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MPEQVCAOBVE

Hacrosimuii [OKIaf, OXBaTbIBAIOUIMA TpPEXJETHHA NEPUON
(1999-2001 rr.) mpoBenenuss PyHmaMEHTAIBHBIX KOCMHYECKHMX HC-
cnepnosanuit (PKHM), nogrorosnen CoseromM PAH 1o kocmocy. Mare-
puanamy K AoKJajy IOCIyKMIu pe3yabTaTsl HHCTUTYTOB PAH 1 BY-
30B, BEAYLIUX Hay4Hble NPOrPaMMbl KOCMIYECKHX IpoekToB depe-
panbHON KocMHUYeCcKOH nporpammel Poccnu.

B mokiaie KpaTKO U3JI0KEHO COCTOSTHHE PAa0OT MO KOCMUYECKUM
NpOeKTaM Hay4HOro Ha3HaueHus1 PenepanbHOH KOCMUYECKOU IPO-
rpamMmbl Poccnu, KOTOpbIe HaXO[ATCA Ha dTalax peajn3aliy JETHbIX
Hay4YHBIX NpOrpaMM, OOpaGOTKM KOCMMYECKHX NaHHBIX 3aBEpIICH-
HBIX JIETHBIX NIPOTPAMM, OIIBITHO-KOHCTPYKTOPCKMX U HayIHO-HCCIIe-
noBaTenbCcKuX paboT. OCHOBHbIE XapaKTEPUCTHKU 3THX KOCMHYE-
CKUX IPOEKTOB, B TOM YHCJEe M TEXHHYECKHME NaHHbIEe KOCMUYECKHX
annaparToB, HAyYHbIE 3a/Jayll, COCTaB KOMIIEKCAa Hay4YHOH ammapary-
PBI U IepeYeHb OCHOBHBIX MCIIOMHUTENIEH paboT, npuBeneHsl B [Ipu-
noxeHusix Kk HanponanbHOMY IOKIIafdy.

Poccmiickre KocMUYecKHe IPOEKThI ObLIM HallpaBJIEHLI Ha pelle-
HH€E aKTyaJIbHbIX HAy4YHBIX IPOOJIEM U 3a/1ay B CIEAYIOLIMX HaNpaBie-
Husix OKV: kocMuyeckass 6HONOrUs U (QU3HOJIOTHUS; MCCIENOBAHUS
3emnu u3 kocMoca; CoJHIEe B COTHEYHO-3EMHBIE CBSI3U; HCCIIEOBA-
HUS IUTaHeT U MaJbIxX Tesl COJTHEeYHO! CUCTEMBI; BHEATMOC(EpHas ac-
TPOHOMHS; (PU3UKa KOCMIYECKUX JTydeH.

B TeueHme Tpex €T OCHOBHbIE YCHIIHNS POCCUICKHMX OpraHU3alui
Y CIIeUHATMCTOB ObUTH HallpaBJIeHbI Ha pealn3aliio JETHON HayYHO’
IIpOrpaMMbl MeXAyHapogHoro npoekra “MHTep60oia”, MOAroTOBKE K
3aIMyCcKy pOCCHICKO-YKpanHCKOro kocMuueckoro amnapara (KA) s
KOMIUIEKCHBIX nccnenoBanuii Conuna no npoekty “Koponac-®”, pe-
aJn3aufio JICTHON Hay4YHOH NpOrpaMMbl, 00pabOTKY M MHTEPIPETa-
UMIO IIOJTYYEeHHBIX NaHHBIX; CO3[[aHNE ¥ Ha36eMHYIO OTPAabOTKY KOCMHU-
yeckux annapatoB cepuu “CIIEKTP” u koMniekcoB Hay4HOH anma-
paTyphl 1Sl IPOBENEHUsT acTpOPU3NIECKIX HaONIOeHui B paMKax
MEKAYHapO#HbIX NpoekToB “Cnekrp-Pentren—I'amma”, “Crekrtp-
Papuoacrpon” n “Crnexktp-Y®”.

B pamkax npoekTos “CriexTp” Ay co3gaHiM COBPEMEHHON Hay4-
HOJ anmapaTypbl ¥ IPOBEAEHNS aCTPOMU3NIECKUX HAOMIONEeHUH U Hc-
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cllefjloBaHMUil co3[aHa IIMPOKasl KOONepalus Hay4YHbIX OpraHU3aunmii
IpaKTUYECKH BCeX pa3BUTHIX cTpaH, BkiIroyas CIIA, BenukoGpura-
Huto, ®panuuro, I'epmannto, Uranuro, Januto, lllsenuto, Mcnanuro,
Bonraputo, ITonwsy, M3paunse, dnonuto u Kuraii.

Poccuiickue yyeHble IPUHUMANK YYacTHE B MEKIYHAPOIHBIX KO-
cmuyeckux npoexkrax HACA, EKA, Uranuu n Ykpaunsi. ViMu 6b10
co3/1aH IETEKTOpP OBICTPHIX HEUTPOHOB “XeHA” B cOCTaBE KOMILIEKC-
Horo akcnepumeHTa Gamma Ray Spectrometer (GRS) no usmepeHnuio
raMma-u3Jy4eHus 1 HeHTPOHHOT O u3ay4eHus Mapca ¢ 60pTa Haxopsi-
mierocst Ha op6ute Mapca kocMuyeckoro anmapata HACA “Mapc
Opucceir”. Ha ocHOBaHMM 3TUX U3MEPEHUI ObLIN MOCTPOEHbI KapThl
3JIEMEHTHOTO cOCTaBa IIOBEPXHOCTH IIaHeThl Mapc. ITpoBopunuck
paboThI O CO3[aHUIO HECKOIBKHUX POCCHACKMX IPUOOPOB 7Sl TPOEK-
ta EKA “Mapc Sxcnpecc”.

CosmecTHO ¢ yuyeHbIMU M Tanuu no npoexty “Ilamena” nmpoBopu-
J¥ch paboThI MO CO3AAHUIO HAYYHOH anmapaTypbl [AJis UCCIeOBaHUs
IOTOKOB aHTHYacTHUll (AaHTUIPOTOHOB, NMO3UTPOHOB, JIETKUX aHTH-
Aep) U ee afanTaluy K CHCTEMaM POCCHIACKOT0 KOCMUYECKOro amma-
pata tuna ‘“Pecypc-JK1”. Poccuiickue cnenuaaucTbl COBMECTHO C
y4YEHBIMU Y KpauHbl NIPUCTYIUIM K PeaNu3aliil COBMECTHBIX JIETHBIX
Hay4yHBIX IPOrpaMM UCCIIeloBaHui 3eMIi U3 KOCMOCa C UCTIONb30Ba-
HueM MeTeopoisiorunyeckux MC3 “Oxkean-O” u “Merteop-3”.

Crnenuanuctsl HHCTUTYTOB PAH c yyactueM 3apyGeKHBIX yde-
HBIX IIPOJlOJKan¥ OoOpabOTKy KOCMHYECKHMX JaHHBIX, MOJIYYEHHBIX
IIPY peaju3aliyd 3aBEpUICHHbIX JIETHBIX HAyYHBIX NPOTrpaMM NPOEK-
ToB “Pentren—KBanr”, “I'panat” u “UnTepbon”.

HNucrutytel PAH u BhICIIME yyeGHBIE 3aBEHeHHS COBMECTHO C
OpraHM3alusiMi PaKEeTHO-KOCMHYECKOH OTpPaciy B paMKax HayyHO-
HCCIIEIOBAaTENbCKUX paboT BeMN NPOpPabOTKY TEXHUYECKUX BO3MOXK-
HOCTEHl CO3aHus NEPCIEKTUBHBIX KOCMUYECKHX alllapaToB U COBpe-
MEHHOW Hay4yHOM annapaTyphbl [Jsl pellleHHs aKTYyalbHbIX IPOOIIeM U
3anay PKU. HaydHble MpOEKTHI Ha 3TOH cTaguy paboT ObUIM OTO-
OpaHbl U3 6oyiee YEM IABYXCOT NPEMJIOKEHHH IO pe3yiabTaTaM KOH-
KYPCHOI'O pacCMOTPEHMs Hay4YHOU 3HaYMMOCTH [IOCTaBJIEHHBIX LieJlel
U 3agad.



nasa 1

COCTOAHWE PABOT MO KOCMWYECKMM MPOEKTAM
HAYYHOrO HASHAYEHUA OE[EPAITBHOU
KOCMUYECKOW NMPOrPAMMbI POCCUN
(Ha 01 snBaps 2002 )

1.1. dn3rKa KOCMUYECKOW MNNnasmbl
W COMHEYHO-3EMHbIX CBA3EN

Ipoext “Unrep6on” (pasnen OKP denepanbHOil KOCMUYECKOMH
nporpammbl Poccun) npencraBisieT co0O HOBBI MOAXO[ K HU3yde-
HUIO (PU3MYECKUX NMPOLECCOB B MarHuTocepe 3emiu, Ha €€ rpaHu-
ax ¥ B MEXKIUIaHETHOH CpEJIE.

I'naBHasg Hay4Has 3aja4a npoekTa “VIHTep6oN” — n3ydeHne ak-
THBHBIX TPOIECCOB B XBOCTE MarHUTOCGephl 3eMJIM U UX CBsI3ell C
SIBJIEHUSIMM B aBPOpPAJIbHOM (IOJISIPHOM) MarHuTocepe ORHOBpE-
MEHHO C HCCIeIOBAaHMEM IIPUPOJIbI U CTPYKTYPbl KPYMHOMACIITA0-
HBbIX HEOJHOPOJHOCTEN CONHEYHOTO BETpa, NPU B3aMMONEHCTBUM
KOTOpBIX ¢ MarHutocgepoili 3eMiu aKTUBU3UPYIOTCSl YKa3aHHbBIC
nponecchl. OHM BKIIOYAIOT B Ce0si: HM3MEHEHHE KOH(QUrypaluu
MAarHUTHOI'O IIOJIsl B XBOCTE MarHUTOC(epbl NPU HAKOIMJICHUH B HEM
MarHUTHOM 3HEPTUd; TeHEePaIUIO NPOJOJBHbIX 3JIEKTPUYECKUX TO-
KOB, IOJIEP>KUBAIOLINX CBA3b HMOHOC(EPHBLIX TOKOBBIX CHCTEM C
MarHuTocgepoii; yCKOpeHne 3apsiK€HHbIX 4acTUl| (3JIEKTPOHOB U
HOHOB) — B XBOCTE MarHuTocgepbl ¥ B NOIIPHBIX OOJIACTIX; TEHE-
paLio MOILHOTO aBPOPaIbHOIO PaIMOU3IIyYEHUsI B KUJIOMETPOBOM
AHana3oHe BOJIH, BBIXOJSIIEro B MarHuTocdepy u3 objgacTei mo-
JSIPHBIX CHUSIHUIl; B3PBIBHOE BbICBOOOXKNIEHME SHEPIUMM, HAKOILIEH-
HOW B MarHUTOC(PEpHOM XBOCTE, B (PpOpME NYYKOB YCKOPEHHBIX
YaCcTHIl, JIEKTPUYECKUX TOKOB, MOHU3AUUU HOHOCHEPHI; PE3KUE
U3MeHEHUs] KapTUHBI NOJISIPHBIX CUSIHUN ¥ CBEYEHHUsI HOYHOrO Heba,
OTpaxarolye IOIJIOIIeHue HEPTUM MarHuToc(epHO IIa3Mbl B
BepXxHell aTMocdepe.

H3mepeHne napaMeTpoB IIOTOKOB 3apsiXKEHHBIX YacTUl, NJIa3Mbl
U 3NIEKTPOMATHUTHLIX IIOJIEN NPOBOAMTCS OJHOBPEMEHHO KOMILIEK-
COM HayyHOH ammapaTypbl, pa3MEIIeHHOH Ha TpeX HCKYCCTBEHHBIX
CIyTHUKAX 3EMIIU.

KocMmuyecknit ammapat “IIporno3-M2-512” (“HMHTep6on-17) c
cybcnyTHHKOM “Maruon-4" 3anyueH 3 asrycra 1995 r. ans nposene-
HUSI MI3MEPEHUI B KIIFOYEBBIX 00JIACTSIX MarHUTHOI'O XBOCTa 3eMIIH:
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Ha OKOJI0O3€MHOH ylapHOM BOJIHE, HA TPaHHUIAX Marsurocgepsl, B 06-
JIaCTH TIOMAPHOTO Kacma M B OKOJIO3EMHOM MEXKIUIAHETHOM TIPO-
CTpaHCTBe.

JleTHast Hayuynas nporpamma KA “UurepGon-1” 3aBepIleHa
16 oxTs16pst 2000 r. :

Kocmuaeckmit anmapar “ITporgos-M2-513” (“MirTep60ma-2”) 3a-
nymien 29 asrycra 1996 r. uist npoBeeHust HU3MEPEHHU 3IIEKTpoMar-
HUTHBIX U3JTy4EHWU#, MOTOKOB BHICHINAIOIIMXCS M BOCXOMSIINX Yac-
THL 1 QYHKIUIA pacrpeeieHnsl XOMOTHOMN IUIa3Mbl B CEBEPHOM aB-
popanbHoil o6nactu MareuTochepsl 3emin. “HETep601-2” M03B0-
AT TaKXKe HaOMIoNaTh IM0GATbHYIO KapTUHY TIONAPHBIX CUSIHW B
YITpaHOIETOBOM IHaNa30He, OTCIEKHUBAS IPH STOM KaK X opo-
CTPaHCTBEHHOE paclpefie/ieHNe, TaK U BPEMEHHYIO MHAMHKY B Iie-
puonbI Cyo0ypsb.

JlerHast mayunas mporpamma KA “HmTep6on-2” 3aBepllIeHa
26 guBaps 1999 r.

IMpoekt “HMHTepGon” cran BaxkHeIIeH YacThIO KpYIHEHIen Me-
XKNYHAPORHOM KOCMHYECKON NPOTrpaMMbI IO CONHEYHO-3eMHOM du-
3UK€, B KOTOPYIO BXOAAT SIMOHO-aMEPUKAHCKUil ciyTHUK “Teotein”,
aMEpUKAHCKHE BbICOKOANOrelHbIe CyTHUKY “Tlonap” u “Bunn”.

T'onoBHas OpraHM3aIys O KOMIUIEKCY HAY4HOM anmapaTtypel —
HucrutyT KocMudeckux uccnenopanmii PAH. ’

TonoBuast oprammsamus no KA “Uarep6on-1-2”° — HIIO
um. C.A. JlaBouyknna PocaBrakocmoc.

B Hacrosimee Bpemst ocyiectsisieTcss 06paGoTka u HHTEpPIpETa-
1usl ”HGOPMaNKH, ITOJyYeHHOM B XO[i€ peaNn3alyy JETHOM Hay4YHOH
nporpamMmel npoekTa “Hurep6on”. PesynbTaThl 06paGoTKH MpHBe-
OEeHbI B I'J1. 3.

IIpoekt “Koponac-®” (pasgen OKP ®epepanbHOil KocMude-
ckoii mporpammel Poccun) siBisieTcst 9acTbio HaydHOM MexnyHa-
ponHoii mporpammel “Koponac” (Kommiekcubie OpGHTanbHbIE
Oxonosemusie HaGmroneHuss AKTHBHOCTH Connna), B pamMkax Ko-
TOPO# OCYIIECTBIIEH 3allyCK OKOJIO3€MHOM KOCMHYECKOW COJHEY-
Holi o6ecepBaTopun “Koponac-®”. Jta 06cepBaTopus IpegHa3HAYe-
Ha g uccnepoBanuid ConHna Ha pasHbIX ¢asax 11-neTHero coi-
HeyHoro uukina. [pepeimymuit ciytauk “Koponac-M” (3anymeH B
1994 r.) na6mrogan Conuie BOIM3M MUHEMYMa €T0 aKTHBHOCTH. ATl-
napaTypa npoekra “Koponac-®” u3ydaeT CONHEYHYIO aKTHBHOCTh
BONIM3U MakcUMyMa Tekymiero 23-ro mukna. Cnytauk “Koponac-®”
BbIBEJICH Ha op6uty 3emnu 31 mrons 2001 r. u uMmeeT crnefyromue
napaMeTpel: HaKJIOHEHHEe OpOuTHI — 82,49°, ynaneHune OT MOBEPXHO-
cra 3emnu — 500,9 u 548,5 kM, nepuon o6pamienus 94, 859 mun. Ta-
Kasi OpOHuTa OGECHEYMBAET MOBTOPSIIOIIMUECS [EPHOABI HENPEPhIB-
HbIX HaOmiofeHu# 3a CONHIEM MIUTENBHOCTHIO NPUGIH3UTEIHHO
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20 cyT., YTO OCOOCHHO BaxKHO JJIs 3ajay reIMOCENCMOJIOTUY U MaT-
pyJIUPOBaHUS COJHEYHBIX BCHbImeK. CTaOumu3auusi OpHUEHTALUK
KOCMHUYECKOro anmapaTa (HeCKOJIbKO YITIOBBIX CEKYHJ| 32 CEKYH[Y)
[IO3BOJISIET JOCTHYD BEICOKOT'O MIPOCTPAHCTBEHHOTO pa3pelleHus Ha-
6monennit Conuna. ITpogomkaeTcss peanu3anus JeTHOH Hay4HOM
nporpaMMbl, 06paGoTKa M HHTEpIpeTalus NOJyJaeMoi Hay4HO’
HH(pOPMaLIUH.

OcHoBHbIe HayuHble 3afaud IpoekTa “Koponac-®”: Habmrone-
Husl TnoOanbHbIX KoneGanmit CoiHIA, M3y4eHHE CEHCMOJIOTMU €ro
HeJgp ¥ BHYTPEHHETO CTPOEHHs, KOMIIIEKCHBIE MCCIIEJOBaHMUs MOII-
HBIX JUHAMHUYECKUX NporeccoB akTuBHOro ComHia (aKTHBHBIE 0071a-
CTH, BCTILIILUKH, BHIGPOCHI IUIa3Mbl) B LIIMPOKOM [JHaNa30He IIMH BOTH
OT ONTHKY JIO FaMMa, U3y4YEHHE COTHEYHBIX KOCMUYECKHUX JIyYeH, yc-
KOpPEHHBIX BO BpeMs aKTUBHBIX siBlleHUH Ha ColHIle, yCIOBUH UX BbI-
XOJla, PacCHpOCTpPaHEHHUs] B MEXIJaHETHOM MarHUTHOM IOJE U BO3-
HefCTBUS Ha MarHUTocepy 3eMIn.

TonoBHast opraHuM3ayys IO KOMIUIEKCY Hay4yHOH amnmapaTypbl —
MHCTATYT 3¢eMHOTO MarHeTH3Ma, HOHOC(ephI ¥ paclipocTpaHEeHUs pa-
IXUOBOJIH.

TosoBHasi opraHm3anysl HO KocMmdeckoMy ammapaty AYOC-
CM-K® - I'’Kb “IOxHoe”, r. [ITHEnponeTpoBCK, Y KpanHa.

B Hacrosimee BpeMst ocyllecTBIseTcss 00paboTKa 1 HHTEPIpETa-
¥t ’HQOPMAIUH, ITONTYy4EeHHO! B XO€ peanu3alyy JETHOH HaydHOH
nporpammb! npoekTa “Koponac-®”. Pe3ynbTaTbl 0OpabOTKH IpUBE-
OEHBI B TI. 3.

Ipoekr “Koponac—-®oton” (paszgen OKP depepanbHOll Koc-
MU4YecKoll mporpaMmbl Poccun) npennonaraet ucciiefoBaHue Ipo-
L[ECCOB HAKOIUIEHHsI 3HEPIUH U €€ TpaHCc(OopMaliy B 9HEPTHIO YCKO-
PEHHBIX YacTHI, BO BpPeMs COJHEYHBIX BCIIBIILEK, MU3yYEHHE MeXa-
HU3MOB YCKOPEHHSI, PaCIpPOCTPaHEHNs U B3aUMOJEHCTBYS 3HEPruy-
HbIX yactul B atMocdepe ColHIa, ucciaefOBaHie KOPPEISLUN COJ-
HEYHOHN aKTUBHOCTHU C (PU3MKO-XMMUYECKUMH IIPOIECCaMU B BEPX-
Heil atMocdepe 3emun. [Inanupyemas gaTta 3amycka KOCMHYECKOIO
anmnapara — 2006 r.

IIpoBeneHue 3KcIepUMEHTa MO3BOMIUT AETANIbHO UCCIENOBATh Xa-
PaKTEPUCTUKU BHICOKOIHEPTETHYHOTO JIEKTPOMArHUTHOIO U3Jyde-
HHs1, HAOIIOAEHHOTO [JIsl HECKONIBKUX COJIHEYHBIX BCIBIIIEK POCCHI-
ckuM cnyTHHKOM “I'amMma-1” u amepumkanckumMu SMM u GRO
“Compton”.

BrniepBrie 6ygeT cucTeMaTH4eCKy UCCIEeJOBaHO FaMMa-I3JIyYeHe
COJIHEYHBIX BCUBIIIEK BINIOTH fo 3Hepruit 2000 MaB, ocymectBieHa
perucTpanus HEUTPOHOB anmapaTypoil ¢ Oonpuioi 3¢ @dEeKTUBHOH
miowansio. MisMepenne MUHENHON MOISpU3aliy H3IYYEeHUs] OTKPBI-
BaeT HOBBII KaHaJ MOJy4YyeHus: WH(POPMalMU O MeXaHU3MaX ycKope-
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HUS ¥ TepeHoca 3JIEKTPOHOB B O0/IacTé BCIBIMKYM. Briepseie B con-
HEYHbIX UCCIEJOBAaHUSIX OyAYT IPUMEHEHb! HOBbIE THIIBI COUHTHILIS-
TopoB (YAIlO;), N03BONSIOIMX IOBEICUTh ObICTPOAEHCTBHE anmapa-
TYpBbI 10 JOJIE MUKPOCEKYHbI, YTO YBEIMYHUT AOCTOBEPHOCTD MOJY-
YaeMbIX aHHBIX. [JaHHBIE 00 yNbTPaHOIETOBOM H3JIyUYEHUH BCETo
pucka ConHia OyAyT UMeTb aOGCONIOTHYIO TOYHOCTH He xyxke 10%,
YTO OCOOEHHO BAaXKHO [IJIs1 MOAEIMPOBAHUS NTPOLIECCOB B BEPXHEN ar-
Mocepe.

CoBokynHele gaHHble MpoeKTOB “Koponac—Poton” u “Kopo-
Hac-®”, “Yohkoh”, GRO “Compton”, “Soho” “Ulysses”, “Wind”,
“Rhessi” u ckopennupoBaHHBIE cO cyTHUKOM Solar-B HaGarope-
HUs, B3aMMHO NOMNOJHSAS APYyTr ApYyra, NO3BOJSAT CYLIECTBEHHO MPO-
ABUHYTBLCS B ITOHMMAHUN IOCIENOBATENBHOCTH IPOIECCOB B COJI-
HEYHOM IJIa3Me, IPUBOMSIINX K B3PbIBHOMY IPOLIECCY BBLICBOOOXK-
J€HUS SHEPTUH, CONPOBOXKAAIOIINMCS BEICOKO3(P(HEKTUBHBIM YCKO-
PEHMEM YaCTHUI] C MOCIEAYIOLIUM UX IPOSIBIIEHNEM B HAOIOaeMbIX
SIBJICHUSX.

lonoBHast opraHmM3anys 10 KOMIUIEKCY HAy4HOH ammapaTypbl
npoekrta “Koponac—®oToH” — MOCKOBCKHI HHXEHEepHO-(pu3nye-
CKUY UHCTUTYT.

l'onoBHas opranmsanus mo kKocMmyeckoMy ammapary “Kopo-
Hac—®PoToH” — Hay4yHo-KcCcleoBaTe TbCKUI MHCTUTYT JIEKTPOMEXa-
Hukn — HUMOM, MockoBckast obnacts, r. Mcrpa.

Cocrosiaue pa6ot no npoekty “Koponac—®oToH” creyromue.

1. Onpenenenpl HayyHble 3a1auyl MPOEKTa, COCTaB U pa3paboTy-
K OOpTOBOI Hay4YHOH annapaTypbl; TUI 6a30BOr0 KOCMHYECKOTO afl-
napara (“Mereop-3M”), cocTaB IITATHBIX CUCTEM M MX M3TOTOBHTC-
ny; TAI pakeThl-HocuTens (“Iuknon-3M”), KocMOpoM U KOHKpeT-
Has cTapToBas IJIOLIAMKa; POCCHUACKHME Ha3eMHbIE NyHKThbI MpHeMa
Hay4HOU nH(popmMauuu.

2. 3aBeplneHa KOHCTPYKTOpPCKasi NMPUBSI3KA CIYKeOHbIX (IITAT-
HBIX) CHCTEM KOCMHYECKOIO allapaTa U Hay4YHOH ammapaTyphbl IO
9JIEKTPONMTAHUIO, CUCTEMaM yIIpaBJIeHHUs, CheMa ¥ nepenadu uHgop-
Manuu. CorjacoBaHbl BCe 3JEKTPHUECKUE HHTEPENCHI.

3. 1y GONBLIMHCTBA Hay4YHBIX IPUOOPOB 3aBEPIIAETCS U3TOTOB-
JIEHUE TEXHOJIOTMYECKUX 0OPa3LOB, 7151 YACTU U3 HUX BEyTCS Tpajy-
HUPOBOYHBIE U PECYPCHbIE UCIBbITAHUS.

4. OmnpepneneH NOpsiOK KOMIUIEKCHON OTPabOTKH HAyYHOU amnma-
paTypsl ¥ Ha4aTO CO3aHKE COOTBETCTBYIOLIUX CPEACTB.

IIpoekT “UuTepremuosonn”’ (pasnen HUP depepanvHoit Koc-
MHUECKOH IIporpaMmbl Poccun) npenHasHayeH uisi IpOBEEHUs HC-
cnepoBaHuil CoJIHLIA U BHYTPEHHEH reauocgepsl ¢ UeNbio pelieHs
npo6JIeM HarpeBa COJIHEYHOUM KOPOHbI, YCKOPEHHUS COJIIHEYHOTO Be-
Tpa, NPOUCXOXKAEHNsI HauOoJlee MOIIHBIX NPOSBICHUAN COJTHEYHOU
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aKTUBHOCTHU — COJIHEYHBIX BCIIBIILIEK U BLIOPOCOB KOPOHAJIBHOI'O BE-
1IECTBA.

OcHOBHbIE Hay4YHbIE 3a/layd MPOEKTA: HaONIONEHUS C BBICOKUM
POCTPAHCTBEHHbIM U CHEKTpPajbHbIM pa3pelleHUEeM COJHEYHOU
aTMoc(epsl IS UCCIIeJOBaHMs €€ TOHKOU CTPYKTYPhI M MEJIKOMac-
mTaGHON OUHAMMKU, BKJIIO4Yas NpefrnoiaraeMbele 00J1acTu ucreye-
HUSI U3MEHYUBOT'O MEMJIEHHOI'O COJIHEYHOTO BETPa, [IJIsI YCTaHOBIIe-
HUSI [NIa3MEHHBIX MUKPONPOLIECCOB, ONPENEISIOIINX HarpeB Xpo-
Mocdepbl U KOPOHBI, YCKOPEHUE MEJIEHHOI'O M OBICTPOro COJIHEY-
HOI'O BETPa; UCCIEOBaHNE aKTUBHbBIX 00JIacTEe, BCOBIIIEK, BEIOPO-
COB U [PYIHUX MEXIUIAHETHBIX BO3MYLIEHUH, BPEMEHHBIX U IpO-
CTPaHCTBEHHBIX Koppensanuii Ha ConHlle U B MEXIIJIAaHETHOH cpefie
B nepuoabl yacthuaHoi kopotaunu KA c BpamenneM ConHua; on-
pelesieHHe XapaKTEepUCTHK COJHEYHOIO BETpa, MJIa3Mbl U MarHuT-
HOTO IOJIS B 061acTsax renuocdepbl, KOTOPbIE CBSI3aHbl C MarHUTO-
aKTHUBHBIM IIOSICOM CTPUMEPOB U KOPOHAJIBLHBIMU AbIPAMH, TPOCTH-
PAOILLIMMHU OT HNOJISIPHBIX A0 NPUSKIUNTHYECKUX IINPOT; UCCIENOBa-
HUE IUIa3MEHHOU TypOyJIEeHTHOCTH, IPOLIECCOB YCKOPEHHSI, YAEpXKa-
HUsl U pacIpOCTpaHeHNsl JHEPrUYHbIX yacTul BOnu3u ConHLa; mo-
JIy4eHUE CTEPEOU300paAKEHNN COJIHEYHBIX OOpa30BaHUU U HCCIe-
NOBAaHUE UX TPEXMEPHOH NPOCTPAHCTBEHHO-BPEMEHHON AMHAMUKY;
anpo6anysi 1 oTpaboOTKa JUCTAHLIUOHHBIX M JIOKAIBHBIX METOMOB
npefcKa3aHus reluocepHO NOrobl ¥ U3y4YEHHs COJTHEYHO-3EM-
HBIX CBSsI3EH.

Bepnyiiee HayuHoe ydpexaeHue — MIHCTUTYT 3eMHOrO MarHeTus-
Ma, HoHOc(ephbl U pacnpocTpaHesus paauoBoiaH PAH.

ITpoekT HaxoguTCcs B cTagud NpopaGOTKN BO3MOXKHOCTEN pele-
HUS TIOCTABIICHHBIX HAayYHBIX 3ajay C IPEANpHUSITUSIMU PaKETHO-KOC-
Muueckol otpacnu Poccuu.

IIpoekr ‘“Pe3zonanc’ mpegHa3HayeH I UCCIENOBAHUN Mpolec-
COB PE30HAHCHOI'O B3aUMOJEMCTBHS 3JIEKTPOMATHUTHOTO M3JTy4YEeHHUS
C 3apsiKEHHBIMHU YacTHLIAMH MarHUTOCGhEpbl 3eMIIH.

OcHoBHbBIE Hay4yHbIe 33[]laull IPOEKTA: IJIUTENbHbIE HAONIONEHUS
€CTECTBEHHBIX SBJIECHUN B BHIOPAHHOH CHIOBOH TpyOKe. MAarHUTHOTO
noJssi (MUHAMHUKA U PEeXUMbI MarHUTOC(EPHOT'O MUKIOTPOHHOIO Ma-
3epa, G OpMHUPOBaAHUE U paclaj KOIbIEBOrO TOKA, 3aI0JTHEHHE TIJ1a3-
Mocepbl OC/Ie MAarHUTHBIX BO3MYIIEHUH, POJIb MEJIKOMACIITaGHbIX
SIBICHUH B r106albHON AUHAMMKE M1a3Mbl); HICKYCCTBEHHOE BO3[IEii-
CTBHE Ha PEXKHUM MAarHUTOCGEPHOro Ma3epa (UCKyCCTBEHHOE BO30YX-
OEHUE W/WIM CTUMYJISLMS BOJH, MOAM(UKAIHUS MOTOKA BbBICHINAIO-
LUXCS YacTHUl, U3MEHEHUEe JOOPOTHOCTH Ma3sepa NyTeM MoauduKa-
MU K03 pUnueHTa OTpakeHusi OT HOHocdephl).

Benymiee HayyHOe yupexpaeHre — MHCTUTYT KOCMHUYECKUX HcClie-
nosauuit (MKN) PAH.
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IIpoexT HaxoguTCs B cTaguyl MpopabOTKU BO3MOXKHOCTEN pellie-
HYSI IOCTABJICHHBIX HaY4YHbBIX 3afay C NPEANpUSATUIMU PaKeTHO-KOC-
Muyeckon otpacau Poccun. '

1.2. BHeaTmocthepHas acTpoHOMUS

IIpoekt “Pentren—Ksant” (pasgen OKP ®epnepanpHOil KOCMU-
4YecKoit mporpaMMel Poccun) HalesieH Ha HCClIeJOBaHNE SHEpreTHie-
CKHX U CIIEKTPAbHBIX XapaKTEPUCTHK W BPEMEHHOH TepEMEHHOCTH
KOCMHYECKHX MCTOYHHKOB PEHTT€HOBCKOIO HM3IIyYEHUs: PEHTTE€HOB-
CKMX IIyJIbCapOB, MaJOMAacCHUBHBIX IBOMHBIX CHCTEM, PEHTTE€HOBCKUX
HOBBIX, aKTUBHBIX sfiep TallakKTUK, KBa3apoB. OCHOBHbIMHU HayYHBIMHU
3afjayaMy NPOEKTa CTalIM: NOCTPOECHKHE M300pakKeHWil Y4acCTKOB He-
OecHOll cheprl B pEHTT€HOBCKOM [Halna3oHe [JIMH BOJIH, JIOKalIu3a-
sl JUCKPETHBIX MCTOYHHUKOB HM3JIy4EHUHl; MCCIeOBaHNE SHEPreTH-
YECKHX CIIEKTPOB rajakTUYeCKHX OObEKTOB M IIOBEJEHNE UX BO Bpe-
MEHH; IIOUCK SIPKUX PEHTT€HOBCKMX TPAH3HEHTOB B HaCEJIEHHBIX 00-
JacTdax Heba.

Mopyns “KBaHT” ObLII BbIBEIEH HAa OKOJIO3EMHYIO OpOUTY U IpU-
CTBIKOBaH K opOurtanbHOi numinotupyemoil cranmuu (OIIC) “Mup™
BecHO! 1987 r., mpekpaTHBLIMII CBOE CylIecTBOBaHHME 23 Mapra
2001 r. B nepuon mwraTHO# pa6oThl Moaynb “KBaHT” obecnedmBal
IPOBEJCHUE JIETHOM Hay4yHON IporpamMmbl oGcepBaTopuu ‘“‘PeHT-
rei—KBant”. Pa6ouas opbura OIIC “Mmup” mo3Bonsina NpOBONUTH
ceaHChl HAaOIIONEHUI Ha KaXKIOM BUTKE CO CpeJHER NMPOAOIKUTENb-
HOCTBIO ceaHca okoJio 20 MuH. [Ipu 3TOM TOYHOCTH cTaOMIM3aLUAA
CTaHLUM 32 BpeMsI CeaHca HaXOAWIach B NIpefieNiax 2 YIIOBbIX MUHYT.

KoMnnekc HayyHBIX NpuUOOpPOB, YCTaHOBJIEHHBIX Ha 0OGcepBaToO-
pHuH, BKIIOYaeT B ceOsi 4eThIpe acTpO(U3MYECKUX IKCIEPUMEHTa:
TTM/Comis (Teneckon ¢ KORMPOBaHHOH aneptypoi), “Hexe” (cuuH-
THJISIHAOHHBIA CIEKTPOMETP C KadarolUMcS KOJUIMMaTOpOM),
GSPC (cuMHTHILISIIMOHHBIN TPONOPIMOHANBHEIN cueTyuk) U “Ilynb-
cap-X1” (BBICOKOHEPIeTUYECKHH CHMHTHUISIUOHHBIA CIEKTPO-
MeTp). Bee ykazaHHbIE 9KCIEpIMEHTHI OOecrednBanu KOMIITIEKCHYIO
HH(pOPMAIMIO O HAGIIO[aeéMOM HCTOYHUKE.

I'onoBHast opraHu3alHs IO KOMIUIEKCY Hay4HOH ammapaTypbl —
HHcTUTyT KOCMUYECKHX HccliefoBaHuil Poccuiickoil akageMun Hayk.

I'onosuas oprarmzanus o OIIC “Mup” — PakeTHO-KOCMHYecKast
Kopnopanus “OHeprus’.

B nacTosimiee BpeMs ocylecTBIsgeTcs: 00paboTKa U MHTEpIIpeTa-
s nHOpMaNKy, NOIYyYEHHO! B XOe pealln3aliy JIETHOH Hay4HO’
nporpaMmbl npoekTa “Pentren—KBaHT”. PesynbraThl 006paboTKHU
IpUBENEHBI B . 5.
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Ipoexr “I'panar’ (paspen OKP PepepanpHoii KOCMUYECKOH
mporpaMMbl Poccum) HallelleH Ha IpOBEfeHHE HCCIEeJOBaHUI B
PEHTI€HOBCKOM M raMMa-Aualna3oHax JJIUH BOJH KBa3WCTallMOHap-
HbIX MICTOYHUKOB M HCTOYHUKOB I'aMMa-BCIIJIECKOB C IOCIENYIOIIUM
NOCTPOEHHEM HM300paXkKeHUs1 OIPENieICHHBIX y4acTKOB Heba C Ie-
JBIO TOKAJU3alii Ha HEM JUCKPETHBIX UCTOYHUKOB. OTHOCHUTENb-
HO sIpPKH€ MCTOYHMKH [IE€TaJbHO HCCIENYIOTCS C IIOMOIIBLIO CIIEKT-
palbHOTO aHaIN3a U CIIeXEHHUS 3a NOBEIEHHEM BO BPEMEHH UX U3-
y4eHUsl.

OcHOBHbIE Hay4HbIE 3a[ja4d IPOEKTA: MOCTPOEHNE H300pasKeHHI
y4acTKOB HeOeCcHOH ceprl B peHTTEHOBCKOM U IaMMa-[Juala3oHax
JJIMH BOJIH, JOKaNIHU3alUs OUCKPETHBIX UCTOUYHHKOB U3IyYeHHH; UC-
CIIeJOBaHUE SHEPreTUUECKUX CIEKTPOB ralakKTUYeCKUX M BHErallak-
TUYECKUX OOBEKTOB U IIOBEICHUE X BO BPEMEHH; NaTpyJbHOE Clle-
KeHHue 3a HeOeCHOU cpepoil ayisi oOHapy:KeHHsi HOBBIX MCTOYHUKOB
PEHTTeHOBCKHUX U FaMMa-U3IIy4YeHUH; HCCIeJOBaHUe CIEKTPOB raMMa-
BCIUJIECKOB M X ITOBEJCHHUE BO BPEMEHH.

Cnytauk “T'panat” 6bl1 3amymeH Ha op6uty 3emnn 1 mekabpst
1989 r. JleTHast Hay4Hasi mporpaMma ObLiIa 3aBepiueHa B 1998 r. u B
Ipolecce ee BBINOJHEHHs ObINU [eTallbHO MCCIEeNOBaHbl CBOWCTBA
PEHTIEHOBCKMX MCTOYHUKOB: aKKPEIUPYIOIUX HEHTPOHHBIX 3BE3] U
YEPHBIX [IbIP, AKTUBHBIX SAEP TAIaKTUK, KOCMIYECKHX FaMMa-BCILIe-
CKOB ¥ BBICOKOIHEPI'MYHBIX CONHEYHBIX BCHbIMEK. ITpopomxaeTcs
aHaju3 ¥ oOpaboTKa NaHHBIX, TONYYEHHbIX oOcepBaTopueil. Pesymnn-
TaThbl 0OpabGOTKY IPUBEEHBI B I'1. 5.

I'onoBHasg opraHu3anys No KOMIUIEKCY Hay4YHOH amlmapaTypbl —
HNuctutyT KOCMUYecKHX uccieqoBanmii Poccuiickoii akaieMun HayK.

T'onoBHas opranu3zanus no KocMudeckomy anmnapaty “I'panat” —
HITO M. C.A. JIaBouknHa Poccuiickoro aBHalliOHHO-KOCMHYECKOTO
areHTCTBA.

IIpoexT “Benneck” (pasgen OKP ®epepantHoOll KOCMHYECKOR
nporpaMmsl Poccun) npegHasHaueH [Jisl IPOBEEHUST UCCIIENOBaHUN
KOCMHYECKHUX raMMa-BCIIeCKOB. OH BKIIIOYAET B ceOsl JBa CHHXPOH-
HBIX 9KCIIEPUMEHTA I10 UCCIIENOBAHUIO BCINIECKOB KOCMHUYECKOTO I'aM-
Ma-u3nyyeHusa — “Konyc-Buun” u “KoHyc-A”, KOTOpBIE pEHIalOT
cliefyloliie OCHOBHBbIE HayyHble 3ajjayl: JeTajJbHOE H3y4YCHHE Bpe-
MEHHBIX Npoduiiell raMMa-BCIUIECKOB; HCCIENOBaHME 3IHEpreTHye-
CKHX CIIEKTPOB BCINIECKOB B IIMPOKOH o6mactu aHepruit oT 10 k3B o
10 M3B; uccienoBanue 6bICTPOI CIEKTPAIbHON HEPEMEHHOCTH H3I1y-
YEHUs BCIUIECKOB B CINIOIIHOM CIIEKTPE H B IMHUSX; TOKAIA3aLUs UC-
TOYHHKOB IaMMa-BCIJIECKOB OBYMS HE3aBHCHMBIMU METOJAMH: IO
DaHHBIM CHCTEMbl aBTOHOMHOH JIOKaIM3allil U TPUAHTYISLAOHHBIM
METOJIOM BO B3aUMOJIEACTBUY C MEXYHAPOTHO! CEThIO PETUCTpalU
BcrieckoB IPN (Interplanetary Network); IOHWCK M UCCIIENOBaHKE OI-
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THYECKOM aKTUBHOCTU HCTOYHHUKOB BCIUIECKOB, HAYMHAS C HAYaIbHOM
asel cOObITHS, PETHCTPUPYEMOrO 110 raMMa-U3J1y4EeHHIO, CYIIECT-
BEHHOE YTOYHEHHME JIOKAJU3alU¥M NpU OOHAPYXKEHHH ONTHYECKOTO
TpaH3UEHTA.

[TponomkaeTca peanusauus JETHON HayYHOW NPOTrPaMMbI, OCY-
IIECTBISIETCS. PUEM, aHAIM3 ¥ 00pabOTKa MaHHBIX, MOJTYYEHHbIX B
XOJIe CHHXPOHHBIX 3KCIIEPUMEHTOB IpoeKTa “‘Bemieck”. Pe3ynbTaThl
00pabOTKHU NpUBENEHBI B I'I. 3.

Tlonoshast opranmsauust IO KOMIUIEKCY Hay4YHOU ammapaTyphbl
“Konyc-Bunp” u “Konyc-A” — ®U3MKO-TEXHUYECKUH WMHCTATYT
m. A.®. Uodde PAH.

lFonosnas oprammsanus no KA Ttunma E2Y - KB “Apcenan”
uM. M.B.®pyHnse Poccuiickoro aBuanoHHO-KOCMHUYECKOTO areHTCTBA.

PesynpTaThl 06pabOTKM NPUBEIEHBI B TII. 5.

IIpoext “CIIEKTP-P” (“Pagnoactpon”) Bxonut B paznea OKP
PenepanbHOl KOCMUYECKOH TporpamMmbl Poccuu u HanpaBieH Ha co-
3[JaHME COBMECTHO C INI00aJIbHON Ha3eMHO! CETHIO PATMOTENECKONOB
eIMHYIO CUCTEMY Ha3€MHO-KOCMHYECKOT0 MHTepdepoMeTpa IJis 1o-
Jly4eHus1 n300paKeHul, KOOpAKHAT ¥ YIJIOBBIX IEepeMelleHUul pas-
JINYHBIX 00BEKTOB BceneHHo! ¢ lumpuHOI NenecTka o 8 MKC Ayrd Ha
minuBe BOJHBI 1,35 cM, yTo B 50 pa3s mpeBbllIaeT paspelnieHue rio-
0anbHON Ha3eMHOM CETH pagUuOTENIECKOMOB.

OcHoBHbIE Hay4HblE 3ajjlaydl NPOEKTa CBSI3aHBI C MMOCTPOCHUEM
BBICOKOTOYHBIX U300paKeHN pa3nnyHbIX OO0 beKTOB Beenennoi, us-
MEpPEHHEM HX KOOPAMHAT U U3y4eHUEM N3MeHeHull co BpemeHeM. 1llu-
pHHA auarpaMM HaIpaBJIEHHOCTH CHCTEMBI [0 35 MKC Ayru (mus pe-
3epBHOM OpOUTHI — 10 10 MKC yriI0OBbIX).

B 4ucno o6BeKTOB HCCIENOBaHUN BXOAST: 3BE3[bl U IIaHETHBIE
CHCTEMBI Ha pa3HbIX 3TaNax 3BONIOLUY, HEUTPOHHbIE 3BE3[bI — MYJIb-
capel U YepHbIE€ ABIPbI B Halllel rajlakTUKE, CTPYKTypa ¥ 9BOJIIOLHUS
KOCMUYECKHX Ma3epOB, UCCIIEOBAaHIE MEX3BE3HON cpenibl, (pusnye-
CKHE IIPOLeCcChl OKOJIO CBEPXMACCUBHBIX YEPHBIX IbIP B AApax rajak-
THK, TPOLECChl YCKOPEHHs PENISITUBUCTCKUX YaCTHL, CBEPXMOILIHOE
9HEProBbIJJe/IEHHE, CBEPXBbICOKME SPKOCTHbIE TEMIEpPaTypbl M
CBEPXCBETOBbIE [BUXKEHHUS, KOCMOJIOTHYECKAasi 3BOJIIOLHS KOMIIAKT-
HbIX BHErajJakKTHUeCKHX paAMOMCTOYHUKOB, TpaBHTAaLMOHHbIE 3-
¢hexThl, rpaBUTALMOHHBIE BOJIHBI, (PYHAAMEHTANbHBIE KOCMOJIOTHYE-
CKMe€ ITapaMeTpPhl U NIPUPOJa CKPLITON MaccChl.

MexnayHapogHbIil TpoekT “PaguoacTpoH” mpeaycMaTpUBaeT 3a-
Myck KocMuyeckoro 10-MeTpoBOro paguoTeslecKola Ha SJUIMNTHYE-
CKYIO BBICOKOAIIOrelHYI0 OpOuTy cnyTHuKa 3emiuu. OpOurta mmeer
CIeMalIbHO NOJOOpaHHYIO PEryJsSpHYIO 3BOJIIOLMIO Oyiarofapsi cia-
60My rpaBUTalUOHHOMY Bo3aeicTBuio JIynel. Ilepuon oOpameHus
CIyTHHKa OKOJO 9,5 cyT.; paguyc nepuress MeHseTCs B Ipefenax
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10...70 TbIc. KM, anorest — 300...350 Tbic. KM. DBOJIOLUS OpPOUTHI
o6ecneynBaeT BpallleHUe €€ INIOCKOCTH OKOJIO cl1abo MEHSIOLEeNncs
OCH alcCHj,.

I'onmoBHast opraHu3anys Mo KOMIUIEKCY Hay4yHOH amnmapaTyphl —
AcTtpokocMmuueckuil HeHTp Pusnyeckoro uHctuTyTa UM. I1.H. JleGe-
meBa Poccuiickoii akagemMun Hayk.

l'onoBHass opraHu3anusi Mo KocMuyeckomy ammapaty — HITO
uMm. C.A. JlaBoukuHa PoccuiicKoro aBMallMOHHO-KOCMHYECKOIO
areHTCTBa.

CocrosHue paboT 1o npoekTy “PagroacTpon” ciegyroiiee.

1. 3aBepiieHa c60pKa MOJHOPa3MEPHOTO PaCKPbIBAIOLIErOCs aH-
TEHHOTO pediekTopa kocMmuueckoro papuoteneckona (KPT) pua-
MeTpoM 10 M ¢ 27-0 JIeNecTKaMy ¥ [EHTPAJIbHBIM 3€PKAJIOM, H3TOTO-
BJICHHBIMH U3 KOMIIO3UIIMOHHOTO MaTepuana.

2. Ha nmonuroHe niisi Ha3eMHBIX paiioacCTPOHOMHUYECKUX UCIIBI-
TaHui KPT ycTaHOBIEHO M OTBIOCTHPOBAHO ONOPHO-NIOBOPOTHOE
YCTPOMCTBO U OTJIaKEHO yIpaBieHue uM. PazpaboTaHbl CXeMbI HC-
MbITaHUMA.

3. BasepieHs! 1a6opaTOpHbIE UCTIBITAHUS JIEKTPOHHOTO KOMII-
nexca KPT u ucneiTanust ”HTEphepomeTpa ¢ HylieBoit 6a30ii (6e3 aH-
TEHH).

IInanupyemass pata 3amycka KOCMHYECKOro ammapara —
2005-2010 rr.

IIpoekt “Cnekrp-Pentren—I'amma’ (pasgen OKP depepanb-
HOM KOCMH4YeCKOH nporpaMMmsl Poccun) npegHa3HavyeH AJisi IpoBe-
JeHUs HaOIIONEHNN KOCMUYECKUX HCTOYHHUKOB B IIMpOYaiIIeM ou-
amna3oHe 9Heprui (OT JaleKoro yabTpaduoseTa JO raMma-u3iyde-
HUsT), IOCTPOEHUSI N300pakKeHU B PEHTTE€HOBCKHUX JIy4aX C BbICO-
KHUM YIJIOBBIM pa3pelleHMEM, OCYIECTBIIEHUsl NETalbHOU CIEKT-
POCKOIIMH ¥ UCCIIEJOBAaHUN KPUBBIX OJIECKA PEHTI'€HOBCKUX UCTOY-
HUKOB.

B 4ncno OCHOBHBIX Hay4HBIX 3afia4 BXOAUT pellIeHHe CIeyIOINX
npo6iieM: KOCMOJIOTHH (M3MepeHHe MOCTOsIHHOM Xab06i1a, onpepee-
HHYE KpacHbIX CMEIEHUI CKOIIJICHUH rajlakKTHK 110 peHTT€HOBCKYM JIU-
HUSIM XKeJie3a, MOJACYEThl CBEPXCIaObIX JJaJIeKUX PEHTTEHOBCKHUX HC-
TOYHHUKOB, HCCIIENOBAaHUE U3YUYEHUsI MEKTaJaKTHUECKOro rasa, u3me-
peHue yrioBbIX (IIFOKTyalUi PEHTIE€HOBCKOrO (POHOBOIO H3Iyye-
HUs1, ICCTI€JOBAaHNE CKPBITOI Macchl B ralakTHKaX U CKOIICHHUSIX ra-
JIAKTUK); BHETAJIAKTHYECKON aCTPOHOMMUH (Ji€TallbHOE HCCIEeJOBaHNe
CIIEKTPOB U NEPEMEHHOCTEN BHETATAKTUYECKUX MCTOYHHMKOB, IOUCK
JaneKuX KBa3apoB U siiep aKTHUBHBIX rajJlakTHK, IOMCK MOJIOMbIX Ta-
JIaKTHK M CKOIUICHH rajakTHK, HaXOJALIMXCA B CTaguu oOpa3oBa-
HUS1); TallakKTHYECKON aCTPOHOMMM U PENSITUBUCTCKON acTpoU3UKH
(meTanbHOE HCCNEIOBAHKE YEPHBIX [bIP U HEATPOHHBIX 3BE3] B ABOM-

15



HBIX 3BE3[HBIX CHCTEMAX; UCCIIETOBAaHNE IPHPOIBI PEHTTEHOBCKUX MHc-
TOYHHKOB METOaMH CHEKTPOCKONNHU ¥ MOJISPUMETPHH, IIOCTOSIHHOe
clieskeHue 3a BceM HEOOM C IeJIbIO IOUCKA HOBBIX PEHTTEHOBCKUX Hc-
TOYHMKOB ¥ KOCMHUECKHNX TaMMa-BCIUIECKOB, ucciienoBanue Conney-
HBIX ¥ 3BE3[IHBIX BCIBIIIEK B PEHTT€HOBCKOM JiIMalla30He).

T'onoBHast opraHu3anysi O KOMIUIEKCY HayyHOH amnapaTyph
(KHA) — IHCTHTYT KOCMHUYECKHX MCCeqoBanuil Poccuiickoil akaje-
MUH HayK.

T'onouast opranuzanus mo KA “Cnextp-PI”” — HITO um. C.A. Jla-
BOYKMHA POCCHIICKOrO aBHAIMOHHO-KOCMHYECKOTO areHTCTBa.

Ilnanupyemass pgarta 3amycka KOCMHYECKOro ammapara -
2005-2010 rr.

Cocrostaue pa6oT no npoekrty “Cnexktp—PenTren—I'amma” cieny-
Io1ee.

1. ITpoBeneno 75% oTpabOTOYHBIX UCHBLITAHNI HayYHBIX NPUOO-
POB IO IporpaMMme KOHCTPYKTOPCKO-TOBOOYHBIX HCIIBITAHAN, B TOM
YHCJIe PECYPCHBIX UCTIbITAHHIA.

2. I3roToBNeHO 1 NOATOTOBJIEHO K (PU3NYECKOH OTpabOTKE M Ka-
nuOpOBKeE IO paglOaKTUBHBIM UCTOYHUKAM 60% IITaTHBIX 00pa3LOB
npubopoB. B 3apene Haxogutcs 70% 1TaTHBIX NpUOOPOB.

3. Bemmonneno 6onee 50% o6beMa pabOT NO U3TOTOBIEHUIO B
MTPON3BOJCTBE CNENMATBLHOTO OOOPYAOBaHUS M TEXHOIOTHYECKOHN OC-
HacTKH g obecnedenus pa6ot c KHA B cocTraBe KocMU4ecKOro an-
mapara (KA).

4. Orpab6otaHo 6onee 70% pexMMOB IPOrpaMMBbl BUOpOCTaTHYE-
ckux ucneiTanuit KHA.

5. Ilpopom:xaroTcs pabOThI MO U3TOTOBJIECHHUIO IITATHLIX OOpa3-
LJOB KOHTPOJbHO-UCTILITATEILHO! annapaTypbl Hay4YHbIX NIpUOOpPOB
u O01mokoB i1 o6ecniedenus pabotr ¢ KHA B cocTase eTHOro usfe-
nusg KA.

IIpoekT “Cnexktp-Y®” (pa3zgen OKP depepansroii kocMuye-
cKolt mporpaMMbl Poccun) — MexyHapofiHasi KocMudeckasi oocepBa-
TOpHS, IpefHa3HaueHHas s IPOBEICHUS] aCTPOHOMUYECKUX HAGIIIO-
[NEeHHU B HEJOCTYITHOM [Is1 HAOIIOCHUH C TIOBEPXHOCTU 3€MJIIU YIIbT-
paduoneToBoM fuanasoHe cnekrpa (91-350 uM). B coctaB obGcepBa-
TOpUH BXOHAST TEJIECKON C AMaMeTpOM IJlaBHOro 3epkana 170 cM,
610K KaMep HOJS IJIs MOJyYeHUs] N300paKeHUN M TPEXKaHaJIbHbIN
ciektpoMetp (paspematomasi cmia ot 1000 go 60 000). ITo cBoum
BO3MOXKHOCTSIM O0CEPBAaTOPHUsSI BO MHOTHX OTHOLIEHHUSIX JOJIXKHA Ipe-
BOCXOJIUTL KOCMHUECKUH Tejeckom Xaboma.

I'onoBHas opraHM3anys N0 KOMIUIEKCY Hay4yHOH amnmapaTypbl —
HMucturyT actpoHomun Poccuiickoil akageMun HayK.

TonoBHas opraHm3amus MmO KocMHYeckoMmy ammapaty — HITO
um. C.A. JlaBoukuHa Poccuiickoro aBuanimOHHO-KOCMUYECKOTO areHTCTBA-
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IInaHupyemass para 3allycka KOCMHMYECKOro amnmapata —
2005-2010 rr.

IIpoekT “Acrpomerpus’ (pazgen HUP depepanvHOll KOCMIUe-
cKO# IporpaMmsbl Poccuy) mMmeeT Lenblo pa3spaboTKy U BBIBOJ Ha
OKOJIO3EMHYIO0 OpOUTY ONTHYECKOro HHTepdepoMeTpa, obecneunsa-
IOLIEr0 TOYHOCTh acTpOMETpUYecKux HabmiopeHu#t go 20 MKcC pyru
IIpY EAMHUYHOM U3MEPEHUH, UTO Ha TPH NOPsAKa BbIIlE YPOBHSA TOY-
HOCTH U3MEPEHMH, JOCTUTHYTOI'O B MMPOBOH aCTPOHOMHUHU.

OCHOBHBIMM Hay4HBIMH 3aflJadyaMU IIPOEKTa SIBISIOTCS: OCTaB-
JleHue KaTanora nonoxeHuit ~5000 acTpoHOMHYECKUX OO BEKTOB C
MHKPOCEKYHHbIM YPOBHEM TOYHOCTH; OINpefeieHue aOCOMIOTHBIX
napajjiakcoB [iJIs1 BCeX THIIOB HaceJieHus Haluen ["anakTuky u, Bo3-
MOKHO, ONpENENeHUs NapajlyIakCcoB ONMKalmMX BHeErajgakTHye-
CKHX O0BEKTOB; IOCTPOEHNE MHEPIHAIbHON CUCTEMbl KOOPAHMHAT,
B KOTOpPOH OYAYT OoNpefeseHbl napaMeTphl ABr:KeHus Tea ConHey-
HOM CHCTeMBI U 3Be3]] ['amakTuky; uccnegoBaHue reomeTpun Bee-
JIEHHOH (yTOYHEHHE ILIKallbl PACCTOSIHUI BHYTpH U BHe Hameli I'a-
JIaKTHKH, U3y4UEHUE BpalleHUs ['anakTUK®) 11l TOJyYEeHUS e Talb-
HOM KapTUHBI JMHAMHUUYECKUX NpoueccoB B ['anmakTuke (Ha OCHOBE
YTOYHEHHsI 3HA4YEeHUII Macc U UX paclpefesieHus B IPOCTPAHCTBE,
BKJIIOYasl MOJy4EHUE KOJIUYECTBEHHBIX OLEHOK BUIUMOIO U HEBU-
OUMOT'O BeIlleCTBa).

Benymee HayuHoe yupexpaenue — MHctutyT actrpoHomun PAH
(MHACAH).

ITpoexT HaxomuTcs B cTaguu MpopabOTKH BO3MOXKHOCTEH pelie-
HUs TIOCTaBJIEHHBIX HAayYHBIX 3ajay C NPEANpHUITHIMU pakeTHO-KOC-
MHYecKon oTpaciu Poccun.

IpoekT “I'amma-400” (paznen HYP ®epepanbHoOil KOCMAYECKON
nporpamMmbel Poccum) co3paH [7sl yCTAHOBJIGHUS! TPHPOJBI BBICOKO-
SHEPrUYHOr0 KOCMHYECKOIO IaMMa-U3NydeHHus B 00JIacTH SHEPrHil
Boile 30 I'sB, rae 1o HacTosimero BpeMeH! HeT 3KCIepPUMEHTaNbHBIX
mauHpIx. IIpenmonaraeTcst HCIONB30BaTh NPSMOHM METOJ, NIETEKTUPO-
BaHMs raMMa-KBAaHTOB C [TOMOIIbIO M3MEPEHHS IHEPrdH B KaJoOpH-
METpe U OJHOBPEMEHHBIX U3MEPEHUI KOOpAMHAT yactul. ITnanupy-
€TCsl pacllUPUTh UHTEPBAJl PErUCTPUPYEMbIX 3HEPIUi BIVIOTH O He-
ckonbkux T3B.

OCHOBHBIMH Hay4YHBIMH 3afladaMi IPOEKTa SBJISIOTCS: OIpefe-
JIEHWE 9HEPreTUYECKHX CIIEKTPOB raMMa-KBaHTOB A dy3HOro doHa
[JIsL BBISICHEHUST PO OOpaTHOTrO KOMITOH-3d(eKTa B (popMUpOBa-
HUY TaMMa-HM3JIy4eHusi, YTO IO3BOJMT (B ClIy4ae CyIIeCTBEHHON POJH
3JIEKTPOHOB) MOJIY4YUTh CBEICHUS 00 yAaTe€HHOCTH UCTOYHNKA KOCMH-
YeCKMX JIydell OT COTHEYHOU CUCTEMBI; IIOUCK OCOOEHHOCTEN Hepre-
TUYECKOIO CIIeKTpa B obnactu usMepeHust auepruu (o 1-2 TaB) pns
BBISICHEHHSI BOIIPOCA O CyILECTBOBAaHUH IPENCKa3bIBAEMBIX TeOpHeH
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CyMEepPCUMMETPHH HOBBIX YACTHI[ (HEUTPAIMHO) ¥ ONPEEeNeHNUs IIpu-
ponsl “depHOi MaTepuM”’, a Takxe rpaBuTOHOB Kanynwi-Kieina,
KOTOpbI€ COIJIaCHO COOTBETCTBYIOIIUM TEOPHSIM, HCIOJIB3YIOUINM
IpENICTaBJIEHHsi O MHOTOMEPHOM IPOCTPAHCTBE, OCYIIECTBIISIFOT Ipa-
BUTALMOHHOE B3aMMOJICHCTBHE; U3MEPEHUE SHEPIreTUYECKOTO CIEKT-
pa raMMma-u3ny4eHus! JUCKPETHBIX UICTOYHUKOB B 00J1aCTH IHEPTHH J10
HecKOJIbKUX T3B, 4TO, C OHOW CTOPOHBI, ACT JONOJIHATEILHBIE KPU-
TEpPHU OLEHKY NPUEMIIEMOCTH NPENIOXKEHHBIX MEXaHU3MOB IeHepa-
UMM TaMMa-U3Jy4YeHUsl U, C APYrOi CTOPOHBI, IO3BOIMT JOCTATOYHO
MOCTOBEPHO “‘CUIATB” JaHHbIE NMPSIMBbIX U3MEPEHMH C TAHHBIMM, IOy~
YEeHHBIMHI HAa3€MHBLIMU YCTAaHOBKAMM, PETHCTPUPYIOLIMMHI YEPEHKOB-
CKO€ M3JIyYeHHe IUPOKUX aTMOCMEPHBIX JUBHEH, F€HEPUPOBAHHbIX
MEPBUYHBIMHI I'aMMa-KBaHTAMH.

Benymiee Hay4yHoe yupexjaeHue — OU3NYECKUA MHCTUTYT
um. ITLLH. Jle6eneBa PAH (®PUAH), pyKOBOAUTENL 3KCIEPUMEHTA
n.¢.-m.H. JL.B. Kypnocosa (PM1IAH).

ITpoeKT HaXOOUTCS B CTAAUU NPOPabOTKH BO3MOXKHOCTEN pellle-
HUS TIOCTABIIEHHBIX HAYYHBIX 33/lay C NPEeNIpHUSITUSIMA PaKeTHO-KOC-
Muueckoit orpacinu Poccun.

IpoexT “Munnmumerpon” (pasgen HUP denepansHoii KocMuye-
CKOU mporpammbl Poccun) npeprnosnaraeT Co3aHue MeXIyHapOIHON
KocMuyeckoir obGcepBaTtopun (uHTepgepomeTpa ‘“‘3emnsa—Koc-
Moc—KocMoc”) miist mpoBefeHrnss aCTPOHOMUYECKUX UCCIIEJOBaHUN B
MIULJTIMETPOBOM, CYOMHIUITMMETPOBOM U MH(PAaKpaCHOM [Juana3oHax
C 3KCTPEMANIBHO BBICOKOH YyBCTBHUTEIBHOCTBIO (10 HECKOJBKUX Ha-
HOSIHCKUX €[IMHUI] TOTOKA B HETIPEPBIBHOM CIIEKTPE) U 3KCTPEMAIILHO
BBICOKMM YIJIOBBIM pa3pelleHueM (JO HOoJIed MUKPOCEKYHIBI AYIH, a
BO3MOXHO O HAHOCEKYHJ IyTH).

OCHOBHBIMU Hay4YHBIMH 3ajlayaMié IPOEKTa SBJISIIOTCA: OOHapy-
>K€HHE, ¥ICCIe[[OBaHUEe BO3HUKHOBEHUS M 3BOJIIOLMU 3BE3J, IIAHET-
HBIX CHCTEM M , BO3MOXHO, OT/IECNIbHBIX IUIAHET; IIOUCK IPOSIBIEHHUN
KU3HH BO BceneHHOH; m3ydeHue Hambollee MNIOTHBIX oOjacTei
lamakTuku (KOMOAKTHBIX Ia30NbIIEBBIX KOMILIEKCOB, TNIO0YI), UC-
CIIENOBaHHUE CIOXKHBIX OpraHNYEeCKUX COEJUHEHNI MEX3BE3IHOM Cpe-
Obl; W3y4YEHUE PENITHBUCTCKUX CTAaAWH 3BOJIOLHHU 3BE3] (B3pBIBOB
CBEpPXHOBBIX, HEHTPOHHBIX 3BE3]] U YEPHBIX ABIP 3BE3[HBIX MACC); U3Y-
YeHHe CTPYKTYPhI U 3BOJIIONYUK pajioHa CBEPXMACCHUBHON YEPHOH AbI-
pbl B llenTpe Hallell ranakTHKH, aHaJOTMYHBIX U 0OJle€ MOILHBIX
00BEKTOB B IpYTUX raJIaKTHKAX, IPOLIECCOB YCKOPEHUS U B3aUMOJEN-
CTBHUS YacCTHI] CBEPXBBICOKON 3HEPIUHU, T€HEPUPYEMBIX KOCMHYECKH-
MU YCKOPUTENSIMU B 3THX 00NacTsX; OOHapy>KEeHHE rajllakTHK Ha CTa-
MK MX 00Opa3oBaHysl, U3YyYEHHUE HX MOCIENYIOLIel 9BOIIIOIYUH, B TOM
Yyclle U3y4YeHHE 3BOJIFOLMH 3BE3[IHOM, ra30NblIEBOH COCTABIISIOMIUX
U CKPBITOH Macchl; U3yYeHHE PaHHUX ITAINOB 3BOJIOIMH BcenenHoi
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OT MOMEHTA PeKOMOMHAIMN 0 Hayajla 00pa30BaHus 3BE3[ M rajak-
THK; OIllpefieieHne (PpyHIaMEHTANbHBIX KOCMOJIOIMYECKUX IOCTOSH-
HbIX U M3y4YeHHe NpPUPONbI CKPBITOH Macchl, U3y4eHHe (yHOaMeH-
TAJILHBIX CBOICTB IPOCTPAHCTBA, BDEMEHHU U BaKYyMa; BLICOKOTOYHAs
aCTPOMETPHSI [JIs ONIpENIeNIEHNs] PACCTOSHUHA 1 COOCTBEHHBIX [IBUXKE-
HHU# 3BE3]] M BHETATAKTUUYECKUX OOBEKTOB; ITOMCK HOBBIX BUJOB ac-
TPOHOMMYECKUX OO BEKTOB.

