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HAYYHbI MPOEKT «BUOH-M» N1

HL PO - UMBI PAH

O npoekTte «BNOH-M»

B XXI ctonetun Hay4HO-TEXHUYECKUIA NPOrpecc BnfoT-
Hyl0 NMpubnmxaeT Hac K Bce Gornee NOMHOMY MO3HaAHWUIO
dyHOaMeHTanbHbIX OCHOB MaTepuarnbHOro Mvupa, B TOM
ymucne u No3HaHuio xmeom Mmatepumn. OCBOEHUE KOCMU-
YeCKOro NPOCTpPaHCTBa OTKPbIBAET HOBbIE BO3MOXHOCTM
Ons uccnegoBaHWs MexXaHUM3MOB, NeXallnx B OCHOBe
3BOMOLUMM N (PYHKLUMOHMPOBAHUSA XMBbLIX CUCTEM. JTO
MO3BOJSISIET MO-HOBOMY paccMaTpvBaTbh NPEOCTaBNEHUS
0 MPOMCXOXOEHUN N IBOMOLMM XN3HM BO BeceneHHon, o
CyLLLeCTBOBaHMM M ajanTtauun opraHM3MOB B arpeccus-
HOW cpefe obuTaHus, O ponu rpaBUTALNOHHBIX MEXaHN3-
MOB B (DYHKLMOHMPOBAHUN BCEX OCHOBHBIX (hr3Monoru-
YECKUX CUCTEM MHOTFOKITETOYHbBIX OPraHN3MOB.

B nepwvog, korga B Hawen cTpaHe Havanucb paboTbl
Mo CO34aHUI0 LONTOBPEMEHHbIX OpPOUTanNbHbLIX CTaHLUNNA,
ObIn HaKOMJEH NWLb HE3HAYMTENBHBIN Matepuarn o Aen-
CTBUN (paKTOPOB KOCMMYECKOrO MorieTa, Npexae BCero
HEBECOMOCTHU, Ha CTPYKTYPY U (PYHKLMIO pasnnyHbIX TKa-
Hel, OpraHoB U (PM3NONOrM4ecknx cucTtem opraHmama. B
TO Xe BpeMs pa3paboTymKky KOCMUYECKOW TEXHUKN Tpe-
©oBanu oT MegmkoB U GMONOroB Hay4HbIX 060CHOBaHMWM
BO3MOXXHOCTU ANUTENbHbIX KOCMUYECKUX NONETOB Yerno-
BeKa. YuntbiBass HeOOXOAMMOCTb KOMMIIEKCHOrO MOAXO-
Aa K pelueHuto gaHHon npobnemsbl, LIK KINCC n Coser
MwuHuctpos CCCP npuHsanu 13 auBapsa 1970 r. lNocra-
HOBEHME O NPOBEAEHUN OMONOrMYECKMX UCCEe[0BaHNUIA
B noneTtax crneuvanuavpoBaHHbIX CMYTHUKOB «BWMOH»
ONS peleHns 3agady MeanumHcKkoro obecnevyeHns nuno-
TUPYEMbIX KOCMUYECKMX NONETOB PasfMYHON MPOSOSHKM-
TENbHOCTU U PasnMYHOro HasHadveHud. Npu atom Ha UK-
CTUTYT Meanko-omonorunyeckmx npobnem (MMBI) 6bina
BO3M10)KeHa OTBETCTBEHHOCTb 3a pa3paboTKy 1 peanunsa-
LUMI0 NporpaMM HayuHbIX MCCNeaoBaHUMM M pas3paboTky
BGuronoro-TexHn4Yeckmx TpeboBaHuii kK GOPTOBOI Hay4HOMN
annaparype. lNepBbi 3anyck cnyTHuka cepun «bUOH»
(«Kocmoc-605») 6bin ocywecteneH 31.10.1973 .

B panbHenwem Kk uccnegoBaHusm B nonetax 6uo-
CMYTHMKOB B pamkax nporpammbl «IHTepkocMocCy» npu-
coeguHunmcb cneunanuctsl bonrapuun, Benrpuun, TOP,
MonbLumn, PymbiHUK 1 YexocrnoBakuu, a Takke yYeHble 13
CLIA, dpaHuun, l'epmanun, lNronnavgmm, Kanagel, Knutas.

K HacTosLLieMy BpeMEHN B KOCMOC YCMELLHO 3anyLLeHo
11 BGmMocnyTHMKOB «BUOHY», UMEHYEMBIX B HAy4YHOW nnuTe-

paTtype kak buocnyTHukmM «Kocmocy, «brnokocmocy nnm
npocto «buoH», a Takke OBa KOCMWYECKMX annapaTa
(KA) Tvna «®otoH-My, rage Takke 6binn nposegeHbl 6ro-
normyeckue aKCnepumeHTbl (cM. Tabn.).

Takum obpasom, B NoneTax NpoaoIPKUTENBHOCTBIO OT 5
0o 21,5 cyTtok ObInm NpoBeaeHbl UCCeqoBaHUS Ha Kyrb-
Typax KIeToK N TKaHeW, OQHOKIETOYHbIX OpraHn3max, Ha-
ceKoMbIX, pblbax, amubnsx, penTunusx, anuax Nty u
TaKMX MIIEKOMUTAIOLLMX, KaK KpbICbl NMHUKM Buctap n obe-
3bsiHbl Makakn-pe3sycbl. OCHOBHbIMW 3ada4amMu uccneno-
BaHUA SABMANUCb U3yveHue OBuonormdeckux adcpekToB
HEBECOMOCTW, MCKYCCTBEHHOW CUMbl TSHKECTU U KOMOW-
HMPOBAHHOIO [OENCTBUS HEBECOMOCTU U NOHU3MPYIOLLEN
pagvaumm B Gonblmnx gosax. [NonydeHHble pesynerarbl
BHECNM GONbLUOK BKNag HE TOMbKO B HAYKM O KU3HU, HO U
B peLLeHre NpaKkTU4eckMx 3agad MeguumHcKoro obecne-
YEHUs NNNOTUPYEMBIX KOCMUYECKNX MOMETOB.

MpuMmeHnTENBHO K ByaylwMM nonetaMm SKunaxewm Ha
JlyHy n Mapc cTaHOBATCS akTyanbHbIMU Takne HepeLLeH-
Hble npobrembl, kKak Guonornyeckme acpdeKTbl NTyHHOWM
N MapCMaHCKoW cunbl TSHXKecTu, buonorvdeckne nocneg-
CTBUSI KOMOUHMPOBaHHOIO BO3OENCTBUSA HEBECOMOCTU U
ANUTENbHOTO OBnyYeHVs MOHU3MPYIOLWEN paavauuen,
co3faHue NepcrnekTUBHbIX CPEACTB NPOUNAKTUKN He-
GnaronpuaTHOro BNUAHMA hakTopoB MosieTa Ha pasnuny-
Hble hm3nonornyeckne CUCTEMbI OpraHM3mMa.

O6wasn XapakTepucTtuka nosfietoB aBTOMaTU4eCKUX KOCMNYEeCKUX 6VIOCI1yTHVIKOB

fon BuocnyTHuk Buonornyeckne o6bekTbl Oponra Anvrenetocts
3anycka Anoreit, kv | Mepuren, km | noneta (cyt.)
1973 «BuoH-1» («Kocmoc-605») Kpbicbl, Yepenaxu, Apo30hurnbl, My4HON XpyLUakK, rpubbl, MUKPOOPraHU3mbl. 424 214 21,5
1974 «BnoH-2» («Kocmoc-690») Kpbicbl, yepenaxu, Apo30usibl, NPOPOCTKW, MUKPOOPraHU3Mbl, CEMeHa. 389 223 20,5
1975 «BuoH-3» («Kocmoc-782») Kpbicbl, Yepenaxw, pbibbl, Apo30chnribl, KyrsTypbl KIETOK, MPOPOCTKY, siiLia pakoobpasHbIX, CeMeHa, rpubbl. 405 227 19,5
1977 «BunoH-4» («Kocmoc-936») Kpbicbl, Apo30churnbl, NPOPOCTKU, rpUBHI. 419 224 18,5
1979 «BunoH-5» («Kocmoc-1129») Kpbicbl, Apo3odunsl, siila NTuL, rpubsbl, KynbTypbl KNETOK. 406 226 18,5
1983 «BunoH-6» («Kocmoc-1514») | OBesbsiHbl, KpbIChl, PbIBbl, MPOPOCTKU, PACTEHUS. 288 226 5
1985 «BUoH-7» («Kocmoc-1667») | OBesbsiHbl, KpbIChl, PACTEHUSI, KYNbTYpbl KNETOK, NPOCTeNLIne, CeMeHa. 297 222 6,9
1987 «BnoH-8» («Kocmoc-1887») | OB6esbsiHbl, KPbIChI, pbiBbl, HACEKOMbIE, MPOCTENLLNE, 38MHOBOAHbIE, YEPBU. 406 224 13
1989 «BUoH-9» (¢KoCMOC-2044») O6e3bsiHbl, KpbIChl, PbIObl, HACEKOMbIE, KyrbTypbl KNETOK, MPOCTENLLNE, 3EMHOBOAHbBIE, MPOPOCTKY, 204 216 14
pacTeHusi, cemeHa.

1992 «BnoH-10» («Kocmoc-2229») | O6esbsiHbl, 3eMHOBOAHbIE, MPOPOCTKU, KyIbTYpbl KNETOK, MPOPOCTKMX, PACTEHUSI, CEMeHa. 372 216 12
1996 «BuoH-11» 0O6e3bsiHbl, 3eMHOBOAHbIE, NPOCTeLLNEe, MPOPOCTKN, PAaCTEHUS. 375 217 15
2005 «®oTOoH-M» Ne 2 MwkpoopraHuambl, aMnbum, PENTUNNKN, TPUTOHBI, SILLEPULIBI, YIIUTKU. 302 261 16
2007 «®oToH-M» Ne 3 MecyaHKkn, MUKPOOPraHn3Mbl, TPUTOHbI, ALLEPULLbI, YIIUTKA. 304 262 12




SCIENCE PROJECT «BION-M» N21
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About the «Bion-M» project

Advances in science and technology of the 21st century
bring us closer to profound understanding of the foundations
of matter, including living matter. Space exploration provides
new opportunities for exploring novel concepts of the origin
and evolution of life in the Universe, for elucidating intricate
mechanisms underlying the structure and function of living
systems, for studying their adaptation to inhospitable
environments, and for understanding the crucial role gravity
plays in the activities of various organisms.

At the time, when the USSR initiated the development of
orbital space stations, the information concerning potentially
deleterious effects of spaceflight factors, particularly
microgravity, on the structure and function of various
organs, tissues and physiological systems was limited.
Nonetheless, spacecraft designers needed scientifically
justified data demonstrating that humans would be able
to perform long-duration space missions. Realizing that
the problems could be solved through a multi-disciplinary
approach, the USSR Communist Party Central Committee
and Council of Ministers decreed, on January 13, 1970,
that a series of dedicated Bion satellites be manufactured
and flown in order to carry out biological investigations,
which would contribute to the medical support of manned
space missions of different duration. The Institute of
Biomedical Problems (IMBP) was made responsible for the
development and implementation of research programs as
well as the development of specifications for the science
research equipment. The first satellite of the Bion series
(Cosmos-605) was launched on October 31, 1973.

Dozens of Soviet agencies were invited to participate in the
Bion project implementation and hardware development.
Within the framework of the Intercosmos program, scientists
from Bulgaria, Hungary, GDR, Poland, Rumania and
Czechoslovakia joined the project; cooperation was then
expanded to include the participation of the USA, France,
Germany, the Netherlands, Canada and China.

Altogether 11 biosatellites of the Bion series were
successfully flown. In the pertinent publications they were
referred to as Cosmos, Biocosmos or Bion space missions.
They were followed by two flights of the Foton-M spacecraft
that also carried biological experiments (see Table).

Biosatellite flights of 5 to 22.5 days in duration made it
possible to carry out experiments on cell cultures, tissues,

unicellular organisms, insects, fish, amphibians, reptiles,
avian eggs, as well as mammalians, viz., Wistar rats and
rhesus monkeys. The major objective of the investigations
was to study biological effects of microgravity, artificial
gravity, and microgravity combined with high doses of
ionizing radiation. The experimental results made important
contributions not only into life sciences but also into medical
support of manned space missions.

