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Uccnenoanns no kocmoouosornu B Vincturyre 300i0rum HAH Ykpaunbi. [{utosiornyeckue MeXaHU3MbI
NMOTepu KOCTHOM TKAHM NMpPU MUKporpaButauud W runokunesumu. Pomuonosa H. B. — [lpencrasieHo
OMUCAaHUE MEXIYHAPOTHBIX KOCMUYECKMX IKCIIEPUMEHTOB Ha KJIETOYHBIX KYJIbTYpax M >KMBOTHBIX
(Gestbie KPBICHI, HEUEIIOBEKOOOPa3HbIe 00E3bsHBI ), MIPOBENCHHBIX Ha OMocTyTHHUKaX «Bion-9», «Bion-
10», «Bion-11», aMmepukaHcKoil KocMUuecKoi Jaboparopun «SLS—2», a Tak:ke Ha3eMHBIX UCClieNoBa-
HUIT C MOJIEJIMPOBAHUEM TUIIOKMHE3UH, B KOTOPBIX MPUHUMAIN YYacTUe COTPYAHUKHU OTIeNa LIUTONO-
ruu u rucrorere3a Mucruryra 3oomorum HAH Ykpaunsl B pamkax HayuHoro corpyaHudectsa ¢ FHLL
P® MMBII PAH, rpantoB EC, HACA, xonTpakToB ¢ HKAY u ap. I[1pencraBieHbsl OCHOBHBIE PE3Yiib-
TaTbl MCCJIENOBAHUIN 11O U3YYESHUIO BIMSHUSI MUKPOTPaBUTALIMM U TUITOKMHE3UU Ha pa3BuTue, nudde-
PeHUMPOBKY, crnetudrniyeckue (GyHKIUU U B3aUMOIECHCTBUE KJIETOK B 30HAX OCTEOIUIACTUYECKUX U
Pe30pOTUBHBIX MPOLIECCOB B KOCTHBIX CTPYyKTypax. [IpemioxeHa KOHIENIUS O KJIETOUHbIX MEXaHU3-
Max peMOIeJMPOBAHMSI KOCTHOM TKaHW M Pa3BUTUsI OCTEONOpPO3a MPU MUKPOTPABUTALUU U TUIO-
KuHe3uu. PaccmarpuBaloTCsl MepCreKTUBHbIE HAayuyHblE MCCIIENOBAHUSI, B TOM 4YUCIE OKCIEPUMEHT
«OBJIACT» (MKC).

KnioueBble cioBa: KOCTHas TKaHb, KJIETKH, YJIbTPACTPYKTYpa, MUKPOTPABUTALIUS, TUTTOKWUHE3USI.

Investigations on Cosmobiology in the Institute of Zoology, NAS of Ukraine. Cytological Mechanisms of
Bone Tissue Loss under Microgravity and Hypokinesia. Rodionova N. V. — International space experi-
ments on cell culture and animals (white rats, non-apelike monkeys) carried out on biosatellites "Bi-
on-9", "Bion-10", "Bion-11", American space laboratory "SLS—2", and also ground experiments with
modeled hypokinesia are described. Collaborators of the department of cytology and histogenesis of the
Institute of zoology NAS of Ukraine participated these experiments in the framework of scientific
cooperation with SSC IMBP RAS, grants EU, NASA, contracts with NSAU and other. The main
results of experiments on the influence of microgravity and hypokinesia on development, differentia-
tion, specific function and interaction of cells in zones of osteoplastic and resorptive processes in bone
structures are provided. A conception of cells mechanisms in remodeling of bone tissue and
development of osteoporosis under conditions of microgravity and hypokinesia is proposed. Perspective
scientific investigations, including the "OBLAST" experiment (ISS) are considered.

Key words: bone tissue, cells, ultrastructure, microgravity, hypokinesia.

Baenenne

B mpouecce sBoonMM CUIBI TPABUTALIMU OTPENeaIn MOpGOreHe3 W CTPOEHUE XKUBBIX CYIIECTB,
HacessTIonmx 3eMJII0, a TaKKe XapakKTep METaboJIMYeCKMX ITPOIECCOB, O0ECIeUunBalOIIMX UX BbKMBaHue. B
CBSI3M C ajamnTalueil K TIpaBUTALIMOHHBIM CTUMYJaM B KJIETKaXx CHOPMUPOBAIUCH MEXaHU3Mbl TPaBM-
YyBCTBUTEJIbHOCTU. HanboJjiee 4eTKO posib rpaBUTALIMKM TIPOCIEXKMBACTCS B IBOJIOLMN KOCTHOTO CKeJieTa U
OINOPHO-/IBUTaTeNIbHbIX (DYHKLMI Y HA3eMHBIX TO3BOHOUHBIX. CTaTOAMHAMMUYECKHUE HArpy3KM Ha KOCTHBIN
CKeJIeT, KOTOpbIe ITOCTOSIHHO M3MEHSIJIUCh, CTUMYJHMPOBAIM pa3BUTHE B (GUIOTEHEe3e CUCTEM
MOJICJIMPOBAHMSI U PEMOICIMPOBAHMS, JISKAIIMX B OCHOBE MOp(doreHe3a M CTPyKTYPHO-(DYHKIIMOHATBHBIX
amanrtaiuii B koctHoM ckenete (Llmanbraysen, 1964; Cmur, 1975; Kopxkyes, 1976; Carter, 1991; Burr,
Martin, 1992).
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ComnacHo coBpeMeHHBbIM mpezactaBieHusM (Morey-Holton, Globus, 1998; Vico, 1998) mepBuuHas
peakiiMss Ha H3MEHEHME MEXaHWYEeCKOro HalpspKeHUWs OMocpeoBaHa JIOKaJbHBIMUA (TKAHEBBIMU )
dakTopamMu M TPSIMBIM YYaCTMEM B 3THUX IMpoleccax KIETOK KOCTHOW TKaHu. OJIHAKO KJIETOYHbIE U
TKaHeBble OCOOEHHOCTH, KOTOPbIE 00ECIeUnBAIOT CTPYKTYPHbIE U (DYHKIIMOHAJIbHBIC aJanTalud KOCTHOTO
cKeJieTa B OHTO- U (hujioreHe3e BO MHOTOM OCTAlOTCSI HESICHBIMM. B 4acTHOCTH, MeXaHM3Mbl BOCITPUSITHS
MEXaHWYEeCKUX CTUMYJIOB M MX TPAHCAYKIMU B KOCTHOM TKAaHU, B3aMMOJCHCTBMSI KJIETOK B Tpolieccax
oCTeoreHe3a M pe30pOLUU KOCTHBIX CTPYKTYp, crieln(uKa 3TUX MPOLECCOB Y XXKMBOTHBIX C Pa3HBIM TUIIOM
MEXaHUYEeCKHMX U JIOKOMOTOPHbIX (yHKLMI. 2KWBble OpraHM3Mbl W TpaBUTALUsI, MEXaHU3Mbl UX
rpaBUYyBCTBUTEILHOCTU M afanTaluyd K M3MEHEHUSIM MEXaHUUECKMX Harpy3oK — akTyajbHas rpobsemMa
byHmameHTaIbHOM Guooruu. [MpakTUUeCKyl0 3HAYMMOCTD MTPOGJIeMa MpUodpeTaeT B CBS3M C MpeObIBAHUEM
YyeJIoBeKa M KMBOTHBIX B YCJIOBUSIX KOCMUYECKMX IOJETOB (MUKPOTrpaBUTaLMs), Ne(PULUTOM OIMOPHO-
JIBUTATeJIbHOM HArpy3Ku (TUIMOKWUHE3HUSI ), JJTUTETbHON BBIHYXICHHON MMMOOMIM3ALICH U T. TI.

HccnenoBanusi Ha KOCMUYECKUX CIYTHMKAX M CTAHLMSX IMOKA3aJu, YTO KOCTHBIW CKeJeT SIBISICTCS
OJTHOM M3 BaXXHEUIINX MUIIEHEW NeCTBUS MUKPOTPABUTAIIMM U TMIIOKMHE3UM HA OPraHM3M. YCTaHOBJIEHO,
YTO B OTHUX YCJIOBUSX TIPOMCXOAUT YMEHBIIEHUE MAacChl CKejleTa, MPOYHOCTU U MUHEpaJbHOU
HACBIILIEHHOCTH KOCTeI, 0COOEHHO TeX, KOTOPbIE HECYT OMOPHYI0 HArpy3Kky (OelpeHHbIe KOCTH, TO3BOHKH,
KocTH Ta3za). [ToTepss KocTHOI Macchl KBATM(MUIIMPYETCsS KaK KIMHUYECKW 3HAUMMasi JTOKaJIbHAs OCTEeOIe-
HMs (MHOTIAa OCTEONOPO3), YTO MPUBOIUT K (DOPMUPOBAHUIO B KOCTSIX KPUTUIECKUX 30H C BBICOKOI BEpOSIT-
HOCTBIO TIEPEIOMOB. Y HEKOTOPBIX ACTPOHABTOB KOCTHAsi Macca He BOCCTAHABIMBAETCSl Jaxe depes
6 MecsILeB TocJie BO3BpAIeHUsT Ha 3eMITI0. DTO CUIBHO YCIOXHSIET MEPCIEKTUBY JUTUTEIbHBIX KOCMUYECKUX
nosneroB (CrymakoB, BomoxwuH, 1989; Morey-Holton, Arnaud, 1991; I'puropseB u ap., 1994; OraHos,
IIHaitnep, 1997; Oranos, 2003; Doty, 2004 u ap.).