Benyiee HayyHOe yupexaeHre — ACTpOKOCMUAYECKUI LeHTp Pu-
3pyeckoro uacruryTta uMm. I1.H. Jle6enera PAH.

IIpoekT HaxomuTCs B CTaiudl NpOpPabOTKH BO3MOXKHOCTEH pele-
HUS TOCTABJIEHHBIX HAayYHBIX 3ajay C NPEANpUATUAMHE PaKEeTHO-KOC-
Mu4eckoi otpacinu Poccun.

1.3. Kocmuyeckas 6uonorus n qusnonorus

IIpoext “buokocmoc-1" (pasgen OKP cenepanbHoii kocMuye-
CKOli mporpammbl Poccum) siBnsieTcsl JIOTHYECKUM Pa3BUTHEM IIPOEK-
Ta “BbuOH” ¥ 3TanoM B peanu3ayuy npoekTa “buonuka”. B pazpabor-
K€ Hay4yHOW INpOrpaMMbl, HalleIEHHOW Ha IpOBEleHME (PyHAaMeH-
TaJIbHBIX U MPUKJIIAJHbIX UCCIIeNOBaHUI B 00JIaCTH KOCMUYECKOH O1O-
JOruM ¥ 6GMOMENUIMHBI, YyYacTBYIOT CIelaIncThl PocaBrmakocmoca,
ESA, NASA, NASDA, CNES u CSA. IlpegycmaTpuBaeTcs, UTO Ipo-
eKT OyieT peau30BaH IpH JOJIEeBOM (PHHAHCOBOM y4aCTUU 3auHTEpe-
COBaHHBIX KOCMHYECKHMX areHTCTB. IInaHUpyeMbldl CpOK 3amycka —
oceHb 2005 r., IpOROIXKUTENBLHOCTD 1oJieTa — 10 18 cyTok.

OcHOBHBIE 3alaud: TEHETUYECKHE, MOJEKYISIpHO-Ouoiormie-
CKHE W KIJIETOYHBbIE OCHOBBI afjaliTAallid XUBBIX CUCTEM K YCIIOBUSIM
MHUKpPOTpaBUTAINM; 3HAYNMOCTb BO3pacTa B peakLusIX ajanTaluu
MJIEKOINUTAIOIINX K YCIOBUSM MUKPOTPaBUTAINU; MEXaHI3MbI Pa3BU-
TUSL OCTEONEHUU ¥ aTpPO(UUM MBILII B YCIOBHSIX MHKPOTPaBUTALMY;
MEXaHU3MBbI HapyLIEHUH BeCTHOYISApHOH (PYHKIHMHU; 3aKOHOMEPHOCTH
aflanTalyy cepAeYHO-COCYANCTON CUCTEMBI K YCIIOBUSIM MUKPOTPaBH-
TalM{ U peafilanTaldi K 3eMHOU I'PaBUTALMK; BIUSHIE MUKPOIPaBHU-
TalUy Ha COCTOSIHUE LIEHTPalbHON U NnepudepuyecKoit HEpBHOM cHc-
TEMbI; BIMSTHUE MHUKPOIrPaBUTAIMM HA MOBeleHHe U [BUTaTENbHYIO
aKTMBHOCTbH >XMBOTHBIX; BIIMsSIHHE (DAKTOPOB OTKPBITOTO KOCMHYe-
CKOI'0 IPOCTPAHCTBA Ha >KUBbIEe CUCTEMB] 1 A0MOTEHHBIN CHHTE3 NeN-
THJOB U HYKJIEOTHUJIOB.

OO0BbekTaMu OMONOrHUECKUX U OMOMETULIMHCKUX UCCIEOBAHNN B
NAaHHOM IPOEKTE SIBATCSI KIETOYHbIE W TKAHEBbIEC KYJIbTYPhI, OTHO-
KJIETOYHbIE OPraHW3Mbl, HAaCEKOMbIE, pbIObI, ampubuu, ceMeHa H
NPOPOCTKH BBICIIMX pAaCTEHUH, KpbIChl NHHUM Bucrap-I'anHoBep
(opueHTHpPOBOYHO 36 ocobefl).
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BepgymuM yupexneHHeM 0 peajau3aldd IporpaMMbl HAy4HBIX
HCCIIeNOBaHMI M KOOPAMHAIMHY paboT Mo NpoeKTy “Bruokocmoc-17 gB-
nsietcst ['ocynapcTBeHHBIN Hay4HbIi HeHTp Poccuiickoit ®enepanum —
HucturyT Mepuko-6uosiorudyeckux npobiem Poccuiickoit akameMuy
HayK.

l'onoBHasi opraHu3anysi IO CO3[aHUIO PAaKETHO-KOCMUYECKOTO
Komiutekca — ['ocyfapcTBEHHBIN HAyYHO-IIPOU3BOJCTBEHHbBIA paKeT-
Ho-kocMmuyeckuit eHTp “LICKB-IIporpecc” (r. Camapa) Poccuiicko-
ro aBHAI[MIOHHO-KOCMUYECKOT'O areHTCTBaA.

Jlnst mpoBeieHNst HayYHBIX MCCIENOBaHUH 10 NpoekTy “Brokoc-
Moc-1” 6yeT uCIoIp30BaH KocMudeckuil annapar “buon-M”.

Cocrosinne paboT nmo mpoekTy “Bumoxkocmoc-17 ciepyrolee.
[TpoBeneHO BcecTOpOHHEE OOCYKAEHUE NPOEKTa IPOrpaMMbl Hay4-
HBIX MCCIIeJOBaHMI, cocTaBa 0OPTOBOM Hay4HOM! anmnapaTyphbl U Ha-
YYHO-OpTraHU3alMOHHBIX BOINPOCOB ¢ mnpeacTaBuTenssMu ESA,
NASA, CNES u NASDA. [JocturHyra npegBapuTenbHasl JOrOBO-
PEHHOCTH O poBefeHuu B xofe 18-cyroynoro noneta B 2005 r. co-
BMECTHBIX KCIIepHIMEHTAaJbHbIX UCCIEOBAHMI Ha I'PbI3yHaX (KpbI-
cax) [y u3y4eHus OCOOEHHOCTEeN aflanTaliid K HEBECOMOCTH IIpEU-
MYIIECTBEHHO KOCTHO-MBIIHEYHON U HEPBHOM CUCTEM Y MOJIOALIX U
CTapbIX >KUBOTHBIX. PaccMOTpeH TakxKe IEpedyeHb BO3MOKHBIX
3KCHEepPUMEHTOB 1O GHOJIOTHH KIIETOK, PACTEHWH M BOMHBIX Opra-
HU3MOB.

Hpoexr “bunonnka” (pasgen HNP PenepanpHOll KOCMHYECKOH
nporpaMmbl Poccun) mpenycMaTpuBaeTcsl IpOBEfAeHNE OHOMENHULIVH-
CKMX HCCIICIOBAHMN B YCIOBHSIX OpOUTAIBHOIO NOJIETA.

OCHOBHBIME HAY4YHbIMH 3ala4aMy NIPOEKTA SBJISIIOTCS: HCCIENO-
BaHHE (PyHAAMEHTANBHBIX IPOOIEM KOCMUYECKON OUONOTUM U MENU-
nuHBl. Pa3paboTka HOBBIX NOAXOAOB K MEJUIIMHCKOMY KOHTPOIIO 1
MEIUIUHCKOMY OOEeCHedYeHUI0 MUIOTHPYEMBIX KOCMHUYECKHX IIOJIE-
ToB. Pazpa6oTka u anpoGauyst HOBbIX TEXHOIOTHH AJII MEXIYHApOJ-
HOM KOCMHYECKON CTaHIHH.

Bronornyeckue 06BEKTHI: I'PBI3yHBI, 3¢€MHOBOIHBIE, PHIOBI, Ha-
CEeKOMbI€, MOJUTIOCKH, TKaHEBbIE KYJIbTYpbl, KJIE€TOYHBIE KYJIbTYPBHI,
OJHOKJIETOYHbIE OPTaHU3MBI.

Bepymee nay4yHoe yupexpaeHHe — I'ocygapcTBEHHBIH Hay4yHBIH
ueHTp Poccmiickoit denepanun — THCTUTYT MeAUKO-OMOIOTUYECKUX
npob6nem (MMBIT) PAH.

IIpoekT HaxoguTCs B CTaguy IpopabOTKH BO3MOXKHOCTEH penile-
HUS TIOCTaBJICHHBIX HaY4YHBIX 3alad C MPENNpHUsITHSIMA paKeTHO-KOC-
Mu4eckon orpacnu Poccun.
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1.4. iccneposanus 3emnu 13 KocMoca

IIpoexr “Pocc-1” (pazgpen HUP ®depepanbHON KOCMHYECKOM
nmporpaMmbl Poccun) uMeeT 1esbio Co3aHne pOCCHACKOM CIIyTHAKO-
BO# OKEaHOJIOIHYECKOM CHCTEMBI ISl HCCIIeOBaHusI IpUpoAasl Mupo-
BOI'0 OK€aHa W MOHHWTOPWHIAa OCHOBHBIX KIMMATO-(POPMHPYIOLINX
¢akTOpOB B 30HaX B3aMMOJIEUCTBHS OK€aHa U aTMOC(ephI.

OCHOBHBIMH HayYHBIMH 33[Ja4aMU IIPOEKTa SABISIIOTCS: PETUCTPU-
palysi BOCXOMSIIIETO OT MOMCTHIAOLIEH NMOBEPXHOCTU M3ITyYEHHS B
MUJUIIMETPOBOM W CAHTHMETPOBOM JMala30Hax IJIMH BOJIH 3JIEKTPO-
MarHUTHOTO M3NYy4YeHWs MpW HaGNIONEHNHN B Hajup C pa3pellieHueM
HECKOJIKO JIECSITKOB KUJIOMETPOB; M3MEPEHHE TapaMeTpPOB BETPO-
BBIX BOJIH HA MOPCKOH TOBEPXHOCTH HANMPHBIM PafUOIOKaTOPOM
(CKaTTepOMETPOM) B CAHTUMETPOBOM [HaNa30He; H3MEPEHUE CKOPO-
CTH M HAaINpaBJICHUS NPUBONHOTO BETpa B MUINIMMETPOBOM M CAHTH-
METPOBOM JIMialia30HAaX; PerucTpanysi TEMIEPaTYPHBIX U BJIaXKHOCT-
HBbIX XapaKTEpUCTHK 3EMHbBIX M JIECHBIX IIOKDOBOB B OITHYECKOM,
CBY u MK-aunamna3zoHax.

IIpoekT HaxoAWTCS B CTagNK NPOpabOTKU BO3MOXKHOCTEM pelle-
HUS TIOCTABJIEHHBIX HAYYHBIX 3a1a4 C IPEIpUsITUIMHE PaKETHO-KOC-
MHU4ecKoi otpaciu Poccun.

1.5. Dn3nKa KOCMUYECKUX JTyHel

Ipoekr “Pum—Ilamena” (pasgen OKP ®epepanpHoil KocMuYe-
CKOil porpamMmbl Poccun) npenonaraeT NpoBeeHne UCCIIETOBaHUI
Ha OKOJIO3€MHOi OpOUTe NOTOKOB AaHTUYACTHI (aHTUIPOTOHOB, TO-
3UTPOHOB, JIETKUX aHTHUSEDP), 3IEKTPOHOB 1 ONPEfieIeHHEe U30TONHO-
IO COCTaBa B MEPBHYHOM KOCMUYECKOM n3nydennn. OCHOBHBIC Hay4-
HbIE 3alauyl HANpABJIEHbl HA pELICHHEe CIEeAyIomHUX QyH[aMeHTallb-
HBIX IPOGJIEM: B 06J1aCTH KOCMOJIOTHM — OAPUOHHOM aCHMMETPUH Ha-
6mrogaeMoii BeeneHHOM, MPUPORBI TEMHOH MaTepuu (peHKTOBBIE
YepHbIe IbIPBI, CIA00B3aNMOJIEHCTBYIOINE HEUTPATIbHbIE YACTUIBI U
Ip.); B o6acTu (pU3MKU KOCMUYECKUX JIy4ed — FeHepaluyl U pacmpo-
CTpaHEHMsI TalaKTHYECKUX KOCMMYECKHUX JIy4ei (YyCKOpEeHHe 4acTHll,
MexX3Be3IHasl Cpefa, B3auMOJICICTBIE C MEXK3BE3[IHBIM [a30M U Jp.);
B obnactd (puU3MKH renuocdepbl M OKOJO03eMHOrC KOCMUYECKOIO
IIPOCTPAHCTBA — COJTHEYHAsT MOJYJISILUsS FATaKTUUECKUX KOCMUYECKIX
Jydeit pasHbIX 3HAKOB, Mpolecchl Ha CoHIlE ¥ COTHEYHbIE KOCMUYE-
CKHe ITy4HM, YaCTUIb] BLICOKUX SHEPIiil B MarHuTocdepe 3eMi, aHo-
MaJlbHasi KOMITOHEHTa KOCMUYECKHUX JIyYei.

Uccnenopanust OymyT MPOBONUTHCS C MAarHUTHBIM CHEKTPOMET-
pom “Ilamena” Ha 6opty KA “Pecypc IK 17 Ne 1.
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TFonoBnasi opranu3anmsi ¢ pOCCUIACKOH CTOPOHBI 110 HAYYHBLIM BO-
pOCaM H 110 KOMILIEKCY Hay4HOH annapatypbl — MOCKOBCKMI HHXKe-
HEPHO-(U3UYECKUHA HMHCTUTYT (FOCYJapCTBEHHBIH YHUBEPCHUTET)
Muno6pasosanus Poccun (MucturyT KocModusukm).

l'onosnas opranu3anysi ¢ HTalIbSHCKON CTOPOHBI 1O HAYYHBIM BO-
IpocaM M 110 KOMIUIEKCY Hay4yHOH annapaTypbl — HaunonanbHbIi uH-
CTUTYT siiepHO# (pU3NKHU (cexuusi Pum-2).

lonosHbIM yupexaeHreM No pa3paboTKe CIYTHHKA, MHTETPALUH
npubopa “ITamena” va MUC3, 3anmycky U ynpaBiIeHHIO B IOJIETE SBIIS-
eTcs ['ocynapcTBeHHBIH HayYHO-IIPOU3BOJCTBEHHBIN PAKETHO-KOCMHU-
yecknit nentp “LICKB-IIporpecc”.

B konue 2002 ropa 3aBepiraeTcst Ha3eMHast OTpabOTKa MarHuT-
HOro crnekTpoMerpa. Jlernas mopens nputdopa “Ilamena” Gyger Ha-
npasnena Bo BTopoM kBapraje 2003 r. B uentp “LICKB-ITporpecc”
nnst unrerpanun Ha KA “Pecype JK 17 Ne 1. 3anyck KA nameuen
Ha 2003 r.

Ilpoexkt TYC (paspen HUP depnepanpHOil KOCMHYECKOH MPO-
rpamMMbl Poccun) HMEET IeNblo U3yYeHHe SHEPreTHYECKOro CrekTpa
KOCMHIYECKHX JTy4ell B 061acTH ynbTpaBbicokux anepruit 10°-10%° 5B
C IIOMOIIBLIO ONITUYECKOTO IETEKTOpa Ha GOPTY CyTHUKA.

B o6Gnacru suepruii okono 5 x 10" 3B oxupmaercs o6pe3anue
CIIEKTpa KOcMU4YecKMX ny4delt (a¢ppexT 3anenunna—Kysemuna—I'peiize-
Ha). C NOMOIBIO HAa3eMHBIX YCTAHOBOK NOJIYYEHbI TaHHBIE O CYIIECT-
BOBaHMHM YacTull ¢ 3Heprueit >10?° aB. DTo cTaBUT BOIpOC O HEOOKIY-
HOM IIPOMCXOXIEHUM TaKuxX yactull. HaGmroneHue yacTur c sHeprueit
>10%° 3B MOXeT GbITh OOBSICHEHO 6O CYLIECTBOBAHNEM HOBBIX acT-
podu3ndecKux 0O BEKTOB — YCKOPHUTENEH 3apsiKEeHHbIX YaCTHI, HaX0-
pamuxcst B ['aakTiKe WM B rajlakTHKax, IPUHAIEXKAIUX MECTHOMY
CKOIUIEHHIO (paccTosHus He fanee 50 Mric), 1u6o “BbichbinaHueM” yac-
THI “BeNMKOro o6benuHeHus” ¢ Maccoit 10%* 3B, u3 “Tomoyiornyeckux
nedeKTOB”, OKUAAEMbIX B KOCMOJIOTHYECKOI TEOPHH.

ITouck m u3y4yeHue HEHTPUHO YIBTPABBICOKHUX IHEPTHH C MIOMO-
k0 feTekropa Tyc 0cOOEHHO MHTepeceH B CBS3HU C TEM, YTO Macca
0003peBaeMoro BelllecTBa MULLIEHH (aTMOC(hEpHI), [I€ MOTYT B3aUMO-
NeACTBOBATh HEATPUHO, UCKIIOYATENBHO Benuka — 10'! T.

Benymee mnayuHoe yupexaenue HWHWM spepHo#t u3uku
um. J1.B. CxoGenblbiHa MOCKOBCKOTO rOCyIapCTBEHHOTO YHUBEPCH-
Teta uM. M.B. JlomoHOCOBa.

IIpoekT HaxoguTCs B CTaguy NPOpabOTKU BO3MOXKHOCTEH pellie-
HYSI IIOCTaBIIEHHBIX HAyYHBIX 33724 C NPEANpPUSITHASIMA PaKETHO-KOC-
Muyeckoi orpacnu Poccun.

Ilpoextr “Hyknon” (pasgen HMP PenepanbHOil KOCMHYECKOMH
nporpamMmbl Poccun) umeer nensto usdyyenne ®usuku Kocmoca c uc-
NOJIb30BaHUEM METOAOB NPSIMON PETMCTpalli¥ KOCMHYECKUX JIydeil B
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IKCTPEMAaJIbHO INHPOKOM JMaNa30He IHEPrHi U 3apsfioB B OKOJO3eM-
HOM IIPOCTPaHCTBE: NPOBEpPKa acTpO(pU3NIEeCKUX MOAENeH pOXACHNs,
YCKOPEHHS M PaclpocTpaHeHHss KOCMUYECKHX JIy4el BbICOKHX IHEPTHil
B 'anakTHKe; NpoBepKa acTpoU3NIECKUX MOJIeIed IPOLEeCCOB ranak-
THYECKOTO BHYTPH3BE3[HOIO HYKJIEOCHHTE3a C HEHTPOHHBIM 3aXBa-
TOM, H3y4YeHNe XUMUYECKOH 3BOJIOLNHN BellecTBa B ['anakTuke;

OCHOBHBIMU Hay4YHBIMY 3a[jJa4yaMy IPOEKTa SIBIISIOTCS: ONpenelie-
HUE 9HEPreTUYECKUX CIIEKTPOB U XMMHUYECKOI'0 COCTaBa KOCMHYECKUX
Ny4ell BbICOKMX 9HEPrUil B 3KCTpEMalIbHO IIMPOKOM 3HEPTETHYECKOM
nuamnasone 10''-10" 3B; permcTpaiusi MOTOKa CBEPXTSIKENBIX €D
KOCMHYECKUX JIy4eH 3a MIMKOM KeJse3a JIo sfep ¢ 3apsnoM Z ~ 40; pe-
rucTpanysi IOTOKa BbICOKO3HepruyHoi (>10 M3B/HyknoH) conneu-
HOI ¥ aHOMAaJIbHON KOMIIOHEHT COCTaBa KOCMUYECKHUX JIyUeHl.

Benymee HayuHoe yupexpaeHue — HaydHo-uccnenoBaTeNnbCKui
HHCTUTYT spepHodl dusuku uMm. [I.B. Ckobensusiza MIY
uM. M.B. JlomoHOCOBa.

IIpoekT HAaXOAUTCS B CTaguy NpOpabOTKU BO3MOXKHOCTEH pellle-
HUS TOCTaBJIEHHBLIX HAyYHBIX 3374 C NPEANpUITUIMI PAKETHO-KOC-
MH4eckoit orpacnu Poccun.

IpoekTr ITAC HaneneH Ha IpopaOOTKy NPEMIOXKEHUH 110 IPOBE-
IAEHUIO0 acTpO(U3UIECKHUX HCCIEJOBAaHUN C MCIOJB30BAHUEM TOHKO-
IJIEHOYHBIX CTPYKTYP OONBIIUX IIIOIANEH.

OCHOBHBIMU HayYHBIMH 3ala4aMHU IIPOEKTa SIBJISIOTCS: pErUCTpa-
UM YacTUl KOCMUYECKHMX JIy4yel yIbTPaBBICOKHX SHEPIUil
(E = 10% 3B); NmOMCK MacCHBHBIX 3apsiKEHHBIX YaCTHUIL| “TEMHON Ma-
Tepur’; U3MEPEHHE BENWYMH M BapualMil NMOTOKOB KOCMHYECKHUX
simep, BKIIOYash pajOaKTUBHbIE U 3K30TUYECKHE SIpa; U3MEPEHUs
BEJIMYMHBI U TPATUEHTa OKOJO3EMHOI'0 MarHUTHOIO IIOJIsI; MOHHTO-
PHHT IOTOKOB MUKPOMETEOPUTOB.

Bengymee HayyHoe yupexpenue — OPUIMYECKHA HHCTUTYT
uM. TLLH. JleGenea PAH (PMAH)

IIpoekT HaXOMUTCS B CTAfK MPOPaOOTKY BO3MOXKHOCTEH pele-
HUs TIOCTABJIEHHBIX HAYYHBIX 3a/1ay C NPENNPUATHIMHI PaKeTHO-KOC-
Mudeckoi orpacnu Poccun.

1.6. MnaHeTbl ¥ manbie Tena ConHEYHON CUCTEMBI

Ipoekt “@o6oc-Tpynt” (pa3nen OKP ®enepainbHoil KOCMUYECKOH
nporpammel Poccum) HpepmonaraeT JOCTaBKY Ha 3eMilo o6pasloB
rpPYHTa C CTECTBEHHOTO cyTHUKa Mapca — Po6oca i BKIIIOYaeT TaKXKe
CIIEyIOlIEe OCHOBHbIE HayYHO-TeXHMYECKHE 3aja4M: ONpefiesIeHue (u-
3MYECKHX M XUMHYECKUX XapakTepucTuk Poboca, 0COOEHHOCTEN ero
BHYTPEHHETO CTPOEHHS, OPOUTAIBLHOTO M COOCTBEHHOTO JIBIXKEHHS; OCY-
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LIECTBJICHHUE TTOCAIKU HAa HEOECHOE TENO C MOl paBUTAlME; CTAPT ¢
Poboca 1 moctaBKa Ha 3eMIO CIIyCKaeMOro ammapaTa ¢ o6paslamu
TPYHTA; ONpefie/IeHNe XUMUYECKOT0 COCTaBa PO TPYHTA; ONpe/esieHne
COCTaBa OCHOBHBIX IIOPONOOOPA3YIOMIKX 3JIEMEHTOB; HCCIIENOBAHNE B3a-
MMOJIEACTBHS COJIHEYHOrO BeTpa ¢ P0GOCOM; HMccieoBanue husnye-
CKHX YCIIOBHI OKOJIOILIaHETHO! cpefbl BOm3u ®oboca (bLIeBolt U ra-
30BOM KOMIIOHEHTBI, KOCMHYECKHUX JIy4eil, MarHUTHOTO II0Js); JUCTAH-
IUOHHBIE HCCIIENIOBaHMs aTMOC(ephl H NOBEPXHOCTH Mapca.

TonoBHas opranu3anys MO CO3MAHMIO U pa3paboTKe KOCMUYECKO-
ro anmapara ans akcneguunn “®o6oc-I'pynt” — HITIO nm. C.A. Jla-
BOUYKMHa Poccuiickoro aBHaliOHHO-KOCMAYECKOTO areHTCTBa.

lonoBHas HayyHas opraHu3auys 0O MPOEKTY W IIO 3afadaM Hc-
crenoBanust Mapca u ®o6oca — HCTUTYT KOCMHYECKUX MCCIENOBA-
Huii PAH.

IInanumpyemoe  BpeMs  OCYLIECTBIEHUS  OKCIENMIMH —
2005-2010 rr.

Cocrosaue pabor nmo mpoexty “®oGoc-I'pyHr” ciemyroomee: B
konue 2002 r. nnanupyeTcs 3aBEPILUTh Pa3paboTKy 3CKU3HOTO MPO-
€KTa U 110 pe3yJIbTaTaM 3alliThl IPUHATH PEIIEH’E O Iepexoie K CTa-
nun paboyero NpoeKTUpoBaHus HaunHas ¢ 2003 r.

IIpoext MCII-2001 (neTeKTOp GBICTPBIX HEUTPOHOB “XeHn™) sB-
JISIETCS POCCUACKUM 3KCIEPUMEHTOM B COCTaBe KOMIUIEKCHOTO IKCIIE-
puMenTa “Gamma Ray Spectrometer” (GRS) mo u3Mepenuio ramma-
U3IyYeHHs ¥ HEUTPOHHOrO U3Iy4eHus: Mapca ¢ 60pTa KOCMHYECKOTO
anmapata HACA “2001 Mapc Opaucceit” ¢ KpyroBoit Op6uThI U O-
CTPOEHHIO HA OCHOBAHUU 3THX U3MEPEHHH KapT 3JIEMEHTHOI'O COCTa-
Ba MOBEPXHOCTH 2Toi mnaHeTsl. ITpoekT Bxoput B pa3znen OKP de-
AepalbHOM KOCMUYECKO nporpamMmel Poccnm.

Tl'onosHast Hay4yHasi opraHu3anus Mo NPOeKTy — MHCTUTYT KOCMHU-
yeckux uccnegoraunii PAH.

Cocrosuue pa6ot no npoekty “MCII-2001” crenyroiee: B (eBpa-
ne 2001 r. perexkrop “XeHn” ObLI HOCTaBleH Ha KocMopgpoM NASA
“Cape Canaveral” u ycranosieH Ha 6opt KA “2001 Mapc Onucceit” u B
cocTaBe KOCMUYECKOro amnmnapaTa crapTosail K Mapcey 7 anpeunst 2001 .

B Hacrosimee Bpemsa KA “2001 Mapc Opucceii” HaxoguTcs Ha
KpPYroBoil HayyHOH op6ute BbIcoTOH 0KO0JO 400 KM U HaKIOHEHHEM
okono 90°. IIpubop “XeHn” PYHKIUOHUPYET HOPMAJIBLHO, BCE €r0 Ma-
paMeTpsl B IpefieaX HOPMBL.

IInarupyemasi IpoOONIKUTENBHOCTD 3KCLEPUMEHTA IO IPOrpam-
Me noJieta coctaBisieT 917 gueit (suBaps 2002 1. — urons 2004 r.), HO
Hay4Hasl IporpaMma ImpoeKkTa MoxeT ObITh nmpopaneHa go 2007 r. u
ROJBLIE.

IIpoext “Mapc Jkenpece” (paspen OKP ®epepanbHoii KocMmu-
yeckoil nporpammbi Poccun) 06 befnHAeT paboThl pOCCUICKUX Hayy-
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HBIX OpPraHM3alWii, TOCBSLIEHHbIE HX Y4aCTHIO B ONHOMMEHHOH MHC-
cur EBpomnefckoro KOCMHYECKOro areHTCTBa (EKA): moaroroBka
TIpeJIOXEeHHI [I0 HayYHBIM 3KCIIEPUMEHTAM BMECTE C TapTHEPaMu H3
crpan EBponeiickoro coo6uiecTBa; pa3paGoTKa ¥ M3rOTOBJIEHHME B
Poccuy 9acTH Hay4HOI anmaparypbl H IPOrPaMMHOrO 00ecrneyeHus
VIS 3THX SKCIIEPUMEHTOB; COBMECTHAsi pa3paboTKa NPOrpaMMbl U3-
MepeHnil Ha opOuTe; 06paboTKa, MHTEPIPETALHs JaHHbIX, KOTOPbIE
OyAyT IONy4eHbI, COBMECTHAs IyOJMKAUUs HayYHbIX PE3YNbTaTOB B
Oynyluem.

Poccuiickue yyeHble IPUIIaIieHbl B KaUeCTBE COMCCIIEOBaTENICH
(Co-I) B IIECTH HAYYHBIX IKCIEPUMEHTOB Muccur M3. 3TO nMpou3o1-
710 He ciayvaitHo. [IpyynHa B TOM, 4TO MX HJEOJOrHs, @ BO MHOIOM M
TeXHWYECKHUE PElleHns], yHacIeJOBaHbI OT mpoekTa “Mapc-96”. Kor-
ma 3anyck KA “Mapc-96” moTepren Heypmady, Hallli 3allafiHOEBPO-
TeicKre MapTHePHI XKaany, 4To Poccysi HauHeT rOTOBUTH HOBBIH aHa-
JIOTMYHBIA ammapaT AJs UCClIefoBaHui Mapca. DTOro He MPOU30IILIO,
U TOrjJa OHM CTaju paboTaTh Haj CO3aHMEM 3allaJHOEBPOIEHCKOTO
anmapara [Jisl TaKUX HCCIIeOBaHui, UMesi B BUJY OCYLIIECTBUTH U3Me-
peHusi ¢ mpubOpaMu, aHaJOTHYHbIMA CTOSBIIMM Ha KA “Mapc-96”.
Tak Bo3Hmkia muccusi MO EKA.

Pemenne o peanu3auuy npoekta M3 6b110 npunsTo EKA B Mae
1999 r.

Hayunas TeMaTHKa ucclIelOBaHUH HalleI€Ha B OCHOBHOM Ha IIpO-
6JieMy H3yYeHHUs NeTY4YHX U UCTOpHM KnuMmaTa Mapca. Baxuas ponb
JIETYYNX — OCOOEHHO BOJIbI — U CEPbE3HbIE CBUIETENLCTBA 00 U3MEHE-
HHUSX KJIMMAaTa, KaK AJIUTEIbHOr0, TaK ¥ 3MU30INYECKOr0 XapaKkTepa,
NPHHAIIIEXKAT K YACITY HauboJiee BECKUX NIPUYHKH, II0 KOTOPBIM yIENs-
eTcst 60MBIII0e BHUMaHKe McciefoBaHusiM Mapca. OTH BOIIPOCHI CBS-
3aHBI ¢ IPOOJIEMaMHI CaMOI'0 BBICOKOI'O Hay4YHOTO IPHOPHUTETA, BKIIFO-
Yyast U3MEHEHHUs YCIIOBUY OOUTaHUs Ha Halllell COOCTBEHHOM IIaHETE U
POUCXOXKJICHUE KU3HU.

T'onoBHBIMY HAyYHBIMH OpPTaHM3ANMSMHU IO 3KCIEpPHMEHTaM C
POCCHICKOM CTOPOHBI SIBISIFOTCS: IHCTUTYT KOCMUYECKHUX UCCIIEA0BA-
vt PAH (akcnepumerTs! “OMera” — KapTUPYIOWIUY CIEKTPOMETP;
I1®C — undpakpacusiii Pypne-cnekrpomeTp; “Coukam” — Y @-cnek-
TpoMeTp U “Acmnepa” — aHanu3aTop nnasmel); I'eoXuMHYECKU# WH-
ctutyT PAH (skcnepumenT HRSC — TB-kamepa ansi cTepeochbeMKH
MOBEPXHOCTH IUIaHEThI) M VIHCTUTYT pagyo3/IeKTPOHUKH (3KCIIEpH-
MEeHT “Mapcuc” — IIMHHOBOIHOBBIA pajiap); KOCMUYECKHH amnapaT
“Mapc Ikcnpecc” 3amymeH 2 uroHs 2003 r. poccuiickoil pakeToun
“Coro3-®perat” c kocmosipoma baiikonyp.
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1.7. KocMunyeckoe matepuanoBefeHune

IIpoexr “Buokpucramt’ (pasgen HUP denepanbHOil KocMuye-
CKO#l mporpaMMbl Poccun) HaneneH Ha ()OpMUPOBaHUE TEXHUYECKUX
TpeOOBaHMI K KOCMUYECKHUM CPEJCTBAM M OOJNMKY Hay4YHOMU anmapa-
TYpbI [J151 IPOBEICHUS IPUOPUTETHBIX (DYHIaMEHTAILHBIX KOCMUYE-
CKUX UCCIIeJOBaHUH B O0JACTU [TONYYEHUST KPUCTAJIIIOB GEIIKOB.

OCHOBHBIMHM Hay4YHBIMH 3a[jauaMH IIPOEKTa SIBISIOTCS: aHAJIU3
COBPEMEHHOT'O COCTOSIHYSI NPOGJIEMBI NOJIyYEHHsT KPUCTAIIOB GEN-
KOB B yCJIOBUSIX MUKPOTDaBUTAlLlUU, ONpefelIeHne NyTel fanbHeN-
IIero pa3BUTHsI U COBEPIIECHCTBOBAHMS; CPAaBHUTEIbHbIN aHAIN3 Me-
TOAOB M annapaTypbl, UCIOJIb3YEMBbIX IJIsI BbIPALUBAHUS KPUCTAl-
710B GEJIKOB B 36 MHBIX M KOCMUYECKHX YCIIOBHSX; aHAJIN3 KPUTEPHER
BbIOOpa OENKOB, IEPCIEKTUBHBIX IS IPOBEIEHNS MPOLECCOB KPHU-
CTaJIIM3alyi B KOCMOCE; aHAJIN3 ¥ NEPCIEKTUBbI IPUMEHEHUS] METO-
IOB MaTEMaTUYECKOTO MOMEIMPOBAHMUS IIPOLIECCOB MacCONepeHoca
[IpA pOCTe KPUCTAJIOB U3 PacTBOPOB OEIIKOB B 3€MHBIX 1 KOCMHUYe-
CKMX YCJIOBUSX; OpraHu3anusi paboT 10 NPOBEAEHUIO KOHKYpCa Mpo-
€KTOB U (POPMHUPOBAHHIO IPOrpaMMbl UCCIIENOBAHUN U 3KCIIE PUMEH-
TOB IO NpoOJIeMaM IONyUeHNs1 KPUCTAJIIIOB OEJIKOB B KOCMUYECKHX
YCIIOBHUSX. :

l'onosHnast HayuyHasi opraHusauusi — Hay4Ho-uccienopaTeIbCKui
nentp “Kocmmueckoe matepuanoBeneHue” MHCTHUTyTa KpHcTaio-
rpacpuun PAH.

ITpoekT HaxomuTcsa B cTafui NPOpPaOOTKN BO3MOXKHOCTEH pelle-
HUS TIOCTaBJICHHBIX HAY4YHBIX 3aay C IPEJNPUITHIMH PaKeTHO-KOC-
Mu4eckol otpacnu Poccun.



[haBa 2

PE3Y/IbTATbI, NMONYYEHHBIE
MO HAMNPABJIEHVIO ®KW
‘KOCMUHECKAA BMONOrna n emn3monorng

2.1. OKYNOMOTOpHbIE PeaKLmM I KOOPANHALMA rONoBbI U rNa3
B YCNOBMSIX MUKPOrpaBUTaLuK

TpagUIHOHHO LEHTPAJbHOE MECTO B DSy CEHCOMOTOPHBIX HC-
cnefoBaHUA OTBONUTCS BECTHUOYISIPHBIM HCCIEJOBaHUSIM. Y3Ke B
1960-e ropel B Poccuu BBINOJIHSIETCS IIUPOKast 3KCIepUMEHTalbHas
[IporpaMMa Ha >KMBOTHBIX, HAallpaBJICHHAsl Ha U3y4YeHNE BIUSHUN He-
BECOMOCTH Ha CTPYKTYpY M (PYHKI[MU BecTUOYJIIpHOro anmnapara. Pe-
3yJbTaThl 9TUX UCCIENOBAHUN, 00OOIIEHHBIE B OOJBIIOM YUCie nyo-
JMUKalLMi ¥ MOHOTpacuil, NOATBEPANIN IPENNONOXKEHNE O Pa3BUTUU
r1yOOKUX M3MEHEHUN (PYHKUMHA BECTHOYISIPHON CHCTEMBI B HEBECO-
MOCTHU U Jajil OCHOBAaHMs [JI1 Pa3BUTHUs NPEACTABICHUN O BeAYyILEH
POJH 3TUX U3MEHEHUH B FreHe3€e OONBIINHCTBA PETUCTPUPYEMBIX B He-
BECOMOCTH HapylIeHHIl OpHEeHTallK, MEXXCEHCOPHBIX MHTErpalui u
ABUTaTENIbHBIX KOOPAMHALUN. DTH NPEACTABIIECHUS JIETIN B OCHOBY
NOCNeAyIoWe IporpaMMbl BeCTUOYIISIPHBIX HCCIIEJOBaHUM, BBINOJ-
HSIBIIEHCSl HUHTEHCHBHO B IOJIeTax 3Kumaxei Poccuiickux KocMmuye-
CKUX CTaHLM ¥ Ha 6uocnyTHHKax cepun “Kocmoc”.

Marepuan n MmeToabl. BecTuOynsipHasi nporpamMma, BbINOTHSIBIIIA-
Acs B MMOJIETaX Ha KOCMUYECKUX CTaHUUSX, BKIIOYala UCCIENOBAHUS
WITIO30PHBIX PEAKLUI U XapaKTEPUCTUK BECTUOYI0-OKYJIOMOTOPHO-
ro B3aMMOJEHCTBUS.

HccnegoBaHusi CIOHTAHHBIX U MHAYLMPOBAHHBIX ONTOKMHETH-
yeckoll crumysinueit (OKC) unnro30pHbIX peakiuil y 4IEHOB 3KH-
naxe MUIOTUpyeMbIX cTaHImi “CanroT” 1 “Mup” BBINOTHSIIUACEH B
paMKax pOCCMICKOI'0 3KcIlepuMeHTa “AHkeTa’. B akcnepumMmeHTe
y4yactBoBanu 104 KocMOHaBTa. AHKETa 3allOJHsIach UMM €Ke[HEB-
HO, Ha4MHas C TPETHUX CYTOK ITOJIETA U JJO 3aBEPLIECHHs OCTPOro Ie-
puofa ajanTanuy, B JalbHedIleM — [0 U IOCiIe NPUMEHEHHS
CpeACTB NIpO(UNIaKTHKH, a TAKXKE BO BCEX CIydasix HE[OMOTraHus, U
B 3aKJIOYE€HNE — IPU BO3BpallleHUH Ha 3eMito. Y 31 KOCMOHaBTa B
OONOJIHEHNE K AHKETE B YCTHOH MOCJIENOJIETHON Oecefie yTOYHSI-
cs XapakTep WUIIO30pHBIX peakuuil. Pe3ynbraThl mopsepraiuch
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MaTEMaTUKO-CTaTUCTUIECKON 00pabOTKe C NPHUMEHEHHEM KOoppe-
JISIIMOHHOrO aHaJu3a.

Hccnenosanns BecTHOYII0-3pUTENBHOIO M BECTHOYIIO-OKYIOMO-
TOPHOTO B3aUMOJENCTBHUS Ha CTAHIUSIX IPOBOJIIINCH B PAMKaX MeX-
AYHApOOHBIX 3KcrepuMeHToB “OmntokuHes”, “Jlabupuut”, “Omnro-
BepT”, BOT', “Buoynpasnenue”. IlpeaMeT uccnegoBaHms COCTaBISsLIN
CIIOHTaHHbIE, ONTOKMHETUYECKUE U IOCTONTOKNHETHIECKUE PeaKyn
rJ1a3, PErMCTPUPOBABILNEC B IIOKOE, PN ONTOKMHETHYECKHUX U Bec-
THOYJISIPHBIX pa3sfpakeHHsiX, a TaK Ke IPH BBINONHEHAN 3a[ay 3pU-
TEJIBHOI'O CIIEXEHNS — CaKKaJIMIeCKoro  IaBHoro. B uccnegosann-
SIX IPHHSUIO yYacTre 28 KOCMOHABTOB. B nogasusiromeM yuciie ciyya-
€B PEeTUCTpalus ABHKEHUHA I71a3 OCYIIECTBIsTIaCh METOIOM 3JIEKTPO-
okynorpacdun. B Tpex cnyyasx (skcnepument BOT') qononsuTensHo
UCIIOJIB30BAJICS. METOJ BUACOOKYJIOrpaduy.

Pesynbrarel ucenegoannil. Ha ocHOBaHMH pe3ynbTaToOB 9KCIle-
pUMEHTa ObLIN BBISIBICHBI YeThIpe (DOPMbI KOCMHUYECKOIO afjanTaliy-
onHoro cunapoma (KAC): nepuentuBHasi (66% KOCMOHABTOB), mep-
uenroMoropHast (11%), sereratuBnasi (3%) u cmemannas (20%); Tpu
THNA aJjalTalli CEHCOPHBIX CHCTEM K HEBECOMOCTH: TUIIEPCEH3UTHB-
Hblil, TUTIOCEH3UTUBHBIN M CMELIAHHBIA; TPH THIA afalTaly{d Opra-
HHU3Ma K akTopaM noneTta: OypHbIA U OBICTPBIN, TOPIHUIHBIN U IJTH-
TENbHBIN, TOPIUAHBIA U OBICTPBIN.

Bbu10 ycranOBIEHO, YTO NpU NMEPEXOie K HEBECOMOCTH NPaKTH-
9YECKM BCE KOCMOHABTHI (98%) MCHBITHIBAIOT SIBIEHMS IPOCTPAHCT-
BEHHOI fie3opuenTanuu. Mnmo3nu (41% cinydyaeB) MMeIN KOMILIEKC-
HbIl XapakTep U BKIIOYald OpPHEHTAaUHOHHbIE, MPOIPHOLETITUBHbIC
M OCHUIIJIONCHYECKHE HapyIeHus; B 31% ciyyaeB OTMedalnuch KOop-
MMHATHbIE UIIFO3MH (M3MEHEHNUSI HAKJIOHOB Tejla UK NMPEIMETOB OK-
pyXarollero NpoCcTPpaHCcTBa); B 28% — KMHETUYECKHE (POTATOPHO-JIH-
HEYiHble [BMKEHMS Tella WX OKPYKaIoIIero IpocTpaHcTBa). Yarie
BCEro 3TO ObUIM MITIO3UU NIEPEBEPHYTOTO MOJIOXKeHus Tena (26%) u
IBUXKEHUsI OKPYKaIOMMX npeaMeToB (15%); B 9% oTMedanuch ULIio-
3MM BpalllaTEIbHOIO [JBUXKEHUS TeNa, B 8% — CMEIIeHHUs W HaKJIOHA
IpeNMETOB. BONBIINHCTBO KOCMOHABTOB (68%) CBS3bIBANIA pa3BUTHE
UJINFO30PHBIX M BETETATUBHBIX PEAaKLUll C MOBHIIICHHON JBUTATEIb-
HOH aKTHMBHOCTBIO, MEHBIIMHCTBO — C “IIpUIMBOM KPOBH K rojioBe’.
OnHako KOppENsLUUOHHBIA aHAIU3 YacTOTbl, HHTEHCUBHOCTH M Bpe-
MEHHM BO3HHMKHOBEHMS WIIIO30PDHBIX U BETETAaTUBHBIX IMpPOSBIECHUN
KAC nokasan orcyrcrBue cBsizu Mexny Humu (2 = 0,29; p > 0,05).
HccrenoBaHuss TOYHOCTH BOCHPUATHS CYO'BEKTHBHOH OINTUYECKOH
Beptukanu (COB) B ycnoBUsiX TEMHOTBI IIPU HENOABIKHBIX U JBIXKY-
muxcs BBepx unu BHU3 OKC, nposefeHHble B NEpUO] afanTaluu K
HEBECOMOCTH C yJacTHeM 9 KOCMOHABTOB, U B IIEPUOJ] PeafanTalyy C
ygacTtreM 39 KOCMOHAaBTOB, BbISBHIIY BO3pacTaHNe OMIMOKHU BOCIPH-
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atus COB go 8-18°. CneyeT OTMETHTE, YTO aHAJIOTHYHOE yBeInude-
Hue omubKu no 8—12° HabGIroNanoCch TakKKe ¥ B IEPBBIE YacChl U CYTKU
npeObIBaHUS B IMMEPCHH.

UccnegoBanus BbISBUIN CYIIeCTBEHHbIE N3MEHCHUS II1230]BU-
raTenbHbIX YHKIUA B HEBECOMOCTH. B HayalbHBIA MEPUON ajan-
TalM Y BCEX KOCMOHAaBTOB OTMEYAJOCh MOBBILICHAE ITIa30[[BUIa-
TENbHOM aKTMBHOCTH, BbIpaskaBlleecsi B BOBHUKHOBEHUH IPH 3a-
KPBITBIX TJ1a3ax OONBIIOro YMcia IVIaBAIOUIMX M CaKKagWIeCKUX
mBIKeHui. Y 15 u3 27 KOCMOHABTOB B 9TOT MEPUOJ PETUCTPHUPO-
BaJICd CIIOHTaHHBIN HUcTarM. Ha Gonee MO3MHMX 3Tanax riasoiBu-
rarejabHasi aKTHBHOCTH CTaOWIN3UPOBAIIacCh, OHAKO B IEPBbIC THU
peajianTanui K 3eMHBIM YCIIOBUSIM OHA BHOBE Obljla MOBBIIIEHHOM.
CakKagu4ecKuii KOMIIOHEHT TPY BBIIIOJHEHUM PEAKIUN CIEXKEHUS
OCTaBaJICsS JOCTATOYHO COXPAHHBIM (XOTS aMIUIMTY/Ia CaKKaj, 0Co-
GeHHO BEpTHKANBHBIX, U3MeHs1ach). ONHAKO IJIaBHOE CIIEXEHHE 32
CTUMYJIOM M OCOOEHHO 11O KPYI'y CYIIeCTBEHHO HapyIlaaoCh, CMEHSI-
SCh CAaKKaIN4eCKHIM.

I'nyGokune u3MeHEeHNs] B HEBECOMOCTH PETMCTPUPOBAJIMCH B CUCTE-
Me OTOJIMTOBO-IIEPBUKO-OKYJISIPHOTO B3ammopeicraus. Mccnenosa-
HUSI TOP3UOHHOTO CTATUYECKOro pediiekca B HEBECOMOCTH (IPOTHBO-
BpAIlEHHUs TJIa3HOTO SI6JI0KA TIPY HAKJIOHE T'OJIOBBI K ITI€YY) BbISBUIN
ero riay60Koe TOpMOXKEHHe: IPOTUBOBpPAIllCHUE IJ1a3 IIPY HaKIIOHE
au60 OTCYTCTCTBOBAJIO BOBCE, MO0 OBLIO MHBEPTHPOBAHO (T7asa
BpaIllaJIuCh B CTOPOHY HAKJIOHA). 3HAUMTENbHbIE M3MEHEHUsI ObIIH
OTMEYEHBl TaKXe B XapaKTepHCTUKaX NAWHAMHUYECKHMX BecTHOyIo-
OKYJISIDHBIX peakiui: KO3(p(pUIUEHT yCUIEeHnsl BECTHOYII0-OKYIsp-
HOro pediekca npy BpalljeHNH B FOPU30HTaIbHON IIJIOCKOCTH CyIIe-
CTBEHHO BO3pacTall, a NP ABMKEHUSAX B CAaITUTAIbHOU U (PPOHTANL-
HOMH IIOcKOCTsIX cHIXKaJcs. Ilepexof K HEBECOMOCTH CONPOBOXKATIC
BbIPaXKEHHBIM CHUXCHHEM INOPOTOB ONTOKMHETHYECKOI'O U BECTHOY-
JIsipHOTO HUCTarMma. Ha mepBbIx 3Tanax moseTa Ipu COYETaHHOHU Bec-
TUOYNO-ONTOKMHETUYECKOH CTUMYISLUH, JTOMUHUPOBAIA BeCTHOY-
JsipHble OTBETHI. B panbHeiilieM BBIPa’KEHHOCTH BECTHOYISPHBIX
KOMIIOHEHTOB OTBETa OTUYETIIMBO CHUXKAJIACh BIUIOThH 10O MOJHOIO MC-
4Ye3HOBEHMS. Y 14 KOCMOHABTOB BBINOJIHEHUE B IOJIETaxX HCCIENOBa-
HUSI MHIYIMPOBAHHBIX THHEHHON U CHHYCOMJANBHON ONTOKHHETHYE-
CKO¥ CTHMYJISIIMEN BEKIIMOHHBIX WUTFO3WA BBISIBIIM BOSHUKHOBEHHE
B HEBECOMOCTY YHHKAIIBHOTO (DeHOMEHAa — MHBEPCHM BEKIMU — KOTMa
HalpaBJIeHUe WUTIO3UY COBMANano no ¢as3e ¢ HanpaBJIeHUEM IBUXKe-
HU# pucyHKa. Pe3ynbpTaThl NPOBENEHHBIX UCCIENOBAaHUN MTO3BOJIMUIH
3aKJIIOYUTh, YTO MEPEXOd K HEBECOMOCTH COIPOBOXKAETCS Y KOCMO-
HaBTOB OOJIEr'Y€HHEM BeCTHOYJIIIPHBIX peakuuii, a TakXKe CHUKEHHEM
CTaTU4YeCKOH U MOBHIIIEHNEM JUHAMUYECKOH Bo3OygumocTei. B npo-
Hecce aganTalyl BeCcTUOYIsIpHAsT BO3OYOMMOCTE CHUXKAETCs, BECTHU-
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OyJsIpHBINA KaHaj B 3HAYUTENBHON Mepe UCKIIIOYAETCs U3 CUCTEM CEH-
COpHOTO obecneyeHus ABKeHUN. I1pn aTOM cyliecTBeHHO BO3pacTa-
Jla poJib 3pUTeNbHOMN apdepeHTanun.

CripaBeiIMBOCTb 3TOrO 3aKJIIOYCHUS Obla B 3HAUUTEIBHON Me-
pe NOATBEpXKAEHA pe3ylbTaTaMM KCCIEOBAHUN BIUSHUN HEBECO-
MOCTH Ha XapaKTEPHUCTHKHU CIOKHO-KOOPAMHUPOBAHHBIX ABUXKEHUI]
TOJIOBBI U IJ1a3, 00eCIeYnBaIOIUX ObICTPYIO U TOYHYIO YCTaHOBKY
B3IJIsila Ha 00'bEKTE, NIPOELUpPYIOLIEMCS B IEpUpepruuecKoM Ioe
CceTyaTKH. DTU 3KCNEPUMEHTH! OBLIM BBIIOJHEHBI Ha 12 Makakax
pe3ycax B noneTax OMocnyTHUKOB cepuy “KocMoc” 1 Ha KOCMOHaB-
TaxX yYaCTHUKAX KOPOTKUX 7-CyTOUYHBIX (19 4enoBeK) U JIUTENbHBIX
MHOTOMECSTYHBIX (29 4yesloBeK) KOCMHUYECKHX 3Kcnepuuui. B mon-
HOM COOTBETBETCTBHUU C IPUBEACHHBIMU BblllI€ JaHHBIMHU, Y BCEX KU~
BOTHBIX B NIEPBbIE MOJIETHBIE CYTKM OOHAPYKUBaJlOCh BbIpasKeHHOE
oOJnerdyeHue BeCTUOYISIPHBIX OTBETOB Ha KaHAIOBbIE M OTOJIMTOBbIE
pasapakeHusl, MpOsIBISIBILIEECS pe3KNM Bo3pacTaHMeM Ko3pdunu-
€HTa BeCTUOYIO0-OKYJISIPHOTO pediiekca U 3HaUUTEIbHBIM YBEeInUe-
HUEM HEHpOHAaJbHbBIX peaKkUUil BeCTUOYISPHBIX siiep U BecTHOYIIO-
MO3X€eUKa Ha aJleKBaTHble BeCTHOYIsipHbIe pa3apaxenus. K 5-10-m
CyTKaM I0JIeTa U30BITOUYHOCTh BECTHOYJIO-OKYJIOMOTOPHO! Nlepefa-
Yy U UHTEHCUBHOCTb HEHPOHAJIbHBIX PEeaKlUil BECTUOYIISIPHOTO sipa
MIOCTENIEHHO YMEHBIUAIUCH IIPU COXpPaHEHUH BbICOKOH HelpoHalb-
HOIl aKTUBHOCTH B BECTHOYJIO-MO3KeuKe: K KOHUy monera K, y
8 00e3bsiH Ob1a1 6m1u30K K 1,0. bauskue, xoTs u npesbimaromue 1,0
3Havyenus K,,, peructpuposanuce nocne nosnera u'y 70% kocMoHas-
TOB — YYaCTHUKOB KOPOTKHX 3Kcnegunuii. [locie nnuTenpHbIX no-
JIETOB B 3HAYUTENILHOM 4Hmcie 25% cnyvaeB BenuyuHa K, ,, y KOCMO-
HaBTOB OblIa pE3KO CHMXKEHHOM, Y TpeX 4YelOBEK — A0 HyJs. ITO
CHUKEHHE, CYILLECTBEHHO OCIJIOXHSIOLIEE COMPYKECTBEHHYIO [esi-
TEJIBHOCTB TOJIOBBI U IJ1a3, COXPAHIOCh IIOCNE JIUTENbHBIX NOJe-
TOB [0 4-X CYTOK U OoJee.

[IpoBeneHHbIe ccaEeAOBAaHUS TOKA3aNIH, YTO NpeObIBAHUE B yC-
JIOBHSIX HEBECOMOCTU COINPOBOXKJAETCsl ClelU(pUIECKUMH OKYJIO-
MOTOPHBIMH HapylIeHHUsIMHU, pa3BUTHE KOTOPbIX OOYCIOBJIEHO U3-
MEHEHUSIMU B [I€STE€IbHOCTH I'PaBUTALMOHHO-3aBHCUMBIX CEHCOP-
HBIX CHCTEM (IIpexyne Bcero, BecTuOyusipHoi). [IpunsiTO cuuTaTs,
YTO HafleXKHbIM MH(OPMaLMOHHBIM KaHAJIOM B YCIOBUSIX HEBECO-
MOCTH SIBJISIETCSI 3pUTENIbHAsA CUCTEMA, HE OTHOCSIIAsCs K IpaBUTa-
IUOHHO-3aBUCUMbIM. OTHAKO OYEBHUJHO, YTO B CBOEH AESITENBHOCTH
rpaBUTAllOHHO-3aBICUMbIE U HE3aBUCHUMbIE CEHCOPHBIE CHCTEMBI
(byHKIIMOHUPYIOT B TECHOM CBSA3U M XapaKTep HUX B3aUMOJEHCTBUS
OIlpefiesIsieT IapaMeTphl IJ1a30[IBUraTeIbHbIX PEaklui, a, CliefoBa-
TEIBHO, U TOYHOCTb 3PUTEJILHOTO clieXXeHusl. I3MeHeHus1 akTUBHO-
CTH I'PaBUTALMOHHO-3aBUCUMBIX CEHCOPHBIX CHCTEM HEU30EKHO CO-
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NPOBOXIAKOTCS] HAPYLICHUIMH CEHCOPHBIX B3aUMOJIECTBAUM, YTO, B
CBOIO OYepENb, NPOBOLHPYET PA3BUTHE AHOMAIILHBIX CIIOHTAHHBIX
¥ MHAYLOMPOBAHHBIX [JIA30[BUraTEIbHBIX PEAKUWHA, B YaCTHOCTH,
CensIuX OBUXKEHUN Ias.

2.2. Pe3ynbTaTthl UCCneoBaHmiA
BNUSAHUS haKTOPOB KOCMIYECKOrO noneTa
Ha CEHCOMOTOPHbIE (hYHKLWM

MN3MeneHns: CEHCOMOTOPHBIX (PYHKIUH SIBJSIFOTCS IMOCTOSIHHBIM H
3aKOHOMEPHBIM CIYTHAKOM KOCMUYECKHX IIOJIETOB laXKe HEGONBIIOH
MpOAOIIKATENBHOCTH. ['1yOOKO Hapyuiast AesiTeJbHOCTh OCHOBHBIX
HNPONPHOLENTABHBIX CHCTEM, B IIEPBYIO OYEPENb, BECTUOYISIPHON U
OMOPHO#, HEBECOMOCTb CO3/1a€T YCJIOBHs ¥ MOTPEOHOCTH [IJIsl IKPO-
KX Npeo0pa30BaHUl B CUCTEMAaX MOTOPHOIO KOHTPOJIs, BbIpaXkaro-
IIUXCsl B MepeopueHTanuy cucreM ynpapineHus (CY) NBHXEHHS Ha
npyrue, 6osiee Hajie’KHbIE B HOBBIX YCIOBUSAX CUCTEMBI (3pEHHUE), U3-
MEHEHHUSX TAaKTUKH M KOOPHAMHALMOHHOW CTPYKTYPhI ABMKEHWM, U3-
MEHEHNN XapaKTepa MOTOPHbBIX CHHEPIuil. DT U3MEHEHH, alalTHB-
Hble IO CBOEH CYLIIHOCTH, OOYCIOBIMBAaXOT BTOPUYHOE Pa3BUTHE psila
HeOJIaronpusITHBIX CUMIITOMOB, B COBOKYITHOCTH COCTaBIISFOLUMX Kap-
THUHBI CHHPOMOB ‘‘KOCMMUYECKOH OONE3HM ABMUXKEHHUS, “TUIOTrPaBU-
TAIMOHHOM aTakCuu’, “MBIIIEYHON NEeTPEHHPOBAHHOCTU U JIPYIHX,
HapyLIAIOIINX ABUraTeIbHbIe BO3MOXKHOCTH W pabdOTOCIOCOGHOCTD
KOCMOHABTOB B XOJI€ IIOJIETA, U OCOOEHHO BbIpaXKEHHLIE MOCNE M-
TEJIbHBIX IOJIETOB.

C caMoro 3apoxXaeHusi 3pbl KOCMUYECKUX MOJIETOB POCCUICKHE
y4eHble MPOBOAST IIMPOKUE MCCIENOBAHUs Oa3UCHBIX MEXaHH3MOB
MEXXCEHCOPHbBIX B3aUMOJEHCTBUU M NESITEIBLHOCTU CUCTEM YIIpaBlle-
HUS IBU2KEHUEM B YCIOBUSX MEHSIOILLErOCs IPaBUTALUMOHHOIO OKPY-
keHus. C pa3BUTHEM NPAKTUKH JIUTEIbHBIX KOCMUYECKUX IKCIENM-
LUMA 3TH UCCIENOBAHMS BEAYTCS KOMIUIEKCHO, B paAMKaX 1I€NE€BbIX IIPO-
rpaMM ¥ BKJIIOYAIOT NMOJIETHBIE ¥ MOJIENbHbIE SKCIEPUMEHTHI C y4a-
CTHEM YEIIOBEKA, IPEeQi- U MOCIENOJETHbIE 00CIENOBaHUS YIEHOB KO-
CMHUYECKUX 3KHMIaXeH, a TaKXKe CIOXKHBbIE INOJIETHbIE W Ha3eMHLIE
9KCIIEpUMEHTHI Ha IpUMATaX.

OcHOBHBIE LleIeBble 3afjauyl HCCIeOBaHUI COCTaBIISIIN: KOJINYe-
CTBEHHOE OIIMCAaHUE OCOOEHHOCTEN BBINOJHEHUS B YCIOBUSX MHKPO-
rpaBUTAlUU [ABUKECHUU, PA3IMYarOIIMXCS 10 OpraHu3alyy yipasje-
HUS, COCTaBy, peryjupyeMbIM IapaMeTpaM, 3(pMeKTopy U CTENECHH
CJIO>KHOCTHY; NIOJIyYEHNE KOJIMYECTBEHHBIX XapaKTEPUCTUK COCTOSIHUSA
B T€X XK€ YCIOBUAX (PU3UONOTHIYECKMX CUCTEM M MEXaHU3MOB, y4acT-
BYIOLIUX B (POPMHUPOBAHUY U peanu3aluyl ABIKECHUI: OCHOBHBIX IIPO-
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MPUOLIENTUBHBIX CHCTEM — BECTHOYJISIPHOW, ONMOPHOM, MBIIIEYHOH 1
MBIIIEYHOIO amllapara, a TakXKe 0a3UCHBbIX pedIeKTOPHBIX MEXaHN3-
MOB; BbISIBIEHUE (PaKTOPOB M OCHOBHBIX TPUITEPHBIX MEXaHH3MOR
pa3BUTHS ABUTaTeNIbHbIX HAPYLIEHUH B YCIOBHUSX MUKPOTpaBUTAlNY
IJIsl ONpEeNeNIeHHs BO3MOXHBIX IyTeH MX NpO(]UIAKTHKH, C OFHOI
CTOPOHBI, U OIpPENEIEHUsI MECTA ¥ POJIM T'PABUTALMOHHOIO (paKTOpa
B IEATENILHOCTH Pa3IMYHbIX IBUraTEIbHBIX MEXAaHU3MOB — C JPYTOM.

HaszeMHast 9acTh IpOrpaMM HCCIENOBAHUH BBINOJHANIACH B OC-
HOBHOM coTpyaHukamu IMBII B coppyxkecTBe ¢ NpeacTaBUTENSIMU
aKafgeMU4ecKiX HHCTUTYTOB U YHHBEPCUTETOB; MTOJIETHAS, OCYLL[ECTB-
JIA71ach, KaK NPaBUIIO, B paMKax IMAPOKOrO MEXAYHAPOJHOI'O COMpY-
’KecTBa. B skcnepumenTax Ha OopTy craHmuu “Mup” npuHEManu
yuactre cnenuanuctsl 10 crpaH. BrimonHsBIIMECS COBMECTHO IIPOEK-
Thl, UIMEJIH KOMIIJIEKCHBIA XapaKTep M COCTaBJSIIA HEOThEMIIEMYIO
yacTh Poccuiickoll HallMOHANBHOM NPOrpaMMBl.

Pe3ynbsTaThl NcciiefOBaHUN BBINOJIHEHNS ABIKEHMHA Pa3IMYHONR
OpraHu3anuu B ycaoBUsiX Mukporpasutanuu. Illupokas nporpamma
HCCIIEJOBAaHNN KHHEMaTHYECKUX, BPEMEHHBIX X TOUHOCTHBIX Xapak-
TEPHUCTHK IPOU3BOJIBHBIX [BMXKEHHUH, pa3IMyaroluxcs 110 OpraHu-
3auy (IPOrPaMMHBIX U CIEASIINX), COCTaBy (JBUKEHHMS Iia3, roJo-
Bbl U PYKH), MONAJIbHOCTH YIPABISIIOIIMX CEHCOPHBIX CHUTHATIOB
(3peHue, cnyx, NpONpUOpPELEeNUysl) U PeryIupyeMbIM IapamMeTpam
(mo3unusi, CKOpOCTh, YCHIINE), Oblila BBINIOJHEHA B KOCMIYECKHUX T10-
JeTax B paMKax pOCCHUHCKO-aBCTPHHICKOIO 3KCIEPHUMEHTAIBHOIO
npoekTa “MOHMMEDP”, U POCCHUICKO-O0JIrapcKOro 3KCIEpUMEHTa
“lIlunka”. B nepBoM ucclefoBaHUs MIPOBOJUIUCH C y9acTueM 9 uie-
HOB [JINTEIBHBIX KOCMAYECKHUX 3KCIENULUN, BO BTOPOM — C y4acTH-
€M 4YeThIpEX KOCMOHABTOB. Pe3ynbpTaThel 3THX 3KCIEPHUMEHTOB, [O-
TIOTHEHHBIE TAHHBIMY AHAJIOTUYHBIX HUCCIENOBAaHUH, BHIIIOJIHEHHBIX
B xofie 7—14-cyTouHbIX nojeTOB OuocnyTHUKOB cepur “BVOH” na
10 Makakax pe3yc, a TakXKe JaHHBIMM MHOTOYHCIEHHBIX Ha3€MHBIX
9KCIEpUMEHTOB C MOJEIMPOBAHUEM YCIOBUN MHUKPOTpaBUTaLUU
(uMMepcusi, BbIBEIMBAaHHE, aHTHOPTOCTATHYECKasi TUIOKWHE3Ws),
[IOKa3ajHd, YTO 3aKOHOMEDHBIM CJIEICTBHEM I'DaBUTAILMOHHON pa3-
IPY3KH ABISIETCA aTaKChsA. Bo Bcex yNOMSIHYTBIX CHTyalUsIX OTMeYa-
JIACh BBIPAXKEHHBIE HAPYIIEHUsI KOHTPOJII TOYHOCTH BOCIIPOM3BEE-
HUSA 3aJJaHHbIX TapaMeTpoB. Tak, B YCIOBUSX “‘CyXOil UMMepcuu’” cy-
IIECTBEHHO BO3pacTajla BeJW4YWHa OMMOOK M BapHMaTUBHOCTHU BOC-
MPOU3BENI€HUS] IPY BBINOJHEHUU MPOCTOH [BUraTEIbHON 3afadyu —
MOAAEePXKaHUsl ONPeNeJIEHHOTO YPOBHS yCUNHs. Te e pe3ynbTaThl
GBI NIOJyYEHBI U NPU BBINIOJIHEHUH 3aaul IOAEPKaHUS COOTBET-
CTBYIOWIEH 3TOMY YCHIIMIO 3JI€KTpPOMHUOTrpapuyecKoil aKTHBHOCTH
MBIIII] TOJIEHH, @ TaKXKe IPH BOCIPOU3BENECHUM ‘‘U30TOHHYECKUX
ABUKEHUI B TOJIEHOCTOIIHOM CYCTaBe.
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Pe3koe cHmKeHue BO3MOXXHOCTEH TOYHOCTHOT'O YNPaBJIEHUS Bbl-
SBIISNIOCH ellle 6oJiee OTYETIMBO IPU BHINIOJIHEHUH TeCcTa Tpajjlaliu
MBIIIEYHbIX YCHIHHA, B XOfle KOTOPOTO HCNBITYEMBIN NPOU3BOAUT Ce-
PHIO TIOCIIENOBATENBHO BO3PACTAOIINX (MM MOCIENOBATENLHO OHHU-
SKAFOIUXCS) YCUINH OT MUHUMAJIBHOTO (a0COMIOTHBIA NOPOT LIKaJIbl)
0O MaKCHUMaJbHOTO C MUHHMMANIBHBIM pa3juuyieM MEXNY COCEIHUMHU
yeunusimu (mudpdepernmaneHelii mopor). B HeBecoMocTH, a Takxke B
YCIIOBUAX MMMEPCHH YMCIIO Pa3IMYaeMbIX Ipafjaluil pe3Ko yMeHbIIa-
JIOCh, 2 BEIMYMHBI A0COIIOTHOTO U AU depeHInaNbHOrO NOPOroB Cy-
LECTBEHHO YBEJIMYHMBANINCH. YKa3aHHbIE WM3MEHEHHUS COXPaHSUINCH
[OCJIE MINTEIBHBIX KOCMHUUYECKHUX IOJIETOB B TedeHue 3—5 qHed n 60-
jiee. BKiIToueHNe 3pUTENbHON OOPATHOMN CBS3M MOBBIIIANO TOYHOCTD
BBITIOJTHEHHUS 33124, OHAKO TP 3TOM OTYETIIMBO MPOSIBIISIUCEH CBOJ-
CTBEHHBbIE aTaKCHM U3MEHEHUs CTPYKTYpPbl 3afaHHbIX ABIDKCHUH —
OHM yTpaydrWBalIl PUCYHOK ObICTPOTO M CIVIaXKEHHOTO NpUOIMKEHNS K
ey, nprodpeTast XapakTep MENJIEHHOTO IPEPHIBUCTOTO ABMXKEHMUS,
ammpOKCUMUPYIOLIEro JUCTaHIMIO O LIEH.