When discussing manned missions to the Moon and to
Mars, particular attention should be given to such open
issues as biological effects of the altered gravity on the Moon
and Mars, combined effects of microgravity and chronic
exposure to ionizing radiation, as well as development of
efficient countermeasures against adverse effects of long-
duration space missions.

Bion Flight Experiments: Specimens and Goals and Flight Information

Launch ) ) ) Orbit Flight duration,
Biosatellite Specimens Flown
year Apogee, km | Perigee, km | days
1973 Bion-1 (Cosmos-605) Rats, reptiles, insects, bacteria, seedlings and plants. 424 214 21,5
1974 Bion-2 (Cosmos -690) Rats, insects, seedlings and plants. 389 223 20,5
1975 Bion-3 (Cosmos-782) Rats, insects, unicellular organisms, fish eggs, cell and tissue cultures, seedlings and plants. 405 227 19,5
1977 Bion-4 (Cosmos-936) Rats, insects, seedlings and plants. 419 224 18,5
1979 Bion-5 (Cosmos-1129) Rats, insects, unicellular organisms, avian eggs, cell and tissue cultures, seedlings and plants. 406 226 18,5
1983 Bion-6 (Cosmos-1514) Rhesus monkeys, rats, fish, seedlings and plants. 288 226 5
1985 Bion-7 (Cosmos-1667) Rhesus monkeys, rats, fish, seedlings and plants. 297 222 6,9
1987 Bion-8 (Cosmos-1887) Rhesus monkeys, rats, amphibians, insects, worms, cell and tissue cultures, seeds, seedlings and plants 406 224 13
) Rhesus monkeys, rats, amphibians, insects, unicellular organisms, cell and tissue cultures, seeds,
1989 Bion-9 (Cosmos-2044) i 294 216 14
seedlings and plants.
. Rhesus monkeys, amphibians, insects, unicellular organisms, cell and tissue cultures, seeds,
1992 Bion-10 (Cosmos-2229) ) 372 216 12
seedlings and plants.

1996 Bion-11 Rhesus monkeys, amphibians, insects, unicellular organisms, seedlings and plants. 375 217 15
2005 Foton-M Ne2 Geckos, newts, snails, microorganisms, unicellular organisms. 302 261 16
2007 Foton-M Ne3 Gerbils, geckos, newts, snails, microorganisms. 304 262 12




HAYYHbI MPOEKT «BUOH-M» N1

HL PO - UMBI PAH

O6wan xapakTepucTnka KOCMU4EeCKOro
annaparta «bnoH-M» Ne 1

Kocmnueckun annapat «brnoH-M» nmeet pag npyHum-
nuanbHbIX OTANYUIA OT MPeaLeCTBEHHMNKOB, YTO MO3BO-
NsieT Ha3BaTb €ro annapaToM HOBOro MokoneHusa. B ero
COCTaB BKIOYEHbI:

* cMCTEMA JneKTPonuUTaHWs C WUCMOrb30BaHUEM COrl-
HeYyHbIX OaTapei, YTO MO3BOMUT MOBLICUTH 3HEPro-
notpebneHne kak obecrnevmBaloLLen, Tak U Hay4YHOM
annapaTtypbl U TeM CaMblM YBEMNUYNTb CPOK CryXObl
KA Ha opbuTe;

* MOOEPHU3NPOBaHHAsl KOHCTPYKUMs NpubopHo-arpe-
raTHOro OTCeKa C >XMOKOCTHbIM ABUraTenemMm MHoropa-
30BOr0 UCNOMb30BaHMWs, YTO 4ACT BO3MOXHOCTb BbIBO-
anTb KA Ha Bonee BbICOKMe 0pOUThI;

* HOBas cuctema obecneyeHusi XU3HEeOEeATENbHOCTH,
OCHOBaHHas Ha MCMonb30BaHMM 3anaca Kucnopoga B
©annoHax BbICOKOro AaBneHus.

Monet KA GygeT npoxoauTb B PEXUME MOCTOSTHHOW

COJITHEYHOW OpUEHTaLMN.

C6op, npeobpasoBaHue, 3anoMuHaHWe W Mepegada
Ha HaseMHble NpUEMHbIE CpeacTBa 3HaYeHWn Teneme-
TPUYECKNX NapamMeTpoB Hay4YHOM annapaTtypbl OCyLLEeCT-
BrsieTca paguotenemeTtpuyeckon cuctemont (PTC) KA B
crnenyrLnx pexmmax:

* B pexvMe HenocpedcTBEHHON nepedayn Tenemerpu-
yeckon nHgopmMaLumm — He pexe 1 pasa B CyTKu;

* B peXume BOCNpou3BeaeHns — He pexe 1 pasa B cyT-
kn (Nnepepgava MHgopmaumn, 3aperncTpupoBaHHON B
pexvmMe OUCKPETHON 3anucu u 3anucum no 3anpocy HA
MIDK-01).

Cuctema obecnedeHus xusHegestensHocth (COX) KA
«BbuoH-M» Ne 1 obecneuymBaeT nogaepxaHue rasoBoro
COCTaBa W BNaXXHOCTHOTO pexnma:

* napuunansHoe gaeneHue kucnopoga — ot 18,7 oo 24,0
KMA (ot 140 go 180 MM pT. CT.) Npy CPEAHECYTOYHOM
noTpebneHnn Kncnopoaa *XMBOTHbIMK A0 175 nuTpos
Npu HOPMarnbHbIX YCINOBUSIX;

* MapumanbHoe JaBrneHue Yrnekucrnoro rasa He 6onee
1 kMa (7 MM pT. CT.) Npu €ro cpeaHeCcyTO4YHOM Bblaerne-
HUW XXMBOTHLIMU, He npeBbiwatowem 149 nuTpos npu
HOpPMarbHbIX YCOBUSIX;

BHewHu BMA kocMuyeckoro annaparta «buoH-M» Ne 1
The appearance of the spacecraft «Bion-M» Ne 1

~ ConHeuHas 6atapes
Solar battery

Cuctema oTAeneHust
ECM SPL Assembly
Release system

ECM SPL Assembly

Cucrema otaenenus FlyMate
Release system FlyMate

Cucrema otgenexus 3U ISIPOD
Release system 3U ISIPOD

* OTHOCMTENbHas BNaXHOCTb rasoBol cpeapbl — ot 40 fo
70 % (npn Temnepatype 20 °C u paBneHun 760 mm
pT.CT.);

+ cbop M xpaHeHue KoHaeHcaTa (CymmapHoe Bblaerne-
HWe Bnaru XunBoTHbIMK He 6onee 500,0 r/cyT);

* Temnepartypa BHyTpu CA — 22-25 °C.

COX obGecnednBaeT nornoLlleHMe u3 ra3oBow cpeabl

BpeaHbIX ra3006pa3HbIX NpuMecei 40 YpoBHEN npeaernb-

HO AONYCTUMbIX KOHLEHTpaLMIA Ans nunoTupyembix KA.

TexHU4YecKue xapakTepuCcTUKU KOCMUYECKOro
annaparta «bnoH-M» Ne 1

XapaKkTepucTukm 3HadeHve
MapameTpbl pabounx opouT:

- OKOJIOKPYroBasi Co cpefHew BoicoTon | 575 km

- HaKIMOHEHMWE MNMOCKOCTU OpoUTbI 64,9 rpaa.

Macca kocmuyeckoro annapara 6440-6840 kr

Macca HayyHoW annapaTypsil:

- BHYTpM Cnyckaemoro annapara 0o 650 kr

0o 250 kr

- CHapYy’>X¥1 KOCMUYECKOro annapara

CpenHecyTouHoe aHepronoTpebneHue:

He Gonee 550 Bt
He 6onee 450 Bt

- obecneynBatoLLel annapartypbl

- Hay4HOW annapaTtypsbl

Paketa-HocuTenb «Cot03-2»
CpoK aKTUBHOTO CyLLECTBOBaHUS 0o 30 cyTok
Kocmogpowm 3anycka BarikoHyp

- N0 TenemeTpuYeckum
KaHanam Ha NpuémHble
CTaHLuK, pacronoxeH-
Hble Ha TeppuTOpUK
Poccup;

[ocTtaBka Hay4HOW MHopmaLm
Ha 3emnio:

- B CMycKaemMoMm annapare
C MCNOMb30BaHNEM CU-
CTEM «MSITKOM» Nocaaku

PaspaboTymkom 1 n3rotoBuTENEM pakeTHO-KOCMUYECKOrO KOMMMeK-
ca «broH-M» siBnseTcsa MocyaapCcTBeHHbIN Hay4YHO-MPON3BOACTBEHHbIN
pakeTHo-kocMmuyeckuii LeHTp «LICKB-Tporpecc»

Manbli kocMuyeckunin
annapat «<AUCT»
Small spacecraft «<AIST»

ArperaTtHbIin oTCeK
Service module

MpnBopHbIN oTCeK
Equipment bay

3
lbﬂchaeMbllZ annapar
Lander



SCIENCE PROJECT «BION-M» Ne1
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«Bion-M» Ne 1 Spacecraft

«Bion-M» Ne 1 is characterized by a number of features
that make it superior to its predecessors, due to which
it can be viewed as a new generation spacecraft. It is
equipped with:

» Solar cell panels as a power source which will allow
greater power consumption by support and science
payloads and, consequently, increased flight duration;

* Modernized service module equipped with a multiple-
use liquid engine which will make it possible to launch
the spacecraft to higher-altitude orbits;

» New life support system, which will operate using high-
pressure oxygen tanks.

Throughout the entire flight the spacecraft will be

oriented towards the Sun.

Scientific data from the payloads will be collected,
converted, stored, and a daily summary downlinked to
the ground receiving stations by the radiotelemetric
system:

» Health status summary data for both equipment and
animals at least once a day;

 Detailed animal health information will be available at
least once a day (data transferred upon request).

The life support system will maintain the following

environmental parameters:

* pO, within 18.7-24.0 kPa (140-180 mm Hg), assuming
the animals will consume up to 175 liter of O, per day;

* pCO, not higher than 1 kPa (7 mm Hg), assuming the
animals will produce no more than 149 liter of CO, per
day;

* relative humidity within 40-70% (at 20 °C and 760 mm
Hg);

* moisture capture and storage, assuming the animals
will produce no more than 500.0 g/day;

« temperature within 22-25 °C.

The life support system will have the capability to scrub
air contaminants, reducing them to maximally allowable
concentrations.

The «Bion-M» launcher and spacecraft are designed
and manufactured by the State Scientific-Manufacturing
Space Rocketry Center “CSDB-Progress”.

