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O6ocHoBanue: CpaBHUTENBHBIN aHAIU3 PE3yAbTATOB OWMOJIOTUYECKUX HCCIIEIOBAHUIA,

BBIIIOJIHEHHBIX Ha 60pTy KOCMHUYCCKHUX  JICTATCIIBHBIX  aIllapaToB (HHHOTpreMBIX n
6GCHI/IJ'IOTHBIX) 3a MNOCIECAHHUE MOECATHUIICTUSA, C BBIABJICHHBIM 3a OJ3TOT ICPUOJ MCIUKaAMH

KOMIIJICKCOM XapaKTCPHBIX OTKJIOHEHHUM OT HOPMEI B (I)I/I3I/IOJ'IOFI/IquKOM CTaTyCcc OpraHuimMa



KOCMOHABTOB, OJJHO3HAYHO YKa3bIBAa€T HA TO, YTO B OCHOBE 3TUX OTKJIOHEHHUH JIEKAT U3MECHEHUS
PETYJATOPHBIX IPOLIECCOB, MPOTEKAOIINX HAa KJIETOYHOM YpoBHe. boisee Toro, cama cucrema
NpOopMIAKTUYECKAX MEpONPHUITUN, HANpaBICHHBIX Ha HOPMAJIH3alMI0  (PU3UOIOTHYECKUX
¢GyHKUIMH OpraHu3Ma 4elloBeKa BO BpPEeMsi KOCMHYECKOTO IOJIET M B IOCICHOJICTHBIA MEepHOJ,
pa3paboTaHa ¢ yueToM 0COOEHHOCTEH U3MEHEHU, NPOUCXOAINX B CTPYKTYPHON OpraHu3aluu
1 METa00JINYECKON aKTUBHOCTH KJIETKHU.

B mHacrosmee Bpemsi, OoraThlii SMIMPHYECKUI ONBIT MEIUIMHBI TIO3BOJIAET B
ONPEICICHHON CTENEHH CKOPPEKTUPOBAaTh J3TU OTKJIOHEHHUS, HO IOJHOCTBI YCTPAaHUTh
MOCJEACTBHS JJIUTEIBHOTO BIUSHHUS (AaKTOPOB KOCMHYECKOIO II0JIeTa, TJaBHBIM 00pa3oM
MHUKPOTpa’UTallid, HA OPraHu3M, MO-BHAUMOMY, MOXHO OyJIeT TOJBKO IOCTe peIIeHUs
(byHIaMEHTaIbHBIX 33Ja4, CBA3aHHBIX C U3yYEHUEM KIETOUYHBIX MEXaHU3MOB aaanTtanuy. Ha nam
B3TJIs1, Hanboyiee TMEPCIeKTHBHOW CTPAaTErMUeCKON JIMHUEH HCCIeIOBAaHUH B KOCMHUYECKOU
OMOJIOTUM SIBISETCS W3YYEHHE NMPUUYMHHBIX CBSI3€H MEXAY W3MEHEHMUSIMM, MPOUCXOAAIIMMHU Ha
YPOBHE LIE€JIOr0 OpraHu3Ma M KIETOYHBIMM MEXaHM3MaMH, JIEKallMMH B HX OCHOBE.
HenpemeHHBIM yCIOBHEM pEHICHUS 3TOH MPOOJEMBbI, C HAlled TOYKH 3PEHUs, SBISCTCS: BO-
NEPBBIX BBIBICHHE W KIACCU(HUKAIMS CEHCOPOB TpaBHTAUM (HECHEIHAIHM3UPOBAHHBIX
BHYTPUKJIETOYHBIX IPAaBUPELIENITOPOB) U BO-BTOPBIX -paclIn(ppoBKa MOJEKYIISIPHBIX MEXaHU3MOB
uX (QYHKIIMOHHPOBAHUSI.