OcTeornopo3 B HACTOSIIIEE BPEMs BBICTYIAeT KaK OJHO M3 OCHOBHBIX 3a00JI€BaHMI1, OOYCIOBIEHHBIX
HE TOJIbKO TeHETUYECKUMU (haKTOpaMu, HO M MaJIOTTOABMKHBIM 00pa30M KU3HU (TUTTOKUHE3US ), BPEIHBIMU
9KOJIOTUYECKMMU U COLIMAJIbHBIMM YCIIOBUSIMM, W PACCMATPUBAETCS KakK «0OJIe3Hb LMBUIU3ALIAN».
CornacHo gaHHeiM BO3, ocTeornopo3 Mo pacnpoCTpaHEHHOCTM W CMEPTHOCTM OT €ro MOCASACTBHIA
(repesioMbl KOCTE Y JIIOfIeH TMOXUIOr0 BO3pacTa, OCOOCHHO y KEHIIMH) 3aHMMaeT TPEThbe MECTO MOoCie
CepIEYHO-COCYAMCTBIX M OHKOJIOTMYECKUX 3a0osieBaHuii. PHCK OCTEOMOPOTUYECKUX TIEPEIOMOB B BO3pacTe
50 et cocraBnsiet 39,7% nnst xenuH u 13,7% nast myxkunn (Melton, 1995). CouuaibHO-3KOHOMUYECKast
3HAYMMOCTh TIpoOJieMbl obOycioBuia ToT ¢dakt, yto B 2000 r. BO3 oObsBuiIa 0 Hauvaie BcemupHoro
NECSITWIIETUST M3ydeHusl marojorun Kocteir u cycraBoB (The Bone and Joint Decade, 2000—2010). B
VYKpanHe CUTyalusi YCIOXKHSIETCSI 3a CYeT pa3BUTHSL Yy 3HAYUTEIbHON 4YacTM HaceJeHUs elie u
MMOCTPaIMAllMOHHOTO OcTeornopo3a BeienctBue YepHoObuTbeKO# KatacTpodsl (I[ToBoposHiok u ap., 1995;
Pomnonosa u ap., 1996).

MuKkporpaBuTalys — MaKCUMAaJIbHBIA AePUIIMT MEXaHUYECKON HArpy3Ku — SIBJISIETCS] ONTHMAJIbHOM
MOJICJIBIO JUTSI UCCIIEOBAHUSI MEXaHU3MOB Pa3BUTHUSI OCTEOINOpo3a U octeoneHuu. Ham petieHuem mpoGiem
BJIMSIHUSI TUTIOKMHE3UM M MUKPOTPABUTALIMKM HAa KOCTHBIN cKejeT MHOro padotaiotr: B CLIIA — B HayyHO-
uccnenoBarenbckux 1eHTpax HACA u ap. (D. Holton, S. Arnaud, S. Doty, L. Garetto u np.); B EBporie —
yieHbl EBporeiickoro kocmuueckoro areHtctBa (EKA): ®@panuwms (E. Zerath, H. Holy, L. Vico u ap.),
Hunepnanasr (P. Veldhuijzen u np), Benmmkoopurtanus (B. Noble, J. Mosley u np.) u apyrue cTpaHbl; B
Poccun — B THL P® UnctutyT Mennko-6uonornyeckux mpobiem (UMBIT) PAH, Mocksa (A. U. I'pu-
ropeeB, f. I1. Ctymakos, B. C. Oranos, O. C. Kamanckuii, I. M. lypHosa, A. C. OpsioB u np.).

VYyactue corpyanukoB VIHCTHTYTa 300/10TUN
B MEXKIYHAPOIHBIX KOCMUYECKHX MPOrpaMMax M IKCIepUuMeHTax

B otnene uuronoruu u rucroreHeza MHcruryra 3oomorun um. WM. WM. IlImansrayse-
Ha HAH VYkpaunsl (U3IIIK) yxe 6osee 30 et BeayTcsl LieJieHanpaBieHbIE UCCIeI0Ba-
HUS TI0 M3YYEHHWIO 3aKOHOMEPHOCTEH pas3BUTHs, MU depeHINPOBKY, (QYHKIIMOHATBHBIX
0COOEHHOCTEl KJIETOK XPSIIIEBOr0O M KOCTHOTO CKeJjieTa B OHTOIeHe3e Yy pPasIMYHbIX
KJIACCOB TTO3BOHOYHEIX. HakoImieH 3HAUYNUTETLHEBIN OMMBIT 110 M3YUYEeHUIO BIUSHUS Ha O5TH
MPOIIECChl Pa3IMYHBIX (PAaKTOPOB BHEILIHEW Cpedbl (CBUHIIOBBIE M (heHOJBHEIE 3arpsi3-
HeHusl, paguauusi nocyie YepHoOblibeKoit KatacTpodsl). C 1990 r. B oTaene HayaThbl
MCCIIEAOBAHMS TT0 M3YYEHUIO [IUTOIOTMYECKIX MEXaHN3MOB M3MEHEHMIA B KOCTSX CKeJleTa
MpY IEHCTBUM MUKPOTPABUTAIINN M TUTTOKMHE3WU. KccienoBaHns BBITTONHSIOTCS B paM-
KaX MeXIyHapOTHOTO HAyYHOrO COTPYIHWYECTBA, HAYYHBIX IPOTPAMM M TPAHTOB; OIOMI-
JKETHBIX TeM HaluoHanbHOl akaneMuu HaykK YKpauHbl (puc. 1):

1. Hayynoe cotpymnuuectBo ¢ T'HLI P® WMMBII PAH, Poccus, Mocksa
(c 1990 r.).

2. I'paaTer TKHT (1992—1996 rr.).

3. HaumonanbHble KocMuyeckue mporpammbl (1993—2007 rr., 2008—2012 rr.).
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Yyactue Uncruryra 3o00i0rum um. . U. Imansrayzena HAH Ykpaunbt
B MEXIYHAPOAHBIX KOCMHUYECKUX IKCIEPUMEHTAX

HHCTUTYT MENMKO-OMOJIOTUYECKUX MPOOIIEM
(Mocksa, Poccus),
Hncturyr 30omorun HAH Ykpannst

(Kues)
Buon-9 (1989) buon-10 (1993)

Poccus, CLLIA u np. Hupnepnannbl, benbrusi, ®panims
(GeJible KPBICHI, JJIMHHBIE KOCTH ) (KJIETOYHBIC M OpPTaHHbIC KYJIBTYPbI)
SLS—2 (1996) Buon-11 (1998)

Poccus, CILA Poccusi, CLLIA, ®panuust u mp.
(Gestble KPBICHI, MJIMHHBIE KOCTH ) (00e3bsIHBI, OMOMNTATHl KOCTH )

Yuactne Uncruryra 3oom0run um. .. [MImansrayzena HAHY B Ha3eMHBIX 3KClepUMEHTAX

MexayHapoaHble IKCIIEPUMEHTHI: DKCNEepUMEHTBI, MOoCcTaBlIeHHble B MHCTUTYTE
MOJIeIMPOBaHHasE MUKPOIpaBUTALIMS, 3oo0j0orun HAH YkpauHsl:
CHSITUE OMOPHOI Harpy3ku MOJIEIMPOBAHHAsT MMKPOIpaBUTALIMS,
C 3alHUX KOHEYHOCTEM, CHSTHE OIOPHOM HArpy3ku C 3alHUX
Poccus, CIIA, EC (1996—2004) koHeuHocteit (2003—2008)
(GeJble KPBICHI, JJIMHHBIC KOCTH ) (06esble KpPbICHI, JUIMHHBIE KOCTH )

Puc. 1. Yuactue UuctutyTa 300m0run HAH YkpanHbl B KOCMUUYECKMX M Ha3eMHBIX 3KCIIEpUMEHTaX.

Fig. 1. Participation of Institute of zoology NAS of Ukraine in space and ground experiments.

4. Poccuiicko-ykpanHckasi nporpamMma «IlepedueHb BaHEWIINX TEM IS COTPY/I-
HUYECTBa, KOTOPbIE BBIMOJHSOTCS CcoBMecTHO ¢ ydyeHoiMu PAH u HAHY»
(2003—2010 rr.).

5. I'pantr CIOA u EC (npoext YHTILIL) (2002—2004 rr.).

6. lonrocpoyHasi TIiporpaMMa COBMECTHBIX POCCUIMCKO-YKPAMHCKMX HAyYHBIX MC-
clieJOBaHWI M TEXHOJIOTMYECKUX 3KCIEPUMEHTOB Ha poccuiickoM cermeHTe MKC
(kocmuueckuit akcriepuMeHT «OBJIACT») (¢ 2003 1.).

B 3agaum Hammx mcciaemoBaHWM BXOOUT — B DKCIEPUMEHTaX Ha JXMBOTHBIX B
YCIIOBUSIX MUKPOTPABUTALINN W TUTIOKWMHE3UU N3yYUTh:

— THUCTOCTPYKTYPHbIE TIEPECTPOMKM B KOCTSIX CKeJIeTa, HECYLIMX OMOPHYIO
Harpysky (IJIMHHBIE KOCTHU, KOCTH Ta3a);

— YJABTPacTPYKTYpHbIE U3MEHEHUSI B KJIETKaX, YYaCTBYIOILIUX B IMpolleccax ajaar-
TUBHOTO PEMOAEIUPOBAHUSI KOCTHBIX CTPYKTYpP (OCTEOTe€HHbIE KJIETKU-TIPEAIIECTBEH-
HUKM, OCTE00aCThl, OCTEOLIMTHI, OCTEOKJACThl, MOHOHYKJIeapHbIe (ParouThl U Ip.);

— ocobeHHOCTH TIpomMdepann, TruddepeHINPOBKY, CIIEHU(PUIECKOT0 (PYHKIIMO-
HUPOBaHUS M B3aMMOJIEHMCTBUI KJIETOK B 30HaX OCTeOreHe3a W pe3opOlMyd KOCTHOM
TKaHU;

— pa3paboTKa KOHLETMUN O KJIETOYHBbIX MeXaHN3MaX alalTUBHOTO PeMOJEINpPO-
BaHMSI KOCTHOM TKaHU W pa3BUTHSI OCTEOTIEHUN U OCTEONOPOo3a B YCIOBUSIX MUKPOTpa-
BUTAIIUA W TUTTOKWHE3WH.

