions,

in the ionosphere, and the upper
atmosphere during magneto-
spheric substorms. Project’s special
feature was that it studied at the
same time global large-scale
phenomena in the near-Earth
space and their thin small-scale
structure, which became possible
by comparing the data of main
spacecraft and their subsatellites
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Bnepebie 8 ucmopuu poccutickuti
HelimpoHHbiii 0emekmop XEH/], co30aHHbIli
6 KU, c 6opma amepuKaHcKo20 cnymHuKa
Mapca npoekma 2001 MAPC-O4UCCEN
O6GHapy»<uw1 o2poMHbie 3anacbl 60061

nod nosepxHocmoio Mapca

For the first time large amounts of water under
the surface of Mars were discovered by Russian
neutron detector HEND, developed and built at IKI,
aboard NASA's 2001 Mars Odyssey spacecraft

CnymHuk HACA
«2001 Mapc-Oducceli»
Ha op6ume Mapca (© NASA)

2001 Mars Odyssey spacecraft
on the orbit around Mars
(O NASA)

Jlozomun npozpammel
XEHA muccuu HACA
uccnedoeaHus Mapca
«2001 Mapc-Oducceli»

HEND program insignia
(NASA’s 2001 Mars Odyssey
exploration mission)

HelimpoHbl ucneimeiearom Neutrons undergo two types

0ea muna A0epHbIX peax- of nuclear reactions: inelastic
yuii — Heynpyao2o pacceanus scattering (fast neutrons)
07151 6biIcmpoIX Helimpo- and capture by nuclei
HO8 U peakyuu 3axeama (epithermal and thermal

X U men, neutrons)

HelimpoHoe sdpamu
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HasHayeHue npu6opa
XEH[] — u3smepeHnue
npedesibHo HU3Kux (He 60-
nee 10° HelimpoH/cm?<c)
nomokoe HelimpoHo8

(6 s3Hepzemuy4eckom duana-
30He om 0,4 3B 0o 10 M3B)

u 2aMma-usnyyeHus

(e aHepzemuyeckom duana-
30He om 300 k3B do 10 M3B)
8 MeXxnJiaHemHoM npo-
cmpaHcmee 8 meyeHue
nonéma 0o Mapca, a makxe
nposedeHue MOHUMOpUH2a
u KapmoezpadguposaHus
HelimpOHHO20 U 2amma-
noneu Mapca u 6nuxaii-
we20 0KO/ION/IAHEMHO20
npocmpaxcmea c okosno-
mapcuaHckoli op6umel.

OcHo8Hble mexHUYecKue Xa-
pakmepucmuku npu6opa:
macca — 3695 2; s3Hepaono-
mpe6neHue — 5,7 Bm npu
HanpsaxeHuu numaxus 28 B;
06B€M Hay4HOli meneme-
mpuyeckoii uHhopmayuu —
1 MB/cym; mennoebie
ycnoeusa — co6cmeeHHasn
cucmema obecneyeHus
mensnoeozo pexxuma

Mpu6op XEHA — demexkmop
HelimpoHO8 8bICOKUX
3Hepeuli, co30aHHbIl 8 UKU

HEND — High Energy Neutron
Detector, built in IKI

HEND's objectives — to mea-
sure low fluxes of neutrons —
less then 10° neturon/cm*-s
and gamma-ray radiation
(300 keV — 10 MeV energy
range) in the interplanetary
space during cruise phase

to Mars and monitoring

and mapping of neutron

and gamma-ray fields of Mars
and the space nearest to the
planet, while on orbit around
Mars.

Main technical parameters:
mass: 3695 g; energy con-
sumption: 5.7 W at 28 V supply
voltage; telemetric scientific
data volume: 1 Mb/day; tem-
perature conditions: intrinsic
system of thermal condition
maintenance

7 anpens 2001 roma 3amylieHa aMepuKaH-

ckags AMC «Mapc-Onucceir».

PaspaboraH-

RPN TEmSTC T
UK Th.]

Helii B UKW PAH u ycTanoBneHHBII Ha 60pTy
craHIMU HelTpoHHbI aerektop HEND (High
Energy Neutron Detector, XEH]/I) ycmnemu-
HO BBIMTOJIHWI OJHY M3 OCHOBHBIX 3a1a4 MUC-
CHUM — UCCJIeIOBaHMS HEMTPOHHOTO U3JTyYeHUST
Mapca. Ilo naHHBIM mNpubopa OOHApPYKEHbI
OTrPOMHBIE 3aIIAChI BOIBI HETIOCPEACTBEHHO 1O
MOBEPXHOCTbI0O Mapca M M3MepeHa IUHaMMKa
CE30HHBIX OTJIOXEHUU YIJIEKUCIOTH Ha II0-
BEPXHOCTHU IUIAHETHI.

HeiimpoHHasa kapma Map of elemental distribution
pacnpedenenus snemeHmos  on Mars according to HEND
Ha Mapce no 0aHHbIM data

npu6opa XEH/]

 RATHHE

HEHD

‘ i M AR

I\

== THEMIS

- fETEHd A YHY
NAKTREETH

Mecma pacnonosxeHus Instruments placement
npu6opoe Ha Hay4Holi on 2001 Mars Odyssey science
nany6e annapama deck

«2001 Mapc-Oducceli»

On April 7, 2001 the United States launched
the Mars Odyssey automated spacecraft. Among
other instruments it carried HEND (short for
“High-Energy Neutron Detector”) developed in
IKI, which successfully accomplished one of the
mission tasks to study Mars neutron radiation.
The instrument showed large water reservoirs
just below the surface of Mars, and measured
the dynamics of seasonal carbon dioxide sedi-
mentation on the planet’s surface.
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fAoepHasa 2zamma- Nuclear gamma-ray
cnekmpockonus spectroscopy allows one
0 YHO to determine relative

ycmaHosumeo abundance of an element
omHocumesnbHoe unambiguously
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Mupoeozo ypoeHs (© ESA)

17 okraops 2002 roma 3amynieHa Mexnmy-
HaponHas acTpodu3myeckasi ramMMa-obcepBa-
Topusi «MHTerpan». Poccuiickue y4yéHble mo-
JIyYIId TIpaBo Ha 25 % e€ HaboaaTeIbHOrO
BpEMEHU. YXe MepBble CeaHCHl TaJld SIpKue Ha-
YUHBIC pe3yiabTaThl. B uacTHOCTH, B ramMMa-Jy-
yax MOoCTpOeHa JeTalbHasl KapTa LIeHTpa Halllei
laTakTUKY ¢ 9yBCTBUTENBHOCTBIO, 3HAYUTEITh-
HO TIpeBBIIIAIONIEN Pe3yIbTaThl BCeX Ipelle-
CTBYIOLLIMX McclieqoBaHUil. OTKPBITO KECTKOE
PEHTIeHOBCKOE WM3JIyYeHHE OT TaJlaKTUYeCKO-
r0 MOJEKYJSIpHOTO o0Jaka, HaxOmSIIErocs
Ha pacctosgHuu 300 CBETOBBIX JIET OT YEpPHOI
NIBIPBI B LIeHTpe Haileid [anaktuku. O0Hapyxe-
HbI HOBasl TOMYJISALINS UCTOYHMKOB TaMMa-u3-
JIy4EHMST M HOBBIM KJ1acC KOCMUYECKUX TaMMa-
BCILJIECKOB, CBETUMOCTb KOTOPHIX B THICSIYM pa3
HUXE, YeM Y «CTaHAAPTHBIX» UCTOYHUKOB.

Kapma zanakmuyeckoli nnockocmu
8 duana3soHe 3Hepauli 17...60 K3B,
.U

nony 00c

P P P

Thanks to Integral astrophysical observatory Pawud Anuesuy CioHses
(ESA), IKI's scientists have attained to many c 2pynnoli y4€HbIX U co3-
recognized discoveries (© ESA) 0 i 0o6cep

U p Ha uci

On October 17, 2002 the INTErnational
Gamma-Ray Astrophysics Laboratory (/nte-
gral, European Space Agency) was launched.
Russian scientists have the right for 25 % of its
observation time. Since the very first sessions it
has been delivering interesting scientific results.
For example, a detailed gamma-ray map of the
center of the Milky Way was made with sensi-
tivity much higher than in any previous studies.
Hard X-ray emission coming from the molecu-

Academician Rashid
A. Sunyaev with scientists
and developers during tests

Jlozcomun npoekma
WHTETPANT

Project Integral insignia

Poccutickuti yenmp
HAy4YHbIX OaHHbIX
npoexkma UHTEIPAJ1 e UKU

Integral Science Data Centre
inIKI

lar cloud located 300 light years away from the
black hole in the center of our Galaxy was dis-
covered. A new population of gamma-ray sourc-
es was found together with a new class of space
gamma-ray bursts with luminosity thousands of
times as low as that of “standard” sources.

Map of Galactic planein 17...60 keV energy
range, obtained by Integral
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Kocmuyeckuii annapam
Eeponelickozo

Mars Express spacecraft
(© ESA)

KOCMU4ecKoz0 azeHmcmea
«Mapc-3Kkcnpecc» (© ESA)

Mpu6op BUPTUC
VIRTIS instrument

UngpakpacHelii KaHan npu-
6opa CITUKAM Ha eu6po-
cmenOe: 1 — o6vekmus;

2 — AOl®; 3 — demekmop;
4 — 3neKmpoHuKa; 5 —
MexaHuyeckas 4acme
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IR channel of SPICAM
instrument on vibrobench:
1— lens; 2— AOPF; 3 —
detector; 4 — electronics unit;
5 — mechanical part

Monapxas 3ona Mapca Mars polar region according
no mamepuanam npu6opa to OMEGA data

OMErA

Komnonoeka annapama

«Mapc-3kcnpecc» (© ESA)

Mars Express configuration
(© ESA)

2 wmonsa 2003 roma Havanmach TepBasi €B-
poneiickast  rutaHetHas  Mmuccus  MAPC-
OKCITPECC. TIpoekT ObLI 3alyMaH KaK «3KC-
Meauius craceHus» nmpoekra MAPC-96, korna
poccuiicKasi CTaHLMSI HE BbIIUIA HAa TPaeKTO-
puio TTonéTa K miaHeTe. HayuHble 3amaum u co-
cTaB amnmaparypbl cTaHIIUKM «Mapc-DKempecc»
ObLTM «yHACJI€AOBaHbl» OT MOTUOIIEr0 POCCUii-
ckoro anmnapata. MKW pa3pabotan U U3roro-
BWJI PsIll Y3JIOB M OJIOKOB JJISI CIIEKTPOMETPOB
OMETA, I®C (mnaHeTapHbId (Gypbe-CIeK-
tpomeTp) u CITMUKAM (criekTpomeTp st U3-
YUEHMST XapaKTepHCTHK aTtMmocdepsl Mapca),
YCTAHOBJIEHHBIX Ha O6opTy craHuuu. Crek-
TpaJIbHbIe MU3MEPEeHUsI, BHITIOJTHEHHBIE C X TT0-
MOIIIbIO, TO3BOJIINA BIIEPBBIE HATMPSMYIO 00-
HapyXUTb BOASIHOM JIE B TTOCTOSIHHOM IOXKHOM
TOJISIPHOM IIaTKe, MaJd Psii APYTMX ITHOHEep-
CKUX HAYYHBIX PE3YIbTATOB.

Kpome opbutanbHoro orceka, CTaHLUSI He-
cla MaJIblil TTOCamouyHbIN armapar «burib-2».
Yuéusie MKW PAH npunumanu ydactue
B CO3[aHUU TSI HETO MECCOAYIPOBCKOTO CIIEK-
TpomeTpa. K coxaneHuio, mocanka «burisg-2»
Ha TTOBEPXHOCTH ObLIa HEYTAYHOM.

HouHoe ceeyeHue Mars atmospheric nightglow,
ammoceepol Mapca, found by SPICAM
o6HapyxeHHoe npubopom

CIMUKAM

On June 2, 2003 the first European inter-
planetary mission Mars Express began. It was
conceived as a “rescue mission” for the Mars-96
project, when the Russian station of the same
name failed to enter the cruise trajectory to the
planet. Mars Express’ program and equipment
were “inherited” from the lost Russian mis-
sion. IKI developed and built a series of assem-
blies and units for OMEGA, PFS, and SPICAM
spectrometers, installed aboard the space sta-
tion. Their spectral measurements allowed for
the first time to detect water ice directly, in the
southern permanent polar cap, and yielded a
number of other pioneering scientific results.

In addition to the orbital unit, the station car-
ried a small lander Beagle 2. I1KI scientists par-
ticipated in development of Moessbauer spec-
trometer. Unfortunately Beagle 2 crashed during
landing.

Pacnpedenexue
memnepamypel ammocgepoi
Mapca no wupome u 8bicome
no oaHHeIm npu6opa MNPC
Temperature distribution of the

Martian atmosphere by latitude
and altitude, according to PFS



Tak ebl2nsA0enu amepuKaH- Spirit and Opportunity first-
CKue Mapcoxo0bl nepe8o2o generation Martian rovers
nokoneHus «Cnupum» during tests (© NASA)

u «OnnopmoeloHUMU» HA Uc-
neimanusx (© NASA)

Poccutickuti mécc6ayspos-
cKuli cnekmpomemp ons
mapcoxodos «Cnupum»

u «OnnopmestoHumMu»

Russian Méssbauer spectrom-
eter for Spirit and Opportu-
nity Mars Exploration Rovers
(© NASA)

B auBape-despaine 2004 rona Ha Mapc ObiTH
JIOCTaBJIEHbl aMepUKaHCKKUe Mapcoxoabl «Cru-
put» (Spirit) u «OnmnopteioHuTH» (Opportuni-
ty). Ha Hux GbumM ycTaHOBJIEHBI MEccOay3pOB-
CKUI U abtha-peHTIeHOBCKUI CIIEKTPOMETPHI,
OCYIIECTBIISIBIITE MWHEPATOTMUECKUI U 3Jie-
MeHTHBIN aHanmm3 rpyHTa. CorpymHuku MKH
PAH xanu6poBanu npuOopbl U co3najivi KaTa-
JIOT CITEKTPOB MUHEPAJIOB, HAJIMYUE KOTOPBIX
OXWIAJIOCh B COCTaBE MApCHUAHCKOTO TPYHTA.
VYxe mepBble JaHHBbIE MO3BOJUIM Ha3BaTh OC-
HOBHBIE TPYITITHl MUHEPAJIOB, CJIaralolIuX Map-
CMAHCKUII TPYHT, — OJIUBUHBI (Ha 3eMJjie OHM
HMMEIOTCS B IJABOBBIX MIOPOJaX) U CUJIMKATBHI.

9 Hos10ps 2005 roxa ObLIa 3amyleHa MeXILIa-
HeTHasi ctaHuus «BeHepa-Dxcrnpecc», KoTopas
cTajla MepBbIM 3a TMOCJEeIHUE ABa NECSITUICTUS
KOCMUYECKUM aIlllapaToM, CHelWalbHO Halle-
JIEHHBIM Ha WCCJIEIOBaHUS aTMoc(epbl, OKO-
JIOTUTAHETHOM IMJ1a3Mbl U IOBEPXHOCTH BeHepsl.
Bo3sBpar K «3a0bITOii» TUIaHETE C UCMOJb30Ba-
HUEM COBPEMEHHOTO, C IIMPOKVMHU BO3MOX-
HOCTSIMU OPOMTANBHBIX HAOMTIONEHUN, KOCMU-
YecKOro armrmapara, OCHAIEHHOTO MOIIHBIM
KOMIUIEKCOM HAayYHOU amnmaparypbl, MTO3BOJIUII
MPOBECTU TJIOOANTBHBIM 0030p (U3NYECKUX
MpoIleccoB B atMocdepe IIaHEeThl, YTOYHUTh
pe3ysIbTaThl paHee BBITTOJIHEHHBIX HMCCIIENoBa-
HUU, TOTIOJTHUTh UX HOBBIMU TaHHBIMU.

Poccuiickue yuénnie (B Tom uucie uz MKHN)
OBUTM TIPUBJIEYEHBI K MPOEKTY Ha CaMbIX paH-
HMX BSTamax ero MOATOTOBKY, BHECIW 3HaYM-
TeJIbHBIN BKJIaJ B pa3pabOTKy HaydHOM Mpo-
rpaMMbl M OOPTOBOW ammapaTypbl W CTailu
TOJTHONPABHBIMU YYaCTHUKAMU MUCCUH.

Modzomoeka annapama Venus Express (ESA)
«BeHepa-3Kcnpecc» spacecraft prepared
K 8UGPAYUOHHbLIM for vibration tests

ucneimaHuam

In January—February 2004 two US Mars ex-
ploration rovers Spirit and Opportunity landed on
the planet. They carried Moessbauer and alpha
particle X-ray spectrometers for mineralogi-
cal and elementary study of soil. IKI specialists
calibrated the instruments and created a catalog
of” spectra for the minerals scientists expected to
find in Martian soil. From the first retrieved data
it was possible to point the main mineral groups
composing the Martian soil: olivines (on the
Earth they are found in lava rocks) and silicates.

On November 9, 2005 the interplanetary sta-
tion Venus FExpress (European Space Agency)
was launched, which became the first spacecraft
in the past two decades fully assigned to study
of the atmosphere, circumplanetary plasma and
the surface of Venus. A modern, more advanced
orbital station equipped with a powerful set of
scientific instruments was brought to the “for-
gotten” planet and made a global review of the
physical processes in the atmosphere, refined
the results of previous studies, provided new
data.

Russian scientists (including IKI specialists)
were involved in the project from its inception
and significantly contributed to the development
of the scientific program and on-board equip-
ment, becoming full participants in the mission.

