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3.1.1. KOCMMNYECKASA BUOJIOTI'UA U PU3NOJIOI'UA

3.1.1.1. PoJab onopHoii agdepeHTaAMU
B OPraHU3aAIMU TOHMYECKOW MbIIIEYHOU CUCTEMbI

JIBuraTenbHass cHUCTEMa HA3eMHBIX JKMBOTHBIX W YeEJOBeKa B (WIO- H
OHTOTE€HE3€  pa3BUBAETCSI B  YCIOBHMSX TpaBUTAllMM U  OpPraHMU30BaHa
MPUMEHUTENIBHO K JIEMCTBUIO IPaBUTALMOHHBIX cuil. OpraHu3anus 3Ta CI0XXHa U
BKJIIOYAET  OOJIBIIIOE  YHUCIO  KOHKPETHBIX  CTPYKTYPHO-(YHKIIMOHAIBHBIX
MEXaHU3MOB, O00CCIICYNBAIONINX HAJEKHOCTh, YCTOMYMBOCTh U TOYHOCTH PaOOTHI
JBUraTEJIbHOrO amnmapara B TIpaBUTAUMOHHOM 1mone 3emud. OTcyTcTBHE
rpaBUTAlMM TpeoOpaszyeTcsi B JABUTATEIbLHON CHUCTEME B psji (PAKTOPOB, BaXKHBIX
JUISi HOPMaJbHOTO (DYHKIIMOHUPOBAHUSI ATHUX MEXaHM3MOB U JIBUTATEIIbHOU
OCHOBHBIMH U3 HUX, TOMHUMO MEXaHUYECKOU pa3rpy3KH, SIBJISIOTCA: a) U3MEHEHUS
byukiuu adpPepeHTHBIX CHUCTEeM — B IMIEPBYIO OdYepeab BECTUOYJSIPHOW U
OMOpHOM; ©) yCTpaHEHHE OMOPHBIX HArpy30K M B) HM3MEHEHUS OHMOMEXAHHKHU
JBH)KEHUI, CUCTEMBI B LIETIOM.

Pe3ynbTaThl HcclieOBaHM, BBIMOJHEHHBIX B KOCMHUYECKHX IIOJE€TaX, B
MOJENBbHBIX HA3€MHBIX OHKCIEPHUMEHTAX U B OSKCIEPUMEHTAX Ha KUBOTHBIX
MOKa3aldu, YTO CHIKEHHE TPAaBUTAIMOHHBIX HArpy30K COMNPOBOXKAAECTCS
3aKOHOMEPHO HAPYUICHUSMH B JICSITEIBHOCTH BCE€X 3BEHHEB U CTPYKTYpP
JIBUTATENILHOTO ammapara, COCTaBISIONIMMUA B COBOKYIMHOCTH KapTUHY CHHApPOMA
«TpaBUTALIMOHHOU aTaKCUN» 151 «TUIIOTPaBUTALMOHHOMN MBILIEYHOU
JNETPEHUPOBAHHOCTUY. AHAJIU3 MEXaHW3MOB Pa3BUTHUS ATUX HAPYIICHUN BBISBUII
BAXHYIO pOJb B HUX TeHe3e (¢akropa Oe30m0pHOCTH. bbUI0O BBICKa3aHO
MPEANOJIOKEHUE, YTO YCTPAHEHHE OINOphl (B HEBECOMOCTH WM €€ Ha3eMHBIX
MOJIENISIX) U, COOTBETCTBEHHO, YMEHbBIIIEHHE aKTUBHOCTU OMOPHOro addepeHTHOro
BXOJa, COINPOBOXKJAETCS CYIIECTBEHHBIM CHUXEHUEM TOHUYECKOW MBIIICYHOU
AKTUBHOCTH, YTO MOXKET SBJISITECS TPUITEPOM U3MEHEHUN B JACSATEIBHOCTU CUCTEM
TOHUYECKOTO MBIIIEYHOTO KOHTPOJISI M B CTPYKTYpPaxX MBIIICYHOM niepudepuu.

I[IpoBepka W pa3BUTHE OTOW THUMNOTE3bl COCTABUJIM 1I€JIb CEPUU
CHUCTEMATHUYECKUX HWCCIEHOBAHUM, BBINMOJIHSABIINXCS B YCIOBHSIX, MAaKCHUMAJIBHO
WCKITIOYAIONINX BJIMSHUE JPYTHX COMYTCTBYIOIIUX HEBECOMOCTH (DaKTOpOB,
KaK-TO: HapymieHws (YHKIUA  BECTHOYJISPHOTO  ammapara, H3MEHEHUS
OMOMEXaHUKH JBMXKCHUH, M OTKPBIBAIOIIMX BO3MOXKHOCTH KOJIMYECTBEHHOM
OIICHKH BKJIaJ[a OMIOPHOTO CTUMYJia B ONPEACIICHUN T€X WM UHBIX XapaKTEPUCTHK
MBILIEYHOU CUCTEMBI.

Takue uccneqoBaHusi ObLIM BBIMOJHEHBI B CTAHJAPTHBIX YCIOBUSIX CyXOH
ummepcun (CHU) — yHUKanbHOM 3€MHOM MOJIETM MHUKPOTpPaBUTAIIMHU, B XOJIE
KOTOPOM HCIBITATEIN-T00POBOJIBIIbI, MOAMKCABIINE HHHOPMUPOBAHHOE COTJIacue
HA yyacTME€ B DJKCIIEpUMEHTaX, IMOMEIIAuCh B 0OacceilHe pa3mMepoM
300%220%300 cM, HamoOJHEHHBIA BOJOM, B TOPU3OHTAIBLHOM ITOJOKEHUH.
Temneparypa BOObI B BaHHE NoAAepxkuBaach mnoctossHHOM (33+0,5 °C).
O6cnenyembie, ofieThie B KOMGOPTHBIE TPEHUPOBOYHBIE KOCTIOMBI, OTACIISIIUCH OT
BOJbI CBOOOJHO IIJIaBarOIEH BOJOHENPOHUIIAEMON IUICHKOW. Pexxum 1HS B
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MMMEpPCHUH PErJIaMEHTUPOBAJICSI BPEMEHHBIMU HHTEpBajIaMU, HEOOXOJAUMBIMU JIJIsI
CHa, MphemMa TMUIIM, MPOBEJICHUS CAHUTAPHO-TUTMEHUYECKUX TMPOUEAyp U
3aIUIAHUPOBAHHBIX HCCIEA0BAaHUM. JIMTEIIBHOCTh UMMEPCUOHHOIO BO3ACHUCTBUS
coctanisiia 7 yacoB (1 cepusi) u 7 cytok (2 cepusi). B ka0 cepuu ucnblTaTenn
NOAPA3ACISUINCH HA 2 paBHBIE TPYIMIIbI, YCIOBHO 0003HAYABIIUECS «UMMEPCHUS —
NUMM» u «ummepcus + onopa — MMM + OIl». B mepBoil B TedeHUE BCErO
HKCIEPUMEHTAIBHOIO MEPUOJA UCIBITATEIN MOABEPTAINCH BO3JIECUCTBUIO TOJBKO
uMMepcHun. Bo BTOpoii B X0J1€ HUMMEPCUU Y HUX €KEJHEBHO B TEUEHHUE 6 4aCOB MO
20 MUHYT KaXXIblii YaC NPUMEHSIIN CTUMYJIALIMIO ONMIOPHBIX 30H CTYIIHEW B PEKUME
MEJUICHHON X0JIbOBI — 75 MIaroB B MUHYTY, U ObICTpoi — 120 11aroB B MUHYTY.

CrumynsiiiMio  NpPOBOAWIM C  HCHoJIb30BaHueMm  anmapatypsl  KOP
(KoMITeHcaTopa OMOPHOM pa3rpy3KH), oOecIeurBaroiell mornepeMeHHoe (B puTMe
X0/b0BI) JaBIeHHe cuiIoif B 0,5 Kr/cM® Ha ONOPHBIE 30HBI CTON — ISATOYHYIO H
IUTIOCHEBYIO.

[IpenmeroM aHanu3a B UCCIIEIOBAHUM ObUIH CIEAYIOIINE MTOKA3aTEIU MBIIII]
TOJICHH: TIOMEpeYHasi KECTKOCTh —  IIOKa3aTelb MBIIIEYHOTO TOHYcCAa,
U3MEPSBIIUNUCSI METOJIOM ayTOPE30HAHCHOW BHOporpaduu, CKOPOCTHO-CHIIOBBIC
XapaKTePUCTUKHU M30KUHETUYECKUX MIPOU3BOJIBHBIX COKpaIEeHUH,
KMHEMAaTHYeCKHEe W  JJIEKTpoMUOTrpadUyuecKkre mapameTpbl  JIOKOMOTOPHBIX
JIBUKCHUMN.

Ycrpanenue onopsl 00yCIOBIMBAIO Pa3BUTUE BBIPAKEHHBIX U3MEHEHUHN BO
BCEX IOJUIEKABIIMX AHAIM3Y MEXAHU3MOB TOHHYECKOW MBIIIEYHOM CUCTEMBI. B
MOJIHOM COOTBETCTBUU C peE3yJibTaTaMU PAHEE BBINOJIHEHHBIX SKCIEPUMEHTOB,
nepexoq K  OC30MOPHOCTH  COMPOBOXKIAJCS  CHHXKEHHEM  TOHyca U
NIEKTpOMUOTparuecKol aKTUBHOCTH MBIIIII-pa3rudareneil ¢ OJHOBPEMEHHBIM
BO3pacTaHWEM  aKTHUBHOCTH  MbIMIII-crubateneir.  DddekT  mogaBieHUs
HKCTEH30PHON aKTUBHOCTU Pa3BUBAJICS B UMMEPCUU MPAKTUYECKU HEMEJJICHHO U
COXpaHSJICS B TEYECHUE BCErO BPEMEHU MMMEPCHOHHOTO BO3JICUCTBUS, KaKUM Obl
JUIMTENIbHBIM OHO He Obuto (7 4acoB uiu 7 cyTok). BoccTaHOBIeHHE aKTUBHOCTU
HaOMI0Ja7IOCh JIMIIh TPU TPEPHIBAHUU HMMEPCHH WIM MpPU MEXaHUYECKOU
CTUMYJISIIMUA OMOPHBIX 30H CTOM. Ba)XHO 3amMeTuTh, UTO crnenuduueckor 30HOU
aKTUBALIMM pa3rudareneil TOJeHW, COMNIACHO [aHHBIM, SBJSETCS TEpeaHss
IUTIOCHEBass 4acTh CTOMNbL. Pa3apakeHus MATKH COMPOBOXKAAIUCH  Ooliee
BBIpQXKEHHOM peakiueil Muli-crudareneit (m.tibialis anterior).

OIHOBPEMEHHO B 3KCTEH30paX PErucTpUpoBanioch cHMkeHue Ha 20 %
MaKCHUMaJIbHOW W30KMHETUYECKOW CHJIbI, OCOOCHHO BBIPAKEHHOE B CHJIOBBIX.
HccnenoBanus snekTpoMuorpadudeckoro naTrepHa xoap0sl B Temne 90 maros B
MHHYTY BBIIBWIM y UcHbITarenei rpynmnsl MMM nociie umMepcun 3Ha4UTEIbHOE
YMEHBIIICHUE BKJIaJla TOHMYECKON TOJIOBKM TPEIJIABOM MBIIIIBI TOJIEHU —
m.soleus B peayin3aliio JOKOMOLMNA: COOTHOLIEHUE aMIUIUTY U 1uiomaneid SMI
m.soleus n m.gastrocnemius (OBICTPOIl MBINIEYHON TOJOBKH), COCTABISABIIEE IO
nmmepcun 0,8, cHmxkanocsk nocie Hee 10 0,5. OgHoBpeMeHHO pe3ko — Ha 30—
50% — Bospacrana ammumtyna OMIT crubarens — m.tibialis, oTpaxas
pa3BUBIIYIOCS B UMMepcuM (JIEKCOPHYIO TIO3HYIO YCTaHOBKY PpEXKHMax
COKpAalICHUH.
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MexaHnuueckasi CTUMYJISIIIUSL OMIOPHBIX 30H CTOIBI B PEXKMMAX €CTECTBEHHOU
JIOKOMOIIMM YCTpaHsila B YCJIOBUAX OE30MOPHOCTH BCE BBINICHIEPEUUCICHHbBIC
a3 dexThl, MoaIepKUBasi HOPMAIbLHOE COOTHOIICHUE aKTUBHOCTH MOCTYPAJIbHBIX U
(ha3HBIX MBIIII] B JOKOMOTOPHBIX JBUKCHUSX; HUBEIUPYS U3MEHEHUS MOMEPEUHON
KECTKOCTH U MAKCUMAJIbHOW MPOU3BOJIbHON CHUJIBI.

BpeMennas nuHamuka pa3BUTHs Pa3IMUHbIX HAPYIICHUH ObLIa pa3iMyHOM,
OJIHAKO TMOCJIEI0BATEIbHOCTh MX MPOSBICHUNM y BCEX HCIBITYEMbBIX OCTaBajach
Heu3MeHHOU. IlepBbIMU, C JIaTEHTHBIM BpeMeHeM B 3—0 4acoB, BBISBISIUCH
NPU3HAKK CHWKEHHUS AJIEKTPOMUOTpapruecKoil aKTUBHOCTH U  IONEPEUHON
KECTKOCTH MBIIII-KCTEH30pOB. Bcnenq 3a 3TMMU  M3MEHEHUSIMU  BBIPAKEHO
CHMXKAJIaCh MaKCHMaJlbHasl CuUjia pa3rudaTerieil roJieHH, W 3aBepIajcs MpOoIecc
IIEPECTPOUKH KOOPAUHALNOHHON CTPYKTYPbI JOKOMOTOPHBIX JIBUKEHHM.

B uenom, npencraBieHHbIe JaHHBIE B COBOKYITHOCTH C PE3yJbTaTaMH paHee
BBITIOJTHEHHBIX MCCJIEIOBAaHUM, B YACTHOCTH, pe3yJibTaTaMU aHalli3a U3MEHEHUHN B
yCIIOBUSIX 0€30MOPHOCTH aKTUBHOCTH JABUTATEIBHBIX €IUHUI] TPEXTIABON MBITIIIHI
TOJICHH, TO3BOJSIOT 3aKJIIOYUTh, YTO TMEPBUYHBIM OTBETOM Ha YCTpaHEHHUE
OTIOPHOW HArpy3Kd SIBISIETCA JIC3aKTUBAIMS  TMO3HO-TOHUYECKOM  CHUCTEMBbI
pasrubateneid. [pyrue, oOHapyKMBaeMble B 3TUX YCJIOBHUSAX (PEHOMEHBI, KaK-TO:
oOnerueHue  (JIEKCOPHBIX  MEXaHU3MOB,  MPOSBISIONICECS  YBEIMYECHUEM
AJIEKTpOMUOTparUuecKol aKTUBHOCTH crubaresieidl B MOKOE U MPU BEPTUKAIbHOU
CTOIKe, a Takke Bo3pacTaHue aMIiuTyasl DMI' oTBeToB m.tibialis Ha omopHbIe
paslipakeHus, CHIDKCHHE COKPATUTENIBbHBIX CBOMCTB MBIIII-pa3rudareneii u
U3MEHEHUSI B AKTUBHOCTH BCEX MEXAHU3MOB, PETYJHPYIOIIUX 3TH CBOWCTBA;
KOOPJIMHALIMOHHBIE TIEPECTPOIKHU, 00ECTIeUnBAOIIHE TIEpepacipeiesieHne MmopsiaKa
BOBJICUCHHSI MBI — 00Jiee TOHUYECKUX WK OoJiee (Pa3HBIX B BBIMOJTHEHUE TEX
WIM WHBIX JBUTATEIBHBIX 3a7ad, SBISIOTCS (EHOMEHAMH TIPOU3BOIHBIMH,
BTOPDUYHBIMU M PEATU3YIOTCA IO MEXaHU3MaM I[IEHTPAJIbHOTO COMNPSHKEHUS
(prexcopHoe oberuenne) u 00ydeHus (KOOPAMHAIIMOHHBIE TIEPECTPONKN).

3.1.1.2. buoxumMHuYecKue MapKepbl 00MeHAa KOCTHOM TKAHHM Y KOCMOHABTOB
1ocJie NMPOAOJ/IZKUTEIbHOI0 KOCMUYECKOI0 1oJIeTa
Ha MexayHApOAHOM KOCMUYECKON CTAHIMHU

B CBIBOpOTKE KpOBM KOCMOHABTOB, COBEPIIHMBIINX IPOJIOJDKATEIBHEIC
IIOJIETBI HA MEXAYHAPOAHOM KOocMuuecKoW craHnmuu B nepuon 2000-2003 rr.,
WCCJICIOBAJIUCH MTOKA3aTelId TOMEOCTa3a KajbIUsl, €r0 TOPMOHAIBHOU PETYJISINH,
B TOM 4YHCJIe OWOXMMHYECKHE MapKephl IPOIECCOB KOCTHOTO MeTaboiIm3Ma.
OO0cenoBaHHBIE POCCUIMCKHUE KOCMOHABTHI NMPUHUMAIN yY9aCTHE B IKCIICIUIIASIX
MPOJIOKUTENBHOCTEIO 0T 129 1o 196 cytok. Bnusinue daxrtopoB mnosera
CKa3blBAJIOCH HA MapaMeTrpax oOOMEHa KaJjblus, a TaKXkKe Ha [OoKa3aTelsax
MeTaboau3Ma KOCTHOW TKaHU Tociie Tosieta. BpigBIeHO, 4YTO B paHHEM
peadbMINTallMOHHOM TMEPUOE IMOCIE 3aBEPIICHUS KOCMUYECKOW MHUCCUU B KPOBU
KOCMOHAaBTOB TMOBBIIIEHbl YPOBHU MAapKEpOB KaK KOCTEOOpa3oBaHUs, TaK U
pesopbumu. B TO ke BpeMms, mpeoOnamaHue Tpolecca pe3opOuuH  Had
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00pa3oBaHHEM HOBOM KOCTHOW TKAaHM IIOCJIE MOJIETOB COXPAaHsIOCh, MO KpalHen
Mepe, B pPAHHEM peaOWINTALMOHHOM II€pUOJAe, NpH AKTHBALMU CHCTEMHOMU
FOPMOHAJILHOW CUCTEMBI, OTBETCTBEHHOM 3a MOJACPKAHUE TOMEOCTa3a KaJIbLIMSL.

B  ycroBusiX HEBECOMOCTM  NIPOUCXOAAT  HETATUBHBIE  M3MEHEHHUS
cnenu@UYecKoro xapakTepa B MUHEpaIbHOM OOMEHE M KOCTHOM TKaHU 4YeJIOBEKA.
ITon peiictBueM  yCIOBUH  KOCMHUYECKOTO IOJIETa  IMPOUCXOIAT  IOTEps
MUHEPAJIbHOIO KOMIIOHEHTa KOCTHOW TKaHbIO U H3MEHEHHUE €€ CTPYKTYpBHI,
IPUBOJAIINE K CHM)KEHUIO IPOYHOCTHBIX CBOMCTB. OJHUM U3 NPOSBICHUHN 3THX
IPOLECCOB SBJIAECTCS PA3BUBAIOLIUIICS B HEBECOMOCTH WM IPU HA3EMHOM
MOAENTUPOBaHUHU (PPEKTOB MUKPOTPABUTALUU OTPUIATEIBHBIM OalaHC KaJbIus
KaK Ha YPOBHE OPraHM3Ma, TaK U B KOCTHOM TKaHWU.

Cyl1iecTByeT HECKOJIBKO OMOXMMHUYECKUX MapKEpOB, KOTOPbIE HUCHOJIB3YIOT
TUIS OLICHKHU METa0O0JINYECKUX IIPOLIECCOB B KOCTHOM  TKaHWU:
KOCTHOCHeIduueckass menodnas Qocdaraza, OCTEOKANbLIMH, OKCHIIPOJIUH,
TUAPOKCUITUPUIUHOIMHOBBIE «MOCTHUKH» KOCTHOrO KoJutareHa (crosslinks).
Octeokanbid (OK), Ha3pIBaeMblil Takke KOCTHBIM g/a-TIPOTENHOM, MPEACTABISAET
co00l HEKOJUTAreHOBBIN O0ETOK HEOOJIBIINX Pa3MEPOB, ClIEHU(PUUHBIN 111 KOCTHON
TKaHu u JeHTuHa. Ero ¢QyHkuus 10 koHa He BblIsicHeHA. CyuTaercs, 4To
OCTEOKAJIbIIMH CUHTE3UPYETCS NMPEUMYIECTBEHHO OCTE€00JacTaMU U BKJIFOYAETCS
BO BHEKJICTOYHBIH MAaTPUKC BHOBb OOpa30BAHHOM KOCTHOW TKaHHW. YacTb 3TOro
Oenka TMPOHMKAET B KPOBOTOK M MOXET OBITh B HEM OIpEJeIICHA.
[{upkymupyronuii OCTECOKANBIIMH WMEET KOPOTKHUU TEpUuoja >KH3HU U OBICTPO
BBIBOJMTCS IOYKaMHU. BBIABIEHO Takke, 4TO B IEPHOJ IIOJIOBOIO CO3PEBAHUS
YPOBEHb OCTEOKaJbI[MHA B KPOBH YEJIIOBEKA KOPPEIMPYET C POCTOM CKEJETA; OH
NOBBIIIAETCA TPU pslie 3a00eBaHUM, KOTOPbIE CONPOBOXKIAIOTCS YBEIUYECHUEM
CKOpocTH pemojenupoBanusi KOocTH. [lockoiabky ocHOBHBIM McTouHHKOM OK B
KPOBHU SBJISIETCSI KOCTHAasl TKaHb, HMCCIIEIOBATEISIMU IPU3HAETCA, YTO JAHHBIN
O€TIOK MOXET CIY>KUTh Cienu(pUIecKuM MapKepoM KOCcTeoOpa3oBaHusl.