B uccnenoBanMsIX TpUMEHEHBI METOIBI TMCTOJIOTUM, TUCTOXUMMU, TPAHCMUCCH-
OHHOM M CKaHUPYIOLLIEH 2JeKTPOHHOU MUKPOCKOIMUU, KYJbTYpbl KJIETOK U TKaHEM,
JIIOMUHUCLIEHTHON MMKPOCKOIIMU, TUcToaBTOpanuorpaduu, MophoMeTpud U JIp.
T'ucronpenapaTbl M3ydyajJu C MCMOJb30BAaHMEM KOMIMBIOTEPHBIX IPOrpaMM aHajiu3a
U300paxkeHUil B CBETOBBIX MUKpOCKoMax (pupma «Zeiss», I'epmaHusi). DaeKTPOHHO-
MUKPOCKOIIMYECKHUE MCCAeA0BaHUSI TPOBOAMIIM C TTOMOIIbIO MUKpockornoB («Tecia
BC500», «Tecma BC301», «Geol 6060LA») ¢ mpumeHeHueM dotockaHepa EP3200.
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Kocmuueckue 3kcnepuMeHTbI

«Bion-9» (Poccus, Ilneceuk, 1989, mpomo/KUTEIbHOCTD 3KCIepuMeHTa 14 cyT,
6enbie Kpoickl Wistar SPF). Llenb sKkcriepyMeHTa — WCCIEIOBaTb CTPYKTYPHbIE
M3MEHEHMS B JUIMHHBIX KOCTSIX C UCIOJBb30BAHMEM METOIOB TMCTOJOTUN U CKAHUPYIO-
1Iei 3JeKTpoHHOI MuKpockonuu. MccnenoBanus nposoauin coeMectHo ¢ B. C. Ora-
HoBbIM, A. B. bakynmuusim, O. E. Kabuuxoit (THL P® MMBIT PAH).

«Bion-10» (Poccus, ITneceuk, 1993, nmpomo/kKUTeIbHOCTh nosieta 11 cyr, Mbliu
Swiss mice, KJI€TOYHBIE U OpTraHHBbIC KyJbTyphl). Lleab skcnepuMeHTa — ¢ UCIOJIb30-
BaHMeM pa3pabortaHHoi EBpomneiickum KocmuuyeckuM areHTCTBOM (EKA) cucteMbl
KYJIbTUBUPOBaHUS «BrMOOOKC» M3YYUTh B YCIOBUSIX in Vitro BIMSIHUE MUKpPOTpaBUTA-
MM Ha pa3BUTUE SMOPUOHAJIbHBIX KOCTE€ KOHEYHOCTEM MbIIIel (3KCIEPUMEHT
«BONES», oterctBeHHbIi ucnonHutenb or EKA P. Veldhuijzen, Hunepaanapbl);
g epeHIUPOBKY OCTEOreHHbIX KJIeToK JuHuu NM7 (akcnepumeHT «MARROW»,
oTBeTcTBeHHBIN ucnonHurelb or EKA G. Schoeters, benbrusi). B skcnepuMeHTax
ObLIM IOCTaBJACHbI BUBAPUMHBINA U CUHXPOHHbII KOHTPOJIU.

Bion-11» (Poccus, Ilnecenk, 1997, nmpoao/kKuTebHOCTh TojieTa 14 cyT, 00e3bsi-
Hbl Macaca mulatta). belnu TOCTaBACHBI BUBAPUMHBIA M CUHXPOHHBIM KOHTPOJIU.
Llenp skcnepuMeHTa — Ha OMOIITaTaXx KOCTHOM TKaHM IPeOHSI IOAB3AOLIHON KOCTU
MU3YYUTb TUCTO- U YJIBTPACTPYKTypHBbIE U3MEHEHUsI B KOCTHOI TKaHW. MccrnemoBaHus
npooawin coBMecTHO ¢ B. C. OranoBeiM u corpynHukamu (I'HL[ PO MMBIT PAH).

Kocvuueckast jgadoparopusa SLS—2 (CLIA, 1993, npogo/KUTENbHOCTh I10JIETa
14 cyt, Genbie Kpbichl Sprague-Dawly). Beuiy mocraBiieHbl BUBAPUMHBIN U CUHXPOH-
HBII KOHTpoau. lleap skcmeprMeHTa — M3YyYWUTh YJIbTPACTPYKTypHbIE U3MEHEHUS B
g hepeHIUPYIOLINXCS OCTEOTeHHBIX KJIETKaX, OCTe001acTaX M OCTEOKJIacTaX B 30HAX
octeoreHesa u peszopouuu. McenenpoBanus npoBoawin coBmectHo ¢ B. C. OraHoBbIM
u apyrumu cotpynHukamu (I'HLL P@® MMBIT PAH).

Ha3zemHble 3KcnepuMeHTbI

DKcrepuMeHThl (Bcero 16) ObUTM MOCTaBleHbl Ha 4—6-MeCSTUHBIX OeIbIX KpbhICcax
Wistar, B3IThIX B BUBapusxX oTaena uutonorun u rucroreHesa M3IIK u T'HL P®
MUMBII PAH. T'unoxkunHe3uio MoaeaupoBalu mno Metomy Morey-Holton u coasr.
(1981) myTem CHSITUSI OTIOPHOI HATPY3KU C 3aJHUX KOHEYHOCTEH («BBbIBELIMBAHUE» 3a
XBOCT TioA yriaom 35°), msydanu OeapeHHble KocTu. MccliemoBaHusl TPOBOIMIN C
HCTOJIb30BaHUEM KOMILIEKCA YKa3aHHBIX BBIIIE METOIOB.

OcHoBHbIE pe3yJIbTaThl UCCJIET0BAHUI

Iucromornyeckue uccienoBaHUs, MPOBEICHHbBIE HAMU Ha OMOCITyTHHKE «Bion-
9», «SLS—2» 1 B yCIOBUSX MOAEIMPOBAHHON I'MIIOKMHE3UM IO3BOJMINA YCTAHOBUTH
(Pomuonosa u ap., 1991; Rodionova, Oganov, 1998), uto B GeApeHHBIX KOCTSIX KPhIC
MMEeT MECTO CHMXXEHHUE YICIBHOIO 00beMa KOCTHOM TKaHU (0COOCHHO MpPU MUKPO-
IpaBUTALIMM ), OECTPYKUUS U Tepdopanust TpabeKysal B MeTadusax, riae IpeBaIrpyeT
MeTaboIMYeCKN aKTMBHAs KOCTHAsl TKaHb, 3TO CONPOBOXIACTCS CHUKCHUEM KOJIUYe-
CTBa OCTE00JIACTOB M OCTEOLIMTOB, YBSIMUCHUEM KOJIMYECTBA ITYCTHIX OCTCOLIMTAPHBIX
JakyH. [1py TONroBpeMeHHOI T'MITIOKMHE3WH CTPYKTYPHBIC U3MEHEHUS (CIIOHTM3aLusI,
ITOJIOCTU B KOPTUKAJIBHOM KOCTH, IIYCThIe OCTEOLMTAPHBIC JaKyHbI B KOCTHOM TKAHM )
MOSBIISIIOTCS ¥ B Auadu3apHOil TpyOKe OempeHHOM Koctu (puc. 2). Hamm rucrodo-
ITMYECKUEe MCCIACIOBAaHMS KOPE/UIMPYIOT C HOAHHBIMM, ITOJIyYEHHBIMM B O3THX XK€
akcnepuMeHTax psinoM aBTopoB (Kaplansky et al., 1990; Kamnanckwuii, JlypHosa, 1991;
Vico et al., 1993 u np.).
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B skcrniepumenTax «Bones» (Koctir) m «Marrow» (KocTHBIIT MO3T) Ha GUOCITYT-
HUKe «Bion-10» mcciaemoBaHo BIMSTHUE MUKPOTPAaBUTAIINNA Ha pa3BUTHE SMOPHOHATh-
HOI MeTaTap3aJbHONM KOCTH U IU(PepeHIIMPOBKY OCTEOTeHHBIX KJIETOK B CHUCTEME in
vitro. B akcnepuMeHnTe «Bones» TTOKa3aHO CHIDKEHWE WHTEHCUBHOCTH POCTOBBIX U
OMOCHHTETMYECKHUX IIPOIIECCOB, a TakKKe MAacIITabOB MUHEpPaTU3allMi B XPSIIEBBIX
3akiaakax koctu (Loon, 1995). DieKTpoHHOI MMKPOCKOTHEH MoKa3aHO, UTO 3TO
MMPOUCXOOUT B pe3yJbTaTe 3aMeUICHUs Tiepexofa XOHIPOIIMTOB B THUIIEPTPOhH-
pPOBaHHOE COCTOSTHHE C TIOCIIEAYIOIIEH X mecTpyKuueit. OTCYyTCTBIE BacKyJIsIpU3alun
BO BHYTPEHHEM CJIO€ TIEpUXOHApa SBISIETCS TPUUYMHON 3afepXKU ITIPOIIECCOB
MTepUXOHIPATLHO-OHXOHIPATLHOTO OCTeoTeHe3a U Au(depeHINPOBKA OCTEOTeHHBIX
KJIEeTOK. DTH W3MEHEHUS SBISIOTCS pe3yJbTaTOM CHIXXEHUS (VI TIOTEpH )
MOp(OTEeHEeTUYECKON PO TIEPUXOHIpA, TaK KaK ero CTPYKTypa 3HAYUTEIbHO
Hapymraetcs (PommonoBa, Bembaxbiozen, 1994; Pomionosa, 2006). MopdomeTpn-
YeCKWI aHaJN3 yIABTPACTPYKTYPHI TTPEOCTe001acTUIecKNX KiIeToK MN7 (3KCIIepruMeHT
«Marrow» ) Tokasai 3aMmeieHne T GepeHIMPOBKI OCTEOTEHHBIX KJIETOK B YCIOBUSIX
mukporpaButaiuu (bepeszoBckasi, Poguonosa, 1998).