Emie Oosee BbIpaXkKe€HHBIMH ObIIM M3MEHEHHs, OOyCIOBIIECHHbBIE
peanbHON W/MIH MOJEINpPYyeMOIl HEBECOMOCTBIO B XapaKTepUCTHKAX
CIIOXHOKOOPAMHUPOBAHHBIX IBUTATENIbHBIX pEaKLHi, TAKUX, KaK pe-
aKkiysl (puKcalMu B3IUISIAa, KOPPEKUMOHHbIE NIO3HBIE OTBETHI U JpPY-
rue. MiccnenoBanus BIUSIHAI HEBECOMOCTH Ha MEXaHU3MBbI PEryIsLun
MO03bI ¥ JIOKOMOILIMH BBITONHSUTICH B paMKax Ipef- ¥ MOCIeNOoNeTHbIX
0o06cefOBaHMi YWIEHOB KOCMUYECKUX SKMITAXKEH, a TAK>KE B HA3eMHBIX
MOJENbHBIX 3KCIIEPUMEHTAX C UMMEpPCHell U TUIIOKUHe3uel pa3nnd-
HOYM IpOAOKUTENbHOCTU. JInib B ogHOM 3akcnepuMeHTe (“Ilo3za”),
BBINIOJIHSBIIIEMCSl COBMECTHO POCCHACKMMHU U (ppaHIy3CKUMH HCCIIe-
ROBaTEJSIMU, MEXAHU3MbI PEryJIsLiM NO3HOH aKTUBHOCTH HCCIIeJOBa-
JIUCh Ha 6OPTY KOCMHUYECKOH CTaHIMU. 3a/layyl UCCIENOBaHUI COCTa-
BIISUJIM BBISIBIIEHHE OCHOBHBIX (paKTOpPOB, 0OYCIOBIMBAIOIIUX pa3BU-
THE HapyLIEHUH, 1 MEXaHU3MOB UX AEHCTBUS (M3MEHEHMs (PYHKIMN
CEHCOPHBIX CHCTEM U CBSI3aHHbIE C HUMH HapYIIEHHUs CXEMBI Tella, U3-
MEHEHHs] B COCTOSTHUM Oa3UCHBIX peIeKTOPHBIX MEXaHM3MOB, MbI-
LIEYHOro anmapara), a TakKe B U3yUYEeHHHU POJIU 1 (hOPM y4acTHs rpa-
BUTALMU B pEryJIsliM{ BEpPTUKAJIbHON ITO3bI ¥ JIOKOMOLMiA. Pesynbra-
Thl UCCIIENOBAaHMI, NOATBEPAMB IpPEACTaBIEHUE O MHOIO(MYHKIMO-
HaJbHOH NPHUpOJE HapyLIeHUH yKa3aHHbIX (PyHKIMI B HEBECOMOCTH,
NO3BOJIIIIM 3aKJIIOYMTh, YTO Ha Pa3HbIX 3Tanax BO3AEHCTBHUS MUKpPO-
rpaBUTALUU MEXAHU3MBbI 3TUX HapyIIeHNH CyLIeCTBEHHO Pa3HsITCS.

Tonyc mMbIN, cNMHANBHBIE ped)ieKTOpHbIEe MexaHu3mMbl. Mexa-
HU3MBI PE3KOTO CHIXKEHHUSI CKOPOCTHO-CUIIOBBIX Ka4ECTB CKEIIETHBIX
MBI IPY ITepexofie K HEBECOMOCTH M ObICTPOIO MX BOCCTAHOBJIEHHS
[P BO3BpAaIlleHUH K YCIOBUSAM 3€MHOM I'PaBUTALMH AJIUTEIBHOE Bpe-
MsI OCTaBaJIMCh HesicHbIMU. HekoToprie faHHBIE K IOHMMAHUIO 3TOrO
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ABJIEHUS OBLIM IIOJ1y4YEHbI B IIPEAIIONIOXKEHNHN €r0 BTOPUYHOrO HeHpo-
pedIEKTOPHOTO NMPOHCXOXKAEHUSI, KOTOpOe ObLJIO YCTAaHOBJIEHO Ma-
pajleibHO TIPU UCCIEOBAHMU HEKOTOPBIX NPYTUX XapaKTEPHCTHUK
COCTOSIHUSI HEpBHOMBIIIIEYHOI'O aNliaparTa, a, ”IMEHHO, TOHYCa MBIIIII,
OIIPENENAIOIIMX KECTKOCTh MBIIIEYHOTO CKEJIeTa, U UX pedIeKTop-
HYI0 BO30yguMocTs. [1epBble e uccneqoBaHus, BLITOJTHEHHBIE Yepes
24 4 mocne 3aBepuIeHUs 2-, 3- U 4-CyTOUHBIX IIOJIETOB, OOHAPYXKIIIH
BCEX KOCMOHABTOB 3HAYUTENBHOE CHIDKEHHE [TONIEPEYHOM XKECTKOCTH
YETBIPEXTTIaBOA MBIIILBI O€f[pa U B HECKOJIBKO MEHbIIEH CTEICHH —
nepefHei 60nb11e0epoBOY MBIIILBI TONEHU. 2KeCTKOCTh ABYTIIIaBOI
MBIIIIIB] NI7IeYa IIPYA 3TOM He U3MeHsIach. Pe3ynbraThl Oblu onyye-
HbI Ha OojblIOH rpynme obcnenyeMbix. MccneqoBaHus xapaKTepu-
CTHK CYXOXHIIBHOI'O (KOJIEHHOI'O) pe(pieKca y YJIEHOB IKuMNaXKel Ko-
CMHMYECKHX IT0JIETOB Ha Kopabusix “Coro3” mpy TOM XKe AIHTENHHOCTH
OOHapYXKWIIK y BceX OOCIeNyeMbIX TaK:Ke OTYETIIMBOE BO3pacTaHHe
a7eKTpoMuorpaguyeckoli aMIIuTyAbl pedekca. AHaIu3 IATEPaTy-
pbI 1970-X rogoB N03BOJIUI 3aKJIFOYUTE, YTO 002 (PeHOMEHa — 3KCTEH-
30pHas aTOHMS M CyXOXKUJIbHas runeppedekcus: pa3BUBalOTCS B He-
BECOMOCTH KaK IPsSIMOI HENOCPEACTBEHHBIN OTBET Ha CHIKEHHE Ipa-
BATALMOHHBIX HarPy30K. DTO 3aKJI0YEHHE XOPOLIO COIIacOBaIOCH C
OOHAapyXKEHHBIMK B T€ XK€ rofibl haKTaMH a) pa3BUTHs y YEJIOBEK
IIpH IEPEXOIE K HEBECOMOCTH (PJIEKCOPHOH YCTaHOBKH U 6) 3aperucT-
PUPOBaHHOIO B IojeTax no nmapabone Kenmnepa u y 4enoBeka u y
>KMBOTHBIX mopaBieHusi OMIT akcreH30poB (“‘OHO3IEKTpUYECKOE
MosnyaHue”) u obneruenue DMI dunekcopos.

B 1980-1990-e ropp! onucasHble (hDeHOMEHBI BHOBb CTAllHA Ipef-
METOM MHTEHCHUBHBIX MccnefioBanuil. [Ipu 3ToM, 3ajady ux cocraBu-
JIM: a) KOJIMYECTBEHHAsl OLIEHKAa Pa3BUBAIOILUXCS B [TOJIETax M3MEHE-
HHii; 6) BpeMeHHasl JUHaMKUKa UX pa3BUTHs B IIOJIeTax U B IIEPHOJ pe-
aflanTalliy; B) UX pOJb B pa3sBUTHM T'MIOTPaBUTALMOHHBIX Hapylle-
HUJ B ABUTaTeIbHOM cucTeMe. B 1ensix NOBBIIIEHHsS] KOPPEKTHOCTH U
TOYHOCTH IIOJIyYaeMbIX pe3yJIbTaTOB CYLECTBEHHOMY yCOBEPIIEHCT-
BOBaHUIO IOABEPIIIUCH MUCNOJIb30BABIINECT B IKCIEPUMEHTAaX METO-
OBl UccefoBaHusA. Pe3ynbTaThl 3THX HCCIEJOBAHUH, BBIIOJHEHHBIX
Ha BTOpbIE CYTKHU IOCIIE OKOHYAHHUS 7-CyTOYHOTO IOJIETA, BBHISBHIIN
BO BCEX TPEX I'OJIOBKAaX TPEXIIaBOM MBIIIIbI TOJIEHH CHIKEHHUE TOTIe-
peuHoi kecrkoctu Ha 15-20%. [1ocne mauTeNnbHbIX MOJETOB aTOHUS
MbIUII-pa3rubaTtelieil TOJIEHOCTOHOIO CycTaBa B OOJIBIIOM YHCIIE
clly4yaeB HOCTHUTalla YPOBHS MATOJIOTHH: MBIIIEYHas XKECTKOCTh ObLIa
IIOJIHOCTBIO yTpauyeHa, NpY IOJHMMAHMUU HOTU MBbIIIIAa IpHHAMAala
¢opMy KaIlllli, HEMOJIHOCTBIO KOPPETUpYIOLIYIOCs IPU MaKCHMallb-
HOM IIpOM3BOJILHOM coKpallleHuu. KpuBasi BoccTaHOBIEHHMS TOHYyca
uMeJsa OTYETIIMBO ABYX(hA3HBIN XapaKTep ¢ OTHOCHUTEIBLHO KPYTHIM
BO3pacTaHUEM B TE€UEHHE IEPBBIX TPEX-MISATH MOCIENONIETHBIX CYTOK U
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NOCTENEeHHbIM MENJIEHHBIM NMPUOIUKEHNEM K (POHOBOMY YPOBHIO B
nocnepyrouye 7-11 cyt.

HccregoBaHusi COCTOSIHUSI CHCTEM OIIOPHOH U MbllIeyHOU agde-
pEeHTAIMi NOCJIe 3aBEPLICHUS KOCMUYECKUX IKCTIENULIA, ONIPENIEIsAB-
mmecss IepBOMl — MO MOpPOraM BHOPOUYYBCTBHTEIBHOCTH OCHOBHBIX
OIIOPHBIX 30H CTOIBI, BTOPOH — IO XapaKTEPUCTUKaM — IOpOry BO-
BJICYEHNS] U MAKCHMAIIbHOH aMIUIUTY[E SJIEKTPOMUOTpapuiecKoro
OTBETa KPHBOH BOBJIEYEHUs] CYXOXKHUIBHOrO (AXHnioBa) pediekca,
0OHapyXKUIU, YTO NpebObIBaHNEe B HEBECOMOCTH CONPOBOXKMAETCS CY-
IEeCTBEHHBIM (10 50% u 60iee) CHUXKEHUEM [TIOPOrOB BUOPOUYBCTBHU-
TEJIbHOCTH OMOPHBIX 30H CTOIbI, PETUCTPUPOBABIIUMCS Y YYaCTHH-
KOB KaK KODOTKHX, TaK M AIUTENbHBIX KOCMUYECKHUX IKCNENUIMH, I
MBIIIIEYHOU runeppedaekcueit, NposBIAIOIIECS PE3KUM CHUKEHNEM
MOPOTOB CYXOXMWIBbHBIX OTBeTOB. ITocie 140—185-cyTOUHBIX ONETOB
noporu pednekca BMecto ucxogabix 1000 r camxanuce go 300-200 r
u 6onee. IIpu aToM HabIIONANOCh PaCIIMPEHUE PELUENTUBHOTO MO
pedrekca, B HEKOTOPBIX cIy4asiX pericTpUpoBajiach KIOHHYECKas
aKTUBHOCTBE. AMIUINTY/a pedpiiekca U rpagueHT ee HapacTaHus [ocie
IJIUTENbHBIX [I0JIETOB U3MEHSJINCh HEOJHO3HAYHO, CYIIIECTBEHHO CHH-
>KasiCh Y OfIHHX M CTOJIb X€ CYIIeCTBEHHO BO3pacTrasi y ApPYIHX, UTO
yKa3bIBaJlo Ha HAJTM4YKUE KOMIIJIeKca (PakKTOPOB, ONPENESIOIUX, B KO-
HEYHOM CYeTe, UCKOMYIO XapaKTepHCTUKY.

Pe3yiibTaTh! HOJTETHBIX HCCIelOBaRNMi. B 1nuTeIbHBIX ONeTax Ha
cTaHuH “Mup” poccuiickue ¥ aBCTpHICKHE (DU3NOIOTH COBMECTHO
IIPOBONMJIH UCCIIEIOBAHUS 3TIEKTPOMUOrpapnyecKux IapaMeTpoB KO-
JIEHHOTO CYXOKUJIBHOro pediiekca HeIIOCPECTBEHHO B XONI€ IIINTEIIb-
HBIX [TOETOB. B 3KcliepUMeHTe y4acTBOBAIK AEBITh POCCHICKHX KO-
CMOHABTOB, JITINTEILHOCTD IOJIETOB Y KOTOPBIX Konebanach oT 125 no
429 cyt. Pe3ynbraThl MCCIENOBaHUN MONTBEPAWIH CIPaBEIUBOCTD
IIPEIIONIOKEHHUS O CYLIECTBEHHOM OOJIEr'YeHUH CYXOXUIIBbHbIX pediie-
KCOB B YCIIOBUSIX MUKporpaputanuu. O6 3TOM CBUMIETEILCTBOBAI 3a-
(ukcupoBaHHBIN B HEBECOMOCTH (paKT npeobpa3oBaHusi pedIeKTop-
HOrO OTBETa U3 OMHOYHOrO B KJIOHMYECKHH, B pe3yabTaTe 4ero AJd-
TenbHOCTB ero Bo3pacraina ¢ 50-80 mo 500 Mc Ha MEHUMANEHOE U IO
2000 Mc n 6onee Ha MaKCUMaJIbHOE pa3fpakeHus. boiee 4yeM BBOE B
TIOCJIE[IHEM Cllydae BO3pacTalia ¥ AJIUTEIbHOCTL IEPBUYHOrO OTBETA.
AMmmuTyna pegaeKTOPHBIX OTBETOB B IIEpPBbIE [JHY IIONETa BbISBIISNA
TEHIECHUHUIO K CHUXEHHIO, a 3aTeM — CO BTOPOro Mecsla U fanee apa-
MaTHU4YeCKM HapacTania, focTuras K 60-M NOJIETHBIM CyTKaM BEJIMYNH B
8-9 MB u BbllIe. DT Xe 3HaUYEHHs MAaKCUMAalbHBIX aMIUTUTY]] OTBETa
PETHCTPUPOBAINCEH U NIOCTIE 3aBEPIICHUS IOJIETA.

OpHyM U3 HEOT'bEMIIEMBbIX IIOKa3aTeNeil COCTOSHYS CUCTEM TIOCTY-
paIbHOrO TOHUYECKOTO KOHTPOJS sIBisieTcsd (PpU3UOTOTHUECKUH Tpe-
Mop (®T), copoBOXAAIOWIMA B YCIOBHSIX 3¢€MHOH I'PaBUTAlMH BCE BU-
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IbI IESITELHOCTH, CBSI3aHHBIE C NIOJIEP>KAHNUEM TIO3UIMHU TeJla UM Erg
3BEHbEB B I'PaBUTALMIOHHOM HoJie 3eMIu. XOTs reHes (pU3nOIOraye-
CKOT'0 TPEMOpa U €ro BLICOKOYaCTOTHOM KOMIIOHEHTHI (8—12/c) ocTaer-
sl IPEeAMETOM IUCKYCCHH, TECHAsI CBA3b TPEMOPA C MEXaHU3MaMU ped-
JIEKCOB pacTsiKeHNs U PYHKUMEN MBIIIEYHbIX BEPETEH NPEACTABIIACT-
Csl OYEBUAHON. B CBSI3M C 3TUM pOCCHIICKME ¥ aBCTPUICKHE UCCIIENOBA-~
TENN B TEX XK€ 3KCIEpUMEHTAX U3y4yalll XapaKTepPUCTUKHU (PU3NOIOrH-
YeCcKOro TPEMOpa PYKHU B MOKOE U IIPU BBINOJIHEHUH 3a1a4 TO3UIOHH-
POBaHUS PYKH B BBITSIHYTOM I10JIOXKEHUH (BIEpeN) B [IOKOE U C HEOOIb-
IIMMH YPOBHSIMH HAarpy>kKeHusi. ¥ BCeX [IECSITH YYaCTHUKOB KOCMHYe-
CKOT'O 3KCIEPUMEHTA NPOBEJECHHBIE UCCIENOBAHNS! BLISIBUIN B HEBECO-
MOCTH NMPAaKTHYECKHU ITOITHOE MCYE3HOBEHUE BBICOKOYACTOTHOH KOMIIO-
HeHThI @T. “BricokouacToTHOE” MONTYaHKUE BO3HUKANIO Cpa3y e Mpu
nepexofie K MEKpOTpaBUTAIMUA U COXPAHSNIOCh Ha BCEM MNPOTSIXKEHUN
noJieTa, CKOJb Obl IMTENbHBIM OH HU ObL1. IIpu 3TOM moneTHsle pe-
THCTPAlXH BbISBISIN HaJIH4yde PEryJlsspHOro TpeMOpa HU3KOHM 4acTo-
Tol (3-5 I'y), ycunmBagiIerocss Mo Mepe yBEJIHYEHHs] CPOKOB IIOJIETa.
OnHOMOMEHTHAs CcMeHa Be[[yLIMX YacTOT B pab0Te KOHTPOJIBHBIX CHUC-
TeM IpU MEepexofie K MUKPOTpaBUTALMU NPSIMO yKa3blBajla HA CMEHY
BeIyIIUX MEXaHM3MOB (YPOBHEH) perymislny, a Takxe 0olee onocpe-
IOBaHHO — Ha HaJIW4Ke TPUTTePHOro (pakTopa, 00eCeynBaloLEro Bbl-
6op ongHO# cuctembl B ycnosusix 1G, u apyroit B ycnosusix 0G. Ilog-
TBEPKAEHHEM CIPaBEJIMBOCTH 3TOTO NPEANONOKEHHS CIYKHUT (aKT
HEMEJIEHHOTO BO3BpAlleHNs] BbICOKOAMITTIUTYTHON KOMIOHEHTBHI PT
NIpH BO3BpallleHWH KOCMOHABTOB Ha 3€MIII0, KOTOpasl B IIEPBBIE MOCIIE-
NoJIeTHble JHU OblNa Pe3KO aKUEHTHUPOBAHHON BO BCEX MCCIIENYEMBIX
CUTyalysiX ¥ ABUXKECHUSX.

[aHHblEe HEHpPO(QU3UOJOTMYECKUX MCCIENOBAHUHA IO3BOJIHUIH
IPEAIOJIOKUTh, YTO TPH BBISIBJIEHHBIE B HEBECOMOCTH (DEHOMEHA 5B-
JISIFOTCST B3aUMOCBSI3aHHBIMU M OOYCIIOBJIEHBI €AMHBIM (DaKTOpPOM, a
UMEHHO, Je3aKTuBalyel (U1 pe3KUM CHUXKEHHEM aKTHBHOCTH) CHC-
TeMbl TOHHYECKOT'0 MbIIIIEYHOT O KOHTPOJIS, TPUITEPOM [JIsl pa3BUTHs
KOTOPOH MOTYT SBJSITHCSI FPaBUPELENTOPHbIE CUCTEMBI — OTOJIMTO-
Basi M ONOpHasl, CHELHaNbHO OPHEHTHPOBAaHHbIE Ha BOCIPUATHE U
aHalli3 TPaBUTAUMOHHBIX HArPy30K M XKECTKO BCTPOCHHBIE B MEXa-
HU3MBbI OpTaHU3alMK [T03HbIX CHHEPIHH.

Pe3ynabTaTsl Ha3zeMHbIX 3KcnepumeHToB. IIpoBepka u pa3BuTHe
3TOH TMIOTE3BI COCTABUIIN MCXONHYIO LENIb CUCTEMATHYECKON CEPUU
Ha3eMHbIX UCCIEJOBAaHUI, BBINOJHIBIINXCA C UCIIOIB30BaHUEM JBYX
Ha3eMHBIX MOJIeNiell TUIIOrpaBUTAlMK, a UMEHHO nMMepcun 1 AHOT
(aHTHOPTUCTATUYECKON I'MIIOKMHE3UH ), IPEAMET UCCIENOBAHUN B KO-
TOPBIX COCTABWJIUA MBIIIEYHbI TOHYC U AKTHBHOCTb IBHUIaTElIbHBIX
enuuaul ([IE) IpH BBITOJIHEHUN LEJEBBIX ABUraTEIbHbIX 3a/1a4.

Mpunueynslii TOHYC (3kecTKOCTh). OYEeBUIHO, UTO YKa3aHHbIE CH-
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Tyaldy pa3jM4aroTCs CTENEHbIO OMOPHOM pasrpysku. B mvmepcuy
BEC PaBHOMEDHO PacIIpefIeNAeTCsl IO MOBEPXHOCTH TeNa, UCKIoYast
BO3HMKHOBEHHE omnopHoro rpapuenTa; B AHOI onopHasi Harpyska
COXpaHsIeTCsl, HO CYIIECTBEHHO IepepacipefieNisieTcss, apecysich, B
OCHOBHOM, K OOJIBIIIMM, HE CBSI3aHHBIM C MOJJepXKaHNEeM BePTHKaJb-
HOM CTOWKM 30HAM CIMHbI M OOKOBBIX ITOBEPXHOCTEH. B momonHu-
TeNbHOM cepuyl IKCIEPHUMEHTOB UCIIOIb30BANACh KOMIIEKCHAS CUTY-
alus, B KOTOPOH HCIIBITATENN JHEM B TEYEHUE 12 ¥ HaxXOOMIUCh B UM-
mepcur, a Houbko (12 4) — B AHOTI'. B skcnepuMeHTax y4acTBOBaIH
15 MY>KMHH; [UTATENBHOCTD VIMMEPCUOHHOTO 1 KOMIUIEKCHOTO BO3/IEN-
ctBuii cocrasisiia 7 cyt, AHOT — 120 cyr.

PeaynLTaTm MCCIIeIOBAHUH BBISBUIIA 3aK0H0MepHoe CHUKEHUE
rokasaTejieil onepeyHoN KECTKOCTH BCEX TPEX rOJIOBOK TpEXTia-
BOIl MBIIIILI BO BCEX TPEX CUTYaLUsIX ONOPHOW pasrpysKu, OAHAKO
IMHAMMKA M [JIyOMHA U3MEHEHWH B Pa3jIMYHbIX YCIOBUAX CyLIECT-
BEHHO Pa3iMYyalucCh. B MMMepCHM CHUXKEHHE >KECTKOCTH pa3BHMBa-
JI0Ch CTPEMHUTEJIBHO: YXKe K ILIECTOMY Jacy BO3fieiicTBust (Goee, 1eM
y MOJIOBMHBI HCIBITaTeNed OHO JIOCTUrajJ0 MaKCHMalbHBIX 3Ha4e-
Huii, cocrapnsBumx 40-50% ot ucxopguoro). B AHOI' cHikeHue
’KECTKOCTH pPa3BUBAJIOCh MENJIEHHO. MakcuMmalbHble BEIUYUHBI
CHUKeHus, cocTapisasiuue B cpegHeM 30-40%, pocTuraiuch, Kak
NIpaBUJIO, B MHTepBase MeXny 14-mu u 31-mu cyrkamu. ITpu Komn-
JIEKCHOM €XEJHEBHOM BO3/IEMCTBUU HMMEPCHHA U AHOTI rnybOuna u
CKOpPOCTh Pa3BUTHsl U3MEHEHHI ObLIM MEHbIIE, YEM B YUCTON MM-
Mepcui, u 6omasbiue, yeM B AHOT'. TTonepeyHast KECTKOCTh NEPEN-
Hell GonblIeGepIOBOM MBIIILbLI CHMXKalachb W B MMMEDCHM, U B
AHOT cylecTBEeHHO NO3XKe, IPU 9TOM IIyOrHa CHIKEHHUA HE Mpe-
Bbmmana 10-15%.

Burarenbnpie equuunbl. CylLECTBEHHBIA BKJIAJ B IOHMMaHHE
IPUPONIbI YKa3aHHBIX BbIlle (P€HOMEHOB BHECIH HMCCIENOBAHUS IO-
psiika peKpyTUPOBAHUS IBUrATEIbHBIX €IUHAIL (OE) npu BBIIOIHE-
HUH 3ajaud yaep:aHusi HeGonbuoro ycwms (nopsaka 10-12% ot
MaKCHMaJIbHOTO MPOHM3BOJIBHOIO), NPOBOJUBIIKMECS B TEX XK€ IKCIC-
pumenTax. 1 B ummepcun, u B AHOT oGcenenyeMple COXpaHsIg MO
HOCTBIO CIIOCOOHOCTD TIOMIIe P>KUBATh 3aJJaHHOE yCUIIUE B TEUCHHUE 32~
IAHHOTO BpeMeHH. AHANN3 XapakTepucTuK aktueHocTd [IE nmokasan
CYIeCTBEHHbIE M3MEHEHHUs!, BHIPAKABIINECS B YBEIMYCHNH CPEIHEH
[UTHTEILHOCTH MEXKUMITYJILCHBIX nHTepBanos (MU) u ux BapuaTus-
HOCTH, CBSI3aHHBIX, B OCHOBHOM, C NIOSIBJIEHUEM B I’MCTOIpaMME HU3KO-
yactoTHbIX [IE. IIpy 3TOM U3MEHEHME yIila HaKJIOHA JTMHUM pETpec-
CHM 3aBUCHMOCTH MEXJy CTaHIAapTHLIM OTKIOHEHMEM M BEJMIMHON
MUWMU CBUAETENBCTBOBAIN O TOM, YTO yBEINYEHHE BapHaOeIbHOCTH
MMHMU onepexkaino pocT UX [IUTEIbHOCTH. B 11e70M H3MEHEHHUs aK-
tuBHOcTH JIE yKaspIBald Ha TO, YTO B YCIIOBHSIX MMMEPCHHU 3ajiava
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YAEPXaHUs 3aJJaHHOTO MAJIOTO YCUIIHS BBINOJHANACH Apyrumu E u
9YTO CHCTEeMa KOHTPOJs akTuBHOCTH [IE cyniecTBeHHO gecTabunusu-
posanace. [locnennee, Kak U3BECTHO, SIBISIETCS IIOCTOSIHHBLIM CIyTHH-
KOM COCTOSIHHY, XapaKTEPU3YIOIMXCs CHIXKEHHBIM addepeHTHbIM
nputokoM. B AHOT usmenenus aktuBHocTu [IE UMeNH OTYETIMBEIiH
nByxcasHblil XapakTep. B nepsrie 30 cyT, Kak ¥ B AMMepCHH, Ha6III0-
flalioch Bo3pacTaHue cpenneit nurenbHocTr [JE 1 eme Gonbluee yBe-
JXYCHUE X BADUATUBHOCTH, YTO OBIJIO CBSI3aHO C MOSIBJIEHUEM Ha I'H-
crorpavme MUM GoJnbLIOro NpOLEHTa 4Ype3BBIYAWHO KOPOTKHX
(70-90 Mc) 1, HampOTHB, Ype3MEPHO ANMUHHBIX (250-350 Mc) HHTEpBa-
70B. B 11e710M, H3MEHEHUs XapaKTePUCTHK akKTUBHOCTH [IE B nepBbIit
Mmecsay, AHOI, kak ¥ B UMMepCUH, OTpasaid, B OCHOBHOM, U3MEHe-
HUS TopsApka pekpytupoBaHus [IE u gecTaCunImM3alyio aKTHBHOCTH
nyna. B paneHediniem, ¢ HapacTaHMEM [ECTPYKTHBHBIX NPOLECCOB B
MBILIaX U HEUPOMBIIIEYHBIX CHHANCAX B akKTUBHOCTH [IE peructpu-
POBAJIKCh U3MEHEHUS, OTPAXKABIINE HAPYHICHUS B pabOTe MBIIIEYHOR
nepugeprn — CHUXKEHUE KOHTPAKTIIBHBIX BO3MOXKHOCTEH MBIIIEY-
HBIX BOJIOKOH aTpO(dHYecKoii TpHpoab! (OTCIOfA — BHICOKHUA IPOLEHT
MYIUIETOB) M HAPYLIEHUs] HEPBHO-MbILIEYHO! Nepefayn (B pe3ybTa-
Te — Ype3MepHO AnurtenbHble MUN).

Cnunanenble pediekTopHbIe MexaHn3Mbl. ViccienoBanus xapak-
TEPUCTUK pedIeKTOPHBIX peakuuii B mmmepenn 1 AHOT, noarBep-
NUIA CIIPaBEMJIMBOCTD IPEACTaBIEHUA O COCTOSIHUM THUIEPPEAKTHB-
HOCTH, CIIMHAJILHBIX PEQIEKTOPHBIX CHCTEM B YCIIOBUSX FMIIOTPABH-
Tanuy. B 06enx cuTyanyax B IepBble Xe IHU BO3AEHCTBHSI IOPOTH CY-
XOXHIILHOTO (AXMJIIIOBA ¥ KOJIEHHOTO) pedIeKCcoB, a TaKKe MOpPOTH
H-pedrexca 3aKOHOMEPHO CHIDKANNCEH. VI3MEHEHHsT aMIUTHTYbI OT-
BETOB B Pa3/MYHbIX IKCIIEPHMEHTAJIBHBIX CUTYalUsX ObLIA HEOHO-
3HayHbl. B mMMepcun amnnutyna H-pediekca B IepBble CYTKH BO3-
pacTraia, OHaKO 3TO BO3pacTaHHe ObLIO HECTOWKHM, M HAa TPETHH
CYTKH BO3JICHCTBMs BEJIMYNHA OTBETA HE OTJIMYANach OT (POHOBOW.
B AHOT npu 0THOCHTENBHO HEGOMBUINX U3MEHEHHUSIX TIOPOTOB JIHU-
pyloIuMH ObLITN M3MEHEHUsI aMIUIUTY[l OTBETOB, B TE€YECHHE NMEPBBIX
5-14 pHeii Bo3pelcTBYS Bo3pacTaBliue B 4 pa3a u 6oiee (HECKOIBKO
MeHblIe B cucreMe H-oTBeTa), U OnM3KMe NOCIETHEMY H3MEHEHHUs
aMILIUTYABI IPSMOTO MBILIEYHOTO OTBeTa. HaunHas ¢ mIThIX CYTOK,
BEJIMYMHBI OTBETA, OCTABAsICh BBICOKMMM, BBISBISIIA TEHACHLHIO K
CHIDKEHHMIO, ¥ K 60-90-M cyTKaM aMIUIUTyAa BO3Bpalliaiach K UCXOH-
HBbIM 3HaY€HMSIM. AHAJIOTUYHON Obljla JUHAMHKa U3MEHEHUH aMIIIU-
Ty[, OIPSMOTrO MBILIEYHOIO OTBETAa. BIM30CTh KapTUHbI U3MEHEeHUH
[apaMeTpOB Pe(PIEKTOPHBIX PEAKIUI TAKOBBIM IIPSIMOTO MBIIIEYHO-
ro OTBeTa yKasbiBala Ha UX CBsI3b C IPOLECCaMH, Pa3BUBAIOIIMUCS B
MBIIIEYHBIX BOJIOKHAX. DTO NPEANONOXeHHe ObLIO NOATBEPXKICHO B
akcnepuMeHTax ¢ 360-cyroyHoit AHOT', B KOoTOpOIi B OHOM U3 ABYX
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rpynn o6cienyeMble B TeueHue nepBbix 120 cyTOK He HCIOIb30BaIH
npopuNIaKTUYECKUX CPENCTB, a B APYroil — B TeyeHue Bcex 12 mecs-
LIeB MCHOJIb30Balu husndeckue TpeHupoBku. I1pn sToM, y ucnpiTaTe-
Jel, B TEYEHNE YETBIPEX NEPBBIX MECALIEB HE IPUMEHSIBILNX CPENICTB
npodUIAKTHKH, TIOPOT CYyXOXXHIBHOIO pediekca K KOHIy 3TOro Iie-
pHuoja ObLI BbIIIIE HCXOAHOTO, a aMIUIMTYAa — HUKe TakoBoy. C Haya-
710M (PU3NYECKUX TPEHUPOBOK NOpOr pediiekca B IpyIIe najga, foc-
THrHYB TeX Xe Bennyud B 100 1, 4yTo ¥ B rpymne A, a aMIUIUTya ero
TakXe HeYKJIOHHO BO3pacTalia, JOCTUTHYB K 360-M cyTKaM CTOJb Ke
HEOOBIYHO BBICOKUX 3HAUYEHMIA, YTO U B rpynne A.

B nenoM, gaHHbIE IIPOBENEHHBIX UCCIEOBAHUN TO3BOJIMIA 3a-
KJIFOYHATH, YTO B YCIOBHUAX HEBECOMOCTHU yCTpaHEHUE OIOpHI SBISET-
Csl TIyCKOBBLIM CTHMYJIOM [JII CHHKEHUS! (BBIKJIIOUEHHUSA?) aKTUBHOCTH
TOHHYECKOH CHCTEMBI C IOCIENYIOIIMM BTOPUYHBIM Pa3BUTUEM psiaa
(U3HMONIOTUYECKUX U CTPYKTYPHBIX 3¢ (PEKTOB, COCTABNSIONIMX B II€-
JIOM KapTHHY T'MIIOTPaBUTALlMOHHOTO CHHAPOMA.

2.3. dusnyeckue 1 pagnodronormieckne 0CHOBbI
ANS COBEPLUEHCTBOBAHNS HOPM
pagunaumoHHon 6e30MacHOCTM KOCMUYECKIX NONETOB

PasBepTriBanre u QyHKIMOHHPOBAHHUE MEXKITYHAPOTHON KOCMH-
yeckoit crannuu (MKC), yxkecroyeHune TpeGoBaHUI K 06eCneYeHIIO
pagualoOHHON 6e301acHOCTH NepcoHana, paGoTaloMIEero B YCIOBUSIX
MOBBILIEHHOTO PafHalMOHHOIO (pOHA, U MEePCNEeKTUBbI MEXKIUIaHET-
HBIX TI0JIETOB NPUBEJIN K HEOOXONUMOCTH pPACIIMpPEHUs] U YTOYHEHHUS
3HaHUY B o6JacT palualliOHHON 6€30MacCHOCTH KOCMUYECKHX TOJIe-
TOB. B aToM HanpaBiieHnu ObIJ BBIMOJTHEH IWKJ MCCIEOBaHUM, Ha-
NIpaBJIeHHBbIX Ha COBEPUIEHCTBOBAHKWE METONOB M CPEACTB obecneye-
HUSl pafiMalliOHHON 6€30MacHOCTH YeJIOBEKa B KOCMHUYECKOM IIpO-
cTpaHcTBe. Hike KpaTko u3naraeTcst psij Haubosee CyleCTBEHHBIX
pe3yabTaTOB 3TUX UCCIIENOBAaHU.

Ha ocHoBe execyTOYHOTO MOHMTOpPHHTA pagMallMOHHON OOCTa-
HOBKHM Ha opburanbHoM koMmmekce (OK) “Mup” cpopmupoBana 0Oa-
3a JaHHBIX, BKJIIOYAKOWasi 0alsIUCTUUYECKME XapaKTEPHUCTUKHU OpOu-
Thl, CPEHECYTOYHYIO MOIHOCTH MOTJIONICHHOH H03bl, 3HAUEHHS re0-
MarHuTHBIX M KOCMO(HU3MYECKUX HMHAEKCOB. BriepBbie B MHpPOBOMH
fpaKTUKe MOJIy4YeHbI JaHHbIE €3KETHEBHOT'O KOHTPOJIS pafiialliOHHON
006CTaHOBKH, OXBATHIBAIOIIME IEPUON IITUTEIEHOCTBIO CBbIILE 12 JIET.
Ha ocHoBe aHanu3a faHHbIX, CHCTEMAaTU3NPOBAHHbIX B 3TOH Oase, 00-
Hapy>XeHbl KBa3uUIEPHOAWYECKHE Bapualiy MOIIHOCTH IIOIJIOIIEH-
HOW [O3bI OT NPOTOHOB PAMAllMOHHOIrO MOsica 3eMIIU C EPUONaMU
OKOJIO OfHOTO ¥ ABYX JeT. C yyeToM OOHapy>KEHHbIX BapHaluii U Iu-
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KJIMYHOCTH COJTHEYHOW aKTHUBHOCTH pa3paboTaHa [IUHAMHUYECKAsI MO-

[enb pafMal{OHHbIX XapaKTEPUCTUK IMPOTOHOB PaluallUOHHOTO TOs-
ca 3emmn. Mcnonb3oBaHue 3TOW MOJENHU IJIsl paCYETHON OLIEHKH T10-
[JIOIIEHHON 03bl Ha CTaHUUU “Mup” MO3BONHUIIO OLEHUTH €€ TOY-
HocThb. ConocraBiieHue pe3ylbTaTOB BbIYMCIEHUHA C COOTBETCTBYIO-
UMMM JaHHBIMH U3MEPEeHH NOKAa3aJl0, YTO PACXOXKIECHHUE PACCUUTAH-
HbIX ¥ U3MEpEHHbIX 3HayeHuit He npeBbimaeT 30%. Takas TOYHOCTL
BITOJIHE IOCTAaTOYHA 15 OLEHOK paflualliOHHON ONaCHOCTH B IpolLec-
ce noneTa opOUTANBHON CTaHINH, BBIIOIHIEMbIX Ha OCHOBE KOHTPO-
7 Y NPOrHO3a ypOBHEN OONy4YeHHs KOCMOHABTOB B IPOLECCE TPO-
checcuoHanbHON AEATEIbHOCTH, BKIIFOYas MEPUOALI BHIITOITHEHUS KO-
CMHYECKHX IMOJIETOB.

IToguepkHeM, YTO OCOGEHHOCTH NPO(eCCHOHATBLHOIO O0IyYeHUsI
KOCMOHABTOB ONpPEAENAIOTCI ABYMs (pakKTopaMy: XapakTep ob6nyuye-
HYST BO BpeMsl IOJIeTa; AUCKPETHOCTH BbINOJIHEHHUS IIOJIETOB B MPOIIEC-
ce 1podeCcCHOHANBHON AESTENLHOCTH.

B cOOTBETCTBUM C STUMH OCOOEHHOCTSIMU MOXKHO C(pOPMUPOBATH
ABE KaTEropuu Ux NpodecCHOHalbHOrO pagualuoHHoro pucka (PP):
[IOJNIETHBII pafualliOHHBINA PHUCK, ONpENENsieMblil BEPOSTHOCTBIO T'U-
6enM KOCMOHABTA, KaK B IOJIETE, TaK U IOCJIE €ro 3aBepIIeHMs]; TPo-
deccuoHaNbHBIN PUCK, 0OYCIIOBIEHHBINA OTJalIeHHBIMU MOCIIE/ICTBUS-*
MU oOJTy4YeHusl.

Kak cnepyet u3 ompepfenenus, noineTHoil PP cocTrouT u3 nByx
KOMIIOHEHTOB: PHCKOB, OOYCIIOBJIEHHBIX IPOSIBIICHUSIMY NTOCIIECTBHIH
00Iy4eHHUs IO KOHI[A TI0JIeTa ¥ OTIAJIEHHLIMH MOCIENCTBUSIMEI O0JTY-
YEHHUs (IIOXKU3HEHHBIN PUCK).

IToneTHpiit PP cBsizaH ¢ OnuKallUUMHU IOCIENCTBUSIMH O0yde-
Husl conHeyHbIMU KocMmuueckuMu aydamu (CKIJI), reHepupyeMbIMu
CTOXaCTMYECKUM MCTOYHHKOM KOCMHMYECKOH pajidalluil — COJIHEUHbI-
Mu npoToHHbIME coObITUIMHE (CIIC). ITo3TOMY BO3HHKAET BEPOSITHO-
CTHBIH KOMIIOHEHT IIOJIETHOI'O PHCKa, JEHCTBHE KOTOPOro 3aBeplia-
eTcd B MOMEHT NpeKpallieHusl mosjeTa. MOoXHO 3aKII0YUTh, YTO 3TOT
KOMIIOHEHT MOJIETHOrO pHCKa CIeAyeT UCIOJIb30BaTh JJIsi yIpaBiie-
HUSl pafiMallMOHHON O€30MacHOCTBIO B IpoOliecce TEKYILIETro MOoJeTa.
ITocne ero 3aBepuienus: BeposasTHOCTH Bo3HHKHOBeHus CIIC o6paina-
eTcs B HyJlb, a CyMMapHasi J03a 3a 3aBEePIIUBIIMIACS MOJIET, BKII0Yas
mo3y ot npousomenmmx CIIC, faet Bkiang B npodgeccnonansHbiii PP.

ITocnegHuit yYUTHIBAET BEPOSITHOCTh IPOSIBIIEHUS Bpefla B Te-
YeHHe BCell XKU3HU YeJIOBeKa, BBI3BAaHHOI'O BO3AEHCTBUEM pafHalli-
oHHOrO (pakTopa. B HOpMaTHBax A5l HA3€MHBIX IPIMEHEHHUH, B OC-
HOBY OL€HKM PHCKa IOJIOXKEHbI KOIIMYECTBEHHbIE JaHHbIE 110 BEPO-
SITHOCTH Pa3BUTHS pagualMOHHO-UHIYIIMPOBAHHOIO paka, 06yciio-
BJIEHHOT'O NpO(pecCHOHaNbHBIM OOJIyYeHMEM B Ipoliecce paboThl
YeJoBeKa Ha aTOMHBIX NIPEANPUATHSAX U OOJIydYeHUEM IIpU paguanu-
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OHHBIX aBapusAX. AHAJOr NOJETHOMY PUCKY B Ha3eMHbIX HOPMaTH-
BaX OTCYTCTBYET.

TakuM 06pa3oM, B KOCMHUECKOM IIOJIETE UMEET MECTO [yalin3M
PP — noneTHBIIl puck U npodeccuoHalbHbIN puck. B cBsi3u ¢ atum
BO3HMKAET BOIIPOC: KaK 3Ty BEIMUYUHY HCIIONb30BaTh 7151 YIIPaBICHUS
pafualioHHON 6e30macHocThi0? B HacTosiIlee BpeMsl B Ka4eCcTBe Xa-
PaKTEPUCTUKHU ONACHOCTHU B MOJIETE NPUHUMAIOT IOKU3HEHHYIO BEpPO-
ATHOCTb CMEPTH OT OT[AJICHHBIX IIOCTIECTBUMA IPU YCIOBUH MCKITIO-
YEeHHs C 33laHHON HaleXKHOCThIO rubeny KOCMOHABTa B IEPHOJ TOJTe-
Ta. TO HOCTUraeTCsl YYeTOM CIelU(UKH paguoOUOIOrHIecKux 3¢-
dekToB, opmupyromux PP, 1 cooTBeTCTBYIOIIEH CTPYKTYPOH HOP-
MaTHBOB. OCHOBHOI 3(p(peKT, Onpefensomuil BepOsITHOCTb rHbeu
KOCMOHABTa B Ipoliecce M0NeTa, — Jy4eBasi 601e3Hb, BbI3BaAHHAS 110~
paXKeHHWEM KPOBETBOPHBIX OpraHoB. llo3uMeTpuyeckuil (yHKUIHO-
HaJl, UCTIONB3YEMbIH [IJIsI TIONyYEeHUs] KONUYECTBEHHBIX OLIEHOK 3TOr0
KoMmnoHeHTa PP, nomkeH oTpaxkaTh paclpefeleHHOCTb KOCTHOI'O
MO3ra IO CKEJIETY U €ro penapaiioHHbIE CIIOCOOGHOCTH K BOCCTAHOB-
JIEHHIO TOoclie 00ny4eHus. B kauecTBe Takoro (pyHKIMIOHaNa onpefe-
JeHa o6o0mIeHHas o3a, KOTOopasi IO CYyTH €CTh aHalor peKOMEHJO-
BaHHOH MKP3 3¢pekTuBHOM O3BI A1 OLEHKH PUCKA CTOXacTHYe-
ckux 3¢pdexToB. Ha ocHOBe 06001eHHOI M03b1 pa3zpaboTaHa MofeNb
pafMallMOHHON rubeny KOCMOHaBTa K KOHILY nosera. Pacyers! s
OpOMTaNBHBIX CTAHUUH IOKa3ajd, YTO B paMKax KOCTHOMO3TOBOMH
(hopMBI pagnManMOHHOrO MOPa>KEHHsT BEPOSITHOCTL rubenu (mojet-
HBIA paiMallMOHHBIA PUCK) YpE3BbIYAHO MaJjla U 3HaYEHHE ee Jaxe B
rOOBOM OpOHMTAJIBHOM IIOJIETE 32 MUHUMAJIBHOH TOJILMHON 3aLUThbI
He npesbicut 107, IIpuBeieHHBIE OLIEHKN CBUAETENLCTBYIOT, YTO IS
OTpaHUYEHUs PUCKa, OOYCIOBIEHHOIO [IPOSIBICHUEM OJIIDKANIINX T10-
CIIE[ICTBHH, CI€AYEeT BbIOUPATh HE BEPOSITHOCTh T'MOENHU, a CHUXKEHHE
paboTocnocoOHOCTH, BbI3BAHHOE OOJIyYEHUEM.

JInsi ouneHKH OOYCIOBIEHHOIO OTHANIEHHBIMH 3¢peKTaMu Ipo-
¢eccuonanbroro PP, MOryT GBITH HCIIOTB30BaHbI IMHEHHBIE MOJIETH,
OCHOBaHHbIE, HallpuMep, Ha (PUKCUPOBAHHOM 3HAYEHUM KO3 uIu-
€HTa pHCKa uiau Oojiee coBeplleHHas Mofelb OOOOILIEHHOH MO3BI.
PaccMoTpuM OLIEHKY OIIAaCHOCTH Ha OCHOBE 0OOOILEHHOH O3B, yUH-
TBHIBAIOLIEH pa3NnUuYHYIO OMOJIOTHYECKYIO 3(p(PeKTUBHOCTh KOCMUYe-
CKMX M3JIy4eHHH, pa3InyHbIi XapakTep pacnpeesleHus 003kl BO Bpe-
MEHU U 110 ITyOyHE Tejla KOCMOHABTOB U, IPY HEOOXOJUMOCTH, yUYeT
KOMOMHUPOBAHHOTIO NE€HCTBHs pagyalyy ¥ Jpyrux ¢akTopoB KOCMU-
yeckoro noineta. s sTux nenei 6p1i1a paspaboTaHa MOfieNb pajya-
LUOHHOHI CKOPOCTH CMEPTHOCTH MIIEKONUTAOIINX, ONpefensoas
XapakTep U3MEHEHNs 3aBUCHMOCTH KO3(P(pULIUEHTOB CMEPTHOCTU OT
BO3pacTa XUBOTHBIX ITOCIIE OCTPOTO M XpOHWYecKoro obnydyenus. Ha
OCHOBE 3TOif MOIENY ¥ YTOYHEHHbIX YPOBHEH OOJIy4eHUs] KOCMOHAB-
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TOB BO BPEMSs OPOUTANIBHBIX KOCMUYECKHX IIOJIETOB PaCCYMTAHBI 3Ha-
YEeHHsI CyMMapHOro PP B TeyeHHe UX XXHM3HM OT BCEX MPUYMH, BKIIO-
yas PP pa3BuTust onyxosneii, 1 OeHeHbl HanboJiee BEPOSTHBIE 3HAYE-
HUSI COKPAIIEHHsS! NMPONOJIKUTENBHOCTH MPECTOSAENd KU3HH MOCIIe
3aBepUIEHNs] IIOJIETOB.

B oTnnune OoT npeXHUX MONXONOB, NMPH KOTOPBIX HOPMHPOBaHHUE
NpeeNbHBIX YPOBHEH OOMy4YEHUsI KOCMOHABTOB UCXONWIO U3 TpeGOBa-
HUs orpaHu4eHus PP cMepTHOCTH BO BpeMs moJieTa M COXpaHeHHs pa-
60TOCIIOCOOHOCTH KOCMOHABTOB HENOCPENCTBEHHO MOCIE OCTPBIX pa-
muauuoHHbIX BosfencTBull nmpu CIIC, HacTosmas KoHIeNuus obecre-
YeHHs 0€30MaCHOCTU ATIHUTENbHBIX KOCMHYECKUX CTPOUTCS Ha HOBOM
ocHOBe. I'71aBHBIM TpeOOBaHNEM BBLICTYNIAE€T OTPaHUICHUE CyMMapHOTO
pagMaliiOHHOIO PHUCKA B TEYEHHE BCEH KU3HU KOCMOHABTOB, KOTOPBIN
HeE TOJIXKEH npeBbIlaTh 10% 1 KOTOPBIA ONpeNemnsieTcs JOTOTHUTEb-
HOH pafinallioHHO 00YCIOBJIEHHOHN 3a00JI€BAEMOCTBIO U CMEPTHOCTHIO
OT BCEX NPUYMH, a He TOJIBKO KaHlleporeHezoM. Hanpumep, naTonoru-
YeCcKHe U3MEHEHNS B KOpe TOJIOBHOI'O MO3ra U B XpyCTalluKe, BbI3BaH-
Hble OOJIy4EeHUEM, YCUIUBAIOTCS B OTNaJIEHHOM IIepHOJiE.

Pe3ynbTaThl BHINONHEHHBIX 3KCIIEPUMEHTAILHBIX HCCIIETOBAHMN,
[IOKa3ajH, YTO IIPH JEACTBUM Ha HEHPOHBI KOPhI TOJIOBHOT'O MO3ra yc-
KOPEHHBIX MOHOB B CPAaBHUTENBLHO MaJIbIX H03aX KOI(PPUIMEHTHI OT- :
HOCHTEIIbHOH OHonornuyeckon apdexrusaoctu (OB3) moryT goctu-
raTek 100. Cronb xke 6onpune 3HaueHus koagdunuerro OB obHa-
PYKEHBI ¥ IPH BO3AECHCTBUM BBICOKOHEPIreTHYHbIX MOHOB Ha XpyCTa-
JIMK TJ1a3a IPH OLUEHKE BEPOATHOCTH Pa3BUTHs KaTapakKT y >KUBOT-
HBbIX. AHaNIU3 JaHHBIX 45-T€THErO0 MEJUIIMHCKOI'0O HabIoieH s 00ITy-
4yeHHBIX B 1950-e ropgpl 60ABIIMMHU HO3aMH NMPO(GECCHOHANBHBIX pa-
OOTHUKOB ATOMHBIX NPENIPHSITUAN BBLISBUI CYIIECTBEHHOE yBElIMYe-
HHUE 4aCTOTbI BEr€TOCOCYAUCTON JUCTOHNUHN, ACTEHNYECKOT'O CHHIpOMa
U CYLIECTBEHHOE CHMXKEeHHEe paboTOCHOCOOHOCTH. B momonHeHnme x
9TUM JaHHBIM UMEET MECTO TaKXKe YBEJIMYEHHE YacTOThI 3a60JeBa-
HUH LIeHTpaJIbHOM HEPBHOU ¥ CEPIeYHO-COCYAUCTOMN CUCTEM, OTMEYa-
IOTCS Cephe3Hble HapyIIeHUs: KpOBOOOpallleHUs], IPUBOASIIUE K pas-
BUTHIO Llepe6panbHOro aTepoCcKIepo3a U K YBEJIMYEHUIO JaCTOThI HH-
cynbTOB. V370XKEeHHBIE NMOCNENCTBUS OONYy4EHUsl, OTUETIHUBO BBISIB-
JIronIMecs Ipu go3ax, npepblmaroumx 1,50 3B, mocnyXunu ocHoBa-
HHUEM JJIsl peKOMEHIAIMN 10 CHUXKEHHIO 03 Ha KPOBETBOPHBIE OPra-
HBI 32 BCIO Kaphepy KOCMOHABTOB B YEThIpE pa3a IO CPaBHEHHIO C
MpEeXHUM HOPMaTHUBOM M OI'paHMYMTH 3HaueHueM 1,0 3B. YuuteiBast
OONBIIYIO ONMACHOCTh BO3[EHCTBHUS KOCMUYECKUX U3NIy4EHUH Ha Xpy-
CTaJNK M BbICOKMEe 3HaueHUs Ko3pduuueHToB OBD B OTHOUICHUH
pa3BUTHA KaTapakThl, IpeieIbHOE 3HaUeHHe A03bl Ha XpyCTalIMK 3a
Kapbepy peKOMEHJOBAaHO OrpaHMYuTh fo3ou 2,0 3B, a mpepenbHOE
3HaUYeHue J03bl Ha KOKY KOCMOHABTOB B TEYEHHE BCErO NEPHOa Npo-
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(beCcCHOHANBHOI esITeIbHOCTH OrpaHuyMThL 3HadyenueM 6,0 3B. Ilpn
3TOM OCHOBHBIM KPHTEpPHEM SIBIISIIOCH TPEOOBAHNE OTCYTCTBUS 3Ha-
YHMOTO CHIKEHHS paG0oTOCIOCOOHOCTH B IIPOLIECCE TI0JIETa H B OTHA-
JIEHHOM IIEpUOJE 1O KOHIIA XKU3HH.

2.4. LuToreHeTnyeckue HapyLieHus
B NMMchoLmMTax KPOBM YSIEHOB 3KMNaxen
OK HMMp”

YBenuyeHne MIUTENBHOCTH U JaJbHOCTH KOCMHUYECKHX IOJETOB
(KTI) npuBORUT K BO3pACTaHUIO pafMallMOHHON Harpys3KH Ha opra-
HU3M KOCMOHaBTOB. Kak moka3anu [O3UMETPUYECKUE H3MEPEHUS,
9KBUBAJIEHTHBIE N0O3bl 001y4eHns KocMoHaBTOB npu KII gnurensHo-
cTei0 ofuH roj MoryT gocturate 100-300 m3B. IToaToMy omHO# U3
aKTyallbHBIX IPOOJIeM KOCMUYECKOH ONONOTNH ¥ MEUIVHBI SBISET-
sl OLIEHKA OIIaCHOCTH pafjualiMOHHBIX BO3JECHCTBUI B OTHOCUTEIIBHO
HEBBICOKMX [l03aX [JIs 4eJIOBeKa, B YaCTHOCTH, HHAYIMPOBAHHBIX KO-
CMUYECKMMH JTy4aMy U3MEHEHU! B FreHETHYECKOM almapaTe KIeTOK.
JIns ee penieHus 611 BBINOJIHEH LIUKJI UCCIIETOBaHUH IUTOrE€HETHYE-
CKHX HapylIeHUiT B TuMQouuTax nepudeprnieckoi KpoBM KOCMOHAB-
TOB, IPHHAMABIINX y4yacTtue B nonetax Ha OK “Mup”, ocHOBaHHBIN
Ha aHalu3€e 4acTOThl HeCTAaOUIBHBIX abeppaluil XpOMOCOM.

B paMmkax BeINONHEHHS NIpOrpaMMbl OBIIO IPOAHATIM3UPOBAHO
44607 metacpaz nuMpouuTOoB U3 006pa3noB KpoBU 21 KOCMOHABTA,
GOJBIIMHCTBO U3 KOTOPBIX COBEPIIIAIN HEOTHOKPaTHbIE MoneThl. O6-
HapyxeHo 777 KJleTok, copepxammx 816 pasnumynbix abGeppauui
XpoMocoM, B ToM uucne 123 kieTku co 126 nunentTpukamuy, 311 anes-
Tpu4yecKux ¢parMeHTa, 31 aTUIIMYHBIX MOHOLICHTPUKOB 1 344 xpoMa-
THRHBIX abeppauuil. CIOHTaHHBIA ypoBeHb abeppanuii 6611 Uccieno-
BaH y 17 KOCMOHaBTOB.

YT06B! BRISICHUTH BO3BpAIlla€TCs 1M YPOBEHb abeppalyil XpoMo-
COM y KOCMOHABTOB 4epe3 HeKoTopoe Bpems nocne KIT no ucxogso-
ro, OblIa BhIfleJIeHa TpyNna ciaydaeB ‘o moneTa 0e3 CIOHTAaHHOTO
YPOBHS, T.e. M3 BCEX MAONOJIETHBIX AAHHBIX HCKIIOYAIHUCh CIy4Yau
CIIOHTaHHOTO ypoBHs. TakuM o6pa3oM, Obli1a cPOpMHPOBaHa IpyNIa
KOCMOHABTOB, Y KOTOpPBIX NPOBENEH aHalu3 abeppauyil XpoMOCOM
coycra 1-1,5 roga nocne KII. B cpegaeM yactoTa AMLEHTPHUKOB U
LHEHTPUYECKUX KOJlell y KOCMOHaBTOB uepes 1-1,5 roga nocie nonera
cHmkaetcs g0 0,17+0,04%, npakTU4eCcKy JOCTUTasi YPOBHS CIIOHTAH-
Ho#t yactothl (0,15+0,03%). YacToTbI APYruxX BUAOB XPOMOCOMHBIX
abeppanyii TakKe IPaKTUYECKHN HE OTINYalOTCs OT KOHTpousi. O6b-
€IUHEHHbIC YKa3aHHbIE IPYIIbI COCTAaBUIIM Ipynny “mo momnera’, Ko-
TOpasi OXBAaThIBAET BCE JOIOJIETHBIC AaHHBIE, BKIIOYas HE TOJBKO
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CTIOHTAHHYIO YaCTOTY XPOMOCOMHBIX aGeppaliil 1o IepBoro noJjeTa,
HO M [0 KaXJ0ro Nocienyroumero. BIOGOPKY 3TOi IPYIIIBI COCTABIS-
10T 24549 mpoaHanu3MpoBaHHbIX MeTada3, M3 HuX 386 KIeTok
(1,57 = 0,08%) copepxamnu 407 (1,66 = 0,08%) abGeppauuit XxpOMOCOM,
39 (0,16 £ 0,03%) kneTok, B KoTopbix 06HapyxeHo 40 (0,16 = 0,03%)
IULEeHTpUuYecKux abeppauuii, a rakxke Bcero 160 (0,65 + 0,05%) anen-
Tpudeckux pparmenTos, 8 (0,03 + 0,01%) aTUMUYHBIX MOHOLEHTPU-
ka u 192 (0,78 = 0,06%) aGeppauyii XpOMaTHIHOTO TUIIA.

IIpoBenennbii aHanu3 MoKasalj, YTO Yy KOCMOHABTOB IONOJIETHBII
YPOBEHb KJIETOK C AMLEHTPUKAMU U IEHTPHYECCKUMHK KOJbIAMU, SIB-
JIAIOIIMMHECS MapKepaMH PaMaliOHHOTO BO3AEHCTBUS, MPEBBILIAET
CTIIOHTAaHHBIA YPOBEHb 3TOTO IOKAa3aTensl MJIs Jiofeid, npodeccro-
HaJIbHO HE KOHTAKTHPYIOIUX C KCTOYHUKAaMK MOHU3UPYIOLIMX U3y~
yeHuil. Ha ocHoBaHuu aHanu3a Bei6Opky u3 118 yenoBek — xuTemnei
Mockobckoii obnacTu (poaHann3upoBaHo 48124 meTadasHbIX Kile-
TOK) OOHapy>eHO, YTO YacTOTa KJIETOK C IUIEHTPUKAMH Y KUTeEJeH
Mockosckoro peruosa cocrasiseT 0,02 puientpuka Ha 100 KieToxk.
OTO [OCTOBEPHO OTIMYAETCS OT COOTBETCTBYIOIIErO MOKA3aTENs y
KOCMOHAaBTOB [0 noiieta (Kpurepuii CrorofeHta t = 2,9; p = 0,005).
CrioHTaHHas 4acTOTa alleHTPUKOB Y KOCMOHABTOB TaKXKe MpPEBbIIIA-
€T KOHTPOJIbHBIA YPOBEHb TOrO TUMA abeppauyil 1y1s Xurenei Mo-
CKOBCKOTI'O peruoHa. [Ipp4uHbI TakO# BbICOKOU CIIOHTAHHOM YaCTOThI
OHULEHTPUKOB U allEeHTPUKOB Y KOCMOHABTOB HE SICHbI. MOXHO mpefi-
MOJOXHTh, YTO 3TO BbI3BAHO 0OJlee YacThIMU PEHTT€HOIUAarHOCTHYE-
CKHMU MpOLEAYPaMU B NEPHOJ NMPEANOJIETHON NOATOTOBKH, HO 3TOT
BOIIPOC TPeOYyEeT CrennanbHOro U3yYeHusl.

AmnHanyu3 pe3ynpTaTOB HCCIENOBaHUS JTUMQOLUUTOB KPOBH KOC-
MOHaBTOB nocine nepsoro KII pma rpynmel u3 17 KOCMOHAaBTOB,
y KOTOpBIX MpOaHaNu3upoBaHo Bcero 12332 wmeradas, BbIS-
Bun 237(1,92+0,12%) abeppaHTHBIX KIJIETOK, H3 KOTOPBIX
56 (0,45 = 0,06%) xnerok c guuentpukami, 84 (0,68 + 0,07%) aneHt-
pudeckux ¢gparmenTa u 84 (0,68 = 0,07%) — noBpeXneHus: XxpoMaTH-
Horo Tuna. Hapsiiy ¢ 3TuMHu JaHHBIMH, ObLIM IPOAHANIM3NPOBAHBI
TaK>Ke pe3yJbTaThl HIUTOMEHETUYECKOTO OOCIeNOBaHUs KOCMOHABTOB
nocne 2, 3 u 4 KI1, a Takxe cpeiHie 3Ha4Y€HUs] 4YaCTOT XPOMOCOMHBIX
abeppalnuil pa3HbIX TUIIOB B KOHTpoOJIE (0 ¥ IIOCIIe OJIETOB).

PesynbTaThl 3TOr0 aHanu3a nokasanu, 4to nocne KIT o6mras va-
CTOTA XPOMOCOMHBIX HapyLIEHUH B NUM@oIuTax nepudepudeckon
KPOBM KOCMOHABTOB JJOCTOBEPHO BO3pPACTAET 3a CYET JULEHTPUKOB U
KOJIBLIEBBIX abeppanuii XxpoMocoM. B yacTHoOcTH, 9acToTa KIIETOK C
OULIEHTPUKaMU ¥ LEHTPUUYECKUMH KOJbIAMHU YBEJIUYUBAETCS MO
0,41 = 0,04%, npesblmas gonoseTHblt ypoBeHs (0,16 + 0,03%) npu-
MEpHO TPH pa3a. B Toxe BpeMsi YypOBEHb aleHTPHKOB M XpOMAaTHUJI-
HBIX abeppaunii 10 CpaBHEHUIO C UCXOTHBIM IPaKTHYECKN HE H3MEHSI-
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etcsi, cocrasnsia 0,65 = 0,05% u 0,78 = 0,06% po moneTos u
0,73 + 0,06% u 0,80 = 0,06% nocie MOJNEeTOB COOTBETCTBEHHO. B 11e-
JIOM TMPOCIEeXKMBAETCS TEHACHIUS K BOIHOOOPA3HOMY H3MEHEHHUIO
yKa3aHHBIX IapaMeTpoB, T.e. NPOUCXOAMT YBEIMYCHUE 4YaCTOTHI
abeppalliil IIocje MNepBOro INojeTa 110 OTHOLICHUIO K CIIOHTaHHOMY
YPOBHIO, 3aTeM uepe3 1-1,5 rojia ee yMeHblIEHNHE, 38 KOTOPHIM BHOBb
clelyeT yBelWYeHHe KOJMYeCcTBa XPOMOCOMHBLIX abeppauui mocie
KaXJOoro 0YepegHoro noiera u T.A. ITO CBA3aHO C TeM, 4TO abeppa-
¥ XPOMOCOM, HHAYIMPOBAHHbIE HOHU3UPYIOLIUM U3JTYIEHUEM KOC-
MHYECKOTO MPOCTPAHCTBa, HAKAIUIMBAKOTCA 3a BpPEMs IOJIETa, a 1OC-
Jie Hero KJeTKH, CofiepyKaliie XPOMOCOMHBIE a0eppalun, ECTECTBEH-
HBIM 00pa30M 3JIMMHUHUPYIOT U3 UUPKYIUPYOUIEH KPOBH.
CroHTaHHBIN YpOBeHb abeppalyil XpOMOCOMHOI'O THIA Y KOCMO-
HAaBTOB IMpEBBIIIAeT 3TOT MOKa3aTelb Alsl kuTenell MockoBckon 00-
nacty. B wacTHOCTH, YacTOTa NUUEHTPUKOB U AllEeHTPUKOB Y KOCMOHAB-
TOB B KOHTpoJe coctasiuseT 0,15 + 0,03% u 0,65 = 0,07% cooTBercT-
BeHHO. [Tocne KII B nuMdonurax KpoBM KOCMOHABTOB B CPEJHEM Ha-
6IIoflaeTCs JOCTOBEPHOE YBEJIMUEHUE KIETOK C AULEHTPUKAMU U LIEH-
TPUYECKUMHU KOJBbUAMH, SBISIOUIMMUCT MapKepaMu pagudalloOHHOIO
BO3eficTBUs. YacToTa aueHTPUKOB M abeppaluil XpOMaTUIHOIO THIA
nocine KII ve usmensierca. B MexXnoneTHOM NEPUOLE JIUTENLHOCTHIO
1-1,5 roga NMpOUCXONUT CHUKEHHE YacTOThl abeppalyii XpOMOCOM B
JuMQONUTaX KPOBHM KOCMOHABTOB [O CIOHTaHHOIO YPOBHS 3a CYET
37MMUHANUN MOBPEXACHHBIX KJeTOK. Ilocne HOBTOPHBIX IOJIETOB
YPOBEHb XPOMOCOMHBIX abeppalyii BHOBb Bo3pacTaeT. K HacrosimeMy
BPEMEHH HE BBISIBJIEHO OTUETIIMBON CBA3U MEXAY MHIMBUAYaTbHOM Ya-
CTOTOH XPOMOCOMHBIX abGeppalyil y KOCMOHABTOB M [JIHUTEIBHOCTBIO
KOCMUYECKOTI'O MOJIETA, YTO MOXET OBITh CB3aHO C HU3KOU HHTEHCUB-
HOCTBIO KOCMMYECKOTO W3JyYEHUs, C HEJOCTATOYHBIM KOJIUYECTBOM
HaONMIOfeHU !, 3MMMHHALUENd KJIETOK, CONEepXKallUX HeCTaOUIbHbIE
abeppanuy XpoOMOCOM, MM KaKAUMHU-TTHOO IPYTUMHA MIPUYUHAMH.