PacnonoxeHue Hay4yHOW annapaTtypbl BHYyTPU CMyTHUKa
The location scientific equipment inside the satellite

BMOC-MIDK 01
MLZh - 01
BuokoHT-b1 A
BIOKONT-B . OMEIAXAB
T OMEGAHAB
BMOUMMNELAHC
BIOIMPEDANCE BUMOTPEK-TA

PparmeHTep-Td
FRAGMENaTER

«Bion-M» Ne 1 Specifications

Parameter

Orbit

- Near-circular with an altitude of 575 km
- Inclination 64,9 deg

Spacecraft mass

6440-6840 kg

Payload mass:

- Inside the recovery capsule

Up to 650 kg

- Outside the recovery capsule

Up to 250 kg

Average power consumption:

- Support equipment

No more than 550 W/day

- Science hardware

No more than 450 W/day

Rocket-carrier

«Soyuz-2»

Flight duration

Up to 30 days

Launch site

Cosmodrome Baikonur

Data downlink

Telemetric channels to the
receiving stations within
Russia

In the recovery capsule
equipped with a soft landing
system

BIOTREK-TD

KOHTYP-BEM
CONTOUR-BM

YcTaHOBKa Hay4HoOW annapatypbl B KOCMUYeckuii annapat «buoH-M» Ne 1
Installation of the scientific equipment into the space vehicle «Bion-M» Ne 1

BMOC IK-01
MLZh - 01

B/OC MIDK-01
MLZh - 01

B/OKOHT-B1
BIOKONT-B

BENKA BK
BELKA

B/OC MJTXK-01
MLZh - 01

DdparmeHTep
FRAGMENTER

BVOVMMNEOAHC
BIOIMPEDANCE

ABTOHOMHbIE
OKCNEepPUMEHTbI
Autonomous
experiments

RIBES

paBuTOH
GRAVITON
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Hay4yHasa nporpamma

HayuHas nporpamma no npoekty «brnoH-M» coctout us
4 yacten. MNepBas YacTb NOCBsILLIEHA 3KCNEPUMEHTAIb-
HbIM MCCNEAOBAHUSAM MO rpaBUTaLMOHHOW U3Nonornm
Ha XXMBOTHbIX B MHTepecax pa3paboTkn dyHaameHTanb-
HbIX OCHOB CO34aHWsi HOBbLIX TEXHOMOrMin obecrneveHus
XN3HEeOeATENbHOCTM YenoBeka B YCIOBUAX HEBECOMO-
cTu. Bropas yacTb nocesilLieHa uccnegoBaHUsM BIIUSAHWS
(haKTOPOB KOCMUYECKOTO MOSieTa U OTKPLITOro KocMu4e-
CKOrO NPOCTpaHCTBa Ha GMONOrM MUKPOOPraHNU3MOB U
pacTeHU, a Takke X COOBLLECTB, YTO NO3BOMUT BLINTU
Ha o6OLMe 3aKOHOMEPHOCTU (PYHKLIMOHNPOBAHUSA XN3HU
BO BceneHHon. TpeTbsi 4acTb BKNOYAET OMOTEXHOMOMM-
Yeckue aKkcnepuMeHTbl. YeTBepTasi YacTb NpeacTaBnsieT
cobon KoMnnekc pagmobuonorMyecknx n 4osMmeTpuye-
CKUX 3KCMEPUMEHTOB, HEOOXOAMMBIX ONSA peLleHns 3a-
na4y obecneyeHnsl paguaunoHHOM 6e30MacHOCTM HOBbIX
KOCMWUYECKMX MUIOTUPYEMbIX annapaTos.

YACTb |
OKcnepuMeHTbI NO rpaBUTaALMOHHON (husnonorum
XUBOTHbIX

Mporpamma uccnegoBaHui paspaboTaHa € y4yeToMm
NPUOPUTETOB POCCUACKOW HayKu, NPEeanoXeHWn WHO-
CTpaHHbIX NMApTHEPOB MO COBMECTHLIM MCCINEOOBaHUSAM
n ytBepxgeHa CoeTtom Poccumnckon akagemmm Hayk no
kocmocy. OCHOBHas LeneBas yCTaHOBKa uccnegoBaHui
3aKnyaeTca B aHanMse MexaHu3MoB BOCMPUATUSA rpa-
BMTALUMOHHOIO CTMMyna, NyTen nepegadn n obpaboTku
Nony4YeHHoON MHgOPMaUUN U 3aKOHOMEPHOCTEN CTPYK-
TYPHO-PYHKLMOHAMbHBLIX WU3MEHEHWUA WCMONMHUTENbHbIX
CTPYKTYp Ha YPOBHE 9KCMNPECCUU rEHOB, NOCTTPaHCNALM-
OHHbIX MOAMdUKaLMIN BENKOBLIX MOMEKYI U UX PYHKLMO-
HMPOBaHUA B LLENTOCTHOM OpraHvM3mMe MIIEKONUTatoLLEero.

BbinonHeHne 3TOM LEneBOW YCTAHOBKM TpebyeT uc-
Monb30BaHUs HOBbIX NMOAXOA0B K BbIOOpY 6Monornyeckmx
00ObeKkToB AnA Takoro nornerta. B HacTosiwee BpemMsa ans
KOPPEKTHOW 1 Hanboree MOMHON peanus3auum MeTOLO0B
MOJTEKYIIAPHOM 1 KNETOYHOM B1onormm Heobxoanumo xu-
BOTHOE C XOPOLLO M3YYEHHbIM U CEKBEHWPOBAHHbLIM re-
HOMOM, C JOCTaTO4YHO MpPOaHanM3npoBaHHbIM COCTaBOM
6enkoB (npoteomom). lNpu 3TOM AoMmkHa ObITb BbICOKA
CUMHIEHHOCTb M3y4aeMblX 3SKCMepuMeHTarbHbIX Mony-
nauun  (NUHerHocTb). OQHOBPEMEHHO OMONOrnYeckmi
BMA NO CBOUM (pM3MOMNOrMYECKUM OaHHbIM (OCOBEHHO-
CTW noBefdeHusl, OBUraTteNnlbHOW akTUBHOCTU U NUTaHNS)
OOIMKEH YOOBNETBOPATb MWHMMAasbHbIM TpeboBaHUAM
COBpPEMEHHOM TeXHONOrMn obecneveHns xumsHeaeaTernb-
HocTu. Hanbonee 6nu3kn k Takomy naeany nabopatop-
Hble MbiwKn Mus musculus nuHum C57black/6. B munpo-

BOW HayKke y>e HaKOMMeH HEKOTOPbLIA MONOXUTENbHbIV
ONbIT KOCMUYECKUX 3KCMEPUMEHTOB C MbIIAMW JINHWM
C57black/6.

3agaum ncecnefoBaHWA Ha Mbllax B roneTte KocMuye-
ckoro annapara «brnoH-M» Ne 1 cBogdaTtcs k cnegyowum:
* [MpogomknTb nccrnegoBaHus hmsnonorndecknx agan-

TauuMn K yCroBUAM OSIMTENbHOIO KOCMUYECKOro norse-
Ta (oo 30 cyTok), cocpegoToumBasi BHUMaHUe Ha res-
HbIX Y MOMEKYISAPHbLIX MEXaHN3Max rpaBupeLenumm B
Pa3nu4HbIX (PU3NOMOrMYECKNX CUCTEMAX.

* NccnepoBaTb KNETOYHbIE M MOMEKYNsiPHbIE U3MEHEe-
HUS B pasnuMyHbIX OpraHax U TKaHsaX, BKMoYas nsme-
HEHUSI BHYTPUKMETOYHbLIX CUIHarbHbIX MEXaHU3MOB,
N3MeHEeHNs1 NaTTepHa 3KCNPECCUN reHOB M MOCTTPaHC-
nAUMOHHOM Moandukauumn 6enkoB nocrne AnUTenbHO-
ro KOCMUYeCKoro noneta ¢ NPUMEHEeHNEM HOBEMLLNX
TEXHOMNOMM.

» CocpenoTounTb BHUMAHME Ha MCCregoBaHUM More-
KynsipHO-6uonorn4eckux 1 usmonormyecknx OCHOB
noBeaeHnsa U ABUratenbHOM aKTUBHOCTM XXMBOTHbIX C
Lenbio BbISIBNEHNS BO3MOXHbBIX MEXaHM3MOB [Bura-
TenbHbIX HAPYLLIEHWNI B YCITOBUSX HEBECOMOCTW.

+ ConoctaBnTb WM3MEHEHUS MOJEKYNSApPHO-OMonoruye-
CKMX MapamMeTpoB B YCIIOBUAX KOCMUYECKOro norneTa ¢
N3MeHEHNsIMU NMOBeAEHNS U (PYHKLMOHANBHOIO COCTO-
AHWS XXKMBOTHBIX B HAYalbHbIV Nepuog peagantaumm.

* BbisBUTb M3MEHEHMSA pereHepaTopHbIX CUCTEM opra-
HM3Ma B YCIOBUSAX HEBECOMOCTH.

Ha 6opTy 6rnocnyTHuka byoetr HaxoauTbesl 45 Mbllen.
Bce oHu pa3melyaloTca B TpeX KOMMMEKTax Hay4yHon an-
napatypbl MJTXK-01 no Tpy Mbilwn B KaXgon OT4enbHON
knetke. Bo BpemMs noneta B knetkax bygetr obecneyu-
BaTbCsl CBETOBOW pexmnm: 12 yacoB — AeHb, 12 yacos —
Houb. LLlecTb pa3 B CyTkM B KOPMYLLKN OygeT 3akaynBaTb-
€ nacToobpasHbIin KOPM, NMPUTOTOBMEHHBIN U3 3€PHOBbIX
NpoaykToB ¢ A0OaBrneHMeM BUTAaMWHOB, MUHEpPANoB U
Boabl. KpyrmocyTo4Ho ¢ uHTepBanom B cpegHeM 2 yaca
OygeT BecTuCb BMAeOperncTpaums NoBegeHust XMBOT-
HbIX. Y NSATU MblLLEN Ha NPOTSXKEHUN BCEro norneta oyaer
HenpepbIBHO pPerncTpupoBaTbCs apTepuansHoe aaBne-
Hue.

OpyruMm 06bEKTOM PU3NOITOTMYECKNX UCCIEeNOBaHNA Ha
XMBOTHBIX SBMSAOTCA MOHronbCkue necyaHkn Meriones
ungviculatus. o cpaBHEHUIO C KpbICamm M OCOBEHHO C Mbl-
LAMWN OHX He CToMb TpeboBaTeNbHbI K YCITOBMSAM Coaep-
XaHusi: MOryT AnMTenbHOE Bpemsi 06xoamTecs 6e3 nuTbe-
BOW BOAbIl, HEBEMNWKM MO pasMepam (Macca NorioBO3pENon
necyaHku coctasnsiet 40-50 r), 4To NO3BONSAET YNPOCTUTb
CUCTEMbI COAEPXXaHUs U XXnM3HeobecneyeHNst XKMBOTHBIX U
YMEHBLLUWUTL Maccy n o6bem atux cuctem. lNecyaHka siB-
NsieTCsl XOpoLnM O6BLEKTOM MpU NpoBegeHn mopdorno-
MMYeCcKnX UCCnegoBaHUn, nccneqoBaHUin BOAHO-CONEBOro
obmeHa, (b13noNorMyeckMx NccrnegoBaHUn peLenTopHbIX
cuctem 1 ap. B cBeTe BbilweckasaHHOMoO NpPeacTaBnsaeTcs,
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The scientific research program

The scientific research program consists of four parts.
Part | will be dedicated to the study of animal physiology
to facilitate the development of advanced systems of
human support in microgravity. Part Il will focus on the
study of the effects of the space environment on microbes
and plants as well as their biocenoses with hope that this
approach will help gain better insight into the origin and
evolution of life in the Universe. Part Il will be related
to biotechnological experiments. Part IV will encompass
radiation biology and dosimetry experiments aimed at
providing radiation safety of advanced space platforms.

PART I
Investigations of animal physiology in microgravity

The research program has been developed to incorporate
proposals by Russian scientists as well as international
partners. It has been reviewed and approved by the
Russian Academy of Sciences Cosmos Council. The major
objective of the investigations is to decipher the mechanisms
of gravity perception, pathways of signal processing and
transfer as well as changes in the structure and function
of executive organs at the level of gene expression, post-
translational protein modifications, and their manifestations
in the mammalian organism as a whole.

This objective can be reached through the use of an
adequate animal model. In other words, molecular and
cellular biology methods can be best applied to the animals
whose genome and proteome are described in detail and
whose populations prove to be highly syngeneic. In addition,
existing life support systems need to be able to sustain
the experimental animals with respect to their behavioral
patterns, motor activity and nutrition requirements.
Laboratory mice Mus musculus C57BI/6 seem to be close

Scientific equipment for studying gerbils “Counter-BM”

to the optimal choice. Moreover, C57BI/6 mice have been
successfully used in a few space biology experiments.

The goals of «Bion-M» Ne 1 experiments on mice can be
formulated as follows:

+ To continue studies of physiological adaptations to long-

duration spaceflight effects (up to 30 days), concentrating
on gene and molecular mechanisms of graviperception
of various physiological systems;
To investigate cellular and molecular changes in various
tissues and organs, including changes in intracellular
signaling pathways, patterns of gene expression and
post-translational protein modifications after long-duration
space flight using advanced research technologies;

* To focus on molecular-biological and physiological
foundations of animal behavior and motor activity with
the purpose of identifying potential mechanisms of motor
disorders in microgravity;

» To compare molecular-biological changes in real flight
with behavioral and functional changes at an acute stage
of animal readaptation to Earth’s gravity;

+ To study regenerative systems in microgravity.