ITpu uccnegoBaHUM OCOOEHHOCTEN KOJOHUEOOpa30BaHUsI CTPOMAJIbHBIX KJIETOK
KOCTHOTO MO3Ta eX Vivo Toclie MOJSIMPOBAHHON THITOKWHE3WW YCTAHOBIIEHO, YTO
KOJIOHUU CTPOMAJIBHBIX OCTEOTEHHBIX KJIETOK TIpeACTaBIeHB MeHee mrphepeHIINpo-
BaHHBIMH, YeM B KOHTPOJIE, KIIETKaMH. B KOJOHUSX yBEeTMIMBAETCS KOJMUYECTBO allM-
monuToB. TakuM 00Opa3oM in Vitro MoKa3aHO, YTO MUKPOTPABUTAIINS W THUTTOKWHE3US
CHIXAIOT OCTEOTeHHBIE TTOTEHIIMM CTPOMAabHBIX KIIETOK-TIPEIIIeCTBEHHUKOB
(Ponuonosa, bormanosuu, 2005).

M3yueHBI 0COOEHHOCTHM YIBTPACTPYKTYpPhl KaNWJUIIPOB W TIEPUBACKYISIPHBIX
KJIeTOK B MeTadm3ax OeIpeHHBIX KOCTell KpPBIC, KOTOPbIe HAXOAWMJINCH B YCIOBUSX
MOJEIMPOBAHHOW TMIOKMHE3UNW U MUKporpaButauuu («SLS—2»). OOHapykeHa TeH-
IEeHIINS K CHIDKEHUWIO YISIbHOTO 00BbeMa CHHYCOMIHBIX KAIWJLUISIPOB Y OITBITHBIX
SKMBOTHBIX B 30HAX OCTeoreHe3a. Hamnune B MOMyISIIIAY TTepUBaCKYISIPHBIX MaJTOIUd-
epeHIIMPOBaHHBIX KJIETOK, KOTOPhIE, B OTIMYME OT KOHTPOJISI, HE comepkaT IIeT0d-
Hyto ¢ocdarasy (Mapkep OCTeoreHesa), a TakxKe aaiulouuTOB U (puOpoOIacTOB maeT
OCHOBAaHME CUYWTATh, YTO B YCJIOBUSX CHUKEHHSI OITOPHON HATPy3KM MEHBIIasl 4acTh
MasonrdhepeHIIMPOBAHHEBIX TTePUBACKYISIPHBIX KJIETOK AuddepeHIInpyeTcs B 0CTeO-

Puc. 2. OcreomnopoTuyeckne IIOJOCTH B KOCTHBIX TpabeKynax OeapeHHBIX KOCTel KphIC. [MImoOKuHe3us,
28 cyrok. KM — KocTHBI MaTpukc. [eMaTOKCHMIMH-303UH. X315.

Fig. 2. Osteoporotic cavities in bone trabeculaes of femoral bones of rats. Hypokinesia, 28 days. KM — bone
matrix. Hematoxylin-eosin. X315.
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Puc. 3. ManonuddepeHimpoBaHHbIE TIEPUBACKYJISIPHBIE KJIETKU: d — KOHTPOJIb, 6 — MUKPOTPAaBUTALIMSI,
14 cyt, SLS—2 (BuaHbI OpU3HAKU AECTPYKLIMK LUTOIIa3Mbl ). KM — KocTHbIl MaTpukc, I — sanpo, [TK —
MPOCBET KPOBEHOCHOTO cocynaa, DL — snnorennouunt. X14 500.

Fig. 3. Little-differentiated perivascular cells: @ — control; 6 — microgravity, 14 days, SLS—2. Signs of
destruction of cytoplasm are marked. KM — bone marrow, I — nucleus, I[IK — vascular lumen, 311 —
endoteliocyte. X14 500.

reHHble. HekoTopbie manonuddepeHIIMpoBaHHbIE MEPUBACKYJISIPHbIE KJIETKU BBISIB-
JstioT mpusHaku gectpykuuu (Rodionova, Oganov, 2003; PommonoBa u np., 2003)
(puc. 3). Paguorpaduyeckue uccienopanus ¢ *H-TUMMOMHOM MOKa3aiud TCHACHLMIO
K CHMXEHMWI0O MHTEHCHMBHOCTM MpoJudepalnyd OCTEOT€HHbIX KJIETOK-MpPealleCTBEeH-
HUKOB, 3aMeUIeHUe TpoleccoB UX AUpGdEepeHLIMPOBKU B OCTe00JacThl U TpaHCHOP-
MallMy B OCTEOLUTHI MPU JJIATEIbHOM runokuHe3uu (Pomionosa, 2006).

B uccnepoBaHusIX ¢ MPpUMEHEHUEM 3JIEKTPOHHOU MMKPOCKOIUU, LUTOXUMUU U
paguoaBTorpaduu ycraHosneHo (Pomuonona 1988, 1989), uto B pactyieil u 3penoi
KOCTU TMOMYJISILMS OCTe00JaCTOB HEOAHOPOAHA. B 3aBUCMMOCTM OT MHTEHCUBHOCTHU
OCTEOIUIACTUYECKOTO TIpoliecca B TOM WJIM MHOM YYacTKe KOCTM OCTE00JIacThl pasyiu-
yatoTcsi MopdoJIoTueii, YypoBHEM crnelu@uueckux OMOCUHTE30B, TONOrpaduyecKumMu
B3aMMOOTHOIIEHUSIMHU C 30HOU MUHepaiu3aluuu. B monyasumny octeo6JacTOB Bblaese-
HBI YeThIpe MOP(POGYHKIIMOHANBHBIE COCTOSHUS (WIM TUIa). B 30HaX MHTEHCHBHOTO
OCTEOTeHe3a PEerucCTPUPYIOTCS: MOJIOAbIe ocTeobaacThl (1 TUIr), 3penble (yHKIIMOHATb-
HO akTUBHBIE ocTeobnacTel (II Tum), ocreobmactel ¢ runeprpodupoBanHoin 'DC —
TPaHYISIPHOM SHAOIUIa3MAaTUYECKOM CeThlo (KIETKU-«Iermo» cekpera — III tum). B
30HaX yracaHusl OCTEOIJIaCTUYECKOro Mpolecca M B 3pesioii KOCTU OCTe00JIacThl
Mepexofs T B MAaJOAKTUBHOE II0 OTHOIICHMIO K CIelIU(PUIEeCKUM OMOCUHTE3aM
cocrosiHue (IV tun) u popmMupytoT KjieTku (Mbl paccMaTpuBaeM UMX KakK MOBEPXHOCT-
Hbl€ OCTEOLIUTHI), KOTOPbIE BBICTUJIAIOT KOCTHbIe IoBepxHocTH (PomioHoBa, 2006).
ITocnenHue, Mo HaALIMM JaHHBIM, B 3aBUCUMOCTU OT PETyJUPYIOLIMX OMOMEXaHU-
YECKUX CTUMYJIOB, CUCTEMHBIX U JIOKAJIbHBIX (haKTOPOB MOTYT (PyHKIIMOHUPOBATh KaK
0CTe001aCThl WU KaK OCTEOLIUTHI.
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Puc. 4. ®parmMeHThl 0CTe001acTOB B 30He ocTteoreHe3a (SLS—2): ¢ — BMBapMilHBII KOHTPOJb (BUIHBI
MUKPOTPYOOUKM B mutoruiasme ), X12000; 6 — mosnetHslil 3KcniepuMeHT (KaHaibl [DC CUIIBHO CyXeHHBI,
MUKpPOTPYOOUKM He obHapyxuatorcs), X9000. S — sapo, MT — MukpoTpydbouku, M — MUTOXOHIpUS,
T'EC — rpanyisipHast 9HIOIUIa3MaTU4eCKasl CeTh.

Fig. 4. Fragments of osteoblasts in osteogenesis zones (SLS—2): @ — vivarium control. Microtubules in
cytoplasm are marked, x12000; 6 — flight experiment. Channels of GER strongly constriction, microtubules
aren’t marked, x9000. s — nucleus, MT — microtubules, M — mitochondria, 'EC — rough endoplasmic
reticulum.

MopdodyHKIIMOHAIbHAS HEOOHOPOAHOCTh OCTEOLIMTOB O0YCIOBJIEHA ITPOUCXOXK-
JNIEHUEeM MX M3 OCTe00JIaCTOB pa3HbIX (PYHKIIMOHAJIbHBIX COCTOSIHUM, HEOAMHAKOBOU
CTEMNEHbIO 3pPEJIOCTU KJIETOK, XapakTepoM U YpPOBHEM creuuduueckoil merado-
JIMYECKOM aKTMBHOCTH, @ UMEHHO: BO3MOXHOCTBIO Tepexoja KJIETOK OT OCTEOJIMTH-
YEeCKOW aKTMBHOCTU K MpolleccaM OrpaHUYEHHOTO CHHTE3a KOJUIAr€HOBBIX OEIKOB,
MPOTEONIMKAHOB, YYacTHsl B MeTa0oIM3Me Kajlblus sl o0ecriedeHUuss MUHEPAJIbHOTO
romMeocrasa, T. €. OCTeOLMTAapHbIM pemMoaenaupoBaHreM. Ha ocHoBe MoJjlydeHHbIX JaH-
HBIX HAMM IIPEUIOXKEHA CXeMa B3aUMOJCKCTBUS KJIETOK B PACTYIUEH M 3PEIOM KOCTHU
(Pomnonosa, 1989; Ponionosa, 2006).