2.5. Cuctembl Xn3HeobecneyeHus 1 onTUMabHbIv
W30TOMHbIK COCTaB Cpeabl 06UTaHNA KOCMOHABTOB
B YCMOBUSIX ANUTESNbHBIX 3KCNEANLMNA

Co3pmaHue CHCTEM KU3HEOOECIIeYEeHNsT KOCMUYECKHUX SKHUIaxKen
Ha OCHOBE 3aMKHYTOT'O KPYrOBOPOTAa BEIECTB CO3[Ia€T KaYeCTBEHHO
HOBYIO, He CBOWCTBEHHYIO 3€MHOM NMPHUPOJE, CATYalHUIO, KOrAa JJU-
TENBbHOCTb OOpalleHns] OMOTEHHBIX XUMUYECKHX 3JTEMEHTOB COKpa-
1[aeTCs OT ThICSYENIETH O HECKOJBKUX CYTOK. B Takux cucreMax B
YCIOBUAX NJIMTENBHBIX IKCIEAUIUN OYyayT MPOUCXOAUTH HMPOIECCHI
MHOTOKPATHOTO MOTJIOLEHNS U BBIIEIEHUS] OTHUX U TeX K& aTOMOB
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BEILIECTB, BXOJSIIIMX B COCTAaB TO OPTaHU3Ma 4YeJIOBEKa, TO PACTEHUI}
U KMBOTHBIX, TO OKpPYXKaloIed Cpefibl B COOTBETCTBUU C YUCIOM ITU-
KJIOB KpyrOoBOpOTa BeILIECTB B cucTeMe. Takas cuTyanus [Jis Opra-
HU3Ma B IIPUPOJie HUKOTTA HE CYLECTBOBANA, B 9KOJIOTUH YEJIOBEKA U
APYI¥X OpraHu3MOB HE paccMaTpuBanach U OMONOTUYECKHUE MOCTEN-
CTBUS €€ TPYJHO IIPOTHO3UPOBATh.

Brnonse BO3MOXHO, YTO TaKKe NOCIECTBUS MOTYT OBbITh CBSA3aHbI
¢ n30UpaTeNbHbIM OTHOLICHUEM OpraHU3MOB U (pa30BbIX NpeBpalle-
HUY BEIECTB HE TOJIBKO K OMOTE€HHBIM XMMHUYECKHUM 3JIEMEHTaM, HO U
MU30TOIAM 3THX 2JIEMEHTOB, YTO MOXKET MPUBECTH K U3MEHEHHIO UX
COOTHOIIIEHUI B OpraHu3Max M pa3HbIX YacTsX CUCTEMBI XHU3HeoOec-
[IEYEHNs C HENIPEACKA3yeMbIMH NTOCIEACTBUSIMH.

3HaHuEe 3aKOHOMEPHOCTEN (PpaKIMOHMPOBAHUS CTaOHIBHBIX
HA30TOINOB CHCTEMaMH >KU3HEOOECIEYEHUsI, paCTUTEIbHBIMU, XKU-
BOTHBIMH OpraHU3MaMU ¥ YEJOBEKOM, 3HaHHE OHOJOTHMYECKHX
OCOOEHHOCTEN N30TONOB OMOT€HHBIX XUMUYECKHUX JIEMEHTOB I03-
BOJIUT CO3[aTh YCTOWYMBYIO ONTHUMANIBHYIO Cpefly OOHMTaHHs KOC-
MOHAaBTOB.

Kak u3BecTHO, B yCIIOBUAX KOCMIYECKOTO NI0JIeTa Ha KOCMOHaBTa
BO3[IEHCTBYET IMPOKUH CIEKTp HEONaronpHusTHLIX (paKTOPOB: HEBE-
COMOCTb, NICHXOJIOTMYECKUN CTpecc, HOHM3UpPYIOI[asl pajguanus, 1no-
BBIIIEHHBIN 1ITyMOBO#i (poH ¥ T.A. ITONCK HOBBIX CPEICTB U METONOB,
CHIKAIOIVX CTENeHb HeOIaronpusiTHOTO BO3IEACTBYUS TaKuX (pakTo-
POB Ha OpraHK3M M HalpaBJIeHHbIX Ha IOBBIIIEHHE PAaOOTOCIIOCOOHO-
CTH KOCMOHABTA, SIBJII€TCS ONHON M3 BaXKHEHIIUX 3aja4 pyu obecre-
YEHUH [IUTEIbHbIX KOCMUYECKHX N0JeTOB. OJHUM U3 CIIOCOO0B MO-
JKET SIBUTBCS CO3aHUE CPEAbl OOUTAHMA C OINTUMATbHbI H30TOMHBIM
COCTaBOM OMOTE€HHBIX XMMHUYECKUX 3JIEMEHTOB.

B cocraB cpeppl 0OMTaHMS NMUIOTUPYEMBIX KOCMHUYECKHUX JIETa-
TEeNbHBIX anmapaToB (aTMocdephl, BOAbI, IHINK), PACTUTEIBHBIX U
>KMBOTHBIX OPraHM3MOB, @ TaKXKE YJICHOB SKMIIaXKEH BXOMAAT TaKUe
ONOreHHble XMMUYECKHE 3IJIEMEHTHI, KaK BOJOpPOf, OOp, yriepof,
a3oT, Kucinopon, ¢Top, HaTpuil, MarHul, KpeMHuii, gocgpop, cepa,
XJIOp, Kanuil, Kanbluil, BaHaui, XpOM, Maprasel, Xejae30, KoOanbT,
HUKEIb, MeIb, IIUHK, ceJleH, O6poM, MOIHONIEH, Hof. bonpnmMHCcTBO U3
NEPeYNCIIEHHBIX XUMIYECKHUX 3JIEMEHTOB UIMEIOT CTaOMIIbHbIE U30TO-
nbl. Tak, Bogopopn UMeeT fABa CTaOUIBHBIX H30TONA, KUCIOPON, — TPH,
cepa — 4eTbIpe, [UHK — [ISITh, KaJIbIUH — IIECTh, MOJIUOEH — CEMb CTa-
OMIIBHBIX U30TOIIOB.

J1o mocnemHero BpEMEHU IPOEKTaHThI CHCTEM >XKH3HeoOecnede-
HYS He IPWHAMAaNd BO BHUMaHHE POJIb CTaOUNBHBIX H30TOIOB OHO-
TeHHBIX XUMHYECKIX 3JIEMEHTOB Cpeibl OOMTAHUS KOCMO HaBTOB. DTO
€CTECTBEHHO, ITOCKONBKY H30TOIbl MMEIOT OJUHAKOBYIO CTPYKTYPY
3JIEKTPOHHBIX 06onoYek. OJHAKO HECMOTPS Ha MACHTHYHOCTD JJIEK-
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TPOHHBIX 060JI0YeK, CTabHIbHbIE U30TOMbBI 110 KpailHe# Mepe HeKO-
TOpBIX GHOreHHbIX xumuyeckux anementoB (H,, C, O,) oGnaparor
Pa3IMYHBIME XUMHYECKAMY, OMOXMMUYECKHMH ¥ OMOJIOrHYECKHIMU
xapakTepuctukamMy. OCOGEHHO CHJIbHbIE DPa3Nuyisl MPOSBISIOTCS
P CPAaBHEHNH GUOJIOTUYECKOro AEHCTBUS OOBIYHOM U TsIXKeNoi (1Mo
Bojiopony) Boabl. Tsixernasi mo BOOpony (aeirepuesas) Boja obnaja-
€T TOKCUYECKIMH CBOMCTBAMU: MOMIABJISIET POCT ¥ pa3BUTHE BBICIIMX
pacTeHuii; mpu 3aMeHe OOBIYHON BOMIBI Ha JEHTEPUEBYIO (TAKEIYIO)
BOJy B OpraHM3Me MJIEKONMTAOIINX NTOCTIelHIE Toru6aroT. BMecre ¢
TEM BOJIa, B KOTOPOIl CHIKEHbI KOHLEHTPAIUY IEUTEPHs], IPOSIBIISICT
HOJIOXUTENbHYI0 OMOJIOrHYECYKYH aKTHBHOCTD.

JIOTMYHO MPEMNNONIOXKHUTb, YTO CTaOMJIbHBIE U30TOIbI BCEX OHO-
FEHHBIX XMMUYECKHX 3JIEMEHTOB, BXOMSIINX B COCTaB Cpeibl OOUTa-
HHSI KOCMOHABTOB, JOJIXKHbBI NMPOSIBIATh pa3iMyHble OMOXUMHYECKHE
cBoiicTBa. M1 XOTs B mpolecce 3BOJIIOLUH PACTEHUs, ]KUBOTHbIC U Ye-
JIOBEK aJalTHPOBAJIMCh K OKPYXKalolllell cpefe OOMTaHMsI, OCTAETCs
HEU3BECTHOH CTENEHb TOKCHUYHOCTH WU OUOJIOTHYECKON aKTUBHOCTH
TOrO MM WHOIO CTaOMIBLHOIO HM30TONa OMOTeHHOTO XUMHUYECKOI'O
3JIEMEHTA.

o HacTosimero BpeMeHu He ObLIO NPOBENEHO CHCTEMATHYECKO-
ro aHaju3a 6MoJOrn4eckoil aKTHBHOCTU CTaGUIIBHBIX U30TOMOB OMO-
FEHHBIX XUMHYECKHX 2JIEMEHTOB, HE ONpeeICHbI ONTUMAalbHbIE KOH-
LEHTpaIyy TOTO WK HHOTO CTaGMIBLHOIO N30TOIA B IpOLECCaX MeTa-
60IM3Ma B pacTEHHUsX, KUBOTHBIX 1 YEJIOBEKA, HE PACCMOTPEHA POTIb
CHUCTEM KH3HeoOecnedyeHnsT B CO30aHUU ONMTUMANILHOIO U30TOIHOIO
COCTaBa UCKYCCTBEHHOH Cpefibl OOUTaHNsI KOCMOHABTOB.

B I'HII P®-MIMBII PAH uccnemoBanus Mo ONTAUMalbHOMY U30-
TOIIHOMY COCTaBY Cpefbl OOUTaHUsI KOCMOHABTOB B YCJIOBHSAX MJIHU-
TENBHBIX SKCIEeIUIUI IPOBONWINCH B TPEX HaNlpaBleHUsX: /) ucciue-
NOBaHWE H3MEHEHHI M3O0TOMHOrO cocTaBa cpefbl obutaHus OK
“Mup”; 2) pazpaboTka MeTOf[a IONy4eHHs Oe3AeHTEPUEBOR BOMIbI ISt
YCIIOBHUM MIUTENBHLIX KOCMUYECKHUX 3KCIETULIMI U UCCIENOBAHUE €€
MEINKO-OHOJIOTUYECKIX CBOMCTB; 3) WCCIeOBaHNEe U3MEHEHHH H30-
TOMHOT'O COCTaBa OMOT€HHBIX XMMHUUYECKHX 3JIEMEHTOB B OpraHHU3Me
YeNoBeKa, HaXOMSIIErocs B YCIOBUAX, UMUTUPYIOMIMX MJIMTENbHbIM
KOCMHYECKHU MOJIET.

1. UccnenoBaHusi, mpoBeieHHbIE BO BpeMs 16-27-i1 akcrnenuuui
[0Ka3aJio, YTO MUTHhEBAS BOJa, pereHepHpOBaHHasi U3 KOHEHCcaTa aT-
MocgepHoii Bnaru cucremoit CPB-K, oTnuyaeTcs: 10 H30TOIHOMY CO-
CTaBy OT NpUPORHbIX Box. KonaeHcat aTMocepHO# Biaru (Ipeacra-
BIISAIOIIUNA cCOOOM CMECh CKOHEHCHPOBAHHBIX [1APOB BOMbl, BbIJEIICH-
HbIX KOCMOHABTaMU B pe3yjbTaTe Nepcnupaliil ¥ TpaHCIHpaLuu)
TaKKe XapaKTepH3yeTCsl N3MEeHEHHbIMH KOHIEHTPaUUsIMH CTaGHIIb-
HBIX M30TONOB Kucjaopona 180, n Bogopona — feiitepus. Bona, momny-
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yeHHass Ha O6opty Kopabns “lllarTn” m nmepemanHas Ha 6opt OK
“Mup”, Ha 100-150%0 oboralieHa JIETKMM H30TOIIOM BOJOpPOAa —
npoTueM u Ha 20-30%o TSXKeNbIM M30TONOM Kucnopona 180,. M3me-
HEHUsI U30TOIHOIO COCTaBa MOXET OBITh OOBACHEHO (PPaKIMOHUPO-
BaHHEM MX CUCTEMaMH >KM3HEOOECIIeUeHUs, IKUIMAXKeM, a TakKXKe Mo-
TpeOneHneM IUTHEBOH BOABI, JOCTABISIEMON TPAHCHOPTHHIM KOpas-
nem “IlaTTa” Ha cranuuio “Mup”.

2. Meton nony4enus: 6e3neATEpHEeBON BOBI BKIIOYAET CIEAYO-
1IMe MPOLECChl: OYMCTKA BOMBI OT XUMHUYECKUX IIpUMECEH, 3JIEKTPO-
JIM3 BOJBI, U30TONHBIN OOMEH IPOTUll — AeldTepuil, KOHIeHcalus ma-
pOB BO[bI, MUHepanu3anys (HachlIlEHHEe BOObI MaKpO- U MUKPOS3Iie-
MeHTaMHu). Bpi6op Merona monydyeHus 6e3neliTepueBoil Boapl o6y-
CJIOBIIEH TEOPETHYECKMMHU Ko3(p(puimenTaMu pasfielIeHus] N30TOIOB
mefiTepus U NpoTUsl. MakCUMallbHbIM TEOPETHYECKUM K03 pummeH-
TOM Dpa3fielICHHs M30TONOB JedTepusi U MpOTHs OO6lagaeT MeToj
9JIEKTPOIN3a BOABI, IPH KOTOPOM Ha KaTO[le BHaYale pa3psikKaroTcs
MPOTOHBI ¢ 00pa30BaHUEM Ia3000pa3HOro (JIETKOro) BOOOpoaa, a 3a-
TEM B 3aBICUMOCTH OT CTEIIEHHU Pa3/I0KEHUS BOJbI 2EKTPOIIATA IIPO-
HCXOJUT pa3psifi CMECH NPOTOHA U JeUTpOHA.

MeTtonuka Momay4yeHus: BOABI C IOHUXKEHHBIM COIEep3KaHHUEM
medTepus (a, CIeNOBATENbHO, U TPUTHUSA) COCTOSNIa B 3JEKTPOJHA3-
HOM JIO OINPENEIEHHON CTENEeHH Pa3IoKEHNH BOABI Ha KUCIOPON U
BOJOPOJ] C IOCHEAYIOIIMM CHHTE30M €€ B pe3ylbTaTe OKHCICHUs
(cxxuraHysl) MOCNERHETO B KUCIOPOE, OOP3YIOLIEeMCs IIPH 3JIEKTPO-
J3€e BOJBI.

OKCIepIMEHTANbHBII CTEHJl BKIIOYal B ceOs 3JIEeKTpoim3ep c
LIUPKYJIMPYIOIMM 3JIEKTPOIUTOM, KATOTHOE ¥ aHOHOE NIPOCTPAHCT-
BO KOTOPOrO pasfejleHO KaTHOHOOOMeHHOH M®-4, nupkyisiuoH-
HBII HAacOC, PACXOHYIO €MKOCTb [JIsI IUPKYJIHUPYIOIIEro 3JIEKTPOIIHU-
Ta, Ta30-KUAKOCTHBIE CENapaTopbl, OCYIIUTENHN ra3000pa3HbIX MMPo-
IYKTOB 3JIEKTPOJIN3a, PEaKTOP BBICOKOTEMIIEPATYP HOI'O OKUCIEHHS
BOZIOpOfa, KOHAEHCATOP U MPHEMHYIO EMKOCTb sl Oe3aedTepueBoi
BOzibl. CKOHJIEHCUPOBaHHYIO BOIY CO CHIDKEHHbBIM COJIEpXKaHUEM Jel-
Tepus MOfBeprall XUMUUECKHM U (PU3NKO-XUMHUUECKHM HCCIIEOBa-
HUSIM [I7151 ONIpEieNIeHNs] €€ XUMHUYECKOIO U H30TOHOro cocrasa. [1o-
MHMO BOJIbI C TOHIZKEHHBIM COlEpKaHUEM JEHTEPHs HCIIOIb30Balach
BOfla, KOHUEHTpalys nedTepus B KOTOpOU Oblla HECKOJIBKO BBIIIE
0OBIYHOI cpegHeoOKeaHnyecKol. Bofa ¢ NOBBIIEHHBIMU KOHIIEHTPA-
LIUAMH IeHTepHs TOTOBUIACh C IOMOIIBIO TOM XK€ YCTAaHOBKH, YTO M
Oe3feliTepueBas BOfa, UCIIONB30BAHUEM BOMbI U3 KaMepbl KOHIIEHT-
pupoBanus. Bo u3bexaHue BIMSIHUSA CTPYKTYPhI BOABI BCe 00pa3ibl
MOABEpralyich CTaHapTU3alUN: OYHCTKE COPOLIMOHHBIM METOIOM H
BBICOKOTEMIIEPATYPHOMY HarpeBy ¢ IOCIENYIOIIMM OXJIaXKACHUEM JI0
KOMHATHO¥ TeMIIepaTyphbl.
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M30TONHBIA COCTaB pereHepiIpOBAHHON BOILI ONIPENEISIIN METO-
IOM Macc-CIeKTpoMeTpuu. Majsle BapHallidl M3O0TOIHOIO COCTaBa
kuciopopa u Bogopona (dD) u kucnopopa (dO,) BeIpakaiiu B OTHOCH-
TeJNbHBIX EOUHUNAX — NPOMUWIUJISX OTKJIOHEHHS OT CTaHAapTa
(SMOW). OTtpunarenbubie 3Hayennss dD u d!180, o3Ha4aiOT IOHH-
SKeHHbIE 3HaYCHUS KOHIIEHTPaWil AefTepHsl ¥ TSLKEJIOT0 H30TOMa K-
crnopopa 180, B aHanm3upyeMoM oGpasle oTHocuTeapHo SMOW, mo-
noxurenbHble 3Ha4eHus1 dD u d'80O, OTHOCATCA K NMOBBILEHHLIM HX
3HAYEHUSIM.

Copep:xaHue fefiTepus B IPOTHEBOH BOJIE, TOIyYEHHOH METOIOM
3JIEKTpONN3a, CHIKeHO Ha 60-82% 1O CpaBHEHHIO CO CTaHAapTOM
SMOW. B gucTuinupoBaHHON BOJE OTMEYEHO CHUKEHHE KOHIIEHT-
pauuu geiTepus Ha 7%, 9YTO MOKHO OO'BSICHUTH KaK IPOLIECCOM IHC-
TUJIJIAIMY, TaK ¥ TEM, YTO HCXOIHAs IPUPONHAas (BOJONPOBO/IHAS) BO-
lla ©IMeeT HECKOIBKO IIOHMKEHHbIE COflepKaHus ReHTeprs O CpaBHe-
HUIO CO CpeIHEOKEaHNYeCcKOU Boiou. I1omy4YeHHyI0 3JIEKTPONU3HbIM
METOJIOM BOJly C IOHMKEHHBIM M NOBBIIIEHHBIM COfIEpKAaHUEM IeHTe-
pUsl HCIIONIB30BANH [IJIs1 ICCIIENOBaHMIl €€ BIIMSHHS Ha pOCT U pa3BH-
THE BBICININX pacTeHW#l (apaOuUmoONCHUC) U (PU3MOIOTHYECKUI CTaTyC
ANOHCKOI'O Ilepernena.

IIpu KynpTUBMpPOBaHHE apaGUIOICHCa MPOBENEHO HCCIEeNOBaHNIe
3aBHCMMOCTH IIPOAOJIKATENILHOCTH IIOJIHOTO I{UKJIa BEreTallii U €ro
OT/eIbHBIX (a3 MOJ BO3AECHCTBHEM Pa3INYHBIX KOHIEHTpAIUi Aei-
TEPUs B BOJE, UCIOIb3yEeMOII AJIs IOJIKBA. Y CTAHOBIIEHO, YTO UCIOIIb-
30BaHNE BOMBI C HK3MEHEHHBIM H30TOIIHBIM COCTaBOM IIPUBETIO K U3Me-
HEHHUIO IJUKJIa pa3BUTHs pacTeHuil apabuponcuca. Tak, HacTyieHne
Haubonee BaxKoi (a3bl pa3BUTHS — IBETEHUS — OTMEUEHO B BO3pacTe
17 nueil B BapuanTe ¢ 6e3neiiTepueBoit Bogoi, B 19 qHel B KOHTPOIIb-
HOM BapHaHTe 1 B 21-22 Hs — B BapuaHTe UCIOJIb30BaHUS BOJKI C IIO-
BBILIEHHON KOHLIEHTpauuen fefTepusi.

IIpu comocTaBneHUU MapaMeTpoOB pacTeHHH ObLIO OOHapyxKe-
HO, YTO C YMEHbIIEHUEM KOHI[EHTpalluM AedTepusi B Boje Habrona-
eTcsi OpMHUpPOBaHUE PACTEHUH C GONBIINMI MOKA3aTEISIMUA MaCChl,
4ucjaa No0eroB, CTPY4YKOB U ceMsH B HUX. COBOKyIIHasl CeMeHHas
MPORYKIMS ONHOI'O pacTeHus apaGuoICcIica COCTaBUiIa B CPETHEM
322 cemenu npu nonuse 6e3nefiTtepueBoii BOgoi, 141 cems npu mo-
JIMBE OOBIYHON HUCTUINIMPOBAHHON BOJOH U 95 CeMsIH IpH MOJUBE
BOJION C HecKoNbKO HoBbImeHHBIM (dD = +355%0) comepxkanuem
aelTepus.

OKcnepuMeHTalbHble JaHHbIE IO OHOJIOTMYECKOH OlLieHKe 6es3-
AeATepueBOi BOAbI IOKa3ally €€ MOJIOXKHUTENbHOE BIMSHIE HA POCT H
pa3BHUTHE SNOHCKOTO nepemnena. PocT nTuipl, NOTpeOnsIBIIeH Ge3eii-
TEPUEBYIO BOAY (IepBas Ipymma), Obljia BBIIIE TEMIIOB POCTa IITHI],
yNoTpeOIsBIINX JUCTHIIINPOBAHHYIO BOAY (BTOpas rpymmna).
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OTMeueHo noNoXuUTENBHOE BIUsIHUE Ge3NeATepHEBOil BOIBI U Ha
TPOAYKTUBHOCTb IITHIL: SALEKIIAIKa Y CAMOK IEPBON TPYyIIbl Haya-
nack Ha 44-e CyTKH, y CaMOK BTOPOH IPYIIbI Ha 49-e CyTKM; SHAIEHO-
CKOCTh HECYILIEK IIEPBOM IPYNIbI COCTAaBUIIA 3a 25 fHel 65 mTyK suiy,
B TO BpEMs KaK y BTOpPO# — 46 IUT., PEPTUIBLHOCTD ¥ CaMOK NEPBOii
TpYNIbI HACTYNWIIA HA 44-€ CyTKH, a y CaMOK BTODOil TPyNNel Ha 7
IHEH MO3Ke, BBIXKMBAEMOCTh IITEHI[OB BTOPOTO MOKOJIEHHS ISt Tiep-
BOY IpyInnbl, cocTaBuna 88,2%, a muist BTopoit rpymnsl 52,9%.

ITpu 3a60e nTHIl OLEHUBATIOCH COCTOSIHUE BHYTPEHHHMX OPraHOB.
IToka3aHo, 4TO 00K BEC ITUI] ¥ BEC GONBIINHCTBA BHYTPEHHMX Op-
raHOB IITHL (CaMUOB) MEPBOi I'PYIIILI ObLIN Bbille. Bu3yanbHbIi oc-
MOTp ¥ B3BELIMBaHKWE BHYTPEHHUX OPraHOB IITHI] [IOKA3aJj, YTO y CaM-
[[OB NIEPBOM T'PYNIbl GBI XOPOIIO Pa3BHThI FOHAMLI, B OTIHXYHE OT
OTHUIl BTOPOM I'PYIIIBI, § KOTOPLIX OTMEYAUCh JIUIIEL 3a4aTKA TOHAJ.

PesynbraTe! nccnenoBaHuil BOABI C TOHIKEHHBIMI KOHIIEHTPAII-
SIMU IEATEPHs] CBUIETENLCTBYIOT O €€ GMOJIOrMYECKON aKTUBHOCTH 1
O CYIIECTBOBAaHMM MHTUOMPYIOLIErO (TOPMO3SILEro OHOXMMUYECKHE
IIPOLECCHI) MEXaHU3Ma NEeUCTBYUS IEUTEpHs JaXke B HE3HAYUTEIbHbBIX
KOHIleHTpanusax. OCO6eHHO PKO 3TOT 3(D(EKT NPOSIBISIETCS IIPH HC-
CIIE[IOBAHMH PENPONYKTUBHON (PYHKIMHU, YTO MOXKHO OOBSICHUTH IIO-
BBIIICHHBIMA 3HAYEHUSMH BONOPONHON CBSI3W, IPUCYIIMMH [eiTe-
PHIO, ¥ KaK CJeACTBHE, 3aTpyaHeHusMu peaymmmkamun [JTHK u PHK.

3. Panee HamM GbIJIO IOKA3aHO, YTO (PYHKUMOHUPOBAHUE CHCTEM
xusneobecnedenus (CXKO) skunmaxkell KOCMUYECKUX amnapaToB U
OOMEHHBIE NIPOLIECCh] B AaBTOTPO(MHBIX U, B MEHbIIIEH CTENIEHH, B reTe-
POTPOGHBIX OpraHU3Max CONPOBOXKAAIOTCS H3MEHEHNEM H30TOMHOTO
COCTaBa BOJIOpOia M KUCIOpofa (IpoTHs, fedtepus, 160, u 180,). On-
HAKO, OCTA€TCs HEM3BECTHBIM NPOUCXOAUT M (PPaKIUOHHPOBAHUE
CTaOUIIBHBIX U30TONOB JPYTUX OHMOr€HHBIX XUMHYECKUX 3JIEMEHTOB:
K, Mg, Ca, Fe u T.n. MOXHO NIpe[IIOIOXHUTb, YTO B YCIIOBUSX HEBECO-
MOCTH H30TOIHBIA COCTaB M 3TUX OMOTEHHBIX XMMHYECKHUX JIeMeH-
TOB, NOTPEOJIIEMBIX YEJIOBEKOM C BOJOM, IMHUILEN U KHCIOPOAOM, OY-
JET U3MEHATHCS B IIpoliecce MeTabomu3ma.

M3MeHeHNs M30TOMHOIO COCTaBa OMOTEHHBIX XHMMHYECKHX 3Jie-
MEHTOB B cpefie OOUTAaHUsI CBUAETEIBCTBYIOT O OHMOJIOrMYEeCcKOl He-
PaBHOLEHHOCTH CTaOMJIBHBIX M30TONOB. 3a MOCIeqHIE TOIbI HAKOI-
JIEHbl 3KCIEPHMEHTabJIbHbIE JaHHbIE, NMONTBEPXKAAIOIMINE TOKCHYE-
CKO€ JeiicTBUE HedTepust B BOIE M TSIKEIIOrOo HM30TOINA KHCIOpOfa
180,. Bonpoc 0 BO3MOXKHOH OHMOJIOTMYECKOH HEpaBHOLIEHHOCTH (a
BO3MOXKHO M TOKCHYHOCTH) TSKEIIbIX CTaGMIIBHBIX M30TOIOB JPYTHX
OGMOTeHHBIX XMMHUYECKHIX 3JIEMEHTOB OCTAETCS OTKPBITHIM. TsKembie
M30TONbl OMOTEHHBIX XMMUYECKIX 3JIEMEHTOB NOJKHBI TIUOO HaKal-
JIUBAThCS B OpTaHU3ME U U3MEHSITh CKOPOCTHU U HallpaBiieHHe OHOXHU-
MHYECKUX MPOLECCOB (IO aHAIOTHUM C AeUTepueM), 1o mperepue-
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BaTh CTauyl (PPAKLUOHUPOBAHNUS U BBIBONUTHLCS U3 OpraHu3Ma c Ipo-
ayKTamMy oOMeHa (IIyTH ¥ MEXaHU3MbI BbIBEICHHUS IIOKA HE U3BECTHBI),
mi6o ObITh HHAU(M(EPEHTHRIMY B NIpolieccax MeTabonu3ma. Bricka-
3bIBaJIOCh MHEHHE O TOM, YTO B OMOJIOTMYECKUX CHCTeMax (PpaKIo-
HUpPOBaHME CTAOUIIBHBIX H30TOINOB HE NPOUCXONT.

B C2XKO Ha ocHOBE 3aMKHYTOI'0 KPYrOBOPOTa BEMIECTB B YCIOBUSIX
AITUTENBHBIX 3KCIENUIMH OYAyT IPOUCXOAUTDH MPOIECcChl MHOTOKpAT-
HOT'O MOTTIOLEHHUS ¥ BBIJIEJICHNSI OHUX U TeX K€ aTOMOB BEIIECTB, BXO-
OALIMX B COCTaB OpraHu3Ma 4elloBeKa U OKpyxKarolei cpesibl. Mi3MeHe-
HU€ M30TOIHOIO COCTaBa OMOTEHHBLIX XMMHYECKHMX 3JIEMEHTOB OyleT
pealn30BbIBATHCS B COOTBETCTBUH C YHCIIOM LHKJIOB KPyrOBOPOTA Be-
LIECTB B CUCTEME U KO3(p(PUIMEHTOB (PpaKIMOHUPOBaHus. B ycrnoBusix
HEBECOMOCTHU TIpolecc (PpaKIMOHUPOBAHUS CTAaOUIBHBIX M30TONOB
OMOreHHBIX XMMUYECKUX 3JIEMEHTOB B TIpoliecce MeTabonu3Ma MOXeT
NpPOTEKATh CO CKOPOCTSIMHU, OTIMYHBIMU OT 3€MHBIX YCIOBUH (Hampu-
Mep, NIpU JieMUHEpanu3aui KOCTHOH TKaHM).

HccnenoBanne ¢pakioHUpOBaHUSI M MyTEH BBIBECHUS TsIKE-
JIBIX CTAOUJIBHBIX H30TOIIOB OMOTe€HHBIX XUMHYECKUX 3JIEMEHTOB IIPO-
BOJIMJIOCH B ycOBUSX 3eMu B xofe 240-cyTOYHOro 3KCIepUMEHTa 0
nporpamme “Sfincss-99”, 4To ciykuno (poHOM [I7Is1 KOCMIUECKUX 3KC-
HNEPUMEHTOB I10 ONPEE/IEHNIO CTENEHH BIUSHNS YCIOBUHA repMO00D-
€KTa Ha Iporuecchl MeTabonn3Ma (eKanblMHaLuY, AedeHTepu3aniun
4 11ip.). 30TONHOMY aHanu3y MopgBepraluch NIPORYKThI MUTAHUSA, OT-
XOJBbl KU3HENEsITENbHOCTH (peKanuu, Mo4ya, BOJIOCh], HOI'TH), a TaK-
€ KpOBb (3puTpoMacca). brino ob6HapyxkeHO (ppakUUMOHHPOBaHUE
CTaOMJILHBIX U30TOMOB OMOTEHHBIX XUMHYECKUX 2JIEMEHTOB (MarHus,
KPEMHHs, KallbLiUs, Xeje3a, Meau) B OpraHn3Me oO0CIenyeMbIX, 9TO
CBUMIETENBCTBYET O OHMONOTNYECKON X HEPABHOLEHHOCTH.

OO01eit 3aKOHOMEPHOCThIO (DPAKLUMOHUPOBAHUSI CTAOMIBHBIX
U30TOIIOB B OPTaHMU3ME YEJIOBEKA SIBIISIETCS YBEJIMYEHNUE ONH TsKe-
JbIX (PpakLUi U CHUXKEHHUE JIETKUX B OTXO[aX >KU3HENEATENbHOCTH.
Takyro 3aKOHOMEPHOCTB, MOXXHO OOBSCHUTH BBIBEJEHHEM U3 Opra-
HI3Ma TsKeJbIX U30TONOB. MIHBIMU ClIOBaMM, OpraHu3M OCBOOOXA-
€TCsl B IEPBYIO OYEPEND OT TSKENBIX (PPaKIUil H30TONOB U HCIIOJb3Y-
€T IPEeUMYIIECTBEHHO UX JIETKYIO0 (ppakuuio. OfHAKO yBENUYEHHE JIO-
JIU TSKENbIX pakiyil cTabUNbHBIX U30TONOB B 3pHTpOMAacce MOKa
OocCTaeTcs HeOOBACHUMBIM. TPyaHO 00 BSICHIMBIM 3(PPEKTOM SBISIET-
Cs ¥ OTCYTCTBHE 3aMETHBIX M3MEHEHHH HM30TONHOIO COCTaBa TaKUX
GHOreHHBIX XMMUYECKHX 3JIEMEHTOB, KaK CEpa, XJIOp U Kalui.

3aKOHOMEPHOCTH, HalilcHHbIE NIPU UCCIENOBAHUU ONTUMAJILHO-
ro cocraBa OMOT€HHBIX XUMUYECKUX 3JIEMEHTOB NPUMEHHUTEILHO K
YCJIOBUSIM HMCKYCCTBEHHOM cpefbl OOMTaHMS KOCMOHABTOB, MOTYT
HalTH MIEPOKOE NIPUMEHEHNE B MEIUIIUHCKOI IPAKTHKE U CEIILCKOM
XO3SICTBE.

5% 51



2.6. O manonornyecknx mexaHnamax
U3MEHEHWUI KOCTHON CUCTEMbI YenoBeKa
B KOCMUYECKOM MoneTe

CkeneT yenoBeKa Ha MPOTSIKEHMH MHLIHOHOB JIET GHONIOTHYe.
CKOi1 9BOMIOIMH (POPMHUPOBAJICS TIPU YUACTHH 3EMHOM CHIIBI TSDKECTH,
W s10 npuHIMIIanBEHEIM 06pa30M CKa3alochk Ha hopMe CKENeTa, 06-
Iei Macce U CTPYKTYpe KOCTE! YellOBeKa, apXUTEKTOHUKE KOCTHO
TKaHU. VX HacTodIee COCTOSHIE afileKBaTHO OTPaXaeT MPHCIOCo6u-
TENBHOE Pa3BUTHE B MPOLECCE 3BOJIONMHU CPENCTB MPOTUBOCTOSHMUS
MeXaHH4eCcKo# fnedopmManin, oOyCIOBIEHHOM BO3POCIIMM BIMSHAEM
CHJIBI TSKECTH IIOCNE BBIXO/Aa XUBBIX OPraHA3MOB U3 BOJHOM CPENIb
obuTanusi Ha cyury. 9TO XOpPOIIO NOATBEPXIAETCS PETPOCTIEKTHE-
HBIM aHAJIM30M HCCIENOBaHMA B 3BONIOLMOHHON M CPaBHUTENLHOI
¢usnonorun. OHM CBHAETENLCTBYIOT O HAJTMYMH SBHON 3aBHCHMOCTH
YACIBHOU MacChl CKEJIETa Ha3EMHBIX KHBOTHBIX OT Pa3MEPOB HX Te-
na (IpuHIUn nofgo6us I'anumnes) 1 06 OTCYTCTBUM TaKOBOM y 06UTa-
Tellell BOHOM CpPefibl, Iie BHITANKHBAIONIAs CHIa HPOTHBOJENHCTBYET
CHJIe 3€MHOrO TAroTeHus. He ToIbKO fmelicTBHE CHIIBI TSDKECTH Kak
TaKOBOM, HO U MEXaHNYECKHE CTUMYJIbI, CO3/IaBaeMbIE B KOCTHOH TKa-
HM YCWIMSIMH CKEJIETHBIX MBI IPH JIOKOMOIMSX MM IPHU TOMMIED-
3KaHNU BEPTUKAJIBHOM 110361 Ha 3eMile, 06pa3yIoT B COBOKYITHOCTH TO
“BHEIIIHEE MEXaHMYECKOE TI0JIe”, BEIMYMHA KOTOPOro (OHa, CTPOro
TOBOpsI, HE MOMAETCA U3MEPEHNIO) (DOPMHUPYET YCTOMYMBOCTL KOC-
TEH K MEXaHWYECKHM Harpy3KaM B (DUIIO- U OHTOTEHESE.

BaxHo0, 4TO H BO B3pOCIIOM COCTOSIHMA Ha3€MHbIE XMBOTHBIE TaK
K€ BeCbMa YYBCTBUTEJBHBI K MEXaHMYeCKo# ctumynsuuu. Eme B
XIX u Havane XX BB. MHOTHE BHJHBIE €CTECTBOMCIIBITA-
tenu (J. Lamarck (1809), Y. [lapsun (1859), J. Wolff (1892),
W. Roux (1905), K.3. Iuonkosckuit (1935), N.U. IlImansray-
3ed (1940) u ap.) oTMeuanu, YTO XUBOTHbIE O6NAJAIOT CIIOCOOHO-
CTBIO alallTHPOBAaTh KOCTHOMBIIIEYHbIE CTPYKTYPHI K (PH3NUECKOH
aKTHBHOCTH, B KOTOPYIO OHH BOBjeYeHbI. IIpu aToM Mopdonoruye-
CKHe€ U pu3HoNornIeckne MogucuKanuy TKaHel ¥ OpraHoOB y B3pOC-
JBIX XKUBOTHBIX, BO3HUKAIOIIUE IO BIMSHUEM MEHSIOIUXCS (PyHK-
IUOHANBHBIX TPeOOBaHUN, NPUHATO HA3BIBaTh (PYHKIMOHAILHOU
apanranuei. IToaToMy cnegoBano oXXuaaTh, YTO B YCIOBHSAX BO3MEH-
CTBHs (paKTOPOB KOCMHYECKOTO IOJIeTa (YMEHbIIEHHE BECOBOM Ha-
TPY3KHM, THIOKHMHE3MS, U30JSAIUSI U Op.) B pe3yibTaTe aJeKBaTHOI'O
ajanTUBHOTO PEMONENUPOBaHUS KOCTHOU TKaHH ee Macca GypeT
YMEHbUIATHCS.

O ToM, 4TO flePUIUT OBICKEHUA MOXKET B Ha 3eMJle CTaTh NpUIH-
HOIi 3a6071€BaHys, XOPOIIO U3BeCcTHO KinuHuIucraM. CocTosHue, BO3-
HUKaolee y 60NBHBIX, BBIHYKJCHHBIX JUIUTEILHOE BPEMS HaXOIUTh-
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Csl Ha TIIOCTEIILHOM pexXuMe, oNpefenseTcs Kak “IMMOOUIN3aliOH-
HBI OCTEOIOpO3”.

Ocreonopo3 — 3a6oneBaHue, BhIpaXarolieecs YMEHbIIIEHHEM KO-
CTHO¥ MacChl B OpraHu3Me, U3BMEHEHHEM CTPYKTYPBI KOCTE! U CHIKe-
HHEM HUX IIPOYHOCTH, B CBSI3U C YEM CYIIECTBEHHO MOBBIIIAETCS PHCK
nepenoMa Kocrell. Kak u MHOrue gpyrue Hefyr' Halero OpraHu3ma,
OCTEOINIOPO3 B 3HAYUTEILHON CTENIEHHU OIPENENseTCs HaCleNCTBEHHO-
CTBIO WX FeHETHYECKIMH OCOOEHHOCTSIMH delioBeka. Ho crenens ux
IPOSIBJICHHS BO MHOTOM 33aBHCHUT OT JPYTUX (PaKTOpPOB PUCKA U UX BBI-
PaXKE€HHOCTH OTHOCHTENPHO KaXJoro uenoBeka. OOHEM M3 cyllecT-
BEHHBIX (paKTOPOB PHCKa OCTEONIOPO3a SBISETCS TMIIOKUHE3NS.

B nro60M citydae, ocTeonopos — cepbe3Hasi MEUIMHCKAS U MENIH-
KO-couyalnbHas npobiieMa, riIaBHbIM 00pa3oM, B CBSI3M C YacCTO BO3-
HUKAIOLIMMH Ha 3TOW moyBe nepenomamiu. [Tocnenyromee neyenue u
peabmiuTanus Takux OONBHBIX TpeOyeT W 3HAYUTENBHBIX MaTepH-
anpHbIX 3aTpaT. Hampumep, B pa3BHTBHIX CTpaHaX OHHU JOCTHTalOT
$10 mupn u Gonee B rop. IocnenHee 0GCTOATENLCTBO, @ HMEHHO Me-
OHMKO-COIMaNbHbIE ¥ 9KOHOMHYECKHUE aCIEeKThI OCTEONOopo3a, Ipua-
€T COBEPIIIEHHO UHOU MacITad U QyHaMEeHTalbHOCTh 3TO! YaCcTHOM,
Ha IepBbI B3I, 3aade TUAarHOCTUKY U MIPENYIPEXKIEHUs OCTeoIe-
HUM B KOCMHYECKOH METHUIIUHE.

B paGore npepncraBnensl 06001MIeHHBIE pe3yIbTaThl NCCIENOBa-
HUJ COCTOSTHUSI KOCTHOW TKaHU Yy POCCHHCKUX KOCMOHABTOB IOCIE
KOCMUYECKUX MOJIETOB JIUTENLHOCTBIO 5—7 MecsIeB, a TaKXke pe-
3yNIbTaThl IPOBENEHHOIO B MOCIEOHNE ABa IOfia aHAlN3a BO3MOX-
HbIX MEXaHH3MOB HaOIIOJaeMbIX U3MEHEHH, B TOM YHCJIE Ha OCHO-
BE OIbITa, HAKOIUIEHHOTO JT1a6opaTopuell B KIMHHAKE MeTaboamde-
CKHUX OCTeOIaTHH.

C DOoMOIIBIO anmapaTypsl sl TPAHCMUCCUOHHOM OCTEO[EHCUTO-
meTpun (dual-energy X-ray absorbtiometry — DEXA) QDR-1000/W
(Hologic, CIIIA) u3Mepsid NPOEKUUOHHYIO MHHEpalbHYIO ILIOT-
HocTh KocTHOU TKanu (MIIK) B r/cM2, u coepkaHue KOCTHBIX MUHE-
panos (CKM, r), KOTOpble OTOXAECTBIAIOTCS C BETNYHMHON KOCTHOM
Macchl, B pa3JIMYHbIX CETMEHTax ckejeTa. [1o pe3ynbpraTaM CKaHUpO-
BaHHUsI BCETO Tela MPOBOAWIN PErMOHANLHBIIN aHAIN3 KOCTHON Macchl
B obnactu yepena (BKiIIodas IIelfiHble IO3BOHKH), PyK, pedep, Irpya-
HOT'O ¥ IMOSICHUYHOTO OT/EJIOB NMO3BOHOYHHMKA, Ta3a ¥ Hor. [lo mpo-
rpamMMe CyOpernoHaILHOrO (JIOKaIBHOI'0) aHaln3a ¢ 60jee BBICOKMM
pa3pelIeHHeM HCCIIEIOBANId MOSICHUYHBIA CErMEHT NO3BOHOYHHUKA U
IIPOKCHUMAJIBbHBIN 31(u3 Ge[peHHON KOCTH.

Kak mokazaHO paHee, HaNpaBIE€HHOCTb U BBIPaXXEHHOCThb U3Me-
HEHUII MUHEPATbHOH IIIOTHOCTH KOCTHOH TKAaHU U UX JIOKaln3alnus B
pa3nmUYHBIX y4YacTKax CKeleTa 3aBHCAT OT MX IOJOXEHWs OTHOCH-
TEeNBHO BEKTOpA rpaBUTanu¥, (PyHKIMOHAIBHOIO HNPOGWIS U THIA
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CTPYKTYpbI TKaHU. 3aKoHOMepHO cHuKeHne MITK (ymMeHBIIEHHE KO-
CTHOH Macchl) B TpaGeKyJISIPHBIX CTPYKTypax KocTell HUXKHEM I1OJI0-
BUHBI CKEJIeTa, [I€ CPeHEIPYNNOBble NOTEPH MUHEPAIbHOH IIIOTHO-
CTH 3a IOJIET COCTaBHJIM B IOSICHUYHBIX NMO3BOHKAX: —5,63 = 0,829,
IPOKCUMaJIbHOM OTfienie GepEeHHON! KOCTH, B YaCTHOCTH — B ILEMKe
Oenpa: —8,17 + 1,24% u B kocTax Taza: —11,99 x 1,22%.

B cermeHTax BepxHell MOJOBUHBI cKeleTa (KOCTH 4epena, PyKy,
pebpa, UHOTHA IIEHHbIe U TPyAHble M03BOHKH) M3MeHeHns MIIK (s
kocTsx yepena — CKM) nu60 OTCyTCTBYIOT, MO0 UMEIOT OTYETIIH-
BYIO TMOJIOXHTENBbHYIO TeHOeHIHI0. PEeHOMEH paccMaTpUBAETCs Kak
BTOpPHUYHAS peaklys Ha 3aKOHOMEPHOE B YCIIOBUAX MUKPOIrpaBUTaLUK
nepepacnpefiefieHue XKHAKHUX Cpell B KPaHMAJbHOM HaIpaBJICHHH.
Y4uThIBas runoTe3y O BO3MOXHOM NOBBIIIEHAN B HEBECOMOCTH HHT-
PaKpaHUAJIBHOTO JaBJEHUS M JaHHbIE O CTUMYJHUPYIOIIEM BIIUSHUM
JIOKAJIbHOT'O BEHO3HOT'O 3aCTOs1 Ha KOCTeOOpa30BaHUE, MOXKHO JOIYyC-
THUTh, YTO HaGIIONaeMblil (PeHOMEH OTpakaeT CUTyalHIo, CIlOCOOCT-
BYIOUIYIO aKKYMYJISILIMM MHHEPAJIOB B KOCTHOM MHTEPCTUUMH U, BO3-
MOXHO, B MAT'KHMX TKaHSAX TOJIOBbI.

YcTaHOBIEHbI BBICOKHE MEXUHIUBUMyalbHbIE Pa3jIMuus B Halpa-
BJIEHHOCTH ¥ BBIPa’KEHHOCTH M3MEHEHHUH KOCTHOM Macchl y KOCMOHAB-
TOB, CBSI3aHHbIE, CKOpee BCETO0, C HaCleCTBEHHbIMY (pakTOpamu. [leii-
CTBUTEJIBHO, B COBPEMEHHOH JIUTEpPaType HaKaIllJIMBAETCd BCe OOIbiIe
[IAaHHBIX, KOTOPbIE NO3BOJSIOT aCCOMUPOBAThL HHAUBHIYAIbHYIO BapH-
abeNbHOCTh U3MEHEHHUH (KakK U IIMPOTY AHAaNa3OHa HOPMbI) C IOJIH-
MOp(HU3MOM I'eHOB, OTBETCTBEHHBIX 3a CHHTE3 OEJIKOB KOCTHOT'O MaT-
pHUKCa, B YaCTHOCTH pelleNTOpoB BUTaMuHa D, uHTEpIeidKnHa-6, KO-
JlareHasbl M, BO3MOXHO, KOJlareHa H pelenTopoB acTporeHoB. bonee
TOTO, C Pa3MUYHBIMU IONUMOP(U3MAMHU YIOMSAHYTBIX M HEKOTOPbIX
IPYyrUX FE€HOB acCOLMUPYETCs “NPepacnoJoKeHHOCTh” K CHIDKEHHOM
MIIK, pa3BUTHIO OCTEONIOPO3a U IepeoMaM Ha 3TOH IOYBE.

Knuuuko-¢usnonornyeckas: oneHka OOHapy>KEHHbIX U3MEHEHNN
yuuTbiBaeT periameHT BO3, nuddepenuupyrommii ocreogeduuuT-
HbIE COCTOSHMA Y yenoBeka 1o npusHaky MIIK kak Hopma—ocreorne-
HUsi—ocTeonopo3. Ha aToM ocHOBaHMM MOXKHO KOHCTaTHpPOBATh, YTO
CpeHerpynmnoBble 3Ha4YeHHsi KOCTHOH Macchl y KOCMOHAaBTOB IOCIIC
noJieTa B CEIMEHTAX HMKHEH IONOBMHBI CKeJeTa, KaK IIPaBUio, HE
BBIXOJISIT 3a MpefieNibl HOpMBI, T.€. moKa3aTenn MIIK He ymeHbIaroT-
cs ke 1SD oT 3HaYeHui MUKOBOM KOCTHOW MacChl B MOJIOIOM BO3-
pacre (T-macmrra6 no knaccudpukanun BO3). MHiuBunyanbHbIid aHa-
JIN3 TO3BOJISIET BBISBUTH CIIy4yaH, PEUMYILECTBEHHO C UCXOIHO HH3-
KOH KOCTHOM Maccoyl Y KOCMOHABTOB, korfa cHikenue MIIK B mosic-
HUYHBIX [I03BOHKAaX IOCJIe MOJieTa BRIXOOUT 3a npefens! —1SD, Ho He
onyckaeTcss HuxKe 2,5SD no T-kpurtepuio, U 3TO KBaNIM(PHUIHUPYeTCT
Kak JIOKanbHasl OCTEOIEHUS.
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Boccranosnenne MIIK y KOCMOHABTOB IOCNE TOJIETOB JIUTENb-
HOCTBIO 5—7 MecsIeB MPOUCXOJUT CIIOHTAHHO B Ipolecce o01uX pe-
aGUINTAlMOHHBIX MEpPONPUATHH, U 3TO TpeOyeT, Kak yCTAaHOBIEHO,
3HauMTENbLHOrO BpeMeHru (1-3 ropa). TeM He MeHee, 3Ty CKOPOCTh pe-
Napaluuy KOCTHOM Macchl CleflyeT CYATATh JOCTATOYHO BBICOKOH, MTO-
CKOJIBKY B KJIMHMKE IPH OCTEONOpPO3€, Pa3BUBAOIIEMCS C TAaKOHU XKe
WM [aXe MEeHbIIEH CKOPOCTBIO, TPYAHO NOOMTBCS BOCCTAHOBJICHHUS
Maxe NpHU 3HAYUTENbHBIX TepaNeBTUYECKUX BMEIIaTEIbCTBAX.

Ilpu paccMoTpeHHH OHOMEXaHMYECKUX U METabOIMYECKUX THUIO-
Te3 reHe3a HabnrofaeMbIXx U3MEHEHU, 1, B IEPBYIO OYepeab, OCTeone-
HHM, HMEIOWEH B LenoM (PU3MONOIMYECKUH XapaKTep U NpHU3HAKH
aJlallTUBHON peakuuu ObLI NPOBENEH aHalu3 BO3MOXHOIO Yy4acTHs
Pa3IMYHLIX YPOBHEN U MEXaHU3MOB PETYISALNYA META00IU3Ma KOCTHON
TKaHH. A HIMEHHO, COOCTBEHHO KOCTHBIX, IPEIIONArafoliX CIOXKHbBIN
XapakTep B3auMoo6Mena Ca2+ Mex/ly KPUCTAIIMYeCKON CTPYKTYpOIi,
JIaOUIIBbHBIM IyJIOM aMOP(HOTO KaJIbIUS U HHTEDCTHIHATBHOM KUIKO-
CTBIO, TKAHEBBIX (BHEKOCTHBIX) U CHCTEMHBIX, I7ie Ileliecoo0pa3Ho pas-
JINYaATh (YCIOBHO) MEPAPXMIO B3aUMOCBA3aHHBIX CHCTEM BOJIOMO-, OC-
MO-, 1 HOHOPETYJISIMU ¥ COIPSKEHHYIO C Hell CUCTEMHYIO peryJIsilyio
o6meHa Ca OCTEOTPONHBIMH T'OPMOHAaMH (IIapaTrOPMOH, KaJbI[HTO-
HUH, KaJbUUTPUOI U [Ip).

IIpoBenennsIil aHaMU3 pe3ynbTaTOB COOCTBEHHBIX HCCIEJOBAHMI
1 INTEPATYPHbBIX AAaHHBIX IIO3BOMISIET B COOTBETCTBUU C OMOMEXaHUYE-
CKOJ TUNOTE301 1oJaraTh, YTO NIEpBUYHBIE (IIyCKOBBIE) peaKLUH pas3-
BHBAIOTCS Ha JJOKATBHOM (COOCTBEHHO KOCTHOM) ypoBHe. Tak, MOX-
HO JONyCTUTh, YTO OTMEYEHHOE B ONBITAX C JKUBOTHBIMU HAa OMOCIYT-
HHKax “KocMoc” cHUKEeHME IIPOYHOCTH KOCTEH NpU HEU3MEeHHON MHU-
Hepanu3anyy Ha paHHUX 3Talax IoisieTa (0 Tpex HeAelb) MOXET
OBITH CBSI3aHO C M3MEHEHUSIMH (PH3UKO-XUMIYECKUX TapaMeTPOB CBS-
3M KoJimareH—kpucrami. HaGnrogaeMblit B TaKUX XK€ ONBbITaXx (PeHo-
MEH TOpPMOXKEeHUs paHHel craguu fuddepeHIMPOBKHE 0CTE00IaCcTOB,
KOTOpBIA MOXET ObITh pealnu30BaH NPU YYaCTUN MECTHBIX (DaKTOPOB
peryisiiuy, paccMaTpHUBAaeTCsl KakK CleNcTBHE JeduiuTa MeXaHude-
CKoll (mecpopmupyronieli) Harpy3Ku 4, B CBOIO ouepeflb, BENET K CHU-
SKEHUIO YPOBHsSI HOBOOOpA30BaHUS B IIpoOIiecce aflaliTUBHOIO PEMOJe-
JIMpOBaHusA KOCTHOI TKaHU. [Tomo6GHbIe sIBIEHUSI HA TKAHEBOM YPOB-
HE B COYEeTaHUH C BbICOKOH CKOPOCTBIO X Pa3BUTHSI MOTYT CTaTh IIpH-
YHUHOU U3MEHEHUs ‘‘KayecTBa KOCTU’, YTO BO MHOT'OM, Hapsifly ¢ oTe-
pell KOCTHOH Macchl, ONIpeAeNsieT PUCK IeperoMa KOCTEN.

BeposATHOCTE TOro, YTO U3MEHEHUS UMEIOT IPEUMYIIECTBEHHO,
WJIH, IO MEHbIIEH Mepe N3HavyajIbHO JIOKaNbHbIA XapaKTep, NOATBED-
KjaeTcsd UX OTYETIIMBOW 30HO- MM TKaHe-crneuudpuyHocTsio. IToc-
JiefHee MOKET OTpa)kaTb (DeHOTHUIMYECKHE OCOOEHHOCTH MeTabo-
JIN3Ma Pa3lINYHbIX KOCTHBIX OPTraHOB M TKaHEBbIX CTPYKTYp. VX cBs-
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3BIBAOT C Pa3IM4MEM B KOJIMYECTBE U MPOCTPAHCTBEHHOM pacIpefe-
nennn HekonnareHoBbIX 6enkoB (HKDB), cBoficTBEHHBIM pa3HBIM KO-
cTHBIM opranam. B To xe Bpemss, HKB kak no3uIMOHHBIE PETYISLTO-
PBI ONPENeJISIOT Cleu(UKy B3auMOECTBUS KOCTHBIX KJIETOK H pe-
TYJISIUK MX YyBCTBUTEIBHOCTH K BHEIIHMM (paKTOpaMm, BKIIFOYast HEli-
poryMopaibHble BIUSHISI M MEXaHUYECKHUE Harpy3KH.

Bce 6ombuiee pacmpocTpaHEHHE U 3KCIEpPUMEHTAalbHBIE IION-
TBEPXKJEHNS HAXOOUT TOYKa 3PEHMS, COTNAaCHO KOTOPOH peakuus Ko-
CTHOI TKaHM B KOCMMYECKOM IIOJIETE€ B 3HAYUTEIBHOH CTEIICHM OIO-
cpenoBaHa JOKalIbHbIME (DaKTOpPaMH PETYIISAIUH KOCTHOro MeTabo-
nu3ma. [laHHble 00 U3MEHEHNSIX aKTUBHOCTY KOCTHBIX KJIETOK ex Vivo
MONTBEPKAAIOTCA pe3yNbTaTaMH HX M3Y4YEHUs B KYJIbTYpE in Vitro,
9KCIOHUPOBAHHBIX B YCIOBUSIX MUKpOrpaBUTaluu. B onbiTax Ha op-
raHHOH KyNnbType 9MOpHOHAIBHON KOCTH MBI IOKa3aHO CHIDKCHIE
MOClIe KOCMHUYECKOT0 I0JIETa CKOPOCTH MHHEpalIn3ald OCTEOHa 1
YTUIU3aLMHA TII0KO3bl B KYJIbType ONHOBPEMEHHO C IOBBILIEHHEM
MHHEpANbHON pe30pOnuu. Y CTaHOBIEHO TaKXKE, YTO B KyJIbLType Ipe-
ocTeo01acTonofo6HbIX KNeToK (uHus MN-7) o BIusiHuEM MUKPO-
rpaBUTAINM 3aMeTJIsIeTC CUHTE3 KolnareHa tuna [ u menoyHoi ¢o-
cdarassl. Ha crannum “Mup” B HcCIIEHOBaHUSAX HA KYJIbTYpE Xpsillie-
BBIX KJIETOK OTMEYEHO YMEHBIIEHHe pa3sMepPOB KOJOHMY, CHIDKEHHE
MEXaHUYECKOH YCTOWYMBOCTH KYyJIbTYPalbHON KOHCTPYKIMH ¥ YPOB-
HSl CHHTE3a ININKO3aMUHOITIMKAHOB. DTH JaHHbIE MOXHO paccMaTpu-
BaThb KaK MOJTBEPKAECHUE BO3MOXKHOCTH JIOKAJIHHOI'O TOPMOXKEHUS
0cTe001acCTHYECKOTO I'ICTOr€He3a B YCIIOBUSIX MUKPOTrpaBUTAIHH.

OpHako HEKOTOpble H3MEHEHNUS TKaHEBBIX (BHEKOCTHBIX) (pakTo-
pOB HamnpuMep, CHIDKEHHE KalbIUNCBSI3bIBaOIEH cocCOOHOCTH Gel-
KOB KPOBH, CHIDKCHHE BcachblBaHusl Ca B KHMIIEYHUKE U peabcopOuun
B IOYEYHBIX KaHAJBIAX, a TAKXKe OTHEIbHbIE (pa3bl IEPECTPOHKH CH-
CTEM BOJIOMO- M MOHOPETYIsUH (KaK pe3ylbTaT Iepepaclpeperne-
HUS KUAKAX CPE) MOT'YT IPOBOLMPOBaTh MOOUIM3anuio Ca U3 KOCTH
IJI cTaOMNIM3alyy €ro KOHIEHTpallK B KPOBH, TEM CaMbIM yBEJIHYU-
Basi CyMMapHYIO IIOT€PI0 KOCTHOH TKaHH.

TaxkuM 06pa3oM, Ha OCHOBE aHalW3a JaHHBLIX chopMyIHpOBaHA
runoresa o renese ocreoneHnu. Ilpepcrasisiercs, 4TO MOTEPs. KOCT-
HOH Macchl B KOCMUYECKOM IIOJIeTe OOYCIOBIEHA IPENMYIIIECTBEHHO
JIOKaJIbHBIM TOPMOXEHHEM OCTEeOreHe3a BCIE[CTBUE ReuluTa Me-
XaHUYECKOW CTUMYJISIMA KOCTEH M OTHOCHTEJILHON (MK aGCONIOT-
HOH) aKkTuBaLueidl pe3opOuuHd, KOTOpas IPOBOLUPYETCS CHCTEMHOM
NIEpeCTPORKON BONIOMO- U MOHOPETYIISIINY, CBI3aHHOM, B CBOIO O4e-
penb, ¢ nepepacinpefelleHUeM XKUAKUX Cpell OpraHu3Ma B KpaHHANb-
HOM HalpaBJICHUHN.

Kpome Toro, ananu3 pe3ynbTaToB BbIABHI psif Ipo6ieM, TpeOy-
omux pemeHus. OTCyTCTBHE HOPMATUBHBIX JaHHBIX O MUHEPAIBHON
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NJIOTHOCTH Pa3jIMYHBIX 3BEHbEB CKEJEeTa CTHMYJIHMPYET HCCIeJOBa-
HUs1, HalpaBJIEHHbIE Ha (POPMHUPOBAHUE POCCHICKOM MOMYJISAMOHHOM
HOpMbL. BbICOKasi MHAMBHAYalbHas BapuaOelbHOCTh U3MEHEHHH KO-
CTHOM MaccChl JieIaeT HeOGXOMUMBIM ITOUCK T€HETHYECKHUX KPUTEPUEB
MPOrHO3a PHCKa Pa3BUTHS OCTEONEHUH. 3HAYMTENbHAsl CIOXHOCTD
MpOrHO3a PUCKA TPaBMbI, KOTOPasi 00yC/IOBJIeHa IPAHIMIIAAIBEHO He-
JIMHENHBIM THIIOM CBSI3M MHUHEpalU3alisi-MEXaHHKa M BEPOSTHHIM
H3MEHEHNEM “‘KadecTBa” KOCTH B KOCMUYECKOM IIOJIETE, TPEOYET CIe-
LMaJIbHBIX HCCIIETOBAHUMN.

Pe3ynbTaThl NMPOBENEHHBIX HCCIENOBAHUA IO TPaBHTALMOHHOM
¢puU3KOIOTUH KOCTHO! CHCTEMBI CYLIECTBEHHO PACIIMPSIOT MPECTaB-
JIeHHs O MaTOFeHe3e HEKOTOPhbIXx (opM ocreomopo3a (Ha 3emie).
EcTh OCHOBaHHE CYUTATh, YTO OJHHUM H3 3BEHLEB IIaTOr€HE3a OCTEO-
I0pO3a B HEKOTOPBIX CHTYaIUsIX Je(HUUUTa MEXaHMYECKOH HArpy3KH
(CeHWIBbHBIA, MMMOOGUIM3ANMOHHbINA, IOCTTPaBMAaTHYECKUA) MOXET
ObITh JIOKAJILHOE TOPMOXKEHHE NPOIECCOB OCTEO0IACTUYECKOTO THC-
TOreHe3a Ha paHHHX CTAfUsIX TPaHC(HOPMALHMH OCTEONPOreHUTOPHBIX
KJIETOK B IpeocTeobnacTsl U JuchdEpEHIUPOBKH MOCIEOHUAX B 3pe-
nble ocTeobmacThl. CKa3aHHOE MOXET CIYXHWTh YKa3aHHEM Ha Npeq-
MOYTHTETHHOCTh PUMEHEHHUS NI NPOMUIAKTHKY U JICYEHHs yKa3aH-
HBIX (pOPM OCTEONOPO3a MPENAapaToB, CTUMYJIUPYIOMUX OCTEOTeHE3.

2.7. ['paBNYyBCTBUTENLHOCTb AHA0TENMAMbHbIX
KNEeTOK Yenoseka in vitro

K HacrosiiiieMy BpeMEHH HE BbI3bIBA€T COMHEHMs BIIMSHUE U3Me-
HEHHOI I'PaBATAI[M HA COCTOSIHUE Pa3/IMYHBIX (PU3HOIOTHYECKUX CH-
CTeM OpraHumiMa yejoBeKa. MccrnenoBaHus, IPOBENEHHbIE B MOJEIb-
HBIX 9KCIIEPHMEHTaX U B YCIOBHSX PEAILHOIO KOCMHYECKOIO MOJIETA,
CBHUIECTENLCTBYIOT, 4TO, BpsAA JIM HaWAETCs CHCTEMAa, HEM3MEHHO
(pyHKIMOHUpYIOLasi B YCIIOBUAX MOJIEIMPYEMOM U PEATBHOM MUKPO-
rpaBuTanuu. OgHaKO BOIPOC O MEXaHM3MaX BIIMSIHHS I'DaBUTAIMOH-
goro ¢akTopa Ha OpraHH3M YeJOBEKa Ha KJIETOYHOM YPOBHE JIO CHX
[IOp OCTaeTCsl OTKPBITHIM.