3anyck Kocmu4eckozo
annapama EKA «Benepa-
SKcnpecc» pakemoli-
Hocumenem «Coro3» (© ESA)

Venus Express (ESA) spacecraft
launched by Soyuz launcher
(© ESA)

®@panyy3scKo-pocculicko-
6envautickuli Komniekc
cnekmpomempos

Y®- u UK-duanasoHos —
CIMUKAB/CYAP — ona
30HOUpOBaHUA
ammocdgepol Benepol

SPICAV/SOIR French-Russian-
Belgian spectrometric complex
in IR and UV ranges to sound
the atmosphere of Venus

I 0 Kmup

p
2udpokcuna 8 ammocgpepe
BeHepbl 8 pesynemame

Iy

muccuu BEHEPA-3KCIPECC

First detection of hydroxyl in the
atmosphere of Venus by experi-
ment Virtis on Venus Express

HadupHvele Ha6ntodeHus.
PacnpedeneHue ceevyeHus
0, 8 I0)XHOM nonywapuu
BeHepbi

Nadir observations: maps of the
0, nightglow distribution in the
Southern hemisphere
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Amep Kui acmp Madiikn 3naduo Jiones-A
60 epems yc ) p 6. BTH-MJ
Ha P mu cny mooyns «3ee30

American astronaut Michael
Lopez-Alegria during installa-
tion of the BTN-MD detector
unit on the outer side of
Zvezda service module
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mensiousonupyowumu
yexnamu
BTN-MD unit with BTN-MF
with radiators temporarily
closed by thermal insulating
covers
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Mpu6op «bTH-HelimpoH»
ycmaHoesneH 6 2007 200y
Ha MKC u pabomaem eHe works out of a pressurized
2epmoomceKa Ha pocculi- area of the International
cKom cryxe6HoM Modyne

3o 7l .

Since 2007, “BTN-Neutron”
instrument is installed and

space station at the Russian
«3 17 module “Zvezda’. Long-term

3Kcnep nsem active mode of the experiment
680CCMAHasIUeamMs cnekx- allows to restore neutron spec-
mpansHyi0 NIomHocms tral density in viciity of ISS, to
HelimpoHHO20 nomoka estimate spatial variations of
8 okpecmHocmax MKC, neutron spectral density and
oyeHU8amb NpocMpax- to estimate neutron compo-
cmeeHHble eapuayuu nent of radiation dose

p
cmu Heﬁmpouuoeo nomoka
u 'mb

P
mol paduayuoHHoU 00361

Pa3zpabameieaemoiii 8 UKU
PAH nepcnekmueHbilii
«B6TH-HelimpoHn-2» dns MKC

BTN-Neutron 2 future
experiment for the ISS, under
development in IKI
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Amepukanckuii (HACA) uckycc i cny JlyHe!
JIPO — nyHHb1li op6umaneHsili pazeedyuk,
Hecywuii npu6op JIEH/], co30, i 8 UKU (© NASA)

B depane 2007 roma Ha pPOCCHUIICKOM cer-
MeHTe MeXmyHapoaHOW KOCMUYECKOW CTaH-
M1 B paMmkax mporpaMmbl «Hayka Ha MKC»
peanusyetcsl e€ MepBblii HayYHbIH BKCIEpu-
MEHT, Toay4yuBlIuii ob6o3HaueHue <«bTH-
HeiitpoH» (GopTOBOIi TeJleCKON HEUTPOHOB
BBICOKUX 3Hepruii). isi ero TpoBeaeHUsT UC-
nosib3oBasicss npubop BTH-M1 — mno cyru,
3amacHoii sk3emiuigp anmapatypsl XEH/I,
paspabotanHoii B UKW PAH mng peructpa-
MM HEUTPOHHOTO MBIIyYEHMSI OT ILIaHETHI
Mapc ¢ 6opra kocMuyeckoro anmapara HACA
«Mapc-Onucceit». CoBMECTHbIE U3MEPEHUS
npuoopamu XEH/I ¢ 6opra MapcruaHCKOTO uUC-
KyccTBeHHoro crnytHuka u BTH-MI1 ¢ 6opra
MKC no3Bonwiu 3KCIepUMEHTAIbHO Olle-
HUTb HEUTPOHHYIO KOMIIOHEHTY paaualiMoOH-
Horo (oHa Ha Bcex yyacTKaxX MEXIIaHETHOro
nepenéra 3emsi-Mapc-3emiisi, TOJTyIUTb CUH-
XpOHHBIE NaHHBIE O TOTOKaX HEHTPOHOB Ha
OKOJIO3EMHOIl M OKOJIOMapCHMaHCKOW OpOuTax,
a TaKkKe TMPOBECTM MOHUTOPUHT KOCMUYECKUX
raMMa-BCITIECKOB JUISI OMpENENIEHUST KOOPIH-
HaT MX MCTOYHUKOB Ha HeOecHoi chepe. Dt
paboTel OYyOYT TMPOMOJIKEHBI: K HACTOSIIIEMY
Bpemenu B MKMW PAH wusrortosneH mpubop
BTH-M2 nnst ycTaHOBKM €ro Ha HOBOM POC-
cuiickom MoayJsie MJIM (MHOrodyHKIIMOHAb-
HBIi1 Ta00paTOPHBIN MOMIYJIb).

B wmione 2009 roma Ha OKOJIOJYHHYIO Op-
6UTy OBUT BBIBEICH aMePUKAHCKU «JIyHHBIM
opburtanbHblii  pasBemqunk» (JIPO — LRO,
Lunar Reconnaissance Orbiter), B cocrtaB Ha-
VYHOI arapatypsl KOTOPOTO BXOIUJI pPOC-
CUICKUIA HEUTPOHHBIM MNETEKTOp (TEIEeCKOIT)
JIEHJI (1yHHBIA MCclenoBaTeIbCKUl  Heii-
TPOHHBII feTeKTop), co3aaHublii B UKW PAH.

Lunar Reconnaissance Orbiter (LRO) — NASA's artificial satellite
ofthe Moon, bearing LEND instrument developed in IKI (© NASA)

In February 2007 BTN-Neutron, the first ex-
periment within the program “Science on the
ISS”, was implemented on the Russian segment
of the International Space Station. For the ex-
periment IKI has developed BTN-M1 instru-
ment, which is essentially a backup for HEND
instrument (see above) onboard NASA’s Mars
Odyssey spacecraft. Combining the data from
HEND aboard the Martian orbiter with those
from BTN-MI1 aboard the ISS the scientists
evaluated neutron component of background
radiation in all parts of interplanetary cruise tra-
jectory “Earth-Mars-Earth”, received synchro-
nous data of neutron fluxes in Earth and Mars
orbit, and collected data on GRBs, which are
used to determine their coordinates on the ce-
lestial sphere. The work is still in progress as IKI
specialists have recently developed the BTN-M?2
instrument to install it on the new Russian ISS
module MLM.

In June of 2009, the US’s Lunar Reconnais-
sance Orbiter (LRO) was put into lunar orbit.
It was equipped with Russian neutron detec-
tor (telescope) LEND built in IKI. Three main
practical tasks were addressed: to determine
landing areas on the lunar surface optimal for
both robotic and manned spacecraft; to search
for water resources and potential minerals in the
lunar subsurface; to study radiation environment
on the lunar surface in terms of hazards for hu-
man beings.
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«Hay4yHaa nany6a» cnymHu-  LRO science deck with LEND
ka JIPO ¢ npu6opom JIEH instrument (© NASA)
(© NASA)

DTO TO3BOJIMIIO TIPUCTYITUTH K PEIICHUIO TPEX
MpaKTUIECKUX 3amad ocBoeHMs JIyHBI: mccie-
JIOBAaHUIO ONTUMAJbHBIX PaiilOHOB MOCAaIOK Ha
e€ MMOBEpPXHOCTU KaK MEepPCIIEKTUBHBIX aBTOMa-
TUYECKUX CTAHLMI, TaK W MTHJIOTUPYEMBIX KO-
pabJieii; pa3BelKe BOIHBIX PECYPCOB U IOTECH-
IMATGHBIX TTOJIE3HBIX MCKOITAeMBIX B JIYHHBIX
Helpax; M3yYeHUIO PaauallMOHHONW OOCTaHOB-
KM Ha JIYHHOM MOBEPXHOCTU C TOYKHU 3PEHUS
BO3IEHCTBUS Ha YEJIOBEUECKIIT OPTaHU3M.

Ha mepBoM sTame uccienoBaHuii TaHHBIC
POCCUICKOTO HEUTPOHHOrO AETEKTOpa IT03BO-
JIWJIA BBIOpATh MECTO CTOJKHOBeHUs ¢ JIyHoii
ammmapara LCROSS (Lunar CRater Observation
and Sensing Satellite) (HACA), KoTopblii ObL1
3anyieH Bmecte ¢ LRO u mpenHazHauvancs
IIJIST SKCTIEPMMEHTA TI0 yIIpaBIsieMoit «bomMbap-
nupoBke» JlyHbl. T1naHupoBasoch, 4TO cocTaB
BEIlECTBa, BHIOPOIIIEHHOTO B Pe3yIbTaTe CTOJI-
KHOBEHUS pa3roHHoro Osoka «lleHraBp» u an-
napata LCROSS c¢ JlyHoii, Oyaer u3y4yaTbest
C TIOMONIBIO HAa3eMHBIX 00CepBATOPUI U TIPU-
6opos armapara LRO. [y cTOITKHOBEHMST ObLT
BbIOpaH KpaTtep Kabeyc, rme oTHOcHUTENIbHOE
conepkaHue BOISTHOTO JIbJa OKa3aJloCh BHIIIIE,
yeM B Opyrux oojacTsax JIyHbI.

[Mpu6op JIEH/ moarBepawsi, 4TO PETrOJUT
B TOJISIDHBIX oOyacTsix JIYHBI CONEPXUT OT-
HOCHUTEJIbHO OOJIBIIIOE KOJWYECTBO BOISIHOTO
JIba — MPUOIU3UTETBHO 4 % B BECOBOM COOT-
HOIIIEHWU, YTO XOPOIIIO COTJIACYETCST C TIPSIMBI-
MM U3MEPEHMSIMM COCTaBa 00JiaKka, TOTHSIBIIIE-
rocsa Han JIyHoit B pe3yjibTare CTOJKHOBEHUS
armmmapata LCROSS ¢ nyHHOIT TTOBEpXHOCTBHIO.
Okas3ayoch, 4to 5,6 % BBIOPOLLIEHHOIO MaTepH-
ajla — Boja (9TO BABOE OOJIbLIE, YEM COAepKa-
HUe Boabl Ha 3eMJie B IycThiHe Caxapa).

LEND is a Russian neutron

JIEHA — pocculickuli
7] (i O detector, built in IKI

cozdannbii e IKUPAH

During the first stage of the experiment
LEND data helped to choose a site for col-
lision with LCROSS (NASA) probe. It was
launched together with LRO for an experiment
on controlled “bombardment” of the Moon.
Ground-based observatories and LRO instru-
ments studied the dust ejecta, which rose after
Centaurus upper stage and LCROSS probe fell
on the Moon. Cabeus crater was selected for the
collision, because content of water ice there was
higher than in other regions of the Moon.

LEND confirmed that polar regolith con-
tained relatively more water ice (about 4 % by
weight), which agrees well with direct measure-
ments of the ejecta’s composition. 5.6 % of the
ejected material was water (this is twice as much
as found in the Sahara desert).

Poccutickuii npu6op JIEH/] 6611 8bi6paH
HACA ons usmepeHus HelimpoHHbIx noneli
c6opma annapamaJIPO.JIEH/] nozeonaem
noJsiyMame Kapmel € yHUKAQJTbHO 8bICOKUM
npocmpaHcmeeHHbIM paspeuieHuem
3mMuccuu HelimpoHo8 c nogepxHocmu
JlyHel [JaHHeie npubopa JIEHL 0anu
B803MOXXHOCMb U3Y4YUMb pacnpedesieHue
800bl 8 npunonsApHeix o6acmsaxJlyHol.

Ha ocHoeanuu smux daHHbix NASA
8bi6pasio npunonsapHoliii kpamep Kabeyc
01 6omM6apouUpo8KU KOCMUYeCKUM
annapamom «JIKPOCC» ons npamozo
usy4eHus npu 8bi6poce 2pyHma cocmasa
JIYHHO20 pe20JIuma u noucKa 80051H020 J1b0a

Russian LEND instrument was chosen by NASA

to measure neutron fields from LRO. LEND maps
neutron emissions from the lunar surface with very
high spatial resolution. Its data were used to study
water distribution in lunar circumpolar regions.

On the base of this information, NASA chose near-
polar Cabeus crater for operated collision during
LCROSS mission to studly lunar regolith composition
and to search for water ice directly

3D model of Cabeus crater
with the point of collision
for LCROSS experiment

3D-modenb kpamepa Kabeyc
P .

puy
ons sxkcnepumerma JIKPOCC
C Yesibio NPAMO20 usy4eHus

cocmaea iyHHozo pezonuma
U noucka 800AH020 /1b0a npu

8bI6poce 2pynma
Skcnepumenm JIKPOCC — LCROSS experiment — oper-
yoap ompabomaHHou ated impact of Centaurus

cmyneHu «L{enmasp» pakemol  upper stage of Atlas rocket

«Amnac V» o noeepxHocme with the lunar surface in

JlyHel 8 kpamepe Kabeyc. Bmy  Cabeus crater. Just thereafter

JKe moyKy cniedom udém 3oHd  follows Shepherding Space-

«Macmyx», uccnedyrowuii mu-  craft, which studied mineral
p i cocmae ebibpocoe composition of the ejecta




HelimpoxHasa kapma

cesepHo20 nosntoca JlyHel

No OaHHbIM pocculicko20
' )

JIEHA "
Neutron map of the North
pole of the Moon according
to LEND Russian neutron
detector data

HelimpoxHasa kapma

10XHO020 nontoca JTyHol

No OaHHbLIM POCCUliCK020
' )

JIEHA "
Neutron map of the South
pole of the Moon according
to LEND Russian neutron
detector data

76

CnymHuk «<Memeop-M» Cnp J Pbi C

N 1 c ycmaHoeneHHbIM 3up X U306p 7]
HA HEM KOoMNJIeKCoM nony ipamypot
MHO2030HANbHOU KMCC: denoma Boneu,
CNYMHUKOB0U CbEMKU Kasaxcman, Mockea

KMCC, paspa6omatHeim
u uzzomoeneHHoim 8 UKW
PAH

Meteor-M No. 1 with the
multispectral satellite imaging
complex (KMSS), developed
and built in IKI

Right. Synthesized images
acquired by KMSS: Volga river
delta; Kazakhstan; Moscow

Ha xapre, moctpoeHHO# MO IaHHBIM pOC-
cuiickoro mpubopa, BUIHO, YTO PaiioH B Kpa-
Tepe KabGeyc c TOBBIIIEHHBIM coOfep>KaHUEeM
Bomopoa mpocTtupaercs Ha 20 KUJIOMETPOB 3a
TPAaHULIBI TIOCTOSTHHOW 3aTeHEHHOU o0nacTu,
KoTOpasi ObUIa OlpenesieHa 10 W3MEPEHUSIM,
BBITIOJITHEHHBIM ~ JIa3€pPHBIM ~ BBICOTOMETPOM.
CrnenoBaTebHO, BOASIHOM JIEA B BEPXHEM CJIO€
peroyimra MOXeT CYIIecTBOBaTh M B TeX o0Jia-
CTSIX, KOTOPBIE JOBOJIBHO CHJIBHO HArpeBaloTCsI
TOJl COJIHEYHBIMU JIyYaMU B T€UEHHE JIyHHOTO
ITHSI. DTO CBUAETENLCTBYET O TOM, UTO TIPOIIeC-
ChI JIYHHOTO «KPYrOBOPOTa BOIbI» ropas3no 60-
Jiee CJIOXKHBI, YeM CUUTAIIOCHh PaHee.

17 centaopsa 2009 roga Ha OpOUTY OBUT BBHI-
BeneH «Meteop-M1» — TiepBbIit 3a TTOC/IeAHUE
NIECSITh JIET OTEYECTBEHHBII METEeOpOJOrnye-
ckuit cmyTHUK. Ha ero 6opty OblT ycTaHOBIEH
pa3paboTaHHBIi M wu3rotoBiaeHHbI B MKW
PAH kommiekc MHOro30HajJbHON CITyTHM-
koBoit ceéMku KMCC. OcHoBHOe Ha3Haue-
HUE 3TOHN armaparypbl — OIEPATUBHBIA €Xe-
CYTOUYHBIII MOHUTOPUHT BCE TEPPUTOPUU
Poccuiickoit @enepannu myTéM Tepenayn Ha
3emto IU(PPOBBIX CHUMKOB ITOBEPXHOCTHU, TO-
JIy4EHHBIX B ILIECTH 30HAX JEKTPOMArHUTHOTO
criekTpa. ExXemHeBHO ¢ TOMOINbBI0 TTPUOOPOB
KMCC nonyyanu nuzob6paxkeHus ¢ BOCbMU BUT-
KOB, TIpOXOIAIIuX Han Tepputopueit PO, Cym-
MapHOe TOKPBITHE eXECYTOUHOTO TTpuéMa 1u30-
OpaxeHuil cocTaBisiio Oojee 40 MJIIH KB. KM.
TexHnuyeckre XapaKTEpUCTUKH  CHEMOYHOM
arnmapaTtypel 1 TIpUMeHsIeMas TeXHOJIOTUST 00-
paboTKU MO3BOJISLIM (DOPMUPOBATH T€OIPHUBSI-
3aHHbIE LIBETOCMHTE3UPOBAaHHBIE IM(DPOBBIE

According to the map based on LEND data
the area with high hydrogen content in Cabeus
extends further than 20 km beyond the perma-
nently shadowed area, calculated using laser
altimetry. Hence water ice in the upper layers
of regolith may exist even in the areas that are
strongly heated in the sun during the lunar day.
This suggests that lunar “water cycle” is much
more complex than assumed earlier.

On September 17, 2009 Meteor-M I meteoro-
logical satellite, the first one in the last ten years
in Russia, was put into orbit. It featured the
multispectral satellite imagery system (KMSS)
designed and produced in IKI. This equipment
was launched for daily real-time monitoring of
the entire territory of the Russian Federation,
through digital imagery of the surface obtained
in six electromagnetic bands. Each day KMSS
downlinked images obtained in the 8 orbits over
Russian territory. The satellite’s total daily cov-
erage exceeded 40 million square kilometers.
The photo system together with image process-
ing technology provided digital geo-tagged false-
color images with spatial resolution of 80 m and
swath view of 1000 km.



Mpu6op PYCAJIKA. O6wuli
8U0 u 30-mo0esnb c ycmaHo-
804HOU pamnoli

Rusalka instrument. General
view and 3D model with erect-
ing ramp

CHUMKHU C TIPOCTPAHCTBEHHBIM pa3pelicHueM
ot 80 M B rosioce 3axBaTa 0Kojio 1000 kM.