C yuyeToM W3JO0XEHHBbIX BbILIE TMO3ULUKA 3JIEKTPOHHO-MUKPOCKOTIMUYECKU UC-
cliemoBaHbl 0M000pa3Lbl U3 MeTau30B OEAPEHHOU KOCTU KPBIC, KOTOPhIE HAXOIUINUCH
Ha 6opTy OuocmyTHUKa «Bion-9», kocMuueckoii jadbopatopun «SLS—2», rpedGHs mo-
B3IOILIHOI KocTh Macaca mulatta (6uocnyTHUK «Bion-11»), a Takke 0MO00Opa3Lbl
OeIpeHHOIl KOCTU KpPhIC, KOTOphIe MpeObiBaand 28 CYyT B YCJIOBUSIX MOACIMPOBAHHON
MUKpPOIpaBUTALIMU. YCTAaHOBJIEHO, YTO YCJIOBMSI MUKPOTPABUTALMM BIMUSIOT Ha TO-
MyJISILMI0 OCTe00JACTOB U OCTEOLIMTOB. B simpax aTUX KJIETOK YCUJIUBAETCS T€TEPOXPO-
MaTU3alMsl, B KJIETKax CHIKaeTcs yAeabHbIi o0beM I'DC. Crneuududeckum mpu
MUKpPOTpaBUTALMU SIBJIsIeTCSl cocTossHue I'DC: y3kue KOpOoTKME KaHajibl 0e3 paciliu-
PEeHMIA pacIpeaessiioTCs M0 BCeil LUTOIIa3Me U He MMEIOT TUIIMYHON 111 ocTeobia-
CTOB U OCTEOLIMTOB B KOHTPOJIE MPOCTPAHCTBEHHOU opraHu3aluu. MoxXHO MoJiaraThb,
YTO HapylI€HUE TUIIMYHOW apXUTEKTOHUKMU OpraHesUl SBJSIeTCsl CEeICTBUEM Ae30pra-
HU3aLUU (IeCTPYKIUM WIM «pa300pKu» ) amnrapara MUKpPOTPYOOUeK, a TaKXKe JeCTPYK-
TUBHBIX TIPOLIECCOB B MeMOpaHax (puc. 4).

IMonynsiuust ocTeo0gacTOB, IO CPaBHEHUIO C KOHTPOJIEM, CTaHOBUTCSI 0OoJiee
OIHOPOJHOWM, YMEHBIIAETCS KOJIUYECTBO (DYHKIIMOHATBHO aKTUBHBIX OCTEO0JACTOB U
YBEJIMYMBAETCSI KOJIMYECTBO HEAKTUBHBIX ocTeobjacToB IV Tuma, KoTopbele TpaHcdop-
MUPYIOTCSI B KJIETKM, BBICTWJIAIOLIME KOCTHbIE MOBEpXHOCTU. B ycioBusx aedunura
MEXaHWYEeCKOW Harpy3ku (MUKpOTpaBUTALMW, TUITOKMHE3UHW ) B TAKUX BBICTUJIAIOIIMX
KJIeTKax (ITOBEPXHOCTHBIE OCTEOLIMTHI) YCUJIMBAIOTCS OCTECONMTUYECKHUE ITPOIIECCHI,
HalpaBJ€HHbIE Ha JAECTPYKILIMIO MWHEPAJIM30BAaHONW KOCTHOU TKaHMU. B ycioBusix
TUIOKMHE3UU 3TU SIBJICHUS BhIpaxkeHbl B MeHbllel creneHu (Rodionova et al., 2000;
Rodionova, Oganov, 2002; Poxgionosa, 2006; Rodionova, Oganov, Polkovenko, 2002).
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PanuoasTorpadpuueckue ¢ *H-rimimHoM ucciaeqoBaHUs TOMYJISIIIMA OCTEO0JIAaCTOB B
MeTaduszax OeApeHHON KOCTU KpbIC Mocie 28 nHei TMIOKUHE3UN MOATBEPXKIAI0T CHU-
>KeHWe MHTEHCUBHOCTU OcCTeoracTuueckux mnpoiueccoB (PomioHoBa Ta iH., 2004).

[Ipu geficTBUM MUKpPOrpaBUTALIMU M TUIIOKMHE3UM B IOMYJSILUUM OCTCOLMTOB
OOJILIIMHCTBO KJIETOK COXPaHSIOT TUIMYHYIO CTPYKTYpy. B OTHeIbHBIX 3pesibix
OCTeOolIMTax OTMEYaeTcsl Bo3pacTaHue yaeabHoro oobema komiiekca lonpaku (KI') u
JIM30COMHBIX CTPYKTYp. OTO OTpaxkaeT, B MEPBYIO ovepelb, YCUJIEHHUE IPOLECCOB
OCTEOJIUTUYECKON aKTUBHOCTH OCTEOLIMTOB M PE30POLIMM MUHEPATU30BAHOTO MaTPUK-
ca B KOCTHBIX JlakyHax (puc. 5, a). B pe3syabTare amonTosa yacTh TakKMX OCTEOLIMTOB
B KOCTHOM TKaHM yBEJIMIMBAETCSI KOJUYECTBO ITyCTHIX JIaKyH (puc. 5, 6; 6), 4To Ioj-
TBEPXKIAeTCsl THUCTOJOTMYECKMMM ucciaenoBaHusIMUA. [lo gaHHBIM  BJEKTPOHHOM
MMKPOCKOIIUM M paguoaBTorpaduu ¢ *H-mmmimHoOM, B HEKOTOPHIX OCTEOIIMTaX aKTH-
BU3MPYETCSl OMOCHHTE3 KOJUIAreHOBBIX OEJIKOB, B pe3yjbTaTe Yero paclliupeHHbIE
IyTeM OCTEOJIM3MCa OCTEOLIMTAPHbIE JIAKYHbI 3aMOJHSIOTCS KOJJIareHOBbIMU (hrubpui-
JIaMU, KOTOpbI€ He MOJABEPraloTcsi MUHEPpAIM3allui, U B KOCTHBIX CTPYKTYpax IMOSIBIISI -
I0TCSl 30HBI (pubpo3a. DTO SIBJIEHUE CJAEAyeT paccMaTpuBaThb KakK KOMIIEHCATOPHO-
BOCTAHOBUTEIbHYIO PEaKIMIO B KOCTHBIX CTPYKTypax B OTBET Ha CHUXXEHME I'paBUTa-
uuoHHoi Harpy3ku (Rodionova, Oganov, Zolotova, 2002).

HccnenoaHa nuHaMuKa 0Opa3oBaHUs, YJIbTPACTPYKTypa OCTEOKJIACTOB U MYTH
pe30opOLMKM KOCTHOW TKaHM B 30HAX aJalTUBHOIO PEMOJCIMPOBAHUS OeApeHHOM
KOCTU KpbIC TMOCJe MpeObIBaHUS B YCIOBUSIX MUKporpaBuTauuu («SLS—2»), a Takxke
rociie 28 cyT runokuHesnn. C ucronb3oBaHueM *H-TUMKUIMHA YCTaHOBIEHO, YTO IIPU
TUITOKWHE3UU MPOUCXOAUT OoJiee OBICTPOE, YeM B KOHTpPOJE, (POpMUPOBAHHME OCTEO-
KJ1aCTOB MyTeM CIMSIHUSI U MPUCOCAMHEHMS ACSIIMXCS MOHOHYKJIEAPHBIX KIJIETOK-
npeniiectBeHHUKOB (ITonkoBeHko, 2005).

DJIeKTPOHHAsi MMKPOCKOIMS MoKa3ana, YTo B HOpME, B 3aBUCUMOCTH OT MHTEH-
CUBHOCTU MPOLIECCOB PE30POLIMU OCTEOKJIACTbl pasanyarorcs (opMoii, pa3zMepamu,
KOJIMYECTBOM sIIEp, CTENEHbIO PA3BUTUSI BHYTPUKIIETOUHBIX OpraHesl, <«IIEeTOYHOMN
KaiMbl» W Jp., a TaKK€ YPOBHEM OMOCHHTETUYECKO aKTUBHOCTH, KOTOPYIO OIpere-
JISUTA 110 MHTEHCUBHOCTU BKIIOUeHMsI B HUX H-ypumuHa u *H-metnonuHa. [1o stum
MoKa3aTesIsIM CpelM OCTEOKJIACTOB BbIACJEHBI MOJIOAbIE OCTEOKJACThI, 3pesible (hyHK-
LIMOHAJIbHO-aKTUBHbIE 1 HEAKTUBHbIE, a TAKXKE OCTCOKJACThbI, KOTOPhIEC MOABEPraioTCs
MUKHO3Y. OTU MOPGO(MYHKIIMOHATbHbBIE COCTOSIHUSI PAaCCMaTPUBAIOTCSI KakK MOCIen0-
BaTeJbHbIC ATaMbl XKU3HEHHOTO 1MKIa octeokaactoB (PoauoHoBa, 1989).