W3BecTHO, 9YTO OgHUM U3 3 (HEKTOB MUKPOrPaBUTALIUH SIBISIETCS
nepepacnpefieieHlie KpOBH B OpraHU3Me, CHIDKEHHE 00beMa IIMPKY-
JAPYIOIEN KPOBH ¥ U3MEHEHHE PETYIISALUHN COCYAUCTOIO TOHYCa, YTO,
B CBOIO OuYepefb, NPOSBISETCS B NOCIERYIOLMEM OPTOCTaTHYECKOH
HEYCTOMYUBOCTBIO U CHIDKCHMEM (PU3MYECKOH pabOTOCIOCOOHOCTH.
OnHOH U3 NPUYHH 3TOrO SBICHUS CYUTAETCS U3MEHEHUE PEaKTHBHO-
cTH nepueprIeckux cocyfoB, B KOTOPOM HEIIOCPE[ICTBEHHO Yy4acT-
BYIOT KIIETOYHBIE 3JIEMEHTHI COCYIUCTON CTEHKH.
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C ofHO¥ CTOPOHBI, UMEHHO HJOTEIUH SIBIIETCS OTHUM U3 OCHOB-
HBIX PETYJIATOPOB COCYIUCTOrO TOHYyca (Yepe3 ero B3auMOJENCTBIE C
COCYIUCTBIMH TIJ1aJKOMBILIEYHbIMU KIIETKAMH) H, CIEJOBaTEbHO,
MOXKET UIPaTh HENOCIEQHIOI pOIib B IOAAEPXKaHUM HOPMAJBHOTrO
(pYHKUMOHMPOBAHUS CEPAEYHO-COCYJUCTON CHCTEMbI B YCIIOBUSIX He-
BecoMocTd. C Ipyroit cTOpoHbI, 001Iasi Macca 3HAOTEINAILHBIX Kile-
Tok (OK) B opraHmsme B3pOCIOro 4eloBeKa JOCTAaTOYHO BEJUKA U
MOXeT JOCTUraTh 1,5 KT, YTO 03BOJSAET CPAaBHUBATDL IHAOTENUH C Ta-
KIMH OpTaHaMH, Kak Ie4yeHb, nerkue u T.4. Kpome Toro, sHpoTennii
SIBIISIETCS] HE TOJIBKO MHILEHBIO OOJIBIIMHCTBA U3 U3BECTHBIX OMOJIO-
FHYECKH aKTUBHBIX COEIMHEHNI, HO M CIIOCOOEH IIPOAYIUPOBATh MHO-
rve U3 HUX, aKTUBHO BNIMSISI KaK Ha JIOKaJbHbIE peakluy, Tak 1 Ha Co-
CTOsSIHME OpraHu3Ma B LelIoM. TeM He MeHee, HECMOTpsl Ha OYEBUJI-
HYIO HEOOXOOMMOCTh M3Y4EHUS BO3MOXHBIX PEaKLUi SHIOTEINS Ha
N3MEHEHHYIO TPaBUTANMIO, TOJOOHas MH(MOpMaUs Ha CErOMHSILIHUIA
lleHb B TUTEpPAType OTCYTCTBYEeT. MeXHy TeM, UCCIENOBaHUS B 3TOI
006/1aCTH MOTJIM ObI HE TONBKO PaCIIUPHUTh CIOXKHUBIIMECS IPENCTAB-
JIEHNs O KJIETOYHOM GHOJIOTHH HAOTENHsI U COCYNMCTON CTEHKHU 4Ye-
JIOBEKA, HO H TOMOYb B pa3paboTKe KOMIIJIEKCa MEP IO YCTPaHEHHNIO
HEraTUBHOTO BO3MEMCTBUSI HEBECOMOCTH Ha CEPJEYHO-COCYMHMCTYHO
cHcTeMy KOCMOHAaBTOB.

Llenu ganHo# paGoThl BKIOYAIU: pa3pabOTKy KyJIbTypaabHON
MOJIENH, TIO3BOJISIIOIIEN MCCAeNOBaTh PEaKMK SHAOTENs YeNoBe-
Ka Ha U3MEHEHHYIO IPaBUTAIMIO U, IOMCK OTBETA HA BOIPOC, CIO-
COOHBI M 3HAOTENaNbHble KJIETKU BOCIIPUHUMATEL FPaBUTaLIMOH-
HBINA cTUMYJT?

B xofie cepuu MUIOTHBIX 9KCIEPUMEHTOB Oblla pa3paboTaHa Mo-
IeJb, MO3BOJISAOIIast KyIbTHBUPOBaTh DK 4enoBeka B yCIOBUSX I'M-
NOrpaBUTALMK M UCCIENOBaTh MOPMO(YHKIMOHAILHbIE U3MEHEHMS
SHJIOTEJIMS Ha Pa3HbIX CTaAusAX (hOpMHUPOBaHUS MOHOCNIOS. B KavecT-
Be 00'beKTa HcclenoBanus 6blia BeIiOpaHa KynbTypa DK mynoynoi
BeHbI yestoBeka. MeTonuku BoienieHuss DK 1 OCHOBHbIE IPUEMBI, UC-
nojb3yemble npu paboTe ¢ KIeTKaMy U3BeCTHbI. KeTKH KylbTuBu-
poBaiu 1o o6pa3zoBanust MoHocnost B CO,-unky6atope (5% CO,, 95%
BO3YyX, BiaxkHasi arMocepa) npu +37 °C. KoHhII0HTHbIE IEpBUY-
uple KynbTypbl K caumanu tpuncuaoM-3TA (GIBCO) u nepece-
Bayu ¢ pa3sefenneM | : 10 B TOKpBITHIE KeNaTHHOH (Sigma) KyJIbTy-
panbHble (QIaKOHBI C IUIOIIaibio noBepxXHocTH 25 Mm? (Costar). Ye-
pe3 18 4 cpeny KylIbTHBHPOBAHUS 3aMEHSUIU Ha cBeXyro. I1pu aToM,
(pakOHBI 3aNONHANU NOTHOCTBIO CpPeflol, HE OCTaBJIssd Iy3bIPbKOB
BO3/yXa, OCJ/Ie Yero JOMOIHATEIBHO FepMETU3NPOBATIH 3J1aCTUYHOM
mneHkoin “ITapacdunbem™ v 3akpbIBaid KPbIIIKaMy.

ITocrosiHHOE M3MeHeHue BEKTOpa IPaBUTALH CO3[]aBaJIH C IOMO-
b0 TFOPU30HTAIBHOIO KIMHOCTaTa C 4YacTOTOH BpamieHHUs
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3-5 06/mMuH. KnuHocTaTHpOBaHUE KJIETOK OCYIIECTBISIA HA NMPOTA-
sxennu 7-15 cyt HenocpencrBeHHO B CO,-unky6arope. CocrosiHue
KYJIBTYP KOHTPOJIMPOBAIH C TIOMOLIBIO (Pa30BO-KOHTPACTHON KOMIIb-
rorepHOi Buaeomukpockomuu (Diaphot-TMD, Nikon).

IlepBas u, moxanyi, OCHOBHas po6ieMa, COCTOsIa B HEOOXOHU-
MOCTH [ONOJIHUTEIBHON OTPaGOTKH afeKBAaTHBIX KOHTpOJed. ITO
CBSI3aHO C TEM, YTO B XOJie KJIMHOCTATUPOBAHUS IIOMHMO CaMOro ag-
¢dekTa U3MEHEHHOU I'DaBUTALMU NPUCYTCTBYET, HA NEPBBIN B3IIAA
HECYUIECTBEHHbI 3(@dEKT IOCTOSHHOTO IepeMEIIMBaHUsS Cpelbl
KyJIbTHBUPOBAHUS, OCOOEHHO 3aMETHBIN IPH JIMTEIBHBIX 3KCIEPH-
MeHTax. B cratnyeckolt KyJabTypajabHOH CUCTEME, OOBIYHO UCTIONb3Y-
€MOii pu paGoTe ¢ MPUKPEIIEHHbIMHU K IOJJIOXKKE KIIETKaMH, KYJlb-
TYpPbI JOCTATOYHO GBICTPO “KOHAUIMOHHUPYIOT’ TOHKHH CIIOH Cpefbl.
DTO CBSI3aHO, BO-NIEPBBIX, C yTUIM3ALMER CONEPKALINXCS B HEY TUTa-
TENLHBIX BEIIECTB M, BO-BTOPBIX, C CEKpelMell B cpelly NPOAYKTOB
KJIETOYHOro MeTaboju3Ma, B TOM 4HClIe OMOJOTMYECKM aKTHUBHBIX
(UWXTOKUHOB, POCTOBBIX (pakTOpoB M T.1.). IIpu aToM maxe nmpu uc-
[ONIb30BaHUH U3OBITOUHBIX (B IEpecyeTe Ha YHUCIIO KIETOK) 06 HLEMOB
cpefbl B CTaTHYECKHX YCIIOBHSX KYJIbTYPbl PEajbHO HCIOJb3YeTCs
JIMIIL €€ He3HaYuTeIbHas “moHHas” yacTk. [TosToMy, 471 peopone-
HUS TaHHOTO apTedakTa epeMellIMBaHAE CPENbI KYIbTUBUPOBAHMS B
XOfle JIMTEIbHBIX 3KCIIEPUMEHTOB CTAaHOBUTCS HEOOXOAMMBIM. [liist
9TOrO0 KCIOJIB30BANU IAT(OpPMy TOPU30HTAIBHOIO POTATOPA C 1OC-
TaTOYHO BLICOKOH yacToTou Bpamenus (50—80 o6/mun). PoraTop ne-
puopuyecky (yepe3 1-2 4) BKIIOYAeTCs Ha 1-2 MHMH C IOMOLUIBIO
3JIEKTPOHHOTO TayiMepa. IIpu OTCyTCTBHHU B CHCTEME Ny3bIPHKOB BO3-
JlyXa CKOPOCTb JBMKEHHs Cpefibl MUHUMalbHa M JedcTBUE (haKTOpa
[IOTOKA XHIKOCTY HUBEJIWPOBAHO HECMOTpPsSl Ha BBICOKYIO YacCTOTY
BpallleHUsl poTaTopa. ITO MOATBEPXKAAETCI OTCYTCTBUEM BOJIOKOH
HanpsikeHus (stress fibers), xapakKTepHBIX [I7Is1 KIIETOK, aKTHBUPOBAH-
HBIX IIOTOKOM KHAKOCTH B OTKPBITOH KYJIbTYPaJIbHOH CHCTEME.

W3BecTHO, YTO OHUM M3 HauboJiee U3yYEHHBIX NPOSBIEHUA OT-
BETa SHJOTEJMSI HA U3MEHEHHOE MUKPOOKPYKEHHE SIBIIIETCSI U3MEHE-
HUE CKOPOCTH Ipoiiu(epanyiy KIeTOK. B COBOKYNHOCTH C TaHHBIMH,
[OJIyYeHHBIMU IIPU UCCTIEJOBAHUM 3(PPEKTOB rUIIO- ¥ MUKPOTPaBUTa-
LMH Ha IpOJU(EPaTUBHYIO aKTHBHOCTD IPYIMX THUIIOB KyJIbTUBHUPYE-
MBIX KJIETOK, IO3BOJISIET IPEANOIOXHUTE, YTO ecnu K dyBCTBUTEND-
HbI K TPaBUTAI[MOHHOMY CTHUMYJy, OHH JOJI)KHbI OTBEYAaTh COOTBETCT-
BYIOIIMM M3MEHEHHEM CKOPOCTH pocra. [l NpoBEpKH [JaHHOIO
NPEAIOIOXEHNs] HaMK ObLIIM MCCIIEJOBaHbl HEKOTOPbIE NapaMeTpPhI
nponudepanuu 1 GOpMUPOBaHUSA MOHOCIOA B KynbType DK B ycno-
BUSIX IVIMTETBHOTO KIIMHOCTAaTHPOBAHUS.

[NomyyeHHble [laHHbIE CBUAETENBLCTBYIOT, YTO CKOPOCTb pOCTa
DK 3HAaYnTENbHO (B CpPEHEM B [Ba pa3a, pa3jIMyus CTaTUCTUYECKH
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HAOCTOBEPHBI) CHUXKEHA TP BO3[EACTBHU I'MIIOIPABUTALIUH 11O CPaBHe-
HHIO C KOHTPOJIEM. AHAJIOTM4YHas 3aKOHOMEPHOCTh Obljla BBISBIEHA 1
IpH NAaCCUPOBaHUU KYILTYpP, (POPMHUPOBAaHUE MOHOCIOS B KOTOPBIX
NPOUCXONUIIO B YCIIOBUAX NPEAIIECTBYIOIMIEH MMIIOrpaBUTAIN: CHHU-
KEHHasl IponudepaTuBHast aKTUBHOCTh DK B yCIOBHSIX TUIIOTPaBH-
TallU¥ COXPAHSETCS Ha NPOTSIKEHNM BCETO BpEMEHH CYOKYIbTHBHPO-
BaHUS.

Mopdonoradeckuit aHaMu3 KyJIbTYP MO3BOJIUI BLISBUTH €IIE OfI-
HY HHTEPECHYIO OCOOEHHOCTDH (hOPMUPOBAHUS MOHOCIOS IIPH KIIMHO-
cratupoBaHuy. KneTky, pacTylye B YCIOBHUSIX TUIIOIPaBUTAILAH, BbI-
IISAaAT Oonee paclIacTaHHBIMH U HOCTHTAIOT COCTOSIHUS IPEKOH-
(p1r03HTHOrO MOHOCTOS NpH GoJiee HU3KOM IUIOTHOCTH, YEM KOHT-
ponbHble. OgHAKO B NMOCIERYIOIINE HECKOIBKO CYTOK IUIOTHOCTH Ta-
KHUX KYJILTYD MPOJOJIXKAET HApaCcTaTh, ¥ OHU NIPAKTHYECKH TOTOHSIOT
KOHTpOJbHBIE. MaKkcuManbHas IUIOTHOCTh SHAOTEIHANBHBIX MOHO-
ClloeB, CPOPMHUPOBAaHHBIX B KOHTPONIBHBIX KYJIbTypax U KyJIbTypax B
YCIIOBUAX KIMHOCTATHPOBAHUA, 110 pPEe3yNbTaTaM HECKOJBKUX 3KCIIe-
PHMEHTOB JJOCTOBEPHO He oTnHM4YaeTcs U cocraBisgeT 750-800 kieTok
Ha 1 MM2. BO3MOXKHO, CHIXKEHHbIEe TeMIbl pocta JK B ycrnoBusix ru-
[IOrPaBUTAlIM HECKOJBKO KOMIICHCUPYIOTCSI YBEJIMYCHHEM CTENEHU
pacmacTaHHOCTH KJIETOK, YTO CHOCOOCTBYyeT Goiiee paHHeMYy op-
MHPOBAHHIO MEXKKJIETOYHBIX KOHTAaKTOB, HEOOXONMMBIX [JISI HOP-
MaJIbHOT'O (DYHKIMOHUPOBAHMS SHAOTEHSI.

Takum 06pa3oM, NpOBENEHHOE HCCIEeOBaHME I0Ka3alo, 4YTO
nponudepaTUBHas aKTUBHOCTb JHJOTEIUS YEJIOBEKa CHUXAETCS B
YCIOBUAX MJIATENBHOTO KJIMHOCTATAPOBAHMS 110 CPABHEHHIO C TPaNd-
LIMOHHBIMH YCJIOBUSIMH KyJIbTHBUpPOBaHUs. I1oydeHHbIE PE3YIbTATHI
CBUJETENbCTBYIOT, YTO, HAPANY C YYBCTBHUTEJIBLHOCTBHIO K MEXaHUYE-
CKMM (paKTOpaM, SHAOTEIUN YeI0BEKa CIOCOOEH K BOCIPHSATHIO Ipa-
BUTAIIMOHHOIO uMIyinbca. Kpome 3ToOro, BBISIBIEHHOE H3MEHEHHE
CTEIIEHU PacCIVIaCTaHHBIX KJIETOK IIOJ{ BO3[I€iCTBUEM IpaBUTALUH TI0-
3BOJISIET AYMaTh 00 M3MEHEHUH CTPYKTYpP LUTOCKEIETa.

[ns Bu3yanusanyy aKTUHOBBIX punaMeHToB (F-akTwHa) KileTKH
¢ukcuposanu 4%-HpIM NapagopmanbaerugioMm Ha ocdataom G6yde-
pe Hynb6exko c gobasneHneM 1%-noro TputoHa X-100 u okpammusa-
nu PUTII-dannoupgunoM. Ilocie OTMBIBKY U 3aKIIIOYEHUS B MOBHOT
(Fluka) mpenapaThbl ucciefoBanu U ¢poTorpacduposanu Ha ¢iroopec-
LIeHTHOM MHKpockorne Photomicroscope-III (Opton). Onga usyyenus
MHUTPaLlMOHHON aKTUBHOCTH KJIETOK ObljIa HCIIOIB30BaHA XOPOLIO 3a-
pexkoMeHfoBaBIas cebs paHee MOJeNIb penapayiy MeXaHH4ecKH I10-
BpeXaeHHOro MoHocnos. Cragun peaHaoTeInann3anil TOBpeX/eH-
HOTO y4yacTKa KOHTPOJIMPOBAld C HOMOLULIO (ha30BOKOHTPACTHOR
KOMITbIOTEPH3UPOBAHHO!N BHIEOMHUKPOCKONIMU B KOHTPOJIBHBIX KOH-
¢aro3HTHRIX KynbTypax OK F-akTuH OblI IpefcTaBlIeH OpraHu30-
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BaHHOM CETbLI0 (PUITAMEHTOB, PACIONOXKEHHBIX MPEUMYIICCTBEHHO B
nepuepruIecKoi YacTH LUTOIUIa3Mbl U HANPABJICHHBIX BAOJb I'pa-
HUII KJIETOK. Y3ke uepe3 1-2 4 rocre Havajia KJIMHOCTaTUPOBaHMS aK-
THHOBBIA IUTOCKEJIET NPETEPIEBAET PSJl 3aMETHBIX U3MEHEHUN: Pu-
JaMEHTHI HCTOHYAKOTCS ¥ HAYMHAIOT NepepaclpefesiThes B 0071acTh
MEXKJIETOYHBIX KOHTakTOB. Ha mpoTsikeHuu 6—12 4 neHTpasibHas
YacTh KIETOK MPAaKTHYECKH OCBOOOXKAAETCA OT aKTUHOBBIX (hHOPHILIT
M BOJIOKOH HANpsiKeHus. B To ke BpeMs B KpaeBoH 30He GOpMHUDY-
eTcs HelpepbIBHas NuHHUs F-akTuHA, 4eTKO KOHTpacTUpYyrolas rpa-
HUIBI KJIETOK. B nocnenyroigue 12-24 4 CymeCTBEHHBIX U3MEHEHHUA
He MPOMCXOANT. B TeyeHne BCero yKasaHHOI'O IIPOMEXYTKA BPEMEHH!
B IIMTOIUIA3M€E TaKKe BLISBISIOTCS IMBIOKH NENONMMEDPU30BAHHOIO
aKTHHA.

B Gonbrmucree K onucanHble H3MEHEHU UUTOCKEIETA COIPO-
BOXMAIOTCs (POPMHPOBAHMEM TaK HA3bIBAEMOTO BOJHUCTOTO Kpast
(ruffled edge), o6oramenHoro F-akTMHOM. YTpaTa BOJIOKOH Hamps-
>KeHus 1 POPMUPOBaHNE BOJIHUCTOTO Kpasl CIIOCOOCTBYIOT YCHIEHUIO
KJI€TOYHOU MOJBIKHOCTH, NO3TOMY Oblila MCCIEJOBaHA MUIDALOH-
Hasg aKTUBHOCTH KJIETOK HAa MOJEIN MEXAHMYECKH IOBPEXIEHHOIO
MoOHocnos. B Treuenue nepsbix 30 MUH B ONBITHBIX KYJIbTYpax IPOKC-
Xxoput akTuBHas murpanus JK B 0651acTh IOBpPEXAEHNUS, CONPOBOXK-
naromasics penapanueii 7o 50% ResHAOTENMANIN30BaHHOIO YYacTKa.
B 3T xe cpokm B KOHTpoOsE HaOIIONAETCS JIUIIbL HE3HAYUTENbHAs
MUTrpalusi KIeTOK. Pa3nnuusg B MUIPalIOHHOM aKTHUBHOCTH KYJIbTYP
COXpaHSIIOTCS U B nocnenyomue 2-3 4.

CxopnHbie C NpecTaBlIeHHbIMU U3MEHEHNs OpraHu3aliil aKTHHO-
BOro murockenera DK, cTeneHn pacniacTaHHOCTH KJIETOK U CKOPO-
CTH penapanuy MeXaHH4IeCKH NOBPEXIEHHOT0 MOHOCNOs ObLIN OIH-
caHbl HaMH paHee B OTBEeT Ha foOaBneHne HAM®P-NOBLIIAFOIIIX
npenapaToB. I10aToMy, IOJIyYeHHbIE PE3YJIbTAThl NO3BOISIOT MpEN-
MOJIOXUThH, YTO BO3[EHCTBAE TUIIOrPAaBUTAIM HAa SHOTENHA YelOBe-
Ka CBsI3aHO C NI3MEHEHNEM aKTUBHOCTH CUCTEM BTOPHUYHBIX IIOCPETHHU-
KOB, B YaCTHOCTH, aJ€HUJIATIUKIa3bl 1 CONPOBOXKIAETCI U3MEHEHH-
€M MHOI'MX 3BEHbEB KJIE€TOYHOIO MeTaboIu3Ma. ,

W3BecTHO, YTO MUTpalluOHHasi aKTUBHOCTb, aire3ust U MEXKIe-
TOYHOE B3aMMOJEICTBHE CBA3aHBI CO CIIOCOOHOCTBIO KJIETOK IKC-
MPECCUpOBaTh Ha NIOBEPXHOCTH MOJIEKYJIBI agre3uu. VIMeHHO I03TO-
My ObLiIa TIOCTaBJICHA NIeNIb N3YIUTh 9KCIIPECCHIO Ha NoBepxHocTH DK
MpeficTaBUTeNs ceMelicTBa CENeKTHHOB — E-cesieKTHHA, U IBYX NpeN-
craBuTesei cemelictsa uMMmyHorno6ynusos — ICAM-1 u VCAM-1.
M3BecTHO, YTO pa3Hble KJacChl MOJIEKYN KleTo4yHo# aure3unm OK
CIIOCOOHBI B3aUMOJIEACTBOBATh C COOTBETCTBYIOIIMMHU pELENTOpaMu
Ha MOBEPXHOCTH Te€TEPOJIOTUYECKUX KIIETOK, HapuMep, JTUMEOLHU-
TOB. B pa3nuyHbIX KOMOMHALUAX 3TH U Apyrue CHHTE3UpyeMble 060-
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UMM KJIETOYHBIMH TUIIAMH OHOJIOTUYECKH aKTHBHbIE CyOCTaHLUH CIIO-
COOHBI OIIpeNIENUTh KaK HAllpaBI€HHOCTh, TaK U HHTEHCUBHOCTb MEX-
KJIETOYHBIX B3aNMOJICHCTBUIA.

C noMolb0 THCTOXUMHUYECKUX METONIOB U aHTHUTEIN C (PIIroopec-
IIEHTHOM METKOM OBLIO IOKAa3aHO, YTO KOHTPOJIbHBIE KJIETKH HE CO-
nepxanu E-cenextun 1 VCAM-1, HO 6buin ICAM-NIONOXUTENBHDI,
Y:xe uyepe3 6—8 4 knmHOcTaTHpOBaHus copepxkanue ICAM-1 mocro-
BEpHO Bo3pacrano. KpoMe Toro, runorpaBuTalnysl NOTEHIMAPOBAla
appekTrl yuTokuHOB (TNF-0, mHTepiselikuH-1) Ha .3KcIpeccuro
ICAM-1. KnuHocTaTupoBaHue caMoO IO cebe He BIMAIO Ha 3KCIIpec-
cuto E-cenektuna u VCAM-1, ofHako npu 3TOM IPOUCXOOUIO
YMEHBILIEHUE 3KCIPECCH MOJIEKYN afre3uy IpU aKTHUBALUM SHJOTe-
JUs1 HUTOKUHAMI.

ITockonbky oOHapy:KeHHasi MOAM(UKAIM NIOTHOCTU MOJIEKYJ
afire3uu Ha nopepxHocT DK noikHa NpUBOAUTE K U3MEHEHHIO afre-
3UBHBIX CBOICTB 3H[IOTENUS B OTHOLIEHMHU KJIETOK KPOBH, 3TH CBOM-
cTBa OBIIIM HCCIEOBAaHbl B OTHOIIEHUM KO-KYJIbTYPbl JTUM(OLUTOB
nepudepuyeckoil KpOBU 4YelIOBEKA. DKCIEPUMEHTHI IIOKa3alH, 4TO
KaK KOHTPOJbHBbIE, TaK M KIMHOCTAaTUPOBAHHbIE KYNIBTYphI ci1ado
MOAAEPXKUBAIOT CIOHTAaHHYIO ajare3uro nuMmdponurtos. Ilocne cTumy-
sy numpouutoB PTA cTeneHp X aire3uy Ha NOBEPXHOCTH 3HMO-
Tenus Bo3pacrana B 15-20 pa3. BzaumopeiicTBie HE CTUMYIUPOBaH-
HbIX TuMponuToB ¢ K, cTUMYITHPOBaHHBIMU LIUTOKMHAMH, Obla 60-
Jiee 3aMeTHOM, HO NMOAABJIsANach IPU NJIUTENbHON THIOTPaBUTALIMN.

OOHapy:XeHHbIe NIPH MJINTEIbHOM KJIMHOCTaTHPOBAHUU M3MEHE-
HUS 9KCIPECCHH KJIETOYHBIX MOJIEKYN aAre3uy MOI'YT JBOSIKO MOJU-
(punmpoBaTh afre3uBHble CBOHCTBA KJIEeTOK. C OfHOH CTOpPOHBI, CHU-
JKeHue aKcnpeccull E-cenekTHHa HeraTHBHO BJIMSET Ha IEpBble 3Ta-
IIbl KJIETOYHOI'O B3aUMOJENCTBUs 3HAOTENUs C NUMQOLUTaMU, IO-
CKOJIbKY CHHUXKAaeTCsl 4YBCTBHTEJIBHOCTh pacmno3HaBaHus. C pnpyro#
CTOPOHBI, IOCTOSIHHOE N3MEHEHNE BEKTOpa IpaBUTal[IM IOTEHIIUUPY-
eT 3pdeKThl HUTOKMHOB M cTUMynupyeT akcnpeccuto ICAM-1 — pe-
nentopos CD11a/CD18 Ha meMm6paHe nedkounuToB. TeopeTmyecku
3TO MOXET MPHBOAWTH K YBEJIMUEHUIO aAre3udl aKTHBHPOBAHHBIX
KJIETOK, HO IPaKTHYeCKH He MposiBisieTcs. [IpHunHOi 3TOro MoxeT
OBITH TO, YTO YpOBE€Hb 0a3albHOW afre3wM MPaKTUYECKH OIU30K K
HYJIIO, M B 9TUX YCIIOBUSIX CIIOCOOHOCTH JIUM(POUUTOB K aAre3u Mo-
3KET MIPOSIBUTHCS TOJILKO TOCIIE NONOJIHUTEILHOTO BHEILIHETO BO3eH-
CTBUSL.

IlonyyeHHBIE pe3ynbTaThl, a TaKXKe JUTEPATypHbIE NaHHBIE CBHU-
IEeTEeIBCTBYIOT O TOM, YTO I'PaBUTALMOHHBIN CTPECC CYLIECTBEHHO Me-
HsleT IIOIBM>KHOCTb MEXaHOUYBCTBUTEIbHBIX KJIETOK B KYJIbTYpe, 9KC-
IPECCUIO MOJIEKYJ aire3uy M MeXKIJIeTOYHOe B3ammopeincTsue. Ta-
KM 00pa3oM IpaBUTalMOHHbIE 3(P(MEKTHI MOIYT INpPOSBISITHCS HE
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TONBKO B U3MEHEHUU LIUTOCKENIETa, HO M PELENTOPHBIX CTPYKTYp Ha
MOBEPXHOCTH KJIETKH, NMPUBOJSIIMX K MONUGUKAIUN B3aUMOJENCT-
BUSI TOMO- M I'e€TEePOJIOTUYECKHX KJIETOK. Bo3MoxkHass Moaudukanus
9HIOTENHUANBHBIX KJIETOK B YCIOBHSIX MUKPOTPABUTAIMU MOXKET TIPH-
BOIMTH K M3MEHEHUSIM PETYJISIIH COCYUCTOrO TOHYCa U HMMYHOJIO-
THYECKUX peakUuii BO BpeMs [UIUTEIBHOIO0 KOCMUYECKOrO MOJIeTa.

2.8. WccneoBaxve BAMSHNS YCNOBUA HEBECOMOCTH
Ha NOCTAMOPUOHANbHOE pa3BuTHeE
NTEHLOB ANOHCKOro nepenena

ITepBBIe 3KCIEpUMEHTHI MO U3YYECHUIO BIIMSHUS YCIOBHMI KOCMH-
9ECKOro MoyeTa Ha 3IMOPHOHAIBbHOE ¥ NOCT3MOPHOHAIBHOE pa3BUTHE
AMOHCKOro nepernena 6buty nposefeHbl B 1990 u 1992 rr. va OK
“Mup”. B aTux skcrnepuMeHTax Obla MoKa3aHa BO3MOXKHOCTb MOJY-
YEHUs] HOPMaJIbHBIX KM3HECIOCOOHBIX NITEHI[OB SMOHCKOTO Nepenena
B HeBecoMocTH. [lonyuyeHHble pe3yiabTaThl MO3BOJMIN CAENATh BbI-
BOJI O TOM, YTO HEBECOMOCTh HE OKa3bIBAE€T HEIIOCPEJCTBEHHOT'O BIIH-
SIHMsI Ha IIPOTeKaHNe MOpP(OreHeTHUECKUX NPOLECCOB Ha MPOTSIKe-
HUHM BCETO LIUKJIA pa3BUTHS 3MOPHOHOB SMOHCKOro nepenena. OfHa-
KO IepBO€ NOSIBIEHHE HOBOPOXKIEHHBIX IITEHILIOB SIIIOHCKOTO NEpeIe-
Jla B YCIIOBHSIX HEBECOMOCTH BBISIBUIIO HOBYIO IPOOIEMY B rpaBUTAlU-
OHHO# OHOJIOTHU — NPOGJIEMY afianTalii HOBOPOXKAEHHBIX OpraHus3-
MOB X cpefie, Iie OTCYTCTBYeT BEKTOp rpaBuTaunuu. VccienoBaHus
NIOBEIEHNSI HOBOPOXK/ICHHBIX IITEHIIOB SIMOHCKOT'O Ileperena B YCIOBH-
SIX HEBECOMOCTH [TOKa3ajIy, YTO OHU HE MOTYT CAMOCTOSITENILHO Cyllle-
CTBOBAaTh B arpaBUTAlllOHHOW cpene. Habmonenus 3a noBefeHUEM
[TEHIIOB, IIOKa3aJIH, YTO BCE X BPOKAEHHbIE MHCTHHKTBI MOTYT pea-
JIM30BaThCSl TONIBKO B ClIydyae MX OPUEHTHPOBAHUS B NIPOCTPAHCTBE.
B ycnosusix 3emi 0CHOBHBIM (haKTOPOM, 06ECIeYHBAIOIIUM OPHEH-
TallMIO NITEHIIOB, SBIIsIeTCS rpaBuTalys. Ee oTcyTcTBUE ¢ NEepBbIX MHU-
HYT XW3HYU BHE SIfilja IPUBOJUT K IOJIHOW [€30pHEHTAaLUM NTEHLA,
YTO BJIEYET 3a cCOOOM OOECLEHMBAaHNE BPOXAEHHBIX [JBUIATEIbHBIX
HHCTUHKTOB. YacTUyHasi KOMIIEHCAIMs OTCYTCTBHSI IPaBUTALUOHHO-
ro ¢akTopa ¢ HIOMOIIBIO IIIOTHOH (pUKCAlUU NTEHLOB B IIPOCTPAHCT-
Be (B IOTKe UHKYOaTOpa WM B PyKe KOCMOHABTa) NMO3BOJISIET UM CO-
XPaHUTb HEKOTOPbIE BPOKIEHHbIE HHCTUHKTDI (CKJIEBbIBAHNE KOPMa,
HaXOXJIEHNE B3IISIOM TBEPAOH IOBEPXHOCTH M IIONBITKH C MOMO-
LIBIO ABMXKEHHS KPBUIbSIMHU TOCTHYb 3TOH IOBEPXHOCTH). DTO I0O3BO-
JIUJIO NPEANONIOXUTh, YTO HATMYNE CeNMaNbHbIX YCTPONCTB U IpH-
CIOCOOIIeHMI AN COXpaHEeHMs] OPHEHTAIMU ITEHLIOB B TPOCTPAHCTBE,
crellaeT BO3MOXHBIM COfEpKaHHe NTEHIIOB B YCIOBUSIX PeajlbHOI'O
KOCMHYECKOTO IIOJIeTa.
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B 1999 r. na 6opty OK “Mup” B paMKax nporpamMmsl IIOJIETA Cl1o.-
BalKOrO KOCMOHABTa B COBMECTHOM POCCHICKO-CIIOBALIKOM 3KCIEpy-.
mente “Tlepenen CK-6” Oblla NpeAnpuHATa NONBITKA HCIOJIb30Ba-
HUsI KCKYCCTBEHHOH CHIIBI TSDKECTH, KaK (paKTopa CIOCOGHOTO 06ec-
[IEYNUTh BIXKHUBAHNUE ¥ MTOCIEAYIOIIYIO aflallTallIO NITEHIOB SIMOHCKO-
rO meperneia B yCIOBHSIX HEBECOMOCTH.

Iyt mpoBeieHUsI SKCIIEpPIMEHTA epeneNiHble sila, HHKYOUpo-
BaHHble Ha 3emite 0 13 u 14 cyTOYHOrO pa3BUTHsI 3MOPHOHOB, B KO-
nmdectBe 60 mTyk (o 30 suI Ha KaXNbIA CPOK), OBIN JOCTABIIECHE
Ha 60opt OK B TpaHCIOPTHOM MHKYy6aTOpe, 06ecreYnBaroieM Heoo-
XO[MMEbIe YCIIOBHsI MHKYGMpoBaHus (TeMmeparypa — 37,5 = 0,5 °C,
BIAXKHOCTE 65 + 5%). ITociie 0BOCKONMPOBAHUS LeNble Siilla B KOJHK-
yecTBe 56 mTYK (27 AU IEPBOro CpoKa 1 29 [u1 BTOPOro cpoka) Obl-
nu mepesioxensl B mpubop “Muky6aTop-1M” s majbHEAINETo WH-
KyOupoBanus Ha 60opry OK “Mup” ¢ LeNbl0 BHIBEEHHS NTEHIOB.
s copepxkanmst nTeHoB Ha 6opty OK “Mup” cinosankue cnemua-
JIMCTHI M3rOTOBUJIM W NMOCTABWIM Ha GOPT HEHTpUGYry, B KOTOPOH
ObLIH pa3MenieHbl 12 MHAMBHAYAJbHBIX OGIIOKOB CONEPXKAHUS NTEH-
nos (BCII): 6 mrennoB Ha ypoHe 0,4g m 6 — Ha yposHe 0,3g.
(puc. 2.1). _

Tyt mpoBeieHNsI UCCIeJOBaHUi MOBEIEHNs] ITEHIIOB B YCIIOBUAX
HCKYCCTBEHHOM CHIIBI TSDKECTH IO MPOrpaMMe 3KCIEPUMEHTA cpa3sy
mociie BhUIYIUICHHS TepBble JBEHAIaTh NITEHIOB ObLIM IEpecaxke-
bl B uHnuBupyanbHble KineTku BCIL. K coxanenuro, n3-3a HEUc-
npaBHocTi BCII ux npeObIBaHUE B YCIOBUSX MCKYCCTBEHHOM CHIIbI
TSKECTH OTpaHMYUIOCH 15-10 yacamu. ITocne 4ero nreHub! ObuIH
nepecaxkeHbl B sueiiku “MHKybaTopa 1-M”, rfie ¥ HaXOOUIKNCEH 10
OKOHYaHMS 3KCIEepUMeHTa. Brutynusiuecs NTEHIbI HAXOMUINUCH B
YCIIOBUSIX HEBECOMOCTH OT 4 1o 5 cyTok. B 3TOM 3KkcnmepumeHTe
BIIEpBbIE KUBbIE IITEHIIB] SITOHCKOrO Nepeneiia ObIIM JOCTaBJIEHBI C
OpOuThI Ha 3EMITIO.

OKcrnepruMeHTaNbHBIA MaTepual JJjIsl MCCIENOBaHUH ObLT Mpef-
craBieH 10 nTeHuaMu, BO3BpallleHHBIMEA Ha 3eMII0 B KOHTeHHepax
Bo3spara nrennos (KBIT) u 20 nreHnamu, norudmmmu Ha 6opty OK
“Mup” u 3apUKCHPOBaHHBIMU B CIMPTO-IJIMIEPHHOBOH cMecu. Mc-
ClleIOBaHN€ KUBBIX NTEHIIOB IOJIETHON IPYNIbI OBIJIO IPOBENECHO Ye-
pe3 10 yacoB nocie npu3eMIIeHUs CIIyCKaeMOro annapaTta KOCMHYe-
ckoro kopabims “Coro3-TM”.

B na6opatopmu I'HII P®-VIMBII PAH 6rlna npoeefeHa BAREO-
3alMCh TOBENIEHNsI TPEX NTEHLOB SMOHCKOTO Nepemneia, NOCTaBlIeH-
HbIX Ha 3emmo ¢ 6opra OK “Mup”.

B MeTonuky o6paboTKu OGHOIOrMYECKOro MaTepualia BXOIUIIM:
BU3YyallbHBIA OCMOTpP NTEHIOB C MOAPOGHBIM ONHMCaHMEM OCOGEHHO-
cTell MX pa3BUTHUS; NIPOBEACHHE IAaTalIOr0-aHATOMHYECKOTO BCKPHI-

64






Tabnuya 1

Pe3ynbTaTbl UHKY6UPOBaHUA AUL| ANOHCKOro nepenena Ha 6opty OK "Mup”
B aKcnepumenTe "Mepenen-CK6"

BeiBenocs
Cpok pa3BUTHA 3aI0XeHO UL [ITEHIOB KonuuectBo slitua ¢ npo-
9MOGPHOHOB B Ilepe- | Ha HHKYOH- NOrUOUIHNX KITIOHYTOi
TIeJIUHBIX SfaX poBaHue, 1IT. LIT. % 3MOpHOHOB CKOPJIYTIOi
14-cyTOuHBI] 27 21 77,8 6 0
13-cyTounbIit 29 15 51,7 6 8

YTO BBIBOJMMOCTB IITEHIIOB M3 SIUI[ IIEPBOTrO CpoKa cocTaBuna 77,8%,
a u3 su1 BToporo cpoka — 51,7%.

I1pu npoBeeHNH HCCIeNOBAHNI TIOBEEHUS ITEHIIOB, TOCTABIICH-
HBIX ¢ OpOUTHI Ha 3eMIT0, ObLIH, OOHApYKEHbI CYIECTBEHHBIE H3Me-
HEHMsi: OTKa3 OT IMIIY U BOJIbI, HEYBEpEHHOCTH B ABMXKeHHAX. OOpa-
wana Ha cebsi BHUMaHue HEHOpMallbHasl 1032 IITEHLA B MIOKOE: r0JI0-
Ba ONYyIeHa Ha YpOBEHb JIall U HaKJIOHeHa BieBo. IIpu aBrXeHuu y
NTEHLOB HaOJfOanach KpaiHssl NUCKOOPAUHALMS: XOAb0a 1maTKas ¢
ONPOKHUABIBAHUEM TeJla BIIEpE]] UM Ha3af, IalcHUE Ha MPaBbIA MK
neBblit 60K. Kpblibsl ITEHIIOB HE ObLIH NPIKAThl, KaK OOBIYHO, K TY-
JIOBUILY, @ HECKOJILKO OTCTaBlIeHbI B cTOpOHY. IIpy xoxnenun da-
JIaHTH MaNbLEB NITEHNOB ObIIU cOrHyThl. Ilpy mogOGpackiBaHUM BBEPX
NTEHel IPU3eMIIsIICS Ha 3a[HIOIO JacTh TeJa, a He Ha nansbl. K coxa-
JIEHUIO, HAGNIONEeHMs 3a MOBEJICHUEM NTEHIOB B YCIOBHSX 3€MHOM
rpaBUTALMK COCTABUIIM TOJBKO 1,5 4, TaK KaK OHM CTa/ld IOrubaTh.

IIpu BU3yaIbHOM OCMOTpE NTEHIOB U3 MOJIETHOM IPYNIbI HE Obl-
710 OGHAPYKEHO KaKHX-THOO OTKIOHEHWH B MX pa3BuTHH. OOHAKO
clleflyeT cKa3aTh, YTO IO BHEIIHEMY BUy 3THU NITEHIb] OTINYAIUCH OT
[ITEHIIOB U3 KOHTPOJIBHOH IPYNIbI: ONEpEHUE SMOPHUOHANIBHOE (1IyX),
Ha Jlamax cjiefibl MeKOHUSI, MBIIIIIb] TeJa BSJIble, OCOOEHHO LIEHHBIE.
BuoMeTpuyeckue ucciaefoBaHusl ITEHLOB U3 IOJETHON IPYNIbI MO-
Kas3ajy, YTO NMTEHIbl CHIBHO WCTOIIEHBbI. Bec nTeHLa B NONETHOM
rpymme B cpefiieM coctaBuin 5,8 = 0,7 r, Torga Kak mMacca Tejla KOHT-
pONBHOTrO NTEeHNa B cpegHeM pasHsnack 8,2 = 0,1 r. 9To 6110 00Y-
CIIOBIICHO TE€M, YTO BHUTYIMBIIKECS B HEBECOMOCTHU NITEHIIbl HE MOIIIH
CaMOCTOSTENLHO KOPMUTBCS U JJIsl IUTAHUS MOJIETHbIE NTEHIbI UC-
MOJL30Balid TOJILKO OCTaBIIMECs 3aIlachkl XeJITKa, BTSHYTOrO B
OPIOILIHYIO MOJIOCTh NepeN BLITYIUIEHUEM U3 SIIA.

HccnegoBanne cOCTOSIHUSL ONOPHO-ABUIAaTEeIBHOTO ammapara y
NTEHIIOB, pa3BUBABIIUXCS B OTCYTCTBUU (PYHKUHOHAJIBHOU I'DaBUTA-
LUUOHHON Harpy3ku ¢ MOMEHTa POXIECHHUS, NpeNCTaBIseT OGOMbLION
uHTepec. bpun nposeneHbl MOP(GOIOrHYECKHe UCCIEeOBAaHUS HIXK-
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HUX KOHe4yHocTel y 14- n 16-cyTOYHBIX SMOPHOHOB, a TaKXKe y ITEH-
L[OB, IPOXMBIINX B HEBECOMOCTH 4—5 cyTOK. B HazeMHBIX ycIOBHSX
CKeJIET KOHEYHOCTell 3MOPHOHOB K 14-M CyTKaM MOJIHOCTBIO cop-
MHPOBaH B aHATOMHYECKH COOTBETCTBYET CTPOCHHUIO CKeJleTa B3pOC-
J01 nTunpl. B 3TOT nepuop npoucxoauT KanbuuguKays XpsIIeBoro
CTEPXKHsI IIyTEM OTKNaJbIBAHUS U3BECTH B MEXKIIETOYHOE IIPOCTPaH-
CTBO M BHYTPU KOCTHOI'O MO3Tra Ha BHYTPEHHIOIO IOBEPXHOCTh II€pH-
XOHApanbHO# KocTH. OKOCTEeHeHNE U3 LIEHTPalIbHOU TOYKYU fuadusa
pacnpocTpaHsieTcss K 2nudu3aM, KOTOpbIe OCTAIOTCS XPSLIEBBIMHE U
obecneynBaroT pocT KOcTH B miuHy. K 16-M cyTkaMm pas3BuTHS 3TOT
npolecc 3amepnsiercs. C MOMEHTa BBUTYIIEHHS CKeJIeT HOIydaeT HO-
BBbIi CTUMYJI POCTa, KOIfla B MeTadu3ax [UIMHHBIX KOCTEH HayMHAET-
s HCIIONb30BaHME 3aMacoB MPONU(EpUPYIOLIUX XOHAPOIHUTOB B CBSI-
3M C IIEPEXONIOM X B COCTOsIHNE HaOyXaHMsl U NOCIeayouied pe3opn-
IMK. Y NITEHIOB, BLUIYNIUBIIUXCS B YCIOBUSIX HEBECOMOCTH U IIPOKUB-
X B 6€30M0pHOM cpefie OT 4 Bo 5 CyT, HabIIOAaNoCh OTCTaBAHUE B
POCTe OTENOB CKeIeTa KOHEYHOCTEH 110 CPaBHEHUIO C ITEHIIAMH Ja-
60paTOpHOTrO KOHTpOJs. [InnHa GepeHHO KOCTH Y NTEHIOB U3 IO-
JIETHOH rpymnna 6nina Ha 24,1% MeHbIlle, yeM y NTeHLIoB U3 J1abopa-
TOPHOTO KOHTPOJs. [IJIMHa y4acTKOB OKOCTEHEHUs CKeleTa Yy IITeH-
L[OB U3 IOJIETHOY IPYIIB] Obljla TaKXKe MEHbILIE II0 CPABHEHUIO C [JIH-
HOM y4aCTKOB OKOCTEHEHUs! Y ITEHIIOB U3 KOHTPOJIBHOM IPyIIbI (Ha-
npumep, B 6efpeHnol Koctu Ha 23,1%). OmHako IpOLEeHT OKOCTeHe-
HHS KOCTEH HUXHHX KOHEYHOCTEH (OTHOHIEHHE y4acTKa OKOCTEHE-
HUs K OOIIeil AnyHe KOCTH, BhIpaXKeHHasi B IPOLEHTax) y NITEHIOB U3
IOJIETHOMH I'PYIIbl HE OTIMYaeTCs OT TAaKOro y ITEHLOB U3 nabopa-
TOPHOrO KOHTpOJIs (rosneTHoi rpynne — 87,23 + 0,98%, B KOHTPOJIb-
Ho rpymnmne — 89,81 + 1,74%). BO3MOXKHO, 3TO CBSI3aHO C TEM, YTO %/3
BPEMEHH pPa3BHUTHsI 3MOpPUOHOB IIPOIIA B YCIOBMSX IpaBUTAllMU Ha
3eMiie, YTO U CKa3aloch Ha NpoOIliecce OCTeOreHe3a CKelleTa ITEHIIOB.

B skcnepuMenTax, npoBefeHHbIX Ha 6opty OK “Mup” panee,
OBbLIN NOJTyYeHbI TaHHbBIE, YKa3bIBABIIUE Ha TO, YTO IIPOLIECC OKOCTE-
HeHus1 y 14- u 16-CyTO4YHBIX 3MOPHOHOB, a TakXKe Yy NTEHLOB, IOCIe
BBUIYIUIEHHS] HAXOJUBILIMXCS B YCIOBHSIX HEBECOMOCTH OT 2 HO 3 CyT,
OTCTaBaj OT KOHTPOJS. DIIEKTpOrpaMMa MbILIEYHOH TKaHH (Ha Ipu-
Mepe m. gastrochemius) HUXHUAX KOHEYHOCTEH y NTEHLOB, NPOXHUB-
IIAX B HEBECOMOCTH OT 4 [O 5 cyT, [I0OKa3ajla Halnudyue BOJIOKOH Ha
craguu nuddepeHINPOBKY: Z-TUHIY UMENH 3Ur3aroobpasssie ¢op-
My Wi ObIIY YOBOEHHbIE, Cllab0OBbIpaXKeHHbIE NONOCHI I 1 A, MuTo-
XOHApPHUH MecTaMH¥ ObIJIN YBEIUYEHbI B pazMepe U 00pa30BbIBaJH Le-
MOYKH, 110 IJIKHE MPEBBIIIAOIINE OUH CapKOMED, BHYTPEHHUE MEM-
6GpaHbl MUTOXOHAPHUI YINIOTHEHBI M BaKyJU3UPOBAaHBI, B CApKOTYOY-
JISSPHOM ammapaTe BCTpedaluch pacllMpeHHble TPyOOYKH, B IMTO-
mw1a3Me MEOGUOPHILI UMEIHUCh MHOIOYHCIICHHbIE KIPOBbIE BaKyOJIH.
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HecmoTps Ha cTonb KOPOTKUH OTPe30K INOCTIMOPHOHAIBHOIO Tepi-
Ofla pa3BUTHS NTEHIOB, MONYYEHHbIE PE3yIbTAThl MOKA3bIBAOT BbI-
pakeHHOe HayaJlo JlereHepaTUBHBIX U3MEHEHHNI B aHTUTPaBUTALOH-
HOU MYCKyJaType, UTO YKJIablBa€TCI B U3BECTHOE IOJIOXKEHUE NaTO-
¢u3unonorun “arpodust oT 6e3AedcTBUS”’, KOTOPOE OBbLIO BBIBENEHO
SMIIMPUYECKU U3 YCIOBUI OrpaHUYEHUs MU NpeKpalieHust pyHKIyn
paHee (pYHKIIMOHUPOBABIIErO OpraHa.

JlaHHBIN SKCIEpUMEHT 1OKa3aJl, YTO BO3[IeCTBHE HEBECOMOCTH Ha
>KBOTHbIE OPraHU3MBbI CBSI3aHO HE TOJBKO C BIUSTHUEM Ha IIOBENIEHYe-
CKHE peakliy OpraHu3Ma, HO U Ha e€ro (hyHKIMOHAIBHOE COCTOSIHUE.
[TosToMmy st aganTauuy ¥ BbIXKMBAHUA KUBOTHBIX OpPraHU3MOB B He-
BECOMOCTH HEOOXOIMMO KOMIEHCUPOBATh U3MEHEHUSI YCIOBUIA CpPEIbI
o6uTaHus (OTCYTCTBHE BEKTOpa rpaBUTAlMy). [ SKUBOTHBIX NPOdhH-
JIAKTHKA HEraTHBHOTO JCHCTBHUSI HEBECOMOCTH Ha (QU3MOJIOTMYECKOM
YPOBHE SIBIISIETCS CIIOXKHOH npo6neMoil. [leppast moneITKa OTBETUTE Ha
3TOT BOMPOC OKa3ajach HE yIayHOH, TpeOyeTcs MPOAOJIKEHUE HUCCIe-
moBaHui. MccnemoBaHMs UCKYCCTBEHHOHM CHIIbI TSIKECTH B KaydecTBe
cpefcTBa NpOodUIAKTUKY BaXKHO HE TONBKO JJISI PELIEHHSI BOIPOCOB,
CBSI3aHHBIX C CO3JaHHMEM CHCTEM >KH3HEOOEeCIeYeHNsI KOCMUYECKUX
3KHIMaxeH (reTepoTpodHOro 3B€Ha), HO U B LEJIOM AJI MUJIOTUPYEMON
KOCMOHABTHKH, TaK KaK MO3BOJSIET IN1yOXe IMOHATH NpEfelbl U BO3-
MOXKHOCTH aJlaTalliyl XUBOTHBIX OPTaHU3MOB B HEBECOMOCTH.

2.9. PoCT v passuTue niueHuupbl
B psfy MOKOMEHWN B YCOBUAX noneTa
Ha 6opTy OK “Mup”

B teuyenue nocnepgnux 30 jeT y4eHbIMH pa3in4YHbIX CTPaH IPOBe-
meHo OONBbIIOe KOMUYECTBO MCCIeIOBaHMi N0 pa3paboTKe OMONOTH-
yecknx cucreMm xusHeobecneyenuss (bCXKO) yemoBeka BHE 3€MHON
6uocepsl. Takue cucTeMbl MOI'YT UMETD Pa3jIn4yHyr0 OMOLIEHOTHYE-
CKYIO CTPYKTYPY B 3aBHCHUMOCTU OT Ha3Ha4deHUsl, IIPONOIIKUTEIBHO-
cT¥ (PYHKIIMOHUPOBaHUs, rabapuTOB, 3HEProoOeCneYeHHOCTH. B ciy-
Yyae MJIUTENHHOTO CYIIeCTBOBAHUS YEIIOBEKA 3a rpaHuLaMu Grocde-
pBI (MeXIJIaHETHbIE KOCMUYECKHUE NOJEThl, BHE3EMHBIE IIOCENIEHNUA)
opgHo# u3 ocHOBHBIX pyHKImMil BCXKO 6yneT BOCIpON3BOACTBO MUILA
PacTUTENBHOI'O M XXUBOTHOI'O NPOUCXOXAEHNs. B cocTas 3BeHa BBIC-
IIMX paCTEHUH TaKUX CUCTEM HOJIXKHbI BXOIUTb 3€PHOBbIE KYJIBTYphl
(mueHuna, puc) A o0ecneyeHus paloHa 4elIoBeKa yrieBofamMu 4
pacTUTenbHbIMU Oenkamu. HeoOXonuMBbIM aTanoM pa3pabOTKH 3BE-
Ha BoeIcunx pacrenuit bCXKO siBnsieTcs uccnenoBaHne NIPOAYKTUBHO-
CTH 3€PHOBBIX KyJIbTYp IPU KyJIbTUBUPOBAaHMM B F€pMOOOHTAEMBIX
00BEKTAaX, B TOM YHCJIE U B YCIOBUSX KOCMUYECKOTO MOJIeTa.
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Psin mONETHBIX 3KCIEPUMEHTOB 1O BBIPAIIMBAHHUIO NMINEHUIBI B
pa3NnYHBIX BETETAlMOHHBIX YCTPOKUCTBaxX ObLI NMPOBEAEH N0 Hayajla
paboT IO KyNIbTUBMPOBAHMIO IMUIEHUIBI “OT CEMEHHU O CEeMEeHH B
opamxepee “Cset” Ha 6opty OK “Mup”. Tak, B 1988 r. npoBeneHo
HCCIEeJOBaHHE POCTa ¥ pa3BUTHs MILIEHHULBI COPTa DPUTPOCIEPMYM-
841 B ycranoBke “CBeT06510K-M” mpu 19-cyTOYHOM BBIpallBaHMU
Ha 60pTy OK “Mup”. OTMEUEHO CHMKEHHE MacChl ONBITHBIX pacTe-
HUI ¥ IJIOIIafy JMCTOBON MOBEPXHOCTH B 2—-2,5 pa3a N0 CpaBHEHHIO
¢ xoHTpoJieM. [IpuynHBI YTHETEHUSI pOCTa pacTEHUN HE YCTaHOBIIE-
HbI, TaK KaK B JaHHOH YCTaHOBKE He ObLIU NIPENYCMOTPEHBI KOHTPOJIb
3a mapamMeTpaMU cpelibl i aKTUBHas BeHTWIALus. B 1991 r: B aToil ke
YCTaHOBKE OCYIIECTBJICHO KYJIbTHBAPOBAHUE CyNIEPKAPINKOBOM MIe-
HUILBI B YCIOBUSIX KOCMHUYeCKOro mnojera B TeueHue 157 cyt. Ilony-
"Y€HHOE pacTeHHe UMeJIO OfUH NMober Ha craguu TpyOKoBaHus. Ioc-
KOJIbKY OCBEILIEHHOCTD B pubope “CBeTo0n0K-M” BISI€TCA HU3KOU
AJIsi CEMEHHOI'O BOCIIPOM3BOACTBA IIIEHULb] U B KOHTPOJIBHOM 3KCIIe-
PUMEHTE ceMeHa MOJIy4YeHb] He ObLIH, ONBITHOE PAaCTEHHUE NOPAllUBa-
714 Ha 3eMile B YCIIOBHSIX O60Jiee BLICOKOH HHTEHCHBHOCTH OCBEILICHHUSI.
Opnrako chopMUPOBaHHBIN B YCIOBUSIX KOCMAYECKOTO TOJIETA KOJIOC
OKa3salcsl CTEpUIIbHBIM.

B 1993 r. 6b11 pOBECH IKCIEPUMEHT IO BbIPAILUBAHUIO CylIep-
KapJauKOBOY MIIEHUIBI U3 IPOPOIIEHHbIX Ha 3eMJle CEMSH B YCTaHOB-
ke PGU nHa 6opry “Cneiic lllartna”. PacTenus BhIpalyuBaIuch B Te-
4yenne 10 cyr. I1o pesynbTaTaM IOCHENONETHBIX U3MEPEHUH OBLIO
MOKa3aHo, YTO YCIOBHS KOCMUUYECKOTO IOJI€wa BbI3bIBAIH CHIDKEHHE
YPOBHs (pOTOCHHTE3a y pacTeHUH, YTO NIPUBEJIO K CHUXKEHUIO MacChl
MONIETHBIX pacTeHni Ha 25% IO CPaBHEHHUIO C KOHTPOIIEM.

B pamkax Hayuno# nporpammbl CTC-63 B 1995 r. 66111 ocymiecT-
BIIEH 3KCIHEPHMEHT IO KYJIbTUBHPOBAHUIO PACTEHMH B YCTaHOBKE
“Actpokynbrypa”. Pacrenust Brassica rapa W cynepKapIuKOBOH
NIIeHuIbI (B Bo3pacTe 4 fHel) ObLIN BbICAXKEHbI B €AUHYIO KAMEDPY U
KYJIbTUBHPOBAJIUCL B YCIOBUSX KOCMHYECKOrO IOJIETAa B TEUYEHUE
8 cyr. IToka3zaHo, YTO KOpHEOOUTaeMas cpefa Mpy IPOBEJEHHH I10-
JIETHOT'O 3KCIEPUMEHTA OTJINYajach NOBBIIIEHHON rHNnoKkcuen. B yc-
JIOBMSX KOCMHYECKOI'O ITOJIETa aKTUBHOCTD aJIKOIOJIBAETHAPOr€HA3EI
B TKaHsIX KOpHeH noBblianack Ha 248—304% B KOpHSX NIICHUIIbI ¥ HA
334-579% B KOpHAX OpacCHKH MO CPABHEHHIO C KOHTPOIIEM.

IlepBblil 3KCIIEPUMEHT 1O KyJIbTHBHPOBAHUIO CYIIEPKapIUKOBON
NIIEeHUIBI B opamxepee “CseT” 6bL1 IpoBefieH B 1995 r. B paMkax Ha-
y4HOH mporpammsl “Mup-lllaTTn”. B noneTHOM 3KCiepUMEHTE AJIH-
TeabHOCTBIO 90 CyT MOA BIMSHUEM KOMIUIEKca (paKTOpOB BHEIIHEH
cpenbl Ha POHE HU3KOH CyMMapHOil 06Iy4eHHOCTH 1oceBa (U3-3a He-
KCIPaBHOCTH OOOPYAOBaHMsI) LUKJI HOPMaJIbHOTO OHTOIM€HETHUECKO-
ro pa3BUTHS pacTeHud ObuI HapymieH. PacTeHHs MMeNd MeHbLIHe
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pa3Mepsl, popmupoBany 12—16 IHCTHEB C y3KO# JTUCTOBOH ILIACTH-
HOU MpOTHUB 7 B Ha3€MHOM IIPEAIIONIETHOM KOHTPOIIE 1 He 00pa30Ba-
17 KojockeB. [TocenoneTHIN 3KCIEpUMEHT IOKa3aj, YTO IPH Mo-
REeNUPOBAaHUH OCHOBHBIX IIApaMETPOB Cpefibl, 3a(pMKCHPOBaHHBIX BO
BpeMsi KOCMIYECKOTO MONETa, ObIIH MOJNy4YEeHbl paCTeHUsA, OTIHYAI0-
Iuecs 0 CBOMM XapaKTEepUCTHKaM OT MoJeTHBIX. B yacTHOCTH, pac-
TeHUs1 (hOPMHUPOBATA KOJIOCHS, HO OHM OBLIM CTEepHUIbHBIMH. Takum
06pa3oM, B NOJIETE PACTEHMS IIIEHUIBI IOABEPraMCh CTPECCOBOMY
BO3[[EMCTBHUIO HE TOJIILKO CBETOBOTO (DaKTOpa, HO M UHBIX (paKTOPOB,

B 19961997 rr. 6611 POBENEH IKCIEPUMEHT IO KyJIHTHBHPOBa-
HUIO CyIepKaplIMKOBO mimieHuns! “‘OpaHxepes-2” B paMKax Hayy-
HOH nporpammsl “Mup—-HACA”. [JIUTENbHOCT NOJHOrO HUKIIA Be-
reTaluy CynepKapINKOBOM MIICHANBI ¥ €r0 OTAENbHBIX CTafui B IO-
JIETHOM 3KCHEepHMEHTe Obllla TaKoW Xe, KaK M B Ha3eMHBIX KOHT-
PONBHBIX 3KcnepuMeHTax. IIpu ofMHaKOBOMA Macce CyXOro BEIECTBa
OIHOTO PacTEHHs YUCIO MOGEroB ¢ KOJIOCHIMH ObLIO B 2,7 pa3a Bbl-
1le B MOJIETHOM BapHaHTe 10 CPAaBHEHHIO C IPEANOJIETHBIM KOHTPO-
neM. OTMe4eHO YMEHBIIEHUE BhICOTHI IOOETOB Y OIBITHBIX PaCTEHHH
B IBa pa3a. Bo Bcex chopMHpOBaBIIMXCSA B YCIOBHAX KOCMUYECKOTO
moJieTa OTCyTCTBOBaIM ceMeHa. CTpOeHHE KOJI0Cca HMETIO CYIECTBEH- :
Hble pa3IMYus IO CPABHEHUIO C JaHHBIMU IIPEABAPUTENLHBIX HAa3EM-
HBIX KOHTPOJIEN: Macca KOJIOCheB Oblja B [iBa pa3a HIXE, OTMEYEHO
YMEeHbIIIeHNe ITTMHBI COLBETHS M OCTEH KPOIOINHX IBETOYHBIX YEIYH,
CHIDKEHHE YHClIa KOJIOCKOB B KOJIOCE, YBEJIHMYCHHE CPENHETO YHClIa
[[BETKOB B KOJIOCKaX.

OKCIepUMEHTANBHO TOKa3aHO, YTO OCHOBHBIE CYIIECTBEHHBIC
U3MEHEHNS] TPONYKIUOHHBIX M MOP(OMETPHUYECKHX XapaKTepH-
CTHK TIOJIETHBIX PACTEHHI CYNEpKapIMKOBO! MIIEHHUIbI ObLIM BbI-
3BaHbI B OOJIbIIIEH CTENEHU He crenuduieckuMu pakTopaMu KOc-
MHYECKOTrO MOJIETa, a (PUTOTOKCUIECKUM BO3[EACTBHEM ITHUIIEHA,
cojepkaHHe KOTOPOro Ha MOMEHT NPOBEJEHUSI IKCIEPUMEHTA B
atMocepe OK “Mup” cocrasnsano 0,3-1,8 mr/m3. IloBblennoe
COlep3XKaHHe ITHIEHAa B aTMocdepe KOCMHUYECKOH CTaHLIMHU SBIIS-
JIOCh TIPUYMHON aHOMaJbHOTO (POPMHPOBaHUSI MYXKCKOU IeHepa-
THUBHOH c(pepbl MILEHUIIBI.

C y4eTOM HaKOIUIEHHOTO ONbITa B paMKaX POCCHHCKOH Hay4HOM
nporpaMmbl B 1998—1999 rr. 611 NOATOTOBJIEH U NPOBENEH IONET-
HBIA 3KcnepuMeHT “Opamxkepesi-4” 0 UCCIENOBAHUIO POCTa, pa3BU-
TAS ¥ PEeNpOAyKUMH NUIEHWIbl IPH BbIpAlllUBaHHM B OpaHXKepee
“Cset” Ha 60pTy OK “Mup”.

B HazeMHBIX 9KCIEPUMEHTAX YCTAHOBJIEHO, YTO CPEOH KapiIuKO-
BBIX COPTOB NIIEHUIB] UIMEIOTCS COPTA, IPUTOJHbIE Al KYIbTHBHPO-
BaHMsI B KOCMH4YeEcKOil opanxkepee “Cer” U OoTIHYaromyecs 4acTuy-
HOM YCTONYMBOCTBIO PENPOAYKTUBHOM Chephl K BO3AEHCTBUIO ITUIIE-

70



Tabnuuya 2.2
OcHOBHbie XapaKTepucTUKM niueHuLbl copta "VHIIKO-Anore#"
NpY KyNbTUBMPOBaHUM B opaHxepee "Cset”
B NONETHOM ¥ Ha3eMHbIX 3KCNepMMeHTax

DKCcnepuMeHT
IToka3aTens o Ha3eMHbII
o Ha3eMHbII
MOJIETHBIH (6e3 armnexa) (;THJICHs
1,1 mr/m°)
JMUTE NLHOCTE MOTHOTO IUKJIA BETe - 70-82 80-83 75-80
Taluu, CyT '
Macca cyxoro Bemecrsa 1 pacreHus, 3,64 3,05+0,86 1,70+0,28
Yucno nmo6eroB ¢ KOIOCHAMHE Ha 1 pac- 24 2,8£0,4 3,0£1,0
TEHUeE, [IT.
BricoTa pacrenns, cM 35,3%3,1 44,8+2.8 27,71,1
JTMHa COMTOMMHBI, CM 26,2420 36,2+3,1 18,9+4,2
nuna xonmoca, cM 8,3+1,8 6,5+0,7 5,6+1,0
YHCo KONOCKOB B 3peNoM KOoJIoce, 1IT. 16,0£2,0 16,0£2,0 11,0£2,5
Yucno uBeTKOB B KOJOCKE, IIT. 4,0£1,0 4,0£1,0 4,0£1,0
Konuyectso 3epeH ¢ pactenus, wr. 42,3 68,3 13,1
Macca 3epHOBKH, Mr 18,116,1 32,049,1 29,945,0

Ha B BO37yxe B KOHIeHTpauuy 1,1 mr/m3. VI3 HUX 17151 IpOBEfEHNs 1o-
JIeTHOro aKkcnepuMeHTa OblI BeIOpaH coptT “VIIIIO-Anorei”, KoTo-
PBI OBbL BBIBE[IEH CIEIMANIBHO AJISi BHIPAIMBAHUSA B OPaHKEPEHHBIX
YCTaHOBKAaX pa3iMYHbIX OHOpETreHEepaTUBHBIX CUCTEM XKHU3HEeoOecIe-
YEHUSI.