B mone 2009 ronza Ha MKC 6blna mocras-
sneHa paspaboranHas B MKW PAH anmapa-
Typa PYCAJIKA (PYuHoii CrekTpajlbHblii
Ananuzatop KowmrmoHeHT AtTMocdepsbl). 3a-
Jlaya BBITIOJHSIEMBIX C €€ IMOMOIIBI0 MCCIIEN0-
BaHUI — HaOJIONEHUs] 36MHOM MOBEPXHOCTHU:
COJTHEYHBIX OJIMKOB Ha TIOBEPXHOCTH BOIBI
W CYIIW, CHEXHBIX TTOKPOBOB, KPYITHBIX TOpPO-
JIOB, BOJHOM MOBEPXHOCTH O€3 OJMKOB, BYJ-
kaHoB. Llenb 3Tux HabaOAeHUI — OTpadoTKa
METOIMKM OIpeNeeHUs COMEPXKaHUsI YTIIEKUC-
Jloro raza M metraHa B atMmocdepe. Kocmuue-
CKHMII MOHUTOPUHT JACT BO3MOXKHOCTb pa3-
JIEJINTh BKJIAIbl AHTPOIIOTEHHBIX BO3NCWCTBUNA
U TIPUPOIHBIX MPOIIECCOB (U3BEPXKEHMUS BYJIKa-
HOB, JIECHBIC TIOXaphl M TIpoYee) B MAapHUKO-
BbI 3(hPeKT.

TIpoBoauIMCh 3KCIIEPUMEHTHI O MCCIIEA0-
BaHUIO IIJIa3MEHHO-BOJIHOBBIX IIPOLIECCOB —
«O6cTtaHoBKa-1» (3Tam 1 M mocnenymoIue),
a TaKXe 9KOJOTMYECKOMY MOHUTOPUHTY HU3-
KO3JICKTPOMAarHUTHBIX U3JIyYeHMII KaK aHTpO-
MOTeHHOTO XapaKTepa, TaK U CBSI3aHHBIX C TJIO-
GaIbHBIMU MPUPOIHBIMU KaTakan3dMaMu. OnHa
W3 3a7a4 3TUX UCCICTOBAHUN — CEJIEKILUS I0-
TOKOB 3HEPIUM, MOCTYMHAIOIIUX B HMOHOCHEpPY
«CHM3Y» Ha (hOHE BO3ICUCTBUSI «CBEPXY», UTO
MOXET CYIIECTBEHHO TMOBBICUTh 3(P(PEKTUB-
HOCTb ITPOTHO30B «KOCMUYECKOM Mmoroasl». JIs
3TOro Ha ciayxkeoHoM moayie MKC pa3mernieHa
(Kak Ha BHEIIHEW MOBEPXHOCTH, TaK ¥ BHYTPH)
co3nanHasg B MKW PAH annapatypa miasmeH-
HO-BoJIHOBOTO KoMIuiekca [TBK.

Pa6oma c npu6opom
PYCAJIKA Ha 6opmy MKC

Operating Rusalka on the ISS

In July of 2009 the RUSALKA detector was
delivered to the ISS. It was designed for Earth
observations and namely to register sunlight re-
flected by water and land surface, snow cover,
large cities, water surface without glares, volca-
noes. The observations were to test the methods
for determining CO, and CH, content in the air.
Space monitoring can help to discriminate be-
tween anthropogenic and natural contributions
(such as volcanic eruptions, forest fires, etc.) to
the greenhouse effect.

A number of experiments was conducted to
study plasma-wave processes (Obstanovka I,
stage 1 and following) and environmental moni-
toring of low-frequency electromagnetic radia-
tion, both anthropogenic and related to global
natural disasters. These studies select the energy
flows entering the ionosphere from “below”
against the impact from “above”, which can sig-
nificantly improve the accuracy of space weath-
er forecasts. The plasma-wave instrument set
(PVK) designed by IKI is installed both outside
and inside the ISS service module.

i .

YcmaHnoeka 60/1H068020 KOM-
nnekca «06cmaHoeKa» Ha eHew-
Heli nogepxHocmu MKC

Obstanovka wave complex installa-
tion on the ISS

Cxema pacnosnoxeHus
dam4uKoe Komnsekca
«06cmaHoeka» Ha MKC

Detectors of Obstanovka wave
complex experiment. Scheme
of placement aboard the ISS

e ———

IRTVRITIE U S T VTR -

TMpumepel pezucmpayuu
csucmaujux ammoceepu-
KO8 8 ceaepHOM nosywia-
puu. JlokansHoe epema —
ympo

Whistlers registered in the
Northern hemisphere, morn-

ing local time
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Kocmu4eckutii annapam

«@oboc-IpyHm»

Ha pa32oHHOM 6/10Ke
Op 4 cKum

cnymHukom YH-1 e yexe

HINO um. C. A. Jlaso4ykuHa

Hakamka 2onoeHozo
6 Ha p
«@oboc-IpyHm», npucmer-

Kp HoOCU-
mento «3eHum». Annapam
ocHawéH 6osbWuM Konu-
yecmeom npu6opos KU
PAH (kapmuHKka muccuu

Ha obmekamene co30aHa

8 31 omdene UKU PAH)

T - e

Phobos Sample Return

spacecraft on Fregat booster

with the Chinese Yinghuo 1

spacecraft at Lavochkin
Association plant

KUl

p «@oboc-Ipy
68 UKW Ha npumepke
KomnJieKca Hay4Ho20
obopydoeaHusa
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LHAdI DOy

Phobos Sample Return
encapsulation. Spacecraft

is mounted on Zenit launcher.
Its payload included many
instruments developed in

IKI. Mission insignia on the
nose cone contributed by the
Department of Scientific and
Technical Information (31)

of IKIRAS

Engineering mock-up

of Phobos Sample Return
spacecraftin IKl, during
fitcheck

i Tkt

Bannucmuyeckas cxema
muccuu POBOC-TPYHT,
- Y

mexOyHap p
uccneo cny
Mapca — ®oboca, u docmas-

Ku e20 eewjecmea Ha 3emMJ10

Boabloit 00béM u3MepsieMbIX (U3MYECKUX
ImapaMeTpoB MOTPeOOBa TIPOBEACHMS CIIeIa-
JIM3UPOBAHHOI OOPTOBOI 0OPAOOTKU U CKATUS
noJjiyyuaeMoit MHGOpMalUU. DTO peanusyeTcs
C TTOMOIIIbI0 GOPTOBBIX MPOIIECCOPOB, YCTAHOB-
JIEHHBIX TaKXe KakK BHE, TaK U BHYTPU KOPITY-
ca MKC. OnHoBpeMeHHO C HaOJIOIeHUSIMU
¢ 6opra MKC MOHUTOPUHT OKpyXarolei Koc-
MHUYECKON Cpembl BBITIOTHSIICS 3JIEKTpoMar-
HUTHO-YUCTbIM MHUKPOCIYTHUKOM «Yubuc»,
coznanHbiM B UKW PAH u unTterpupoBaHHbBIM
B uHdpacTpyktypy MKC (CIyTHUK TOBBIBO-
JIWJICSI Ha OpOUTY C OOpTa CTaHLIMU).

9 Hosi0ps 2011 roga ObUTA 3armyllieHa aBTOMa-
THYecKast MeXIiaHeTHas craHuus (AMC), nipen-
Ha3HayeHHasl ISl OOCTaBKU OOpas3loB TPyHTa
co cnytHuka Mapca ®oboca Ha 3emitio, ornpe-
neneHust (U3NKO-XUMUYECKUX XapaKTePUCTUK
rpyHta @oboca, ucclenoBaHUI MPOMCXOXKIe-
HMSI MapCUAHCKUX CITYTHUKOB, TIPOIIECCOB B3a-
UMOJIENCTBUSL ero aTMocdepbl U TOBEPXHOCTH,
B3aMMoOneHCTBUS ManbiX Ted CoOJHEeYyHOUl cu-
CTeMBbl C COJIHEYHbIM BeTpoM. Bmecte ¢ AMC
«@oboc-I'pyHr»  MapmieBasi  IBUTATEIbHAS
yCTaHOBKa OJDKHA ObUIa JOCTaBUTh Ha OpOUTY
Mapca kuTaiickuii MUKpOCTyTHUK <«MHx0-1»
(«CBemsiuok»). OmHako B pe3yJibTaTe HellTaT-
HOM CUTyalllM, KOTIa He TMPOU3O0ILIO pacyér-
HOTO CpabaThIBaHUS MAapIleBOU MBUTATETHHOMN
YCTAaHOBKM TEPEJIETHOTO MOMYJIS, MEXIIaHeT-
Hasl CTaHIIMSI HE CMOIJIa MTOKWHYTh OKPECTHOCTHU
3emMiu, OCTaBIIMCh HA HU3KOWM OKOJIO3EMHOM
opoute. 15 sguBaps 2012roma AMC cropena
B TUTOTHBIX CJIOSIX 3eMHOM aTMOCHEpHI.

e LU

H?Iﬂﬂ
M3 K CYTOHAD
Orlaty o

Ballistic scheme of Phobos
Sample Return mission, an
international project on explo-
ration of Phobos, the Martian
moon, and soil sample return

The large amount of measured physical pa-
rameters required that registered data are pro-
cessed and compressed on board, and for that
special onboard processors were installed both
outside and inside the ISS. Simultaneously with
the observations from the ISS environmental
monitoring of space was done by electromagnet-
ically-clean Chibis microsatellite made by IKI
and launched from the ISS (see below for more
details).

On November 9, 2011 Phobos Sample Return
automated interplanetary station was launched.
It was designed to return soil samples from Mar-
tian satellite Phobos to the Earth, study physical
and chemical characteristics of the Phobos soil,
origins of the Martian satellites, interaction of
Martian atmosphere with its surface, interac-
tion of small bodies in the solar system with the
solar wind. Phobos Sample Return was launched
together with the Chinese Yinghuo I satellite.
However after the interplanetary thrust en-
gine failed to ignite, the station didn’t leave the
near-Earth space and remained on a low-Earth
orbit. It disintegrated on January 15, 2012 upon
reentry.



Bbannucmuyeckasa cxema
0 obcep
«CneKkmp-P» mexoy-
HapoOHo20 npoekma
PAAUOACTPOH

p

18 wmwona 2011roma 3anyiieHa TiepBast
¢ 1988 roga B oTeuecTBeHHOI MporpaMmmMe Koc-
MHMYECKMX WCCIeNOBaHUI acTpodunueckas
obcepBatopust «Cnektp-P» («PagnoActpoH»)
¢ kocMuueckuM panuoteneckorom (KPT), pa-
0oTa 1Mo co3naHuio KOTopoii Obuta Havyata B H-
crutyte ewl€ B 1980—1990 romax (ceityac ronos-
Hast opranuzanus 1o rpoekty — AKLL ®1AH).

OCHOBY TIpOEKTa  COCTaBJIsIET  Ha3eM-
HO-KOCMUYECKUI paguouHTepdepoMeTp co
CBEPX/UVIMHHOM 0a30ii, COCTOSIIIMI U3 CEeTu
Ha3eMHBIX TEJIECKOIOB M KOCMUUYECKOTO pau-
OTeJIecKOIa, YCTaHOBJIEHHOro Ha 0OOpTy KoOcC-
muyeckoro armapata «Crnektp-P». CyTb uc-
CJIeIOBaHUI 3aKJII0YaeTCss B OXHOBPEMEHHOM
HaOJMIOACHUM OIHOI0 PAAMOMCTOYHUKA KOC-
MWYECKUM U HAa3eMHBIMU PATUOTEIECKOITAMM.
3amucu HaOMIONEHMIT CHAOXaloTcsa MeTKaMu
BPEMEHU OT BBICOKOTOYHBIX aTOMHBIX YacoB,
YTO, BMECTE C TOYHBIM 3HAHUEM TOJOXKECHUS
TEJIeCKOIIOB, MO3BOJISIET CUHXPOHU3UPOBATh UX
U TMOJYYUTh WMHTepGhEpeHLMI0 CUTHAIOB, 3a-
MUCAHHBIX Ha Pa3HBIX TejiecKomax. biaromaps
3TOMYy paboTalolre He3aBUCUMO MHCTPYMEHTHI
COCTaBJISIIOT €MUHBIN UHTEPGhEPOMETp, YIJI0OBOE
paspelIeHre KOTOPOTO OIPeNessieTCsT PacCcTo-
STHUEM MEXIy TelleCKONaMM, a He pa3MepoM
aHTeHH (MeTol paauoUuHTepHEPOMETPUU CO
cBepxTMHHBIME 6azamu — PCJIB).

Pannoreneckon obpalliaercs 1Mo 3JUIMIITHYE-
CKOIi opOuTe ¢ BbICOTOM amnorest okoyio 340 Thi-
CSI9 KUJIOMETPOB, YTO CPaBHUMO C PaCCTOSTHUEM
1o JIyHBI, 1 MCIOJIB3YeT JYHHYIO TPaBUTAIINIO
IUTSI TIOBOPOTA TIOCKOCTHU CBOEI OPOUTHI.

Ballistic scheme of Spectr-R
observatory orbit injection
(international project
RadioAstron)

On July 18, 2011 for the first time since 1988
Russian astrophysical observatory Spektr-R (Ra-
dioAstron project) was launched. It was equipped
with the space radio telescope, which was com-
menced in IKI back in 1980—1990 (now the
head organization is AstroSpace Centre).

The project is based on very long baseline
radio interferometer, consisting of a network
of ground-based telescopes and the space ra-
dio telescope on board the Spektr-R spacecraft.
The principle is simultaneous observations of a
radio source by space and ground-based radio
telescopes. Observations are tagged by high-pre-
cision atomic clock, which, provided that coor-
dinates of both instruments are known with high
precision, allows one to synchronize the data
and calculate interference of signals recorded
by different telescopes. So, these independent
instruments make a single interferometer with
angular resolution determined by the distance
between the telescopes and not the size of the
antennas (Very Long Baseline Interferometry or
VLBI).

Spektr-R radio telescope orbits the Earth with
an apogee of about 340 thousand km, which is
comparable to the distance to the Moon, and
uses lunar gravity to rotate the plane of its orbit.

Op6umanvHas obcep- Spectr-R orbital observa-
eamopus «Cnekmp-P» tory (international project
npoexkma PAJUOACTPOH RadioAstron) with 10-m mirror

¢ 10-mempoegbim 3epKa-
nom, nocmpoenHasa HIMO
um. C.A.Jlasoykuna

npoexkma, built by Lavochkin
Association

OcHOBHOU UHCMpPYMeHm
annapama «Cnekmp-P» —
meneckon KPT —

Ha ucnbIMaHuAx

8 [TywuHo 6 2003 200y

KRT telescope — the main
instrument of the Spectr R
spacecraft during tests

in Puschino, 2003

Spektr-R folded, umbrella-like,
at Lavochkin Association

«Cnekmp-P» 8 HITO
um. C.A.JlagoykuHa
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«[Mepeblili ceem» Kocmuye-
cKo20 paduomeneckona

Spektr-R space telescope first
light. On September 27,2011,

«Ci p-P». 27 c p test observations of Cassiopeia

2011 200a enepesie npose- A supernova remnant were run

OeHbl mecmosbie Habniooe-

HUA 0CcMamkKa ceepxHoeoll
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Mepeoili Hay4HbIl
pe3ynemam npoekma
PAJUOACTPOH — u3o-

Project RadioAstron first
scientific result. The image

is acquired with Spektr-R
observatory and 100-m radio
telescope in Effelsberg, Germany

Ld c@pop {
no 0aHHeIM annapama
«Cnekmp-P» u 100-mempo-
8020 meneckona e 3¢-
¢envcbepze, lepmanusn

IMoeedeHue Koppenayu- Correlation response
OHHO20 OMKJ/IUKA 8 ceaHce ina 1 hour session
odnumenvHocmoio 1 4ac for B0950+08 pulsar

0na nynscapa B0950+08

80

opdbema

AMNARATA
CNEKTP-P

Cxema popmupoeaHus
uHmepgepomempa

co ceepx0nuHHoU 6asoli
npoekma PAJUOACTPOH

BecnperieneHTHO BbICOKOE pa3peleHre mpu
HaOJMIOJEHUN PaTUOMCTOYHUKOB OOecreyu-
BaeTcs 3a CUET OOJIBLIOrO Iieya MHTepdepo-
MeTpa, PaBHOTO BBICOTE arorest OpOUTHI, U 10-
CTUTaeT MAJUTMOHHBIX JOJIEH YIJIOBOM CEKYHIBI.
DTO MO3BOJISIET:

* M3y4YyaThb PEIITUBUCTCKUE CTPYH, a TaKxe
HETIOCPEICTBEHHbIE OKPECTHOCTU  CBEpX-
MACCHBHBIX YEPHBIX AbIP B AKTUBHBIX rajlak-
THKaX;

* CTpOCHHWE U JOUHAMUKY objacteil 3BE3N0-
oOpa3oBaHus B Haieil [ajakTuke mo ma-
3epHOMY M MEraMa3epHOMY U3JIyYeHUIO;

* HEWTpPOHHBIC 3BE3MBI U YEPHBIC ABIPHI B Ha-
el [anakTrike — CTPYKTYpY 110 M3MEPEHM-
M (IyKTyauuu (pyHKIUU BUIHOCTH, COO-
CTBEHHBIE IBVKEHUS U TTapaJUTaKCHhI;

* CTPYKTYpy M pacIipelc/ieHHe MeX3BE3IHOMI
M MEXIUIAHETHOM TUIa3Mbl 1O (IIyKTyaIusMm
(GYHKIIMY BUIHOCTH ITyJILCAPOB;

* IIOCTPOUTH BBICOKOTOYHYIO aCTPOHOMUYE-
CKYIO KOOPIMHATHYIO CUCTEMY;

* BBICOKOTOYHYIO MOIeNIb TPaBUTAIIMOHHOTO
TOJIsT 3eMJTH.

-~ o
-
-
- M B7 - sryusessi ofiesr

OPEMTANBHARA PAQWOOBCEPBATOP WA
an

EKTP-PALMOACTFOH

Project RadioAstron — very-
long baseline interferometer.
How it works

The unprecedentedly high resolution of radio
sources observation is provided by the long in-
terferometer arm equal to the height of the apo-
gee, and reaches millionths of arcsecond. This
allows to study:

+ relativistic jets and immediate vicinity of su-
permassive black holes in active galaxies;

+ structure and dynamics of star formation re-
gions in our galaxy by their maser and mega-
maser radiation;

* neutron stars and black holes in our galaxy.
Their structure can be studied by measuring
fluctuations of their visibility function, their
proper motions, and parallaxes;

 structure and distribution of interstellar and
interplanetary plasma fluctuations by the vis-
ibility function of pulsars.