KittoueBoii Bonpoc 310 mpoOaeMbl - ONPESIICHUE POJIH U CTETICHU YYacCTUsI OCHOBHBIX
KJIETOYHBIX CTPYKTYp B IpOLECCE€ I'paBUPELENIMU, OT BOCHPHUATHUSA (PU3UYECKOrO CUrHaja o0
M3MEHEHUU BEJIUYMHBI U HAIpaBJIEHUS BEKTOpA CUJIbl TSKECTH, 1O TpaHC(HOpPMALMU 3TOTO
CUTHaJNa B (PU3UOJIOTHUECKUI MMITYJILC M (OPMHPOBAHUS OTBETHOW PEAKIMHM KIIETKHM Ha 3TO
Bo3aeiicTBue. MccaenoBanus B 3TOM HAaNpaBiICHUM NPOBOJATCS AABHO U JOBOJBHO YCIIELIHO
MHOTHMHU CllenuanucTaMu. Pe3ynbrarhl 3TUX Hccae10BaHu 00001IEeHbl U IpOaHaIn3UpPOBaHbI B
Hamux nociaeaux padorax (Taup6ekos, 1990, 1992, 1994). Tem He MeHee, B 007aCTH U3YICHUS
MEXAHU3MOB I'PABUPELENIINN OCTAETCS €€ MHOI'O HEPELIEHHBIX 3a/1a4.

[To mocnemgHuM HaHHBIM, HauOojee BEPOSTHO, YTO pPOJb HECHEIHATM3UPOBAHHOTO
rpaBUpeLEnTOpa B KJIETKE BBIIOJIHAIOT COKPATUTENbHbBIE 3JIEMEHThI IUTOCKEIIETA, BHITOIHSIOIINE
9TH QyHKIMHK IpH B3auMo/ielicTBuE ¢ 6nomemopanamu (Cipriano 1990).

Tepmun '"uutockener" oObenuHsET Trpynny (GUOPHMIUIAPHBIX OpraHes1 OenKoBOM
IPUPOJIBI, BBHIMOIHIIOMMUX (DYHKIHIO OHNOPHO-ABUIAaTEIBHOIO amnmapara KIETKH, a TaKxke
OPraHM3YyIOIIUX M ONPENCIAIONIMX MEXaHUYECKHE CBOMCTBA LUTOMIa3Mbl. OCHOBHBIMH
KOMIIOHEHTaMHU LIUTOCKEJIETa TUIMYHONW 3YKapUOTUYECKON KIIETKHU SBISIOTCS MUKPOTPYOOUKH,
MIPOMEXKYTOUHbIE (PMIIaMEHThl U MHUKpoduIamMeHTsl. B HacTosiiiee Bpemsi, JOCTaTOYHO XOPOILO
U3y4eH HE TOJBKO OEJKOBBIM COCTaB KOMIIOHEHTOB LIUTOCKEIETA, HO M POJIb KAXJIOW M3 ITUX
IIUTOCKEJIETHBIX CTPYKTYP B T€X WJIM UHBIX (puznonornuyeckux npoueccax (Pynron 1987).

XapakTepHOl OCOOEHHOCTBHIO IIUTOCKENIETHBIX CTPYKTYp SIBISI€TCS HUX BBICOKas
JUHAMUYHOCTb. DJIEMEHTBI LIUTOCKEJeTa CHOCOOHBI K OBICTPBIM MEpecTpoiikaM B OTBET Ha
HE3HAUUTENIbHbIE W3MEHEHHs BHEIIHUX YycIoBUH. Oco0yl0 YyBCTBHTEIBHOCTh ILIUTOCKEJET
MPOSBISET NMPU MEXAHUYECKHX BO3JCHCTBUSIX, MPUBOAAIIUMX K H3MEHEHHUIO (OPMBI KIETKU
(Bopob6beB, 1975) IlogoOHble mpouecchl TINATENBHO PETYIUPYIOTCS, YTO IO3BOJSET
IPUCHIOCOOUTH COCTOSTHHE IUTOCKENETa K HENPEPHIBHO U3MEHSIOLIUMCS MTOTPEOHOCTSAM KIIETKH B
npouecce ee pyHKIHOHUpPOBaHUA. B CBA3M ¢ 3TUM MOXHO IpeamnoJiarath, 4To AUHAMUYECKUE