B ycrnoBusiX TUMTOKWHE3WN U MUKPOTPABUTALIMHU TOIMYJISILIMS OCTEOKJIACTOB TaKXKe
BKJIIOYAET B ce0s1 MOJIOIbIE OCTEOKIACThl, (DYHKIIMOHATbHOAKTUBHbBIC M HEAKTHBHbIE
OCTEOKJIACThI, paspyllarolrecs: ocTeokjaacTbl. OQHAKO MPU MMKPOIpaBUTALUU B UX
MOMYJSILMU  3aperMCTPUPOBAHbl  HeXapaKTepHble IS KOHTPOJs (YHKUMOHAIbHO-
aKTUBHBIE OCTEOKJIACTHI («TMTaHTCKUE» OCTEOKJIACThI) (puc. 7). B 11e1oM octeokmacTsl
COXPaHSIOT TUMMYHYIO IJI HUX YJIbTPACTpPyKTypy. OnHako (3T0 0COOEHHO BbIPaXKEHO
NpU MMKPOTpaBUTALMM) HMEIOT MECTO HEKOTOpble OCOOEHHOCTH, CBSI3aHHBIE C
aganTauMeil K MUKpPOTrpaBUTALlMU W NECTPYKLMEH LIUTOCKeJeTa: 3To 0ojee pa3BUTHIA
(GUOPUISIPHBIA €TI0 ¢ MHOTOUYMCIEHHBIMU KOPOTKMMU BBIPOCTAMM «ILETOYHOM Kaii-
MBbI», HEOOJIBIIIOrO pa3Mepa (haroJM30COMBI, paciojaralolnnrecs Mo BCel IIUTOILIa3Me.
Takyve 0COOEHHOCTU YJIbTPACTPYKTYPbl CBMIETEJbCTBYIOT O pe30pOLMU KOCTHOIO
MaTpuKca «MajJbIMU MOPLMUSIMU», HO, BOBMOXHO, B O0JbIIMX MaciuTadbax. JlmHamuka
BKJTI0UeHUsT ©*Ca B OCTEOKJIACTBI CBUACTEIBCTBYET O MPSIMOM YYacCTUU KJIETOK B Iiepe-
HOCE KaJbLMSl M3 MUHEPAIM30BAHHOIO MaTpUKCa, KOTOPbI pe30pOUpyeTcsi, B MEX-
kjaeTouHoe TpocTpaHcTBO (Rodionova, Oganov, Polkovenko, 2002). B HekoTopbIx
30Hax pe3opourM OOHapyKeHbl HeHTpodwibl. Paspyliiasch, OHU BbIACISIOT TUIPOJIM-
THYeCKHE (DEPMEHTHI M TEM CaMbIM BKJIIOYAIOTCS B TIPOLIECC AECTPYKIIMA MUHEPAIN30-
BAHHOTO KOCTHOTO MaTpukca. Ha KOCTHBIX MOBEPXHOCTSX 3aperuCTpUPOBaHbl OTAEb-
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Puc. 5. OcteonTsl B 30HaX peMOAEIMPOBaHUsT KOCTHOM TKaHu (buonH-11): a — mecTpyKumsi MUHEpaInu30-
BaHOTO MaTpUKCa MEPUOCTEOLUTApHOM JaKyHbl (ocTeonusuc). X10000; 6 — mecTpykims (amomnTo3) OCTeo-
muTa, muKkHO3 siapa, X7000. KM — koctHblii Matpukc, OLl — ocreomut, S — smpo.

Fig. 5. Osteocytes in remodeling zones of bone tissue (Bion-11): a — destruction of mineralized matrix
periosteocitic lacunaes (osteolisis). X10000; 6 — destruction (apoptosis) of osteocyte, picnosis of nucleus,
X7000, KM — bone matrix, OLl — osteocyte, S — nucleus.

Puc. 6. O6pa3oBaHue MOJOCTU B KOCTHOM TKaHU. ['mnokuHe3ust. KM — KocTHBI MaTpukc. X6300.
Fig 6. Forming of cavity in bone matrix. Hypokinesia. KM — bone matrix. X6300.

Puc. 7 ®parmeHTHI siiep TMraHTCKUX octeokiactoB (SLS—2). SI — snpo, SAnx — sapbimku. X15000.
Fig. 7. Fragments of nucleuses in gigant osteoclasts (SLS—2). SI — nucleus, Sln — nucleoles. X15000.
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HbIe 30HBI JeMWHEpaJIN3allii KOCTHOTO MaTpuikca. B psime ciydaeB HUIIM pe30pOIvn
3aMOJHSIOTCA  (UOpodsIacTaMu M TyYKaMU KOJUTareHOBBIX (QDUOPUILII, KOTOpble He
muHepanmsytotcs (Pomionona, 2006).

Takum o6pa3oM, B 30HAX aJalTUBHOTO PEMOAETMPOBAHUS TIPU MeXaHWMYECKOMW
pasrpy3Ke MpoIecCchl pe30pOlry W IeCTPYKINM B KOCTHOUW TKaHW BO3pacTaioT. DTo
MMPOUCXOIUT HECKOJBKUMHU TyTSIMU: 3a CYET IOBBIIIEHUS (PYHKIIMOHAJTBHON aKTHUB-
HOCTH OCTEOKJIACTOB (TP MMKPOTPABUTAIIMM MBI 3apETHCTPUPOBAIIA «TUTAHTCKUE»
OCTECOKJIACTHI ); MMyTeM aKTHBAILIMU OCTEOLIMTAPHOTO OCTEOJIM3NCA; OJTarogapst TUIPOJIH-
THYECKOM aKTMBHOCTH HENTpO(UIOB, KOTOPBIE ITOCTYITAlOT B 30HBI Pe30pOIuU, a
TaKke TIyTeM JIOKAJbHOW JIeMWHEpaJIn3allii ITTOBEPXHOCTHBIX YYaCTKOB KOCTHBIX
TpabeKy.

MexaHu3MBl AIallTUBHOTO PEMOAETMPOBAHUS KOCTHBIX CTPYKTYp B OTBET Ha
M3MEHEHNEe MEXaHMYeCKOI Harpy3Ku M 0COOCHHOCTH MEXaHOTPAHCIYKIIMN OCTAlOTCS BO
MHOTOM HE SICHBIMHA W SIBJISIIOTCST TIPEAMETOM MCCIIEAOBAHWIA M HAyYHBIX TUCKYCCHIA.
Cy1iecTByeT HECKOJIbKO KOHIICTTITHIA.

HawubGoimee pacmpocTpaHeHHast ToYKa 3peHUsI, YTO pEeMOAECTNPOBaHNE — 3TO I0-
CJIeIOBATEILHOCTE CJICAYIONINX TPOILIECCOB: aKTUBAIUSI — pe3opouuss — opmarns
(Teitelbaum, 2000, Baron, 2002 u ap.). ITyckoBble MeXaHU3MbI peMOJACIUPOBaHUS B
KOCTHOM TKaHU MpeACTaBJIeHbl B KOHUENIMN «MHTEPCTULIMAIbHAS XKUIKOCTh — OCTEO-
uuThl — octeobaactel» (Klein-Nulend et al., 2003 u ap.). OcTeouuTsl paccMaTpuBa-
JOTCI KaK TepPBUYHBIE MEXaHOCEHCOPHBIE KIIETKM, CITIOCOOHBIE pearmpoBaTh Ha
M3MEHEHNEe JaBIeHUS WHTEPCTUIIMAIBHON KMIKOCTM B KOCTHBIX KaHajax. Mmeercs
YK€ JTOCTAaTOYHO MHOTO 3KCITEPUMEHTAIBHBIX Pabo0T, CBUICTEIBCTBYIOIINX B TIOJIB3Y
Takoi BO3MOXHOCTH. B HacTosee Bpems (opMupyeTcss MHEHHWE, YTO OCTEOILIUTHI
BOCIIPUHMMAIOT MEXaHWYeCKWe CHTHAJIBI, MOICIMPYIOT MX M HAIPABISIOT MPOIIECCHI
peMOIEeTUPOBAaHUS B KOCTHOM TKaHM C Y4acTHEM OCTEOOJIAaCTOB M OCTEOKIIACTOB.
TpaHCOyKIMST MeXaHWYEeCKMX CHUTHAJIOB B KOCTHBIX KIJIETKAX OITOCPEAYETCS ITUTO-
ckeneroM u comnpoBoxaaercs: npoaykiueit PGE, (Noble et al., 2003 u ap.).

KoHmenmmst «<KOCTHBIN MaTPUKC — KJIETKM KOCTHOM TKaHW — PEeTyIsITOPHO-MeTa-
OomMuecKrii MpoduiIb OpraHM3Ma» TIpeaycMaTpWBaeT, YTO TPW M3MEHEHUM Mexa-
HUYECKMX HArpy30K MPOUCXOAIT CIBUTH B OPraHWMYECKOM MaTpUKCE, YTO MPUBOINT K
OBICTPOII TIEpPEOPUEHTAIIMM TIPOTEOTIIMKAHOB. DTOT MeXaHM3M obecrieunBacT
«BOCIIPUSITHE» HATIPSDKEHUS U €TO «3alTOMUHAaHWEe», a TakKe MOTU(PUIIMPYEeT BOZHUKA-
fole M3MEHEHUs ITyTeM BO3IEHCTBAS Ha OCTEOLMTHI. Momenmpyiolee OeiCcTBUE
MMPOUCXOIUT C YYACTUEM BCEH COBOKYITHOCTH PETYJISATOPHO-METa0OIMIeCKIUX (haKTO-
poB (ABpyHUH u ap., 2001 u nap.).

Benymiast poib B mpolieccax MeXaHOTPaHCAYKIIMKA U aTalTUBHOTO PeMOIETNpOBa-
HUS KOCTHBIX CTPYKTYp TIPUHAIJICKUT MEXKJICTOUYHBIM B3amMozaeiicTBusaM. Harm
3JIEKTPOHHO-MUKPOCKOITMYECKIE MCCIICAOBAHNS TTOKA3aJIM, YTO CTPOMAJIbHBIE KIIETKU
KOCTHOTO MO3Ta, IIPeOoCTe00IacThl, OCTe00JacThl M OCTEOLMTH KOHTAaKTUPYIOT C
TMOMOII[bI0 OTPOCTKOB M 00OPa3yloT CBOCOOPA3HbIN CUHIIUTUI, KOTOPBI 00€CIIeUMBaET
COTJIACOBaHHBIEC PEAaKIIMU KIJIETOK, BXONSIINX B COCTaB CUMHIUTHUs. HabGmomaroTcs u
MPSIMBIE KOHTAKThI CTPOMAJIBHUX KJICTOK C TTIOBEpXHOCTHBIMU ocTeoumTamu (Pomio-
HoBa, 2006). BcecTropoHHe MccaenoBaHbl MOPMOIOrMYecKre B3aUMOAEHCTBUS KIETOK
(0cTeobIacTOB, OCTEOIIMTOB, OCTEOKJIACTOB, MaKpo@daroB) B 30HaX oOcCTeoreHe3a M
pesopouuu (Rodionova et al., 2004).