+ we’ll also be able to build a high-precision
astronomical coordinate system and highly
accurate model of the Earth’s gravitational
field.
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3aoda4u 3Kcnep IKC
TJIA3MA-® cnedyroujue: NNA3MA-®

Plasma-F experiment insignia

P p P
MexxnaaHemHoli cpedbl
u eepxHel thepor
3emsnu e okpecmHocmu KA
KaK 371leMeHmoe Kocmu-
4yeckoli N0200bI; uccnedo-
mypoy mu
MexxnaaHemHoli cpedbl -

8 06/1acmu 8bICOKUX 4a-
cmom cpeKopBHo 8bICOKUM

P pasp
Plasma-F experiment main
scientific tasks: to monitor
interplanetary medium for
the purpose of space weather
studies and forecasts; to study 45

turbulence of the interplan- o

etary medium in high-frequen-

cy range with high temporal sl N -
resolution - . - -

Cxema 2pasumayuoHHo20
usmMeHeHus op6umel cnym-
Huka «Cnekmp-P»

Spektr-R orbit changing under
gravitational force

[ToMrMo HaydyHOU ammapatypbl [UISI BBI-
TIOJTHEHUST OCHOBHOM 3a1a4ll MUCCUU Ha GOPTY
KocMmuueckoro anrmapara «Crnektp-P» ycraHoB-
JIeHbI TIpUOOPHI ISl TTa3MEHHBIX MCCIIenoBa-
HU. DKCTIEepMMEHT, TONYYMBIINI 0003Haue-
nue TTJIABMA-®, uMeer Kak mparMaTUYHYIO
1IeJlb — HeINpepbIBHOE MOHUTOPUPOBaHME Tia-
paMeTpoB TUIA3Mbl M SHEPTUIHBIX YACTUL] MEX-
TJIAHETHOM cpenbl (KaK 4acTh «KOCMMWYECKOM
TIOTO/bI»), TaK W MCCIIEOBATEIbCKYIO — M3yUe-
HHE BBICOKOYACTOTHOUN TYpOYJIEHTHOCTH 3TUX
MapaMeTpoB MYTEM HM3MEPEHUIl C YHUKAIbHO
BBICOKUM BpeMEHHBIM paspenieHueM. Kocmu-
YECKMU amnrapaT HECKOJbKO THEW HAXOMUTCS
BHE MarHutocdepsl 3eMlId, YTO MO3BOJISIET Ha-
0JII0/1aTh MEXTUTAHETHYIO CPeJly, a TOTOM OYeHb
OBICTPO TIPOXOOUT BCE CJIOM MarHUTOCHEpHI,
Oyaromapsi 4eMy MOXHO ONEpPaTUBHO CJIEAUTH
3a €€ U3BMEHEHUSIMU.

He menee BaxHO, YTO BBICOKOAIOTEHHAsI
opouta «Cnekrpa-P» npenocrtapisieT 00JblINe
TIPEUMYIIeCTBA IS TIPOBEACHUS ITUTEITHHBIX
(1o ceMM CyTOK) CUCTEMaTUIECKUX U3MEPEHMI
B MEXIUTAaHETHOH cpene. /IBa OCHOBHBIX MPUGO-
pa IKCIepuMeHTa — TITa3MEeHHBIN CIIEKTPOMET]
W MOHUTOP SHEPTMYHBIX YACTUL[ — paboOTaloT
HENpEepbBIBHO U MEpenaloT CBOIO MHGOpMaLUIO
TIOYTU C CAMOTO MOMEHTA BBIXOIa KOCMUYECKO-
TO afnmnapara Ha BBICOKOAIIOTeHYI0 OpOUTY.

BxkcnepumeHT TTJIABMA-®, 1o cytu, mpo-
JOJKVJT MICCIIENMOBAHUSI TI0 COJTHEYHO-3eMHOM
¢usuke (M3y4eHUE MPOLIECCOB COJTHEYHOM aK-
TUBHOCTH, X BJIMSTHUSI HA MEXIUTAHETHYIO Cpe-
Iy ¥ MarHUTOC(hepy 3eMJIn), BHITIOTHSBIIMECS
Ha 6a3e cIyTHUKOB «[IporHos».

Cxema pacnonoxenus

L od 6 L IKC L
MJIA3MA-® Ha cnymHuke
«Cnekmp-P»

Plasma-F aboard Spektr-R
spacecraft

In addition to the equipment for the main
task of the mission, Spektr-R bears instruments
for plasma research. Plasma-F experiment, de-
veloped in IKI (note that Spektr-R leading or-
ganization is AstroSpace Centre of Lebedev
Institute of Physics), has both scientific and
pragmatic goals. It monitors plasma and charged
particles parameters in the interplanetary medi-
um (as space weather part). By measuring them
with a unique high temporal resolution it stud-
ies their high-frequency turbulence. Orbiting the
Earth, the spacecraft spends a few days outside
its magnetosphere, monitoring the interplan-
etary medium, and then quickly passes through
all layers of the magnetosphere. So its fluctua-
tions can be tracked very quickly.

Another important feature is that Spektr-R’s
high-apogee orbit provides great advantages for
long-term (up to seven days) systematic mea-
surements in the interplanetary medium. The
experiment is based on two main instruments:
the plasma spectrometer and the high-energy
particles monitor. They work continuously and
transmit their information almost from the mo-
ment of insertion into high orbit.

Plasma-F, in fact, continues the research on
solar-terrestrial physics (study of solar activity,
its influence on the interplanetary medium and
the Earth’s magnetosphere), performed by Prog-
nogz satellites.

BMCB (6bicmpeblii
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BMSW (fast monitor of the
solar wind) — plasma spec-
trometer to measure energy
distribution, flux vector, bulk
velocity, temperature and
concentration of ions. Charles
University and Institute of
Atmospheric Physics of Czech
Academy of Sciences (Czech
Republic); IKI (Russia)
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MEP Energetic Particle Detector for energetic ions (30 keV - 3
MeV) and electrons (30 keV — 350 keV). Institute of Experimental
Physics, Slovak Academy of Sciences, Kosice (Slovak Republik)
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Akademuyeckuli Chibis-M academic
Mukpocnymuuk «Yu6uc-M» microsatellite on its
Ha pa6oyeli opbume nominal mission orbit

1
25.01.2012 Chibis-M RS39 Deployment

Chibis-M entered the
orbit from transport/

«Yu6uc-M» ebiwien Ha op6u-
my u3 mpaHcnopmHo-nycKo-

8020 pa zpy launch container installed
Kopab6nsa «lMpoapecc-M-13M» on Progress M-13M cargo
ship

Co30 0 koeo  Engineers and scientists, who
mukpocnymHuka «Yu6uc-M»  have developed Chibis-M.
8 Llenmpe ynpaeneHrusa After successful injection

nocneyc to a nominal mission orbit.
8b1800a Ha paboyyio op6umy  Flight control centre

25 gauBaps 2012roma mocie BbIXOma U3
TPAHCIIOPTHO-TTYCKOBOTO KOHTeiHEpa TIpy30-
Boro kopabnst «[Iporpecc-M-13M» Hauan aB-
TOHOMHYIO pa®OTy 1 3aBepiumi e€ 25 CeHTIOps
2014 rona, Boiiis B IMJIOTHBIE CJIOM aTMOCOHEDHI,
aKaJeMU4YeCKNil MMKPOCTYTHUK «Hubuc-M»,
cosnanHbii B UKW PAH. JIBa ¢ mojioBuHOM
roma ceMb OOPTOBBIX MPUOOPOB CITyTHUKA CO-
oupany MHGOPMAIIUIO O TOM, YTO MPOUCXOAUT
B arMocdepe U HMoHochepe 3emin BO Bpems
rpo3. HabnogeHus B LIMpoKOM 1Uana3oHe —
OT HMOHOC(EPHBIX 3JIEKTPOMATHUTHBIX M3JTy-
YEeHUI 0 paauo- U ramma-jaydeil — JOJKHBI
OBLTM TIPOSICHUTD, SIBJISIIOTCSI JIN MOJTHUM WC-
TOYHUKAMM TaK Ha3bIBa€MbIX 3€MHBIX ramMma-
BCIIBIILIEK.

UcneimaHus ebixoda cnym-
HUKQA U3 mpaHcnopmHo-
nyckoeozo koHmeiiHepa,
PpacKkpbimus conHeYHbIX
6amapeli, aHmeHH u WMaHa
Ha paszapy304HOM cmeHOe

e UKU PAH

The satellite egress from
transport/launch container,
solar batteries, antennae and
beams deployment are tested
on the unloading bench in IKI

Mukpocnymuuk «4u6buc-M»
8 C60EM MpaHcNopmHo-
nyckoeom KoHmeliHepe,
yCMaHoeeHHOM Ha Mecmo
CMbIKOBOYHO20 y3/1a 2pY30-
suka «[lpozpecc-M-13M»

Chibis-M in the transport/
launch container in place of
a docking unit of Progress
M-13M cargo ship

On January 25, 2012 the academic micro-
satellite Chibis-M, built in IKI, started its op-
eration after it was released from transport con-
tainer of Progress M-13M cargo ship. Chibis-M
finished its mission on September 25, 2014 upon
reentry to the Earth’s atmosphere. For two and
a half years seven instruments onboard the satel-
lite collected information on what was happen-
ing in the atmosphere and ionosphere during
thunderstorms. The wide range of observation,
from ionospheric electromagnetic radiation to
radio and gamma rays, helped the scientists to
understand whether so-called terrestrial gam-
ma-ray bursts originate during lightnings.




AMepukaHckuli Mapcoxod-na-
6opamopus «Ketopuocumu»
(/1mr060nbIMCcMeE0), oCHaWéH-
HbIl pocculickum HelimpOHHbIM
komnnekcom [JAH (© NASA)

The US rover laboratory
Curiosity, equipped with
DAN neutron complex,
made in Russia (© NASA)

6 asrycra 2012 roga amMepuKaHCKUI Mapco-
xon Curiosity (JTIOOOTBITCTBO), C POCCUICKUM
npudopom JJAH Ha Gopry, coBepIImI ycren-
HYIO0 MOCcaaKy Ha oBepxXHOCcTh Mapca.

[Ipubop crnocobeH OOHApPYXUTb BOAY WJIU
€N, TO4Hee, OOHY W3 ABYX COCTABJISIIOIINX
Bozabl — Bogopox. I[Ipouecc HanmomuHaeT dio-
oporpaduio. B cocraB mpubopa BXOmSIT UM-
MyJIbCHBII UCTOYHUK HEHTPOHOB U MPUEMHUK
HeiTpoHHoOro usnydeHus. ['eHeparop ucmnycka-
€T B CTOPOHY MapCHUaHCKOI MOBEPXHOCTH MM-
MyAbChl  HEUTPOHOB  TPOAOKUTETBHOCTHIO
OKOJIO 1 MKC, MOIIHOCTbIO MoToka a0 10 MJIH
HeUTpoHOB ¢ 3Heprueii 14 MaB. Yactuiis! po-
HUKAIOT B IpyHT Mapca Ha riyouHy 1o 1 M, rae
B3aMMOJEICTBYIOT C SIAPAMU OCHOBHBIX MOPO-
Jloo0pa3ylolnx 3jeMeHToB. B xone Takux B3a-
MMOJENCTBUI OBICTPbIE HEUTPOHBI 3aMeISIIOT-
cs U TEepSIOT CBOIO 3Hepruto. YacTb WX HUX
TIOTJIONIAETCS] B TPYHTE, a YacTh BBIXOAUT 00-
paTHO Ha MOBEPXHOCTh, T U PETUCTPUPYETCS
npuéMHUKOM. Ha ocHOBaHMM TONy4eHHBIX
JMAHHBIX TIPUOOP OTIpeesisieT TIyOuHY TPOHUK-
HOBEHMSI HEUTPOHOB M COCTaB MOBEPXHOCTHOTO
rpyHTa. TouHblE U3MEPEHUSI BO3MOXKHBI 10 TJTy-
ounsbt 50...70 cm.

«HeiitpoHorpadusi» MOBEPXHOCTH, CAEIaH-
Has nipudopoM JJAH, no3Bosnia uccienonare-
JISIM OLIEHUTH COJIepKaHUe BOIBI TTON KOJIEcaMu
Mapcoxola M OINpeaesuTb Haubosee MHTepec-
HbIE IS UCCJIEOBAHUSI PAOHBI C BBICOKUM
comepxxaHUeM BOIbI B MUHepanax. UMeHHo Ta-
Kve pailoHBbl TIPEACTaBISIIOT HAUOONbIINN WH-
Tepec 151 MOUCKA MPU3HAKOB XU3HU.

On August 6, 2012 the US rover dubbed
Curiosity successfully landed on the surface of
Mars. Among other payload, it bears Russian
DAN instrument (short for “Dynamic Albedo
of Neutrons”). Like his predecessor HEND,
it is capable to discover water or water ice, or,
more precisely, hydrogen. The instrument con-
sists of pulsed neutron generator and neutron
detector. The pulsing source generates short
(about 1 mks), but powerful (up to 100 million
neutrons per pulse) neutron pulses (with energy
14 MeV) to the Martian surface. The neutrons
emitted penetrate into Martian soil to interact
with the nuclei of main rockforming elements
through reactions of inelastic scattering. Dur-
ing these interactions, fast neutrons are slowed
down and lose part of their energy. Some of the
moderated neutrons are absorbed in the sub-
surface, while the other part goes back out to be
registered by the neutron detector. Using its re-
cords, the scientists can determine the penetra-
tion depth (the depth a neutron has come from)
and the composition of the subsurface. Precise
measurements can be done for the depth about
50...70 cm.

With this data researchers evaluated the wa-
ter content in the soil just under the rover and
determined the most interesting areas with high
content of water in minerals, which are of par-
ticular interest for the search of life or its precur-
Sors.

DAN detector can both run
active studies of Martian
shallow surface and monitor
natural radiation background
of the surface

Hemexkmop JJAH, kpome
aKmueHoz2o o6cnedoeaHus
NnodnoeepxHOCMHO20 /10
KpacHoti nnanemel, cnoco-
6eH 8ecmu MOHUMOPUH2
ecmec paouayu-
OHHO20 (hoHa NoeepxHOCMU

Ha npasom 6opmy DAN neutron generator is
«Ketopuocumu» placed on a right and DAN
pacnonoxeH HelimpoHHbIU detector — on a left side

p, aHa — of Curiosity rover

p
Odemekmop komnnekca JAH

2> ]

«HebecHblIli KpaH» MazKo “Sky crane” softly lands the

onyckaem opazoyeHHblIl precious freight on the surface
2py3 Ha N08epxXHOCMb of Mars (© NASA)
Mapca (© NASA)
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30aHue MHcmumyma KocmMuyecKux uccsiedosaHuii
Poccutickoli akademuu HayK — NpuU3HAHHO20 MUPOBO-
20 yeHMpa Kocmuyeckoli HayKu

The building of Space Research Institute of the Russian
Academy of Sciences — acknowledged centre

of space science

Acmpodusuka
u paduoacmpoHomus

Astrophysics and
radioastronomy

Qusuka Kocmuyeckoli
naasmel, 3SHep2UYHbIX
yacmuy, ConHya

U CO/THeYHO-3eMHbIX ceAsell

Space plasma physics, physics
of energetic particles, Sun and
solar-terrestrial relations

UccnedoeaHus nnaHem
umaneix men ConHe4yHou
cucmemol

Studies of planets and small
bodies of Solar System

U, 5
HUcc

3emnsa
Earth studies

UccnedosaHus

8 061acmu mexaHuKu,
cucmem ynpaeneHus
u uHhopmamuku

Mechanics, operation systems
and computer sciences

84

']
I 4

CerofHsilIHYE HAIMpaBIEHUs NESTEIbHOCTH
MKW PAH cootBerctBytotr Ilporpamme ¢yH-
AMEHTAJIbHBIX WCCIEeNOBAaHUN TOCYIapCTBEH-
HbIX akagemuit Hayk Ha 2013—2020 roasi, yr-
BEPXIEHHOU pacropsbkeHreM [1paButenbcTBa
P® or 03.12.2012 roma. MHCTUTYT IPOBOIUT
(yHraMeHTalbHbIE U MPUKIAAHBIE UCCIIEI0Ba-
HUS B 00J1aCTSIX:

* acTpo(U3UKHU U PATMOACTPOHOMUMN;

* (M3MKM KOCMHMYECKOW TUTIa3Mbl, SHEPTUY-
HbIX yacTull, COJHIIA U COJIHEUHO-3eMHBIX
CBsI3eid;

* IDIaHeT ¥ MajibIx Tl COJTHEYHOM CUCTEMBI;

* TIJIAaHEThI 3eMJIs;

* MEXaHUKHU, CHCTEM YIpaBlIeHUs U UHDOP-
MaTUKMU.

Benyrcst Takxke pabGoTHI 1O Pa3BUTHUIO HC-
CJIeI0BaTeIbCKOM, KOHCTPYKTOPCKOW U OTIBIT-
HO-2KCIIEPUMEHTATLHON ~ 0a3sl  HAYYHOTO
KOCMMYECKOTO TMPUOOPOCTPOEHUST U METOIOB
SKCMEPUMEHTATbHON (PUUKH.

HayuHo-uccnenoBaTenbCKue U OMbITHO-KOH-
crpykropckue pabotsl (HUMOKP) npoBoasitcsa
B COOTBETCTBMU C 3agaHusIMU Poccuiickoit aka-
NEMUU HayK, €XEerOMHBIM TeMaTWYeCKUM TuIa-
HoM MHctutyta 1 MenepalbHOl KOCMUYECKOM
nporpamMmoit Poccun. OHU COOTBETCTBYIOT Ta-
KUM HampaBJIeHUsIM KaK COBPEMEHHBIE IIPO-
0JIeMbl aCTPOHOMUM, aCTPOPU3UKU U UCCTIETO-
BaHUS KOCMHUYECKOTO MPOCTPAHCTBA, B TOM
YUCIe TIPOUCXOXKIEHNE, CTPOSHUE U IBOJIOIUS
BcenenHoii, mpupoma TEMHOM MaTepun U TEM-
HOW 3Hepruu, uccienoanue JIyHbl U TUIaHeT,
CoJHIIa ¥ COJTHEYHO-3eMHBIX CBSI3€ii, pa3BUTHE

Current IKI research activities conform
with the Program of Fundamental Research
of the State Academy of Sciences for 2013—
2020, which was approved by the Decree of
the Government of the Russian Federation of
03.12.2012. The Institute runs fundamental and
applied research in following areas:

« astrophysics and radio astronomy;

* physics of space plasma, charged particles,
the Sun and solar-terrestrial interaction;

+ planetary studies and small bodies of the So-
lar system;

 Earth studies;

* mechanics, control systems, and computer
science.