[IupuaMHOBBIE TMEPEKPECTHBIE MOCTHKH («CIIUBKW» WIH «crosslinksy)
comepkarcsi B 3pesiod ¢GopMe KOCTHOrO KoJulareHa |, Oyaydd U3 Hero
BBICBOOOXEHbl B MpOIECCE pe30pOIuu, HE MOJBEPraroTcs AaTbHEUIINM
METaOOJINYECKUM TPEBpAIllEHUsIM. OTH IOCTTPAHCISALIMOHHBIE KOBAJICHTHBIE
CBSI3M, O0Opasylouiecss MEXIy MENTUAHBIMU LENsIMU C IIOMOIIbIO OCTaTKOB
JU3UHA, CTA0WIN3UPYIOT MOJIEKYJy KOJIJIar€Ha U MPUJIAI0T 0COObIE TPOYHOCTHBIE
CBOMCTBA ee cTpyKType. KoHLeHTpanys ruipOKCUIUPUINHOINHOBBIX «CIIMBOK» B
COCIMHUTEIILHON TKAHW OYEHb MaJla, HO 3HAYUTEIBHO BapbUPYET B 3aBUCHUMOCTHU
OT BHJIa 3TOM TKaHU. Tak KaK KOJIJIar€HOBBI MAaTPHUKC B HAMOOJBIIEM KOJUYCCTBE
COJIEP’KUTCSI B KOCTHOM TKaHW, W Onarojmapsi TOMy, YTO CKOPOCTb MeTabojau3Ma
3/1eCh 3HAUMTEJBHO BBIIIE, YEM B HEKOTOPBIX APYIMX BHAAX COEAUHUTEIBHON
TKaHW (HampuMep, B  XpsIle), MO0JIararloT, YTO TIJIABHBIM  HCTOYHUKOM
TUAPOKCUITUPUIUHOIMHOBEIX ~ «MOCTHKOBY»  («crosslinks») 6 OMOIOTHYECKHX
KUIKOCTSAX SABJISAETCS HMMEHHO KOCTHasi TKaHb. MOCTHUKHM BBICBOOOXKIAIOTCA U3
KOCTHOTO MaTpHKCa BO BpeMs €ro pa3pylleHus OocTeokjiacTaMu. B opranusme
ok0110 40 % ux BBIBOAUTCS ¢ MOYOI B cBOOOAHOM popme u 60 % — B CBA3aHHOM C
nentuaamu Buje. Ilpu ocreonopose KOHLEHTpaUMs THAPOKCUITHPUANHOINHOBBIX
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«CITUBOK» B KPOBU KOPPETUPYET CO CKOPOCTHIO OOMEHA KOCTHOUW TKaHH, KOTOpas
OLICHMBAJIACh  METOJAOM  MCCIEIOBAHUSA  KUHETUKH  KajdblMs, a  TaKkKe
TUCTOMOP(POMETPUUYECKH.

BrnepBrle  W3ydyeHHME OUHAMUKH  COJEpPKAHUSA  MApPKEPOB  KOCTHOTO
MeTa0oIM3Ma, MEHSIIOIIErocsl MoJi ACHCTBUEM (PAKTOPOB KOCMHUYECKOTO TOJIETa,
npoBojguiioch 1o nporpamme «MHMP-HACA» COBMECTHO pOCCHUICKUMHU U
AMEpPUKAHCKUMH  CIECHHAINCTAMU. DBBINOJHEHHbIE MOJETHBIE HSKCIEPUMEHTHI
MOKa3aJM, YTO BO BPEMS MPOJOJIKUTEIBHOTO KOCMHUYECKOTO IOJIETa MOBBIIAETCS
pEHallbHAsI SKCKpEUHUs KAJIbLUS U TUAPOKCUIUPUIUHOIMHOBBIX «MOCTHKOB)», Ha
YpOBHE KOCTHOM TKaHU Pa3BUBAETCSI OTPUIIATEIBHBIN OaTaHC KaabITusl.

Ha Mexnynapoguoit kocmuueckor cranmuu (MKC) Obutn mpoBeneHs
nanpHemue uccienoBanus. Bo Bpems mosneroB Ha MKC npumensiach
WHTETPUPOBAHHAS CHCTEMa MPOGUIAKTUKN COCTOSIHHSI CEPIICYHO-COCYAUCTON U
JIBUTATE€NIbHOW CHCTEMBI, KOTOpas BKJIIOYalla B ce0s Kak OTpabOTaHHbBIC
POCCHUICKMMHU YYE€HBIMH, TaK U HOBbIE MeTOAbl. [IpemmyinecTBoM ompeneneHus
OMOXMMHYECKUX MapKEepOB KOCTHOIO 0OMEHa B KPOBH SIBJISIETCS MOJIydeHue Oojiee
MoJIHOM MHGOPMAIIUU O COCTOSTHUU MPOIECCOB MeTaboIM3Ma B JaHHON TKaHMU.

B HacTrosiieM WHCCIEAOBAaHMM MBI CTAPAINCh MPOBEPUTH CIIEAYIOIINE
TUIOTE3bI: B YCIOBHUSX MUKPOTPaBUTALMHU MOTEPS MUHEPATBHOW COCTABIISIOLIEH
KOCTHOW TKaHbIO TMPOUCXOJUT B CBSI3UM C JECTPYKUMEH KOJUIareHa; TMocie
MPOJOKUTEIBHOTO  KOCMHYECKOIO  IOJIETa BOCCTAHOBIECHHE HOPMAJIbHOIO
OanmaHca TMPOIIECCOB, M3 KOTOPBIX CKJIAJBIBACTCA PEMOICIUPOBAHUE KOCTHOM
TKaHU, IPOUCXOJIUT C PA3JIUYHOU CKOPOCTHIO.

Mamepuanvl u memoovl

UccnenyeMbiM MaTepuanoM SIBIISUIaCh CHIBOPOTKA KPOBH, MOJYYEHHAsl OT
9 KOCMOHABTOB, COBEPIIMBIINX KOCMHYECKHUE T1OJIETHI Ha MKC
POJOJDKUTENHHOCTRIO 0T 129 10 196 cytok. OTO0op mpoO KPOBW BEHITIOIHSIN B
paMKax OOBIYHOTO MEIMIIMHCKOTO oOciefoBaHus: a) 3a 30—45 cyTok 10 cTapra;
0) B IeHb MpU3EeMJICHUS; B) Ha 7—8-€ CyTKH TOCJI€ OKOHYAHHS TOJIETa; T') 4epe3
15-19 cyrok mocne mpuszemsieHus. OOpasibl KpOBH MOJy4ald METOJIOM
BEHONYHKIIMA M3 JIOKTEBOM BEHbI B BaKyyMHbIe NpoOupku (S-Monovette) 6e3
koHcepBaHTa. Ilocne nentpudyrupopanus kpou mpu 2000g B Teuenue 20 MuH
CBIBOPOTKY OTOMpaid U €€ aJUKBOTHI XpaHWIM B 3aMOPOKEHHOM BHUJE (MpHU
-70 °C). Kpome TOro, caMu KOCMOHaBTHI BO BpeMs IoOjeTa OTOUpanmu MpoObI
KaOWUIAPHOW KpPOBU I KCCIENOBAHUM €€ CcocTaBa HAa MOPTATUBHOM
ounoxumudeckom ananmmuzatope i-STAT (i-STAT Corporation, USA).

Konnentpamuto OK u ¢parMeHTOB KoJIJIareHa OIpPEeAesid C MOMOIIBIO
CTaHJAapPTHOTO Habopa PEaKTUBOB (bupMBI «Roche» METOJIOM
AIIEKTPOXEMOIOMEHUCIICHTHOTO HWMMYyHoaHanm3a Ha mnpubope Elecsys-2010
(«Roche»). B ocHOBe maHHOTO METONA JIGKUT TMPHUHIIUI JABYXCTAIUITHOTO
«CEH/IBUYA» UMMYHO(EPMEHTHOTO aHaIU3a.

AKTUBHOCTh CUCTEMHOU peryJsiiiuu oOMeHa KaJbIus B KPOBU OIICHUBAJIU,
onpenenssi ypoBHu maparupeounnoro ropmona (IITI) u kansruronuna (KT)
CTaHJAAPTHBIMU METOJAAMH HUMMYHO(PEPMEHTHOIO aHaiu3a; YPOBHH OOUIETO
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KaJbIMsl €ro MOHU3UPOBAHHOW (PpakuuyM — HA aHAIM3aTOpE JIIEKTPOJIUTOB B
ounonornueckux xugkoctix «EasyLyte Calcium OS» («MEDICAY).

[TonyyeHHble pe3ynbTaTbl aAHAIU3UPOBAIM CTAHJAPTHHIMU  METOAAMMU
MaTEeMaTUYECKON CTATUCTUKHU.

Pesynomamui

B 1enp npuszemisieHHss T1OCie 3aBeplleHUs ToJjieTa (HYJIEBBIE CYTKH)
KOHIIEHTpAIMsl OCTEOKaJblIMHa B CpPEIHEM OKa3ajach BbIlle, 4YeM (POHOBOE
3HaueHue, Ha 10,7 %. YpoBeHb JaHHOTO MapKepa B KPOBU Ha 7—8-€ CYTKH IOCIIE
NPU3EMJICHUSI OCTAaBAJICA IOBBIIICHHBIM [0 CPAaBHEHUIO C MPEANOJIETHBIMU
BennunHamu Ha 27,0% wu Ha 15-19-e cyTku mocie 3aBeplleHUs] MOJIEeTa
kounentparusi OK B cpennem okasanach Bbilie (oHoBoro 3HaueHust Ha 25,1 %.
CpeaHerpynnoBoe 3Ha4€HHE KOHIEHTPALMHM KOJIJIAr€HOBBIX ()ParMEHTOB B JCHb
npuzemiieHus: ObUI0 BbIme (oHoBoro 3HaueHus Ha 81,8 %. Ha 7-8-e cyrtku
KOHLIEHTpAIUsl JTaHHOIO MapKepa MOHM)KajJach, HO HE JIOCTUTaJia MPEIOJETHOTO
ypoBH#, npeBbimas ero Ha 74,7 %. B panbHenmewm, Ha 15-19-e cyTtku nepuona
BOCCTaHOBJICHHSI KOHIIEHTpALMs B KpOBU «crosslinks» CHMkanach, HO OCTaBajlach
Bbillie (poHa Ha 49,5 %. OueBUAHO, PTO CBUIETEILCTBYET O TOM, YTO BBICOKAas,
OTHOCHUTEJIBHO JIONOJIETHOTO YPOBHS, aKTUBHOCTDH MPOIIECCOB PE30POLIMH KOCTHOM
TKaHU TIOCJIE TPU3EMIICHHUSI COXpaHSETCs, HECMOTpPsSI Ha MpeKpalieHue AeHCTBUs
OCHOBHOT'O HEOJIAaronpusATHOTO (pakTopa (MUKPOTPABUTALINH ).

Takum 00pa3oM, KOHLIEHTpaluu OOOMX MapKepoB B KPOBH KOCMOHABTOB
Hocjae MPU3EMJICHHs OKa3ajuCh BBIIIE, YE€M JI0 CTapTa B YCJIOBUAX OOBIYHOMU
KU3HeAesTeabHoCcTU. [lo-BuauMoMy, NaHHBIA pe3yJbTaT MOXHO TPaKTOBaTh Kak
CBUJIETENIBCTBO COXPAHSIIOLIMECS IIOCJIE 3aBEPIICHHS KOCMHYECKOro II0JIeTa
aKTUBHM3allMM KakK Ipolecca pe3opOlMH KOCTHOM TKaHU (yBeJIWYEHUE
KOHIIeHTpauu «crosslinks»), Tak u oOpa3oBaHHs KOCTHOW TKaHU de novo (pocT
KOHLIEHTPAIM! OCTEOKAJIbLNHA).

OpnHako cpaBHEHHME AMHAMUKH TMOCIIETONETHBIX WU3MEHEHUN KOHIIEHTPALMA
o0oux MapkKepoB IOKa3ajo, YTO €CJId MPUPOCT KOHIEHTpAaUUU (PparMeHTOB
KOJUIareHa B TIEPUOJE BOCCTAHOBIEHHUS CHUXAJICS, TO OCTEOKaJblMHA —
Bo3pactain.  CnefoBaTellbHO,  TOCJE€  3aBEPIICHHUS]  MPOJOJDKUTEIHLHOTO
KOCMUYECKOTO MO0JIETa aKTUBHOCTh JECTPYKIMU KOCTHOTO KOJUIareHa MeEJUICHHO,
HO  HEYKJIOHHO  CHIJKaeTcsi, a  akTUBM3alus  JpPyroro  Imporecca
pPEMOJIEIMPOBAHUS — CHUHTE3a HOBOM KOCTM — HMEET JIATEHTHBIM IEepuoja H
IPOJOJIKAETCS JOCTATOYHO IPOJOJIKUTEIBHOE BPEMS.

HccnenoBanne KOHIEHTpAMM OOILIEro Kajibliig M AKTUBHOCTH €ro
MOHMU3UPOBAHHOW (pakiuy I0Ka3ajo, 4YTO IIOCJIe TOJeTa YpPOBEHb OOIIEro
KaJbIMsl HE TMPEBbIIAT TPAHUI] HOPMBI U HE OTIMYAICS OT MPEANOJIETHBIX
nokazarened. OJTHaKO aKTUBHOCTh HOHHU3UPOBAHHOW (PpaKUWU KalbIUs HMEJa
TEHJEHIUIO K MOBBIIICHHUIO B MIOJIETE U PAaHHEM IOCJIENOJIETHOM nepuoe. B To xe
BpeMsi TOBBILIEHUE YPOBHEH O0OOMX MHHEPAJIOTPONHBIX TOPMOHOB B KpPOBHU
KOCMOHABTOB IOCJI€ 3aBEPIICHHS] KOCMUYECKHUX IOJIETOB CBHJIETEIHCTBOBAIO O
(yHKUIMOHATBHOM HANPSKEHUU B JAHHOM CHCTEMeE, MOAIEPKUBAIOILIEH TOMEOCTa3.



31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

Obcyoicoenue

Apanranus oOMeHa Kalblidd B OpraHM3MeE YeNOBeKa K YCIOBUSM
KOCMHUYECKOrO0 TojleTa M BO BpeMs peajanTaluu, CIEAYIIIed mocie
IpU3EMJICHUS, 3aTParuBaeT BCE€ MPOIECChl, U3 KOTOPBIX CKJIAJbIBAETCS MPOLECC
oOMEHa, U HaXOJUTCS IMOJ MYyJIbTUTOPMOHAIbHBIM KOHTpoJsieM. HaOmionenus 3a
W3MEHEHUSMHU YPOBHEH TOPMOHAJIBHBIX PETYJSATOPOB IOCIE MPOJOJIKUTEIBHBIX
noJieToB nokaseiBaioT, yTo Kpome [ITI" u KT Ha oOMeH kasbiusi MOTYT OKa3bIBaTh
BJIUSIHUE TIOBBIIICHHBbIE KOHIIEHTpaluu KopTuzona. OOrneryeHHas MOOMIM3aIUs
Kanplua U3 KoctHoro xaeno (mox neictBueM IITI, xopTusona) BeIpaxaeTcss B
MOCTOSTHHO HaOJII0aeMOol mociie moJjieTa TUMEPKaIbLIEMUH 110 MOHU3UPOBAHHOMY
KaJblnio. [IOBBIIIIEHHOE BBIBEJICHHE MUHEpaia MOYKaMu, BCIEIACTBUM CHHXKEHUS
peabcopOIMu Kajbllusl B TMOYEUHBIX KaHAJbIAX, SBISETCS OJHUM M3 OOBIYHBIX
IPOSBICHUM OTpHULATENIbHOIO OanaHca KanblUs. BaxHyro poiab B pa3BUTUU
OTPHUIIATENFHOTO OajaHca KalblKsg MEXAY OpTaHU3MOM M BHEIIHEH Cpeoil urpaer
yYMEHbIIIEHUE ero abcopOIuu B KeyI0YHOKUIIIEYHOM TpakTe, HabIogaeMoe moj
BO3JICHCTBUEM YCIOBUM MHKPOrpaBUTAlMU. OTOT 3(Q(EeKT ObUT BBIABICH INpHU
BBINIOJIHEHUU TIOJIETHBIX KCIEPUMEHTOB Ha OpPOUTAIBHOM CTaHIMH «Mup» U B
nosniere «Skylab». Jlaxke mocie 3aBepiieHHs TPOJIOKUTEIBHBIX KOCMHUYECKHUX
MI0JIETOB YPOBEHb KUIIEYHOW a0COpOLMU KalbIUs OBbLT HUXKE, a DKCKpELHUs yepe3
KUIIEYHUK — Bblme. Cleayer OTMETUTh, YTO HH IOYE€YHas, HU KUIIEYHas
AKCKpENUs KalblUs HE HOPMAJIU30BAINCH 3a 2—3 Mecs1a MOCIe NPU3EMIICHHUS.

AHallM3 BEIWMYUHBI MOTEPh KalblMsl OPraHU3MOM, COOTHECEHHBIX C
U3YYEHUEM COCTOSIHUS TOPMOHAJIBHOW PETYJSIUU Y POCCUHCKUX KOCMOHAaBTOB,
BBITIOJIHUBIIIUX TIOJIETHl Ha OPOUTAIBHON CTaHIMKU «MHUpP» TPOTOIKATEIHLHOCTHIO
oT 150 mgo 237 CyTOK, BBISIBHWJI 3aBUCHMOCTh AKTHBHOCTH MHHEPAIOTPOIHBIX
TOPMOHOB M BEJIMYMHBI NOTEeph Kanblus. [lo-Buaumomy, yBelnueHue (MHOTIA
BiBoe) ypoBHA IITIT cmocoOcTBOBano peKpPyTHUPOBAHUIO OCTEOKIACTOB U
MOJIaBJICHUIO AKTUBHOCTH OCTE00JacCTOB B KOCTHOW TkaHHM. Ho B rogoBoM
KOocMUYeCcKoM mnoJiere ypoBeHb IITIT B 1asmMe He KOppenupoBan ¢ U3MEHEHUSAMU
OanaHca KaubLus.