«Bion-M» Ne 1 will carry 45 mice located in three habitats
(MLZh-01), i.e., 15 specimens per habitat, each containing
five cages with three animals per cage. During flight the 12
hour/12 hour day/night cycle will be maintained. Paste-like
diet made of cereals and enriched with vitamins, minerals
and water will be pumped 6 times a day into food bowls
placed in each cage. Video recordings of animals will be
made every 2 hours. In addition, blood pressure will be
recorded in 5 mice.

«Bion-M» Ne 1 will also carry 8 Mongolian gerbils Meriones
unguiculatus. In comparison with rats and mice, gerbils are
more resistant to unfavorable environments and can long
survive without water; their small size (an adult specimen
weighs about40-50g) enables themto be housedinahabitat
of lower mass and dimensions. In summary, gerbils may
serve as suitable specimens for morphological, metabolic,




HAYYHbIN MPOEKT «B/IOH-M>» Ne1

HL PO - UMBI PAH

YTO UCMONb30BaHNE NECHAHOK B MOSMETHbIX 3KCMEPUMEH-
Tax BMosfiHe onpaBgaHHo. B 12-cyTOYHOM akcnepuMmeHTe
Ha 6opTty KA «®oToH-M» Ne 3 6bino nccnegosaHo Bhu-
sIHUe HEBECOMOCTU Ha CTPYKTYPY U (PYHKLUMIO OpraHoB 1
TKaHeW MOHTONbCKOW necyaHku. MMonyyeHbl n onyonmko-
BaHbl YHUKanbHbIE MaTepuarnbl, CBUOETENbCTBYHOLLME O
DOoNbLIOM 3HaYeHUM cneumndukn U3MEHEHUIN BOAHO-CO-
neBoro obMeHa B OpraHu3mMe B pasBUTUM rpaBUTALMOH-
HO-3aBMCUMMbIX U3MEHEHWI B APYrMX OpraHax M TKaHsX.
[NOHATHO, YTO B MHTEPECaxX KOCMUYECKOW MeAUNLNHbBI He-
obxoanmo nony4nTb AaHHble O 3aBMCMMOCTU BbIpaXKeH-
HOCTU U3MEHEHUIA B OpraHnu3me OT ANUTENbHOCTM norneTa.
Mpeanonaraetcs, 4YTo aTa 3agadva OyaeT peLleHa B NoneT-
HOM 3KcnepumeHTe anutenbHOCTbio A0 30 CyTOK nyTem
CpaBHEHUA pe3yNbTaToOB UCCEQOBaHWUIA C TEMU, YTO Obinn
nonyyeHbl B 3KCNEpPUMEHTE C necyaHkamu nocne 12-cy-
To4HOro nomneta Ha KA «®otoH-M» Ne 3.

Hapsigy ¢ aTum, B 9KCNEpPUMEHTE C MOHIOMbCKUMMK Mec-
YaHkamu B npoekTte «buoH-M» Ne 1 nnaHupyetcsa Takke
peLwwnTb criegyroLime 3agayn:

* [pogomKMTE MCCreaoBaHUsl MEXaHW3MOB pPa3BUTUS
N3MEHEHWNN CTPYKTYPbl U OYHKLUUN OpraHoB U TKaHeWn C
NCMNONb30BaHMEM TPALANLMNOHHBIX 3KCMEPUMEHTANbHbLIX
METOA0B N METOA0B, OCHOBAHHbIX HA HOBEWLLINX UCCIe-
O0BaTeNbCKNX TEXHOMNOTUSIX.

* [NpoaHanuanpoBatb OCOOEHHOCTUM CTPYKTYPHO-QOYHK-
LUMOHArmNbHBIX M3MEHEHWMN CUCTEMbI BOOHO-CONIEBOrO
obmeHa y necyaHok B ycnoBusix 30-CyTOMHOIO KOCMM-
YecKOoro nornerta M COnocTaBuTb MOMyYeHHbIE AaHHble
C pesyrnbsratammn uccneaoBaHuin B 12-CyTOMHOM nosnete
cnyTHuKa «PoToH-M» Ne 3 ¢ uenbio BbIICHEHNST 3aBU-
CUMOCTU BO3HMKAIOLLMX U3MEHEHUA OT ANUTENBHOCTU
nonera.

» ConocTtaBnTb BbIPaXEHHOCTb M3MEHEHWI B OpraHax
N TKaHSIX NOA4 BMAMSIHUEM HEBECOMOCTM Y MECYaHOK U
KpbIC (MO AaHHLIM NpeabIayLLNX UccrefoBaHuii Ha 6uo-
cnyTHUKax cepun «BuoH») n, ¢ yuetom ocobeHHocTel
BOOHO-CONEBOro 0bmMeHa B opraHu3mMe nec4aHok, npoa-
HanM3MpoBaTb 3Ha4YeHMe cneumdurkn BogHO-CONEBOTO
obmeHa B aganTauMoHHbIX npoueccax B Apyrnx dounsm-
ONOrMYECKNX CUCTEMAX.

B nonete 6uocnytHuka «buoH-M» Ne 1 necuyaHkun B
Konudectee 8 ronoB GyayT pasmelleHbl B Hay4YHOM an-
napartype «KoHTyp-BM», KoTopas npepcTtaensieT cobow
rEPMETUYHBIN MOAYINb C aBTOHOMHOW CUCTEMOW XXWU3He-
obecneyeHnsi. CBETOBOWN PEXMM B KIETKE C XXMBOTHBIMU
— 12 yacoB — AeHb, 12 YacoB — HOYb. [11s1 KOPMMEHUS K-
BOTHbIX W3roTOBMEHbI OPUKETLI, CoAepXKallne 3epHOBbIE
KynbTypbl, OBOLK, (OPYKTbl N Apyrue OobaBku, BKYas
Body. B oHeBHOe BpeMs cyTok OyaeT npoBOaANTLCS BUAEO-
pervcTpaunsi NoBeAeHWs XXNBOTHbIX.

OO6wupHasas nporpamma uccnegoBaHun MopdodyHK-
UMOHamnbHbIX ajantaumi K YCroBWSAM HEBECOMOCTU
Oyoer Takke peanmsoBaHa Ha sllepuLax-TekKoHax
Chondrodactylus turneri Gray. Manble pa3mepbl, BbIHOC-
NNBOCTb M OTHOCUTENbHAsS HEMPUXOTIIMBOCTL K YCNOBUAM
CoOepPXXaHusa OenaeT reKKOHOB MpuBrekaTenbHblM 00b-
€KTOM UuccregoBaHuii B KocMudeckmnx nonetax. OcobeH-
HOCTb F€KKOHOB COCTOMT B TOM, YTO OHW B YCINOBUSIX HEBE-
COMOCTMU, KaK nokasanu akcnepumeHTbl B nonete KA «®do-
ToH-M» Ne 3, MOryT CoxpaHsiTb eCTECTBEHHOE MONOXEHME
B NpOCTpaHcTBe briarogapsa cnocobHOCTU NPUKPENATHCS
nanamum K nobon NoBepxHOCTM HE3aBUCUMO OT BEKTopa
CUIbl TSHKECTW.

B nonete rekkoHbl ByoyT HaxoauTbCA No 5 ocobeli B Tpex
KOHTenHepax, BXxogswmx B coctaB annapatypbl MITDK-01.
B KoHTenHepax Oymer nogdepxuBaTbCsl ONTMMAsbHbIN
TemnepaTypHO-BNaXXHOCTHbIA PEXMM, OCBELLEHVE OEHb —
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HOYb, aBTOMaTMYECKOEe KOPMIIEHWE U BUAEOChEMKA NOBe-
OEHUSA XXUBOTHBIX.

C uenbio BbIABMEHUA W3MEHEHWUA TPaBUYYBCTBUTEMb-
HOCTW OpraHu3ma B LIefioM, OTAeNbHbIX HEPBHbIX BOMO-
KOH M peLenTopoB B 3KCMEPUMEHTaxX Ha OUOCMyTHWKe
«BrnoH-M» Ne 1 6yayT ncnosnb3oBaHbl BUHOrpagHbIe YnnuT-
kn Helix pomatia Linnaeus — knaccmnyeckme o6bekThbl 4ns
nccneqoBaHuii NOBeAeHNA U BO30yaAMMOCTY rpaBupeLen-
TOpOB cTaToumMcTa (aHanor BectubynspHoro annapata). B
nonete ynuTkv ByoyT HAXOAUTLCS B ABYX BEHTUITUPYEMbIX
KoHTenHepax Bb-1M. NoBeaeHyeckme TecTbl € perncTpa-
LUMen aneKkTpogr3nMonormyeckmx nokasaTenen peakumu
cTaTouucta Ha M3MeHeHWe MONOXEHWs Tera YynNuTku B
npocTpaHcTBe ByoyT NpoBOAUTLCS B Nepuod peaganTta-
LM nocrne OKOHYaHuA noneTta.

- — ..L e _
[eKKOH 1 KoHTepiiHep Ans ux nNpebbiBaHWs B KOCMOCE (B COCTaBe Hay4Hou annapatypel MITHK-01)
Gecko and container for their staying in space (is a part of the scientific equipment MLZH-01)

Kocmuyeckuin akBapuym Ans akcnepumenta «Omeraxab».
Space aquarium for the experiment “Omegahab”.
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physiological and other investigations. It is therefore
believed that gerbils housed in adequate habitats can be
successfully used in spaceflight experiments. Studies of
the structure and function of various organs and tissues of
gerbils flown on Foton-M3 for 12 days produced important
data, which showed that water-electrolyte changes could
impact gravity-dependent modifications in other systems.
Obviously, itis important to understand whether the changes
seen will vary as a function of flight duration. This is why it
will be of great importance to compare the findings from the
30-day and the 12-day experiment.

The objectives of the «Bion-M» Ne 1 experiment on
Mongolian gerbils will be as follows:

* To continue studies of chronic changes in the structure
and function of organs and tissues using both traditional
methods as well as novel advanced techniques;

+ To identify water-electrolyte changes after the 30-day
flight in comparison with those seen after the 12-day
flight;

» To compare microgravity-related changes in gerbils and
rats (observed in previous Bion flights); considering
gerbil specific metabolism, to examine the effect of water-
electrolyte changes upon other physiological systems.

The gerbils will be housed in an enclosed Kontur-BM
habitat equipped with its own life support system. During
flight the 12 hour/12 hour day/night cycle will be maintained.
The animals will be provided with food bars made of cereals,
vegetables, fruit and other supplements, including water.
Video recordings will be performed during the daytime.

Study of structural and functional adaptations to the effects
of microgravity will also be conducted on lizards, i.e. geckos
Chondrodactylus turneri Gray. Foton-M3 experiments
showed that geckos could remain adhered to the walls of
their habitat in microgravity, which together with their small
size and moderate environmental requirements make them
suitable for space biology studies. «Bion-M» Ne 1 will carry
3 habitats each containing 5 specimens, in which adequate
temperature, humidity, lighting and food supply will be
maintained.

«Bion-M» Ne 1 will also carry two BB-1M units containing
snails Helix pomatia Linnaeus that are classical specimens
used to study the statocyst, a balance sensory receptor
which is an analog of the vestibular apparatus in mammals.
Snail behavioral tests and electrophysiological responses
of the statocyst to changes in the spatial position of the
specimens will be performed after flight.

Hayunas yctaHoBka «Omeraxaby», obLuii Bua.
Scientific plant “Omegahab”, general view.

Hayunas annapatypa ans usydenusi moiwen «<6MOC MIDK 01»
Scientific equipment for studying mice “BIOS MLZH 01”
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YACTDb Il
Buonoruyeckue uccrnenoBaHus
Ha MUKPOOPraHM3Max U PacTeHUAX

B nocnegHue rogbl B KoCMU4YeCKOW GMOMOrMM OCHOB-
HOEe BHMMaHWe yaensieTcs UCCneaoBaHUD MexaHM3MOB
CTPYKTYPHO-(OYHKLUMOHANBbHBIX M3MEHEHMI Ha KINeTo4-
HOM N MOIEKYNSIPHOM YPOBHSIX, BO3HWKAIOLWMX B YCIIO-
BUAX HeBecoMOCTU. MHTeHCUuKauum Takux mccneno-
BaHMWI CNOCcobCTBYET NOSIBNEHNE COBPEMEHHBIX METOLOB
MOSEKYNAPHOM OMoNornm, NO3BONSOWNX NOEHTUDULM-
poBaTb reHbl B Pa3nNuyHbIX KNeTkax u nayyars Mmogudum-
KauMIo MX 3KCMpeccumn B pesyrnbraTe BnaHMS hakTopoB
noneta. PaspaboTaHHas nporpamma npegycmarpuBaeT
NnpoBefeHNe 3KCMEPUMEHTOB C KyNnbTypaMu MUKpOOpra-
HN3MOB U MUKPOOHbLIMUK accoumaLmsiMi, a Takke C BbiC-
LWMMW PACTEHUAMU HA FEHETUYECKOM M MOJIEKYIISIPHOM
YPOBHSAX A8 peLLeHNs 3afady NiaHeTapHoro KapaHTuHa,
acTpobuonorum, KocMm4eckon Guonorun n BUoTEXHOIo-
rn, pereHepaTmMBHbLIX CUCTEM XM3HeobecneyeHus.