The Institute constantly develops its facilities
for research, design, and experiments in space
science instruments engineering and for experi-
mental physics.

R&D activities comply with assignments
from the Russian Academy of Sciences, Insti-
tute’s annual Subject Schedule and Russian
Federal Space Program. They correspond to the
following areas of research: modern problems of
astronomy, astrophysics, and space exploration,
including origin, structure, and evolution of the
universe, the nature of dark matter and dark en-
ergy, exploration of the Moon and the planets,
the Sun and solar-terrestrial interactions, devel-
opment of technologies for extra-atmospheric
astronomy and space research, coordinate and
time support of fundamental research and every-
day activities.



METOIOB U ammapaTypbl BHeaTMOC(HepHOIt
aCTPOHOMUM M MCCIIEAOBaHUI KOCMOca, KOOp-
JNIMHATHO-BpeMeHHOe obecrieueHre (pyHIamMeH-
TaJbHBIX WCCICIOBAaHUN U TIPAKTUIECKMX 3a-
nad.

CoBpeMeHHbIe TTPo0JIeMbl (DU3UKU TUTa3Mbl
BKJTIOYAIOT (PUBHKY acTpoPU3NIECKOU W HU3-
KOTeMITepaTypHOIl TJIa3Mbl M1 OCHOBBI €€ TpH-
MEHEHMS B TEXHOJIOTUYECKUX Mpolieccax.

DyHpamMeHTaNIbHBIE U TIPUKIIATHBIE HAYYHBIE
HWCCIIeAOBAaHUS TUTAaHET M MaJIbIX TeJl MMEIOT
B BUIY M3Yy4Ye€HHUE 3aKOHOMEpHocTell ¢hopMu-
POBaHUSI MUHEPAIbHOTO, XUMUIECKOTO U M30-
TOITHOTO cOocTaBa 3eMJIM, KOCMOXUMUM TUIAHET
u npyrux tea CoHEeYHOU CUCTeMbl, BOSHUKHO-
BEHUS ¥ 3BOTIOLNY 61ocdepsl 3eMiu, 61oreo-
XUMUYECKUX ITMKJIOB U TEOXMMUUYECKON PO

OpraHu3MOB.
[pyrue BaxHble HampaBieHUs QyHIaMeH-
TaJIbHBIX MCCIIEIOBAHUI — HayYHble OCHOBBI

pa3pabOTKM METONOB, TEXHOJOTMII U CPEACTB
WCCIIeNOBAHUST TTOBEPXHOCTH W Hemp 3emiiu,
atMocdepnl, BKIo4yas MoHochepy U MarHu-
tochepy 3emuu, ruapocdepsl U Kpuochepsl;
YUCJIEHHOE MOJIEIMPOBaHNE U TeomHpopma-
TUKa: UHGPACTPYKTypa MPOCTPAHCTBEHHBIX
nanHbiXx U ' C-TexHOM0TUM; 3BOJIOIUS OKPY-
JKalomleil cpeapl U KimMaTa ToJl BO3IeCTBIEM
TIPUPOIHBIX U aHTPOMOTeHHBIX (haKTOPOB; Ha-
YUYHBIE OCHOBBI PallMOHAIIBHOTO TTPUPOIOITOJIb-
30BaHUS U YCTOMYMBOTO PA3BUTHST; TEPPUTOPH-
aJibHasl OpraHMU3alusl Xo3s11cTBa U 00LIeCcTBa.

W, HakoHelr, emIé oHO HAIpaBIeHUE CETO-
HSITHUX  (DYHIAMEHTAIBHBIX WCCIIEIOBAHMIA:
o011asi MexaHWKa; HaBUTALMOHHBIE CHUCTEMBI;
IUHAMHWKA KOCMHWYECKUX TeJl, TPAHCITOPTHBIX
CPENCTB U YIPaBISIEeMbIX allllapaToB; MEXaHUKa
JKVBBIX CUCTEM.

Jlaneko He Bce pabotei MKW cBsizaHb
C KOCMUYECKUMHU SKCIIEPUMEHTAMU U TIPOeKTa-
MM, HO UMEHHO B HUX KOHLIEHTPUPYETCS TPY/
COTEH JIIoJIeil U 3pUMO BOILIOIIAETCSI CYTh KOC-
MWYECKUX UCCIIETOBAHMIA.

NHCTUTYT KOCMMYECKMX  MCCIIE€AO0BaHMM
Poccuiickoit akageMuy HayK BBICTYIIaeT Kak
TOJIOBHOUW WHCTUTYT IO HAyYHBIM KOCMMYE-
CKMM HCCJIeJOBaHUSIM B Halleil cTpaHe, co-
CTaBJIsIsI, COBMECTHO C IPYTUMU OpTaHU3aIIMsI-
MM HayKu U TIPOMBIIUIEHHOCTH, TIPENJIOXKEeHUS
K @enepasbHONM KOCMHUYECKON Iporpamme,
kotopas popmupyercss Coserom PAH 1o koc-
MOCY Y €TO COOTBETCTBYIOIIMMHU CEKLIUSIMU CO-
BMecTHO ¢ DenepanbHbIM KOCMUYECKUM areHT-
ctBoM («Pockocmocy).

MKW PAH yuactByer B BhIonmHeHUn Pe-
JepaibHOI KocMuyeckoil mporpaMmMbl Poccuu,
KOOPIMHUPYS CO3aHNAE HayYHOH armaparypsl,
COBMECTHYIO DPabOTy BCeX WIEHOB KoOoIepa-
MM, BKJIIOYasi MEXIYHAPOIHYIO KOOIEpPaLMIo.
B psme npyrux mpoekToB, POCCUICKMX U 3a-
pyoexnsix, MK PAH BeIcTymaer Kak ydact-
HUK Hay4YHOW MpOrpamMMbl, TOCTaBJsIsI 4acTb
HAayYHOW ammapaTypbl, 00pabaTeiBasi HAYUHYIO
WH(OpMaIIMIO, yJacTBYs B Oa/UIMCTUKO-HaBU-
TallMOHHOM MOATOTOBKE MPOEKTA.

Modern problems of plasma physics include
physics of astrophysical and low-temperature
plasma and the principles of its application in
industry.

Basic and applied research of planets and
small bodies implies studies of mineral forma-
tion, chemical and isotopic composition of the
Earth, space chemistry of planets and other
bodies in the solar system, the origin and evo-
lution of the Earth’s biosphere, biogeochemical
cycles, geochemical role of organisms.

Other important areas of basic research are
scientific approach to methods and technolo-
gies of study of the Earth’s surface, subsurface
and atmosphere, ionosphere and magneto-
sphere, hydrosphere and cryosphere; computer
simulation and geoinformatics: geoinformation
technologies and geospatial data infrastructure;
evolution of the Earth and climate under the
influence of natural and anthropogenic factors;
scientific principles of environmental manage-
ment and sustainable development; territorial
organization of economy and society.

Finally, yet another area of today’s basic re-
search in IKI is theoretical mechanics; naviga-
tion systems; celestial dynamics, vehicle and
control dynamics; mechanics of living systems.

Not all IKI activities deal with space experi-
ments, but this type of projects is where efforts
of hundreds of people come together to embody
the essence of space science.

Space Research Institute of the Russian
Academy of Sciences is the principal research
institute for space science in Russia. Together
with other science and industrial institutions
it makes proposals for the Federal Space Pro-
gram, which is formed by the Space Council of
Russian Academy of Sciences and its dedicated
committees in cooperation with the Federal
Space Agency (Roscosmos).

IKI implements the Federal Space Program.
In a number of projects adopted by this Program
it coordinates scientific equipment development
and joint work of all collaborators, including
international partners. In other projects, both
Russian and foreign, IKI enters research pro-
grams and supplies part of scientific equipment,
processes information, provides ballistic and
navigational support.

STl
KOCHNSECRNE
HECAERDRAHNS

Yuénoie UKU, 20noeHo20
uHcmumyma PAH

no uccsnedosaHuro

U UCNoJ16b308aHUIO
KOCMUYecKo20
npocmpaxscmea

8 UHmMepecax
¢yHoameHmanbHoIx
Hayk, 20mosam
npeonoxxeHus

0215 npoepamm Akademuu
Hayk u ®edepanvHoli
KocmuyecKkol npo2pammoi
Poccutickoli ®edepayuu

Space Research Institute of
the RAS, being the principal
academic institute for
research and exploration
of space for the benefit

of fundamental sciences,
make proposals for the
programs of Russian
Academy of Sciences

and Federal Space Program
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Acmpodusuyeckan
obcepsamopus
«UAumezpan» (© ESA)

Integral astrophysical
observatory (© ESA)

Acmpodusuyeckaa
obcepeamopus CPI
(«Cnekmp-PenmeeH-
Famma»)

Spektr-RG astrophysical
observatory

MBH — moHumop ecezo
Heb6a. Bo3amoxcHblli 0630p
3a 10 OHeli nonéma

All-Sky Monitor (MVN). Model
result of 10-day survey

Ino6yc Mapca no pe3syno-
mamam npu6opa XEHJ

aden

Mécc6ayspoeckuli
cnekpomemp

Méssbauer spectrometer

Annapam EKA «<Mapc-
JKcnpecc» — Hocumerne
npu6opoe c pocculickum
y4yacmuem OMETA, CTUKAM
ull®C (© ESA)

Mars Express (ESA) scientific
payload includes OMEGA,
SPICAM, and PFS instruments
with Russian participation

(© ESA)

Annapam EKA «BeHep
SKcnpecc» — Hocumene
npubopoe c poccuiickum
yuyacmuem CI[TUKAB/CYAP
u@C (© ESA)

Venus Express (ESA) scientific
payload includes SPICAV/SOIR
and PFS instruments with Rus-
sian participation (© ESA)

JlyHHbI1l 0emekmop JIEH] 3kcnepumenm
LEND Lunar Exploration «BTH-Helimpon» Ha MKC
Neutron Detector BTN-Neutron instrument

on the ISS
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B acTpodu3nyeckux HcclieIOBaHUAX B Ha-
cTosiliee BpeMsi B CTaOuu  pealus3aluu
MPOEKT HMHTEI'PAJT (MexnyHapoaHast
actpogusuueckasi odcepBaTopusi) U JBa TpO-
ekta — CIIEKTP-PI' u MOHUTOP BCEI'O
HEBA na MKC — B cTannu onbITHO-KOHCTPYK-
Topckux pador (OKP).

B uccrenoanusax mianer u maibix Tea Coo-
HEYHOIi CCTEMBI B CTAJMU PeaTu3aluu;

* HCCIEeNOBaHUSI HEUTPOHHOTO U TamMma-u3-
Jy4eHMsl OT oBepXxHOCTH Mapca u ramma-
U3JTy4eHUsI B MEXIUIAHETHOM IPOCTPaH-
cTtBe ¢ momoipio npudopa XEH] (mpoekt
MCII-2001);

* UccleqoBaHUS TpyHTa Mapca ¢ moMoOUIbIO
MEccHayIPOBCKOTO CIIEKTPOMETPA, YCTAHOB-
JIEHHOTO Ha TMOCaIoyYHbIX amnmaparax «Cru-
put» 1 «OTIITOPTHIOHNUTH»

* HCCJENOBAHUS HEWTPOHHOW COCTABISIOIIENA
WU3JIy4eHUsl JIyHHOTO TPYHTa C ITOMOILBIO
HeliTpoHHoro paetektopa JIEHJ (mpoekt
MCIT-2001);

* uccrenoBaHus Mapca ¢ TOMOIIBIO KOMIUIEK-
ca mpubopoB [IDPC, OMETA u CITUKAM,
CO3IaHHBIX C POCCUMCKUM YYacTUEM U yCTa-
HOBJIEHHBIX Ha OOPTY €BPOINEiCKOr0 KOCMM-
YeCcKOro armapara «Mapc-DKcipece»;

* ucciiegoBaHus BeHepbl ¢ mOMOIIbIO TPUOO-
poB SOIR/SPICAV (Solar Occultation in the
Infra-Red / Spectroscopy for Investigation of
Characteristics of the Atmosphere of Venus)
u I[DC, co3maHHBIX ¢ POCCUMCKUM YJacTH-
€M M YCTAaHOBJIEHHBIX Ha 6OPTY €BPOIIEeICKO-
ro KocMHYecKoro armrapata «BeHepa-Dkc-
npecc»;

* perucrpanys HeUTPOHOB, TaMMa-JIydeil 1 3a-
PSKEHHBIX YaCTHULL AJIS1 9KCIIEPUMEHTATbHOM
OLIEHKM HEUTPOHHOTO KOMITOHEHTa paaua-
IIMOHHOTO (POHA KOCMHMYECKOTO arapara
(akcniepuMmeHT «bTH-HeiitpoHn» Ha 6Gopty
MexnyHapoqHOI KOCMUYECKON CTaHIIUM);

* HCCIENOBAHUS HEWTPOHHOW COCTABISIONIEN
U3JIy4eHUs] MapCUaHCKOrO TPyHTa C MOMO-
mwplo npudopa JAH (nuHamuyeckoe ajib-
06e10 HEHTPOHOB), YCTAHOBJIIEHHOTO Ha GOp-
Ty MapcuaHckoii Hay4yHOU JabopaTopuu

An underway project Integral (see above) to-
gether with two other projects Spektr-RG and
All-Sky Monitor onboard the ISS (the two are
currently at R&D stage) are the areas of focus in
astrophysics.

The following projects regarding planets and
small bodies of the Solar system are currently
implemented:

« studies of Martian neutron and gamma ra-
diation and gamma radiation in interplan-
etary space using HEND instrument (project
MSP-2001);

» studies of Martian soil with the Moessbauer
spectrometer mounted on Spirit and Opportu-
nity rovers;

» studies of neutron radiation component
of lunar soil with LEND neutron detector
(project MSP-2001);

* Mars studies with instruments PFS,
OMEGA, and SPICAM aboard the Euro-
pean Mars-Express spacecraft, developed in
cooperation with Russian specialists;

* Venus studies with instruments
SOIR /SPICAV and SFC aboard the Euro-
pean Venus-Express spacecraft, developed in
cooperation with Russian specialists (Venus
Express ended its operation in January 2015);

 studies of neutrons, gamma rays, and charged
particles for test evaluation of neutron com-
ponent of radiation at spacecraft (BTN-Neu-
tron experiment on board the International
Space Station);

» study of neutron radiation component of
Martian soil with DAN (Dynamic Albedo
of Neutrons) instrument aboard the Mars
Science  Laboratory MNL-2009 (project
MSP-2001).

MHJI-2009 (mpoext MCII-2001).

MexoyHapooHbili npu-
6op MUKAM, co30aHHbIl
no juuu

Ho-onmuyeckoli cxeme UKU
PAH 0ns cnymHuka MPO
esponelickoli muccuu benu
Konom6o k Mepkypuro

HAAH — 0emexkmop

Yyeckoz20 6e0
HelimpoHo8

DAN — Detector of Dynamic
Albedo of Neutrons

International PICAM instru-
ment, developed on the base
of the concept and optoelec-
tronic digital logic, proposed
by IKI, for the MRO spacecraft
of the ESA's BepiColombo mis-
sion to Mercury

Mex0yHapooHas muccus EKA
Benu Konomé6o k Mepkypuio
8K/Il04ydem 08a KOCMUYecKux
p uckycc -
Hblli cnymHuk MepKypus
(MPO) 0nsa ducmaHyuoHHbIX

ucc
p
cmu naaHemel U ANOHCKUU

uckycc cny
0N uccneo: i eé
mocgpepol (MMO) (© ESA)

ESA’s BepiColombo interna-
tional mission to Mercury
includes two spacecraft: MRO
orbiter for distant probing of
planet’s surface and the MMO
(JAXA) satellite to study its
magnetosphere (© ESA)




Cocmae muccuu Mission structure and possible
U 803MOXHbIli 0611UK appearance of Venera-D
annapama «Benepa-/]» spacecraft

B craaumn HAYYHO-UCCIEA0BATEIbCKHUX pa60T

(HUP):

ucciaenoBaHuss  BeHepbl — MPOEKT
BEHEPA-/;

uccaenoBaHusa FOnurepa 1 ero CImyTHUKOB —
npoekt JIAIIJIAC;

MMPOTHO3UPOBAHNE PA3BUTUSI COOBITUN IO-
cie TpoiéTra BOMM3M 3eMJIM  acTepouaa
Anoduc B 2029 rony — npoext MUCCHUA
AITIOD®UC;

MpenBapuTelbHas MpopabdoTKa CreuaIi-
3UPOBAHHOI OPOUTATIBLHOI CTaHIIMU C OOJb-
UM TEJIECKOIIOM C JOUaMETpOM TJIaBHOTO
3epkaja 6osee 1,5 METPOB VISl MCCIIEIOBAHUS
3K30IUIaHeT, 00BbEKTOB U siBJieHMi1 B CoTHeY-
HOW CUCTeMe JIJITI MOHUTOPUHTA ONACHBIX He-
OecHBIX TeT («3BE3MHBIN NATPYJIb»);
pa3paboTKa MpemIoKeHUI TI0 TIePCIIeKTUB-
HOMY MHKPOCITyTHUKY.