HccnenoBanre TMHAMUKU U3MEHEHUS MapKepOB KOCTHOTO MeTadoIM3Ma BO
BpeMsi U TMOCJIE€ NPOJOJKUTEIHLHOTO NpPeObIBaHUS KOCMOHABTOB B YCIIOBHSX
HEBECOMOCTH  HA4aJloChb  HeEAaBHO. Pe3ynbTaThl  HammMX  UCCIEAOBAaHUMN
CBHUJIETEJILCTBYIOT, 4YTO TIOCJIE€ MPOJOJDKUTEIBHOTO KOCMHYECKOIO IOJIETa
BOCCTAHOBJICHHE HOpPMaJIbHOTO OajaHca MpPOLECCOB, U3 KOTOPBIX CKIIAIbIBAETCS
peMoJenupoBaHie KOCTHOM TkKaHM (TO ecTh OajaHca pe3opOuuu U
HOBOOOPa30BaHUs KOCTHON TKaHM), TPOUCXOUT C PA3IUIHON CKOPOCThIO. B TO ke
BpEMSI Y OTHEITBHBIX KOCMOHABTOB Mbl OOHAPYKUJIM BBIPAKEHHYIO KOPPEISIIHIO
YPOBHSI KOJUIAr€HOBBIX ()ParMEHTOB M aKTUBHOCTU MOHHM3UPOBAHHOTO KaJIbLIMS B
KpOBHU noclie kocmuyeckoro nosera (» = 0,86 — 0,98). 9To mokas3pIBaeT, 4YTo y 3TUX
JIML] IECTPYKLHUS KOJUIAar€HOBOI'O0 MaTpUKca KOCTH, TO €CTh aKTHBALUs pe30pOuun
BHOCUT HauOOJBIIMI BKJIaJ B OTKJIOHEHUS TOMEOCTAaTUYECKON KOHCTAHTHI
MUHEpaJIbHOIO OOMeHa. Y JApyruX KOCMOHABTOB 3Ta 3aBUCUMOCTb ObuIa cialee.
Ho, mno-Bumumomy, T1OTEpsSs MHUHEPAIBHOM COCTABISAIOIIENM KOCTHOM TKAaHBIO
IIPOUCXOJIUT B CBS3M C IECTPYKIMEN KOJIIareHa.
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Takum 00pa3oMm, W3ydeHHE MapKEpOB KOCTHOTO MeTadoim3Ma B KPOBH
KOCMOHABTOB IOCJI€ KX BO3BPALIEHUS U3 KOCMUYECKOTO IOJIETA, B COBOKYITHOCTH C
MCCIICIOBAaHUEM TapaMETPOB TOMEOCTa3a KaJblud M €ro TOPMOHAJIbHOU
PEryJISIlIuU CO CTOPOHBI MUHEPAJIOTPOITHBIX TOPMOHOB JIA€T BAXHYI0 HHPOPMAIUIO
O COCTOSIHMHM TPOLIECCOB PEMOACIUPOBAHUS KOCTHU. ITO TMPEIACTABISACTCS HE
TOJIBKO Ba)XHOW TeopeTudyeckoil uHdoOpmalmel, HO CYIIECTBEHHO U C
NPAaKTUYECKOM  TOYKM  3pEHMUS, IOCKOJbKY  CHI)KEHUE  MHUHEPAIBbHOU
HACBIIIEHHOCTH KOCTHOM TKaHW U IEPECTPOMKa €€ CTPYKTYpbl, MPOU3OLICIIINE
1O/, BJIUSHHUEM YCJIOBUH KOCMHYECKOIO MOJIETa, ABJISSACH JI1 MUKPOTPaBUTALUU
aJIaNTUBHBIMK, OOpaTHMBl M TIOCIE BO3BpPAIICHUS KOCMOHAaBTa K 3E€MHOUN
IpaBUTAIIMM HAYMHAIOT WM3MEHSATHCS B OOpAaTHOM HAIMpaBiICHUH, K HCXOTHOMY
MIPEAIIOJIETHOMY COCTOSIHMIO. HacKOJIIBKO 3TOT mpouecce SIBISETCS NMPOTSKEHHBIM
BO BPEMEHUM M KAKHE €Tr0 COCTABISIOIIME SBJISIOTCA TEMII-JIMMUTHPYIOUIMMH,
MOKaXyT JATbHEUIIINE UCCIICIOBAHUS.

ABTOpBI  BBIPQXAKOT  MCKPEHHIOK  IPU3HATEIBHOCTH  Poccuiickum
KOCMOHAaBTaM, MPUHUMABIIMM Y4YacTHE B JIAHHOM HCCIIEIOBAaHUM JI0 U TOCIIE
nosieta, a Takxke Bo BpeMs ux muccuii Ha MKC, 3a ux no6poxenaTeabHOCTh U
TEpIICHUE.

PaGora BeImoMHEHa mnpu  YacTUYHOM  mojaepxkke  Poccuiickoro
KOCMHMYECKOTO areHTCTBa U POCCUIICKON akaJleMUH HayK.

3.1.1.3. Pe3yabTaThl MUKPOOHOJIOTHYECKUX HCCJIEIOBAHM A
cpeabl o0uTaHust MeKIyHAPOAHON KOCMUYEeCKOM CTAHIUM

Pa3BuTre KOCMOHABTHMKHM 3a IOCJIEIHHUE MAECATHIETHS O3HAMEHOBAJIOCH
BECbMa CYIIECTBEHHBIMHU pe3yJibTaramMu. OJHHM K3 OCHOBHBIX HMTOTOB B 3TOMU
00JacTH SBIIACTCA CO3JaHUE W UTUTEIBHOC (PYHKIIMOHUPOBAHHE OPOUTATHHBIX
KOCMUYECKUX CTaHLUNA, KOTOPOE HEBO3MOXKHO 0€3 MOAepKaHHsI ONTUMAIBHON 110
BCEM IapaMeTpaM cpeibl OOMTaHUSI KOCMOHABTOB.

B ycnoBusix nOMIOTHPYEMOro KOCMHUYECKOTO IIOJIETa  IOCTOSTHHBIM
HKOJIOTUYECKUM napTHEPOM YyelioBeKa  SIBIIAIOTCS MHUKpPOOPTaHU3MBI,
MPEICTaBUTENI €ro ayTOMUKpPOQJIOpbl, a Takke OOUTaTeNd TOYBBI, BOJbBI U
BO3J/lyXa, BBIJICICHHBbIE M3 OHOcdepbl MpeaesaMyd TIepMO3aMKHYTOTO 0ObeMa.
3HAYUTENbHBIN YNENbHBIM BEC CpPEAu YKa3aHHBIX MUKPOOPTraHM3MOB 3aHUMAlOT
reTepoTpodbl, CIOCOOHBIE, HAPSATY C canpPUTHPOBAHUEM, BCTYIAaTh B OPraHU3MeE
YyelloBeKa B Pa3HOOOpa3HOE B3aMMOJIEHCTBHE — OT Takux (opM cuMOHMO3a Kak
MyTyajqu3M JO TPOSBICHUN TMapa3suThU3Ma U COCTOSHUS HMHQPEKIMOHHOTO
3a0oneBanusi. Bmecte ¢ Tem, Kak OBUIO YCTAaHOBJIEHO B KpPAaTKOBPEMEHHBIX
KOCMUYECKHX TOJIETaX M B MPOLECCE MHOTOJIETHEW 3KCIUTyaTalid OpOMTaIbHON
ctanuuu MUP, B cpene obuTtaHus U, B MEPBYIO OY€pe/lb, HA KOHCTPYKIIMOHHBIX
Marepuagax HHTEpbepa U OOOPYJIOBAHHUS 4YACTO OOHAPYKUBAIMCH OaKTepUu u
rpuObl — OUOAECTPYKTOPBI, CIOCOOHBIE B PE3YJIbTATE CBOEH KU3HEIACATEIHLHOCTH
BBI3bIBATh OMOMOBPEKICHUS MOJUMEPOB U OMOKOppO3Ut0 MeTawioB. [lpu sTom B
OTJIEIBHBIX 30HAX OTMEYaIOCh (opMupoBaHUe cHenUuUUECKUX pe3epByapoB
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HAKOIUICHUSI U Pa3MHOKEHHMSI MUKPOOPTaHW3MOB, IPUBOASALICE B PALE CIy4acB K
YXYALIEHUIO pabOTHI U AK€ BBIXOY U3 CTPOS PA3IUYHON anmapaTyphbl.

B cBf3M ¢ BBIIEU3IIOKEHHBIM, OYEBHUIHA AKTYaJlbHOCTb HCCIEAOBaHUN
oco0eHHOCTe (QOopMUpPOBaHUS W TOBEACHUS MHUKPOQIOPhl B MNHIOTUPYEMOM
KOCMHUYECKOM OOBEKTE C OLEHKOM PUCKOB, COMYTCTBYIOIINX >KU3HEACSITEIIbHOCTH
MHUKpPOOPraHU3MOB B cpene obutanus. IloydeHue TakuxX JaHHBIX SIBJISETCS
HEOOXOJUMBIM YCJIOBMEM JJI CO3/aHUsl HAy4YHO-OOOCHOBAHHOM CHUCTEMBI
HKOJIOTUYECKOTO MOHUTOPUHIA U NMPOTUBOMUKPOOHOM 3aIIUThl IPUMEHUTENBHO K
HACTOSLIUM U OyTyIIUM KOCMHUYECKHUM IOJIETaM.

Mamepuanvl u memoovl

B Teuenue MHoroserHeil HenpepbiBHOM s3kciutyatauun MKC perynsipHO
MPOBOJAUTCS. MUKPOOMOJIOTHYECKUI KOHTPOJb COCTOSIHUSI BO3JYIIHOM Cpeinpl U
NOBEPXHOCTEN MHTEPbEpa U 000PYI0BAaHUS OOUTAEMBIX OTCEKOB.

N3yuenune aspos3onbHOl (pa3er odutaembix orcekoB MKC mpoBomuTcs B
paMkax OopToBoW MmITaTHOW MeToauKu «KoHTpoab MuKpodKOochepbl cpeib
obutanus» (MO-21).

OT160p MuKpodIOPHI BO3yXa MPOBOJUTCS OOBIYHO HE peke uem 1 pa3 B 3
Mecs1a.

Poccuiickuii  komruiekT «Okocdepa» BriIOYaeT B ceOsl  BO3AYIIHBIN
npobooToopark SAS dupmbel PBI International, amanTupoBaHHBIN K yCJIOBHSIM
MoJIeTa,  OCYIIECTBISIOMMKA  3a00p  BO3IYIIHBIX  TPOO  acHUpaIriOHHO-
CeIMMEHTAIMOHHBIM METOI0M, HAOOpHI yariek [leTpu ¢ muraTeabHBIMH CpeamMu:

cpena Ne 1 — TpUNTHKA30-COEBBIN arap — JJiA BBIIETCHUSI OaKTepuil U cpena
Ne2 — cpema Yameka — s BBIIETICHUS IUIECHEBBIX (popMm  rpubOOB,
xosoguinbHUK — Tepmoctar «Kpuorem-03» m BKmaaplll C IEpeYHEM 30H, B

KOTOPBIX MPOBOAMUTCS OTOOP MpoO.

Kommnekts! anmapatypsl umerorcs Ha 6opty MKC, a Habops! vamek Iletpu
C MUTATEIbHBIMU CPEAAMU JOCTABIISIIOTCS Ha OpOUTAIBHBIN KOMILIEKC IO MEPE UX
pacxofoBaHUsl C TPY30BBIMH TPaHCHOPTHBIMU KopaOisamu. VccnenoBanue
Mukpogaopsl Bo3ayxa MKC (MHKyOMpoOBaHHE MOCEBOB, Y4Y€T PE3YyJIbTATOB)
IPOU3BOJUTCS HKUIAKEM HEMOCPEACTBEHHO Ha OOPTY € nepenadyeld MoaydyeHHOU
uHpopMaIuu Ha 3eMITIO 110 paJlOKaHaJIaM.

JUis mosiydeHuss 0ojiee MOJIHOIO MpPEACTaBICHHUS O BUIOBOH CTPYKType
MUKpPOOPraHU3MOB, a TaK)XE JJIS BBIICICHHS TECT-KYJbTYP MHUKPOOPTAaHH3MOB C
LEJIbI0 UX M3yuyeHUs, (GOPMUPOBAHUSA KOJUIEKIUI IITaMMOB Ui JajbHeHIero
UCCJIEIOBaHUS TakKe MPOBOAUTCS 3abop mpoOd Bo3dayxa 3a 1-2 gHA 110
PacCTBHIKOBKM TPAaHCIOPTHOI'O Kopabisi ¢ opouTanbHeIM KoMiuiekcoM. [locie aToro
IIPOU3BOAMTCS JocTaBKa damek [leTpu ¢ moceBaMu MUKpOOPraHM3MOB Ha 3EMITIO
JUTSl TaJibHENIINX UCCIEA0BAHMIMA.

Jlns caHuTapHO-MUKpoOuosornyecko oneHku mnoBepxHocTter MKC Ha
OOpTYy CTaHLMU MPOBOJUTCA OTOOP MPOO C MHTEpbepa U 00OPYJAOBaHUS B pamMKax
OopToBOil mTaTHOW MeTOAUKU «KOHTpPOJIb CaHUTAPHO-3MUAEMHUOIOIHYECKOTO
coctostHus» (MO-22). OT60p npob mpoBoAUTCS 3a 12 IHS 10 OKOHYAHUS PabOThI
Kax a0 skcnenuuuu. [lomumo vccnenoBaHuil B paMKax MEAMIIMHCKOIO KOHTPOJIS
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TaK)K€ NEPUOJUUYECKU TPOBOAUTCS MUKPOOUOIOIrMYECKUN KOHTPOJIb KOHCTPYKIUN
®I'b u CM.

Ot16op mnpo6 MUKpODIOPHl MMOBEPXHOCTEH HWHTEpPbEpa, OCHAIICHUS U
000py10BaHUs OCYILECTBIIAECTCA C MOMOUIBIO «YKIIAJOK C MPOOUPKAaMHU JIJIsl B3SATUSA
MUKpPOOHOJOTHYECKUX MpoO», KoTopble noctaBisitorcs Ha MKC Ha rpy30BbIX
TPAHCHOPTHBIX KOPAOJISIX Mepe]] HayaJloM WJIU B mpoliecce dKcneauuu. Komrekr
«YKIaKu ¢ MpoOUpKaMm» MPEJICTABISET COOOM YEeXO0J C 3aKPEIUIEHHBIMU B HEM
¢dbToporIacTOBEIMU MPOOUPKAMU C TAMIIOHAMU, MPONUTAHHBIMU KOHCEPBAHTOM, U
BKJIAJIBIIIIEM C TIEPEUYHEM 30H JIJIs1 0TO0pa mpoO.

Ot16op mpoO MPOBOIUTCS METOJOM CMbIBA C ITOBEPXHOCTH ILJIOIIAJIBIO
10x10 cM. JlocTaBKa UCIIONB30BAHHBIX «YKIAQJIOK C MPOOHUPKaMHU» C YXKe
O0TOOpaHHBIMU MPOOAMH Ha 3eMJTIO JIJIsl TPOBENCHUS JIA0OPATOPHBIX MCCIIEIOBAHUN
OCYLIECTBIISIETCS IPU BO3BPAILIEHUH CMEHSIEMOTr0 SKUIaxa.

B nabGoparopun mnpoBoauTcs mMOceB MpoO, OTOOpPaHHBIX C MOMOUIBIO
«YKIaAgKu ¢ TMpoOMpKamu», Ha MOBEPXHOCTU MUTATENBHBIX CpEl, Pa3iuThIX B
yamiky [lerpu. [lnsg kaxgoil mpoObl HUCHONBb3yeTcsl HAa0Op SJEKTUBHBIX U
¢ depeHnrnanbHO-IMarHOCTUYECKUX CPe.

[Tocne uakyOMpoBaHus MOCEBOB B TepMmoctare ais Oakrepuii mpu 37 °C B
Teuenue 48 yacos, a s rpuboB npu 28 °C B TeueHue 5—7 CyTOK MPOU3BOAUTCS
y4yeT BBIPOCIIMX Ha 4YamikaXx KoJoHMH. M3 KojmoHuwil OakTepuil Ka)xaoro
MOP(OJTOrHYECKOr0 THUIA OCYILECTBISAETCA 3a00p MaTepHasa JUisl OKpallMBaHUS UX
no I'pamy. Wpentuduxanus  OakTtepuii  NpPOBOAUTCA €  TOMOIIBIO
aBTOMaTU3MpOoBaHHOMU cuctembl Vitek-60 mpousBoactBa Bio Merieux (DOpanius).

[locne yuera KoOJIOHMW TpPUOOB W MapKUPOBAHMS OTACIBHBIX BHUJIOB H
IITAMMOB IPOU3BOJUTCS MX IIEPECEB HA CIELUAIbHBIE CPENbl JUISl MPOBEACHUS
unaeHTudukanuu. Jns uneHTuduUKanuym BBIIEICHHBIX ITAMMOB MHUKPOMUIIETOB
UCTIOJIb3YIOTCS  OTEUECTBEHHbIE M 3apyOeKHbIE  ONpEeAeNuTeNd  TpUOOB,
UACHTUDUKAKS APOXIKEH U JPOAKIKETIOIOOHBIX TPUOOB MPOBOAUTCS C MIOMOIIBIO
aBTOMAaTU3UPOBAHHOIO MUKPOOHOJIOTUYECKOTO aHanM3aTopa Vitek-60
npou3BojicTBa Bio Merieux (®@panius).

[To pesynpraram mouuTopuHra MuKpodiopsl cpeast MKC poccuiickas
CTOpPOHA TOTOBUT 3aKJIIOYEHUS, KOTOPbIE MEPEatoTCs YieHaM paboyeil rpyIbl Mo
cpene obOutanus. B ToM ciydae, ecaum B Kakou-nOO 30HE HUMEET MECTO
NPEBBIIICHHE HOPMATHUBHOIO TOKa3aTeisl COJEpKaHUS MHUKPOOPIaHU3MOB,
pernamentupyemMoro gokymeHtoM SSP 50260 MORD, na 6opT mnochuiaeTcs
paguorpaMma C pEeKOMEHJAIUsSIMH IO CaHUTapHOW 00paboTke 3TOM 30HBI. s
ATUX LieJiel Ha OOPTY MMeeTCs CrieluagbHOe CpeACcTBO « DyHTHUCTATY.

Pezynemamui

B mpouecce MHOrONIETHEN SKCIUTyaTaluu MeXIyHapoOaHOM KOCMHUYECKOH
CTaHIUU PETYJSAPHO MPOBOJWINUCH UCCIIEIOBAHUS KOJIMYECTBEHHOIO COJIEPKAHUS
¥ BHJIOBOT'O COCTaBa MUKPOOPTaHU3MOB, (POPMHUPYIONTUXCSI B OOUTAEMBIX OTCEKaX.
Bcero B cpene obutanus opOUTANIBHOTO KOMIUIEKca Obu10 00HapykeHo 70 BUIOB
MUKPOOPTaHU3MOB, U3 HUX 36 BUA0B OakTepuid u 34 Buga rpudoB.
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31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

B cocraBe GakrepuanbHON (IOPH JOMHHHPOBAIN MOCTOSITHHBIC OOWUTATEIH
CIIM3UCTHIX O00OJIOUYEK W KOXKHBIX MOKPOBOB UEJIOBEKAa — TMPEICTABUTEIN POJIOB
Staphylococcus, Corynebacterium, Micrococcus. VIcToUHMKaMU KOHTaMHUHAIIUU
cpenbl OOWTAaHMSI ITHMH MUKPOOPTaHWU3MaMH SBJISUTUCH CMEHSIONIUECS YJICHBI
skunaxeil. [loMUMO TUNMYHBIX TIpeACTaBUTENICH ayTOMHUKPO(MIOpHl YeloBeKa, B
cpene oouranus MKC yacto oOHapykuBanu criopooOpasyroiiue 0akTepuu poja
Bacillus — oOuTarenn MpUPOJHBIX PE3EPBYapOB, a TAK)KE YCIOBHO MATOTECHHBIE
BUJIBI — BO30YJIUTENN ONIMOPTYHUCTHUYECKUX MHDeKuun (Staphylococcus aureus,
Streptococcus sp.).

CoctaB TpuOHOTO KOMIIOHEHTA OTIWYAJICS 3HAUYUTEIBHBIM Pa3HOOOpazveM.
Haubonee mmpoko B cpene oOWUTaHUS OpPOUTANTBHBIX KOMIUIEKCOB OBLIN
MPEICTaBIEHbl MUKPOMUIETHI poaoB Penicillium, Aspergillus w Cladosporium.
OTH MHKPOOPraHU3Mbl — Te€TepOTPO(BI, CIOCOOHBIE AKTUBHO pPa3BUBAThCS Ha
MOJIMMEPHBIX MaTepuanax TMPUPOTHOTO U HCKYCCTBEHHOTO TIPOUCXOXKICHUS,
BBI3BIBAs WX TIOBPEKICHUS, 3aCIyKHUBAIOT CaMOTO CEPhE3HOTO0 BHUMAHUS B
OTHOIICHWN BO3MOXXHOCTH DJKOJIOTHYECKOW OKCIIAHCHM B 3aMKHYTOM OObeMe
repMOKaOHUHBI JUIUTENIHLHO JACHCTBYIOMIET0 KOCMUYECKOro oobekTa. Cpenu rpudoB
TaK)XE BCTPEUAJHNCh «IATOTCHHbIE Canmpo(UThD) — BO30YIUTENH MHKO30B U
MUKOUHTOKCHUKAITUH.

Jist cucremaruzanuu OakTepui, BbIAENEHHbIX U3 cpeabl ooutanus MKC,
UCIIOJIb30BAIM KJIaCCU(PHKAIIMIO, HW3JIOKEHHYIO B OIpejaenuTene OakTepuid —
Bergey’s Manual of Determinative Bacteriology, Ninth Edition, 1994.