B Ta6n. 2.2 npuBeleHbl OCHOBHbIE XapaKTEPUCTHKH PACTEHMHA
HIIEHUIBI copTa ANorei, BoIpallleHHBIX B opamxkepee “CpeT” B yClo-
BHSIX KOCMHYECKOTO ITOJIETa NIpH IPOBEEHUH 3KcnepuMenTa “OpaH-
Kepes-4”, B CpaBHEHHH C TaHHBIMH Ha3eMHBIX ucciefnoBaHui. O6pa-
maeT Ha ceOsl BHUIMaHue TOT (pakT, 9TO AIIUTEIBHOCTh MOJHOIO IMK-
Jla BereTalnuy pPacTeHUN B YCIOBUSX KOCMHUYECKOrO IONETA, KakK U B
Cly4ae KyJbTHBHPOBaHUS B opamxkepee “Cper” Ha 60opty OK “Mup”
CyIepKapJIuKOBOM MIIIEHHUIIB], CYIIECTBEHHBIM 00pa30M HE MEHAACK.

Ilpu conocraBineHnn MOpdOMETPUIECKUX U IPOAYKIUOHHBIX Xa-
PakTEPUCTHK MIIEHUIBI copTa “Amnoreir” BUIHO, YTO HEKOTOPHIE BE-
JIUYUHBI 3THX TOKa3aTelledl B IOJETHOM 3IKCIEPUMEHTE 3aHHMAIOT
NPOMEXXYTOYHOE IOJIOKEHHE IO CPAaBHEHHUIO C NaHHBIMH Ha3EMHBIX
uccnenoBanuii (Tabin. 2.2). OCHOBHBIM pe3yJbTaTOM 3IKCIEPHMEHTa
ABnsieTcs nonydenue 508 cemsH ¢ 12 pacrenuii, 4to Ha 38% HIXe IIO-
Ka3aTeJs IpH Jab0paTOPHOM KYIbTHBHPOBAHMH, HO B TO XK€ BpEMs
Ha 69% BblllIe, 4YEM B BapHaHTEe BhIpAIlUBaHUS B aTMOcdepe C MOBbI-
IIIeHHBIM cofiepKaHueM sTuneHa (1,1 mr/m3). Macca mony4eHHBIX B
MIOJIETHOM 3KCIIEDMMEHTE CEMSIH HUXKeE, YeM B Ha3eMHbBIX HCCIIEOBa-
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HUSIX Ha 060ux 3Tamax. OnpefenuTs KOJTUYEeCTBEHHO, KaKOU U3 dak-
TOPOB KOCMHYECKOTO NOJIETA BbI3Bajll 3TU U3MEHEHUs], He NPENCTaB-
JsIeTCsl BO3MOXKHBIM, TaK KaK Coiep:KaHue aTuieHa B atMocdepe OK
“Mup” BO BpeMs NpPOBEAECHHUs 3KCIIEPUMEHTA MO KYIbTHBUPOBAHKIO
MIIEHULbI cOpTa Amoreil He u3Mepsiiochk. I1o-BEAMMOMY, €70 KOHUEH-
Tpanus Obljla HUXE BeJIMYMHBI 1 MI/M3, paHee OTMe4aeMoi B IIOJIeT-
HBIX YCIIOBHSIX M HNOJJIEP>KUBAaeMOll HAMH B ra30BOH Cpefie BEreTaly-
OHHOY KaMephbl IIpH UCCIENOBaHUK 3aBUCUMOCTH MPOAYKUMOHHBIX Xa-
PaKTEpUCTHK TAaHHOTO COPTa OT BIUSHUS 3THUJICHA B HA3€MHBIX yCIIO-
Busix. CHUKEHUE KOHIEHTpAIiK 3TUJIeHa B aTMoc(epe CTaHIUU MOT-
710 OBITH 06ECIeYeHo 3a cueT (PYHKIMOHUPOBAHUS KaTaIUTUYECKOTO
¢unpTpa IIK®-T, BiepBeie ycraHoBiIeHHOro Ha 60opty OK “Mup” B
HOs10pe 1998 r. 1 paboTaBUIErO B BHICOKOTEMIIEPATYPHOM PEXUME.
Pe3yabTaThl JAaHHOTO KOCMUYECKOI'O IKCIIEPHMEHTa BIIEPBbIE IOKa-
3aJI¥ BO3MOKHOCTH TOJIYUEHHsSI 3€PHOBOIO ypoxKas IILEHHIBI IpH
KYJILTHUBUPOBAHNM PACTEHUN B TE€UYEHHE IOJIHOTO MKJla BET€Taluy B
YCIIOBUSIX KOCMHYECKOI'O 10JIeTa. DTO MOATBEPKIAET PaHee CleIaH-
HBIN BBIBOJ] O TOM, YTO HEBECOMOCTh HE OKa3bIBaeT HENOCPENICTBEH-
HOTO BIUSTHUS Ha 3JIEMEHTapHble T€HETHYECKH JETEPMUHUPOBAHHbIE
O6UOJIOrMYECKUE MPOLECCh], B TOM YUCIIE POCT, Pa3BUTHE M Pa3MHOXe-
HUE pacTeHHH.

HccnemoBanusi pocTa W pa3BUTHUSL PACTEHUI B Psifly IIOKOJIEHUIA B
YCIIOBHSIX KOCMHYECKOro nojeTa 6bLIu nmpoBefieHsl B 1999 r. B pam-
KaX pOCCHHCKOro skcrmepuMmeHTa ‘“‘Opanxeped-5”. B opamxkepero
“Ceet” Ha 60opty OK “Mup” Oblnu BBICESHBI 3€MHBIE U “KOCMHUYE-
CKHe” ceMeHa MIIEeHUIbl ATIOred, NMONy4YeHHbIE B 3KCIIEPHMMEHTE
“Opanxcpes-4”. [TonHo# 6MOTOrMYECKOR 3pENOCTH B BO3PACTE OKO-
710 80-90 cyt mocturnu 20 pacTeHuH U3 3€MHBIX CeMsH U 1 pacTeHue
U3 KOCMHUYECKHUX CEMSIH.

B Ha3eMHBIX 1 NOJETHBIX YCIOBUSIX NPHU IIOBTOPHOM BbIpallluBa-
HUH B MCIIOJIb30BaHHOM paHee BEreTallMOHHOM COCYJi€ PacTEHHU IIIIe-
HUIBI U3 3eMHBIX CEMSH MMEJIM MEHbIINE OMOMETPUYECKHE TIOKA3aTe-
JIM TIO CpaBHEHHMIO ¢ NepBoit Beretauuel (tabin. 2.3). Tak, cHuxenne
Macchl CyXOro BEI[eCTBa paCTeHMsI COCTaBHJIO BO BTOPOM BEreTalyu
0k0J10 40% ¥ B IOJIETHOM, 1 B KOHTPOJIbHBIX 3KCIIepUMEHTax. Takoi
MOKAa3aTelib, KaK KOJMYECTBO 3€pPEH C OJHOTO PACTEHHs, OKa3aycs
6oJiee YYBCTBUTENBHBIM K YCIOBUSIM IIOBTOPHOT'O KYJIBTHUBHPOBAHUS
6e3 CMEHBI BEreTallMOHHOTO COCyAa: B INOJETHBIX 3KCIEPHMEHTAaX
CHHUKEHHE cOoCTaBUiIo OKolo 50%, a B Ha3eMHBIX SKCIEPHUMEHTaX
okono 60%. CpaBHUTEIbHBIA aHAIM3 PacTeHMI MIIEHULBI IEPBOTO U
BTOPOTO KOCMUYECKUX NOKOJIEHWH, BbIpalleHHbIX NpU NPOBEJECHUU
MOJIETHOro 3KcnepuMeHTa “Opanxepes-5” (Tabn. 2.4) nokasani, 4To
B 1IeJIOM EAMHCTBEHHOE pacTeHHe BTOPOr0 KOCMUYECKOI0 TOKOJIEHHUS
HE UMeJI0 MOp(OIOTHYECKUX OTINYHUN OT paCTEHUH IEpBOr0 KOCMH-
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Tabnuya 2.3

OCHOBHbI€ XapaKTepucTUKu nweHuibl copta "VIlIIO-Anorei™ n3 3eMHbIx ceMsH
npu KySibTUBUpoBaHuu B opaHxepee "CseT" B ABYX UMKnax Beretauumn

Bererauus
nepsas (3KCNEPUMEHT BTOpasi (3KCIEPUMEHT
Ioxasarens "Opanxepes-4") "Opanxepes-5")
moJieT KOHTpOIIb noJeT " KOHTpOINb

Macca cyxoro BeuecTsa 1 pacre- 3,64 3,0540,86 2,29 1,8+0,6
HuA, T
BrIcoTa pacTeHus), cM 35,3431 44,8428 339459 31,8+6,2
JnuHa Kojoca, cM 8,3+1,8 6,5+0,7 6,840,4 5,2+1,1
Yucno KONOCKOB B 3peJIoM 16,0£2,0 16,0+2,0 15,0£2,0 11,0£3,0
KoJsoce, LIT.
Konn4ecTBO 3€peH ¢ pacTeHus, 423 68,3 20,7 15,9
T,

Tabnuya 2.4

CpaBHeHMe XapaKTepuMCTUK pacTeHui niweHuubl copta "VIlIlO-Anorei™ n3 3eMHbIX
W KOCMUYECKUX CEMSIH NPU KyNbTUBUPOBaHUK B opaHxepee "CseT"”
B NONETHOM aKcnepumeHTe "OpaHxepes-5"

Yucno
acca -
Macc OGEroB ¢ Konuye
cyxoro KOIOChS- BricoTa [uHa CTBO 3€-
Tun ceMsiH BELECTBA | |\ pacTeHusi, | Kojoca, | peH c pac-
™M
pacrenns, | pacr., ™M TeHus,
r T,
LUT.
3eMHblIe (IEpBOE KOCMHYE- 2,29 2,1 33,9459 6,8+0,4 20,7
CKO€ IIOKOJIEHHE)
KocMmuyeckue (BTopoe Koc- 1,21 2,0 27,0 5,0 5+7?

MHYECKOE MMOKOJIEHHE)

YEeCKOro IIOKOJIEHUS U OT pacTeHH B Ha36MHBIX KOHTPOIIBHBIX 9KCIIE-
puMeHTax. Pa3MepHble U MaccOBble XapaKTECPUCTUKH PACTEHUsI BTO-
pOro KOCMHYECKOTO IIOKOJIEHNs] OBIITH MEHBIIIE, YEM Y PACTEHMI NEP-
Boro kocMmyeckoro nokosneHus. Co cnos kocmoHaBTa C. ApfeeBa
03epHEHHOCTh PAacTeHMsi BTOPOI'O KOCMHMYECKOIO IOKOJICHHs H3Ha-
YaJabHO ObllIa HECKOJIBKO BBIIIIE, HO BIOCIENCTBUY NIPU NPpeRybopod-
HOM BBICYIINBAaHWM pacTEHUN B KOCMHYECKOH opaHxkepee “Cper”
YacTh 3€peH U3 €ro KOJIOCheB Oblia yTepsIHA.

TakuMm 006pa3oM, B IOJNETHBIX IKCIIEPUMEHTAX C MIIEHULEeH Aro-
reil, IpoBeneHHbIX B opam:xepee “‘Ceer” Ha 60opTy OK “Mup” B nepu-
on 1998-1999” rr., mony4eHs! nepBble NOJIOXKUTENbHbBIE PE3yIbTAThI
HCCEeIOBaHUH pOCTa ¥ Pa3BUTHSI PACTEHUH B PSy TOKOJIEHHI B yCIIO-
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BHAX KOocMudeckoro noneta. [lonyyeHne HopManbHO pa3BUTOrO pac-
TEHHUs, SMOPHOJIOTHYECKasl X MOCT3MOpHOIOrnyecKasl CTafiii pPa3sy.
TUH KOTOPOTO NPOIUIX B YCIOBUSIX KOCMUYECKOr0 N0JIeTa, 6€3yCliop.-
HO, SIBJISIETCS 3aBEpLICHUEM ONpeNelIeHHOTO 3Tana B Pa3sBUTHH KOc-
MHYECKON OHMOIIOTMH M 3KOJIOTMU pPAacTeHHH. MOXKHO CYMTaTh JOKa-
3aHHBIM, YTO TP BBLIPAIVBAHUHA PACTEHHI B YCIOBUSIX MUKPOTPaBH-
Talyy BO3MOXKHO MHOTOKPaTHOE NPOXOXK/EHUE LIMKJIOB OHTOI€HETH-
YeCKOro pa3sBUTHsA pacTeHud. CIeyronyM STanoM MOJIETHBIX UCCite-
JOBaHMI C pacTeHHsMH Oy[eT, NO-BUAUMOMY, H3y4EeHHE IPOLECCOR
MHKpPO3BOJIONUM ¥ OTJAJCHHBIX T€HETHYECKMX IOCIENCTBHA Miiy-
TEJNLHOTO KyJIbTHBUPOBAHMUS pacTeHuil B kocMoce. IIpu npoBenenun
TAaKUX UCCIEOBaHU OTpebyeTcs yAenuTh 6onee riyboKoe BHUMa-
HME OLIEHKE BIIMSHUS Ha pacTeHHs TaKHX (PpaKTOpPOB OKpYKaIOIEH
cpenbl, Kak KOCMUYECKO€e U3IIy4eHHe, COCTaB aTMOCGEPBI OpOUTAIE-
HOW CTaHIUM, BO3MOXHOE NIepeyBllakHEHNEe KOPHEOOUTAEMOM CpefbI
pacTeHui u3-3a BIMSIHUS MUKPOTpaBUTallM Ha IPOLECCH] paclperie-
JIeHUs BOJbI B cyOCcTpaTax opaHkepeil.



naBa 3

PE3YJIbTATbI, MOMYHEHHBIE MO HAMPABJIEHNIO ®KW
“OU3VKA KOCMUHECKOW MNA3MbI
N COJIHEHYHO-3EMHbIX CBASEW”

3.1. MpoexT “UHTepbon”

ITo cnyTHMKOBBIM. JaHHBIM IpoekTa “MHTep6on” mpoBeeHsbl uc-
CIIeIOBaHMsI BasKHOTO SIBIIEHNS], KaK TepMajHM3aliiio IIOTOKa ropsyei
I1a3Mbl B paclpefeeHHON o6iacTH Haj NMOJSpHbIMU Kacnamiu (“‘3a-
CToliHag 067acTh”) — ¢ “JaTbHOJENCTBYIOIUMI BUXPEBBIMHI JOPOXK-
KaMH ¥ JIOKAJBHBIMY pa3pblBaMu — conuToHamMu. IIpocaynBanue nmas-
MbI CKBO3b CTPYKTYPHPOBAHHYIO T'paHHIy ¥ BTOPUYHOE IIEPECOEMHE-
HME (PIIOKTYHPYIOIIMX MarHUTHBIX NOJEH B BICOKOIIUPOTHOM TYpOYy-
JIEHTHOM ITOTPAHUYHOM CJI0€ OOBACHAIOT OCHOBHOH NPHUTOK IIa3MbI
COJTHEYHOTO BETpa B MarHUTOC(EPHYIO JIOBYIIKY. TepManuzanus no-
HOB B OTJIMYHE OT YAPHOU BOJIHBI CONPOBOXKJAETCS IeHepaluei Kac-
KaJi0OB KOrepEeHTHBIX alIbBEHOBCKUX BOJTHOBBIX IAKETOB C MaclITabaMu
OT MOHHOI'O THpPOpajuyca N0 pajguyca KpUBHU3HBI MarHUTHOIO IIONH, a
Tak¥Xe “OuaMarHUTHBIX HojocTed” (Cc MacmITabaMu OT HECKOIBKUX CO-
TE€H [J0 HECKOJIbKUX ThICIY KUIOMETPOB) C pa3MarHU4YEHHOM U Harpe-
TOH MIIa3MOi BHYTpU. B oTimyne OT KOIMOTOPOBCKOH TypOyJIEHTHO-
CTH 5Ta “Kunsamas’ mia3Ma XxapaKTepU3yeTcs CTEIIEHHBIMU YaCTOTHBI-
MU CIIeKTpaMH C AByMs HakloHamu (1,2 u 2,4). OGHapyXeHa caMoop-
raHusanys pIOKTyanuil B HIOIPaHNYHOM CIIOE€ — CHHXPOHM3alUs TPEX-
BOJIHOBBIX paclafoB Ha BbIfI€JC€HHBIX MacITa0ax.

HecMoTpg Ha 6mu3kue macmiTaObl U CIIEKTpalbHble XapaKTEPH-
CTHUKH, TOIOJIOTHH ‘‘3aCTOMHBIX 30H HaJ JIETHUM ¥ 3MMHHM KacllaMH
OTJIMYHBI APYT OT fipyra. JIeToM (Ipu IOJIOXKATENBHOM YIJI€ HAKIOHA
T€OMarHuTHOrO Aunons, T.e. K CoJHIly) TOpJIOBHHa Kaclia OTKphITa
17151 IPSIMOTO B3aMMOJEHCTBUS NMOTOKA II71a3Mbl IIEPEXOIHON 001aCcTH
€ MarHuTONay3oM, nMeromneir popMy BBICTYIIA Haf KacnoM (puc. 3.1).
ITpuuem m “3acTofiHas” 30Ha, U TYpOYJEHTHBIN NMOTrPAaHCION Ha ee
BHYTpEHHEH rpaHHlie pacnojarajoTcs OONbllell JacTh0 BHE MarHu-
Tochepsl. 3UMOH (OTpUlLaTENbHBIE YIIbI HAKJIOHA AMIIONS) IiIagKas
MarsuTonaysa, paclojIOXK€eHHasl IIOYTH BfBOE [albllle OT 3eMIy, He
SIBNIIETCS 5KECTKOM Mperpajo Ajisi pa3sBUTON TypOyJIE€HTHOCTH, BKIIIO-
4Yas ‘“‘muaMarHuTHBIE IoocTy’. MarguTonay3a CTaHOBUTCS TOJIIE U
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Puc. 3.2. Npumeps! cnekTpos MMM okono yaapHoi BOMHbI

H3y4enne TOHKHX BpEMEHHBIX M CNEKTPAJIbHBIX CBOMCTB IHEPruy-
neIX yactul. B 20002002 rr. oCHOBHOE BHUMAaHUE YAEISAIOChH U3yde-
HUIO SIBJIEHUI IOYTH MOHO3ZHepreTudeckux noHoB (ITMM) n TOHKHX
HUCIIEPCUOHHBIX CTPYKTYP B CIIEKTPaX 3HEPIrUYHbIX MOHOB U JIEKTPO-
HOB, OTKpPBITBIX Ojaropiaps peKOPHAHO BbICOKOMY SHEPreTHYECKOMY
paspemiennto skcrnepuMmerTa [JJOK-2 Ha XBOCTOBOM M aBpOpPaJIbHOM
30HAax npoekTa “UutepGon”. Bblno nokasano, yro nyyku ITMHU mo-
YT TeHepUpOBaThCs BOJIM3U TOKOBBIX CJIOEB B Pa3jIM4YHBLIX YaCTsX
MarHuTOC(eph! 3a CYET YCKOPEHUsI BO BCIJIECKAX CUJIBHOTO, IIOTEHH-
AJBHOTO 3JIEKTPUUYECKOTO MOJIsl, BO3HUKAIOIIETO NIPU Pa3pblBE BOJIO-
KOH 3THX CJIOeB. B 4acTHOCTH, 3TO IPOUCXOAUT BO MHOKECTBEHHBIX
aKTaX CHOHTAaHHOI'O NEpPEeCOENMHEHUs MArHUTHOIrO MOJIsi B IJIa3MEH-
HOM CJIO€ XBOCTa U IIPU CTOJIKHOBEHHUSAX TOKOBBIX CIIO€B COJHEYHOIO
BeTpa C OKOJIO3EMHOU ynapHoi BosHo#. Ha puc. 3.2 npuBefeHsb! npu-
Mepbl Takux crnekTpoB IIMU B okpecTHOCTH yIapHO# BOJIHBI.
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Bericokoe sHepreTHyeckoe u BpeMeHHoOe paspemenne JOK-2 mo-
'3BONTMIIO OGHAPYKUTDH B aBPOPATIBHBIX 00JIACTAX MarHUTOCHEPHI TOH-

KHE MCTICPCHOHHBIE CTPYKTYPhI B CHEKTPaX HOHOB M 3JIEKTPOHOB 1
BBIACHUTD WX NPUPOAY. ITH CTPYKTYPHI MIPEACTABIISIOT COO0H y3Kie
nuavd (ITHITIM mo 16%) c sHeprueit, MOHOTOHHO YMEHbIIaFoLIencs
CO BpeMeHeM. B CrieKTpax HOHOB B OTIIHYHE OT CIIEKTPOB 3JEKTPOHOB
OGBIYHO HAaGMIOAIOTCS NIaphl IMHUI C OTHOLIEHHEM 3Hepruit 1:2. M-
BECTHO, YTO AUCHEPCHOHHBbIE CTPYKTYPBI BO3HHMKAIOT B Pe3yNbTaTe
TPalueHTHOrO Qpedda YacTHIl, UMIYIbCHO WHXEKTHPOBAaHHBIX Ha
HOYHO# CTOpOHe MarHuTOC(hephl. IOHBI B 311€KTPOHDI, peiidys Bo-
Kpyr 3emMiu B IIPOTUBONOJIOXHbIE CTOPOHBI, BCTPEYAOTCA CO CITyT-
HAKOM B HEKOTOPBLIA MOMEHT BpeMeHH. B psje cnydaes mabirona-
JUCh YaCTHUIbI, COBEPIUMBIINE HECKOIBKO MOIHBIX OOOPOTOB. JHEP-
THsl PETUCTPUPYEMBIX YacTHIL 3aBUCUT OT JJIMHBI IIyTH U CKOPOCTH
mpeida, KOTopas NpPONOPIMOHANbHA YHEPIHU Ha eUHHMILY 3apsifia ya-
cTunbl. [Tapel NMKOB B CHEKTpax HOHOB COOTBETCTBYIOT IPOTOHAM U
anbda yacTunaM AHalN3 IUCIEPCHOHHBIX CTPYKTYP MO3BOJISET TOY-
HO OIPENENUTh MOMEHT YCKOPEHHS YaCTHLl, OLEHUTH 110 IMIHPHUHE IIH-
KOB JUINTEJILHOCTD MPOLIECCa YCKOPEHHUS U MONYYUTh CIEKTPHI YCKO-
PEHHBIX IIPOTOHOB, allb¢a YACTHUI] U 3JNIEKTPOHOB B KOHKPETHOM CO-
ow1THH (pucC. 3.3).

B HEKOTOPBIX COOBITHSIX M3MEHEHNE HEPrUH IHKOB CO BpEMEHEM
IPENCTaBIANIO COO0OH MEepHOANYECKHE CHHYCOMAalbHble KOIeOaHus,
HaJIOKEHHbIe Ha HOPMAJIbHYIO, INafKyIo runepooiny. Ilepuons! Koie-
6anuii 6puK 3—7 MuH. Kak BBIICHUIIOCH, BpEMEHHBIE BapHAllUU 9HED-
TAM N¥MKa B TAKUX COOBITUSIX NOJTHOCTBIO KOPPENUPYIOT C BapUaIysi-
MH JTOKaJIbHOr0 MarHATHOTO 1oJ1s1. Kone6anus MarHUTHOTO OIS ObI-
JU TONEepeYHbIMH, IPEHMYIIECTBEHHO B JOJTOTHOM HallpaBJIeHUH
(Bocrok—3anap). CooTHouleHnne ¢a3 TaKOBO, YTO IHEPIHs IIMKa BO3-
pacTaeT, Korja BapHanys MarHUTHOI'O IOJIsl HallpaBiieHa K BOCTOKY.
[aHo npocToe OO'BSICHEHHE ITOMY SIBICHHUIO B paMKax MOJIENN I'pafu-
€HTHOTO fipeiicha HOHOB. AHANNU3 TaKuX, ‘BOJIHUCTHIX~ NUCIEPCHOH-
HBIX CTPYKTYp HO3BOJHWII MONYYHTH OLIEHKY aMIUIMTYAbI KoieOaHui
CHJIOBBIX JIMHMH 1O JJOJITOTE.

Hccnenosanne cHIBHBIX H OBICTPHIX (MIIOKTYyamHi COJHEYHOrO
Betpa. Poccutickumu yuerbimMu B 2000-2002 rr. BiepBblie 661710 00pa-
[eHO ocob0e BHHMAaHHEe Ha COOBITHS C O4YEHb pPE3KUMH (Kopoue
10 MuH) ¥ GONBIIMMHU IO AMIUIHTYE€ BO3pacTaHMSIMHU/CIIaflaMyl IIOTO-
Ka HOHOB (INIOTHOCTH) COJTHEYHOTO BETpPa, B OONBIIMHCTBE CIy4aeB
HE COIIPOBOXKAAIOIIECS U3MEHEHUEM IPYIHX €ro MapaMeTpoB (CKO-
poCTH, TEMIIEPATYPbl, BEIMYUHBI ¥ HAaNPaBJIeHUs MarHUTHOTO NOJIA).
PaccmoTtpena “BcTpedaeMocTh” TaKUX COOBITHY B 3aBUCHMOCTH OT MX
aMIIIATY/bI, UX CTATHCTHYECKIE CBOMCTBA, CBSI3b C SIBICHUSIMU B COJI-
HEYHOH KOpOHE U “Te03(p(PEeKTUBHOCTE’ TaKUX COOBITHUI.
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Puc. 3.3. NpumMep onpegeneHns MoMeHTa UHXekuun yactuy To = 2 4 06 MuH
04 ¢ Ans AUCNepPCUOHHbBIX CTPYKTYP 3HEPruYHbIX UOHOB U 3/1EKTPOHOB 4NN CO-
6biTus 28.06.1997 B aBpopanbHoOi obnactu

1 — 3NeKTPOHbI; 2 — UOHbI

Brin BHINONHEH AeTalbHBIN aHalu3 HECKOIBKUX JeCITKOB ClIyda-
€B OJHOBPEMEHHOro HaOmrofeHuWs Ha crnyTHHKax “VHTepbon-17 u
“MaruoH-4" 60NBIINX B ObICTPHIX BapHalWil IOTOKa HOHOB CONHEY-
HOT'0 BeTpa B (POPILIOKE Iepesi OKOJIIO3eMHON ynapHoii BomHoi. Oco-
OGEHHOCTBHIO 3TUX HaOMIOAeHU ObLIO CPAaBHUTEIBHO MAJIO€ PacCTOsI-
HHe Mexny cnyTHuKamu (1-5000 km).

ComnocrasneHnue HabmoneHni B (pOpIIOKe IPH pa3IuIHOM pacIo-
JIOKEHWH CIOYTHHKA M €r0 CyOCIyTHHKA ITO3BOJIMIIO BIIEPBBIE IO IUTa3-
MEHHBIM JaHHBIM OIPENENIUTh KOPPENSUHOHHYIO UINHY CTPYKTYp B
IJIOCKOCTH, IEPIEHAUKYISIPHOM HaNpaBJIEHUIO IBIKEHUS COJIHEYHO-
ro BeTpa. DTa JUIMHA COCTABJISIET 110 HAIIUM AaHHBIM NPUOIU3UTEND-
HO 13000 kM (T.€. OKOJIO IBYX PajgnycoB 3eMiIn).
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PaccmoTpenne usMepeHnil IOTOKa HOHOB C BHICOKMM BPEMEHHBIM
paspelleHueM NO3BONMIIO, TaKXKE BIEpBbIe, IOKA3aTh, YTO BapHaliu
I1a3Mbl B (POPIIOKE IPENCTABIISAIOT COO0H OBICTpble MarHUTO-3BYKO-
BbI€ BOJIHBI, OeTyL{e BBEPX MO IOTOKY OT YAAPHOH BOJIHBI CO CKOPO-
¢TI0 0KoJio 80 KM/c, HO CHOCMMBIE BHU3 COJIHEYHBIM BETPOM C I'Opas-
mo Gonbineil ckopocThbio (0komo 400 km/c). OcyiiecTBiieHa TaKxXe
OILIEHKA CKOPOCTH MEJIKOMacCIUTaOHBIX KBa3UTaDMOHUYECKUX CTPYKTYp
B (popIIOKe MO HAOMIONEHNUAM Ha JBYX CIIyTHUKAX.

BbIn npoBemeH COOBITMHHBIA M CTATHCTHYECKHHA aHanu3 abco-
JIIOTHBIX ¥ OTHOCHUTENBHBIX HU3KOYACTOTHBIX M BBICOKOYACTOTHBIX
Bapuanuil B MarHUTOCIOE NOTOKa (IJIOTHOCTH) IUIa3Mbl U MOMYIIs
MarduTHOIO MOJS KakK Il yTPEeHHEro, TaK M JJIs BeYepHero gJanra
MaruuTocepbl IO TaHHBIM cnyTHHKA “MHTEpOON-17.

M3yyeHa 3aBUCHMMOCTD aMIIATY/bl Bapyualyii IOJs U J1a3Mbl OT
ITOJIOKEHUS] CIIyTHUKA OTHOCHUTENIBHO I'DAHMI[ MarHUTOCTIOS, T.€. pa-
nuanbHble npodunu Bapuanuil. [Ipn 3ToM nony4yeHo, YTo aMIUIUTYA
BBICOKOYACTOTHBIX BapHAlM{ INIOTHOCTH IIJIa3Mbl NIPUMEPHO MOCTO-
SIHHA BO BCEM MAarHUTOCIIOE, a aMIUIUTYyAa BapUalui IOJIsl afiaeT OT
MarHuTOoIay3bl K yJapHOH BOJIHE.

PaccMoTpeHa TakXke 3aBUCMMOCTh BapHalMid IUIa3Mbl U IOJS OT
BHEIIHUX YCIOBUH — B NMEPBYIO OYEPENb OT HANPABJIEHUS MEXKIIAHET-
HOI'0 MarHUTHOTO MOJisL. BniepBrie ObII0O OOHAPYKEHO, YTO aMILIUTY/IA
BapHalUil ¥ IIa3Mbl U MAarHATHOT'O NOJISE B MATHUTOCIIOE 3HAYUTEIIBLHO
BO3pACTAaET, €ClIU IOTOK COMHEYHOrO BETPA BXOJUT B MATHUTOCIION Me-
pecekast KBa3u-IapajlIeIbHYIO OKOJIO3EMHYIO YIapHYIO BOJIHY.

N3y4yenne mMexaHW3noB (hOPMHPOBAHHS MOHOC(EpPHOr [KeTa MO
HA3eMHbIM M CNYTHHKOBBIM NaHHbIM. BriepBble IKCIEPUMEHTATILHO
MONTBEPKAEH (PU3NIECKUI MexaHu3M (OPMHUPOBAHUSI MONSPU3ANUOH-
Horo mxkera (“cTpyn”) 3a CYET MHXKEKUMH 3HEPTMYHBIX YacTUI NpU
BCIbIIKe CyO0ypH. Psx pasnuuHbIX (PU3MYECKMX MEXAHU3MOB OblIl
NpeIoXeH AN (HOPMUPOBAHUS NONSApU3aLMOHHOrO mkera (PJ) — y3-
KOW II0JI0ChI HANPABJIEHHOTO K INOJIFOCY 3JIEKTPUYECKOrO IOJS BAOIb
IJ1a3MOIay3bl, BBI3BIBAIOLIEIO CBEPX3BYKOBOM Apeid U HArpes Ias-
MBI, HEOTHOPOHOCTY KOHIIEHTpaluy, clnabyro cy6aBpOpanbHyIO Kpac-
HYIO Iyry. 3aBUCHMOCTb BPEMEHH MOSIBJIEHUS OISAPU3ANUOHHOIO JXKE-
Ta B pailoHe CT. SIKyTCK OT BpeMeHHU Havana cyo0ypu ¢ AE > 500 T
MOKa3aHa Ha puc. 3.4 s ciay4aeB, KOIAa JUIUTENBHOCTL BDEMEHHOM 3a-
IepKKH MeXAy paccMaTpHBaeMbIMU COOBITUAMH HE MPEBBIIIAET 3 4.

IltpuxoBass muHusT Ha puc. 3.4 COOTBETCTBYET OTCYTCTBUIO 3a-
IEepKKH. AHATM3 MHOTOJIETHUX Ha3eMHbIX U3MepeHuii PJ Ha mmpoTHOI
nenoyke moHocgepHbix cranuuil B AAkytin (3 <L < 5; MLT = UT + 9h)
ITO3BOJIMII BBISIBUTH PSIf CIIy4yaeB ONHOBPEMEHHBIX u3MepeHui PJ ¢ Ha-
3eMHBIX CTAaHIUI U 3HEPruYHBIX YacTull co cnyTHuKoB AMPTE/CCE u
“HNuTepbon-2”. Takue ofHOBpeMEHHbIE U3MEPEHHUS OYEHb PEAKH, TaK
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AE > 500 uTn, UT

Puc. 3.4. Bpema Hauana Habniogenus nonspusaumonHoro mxketa (PJ) B AkyT-
CKe B 3aBMCMMOCTM OT BpeMmeHu Hadana cy66ypu ¢ AE = 500 HT ansa cnyyaes
CO BpemeHeM 3afepXXku MeHee Tpex 4acos. LLITpuxosas nuHuA obo3HavaeT
OTCYTCTBUE 3a0EpPXKKMN

Kak TpeOGyIOT COBNAJieHUs IPOXOXK/ECHNUS CIlyTHUKA HaJl CTAHIMEN, MOsI-
BJIeHUs 31ech PJ, U, KOHEYHO, MPOBENICHUS] COOTBETCTBYIOLIMX U3Mepe-
HHUH KaK Ha CIyTHHKe, Tak ¥ ¢ 3eMiId. B pe3ynbrare comocTaBieHus
IIOKa3aHo, YTO 0 KpailHeil Mepe JyIsl 3THUX CIy4aeB CUIIBHBIX CyOOypb,
siBieHue PJ KaxKabplil pa3 cCONpOBOXXAAIOCH MOLHON HHXXEKIMEN HOHOB
¢ aHeprusimu 10 ~50 k3B 1 MHTEHCHBHOCTHIO ~106 cM-2 ¢ - cTep - K3B.
IIpu sTom BOIM3M 067aCTH MHXKEKIUH B OKOJIONOJYHOYHOM CEKTOpE
MECTHOT'O BpeMEH! HaOIIOaIuCh HOHBI 6€3 JUCIIEPCHH B IIIUPOKOM JTU-
ana3oHe HEPruil, a B BEUEPHEM CEKTOpe — C JUcnepcHeil B popMe “HO-
COBBIX CTPYKTYp” (nose events). [Tonspu3aunoHHBIHA XKeT HaOIrO1alICsa
OKOJIO 3KBaTOpHUAJIbHON IPaHUIbI TIPOHUKHOBEHMS IHEPTUYHBIX HOHOB
B Marsurocdepy.

CkopocTh rpagiieHTHOro fipelicha HOHOB ¢ 3Hepruen ~20 k3B, 06-
pasyromux ‘“HOCOBYIO CTPYKTYpY’, OJIM3Ka K CKOPOCTH CMEIIEHUS K
3anajy nepepgHero ¢ppoHTa opmupoBanus PJ no uamepeHusM HOHO-
30HJOB Ha Pa3/IMYHBIX fOAroTax. TakuM 06pa3oM, BIIEPBBIE ObLI IKC-
IIEPUMEHTaJIbHO NOATBEPKAEeH (hU3MUYEecKUH MeXaHU3M (pOpMHUpOBa-
HUs TIONSIPU3ALMOHHOTO JIPKETA 32 CUET WHXKEeKI[MM SHEepIMYHBIX Yac-
THI IPY CUJIBHOM BCIbHIIKE cy00ypH. OnpegeneHo BpeMs (popMupo-
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Puc. 3.5. 3dhhekT npubnmkeHns yaapHOIN BOSHbI
avnoé-— npuv yMeHbLleHUn anbBeHOBCKOro U 3ByKOBOro 4ucen Maxa; 8 — npu napan-
NenbHOCTK HanpaBNeHnsa MeXnaaHeTHOro MarHUTHOrO NONA CKOPOCTU BeTpa

BAaHMS NOJSIPU3ALUOHHOTO MxkeTa ~5—10 mMuH. CrnenoBaTenbHO, 3TO
€CTb NPOSIBIICHHE BCIBINKY CyOOypU M MHXKEKIMH SHEPTUUHBIX Yac-
THL, Ha cyOaBpOpajbHbIX UIMPOTaX, a He ¢a3bl 3aTyxaHus cyo0ypn,
KaK cyuTanoch paHee. Ha 3Toil OCHOBe MOCTpOE€HA KOIMYECTBEHHAS
MOJleNIb NONAPU3alMOHHOTO IXKETa B MarHutocgepe u B HoHOCheEpe
Ha ero KBa3WCTAlMOHAPHOW CTafiui, KOTOpPAasi COrIacyeTcsl CO BCEMU
€ro CpelHIMHU XapaKTepUCTUKAMH.

Pa3paGoTaHa MONySMIHpHYECKast TeopHs (pOPMUPOBAHUS OIS~
pu3auuoHHoro mxeta. [lokazaHo, 4To caMO HaJlM4Me JAXKEeTa CyLIecT-
BEHHO HCKaXKaeT TPAaeKTOpPUY YacTHL BHEILIHETO pajualiOHHOIO I10-
sica, YTO MOXET NPUBOAUTh K I€HEpalyH 3JEKTPUYECKOrO IO, B
CBOIO O4Yepeflb, CAaMOCOITIACOBAHHO IOAJEPKUBAIOIIETO TOK B IKETE.

Onpepnenenue noJjioxkeHus yjaapHoi BouHbl. IIpoaHanmmsupoBaHo
~450 mepeceyeHnt 0KOJI03eMHOI YIapHOH BOJIHBI KOCMHYECKUM alia-
parom “Wind u ~850 nepeceyeHuit KOCMUYECKUM ammapaToM ‘“‘Maru-
oH-4” (cybcnyTHUK “VIHTep607-1"). DKCIEpUMEHTANLHO OOHapyxKe-
HBL: 1) a¢ppexT npubIIKeHns: OKONI03eMHON yapHO! BONHBI K IIaHe-
Te NpU yMeHbIIEHUN AJILBEHOBCKOTO 4uciaa Maxa. DToT a¢pdexT pea-
JU3yeTcs TOJBKO B ClIy4yasix, KOTa HallpaBIeHUe MEXKIIJIAaHETHOTO Mar-
HUTHOTO HOJISl IPaKTHYECKH IapajljieIbHO CKOPOCTH COTHEYHOTr'O BET-
pa (npaBas naHenb). B ocTanbpHBIX cny4asx OKOJI03€MHas yiapHas BOJI-
Ha YJaJseTcsl OT IUIAHEThI IPH YMEHBIIEHUH albBEHOBCKOIO (M 3BYKO-
BOTro) yuces Maxa B COOTBETCTBHUHY C OOIIETIPUHATHIMU IPEICTaBIEHH-
sIMU (JIeBast ¥ cpefiHsis naHenu) (puc. 3.5); 2) acCUMMETpUS NOJIOXKEHUs!
OKOJIO3eMHOH yapHO# BOJHBI B INIOCKOCTH TepMuHaTopa. Mccnenosa-
Ha 3aBHCUMOCTB 3TOro 3¢ekra OT IapaMeTpOB COIHEYHOrO BeTpa.
IToka3aHo, 4TO ceyeHHe OKOJIO3eMHOM YNapHOH BOJHBI MJIOCKOCTBHIO
TepMHUHATOpa aCHMMETPHYHO TOJIBKO IPU 3HAYUTEIBHOM pa3iidduH
MarHMTO3BYKOBOH CKOPOCTH M MaKCMMaJIbHOU U3 aJIbBEHOBCKOW U 3BY-
KOBOM CKOpOCTeil B IIOTOKE COJHEYHOIO BeTpa (2, e Ha puc. 3.6). Dd-
(peKT mpomnagaeT NPy MaJIOM pa3lIndUy YIOMSHYTBIX BbIIIE CKOpOCTEN
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(a, 8, 0) ¥ IpU TEYEHUH COTTHEYHOT'O BETPa BAOJb MEKIIAHETHOTO Mar-
HUTHOTO nouis (a, 6). Ecnu HanpaBneHue MeXIUIaHETHOIO MarHUTHOTO
[0S KBa3UIIEPIEHAUKYIIPHO CKOPOCTH COJIHEYHOI'O BETpa, TO OTHO-
IEHHE ocell 3JIIUICONa CEYEHUSI OKOJO3EMHON yapHO! BOJIHBI MO-
ket focrurath ~1,1 (e). Kpome Toro, npu THNMYHOM M1J1s1 OKOJIO3EMHO-

1LO<(V /V)e<12 90 90 13 <(V Vi, <141
0° <8y, < 30° .

180

% 30° < 9y, < 60° 90

270 270
o(e) e(f)

Puc. 3.6. ACUMMETPUS NONOXEHNA OKOMO3EMHOW YAAPHOR BOSHbI B NSIOCKOCTU
TepMuHaTopa

a1 6 — Npy TeHEeHUM CONHEYHOro BETPpa BAONb MEXNNAHETHOrO MarHMTHOro Nons;
B W 4 — NpX Manom pasnuyvn MarHUTO3BYKOBOW CKOPOCTM U MaKCUManbHOW U3 anbee-
HOBCKOW 1 SByKOBOﬁ CKOPOCTeﬁ B NOTOKe CONHeYHOoro BeTpa; r U € — nNpu 3Ha4ynTenNbHOM
pas3nuynn ynoMaHyTbiX CKOpOCTeﬁ
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ro cojaHey”oro Betpa yrie (~45 °C) Mexly HanpaBJIeHUEM COTHEYHO-
ro BeTpa U MEXIJIAHETHOTO MAarHUTHOIO MOJIsA, 3JUIAICOH] CEYEHuUy
OKOJIO3EMHOM yJapHO# BOJIHBI HE TONBKO BBITSHYT B HalpaBJCHUH,
NEepIeHANKYISPHOM MarHUTHOMY IIOJNIO, HO ¥ Ha ~1,5 pagmyca 3emiy
COBHHYT B “yTpeHHeM’ HampasieHui (2) (puc. 3.6).

XapaKkTepuCTHKH IIa3Mbl NepexoJHoi 061acTH BOIM3M Kacna Ha
GoipmMX BhICOTaX. ['a3zonMHaMHuuecKas Mopenb U riaobanbHoe MIT]
MOJIeJIMpOBaHue NPEACKa3bIBalOT CBOMCTBA I1a3Mbl IEPEXONHOM 001a-
cTi BOIM3M MarHuTonay3bl. OQHAaKO 3TU MOJEJNH 110 pa3sHOMY BKJIFOYa-
10T B ce0sl MarHUTHOE TI0JIE, U, KaK ClIeCTBUE, IpeACKa3aHHbIe CBONCT-
Ba IUIa3Mbl NMEpPeXOonHON 0o6aacTu OyAyT OTIMYAThCS B TeX O0JIacTsx,
rJe MarHuTHOE IOJie NEepeXOfHOH O6IacTH UrpaeT CyLIECTBEHHYIO
poiib. bpli10 IpOBeNEeHO CpaBHEHUE 3KCIIEPUMEHTANBHBIX JaHHbIX, [O-
Jy4eHHBIX C MIOMOIIBIO KOcMUYeckux annapatos “Vutep6on” u “Ilo-
nap” B 006JacTH BBICOKOIIMPOTHOM MarHuTONay3bl BOJM3M Kacla Ha
OOJBIIMX BHICOTAX B YCIOBHUSIX CHIBHOI'O CEBEPHOIO MEXKIIAHETHOTO
MarHUTHOTO IOJIS, ¥ IIapaMeTPaMH I1a3Mbl, IOTy4YEeHHBIMH U3 Fa301-
HaMudeckoi Mopnenu u MI'JI-MonenupoBaHud [nd 3TO# OOIAcTH Mar-
HUTOC(EpPHI. B 3THX yCIOBHUAX MarHUTHOE NOJI€ UI'PAET CYIIECTBEHHYIO
pOJb B IpoIeccax NepecoeNuHEeHus: U (POPMUPOBaHHs “UCTOLIEHHOTO
cnos” (depletion layer) B mepexonHoii o6nacTi BOIM3M MarHUTONAY3bl.
[Toka3zaHo, 4To HaGmrofaeMble NMapaMeTphl MIa3Mbl, IOJNyYEHHbIE Ha
o6omx ammapaTax, OTKJIOHSIIOTCS OT MORENBHBIX MPENCKa3yeMbIM 00-
pa3oM, OHaKO B OOLIEM ClIydae COBIAJEHUE MEXNY 3KCIEPUMEHTOM H
MTI'I-MonenupoBaHUEM JIy4llle, IO CPABHEHUIO C IapaMeTpaMH, HOJy-
YeHHBIMH W3 Ta30[MHaMUYecKoll Mopenu. ITOT (akT OOBACHSIETCA
TeM, YTO ra3ofiuiHaMHU4ecKas MOJEJb He BKIIOYAeT B ceOs Mpouecchl
nepecoequHeHus, Torga kak MI'Jl Bkinroyaer.

XapaKkTepuCTHKH CHWIBHO CTPYKTYPHPOBAHHOTO HH3KOIIHPOTHOIO
HOTPAHUYHOrO cl10s1. AHanu3 GyHKUUH paclpefiesieHUs HOHOB B CHIIBHO
CTPYKTYPHPOBAaHHOM HU3KOLIMPOTHOM INorpaHuyHoM cinoe (HIIIIC),
BBI[EJIEHHOM paHee B KayecTBe OJHOIO U3 MIBYX OCHOBHBIX THUIIOB
HIIIIC, noka3ain, 4TO pacIpOCTPAHEHHOE IIPEACTaBIEHUE O TOM, 4TO
NOrPAHUYHBIA CNOM HAXOAUTCSA Ha OTKPBITHIX CHJIOBBIX JIMHUSAX U 4TO
BBOJ] IU1a3Mbl U3 NEPEeXONHOH 00NacTU MPOUCXOOUT BIOJNb OTKPBITOH
cunoBoit Tpyoku (FTE, unu siBneHus nepeHoca IOTOKA), HE SIBISIETCS
eMHCTBEHHO BO3MOXHbIM. Habmronenus noxnos B HIITIC B npoekTe
“HNuTepbon” ¢ npubopom CKA-1 noka3sIBaroT, 4YTO IO KpaiiHeit mepe,
B pAfie cilyyaeB, (PYHKUMH pacupefesieHds HOHOB UMEIOT [[Ba MU TpH
KOMIIOHEHTa, [Ba U3 KOTOPBIX ABMKYTCS B IPOTUBOINOJIOXKHBIX HAINpPaB-
JIEHHUSIX OTHOCUTEIHHO HANpaBJeHHs MarHUTHOIO NOJIsl. DTU Habmone-
HUSI CBUAETENBCTBYIOT B [I0JIb3Y MHOIOKPAaTHOT'O IepeCOEeUHEHUST, KOH-
[ennusi KOTOPOro O CHX IOP He MOJy4uiIa JOCTaTOYHOIO SKCIepUMeH-
TaNbHOTO NOATBEPXKAEHHS (pHC. 3.7, CM. IBETHYIO BKIIEHKY).
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M3yyenne TOHKOW CTPYKTYpPbl aBPOPAILHOTO0 KHJIOMETPOBOro M3-
aydenns. VI3yyeHa TOHKasl CTPYKTypa ABpOpalbHOIO KHIOMETPOBOTO
u3nydenns (AKH), ¢ ucnonp3oBaHreM MHOTOKOMIIOHEHTHBIX U3Mepe-
HUI 37E€KTPOMArHHTHOTO MOJIs B 4acTOTHOM mosioce 4 kI'n-1 MHz
(axkcnepumeHT “Polrad” Ha 6opty cnyTHuka “HHTep6oin-2”). Ocoboe
BHUMaHHE y[eeHO U3MEePEeHUsIM oKoio ucrouynnka AKU: npu ycnosu-
X, KOI7la HU3KO4YaCTOTHas TpaHuLa Auana3oHa U3J1yuyeHui OnycKanach
AOCTATOYHO HU3KO, 10 JIOKAJIBbHOM rHpOYacTOTHI 3JIEKTPOHOB. AHaJU3
3JIEKTPHYECKOrO MO IOKa3bIBaeT, YTO OONbIIAs YacTh MOIIHOCTHU
AKMU 3aknroyaercsa B 6bICTPO NEPEMEHHOM CHIHAlle BO BPEMEHU U IO
4acToTe (Mepuaronasi KOMIIOHEHTA). MOIIHOCTE IIOCTOSIHHOTO COCTaB-
NAroIIe# (KOHTHHYYMa) HIKe, IO KpaiHel Mepe, Ha MOPSIOK BEINYH-
Hbl. [T MownbIx nakeToB AKI oTHOCHTENBHBII BKIIAJ MepLaroLei
KOMIIOHEHTHI yBennunBaeTcs. [IpocTpaHCTBEHHAs CTPYKTYpa 30HbI Ie-
HEpalLUH UMeeT, [0 KpailHelt Mepe, TpH XapakTepHBIX MaciuTaba BIoIb
4 NIONIEPEK MarHUTHOTO TOJIS.

Ha6nronenus Huskoammmutygaeix AKHU co cna6oit MepLaro-
el KOMIIOHEHTO! B IIMPOKOU YaCTOTHOMN IoJIoce U ciabo 3aBUCS-
X OT BPEMEHM MOATBEPXKMAIOT KIIAaCCHYECKYIO TEOPHIO TeHepa-
i AKM B KpymHOMACHITaAOHOM MOJOCTH C HU3KOH IUIOTHOCTBIO
nna3Mbl. PazMep 3Toi MOJOCTH IO BHICOTE — HECKONBKO THICSY KH-
JIOMETPOB — M MO WHAPOTE/NONTOTE ONMPENeIsieTCsi 06JaCThIO BBIChI-
[IaHWUSI SHEPTUYHBIX 3JEKTPOHOB B 30HE NMONSIPHBIX CUSHHMA. BbIco-
KO — ammnutynuble AKH ¢ qoOMHHUpYIOLIEH MepAroIIeil KOMIIO-
HEHTO¥ MNpEANoJaraloT HajJW4hde MOIIHBIX KOPOTKOXKMBYIIHUX HC-
TOYHHKOB C MaJIbIM MaciITaboM. Takie HCTOYHUKH 06pa3yroTCs U3-
3a CHJIPHOW HEOIHOPOJHOCTH NOTOKAa YCKOPEHHbIX YacTull. J[Ipyroi
BO3MOXHBI MEXaHU3M IeHepaluy UCTOYHHMKOB C MajbIM MACIITa-
6oM — runoresa camononaepskuparomerocs AKH, MIpeIoXKEeHHAS
Kanbeeprom. Cornacno stoit runmorese, AKU HETIOCPENCTBEHHO
dopMupyeT MOJOCTU IUIOTHOCTH 3JEKTPOHOB, KOTOpbIE, B CBOIO
oYepenp, yCHIMBAIOT U3NyYyeHUe. B 3TOM, cilyyae aMIuIuTynHas 3a-
BUCHMOCTBE €CTECTBEHHO OOBSCHSETCS MepUarolleii KOMIOHEHTOM
AKMH (puc. 3.8).

AKM u connevnnie paguosciieckn III-ro Tuna. Boutu uszyyenst
CconHeyHble paguoBciieck IlI-ro tTuna u ogHoBpeMennoe AKHU c no-
Moo npudopa “Polrad” Ha 60pty cnyTHEKa “HTe601-2” B epu-
o7 ¢ urong 1997 no okTsa6pe 1998 r. beuno HalineHo, 4To Hayano yBe-
Tnyenns narescuBHocTd AKW nyip mHOr[a coBnagaeT ¢ npubbITH-
€M M3yyaeMbIX PauoOBCIUIECKOB K 3emuie. Pa3Huna BO BpeMeHU UX
PErucTpanum MOXeT JOCTUTaTh NECITU MUHYT.

Ha puc. 3.9 (cM. uBeTHyIO BKIJIEHKY) MMOKa3aH NpuMep Hadana
AKHU n pampuoBciecka III-ro Ttuma. OgHOBpEMEHHBIE NaHHBIE CO
‘nyrHuka “Geotail” nokassiBaroT, uro AKU nHabnroganock NocTosH-
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Puc. 3.8. MepuatolLas KOMNOHEHTa aBpopansHOro KUMOMETPOBOrO U3/TyHeHNs

HO B TEYEHHE OTHOCUTEJBHO JOJTOro BpeMEHH JlaxKe nepej NpUuObITH-
eM aToro paauoscmiecka. Ha coythuke “MHTEp60i1-17, pacnonoxeH-
HOM Omu3Ko K “Geotail”, cunpHbIE Bapualyd U MarHUTHOTO MOJIS U
IU1a3Mbl HAYMHAIOT perucTpupoBaThes 3a 10 MUH 10 npuxofga paguo-
perutecka III-ro Tuma. 9TO HOMKHO NPUBOAMUTE K BBICHIIAHMIO HEP-
THYHBIX 3JIEKTPOHOB B OOJACTH NOJISIPHOTO CHSHHUS M K IE€Hepaluu
AKUW. Pe3ynbraThl HaOMIOAEHAN MOTYT OLITh CYMMHPOBAaHBI CIIEAYO-
muM o6pa3oM: copnagenune uHTeHcudukanuun AKW u npubsitus pa-
muoBciieckos III-ro Tuma aGaroganocsk npubnu3utensHo B 10% ciy-
YaeB B Mepuoj ¢ oKT6pst 1996 r. no oktsa6ps 1998 r. AKM cTaHOBAT-
cs 6onee MHTEHCHBHBIM M 00Jiee INIMPOKOINOJIOCHBIMHA BCKOpE IOCTIE
perucTpanuu paguo Bcitecka III Tuma; coBnajieHue pafiuoBCILUIECKOB
III-ro Tuna 1 AKHM He uMeroT 4yeTKOU NMPUYNHHO-CIEICTBEHHOMH CBs-
3u. Bapuanuy napaMeTpoB COJTHEYHOI'O BETpa, OTMEYEHHbIE B JIBYX
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cnydasx ¢ fpeiipoM UCTOYHUKA pafuo Bemieckos IlI-ro Tumna, MOryT
ObITb BO3MOXKHOH NPHUYMHON MarHUTOC(HEPHBIX HEYCTOMUMBOCTEMH,
KOTOpBIE, B KOHLE KOHIOB, BbI3bIBAlOT reHepanyo AKHU. ITapamer-
pbI COJIHEYHOrO BETpa, (PU3NYECKUE NPOLIECCH] B MAarHUTHOM XBOCTE
¥ Ha yIapHOM BOJIHE UB I€PEXOJHON 00IaCTU JOJIKHBI TaKXKe NPUHU-
MaTbCA BO BHUMaHHE IIPU M3yUYEHUU YCIOBHI BO3HUKHOBEHMS U WH-
redcudukanuu AKH.

3.2. MNpoekT “KopoHac-®”

Me:xnynaponguas nporpamma “Koponac” (Kommiekcubie OP6u-
ranbHble Oxonosemuble HaGniomenuss AxktuBHocTu CoOnHIa), B
paMKax KOTOpOH OCYyIIECTBJIEH 3allyCK OKOJO3eMHOH KOCMHYECKOH
conHeyHoi oOcepBaTopun “Koponac-®” npenHasHauesa [y uccie-
nosanuit ConHua Ha pasHbIX (a3ax 11-JeTHEro COMHEYHOro NHUKIIA.
IMpepprnymmii cnyTHuk “Koponac-1” (3anymien B 1994 r.) Ha6mronan
Connue B6M3M MUHMMYMa ero akTuBHOCTH. CiyTHUK “Koponac-®”
OyReT u3y4aTh COJHEYHYIO aKTUBHOCTb BOJIM3Y MakCHMyMa TEKyIIle-
ro 23-ro nukia. OH BeiBefieH Ha op6uty 31 mons 2001 r. ¢ cnemyo-
IIUMH MapaMeTpaMu: HakKJIOHeHHe— 82,49 , MUHUMaNbHOE yaleHue
ot noBepxHoct 3emnn — 500,9 KM, MaKCUMaNbHOE yAaJeHUe OT NOo-
BepxHOCTH 3emnn — 548,5 kM, nepuop obpamenus 94, 859 mun. Ta-
Kasi opOuTa 00€eCeYnBAET MOBTOPIIOMINECS IEPUOJbI HENPEPBIBHBIX
HaGmofnennit 3a CONHIIEM JIUTENBHOCTHIO MPUOIU3UTENLHO 20 cy-
TOK, YTO OCOOEHHO BaXXHO M7 3ajla4 IeJIMOCefiCMOIIOTMH | IATPYJIH-
POBaHMsI COJIHEYHBIX BCbIeK. CTaGUIN3aMsi OPUEHTAMHA KOCMH-
YECKOro ammapara okKasajlach B 3—5 pa3 Jyulle 3aIllaHUpOBaHHOM
(HECKONIBPKO YITIOBBIX CEKYHJ 3a CEKYH/Y), YTO IO3BOJSET AOCTHYb
BBICOKOI'O IPOCTPAaHCTBEHHOTO pa3pelieHus Habaronenunii ComHua.

OcHOBHBIME Hay4HBIMHU 3afiadamu npoekta “Koponac-®” sBns-
Y0Tcsi HaOnrofeHus: rinobanbHbIX Konebanmii CoJHLIA U U3ydYeHHE
CefCMOIIOTHH €ro Help U BHYTPEHHErO CTPOEHMs, KOMIUIEKCHbIE HC-
CIIeIOBaHUsI MOILHBIX AMHAMUYECKHUX IpoleccoB akTuBHOro CoHia
(aKTHBHBIE 061ACTH, BCIBILIKY, BEIOPOCHI I1a3Mbl) B IMMPOKOM JIHa-
Na30He JUIMH BOJIH OT ONTUKH [0 raMMa, U3y4eHHe CONHEYHBIX KOC-
MHYecKuX Ny4yel, YCKOpeHHbIX aKTuBu3anueil CONHIE, YCIOBHHA HX
BBIXO[Ia, pacIpOCTPaHEHHUs] B MEXIIJIAHETHOM MarHUTHOM MOJIe U BO3-
NedcTBUsl Ha MarHUTOChEpy 3eMITH.

CocTaB KOMILIEKCAa HAYYHOW annapaTypbl

B cooTBeTcTBMM C 3alayaMH IIPOEKTa Hay4Has anmaparypa Koc-
Muyeckoro ammaparta BKIIIOYAET YETHIPE OCHOBHbIE IPYNIBI NpUGO-
POB: mpuGop miust perucrpauuu rioGaneHeIx kKosieGanuid Connua,
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Tabnuuya 3.1

Mpu6opHoe ocHaueHne cnyTHuka KopoHac-®

TIpu6op Hasnauernue Opranmsanus- | Pykosopurens
pa3pabGoTYMK | IKCIEPUMEHTa
I'ennoceiicMonoras
CnektpodoTo  I'emmoceiicMONOrMYECKHil MOHH- N3MHPAH B.H. OpaeBckuii
MeTp "dudoc”. TOpHHr

ITocTpoeHHe MOHOXPOMATHYECKHUX H30GPasKeHUH C BBICOKHMM YITIOBBIM pa3pelleHueM

ConHeyHbIit
PEHTIEHOBCKHHA
TeJIEeCKON
CPT-K

PeHTreHOBCKH
i
CIIEKTPOreINOT

pa¢p PEC-K

CrnexrpodoTo-
MeTp
"[uoreHecc"

HccnegoBanue NpoCcTpaHCTBEH-
HOH CTPYKTYPBbI ¥ JUHAMUKH
BepxHeit aTMocdepsl ConHiia no
y3kononocasiM XUV-u3o6paxe-
HUSIM

JInarsocTuxa ropsiyest niasmel
CONHEYHO! aTMOC(eEpHI IO U30-
6pakeHHsIM B CIIEKTPAbHBIX
ynHusAX X- 1 XUV nuana3oHoB
CriexTpa

HccnemoBaHne peHTT€HOBCKOTO
U3Ny4eHMs] aKTHBHBIX o6nacTeil 1
Benblmek Ha Connne

PUAH

PAH

LIKY IAH"

N.U. CobenbMman
H.A. XutHuk

HN.H. Cobenpman
H.A. XuTHUK

s1. CunbBectp

I/I3M6pe1-me IIOTOKOB M IIOJIApU3alUU 3JIEKTPOMAarHUTHOIO U3JIy4YEHHUsA

PeHTreHoB-
CKHH CIIEKTPO-
MmeTp "Pecnk”
ConHeuHbIi
CIIEKTpPOIIO-
JISIpUMETP
CITP-H
BcenbimeyHbIi
CIIEKTPOMETP
"Hpuc"
T'amma-
CIIEKTPOMETP
"T'enukon"
PentreHos-
CKMIi CIEKTPO-
metp PIIC
AMIIATYAHO-
BpEMEHHOH
CIIEKTPOMETP
ABC
ConHeyHbII
ynbTpaduo-
TIETOBBIH
panguoMeTp
CY®P-Cn-K
YasTpaduo-
JIETOBBIH COJI-
HEYHBIN
crneKTpodoTOo-
MeTtp BYCC-JI
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HccnepoBanue PEHTI€HOBCKOIo
H3JIY4YCHUS ConHya ¢ BBICOKUM
CIIEKTPaJIbHBIM pa3peLICHUEM
HccnepoBanune noJisipu3anuu
PEHTT€HOBCKOI'O U3NIY4YE€HHUs COJI-
HEYHBIX BCOBIIIEK

HccnepoBanue BenbllIeYHOR
akTuBHOCTH COJNHIIA B pEHTre-
HOBCKOM JIMaIa3oHe CIEKTpa
HccnenoBanne BCIbIIEYHON
akTuBHOCTH CONHILIA B DEHTTe-
HOBCKHX 1 FaMMa-JIy4ax
HccnenoBaHue peHTT€HOBCKOTO

H3JIYYE€HHUs COJTHEYHBIX BCIBILICK U

HUX NIPENBECTHUKOB
WUccneposanue PEHTI€HOBCKOI'O ¥
raMMa-u3Jy4YeHus COTHEYHBIX
BCIIBILIEK

HccnenoBanue Bapuauuii MH-
TErpajbHOro NOTOKa yIbTpaduo-
netoBoro usnydyerus: Conxua

HccnenoBanne ynpTpacuoneTo-
Boro u3nydenus ConHua BOIH3M
Pe30HaHCHOM JIMHAM BOIOPOAa

LIKY [MAH"

PHNAH
HUWA P

®TH
PTH
WKW PAH

MU U

MHUPHU

uIr

uIr

S1. CaneBecTp

MN.A. CobenbMaH
W.II1. Tuapo
C.1. Ceprunos

I'.E. Koyapos
E.II. Masen
B.M. ITankoB

10.11. KotoB

10.11. KotoB

T.B. Ka3aueBckas

A.A. Hycunos



Tabnuya 3.1 (okoH4aHue)

Opranusaums- | PykoBopurens

Ipu6op Hasnayenne
Pa3paboTYMK | 3KCIEpUMEHTa

HccnegoBaHus COMHEYHBIX KOpHIyCKYJISIDHBIX IIOTOKOB

Kommnekc HccnenoBanue conHeyHblx KocMu- HHHWSAP® MI'Y  C.H. Ky3Henos
NpUOOpOB I YECKHX JNydel

HCCIIeOBaHUS

COJTHEYHBIX

KOCMHMYECKHX

nyueit CKJI

* o Iy
LKH ITAH - IJenTp KOCMHYECKHX ucciaegoBanuit [10nbCcKOM akafeMuy Hayk. |

npu6Opbl PEHTTEHOBCKOTO JMANa30Ha [UIsl IIOCTPOEHHS CIEKTpalb-
HBIX H300pakeHuil aKTUBHBIX o6nactel Ha ColHIle ¢ IPOCTPaHCTBEH-
HBIM pa3pelnIeHneM nopsaKa 2—3 yriL. ¢; IpuOopkhl Al H3MEPEHHUS 110-
TOKOB 3JICKTPOMArHUTHOTO U3JIy4YEHNsI aKTUBHBIX 00j1acTell ¥ BCIIbI-
IIeK; NpuOOPHI [l UCCIENOBaHNS COTHEUHBIX KOPNYCKYJISPHBIX NO-
TOKOB. lllupokuil Arana3oH H3MepeHNi 31IeKTPOMArHUTHOT'O CIEKTpa
1 IOTOKOB COJTHEYHBIX KOCMHYECKNX YaCTHI, KaK HERTpabHbIX (HeH-
TPOHOB), TaK ¥ 3apsKEHHBIX (JIEKTPOHOB, IPOTOHOB U SAep), II03BO-
JUT NMOTy4YaTh HanboJee MONHYI0 KapTHHY (PU3MYECKHUX IPOLECCOB B
akTUBHBIX obnacTsax Ha ConHue. IlepeueHs HayYHbIX IPHOOPOB CIIYT-
Huka “Koponac-®” m HX OCHOBHOE Ha3Hau€HHE IPHUBEACHbI B
Tadm. 3.1:

Cnexmpogomomemp “/lugpoc”. Cnextpogotomerp “Hudoc”
NpefHa3HaYeH AJs U3MepeHus (PIIIoKTyauii ”HTEHCHBHOCTH ONITHYE-
ckoro u3nydyenus: CoJHIa IS IIOJYyYEHHs CIeKTpa COOCTBEHHBIX KO-
nebaHuil. 3MepeHuss MHTEHCHBHOCTH IPOBOJSTCS OJTHOBPEMEHHO B
LIECTH ONTHYECKHMX CIIEKTpalbHBIX guama3zoHax: 350, 500, 650, 850,
1100 u 1500 HaHOMETPOB ¢ MHUPHHOM MOJOCHI 10% OT 3HAYEHHUS LeH-
TpanbHON YactoThl. OcCyllecTBiIeHa 3HAYUTENbHAs MOJEpHU3alus
toromeTpa no cpaBHenuto ¢ npoekToM “Koponac-M”:3HaUNTENTHEHO
yBenuyeH (6omblle, YeM Ha HOPSIOK) YyBCTBUTEIBHOCTH (DOTONPH-
€MHUKOB, paclI¥peH CIIeKTpalbHbli Uana3oH HaOIIofeHus (IOYTH B
IBa pa3a) IpH OJHOBPEMEHHBIM YBEJIMYEHNEM CIEKTpajbHbIX KaHa-
n0B ¢ Tpex fo mecty. Habnronenus rmo6anbHbIx Konebanuit ConHna
BEOyTcsl B IIMPOKOM CHEKTPAILHOM Jialia30He, BKIIIOYAIOIEM HaHb-
G6onee MH(POPMATUBHYIO JHHUIO yIbTPaduUOIETOBOIO AHMaNa3oHa, B
KOTOpPOH HHTEHCHUBHOCTb HM3Iy4eHUs] OT IJ00aJIbHBIX KOJIEOaHUH
ConHila 3aMETHO HPEBBINIAET MHTEHCUBHOCTh U3JIYUYEHHS B JIPYTHX
nunusx. Ha puc. 3.10 npuBeneHo cpaBHeHue KaHanoB npubopa “[du-
doc” ¢c mpubopamu “Soho”.