B craaum ONBITHO-KOHCTPYKTOPCKUX PadoT

(OKP):

COBMECTHBII POCCUICKO-EBPOIIeCKIA Tpo-
ekt DK3OMAPC no uccnenoBanuio Mapca.
MKW otBevaeT 3a cozmaHue M IKCIUTyaTa-
LIMI0 POCCUIMCKOW Hay4yHOI ammapaTyphbl,
a TaK>Ke 32 HAa36MHBI HayYHBIN KOMIIJIEKC;
HccliefoBaHUsT MepKypHsl ¢ TIOMOIIBIO POC-
cuiickoro mpubopa MHI'C (MepkypuaH-
CKUIl HEWTPOHHBIA MU TaMMa-CIEKTPOMETP)
U €BPONEHCKUX YIbTPa(PUOIETOBOTO CIIEK-
tpoMerpa PHEBUS u xamepnl HabmoneHust
B Jyyax Hatpuss MSASI, co3naHHBIX ¢ yya-
CTHEM POCCHUICKHUX CIEIUAIMCTOB B €BPO-
neiickoM npoekre berntu Konomo60;

Muccus uccnedoeaHus Mission to study and determine

u ymoyHeHus op6umel the orbit of Apophis — large
K020 acmepouo potentially hazardous asteroid

Anoch

3eM;e o

Muccus 3K30MAPC. ExoMars mission. Spacecraft

Kocmu4eckutiannapam and landing scheme (© ESA)

u cxema nocadku (© ESA)

Muccusa JIAIJIAC e cucmemy Laplace mission to Jupiter’s
KOnumepa c nocadkoii system, including landing
annapama Ha cnymHuk on its moon Europa
Onumepa — Espony

At the preliminary research stage:

* Venus studies — Venera-D project;

» study of Jupiter and its satellites — Laplace
project;

» forecasting impact of passing of Apophis
asteroid near the Earth in 2029 — Apophis
mission;

» draft design of a specialized space station
with a large telescope with primary mirror
larger than 1.5 meters for observation of exo-
planets, and objects in the Solar system to
track potentially dangerous celestial bodies
(Star Patrol);

» proposals for advanced microsatellite.

At the R&D stage:

» Joint Russian-European ExoMars project for
Mars exploration. IKI provides and oper-
ates Russian scientific payload and ground
complex.

* Mercury studies with Russian MGNS (Mer-
curial Gamma-Ray and Neutron Spectrom-
eter) instrument and European Phoebus Ul-
traviolet Spectrometer and MSASI Sodium
Flare Cameras created together with Russian
as a part of European project BepiColombo;

Kocmuyeckuii annapam Kocmuyeckuii annapam
npoexkma JIYHA-IJ/106 npoexkma JIYHA-PECYPC
Project Luna-Glob spacecraft Project Luna-Resurs spacecraft
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One of the spectra acquired
by RChA detector onboard
Chibis-M microsatellite

BMEWY

TET] eI

Plasma-F experiment.
Streamlike structure of solar
wind (up to BMSV data).

lon flux consists of separate
streams with different motion
directions

Mepc i 8bIC Arktika-M — future high-
liHbIU cny ouci 1 apogee satellite for Earth
0\ 3 remote sensing with scientific

APKTUKA-M ¢ ':-(omnnexcom
Hay4HoU annapamypel, pas-

package, developed in IKI

pa6omaHnoli e UKW PAH

* uccinegoBanus JIlynol — mpoekT JIYHA-
I'J10B;

* uccnenoBanus Jlyaei — mpoekr JIYHA-
PECYPC.

B uccaenopanmsx CoJHIA W COJTHEYHO-3€M-
HBIX CBA3€il B CTaIUN peaau3anuu:

* WCCIeOBaHUS COTHEYHOTO BETpa — TPOEKT
MJIA3MA-®/CITEKTP-P;

* IUIa3MEHHO-BOJTHOBOM  9KCIEPUMEHT Ha
poccuiickoM cerMmeHTe MKC — mpoekr
OBCTAHOBKA.

B cragun OKP:

* HccnenoBaHue B3auMOJEHCTBUSI BOJIH U Ya-
CTHIl BO BHYTpEeHHEW MarHutochepe 3eM-
1y — npoekT PEBOHAHC;

* CO3IaHuWe anmnaparypbl Uil TUAPOMETEOpPO-
JIOTUM W JUCTAHIIMOHHOTO 30HAMPOBAHUS
3emnu — mipoekT APKTUKA-M;

* HccrefoBaHUE B3aUMOJAEUCTBUS COJHEYHO-
ro Berpa ¢ MarHurocgepoit 3eMau — IMpo-
ekt MKA-®OKU — CTPAHHUK;

* co3maHue OOpTOBOM HAyYHO-MCCIIENOBa-
TEJIbCKOM ammapaTypbl M Ha3eMHOTO KOM-
miekca TmpuéMa [aHHBIX W YIPaBICHUS
MEXIUITAaHETHBIMU MUCCUSIMU, OOBEIUHEHUST
POCCHMIICKOTO M €BPOIIECKOTO OTbITa MU
pa3paboTKe TEXHOJIOTHIl Ui €BPOTEeCKUX
MUCCUIl C LIEJbIO pa3BeOKW PaliOHOB IIO-
Casikv, TIOMCKa BOIBI B IMOATIOBEPXHOCTHOM
CJIoe TUTAHETHl, MOHUTOPUHTA PaIUalIOHHON
o6ctaHoBKkU — TpoekT DK30OMAPC-IIIT;

* co3maHue Komrutekca «PammodyacToTHBIN
aHanuzaTop» — npoekT HA-PYA;

IMepcnekmueHbIli cnymHUK

0n17 uccnedoeaHus esau-

Mmodelicmeus CO/IHeYHO20
| oet

pac pep
3emnu MKA ®KU «Cmpan-
HUK» Ha manoli nname¢gpopme
«Kapam», paspabomatHoli
8 HIMO um. C.A.JlasoykuHa

Strannik — future satellite
to study solar wind interaction
with Earth’s magnetosphere

Manas YHueepcasibHaa
n ch

ny Pop

«Kapam»

Small universal KARAT satellite
platform

* Moon studies — Luna-Glob project;
* Moon Studies — Luna-Resurs project.

Projects under implementation on Sun and
solar-terrestrial interactions:

+ Solar wind studies — Plasma-F suit onboard
Spektr-R;

* plasma wave experiment on board the Rus-
sian segment of the ISS — Obstanovka project.

R&D:

+ studies of wave-particle interaction in the in-
ner magnetosphere of the Earth — Resonance
project;

* building instruments for hydrometeorology
and remote sensing — Arctica M project;

+ interaction between solar wind and the
Earth’s magnetosphere — MKA-FKI Stran-
nik project;

+ development of onboard research equipment
and ground communication and control sys-
tem for deep space missions, consolidation
of Russian and European legacy developing
technologies for European missions aimed
at search for landing sites, water resources
under planetary surface, radiation monitor-
ing — ExoMars- PP project;

* development of Radio Frequency Analyser
suit — NA-RChA project;

* development of monitoring system for geo-
physical parameters of ionosphere, upper
atmosphere and near-Earth space, develop-
ment of devices for measuring ozone layer,
greenhouse gases, and trace gases of the at-
mosphere.



B pezynapHo o6Hoenaemom 6aH-  CpaeHeHue 8bisi6JIeH-
ke 0anHbix UKW PAH Hakonnenel  Hbix no 0aHHeiM MODIS
exeOHeeHble daHHble npubopa naxomHelx 3emenb
Terra/Aqua-MODIS c 2001 zo0a. 8 Kypckoii o6nacmu
Paspa6omatel anzopummei 06- U CNymHUK08020 U30-

pabomku OaHHbIX UnocmpoeHus  Gpa)eHUs cnymHuka
KOMNO3UMHbIX U306paxkeHuli LandSat ETM+

Terra/Aqua-MODIS data for every Comparison between
day since 2001 are accumulated in the area of croplands in
IKI databank, which is reqularly up-  Kursk region as derived
dated. Algorithms for data process-  from MODIS data and
ing and composite image building LandSat-ETM+ image
were developed

Bor 4
20 uHoekca PVI e day

P

o ome. MODIS composite image npocmpascmee 3HayeHul
Mewarowux ¢gakmopoe Kom- cleared from interferences, cnekmpansHou apKocmu,
nosummHoe usobpaxkeHue npu-  using observation data u3mepeHHbIX 8 KPDACHOM

6opa MODIS, cunme3upoeaH-
Hoe No OaHHbIM HabodeHul
8 uroHe-aszycme 2005 200a

of June-August 2005

u 6nuxxHem UK-kananax
MODIS

Calculation of the Perpendicular

Vegetation Index (PVI) in 2-di-
mension value space of spectral
brightness, as measured in
MODIS red and near-IR channels

* co3JaHue KOMILIeKca LieJIeBOM armapaTy- Basic and applied Earth studies at the R&D
pbl 1 HaOMoIeHUN reo@u3nyecKux Ma- stage:

pPaMeTpoB MOHOCHEPDI, BEPXHUX CIIOEB aT- + information and technical support and devel-
MOC(hepbl 1 OKOJIO3eMHOTO KOCMHYECKOro opment of continuous gathering and process-

TPOCTPAHCTEA, paspaboTka HpubopoB s ing of satellite information for the system of
M3MEPEHUI O30HOBOTO CJIOSI, MAPHUKOBBIX agricultural land monitoring;
&

Ta30B 1 MaJIbIX COCTaBJIAIOIINUX aTMOC(l)epr.

DyHnamMeHTAIIbHBIE W TNPUKJIAJIHBIE HAYY-
Hble HCCJIe0BAHUS IUIaHeThl 3eMisi B CTaAuM
HUOKP:

* MH(GOPMAIMOHHO-TEXHUYECKOE obecre-
YeHUe W Pa3BUTHE CHUCTEMbI ITOCTOSIHHOTO
cbopa 1 00pabOTKM AAHHBIX CITYTHUKOBOTO
MOHUTOPUHIAa B MHTEPECAX CUCTEMbI MOHM-
TOPUHTA CETbCKOX03SMCTBEHHBIX 3eMeJIb;

U3obpaxkeHue nonyocmpo- Krimea peninsula. Image is Annapamypa komnnekca Instruments of KMSS ®p Hm y Fragment of an image
8a Kpbim, nonyyeHHoe taken from the orbit with KMCC — o0Ha kamepa complex — one MSU-50 3UpoBaHHO20 U306paXkeHus acquired by HICO

€ op6umbl KOCMUYeCKUM KMSS camera (multispectral MCY-50 u 0se kamepbl camera and two MSU-100 2unepcnekmpomempa HICO, (Hyperspectral Imager
¢domo annapamom KMCC, satellite imaging complex), MCY-100 cameras nonyyeHHozo 14.03.2014 200a  for the Coastal Ocean) on
Komopbili 6bin1 c030aH developed by Optico-Physical Hao akeamopueii KepyeHckozo  March 14,2014 over the
8 onmukKo-gusuvyeckom Department of IKI nponuea u pesynemam knaccu-  Kerch Strait, and results
omoene UKW PAH ¢ukayuu ona 9 knaccoe of 9-classes assignement

89



Bo3MoXHbIli 06wuti 8ud Artistic view of Interhelioprobe
CO/IHeYHO020 CNymHuUKa solar satellite on a nominal
«MHmMepzenuo3oHo» mission orbit

Ha pa6oyeli opbume

MHozoKkpamHvle 2pasu- Multiple gravity assists
MayuoHHbIe MAHEBPbI near Venus incline the orbit
y BeHepbl HaKnoHAlom of Interhelioprobe, so that it

op6umy cnymruka «iHmep-
2e/1u030HO0» U no3eosiAm
emy «832/1AHYyMb» HA NOJIIOC
ConHya

can glimpse at the Sun’s pole

Resonance multi-satellite
project

MHozocnymHukosbiii
npoexkm PE3OHAHC
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* pa3paboTKa METOIOB MOHMTOPUHTA W IIPO-
THO3MPOBAaHUS MPUPOMHBIX MOXAPOB M MX
MOCJIEICTBUI C MCIOJIb30BAaHUEM T'€OMH-
(GOpMaIIOHHBIX TEXHOJIOTHIA;

* COBEpIIEHCTBOBaHME TEXHOJIOTMI oTpacie-
Boit cuctembl MoHUTOpUHTa (OCM) phIOO-
JIOBCTBA;

* pa3BUTHUE CHUCTEMbl AUCTAHLIMOHHOTO MO-
HUTOPHHTA JIECHBIX MOXAapOB 1 0YaroB Mac-
COBOTO Pa3MHOXEHUS BPEIHBIX HaCEKOMBIX
u OoJie3Hel Jieca.

3aIycky CmyTHUKOB cepuun «IIporHos», pe-
amuzanus npoekroB UHTEPBOJI u [TJIASMA
He TOJIbKO CIeJIaiv TOCTYITHBIM U3yYEeHUE TTPU-
POIHBIX MpOLIeCCOB, Mpoucxoasamux Ha CoJTH-
e, IeMCTBUSI MEXaHU3MOB COJTHEYHO-3EMHBIX
CBsI3eii, HO U elg Oojiee MpPUOAU3UIN (PyHIa-
MEHTAJIBHYIO HayKy K peIIeHHUIO IpobieMaTH-
KU MOBCEIHEBHOM XU3HU JIIOJIEU — TIOSIBUJIACH
BO3MOXHOCTb COIOCTAaBJISITh M JOCTOBEPHO
MMPOTHO3UPOBaTh M3MEHEHUE OMOJIOTMUECKUX
1 TEXHOJIOTMYECKUX IPOIIECCOB Ha 3eMJe Toa
BJIMSIHMEM LIMKJIOB COJTHEYHOU aKTUBHOCTH.

Tem He MeHee, HEpPEIIEHHBIX BOIPOCOB
ocTa€Tcs BCE ellé O0CTaTOYHO MHOro. B Tom
yycie: Kak o0pa3yeTcsl COMHEYHbII BETep, YTO
HarpeBaeT COJIHEYHYIO KOPOHY IO IBYX MUJI-
JIMOHOB TPALyCOB, €CIM TeMIlepaTypa MOBEpX-
HOCTH CBETHJIa BO MHOTO pa3 Huxe. I1oaydnth
OTBETbI Ha 3TU BOIPOCHI XOTA OBl YaCTMYHO
yU€HbIC HAIEITCA C 3alyCKOM KOCMHUYECKOTO
anmnapara «MHTepreano3oHa», KOTOPbI Hay-
HET U3yJaTh HaIlle CBETUJIO C MUHUMAJILHO 0e3-
OITacHOro ISl amrmapaTa pacCTOSIHUS: MEHee
40 coJTHEUHBIX paanycoB. Poccuiickuii mpoekT
3aIOJIHUT, TAKMM 0Opa3oM, HUIIY, 00pa3oBaB-
mytocs B ucciaenoBanusx Connua. Ceityac ero
HCCIIEAYIOT TIOJIIeCITKa KOCMHWYECKMX arlra-
paToB pa3HBIX CTpaH, HO BCe OHU pabOTarOT Ha
0KO0JI03eMHBIX opOouTax. Boausu xxe ConHiia H1
OITHOTO aITiapaTa HeT.

C yuyé€tom TOTO, UTO OpbUTa «MHTEpreIno-
30HIa» OylIeT HEMHOTO HAaKJIOHEHA K IJIOCKOCTU
SKJIATITUKKA, OH CMOXKET «YBUIETH» M COJTHEYHBIE
MOJI0Ca, KA4eCTBEHHO PACcCMOTPETh KOTOpHIE
¢ 3eMJIM U OKOJIO3EMHBIX OPOUT HEBO3MOXKHO.

Emé onnH BaxXHbIT MOMEHT. MI3BeCTHO, 4TO
y noBepxHocTH COJTHIIA HET HUKAKOTO KOJUIeK-
TUBHOTO JABMKEHUS TIJIa3Mbl, KOTOPOE MOXHO
ObLTO Obl Ha3BaTh «BeTpoM». OH MPOSIBISIETCS
TOJTBKO Ha PACCTOSTHUU HECKOJIbKUX COJIHEU-
HBIX pamuycoB OT cBeTuja. OUeHb BaXXHO IO-
MMacTh B 3Ty 00JIaCTh U MOMBITATECI HAOIIOAATh
MPOLIECCHI, KOTOPbIE TMPUBOMAT K YCKOPEHUIO
COJIHEYHOTO BeTpa.

Takske HeSICHO, TTIOYeMy JOCTUTAIOIINIA 3eMITN
IMOTOK HEWTPUHO BIBOE cjabee, YeM MpenacKa-
3bpIBacT Teopusl. B mocienHee BpeMsi osiBUIIaCh
TUITOTE3a, YTO YacTh HEUTPUHO IepeXBaThIBa-
eTCcsI CKONMMBIIUMUCS B Hempax CoJIHIIA THIIO-
TETUYECKUMHU YaCTULIAMU TEMHOW MaTEpUU.

Ha 2017—2018 ronpl 3arjiaHUpOBaH 3aIyck
YeTBIpEX CIYTHUKOB «Pe3oHaHC» ISl Mccle-
JIOBaHUSI BHEUIHEW 30HBI PagUallMOHHOTO MO-
sica 3eMJIH, B YCJIOBUSIX KOTOPOTO, B YACTHOCTH,

+ geoinformation technology-based develop-
ment of methods for monitoring and fore-
casting of wildfires and their effects;

+ improvement of fishing industry monitoring
system;

» development of remote detection system for
wildfires and areas of mass pest and forest
diseases reproduction.

Projects like Prognoz, Interball, Plasma-F
did not only contribute to Sun activity and so-
lar-terrestrial relations studies, but brought sci-
ence even closer to meeting the everyday needs.
We now have the opportunity to compare and
forecast changes in biological and technologi-
cal processes on the Earth following the Sun
activity.

However, many problems are yet to be solved.
How the solar wind is formed, what heats the
solar corona to two million degrees, while its
surface temperature is many times lower. With
the launch of the Interhelioprobe spacecraft sci-
entists hope to get clues for the answers. The
spacecraft will study our star from the minimal
safe distance — less than 40 solar radiuses. So
the Russian project will fill the niche in the solar
studies. While the Sun is currently under surveil-
lance of a half a dozen spacecraft operated by
various nations, they all work closer to the Earth
than to Sun, and most of them on near-Earth
orbit.

Interhelioprobe orbit will be slightly inclined
to the solar ecliptic so it would “see” solar po-
lar regions, which are hard to observe from the
Earth and near-Earth orbits.

Another important point is that there is no
collective plasma flows, which can be called “the
wind” near the surface of the Sun. The wind can
only be registered at a distance of several solar
radiuses from the Sun. It is pf particular inter-
est to observe from this very region the processes
accelerating the solar wind.

It is also unclear why the flux of neutrinos
reaching Earth is two times weaker than predict-
ed by theory. There is a recent suggestion that
hypothetical dark matter particles in the solar
interior capture some of the neutrinos.