AHaIM3 TOJIy4eHHBIX HAMM B KOCMMYECKMX M HAa3eMHBIX €KCITEpUMEHTAX Pe3yiIb-
TaToB ¢ yuyeToM JaaHHbIX JuTepatypbl (Klein-Nulend et al., 2003 u ap.) Mo3BOAsIIOT
ToJjlaraTth, 9YTo B OCHOBE IOTEPU KOCTHOM MacChl TIPU CHWKEHUN (CHSITUM ) OTIOPHOM
HaTrpy3KM JIEKUT CJeAyIolas TOCIeq0oBaTeIbHOCTh KIIETOUHBIX B3aMMOAEHCTBUIN B
30HAaX aIanTHBHOIO PEeMOAEIMPOBAHUS KOCTHBIX CTPYKTYp (puc. 8). B nokycax pas-
IPY3KM OCTEOLMTHI TIEPBBIMU pPearupyoT Ha WM3MEHEHUS <«MEXaHWYECKOTO ITOJIST».
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Puc. 8. B3aMOOTHOIIIEHHS KJIETOK B 3pEJIOif KOCTU MPU CHUKEHUM MEXaHMUYECKOM Harpy3ku. A — KOCTHBII
mo3r, B — koctHast moBepxHocTh, C — TiyboKuii cioit koctu, SSC — cTpoMasibHasi CTBOJIOBasI KJIETKa,
SCo — crpomanbHas kietka (octeoreHHasi), POB — mnpeocreobnact, OB — ocreobmact, OCL —
ocreoknact, OC — ocreouut, OClys — ocTeonuT, NpUHMMAaIOIM ydacthue B octeoiusuce, OCcol —
OCTEOLIUT, MPUHUMAIOLIUI YyyacTHe B cHMHTe3e KosutareHa, OCs — OCTEOLMT Ha IOBEPXHOCTU KOCTHU
(BeICTMITAIONIAS KJIeTKa ), AP — xieTku, mognmaromnmecs anonTto3y, FB — ¢ubpobmactel, AD — amumouuTsl.
[TyHKTUpHBIE CTPEJIKM — TOCJIEN0BATEIbHOCTh TMPOLIECCOB B 3P KOCTH, CTPEJIKM C HOMepamu —
MOCJIeIOBATEIbHOCTD MPOLIECCOB B YCJIOBUSIX MUKPOTPABUTALIMY.

Fig. 8. Interrelation of cells in mate bone in condition of low mechanical loading. A — bone marrow; B —
bone surface; C — deep slice of bone; SSC — stem stromal cell; SCo — stromal cell (osteogenous); POB —
preosteoblasts; OB — osteoblast; OCL — osteoclasts; OC — osteocyte; OClys — osteocyte who take part in
osteolysis, OCcol — osteocyte, who take part in process of collagen’s biosynthesis; OCs — osteocytes on the
bone surface (bone-line cell); AP — apoptotic cells; FB — fibroblasts; AD — adipocytes. Dotted line —
following of the processes in mate bone, compact pointers with numbers — following of the processes in
conditions of microgravity.

CrenyrommM 3TarioM SIBIISIETCSI OCTEOIIMTApHOE PEeMOISTMPOBaHNEe — WHTEHCU(pUKA-
IIUST TIPOIIECCOB OCTEOJIM3MCA, YTO MPUBOAUT K YBEIMICHUIO 00beMa OCTEOIIMTAPHBIX
JIaKyH W YHOAJICHWIO «JIUIIHEH» KOCTH. B TO Xe BpeMmsT 4yepe3 CHCTeMy KaHAJoOB U
OTPOCTKOB TIPOMCXOAWT TIepedadya MOICIMPYIOIINX CUTHAJIOB OT OCTEOIUTOB K
(YHKIIMOHAJIEHO aKTUBHBIM OCTEOOJIacTaM M TMOBEPXHOCTHBIM OCTEOIIMTAM, a TakKKe
KJIeTKaM KOCTHOMO3TOBOI CTpoMBbl. Kak peakummst Ha OeliCTBHE MeXaHWYeCKOTO
CTUMYJIa B CUCTEME OCTE00JIaCTHl — OCTEOTEHHBIE KIETKHM-TIPEAIIECTBEHUKI TTPONCXO-
INAT 3aMemyieHne mpoiudepann, 1udGepeHIIMPOBKI M CHIDKEHNE CIEIM(UIeCKOTo
(PYHKIIMOHMPOBAHUS KIIETOK. DTO MOATBEPKIACTCS UCCICAOBAHUSIMMN TUHAMUKNA TUD-
(GepeHIIMPOBKN OCTEOTeHHBIX KJIETOK W WHTEHCUBHOCTH OMOCWHTE3a KOJUIATeHOBBIX
0eJIKOB B OCTeobs1acTax B 30HAX PEMOACIMPOBAHUS ¢ TIpUMeHeHueM ‘H-tumuanmHa u
SH-rnunuHa.

Ecim nokanpHasg MexaHWYecKas pasrpy3ka He ajekBaTHa W TIPEBBHIIIACT (hU3HNO-
JIOTUYECKME BO3MOXHOCTM OCTEOLIMTOB, OHM TIOABEPraloTCs amomnTo3y. AIOITO3
OCTEOLIMTOB MPOBOLMPYET AECTPYKTUBHBIC U3MEHEHHUS U allOoNTO3 B KOHTAKTUPYIOIIUX
¢ HUMU ocTeobsactax. OCTEOUMUTApHUI aIoNTO3 BBICTYMAeT M KaK «CUTHAJIbHBIN
MeXaHU3M» JIJIsl TApreTUPOBaHUSI B 3TU 30HbI ocTeoksacToB (Mosley, 2000; Velborgt et
al., 2000), xoTophle pe30pOMPYIOT MUHEPATM30BAaHHBIN KOCTHBIN MaTpukc. B ycio-
BUSIX MHUKPOTPAaBUTAIIMM OTMEUYEHO YCMJIEHHWE OCTEOKIIACTMYeCKOi akTMBHOCTU (Po-
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muoHoBa, IlonkoBenko, 2002). B obGpasoBaBuivecs JaKyHbl pe30pOLMU BCJIEd 3a
ocreobjacTaMM  BHEIAPSIOTCS Makpodarv, KOTOpbIe YTUIM3UPYIOT OpTraHUYeCKUid
MaTPUKC U KJIETOUHBINM JETPUT B JIOKycax pemoneaupoBaHus. [IpoaykThl pe3opouuu
SIBJISIIOTCSI XeMOATTPAKTAHTAMMU JIJISI «IIPUBJICUCHUSI» U U GEepEeHIMPOBKU 31€Ch CTPO-
MaJIBHBIX KJIETOK B OCTEOTEHHEBIE, UTO MPEACTaBIseT COO0I BOCCTAHOBUTENBHYIO (ha3y.
OpHako TIpU MUKPOTPABUTAIIMU, COTJIACHO HAIIWM MCCJICIOBAaHUSIM, B TOM YHUCIE C
npuMeHeHeM SH-rmmimHa, GU3MOIOTUYECKN aaeKBATHOTO BO30OHOBJICHHST OCTEO-
reHe3a He MPOUCXOAUT (WM MacluTaObl ero cHuxxarorcs). Kpome Toro, B Jokycax
peMoIeIMpoOBaHUs MOXKET pa3BUBAThCs (PUOPO3HAs TKAHb U MOSIBISIFOTCS aIUITOLIUTHI.

Tak xak IycThle JIaKyHbI, BO3HUKILIME B pe3yJibTaTe arlolTo3a OCTEOLMTOB, U
HUIINA OCTEOKJIACTUYECKON Pe30pOIMU B KOCTHBIX CTPYKTYpax HE 3aroJHSAIOTCS WU
3aTTOJTHSAIOTCSI B MaJIOM KOJIMUYECTBE OCTEOTeHHBIMM KIIETKaMM, 00pa3yloTcsl BHYTpPH-
KOCTHBIE TIOJIOCTH W IIeJdW. MBI TTojlaraeM, 4TO 3TO OAWH M3 TJABHBIX ITyTeil MOTepu
KOCTHOI Macchl MPU CHUKEHUM OIMOPHOIN Harpy3KH.

MexaHU3Mbl CUCTEMHON M JIOKAJbHOM PEeryJsiiMu PeMOIEIMPOBAHUS KOCTHBIX
CTPYKTYP OCTAIOTCS HEAOCTATOUHO U3YyYEHHBIMU. BOJIBIIMHCTBO aBTOPOB CUMTAIOT, UTO
B3aUMOJEUCTBUE CHUCTEMHBIX U JIOKAJIBHBIX (DAaKTOPOB B PETYIAIINM MeTaboIM3Ma
KOCTHOM TKaHM MPOUCXOIUT TI0 TIPUHIIUITY UepapXudecKoil yropsimoueHHocTH. [lepe-
pacripefieleHe KUAKOCTHBIX Cpell W DJIEKTPOJWUTOB OpTaHM3Ma B KpaHHaJIbHOM
HaIpaBJIeHUN, KOTOPOe HaOJI0JaeTCsl y YeJIOBeKa B YCJIOBUSIX MUKPOTPaBUTALIMU, KOP-
perupyer MeXaHU3Mbl BOJIOMO- W MOHOPEryJIsIHMM B OpraHU3Me, CBSI3aHHBIE C
SHIOKPUHHBIM KOHTPOJIEM TOMEOCTa3a KajblMsI, W BIMSIET HA MeTa0OJUUECKYIO
(QYHKIINIO KOCTHOM TKaHW. BeposTHO, B YCIOBUSAX HEBECOMOCTU U MPOAOKUTEIHHOMN
TUTIOKWHE3NN WMEIOT MECTO CJIOKHBIE B3aMMOCBSI3W TTyJla MWHEPaJTOTPOITHBIX
TOPMOHOB C APYTMMHW TOPMOHAIBHBIMUA CUCTeMaMU ((U3MOJOTHUECKOTO W SMOIINO-
HaJBHOIO CTpecca, Perysiiui BOIHO-3JEKTPOJUTHOro ooMeHa u ap.) (I'puropneB u
1p., 1994; Hunton et al., 1998).