OTOT pasgen nporpamMmmbl UMEET NSATb Pas3NUYHbIX Ha-
npaeneHuin yHaamMmeHTanbHbIX U NPUKNagHbIX MCCneqo-
BaHWIA:

1. ViccnepoBaHns B MHTepecax actpobuornornn (Bo3-
MOXHOCTb COXpPaHEHUS KU3HEHHOW aKTUBHOCTU TepMO-
YCTONYMBBLIX MUKPOOPraHW3MOB W JIULLIANHUKOB B MUHE-
panax npu 3KCNo3uuumM B OTKPLITOM KOCMOCE), a Takke
nccnegoBaHne CTabunbHOCTM MUKPOGHBIX accounauunn
B €CTECTBEHHbIX YCMOBUSIX.

2. ViccnepoBaHne OMONorMyeckmx CBOMCTB MUKpoopra-
HM3MOB, 3KCMOHUPOBAHHbLIX B YCMOBUAX OTKPbLITOrO KOC-
MOCa, U BO3MOXHOCTM COXPaHEHUs XXM3HECMOCOBHOCTH
TEPMOMUIbHBLIX KYMbTYp MpU NPOXOXOEHUM UX MUHe-
parnbHOro HocUTensi Yepes NIoTHbIE CNoW aTMocdepbl.

3. OueHka BnusAHMA (GaKTOPOB KOCMWYECKOro noneta
Ha BGuonornyeckme CBONCTBA HEKOTOPbIX OMOTEXHOMOIMM-
YEeCKM LeHHbIX KynbTyp.

4. OueHka ahpeKTUBHOCTM MUKPOBHOM AEKOMMO3NLIMM
opraHu4eckux cybcTpaToB B YCOBUSIX KOCMUYECKOTO Mo-
nerta.

5. WccnepgoBaHne BnusHUSA GakTOPOB KOCMMYECKOro
nporneTa Ha CBOMCTBA BbICLUMX PACTEHUIA.

Mpegnonaraetcs pewnTb crieqytoLme 3aaadu:

* OueHnTb 0COBEHHOCTN pekoMbUHaLMM reHOB CTpen-
TOMULET M 4acTOTy MNepefayn 3KCTPaXpPOMOCOMHbIX
HaKTOpOB HAaCNeaCTBEHHOCTM.

* M3yunTb MNpoaykumio  aHTUBMOTMKOB  KynbTypamu
CTPenToMMULET.

* N3y4nTb NM30reHHbIe CBONCTBA CTPENTOMULIET.

* V3yunTb BNusiHWe pakTOpOB KOCMWYECKOrO MorieTa Ha
Guonormyeckune CBONCTBa MMKPOOPraHM3MOB, B TOM YMC-
ne B coCTaBe uccneayeMblix 06pasLoB NOYBOrpyHTa.

OKcneprMeHTbl Mo AaHHOMY pasfeny nporpammbl 6y-
AyT NPOBOAUTLCA B TEPMOCTATMPYEeMbIX KOHTEHepax, a
Takke B annapatype, koTopasi byaeT ycTaHOBMeHa BHY-
TPY U CHapy>u KOCMUYECKOro annapara.

10

JkenepumeHT «MeTeopuT» (6asanst ¢ Guomatepmanamu BHyTpU obpasua
Experiment “Meteorite” (basalt with biomaterials in the sample)

i ks 41
Moarotoska akcnepumeHTa «MeTteoput»
Preparation of the experiment “Meteorite”

)
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PART Il
Biological investigations of microorganisms and
plants

In recent years particular attention has been given to
studies of changes at the cellular and molecular level.
Progress in these studies has been achieved thanks to
the use of advanced molecular biology techniques that
help identify genes in various cells and examine their
expression modifications in response to spaceflight
effects. Due to this, the «Bion-M» Ne 1 science program
includes experiments on microbial cultures and microbial
associations as well as higher plants at the genetic and
molecular level that will facilitate further developments
in planetary quarantine, astrobiology, space biology
and biotechnology, as well as regenerative life support
systems.

The program encompasses five areas of fundamental

and applied research:

» Perform astrobiology-related investigations to see
whether thermophilic microbes and lichens in minerals
will remain viable after exposure to open space and
whether microbial associations will remain stable in
natural loci

» Examine biological properties of microbes exposed
to open space and study the viability of thermophilic
cultures after their mineral carriers penetrate dense
layers of Earth’s atmosphere

+ Identify spaceflight effects on biological properties of
selected biotechnologically valuable cultures

BBepxy: nnara nonesHomn Harpy3ku
(MMH) ¢ ycTaHOBNEHHbLIM M3nenvem
«MeTeopuT».

CrieBa: OHa e, YCTaHOBNEHHAs Ha
crnyTHUKe «BroH-M» Ne 1.

Above: board with installed “Meteorite”.
Left: it is installed on the satellite
«Bion-M» Ne 1.

+ Evaluate the efficacy of microbial decomposition of
organic substrates onboard the biosatellite
* Investigate spaceflight effects on higher plants.

It is planned to address the following issues:
» Study gene recombinants of Streptomycetes and
transfer rates of extrachromosomal hereditary factors
* Determine antibiotic production by Streptomycete
cultures
» Examine Streptomycete lysogenic properties
* Investigate spaceflight effects on microbial properties,
including those of soil microbes.
The pertinent experiments will be performed in
temperature-controlled containers located inside the
spacecraft or on its outer walls.

Mnata nonesHoit Harpyaky (MMH) ¢ ycTaHoBNeHHoON HayyHo annapaTtypoit «AbuoreHes» (06-
paseL| oprcTekna ¢ 6ruomatepuanamu, HaHeCEHHBIMU Ha ero MOBEPXHOCTb) U «Dk3061odpocT»
(oBpasLibl Mep3noTHbIX rpyHTOB). Cnesa — 3D-moaenb, cnpaBa — pearnbHblii obpasel.

Board with installed scientific equipment «Abiogenesis» (pattern Plexiglas with biomaterials
deposited on the surface) and «Exobiofrost» (samples of frozen soil). On the left - 3D-model,
of the right - the real sample.

Th iy LT e R ¥ et e et

Beepxy: nnata nonesHon Harpysku (MMH) ¢ yCTaHOBMEHHLIMKU NAcCUBHLIMW AETEKTOpaMU
«Bpafos», BHYTPY KOTOPLIX pacnonaralTcs GUo0GbEKTLI, He TPebytoLLve Noaaep)aHNs Ku3-
HE[lenTeNbLHOCTU B MOrETe, a Takke TEPMOMIOMUHECLEHTHBIE U TPEKOBbIE AETEKTOPbI.
Above: The board with installed passive detectors «Bradoz» (inside there biological objects
that do not require life support in flight, as well as thermoluminescent and track detectors.
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HAYYHbIN MPOEKT «B/IOH-M>» Ne1

HL PO - UMBI PAH

YACTD il
BuoTexHonornyeckne nccnepoBaHus

Ponb GrnoTexHonornv B pasnmyHbIX OTPachsiXx 3KOHO-
MUKM (B 0COOON Mepe B 34paBOOXPAHEHUN, CENbCKOM
XO35MCTBE M OXpaHe OKpyXalLllen cpebl) HenpepblB-
HO BO3pacTaeT, U uccrnegoBaHns, NPOBOAMMbIE B KOC-
Moce, MOTYT NMPUHECTU CYLLECTBEHHbLIA 3KOHOMUYECKUIA
achbdekT, NoaTtoMy BGUOTEXHONOINS ABMAETCA OOHOW M3
WHTEHCUBHO pPa3BMBAIOLUXCA OTpacrien KOCMUYECKMX
nccneaoBaHUn. OKCNEPUMEHTbI, NPOBOAMMBIE NPU BO3-
OEVCTBUN pasnnyHbIX (DaKTOPOB KOCMUYECKOro norerta
(MVKporpaBuTaumsi, MOHU3MpPYIOLWAs paguaunsi, 3rek-
TPOMarHMTHOE M3MNy4YeHne, BaKyyMm), MO3BOMSHOT rIy6-
Xe NOoHATb PyHAaMeHTanbHble Pr3n4eckue npoLecchol,
BrusitoLimMe Ha aPPeKTUBHOCTb BUOTEXHOMOMUNIA, NpUMe-
HsieMbIX Ha 3emre.

[MnaHupyeTca NpoBecTn psa 3KCMEPUMEHTOB, 3afjava-
MU KOTOPbIX ABNSAOTCA:

* M3ydeHue BNUSHUSA (PAKTOPOB KOCMMYECKOro noseta

Ha AEeKOMMO3ULMI0 OPraHNYecKoro matepunana;

* M3y4YeHUEe XMMUYECKOIOo COCTaBa pacTeHun (NnogoB
pacToponLn NATHACTON, CEMSIH NMMMOHHMKA KATaNCKO-
ro, CEMsiH MEJIMCCbl NIEKapCTBEHHOW) C aKLUEHTOM Ha
Guonormyeckn akTMBHbIE COEAMHEHNS U OLIEHKA N3Me-
HEHMS NX COCTaBa U YPOBHSA codepkaHusi bmonormye-
CKM aKTUBHbIX BELLLECTB Nofg BO3oencTanem haktopos
KOCMWYECKOro nonerta;

* M3y4eHne NpoLEeCcCOoB BblpallMBaHus Kpuctannos ben-
KOB MEeTogaMu XUAKOCTHoM andbdpysnm n guddysnm
13 ra3oBou cpefpbl;

* n3ydeHne ocobeHHOCTEN pasBUTUS PasfMYHbLIX MU-
KPOOPraHn3MoB — NpoayLIEHTOB BUOMOrMYeckn akTuB-
Hbix BewecTB (BAB).

Ons npoeseneHna 3Tnux 3KCNepmmMeHTOoB Oblna cneumn-
alibHO pa3pa60TaHa YHUKanbHasaA annaparypa.

|
|

MoaroToBka Hay4How annapatypbl « BUOKOHT-B»
Preparation of the scientific equipment «Biokont-B»
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YACTb VI.

UccnepgoBaHue paguobunonornyeckunx achdekron
M BMoNornvYeckn 3HaYMMbIX XapaKTEPUCTUK
KOCMMUYECKOro MOHU3UPYHOLLEro U3nydyeHus

Llenbtlo nccrnegoBaHuii No gaHHOMY pasgeny HayvyHoum
nporpaMmbl SBASETCA W3y4YeHue Ouonormyeckn 3Ha-
YUMbIX XapakTEPUCTUK KOCMUYECKOrO0 WOHU3UPYIOLLETO
n3ny4yeHnsi 1 aeKToB ero Bo3nencTeus Ha 6Moobbek-
Tbl B YCIOBUSIX OTKPbITOrO NPOCTPaHCTBa U BHyTpW Buo-
CNyTHWKa, a TaKkKe uccrnegoBaHue u oTpaboTka HOBbIX
METOAOB U CPEACTB KOCMUYECKON O03MMETPUM Ans nx
nocrnegyoLwero NpUMeHeHUsT B NEPCNEKTUBHBIX KOCMU-
yeckux nonertax. lNpegnaraemele nccrnegoBanHnst Ha Gruo-
CNyTHWKE HanpasneHbl Ha NoryYeHne HOBbIX 3HAaHMIM Kak
B hbyHAaMeHTanbHbIX 0bnacTsax Hayku - paguobuonorum,
KocMuyeckon u3nkn, Tak U B NpuknagHonm obnactu -
paavaLnoHHON 6e30nacHOCTM MUITOTUPYEMbBIX KOCMUYe-
CKWUX MONEeTOoB.