Four Resonance satellites to be launched in
2017—2018 to study the outer zone of the Earth’s
radiation belt where, in particular, geostationary
satellites operate. The project will study the so-
called relativistic electrons — the main compo-
nent of the radiation belts, which are the main
hazardous factor to communication satellites
in geostationary orbits. Resonance orbiters will
study with high temporal resolution the process-
es of electron acceleration after interaction with
electromagnetic waves.
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3;qecxoﬁ chepaan;o;uu
«Cnekmp-PI» (CPIN)

paboTalT TeocTallMOHAapHBIE CIYTHUKHU. Pedub
HIET O TaK Ha3bIBAEMBIX PEISTUBUCTCKUX DJICK-
TPOHAaX — OCHOBHOM COCTaBJISIIOLIEN pagua-
IIMOHHOTO TI0sIca, — KOTOpPbIE IPEICTaBIISIOT
c000i1 TJIaBHYIO yrpo3y IJist pabOoThl CITyTHUKOB
CBSI3W Ha TreocTalMoHapHoil opburte. Mccre-
IIOBAaHMSI Ha CITyTHWKaX «Pe30HaHC» MO3BOIAT
HCCIIEIOBaTh MPOLIECCH YCKOPEHMS 3TUX CITyT-
HUKOB TIpM B3aUMOIEUCTBUM C 3JIEKTpOMar-
HUTHBIMA BOJHAMM C BBICOKMM BPEMEHHBIM

paspelIeHrueM.
JanpHelilliee  pa3BUTUE  OTEYECTBEHHBIX
acTpoU3NIECKNX  UCCIIENOBAaHWI  CBSI3aHO

C UCTIOJIb30BaHMEM pa3paboraHHoro B HayuHo-
npousBoacTBeHHOM oobeauHenuu (HITO) um.
C.A. JlaBouknHa Monyis «HaBuratop». OH mo-
3ULUOHUPYETCS KaK YHUBEPCAIBHBIN TSI KOC-
MMYECKMX amnapaToB pa3jIMYHOro Ha3Haye-
Hus. B 3aBucuMOCTH OT 3amay O0a3vpyOIIUXCs
Ha HEM KOCMMYECKUX alapaToB OHU MOTYT
(GYHKUIMOHMPOBAaTh HAa HU3KUX KPYTOBBIX, 3JI-
JIATITUIECKUX, BBICOKUX DJUTMIITUYECKUX U T€O-
CTallMOHAPHBIX OPOUTAX M B TOUKAX JIMOPALIMM.
B yacTHOCTH, Ha HEM OblIa CO3AaHa KOCMHUYE-
ckasg obcepBaropusi «Cnekrp-PaguoActpon»
u paspabartbiBaeTcsi obcepBaTopus «CHekTp-
Penren-I'amma»  («Cnektp-PI'»), Kortopyio
TUIaHUpPYeTCs BbIBECTU B TOUKy Jlarpanxa L2.

CIIEKTP-PI'-coBmecTHBIil mpoekT Poccum
u I'epMaHny, HalleJIeHHBII Ha peleHue GyHna-
MEHTAJTLHBIX BOITPOCOB KOCMOJIOTUY, — CBOCTB
u sBoouuu BceneHHol, mpupombl TEMHOIM
SHEPrM U TEMHOW MaTepuu, BO3HUKHOBEHUSI
¥ POCTA CBEPXMACCUBHBIX YEPHBIX JBIP.

Spektr-RG astrophysical
observatory. General view
and layout

Further development of Russian astrophys-
ics is connected with Navigator bus for satellites
developed by Lavochkin Design Bureau. It is a
one-fits-all bus for many types of spacecraft.
Depending on the given task, it can operate at
low circular, elliptical, high elliptical and geo-
stationary orbits and libration points. In particu-
lar, Spektr-R (RadioAstron) space observatory
was based on this module. Another observatory
under development, which is Spektr-RG, to be
launched to the libration point L2 is also based
on Navigator.

Spektr-RG ~ (or  Spektr- Rentgen-Gamma),
a joint project of Russia and Germany, addresses
most profound questions of cosmology — prop-
erties and evolution of the universe, nature of
dark energy and dark matter, origin and growth
of supermassive black holes.

Pab6oyee mecmo Nominal mission halo orbit
o6cepeamopuu CPI — of Spektr-RG observatory
movyka Jlazpanxa L2, around Lagrange point L2
8 meHu 3emnu in the shadow of the Earth
- N
%
. -

OOuH u3 menecKkonoe German telescope eRosita —
CPI — Hemeuykuli meneckon one of Spektr-RG instruments
eROSITA

-
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Navigator platform —
multi-purpose universal
unpressurized satellite
platform, developed by
Lavochkin Association

«Cnekmp-Y®» — ecemupHaa  WSO-UV — World Space
ynempacuonemosas obcep-  Observatory — Ultraviolet

i isahigh-precision instrument
to study space in visible

and UV-spectral bands

P — NMPEY
Y
uHcmpy ucc
KOCMOCa 6 8UOUMOM U yJlb-
mpadguonemosom duanaso-
Hax cnekmpa

OcHOBOI1 00cepBaTOpUM CTAHYT ABa PEHT-
TeHOBCKMX TEJIECKOMa KOCOTO TaaeHuss —
eROSITA (extended ROentgen Survey with
an Imaging Telescope Array) (I'epmaHus)
u APT-XC (Poccus), COBMECTHO TiepeKpbhIBa-
fomux obmactb sHepruii 0,2...30 koB. 3amaua
obcepBaTOpyM — TOJYYEHUE PEHTTEHOBCKO-
ro o63opa Bcero Heba ¢ YYBCTBUTEIHHOCTHIO,
MPaKTUYECKd B CTO pa3 MPEBbIIIAIONIENH YyB-
CTBUTEJBHOCTh CYLIECTBYIOILIMX 0030pOB Heba,
U MIPOJUIEHUE TaKoro 063opa B obyactu Oosee
KECTKOTo PEHTTEHOBCKOTO AMAana3oHa.

[lepcnekTuBBl  ynbTpaduOIETOBOM acTpo-
HOMUM Ha Omrkaiiiiee OecsITWIETHE CBs3a-
HBl C 3aIlyCKOM KOCMHUYECKOl oOcepBaTopuu
«Crrektp-Y®», Takke cosmaBaemoir HITO
uMm. C.A.JlaBoukuHa Ha 6a3e «HaBuraropa»
U TIpeHAa3HAuYE€HHOMU IJIsl CIEKTPOCKOMUY Clia-
OBbIX UICTOYHUKOB Y D-U3JTydeHHUS.

Bcenennas B Y®-nanama3oHe nusyuyeHa o4eHb
¢y1ab0, ¥ Ha OnuKaiime IeCATUIIETUST aKTyaslb-
HOCTh uccienoBaHuii B Y®-yuyacTke criekrpa
OyZeT TOJIbKO yBean4yuBaTbes. BolOpaHHble nis
obcepBaTopuM HaIpaBlE€HUs] KCCIeIOBaHUM
U €€ MapamMeTphl TO3BOJISIT COXPAaHUTh BBICOKYIO
HayYHYI0 3HAYMMOCTb TIPOEKTa M obecrevar
BBINIOJIHEHME 3a/la4 Ha BbICOYANIIEM YpPOBHE
TEXHUYECKOTO PEIICHUS B TEUEHUE CIEAYIOIIMNX
He MeHee 10—15 rer.

I'moGanpHast 11e1b MUPOBON KOCMOHABTHU-
KU B TEKYIIeM CTOJIETUU, KaK TPENCTaBIIsIeT-
cs1, — 9T0 ocBoeHne COJTHEYHON CHCTEMBI,

Teneckon annapama WSO-UV telescope during
«Cnekmp-Y®» Ha ucneima- tests in laboratory and test
Husx e JINC UKW PAH station in IKI

The observatory is based on two grazing in-
cidence X-ray telescopes: eROSITA (Germany)
and ART-XC (Russia), together overlapping
the 0.2...30 keV energy region. It will provide an
X-ray survey of the entire sky with a sensitivity
of almost hundred times the sensitivity of exist-
ing sky surveys, and will extend them into hard
X-ray.

Future of ultraviolet astronomy for the next
decade is linked to the launch of the space ob-
servatory Spektr-UV (World Space Observatory —
UltraViolet, or WSO/UYV), also built by Lavoch-
kin Association based on the Navigator bus and
designed for spectroscopy of weak UV-sources.

The universe is poorly studied in the ul-
traviolet range and in the coming decade the
UV-band studies will only gain importance.
The areas selected for the research and the Ob-
servatory specifications will for at least the next
10—15 years maintain high scientific importance
of the project and ensure that the tasks are ex-
ecuted at the highest technical level.

The global goal of the world space flights in
this century is to explore the Solar system, to
take human civilization to a higher level of de-
velopment, while ensuring its security and sur-
vival in conditions of potential natural and man-
made disasters of both terrestrial and cosmic
origin. The main strategic goals of space explo-
ration in the near and more distant future will be
advancement in various areas of the Solar system
in order to obtain new data on the Earth, the



Hau6onee uHmepecHoe
mecmo 0na uccnedosanuli
Ha JlyHe — Kpamep
bozycnasckozo, 86nusu eé
10)KHO20 nosoca

Crater Boguslawsky near
the South pole of the Moon
is the most interesting site
for exploration

NIOCTVDKEeHMe 0GoJjiee BBICOKOTO YPOBHSI Pa3BU-
THS 3¢MHOM LIMBUJIM3ALUUA TIpU GE3yCIIOBHOM
obecrieueHN €€ 0e30MacHOCTM U BbDKMBae-
MOCTH B YCIIOBUSIX BO3MOXHBIX TNPHUPOIHBIX
¥ TeXHOTEHHBIX KaTacTpod Kak Ha3eMHOTO, TaK
1 KOCMUYECKOTo TMpoucxoxneHusi. OCHOBHBI-
MM CTpaTETMYECKUMM 3a1a4aMU KOCMOHABTUKH
Ha OmKaiiiee u OoJiee oTHaJéHHOe Oymylee
OyIeT TIpOABMKEHHWE B pasJIMYHble 00JIacTU
B nipenenax CoJTHEYHOM CHCTEMBI B MHTEpecax
MOJy4eH!sI HOBBIX JaHHBIX 0 3emite, CoJiHeu-
HOJ cucteme U BceneHHOI B 1IeJ10M, pa3BUTHE
HarpaBJeHUs WCIOJb30BaHUS KOCMHUYECKOTO
MPOCTPAHCTBA 3¢MHOM LINBUT3AIIACIH.

CoOCTBEHHO, ceifyac TOJBKO JABa HEOECHBIX
Tejia MPETSHAYIOT Ha TO, YTOOBI BOMTH B cepy
WHTEPECOB YeJIOBEUECTBA IT0 OCBOCHUIO. DTO —
Jlyna u Mapc. Hai npupoaHblii CyTHUK yXkKe
Mnocelaai aMepuKaHCK1e acTpoHaBThl. Ho mx
MONETBI CTATM TMPOMEXYTOUHBIM (DUHUIIEM
OTHOCHUTEIbHO KOpPOTKOro 3abera. Eciu roo-
PUTH O TIJITAHOMEPHOM OCBOECHUHU, B YACTHOCTH,
0 CO3TaHUHU JIYHHOM 6a3bl ¢ 9KCIIEANITASIMU TT10-
CeIleHUsT WX AaXe MOCTOSIHHBIM MpeObIBaHM -
€M YeJIOBEeKa, TO ITEPBBIM 3TAIlOM Ha 3TOM ITyTH
IOJDKHBI CTaTh TIIATeIbHAs pas3Benka JIyHBI,
onpeaeiaeHue e€ HauboJiee MHTEPECHBIX peruo-
HOB, BBIpabOTKa 337a4 OCBOCHUSI.

Jns1 pelieHUs] 3THX TMPEABAPUTEIBHBIX 3a-
a4 HEOOXOAUM 3aIyCK CepMU aBTOMaTUYECKUX
craHiuMii. UMeHHO Takas cepMsl 3allaHUpOBa-
Ha Ha 2018—2020-¢ rompl.

Mapc u e2zo cnymHuku — Mars and its moons Phobos
®oboc u fJeiimoc — and Deimos are the objectives
06BeKmol nepcneKmueHbIX of future Russian science
pocculickux Hay4HoIX missions

muccuti

Solar system and the universe as a whole, prog-
ress the use of outer space by human civilization.

As of today only two celestial bodies are the
nominates for potential area of interest for hu-
man exploration. They are the Moon and Mars.
The US astronauts have already visited our ce-
lestial satellite. But their visits were an interme-
diate finish in the long race. Speaking of con-
tinuous exploration, in particular establishment
of a lunar base with visiting crews or even per-
manent human habitation, the first step should
be to explore the Moon carefully, define its most
interesting regions, and point the directions
of exploration.

Those preliminary tasks need a series of au-
tomated stations. Such a series is scheduled for
2018—2020’s.

KomnnexkcHble, cucmemHbie uccsie0o8aHus
Hauwie2o0 ecmecmeeHH020 CNYMHUKa —
JlyHel, nnanemei Mapc u e20 cnymHuKoe —
®oboca u Jelimoca— npedcmaensiom
6osbwoli uHMepec He MOJIbKO ONA
npakmu4eckoli KOCMOHA8MUKU,

HO U 0N (hyHOamMeHMaIbHOU HayKu

Comprehensive exploration of the Moon, Mars and
its companions Phobos and Deimos are interesting
not only for practical cosmonautics, but for
fundamental science as well

«JlyHa-25» — nepaoiii
annapam nyHHol npo-
p Ha obnez2yé
uc
2py3Koli (30 k2)

~ .

pop
nonesHoli Ha.

Luna-25 is the first
spacecraft of lunar program
on a lightweight platform
with small-scale payload
(30 kg) for development

onsa ompabomku cucmem of soft landing technologies

u mexHono2uu mazKou and operations on the surface
nocadku u pa6omei Ha no- of the Moon

eepxHocmu JlyHol

3
-

B i 8u0 op Artistic view of Luna-26
uccned K020 p exploration orbiter, which
«JlyHa-26», Hao npubopamu ona  will study the Moon and
Komopozo pabomaiom y4éHele space environment both

u cneyuanucmot UKU PAH. B no- during cruise and mission

n1éme u c op6 JlyHol phases. Instruments for
o 6ydem uccned it are currently under
He monbKo JIyHy, HO U KocMuye- development in IKI
cKoe npocmpaHcmeo
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Artistic view of Luna-27
lander with cryogen
sampling device for in situ
analysis, developed in IKI

Bo3moxHbIli 6uUd Nnocadoy-

Hozo annapama «JIyHa-27»

C KpuozeHHoli 6ypoeoli ycma-
< ¥4 -

& KW PAH dns ananuza npo6
2pyHma Ha mecme

«JlyHa-28» — 6ypeHue
2pyHma u 3azpy3Ka npo6bi
8

Luna-28 drilling the surface
and loading the sample into
the return rocket

tT

pawaemyto p y

Luna-29 lander with new-
generation lunokhod

MocadoyHelii annapam cnym-
Huka «JlyHa-29» ¢ IyHOX000M
HOB020 NOKONIeHUsA
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Ha nontoce JlyHel
cnocadoyHozo annapama
€X00um MUKpOJIyHOX00

Kpome usyuyenust camoii JIyHbl, B xome eé
peanu3aiuy MPeaCcTOUT OTPaboTaTh KITIOUEBHIC
TEXHOJOTUYECKNE MOMEHTHI M OymyIIMX ILia-
HETHBIX SKCIEeAULIMI, TIPEeXae BCEro — Mapcu-
aHCKUX: TOcanKy, 3a00p TpyHTa, yIpaBlieHUE
CaMOXOJHBIM aIlllapaToM Ha MOBEPXHOCTH JIPY-
TOil MJaHeThl, HAKOHEll, aBTOMaTUYECKYIO N10-
CTaBKy TPYHTA IPYTUX HEOECHBIX TeJl Ha 3eMITIO.

YT1oOBl TOMYEPKHYTh IPEEMCTBEHHOCTh
POCCHUIACKOM M COBETCKOM JIYHHBIX IpOrpaMM,
B Ha3BaHMSIX HOBBIX MHUCCUN OyIeT IMpomosi-
JK€Ha HyMepallusi, Hayatass coBeTCKUMHU <«JIy-
Hamu». [lepBbiit annapar cepun — «JIyHa-25»
(zamyck B 2018 rony) — rutaHMpyeTCsl IOCAAUTh
B ITOJISIPHOM 00JIacTH. 3aTeM K HallleMy CITyTHH-
Ky OTMpaBATCS JyHHas OopOUTaJbHAsA CTAHLIUS
«JIyHa-26» ¥ TO3Xe — BTOPON TMOCATOYHBIN
anmapar «JIyHa-27» ¢ OypMJIBHOM yCTaHOBKOM
(rmocaaka Ha apyroil momtoc JlyHel). Bropbim
1IaroM JIYHHOW TIPOTPaMMBI CTaHYT BO3BpaT
IpyHTa U3 TIONSIpHO obnactu («JIyHa-28»)
U IOoCTaBKa Tyna JyHoxona — «JlyHa-29» (ria-
Hupytotcs Ha 2020-e rofsl).

Oxumaercsl, 4TO CPOK XKM3HU armapaToB
coctaBUT okoJyio roga. IlocamouHble ammapa-
THI OYIyT BBHITIONHATH UCCIEIOBAHUS B pailoHe
JIyHHBIX ToJtocoB. OcHOBHasi paborta opOu-
TaJIbHOTO allnapara o usydyeHuto JIyHbl U 0Ko-
JIOJTYHHOTO TIPOCTPAaHCTBa TPOMAET Ha HU3-
KO OKOJIOJTYHHOM OpOMTe BBICOTOM MOpSIAKa
200 K1I0METPOB, MOCJIe Yero OH OyaeT YBeaEH
Ha 6osee BBICOKYIO0 opouTy (500...700 xmmome-
TPOB), TlIe HAYHYTCS SKCIIEPUMEHTHI 10 U3yue-
HUIO0 KOCMUYECKUX JTyYeid.

Lunokhod — moon rover
egresses from the lander

Along with studying the Moon some key
technological aspects are also to be addressed
during the implementation: landing, soil sam-
pling, driving a vehicle on the surface of another
planet, finally, automatic delivery of soil samples
to the Earth.