Bce uzonmmpoBannbie n3 MKC Oaktepun mnpuHamiIeKald K OJHOM U3 5
rpymit: 4, 5, 17, 18 u 20. Beero u3 cpenst obutanus MKC Obu1o n3onupoBano 14
pOMIOB, KOTOpble BKIOouUanu 36 BUAOB Oaktepuil. BumoBoil coctaB OakTepwuii,
obOHapyxeHHbIX B MKC, oTnnuancs 3HaunTeNbHBIM pa3HooOpa3ueM. B ocHoBHOM
9TO OBUIM TPaMIIOJIOKUTEIBHBIE KOKKH, TPaMOTpPHIIATEIbHBIE a’dpOOHBIE MO0
(bakyIbTaTUBHO-a3pOOHBIE MAJIOUYKU U CTIOPOOOpa3ytomue najouku. Haubompmmm
BUJIOBBIM  pa3HoOOpa3WeM OTIWYalIuch Oaktepun poAoB: Staphylococcus
(12 BunoB) u Bacillus (6 BunoB). HaubGomnbiiiee 4uciio BUAOB OakTepuil ObLIO
U30JMPOBAHO C TOBEPXHOCTEM HUHTEpbepa M oOopyaoBaHusA. Ha BHyTpeHHHX
MOBEPXHOCTAX Obulo oOHapyxkeHo 35 BumgoB (97,2 % oT o00uiero KoJuyecTBa
OOHapy>KEHHbIX BUJIOB OakTepuil), TOTa Kak B BO3JyXE BBISBIECHO 15 BUIOB
(41,6 % ot ob6miero uncna BuaoB). M3 181 mpoOkl, B3sATON U3 cpesibl OOUTaHUS NS
u3ydeHus: OaktepuanbHOi (iiopsl (moBepxHOCTH, Bo3ayX) MKC, Gakrepuun Obuin
oOHapykeHbl B 132 mpoOax, uro coctaBuio 72,9 % ot oOmiero uucia mpoo.
bakrepuu pona Staphylococcus nOMUHHPOBAIU MO YacTOTE OOHAPYKEHUS KakK B
npo0ax, B3SATHIX C MOBEPXHOCTEW MHTEphepa U obopymoBanus (84,0 %), Tak U B
npobax Bo3zmyxa (38,8 %). Ha BTopom MecTe 1Mo BCTpeuaeMOCTH Ha MOBEPXHOCTSIX
obutn Gaktepuu poxaa Bacillus (31,7 %), va Tperbem — Corynebacterium (9,4 %),
Ha yetBepToM — Micrococcus (7,9 %). Bo Bcex ciiyyasix yactota oOHapy>KeHUs
OTJEIBHBIX POJIOB OaKTEepUil HA MOBEPXHOCTSAX MHTEpbepa U 000pyaoBaHUs ObLIa
BbIle, 4eM B Bo3ayxe. Cpenu mnpexncraBurenedl OakTepuanbHON  (IIOpHI,
BBIICICHHBIX U3 cpenbl obwmtanmss MKC, Obutn waeHTH(PUITMPOBAHBI BHIBI,
OTHOCAIIMECS K YCIOBHO TMAaTOT€HHBIM MHUKPOOpPTraHU3MaM, CIIOCOOHBIM IpHU
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31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

UMMYHOJIC(PUITITHOM COCTOSSHUM OpTaHW3Ma 4YeJOBEKa BBI3BIBATH PA3IUIHBIC
3a0oneBanus. JTO mpexae Bcero Staphylococcus aureus, Streptococcus sp.,
Bacillus cereus, otHocsamuecss k 4 rpymnme natoreHHoctH. Cpenu OakTepui,
BBIICNICHHBIX M3 cpenbl ooutanus MKC, Taxke BCTpedanuch MUKPOOPTaHU3MBI,
W3BECTHBIC 110 JUTEPATYPHBIM JAaHHBIM, B KAUECTBE aKTUBHBIX OMOJIECTPYKTOPOB
MaTepHAJIOB Pa3IUYHOI0 XUMUYECKOT'O CTPOCHHS.

Jist cucremaruzanuu BUJOB T'pUOOB, OOHAPYKEHHBIX B cpelie OOUTaHUS
MKC, ucnonb3oBanu KiaccU(UKAIMIO, MPUHATYI0O B MUKOJIOTHYECKOM CJOBape
(8-¢ m3manme). ['pubHON KOMIOHEHT MeXTyHApOJHOH KOCMHUYECKON CTaHIUU
dbopMHpoOBaIM MPEACTABUTEIN 2 TAKCOHOB TPUOOB: Ascomycota u Mitosporic
fungi. Cpenu rpubOoB, BbIsIBIEHHbIX W3 cpeabl obutanus MKC, nanbonbimm
POJIOBBIM Pa3HOOOpa3MEM XapaKTEPU3OBAIUCH MPEACTABUTEIM HECOBEPIICHHBIX
rpuboB. Beero Obut0 naeHTHGUIIMPOoBaHO 11 poAOB MIIECHEBHIX IPOKIKETOTOOHBIX
rpu00OB W JpOXOKEeH. 3HAYUTENBHOE BHJOBOE pPa3HOOOpa3We OTMEYaAOCh Y
aciepriuuioB (16 BHUIIOB), MEHUIIMIUIOB (5 BUIOB) M KJIAAOCIOPUYMOB (4 BHIA).
Haubonbiiee unciio BUAOB rpu0OB ObLIO M30JUPOBAHO C MMOBEPXHOCTEN HHTEpPhEpa
u o0OpynoBaHUsI CTaHUMM — 33 BHUJA, TOTJAa KaK B BO3JyX€ BBISBJICHO JIUIIb
6 BUJIOB, UTO COCTaBJIICT cooTBeTCTBEHHO 97,0 1 17,6 % oT o0miero xojmyecTna
BUJIOB IpuOOB, 0OHapykeHHbIX B cpeae ooutanuss MKC. Takum oOpaszomMm, B cpene
obutanus MKC 6wu1 06HapyxeHo 34 Buja rpruOOB, OTHOCSIIMXCS K 2 TaKCOHAM, U
11 pogam. Ilpu 3TOM HaAaMOOIBIIMM BUIOBBIM Pa3HOOOpa3HeM XapaKTepU30BaIUCh
MUKPOMHUIIETHl POJOB Aspergillus w Penicillium. N3 197 mpo0, B3ATBIX s
uzydeHus: MukpomuietoB cpeast MKC  (Bo3ayx, TIOBEpPXHOCTH), TpHOBI
oOHapyxeHbl B 89 ipobax, uto cocTaBiseT 45,2 % oT obmiero yucia npod. ['puodsl
ponoB Aspergillus v Penicillium TOMUHUPOBAIIM MO YacCTOTE OOHAPYKEHUS KaK B
mpo0ax, B3SITHIX C MOBEPXHOCTEH WMHTEphepa M 00OPYIOBaHHUSA, TaK U B MpobOax
Bo3Ayxa. B nenmom oHu mocturanu cootrBeTcTBeHHO 19,749 u 10,2-2,5 % ot
obmiero yucia orobpanHbix mpod. [lo gacTore oOHapyXEHUS HA MOBEPXHOCTIX
OpOUTAILHOTO KOMILUIEKCAa JOMHUHUPOBAIM BUIABI Aspergillus phoenicis (6,5 %)
Penicillium aurantiogriseum (6,0 %) u Aspergillus sydowi (3,3 %). 3 Bo3myuiHoit
cpeabl HamOoJiee YacTO BBIACISUIM MPEACTAaBUTENIE BUIOB TpuOOB Aspergillus
flavus (2,5 %) wu Penicillium aurantiogriseum (1,7 %). Cpenu rpuboOB,
BbIIeNIeHHbIX U3 cpeabl ooutanuss MKC, Bcrpewanuch BHABI MHUKPOMUIIETOB,
OTHOCSAIIUECS K YCIOBHO MAaTOr€HHBIM, CIOCOOHBIM TP OIMPEACIICHHBIX YCIOBUSIX
U, TpexJe Bcero, Ha (OHE CHIDKEHHUS HMMYHHUTETa, BBI3bIBATH pa3IUYHBIC
MATOJIOTUYECKHUE TPOIECChl Y YeloBeKa (TOKCHKO-aJlieprudyeckue 3aboseBaHus,
MUKO3BI U JIP.).

N3 34 BupoB rpuboB, BelAeNeHHBIX U3 cpeanl ooutanuss MKC, cormacho
JUTEPATYPHBIM JaHHBIM, K YCJIOBHO TATOTEHHBIM OTHOCATCS 10 BHUIOB, YTO
coctaBisieT 29,4 % ot o0rmiero unciaa 0OHApyKEHHBIX BUIOB, U3 KOTOPHIX 8 BUIOB
ABJISIIOTCSI  BO30OYAMTENISIMU  @JUIEPrUYeCKUX  MPOLeccCOoB, 7  BHUJIOB  —
MOTCHIIMAIbHBIE  BO30yauTeNW  MUKO30B, 4  BUga —  aKTHUBHBIC
ToKcHMHOOOpa3zoBaTenu. OTaeabHbIE BUIbI, COTJIACHO POCCUICKON KiIaccu(UKaiuu,
OTHOCATCA K 4 TpyIlme TaTOTeHHBIX JUIsl 4YelOBeKa MHKPOOPTaHH3MOB.
Uckmouenue cocrtaBnser Aspergillus flavus, SBASIOMUNACA TPeCTaBUTEIEM
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3 rpynmsl, KOTopelid Hanbosnee yacto (B 2,5 % 0oToOpaHHBIX MPOO) BHIAEISIICA W3
BO3AYLIHOM cpeabl. CleayeT OTMETUTh, UTO yKa3aHHbIE TPUObl — KOCMOTOJIUTHI;
BCTPEUAIOTCS HAa BCEX KOHTUHEHTAX, Pa3BUBAIOTCS Ha OpraHUYeCKuX cyOcTparax, B
MOYBE€ M HAa PACTEHUSX, CIOPbl MX IOCTOSHHO TOMNajarT B Bo3ayX. OjgHako
MHUKO3bI, BBI3BIBAEMbIC YCJIOBHO TATOT€HHBIMU TrpubaMu, Kak MPaBuUio,
pPa3BUBAIOTCS MIPU CEPHE3HOM OCIA0JIEHUU 3alIUTHBIX cuil opranu3ma. Haubonee
4acTO B KQUECTBE MpPEeIpacioiaratoiiux U NpOBOIUPYIOMHKX (PAKTOPOB BHICTYHAIOT
XpoHUYecKue 3a00yieBaHusl, JIMTEIbHOE JIeYeHUE AaHTUOMOTUKAMH IIHPOKOTO
CHEeKTpa JACUCTBUS, CTEpOMIHAS TEpanus, BPOXKIACHHBICE WM MNPUOOPETEHHbIE
UMMYHOJIC(DUIIUTHBICE  COCTOSIHHSI, JIEHKEMHs, 3JIOKAUeCTBEHHBIE  OITYXOJIH,
rOPMOHAJIbHBIE U OOMEHHBIE HApYIICHUS U JIp.

Cpenn MUKpPOMUIIETOB, BbIJeNeHHBIX u3 cpeabl MKC, 3HauutenbHbIN
VACNbHBIM BEC 3aHUMAalM IUIECHEBbIE TpUObI, M3BECTHBIC, MO JUTEPATypPHBIM
JAHHBIM, KaK aKTHUBHBIE OHMOJECTPYKTOPHI MAaTEPUATIOB Pa3IUYHOTO XUMHUYECKOTO
ctpoenusa. Tak, Oonee 60 % MUKpPOMULETOB OOHApYyEHHBIX HAa BHYTPEHHHX
MOBEPXHOCTSAX CTaHIMU, CIIOCOOHBI Y4acTBOBATh B MpoOIleccax OMOMOBPEKACHUMN
MOJIMMEPHBIX MATepUANIOB, a TaKue BUIbI, Kak Aspergillus niger, Penicillium
aurantiogriseum u  Cladosporium  herbarum  KpoMe TOTO  SIBIISIOTCS
MOTEHIIMAIIbHBIMU areHTaMu OMOKOPPO3UH METAJIIOB, BBIJACISIIOIIMMEU B TPOIECCce
poCTa «arpeccUBHBIC» MPOAYKTHI KUZHENEATEIbHOCTH, 32 CUET KOTOpPHIX Ha
MOBEPXHOCTU METAIIOB CO3JAIOTCS KOPPO3ZUOHHO-aIPECCUBHBIE CPEJIbI.

Takum o00pa3om, OONBIIMHCTBO BUIOB TPUOOB, OOHAPY)KEHHBIX Ha
MMOBEPXHOCTAX  MEXAYHApOJHOM  KOCMHUYECKOW  CTaHIMHA, OTHOCATCS K
MOTEHIIMAIBHBIM OMOJIECTPYKTOPAaM TMOJMMEPHBIX MAaTEepuajoB M K areHram
OMOKOPPO3HIO METAJIIIOB.

Takum 00pa3om, B pe3yibTaTe OOPTOBBIX AKCIIEPUMEHTOB, BHITIOJHEHHBIX HA
MexayHapoTHOH KOCMHUYECKON CTaHUMH, B TMepuoa padoThl 9 OCHOBHBIX
OKCICAUITUN U 7 SKCISAUINN IMOCEIICHHS U3 Cpelibl 0OMTaHUs OBLIO BBIICICHO U
uneHtuuuporano 70  BUIOB  MHKPOOPraHW3MOB,  CpeAud  KOTOPBIX
MPUCYTCTBOBAJIA KaK YCJIOBHO NMATOT€HHBIE OAKTEPUU U IPUOBI, TAK U OPraHU3MbI —
TeXHO(UIIBI, CTIOCOOHBIE BHI3BIBATH OMOTIOBPEKACHUS TTOJIUMEPHBIX MAaTEPUATIOB U
OMOKOPPO3UI0 METAJIIOB.

3.1.1.4. Bo3neiictBue GakTOpOB KOCMHYECKOT0 MOJIETA HA PACTEHUS TOPOXa,
BbIpamuBaemMbix HA 6opTy PC MKC B psigy nmocjeaoBaTe/JbHbIX MOKOJIEeHUM

B kocmuueckux 3KCIepUMEHTax ¢ pacTeHueM Brassica rapa L. n nmueHnlen
copta Armorei, MpPOBEACHHBIX B opaHxepee «CBer» Ha OOpPTYy OpOUTATHLHOTO
KoMmiiekca «Mwup» B mepuox 1997-1999 rr., OBUTM TONMYYEHBI TIEPBBIC
MTOJIOKUTEIIbHBIE PE3YJIBTAThl UCCIEAOBAHUN POCTA U PA3BUTHUS PACTCHUU B Py
MOKOJIEHUH B YCJIOBUAX KOCMHUYECKOro rnojeta. [loaydenne HopMaabHO pa3BUTOIO
pacTeHusi, SMOPHUOJIOTMYECKass W MOCTIMOpUOJOTUYECKAass CTaguu pPa3BUTUH
KOTOPOrO TPOIUIM B YCIOBHSX KOCMHUYECKOTO IIOJIETa, MO3BOJIIET CUYUTATh
JIOKa3aHHBIM, YTO NPH BBIPAIIMBAHUM PACTCHHI B YCJIOBHUSAX MHUKpPOTPaBUTALUU
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BO3MOXXHO MHOTOKpPAaTHOE MPOXOXKJIEHUE LHMKIOB OHTOT€HETHUYECKOI'O PpPa3BUTHUSA
pacteHuil. OJHaKO OLICHUTh OTAAJIEHHBIE ITOCIEACTBUS BhIPAILIMBAHUS PACTCHHUI B
psAoy MHOTMX TMOCJIEAYIOIUX TIOKOJIEHUH Ha (oHe BO3JIEHUCTBUS (PaKTOPOB
KOCMHUYECKOIO TMOJieTa MO TMEpPBbIM  AKCIEPUMEHTAJIbHBIM  JIaHHBIM  HE
IPEACTaBIAJIOCh BO3MOXKHBIM. B CBSi3M € 3TUM, OJHHUM U3 TPUOPUTETHBIX
HaIlpaBJICHW HAa HACTOAILEM JTale WCCIECJOBAaHUM pACTEHH B YCIOBHUAX
KOCMHMYECKOTO TMOJIeTa SBJISETCA M3YYEHHUE MPOLEcca MUKPOIBOJIOLUUU U
OTHAJICHHBIX TE€HETHUYECKUX IMOCHEACTBUNA  JJIUTEIBbHOIO  KyJIbTUBUPOBAHUS
pacTteHuii B KocMoce. MHOTMMHM aBTOPaMH BBICKA3bIBAJIOCH MPEATNOI0KEHUE, YTO
KOCMHUYECKOE M3IIyYeHHE, COCTaB arMoc(epbl OpOMTAIbHON CTAaHUUU U MpPOUYUe
(akTOpbl KOCMHYECKOI'O II0JIETa MOTYT BbI3bIBaTh H3MEHEHUS T'€HETUYECKOTO
amnmapaTa y pacT€HUH U NpH JJIUTEIBHOM BO3JCHCTBHUM MOTYT CIIOCOOCTBOBAThH
HaIPaBJICHHOMY IIPOLIECCY MUKPOIBOJIIOLIMH.

HccnenoBanust B TaHHOM HANpaBJIEHUH OBUIM MPOAOJDKEHBI: B MEPHOI C
mapta 2003 r. mo ampens 2005 r. Hamu Ha Gopry PC MKC 6buto mpoBeneHo
5 3KCNEPUMEHTOB MO KYJIbTUBUPOBAHUIO F€HETUYECKH MAPKUPOBAHHBIX PACTECHUIN
KapJIMKOBOr0 ropoxa. Llenbro 1aHHON cepuu dKCIIEPUMEHTOB SIBJISIIOCH U3YUYCHUE
MOP(OJOTUYECKUX M TEHETUYECKUX OCOOCHHOCTEH pacTeHUuil Tropoxa Mpu
KyJbTUBUPOBAHUU B pAly TOKOJIEHUN B KOCMUYECKOW opanxkepee «Jlamay.

['eHOM BBICHIUX pacTEHUHN XapaKTepu3yeTcs OONbIIUM Pa3MEPOM U CIOKHOU
oprannzanueii. OgHUM M3 MNOAXOAOB K HW3YYEHHUIO TaKUX CJIOKHBIX T€HOMOB
ABJISICTCSI MCIIOJIB30BAHME MOJICKYJISpHbIX MetonoB aHanu3a JIHK. B nacrosmee
BpeMsi HauboJiee 4acTo JUIsl 3TUX LieJe UCIONIb3YI0T MOJIEKYJIsipHble MapKepbl. C
BBEJICHUEM MOJIEKYJISIPHBIX METOJIOB B MPAKTUKY OHOJOTMYECKHX HCCIIEIOBAHUN
NOSIBUJINCh HOBBIE BO3MOXHOCTHM M3y4Y€HHUS TEHETHYECKOro pa3HooOpa3us,
ONpENEeHHUs] POACTBA HA BHYTPH U MEXBUIOBOM ypoBHe. Illnpokoe npumeHeHne
Hanu BapuaHThl amruudukanuu JIHK ¢ mpousBoibHBEIMU U crieliuPUYIECKUMU
npaiimepamu. C WX TOMOIIBIO MOXXHO OBICTPO OOHAPYXHUTH BapHaOEIbHOCTH
0O0JIBIIOrO YKCIIa JIOKYCOB MO BCEMY I'€HOMY PacTEHHIA.

OgnuM w3 Haubosnee  pacHpOCTPAHEHHBIX  METOJIOB  BBISBIICHHUS
reHeTu4eckoro noauMopdusma y pacteHuil sBisercs RAPD-meron (Random
Amplified Polymorphic DNA) wiu nOpou3BOJIBHO  aMIUTUPUITEPyEMast
nonmumopdHas JJHK. DTtor Meron ocHOBaH Ha HCHOJIB30BAHMM TOJMMEPA3HOU
LHEMHOW  peakumu Cco  ciayyahHeiMA  9-10-uneHHBIMH — mpaiimepamu ¢
npeobnanaommm  G/C-cocrabom  (60-80 %), ®  AOCTaTOYHO  HUBKUMU
temrnieparypamu orTxkura. O6sraHo RAPD-nipaiimeps! naroT B cpeaaeM ot 3 1o 15
npoaykToB amruidukanuu. Yuactku JJHK, ammmduinmpyembie RAPD-meTonom,
pacnpesiefieHbl 0 BCEeMy T€HOMY U IMpPEACTaBISAIOT CO00H MOBTOPSIOLINECS
NOCJIEJOBATEIBHOCTH.

B Hacrosmieil pabore OCHOBHOE BHHUMAaHHUE YJEJIEHO aHAIU3y pe3yJIbTaToB
NEPBOr0 M3 CEPUM KOCMHYECKHX SKCIEPUMEHTOB, a TAaKXE pPacCMOTPEHUIO
XapaKTEpPUCTUK PACTEHHM, BBIPAUIEHHBIX W3 C(HOPMHPOBAHHBIX B YCIOBHSX
KOCMHUYECKOTO T0JIETa CEMSIH, TPU HA3EMHOM KYJIbTHBUPOBAHHH.