Ha puc.3.11 noka3zaHbl OTHOCHTEIbHbIE aMIUTUTYAbI MOJ 5-Mu-
HyTHbIX KoneGanuii ConHua Ha pnuHe BoaHBEI 350 HM 3a mepuopn
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Puc. 3.10. CpaBHeHve kaHanos cnekTpocoTomeTpa “Oudpoc” (“KopoHac-®") ¢
npnéopamm SOHO

28-30 Hos6ps 2001 r. no pe3ynapTaTaM 06pabOTKH aHHBIX CIIEKT-
podoTomeTpa “Hudoc”’. AHamoruyebie pe3yabTaThl IMOJYUYEHBI
IJIst BceX ApYrux KaHanos. Iocne ycpenHeHns o MOiaM IOJIyYeHbI
CPeHHE 3HAYEHHs] OTHOCUTENBHBIX aMIUIUTYA A [JIsi KaXA0ro U3 6-
TH KaHAJIOB ¥ IOCTPOEHA UX 3aBUCHUMOCTb OT IJIMHBI BOJIHBI A, KO-
Topas nokasaHa Ha puc.3.12. Bce TOYKM Jlernu Ha INIagKyl KpH-
BYIO, KOTOpasl allpOKCUMUPYETCsl 3aBUCUMOCTBIO A-1.2. AHalIOrny-
HBII pe3ysbTaT YCTAHOBJIEH ISl [PYroro MHTepBaga HaOIIOfeHUi
30 Hos16psa — 3 pexa6ps 2001 r. (BTopasi KpuBas Ha PUCYHKeE, IIoMe-
yeHHas1 KBaAgpaTukaMu). CpaBHeHHe pe3yibTaTa ¢ npubopa “Hu-
¢oc” ¢ pe3yabTaTaMyl B Auana3oHe Ha3eMHBIX HAOMIONEHUH JaeT
xopolee coBnaaeHue. I1o Ha3eMHBIM U3MEPEHUSM OTHOIIICHHUE aM-
ATy M1o6anbHbIX Konebanuid Ha piuuHax BojH 500 u 680 HM co-
craBuno 1,6, a gnsa usMepeHuit npubopoM “Hudoc” — 1,54. dnd
APYro# maphl IVIMH BOJH — OTHOLIEHHE aMIUIATYJ Ha JJIMHAX BOJH
500 u 870 HM A1 Ha3eMHBIX HAaOIIOOEHUHA COCTaBUIIO 2,2, a IO JaH-
HbIM npudopa “Nudoc” — 1,93.

Cnexmpanbhbie uzobpaxceHus noarozo oucka Coanya 8 pemnmn-
2eHo6CcKOM Ouana3ore (3kcriepuMeHT “Crnuput’). Kommiekc anma-
paTypbl aKcriepuMeHTa “CoupuT’ BKIOYaeT MHOIOKaHaJbHbIN TeE-
neckon CPT-K u cnektporenuorpad PEC-K. OcHoBHOW 3amayeit
9KCIEpPUMEHTa SIBISETCS] OJHOBPEMEHHOE IIOJIyYEHUE PEHTTECHOB-
CKHX CIIEKTPaJIbHbIX M300pak€HUI COITHEYHOro AUCKAa M KOpPOHBI,
COOTBETCTBYIOIIMX MOHOTEMIIEPATYPHbIM CJIOSIM INIa3Mbl COJIHEY-
HOHU aTMocdepbl B IIMPOKOM TeMIEepaTypHOM HHTepBaie 1, =
0,05-50 MK (1 MK = 106 K) ¢ BbICOKMM NIPOCTPAHCTBEHHBIM, CIEK-
TpaldbHbIM M BPEMEHHBIM pa3pelmieHusMU. Takue HaGmrogeHus
CoJTHIA TOCITYKUJIA OCHOBOY IJISI UCCIIEIOBaHUs TPEXMEPHOM CTPY-
KTYpbI U JUHAMUKYU COJTHEYHOU aTMOCQEephI, OIIpeieIeHus pusmye-
CKMX IapaMeTpOB U BapHalyiii COlep>KaHUs 3JIEMEHTOB B IIJIa3MEH-
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Puc. 3.12. 3aBUCMMOCTb OTHOCUTENBHOW amnnTyabl A COBCTBEHHbIX Koneba-

Hu ConHua OT ANNHbI BOSTHbI A

HBIX 00pa30BaHMsIX U ABJIECHUSIX — aKTUBHBIX 00JIaCTAX, KOPOHAIb-
HBIX IbIpax, BCIBINIKaX, BHIOpOCcax KOPOHAJIBHBIX Macc, IPKUX TOY-
Kax, IpoTyOepaHLax U T.J.

B nmpu6opax CPT-K u PEC-K ucnons3oBaHa MHOTOCIIONHAas
doxycupyolasi ONITHKa, CACTEMBbI TOHKOIIJIEHOYHBIX ¥ IMOPUCTHIX
CHEeKTPalbHBIX (PUIBTPOB ¥ NPUEMHUKH Ha OCHOBE OTKPBITHIX MH-
KPOKaHAJIBHBIX INIacTHH U oxnaxpaaeMbIx [13C-maTpuy. BasxkHoi
0COOEHHOCTBIO KOMIIEKCAa NPHUOOPOB CTajla BO3MOXKHOCTb OFHO-
BPEMEHHOI'O NOJy4eHUsI u3oOpaxkeHuil scero ColHIa B HECKOJIb-
KHUX CIIEKTPaJIbHBIX KaHalaX. OCHOBHbIE XapaKTEPUCTUKH U3MEPH-
TEeJIPHBIX KAaHAJIOB NPUBEAEHBI B Tab1. 3.2. Y3KONOJOCHBIE KaHa-
JIBI, LEHTPUpPOBaHHbIe Ha JIUHBLI BOoNH 171, 175, 195, 284 u 304A
otHOocsATcA K Teneckony CPT-K; ocTtanbHble KaHalbI — K CIIEKTPO-
renuorpacdpy PEC-K. Kanan MgXIl gaeT MOHOXpOMaTHYeCKHE
n3o6paxenuss B nuHuu 8,42 A c yrmoseiM paspemenne 6” x 6.
CrieKTporemorpaMMbl B 06TacTaX MIuH BoiH 177-207 A u
285-335 A maroT oqHOBpeMEHHBIE CIEKTPBI ITa3MEHHBIX CTPYKTYP
B COJIHEYHOH aTMoOcC(epe ¢ IPOCTPaHCTBEHHBIM, CIIEKTPAIbLHBIM H
BPEMEHHBIM pa3pelieHneM cOOTBeTCTBeHHO: 5” x 100" u 8" x 160",
0021004 Anpmo2ec

3a nepBble MECTh MECSLEB HAOIIONEHNH 3aperuCTpHpOBaHO 60-
nee 40 ThICSY PEHTTEHOBCKHX M300pakeHUH U CIEKTPOreIorpamMm B
nuanazone A = 864-335 A ¢ BBICOKMM MPOCTPaHCTBEHHBIM, CITEKT-
paJIbHBIM ¥ BPEMEHHBIM pa3pellieHusIMI. ExXeIHEBHO peruCTpUpOBa-
nock 6onee 200 wm3ob6paxkenmit Comnpma. Ha puc. 3.13 (cMm. us.
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Tabnuya 3.2
OCHOBHbIE XapaKTepuCTUKKU U3mepuTesbHbIX KaHanos npubopos CPT-K u PEC-K

[InanasoH KaHana, A OCHOBHbIE HOHBI T, 106 K
1,85-1,87 Fe XXIV-XXV 20-50
8,418-8,423 Mg XII 10
177-207 O 1V, Fe IX-XXIV, Ca XIV-XVII 0,3-16

He I1, Si XI, Fe XV-XVI,
285-335 Mg VIII, Ni XVII, Ca XVII 0,05-5
171 Fe IX-X 1,3

Fe X-XI
175 Fe XII 1,3
195 Fe XV 1.6
284 He II 2
304 He I, Fe XV 0,05

BKJICWKY) B KayeCTBe NpUMepa NpuBefeHbl u306paxenuss CoNHIA B
KaHajax PEHTTEHOBCKOrO TEJIECKONa, COOTBETCTBYIOLIUX TeMIIEpa-
TypHBIM crosM B nHTepBaine 0,05-2 MK (cm. taba. 3.2). Ha uso6pa-
XEHUSX BUMIHBI JIOKAJILHBIE M KPYITHOMAcCIITaOHbIE IIa3MEHHbIE 06-
pa3oBaHMsA, pasHOOOpa3Hasl CTPYKTypa MarHUTHBIX IOJIE, a TaKkKe
00/1aCTh BCIBIIIKH.

Ha puc. 3.14 npefcrapieH0 MOHOXPOMATHYECKOE H306PaKEHHE B
muenn Mg XII 8,42 A o6nactu conneunoi KODOHBI, pa3orpeToit fo
Temepatypel 10 MK. 9o n3o6paxeHne COBMEIEHO ¢ H300paKeHH-
eM B KaHane 175 A, CoOTBeTCTBYHOIMM TeMnepartype 1,3 MK (mapo-
00pa3sHasi CTPyKTypa B IIpaBOM BEPXHEM YIJIy PUCYHKaA). BrIcOKOTEM-
neparypuble (10 MK) nnuramMuyeckie miasMeHHbIE CTPYKTYPbI C pas-
JUYHBIM BPEMEHEM XKHM3HU (OT MHUHYT [0 AECSTKOB YacoB), Pa3HOi
(opMBI (1IeMOBHAHbIE, IAPOOOPa3HbIE, NayKOOBPA3HbIE U [P.) U C
Pa3uYHBIM PaCOpPENEIEHNEM NI0 BBICOTE O COTEH THICSY KHUIOMET-
poB Han auckoM ConHlla 0OHapy:KeHbl B MOHOXPOMATHYECKUX PEHT-
TeHOBCKMX M300paXkeHUsIX BIIEpBLIE,

Ha puc. 3.15 npepcrasnena cnexkrporemnorpamma ComnHiia
16.09.01 (03.59 UT) BMecTe €O CHEKTPOM BCHBLIMIKM B OBIACTH
177-207 A, rie mokasaHb! TakKe OCHOBHBIE HHTEHCHBHBIC TUHHH HO-
HOB Fe X-XXIV, Bo36y:kaeMble B IIHPOKOM [HANa30He TEMIEPATyp
oT 1 go 16 MK, a Takxke psii JINHUI HOHOB Ipyrux 3snementos (O, Ca
1 Ni), coorBercTBylommx Temneparypam 0,3-5 MK. O6nacts
BCIBIIIKY BHJHA KaK KOMIIAKTHOE M300paXKeHHE Ha CIEKTPOrelno-
rpammMme B “ropsiueit” nunny Fe XXIV 192,04 A, nmeromieit MakcuMyMm
CBeTuMocTu mpu 16 MK.

B pesynpraTe nepBUYHOrO aHanaM3a U300paK€HHH B 3MHUCCHOH-
HBIX JIMHUASAX MHOTO3apSAHBIX MOHOB MOJIY4YEHbI PaclpefeeHNs 3JIeK-
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Puc. 3.16. CnekTpbl B nuHMM Ca XIX ¢ BbICOKMM MPOCTPAHCTBEHHbIM pa3peLue-
HueMm (~5'') Ha chase pocTa, NPOMeEXyTo4HON hase u ha3e pacnaga camou
MOLLHOW BCMbIWKW TEKYLLEro Uukna CoONHeYHon akTueHocTu (25.08.2001, cnek-

TpodhoTomeTp “fuoreHecc”)
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Puc. 3.17. BpemeHHoI Npoduib UHTE@HCUBHOCTU PEHTFEHOBCKOIO U3MTyHeHs B
CONHeYHOW BenbllwKe, 3apernucTpuposanHon npuéopom “Upuc” 13.03.2002

CTH IIPH 3BOJIFOLMY BCObIKYA. OTHOCUTENBHbIE HHTEHCUBHOCTH M3J1Y-
YEeHHMs B JIMHUSIX COflepXKaT HH(popMaluio 06 3HEPreTHYECKOM OanaH-
Ce BO BCIIBIIIKAX, PO HEMAaKCBEIJIOBCKUX U HEPABHOBECHLIX IPOLEC-
COB B 00J1aCTH BbIJIEJICHUSI SHEPTHUU BCIBIIIKHA. B TaHHOM CIEKTpalb-
HOM quanasone (3 —7 A) s BenbImky Kmacca X momo6HbIe CIEKTPbI
C TakWM BBICOKHUM IIPOCTPAHCTBEHHBIM pa3pelIeHHEM IOJyYEHbI
BrepBbie. OHU NMOKA3bIBAIOT HAJIMYHE MHOXECTBA JIMHUA M3ITyYEHHs,
KOTOpble 06pa30BaHbI 32 CUET MPOLECCOB CTOJKHOBUTEIBHOIO BO30Y-
KJIEHUst aTOMOB, BO30YXKJEHHUS BHYTPEHHUX 000IOYEK aTOMOB U I3~
JIEKTPOHHOU peKOMOWHAIUH, ¥ NO3BOJSIIOT OCYIIECTBUTh JAE€TAIbHYIO
AMAarHOCTHKY BCIBIIIEYHOMN MIa3MBbl.

Bcenbuueunwtii cnexkmpomemp “Hpuc”. Tlpubop npenHasHadyeH
OJIsL UCCTIEOBAHMS BCIBIIIEYHON akTUBHOCTH COJIHIA B PEHTTEHOB-
ckoM muama3oHe crektpa 2—200 k3B. B naTpyneHOM pexume u3Mme-
peHnil OH uMeeT 12 3HepreTUYecKUux KaHaJIOB C BDEMEHHLIM paspe-
LIeHNeM 2,5 ¢, B pexxuMme Bcmiiecka — 64 3HEPreTUYECKUX KaHala C
BpPEeMEHHbIM paspelueHueM 1 ¢ u 4 kanana c¢ paspemenueMm 10 mc.
CnexTpanpHbIX U3MEpPEHHH C TaKMM BPEMEHHBIM Da3pELIEHHUEM JIO
HAacCTOsIILIEr0 BpEMEHH HE MPOBORUIIOCH HA B OHOM 3KCIEPUMEHTE IO
HCcCcleqoBaHuo0 peHTreHoBckoro manydenusi Connua. HaOmronenus
TOHKO BPEMEHHOM CTPYKTYPBI OTOKOB >KECTKOT'O PEHTIE€HOBCKOIO
H3JIy4YeHUs. [alOT NpSIMYI0 HMH(OPMAlLMIO O DPa3BUTHU IPOLIECCOB
SHEProBbIeIEHNS Ha B3PHIBHOMH (pa3e BCIbIILEK U MO3BOJIST IPOJBU-
HYTbCsl B MOHUMAaHUM ux ¢pusndeckoro mexanusma. Ha puc. 3.17 no-
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Puc. 3.18. BpeMeHHOW npodunb U3NyYEeHUs MOLWHOM Benbliiku 24.12.2001
(Tg =04 31 muH 41,895 ¢ UT) Ha B3pbIBHOIA (hase B BOCbMU 3HEPreTU4ecKux
KaHanax (ramma-cnekrpomeTp “enunkoH”)

Ka3aH BpeMEHHO! MPO(UIb HHTEHCUBHOCTH PEHTT€HOBCKOT'O H3JTy4e-
HUS B COJTHEYHOM BCIIBIIIKE, 3aperUCTPHPOBAHHOM TpuGopom “Upuc”
13.03.2002 r. JTa BcnbiKa Oblia HauboJee MOLIHON U3 3apEeTHCTpU-
pPOBaHHBIX. MaKCIMYM e€ MHTEHCUBHOCTH B MATKOM PEHTT€HOBCKOM
nuana3oHe Habmromalcsa B 22:08:33 UT.

I'amma-cnekmpomemp “I'eauxon” . IIpubop perucrpupyer Bpe-
MEHHBIE U CIEKTpaJbHbIE XapaKTEPHUCTUKH KECTKOI'O 3JIeKTpoMar-
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HUTHOI'O M3JIy4YEeHHUs COJIHEYHBIX BCIbIIIEK B HIHPOKOM SHEpreTHde-
CKOM JMana3oHe OT peHTreHa o ramMma — 10 kaB-10 MaB. C ero
OMOIIBIO OCYINECTBIISIETCS CIIEXKEHUE 32 pagHalliOHHONW O6CTaHOB-
KO#l B OKOJIO3€EMHOM KOCMMYECKOM IPOCTPAHCTBE U COJHEYHbIMHU
BCIBIIIKAMU C MATKUM 3HEPTreTHYECKUM CIIEKTPOM, OOHapy>KeHHE U
fieTalbHast perucTpauus kecTkux (E, > 50 kaB) Benbiniek 1 ramma-
BcIleckoB. 3a nepuop Habntofgenui ¢ 15 asrycra 2001 r. o 22 sH-
Baps 2002 r. mpu6opom “T'enukon” 3aperucrpuposaHo cbliiue 600
COJTHEUHBIX BCHbIIIEK M 5 raMMa-BCIJIECKOB. BONBUIMHCTBO BCIIBI-
HIeK UMEeJN MATKHE CIEKTPbI M PerucTpHUPOBAIUCh B (POHOBOM pe-
’KHME C BpEMEHHbBIM pa3pelieHueM | ¢ B BOCbMU CMEXXHBIX MHTED-
Banax a”epru oT 26 po 380 xk3B. OpHa U3 MOIIHBIX COTHEYHBIX
BCIIBIIIEK ObLIa 3apeTHCTpUpOBaHa Ha B3pbIBHOU (pase 24 pekabps
BTy, =0h31m41,895 s UT. Ha puc. 3.18 u 3.19 npusefenn! Bpe-
MEHHasi IUHAMMKA 3TON BCIBIILIKU B BOCBMU HEPIreTHYECKHX KaHa-
JaX ¥ 3HEpreTHYeCKUe CIEKTPHI, MONYYEHHBIE MOCIENOBATENIBHO
Ha pa3nu4HbIX (pa3zax coObITH. BpemeHa Hayana perucrpaiyy Ka-
KJOT0 U3 CHEKTPOB U IUIUTEIBHOCTE Habopa NH(pOpMaIUl yKa3aHbl
Ha PUCYHKaX.

Penmeenosckuii cnekmpomemp “PIIC-1”. Ilpubop npenHasHa-
YeH [ UCCIIeOBAHUS COJTHEYHBIX BCHBIIIEK U MX IPEJBECTHUKOB B
peHTreHoBckoM auana3oHe 3-30 k3B. 3a BpeMs usMepeHuil npoBefe-
HO yTOYHeHNe KaJanOpOBOYHBIX XapaKTEpPHCTUK IpHOOpa, NOCTpoe-
HBbI KapThl (DOHOBBIX YCJIOBUH M HaOpaHa CTaTUCTHKA 3KCIEPUMEH-
TaJIbHBIX JaHHbBIX.

Amnaumyono-epemennoti cnexkmpomemp ABC. Ilpubop npegna-
3HaueH JIs MCClIeIOBaHusl PEHTT€HOBCKOTO M raMMa-H3jIy4eHus COll-
HEYHBIX BCNbILIEK, ¥ B YaCTHOCTH, [JIsl aHAJIM3a COOBITHUI THIIA COTHEY-
Hasl BCIbIIIKA — FAaMMa-BCIUIECK B 9HEPreTHYECKUX AMama3oHax: £ =
3-30 K3B; 0,1-8,0 u 2,0-80,0 M>B. 3a BpeMsl HaOII0eHUI 3apErUCT-
PHPOBaHO HECKOJIBKO [IE€CSITKOB KaHAUAATOB B COOBITHS THIIA COIHEY-
Hasl BCIIBIIIKA MJIX TaMMa-BCIUIECK, [J11 KOTOPBIX ITOJy4YeHbl IHEPreTH-
YEeCKHUE CIEKTPHI [/ pa3HbIX a3 COOBITHSA (10 COOLITHS, BO BPEMSI CO-
OBITHS ¥ OCIIE ero OKoHYaHus). [JINTeIbHOCTb COOBITHI-KAHUJATOB
u3Mensietcst ot 16 ¢ no 3-5 mun. Ha puc. 3.20 gnst co6situs 18.09.2001
IO pe3yJbTaTOM H3MEpPEeHHH BOCCTaHOBIEH NHpdepeHnnanbHbIiA
SHepreTuyeckuil crekTp. Ha HeM MOXHO OTMETHUTH M3JIOM B paiiOHE
sHepruy 300 K3B 1 BO3MOXHYIO CIEKTpPallbHYIO OCOOEHHOCTD, KOTO-
PYIO MOXHO COOTHECTH C AaHHUTHIISIUMOHHON nuHuen 511 KaB.

Coaneunstii yabmpaguonemoswiii paouomemp CYDP-Cn-K.
Amnmnapatypa “CY®P-Cn-K” nzmepsier 10TOKH ylIbTpadHroIeTOBOrO
u3nydennst ConHLa KakK 3Be3[Ibl B HECKOJBKUX CIEKTPalbHbIX HHTED-
Banax — oT 1 1o 130 eM u umeeT B oTiimume oT “Soho” 6onee wupo-
Kuii cneKTpalbHblil guana3oH. IloMrMo HayuyHBIX 3a/ja4, BBINOJIHS-
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IOTCS 3a1aYd MOHHTOPHHTA OHOTO U3 Hauboilee CyIIeCTBEHHBIX 3lie-
MEHTOB KOCMMYECKOH 1Orofibl — reo3eKTUBHOr0 Y P-U3IyyeHuy
Conana. Annapatypoil “CY®P” B peHTT€HOBCKOM [HaIa30HE [IIHY
BOJMH O < 12 HM mosy4eHbl JaHHbIE O MOIIHOH BCHBIIIKE Kjacca X-
5.3B 25 aBrycra B 16 423 M UT.

Yavmpaguoaemosntii coaneunslii cnekmpogomomemp BYCC-
JI. TIpu6op BY CC-JI npoBomuT u3MepeHus B nojoce okono 120 umM u
npenHa3HavyeH s uccinenoBanus Y ®-usnydyenus: Connia BOIU3M pe-
30HaHCHOM TuHuM Bogopona HL, . ITo pesynbpTaTam u3MepeHuil nony-
YeHbl MHOTOYMCIIEHHBIE JaHHBIE O IIOTOKE YIbTPa(puoIeTOBOrO U3Iy-
YeHUs 1 HHTEHCUBHOCTH B THKY JlaiiMaH-anbga, KoTopasd 11O IIpefiBa-
PHUTENBHBIM OLEHKaM cocraBuna ~10 apr/cM? c. BpeMeHHast 3amuch
noroka Y ®-uznyuenus npubopom BYCC-JI nokasana Ha puc. 3.21.
Peructpupyemoe npubopamu CY PP-Cn-K u BYCC-JI ynprpacuorne-
ToBOe u3ny4yenrne COTHIIA KaK 3Be3[bl BO3[EUCTBYET HAa BEPXHUE CIIOH
aTMocdepbl 3eMiu U SBISIETCA BaKHOU XapaKTEPUCTUKOM aKTHUBHO-
ctu CoJlHIIa Ha BpEMEHaX ero IUKJINYHOCTH.

Komnaexc npubopos CKJI 044 uccae008anus CONHEUHbLX KOCMIL-
ueckux aydell COCTOMT U3 TpeXx mnpu6opoB — “CoHr* (CeXTpoOMeTp
ramMMma-usnydeHuss 1 HeATpoHoB), MKJI (MOHUTOp KOCMHYECKHX JIy-
yeit) u CKU-3 (CnekTpoMeTp KOCMHYECKOIO M3JIyYEHHs), U IPEaHa-
3HAYEH I KOMIUIEKCHBIX HCCIEJOBAaHUHA COJIHEYHBIX KOCMHYECKMX
Jiydeit ¥ UX MPOSIBICHUI B OKOJIO3EMHOM KOCMMYECKOM IPOCTPAHCTBE.
ITpu6op “CoHr* perucTpupyeT CIEeKTPbl PEHTTEHOBCKOIO U raMMa-
u3nydenuit B iuana3one aHepruit 0,03-100 M3B, neranbHble ClIEKTPSI
raMMa-auHad B pmamazoHe 0,3-20 MsB, HEHATpPOHBI C SHEPrUAMU
> 20 M5B, MoTOKH 3apssKE€HHbIX YaCTUL KOCMHYECKHX JIy4Yel — IpOTO-
HOB ¢ 3HeprusiMu > 70 MaB ¥ 371eKTpOHOB ¢ 3HeprusiMu > 50 MaB.
IIpu6op MKIJI u3MepseT IOTOKK M CIEKTPLI IIPOTOHOB C 3HEPTHIMHU
1-200 M5B u snektponoB ¢ sHeprusmu 0,5-12 MaB. ITpu6op CKHU-3
U3MepSET XMMUYECKHIl COCTaB U CIIEKTPbI HOHOB B [Hanas3one Z = 1-10
1 nuanasone suepruit 1,5-20 MaB/H nns He, 440 MaB/u g4 Ne. Ilo
CpaBHEHHMIO C MpUOOpaMH, YCTAaHOBIEHHbIMU Ha “Soho” m “Yohkoh”,
ciekrpoMmeTp “CoOHr* obnagaeT CIOCOOHOCTBX) PETUCTPALMM 3HEP-
rUYHBIX (¢ sHeprusiMu 1o 100 MaB) raMMa-KBaHTOB, YTO, B CBOXO OYe-
penb, 1aeT BO3MOXKHOCTb HabJIIofjaTh TaMMa-KBaHThI OT pacnaga m—0
ME30HOB, 00pa3yIOIIUXCS BO B3aUMOJEHCTBUSAX BBICOKOIHEPIMYHBIX
npoTOHOB. Pe3ynbrarhl npoBefeHHbIX H3Mepenuil Ha “Koponac-®@”
nokaszanu, 4ro npubop “CoHr* obnapgaeT (HOHOM [l PETHCTpAlUU
COJIHEYHBIX HEHTPOHOB HE MEHee, YeM B 5—7 pa3 HUXKE 110 CPaBHEHHIO
¢ GRS (SMM) — eguHCTBEHHBIM NPUOOPOM, PETUCTPUPOBABILIIM COJI-
HEYHbIE HEUTPOHBI B TOM K€ JHara30He SHEPrHil.

Benpmmka 04.11.2001 B 164. 20 M. mpuBena K OGHOMY U3 KPYNHEH-
IIMX BO3pPACTaHUH CONHEYHBIX SHEPTUYHBIX YacCTUL B OKOJIO3EMHOM
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Puc. 3.20. QudbdepeHumanbHblil 3HepreTudeckuin cnekTp cobbitus 18.09.2001
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Puc. 3.21. BpemeHHas 3anuce curHana, npornopLUuoHansHoro NoToky Y®-nany-
YeHus, npubopom BYCC-J1 n NOTOK COMHEYHOro pagnousnyyeHvs Ha AnvHe
BOnHbI 10,7 cM. Mo ocu x — gHu B cucteme ucumcnexnms MJD
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Puc. 3.22. MNokasaHuUss MOHWTOPHOrO PEHTreHOBCKOro pgetektopa npubopa

CIMP-H Bo Bpems conHeyHow Benbiwku 4.11.2001 B 16 4
1, 21 5 — TOPMO3HOE N3NyYEHNE MarHMTOCEHEpPHbIX 3NIEKTPOHOB; 3 1 4 — peHTreHoB-
CKO€ U3Ny4eHne BHe MarHUTOCtepHOro UCTOYHUKA (COMNHEeYHan BCbILWKa)

npoctpancTBe. Ha puc.3.22 npuBogsATCA JaHHbIE NATPYJIBHOTO NETEK-
topa npubopa CITP-H. CnyTHUK B 3TO BpeMsl NPOXOJUI MONSIPHYIO
mranky. [TOTOK peHTTeHOBCKOrO H3/ydYeHus B ob6nacTsax / u 5 coor-
BETCTBYET TOPMO3HOMY H3IIyYEHHIO 3JIEKTPOHOB BHEIIHETO MOsiCa, B
o6nacTu 2 HaGIFOAICs BCIUIECK MAarHUTOC(EPHBIX 3JIEKTPOHOB (1aH-
uble npu6opa MKII), Bozpacranud 3 u 4 ABIAIOTCS pealbHbIMHU BO3-
pacTaHusIMH PEHTI'€HOBCKOTO H3nydeHus. CpaBHEHHE C JaHHBIMU
cniyTHUKA “Goes” MoKa3alo, 4YTO HECMOTPs Ha HENPEPBIBHOE BO3pac-
TaHWE IOTOKA TEMIOBOTO PEHTIEHOBCKOTO M3Iy4eHus ¢ 16 4. 03 M. 1o
16 4. 20 M. TOPMO3HOE U3ITyYeHHE CBUMIETENILCTBOBAJIO IO KpalHEN
Mepe O JBYX HUMIyJbcax ycKopeHus yacTuy Ha ConHe.

ITocie BCHBIIKY MOSIBUINCH COJIHEYHBIE SHEPIHYHbBIE YACTHIbI
1 5 HOsi6ps B 20 4. HaYaJIUCh T€OMAarHUTHBIE BO3MYLIEHHS, CBA3aH-
Hble C TNPUXOOM KOPOHAIBHOH IIa3Mbl, MHXEKTHPOBAHHOM BO
BenbInIKe 4 HOsiOps. Ha HiskHe# nanenu (puc. 3.23) noKa3aHo U3Iy-
yeHrne comHeyHoi BenmblKu B 16:20 UT 4 HoAOps MmO HaHHBIM
“Goes-8” u Dst-Bapuanusi. BugHO, 4TO reOMarHuTHOE BO3MYIIEHUE,
CBA3aHHOE C IPUXOIOM K 3eMiie KOpOHAJIbHON 3:KEKIMOHHOHN MaccChl
(K9M), navanochb B ~20 4. UT 5 HOsi6psi. Cpepusis myTeBasi CKO-
poctb KOM ~ 1700 km/c, cnefpoBaTensHO, nepeg KOM pomnskHa cy-
LIECTBOBATh MOLIHAs y#apHasl BolHa. MI3aMepeHne MeXIIaHEeTHOI O
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Puc. 3.23. HekoTopble creAcTBUs conHeyHown Benbiwku 4.11.2001 B mexnna-
HETHOM MPOCTPaHCTBE U B MarHutocdepe 3emnu

HuHsIs naHenb: X;, — TENNOBOe BCMbILLEYHOE PEHTIEHOBCKOE U3MyYeHWe MO AaHHbIM
“Goes-8", Dst-sapuauus 4-7.11.2001; cpegHaa naHenb — AaHHble O MNOTOKAaxX NIEKTPOHOB
C 3Heprueit 0,175-0,315 MaB B MexnnaHeTHOM MPOCTPaHCTBE (MO A@HHLIM CryTHUKA
ACE), a Takxe 4aHHble O MOTOKax 3MeKTPOHOB ¢ dHepruen 0; 0,3—12 MaB B nonsapHbIX
wankax (komnneke “CKJ1 KopoHac-@"); BepxHsist NaHesb — M3MeHeHue nokasartens crene-
HW 9HEepreTUHecKoro CneKTpa 3NeKTPOHOB co BpeMeHeM (komnnekc “CKJT KopoHac-®”)

marautHoro nojis Ha IC3 ACE, “Wind”, “Geotail” nogTBepKXaarT
9TOT BBLIBOJ. DTa yoapHasi BOJTHA MOXKET CIY>KUTb MOIIHBIM UCTOY-
HHMKOM SHEPTHYHBIX YacTHll. F3MepeHue MPOTOHOB ¥ HOHOB C 3HEP-
rueit ot 1 mo 100 MaB/Hyk Bo3pacTanu OT MOMEHTa BCIBILIKHU JI0
npuxona KOM k 3emite. I1pu aToM ygapHas BosiHa 3(pdEKTUBHO yC-
Kopsina 31eKTpoHbl. Ha cpepgneit nanenu (cM. puc. 3.23, ) nokasa-
HbI BpEMEHHBIE 3aBHCUMOCTH IIOTOKOB 3JIEKTPOHOB C 3HEpruefl oT
0,3 o 12 MaB, KOTOpBI€ HE U3MEPSUINChL Ha APYTUX CIyTHUKAX B 3TO
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Tabnuua 3.3

Copep)xaHue pasnnyHbiX 3N1eMeHTOB (Agep ¢ aHeprueit 11.4 — 23 MaB/HyKk)
B NpoyeHTax

Bpemsa C N 0] Ne Mg Si
22h04 Nov—  39,0+39 11,9¢1,7 100 14,4423 17,9£2,4 17,4422
15 h 05 Nov
22h05Nov— 455434 10,4+1,3 100 12,0+1,4 20,6+2,0 16,8+1,8
07 h 06 Nov :
07h06 Nov—  42,446,5 11,2¢2,7 100 12,442,7 16,8+3,4 10,4£2,6
19 h 06 Nov

19 h 06 Nov — 54,7£12,6 8,5+2,0 100 12,244,6 21,6+6,7 18,946,0
20 h 07 Nov

BpeMs BHe reomaruurocdepsl. Ha puc. 3.23, 6 npuseieHo u3mene-
HIIE TIOKa3aTellss 9HEPreTHYEeCKOro CHeKTpa 3JeKTpoHOB. CHekTp
3JIEKTPOHOB MPaKTHYECKH HE H3MeHsucsd, noka KOM npubnuxa-
nack K 3emiie. CeKTp 3JI€KTPOHOB CHEJIAJICA MsrYe U MOTOK 2JIEK-
TPOHOB, TaKXe KaK IOTOK IIPOTOHOB M MOHOB, CTajl yMEHbIIATHCS
npu yganesuu KOM ot 3emnn.

Ha cnythuke “KopoHnac-®” u3MepsI0oTCa TaKKe MOTOKU HOHOB €
aneprueit ot 2 fo 40 MaB/Hyk. Bpemennsie Bapuanuu noHOB OT C 10
Si 6b11H TOKOGHEI BAPUALIUSM IPOTOHOB U 3JIEKTPOHOB. XMMHUYECKUI
COCTaB MOHOB Ha NPOTSKEHHM BCEW BCIBIIIKA 3HEPTUYHBIX YaCTHUI|
NpaKTHYECKHN He N3MeHaucs. B Tabn. 3.3 npuBeeHO MPOUEHTHOE CO-
IepXaHHe pa3IuYHBIX 3JIeMEHTOB (sdgep ¢ 3Hepruedn 11.4 -
23 M»3B/HYK ) OTHOCHTEIBHO KHCIOpPOAA [JIs YEThLIPEX MHTEPBAJIOB
BpEMEHH B TeYeHHH BcbIMKYU 4—7 HOA6ps 2001 r.

3.3. MccneoBaHne 0KONOCOMHEYHOMN Ma3Mbl
paanodmranyeckumm MeTogamm

ITo naHHBIM PaJUO30HAUPOBAHUS OKOJIOCOJHEYHOH INIa3MBbl CHUT-
HalaMM KocMuYeckux anmapaTtoB “Benepa”, “Ulysses”, “Galileo” mo-
JIy4eHbI HOBbIE CBE[IEHHsS O XapaKTEPHCTHKaX COJIHEYHOIO BETpa B
[uana3oHe reJUOLNEeHTPUIECKHX paccTOsTHUN 5—80 CONHEUHBIX paguy-
COB — TaKHX, KaK CKOPOCTb, IPOCTPAHCTBEHHBIN CIIEKTP ¥ MHTEHCHB-
HOCTh (DJIFOKTYaIMil 3JIEKTPOHHOM KOHIEHTpAalM, BHEIUHMH Mac-
mrab TypOYJIEHTHOCTH IUIa3Mbl, aHM30TPONHUS HEOXHOPOTHOCTENL.
O6HapyX€eHOo, YTO CNEeKTp (PIAYKTyalluil 4acTOThI UMEET MaKCUMYM,
HOsIBJIEHNE KOTOPOro OOYCIOBJIEHO BIMSHUEM BHEIIHEro maciutada
TypOyJIEHTHOCTH OKOJIOCOJHEYHO IIa3Mbl. BIiepBbie MONy4YeHsI [0-
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CTOBEPHEBIE CBEJIEHHs! O BHEIIHEM MacIITabe M VCTaHOBJIEHO, YTO OH
BO3pACTaeT C relIMOLEHTPUYECKIM PacCTOSHHEM 3aKOHOMEPHO IIO
CTENEHHOMY 3aKOHY c moka3areneM crenenu 0,8. B akBaTopuanbHbIX
paiiOHax BHeIIHW MacmTab u3Mensercs oT 7 - 105 go 7 - 106 (T.e. oT
1 mo 10 conHeuyHbIX pagUycoB), a B MOISPHBIX KOPOHAIBHBIX AbIpax
OH IIPHMEPHO B TpH pa3a Gonblue. PazpaboTaHa MeTouKa HaxoxXpe-
HUSl BHEIIHETO Macmraba TypOyJIeHTHOCTH IIJIa3Mbl, OCHOBaHHas Ha
CIEKTPaTbHOM U KOPPETSIUOHHOM aHaIN3€e IIUTENbHBIX HENPEPBIB-
HBIX M3MEPEHMH (PIIIOKTyaluil 4acTOThl 30HAMPYIOIIETO CUrHAla B
Pa3HECEHHBIX Ha OOJIBIINE PACCTOSIHUS HA3€MHBIX IIyHKTaXx.
CnexTpanbHblii HHAEKC QIIFOKTYAlUi 3J€KTPOHHOM KOHIEHTpa-
MK Ha paccTosiHusX, 6onpmmx 20 paguycoB ConHla, B MHEPLIUOHHOM
uaTepBane 10-4-5-10-2 I' 1OYTH HE 3aBHCHUT OT TeJIMOLEHTPHYECKO-
FO pacCTOsiHMS, a ero CpefHee 3HaueHue ONM3KO K BeIU4HHE, COOT-
BETCTBYIOIEH ciekTpy Konmoroposa (11/3). B o6nactu HayanbHOTO
YCKODEHHMs COJTHEYHOro BeTpa Ha paccTosiHusx 5—10 paguycos Cois-
l1a ClleKTpabHbIN UHEKC B MHEPIIMOHHOM HHTEpBalle OJU30K K BEIH-
unHe 3,0. B aToii e o6iiacTu o6Hapy>KeHa BbICOKasl CTeNleHb HEO[HO-
poaHOocTH mia3mbl, gocturatomas (20-30)%. O6HapykeHa TakXe
CHJIbHAs TeIMOIINPOTHAS 3aBUCUMOCTh XapaKTEPUCTHUK COJIHEYHOIO
BETpa B NOISIPHBIX paliOHax 110 CPABHEHUIO C 9KBaTOpHAIbHBIMH.
CKopocTh CONHEYHOrO BETpPa B MOJSPHBIX PaliOHAX B HECKOIBKO
Pa3 mpeBhIIaeT COOTBETCTBYIOLINE 3HAYEHHS MJISI HU3KOUIMPOTHBIX
oGnacTeit, B TO BpeMsi KaK MHTEHCHBHOCTh HEOTHOPOAHOCTEH B BBICO-
KOIIMPOTHBIX OOJIaCTSAX HIDKE, YEM B 3KBAaTOpUAIbLHBIX. B 3KBaTOpH-
ANBHBIX 06JIACTSIX CKOPOCTh COJTHEYHOTO BETpa 3aKOHOMEPHO BO3pac-
TaeT ¢ reauoueHTpudeckuM paccrostadeM oT 100 mo 400 xkm/c. O6Hapy-
XEHO CUNBHOE pa3iuyue B pexXuMax TypOyJIeHTHOCTU B 00J1acTH A03-
BYKOBOI'O ¥ CBEPX3BYKOBOI'O T€UEHHS COJTHEUHOT'O BETPaA, O YEM CBUJIE-
TEJILCTBYET pe3Koe W3MEHEHNe K03(p(UIHEeHTa aHU30TPONUHN MENKO-
MacmTa6HbIX HeogHoponHocTei oT 10 Ko 2 npu paccTosstHuAX 0Kojo 10
CONHEYHBIX pafinycoB. Pa3zpaboTaHa METOUKA U3yYEHUS aHU3OTPOIHUU
HEONHOPONHOCTEH COTHEYHOI'0 BeTpa, OCHOBAHHAs Ha aHalu3e Hablllo-
AeHni (prroKTyaluil 4acTOThl ¥ aMIUIUTY/bl PafiOBOJIH OJHOBPEMEH-
HO B pa3HeceHHbIX Ha OOJIBIIOE PAacCTOSIHUE Ha3eMHbIX NYHKTax.
BrinonHeH aHanu3 faHHbIX O (pIIOKTyanusix dapafeeBcKoro Bpa-
IEeHNsT TUIOCKOCTH IOJNSpH3alUd pPagUOBOJIH B OKOJIOCOJIHEYHOU
IIa3Me, M3NMy4aeMbIX KocmuyeckmMmm annapatamu “Helios-17 n
“Helios-2". PaspaboTrana MeTOAMKa, NO3BOJISIOLIAs 10 3KCIEPUMEH-
TallbHBIM JaHHBIM ONPEAENATh XapaKTepUCTHKH allbBEHOBCKHUX BOJIH,
PacupocTpaHsIOIMXCe BO BHelHedl kopoHe ConHIA — MHTEHCHB-
HOCTh, CKOPOCTh, CIIEKTP HEOJHOPORHOCTE! MarHUTHOT'O II0JIS, Xapa-
KTepHbIC YaCTOTHl. Y CTAHOBIIEHO, YTO B 06/1aCTH YyCKOPEHHUSI CONHEY-
HOro BeTpa Ha TIeJIMOUEHTpHUYecKuX paccrosHusax 3-10 papwmycor
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ConHlja BpeMEHHOM CNEeKTp (PIIOKTyaluil yriia NoBOpoTa MIOCKOCTH
MOJISIPU3AIMH COIEPKUT KBa3UapMOHUYECKYIO KOMIIOHEHTY C Xapak-
TEpHON YacTOTOH OKOJIO 4 M/ll, COOTBETCTBYIOIEH 4—5-MHHYTHOMY
nepuoly OoCUmUIsuMi MarHuTHoro nouns. ITokasaHo, yTo (POHOBBIH
CIIEKTp OnpenenseTcss aHcaMOJIEM allbBEHOBCKHX BOJIH CO CIIy4alHbl-
MH (pa3aMH, a KBa3UrapMOHHMYECKAsh KOMIIOHEHTA — BbIJETICHHbIMU
LyraMy 3THX BOJH. AMIUTATY[Aa KBa3HNEPHOAUYECKUX (DIIIOKTYaUNH
MarduTHOTO TOJisi MMeeT BeNn4uHy nopsigka 0,1 oT MHAYKIUH pery-
JISPHOTO MarHUTHOTO Tond. VI3 ycloBusl MpeBbIIIEHUS BKIIala BbIfie-
JIEHHBIX I[yTOB HaJl BKJIAJOM TypOyJIE€HTHOrO hOHA MOJTyYeHbl OLEHKH
XapaKTEePHOTo NONEePEYHOro K paualbHOMY HalpaBICHHIO MaclITa-
6a MarHMTHBIX (IIOKTyaluil, KOTOPBbI OKa3bIBaeTCs IOpsjKa
30000 kM. ITonyyeHHble pe3ynbTaThl IOKA3bIBAIOT, YTO paclpoCTpa-
gsromuecst oT CONHIlAa albBEHOBCKUE BOJIHBI MTPAOT CYIIECTBEHHYIO
pOJIb B 9HEPTETHYECKOM GallaHCe M1a3Mbl BO BHEIIHEH KopoHe ConH-
1a 4 06JIaCTH YCKOPEHHs COTTHEYHOIO BETpA.

OGHapyKeHO pe3KOoe U3MEHEHHE pexuma TypOyJIEeHTHOCTH [
HEOJHOPOJHOCTEl KOPOHAILHOIO MarHATHOI'O MOJISt BOIU3H I'PaHMy-
Horo paccrosinus 6 paguyco Connua. HaiieHbl 3Ha4€HUsI CKOPOCTH
aJIbBEHOBCKMX BOJH I HEKOTOPbIX 3HAYEHUH TeIMOUCHTPIYECKUX
paccrosiuii. CpeiHsist CKOPOCTh aJIbBEHOBCKHUX BOJIH Ha IE€JTMOLEHT-
pHYECKHX paccTosiHusX 5 papuycoB Connua cocrasuna ~600 km/c.

Pe3ynbraThl MOJNY4YEHBl COBMECTHO CO CNEUHANUCTaMU Ie€pMaH-
ckux yHuBepcuteToB (BoHHCKOro m BoxymMcKoro), KOTopblie npesoc-
TaBUNIK Il 06pabOTKH 3KCIEPUMEHTAIbHbIE JaHHbIE KOCMUYECKUX
anmnapatoB “Helios”, “Galileo”, “Ulysses”.

3.4. PazsuTtune pagnopunsnyecknx MeToaos
ANst uccnegoBaHna noHocdepsl

OtpaboTka pagro3aTMEHHOIO METOfja KOCMAYECKOIO MOHUTOPHH-
ra armocepbl 1 HOHOCGhEPHI NPOBOAUNIACH C MCNIOJb30BAHUEM PaAIHO-
tpacc CnyTHUK—CIyTHUK. DKCIIEPUMEHTANILHBIE HCCIIENOBAHHSI IPOBE-
IE€HBI C MCIOJb30BaHUEM pafguoTpacc “Mup”— reocraloHapHbIe CIyT-
HUKY. BbUI pa3BuT HOBBIH 3()(EKTUBHBII ro1orpacduIecKuii METOJ O~
peliesienyst BBICOTHBIX Npoduiieil TemnepaTypbl aTMOCGEpPBI B 3JIEK-
TPOHHO¥ KOHIIEHTpaIUK HOHOC(HEPHI 10 XapakTepy U3MEHEHHUH (a3pl U
aMIUTUTYAb! paguoBoiH. PaspaboTad HOBBI METON MOHUTOPUHIA MEJI-
KOMacCIITaOHOH CTaTHCTHYECKONA HEONHOPORHOCTH Tpomocdepnl H
crpaTocepsl ¢ UcHoab30BaHKueM papuorpace “CryTHuk—CrnyTHUK .



naBa 4

PE3Y/IbTATbI,
MONMYYEHHBIE MO HAMPABJIEHNIO ®KU
“TNAHETBI U MANbIE TEJNA
CONMHEYHOW CUCTEMbI”

CRL

Ha 3anymennom 7 anpenst 2001 r. KA (HACA) “Opucceit” yc-
TaHOBJIEH POCCHICKUI Hay4uHbIi Npu6op “Xenn”. OH npenHa3HaueH
JUIs. perucTpaiuu ObICTPBIX HEATPOHOB IO MapaMeTpaM KOTOPBIX
MOXKHO CYJMTb O MUHEpAJIOIHYeCKOM COCTaBe IoBepXHoCcTH Mapca.
B yacTtHOoCcTH, “XeHa” mo3BoauT oOHApPYKUTh Ha Mapce obGnacTu ¢
GOJIBIINM COflEpYKaHHEM 3aMep3lliell BOAbI, YTO OCOOEHHO Ba>KHO
ISt IUTaHMPOBaHUsSL OYAYIIUX MUCCHI U JIJIsl OLEHKHU BEPOSITHOCTH CY-
IIeCTBOBaHUS XKM3HM Ha 310l raHete. KA “Opucceit” 24 okTsa0ps
2001 r. BBILIEN Ha BLICOKORJUIMIITHYECKYIO OPOUTY BOKpYr Mapca u
Hayaj TOPMOXKEHUE.

3a Mecsn paGoTel Ha opbuTe BOKpyr Mapca ¢ 19 HOs6pst no
19 nekaGps 2001 roga Ha aTane a3pOTOPMOXKEHUS MEXKIIAHETHO-
ro ammapaTta CHIA “Opucceir” poccuiickKuil HHCTpYMeHT “XeHp”
MOJy4rsT GOJBINOH 06'bEM NaHHBIX O MOTOKAX HEUTPOHOB B TEUeE-
Hue npuMepHO 70 BUTKOB CKUMarOLIeNcss OpOUTDI st PACCTOSIHUM
ot 250 kM g0 20 000 KM OT MOBEPXHOCTH IIIAHETHI. DTU JaHHbIE
MO3BOJSIIOT IIOCTPOUTEH TPEXMEPHYIO MOJIENIb HEUTPOHHOTO OOJIaKa
BOKpyT Mapca.

C 18 despans 2002 r. “XeHn” NIPOBOMUT CHEMKY KapThl U3ITy4e-
HUSI HEATPOHOB C IOBEPXHOCTH Mapca B pasiM4HbIX CNEKTPATbHbIX
IHamna3oHax. YKe IepBble pe3yabTaThl IOKAa3all, YTO Ha MIOBEPXHO-
ctu Mapca NpUCYTCTBYIOT O0JIaCTH ¢ OYeHb OOJIBLINM COfEPKAHUEM
BOISIHOTO INIbJjJa HEMOCPEACTBEHHO MOJ IOBEPXHOCTBIO IJTAHETHI
(puc. 4.1, cM. uB. BKielky). Ilo ananoruu c 3eMmiei, 3TH 00IaCTH
MOHO Ha3BaTh NPOBUHUMSIME ‘‘Be4HOH Mep3ioThl”. FOxHas mpo-
BYHIMS “BEYHON Mep3J0ThI” MOKpbIBaeT OKONMO 10 MIIH KB. KM BbILIE
60° roxxHO#M 1mMpoThl. COrjlacHoO IONYYEHHBIM OUEHKaM, B MPHIO-
BEPXHOCTHOM CJIO€ 3TOH NPOBMHLMM MOXET HaXOAMUTCH OKOJO
35-50% BopsiHOrO jabja. [JanHble “XeHAa” XOpOINO COIJIACYIOTCS C
pe3ynbTaTaMu U3MEPEHUH aMEPUKAHCKIX MPUOOPOB.
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Haunble Mast — mronst 2002 r. yKa3bIBAKOT HA HAYAJO BECEHHELO
CE30HHOTO UCTIAPEHHUS CIIOS 3aMEP3IIEH YIIIEeKUCIOThI BOKPYT CEBEp—
HOI MONSPHON 1wanku. CeHTAOPbCKUE NaHHble M3MEPEHMil CBUJC -
TEJIbCTBYIOT O TOM, YTO Ha ceBepe Mapca Takxke MPUCYTCTBYET 06—
IEpHas 001acTh “BeyHoil Mep3noThr”. CpaBHEHHE KapThl HEUTPOH -
Horo n3nydeHns Mapca, nonydyensblie B ¢eBpaie 2002 . 4 ceHTSIOpe
2002 r. mpencTaBeHbl Ha puc. 4.2 (CM. IB. BKIIEHKY, BEpXHUE U HUK—
HME KapThl, COOTBETCTBEHHO).



naBa 5

PE3YNILTATBI, MOMYYEHHBIE MO HAMPABEHVIO OKY/
“YICCNENOBAHUE KOCMUYECKIX NYYEM
N PAIVALAWY

5.1. MccrneoBaHms CONMHEYHbIX SHEPTUYHbIX HacTuL
Ha MIC3 “Kopoxac-®”

B cootBercTBHu ¢ PefepanbHOl KOCMHYECKOH IPOrpaMMon
Pocenu s nccnenoBanus akTuBHBIX npouecco Ha Connue 31 uto-
ast 2001 r. 611 3anyllleH MCKyCcCTBEHHBIHA cnyTHHK 3emiu “Kopo-
Hac-®”. Ha GopTy cryTHEHKa Haxoguics kommiekc npuGopos CKJI
(“Conr*, MKIJI, CKU-3) miasi perucTpaiiy NOTOKOB SHEPTUYHBIX
HEATpaNbHBIX U 3apsKEHHBIX YaCTHUIl, FEHEPUPOBAHHBIX BO BPEMS
CONTHEYHBIX BCHBILEK (COBMeCTHbI skcnepumerT HUU spepHOn
dusuku MI'Y um. 1.B. Ckobemnbupina (HUVAP MI'Y) u MHcTHTY-
Ta skcnepuMenTanbHoit ¢usuku CAH r. Kommmne, Cnosakus).
IMpu6op “Conr' npegnazHaveH AIsi perHCTPALMH PEHTTEHOBCKOIO
KOHTHHyyMa B nuana3oHe 0,06-100 MaB, ramma-uHuii B Juamnaso-
He 0,3-25 M>3B, wneitpoHoB 20-100 MsB u 3JeKTpOHOB
10-110 MsB. ITpu6op MKIJI peructpupyeT 3JIeKTPOHbI C SHEpruen
0,3-12 M3B, npotons! — 1-90 MaB. CKH-3 peructpupyer siapa B
Auana3zone 2-40 MsB/ayk. Ha 6GopTy cllyTHHKa Tak:Ke HaXOQUJICs
npu6op CITP-H, npegHa3sHa4eHHbIA /1 PETUCTPAalMK MONISAPU3aluU
BCIBIIEYHOrO peHTreHoBckoro manyyenus (HUMAP MI'Y u Pu-
3uyeckuit uactutyT uM. I1.H. Jle6egesa PAH).

Uccnenopanuch Benbimku 21 centsiops, 04 Hos6ps u 11 nekalps
2001 r. B 08 4. 08 M (maeTcst BpeMsi MAKCHMyMa BCIBIIIKK 10 JaHHbIM
HIC3 “Goes™). IlepBast 1 TPeThbsi BCOBIIIKN HE MPHBENU K 3AMETHOMY
BO3pACTaHUIO HEPrHMYHBIX YacTUIl B KOCMHYECKOM IPOCTPAHCTBE.
Bropas Bcnblnka mpuBena K OGHOMY W3 KPYNHEHIIMX BO3pacTaHHH
COJTHEYHBbIX SHEPrHYHBIX YacCTHUI B OKOJO3EMHOM IIPOCTPAHCTBE.
B rn. 3 (cMm. puc. 3.22) npuBonsTCs JaHHbIE NATPYJIBLHOIO JETEKTOPa
npubopa CITP-H. Korga cnyTHUK IpoJieTall 4epes HNOJNApHYIO LLaMKy.
ITotok peHTreHOBCKOro M3nMy4YeHus B 00nacTaX / U 5 COOTBETCTBYET
TOPMO3HOMY H3JIyYEHHUIO ITIEKTPOHOB BHEHIHETO paJHaMOHHOrO MOs-
ca, B o6nactu 2 HaGNIofascs BCIUIECK MarHUTOC(EPHBIX 3JIEKTPOHOB
(mannbie mpubopa “MKIJI”), Bo3pacTanus 3 U 4 SIBISIOTCSA pealbHBIMU
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BO3DaCTaHUAMHU PEHTIEHOBCKOrO M3Ny4yeHUs. CpaBHEHHE C TaHHBIMH
“Goes” NOKa3bIBAET, YTO HECMOTPSI HA HENPEPbIBHOE BO3pacTaHue Mo-
TOKa TEMJIOBOI'0 PEHTT€HOBCKOro nu3nydenus ¢ 16 4 03 M go 16 1 20 m
TOPMO3HOE M3JIy4YeHHe CBUMETEIBCTBYET IO KpaliHell Mepe O IBYX HM-
nynbcax yckopeHus yactun Ha ComnHue. ITocie BCIBIIIKE MOSBUINCH
COJTHEYHBIE 9HEPIHUHble YaCTHLbI U 5 HOAOPs B 20 4 HaYaIuch reoMar-
HUTHbIE BO3MYIICHHUS, CBSI3aHHBIE C NIPUXOOM KOPOHAJIBHOH IITa3MBl,
3KEeKTUpPOBaHHOM B BcmbllKe 4 HOsA0ps. Ha HukHei#t maHenu (cm.
puc. 3.23) noka3aHbl U3Ny4eHue coaHeyHoH BenblKky B 16:20 UT 4 Ho-
s16ps 1o naHHbIM “Goes 8 u Dst-Bapuanus. BUgHO, YTO reOMarHuTHOE
BO3MYIL[EHUE, CBA3AHHOE C IIPUXOIOM K 3eMile KOPOHAIIBHOMN 33KEeKIIH-
eit maccel (CME), Hauanochk okoso 20-it yacoB UT 5 Hos6psi. Cpenuss
nyteBast ckopoctb CME ~1700 xwm/c, cnegoBarensHo nepen CME
MOJIKHA CYIIECTBOBATH MOIIHAS yapHast BojiHa. VI3MepeHne MexXIlia-
"HetHOoro marautHoro nons Ha MC3 ACE, “Wind”, “Geotail” noaTsep-
KIAIOT STOT BBIBOA. DTa yAapHas BOJHA MOXKET CIIY>KUTb MOIHLIM HC-
TOYHHKOM 3HEPTrHUYHBIX YacTull. [I0TOKM IPOTOHOB ¥ MOHOB C IHEPIHU-
eit ot 1 go 100 MaB/Hyk Bo3pacTaay OT MOMEHTa BCIBILIKH 10 IPUXO-
na CME x 3emne. IHTEepecHO, 4TO yaapHas BOJIHA 3(p(pEKTUBHO yCKO-
psina anekTpoHbl. Ha cpenneit manenu (cM. puc. 3.23 ri1. 3) mokasaHbl
BpEMEHHbIE 3aBHCUMOCTHU MOTOKOB 3JIEKTPOHOB ¢ aHepruei ot 0,3 1o
12 MaB, KoTopble He U3MEPSUIACH HA ApYyrHe CIyTHUKAX B 3TO BpeMs
BHe reomaruutocepsl. Ha BepxHeil nanenu (cM. puc. 3.23) npusepe-
HO HM3MEHEHHe MOoKa3aTeslsd HepreTHYEeCKOro CIEKTpa 3JNEKTPOHOB,
KOTOpBIHA NMpakTHYecku He u3MeHsncs, noka CME npubnmxanace K
3emiie. CrekTp 3JMEeKTPOHOB CHEJAJCS MSr4e U IOTOK 3JIEKTPOHOB,
TakXe, KaK [IOTOK IIPOTOHOB ¥ MOHOB, CTajl yMEHbIIAThC IIPU yaae-
Hi KOM ot 3emnu. Ha C3 “Koponac-®” Takke U3MepsuIUCh OTO-
KU MOHOB C 3Heprueit oT 2 no 40 MaB/Hyk. BpeMeHHble Bapuanuu no-
HOB OoT C pgo Si 6buH NOROOHBI BapHalysiM IPOTOHOB U 3JIEKTPOHOB.
XUMHIYECKUIl COCTaB HEPTUYHBIX HOHOB Ha NPOTS>KEHUHU BCEH BCIIbIII-
KM NMPaKTHYECKU He U3MeHsuIcs (cM. Tabu. 3.3).

YckopeHue 3JeKTPOHOB B MEXIJIAHETHOM IPOCTPAHCTBE Ha
¢poHTE yrapHO#i BOJIHBI HAOIIOAANOCh TaKXKe IOCNEe BCIBIIIEK 22 HO-
a6ps B 20 4 26 MuH u 23 4 30 MHH.

5.2. IkcnepumeHT “Tnatan”
N0 M3Y4EHNIO TAXENbIX N CBEPXTAXENbIX fAep
KOCMUYECKMNX Ny4eit

®usuko-rexHudeckuit ”HCTUTYT UM. A.®. Mo de PAH coBmecT-
HO ¢ HUMA® MI'Y npoBoguT cucTeMaTH4ecKue UCCIENOBAHUS Tsi-
XKEJBIX U CBEPXTSIKEIBIX SIAEP KOCMUYECKHUX JIy4Yeil C IOMOLIBIO TBEP-
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CKUX MHTEpBaJax, CTeIeH! MOHM3aluK JacTull. M, HakoHel, perucr-
pauysi YacTHIl Ha pa3HbIX ¢a3ax HMKJa COMHeYHOU akTuBHOCTH (CA)
MIO3BOIIAET BBIAENUTD Ty WM HHYI0 KOMIOHeHTy KJI. B aToM ciaydae
unrerpaipHplii TT] npespaiaeTrcsa B guddepeHanbHblii Ha Bpe-
MeHHoi mKane 20-30 ner.

HepaBro mpoBeneHa oneHKa IOTOKa Sfep aproHa aHOMAaJbHON
KOMIOHeHThI KocMuueckux yudei (AKJI) B 1994-1997 rr. B fuanaso-
He sHeprueit 15-60 MaB/1H. IHTepec K 3TUM pe3ylbTaTaM ONpeens-
€Tcsl TeM, Y4TO B HACTOsIIIee BPEMSI OTCYTCTBYIOT JJaHHBIE O CYIIECTBO-
BaHuH MOHOB aproHa AKJI, 3axBadeHHBIX B MarHuTOCdepy 3eMIIA B
3TOM JlHala3oHe.

B HamieM skcnepuMeHTE BO3HHMKAeT BO3MOXKHOCTH OLIEHHTHL
moTtoku MexiuianeTHoro Ar AKJI B cBsi3u ¢ TeM, 4TO BKJaj Ar
I'KJI BHyTpH MarHuTOC(Eepbl 3HaUUTENbHO ocnabieH. ITonyuenne
maHHblex 0 MexruianeTHOM Ar AKJI py BBICOKUX SHEPIUSX IPEN-
CTaBJIsIeT 3HAYUTEJIbHBIN HHTEPEC B CBSI3HU C TEM, YTO IO HEKOTO-
PBIM MOJENIbHBIM NIPEACTABIEHUSAM MOHbI MOTYT YCKOPSITHCS B I'e-
auocdepe [0 TaKUX SHEPTHi JUIIL IPH YCIOBHH, YTO HMX 3apsif
6ompureit +1 (puc. 5.1).

B skcmepumente “IlmaTanH-5 (TOMIMHA CIIOEB JIETEKTOpa
60 mkm) simpa aprona AKJI HajiexKHO BBIENAIOTCS Ha (poHEe MeHee
pacnpocTpanenHbix cocegaux siep I'KJI npu sueprusix 15-20 MaB/u.

5.3. lMHamMm1Ka BHELLHEro pajuaLoHHoro nosica 3emnu
B Makcumyme 23-ro Uukra ConHe4HoN akTUBHOCTH

BBINONHEHbI MCCIAEHOBAHUS BEJIHMYMHbl U JUHAMUKH IIOTOKOB
3JIEKTPOHOB BHEIIHErO paJUalMiOHHOrO Iosica 3eMIU C IHEPrUer
0,8-6,0 M3B Ha reocraiiOHapHOM CIyTHHKe ‘“IKcrpecc-A2” (BbICO-
Ta 36,6 T KM) B IIEpUOJ] MaKCUMyMa 23-ro LUKJIa COTHEYHOM aKTHBHO-
ct (2000-2001 rr.). Ha puc. 5.2 npefcraBneHbl 3KCIEPUMEHTANLHbBIE
JaHHbIe 71 TPeX ANANa30HOB 9HEPIH 3JEKTPOHOB, a TAKXKE 3HaYe-
Hust Dst-Bapualyy 4 CKOPOCTH coMHeuHoro BeTpa V,. I'mcrorpamma-
Mu 0603HAYEeHbI YCPEIHEHHbIE 27-IHEBHBIE BEIMYMHEI IOTOKOB 3JIEK-
TPOHOB. Pe3ynpTaThl MONy4YeHbI C MOMOIIBIO MOHUTOPHHIOBOM anma-
patyps! “[Iuspa”, pazpa6oranHoir 8 HUMAP® MI'Y. Bunubl 3Haun-
TeJbHBIE, B IIpefieNax ABYX—TpeX MOPAAKOB BEJINYUHbI, BapHalMH I10-
TOKOB 3JIEKTPOHOB B 3aBUCHMOCTH OT YPOBHS COJIHEYHOM M reomar-
HUTHOM akTuBHOCTeH. B wactHOcTH, B KOHIEe 2000 — Havane 2001 r.
HaOIIIONaNCs IATEIbHBIH ClIal ”HTEHCHBHOCTH 3JIEKTPOHOB, 00YCIIO-
BIICHHBLINI YMEHBIIEHUEM CKOPOCTH COJHEYHOI'O BeTpa [0 3HAYeHUH
Vs, = 400 kM - c-!. ITonydeHHbIe pe3ynbTaThl YKa3bIBAalOT Ha HEOOXO-
AMMOCTH pa3pabOTKK MeXaHU3Ma YCKOPEHHs 3JIEKTPOHOB BO BHEII-
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HEUX 00nacTssX MarHuTocepsl 3eMiu 0 PEeSTHBUCTCKUX SHEPIui,
KOTOPBI MOXET GbITH 00yCIOBIIEH IapaMeTpaMy COJIHEYHOIO BETpa
¥ MEXIUIAHETHOI'O MarHUTHOTO IIOJIS.