To emphasize the continuity of Russian and
Soviet lunar programs, the names of the new
missions will continue the numbering started
by the Soviet Lunas. The first of the series,
Luna-25 (or Luna Glob to be launched in 2018)
will land in the polar region. Then the orbiter
Luna-26 (otherwise Luna Resurs Orbiter) will
be launched, and later — the second lander
Luna-27 (Luna Resurs Lander) with a drilling
unit. The second step of the program is to bring
lunar soil from the polar region (Luna-28) and
deliver the rover Luna-29 (scheduled for 2020’s).

Each spacecraft lifetime is estimated to be
about a year. The landers will do research near
the lunar poles. The orbiter will mainly work to
study the Moon and near-moon space at a low
circumlunar orbit of 200 km, after that it will be
put into a higher orbit (500—700 km), and pro-
ceed with experiments to study cosmic rays.



The scheme of ExoMars
international project,
which includes two

Cxema KOMNJIEKCHO20 MeX0y-
HapodHozo0 npoekma 3K30-
MAPC — cnymHuku «3k3omapc-1»

u «3K pc-2». B 0 poc-  stages. Russian Proton
culickumu pakemamu «[IpomoH»  launchers insert the orbit-
udoc Kk Mapcy op ers and landers into the

HbIX U NOCAOOYHbIX aNNapamos orbit to Mars

AKTHUBHO 00CYXXIaeTcsl BO3MOXKHOE yJyacTue
B poccuiickoil JyHHO#l mporpamme EBpomneii-
CKOTO KOCMHMUYECKOTO areHTcTBa. B wactHocTH,
B npoekte JIYHA-25 eBporneiickuii BKJag MO-
JKET COCTOSITb B 3HAYUTEIIBHOM  YIIYUIIEHUU
TOYHOCTH TOCANKW CTAHLMHM HA JIYHHYIO TO-
BepxHOCTb. Takke eBporneiickue KOoIeru ¢ MH-
TEPEeCOM OTHOCSITCS K BO3MOXHOCTH ITOCTaBUTh
OYpWIBHYIO YCTAaHOBKY Ha cTaHIMIO «JIyHa-27».

Crnenyer OTMETUTb, YTO UCCIIEIOBAHMSI, KOTO-
pBIe OYIyT TIPOBOMUTHCS B paMKax 3TOM IPOTrpaM-
MBI, — He TTOBTOpeHue coBeTCKUX. COBpeMEHHBbIe
TJTaHbI JIYHHBIX SKCTENUMUUI HaleJeHbl, B Mep-
BYIO o4epelib, Ha NoJIsIpHble obsiacTu JIyHbI, Majio
TIOXOXHME HAa 9KBATOPUATIBHBIE PAfOHBI, KOTOPbIE
uccienoBanck B 1969—1970 ronax.

B wactHOCTH, IO MTaHHBIM HENABHUX UCCIIe-
IIOBAaHUM, B TOM YHUCJIE C TOMOIIBIO POCCUNACKO-
ro npudopa JIEH]/I Ha aMmepuKaHCKOM arrmapa-
te LRO, BBISICHWIOCH, UTO B TPYHTE MOJISIPHBIX
obracTeit MOTYT conepXKaThCsl 3HAYUTENbHBIE 3a-
mackl BOASIHOTO Jiba. 3agaya ucciaenoBatesnein —
BBISICHUTBH, KaK OHM MOTIJIM TaM 00pa30BaThCs
(BO3MOXXHO, BOAY 3aHECIM KOMEThI), a MHXe-
HEpPOB — MOHSTb, MOXHO JIM UCITOJIb30BaTh 3Ty
BOJIy B KaUeCTBE PECYPCOB IS TYHHOI 0a3BbI.

TexHonmornu, KOTopbie CTAaHYT OTPabaThIBATh-
cs1 B XOJIe JTyHHBIX MUCCHUIA, OYIYT TaKXKe UCTIONb-
30BaThCs B MOCIEIYIONINX MapCUAHCKUX TIPOEK-
Tax. MapcuaHckas rporpamma Poccun BkimouaeT
B MEPBYIO Oyepelb MOJHOMACIITAOHOE ydyacTHe
B eBpomneiickom mipoekte DK3OMAPC, koto-
PBIii CONEPXKUT HE TOJIbKO COBMECTHOE MPOBE/e-
HHME HayYHBIX SKCIIEPUMEHTOB, HO U CO3IaHHE

Cnpaea: nocado4yHaa nnamegop-
ma HIMO um. C.A.JlasoykuHa
u esponelickuii mapcoxod (© ESA)

Right. The landing platform devel-
oped in Lavochkin Association and
European rover (© ESA)

The European Space Agency is a potential
candidate for participation in the Russian lunar
program. In particular, European partners may
significantly improve Luna-25 landing accuracy.
Also, European colleagues have an interest to
supply their drilling equipment for Luna-27.

It should be noted that the schedule for this
program is not a reiteration of Soviet undertak-
ings. The scheduled lunar missions are aimed
primarily at the polar regions of the Moon,
which barely resemble the equatorial regions ex-
plored in 1969—1970.

In particular, according to recent studies per-
formed among others with the Russian LEND
instrument aboard the US LRO orbiter, soil of
the lunar polar regions may contain reservoirs of
water ice. The researchers will have to discover
their origin (perhaps, it was brought by comets),
and engineers — to see whether it is possible to
use this water as a resource for a lunar base.

Technologies employed during the lunar mis-
sions will also be used in future Martian proj-
ects. Russian Mars program primarily includes
full participation in the European ExoMars
project with not only joint experiments, but also
joint infrastructure: ground communication and
deep space mission control center.

Bonewiuncmeo annapamoe 8 Poccutickoti
QPedepayuu ons hyHOamMeHMANbHbIX
Hay4HbIX uccsiedoeaHuli — e obacmu
acmpodgu3suKu U uccsie0o8aHus niaHem
umanoix mesn CosHe4Hol cucmemol —
paspabameieaem u npouseooum Hay4Ho-
npouseoocmeeHHoe 06veo0uHeHUe UMeHU
Ceména Anekceesuya JlagoykuHa —
MHozosiemHuti napmuép Uncmumyma
Kocmuyeckux ucciedosanuti Poccutickoti

aKademuu HayK

Most spacecraft for basic space research in Russia
(for astrophysical and planetary research) are
developed and built in Scientific and Production
Association named after Semen A. Lavochkin —
along-term partner of IKI

Ha annapamax npoekma

3K30MAPC 6yoym pasmeujeHol
HeCKOJIbKO Npeyu3uoHHbIX NpuU-
6 6 8 UKN

PAH: p p
ACS-NIR u ACS-MIR, ¢pypbe-cnek-
mpomemp TIRVIM (e cocmase
komnnekca ACS), HelimpoHHble
0demekmopbol FREND u ADRON.
Bce smu npu6opsl — Ho8ble, co-

p eéepcuu uHcmpy
mos, xop p 0

wux ce6: 6 pasUYHbIX MUCCUAX
no uccnedosaruto JlyHol, Mapca
u Benepol

®PEH/] — 00uH u3
pocculickux npuéopos
npoekma 3K30MAPC —
HelimpoHH®bIli npu6op

€ KonuMamopom u Mo-
Oynem dozumempuu

FREND — one of Russian
instrument for ExoMars
payload, neutron detector
with collimator and dosim-
etry module

ExoMars spacecraft shall
bear several instruments
built in IKI: Echelle spec-
trometers ACS-NIR and ACS-
MIR, Fourier spectrometer
TIRVIM (all three in the ACS
spectrometric package),
neutron detectors FREND
and ADRON. All of them are
new and advanced versions
of successful instruments,
working in missions to
Moon, Mars, and Venus
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Bo3moxHO mak Probable design of the

6ydem ebi2nademo spacecraft for Boomerang
Kocmu4eckuli annapam mission. Lavochkin Association
HIMO um. C.A. JlagoykuHa

ona muccuu BYMEPAHI

lMpoekm muccuu no mo- MetNet — mission to study
Martian climate (suspended).
Some of its elements are used

for ExoMars project

P 'y hap P
knumama Mapca MetNet
(ocmaHoeneH). Hekomopeoie
3/1eMeHMbl 3moli Muccuu

pyemcs p

8 npoekme «3k3oMapc»

MepcnekmueHas Mars Sample Return — future
pocculickaa muccusa Russian mission to return
docmaeku Ha 3emio samples of Martian soil
o6pasyoe epyHma Mapca

MAPC-TPYHT
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Bbannucmuyeckasa cxema muccuu BYMEPAHT ¢ yensio
docmaeku Ha 3emio 06pasyoe sewjecmea
cnymruka Mapca — @o6oca

MHGPACTPYKTYPhl, B YAaCTHOCTU, OOBEIMHEH-
HOTO Ha3eMHOTo KOMIUIeKca TMpuéMa NaHHBIX
U YIIPABIIEHUS MEXTUTAHETHBIMYU MUCCUSIMHU.

IIpoexT mpeamnosnaraer 3amyck ¢ MOMOIIbIO
poccuiickux Hocuteneir «[IpoToH» ABYX Koc-
MHUYecKux armmapaTtoB. Ha BTopom, ¢ momMoIsio
paspabateiBaemoro B HITO um. C.A. JlaBou-
KWHA JeCAaHTHOTO MOMYJIs, OymeT MOCTaBIeH Ha
moBepxHocTh Mapca mapcoxon EBpomneiickoro
kocmuyeckoro areHTcTBa (EKA). 3amaya map-
coxofla — Te0oJIOTMYECKHe UCCIeNOBaHUs 1 T10-
WCK CIIENTOB XKU3HU B MTONITOBEPXHOCTHOM CJIO€
TPYHTa OKOJIO MECTa MOCAIKHU.

Ballistic scheme of Boomerang mission to deliver samples
of Martian moon Phobos to the Earth

In the course of the project Russian Pro-
ton launchers will loft two mission. Then ESA’s
Mars rover Pasteur will land on the planet us-
ing Lavochkin Association descent module. The
rover will do geological studies and search for
life in the subsurface layer of soil near the land-
ing site.



Cucmema cnymHukoe System of the giant planet
nnaHemel-2u2aHma — Jupiter’s moons
Onumep

3arem, B Havasie 2020-x rogoB, IJaHUPYyeT-
csl BEpHYThCS K 3a7a4ye MCCAeIOBaHUS CITyTHU -
kKa Mapca — ®oboca, KoTopasi CTosuia Tepen
npoektoM POBOC-T'PYHT. Dtor Bo3Bpar
CUMBOJIU3UPYET U caMO Ha3BaHWE HOBOTO IPO-
ekta BYMEPAHTI. loctaBka rpyHTa ¢ ®@ob6oca
OoCTaéTcsl MHTEPECHOI HayYHOM 3amaueii, KOoTo-
pylo TOKa He TIpearnojaraercs peniaTb B KOC-
MHMYECKMX IporpamMmax Apyrux ctpaH. Kpome
TOro, ormepanuu Io 3abopy rpyHra PoGoca
M €r0 TPAHCIIOPTHPOBKE Ha 3eMITIO TTO3BOJIAT
0TpaboTaTh TEXHOJOTUM JOCTABKU TPYHTA YXKe
HernocpeacTBeHHO ¢ Mapca.

Bosnbioit MHTEpeC MpeacTaBiIsieT U U3yde-
HUe nanbHUX pybexkeit CONMHEYHOI CHCTEMBI,
YTO BaXKHO [IJIs1 TOHUMaHMSI €€ MPOUCXOKACHUS
u sBojonuu. Ilocne 2020 roma Poccust mna-
HUpYyeT 3amycTuTh K lOmurepy, TouHee K ero
CIYyTHUKY [aHMMen, CBOIO MEPBYID MMCCHUIO
¢ TIOCAIKOM arapaTa Ha ero TOBEpPXHOCTb.

CuHone

Then in 2020’s the Martian moon Phobos is
planned to be revisited. This task was previous-
ly assigned to the failed Phobos Sample Return
project. The very name of the new project Boo-
merang represents this return. Delivery of soil
samples from Phobos is an interesting scientific
problem, which is not yet scheduled in the space
programs of other nations. Moreover, sampling
soil from Phobos and bringing it back to the
Earth is an exercise of technology for delivering
soil from Mars.

Exploration of the outer reaches of our Solar
system is of great importance for understand-
ing its origin and evolution. After 2020 Russia
plans to launch to Jupiter, or rather to its satellite
Ganymede, its first mission, which will land on
the moon’s surface.

MouwHeli ¢epa IO, pa —
OCHOB8HO€ npenamcmeue ona muccuu

& cucmemy FOnumepa u npedmem
60/16W020 UHMepeca y4EHbIX

Jupiter’simmense magnetosphere is the
primary threat for the mission to the planet and
the phenomenon of great interest for scientists

Lene muccuu kK cucmeme
Onumepa — laHumeo
umeem u coio MOUWHYI0
mazHumocegepy

Ganymede, the target of
mission to Jupiter’s system,
possesses a magnetosphere
of its own

OueHb UHMepecHa u muccus
MEPKYPUW-I k 6nuxatiwedi
k ConHyy nnaHeme —
Mepkypuro

Mercury-P mission to the
planet closest to the Sun
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Baepxy: npopa6omku
371eMeHmMoe yHHOU
npozpammel Pockocmoca

nu—
LUHUUMALL. Busyanuszayusa
HUU Beicokux mexHonoaulii
(Uxeeck), npedcmaeneHHas
Ha ebicmaske «Hayka
Ha MKC» e pamkax
Mexx0yHapooHou
KoHpepeHuyuu «Hay4yHole
u npuknaoHsie
uccnedoeaHus Ha MKC»,
npowedweli 8 UKU PAH
82015 200y
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Top. Some elements

of Roscosmos lunar program,
as imaged by TSNIIMASH,
the head institute of space
industry. Visualisation

by “High Technologies”
Institute (Izhevsk), presented
at “Science at the ISS”
exhibition (2015, IKI)

MonxHocmeto asmomamu3supo-
i «JTy i

8 npphr C 4

cmoeg HIMO um. C.A. Jlagoykuna

IMonér B cucremy KOnurepa 3aiiMET 0KOJIO
BOCBMU JIET U OYyIeT MPOXOOUTh MO KOMOMHU-
POBaHHONM OATMCTUYECKOU CXeMe, BKIIOYalo-
el YeThIpe TpaBUTALIMOHHBIX MaHEBpa y Be-
Hepbl U 3eMJIM Ha TeJIMOLIEHTPUYECKOM 3Tarre
MHUCCUU W 3aBeplIaIOIIEiics IeIbIM KacKaJaoM
TaKuX MaHEBPOB OKOJIO IOMUTEPUAHCKUX JIYH.
OTHenbHYyI0 CIIOXHYIO 3amadyy IpeacTaBisieT
U mocangka Ha ['anumMen. B uenom, Kak mo Ha-
YUYHBIM 3afadaM, TaK U 10 TEXHUYECKOM CJI0XK-
HOCTH TaKasi MUCCHSI MOXKET CTaTh JUAECPCKUM
IPOEKTOM OTEYECTBEHHON KOCMOHABTUK.

Yro kacaerca Mapca, TO OH moOKa TakK
M OCTaHeTCs TPEeIMETOM W3ydeHHUs, a He Oc-
BOEHUS: IUIAHETA HAXOOUTCS OT HAC CIUIIKOM
JAJIEKO, YTOOBI CETOMHSI MOXHO ObLIO TOBOPUTH
00 e€ peanbHOI MoJib3e ISl yesoBevecTna. Ja
M caMy BO3MOXHOCTHU IIOJIETA Tyda YeIOBEKa
IOKa I10f OOJBIIMM BOIIPOCOM, MpPEXIe BCEro,
C TOYKU 3peHUsT obGecTieueHUs pamuallioOHHON
0€30IaCHOCTU SKUITAXa MUCCHM.

Jlyna — wuHoe peno. Kpome Hay4yHOro,
OHa TIPEICTABJISIET W TPAKTUYECKHI MHTEpecC.
B yactHocT, Ha JIyHEe MOXHO pACITOJIOXHUTH
acTpOHOMHUYECKHE oOcepBaTOpUM, HabJI0Ie-
HUSIM KOTOPBIX He OyayT MellaTh aTMocdepa
M PaguoOM3IydeHUsI, KAK 5TO MMEET MEeCTO Ha
3emiie M OKOJI03eMHbIX opouTax. M, 6e3ycios-
Ho, JIyHa KaK CITyTHUK MOXET CTaTh MCTOYHM-
KOM PECYPCOB, IIPEXIE BCErO, PEAKUX dJIEMEH-
TOB, 3aIachl KOTOPBIX Ha 3eMjie OrpaHUYCHBI.
JlyHa, oueBHIHO, OYIET Y MePBBIM 3TAIIOM IO~
TOTOBKH ITMJIOTUPYEMOM KCIIeAuIK Ha Mapc,
eClIi TPYOAHOCTU €€ peajlu3aluu BCE-TaKU
yaacTcs MPeoaoieTh.

Fully automatic lunar
base. Image by Lavochkin
Association

The trip to Jupiter will take about eight years
and will use combined ballistic scheme consist-
ing of four gravity assists from Earth and Venus
at the mission’s heliocentric stage and will com-
plete with a whole cascade of such maneuvers
around Jupiter’s moons. Landing on Ganymede
is a separate difficult undertaking. Both in sci-
entific terms and its technical complexity such
a mission may become a flagman project for
Russian cosmonautics.

As for Mars, it still remains the subject of
scientific studies rather than exploration: the
planet is too far away to discuss its real benefits
to mankind today. Even the possibility of a sin-
gle human flight is questionable, first of all with
regard to radiation safety of the crew during the
mission.

The Moon is a different case. It has a prac-
tical interest besides its scientific potential.
In particular it may be used as a site for astro-
nomical observatories with no hindering at-
mosphere and ionosphere, as is the case on the
Earth and near-Earth orbits. And, of course,
the Moon as our satellite may become a source
of fossils, especially rare metals, since they are
limited on Earth. The Moon is likely to become
the first stage of preparation for the manned ex-
pedition to Mars, should we overcome the diffi-
culties of interplanetary flight.



Paszeumue 6onbwoti

JIYHHOW BA3bl us nonHo-

cmblo asmomamuvyeckoli

& MHO20Ueneeoll Komnexc,
K

o6cny

mamu, 8 npedcmasneHuu
cneyuanucmoe HIO
um. C.A.JlagoyKkuHa

Further development of fully
automatic lunar base to

a multi-purpose complex
attended by cosmonaults.
Image by Lavochkin
Association