14



31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

Mamepuanvt u memoovl

Pactrenuss ropoxa B yCIOBUAX KOCMHUYECKOTO IIOJ€Ta B CEpUU
skcniepumentoB PACTEHUA-2/JTAJIA-2,3,4,5,6 KyJIbTUBUPOBAIUCH B OpaHKEpeEe
«Jlama», ycranoBnenHoit Ha 6opty PC MKC B okts6pe 2002 r. Kocmuueckas
opanxepes «Jlaga» co3zmana ajig MPOBEACHUS DKCIEPUMEHTOB C PACTEHUSIMU Ha
PC MKC na stane moHnTaxa ctaniiuu. Opamxepes UMeeT HeOOoJIbIe pa3Mephl (ee
MOCEBHAs ILIOI[AAb COCTAaBISET BCEro Okono 340 cM”) M sHepromorpebieHue
(okomo 60 BT), mockoabky K 000OpyJI0BaHUIO, pa3padaThiBAeMOMY ISl JaHHOTO
srana pa3Butus MKC, npenbsBisitoTcss OYeHb JKECTKHME TpeOOoBaHUS IO
OTPAaHUYCHHUIO BpPEMEHHM pabOThl KOCMOHABTOB, MAacChl OOOpPYJOBAHHS U €r0
sHepromnorpedneHus (puc. 1).

Puc. 1. Opanxepes «Jlaga» Ha 60opTy Poccuiickoro cermenra
MexnyHapOoJHONH KOCMUYECKOW CTaHIIUH

OObexTamu MCCJIeI0BAHUM SIBJISLTACH pacTeHus TeHETHYECKHU
MapKAPOBAaHHBIX KAapJIWUKOBBIX JIMHUK ropoxa (Pisum sativum) W3 KOJUICKIIUU
Kaenpel TEHETMKM U celekuuu  buonormdeckoro  Qaxkymprera MIY
uM. M.B. JlomonocoBa. Pactenuss nunuu 102 ornuyarorcst BeicoTOoM oT 15 o
22 cm, popma nmCTa akaluenonoOHas, OKpacka JIENECTKOB Oenasi, Okpacka 0000B
xentas. Beicora pacrenuit gunum 131 25-30 cm, naucTOBas IIIACTHHKA
TpaHncopMHpoBaHA B PAa3BETBICHHBIC YCHKH, OKpacka JETMEeCTKOB pPO30BO-
JuioBasi, okpacka 0000B 3eneHas. B xkopHeBoi Monyinb BbiceBaiu 8—10 cemsH,
IIpU 5TOM B OpaH)Xepee M3-3a €€ MaJbIX Pa3MepOB K KOHIy BEereTally MOJIydalu
pazButue 00bIYHO 6—7 pactenuil. Ilocne OkOHYAHUSI KaXKIOrO AKCIEPUMEHTA C
YacTH PACTEHUN B CTaJMM IOJIHOTO CO3PEBAHMS Cpe3auCh OOOBI C CeMEHaMH U
MOMEIAJUCh B IUIACTUKOBBIE TakeThl ¢ cuiukareineM. CeMeHa U3 Cpe3aHHBIX
0000B BIIOCJIEICTBUM HMCIOJIB30BAIUCH ISl TIOCEBA B KOCMHUYECKYIO OpaHKepero
«Jlamay» nna BeIpaluBaHus PacTeHU CIIEAYIONIETO nmokojaeHus. Cyxue pacTeHus ¢
OCTaBIIMMHCS 000aMH MOMEIIAIKNCH B MAKEThl C CHJIMKArejJeM M JOCTABISUIUCH Ha
3eMITto JIJIsl aHAJIHU3a.

C muenpto oOHapyxeHHs (aKTOpOB, OKa3bIBAIOIMIMX BIMSHUE HA
XPOMOCOMHBIC MYTAIlMM PACTEHUH B YCIOBHUSX JUIMTEIBHBIX KOCMHYECKHX

15



31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

II0JIETOB, MCCIENOBAIIM XPOMOCOMHBIE adeppali B KOpelIKax, 00pa30BaBIINXCS
U3 CEMSH, MOJYYCHHBIX Ha PACTEHUSAX Tropoxa, BeIpamieHHbIXx Ha O6opty MKC.
Bo3nymHo-cyxue  ceMeHa ropoxa  JBYX TIE€HETHYECKM  MapKHUPOBAHHBIX
KAapJIMKOBBIX JIMHUM U3 KOJJIeKIMH Kadenpsl reHeTukn MI'Y, BbIpallleHHbIX Ha
oopry MKC, 3amauuBanu B yamkax lletpu Ha ¢uibTpoBanpHOl Oymare mnpu
KOMHaTHOM  Temmneparype. Ilocnme 48 yacoB  mpopamiMBaHus  KOPEUIKH
(buKCHpOBaIM B CMECH CIUPTA U YKCYCHOM KHUCIOTHI. DUKCUPOBAHHBIE KOPEIIKH
OKpallMBAJId  CBEXKEIPUTOTOBICHHbIM  KapMHUHOM, T[OTOBWJIM  JIABJICHHbBIC
npenapatbl ¥ aHAIM3UPOBAIM BO3HUKHOBEHHE XPOMOCOMHBIX —abeppanuit
aHada3HpiM MeToAoM. Ilpu mpocmoTpe mpenaparoB YUMTHIBAIM HAJIUYHE B
KJIETKaX OJMHOYHBIX M JBOMHBIX ()ParMEeHTOB, HAIMYME OJMHOYHBIX M JBOWHBIX
MOCTOB M KJETKM C OTCTaBUIMMH XpOMOCOMaMH. B kayecTBe KOHTpPOJIA
MCIIOJI30BAJIM CEMEHA TEX )K€ JIMHUH, BBIPALIEHHBIX Ha 3eMIIE.

JIns TeHeTMYecKOoro aHain3a HWCIoib30Banu S pactreHud JjuHun 102
(axanuenucTHbIA TOpoX) U 7 pacTteHud JuHuu 131 (ycaThlid TOpOX), BBIPAILICHHBIX
U3 CEMSH MEPBOTO «KOCMHMYECKOTO» IIOKOJEHHs. B KadecTBe KOHTPOJIA
UCronb30BaM 5 pactennit JInHUM 102 u 7 pactenuit nuHnn 131, BeIpallleHHBIX B
TEX € YCIOBUSAX U 2 pacTeHHs auHuU 102, BbIpallIEHHBIX B TPyHTE. TOTaIbHYIO
JHK  BplIensIM W3 MOJOJABIX JIMCTBEB ¢  ucnoiab3oBaHuem CTAB-
M30IPONAaHOJIBHOIO METO/IA.

Jlns ananuza ucnosb3oBanu 10 necstuwieHHsix RAPD-npaiimepos (ADO04,
B340, Pr10, B318, R03, OP04, QR2, K10, K8, E16; npouzBoactBo «CUHTOI» U
«JIHK-TexHonorus»). AMImnbukanuo npoBoAwid B ammuiiduratope « Tepruk»
(npousBoactBo  «JIHK—TexHomnorus») mno  mporpaMme: MOpeaBapUTENIbHas
neHaryparusa 94 °C 2 mun 30 c; 5 nuxinoB 94 °C 30 c, 40 °C 30 ¢, 70,5 °C 1 mun
20 ¢; 35 muxioB 93 °C 20c¢, 37°C 30c¢, 71,5°C 1 MuH; KOHEUHAS SJIOHTAIHS
72 °C 5 muH. PeakunoHHas cMech 00beMOM 25 MKIT cojiepxania 2 equHulbl Taq-
monumepassl, 10 mM  mpaiimepa, 2,5 MM Mg, 0,25MM dNTP. Ha cmechb
HACJAauBAJIN 2 KAIUIA MUHEPAIBHOTO Maca.

[IponykTbl aMminuukanuu pasaeinsuid myTtem sJekrpodope3a B 2%-M
arapo3nom reie B 1x TBE Oydepe u okpammBanu OpoMUCTBIM 3TUauEM. [[s
onpeneneHus JUIMH (GParMeHTOB MCIOJIb30BaId MapKephl MOJEKYJISIPHOW MaccChl
100 bp + 1,5 Kb DNA Ladder u pBR322/Alul (npousBoactBo «CuOGIH3UMY).
[Tocne »nekrpodope3a renu aHAIM3UPOBAIM B YJIbTPA(QUOIECTOBOM CBETE U
dboTorpadupoBanu ¢ UCNOIb30BaHUEM ITU(GPOBOM POTOKAMEPHI.

Pesynomamut u o6cyscoenue

Bo Bpems 6-it ocHoBHOW »skcnemunmu Ha O6opty MKC (puc. 2) Obun
IIPOBEJEH JKCIEPUMEHT, B KOTOPOM BBIPAIIMBAIM ABE JUHHUM ropoxa: JuHus 102
(axkauuenucTHbId ¢ OenbiMu LBeTamMu) M JuHUA 131 (ycarblii ¢ KpacHbIMHU
nBeramu) (puc 3). OCHOBHOW IeNbI0  JAHHOTO  OKCIEPUMEHTa  OBLIO
KyJbTUBUPOBAHUE PACTEHUI B TEUEHHE IMOJHOIO LIMKJIA OHTOTE€HE3a U MOJy4YeHUe
CEMSIH ropoxa IMEepBOr0 KOCMHYECKOTO IOKOJEHHS [UIsl ONpeleieHUs JIMHUHU,
HauOoJiee MPUTOJHON AJI1 MPOBEACHUSI CEPUU IKCIIEPUMEHTOB IO BBIPAILIMBAHUIO
pacrennii Ha 6opty PC MKC B psny mocnenoBaTenbHBIX MOKOJEHUNH. B naHHOM
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31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

HKCIEPUMEHTE B KOPHEBOM MoOJiyje ObulO BbicessiHO 1 cemst ropoxa 131 nunuu u
8 cemsiH ropoxa 102 nuaun. BexoxkecTs cemsiH coctaBwia 100 %. InutenbHOCTh
00I1IeT0 IIMKJIa OHTOT€HE3a M €ro OTACNIbHBIX CTaUM Y pacTeHU oO0eux JMHUMN
ropoxa B YCJOBHUSX KOCMHUYECKOTO IOJ€Ta HE OTJIMYalach OT KOHTPOJIBHBIX
3HAYCHUH, B KOHIIE BEreTaluu ObLIM TMOJYYEHbl HOPMalIbHO C(HOPMHUPOBAHHBIC
pacteHusi ¢ 606amu, coiepkaBIIMMU 3pesbie cemeHa (1 pactenue nunuu 131 u
5 pactenuit aunuu 102). Mopdomerpuueckue uccaeAOBaHUS OMNBITHBIX U
KOHTPOJIbHBIX PACTEHWW HE BBIABWIM pa3IUuMil. AHaIW3 pOCTa WU Pa3BUTHUSA
pacTeHHil B YCIIOBHSIX KOCMHUYECKOTO TIOJIETAa IOKa3al, 4TO IS JAJIbHEHIINX
UCCIIeIOBaHUN OoJiee MPEeANOUYTUTENbHBl pacTeHuss JuHUM 131, MOCKOIBKY
pactenusi nuHun 102 B yCIOBUSX HEBECOMOCTH OOpa30BBIBAIM OYEHb TUIOTHBIN
JMCTOBOM moyior BHYTpHU opaHxepen «JIA/[A», 4TO CylIECTBEHHO YMEHbILAIO UX
00JTy4eHHOCTh M BEHTWJISIMIO TIOCEBa. B mambHEWIUX SKCIepuMEHTax Ha OOpTy
PC MKC 6511 ncnonb3oBan ropox gunuu 131.

Puc. 2. bopr-umxenep MKC-6 Hukomnaii Bynapun Bezet paboThl B 9KCIIEPUMEHTE
«PACTEHUA-2/JTAJA-2» (20.03.2003).

Puc. 3. IloceB pacrenuii 1Byx quHuii ropoxa B axkcnepumente «PACTEHUA-2/JTAJTIA-2»
(20.03.2003): cneBa — nuuug 131; cnpaBa — nunus 102
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31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

B panbHeiilieM B opaHxepee ObUIO NPOBEIEHO 4 3KCHEpPUMEHTa 110
BBIPAIIMBAHUID Topoxa JuHUM 131 1[0 TMOAy4YeHUIO NOCHEA0BATEIbHBIX
«KOCMUYECKUX» ToKojeHuu (puc. 4). JJIUTENbHOCTh MOJTHOTO IUKJIA BEreTaluu
pacTeHuid BO BCEX SKCIIEPUMEHTAaX HE mpeBbiaina 73—76 nHei. BoicoTa pacrenuit
BO BCeX JKcnepuMeHTax Obuia oT 20 10 27 ¢M, KOJIMYECTBO 3PEJIbIX TOPOUIMH Ha
pacTeHue cocTaBuio B cpeaHeM 2—4. Macca cyXxoro BeliecTBa 0JJHOr0 CeMeHH (110
pe3yJibTaTaM B3BEIIMBAHUSA CEMSH, JOCTABJIEHHBIX Ha 3€MJIIIO IOCJIE OKOHYAHUS
NepBOM-TpeThel BereTanuu, Bcero 15 cemsan) cocraBuia 0,25+0,06 r. Hanmomuum,
9TO OTOOpP MPOO MPOBOAMIICS KOCMOHAaBTaMHU JTOCTATOYHO CiIy4dailHO — 2 6o0a B
KOHIIE KaKI0M Beretamuu. Macca CyXxoro BENIECTBa OJHOTO CEMEHHU W3 MPOOHI,
MOATOTOBJICHHONW aHAJOTMYHBIM 00pa3oM u3 Ouomarepuasna, IOJIYyYeHHOTO B
HA3€MHBIX KOHTPOJIBHBIX IKCIIEPUMEHTAX MPHU BhIpaliuBaHuu ropoxa 131 nuHun B
opanxepee «Jlaga», cocraBuna 0,2710,07.

Puc. 4. IiseTsr u 60051 y ropoxa muaun 131 4-r0 KOCMUYECKOTO MTOKOJICHUS
(MKC-10; 14.03.2005)

K HacTosilieMy MOMEHTY MpOBEACHO HA3€MHOE BBIPAILMBAHHE PACTCHHM
ropoxa JuHUKA 102 u 131 u3 ceMsiH, MOJYYEHHBIX MPU MPOBEACHUU IOJIETHOIO
skcriepuMenta Ha dtarie MKC-6. B KOHTpOJRHOM BapHaHTE BbIPAIIUBAINCH
pacTeHusi U3 MCXOJHBIX CEMsH, dKCIOoHMpoBaHHbIX Ha Oopry MKC B Teuenwue
moJjieTa WIeCTOM OCHOBHOM »skcrneaunuu. [IpuBeneHHbIE aHHBIE TO3BOJISIIOT
TOBOPUTH O TOM, UYTO TIPU HA3EMHOM BBHIPAIIMBAHUH U3 CEMSH, CPOPMUPOBAHHBIX B
YCIIOBUSIX KOCMHYECKOTO T0JIeTa, OBLIU MOJyYeHbI pACTEHUs, KOTOPbIE HE UMENU
OTJIMYUM B TEMIIaX Pa3BUTHS U B CTPOCHHM [0 CPABHEHUIO C PACTCHUSIMH B
KOHTPOJBHOM BapHaHTe. Y pacTeHUHd U3 «KOCMHYECKUX» CEMSH OTMEYeHa
HEKOTOpasi CTUMYJISALMS NPOJYKIIMU KaK BEreTaTUBHBIX, TaK U TI'E€HEPATHUBHBIX
OpraHoB, 0COOCHHO 3aMeTHas y ropoxa 102 muHuM, pa3nuyus HEJOCTOBEPHBI.

['enernueckre  MccaeAOBaHUS  IMOKAa3aldd  BBICOKYIO  3(P(EKTUBHOCTb
BBIOpAaHHBIX MpalMepoB JUIsl UCCIEAOBAHMS MOAMMOp(dHU3MA ropoxa MOCEBHOTO.
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31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

OtnenbHble TpaiiMepsl BeIBIUIM 9—18 dparmentoB giuHoi ot 210 mo 2500 m.o.
Bcero 6puio momyweno 124 ¢parmeHTta, mpu 3TOM JUHUHM Pa3iHyaInCh IO
46 pparmentam (37,1 %). B nunum 102 ammuduuupyercs 111 ¢pparmentos, B
auauu 131 — 91 pparmenr.

AHanu3 Hanmuuus (parMeHTOB B UHAMBUIYAIbHBIX KOHTPOIBHBIX PACTEHUSX
IIOKa3aJl, 4yTo JIMHUA 131 OHOPOIHA 11O BCEM UCCIIEIOBAaHHBIM MapKepaM, a JIMHUS
102 nposiBusia BHYTpWIMHEHHBIH monumopdusm no 17 mapkepam (13,7 %) —
VH/IMBUlyaJIbHbIE PACTEHUs Pa3IMYalIMCh MO0 HAJIMYHIO HEKOTOPBIX (PparMEHTOB.
[TpucyrcTBHE 3TUX (HPArMEHTOB B ONBITHBIX PACTEHUAX COBIANAET C KOHTPOJIEM.
OTu Mapkepbl ObUIM HCKIIOYEHBI M3 HCCIEAOBaHUS M3MeH4YMBOCTU. CpaBHEHHE
CHEKTPOB ONBITHBIX U KOHTPOJIBHBIX PACTECHHUH MO MapkepaM, MOHOMOP(HBIM B
KOHTPOJIE, BBIIBUJIO OTCYTCTBHE BUAMMBIX OTJIMYMA. AHAIU3 CIIEKTPOB OIBITHBIX
pacTeHMii TOKa3aJ, YTO KaXXJO€ OIBITHOE pacTeHHe amIunUIupyer Bce
oXujaemble (PparMeHThl, IPH 3TOM HOBBIX ()parMeHTOB He HaOmiomaercs. JIunus
131 ogHopomna no Hamuuuro RAPD-mapkepoB, nuaus 102 — HeoaHOponHa.
B omnbiTe He 00HapykeHO oTianuuit ot koHTpoJisa no JIHK-mapkepam (puc. 5).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Vo iy

k-

g
b 3 gy =
g 9 e SRR

v

Wiy e i i - " . s

Puc. 5. RAPD-cniekTpbl KOHTPOJIBHBIX PACTEHUI U PACTEHUI MEepBOro MokojaeHus auHuu L-131,
MOJTyYCHHBIE MU aMIuTnuKaun ¢ npaitmepom R0O3: 1 — mapkep MoJeKyIsIpHOTO Beca
100bp+1,5 kB DNA Ladder, 2—8 — KOHTpOJIbHBIEC PACTEHUS;

9—15 — omnbITHBIE pacTEHUS IEPBOTrO OKOJIEHUS

[{uTosOTHYECKUM aHAIM3 KOPEUIKOB CEMSIH, TMOJYYEHHBIX OT pacTCHUH,
neraBmux B KocMmoce, mokaszasn, 4TO CTaTUCTHYECKH JOCTOBEPHOTO MOBBIIICHUS
qycjia XpOMOCOMHBIX TMEpPecTpoeK y JMHUM, moodsiBaBinx B Kocmoce, U auHUIA,
BBIpAIICHHBIX Ha 3eMJjie, 0OHAPYKUTh HE yAAIOCh. AHAIN3 MOJYYCHHBIX JTaHHBIX
mokasaj, 4uro jauHMsa 102 orTnmyaercas oT jauHMM 131 Oonblied YacToTOM
XPOMOCOMHBIX IIEPECTPOCK KaK B KOHTPOJIE, TaK M B ONbITE. B 3TOW JIUHHM
OTMEUYEHO HEKOTOpOe yBelnueHue (Ha 2 %) BhIXOJa XPOMOCOMHBIX MEPECTPOECK Y
ceMsiH, nosydyeHHblx Ha MKC.
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3axnrouenue

Pe3ynbraTel npoBeneHHON padOThl MOKa3aldHd, YTO XapaKTEPUCTUKH pPOCTa,
pPa3BUTHS W TEHETHYECKOIO CTaTyca pAacTEHUM TIOpoXa NpPH BbIPALIMBAHUMU B
TEYEHHUE IIOJHOI0 LMKIA OHTOr€HE3a B KOCMHUYECKOW opanxkepee «Jlama»
CYLIECTBEHHBIM 00pa3oM HE U3MEHSIOTCA 10 CPaBHEHUIO C Ha3eMHBIM
KOHTPOJIbHBIM ~ BapuaHTOM. [IpenBapurenbHbIA  aHaIU3  PE3yiabTaTOB MO
BBIPAIIMBAHUIO YETBIPEX IIOCJIECIOBATENIbHBIX TeHepaluid ropoxa auHun 131
MO3BOJIAET TOBOPUTH O TOM, YTO pPACTEHUS MOTYT JJIMTEIbHOE BpeEMs
BBIPAILIMBATHCS B YCIOBUSIX KOCMHUYECKOTO MojeTa 0e3 MOoTepu penpoayKTHBHBIX
byHKIMA 1 GOPMUPOBATH NMPU ITOM KU3HECTIOCOOHBIE CEMEHA.