O6opynoBaHue, ycTaHOBMNEHHOE Ha BruocnyTHKke, obe-
CMEeYnBaAET LUMPOKME BO3MOXHOCTU MPOBEAEHMSA paana-
LMOHHO-PU3MNYECKMX U PaamnobMONorMyeckmx aKkcnepu-
MEHTanbHbIX MccreqoBaHui. Tak, BHyTpU GuocnyTHUKa
B YCNOBMSAX 3aLUULLEHHOCTM, aHanorM4HbIX obutaembiMm
oTcekaM NUNOTUPYEMBIX KOCMUYECKMX annapaTos, OyayT
n3yyaTbCs XapaKTEPUCTUKM Kak NepBUYHOro, TaK 1 BTO-
PUYHOrO KOCMWYECKOrO M3MNy4YeHUs, BO3HUKAIOLWEro npu
B3aMMOOENCTBUUN N3MYHEHUS C MaTepuanamMmm KOHCTPYK-
unm GruocnyTHuKa. MNpw aTom ByayT oueHMBaTLCS paamo-
ouornorudeckmne acpdekTbl.

Ha BHelLHen noBepxHOCTU GUOCMYTHMKA B chneuuasnb-
HbIX KOHTEHepax Hay4How annapatypbl (KHA) obecneuu-
BaOTCH YCIOBUSA OTKPbITOrO KOCMUYECKOIO NPOCTPaHCTBa,
YTO NO3BOMSET M3yyaTb Omonornyeckme acpdekTbl HU3KO-
3HEPreTU4eCcKoro KOCMMYECKOro MOHN3UPYIOLLIETO U3nyye-
HWUS1 U ero pagnaLnoHHO-PU3NYECKNE XapaKTEPUCTUKN.

3aknioyeHue

Peanusauma nporpaMmbl Hay4HbIX WCCReoOBaHWUA B
ONUTENBHOM NoreTe KOCMUYECKOro annapara (éuocnyT-
Huka) «buoH-M» Ne 1 gomkHa cTaTb HOBbIM 3TanoM Ha
NyTU MO3HAHUA MEXaHW3MOB AEWCTBUS (PaKkTOpOB KOC-
MUYecKoro norieTa, npexae BCero HeBeCOMOCTM, Ha
XMBbIE CUCTEMbI, B MEPBYIO O4Yepeb Ha OpraHu3M mre-
konutatowmx. MNpoekt «brnoH-M» Ne 1 6yger nepBbimM B
psay HameyeHHbIX B XX| Beke NoneTtoB pOCCUNCKUX aB-
TOMATMYECKMX KOCMUYECKUX anmnapaTtoB C MpOrpaMMoMn
MeanKo-OMONornYecKUx NCCNeqoBaHuin.

3D-Mogenb Hay4HoM annapaTypbl «PparmeHTep»
3D-model of the scientific equipment «Fragmenter»



SCIENCE PROJECT «BION-M» Ne1

SSC RF - IBMP RAS

PART Il
Biotechnological investigations

The contributions of biotechnology to such areas
as public health care, agriculture and environmental
protection become more and more important; therefore,
relevant space research may yield significant economic
benefits. Pertinent experiments that address the effects
of microgravity, ionizing radiation, electromagnetic
radiation, and space vacuum help gain better insight into
such physical phenomena as sedimentation, buyoancy,
gravity-dependent  convection and, consequently,
increase the efficacy and efficiency of biotechnology
methods used on Earth.

With respect to biotechnology, it is planned to carry out
the following:

* To study spaceflight effects on organic matter

decomposition

+ To study plant chemical compositions (fruits and seeds

of milk thistle, garden melissa and Chinese magnolia-
vine), focusing on their biologically active compounds
and their changes in the space environment

* To study protein crystal growth using fluid diffusion and

gas diffusion methods

* To study various microorganisms-producers of

biologically active compounds.

The above experiments will be performed using custom-
made hardware.

Mnatbl nonesHoiw Harpyskn C yCTaHOBMEHHbIMU MACCUBHbLIMW AETEKTOpaMn pagnaunmoHHOro
N3nyyeHus.
Boards with installed passive radiation detectors.

Mnata nonesHon Harpysku C yCTAHOBMEHHOW annapatypoi Ans akcrnepumeHta «KAPBEOH»
(HaTypHble nccnefoBaHWst KOMNMEKCHOro BO3AeNCTBUS hakTOPOB KOCMUYECKOro rnoseTa).
Board with installed equipment for experiment «Carbon» (field research complex effects of
space flight).

PART VI
Radiobiological effects and biologically significant
parameters of cosmic ionizing radiation

The objectives of «Bion-M» Ne 1 experiments in this
area are to study biologically significant parameters
of cosmic ionizing radiation and its effects on various
specimens inside and outside the spacecraft, as well
as to develop new methods of radiation dosimetry that
can be used in future space missions. The proposed
experiments will help accumulate detailed knowledge in
both theoretical and applied sciences, i.e., radiobiology
and space physics, as well as in radiation safety of
manned space missions.

The onboard equipment will allow a large number of
radiation physics and radiation biology investigations.
Among other things, it will make it possible to
concentrate on both primary and secondary cosmic
radiation resulting from primary radiation interactions
with structural materials located in the biosatellite areas
shielded similarly to the habitable modules of manned
space vehicles.

The biosatellite will carry containers located on its outer
walls to allow the study of the radiobiological effects of low-
energy cosmic ionizing radiation and its characteristics
in outer space. Analysis of radiation-induced changes
in various biological specimens will help identify major
areas of radiobiology research in an environment that
cannot be simulated on the ground.

Conclusion

Implementation of the «Bion-M» Ne 1 science research
program will be a significant contribution to our knowledge
of the effects of the space environment, particularly
microgravity, on living systems, including mammals. The
«Bion-M» Ne 1 project will be the first in the series of
missions of Russian unmanned space vehicles dedicated
to biomedical investigations to be accomplished in the
21st century.
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HAYYHbI MPOEKT «BUOH-M» N1

HLU PO - MUMBIN PAH

HayuyHas annapatypa, yctaHOBIIeHHasA B KOCMU4YeCcKOM annaparte «bnoH-M» Ne 1

Ne | HaumeHoBaHue HasHauyeHue Paspabotumk

1 KOHTYP-BM lMpoBeaeHne SKCNepuMEHTOB Ha NecyaHkax B yCnoBuax kocMmuyeckoro | FHLU P® — MBI PAH
nonerta. (3A0 CKB 30 npu MBI PAH)

2 MJTXK-01 MpoBeaeHne GUOMeoULIMHCKMX MCCreaoBaHui Ha mMenkux nadoparop- | FHU P® — UMBMN PAH

(Ne 1, Ne 2, HbIX >XMBOTHBbIX (MbILIAX) U FTEKKOHAxX B YCIOBUSAX KOCMUYECKOro nonetau | (Pryn CKTB «Buoduanpu-
Ne 3) nony4eHne HOBbIX AaHHbIX MO PyHAaMeHTanbHbIM Npobnemam kocmude- | 6Gop» ®PMBA Poccui)
CKOW W rpaBuUTaLMOHHON Bruonoruu.

3 BEJIKA MpoBeneHne 3KCNEPUMEHTOB Arsi BbipalLMBaHWUsS KpUCTanioB GenkoB | dunuan
METOAOM >XUOKOCTHOM Anddy3mmn n Anddyanm ns rasosom cpeabl. Oryn «U3HKN»-HUUCK

4 BUOKOHT-B lMpoBeneHne uccnegoBaHUn BAMSAHUS pakTopoB KocMudeckoro noneta | ryn UHUMarw
Ha XWU3He4eATEeNbHOCTb U NPOAYKTUBHYIO aKTUBHOCTb MUKPOOPraHU3MOB
M Ha eCTeCTBEeHHbIN cybcTpar.

5 ®PAFMEHTEP | [MonyyeHve Grvomacchl MMKPOOPraHM3MOB M GMOMNorMyeckn akTvBHbIX Be- | THL, PO — MBI PAH
wectB 6e3 BHECEHUs] JOMOMHUTENBHBIX MHIPEAMEHTOB WM MpUHyauTenbsHoro | (OO0 HIMM «BuoTexCucy)
yOaneHvs npoayKToB MeTabonmama B YCroBUsX KOCMUYECKOrO nonera.

6 RIBES MpoBeaeHne Gronornyecknx nccnegoBaHuUn. Kaizep-Utanus

7 OMEFAXAB MpoBeaeHne aKCNeEPUMEHTOB C TMAPOBMOHTaMIN 1 ManbIMU LUKMOBLIMU | Kaitzep-Tpeae
pbibamu B BOOHOM Cpefe B YCIOBUSAX KOCMUYECKOTO MnorneTa.

8 FPABUTOH PelwweHre 3agayn onepaTtMBHOMO aHanmMsa MUKPOrpaBUTALMOHHON 06- | CTAY
CTaHOBKW Ha BOpTy KOCMUYECKOro annapaTtpa.

9 BUOUMIE- MonyyeHne HOBbIX HayYHbIX AaHHBIX O MOPMOMYHKLMOHANBHOM COCTOS- | CTAY

OAHC HWUM KyNbTYp KMETOK B YCNOBUSX KOCMUYECKOro noreTta nyTeM MOHUTOPUHra
BuonmneaaHCHbIX XapakTePUCTUK NMPOOLI KynbTyp KIETOK.
ABTOHOMHas Hay4Has annapatypa (BHyTpu CA)

10 BUOKOH lMpoBeaeHne 3KCNepnuMeHToOB B KOCMOCE, CBSA3aHHbIX C POCTOBLIMU NPo- | Kaiisep-VTanus
ueccamu bronormyecknx o6pasLos.

1 BUOTPEK-TQ OnpepeneHne oTHocUTeNbHOM Guonormdeckon 3dEKTUBHOCTU BO3- | MHL P® — MMBIM PAH
OENCTBMSA MOHU3MPYIOLLEro 00ny4YeHust Ha SKCrepuMMeHTanbHble MUKPO- | (OAO «Buoxummalu»)
OpraHu3mbil.

12 BB-1M MpoBeaeHne GUONOTMYECKUX IKCMEPUMEHTOB ANA U3ydeHuss BnvsaHuA | FTHL PO — MUMBMN PAH
HEBECOMOCTW Ha XMBble CUCTEMbI Pa3NMNYHbIX YPOBHEN 3BOMIOLIMOHHOTO
pasBuUTUS.

13 H%:LVQAE?P MposeaeHve pagnaunoHHO-PU3NYECKNX U paamobnonorMyecknx akcne- FHU P® - MMBM PAH
PUMEHTOB B YCMOBUSIX KOCMUYECKOro noneTa.

14 cng r'HY P — MBI PAH

15 dUTO MpoBeneHne aKCNEPUMEHTOB C pacTUTEnNbHbIMKM ObbekTamu ¢ Lenbto | CamrMy
U3yvyeHns BrMsHUS (akTopoB KOCMUYECKOro noneta Ha XMMUYECKUn co-
cTaB u (PU3Monormyeckoe CoCTosHMe MrodoB N CEMSH HEKOTOPbIX BbIC-

LUMX pacTeHU.
ABTOHOMHas Hay4Has annapaTtypa (cHapy»xu CA B KHA-B)

16 KAPBOH MpoBeneHve pagnaunoHHo-usndecknx, paguobronoruyeckmx, Guono- | Cray
rMYecKnx 3KCMepUMEHTOB, UCCreqoBaHNn PU3MKO-XMMUYECKUX CBOMCTB
06pa3uoB Ha OCHOBE CTPYKTYp kapbuga KpemMHMs B YCNOBUSX KOCMUYe-

CKOro nonera.
ABTOHOMHas Hay4yHas annapartypa (cHapyxu CA Ha T3 CA)

17 METEOPUT MpoBeneHvne uccnenosaHuii 6asansta ¢ 6Guomatepuanamm (cnopoob- | FHL PO — UMBMN PAH
pasyloLue KynsTypbl B TMOOUNN3MPOBaHHOM BUAE) BHYTPY 06pasLioB.