(dakTOppl KOCMHYECKOTO TIOJIeTa, B TOM YHCIIE M MHKPOTPAaBHTAIUs, CIIOCOOHBI BBI3BATh
U3MEHECHHS B OpraHU3allMy IUTOCKEICTHBIX 3JIEMEHTOB, OCOOCHHO JIBYX HanOosee THHAMHYHBIX
U3 HUX: MHEKPOTPYOOYEK U MPOMEKYTOUHBIX MUKpoduiaMmeHTOB. [TonTBepkIeHneM cka3aHHOTO
CIIy’KaT pabOThI, K COXKaJICHHUIO TTOKA €IIe SAMHUYHBIC, ONICHIBAIOIINE BIMSHUE N3MEHEHHOH CHIIBI
TSOKECTH Ha OPraHM3alUI0 U (QYHKIMOHAIBHOE COCTOSHHE IUTOCKeneTa. B mepBoi W3 HuUX
NPUBENCHBI  JIaHHBIC, T[IOJIYYCHHBIE C  TOMOINBIO  MOP(POMETPHUECKUX  HU3MEPECHHA,
CBUJICTEIHCTBYIOIINE O TOM, YTO Y KPBIC, MepeHeCInX 12-TH CYyTOYHBI KOCMUYECKUH TOJIET Ha
o6opry  OwmocmytHuka  "Kocmoc-1887", CYIIECTBEHHO  yMEHBIIACTCS  KOJIMYECTBO
mMukpouIaMeHToB B kietkax muokapaa (Philpott et al, 1990). Bo Bropoii pabote Obu10 TIOKa3aHO,
YTO TIOBBIIICHHAS cuia TsokecTH (35¢) crumynupyeT GochoprIMpoBaHHEe HEKOTOPHIX OCIIKOB
MuKpoTpybouek B kietkax Hela (Kumei et al, 1991).

Takum 00pa3oM, yke UMEIOIIUECs CBEeICHHs Aal0T OCHOBAHME Ui MPEAIONOKEHHS 00
Y4aCTHH ITUTOCKENETa B Ipolieccax rpaBupeneniui. OqHaKo, CKOJIb-HUOYIb CUCTEMaTHUECKUX
UCCIICIOBAaHMI ATOM 00JIaCTH JI0 CUX TIOP HE POBOIHIIOCH.

B cBs3u ¢ 3TMM, HaM TPEACTABISETCS HHTEPECHBIM M BEChMa LEIeCO00pa3HbIM
MOJTOTOBUTh M TPOBECTH CEPUI0 SKCIEPUMEHTAIBHBIX HCCIEIOBAaHMA KaK B JaOOpaTOPHBIX
YCIOBUSAX HA 3eMIie C UCTIOJIb30BAaHUEM CIICLIUATIbHBIX MPUOOPOB LIEHTPU(PYTH U KIIMHOCTATA, TaK
U Ha OopTy TpaHcnopTHoro kopabss "Ulattin" u opOurtansHol cranuuu "Mup".

YcnoBus NpOBEACHUS UCCIISA0BAHUM: I[I/IHaMI/IKa HOUTOCKCIICTHBIX CTPYKTYpP 3Ta ocobas

00J1aCTh MCCIIEOBaHMS, KOTOpasi pa3BUBAETCs B HACTOAIIEE BpeMsi HanboJIiee HHTEHCUBHO. YiKe
SCHO, YTO JTa JMHAMUKA 3aBUCUT OT BHEIIHUX (AKTOPOB U OMNPEHCNSCT PEryJISIUI0
MeTabonuueckux myTedl B kieTke. Hamia 3amava 3akirouaeTcss B TOM, YTOOBI: BO-TIEPBBIX
MIOTIBITATBCSl  OIEHHUTh KadeCTBEHHO BO3MOXKHOCTH BIMSHHUS CHIIBI TSDKECTH Kak (pakropa
OKpYKarollel cpeapl Ha AUHAMUKY (OPMHUPOBAHUS IIMTOCKENETa, M, BO-BTOPHIX - OMPEACIUTh
KOJIMYECTBEHHO CTEMEHb JTOTO BIUsHUA. [Ipyu MpaBUIBHON MOCTAHOBKE 3aJadyd B KaXKIOM
KOHKPETHOM CJIy9dae M MCIOJIh30BAHUH aJeKBATHBIX METOJIOB, MOXKHO OXKHIATh, YTO M3MECHEHUS
BEJIMYMHBI M HAMTPABJICHHUS BEKTOPA CHJIBI TSHKECTH (HEMPEPBIBHOE UTUTEIBHOE BPAIllEHHE KIIETOK
Ha UeHTpudyre M KIWHOCTaTe (THIEpP- W TUIMOTPABUTAIMS) HIM DKCIO3UIUS B KOCMOCE
(MMKpoOrpaBUTaIus), Yyepe3 T€ WIM HHble MeTadoynyeckue IyTh OyJaeT BO3JeCTBOBATH Ha
JUHAMUKY COOpPKH M pa30OpKM axTMHOBOI'O M TYOYJIMHOBOI'O KOMILJIEKca IUTOCcKenera. boiee
TOT'0, OCHOBBIBAsICh Ha CYILIECTBOBAHUH TECHOM B3aUMOCBA3H MeX Ay (popMoil 1 HyHKIIMOHATILHOM
AKTUBHOCTBIO KJICTKH, MOKHO KOJHYECTBEHHO OneHuTh 3Tu u3MeHenus (Ingderg &Folkman,
1989).