B Hacrosmee BpeMs 3aBEpLICH TIE€HETUYECKHW AaHAIU3 PaCTCHUHU,
BBIPAIICHHBIX U3 «KOCMHYECKHUX» MU «3EMHBIX» CEMSH IIEPBOIO IIOKOJICHUS.
Bnepsbie B MUpe ¢ MCIOJIB30BAHUEM MOJIEKYJISIpHOrO Metona RAPD-npaiimepos
(Random Amplified Polymorphic DNA) mno 10 wmapkepam wu aHanmm3a
XpPOMOCOMHBIX a00epanuii MOKa3aHO, YTO Yy PACTEHUN HE BBIABIECH M'€HETUYECKUN
NOJIUMOPPU3M, ATO TO3BOJISIET TOBOPUTH OO0 OTCYTCTBUHM BIMAHHS (DAKTOPOB
KOCMHMYECKOTO IIOJ€Ta HA TEHETMYECKHM anmapar pacTeHUd B IEPBOM
«KOCMUYECKOM» MMOKOJICHUH.

3.1.1.5. Biausinue ycJJOBHH KOCMHUYECKOI0 10JIeTa HA IapaMeTPhI
’KN3HeHHOro nukia y Daphnia magna u Streptocephalus torvicornis

buonornuecknit MOKOM SIBISETCS MIKUPOKO PACIIPOCTPAHEHHOU aJaITAllUEn K
YXYIIUICHUIO Cpebl OOWTaHHWs y MHOTHUX BHJIOB J>KHBOTHBIX U PACTCHUIA,
oOuTaMUX B (QIIOKTYUPYIOIIUX YCIOBHUSX CpeAbl. Y BOIHBIX OPTaHU3MOB 3TOT
BUJI aJalTalli OCOOEHHO XOpOIIO Pa3BUT, 4YTO IMO3BOJISIET MM TMEPEKUBATH
JIeTalIbHBIE ISl AKTUBHBIX CTAJIMI YCIOBUS CPElIbl HA MPOTSHKEHUU OT HECKOJIBKHUX
MECALIEB O COTEH JIET, @ UHOTIA U TOPa3 0 JOJbLIE.

Takas aganTanusi BOJHBIX OPTaHU3MOB MOKET MPEACTABISATh 3HAUYNTEIbHbBIN
UHTEpeC s pa3paOOTKH OUMOTEXHOJIOTHUM JIUTENBbHBIX MEPEBO30K KaK IEIbIX
DKOCHCTEM TaK M HUX JJIEMEHTOB MPH JOJTOCPOYHBIX KOCMHUYECKHX IIOJIETAX.
KpuntobroHnTHble cTaguu MHUKPOOOB, IprOOB, BOJIOPOCIEH W APYrUX HU3IIMX
OpPraHU3MOB MOTYT BBIKHMBATh B YCIOBHUSAX OTKPBITOIO KOCMOCA, YTO MPEACTABISAET
CepbE3HYI0 MPOOJIeMy, KaK JUIsi OpraHu3allii MEXKIJIAHETHOTO KapaHTHHA, TaK U
JUIsl OMOJIOTHYECKON 0e30macHOCTH BHYTpU caMoro kopabOuis. Ilouck BHe3eMHOMU
KU3HU Ha IUIAHETaX C CYpOBBIM KJIMMATOM, TaKMX Kak Mapc, Takxke IOJDKEH
ONMMpAThCAd Ha HCCIEOBaHUS OMOJOTUYECKOTO TIOKOS, KaKk HeoOXOAHUMOTo
DJIEMEHTA JKU3HEHHBIX IMKJIOB OHMOJOTHYECKUX CYIIECTB OOWTAIOIMUX B JTHUX
YCIOBUSIX.

N3BecTHO, YTO BOJHBIE MHUKPOBOJOPOCIU OCYHIECTBISIOT PEIUKIMHT
KHCIIOpoAa MHOTO 3¢ (EeKTUBHEE YeM Ha3eMHble pacTeHus. MHUKpopakooOpa3Hbie
Hapsily ¢ BBICBOOOXKJIEHUE OMOTEHHBIX 3JIEMEHTOB JJIsl BOJAOPOCIEH, MOTYT CTaTh
BOXHBIM HCTOYHUKOM O€fika U JIPYrux OMOJIOTMYECKH aKTUBHBIX BEIIECTB MpHU
JUIMTENBHBIX KOCMUYECKHMX IMepenerax. OJHaKo MJIUTENbHOE KYyJIbTUBUPOBAHUE
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BOJHBIX OPraHMW3MOB B YCJIOBHUSIX HEBECOMOCTH IPEICTABIISIET COOOM CIOXKHYIO U
BO MHOTOM HE peIIeHHYIO 33aauy. DPeHoMeH OMOJIOrMYecKOro MoKos Ojmaromaps
Hecnenu(UUecKor NOBBIILIEHHON YCTOMYMBOCTH B OCOOEHHOCTH XapaKTEpHOU s
SMOPHOHOB, MPEIINOJaraeT ajJbTEPHATUBHOE pEUIEHUE MpoOJeM JIUTEIbHBIX
KOCMUYECKUX IIEPEBO30OK H  JOJIOCPOYHOIO IOAJNEP)KAHUSA  YIPOILIEHHBIX
DKOCHUCTEM IIPU KYJIbTUBUPOBAHUM HA APYIUX IUIAHETAX.

Bo3MmoxHOe BIMSHHE KOMIUIEKCHOTO II0 CBOE€H mpupoae ¢akropa
KOCMMYECKOI'O II0JIETa, BKIIIOYAKOLIEI0 KOCMHYECKOE U3JIyYeHUEe, CTapTOBbIC
IIEPErpy3KH, MHUKPOTPAaBUTALMIO, MArHUTHBIE U JJIEKTPUYECKUE  IOJI,
Napa3UTUYECKyI0 MHUKO(IIOPY Ha BBDKMBAHHE MOKOSIIMUXCS CTaIuil KUBOTHBIX U
PACTEHM 10 CUX IIOP HE U3y4aAJIOCh.

B HacrosimeM uccienoBaHHM OLEHUBAIOCH JEHCTBHE 3TOro (akropa Ha
PEAKTUBALMIO TMOKOSIIMXCSA CTaAud W TMPOSBICHHE BAXKHEHIIUX I1apaMETPOB
KU3HEHHOI0 LHKJIA Yy ABYX MHKpopakooOpasHbix (D. magna m S. torvicornis)
MOCTIE MECSYHOM HKCIO3UIUU CYyXUX TOKOALIUXCA SIMI] 3TUX BUJOB Ha OOpTY
POCCHICKOrO CErMEHTa MEXAYHapoAHOW KocMHMueckoll craHiuu. Ocoloe
BHUMAaHHE OBUIO YJEJIEHO OMOJIOTMYECKOW YA3BUMOCTH MOKOSIIMXCS CTaauid K
MH(UIMPOBAHUIO NAPAZUTUUECKUMU BUAAMHU BOIAHBIX IPHUOOB — MOTEHIMAIBHON
IPUYMHBI KOJJIAIICA YIIPOLUIEHHBIX SKOCUCTEM BHE 36MHOM OHOC(EpBHI.

Mamepuanvi u memoovl

[Tokosiuecs siina D. magna u S. torvicornis cOOUpaInCh B CIEIMAIBHBIX
OCTOHMPOBAHHBIX  TIpPyJax,  MpPEJHA3HAYEHHBIX U1  WHAYCTPUAIHHOTO
KyJIbTUBUPOBAHUS ATUX PAKOOOPA3HBIX U MOCIEAYIONIEr0 KOPMIICHUSI UMU MOJIOIN
oceTpoBbIX peIO (AcTpaxaHckas obnacte, moc. Tpyadpont, 46° 00' N; 47° 30" E).
Otu Gacceitapl cymecTByOT 6onee 30 yeT u exerogHo (QyHKIMOHUPYIOT B Mae-
HIOHE BO BpeMs KPaTKOCPOYHOTO MEpHOJia TUIAHKTOHHOTO MHUTaHWS JUYUHOK
OCETPOBBIX pbi0. B KoHIle wioHs mpu TemrepaType Boabl cBbiie 30 °C adunmun
nadHU BMECTE ¢ MOKOSIITUMUCS SUIIAMU JTUCTOHOTHX PAKOB M HEKOTOPBIX JAPYTHUX
OpPraHu3MOB, MPHUCIIOCOOUBIINUXCA K OOUTAHUIO B CTOJIb SKCTPEMAIBLHOM OHOTOIIE,
coOMparoTCs B MaTepyaTrble MENIKM U XpaHATCS TPU ECTECTBEHHOM XOJIe
TEMIIEPATYPBI U BIAXKHOCTH JO CJIEIYIOLIETO I'oJa, KOrga OHU UCHOJIb3YIOTCS JJIS
3acesieHrs OETOHUPOBAHHBIX MPYAOB. B TeueHre 3uMbl OHU MPOXOAST XOJI0I0BYIO
TEPMUHALIMIO U K Mal — MEPHOJy Haydaja HaIIWX SKCIEPUMEHTOB MOKOSIIUECS
cTaauy ObUIH YK€ MOJTHOCTHIO TOTOBBI K TEMIIEPATYPHOM aKTUBAIIUU U POCTY.

[IpeaBaputenbHOE TECTUPOBAHKE, IPOBEACHHOE CPa3y Ke MOcie 0TOOpa SHII
B Mae 2005 roma, mokaszajio BBICOKMI YpPOBEHb pPEAKTUBALUUU TOKOSLIUXCS
YMOPHOHOB Y 3TUX BHJIOB.

Kapronnsie OJIOKM C TOKOAIMMMUCA CTaAWsIMH B JabopaTopuu ObUTH
MOMEIIEHb B TMOJUATUJICHOBBIE TMAaKEThl W TEePMETUYHO 3amlasiHbl, a 3aTeM
MOMEIIEHbl B 3aCTETUBAEMbIC MOJUATUIICHOBBIE TMAKEThl JUIsl 3allUTHl OT
pa3laBiMBaHUsI W  HECAHKIMOHMPOBAHHOTO  MEPEMEIICHUS B  YCIOBHSX
HeBecoMocTH. Kaxapli  KapTOHHBIM  OJIOK cojaepkal Mo 3 OKOIKa ¢
NPUKICCHHBIMU JPUNUIMU AadHUM U CTOJIBKO XK€ C MOKOSIIUMHUCS IHCTaMU
JUCTOHOTUX pakoB. Becero Obuto mpurotosieHo mo 30 6J0KOB IS KaXKI0r0 BUA.
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Kapronnele 010KM 3aTeM OBUIM pa3leieHbl CclaydailHbIM o0pa3oM Ha
Srpymm: 1) »skcnonupoBanHele Ha MKC B TeyeHMM OJHOrO Mecsla;
2) skcnionupoBanHbie HAa MKC B Teuenuu 8 MecsiieB; 3) 1a00paTOpHbBINA KOHTPOJIb,
colepKalllMiicsi B YCIOBHUSIX CXOJHBIX IO TEMIepaType, OCBELIEHHOCTH U
BrnaxxHoctu ¢ MKC; 4) nabopatopHsblid KOHTPOJIb COOTBETCTBYIOIIUN ONTUMYMY T10
xpanenuto (4 °C, Bnaxuoctb 60 %, TemHoTa); 5) nabopaTOpHBI KOHTPOJb
COOTBETCTBYIOIIMI IUIOXUM  ycioBusM Xpanenust (18-24 °C, mnepemeHHas
BJIIAXKHOCTBH 75-95 %, eCTeCTBEHHBIN X0/ OCBEUIECHUS I IKUPOTHI 60° B IepUO/I C
UIOHS IO OKTSIOPB).

[TepBbie aBE TPYyMIIBI MOCIE TOCTABKH Ha OpOUTY B KOHIlE aBrycta 2005 roga
OBUTM TIOMEIIIEHbI B ciy>ke0HOM monyne Poccuiickoro cermenta MKC B ykmanke
«Pacrenus-2» psagom ¢ opanxepeit «JIAJA», ¢ KOHTpoIHpPyEMBIMU TEMIIEPATYPO
Y paguanuen.

B necsaTuaHEeBHBIN CPOK IOCIE BO3BpALIEHUsI ¢ OpOUTHI 00pa3ubl 1-5 rpynn
ObUIM JIOCTAaBJICEHBI B JIA0OPATOPHIO SKOJIOTHYECKOH (PU3MOJOTUU WHCTUTYTA
mumHosiornn  OOmectBa Makca-Ilnanka (Ilnen, Ceepnas I'epmanus) ans
JETAIbHBIX HUCCIEAOBAaHUI pEaKkTUBAIMM U MPOJYKTUBHOIO MOTEHIMANA Yy 3THX
BUJIOB pakooOpa3HbiX. [lokosuiuecs sina Kakaoro Buia ObUIM TMOACYUTAHBI B
Ka)KJIOM TJIACTUKOBOM OKOIIIKE, IOCJE€ Yero OHU ObUIU MEPEHECEHbl U3 KapTOHHBIX
OJIOKOB B IJIACTUKOBBIE yamiku lleTpu, 3a1uThl a’pupoBaHHON B TeueHuu | yaca
XOJIOTHOM BOJIOM U MOMEIIEHBI Ha IBOE CYTOK B TEMHYIO KOMHATY C TEeMIEepaTypoun
10 °C ans cMHXpOHU3AIMN YMOPHOHAIBHOTO PA3BUTHSL.

ITocne »Tolt mnpenBapuUTENbHOW TOJATOTOBKHM ITOKOSIIHUECS siIa ObLIN
nepeHeceHsl B (oToTepMocTaT C  (QIIOKTYHPYIOIIEH B TEUEHHWHU CYTOK
TEMIEpPaTypoil, MMUTUPYIOLIEH BECEHHHME YCIOBUS Ha IIMPOTE MecTa cbopa
matepuana (14 yacoB cera npu temmneparype 25 °C u 10 4acoB TEMHOTHI Npu
temriepatype 15 °C).

CocrostHue saui B yamkax lletpu mpoBepssioch IBaKIbl B TEUEHHUE CYTOK,
pPEaKTUBHPOBAHHBIE OPraHU3Mbl  OTCAXHUBAIUCH, (oTOrpadupoBaIUCh TOJ
MUKpPOCKONIOM LH(ppoBoi Buaeokamepoit SONY u 3aTeM MCHOJIB30BAIMCH MO0 B
SKCIIEPUMEHTAX 10 POCTY, MO0 BeicymmBaauch (60 °C, 24 yaca) U B3BEIIMBAIIUCEH
Ha MUKpoBecax «Sartorius» c¢ pazpemenueM 0,0001 mr. HoBopoxaeHHbie ocoOu
KaK [MpaBUJIO B3BEHIMBAINCH HeOOJbIIUMU rpynnamMu  5—10 >K3eMIUIIpOB.
MukpodoTorpadun u3MepsUIMCh Ha KoMmmbloTepe B Tmporpamme Adobe ¢
TOogHOCTHIO 710 0,001 MM.

Onenka peakTUBAIMKM TMPOBOJWIACH OOBIYHO B TEUCHHE JABYX HENENTb H
npeKpamanack 3 OHA  CHOyCTS  IOCJ€  TOJyYeHHsS  MOCIeAHEe  ocoOwu.
[lo 3aBepiieHMM MNEPBOTO NEPUOAA PEAKTUBALIMM IOKOSIIHECS sila B TEX Ke
Yyalmkax 3aJIMBalld BHOBb CBEXEW BOJOM M BO3Bpalmladd Ha 2—3 HEAEIU B
XOJIOZHYIO KOMHATy, IMOCJ€ 4Yero IMOBTOPSUIM C HUMHU TE€ XK€ TeMIepaTypHO-
CBETOBBIE CTUMYJSILIMK. BO BTOpOM IMKIIE PEAaKTUBUPOBAIUCH JIUIIL €IUHUYHBIC
ocobu. Ilo 3aBepuieHMM JKCIEPUMEHTA MOJACYUTHIBAIUCH KaK CKOPOCTh
peakTUBaIMU ISl KaXJ0ro AHS, TaK U oOllee KOJUYECTBO PEaKTHBHPOBAHHBIX
oco0elt 1t sKcrepuMenTa B 1esioM. Beero y D. magna 1uist 3KCIOHUPOBAHHBIX HA
opOure mokosmuxca sui (rpynma 1) peakTuBaius Oblia oOlleHeHa B 12
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noBTOpHOCTAX ¢ 16-31 (B cpennem 25) a¢punmnueB B Kak0ii; B KOHTPOJIE (TPyIIIbI
3-4) B 16 moBTopHOCTSIX ¢ 4-68 (B cpegHeM 29) sdunmnueB B Kaxaoil; U B
rpynie 5 B 8 moBTopHocTsx ¢ 16-31 (B cpeanem 27) spunnusamu. Y S.torvicornis
peakTHUBaIMs OLICHUBAJIACHh B TE€X € IPYIIaX COOTBETCTBEHHO B 8 MOBTOPHOCTSIX
(42-97; B cpennem 76 uuct); 16 nmopropHoctsax (41-98; B cpeanem 70 uucr) u
8 moBTOpHOCTSAX (56—87; B cpenHeM 74 1UCT).

Cnopsl cnienuduueckoro g napHuM mnapasuTHdeckoro rpubka Pitium
daphniarum ObLITH UCITIOJIb30BAHbI JUISt CpPaBHUTEIIBHOM OILICHKH
XKU3HECTIocOOHOCTH 3MOpuoHOB D. magna »skcnonupoBanHeix Ha MKC wu
Xpansumxcs B jadoparopun. Criopbl ObLIM MOJIYYEHBI OT MPUPOJHON KYJIbTYpPBI
Pitium  daphniarum nyTeM KyJIbTHBUPOBAHHS €r0 MHUIETUS B  Karuie
MOJICHIXAIOIIEH BOJBI B XOJIOJHOMW KOoMHare B TeueHue 3 nHeil. I[losBienue criop
KOHTPOJIUPOBATIOCH MO MUKPOCKOTIOM U IOKyMEHTHPOBAJIOCH (POTOCHEMKOM.

C mnosiBlIeHHEM CIIOp MULEIUN JENWICSA HAa PAaBHBIE YAaCTH U J00aBISUICS B
gamku [letpu conepxkamume no 10 ocBoOOXIEHHBIX U3 A(UIUEB SMOPUOHOB D.
magna Ha PaHHUX CTAIUAX AMOpUOreHe3a. Y CTOWYMBOCTH/BOCIIPUUMYHUBOCTH K
MH(ULIMPOBAHUIO OLEHUBAJIACH ISl JABYX TIpyII 3KcrnoHupoBaHHbIX Ha MKC
SMOpPHOHOB, KOHTPOJIBHOW rpynmnbl 3 U cinaObIx 3MOpUOHOB W3 rpynmbl 5. Jlns
KQKJIOM TPYIIIBI ONBIT IPOBOAUIICA B 4—6 TOBTOPHOCTSIX.

JabHuu 1 TMCTOHOTHE PaKU KYJIbTUBUPOBAIUCH B rpymnmax mno 4—6 ocobeii B
HKCIIEPUMEHTAIBHBIX COCYJaX MPOTOYHOTO TUMA, 00beMOM 250 MII ¢ TOCTOSIHHOM
CKOPOCTBIO MOCTYTIUICHUS NUIIEBOM cpenbl 1 11 B cyTku (Lampert et al., 1988) npu
temneparype 25 °C u aByx BapuaHTax JuIMHBI JqHA, 14 u 10 yacoB cBera (cM.
puc. 2). B kadecTBe KOpMa HCIOJIB30Bajach 3€JIEHas BOJOPOCIb Scenedesmus
obliqguus (muuusa SAG 276-3a, xomnekuus Bojgopocieit, Gottigen) BbIpaluBaemas
B UHCTUTYTE JIMMHOJIOTHH B XemocTtare Ha ocHoBe cpenbl CHU (Muller, 1972) npu
nocTossHHOU ckopoctu 0,7 1 B AeHb I CTAaOWMIM3alMM MULIEBBIX YCIOBHWA Ha
IPOTSKEHUH BCETO SKCIIEPUMEHTA.

HoBopoxzaennsie ocoOu 000MX BHJIOB TNOMEIIAIUCh B  XOPOIIHE
Tpoduueckue ycnoBuss 1 mr C/n. IlumeBas cpena OOHOBISUIACH KaXKJI0€ YTPO,
COCTOSIHHE OpPraHM3MOB IMPOBEPSIIOCH JABaXAbl B JeHb. [locie Toro kak camku
OTKJIQJbIBAIM TEPBYIO KIAAKYy SIUI WIM BBIBOJOK MOJOJH, YYUTHIBAIIOCH BPEMS
CO3pEBAaHMS, MOJCUUTHIBAIICA pa3Mep IEpPBOM KIAAKU WU ONPENeIUId UIMHY U
CyXol Bec HOBOpOXIEHHbIX. CaMku naHUI KyJIbTUBUPOBAIUCH 10 OTKJIAJAKH
BTOpPOIl MOPLMM AUIl B BBIBOJKOBYIO KaMmepy, Mociie 4ero OOJBIIMHCTBO M3 HHUX
TaK)K€ U3MEPSIIOCH U B3BEIINBAJIOCH.