18 3K30BUOD- OKcnepuMeHTbI C NpobamMu rpyHTOB 13 BEYHOW MeP3NOoThl C Ucnonb3oBa- | CKB MKW PAH B koonepaumm

POCT 1 9K30MU- | HUEM KOHTEMHEPOB «QK300MOPOCT», 3aKpenneHHbIX B HApYXHOM aBTo- | ¢ FHL, P® — MBI PAH
Konorusa MaTUYECKOM KOHTENHepe.
19 ABUOIEHE3 CuvHTE3 NenTnAOB U HYKNeoTMAO0B B OTKPLITOM KOCMOCE. CKB MKW PAH B koonepauuu

¢ MHy P® — MBI PAH
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+
SCIENCE PROJECT «BION-M» N1 SSC RF - IBMP RAS
«Bion-M» Ne 1 Payloads: Their Use and Manufacturer
Ne Title Use Manufacturer
1 CONTOUR-BM Experiments on gerbils in space. SSC RF - IBMP RAS (CSJC
SDB EO at IBMP RAS)
2 MLZh - 01 Experiments on small laboratory animals (mice) and geckos. SSC RF - IBMP RAS (SKTB
(Ne 1, Ne 2, Ne 3) “Biophyzpribor” of FBMA of
Russia)
3 BELKA Experiments for growing protein crystals. Branch of FSUE “TSENKI”
— NIISK
4 BIOKONT-B Study of spaceflight effects on microbial activity and natural substrate. | FSUE TSNIIMASH
5 FRAGMENTER Study of microbial utilization of organic materials in space. SSC RF — IBMP RAS (JSC
SPE “BioTechSys”)
6 RIBES Biological investigations. Kayzer-ltalia, Italy
7 OMEGAHAB Biological experiments in the aqueous environment. Kayser-Threde GmbH,
Germany
8 GRAVITON Express analysis of the microgravity level. Samara Medical University
9 BIOIMPEDANCE | Study of the structure and function of cell cultures by monitoring their | Samara Medical University
bioimpedance.
Self-contained experiments (inside capsule)
10 BIOCON Study of growth processes in space. Kayzer-ltalia, Italy
1 BIOTREK-TD Measurement of RBE of ionizing radiation. SSC RF — IBMP RAS (OJSC
“Biochimmash”)
12 BB-1M Study of microgravity effects on snails. SSC RF - IBMP RAS
13 DOSIMETER SSC RF - IBMP RAS
RD3-B3 Radiation physics and radiation biology experiments.
14 SPD SSC RF - IBMP RAS
15 PHYTO Study of spaceflight effects on higher plants (seeds & fruits). SamGMU
Self-contained experiments (outside the SV in KNA-B)
16 CARBON Physical and chemical properties of silicone carbide structures. | Samara Medical University
Self-contained experiments (outside the SV on TZP SV)
17 METEORITE Study of basalt samples containing freeze-dried spore-forming cultures. | SSC RF IBMP RAS
18 EXOBIOFROST | Study of permafrost samples placed in the Exobiofrost container. Institute of Space Research
and & SSC RF - IBMP RAS
EXOMICOLOGY
19 ABIOGENESIS Study of peptide and nucleotide synthesis in space. Institute of Space Research
& SSC RF — IBMP RAS
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HAYYHbI MPOEKT «BUOH-M» N1

HLU PO - MUMBIN PAH

PykoBoacTBo npoekta «bnoH-M» Ne 1

¢yHKLIMOHaJ1beIe obsizaHHOCTH

[JonmxHoCTb

(o7 0]

HayuHbIi pykoBoauTenb nNpoekTa

W.0. 3amecTutensa anpekropa
no Hayke

CblueB Bnagnmup Hukonaesumy

3amecTuTenb Hay4HOro PyKOBOAUTENS NPOEKTa

[MaBHbIN HayYHbIA COTPYAHMK

WnbuH EBrennii AnekcaHaposuy

3amMecTuTernb Hay4HOro PyKOBOAMTENS MPOEKTOB B YacTu
co3faHus 1 akcnnyataummn 6opToBoi Hay4Ho annapartypbl

HavanbHuk komnnekca Mmas-
HOro KOHCTpyKTOpa — 3amecTu-
Tenb [MaBHOro KOHCTPyKTOpa

ApmaHoBa EBreHns HukonaesHa

3amecTuTenb Hay4YHOro pyKoBOAMTENsI MpoOeKTa B 4acTu
TNOMMCTUKK, TaMOXEHHOro obecneyeHnst U NOAroTOBKU MNo-
MELLIEHUIA.

3amecTutenb gupekTopa no
OpraHusaunoHHou paboTe u
pexumy

PomaHoB Anekcangp Hukonaesud

OTBETCTBEHHbIN UCTIOMNHUTENL PaBoT NO NPOEKTY, MeHe -
Xep npoekra.

3asepaytowmii nabopatopuen

Pakos [JeHnc BsuyecnasoBu4

OTBETCTBEHHbIN 3a pa3paboTky, MOArOTOBKY, COMPOBO-
XOEHUe 1 peanusaumio NporpamMmmbl UCCNeAOBaHNIA NO rpa-
BUTALMOHHON hn3nonormu.

3aseaytowmii nabopatopuen

LeHkmaH Bopuc CtruBoBuY

OTBETCTBEHHbIN 3a paspa60TKy, noAroToBky, COMpoBO-
XaeHue n peanusauumio Haqu0|7| nporpamMmmbl uccrnegosa-
HWUN Ha 6ECrno3BOHOYHBIX XMBOTHBbIX, MWUKpOOpraHmamax u
pacTeHudx, a TaKkke 3a NoaroTtoBKy U nposeneHue buorex-
HOJTOrM4YECKMNX 3KCMEePUMEHTOB.

3aBepyoLwnii oTAENOM,
3aBeqyowmi naboparopuen

MnbuH Bsayecnae KoHCTaHTMHOBMY

OTBETCTBEHHbIN 3a pa3paboTky, MOArOTOBKY, COMPOBO-
XOEHUe 1 peanu3aumio nporpaMmmbl pagnuobronormieckmx
nccneaoBaHun.

3aBepyoLwnii oTAENOM,
3aBeqyowmi naboparopuen

MeTtpos Bnagucnas Muxannosuy

OTBETCTBEHHbIN 3a pa3paboTky, MOAroTOBKY, COMPOBO-
XOEHUe U peanu3auuio Nporpammbl pagnaumMoHHO-PU3M-
YeCcKMx uccnegoBaHui

3aseaytowmii nabopatopuen

LWypwakos Bayecnas Anekcangposuy

OTBETCTBEHHbIN 3a peLUeHne BOMPOCOB 0bOMTaeMocTn
)KMBOTHBIX B KOCMUYECKOM MorneTe, opraHM3aumio 1 npose-
AeHne Ha3eMHbIX BMOMOro-TeXHNYECKMUX UCnbITaHN GopTo-
BOW Hay4HOW annapaTtypsbl.

3asepaytowmii nabopatopuen

CwmupHoB Uropb Anekceesny

OTBETCTBEHHbIN 3a 0TOBOP 1 NOArOTOBKY NecYaHoK, Nogro-
TOBKY W MpoOBefeHNe MOMETHOro aKCNepuMeHTa C necyaH-
KaMu, a TakkKe KOHTPOIbHbIX HA3EMHbIX 3KCMEPUMEHTOB MO
Hay4yHoun nporpamme «BuoH-M» Ne 1.

Beaywnii Hay4HbIN COTPYAHUK

Conpatos lNaBsen Sayapoosuy

OTBETCTBEHHbIN 3a OTOOP M NOAFOTOBKY MbILLEW, OpraHu3a-
LMIt0 UMMITaHTaLUMmM JaTYMKOB apTepuaribHOro AaBreHus], npea-
noreTHbIN OTGoP, NpoBeAeHe U3NONOMMYEeCKUX uccnenosa-
HWI B rpynne MbILLe, OCTaBINeHHbIX Ha peaganTauuio 1 obpa-
B0TKy pesynsraTtoB POCCUNCKO-OPaHLIY3CKOrO SKCNepUMEHTA.

CrapLunii Hay4HbI COTPYAHUK

AHpapeeB-AHapueBckuin AnekcaHap
AnekcaHaposuy

OTBETCTBEHHbIN 3a paspaGOTKy, npurotoeneHne n no-
CTaBKYy KOPMOB ONA MIieKonuTarLunx.

Beaywnii Hay4HbINn COTPYAHUK

lypbeBa Tamapa CepreeBHa

OTBETCTBEHHbIN 3a 06pa60TKy pes3ynbraTtoB nccnenosa-
HWUA OBUraTenbHOM akTUBHOCTM NECYAHOK U MbILLEeW B KOC-
MWUYEeCKOM nonete no AaHHbIM BMOeOoperncTpaumum n aHa-
N3 UBMEHEHUI apTepuarnbHOro AaBneHus Yy MbILLEN.

3aBepytoLas nabopartopuei

BuHorpagosa Onbra JleoHngoBHa

OTBETCTBEHHBIN 3a opraHusaumnio paboTt no nHdopmauu-
OHHOMY (COMPOBOXAEHUE canTa NpoekTa) 1 TenemeTpuye-
ckomy obecneyeHuio NpoekTa (Nprem 1 nepeaaydn AaHHbIX)

3amecTuTenb 3aBeayroLLEro
oTAEenoMm, HavanbHuk nabopa-
TOopUK

LyneHwH Anatonui MNasnosuy

OTBETCTBEHHbII 32 NOAFOTOBKY U pa3BePThIBaHME Ha Me-
CTe nocafku NoreBoii akcnepuMeHTanbHol naéopatopuu.

Beaywuii nnxeHep

Monsikos BukTtop Bacunbesny

OTBETCTBEHHbIN 3a OpraHM3aLmio paboTt no nponaraHae npo-
€KTa, COMPOBOXAEHMIO KOHTPAKTOB C 3apyOesxHbIMU crieuvani-
CTamw, 3aLLmTe UHTENMEKTYarnbHo COBCTBEHHOCTU NpoeKTa.

3aBeqyoLLMI OTAENOM

Benakosckui Mapk Camynnosuy

OTBETCTBEHHbIN 3a OpraHn3auuo paboT no npuemy MHo-
CTpaHHbIX crieynanvcTos B MIHCTUTyTe.

M.0. 3aBegyioLLero otaenom

Lymunnunua UpuHa BnagmmuposHa
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SCIENCE PROJECT «BION-M» N21

SSC RF - IBMP RAS

«Bion-M» Ne 1 Project management

Responsibilities

Name

IMBP Position

Project Director for Science

Sychey, Vladimir N.

Deputy Director for Science (Acting)

Project Deputy Director for Science

llyin, Eugene A.

Lead Researcher

Project Deputy Director for Research Hardware

Yarmanova, Eugenia N.

Chief Designer Deputy

Project Director for Logistics

Romanov, Alexander N.

Deputy Director for Management

Project Manager

Rakov, Denis V.

Laboratory Head

Gravitational Physiology Research Program

Shenkman, Boris S.

Laboratory Head

Research on Invertebrates, Microbes, Plants &

Biotechnology Experiments

llyin, Vyacheslav K.

Department and Laboratory Head

Radiobiology Research Program

Petrov, Vladislav M.

Department and Laboratory Head

Radiation Physics Research Program

Shurshakov, Vyacheslav A.

Laboratory Head

Animal Habitability in Space, Ground Bioengineering
Tests

Smirnoy, Igor A.

Laboratory Head

Gerbil Experiments in Space, Ground Control Experiments

Soldatov, Pavel E.

Lead Researcher

Mouse Studies: Selection, BP Probe

Russian/ French Experiment

Implantation,

Andreev-Andrievsky, Alexander A.

Senior Researcher

Foodstuffs for Mice and Gerbils

Gurieva, Tamara S.

Lead Researcher

Video Recording of Mouse and Gerbil Motor Activity in
Space

Vinogradova, Olga L.

Laboratory Head

Project Site Support, Telemetry Data Receipt and Transfer

Shulenin, Anatoly P.

Deputy Department Head,
Laboratory Head

Field Laboratory at the Landing Site

Polyakov, Victor V.

Lead Engineer

Project Information, Contacts with Foreign Scientists,
Intellectual Property Protection

Belakovskiy, Mark S.

Department Head

Visits of Foreign Scientists

Shumilina, Irina V.