Ha mepBbIx 3Tamax pa3BUTHS IPOrpaMMBbl UCCIEIOBAaHUN Ha KIETOYHBIX KYIbTYypax MbI
npejyiaraeM MmoArOTOBUTH U TIPOBECTH CIIEA. DKCIIEPUMEHTHI:
B kadecTBe OOBEKTOB WCCIEMOBAaHHS TIPEAIAracTcs WCIONb30BaTh KYJIbTYPY KIIETOK
(GuOpo06IIACTOB M KapaTHHOIMTOB YesioBeka (in Vitro). B mepryro ouepenr HE0OOXOAMMO MPOBECTH
aHaJTM3 KOJMYECTBEHHOTO pacIpelesieHus] TyOyJTWHOBBIX MHXPOTPYyOOYeX H aKTHHOBBIX
MUKPO(GUOPHILT B KJIETKAX TOCIIe OKOHYAHHS JTA00PATOPHBIX WIIH TIOJIETHBIX SKCIIEPUMEHTOB. /{15
ATOrO KYJNBTYPY KJIETOK HYKHO 3a(UKCHPOBATh BO BpeMs IOJIeTa WX B J1a0OpaTOpUHU TOCTE
NPOBEICHUST OKCTPAKIMKA TIyla pPAacTBOPUMBIX OenkoB. [lo CKOHYaHWE OSKCIIEPHMEHTa



(UKCUPOBAHHBIC KJIETKH HEOOXOAMMO OKPACUTh aHTUTEIAMH CIICIM(PUIHBIMUA K TYOYIuHY (a5
BBISIBJICHUSI MUKPOTPYOOUYeK) M (HauIOUIUHOM (I BBISIBICHHS ITYYKOB MHUKPO(DHIAMEHTOB).
Ecnu ycnoBHs M3MEHEHHOM CHIIBI TSYKECTH NOBJIMSIN HAa KOJMYECTBEHHOE PACIpPEAEICHUE ITUX
3NIeMEeHTOB (TOYHEe Ha CTal[MOHAPHOE paCIpE/CICHUE) IIMTOCKEICTHBIX OCIKOB MEXKIY
MOHOMEPHBIM U MOJUMEPHBIM IyJaMH, TO JOHKHO OBITh OOHAPYKEHO M3MEHEHHE KOJIUYeCTBa
TEX WIM HMHBIX 3JeMeHTOB Ecnmu ke Takux H3MEHEHHWH OOHapyXeHO He OyneT, TO CledyeT
IOPEIIOJIOKUTh, YTO HM3MEHEHUSM IIOABEpraercs He CTENEeHb IOJUMEpHU3alUU  HO
HEMOCPEJICTBEHHO TMHAMUKA COOPKHU pa300pKH IIUTOCKENETa, TO €CTh CKOPOCTh OOMEHA MEXIY
MOHOMEPHBIMH U TIOJIMMEPHBIMH IyJaMH. B 3TOM citydae, 04eBHIHO U3MEHEHHUSI MOXKHO OyJeT
BBISIBUTD, 320JIOKUPOBAB IMOJIMMEPU3ALINIO TYOYJIMHA MM aKTHHA CTIEUM(UIECKUMHU areHTaMu:
KOJXHMIIMHOM WJIM €ro IpOM3BOAHBIMHM, B ciydae Mukporpyoouek u C2-TOKCHMHOM
Closteridium botullinum, B cnyuae mukpoduiamenToB. [10CKOIbKY 3TH areHThl HE BIIMSIOT Ha
pa3dopKy, HO cnenu(UYecKn MHTHOMPYIOT MOJMMEPHU3AIUIo, 3aMEUICHUEe TUHAMHUKH JIOJDKHO
OPUBOJIUTH K TMOSBICHHUIO PE3UCTEHTHOCTH K JCTOJMMEPHU3YIOIIMM areHTaMm, a YCKOpEHHue
JUHAMUKU - K YBEJIMUEHUIO YYBCTBUTEIBLHOCTU K TUM areHTaM.