Heckonbko camMOK U3 KOHTpOJis M Tpymmbl | OBUIM MCHONB30BaHbl AJIs
IOJIyYEHHMSI MOJIOJM B TPEThEM KIAJKE, COCTaBUBIIYK) BTOPYK T'€HEpALMIO,
KOTOpas 3aTeM KyJIbTUBHUPOBAIACh, B TEX K€ YCIOBHSX, 4YTO M caMmku. Ilocie
co3peBaHMsl 'y 0co0eil BTOpOW TeHepaluu ONpelessyica IMojd, pasmep,
IUIOJJOBUTOCTh B MIEPBOM KIIAJKE, CyXas Macca HOBOPOXKACHHBIX U CaMOK.

VY [OJy4YeHHBIX JAaHHBIX [EPBOHAYAIBHO OLIEHUBAJIACh HOPMAJIbHOCTb
pacnpeneneHus, a 3aTeM JUIsl OLIEHKU JTOCTOBEPHOCTU Pa3IMYUi B 3aBUCUMOCTH OT
TUIA PACTIPEICICHHUS] HCHOJIb30BANUCh JHOO f-fest nMOO HemapameTpUuyecKue
uHgaekcel  (Mann—Whitney-test).  JIUCIEpCHOHHBIM  aHAIM3  PE3yJIbTATOB
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nposoawics ¢ npuMmeHeHueM nporpamMMbl ANOVA. OneHka CTaTMCTHYECKHX
[IapaMeTPOB MOJYYEHHBIX PE3yJIbTAaTOB MPOU3BOJAMIIACH HA OCHOBE KOMIIBIOTEPHOU
nporpamMmsl Statistica-6.

Pesynomamut u o6cysicoenue

Boixon mononu u3 sdunmnueB sxcrnoHupoBanHbix Ha MKC u B xoHTpoOIne
Hayajcsd Ha TpeTUM JeHb Tmocie mepeHoca obpasmoB u3z 10°C B 25 °C.
B xontponbHOW rpymme 5 (IJ10XHe YCIOBHS COJEp)KaHMsI) IepBas MOJIOJb
nosiBUJach Ha JBa JHS mno3xke. PeaktuBanmus B rpynmnax 3 u 4 mpoxoauia
OJIMHAKOBO (pa3iuuus HE IOCTOBEPHBI), YTO TO3BOJIMIIO OOBEIUHUTH MOJIYYCHHBIC
B HUX PE3YJIbTAThl U PACCMATPUBATh BMECTE KaK OJHY KOHTPOJIbHYIO Ipyriry (3-4).
MakcuMyM BbIXOJa MOJOAW B Tpynmax 1, 3 u 4 npuiiesncs Ha BTOPOMl I€Hb OT
Haydaja, cmyctsa 7—11 nHel BO Bcex BapuaHTaX 3TOT MPOLECC MPAKTUYECKU ObLI
3aBepmieH. B rpymme 5 MakcuMyM OTMEYeH OJike K KOHIly Tepuoja
peaKkTUBalMKM, KOTOPBIM pe3ko 3aBepuiwics Ha 6 neHb OT Hadana. Cpenuss
3((PEeKTUBHOCTh PEAKTUBALMM IpPU Tepecuere Ha uuciao 3dunnueB B rpynme 1
coctaBuiia 39,6 % u Ob1a TOCTOBEPHO HIDKE, 4eM B rpynne 3-4 — 51,8 % (t-test;
p =0,035). IlockonbKy cpenu >unmnueB HaOI01aTach 3HAUUTEIbHAsT Bapyalusl B
Yuclie COACpKAIIUXCS B HUX IMOPUOHOB U HapsAy C JByMs siMIlaMH NOMAJajuch
TaKk)ke MyCThle U ¢ OJAHUM siiiiioMm (B cpenHeM 1,3 siina Ha »dunmwuii), peanbHas
3¢ (PEeKTUBHOCTh peaKTUBAIMUM OTHECEHHAs K YHCIy SMOPHMOHOB Obljla HECKOJBKO
HIDKE U cocraBmia coorBerctBeHHO 30,6 mw 399% gna  sMOpHOHOB
skcioHrpoBaHHBIX Ha MKC u B KOHTposne (YpOBEHb pa3iv4Msi TOT IKeE).
B rpynme 5 ator mokasarens Obu1 cymectBeHHO Huxke (19,0 %) m mocroBepHO
oTiiuancs ot rpyni 1, u 3-4 (p <0,01).

[ToMumo paznuuuii B ypoBHE PEAKTUBALMU U MPOJOKUTEIBLHOCTH 3TOTO
nponecca dkcnoHupoanHele Ha MKC M KOHTpPOIBHBIE TPYIIIBI PACXOIUIIUCH
TaKXe M0 JIMHAMHUKE CYyXOW MacChl HOBOPOXACHHBIX ocoOel. B KOHTpoJIbHOM
rpynme (3-4) B Hauane (1-3 geHb) BbIxoJa U3 A(UIINHUEB BEC HOBOPOKIEHHBIX
oco0eil ObUT JOCTOBEPHO HMKE, 4eM B cepenuHe (4-5) aToro mporuecca (f-test;
p=0,02), a B rpynie 1 3T0 COOTHOIIEHHUE ObLIO OOPATHBIM U TOXKE JOCTOBEPHBIM
(t-test; p=0,0174). B urore B Hadalie BBIXOJa B KOHTPOJILHOW TpyIIlie BeC
HOoBOpOXJIeHHBIX (0,0049 + 0,00047 Mr) OBLT JHOCTOBEPHO HHMKE 4Ye€M B TPYIIIe
skcnonuposanHoit Ha MKC (0,0056 + 0,00034 mr), paznuuue TOCTOBEPHO (Z-test;
p=0,0201). B cepenuHe mnepwona peakTuBauuu B rpynne 3-4  Bec
HoBOpoXxJeHHBIX (0,0056 +0,000418 w™r) okasancs 3aMeTHO BBIIIE, 4YE€M B
rpynmne 1 (0,0046 + 0,000579 mr), 9yTo TakXe MOATBEPKIAETCA CTATUCTUYECKUM
ananu3owm (t-test; p = 0,002).

B TO Xe BpeMs cpenHMH BeC, PACCUMTAHHBIM [JI1 BCErO IEpUOJa
peaKTUBALMK JIJIsl 3TUX TPYIIN, CTATUCTUYECKU HE pasznuuancs (t-test; p =0,504),
HECMOTPS Ha 3HAYUTEIBHBIN 00heM BBIOOpKHU (Oomee 30 B Kaxkmol rpyrre). ITo
JIETKO OOBSICHSCTCS TPOTUBOMOJIOAKHON JTUHAMHKONW BECOB HOBOPOXKICHHBIX B
X0JIe UX peakThBaluh. BMecTte ¢ TeM 3TO O3HAYaeT, UTO B ATUX CIy4asiX MbI
JNEUCTBUTEIFHO HMMEEM pa3iMuusl B CPOKE BBIXOJA ISl KPYMHBIX M MEJKHX
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SMOPUOHOB Il CpPaBHUBAEMbIX TPYyNN, a HE BBIOOPOUYHYIO BIUMUHAIMUIO
OT/ICJIbHBIX BECOB Y SMOPHOHOB, 3KcioHHpoBaHHBIX HAa MKC u B KOHTpoOJIE.

[Tonydennsie pe3yabTaThl MO3BOIWIM MPEANOI0KUTh, YTO SKCIOHUPOBAHUE
Ha MKC mnoaeiicTBoBaio Ha cyxue 3MOpHOHBI AadHHUM Kak cTpecc-(hakTop,
OCJIAOJISAIONIMN UX KU3HEHHYIO aKTUBHOCTb. DTO MPOSIBUJIOCH KaK B CHM)KCHUU
3¢ (HEKTUBHOCTH pEAKTUBALIMU, TAK U B UBMEHEHUH B IMHAMHUKE CPEAHUX Pa3MEpPOB
oco0el, COCOOHBIX K BBIKJIEBY M 3aMEUIMIIO BBIXOJ MOJIOJU M3 0OJiee MENKUX, a
3HAYUT MEHEE CUIIbHBIX YMOPHUOHOB.

Bbixo1 HayIJIMEB TMCTOHOTOTO padka B rpynnax 1, 3-4 Hayaucs CHHXPOHHO
Ha cleayrouui aeHb mocie mnepeHoca B 25 °C. OTMedeHO SBHOE paziuyue B
o0mell MpoAOKUTENIBHOCTA 3TOro Tmporecca B rpymme 1 (Bcero 3 gHs) u
KoHTpoJie (9 maHeit), yto ObUIO 3aMeTHO OoJiee BBIpAXKEHHOE, 4YeM Yy HadHUM.
VYposens peaktuBanuu B rpymme 1 (17 %) Obln cymiectBeHHO (BOBOE) U
noctoBepHo (#-fest; p =0,034) Huxke yem B KoHTpose. Lluctel W3 Tpynimsl 5
MPAaKTUUYECKH HE PEAKTUBUPOBAJIUCh M W3 HUX BBIBEIUCH JIMIIb HECKOJIBKO
HAyIInycoB. /[MHaMuKa Cyxoil Macchl HOBOPOXKIEHHBIX Obla OLEHEHA TOJbKO
JUISL KOHTPOJIBHOM TpYMIbl, MOCKOJBKY IMOYTH Bce OCOoOM u3 Tpynmbl 1 Obuin
WCIIOIB30BaHbl B JKCHEPUMEHTax Mo pocTy. Camble KpYNHBIE HAYIUIMYChl B
KOHTpOJIE TMOSIBWIMCh B TMEPBbIA [J€Hb, 3aT€M CpPEIHUA BeC HOBOPOXKIECHHBIX
oco0el TpayanbHO CHIKAJICS.

Jlisi mpoBepKH Haiied THUMNOTE3bl O TMOHMKEHHOW KU3HECTIOCOOHOCTU Y
IMOpUOHOB, 3KcroHupoBaHHBIX Ha MKC B cpaBHeHHMM C KOHTpoJeM Oblia
IIPOBEJICHA  OLEHKAa MX  YCTOWYMBOCTA K  IMAPA3UTUYECKOW  HMHBA3UHU
cnernupuyueckoro napasura gadHuii Mukporpudka Pitium daphniarum. 9TOT TecT
OIICHUBAJICS MO JBYM TapameTpaMm: 1) MHTEHCUBHOCTh WHQUIIUPOBAHUS,
pacCUUTHIBAEMbI KaK KOJIMYECTBO HMOPUOHOB TMOPAXKEHHBIX [apa3uToOM, B
OpOIEHTaX OT OOIIero 4uciaa SMOPUOHOB B OMbBITE; 2) PacnHpOCTPAaHEHHOCTh
WH()EKITNHU, OIEHNBaeMasl KaK YUCJIO BAapUAHTOB C YCHENIHBIM WHOUIIMPOBAHUEM
OTHECEHHOE B TMpPOIEHTaX OT OOUIero 4uciia BapUAaHTOB. OTU MOKa3aTenu
pa3auyaiuch B T€X ClydasX, KOrJa B OJHOM BAapUAHTE OKa3bIBAJOCh HACKOJBKO
SMOPHOHOB MOPAKEHHBIX TPUOKOM, YTO MOTJIO OMpEACNSIThCA B OOJbIIEH Mepe
paznuuusasMu B uucie cnop Pitium daphniarum, yeM B yCTOWYMBOCTH 3MOPHUOHOB K
ux Bo3zeiicTBuI0. B Tecte ObUIM HCIONB30BaHbI 3MOPUOHBI U3 JIBYX BBIOOPOK
rpynmsl 1, onHa oObeiMHEHHAs! BbIOOpKa rpy1n 3-4 ¥ 0JiHa BHIOOpKA U3 TPYIIIHI 5.
O6e BBIOOPKM U3 TPYMIBI | HE pa3Indaiuch MEXIy COOOM, HO IOCTOBEPHO (I-test;
p <0,04) oTnuyanuch MO MHTEHCUBHOCTH WH(EKIUU OT Tpymmbl 3-4, MpOSBUB
MOYTH B JiBa pa3a Oojiee BBICOKYIO YYBCTBUTEJIBHOCTh K HH(PHUIIUPOBAHHUIO
napa3uToM B CPAaBHEHUHU C KOHTposieM. HanmeHsbIast pe3ucTeHTHOCTh K UH(EKIUN
Obula OOHapykeHa y TPYNIbl S5, MPEACTaBISAIONICH 3aBEOMO OCIAOIEHHBIX
AMOPUOHOB C MOHMKEHHBIM YPOBHEM PEaKTUBAIUU.

MHuorue BogHbIe TPUOBI 00JIee M3BECTHBI KaK CarmpO(UThI, TOPAKAIONTUE HE
JKUBBIX, & OTMEPIIUX >XMBOTHBIX, OJTHAKO CPEAM HUX HEMaJl0 €CTh U MCTHUHHBIX
Mapa3uToOB, CYIIECTBEHHO CHUKAIOIIUX PENPOIYKIIMI0O U BBDKUBAHUE y XO3SIEB.
B nanHom cilyyae WHTEHCUBHOCTh HH(EKIUU Uil KaXKJIOW Tpymmbl Oblia
UCIOJIb30BaHa KakK MoKa3aTeib )KU3HECIOCOOHOCTH KUBBIX 3MOprnoHOB. Ha camom
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7ene nmoAoOHbIe pa3IuiUs MOTJIA ObITh IOMYyYEHBI M B CIIydae pa3HOM CMEPTHOCTHU
ML, YTO TAaKXKE€ CYLIECTBEHHO [JIl XapaKTePUCTUKHU YCIOBUW XpaHEHHUS
SMOPHOHOB, HO MEHEE HHTEPECHO, KaK I0Ka3aTelb CONPOTUBIAEMOCTH K
MH(DEKIUU Yy KUBbIX OpraHu3MoB. K cyacThio, B 3THX 3KCIEpUMEHTax ObUIN
NOJIyYEeHbl JOCTOBEPHBIE CBUJIETENBCTBA, 4TO Pitium daphniarum cnoco0eH
MOpaXkaThb W YKUBbIE AMOPHUOHBI, U3 KOTOPHIX 3aTE€M BBIXOJIMIN HOBOPOKICHHbBIC
oco0u, JKMBILIME B TEUEHHWE HECKOJIbKMX 4YacoB. Takke NEepUOJUYECKU Mbl
HAXOJIMJIM HEJTABHO POXKICHHBIX 0COOEH MOKPBITHIX XOPOIIO Pa3BUTHIM MUIIEITHUEM
rpubka. Takoll MuIeNIU TIPU BHEAPEHUU CIHOPHI B TOTHOMIMA OpraHu3M
pa3BUBAETCA TOJIBKO HA 2—3 JI€Hb, YTO MOATBEP)KAAET (HAaKT MHPHUIIMPOBAHUS ITUX
pPauKoB €Il B MEPHOJ HAXOXKACHUS B sifiie. ITH (aKThl MO3BOJIAIOT 3aKJIIOYUTh,
uyto Pitium daphniarum sBnseTcs He campodUTOM, a HACTOSIIUM IAPA3UTOM,
KOTOpBIN Ooniee 3hPexkTHBHO MHPHUIHPOBAN OciaabIeHHbIE, HO, IO MEHBIIEH Mepe,
YacThIO KUBbIE YMOPHUOHBI IPyNIbl 1, B CpaBHEHUHU C KOHTPOJIBHOU rpynmnon 3-4.
Pasnuure B MHTEHCUBHOCTH 3apa)kK€HHUS MeXAy 3TUMHU Bapuantamu (1,5 pasa),
BO3MOXHO, TaKXe OTPa)XaloT pa3iuyusi B YPOBHE HX IKU3HECHOCOOHOCTH.
Hcnonb3oBaHue 3TOr0 METOJA OLEHKH KU3HECIIOCOOHOCTH 53MOpPHUOHOB U
HaKOIUIEHWE TMOAOOHBIX JAHHBIX Ha Hall B3[JISA MO3BOJUT PaCIIMPUTH
DKCIEPUMEHTAIBHBIA ~ HMHCTPYMEHTapHil  SBOJIOIMOHHOM  JKOJOTMM U
KOJIMYECTBEHHO OI[CHUBAThH POJIb apa3uTapHBIX TPUOOB B BOJAHBIX YKOCHCTEMAX.

OKCHEpUMEHT OBl CIUIAHUPOBAH JUIsl OIEHKU BO3MOXHOTO BIIUSHUS
(akTOpa KOCMUYECKOTO IMOJIETa Ha MapaMeTphl KU3HEHHOTO IMKIIA, MPEXkIe BCETo
OTBETCTBEHHBIX 332 KOHKYPEHTHYIO CIIOCOOHOCTH BUJa. DTU MapaMeTphl BKIOYAIN
BpEMSI CO3PEBAHMSI, BBDKMBAHHUE JO IIOJOBO3PEIOCTH, BEIMYMHY IEPBOM KIAIKU
CaMKM, CyXH€ BeCa HOBOPOXICHHBIX B IIEPBOM KIAJKE M CaMOK IIOCIIE
3aKJIaJIbIBAHUS UMW BTOpPOM MOPLMH SIML B BBIBOJKOBYIO Kamepy. Mbl Takxke
otieHUBaIu 3((HEKTUBHOCTh PA3MHOKEHUSI U MATEPUHCKOE BIUAHUE Ha UHIYKIUIO
ramMoreHesa B Cienyromiei reHepanud. Mpl OOHApyKUIU JOCTOBEPHOE BIHSHUE
(dakTopa KOCMHMYECKOrO IOJIETa Ha JBa M3 ST OLEHHUBAEMBIX I1apaMETPOB
KU3HEHHOTO 1UKJIa. PazMep nmepBoil KiIagku y caMOK, OJIYYEHHBIX U3 SMOPHUOHOB,
skcionrpoBaHHbIX HAa MKC (11,14 + 3,592 stuir; ocoOb *1), OBLIT JOCTOBEPHO HUXKE,
yeM B komTpoime (14,39 +2,847 smm; ocobb '), UTO MOATBEPIAACTCS
CTaTUCTUYECKUM  aHanu3oM (t-test; p=0,0477). Hebonbmioe, HO TOXe
JIOCTOBEPHOE PAa3IU4YUE YCTAHOBIIEHO [JIi BPEMEHU CO3pEBAaHUSI CAMOK, KOTOPOE
OBbUIO JIOJIBIIE Y CAMOK, IOJyYEHHBIX U3 3MOPHOHOB, S3KcIIOHMpoBaHHBIX HAa MKC
(9,95 + 0,284 day) B cpaBuenuu c koutposem (10,31 +0,372) (Mann—Whitney-
test; zadjust = 2,09; p = 0,033).

OTH nmapaMmeTpbl JKU3HEHHOIO LHKJIA CYMTAKOTCS BAXKHEUIIMMH  JUIS
NOMYJISIUMOHHON TMHAMUKHU OpraHu3MoB. OHM B BBICOKOM CTENEHH OTBETCTBEHHBI
3a aJanTaluio MOMYJISLHUN WIK KIOHOB K YCJIOBHSIM BHEIIHEH Cpelabl U UIParoT
KJIFOUEBYIO POJIb B MX MPOAYKTUBHOCTH, KaK B MPUPOJHBIX YCIOBUSX, TaK U MpPU
KyJIbTUBUPOBAHUHU.