HepCl'leKTI/IBH])Ie HaNpaBJICHUA HAIMUX HAYYHBIX HCCJIeIOBAHUI

B ycioBusix peanpHoit (MKC, «buoH-M») u MoaeaMpoBaHHON MUKpOIrpaBUTa-
IIUY B COTPYAHUYECTBE C MHOCTPAHHBIMM KOJUIETAMM TUTAHUPYETCS:

1. T1pomomKuTh uccaenoBaHWE LIMTOJOTMYECKUX MEXaHU3MOB TPaBUTALIMOHHO-
3aBUCUMBbIX U3MEHEHUI B KOCTHOM CKeJieTe. AKTYaJIbHBIM SIBJISIETCSI M3YyYEHMUE:

— OCTEOTEeHHbIX KJIETOK-TIPEIIIEeCTBEHHUKOB (€X-Vivo U in Vitro);

— W3MEHEHUI COCYIMCTO-KJIETOYHOTO KOMILIEKCAa B 30HAX PEMOICIMPOBAHMUS
KOCTHBIX CTPYKTYp;

— ocoOeHHocTell penpoaykKuuu, AUPOEpeHIMPOBKM M MeTaboaM3Ma OCTeO-
TeHHBIX KJIETOK C MCIIOJb30BaHMEM MeUeHBIX pamuoHykKiumoB (*H-tumunuH, *H-rim-
uuH, ¥Ca u ap.);

— (YHKUMOHAJIBHBIX OCOOEHHOCTE! M POJIM OCTEOLMTOB B Mpolieccax TPaHCIYK-
I MEeXaHWYECKUX CUTHAJIOB B KOCTHOI TKaHU;

— MEXKJIETOYHBIX M MEXTKaHEBBIX B3aMMOACHCTBMII B 30HaX OCTeoTeHe3a U
pe3opoLuu;

— 0COOEHHOCTE KOMIMEHCATOPHO-BOCCTAHOBUTEIbHBIX MPOLIECCOB B KOCTSIX MPU
IUTUTEIbHOM TMITOKWHE3UU Y MUKPOTPaBUTALIMMU.

2. WUccnenoBath U3MEHEHMST OMOXMMMYECKMX CBOMCTB OpraHMYeCKOro MaTpukca
KOCTHOI TKaHW U €€ MHHEPaJIbHOrO0 KOMITOHEHTA.

3. M3yuynth 0COOEHHOCTH TIPOIECCOB MOpGOreHe3a M amaliTUBHOTO PEeMOIEIH-
pPOBaHUS KOCTHOM TKaHM y TIPEACTABUTENICH TTO3BOHOUYHBIX C PA3JIMIHBIM TUTIOM OITOP-
HbIX Harpy3ok.

4. YyactBOBaTh B OlLIeHKE 2((MEKTUBHOCTU MpenapatoB M METOAUK, MCIIOJb3Yy-
eMbIX ISl JIeYeHUs W MNPOoMUIAKTUKU OCTEONEHUM U OCTeornopo3a (Hampumep,
ondocdoHarToB).
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B Hacrosiiee BpeMsi B paMkax «/1oJarocpoyHoil mporpaMmbl HAyYHbIX UCCIeI0Ba-
Huil Poccum u YKpauHbl U TE€XHOJIOTMUECKUX SKCIIEPUMEHTOB Ha POCCUNCKOM Cer-
meHTe MKC» n «HaumoHanbHOI KOCMMYECKOIN MporpaMMbl YKpauHbl» MPOBOIUTCS
noarotroska cosMectHo ¢ THLI P® MMBIT PAH (B. C. OraHoB) KOCMHUYECKOTO
aKcrepuMeHTa «/IuddepeHunpoBka, GYHKIMOHAAbHbIE TOTEHUMM W amanTaluuu
OCTEOTeHHBIX KJIETOK B YCI0BUSIX KocMuueckoro mnojeta» («OBJIACT»). Lleab kocMu-
yeckoro akcrepuMeHTa «OBJIACT» — mosayyeHue HOBBIX HayYHBIX JaHHBIX 00 OCO-
OeHHOCTSIX AP hEepeHLIMPOBKU, (DYHKIIMOHATBHBIX MMOTEHUMI 1 ajanTauuil CTpoMaib-
HBIX KJIETOK KOCTHOTO MO3ra, COJAepKalllMX OCTEOT€HHbIE KJIETKU-TPeAlIeCTBEHHUKH,
npu JeicTBUr (HakTopoB KocMuueckoro nosera. DkcnepuMeHT «OBJIACT» nnaHupy-
eTCs TIOCTaBUTh B COCTaBe TPYIMITBI KOCMWYECKUX SKCIIEPMMEHTOB (Bcero 6) Ha yKpa-
MHCKOW HayyHoOW ammnaparype «buonaboparopusi-M» (pyKOBOAMTEIb MPOEKTA
E. JI. Kopmiom).

B ocHOBHbIE 3a1auM BKCMEPUMEHTA BXOAUT:

— M3YYUTb B YCJIOBUSX in vitro UMTOJOIrMYECKUE, YABTPACTPYKTYpPHBIE, LIMTOXU-
MUWYECKMEe U TIOMYJSIMOHHHBIE XapaKTEPUCTUKU KJIETOK CTPOMbBI KOCTHOTO MO3ra,
coJepxKallle OCTEOTeHHbIe KJIETKU-MPEAlleCTBeHHUKH;

— MCCIeA0BaTh OCTEOreHeTUUYECKME MOTEHLIMU KJIETOK KOCTHOMO3TOBOI CTPOMBI,
ocobeHHOCTH Tpoaudepannu, tuddepeHINPOBKH, CIeHM(UIEeCKOTo (PYHKIIMOHUPO-
BaHMSI OCTEOTEHHBIX KJIETOK, HEKOTOPble MEXaHU3MbI UX TPaBUUYBCTBUTEJbHOCTH;

— TIPOBECTM CPaBHUTEJbHBI aHalu3 JaHHbBIX, MOJYUYEHHBIX Ha KJIETOUHBIX
KyJIbTypaX OCTEOTeHHBIX KJIETOK, ¢ pe3yjJbTaTaMM MCCJIeIOBaHUI HA TKAHEBOM U Opra-
HU3MEHHOM YPOBHSIX JUISI BBISICHEHUSI B3aMMOJEMCTBUSI JIOKAJbHBIX U CUCTEMHBIX
(dakTOpOB.

PesynbTaThl HalMX WCCAENOBaHUI UMEIOT (yHIaAMEHTaJIbHOE 3HAuYeHUE ISt
MOHUMAHUSI MEXaHM3MOB TI'DPAaBUUYYBCTBUTEJIBHOCTH, ajanTaluyd U Je3afanTaluu
KOCTHOTO CKeJieTa K M3MEHEHMSIM TpaBUTAUMOHHON Harpy3ku. OHU MOTYT ObITh
MPUMEHEHbI 1JIsi OoJiee lieJeHarpaBlIeHHONH pa3padOTKUM METOJ0B IUArHOCTUKMU U
JieueHUs 3a00JIeBaHUI OMOPHO-JABUTAaTEIbHOIO armapaTa, a Takxke UX MpoduIakKTUKU
B YCJIOBUSIX TUTIOKWHE3UU U JUTUTEJIBbHBIX KOCMUYECKHUX TOJETOB.

VYuactne B mMexayHapoausix konrpeccax u KoHgepenmusix: COSPAR—32 (ITonbura, Bapiasa, 2000);
Bropoit BcemupHblii KoHrpecc mo actpoHaBTuke; COSPAR—34 (CILA, Xsiocton, 2002); Ilsatbmecsit
YETBEPTTBIM MEXIYHApOOHBIM KOHTpecc 1o actpoHaBTuke (I'epmanus, Bbpemen, 2003); KondepeHums
«Opranusmbl 1 okpyxatoias cpena» (Poccusi, Mocksa, 2003); 21—25th Annual Gravitation Physiology
Meeting, (Poccuss, Mocksa, 2004 u np.); COSPAR—35 (®panums, Ilapux, 2004); Temaruyeckue
koHdepeHuuu B THL[ P® UMBIT PAH (Poccusi, Mocksa 1991—2008); COSPAR—36 (Kwurait, Ilexun,
2006); COSPAR—37 (Kanama, Monpeanb, 2008); Life in Space for life on Ears (®panuus, Anxe, 2008);
YKpanHcKue KoH(pepeHIIMN Mo KocMuueckuM ucciaenoBanusam (Esmaropust, Kauusenu, 2000—2007) u ap.
ITo pesyabTaTaM MCCleaOBaHUI ObUIO MOArOTOBIEHO Oosiee 100 HayuyHBIX MyOJIMKALMI B OTEYECTBEHHBIX U
3apy0OeXXHBIX KypHanax, MoHorpadust (Pomionosa, 2006).

ABTOp cTathu Gnarogaput cotpynHuKoB MHcTuTyTa 30000run HAH YkpanHsl 1 3apyOexXHBIX KOJUIET,
KOTOpBIE€ YYaCTBOBAJIU B COBMECTHBIX MCCJIEIOBAHMSIX MO0 KOCMOOMOIOTUH.
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