JlanpbHeWIIMM 3TarlioM 3THUX HCCIENIOBaHMWM, B Cilydae OOHapyKeHHsS H3MEHEHUI B
TUHAMHUKE TEePECTPOMKU IMTOCKENETa, JOJDKEH OBbITh aHAIW3 MPUYMH HPUBOASIIUX K TaKUM
U3MEHEHHSM, MOCKOJBKY M3BECTHO, YTO HAWOOJIEe CYIIECTBEHHBIMH PETYJISTOPAMU TUHAMUKH
NIEPECTPOCK AIIEMEHTOB IIUTOCKEINIETa SBISIFOTCS OCIKH, aCCOIMUPOBAHHBIE C MUKPOTPYOOUKaMu
Wi MUKpodmiaMeHTaMu. Takas MOCTaHOBKA BOIpoca TeM Oosiee ompaBaaHa pe3yibTaTaMu
paboThI Ha KOTOPYIO MBI CehblTaMCh BhIte (Kumei et al).

Jli poBeIeHUS! MTOJIETHBIX 3KCIEPUMEHTOB Ha TPAHCIOPTHOM Kopabjie U opOUTaIbHOM
crannuu "Mup" Hamnboliee 1enecooOpa3Ho UCIoNb30BaTh Nprbop "Biob0oX" U3roToBICHHBIH MO
3aka3y EKA u BKIIOYEHHBIH B cocTaB OOpPTOBOW Hay4HO-HCCIEAOBATEILCKOM ammapaTyphl.
KoHcTpykiiuss ¥ BO3MOXKHOCTH JlaHHOro IpuOopa, Onaromapss HaJU4MI0 B €ro COCTaBe
CIICIHABHBIX MPUCIOCOOICHHH TS KyJIbTUBHPOBAHUS KIIETOK iN VItro (IuTyH)Kep-KOHTSHHEPOB)
MO3BOJIAIOT MPOBOJUTH 3TH OSKCIEPUMEHTHl B aBTOMAaTUYECKOM pekuMe. [[as BbIOIHEHUs
HA3eMHBbIX OKCIIEPUMEHTOB B Halledl JsabopaTopuu UMeEEeTCsl HEOOXOAMMBIE YCTaHOBKU
(ueHTpu(yru U KIMHOCTaThl). BMecTe ¢ TeM, cieyeT OTMETUTh, UTO JAJIS U3y4eHHs] CKOPOCTH U
JUHAMHUKU TEPECTPOUKH IIUTOCKENETHBIX CTPYKTYp, HApSAAYy C KYJIbTYpOH KIETOK, MOYHO
HCIIOJIb30BaTh TAK)KE€ M PacTBOPHI O€lKOB TyOynuHa M akTHMHA. CKOpOCTh COOpKM M pa3zdopKu
COKpATHUTEJbHBIX 3JIEMEHTOB B 3TOM Cllyyae CpPaBHUTEJIHO BBICOKA IPU YCIOBUU JOOABIICHUS B
cpeny AT® wimu I'TO. [lpucyrcrBue nonoB Ca B cpejie CyIeCTBEHHO TOPMO3UT WITH TTOJTHOCTHIO
UHTHOUPYET 3TOT Mpoliecc.

Bosee mogpoOHOE onrcanue ycioBuil SKCIIEPUMEHTOB U JIeTallbHasi METOAMKA TPOBEICHHUS
KaXJI0T0 M3 HUX MOXET OBITh IMPEICTABICHA IOCJIE NMPHUHITUS IOJIOKUTEIBHOIO PEIIEeHUs O
BKJIFOUEHUU TpeiaraeMoro 0JI0Ka SKCIIEpPUMEHTOB B IIpOrpaMMy HCCIIeI0BaHUI.

OxunaeMble pe3yabTarbl: [lpeanmaraemble SKCHEPUMEHTHI SIBIISIOTCS YacThio OOIIen

MpPOrpaMMbl UCCIIEIOBAaHUM, BBIMIOTHSAEMBIX B Halled 1aboparopud B TECHOM KOHTaKTe CO
crnenuanucrtamu Poccun, CHI' u ctpanam, Bxonsmux ¢ EBponeiickoe Kocmuueckoe AreHTcTBO
YUaCTBYIOIIMX B pa3pabOoTKe W OOOCHOBAaHMM MOJEKYISPHBIX MEXaHH3MOB TPaBUPEICTIIIHH.
[TomyueHHbIe NaHHBIE, TOMUMO OOIIEOMOIIOTMYECKOTO 3HAYEHUS MPEICTABISIIOT MHTEpeC s

IMPAKTUKH KOCMHUYECKOI OMOI0TUH U MEOUIINHBI.
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