S. torvicornis, BBIPAIICHHBIA W3 <«JIUKOW» KYJbTYpbl 3THX Aa(HUEBBIX
NPYJIOB, XapaKTepU30BAJICA BBICOKMM YPOBHEM BapualeIbHOCTH, HAIJISIIHO
BBIPAJKABILIEHCSA B Pa3IMUMU pa3MepOB OAHOBO3PACTHBIX ocoOel. [IpakTuuecku B
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KaKJIOM BapuaHTE ObUIM BCTPEYEHBbl OJHMH WJIHM JIBa KApPJIMKOBBIX 3K3EMILLIPA,
OTCTAIOIIMX B POCT€ OT JIMAEPOB. ITO 3HAYMUTEIBHO  YBEIMYHBAIIO
BapuaOeIbHOOCTh IMOJYYaeMbIX pe3yJbTaTOB M CTAJ0 OAHOW U3 NPUYUH
OTCYTCTBHUSI JJOCTOBEPHBIX Pa3iMuMil MeXIy Ipynmnoil 1 U KOHTpoJieM, HECMOTpS
Ha TO, YTO CPEAHHUE BEJIIMYUHBI B PsijI€ CIy4YaeB pa3IMyaIUCh Jlaxe OoJiblle, 4YeM B
IKcriepuMeHTax ¢ gadHued. ENMHCTBEHHBIH JOCTOBEPHO IOJATBEP KICHHBIN
abpdext ObuT MOMyYeH A BIMSHUS JJIMHBI JHS Ha pa3Mepbl ocoled mpu
JOCTUKEHUHU TOJOBO3PETIOCTH. B yCIOBUAX NIMHHOIO JTHS CPEIHSS JJIMHA CaMOK
(9,838 +1,1546 Mmm) Obuta  Oosibllle Ye€M B KOPOTKOM  (pOTOINEpPHUOIe
(8,676 + 1,9123 mm) (Mann—Whitney-test; zadjust=2,021; p=0,043). Hpyrue
napaMeTpbl, Kak COOTHOUIEHHWE J/JIMH CaMOK W CaMLOB, pa3Mep KIaJKu
pa3ivyaiuch B ONBITE M KOHTPOJE, a TakXke B 3aBUCUMOCTH  OT
IPOAOKUTEIBHOCTH JHS, HO BCJICACTBHE BHICOKOTO YPOBHS CTaHAAPTHOW OIIUOKU
HE MMENM CTaTUCTHUYECKOTO MOATBEPKACHUSA. VIMEHHO KpaliHe BBICOKMM yPOBEHB
BHYTPUIIOMYJISIIUOHHOTO TMOMMMOpPPU3Ma MacKMpoBaj, Ha Haml B3MJISIA, 3TH
paznuuus. [ mOpeofosieHuMs 3TOro HeJocTaTka MaTrepuala HeoOXOAMMO
CYILIECTBEHHOE CHM)KEHHE BapHaOEIbHOCTH UM 3HAYUTENIbHOE YBEIMYEHUE YHCIIa
oco0eil B IKCIIEPUMEHTE,.

S. torvicornis sBisieTcsi 0OJUTaTHO JIBYIOJIBIM BHJIOM JIMCTOHOTHX PAaKOB,
YTO UCKIIFOYAET IMOJIYYECHHE T€HETUYECKH HSKBUBAJICHTHBIX KJIOHOB, KAK Y MHOTHX
nadHUl WM y KIOHOB Artemia salina ¢ oOnUraTHbBIM HapTeHOreHe3oM. Tem He
MEHee, CHU3UTh BapuaOeTbHOCTh KayecTBa SIUIl B JKCIEPUMEHTAIBHOW TpYIIIe
BO3MOXXHO U y S. forvicornis TyT€M CHUXEHHUS 4YHCIA Map MPOU3BOIAIINX
MOKOAIIMECS SWlla W BBHIPABHUBAHUS YCIOBHM UX KyJIbTUBUPOBAHUA MO
napameTpam Tpopuu, TeMIepaTypbl U JJIUHBI THS.

[Ipu ouenke 3¢ (HEKTUBHOCTH Pa3MHOKEHHUS BTOPOW reHepauuu nadHuu
ObUIM IOJYYEHO BEChbMa MOKAa3aTEIbHOE pa3ju4Me IO MEePEeXoay K raMOreHe3y y
MOTOMKOB 0co0eil skcroHupoBaHHbix Ha MKC B cpaBHeHuu ¢ KoHTposieM. Bo
BCEX 5 MOBTOPHOCTSX Yy MOTOMKOB Ipynibl 1, skcnnonupoBanHeix Ha MKC, Obina
NOJIy4eHa BbICOKAs MPOMOPLHS CaMIIOB, IOCTUTaBIlas B OTAEIbHBIX ciydasx 78 %
(54,9 + 25,94 %). B KOHTpOJIbHOM TpymnIe He ObUIO MOTYUY€HO HU OJTHOTO camIla BO
BCEX 5 BapuaHTax KyJbTUBUPOBAHMS (BCETro 0koJio SO MHANBUIYYMOB).

SBnsiercs oOmenpUHATHIM  (AKTOM, YTO TMEpPEeXOoJ] K TaMOTeHe3y Yy
BETBHCTOYCBHIX PAKOB IMPOSIBIISIETCS KaK OTBET Ha (aKTOpbl BHEIIHEH Ccpeabl
CUTHAJIbHOW W/WJIM CTPECCOpPHOM TpupoAbl. B HammMX »KCIepuMEHTax I10
KyJIbTUBUPOBAHUIO 3TH (AKTOPHl KOHTPOJIUPOBAIUCH WIIA OBUTHM OJUHAKOBBI B
o0eux Trpymmax SKCIEPUMEHTAIBHBIX JKHUBOTHBIX © B I1EJOM  YCIOBHUSA
IKCIIEPUMEHTA HECOMHEHHO OJaronpusITCTBOBAIH COXPaHEHUIO
NapTEHON€HETUYECKOT 0 TUIIA Pa3MHOKEHHS.

EnuHCTBEHHBIM SICHO BUAMMBIM OTJIMYUEM MOTOMKOB CaMOK U3 rpynn | ot
KOHTPOJIBHOM TpyNIbl MPEJICTABISAETCS HAaxXOXKJIEHWE WX MaTepeil B BHIE
nuanaysupyomux 3mM0oproHoB Ha MKC Bo BpeMsi KOCMUYECKOT0 3KCIEPUMEHTA B
Te4eHrue OoJHOro Mecsaua. [lo-BUaMMOMy, 3TOro OKa3ajoCh JOCTATOYHO, YTOOBI
IUanay3upymoomme SMOPUOHBI B CYXOM COCTOSIHUM BOCHPUHSIIA BO3JEHCTBHE
(dakTopa KOCMHUYECKOTO TOJIeTa KaK CTPEecC CO CTOPOHBI cpeibl OOUTaHUS U

27



31. KOCMWYECKAA bBUMONOrma m on3nNonormAd

nepenand MHPOpMAIUI0 00 3TOM CBOMM IMOTOMKAaM 4epe3 MaTepUHCKUN dPQeKT
YTO peajn30BaJIOCh B 00pa30BaHUU CAMIIOB YK€ B cleayolieil reHepanuu. Panee
nonobHass  nepenavya  (GoTomepuoAMYEcKOM W JIpyroil  uH(opMauuu
CIIOCOOCTBYIOLIIE CMEHE THUIIOB pa3MHOXKEHUS Obula TMOATBEpXKACHA s
HEKOTOPBIX BUJ0B 0€CIIO3BOHOYHBIX, BKItouast Daphnia.

[Tocnennuii pe3ynbTaT XOpOIIO COTJacyercs ¢ TEM, YTO ObUIO MOJYYEHO BO
BCEX MpEepIAymMX dKcrepuMeHTax. CHWXKEHHE YpPOBHS  pEaKTHBAIUH,
KU3HECTIOCOOHOCTH MO OTHOIICHUIO K Mapasuty, yxyAuieHue fitness-nmapameTpos
KU3HEHHOT'O IMKJIA Tak)Ke OOBIYHO CBSI3aHBI C BO3JIEWCTBHEM TOTO WM HHOTO
CpenoBoro crpecca. TakuM CTpeccoM B JAaHHOM Cllydyae Ha Hall B3IVISA CTall
dakrop kocmuyeckoro moiera Ha MKC. B HacTtosmuii MOMEHT M3 3TOTO
KOMIUIEKCA TPYJIHO BBIIEIUTH TIJIaBHBIA, XOTS MbI CKJIOHHBI CUHUTaTh TaKOBBIM
BO3JCHUCTBUE KOCMHYECKOW paauanuu. JUIsI OLEHKM OSTOW THUIOTE3bl MBI
IpeanojaraéM IOBECTH JIONOJHUTEIbHbIE HCCIEN0BaHUsA. Bo03MOXHO, 4TO
BO3JICCTBUE MOXET OKa3aTbCsi M CHHEPIMYECKUM IO CBOEMY XapakTepy.
B nocnenHeM cnydae CHHU3UTh HEraTHMBHOE BIMSHUE (PAKTOpa KOCMHUYECKOTO
pojieTa Ha >KU3HECHOCOOHOCTh MOKOSIIMXCS CTaauil OyleT HaMHOTO CJOKHEE,
YTO MOXET SBHUTHCS JOMOJHUTEIBHOM MTpoONeMol isi MEXIUIAaHETHOU
TPAHCIIOPTUPOBKHU U IKCILTyaTallMA OMOJIOTMYECKUX CUCTEM KU3HEOOeCTIeUeHHUS.

[TomyyeHHble pe3yabTaThl MOTYT OKa3aThCSd BAXKHBIMU W JUISI DKOJIOTHH
3eMHBIX coobmiecTB. CaM (akT BO3MOKHOCTH BOCHPHATHS U TEpelayd B POy
NOKOJIEHUM  JKOJIOrMYecKoil  MH(pOpMaluuu  CyXMMHM  JAHANay3upyromuMu
IMOpPHUOHAMHU HE TOJIbKO HE OBbLI YCTAaHOBJIEH paHee, HO Jake HE MPEAroiaraics.
Hanuuue Takoil crmocOOHOCTH CYIIECTBEHHO MEHSET HaIlM IMPEICTaBICHUS O POJIU
MaTepuHCKOro 3¢ddexkTa B MUKpPOIBOJIIOLMOHHBIX Ipolieccax B Bojgoemax. Eciu
noo0Hoe siBIEHHE OyAeT OTMEUYEHO IO OTHOIICHHIO K JPYIMM CTPECCOPHBIM
¢dakTopaM, OOBIYHBIM Ha MOBEPXHOCTU 3€MIIM, K MPUMEPY YIbTpaduOIeTOBOMY
00JTy4eHHI0, TO CBOMCTBA TUATAY3UPYIONINX YMOPHOHOB OKA3aBIIUXCS HA CYIIIE U
Ha JHE BOJ0EMOB OyayT pa3iudHbl, PABHO KaK M UX CIIOCOOHOCTh K KOHKYPEHTHOM
O0oprOe moclie peakTHBalUMU. DTO BHOCUT HOBYIO KOMIIOHEHTY B BO3JCHCTBHE
Cpelbl Ha pe3yJbTaThl MUKPOIBOIIOLUOHHOTO Ipolecca y 0eCli03BOHOYHBIX.

3axnouenue

VY nByX BUIOB pakooOpa3HbIX D. magna u S. torvicornis ObLIN 0OHAPYKEHBI
JIOCTOBEPHBIE pasnuuus B 3¢ (HEeKTUBHOCTH peaKTUBALIHU MEXKITY
TUanay3upyroIuMi SMOPHOHAMH SKCIIOHUPOBAaHHBIMM B TEUYEHUE Mecsla Ha
MEXKYHAPOTHONM KOCMHUYECKON CTAaHIIMU U KOHTOJIbHOW TPYIIIOH.

OMOpuonsl D. magna mocne skcnoHupoBanus Ha MKC mpossuim
MOBBIIIEHHYI0O YYBCTBUTEIBHOCTh K BO3JCUCTBUIO MApa3UTUYECKOrO0 TIpUOKa
Pitium daphniarum 1o CpaBHEHHUIO C KOHTPOJEM, YTO B YHUCIE MPOYETO CTABUT
BOIIPOC O Mepax IO OHOJIOTHYECKOW OE€30MacCHOCTH CO CTOPOHBI  (PIOPHI
KOCMHYECKOTO KOpalOJyisi 1O OTHONIEHHWIO K OHOJIOTHYECKOMY MaTepuaty,
MPETHA3HAYCHHOMY ISl TUTENIbHBIX KOCMUYECKHUX MEPEBO30K. B akcneprmenTax
M0 KYJbTUBUPOBAHHUIO YCTAHOBJIICHBI JIOCTOBEPHOE YXYAIIEHHWE MapaMeTpOB
KU3HEHHOrO0 UMWKiIa D. magna, B YACTHOCTH CHH)KEHHE IUIOJOBUTOCTH H
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yJIMHEHWE BPEMEHM CO3peBaHMs y ocolel, skcnoHupoBaHHbix Ha MKC.
BozneiictBue dakropa KOCMUYECKOTO MMOJIeTa MPOSBUIOCH U BO BTOPOIl reHepanuu
nadHU, BbI3BAB NEPEXO0/1 K TaMOT€H3y U MPOU3BOJICTBO CaMIIOB.

VY §. torvicornis Taxxke ObUIM OTMEYEHBl CHM)KEHHME MAapaMETPOB pocTa U
Pa3MHOXEHHUS, OJHAKO OTJIMYMS OT KOHTPOJsE HE ObUIM MOATBEPKICHBI
CTaTUCTUYECKHM B CWIIy OYEHb BBICOKOW BapHaOEIbHOCTH U CBSI3aHHOM C HeM
OLIMOKOM OLEHKHM MapamMeTpoB. EIUHCTBEHHBIM JOCTOBEPHBIM (DAKTOPOM IS
3TOr0 BUJA OKA3AJI0Ch BIMSHUE JUIMHBI JHSA HA POCT CaMOK.

3.1.2. TEJIMOBHUOJIOI' A

3.1.2.1. HoBble MOATBEP:KIEHHUS THIIOTE3bI 0 PUTMAX
reJIMOreOMarHMTHOM AKTUBHOCTH KAK 0 BHEIIHEM BpeMsiIaTYHKe

HoBble moaTBepkaeHUsT THUNOTE3bl O pPUTMax TeJIMOreOMarHUTHOM
aKTUBHOCTU KaK O BHEIIHEM BpeMsjaTdyuke, cPOpMHPOBABIIEM OHOIOTHYECKYIO
PUTMHKY: OTKpBITHE PUTMOB B JauanazoHe mnepuojgoB oT 0,5 roma 1o
KBa3UJBYXJIETHUX, XapaKTepHBIX s uncen Boabda, MarauTHbix nosiei CosHIa,
CKOPOCTM COJJHEYHOTO BE€Tpa M TE€OMAarHUTHOM AaKTUBHOCTH, B MEIUKO-
OMOJIOTUYECKUX TIOKa3aTesiX, TAaKUX KaK apTepHalibHOE KPOBSHOE JIaBJICHUE,
4acTOTa CEPACYHBIX COKPALIECHHUM Yy JIFOAEH, a TaKKE B HACTYIUICHUM BHE3AITHOU
CMEPTH.

B moka3zarensix COMHEYHOW M T€OMarHUTHOW aKTHBHOCTH (uucia Bonbda,
MarHuTHbIEe noJi1 CoHIA, CKOPOCTh COJIHEYHOIO BETPA, MHACKCHl T€OMarHUTHOM
akTuBHOCTU Ap u Kp) HaOmogaeTcs psii puTMOB C MEpUOJaMu OKOJIOTOJIOBBIMU U
KBa3HIBYXJIETHUMH, U3 KOTOPBIX XOPOILIO OTOXKJECTBICHBI PUTMBI C MEPUOAAMU
okono 1,3 roxa, npumepno 1,8 u 2,2 roxa. beul npoBeieH CIEKTpaIbHbIN aHAIU3
MEJIMKO-OUOJIOTUUECKUX BPEMEHHBIX PAIOB JTAHHBIX MHOT'OJIETHETO
MOHUTOpUpOBaHUsA cucroaudeckoro (SBP) wu  nwuacrommueckoro (DBP))
apTepUAIbHOTO KPOBSHOTO JABJICHUS W YacCTOThI cepJeuyHbIX cokpaimienuii (HR),
IPOBOJUBILEIOCS Ha MPOTSKEHUH 16 JeT y MOXKWIOro 4YesoBeKa (HauuHasi ¢
BO3pacta 72 roja) Kaxisle rmoiavaca, 34-JETHErO yYEHOro Ha MpOTshKeHuH 18 et
Kaxaple 15 MUH, a Takke y 4eloBeKa, HauaBLIero camousmepenus B 20,5 et u
MPOBOJAMBIIErO UX B TeueHHwe 37 neT no 3—7 pa3 B JI€Hb, a TAKKE€ O BHE3AMHBIX
cMepTAX B pasnuuHbix peruoHax wmupa (CeBepHas Kaponuna, MuHnHecoTa,
Apkanzac (CHIA), Towmmucu (I'pysus), T'onkonr, Yemickas pecmy0Oiauka).
CrnexTpanbHbIil aHAIW3 ASTUX [aHHBIX BBISIBWI PUTMBI C MEpPUOAAMHU OKOJIO
nonyroja, okosio 1,30 roxa, npumepno 1,83 roga u okono 2 ner. ConocraBieHue
ATUX CIEKTPOB C PpACCUMTAHHBIMH CIIEKTpaMHu [JIs TOKa3aTelied COJIHEUHOU
AKTUBHOCTU CBHUJIETEIBCTBYET HE TOJBKO O MPUCYTCTBUU PUTMOB MOJOOHBIX
IEPUOJOB B CIEKTPAX COJHEYHOU M T€OMAarHUTHOW aKTUBHOCTH, HO U O CXOJHOM
JUHAMHUKE OWMOJIOTMUECKUX U TelUOreoPpU3NUYECKUX PUTMOB (COBMECTHO C
®. Xanbeprom, XK. Kopnenuccen, I'.Karunacom (CIIJA) u Ho. Baranate
(SAmonus)).
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3.1.2.2. HoBblii cueHapuii mpea0dnoJ0rn4ecKoro 3Tana 3BoJII0NUN
U YHHBEPCAJIbHBIA MEXaHHU3M €ro peajin3anuu

1. [IpeasioxkeH HOBBIN YHUBEPCAIbHBIA MPUPOAHBIA MEXaHU3M a0MOT€HHOIO
cunte3za OC B miasmeHHoM (pakene, renepupyemom B mporeccax CBC ynapa,
CIIOCOOHBIN 00eCreynTh COo37JaHuEe HEOOXOAMMBIX JJii BO3HUKHOBEHMS >KU3HU
cinoxubix OC Ha panHel 3emiie B MEPUOJ TSHKEIION METEeOpUTHONH G0MOApIUPOBKHU
u cunte3 OC B MEX3BE3HBIX T'a30MbLIEBbIX 00JaKax MPHU CTOJKHOBEHMM YaCTHIL
nbUIH, yckopeHHbix 10 CBC.

2.Ha 06a3ze HOBOTO MexaHW3Ma TMPEMIOKEH OPUTHMHAIBHBIN CIICHApHA
peI0rOoIOTMYECKOT0 dTana HBOJIONMK Ha paHHeW 3emie, s peanu3anuu
KOTOPOr0 MCIOJIb30BAJIaCh SHEPrus yAapa U BEIIECTBO METEOPUTOB, U HE
TpeOOBAIOCH YYACTHS COJTHEYHOW paauallid B MPOIECCAX CHHTE3a WU HATHYHUS
aTMoc(epbl ONpeAeIEHHOTO COCTaBa.

3. Ha ocHOBE MMEIOIMMXCS IKCIEPUMEHTAIBHBIX PE3YJIBTATOB 10 U3YUYECHUIO
CTPYKTYpBl IUJIa3MEHHOTO (pakesla NpeasiokeHa THUIoTe3a O BO3MOXKHOCTHU
ACUMMETPUYHOTO  3apOXKJCHUA HM30MEPOB B  JIOKAIBHBIX  OJHOMOJISIPHBIX
HECUMMETPHUYHBIX SJIEKTPUUECKUX W MArHUTHBIX MOJAX WU TOJ BO3JEHCTBUEM
HUPKYJSPHOTO NOJIPU30BAHHOIO U3ITYYEHUs, TEHEPUPYEMOTO B IIPOLIECCE pasiieTa
ropsiueil CUJIbHO aHU30TPOIHOMN IIa3Mbl BBICOKOM TIJIOTHOCTH.

4. IToka3aHo, 4TO HayaJbHbBIE YCJIOBUS, BO3HUKAIOUINE B OJAMHOYHOM AaKTE
METEOPUTHOTO yapa, a TaK *Ke U pa3HOBUAHOCTh CUHTE3UPOBaHHBIX OC crmocoOHO
obecrieunTh (POpMUPOBAHUE CTPYKTYPHI THIIA TIPOTOKIETKH, KOTOPOE CO BpEMEHEM
(cnycta ~300—400 MiH JI€T), C MOSABJICHUEM T'€HETHMYECKOr0 KojJa M MeXaHH3Ma
BOCITPOU3BOJICTBA, CIIOCOOHO 00pPa30BaTh KUBYIO KIIETKY.

5. [IpennoxkeH MpOCTONl U HAJEKHBIA MEXAHU3M, CIIOCOOHBIM 00ECTIEYUTh
COXpaHEHHUE, HAKOIUICHWE U TPAHCHOPTHUPOBKY HA 3HAUUTENIbHBIC PACCTOSIHUS
cuaTe3upoBaHHbIX OC MOCPEACTBOM IUIOTHBIX MBUIEBBIX OOJAKOB M IBUICBBIX
OTJIO)KEHUH, BO3HUKAIOMIMX B IMpOIEcCe YIApHOro KparepooOpa3oBaHUs MpU
MaJICHUU METEOPUTOB.
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