Department Head (Acting)
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HAYYHbI MPOEKT «BUOH-M» N1

HLU PO - MUMBIN PAH

Poccuickne y4yacTHMKM nporpammbl «BoH-M» Ne 1

3akasunkamm KA «BrnoH-M» sienstotcs CoBet PAH no
Kocmocy 1 depepanbHoe KOCMUYECKOe areHTCTBO.

[ONoOBHBIM NpeanpuaTMEM Mo pa3paboTke Hay4yHOW
nporpammbl ana KA «buoH-M», cosgaHuio Komnnekca
Hay4yHOW annapaTypbl AN peanu3auun Hay4yHoW npo-
rpaMmMmbl M peLLUEeHN0 BOMPOCOB MEXAYHapoAHOro Ha-
YYHO-TEXHMYECKOIO CcoTpyaHmnyectBa B pamkax OKP
«BbunoH-M» aBnsaetca ®epepanbHOe rocyaapcTBeHHOE
OloaKeTHOE yupexaeHue Hayku [ocyaapcTBeHHbIN
Hay4HbIn ueHTp Poccuinickon Pepepaumm — UHCTU-
TYT MepuKo-6uonornyeckux npo6nem Poccuiickon
akagemuun Hayk (FHL P® — UMBI PAH).

Pa3paboTymMkoM U WU3roTOBUTENEM pPaKeTHO-KOCMUYe-
ckoro komnnekca «brnoH-M» aBnsietca MocyaapcTBeH-
HbIA  Hay4HO-NPOM3BOACTBEHHbIN  pPaKeTHO-KOC-
muyeckun ueHTp «LUCKB-Mporpecc» (FTHMPKLU
«LUCKB-lMporpeccy).

Pa3spaboTumkammn 1 U3roTOBUTENSAMW KOMMIIEKCA Hayu-
How annapatypbl Ans KA «buoH-M» Ne 1 gsnstotcs Be-
uyu_wle Hay4HO-NPOV3BOACTBEHHbIE LEHTPbI P®:

» CaHkt-leTepbyprckmn  cvnman degepansHoro  ro-
CYL0APCTBEHHOIO  YHUTApHOrO MPegnpusaTms  «OKC-
NnepuMeHTanbHO-NPON3BOACTBEHHLIE MacTepckme»
depepanbHOro  Meguko-6Monormyeckoro  areHTcTea
(Cankt-MNetepbyprckun domnuan Gryrl «3rMNM» eMBA
Poccumn — CKTBE «Brodmanpubopy);

* BAO «CneuuanbHoe KOHCTPYKTOpcKoe Otpo akcne-
pyMeHTanbHoro obopynoBaHus npu NHCTuTyTe meau-
Ko-Guonormdeckux npobnem Poccuinckor akagemuu
Hayk» (BAO «CKB 30 npu MBI PAH»);

* OAO NHCTUTYT NpuKnagHom BMOXMMMU n MalMHOCTPO-
eHuns (OAO «buoxnmmaluy);

* Gunman PegepanbHOro rocygapCTBEHHOIO  yHUTap-
Horo npegnpuaTna «LleHTpa akcnnyartauum Ha3eMHON
KOCMUYECKOW WHAPACTPYKTYpbl» «KOHCTpyKTOpCKOE
Otopo obuero malnMHocTpoeHust M. B.IN. BapmuHay
(Punmnan Oryn «LU3HKN» - KEOM);

+ denepanbHOe rocyaapcTBEHHOE YHUTapHOE npeanpu-
aTne «LleHTpanbHbIN Hay4YHO-MCCeaoBaTENbCKUA WH-
CTUTYT MaLumHocTpoeHus» (Pryr UHNNmaw);

» [ocygapcTBeHHoOe yyebHo-HayyHoe yupexaeHue buo-
norunyeckmn akynsretr MOCKOBCKOrO rocyapCTBEHHO-
ro yHmeepcuteta um. M.B. JlomoHocoBa (Bronorude-
ckun cbakynstet MY um. M.B. JlomoHocoBa);

» dunuran degepanbHOro rocyaapCTBEHHOTO BHOOYKETHO-
ro y4pexaeHust Haykm MIHCTUTyTa KOCMUYECKMX nccre-
nosaHun Poccuiickon akagemum Hayk — CrneuparnsHoe
KoHcTtpykTopckoe Bropo Kocmuueckoro MpubopocTtpo-
eHuns MuctutyTta Kocmuueckux MiccnegosaHun Poccuin-
ckov akagemun Hayk (CKB KI'T VKA PAH);

* OO0 Hay4yHo-npoun3sogcTeBeHHOEe Npeanpusitne «buo-
TexCucy» (HIMM «bunoTexCuc», OOO0).

Y4acTHUKM Hay4HOW nNporpaMmbl « BUOH-M»:

» BopoHexckas rocygapctBeHHasas MeauLUMHCKasn akaje-
mMus umenn H.H.BypaeHko;

* VxeBcKkasa rocygapCTBeHHas MeauUMHCKasi akagemums;

* UHcTtutyT Bronorum passutmsa um. H.K. Konbuosa PAH;

* VHcTuTyT Brodmaunkm knetkn PAH, TyLimHo;

* VIHCTUTYT Buoxmmmndeckon ounsmkn nm. H.M. SmmaHy-
ansa PAH,;

* VIHCTUTYT BbICLLEN HEPBHON OEATENBHOCTU N HEWpO-
dumanonornn PAH;

* NHcTuTyT KpUucTannorpacdumn PAH;

* MIHCTUTYT TeopeTnyeckomn 1 akcneprmMmeHTansHom 6ro-
dpusmku PAH, MNywmHo;
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VHCTUTYT (PU3NKO-XMMUYECKMX U BMONormyeckmx npo-
6nem no4ysoBeneHust PAH;

UuctutyT dpmanonorum um. W.M. Maenosa PAH,

r. CaHkT-lNeTepbypr;

WHCcTUTYT umtonormm n reHetukm Cubmpckoro otaene-
Huns1 Poccuiickon akagemmmn Hayk, HoBocnbumpck;
WHetuTyT untonornm PAH, . CaHkT-leTepOypr;
VIHCTUTYT 9BOMIOLIMOHHON h13nonorum n BuoxmMmmm um.
.M. CeuveHoBa PAH (MODB PAH), CaHkT-INeTepbypr;
KasaHckun (MpuBormkckuin) doeaepanbHbii YHUBEPCH-
TeT, . KaszaHb;

KasaHckuin rocyaapCTBeHHbI MEOULMHCKUIA YHUBEPCU-
TeT, I. KasaHb;

KasaHckuin MHCTUTYT Guoxmmmm n 6mnodpmsmkmn KasHL]
PAH, r. KazaHb;

MockoBckuiA rocyaapCTBEHHbI MEeLMKO-CTOMAaTONoru-
YeCKUA YHNBEPCUTET;

MockoBCKMIA rocyaapCTBEHHbIV YHUBEPCUTET

um. M.B. JllomoHocOBa;

Hay4yHo-uccnegoBatensckuin UHCTUTYT OMOMeELUUMH-
ckon xumum um. B.H. OpexoBnya PAMH,;
Hay4yHo-nccnenoBatenbCkmii - MHCTUTYT  Mopdoiornm
yenoseka PAMH;

HayuHo-nccnegoBatensCkUini- UHCTUTYT  HOPMarnbHOW
dumaunonorum nm. N.K. AHoxnHa PAMH,;
HayuHo-nccnegoBaTenbsCkuin MHCTUTYT obLLen naTorno-
rn un natonormndeckon cpumaunonorun PAMH;
HayuHo-nccnegoBatensCkUin MIHCTUTYT MPUKNaaHON ©
byHOaMeHTanbHOM MeavuuHbl Npu FocyaapcTBEHHOM
obpasoBaTenbHOM y4pexaeHnn BbiCLLEro npodeccu-
OHanbHoro obpasoBaHua «Hwxeropoackom rocygap-
CTBEHHOW MEAMULIMHCKOW akagemMuny;

O6beanHeHHbIM MHCTUTYT S4epHbIX MCCneaoBaHui, T
Iy6Ha, MockoBckon obracTy;

000 «TandyHy;

MonsipHo-anbnUNCKMn  BOTaHMYECKUA  Caa-UHCTUTYT
um. H. A. ABpopunHa Konbckoro HayyHoro ueHTtpa PAH;
Camapckuii rocyaapCTBEHHbIA MEOULMHCKUIN YHUBEP-
CVTET;

CaHkT-leTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET;
LleHTpanbHbIA Hay4yHO-MCCNEQoBaTENLCKUN UHCTUTYT
MawumHocTpoenus (Pryr LHUNmaw);

fApocnaeckas rocygapCTBeHHas MeauuuHcKas
akagemusi.
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SSC RF - IBMP RAS

Russian agencies participating in the «Bion-M» Ne 1
Project

The Cosmos Council of the Russian Academy
of Sciences and the Federal Space Agency are the
sponsors of the «Bion-M» Ne 1 project.
The Russian Federation State Research Center
— Institute of Biomedical Problems of the Russian
Academy of Sciences (IMBP) is the lead center
responsible for the development of a scientific research
program, specifications of the hardware required to
implement the program, and organization of international
cooperation within the framework of the «Bion-M» Ne 1
project.
The State Space Rocketry Center — CSDB-Progress
is the lead center responsible for the design and
manufacture of the «Bion-M» launcher and spacecraft.
The following agencies are responsible for the design
and production of «Bion-M» Ne 1 science research
hardware:
» SKTB Biophyzpribor, St.-Petersburg;
» IMBP Design Bureau of Experimental Hardware;
* Institute of Applied Biochemistry and Machine-Building
(BioChimMash);

» Design Bureau of Barmin General Machine-Building
Institute;

» Central Research
(TsNIIMash);

* Biology Department of the Lomonosov Moscow State
University;

» Design Bureau of the Institute of Space Research,
Russian Academy of Sciences;

» BioTechSys Company.

Institute of Machine-Building

«Bion-M» Ne 1 Science Program Participants:

» Burdenko State Medical Academy, Voronezh;

* Izhevsk State Medical Academy, Izhevsk;

» Koltsov Institute of Developmental Biology, Russian
Academy of Sciences, Moscow;

« Institute of Cell Biophysics, Russian Academy of
Sciences, Pushchino;

+ Emmanuel Institute of Biochemical Physics, Russian
Academy of Sciences, Moscow;

* Institute of Higher Nervous Activity and
Neurophysiology, Russian Academy of Sciences,
Moscow;

* Institute of Crystallography, Russian Academy of
Sciences, Moscow;

* Institute of Theoretical and Experimental Biophysics,
Russian Academy of Sciences, Pushchino;

* Institute of Soil Physical, Chemical and Biological
Problems, Russian Academy of Sciences, Moscow;

» Pavlov Institute of Physiology, Russian Academy of
Sciences, St.-Petersburg;

* Institute of Cytology and Genetics, Siberian Branch,
Russian Academy of Sciences, Novosibirsk;

* Institute of Cytology, Russian Academy of Sciences,
St.-Petersburg;

» Sechenov Institute of Evolutionary Physiology and
Biochemistry, Russian Academy of Sciences, St.-
Petersburg;

» Kazan Federal University, Kazan;

+ Kazan State Medical University, Kazan;

» Kazan Institute of Biochemistry and Biophysics,
Russian Academy of Sciences, Kazan;

* Moscow Medical-Stomatological University;

* Lomonosov Moscow State University;

* Orekhovich Research Institute of Biomedical

Chemistry, Russian Academy of Medical Sciences,

Moscow;

Research Institute of Human Morphology, Russian

Academy of Medical Sciences, Moscow;

* Anokhin Research Institute of Normal Physiology,
Russian Academy of Medical Sciences, Moscow;

* Research Institute of General Pathology and

Pathological Physiology, Russian Academy of Medical

Sciences, Moscow;

Research |Institute of Applied and Fundamental

Medicine, Nizhny Novgorod State Medical Academy,

Nizhny Novgorod;

Joint Institute of Nuclear Research, Dubna, Moscow

Region;

Typhoon Company, Moscow;

Avrorin Botanical Garden-Institute, Kola Research

Center, Russian Academy of Sciences, Kirovsk;

Samara State Medical University, Samara;

St.-Petersburg State University, St.-Petersburg;

Central Research Institute of Machine-Building

(TsNIIMash), Korolev;

* Yaroslavl State Medical Academy, Yaroslavl.
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