5.4. MOHUTOPUHT paguaumoHHoit 06¢cTaHoBkM Ha MKC

B 2000-2001 rr. Ha 60opTy MeknyHapOoHOH KOCMUYECKOH CTaH-
i (MKC) npoBopnicss MOHUTOPDHMHT PagMaliOHHOM OOGCTAaHOBKH C
nomouipio paguoMeTpa P-16, cospannoro B HUMA® MI'Y. OTH nc-
ClefloBaHMs SIBWINMCh NMPOAOJIKEHNEeM paboT, HayaThIX B 1986 r. Ha
GOpTy POCCHICKOM MUIOTUPYeMOH cTaHuu “Mup” ¢ IOMOIIBIO aHa-
JOTUYHOTrO npubopa.

Ha puc. 5.3 npefcraBieHbl CPEAHECYTOYHbIE JO3bI PaTUALMH BHY-
tpu MK C 1o noka3zanusM AByx fo3umeTpos [11 u [12, BXOASIIHX B CO-
craB P-16 u OTIMYarONINXCSI TOJIIMHON NIACCHBHOM 3alUTHI U, COOT-
BETCTBEHHO, IOPOTOBOM 3HEPTHEH perncTpupyeMbIx yactul. M3 puc.
BH[IHBI 3HAYNWTENbHbIE BApUAUWH JO3bI ITO JaHHBIM HU3KOHEPTUYHO-
ro gosumetpa [I2, oGyciosneHHble notokamu npotoHoB CKIJI or
momHbIX Benbimek 2000-2001 rr. OcoO6blil HHTEPEC NMPENCTABISAET
nepuop 01,01-04,01, korga oTMEYanuCch MUHMMAJbHbIE 3HAYEHUS [0~
3umetpa [12, 6iu3Kre K 3HayeHusIM 60J1e€ BbICOKOIHEPIrHYHOT O NO3H1-
MeTpa [11. OTO MoOXeT ObITh OOYCIIOBJIEHO OTCYTCTBUEM BCIIBILICK
CKIJI B 3TOT NepHof, ClaJioM HHTEHCHBHOCTH PENIATUBHCTCKUX SJIEK-
TPOHOB BHEIIHETO PafHAlMOHHOTO IOsiCa M3-32 HU3KOM CKOPOCTH
COJTHEYHOTO BeTpa M OCNabjeHUEM IIOTOKOB IIPOTOHOB BHYTPEHHETO
110sica Ha MaJIbIX BHICOTAX B IEPHOJ] MAaKCHMyMa COJTHEYHOM aKTHBHO-
CTH U3-3a YBEJIMYECHUS INIOTHOCTU aTMOCHEPEI.

5.5. ccnegosanue usoTonos Be
B BepXHeit aTmMoceepe 3emu

B Teuenwue psga net, HauuHasi ¢ 1996 r., Ha ciyTHUKaxX cepuu “Ko-
cMmoc” u “Pecypce”’, HUMSI® MI'Y npoBoaui UCCIENOBaHNs 3aBHCH-
MOCTH KOHIIEHTpAalMM pagHOaKTHBHOrO M3oToma Oepunnus 'Be B
BepxHell aTMocdepe 3eMiIH OT BenbleyHOH akTuBHOCTH ComHIA.
ITocrosinHas OpueHTalys CIIyTHAKOB IIO3BOJIsUIa HAa OIHOM CTOPOHE
HeTeKTopa (OpPHEHTHPOBAaHHOIO IO BEKTOPY CKOpPOCTH) COOMpaTh
pa3iuyHbIe sipa, HaXOASIIKeCs B TEINIOBOM PaBHOBECHH C OKPYXKaro-
me#t atMocepoii. ITocne crycka annapaTta Ha 3eMIII0 METO[OM IraM-
Ma-CIIEKTPOCKOIINH HCCIIEN0BANOCh IPUCYTCTBUE Ha IIJIACTUHE pas-
JIMYHBIX paJUOaKTUBHBIX U30TONOB. M30TON "Be Ob111 OOHAPYKEH BO
BCEX 3KCIEPHMEHTAX.

116



MKC, P-16 (ISS, R-16)
30

[\
o

Mpan/cyTKu
=

18(.)07.00 26.10.00 03.02.01 14.05.01 22.08.01 30.11.01
06.09.00 15.12.00 25.03.01 03.07.01 11.10.01

Hata

Puc. 5.3. Bapuauum no3s paguauumn Ha 6opTy MKC no gaHHbIM npuopa P16

1.LE+10

“5 3 30
m 3 [0 LDEF
e S 1B 09 ] x 1730 [] cosMos )5
8o Py [ RESURS-FI
B 1 B sEP —
* |.E + 08 - ~ GCR 20
E M X-ray average

1.E+07

15

1.E+06 10

n

AL Al

1989 1990 [1995 1996 1997 1998 1999 2000

1.LE+ 05

CyMMapHast aKTUBHOCTb, Bx/M?

CyTouHblif hITIOEHC TPOTOHOB, CM

CyTOYHBIH (ITIOEHC PEHTTEHOBCKHUX T

1.LE+04

Puc. 5.4. AKTuBHOCTL Be-7, uamepeHHas B pasnuyHbiX 3KCNepumMeHTax, B 3a-
BMCUMOCTM OT CYTOHHOIO (DSII0EHCa CONMHEYHbIX MPOTOHOB U PEHTreHa

B pe3ynbraTe MHOrOJeTHUX CIYTHUKOBBIX HUCCIEOBAHUH NOTO-
KOB N30TOIOB "Be B OIMKHEM KOCMOCE JOKa3aHa UX COJIHEYHasl IIPH-
pona: Haubojee BEpPOATHbIM MEXaHH3MOM MX TE€Hepaluyl sIBJISETCS
B3auMofielicTBUe IPOHUKAIOLINX B MAarHUTOCGEPY COTHEUHBIX KOCMHU-
YECKMX JIy4el BO BpeMsi BCObllIeK (puc. 5.4).



[(naBa 6

PE3YIIbTATHI,
NMONMYYEHHBIE MO HAMPABNIEHMIO KU
‘BHEATMOC®EPHASA ACTPOHOMUA”

[poeKT “PeHTreH-KeaHT”

Monyas “KBaHT” ¢ acTpodu3ndeckumMu Inpubopamu Ha GopTy
611 mpucteikoBaH K OKC “Mup” B 1987 r. 1 IpOBOAXIT HU3MEPEHNUS
BIUIOTH o Mapta 2001 ropa. 3a 14 neT ero (yHKUMOHHPOBAHWS Ha
opbure 66110 MpoBeneHo 6onee 3000 ceancos HaGMIOAECHAN U TOTY-
9YeHbl MHTEPECHbIE HayuyHble pe3ynbTaThbl. [0 caMOro 3aTONJeHUs
cranuuu “Mup” mpuGopbl MOAYJSL OCTABaIHMCh MOJHOCTHIO PaboTo-
CNOCOOHBIMH, a CaM OH SIBTISIETCSI MUPOBBIM PEKOPACMEHOM IO IPO-
[OJIKUTEILHOCTH aKTUBHOU pa6oTsl Ha opbuTte. Ha monyne “Ksant”
ObLIN YCTAHOBJIEHBI 4 MPHOOpa, YyBCTBUTENLHbIX B OOJACTH OT He-
CKOJIbKUX K3B mo Heckompkux coreH ka3B: TTM/COMIS, HEXE,
GSPC u Ilynbcap X-1.

Perynsipuble HaOIIONEHUS] HICTOYHUKOB PEHTI€HOBCKOIO H3Iyye-
HUS Teneckonamu o6cepBaropuu “Penrtres” Havanuch B 1987 r., 3a-
JOAro O 3allycka peHTreHOBcKux ob6cepBaTtopuid, ASCA (1993),
RXTE (1994), BeppoSAX (1996). B 1988-1993 rr. nony4eHbl yHu-
KalbHbIE JIaHHBbIE IO PsIy OOBEKTOB, KOTOPbIE aKTUBHO HabJIroNna-
JIMCh ApYyrumMu o6cepBaTOpUsIMHU B 0ojiee IO3THEEe BpEeMsL.

Co3paH KaTaJor PeHTT€HOBCKHMX HCTOYHUKOB I10 JAHHBIM HaOII10-
nenuit TeneckonoMm TTM/COMIS o6cepBatopun “Mup-KBanT ’.
B kaTasiore npuBeIeHO KpaTKOEe ONMICAaHUE PEHTTEHOBCKUX CBOMCTB U
XapaKTepHbIE CIIEKTPbl Pa3HbIX TUIIOB HCTOYHUKOB 3apETUCTPUPO-
BaHHbIX B mepuop ¢ 1988 mo 1998 rr.

O60 Bcex HCTOYHHKAX, BXO[SIIMX B KaTajor, IpUBENEHa IOJI-
Has nHopManus: ob1Iee KOJUIECTBO CEaHCOB, X CyMMapHasl 9KC-
MO3UIMSI, TIONHOE BpeMs “‘BUAMMOCTH OOBEKTA, OTHOCUTEJIBHOE
BpeMs HaXOKIEHHUsSI ICTOYHHUKA B “aKTUBHOM™ COCTOSIHHMH, ECITH OHO
HaGmronanock. Karamor cogepXuT faHHble 0 67 UCTOYHUKAM, U3-
BECTHBIM K HACTOSIIEMY BPEMEHH, U3 KOTOPBIX 18 SIBIAIOTCS TpaH-
3MeHTHbIMHU, 13 sBIsIFOTCA MynbcapaMu, 18 — G6apcrepamu u 17 —
KaHAUAAaTaMH B YEPHBIE ABIPHI, [Ba — MUKPOKBa3apaM# C BUOUMbIM
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CBEPXCBETOBLIM paszneToM KommnoHeHT GRS 1915+105 u GRO
J1655-40, omun — ocraTok cBepxHoBoil — KpaGoBupHasi TyMmaH-
HOCTh, iBe rannakTuku NGC 4151 u CEN A 1 1miecTb peHTT€HOBCKHUX
HOBBIX. K Knaccy peHTreHOBCKUX IBOMHBIX OONBIIONA MAacChl MOXK-
HO OTHEeCTH 15 06 beKTOB, a enje 46 — K MaJJOMaCCUBHBIM JIBOHHBIM
cucremaM. lllects u3 67 o6bekTOB KaTtaiora (SMC X-1, LMC X-1,
LMC X-2, LMC X-4, NGC 4151 u Cen A) BISIOTCSI BHETaNaKTUYe-
ckuMu. B xaTanore npuBeneH KpaTKuil aHalIu3 CIEKTPOB XapaKTep-
HBIX UL KaXKAOI'o Kj1acca OO'bEKTOB.

B pesynbraTe npoBefgeHHOro aHanm3a HaOMIOfeHMH oO6JIacTu
Henrpa I'amaktuku ¢ 1987 nmo 1998 rr. 611 0OHapy:XeH neULUUT
PEHTTEHOBCKMX BCILIECKOB I-ro poja OT [BOHHBIX CHCTEM C MallbIM
TEMIIOM aKKpeuuu. brarogaps IIMPOKOMY TOJNIO 3peHUs
(~15 - 15 rpapmycoB) B anepTypy TeJlecKONa OTHOBPEMEHHO MOonafaeT
3HAaYMTEJIbHAS YacTh Macchl ['anakTHKU U, CIIENOBATEIBHO, GONbIIIOE
YHUCIIO PEHTIEHOBCKUX UCTOYHUKOB. B xofe HaOmrofeHnii 6110 3ape-
TUCTPUPOBAHO 47 PEHTT€HOBCKMX BCIJIECKOB, U3 KOTOPBIX 33 BcIute-
CKa, CKOpee BCEro, sIBIAI0TCS BeIleckaMu I-ro popa, cBsi3aHHBIMU C
HECTaOWJIBHBIM TOPEHHNEM I'eJIHs] Ha IOBEPXHOCTH HEUTPOHHBIX 3BE3I.
Bce 3aperucrpuposansble Bemiiecku [-ro pona uaeHTHRUIUPOBAHBI ¢
M3BECTHBIMU PEHTTE€HOBCKUMH WCTOYHHKAM¥, NPUYEM CBETHMOCTH
9THX MCTOYHMKOB [IO0 M IIOCJE BCIUIECKA, M3MepsieMasi TEeJIeCKONOM
TTM B pnamazone 2-20 k3B, 6b11a focTaTOYHO Benuka. Hu ogHOro
BCIVIECKA HE ObLIO 3apErMCTPUPOBAHO OT MCTOYHHKOB, CBETUMOCTD
KOTODBIX B CIIOKOWHOM COCTOSIHUYU HE IPEBBILIAET MOPOT IETEKTUPO-
BaHMA TEJIECKONA. DTOT Pe3yJIbTaT NO3BOJIIII MONYYUTh OTPaHHYE HUST
Ha cOYeTaHME YUCJIa NBOMHBIX UCTOYHHKOB C MaJIbIM TEMIIOM aKKpe-
UMM ¥ CBOMCTB PEHTIEHOBCKUX BCIIJIECKOB OT TaKHX HMCTOYHHUKOB, B
YaCTHOCTH, MAaKCHMAJIbHOHI CBETUMOCTH BO BPEMsI BCIUIECKOB U YacCTO-
ThI UX BO3HUKHOBEeHHUsl. OIUH U3 BCIIJIECKOB BIIEpPBbIe ObLT 3a(UKCH-
poBaH OT ucTo4yHMKa A1744-361, sBisIOmIEerocss akKpeUupyromein
HEUTPOHHOH 3BE3JOM.

Brin mposemeH ananu3 HabmiopgeHuit Gapcrepa 4U 1724-307
(1E~1724-3045) B mapoBoM ckomienuu Tep3an 2 ¢ 1971 no 2001 rr.
o6cepBatopusamMu  Uhuru, OSO-8, Einstein, “Exosat”, Teneckomnom
TTM o6cepBatopuu “Mup/Ksaut” un npuéopamu ASM u PCA o6cep-
Batopuu RXTE. Kpusas 6necka 6apcrepa 4U 1724-307, nonyyeHHas
[0 3THM [AaHHBIM, IOKa3bIBAET, YTO HCTOYHUK OBbII IEpEeMEHEH Ha
Macmtabe 30 nmer: Ha nporspkeHnH HepBbix 20 JeT HaOMIONEeHHN
(1970-80-€ roppl) MOTOK OT HCTOYHHKA ObLT MPUOIU3UTENBHO HA OfI-
HOM ypoOBHE, OflHaKO B 1990-x rogax, Kak noKa3al# pe3yjbTaTbl 00-
cepBaTopun “PeHTreH-KBaHT”, IOTOK OT UCTOYHMKA pOC B TEYECHUU
~5 net, ¥ NpUONIU3UTEIBHO TaKOe Xe BpeMsl Nafall, NpuOImKasIch K
CBOEMY epBOHAaYaJbHOMY 3HaYeHNIO. B KayecTBe 0O bSICHEHNs TOBE-
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[eHust KpUBOM GiiecKka ObIIN IMPENIOXKEHbI TaKue CUeHapHH, KaK, 9BO-
JIOLUS TeMIla MCTEYEHMSI BELIECTBA C IOBEPXHOCTH 3BE3MIbI-OHODa,
SMU30JUYECKOE MOSIBIEHHE BTOPOr0 UCTOYHUKA B IIIADOBOM CKOILIE-
HHH ¥ T'PaBUTAlMOHOE MUKpPOJUH3HpOBaHUe. TakKe B KayecTBe Of-
HOT'O U3 CIeHapHeB, ONUCHIBAETCS BO3MOXHOCTb BIUSIHUS IPOJIETa
TpeThel 3Be3abl Ha TeMn akkpenyu B cucteme 4U 1724-307. [Toka3za-
HO, YTO €CJIIH MMEHHO 3TO COOBITHE OTBETCTBEHHO 3a 10-1eTHee mo-
BblIeHNEe cBeTUMOCTH Gapcrepa 4U 1724-307, TO MOXHO CAenath
OLIEHKY pa3Mepa M Inepuopa [BoiHON cucremsl.4U 1724-307
(~5 - 10" cm).

6.2. [NpoekT “I'panat”

3apaueit o6cepBaropun “I'panar” (1990-1998 rr.) 66110 npoBe-
NeHue IMUPOKOMACHITaOHBIX acTpPOMU3MYECKMX MCCAENOBAHUI B
PEHTTeHOBCKOM ¥ raMMa-firana3oHax (ot 3 k3B no 100 MaB), nosso-
JISTFOIIMX TPOBOAUTH JIOKAJIU3alMI0, aHAIN3 CIEKTPOB U BPEMEHHOM
NEPEMEHHOCTH KOMIIAKTHBIX MCTOYHMKOB PDEHTTEHOBCKOTO H3JTyYe-
HUs (HEUTPOHHBIX 3BE3[l M YEPHBIX [bIP), IE€TEKTUPOBAHUE KOCMUYE-
CKUX TaMMa-BCIJIECKOB ¥ BLICOKOSHEPTUYHbIX COJIHEYHBIX BCIBIIIEK,
NOMCK TPaH3MEHTHBIX KOCMHYECKHMX HMCTOYHHMKOB, BCIBIXMBAIOIIMX
JIMIIb HAa KOPOTKOe BpeMsl. VICTOYHMKYM pEHTIE€HOBCKOIO M3JyYEHMUs
XapaKTEepPU3YIOTCSl TMTAHTCKAMM TDABUTAlMOHHBIMU M MarHUTHBIMHA
MOJISIMH, KOJIOCCAJIbHBIMU TeMIIepaTypaMy IJIa3sMbl (BILIOTh O MMJI-
JMapAoB I'pajycoB) U INIOTHOCTSMU 3SHEPIMH U3JIyYEHHUS, HEOCTYII-
HBIMH JJIsI MCCIIEMOBaHus B 3eMHBIX JJabopaTopusax. B mpouecce Ha-
GirofleHni Obli1a MOJIYYHA BakHelmass nHpopManus O Ipupoje HEl-
TPOHHBIX 3Be3]] M YEPHBIX AbIp — OO'bEKTOB BCENEHHOM, SHEPTETUKY
KOTOPBIX ONpefieIsieT NMafieHue BEIECTBA B CUIILHBLIX FDaBUTAIMOH-
HBIX mossix. OCHOBO 711 MPOOYKTUBHOM pabOThI 06CepBaTOPHH, Ha-
OGnrofaromiell B XXeCTKOM PEHTI€HOBCKOM OMala3oHe, SIBUIICS yhad-
Hblil BbI6Op op6uTel KA “I'panar” (anmoreit 200 ThIC. KM, epHof 06-
pawmenus 4 cyTok). Takas opOuTa Mo3Boisijaa NPOBOAUTE [IUTENb-
Hble HENpPEPbIBHBIC HAOIONEHNS BHE PAAUAI[MOHHBIX II0SICOB 3EMIIH,
YTO 0COGEHHO BaXKHO JJISl IETEKTOPOB, CIOCOOHBIX PErHCTPUPOBATh
peHTreHoBckoe usnydeHue. CrabunbHas paboTa KOCMHYECKOTO all-
nmapara, O3BOJISIBIIErO NNPOBOAMTH HaBECHUE TEJIECKOIIOB Ha 3ajjaH-
HbI€ Y4acTKH HeOeCcHOH cepbl, XOpOLLee YII0BOE U IHEPIETHYECKOE
paspellleHre Hay4yHbIX IpUOOPOB U CaMOOTBEPXKEHHas paboTa Bcex
CTIEeNMANIMCTOB, YYaCTBYIOIIUX B IPOeKTe, o0ecneuyunu ycnex oocep-
Batopuy “I'paHaTt’”.

BrnepBrie 06Hapy>XEeHO paHHEE IOCIEeCBeYeHNE IPKOr0 KOCMUYe-
ckoro ramma-seriecka 23 mronst 1992 r. (GRB920723), okazaBpmiero-
csi B IIOJIe 3pEHHsl BTOPHYHOM onTuku teneckona “Curma”. ITocme
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BCIUIECKA, IJIUBIIErocs okoiuo 6 c, Ha npotsikenun 1000 ¢ Habnrona-
JIOCh 3aTyxaromjee Msrkoe ramma-usnydenue (35-300 x3B). 3a sTo
BPEMS1 BBICBETMIIOCH NpUOIN3UTENbHO 20% 3Hepruu Bcmiecka. MH-
TEHCHBHOCTB IIOCIIECBEYEHUS ClIafialia II0 CTENIEHHOMY 3aKOHY C MOKa-
3ateneM —0.7. B MOMeHT, Korjja nocjaecBeyeHne HaunHaeT JOMUAHUPO-
BaTh HaJ M3Iy4YeHHeM ramma-BclIliecka, HabIoganoch pe3koe yMeHb-
LIEHHE KeCTKOCTH u3ny4yeHus. ITOTOK B mociecBeyeHNH mafaeT Mo
CTENEHHOMY 3aKOHY. DTO NepBoe HaONMIOEHUE NOCIeCBeYEH sl IaM-
Ma-BCILJIECKA B MSITKOM raMMa-Jinana3oHe. '

ITo nanneIM mpubopa “Pebyc” B guanazone ~100-500 k3B uccie-
MOBaHbl paHHME IIOCIECBEYEHHUS ABYX SPKUX TraMMa-BCIUIECKOB
910402 u 920723 na BpeMenHoM MaciuTabe 1o ~1000 c. Kpussbie Gie-
CKa SIBJISAIOTCS CTENIEHHBIMU C HaKJIOHaMH Onu3kuMu K —0,6 1 —0,7 u B
MOMEHT Havaja oCJIeCBEYEeHNs TaKXKe HabIoanochk pe3Koe YMEHb-
IIEHUE JKECTKOCTH 3HEPreTHYeCKOro CHeKTpa. B mociecBeyeHMM
Bcwiecka 910402 Habnromanock yBeqMYeHne KeCTKOCTH HabIIrofae-
MOTO CIIEKTpa CO BPEMEHEM.

IIpoBenen aHanmu3 3KCIEPHUMEHTANBHBIX JAHHBIX TeIECKOIa
APT-II, nony4eHHBIX B XOfe HAGNIONCHUI TPAH3UTHOIO PEHTTE-
HOBcKoOro nynbcapa 4U0115+634 Bo Bpems ero BCIBIIKY B deBpa-
se 1990 r. VICTOYHHK AEMOHCTPUPOBANl CHIIBHYIO PETYNISPHYIO H
HEeperyJIsipHyt0 TepeMeHHOCTH. Habnrofaniuchk BCIUIECKH pPEHTTe-
HOBCKOTO u3Ny4YeHuss AMUTeNbHOCTBIO 300-500 c. B doronnoMm
CIEKTPE MCTOYHUKA 3aperUCTPUPOBAHBLI IBE OCOGEHHOCTH B IIO-
IJIOLIEHUH Ha IHEPIrusx ~12 u ~22 k3B, no-BupuMomy, cBsi3aHHbIE
C PE30HAHCHBIM PACCESTHUEM €r0 W3JTy4YeHMs Ha IIepBOU M BTOPOM
OUKJIOTPOHHLIX IapMOHUKaX. BenndnHa MarHUTHOTO IIONS HEW-
TPOHHOM 3BE3[bI, COOTBETCTBYIOIIECE ITUM OCOOEHHOCTSM, COCTAB-
15010 ~1,3 - 1012 I'c. OTHOIIEHNE 3HEPrUi IMHUN HECKOJIBKO OTJIH-
Yajock OT rapMoHudeckoro (1 : 2), 6omee TOro, 3T0 OTHOIIEHUE U
caMu 3HAYEHHUs SHEPIUA JMHHUIA 3aMETHO MEHSIUCh ¢ (a3oil Ha
MacmTade OMHOrO NepHoa MyIbCAlU.

HccnenoBanbl CeKTpalbHble COCTOSIHHSI M XapaKTepPUCTHKH
BCIIECKOB PEHTTEHOBCKUX OapcTepoB. Mcnonb3ysl maHHbIE TelecKo-
na APT-II o6cepBatopun “I'panat”, 611 MpoBefeH MOAPOOHLIN aHa-
U3 K3IyYEHUs OBYX PEHTIEHOBCKUX OapcrepoB, A1742-294 wu
SLX1732-304, Haxopusiiuuxcst BOIU3M rajlaKTHYECKOTO leHTpa. [Toka-
3aHO, 4TO M3Jy4eHNe 000UX HCTOYHUKOB B CIIOKOWHOM COCTOSIHUH XO-
POIIO ONMMCHIBAETCS] TUNHYHBIM MJISI IPKUX MaJIOMAcCHBHBIX PEHTIe-
HOBCKHX IBOAHBIX CIIEKTPOM C YETKO BBIPAKEHHBIM 3KCIIOHEHI[AAIb-
HBIM 3aBajiOM, a CIIEKTP OOHAPY>KEHHOTO HIM3KOI'O COCTOSIHUSI BTOPO-
O MCTOYHHMKA MOXET OBbITh YHOBICTBOPUTEIBHO ONWCaH IPOCTHIM
CTenmeHHbIM 3akOHOM. s mcrounmka A1742-294 BnepBrie oOHaApY-
¥KeHa 3aBHUCHMOCTb IPO(QUIS PETUCTPUPYEMBIX OT HETO PEHTIEHOB-
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CKHX BCIUIECKOB OT BEJIUYHHBLI NOTOKA. Hel’IOCpeJICTBeHHOC usmepe-
HHUE CpETHErO UHTEPBAJIa MEXAY TaKUMH COOBITUSIMH ITOKA3aJ10, UTo
OH OKa3aJiCsl B HECKOJIBKO pa3 MEHBIIUM, YEM IIPEANOJIarajioch paHee.
briia HO}IpO6HO HCCIIENOBaHA 3BOJIOUMA CBETUMOCTH U TEMIIEpATY-
PpbI ACTOYHUKOB BO BpEMsI 0c000 MOIIHBIX BCIIECKOB, 3aperucTpupo-
BAaHHBIX OT 3THX UCTOYHUKOB.

6.3. MpoekT “Benneck”

B pocciicko-aMepukanckoM skcnepumenTe “Konyc—Bunn” npo-
ekTa “Bcenneck” cOBMECTHO ¢ 3KCIIEpUMEHTOM Ha 30HAe ‘“Ymuccuc”
0oOHApyKeHO HeOObIYHOE MpOsBIeHHE AaKTUBHOCTH HCTOYHHKa Jle-
6enp X-1. Kanaunat B yepHsble bIpbl HOMep onuH, JleGenp X-1 npu-
HAMJIEXKUT K YUCTY CAaMBIX SIPKHX rajlaKTUYECKUX PEHTTEHOBCKMX HC-
ToYHHKOB. OH Ha6JIrOaeTcs B ABYX COCTOSIHUSIX aKTHBHOCTH: UHOTITa
B “MsArKOM” ¢ IpeoOiaialoluM n3nydeHreM c snepruei 2-10 k3B n
yale B “;KeCTKOM”™ ¢ aHeprueil u3nydenus B obmactu 10-200 k3B.
B 1995-2002 rr. B 3TOM HCTOYHHKE OBIIN 3aMeYe€Hbl HHTEHCHUBHbIE
BCIUIECKH T'aMMa-KBaHTOB miauTeiabHOCThIo oT 10000 mo 20000 c c
s"eprueit 15-1000 x3B. MakcumanbHble 3HaYeHUs] TOTOKOB Ha IIQ-
PSAOK MpEBBILIANN IOTOKH, HabmrofaBmuecs panee. VIHTerpanbHble
MOTOKH JJIsl 9TUX BCIUIECKOB JOCTHIald BenuduH ~3 - 10-3 spr/cm2.
Bcero 66110 3apHKCUPOBAHO 5 TaKUX COOBITUMA. [l HUX B 3KCIEPHU-
menTe “KoHyc—BuHA’ mosiydyeHbl feTalbHblE BPEMEHHBIC M CIEKT-
pajbHbIe XapaKTePUCTUKHU. 2KEeCTKHE SHEPreTHYECKHE CIEKTPbI 3THX
BCILJIECKOB IIO3BOJISIIOT MpeAIoiaraTh, YTO HaONIOfaeMble COOBITUS
MPEACTaBIsIIOT COOON HOBBLIM TUII aKTUBHOCTH HCTOYHUKA Jle6emp X-
1 co crieKTpoM GIIN3KUM K CIIEKTPY AJIS “XKeCcTKoro” coctosiuust. ITpu-
BeJICHHbIE PEe3yJIbTAaThl IPKO AEMOHCTPUPYIOT BO3MOXHOCTH TpPHAH-
TYJISIUOHHON MEKIUTAHETHON CeTH BCIJIECKOBBIX IpuOopoB IPN
(Interplanetery Network) 715 TOKa/lIu3alMy U UCCIENOBAHUS NIIATEIb-
HBIX HHTEHCHUBHBIX BCIBILIEK TPAH3UEHTHBIX HCTOYHUKOB.

B uccrnenoBaHusaX “‘KilacCHYecKHX’ KOCMHUYECKUX raMMa-BCILIE-
ckoB B akcnepuMeHnTax “Konyc-Bunp” (“Bunap”), “Konyc-A” (KA
“Kocmoc-2367") n “T'enukon” (“Koponac-®”’) Ha OOJBLIOM CTaTH-
CTHYECKOM MaTepHaje MPOBEeIeHO U3yUeHNe ObICTPOR CIIEKTPaIbHOM
IepEMEHHOCTH I'aMMa-BCIUIECKOB, BKIIIOYAIOLIEE JETalbHOE H3yye-
HHE HavalbHbIX (a3 COOLITHI 1 TOHKOH BPEMEHHOM CTPYKTYPBbI pPe3-
KMX MHTEHCUBHBIX MMKOB BO BpeMeHHbIX npocduisax. HecMoTpst Ha or-
paHI4YEeHus], CBsI3aHHbIE C IOMEXaMH Ha OKOJIO3€MHBIX OpOUTax OT pa-
AMALMOHHBIX IOSCOB M 3aT€HEHUs: 3emilell, akcnepuMeHThl “Konyc-
A” 1 “T'enuKOH” UTpalOT BaXHYIO poJIb, 00eCNeYNBasi CHHXPOHHYIO,
HO HE3aBUCHMYIO PErMCTpalyIO BCIJIECKOB MAEHTHYHBIMU HETEKTO-
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paMH, YTO CYIIECTBEHHO HOBBIIIAET HAf€KHOCTb pEricTpaly TOH-
KMX Ji€Talledl BPEMEHHBIX M CIEKTpajbHbIX XapaKTEPUCTHK BCILIE-
ckoB. Ilonydyennnle manHble copep:KaT OONbLIOH 06beM HHGPOpPMa-
LHH 7151 IOCTPOEHUS MOfieJiell MeXaHN3Ma TeHepalyi MOLIHBIX IOTO-
KOB M3JIy4EHHsI B UCTOUYHMKAX IaMMa-BCIIECKOB. BrimonHena o6pa-
60TKa BpPEMEHHOW M CIEKTpalbHOH MHGpOpMauuu 06 ocoboil Iof-
Ipylie KOPOTKHX FaMMa-BCIUIECKOB C JK€CTKUMH 3HEPreTHYECKIMHA
cnekTpaMu. HeoGbI4HbIe CBOMCTBA 3TUX BCINIECKOB BBI3BIBAIOT 3HA-
YUTEIBHbBIA HHTEpPEC U IHUPOKO OOCYXKMAaXOTCA B HayYHOH JIUTEpaTy-
pe. Ilonpo6Hble cniekTpanbHble U BpeMeHHbIE 1aHHbIe 0 Gonee 100
TaKUX COOBITUI CBEJIEHBI B €AMHbII KaTaJIOT, ONIOTOBIEHHBIA B e~
YaTHOM M 3JIEKTPOHHOU (popMax.

OkcnepumeHnT “KoHyc-BuHp" siBIsieTCS OIHON U3 TPEX OCHOBHBIX
OIIOPHBIX TOYEK MEXIUIAHETHOH CITYyTHUKOBOY CETH, KOTOpas OCyIlle-
CTBJISIET BBICOKOTOYHYIO JIOKANHM3AIMI0 MCTOYHUKOB raMMa-BCILIE-
CKOB TPHAHTYJISIHHOHHBIM MeTofoM. Tak, B 1999-2001 rr. Oblna ocy-
LIeCTBIIEHA BBICOKOTOYHas jokajau3auusi 6onee 100 cobwiTuii. 310
MO3BOJIAJIO TIPOBECTH Ha Ha3eMHBbIX TEJIECKONaX BbICOKOYYBCTBH-
TEJIbHBIA NOUCK aKTUBHOCTH UCTOYHUKOB BCIUIECKOB B ONITUYECKOM U
Pafuo fuana3oHax JJIMH BOJH, H3yYUTh UX NTOCIECBEYEHUs U CBS3aH-
HbIE ¢ HUIMU XapaKTEPHUCTUKH, OCOOEHHO KOCMOJIOTMUECKHE KPAaCHbIE
CMEIeHNs. DTU pe3yiabTaThl CO3[ali OCHOBY HOBOM IE€PCIEKTUBHON
007acTH acCTPOHOMMH U KOCMOJIOTMHM ¥ SIBJISIOTCS CYILECTBEHHBIM
BKJIaIOM B HalllM 3HAHHUS O KOCMUYECKUX raMMa-BCIIIECKax KaK acT-
PODU3NUECKOM SIBICHUH.

B skcmepumentax “Konyc-Buup” um “I'enukoH” B ¢espane
2002 r. 3aperucTpupOBaHO ¥ I€TaIbHO UCCIENOBAHO HOBOE MPOsIBIIE-
HHUe aKTHUBHOCTH MsArKoro ramma-penutepa SGR1900+14. B Teuenue
ABYX gHEH ObLIO 3a(pMKCHPOBAHO HECKOJIBKO NECSTKOB BCIBIILIEK B
sToM ucroynuke. Ilogo6Hoe nosenenue SGR1900+14 yxe nHabmnrona-
Jlock paHee B Mae 1998 r.



INTRODUCTION

The present report covers the three-year period (1999-2001) of fun-
damental space research (FSR) and is prepared by the Space Council of
the Russian Academy of Sciences (RAS) on the basis of materials pre-
sented by the RAS Institutes and Higher Educational Institutions respon-
sible for the scientific programmes of space projects of Russian Federal
Space Programme.

The report briefly deals with the state of work on space projects of
scientific purpose of Russian Federal Space Programme which are on the
stages of the realization of flight scientific programmes, processing of
space data of the completed flight programmes, experimental-design and
scientific-research work. Basic characteristics of these space projects,
including technological data of spacecrafts, scientific problems, complex
structure of scientific apparatus and the list of main executors of the
works are adduced in the enclosed ‘“References materials to the National
Report”.

Russian space projects were focused on solving essential scientific
problems and tasks in the following directions of fundamental space
research ( FSR): space biology and physiology; the Earth observation
from space; the Sun physics and solar-terrestrial relations; solar system
planets and small bodies exploration; out of atmosphere astronomy;
space rays physics.

For three years the principal efforts of Russian organizations and
specialists have been directed to realization of the flight scientific pro-
gramme of the international project “INTERBALL”; preparation for
launching the Russian-Ukrainian spacecraft (SC) for complex investiga-
tion of the Sun under the project “Koronas-E”, realization of the flight
scientific programme, processing and interpretation of the obtained data;
creation and ground testing of “SPEKTR-series spacecraft and scienti-
fic instrument complexes for astrophysical observation in the framework
of the international projects “SPECTRUM-X-Gamma”, “Spectrum-R”
(“Radioastron”) and “Spectrum-UV”".

In order to create the up-to-date scientific instruments and to conduct
astrophysical observation and investigation a wide cooperation of scien-
tific organizations of practically all developed countries including the
USA, Great Britain, France, Germany, Italy, Denmark, Sweden, Spain,
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Bulgaria, Poland, Israel, Japan and China was founded in the framework
of the “SPECTRUM?” projects.

Russian scientists took part in the international space projects of
NASA, ESA, Italy and the Ukraine. At that period the detector of fast
neutrons “Hand” was created within the complex experiment
“Gamma+Ray+Spectrometer”(GRS) for making gamma radiation and
Mars neutron radiation measurements from board the NASA spacecraft
“2001 Mars Odyssay” positioned in Mars orbit, and for making maps of
element composition of that planet surface. The work on creation of
some Russian devices for ESA “Mars-Express” project has been con-
ducted. ‘

In cooperation with Italian scientists under “Pamela” project the work
on creation of scientific instruments for study in the near-Earth space of
fluxes of antiparticles (antiprotons, positrons, light nucleus) and their
adaptation to the Russian “Resurs-DK1”-type spacecraft systems has been
carried on. The Russian specialists and the Ukrainian scientists started the
realization of the joint flight scientific programmes on Earth observation
from space with the use of meteorological satellites “Ocean-O” and
“Meteor-3”.

The specialists of RAS Institutes and foreign scientists have conti-
nued the processing of space data obtained during the realization of the
completed flight scientific programmes of “Rentgen-Kvant”, “Granat”
and “Interball” projects.

The RAS Institutes and Higher educational institutions in coopera-
tion with the space-rocket organizations have been studying the techni-
cal opportunities of creating prospective spacecraft and up-to-date sci-
entific instruments for solving actual problems and tasks of FSR. The
scientific projects on that stage were selected from more than two hun-
dred proposals on the basis of the competitive consideration of scienti-
fic purpose of the stated aims and tasks.



Chapter 1

STATE OF WORKS ON SCIENTIFIC SPACE
PROJECTS OF THE FEDERAL SPACE
PROGRAMME OF RUSSIA
(for January 1, 2002)

1.1. Physics of space plasma
and solar-terrestrial interactions

“Interball” project (a division of DS — projects at the develop-
ment stage — of the Federal Space Programme of Russia) provides a
new approach to the study of physical processes in the Earth’s mag-
netosphere, on magnetosphere boundaries and in the interplanetary
space.

Main scientific task of the “Interball” project is the study of unstable
processes in the Earth’s magnetospheric tail and their coupling to the
events in the auroral region of the magnetosphere as well as the study of
the origin and structure of the large-scale solar wind disturbances, which
are, in particular, responsible for the geomagnetic activity. These
processes include:

— magnetic field line reconstruction of the magnetospheric tail in the

course of the accumulation of magnetic energy;

— generation of field-aligned currents, responsible for the cou-
pling between the ionospheric current systems and the magne-
tosphere;

— acceleration of electrons and ions in the magnetospheric tail and in
the polar regions up to high energies;

— generation of the auroral kilometric radiation, coming to the outer
magnetosphere from auroral regions;

— explosive-like release of the magnetic energy, stored in the mag-
netotail, and its dissipation in the form of accelerated particle
beams, electric currents, ionization and heating of the iono-
sphere;

— sharp changes of the pattern of auroras and night sky emission,
related with the absorption of the magnetospheric plasma energy
in upper atmosphere.

Measurements of the plasma parameters, fluxes of energetic parti-

cles and characteristic of plasma waves are conducted simultaneously by
the scientific instruments onboard of 3 Interball satellites.
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Spacecraft Prognoz-M2-512 (“Interball-1”) and its subsatellite
“Magion-4” launched August 3, 1995 perform the measurements of the
bow shock, at the magnetospheric boundary, polar cusp and at important
key regions of the Earth’s magnetotail. Flight scientific program was
finished October 16, 2000.

Spacecraft Prognoz-M2-513 (“Interball-2”) launched August 29,
1996 accomplishes the measurements of electromagnetic emissions,
precipitating particle fluxes, upgoing particle flows and cold plasma dis-
tributions at the northern Auroral region of the Earth’s magnetosphere.
Global images of the whole auroral region in ultraviolet light showing
the spatial distribution of auroras as well as their temporal dynamic dur-
ing substorms could be also obtained by “Interball-2”. Flight scientific
program was finished January 26, 1999.

Interball mission became one of the important constituents of the
International Solar-Terrestrial Program which includes also the space-
craft Geotail (ISAS/NASA), “Wind” and “Polar” (NASA).

Interball spacecraft are designed and manufactured at Lavochkin
Association (Russian Space Agency) and Space Research Institute of the
Russian Academy Of Sciences.

At present the processing and interpretation of the information
received in the course of Interball flight scientific programme realiza-
tion are being accomplished. The results of processing are given in
Chapter 3.

“Coronas-F” project (a division of DS — projects at the develop-
ment stage — of the Federal Space Programme of Russia) — is a part of
the International scientific programme “Coronas” (Complex Orbital
Observations of Solar Activity), within the framework of which the near-
earth space solar observatory “Coronas-F” was launched. The observa-
tory is designed to study the Sun in different phases of 11-year solar
cycle. The previous satellite “Coronas-I” (launched in 1994) observed
the Sun close to the minimum of its activity. “Coronas-F” project instru-
ments study the solar activity close the maximum of the current 23
cycle. “Coronas-F” satellite was put into Earth orbit on July 31, 2001 and
has the following parameters: orbital inclinations — 82,49°, min height —
500,9 km; max height — 548,5 km; the rotation period — 94,859 min.
Such orbit provides continuous observations of the Sun in recurrent peri-
ods of about 20 days, which is particularly important for helioseismo-
logic studies and monitoring of solar flares. The stabilization of space
device orientation (several angular seconds per second) ensures high
space resolution of the Sun observation. The realization of the flight sci-
entific programme, processing and interpretation of received scientific
information are in process.

The main scientific objectives of “Coronas-F” project are the Sun
global oscillations observations and seismologic studies of its entrails
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and interior structure; complex study of major dynamic phenomena of
the active Sun (sunspots, flares, plasma ejections) in the wide range from
optics to gamma-ray wavelength; the study of cosmic rays accelerated
during active Sun phenomena, their escape, interplanetary propagation
and geophysical effect.

The Head Institution charged with preparation and implementation
of the mission is the Institute of Terrestrial magnetism, lonosphere and
Radio Wave Propagation of the Russian Academy of Sciences.

The Head organization charged with technical preparation of the
space apparatus is the Southern Design Office, Dnepropetrovsk,
Ukraine. '

At present the processing and interpretation of information
received in the course of “Coronas-F” flight scientific programme real-
ization are being accomplished. The results of the processing are given
in chapter 3.

Project “Coronas—Photon” (a division of DS-projects at the devel-
opment stage — of the Federal Space Programme of Russia) is aimed at
investigattion the process of energy accumulation and its transformation
to the energy of accelerated particles during solar flares, study of the
acceleration mechanisms, propagation and interaction of the fast parti-
cles in the solar atmosphere. Study of the solar activity correlation with
physics-chemical processes in Earth upper atmosphere.

“Coronas—Photon” mission would give the detailed information on
the high energy radiation, that was “observed for some solar flares by
Russian satellite “Gamma-1" and by Americans missions SMM and
GRO “Compton”.

Gamma-radiation from solar flares up to very high energy
2000 MeV will be systematically studied for the first time, solar neutrons
will be registered by instruments with high effective area. Measurements
of linear polarization of hard X-rays will open a new channel of getting
information about mechanisms of acceleration, propagation and interac-
tion “in situ” of solar flare.

Time resolution of the gamma-ray sensor will be significantly
improved up to sub-microseconds by using for the first time of the fast
inorganic scintillator (YA10;). Measurements of the EUV fluxes of full
solar disk will be done with absolute accuracy 10%, that is important for
thermo-modeling of the Earth upper atmosphere.

Data of “Coronas—Photon” satellite and data of missions “Coronas-F”,
“Yohkoh”, GRO “Compton”, “Soho”, “Ulysis”, “Wind” “Rhessi” and cor-
related observation with “Solar-B” will do an observational basis for the
much” better understanding of the chain of the processes in solar plasma,
resulting to burst release of energy in flare and heating/accele-
ration of matter/particles with sequence generation of secondary observa-
tional effects.
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Leading research institute responding for the onboard scientific pay-
joad of the “Coronas-Photon” project — Moscow Engineering Physics
Institute (State University) — MEPhI.

Leading design organization responding for the spacecraft “CORO-
NAS-PHOTON” — Scientific-Research Electromechanical Institute,
(Moscow region, Istra).

STATE OF WORKS ON “CORONAS-PHOTON” PROJECT

1. Are determined:

— main objectives of the project, the set and designers of onboard
scientific equipment; '

— the type of the basic spacecraft (“Meteor-3M”), regular systems
composition and companies responsible for satellite and its sub-
system.production;

— the type of the launcher (“Cyclon-3M”), the cosmodrome and
the launching pad,

— Russian ground-based telemetry stations.

2. Design binding of the spacecraft service (regular) systems and
electric power and control systems scientific equipment, taking and
delivering information has been completed. All power supply interfaces
have been agreed upon.

3. Preparation of technological models for the majority of scientific
devices is being completed, calibration and long-duration stability tests
for a part of them are in process.

4. The order of the complex development of scientific equipment has
been determined, and design and construction of appropriate means has
been initiated.

The scheduled date for the spacecraft launch — 2006.

“Interhelioprobe” project (a division of RS — projects at the
research stage — of the Federal Space Programme of Russia) for carrying
out the study of the Sun and the inner heliosphere aimed at solving the
problems of the solar corona heating, solar wind acceleration, and the
origin of major problems of solar activity — solar flares and coronal mass
ejections.

Main scientific tasks:

« To observe the solar atmosphere with a high time and spectral
resolution for studying its fine structure and small-scale
dynamics, including the potential outflow region of the variable
slow solar wind, as well as for establishing the microplasma
processes that determine the solar chromosphere and corona
heating and the acceleration of the slow and fast solar wind.

« To study the active regions, flares, ejections, and other inter-
planetary disturbances, as well as of temporal and spatial cor-
relations in the Sun and in interplanetary space during partial
co-rotations of the spacecraft with the Sun.
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* To determine the characteristics of the solar wind, plasmas, and
magnetic field in the heliosphere regions, connected with the
magnetoactive belt of streamers and coronal holes, that extend
from the polar to the near-ecliptic latitudes.

* To study the plasma turbulence and the processes involved in
acceleration, containment, and propagation of energetic parti-
cles in the solar environment.

» To obtain stereo images of solar features and to study their 3D
space-time dynamics. .

« To test and improve the remote and in-situ methods for fore-
casting the heliospheric weather and studying solar-terrestrial
relationships.

The Head Scientific organization is the Institute of Terrestrial
Magnetism, Ionosphere and Radio Wave Propagation of the Russian
Academy of Sciences (IZMIRAN).

The project is in the stage of working up the possibility of settling
the raised scientific tasks with the enterprises of space-rocket industry of
Russia.

Project “Resonance” to study of resonance interactions of electro-
magnetic emissions with charged particles in the Earth’s magnetosphere.

Project main goals:

» Long-term observations of the natural phenomena, localized in
the selected flux tube (dynamics of magnetospheres cyclotron
maser, ring current formation, refilling of plasmosphere after
magnetic storms, study of the role of the small-scale phenome-
na in the global plasma dynamics).

« An artificial influence on the operation of magnetospheric
maser (artificial excitation and/or stimulation of wave
modes; modification of the flux of precipitating particles;
variation of maser Q-factor by the modification of reflection
index in the ionospheric footprint of the selected magnetic
flux tube).

The Head Scientific organization is the Institute of Space Research
(IKI) of the Russian Academy of Sciences.

The project is in the stage of working up the possibility of settling
the raised scientific tasks with the enterprises of space-rocket industry of
Russia.

1.2. Extra Atmospheric astronomy

“Rentgen-Kvant” project (a division of DS — project at the deve-
lopment stage — of the Federal Space Programme of Russia) was aimed
at studying of energy and spectrum features and temporary variability of
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space X-ray sources: X-ray pulsars, low-mass binary systems, X-ray
Novae, active galaxy nucleus, quasars.

The main scientific tasks of the project were determined:

« construction of the image of sky regions in X-ray and gamma
bandwidths, localization of point sources;

« study of energy spectra of galactic objects and their light curves;

+ monitoring the celestial sphere with the purpose of detecting
new X- and gamma-ray sources at dense populated regions.

The Kvant 1 module (Kvant means ‘quantum’ in Russian) was
Jlaunched on 31 March 1987 and attached to the Mir space station on 12
April 1987 and its existence was finished March 23, 2001. In the course
of regular work the Kvant Module was providing “Rentgen-Kvant”
observatory flight scientific programme conducting. The operational
orbit of the orbital pilloted station (OPS) “Mir” allowed to conduct
observations at every round with average duration of about 20 minutes.
Moreover the accuracy of the station stabilization during the observation
was within 2 angular minutes.

There are 4 high-energy instruments in the module: TTM/”Comis™ —
a coded mask imaging spectrometer, “Hexe” — a set of 4 scintillators,
GSPC - a scintillation proportional counter, and “Pulsar XI” — a set of 4
scintillators. All shown experiments provided complex information
about the observal source.

Head institution on scientific payload — the Space Research Institute
of the Russian Academy of Sciences (IKI RAN).

Head institution on “Mir” station — Space Missiles Corporation
(SMC) “Energy”.

At present the processing and interpretation of information, received
in the course of “Rentgen-Kvant” project flight scientific programme
realization are being accomplished. The results of the processing are
given in chapter 5.

“GRANAT?” project (a division of DS — project at the development
stage — of the Federal Space Programme of Russia) was aimed to inves-
tigate quasi-stationary sources and gamma-ray bursts in X-ray and
gamma bands with the following construction of the image of particular
sky regions with the purpose of localization of point sources in them.
Relatively bright sources are under careful study via spectral analysis
and monitoring their light curves.

Main scientific goals of the project:

« construction of the image of sky regions in X-ray and gamma
bandwidths, localization of point sources;

« study of energy spectra of galactic and extragalactic objects and
their light curves;

« monitoring of the celestial sphere with the purpose of detecting
new X- and gamma-ray sources;
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» analysis of gamma-ray bursts and high energy solar flares spectry
and their temporal evolution.

“GRANAT” satellite launched into high-apogee orbit on Dec |
1989. Flight scientific program was finished 1998 and while the pro-
gramme was accomplished, the features of X-ray sources-neutron stars
and black holes, active Galaxy nuclei, space gamma-ray bursts and high
energy Solar flares — were investigated in detail. The analysis and pro-
cessing of the data received by the observatory are in progress. The
results of the processing are given in chapter 5.

Head institution on scientific payload — the Space Research Institute
of Russian Academy of Sciences (IKI RAN).

Head institution on “Granat” spacecraft — Lavochkin Association.

The “Burst” project (a division of DS — project at the development
stage — of the Federal Space Programme- of Russia) is aimed at cosmic
gamma-ray burst investigations and includes two cosmic gamma-ray
burst experiments, KONUS-WIND and KONUS-A, which solve the fol-
lowing scientific tasks:

» detailed study of the time histories of gamma-ray bursts;

« study of the gamma-ray burst energy spectra over a wide ener-
gy range from 10 keV up to 10 MeV;

« study of the fast spectral variability of burst radiation both in the
continuum and in features;

* localization of gamma-ray burst sources by two independent
methods: by the autonomously localization system and by the
triangulation method in cooperation with the IPN;

» search and investigation of an optical activity of the burst
sources beginning from initial phase of the event registered in
gamma-rays, significant refinement of localization at possible
detection of an optical transient.

The realization of the flight scientific programme is in progress; the
receiving, analysis and processing of data get in the course of “The
Burst” project synchronous experiments are being accomplished. The
results of the processing are given in part 3.

Leading organization for the KONUS-WIND and KONUS-A scien-
tific instruments: A.F.Ioffe Physico-Technical Institute, Russian
Academy of Sciences.

Leading organization for the E2U type spacecraft: M.V.Frunze
Arsenal Design Bureau.

The results of the processing are given in chapter 5.

“Spectr-R” Mission (“Radioastron”) is included to the division of
DS - projects at the development stage — of the Federal Space
Programme of Russia and is aimed to create, jointly with the global
ground-based net of radio-telescopes, a united system of Earth-Space
interferometer to receive images, coordinates and angular moving of dif-
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ferent universe objects with lobe width up to 8 microseconds of the arc
on 1,35 cm length wave, which is 50 times higher than the resolution of
the global ground-based net of radio-telescopes.

Main scientific tasks of the mission connected with syntheses of
high-precision images of various Universe objects, its coordinates
measurements and search their variability with the time. A beam width
of the system is up to 35 microarcseconds (for spare orbit it is up to 10
microarcseconds).

The main objects that are going to be investigated by means of the
“Radioastron” mission are the following: stars and planetary systems on
the different stage of evolution, neutron stars (pulsars) and black holes in
our galaxy, space masers structure and evolution, interstellar matter
investigations, physical processes near super-massive black holes in
galaxy nuclei, relativistic particles acceleration, superpower energy
extraction, super-high brightness temperature and super-light motions,
cosmological evolution of compact extragalactic radio sources, gravita-
tional effects, gravitational waves, fundamental cosmological parame-
ters and hidden mass nature.

The International project “Radioastron” intends the launch of a
space 10-metre radio-telescope into the elliptic high-apogee satellite
orbit. The orbit has a specially chosen regular evolution due to weak
Moon gravitation influence. Satellite rotation period is about 9,5 days;
perigee radius varies from 10 to 70 thousand km, apogee radius varies
from 300 to 350 thousand km. The orbit evolution provides its plane
rotation around the slightly changing apses axis.

Main organization on scientific complex — Astro Space Center of the
Lebedev Physical Institute of the Russian Academy of Science.

Main organization of spacecraft — Lavochkin Research Production
Association of the Russian Space Agency.

The State of work on “Radioastron” project.

1. The assembling of the full-size deployable antenna reflector of
the space 10 metre radio-telescope (CRT) with 27 lobes and
central mirror, made from compositional materials is complet-
ed.

2. On the ground for ground-based radio-astronomic CRT tests a
bearing-rotary device is installed and adjusted. Test plans are
developed.

3. Laboratory tests of the electronic CRT complex and the tests of
the interferometer with zero base (without antenna) are com-
pleted.

The scheduled spacecraft launch date is 2005-2010.

“Spectrum-X-Gamma” project (a division of DS — projects at the
development stage — of the Federal Space Programme of Russia) — for
making observations in broad wavelength region from far ultraviolet up
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to gamma radiation. The X-ray images with high angular resolution, pre-
.cise spectroscopy measurements and X-ray sources timing across whole
sky are provided with these experiments also.

The range of the main scientific tasks of includes considering prob-

lems of:

cosmology (Hubble constant measurements; far galaxy clusters
red shift with iron lines; estimation of super faint far X-ray
sources; study of extragalaxy gas emission; measurements of
angular fluctuation of X-ray background radiation; hidden mass
at galaxies and clusters of galaxies search);

extragalaxy astronomy ( source spectrum and timing detailed
investigation; search for far quasars and active galaxy nucleus;
search for young galaxies and clusters of galaxies on formation
stage);

Galaxy astronomy and relativistic astrophysics ( Black Hole and
neutron stars at binary systems detailed investigation; spectro-
metry and polarimetry of X-ray sources; all sky X-ray monitor-
ing to find new X and gamma ray transients; the Sun and stars
burst investigation at X-ray region).

Head institution on scientific payload — the Space Research Institute
of the Russian Academy of Sciences (IKI RAN).

Head institution on “GRANAT” spacecraft — the Lavochkin
Association. The scheduled SC launching date is 2005-2010.

The State of work on “Spektr—Rentgen—-Gamma” Project.

1.

75% of completion testing of scientific devices on construction
developing test (CDT) programme, resource testing included,
have been conducted.

. 60% of standard samples of devices have been prepared for

physical refinement and calibration by radioactive sources.
There are 70% of standard devices in store.

. More than 50% amount of work on industrial manufacturing of

special equipment for dealing with scientific equipment com-
plex (SEC) have been accomplished. Not less than 50% of
work have been accomplished. Further work is in progress.

. More than 70% of programme modes of SEC vibration-static

tests have been carried out.

. Work on manufacturing of standard samples of scientific

devices and units control-testing equipment for work with SEC
in spacecraft flight ware is in progress.

“Spectrum-UV” Project (a division of DS — projects at the deve-
lopment stage — of the Federal Space Programme of Russia) is the inter-
national observatory designed for carrying out astronomical observa-
tions in the ultraviolet (UV) spectral range (91-350 nm). The observato-
ry is equipped with the 170 sm mirrow telescope and scientific astro-
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nomical devices: range camera unit for receiving images and three-chan-
nel spectrometer (resolution power from 1000 to 60000). In many
respects the observatory must excel the Hubble Space Telescope in its
potentialities.

The main organization on scientific complex — the Institute of
Astronomy (INASAN) of the Russian Academy of Sciences.

The main organization on the Spacecraft — the Lavochkin
Association. The scheduled date of SC launch is 2005-2010.

“Astrometer” Project (a division of RS — projects at the research
stage — of the Federal Space Programme of Russia) is aimed at the deve-
lopment and insertion into near Earth orbit the optical interferometer
providing the accuracy of astrometric observations up to 20 microsec-
onds of the arc at a single measurement (over three orders above exact-
ness of measurings, achived in the world astronomy).

Main scientific tasks of the project are:

» A catalogue of positions for ~5000 astronomical objects with
sub-millisecond accuracy.

* Determination of absolute parallaxes for any type of objects in
the Galaxy and, possibly, converting to the determination of pa-
rallaxes of extragalactic objects.

* Building of an inertial coordinate system to which the motion of
solar system bodies and stars of the Galaxy can be related.

* Study of the geometry of the Universe (improvement of the dis-
tance scale in the Galaxy and outside of it, study of the galactic
rotation) in order to improve the knowledge of the dynamic of
the Galaxy (refinement of the value and distribution of its mass
including a qualitative estimate of visible and invisible compo-
nents).

Main scientific organisation: Institute of astronomy RAS.

The project is in the stage of working up the possibility of settling
the raised scientific tasks with the enterprises of space-rocket industry of
Russia.

“Gamma-400" Project (a division of RS — projects at the research
stage — of the Federal Space Programme of Russia) is aimed to determine
the nature of high-energy gamma-ray space emission in the energy range
above 30 GeV, where there are no experimental data till now. It is sup-
posed to use the direct method of gamma-ray detection by measurement
of energy in calorimeter and simultaneous measurements of particle
coordinates. It is planned to extend the interval of recorded energies up
to several TeV.

Main scientific tasks of the project are:

1. To obtain energy spectra of diffuse gamma-ray radiation to

clear up the role of inverse Compton effect in formation of
gamma-ray emission that can give an opportunity (in the case
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of essential role of electrons) to obtain the information on the
distance of the cosmic-ray source from the solar system.

2. To search peculiarities of energy spectrum in the measured
energy range (up to 1-2 TeV) to solve the question about the
existence of new particles (neutralino) predicted by the theory
of supersymmetry and so to determine the Dark matter nature
as well as the existence of “Kaluza-Klein gravitons”, which
according to theories with large extra dimensions perform
gravitational interaction. ,

3. To measure energy spectrum of gamma-ray emission from dis-
crete sources in the energy range up to several TeV that, on the
one hand, will give additional estimation criteria of an accep-
tability of proposed mechanisms of gamma-ray generation and,
on the other hand, will allow rather authentically to combine
the spectra data obtained by ground-based station measure-
ments, recording the Cerenkov radiation of extensive air show-
ers generated by primary gamma rays, with the direct mea-
surement data.

The Head Scientific Institute is Lebedev Physical Institute of the
Russian Academy of Sciences.

Leader of the experiment — Dr. L.V.Kurnosova (the RAS Lebedev
Physical Institute).

The project is in the stage of working up the possibility of settling
the raised scientific tasks with the enterprises of space-rocket industry of
Russia.

Project “Millimetron” (a division of RS — projects at the research
stage — of the Federal Space Programme of Russia) is aimed at the cre-
ation of an international space observatory — the interferometer “Earth —
Space—-Space” in order to perform of astronomical investigations in mil-
limeter, submillimeter and infrared regions with extremely high sensi-
tivity (to a few nanoJanskies units of flux density in continuum spec-
trum) and extremely high angular resolution (to a parts of microsecond
of arc or, possibly, nanosecond).

Main scientific tasks of the project are:

— discovery, research of origin and evolution of great number of
young stars, planet systems, and even single planets, their ori-
gin and evolution, search of evidence of life in the Universe;

— investigation of most dense regions of the Galaxy (compact gas-
dust complexes, globules), investigation of complex organic
instances in interstellar medium;

— investigation of relativistic stages of stellar evolution including
supernova explosions, white dwarfs, neutron stars, and black
holes of stellar mass;

— investigation of the structure and evolution of a region around
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the supermassive black hole in the Center of our Galaxy, simi-
lar and more power objects in other galaxies, processes of
acceleration and interaction of superenergetic particles, gene-
rated by cosmic accelerators in these regions;

— detection of galaxies on stages of their originating, research of
their following evolution, including investigation of evolution
of stellar, gas-dust components of missing mass;

— investigation of early evolution stages of the Universe from
recombination moment to beginning of stars and galaxies for-
mation;

— determination of fundamental cosmological constants and
investigation of nature of missing mass, study of fundamental
properties of space, time and vacuum,;

— high-precision astrometry for determination of distances and
proper motions of stars and extragalactic objects;

— search for new types of astronomical objects.

Leading scientific organization: Astrospace Center, LPI RAN.

The project is in the stage of working up the possibility of settling
the raised scientific tasks with the enterprises of space-rocket industry of
Russia.

1.3. Space biology and physiology

“BioCosmos-1” Project (a division of DS — projects at the devel-
opment stage — of the Federal Space Programme of Russia) is the logi-
cal development of “Bion” project and the stage of work in frame of
“Bionica” project. The scientists from Rosaviakosmos, ESA, NASDA,
CNES, and CSA take part in preparing of scientific program of funda-
mental and applied research related to “BioCosmos-1” project.

It is assumed that this project will be realied on the basis of financial
contribution from all interested agencies. The preliminary date of
launch — the autumn of 2005, duration of flight — 18 days.

The main goals: ,

— genetic, molecular biology and cellular mechanisms of adapta-
tion of living systems to microgravity;

—role of age in adaptation of mammals to microgravity;

— mechanisms of osteopenia and mascular atrophy in microgra-
vity;

— mechanisms of vestibular disturbances in microgravity;

— adaptation of cardiovascular system to microgravity and readap-
tation Earth gravity;

— effects of microgravity upon central and peripheral nervous sys-
tem;
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— behaviour and motor activity in microgravity;
— effects of open space upon living systems and abiogenic synte-
sis of peptides and nucleotides.

The biospecies used in that project are cellular and tissue cultures,
unicellular organisms, insects, fish, amphibia, seeds and germs of high-
er plants, rats of Wistar Hannover strain (approximately 36 rats).

The leading scientific organization and coordinator of the
“BioCosmos” project is the State Scientific Center of Russian
Federation — Institute of Biomedicaf Problems of Russian Academy of
Sciences (IMBP). '

The leading industrial company — is the State Space Rocetry
Production Research Center “TsSKB-Progress” (Samara) by the
Rosaviacosmos.

The “BioCosmos-1” project scientific flight experiments will be
conducted aboard the spacecraft “Bion-M”.

The State Of Work On “BioCosmos-I”’ Project. Representatives
of ESA, NASA, CNES and NASDA thoroughly discussed the draft of
scientific studies programme, onboard scientific hardware and practical
problems. Preliminary agreement was achieved to conduct in the
course of 18-day flight in 2005 joint experiments on rodents (rats) for
studying the peculiarities of adaptation of osseous-muscular and nerv-
ous systems of young and old animals to microgravity. A list of prob-
able experiments on the biology of sells, plants and water organisms
was also considered.

“Bionika” Project (a division of RS — projects at the research
stage — of the Federal Space Programme of Russia) is aimed to conduct
biomedical experiments during the orbital flight.

The main scientific tasks of the project are:

— studying of fundamental problems of space life sciences;

— developing of new approaches to medical control and support of
manned space flights;

— developing and testing of new technologies for the International
Space Station (ISS).

Biological objects: rodents, amphibia, fishes, insects, snails, plants,
cell tissues, cells, uninuclear organisms.

The leading scientific organization and coordinator of the BIONIKA
project is the State Scientific Center of Russian Federation — Institute of
Biomedical Problems of Russian Academy of Sciences (IMBP).

The project is at the stage of studying the possibilities to settle
these scientific tasks with the enterprises of space-rocket industry of
Russia.
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1.4. Earth observations

“Ross-1” project (a division of RS — projects at the research stage —
of the Federal Space Programme of Russia) is aimed at creation of
Russian Satellite Oceanological System (“Ross-17) for investigation of
the World Ocean and monitoring of the basic climate-forming factors in
the areas of intensive ocean-atmosphere interaction.

The main scientific tasks of the project are:

— registration of upward radiation at the millimeter and centime-
ter wave-lengths by nadir measurements with resolutlon of a
few ten kilometers;

— estimation of wind waves parameters in the same resolution
spot by nadir radar (scatterometer) at the centimeter wave-
lengths;

— measuring of wind speed and direction at the millimeter and
centimeter wave-lengths;

— registration of temperature and moisture parameters of soil and
forest covers at the visible, SHF and IR wave-lengths.

The project is at the stage of studying the possibilities to settle these
scientific tasks with the enterprises of space-rocket industry of Russia.

1.5. Space ray physics

Project “Rim-Pamela” (a division of DS — projects at the develop-
ment stage — of the Federal Space Programme of Russia) is aimed to
conduct the study in the near-Earth space of fluxes of antiparticles
(antiprotons, positrons, light nucleus), electrons and isotope abundance
in the primary cosmic rays.

The project is aimed to the following fundamental problems:

« in the domain of cosmology: baryon asymmetry of the observed
Universe, the dark matter origin (relict black holes, weak inter-
acting neutral particles, etc).

« in the domain of cosmic rays physics: galactic cosmic rays ge-
neration and propagation (nucleosynthesis, particle acceleration,
interstellar space, interaction with the interstellar gas, etc).

« in the domain of heliosphere and near-Earth space physics: solar
modulation of the galactic cosmic rays with different charge signs,
Sun processes and solar cosmic rays, high energy particles in the
Earth magnetosphere, anomalous component of cosmic rays.

The study will be carried out with the magnet spectrometer
“Pamela” onboard spacecraft “Resours DK 17 Ne 1

The principal organization from the Russian side for the scientific
problems and for aggregate scientific instrument is Moscow State
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Engineerig-Physical Institute — Technical University Ministry of
'Education (Cosmophysics Institute).

The principal organization from the Italian side for the scientific
problems and for aggregate scientific instrument is State Institute of
Nuclear Physics (branches in Rim, Frascatti, Florence, Bari, Triest).

The principal organization for spacecraft manufacturing, mounting
of the instrument ‘“Pamela”, launch and flight control is State Scientific-
manufacturing space-rocket Centre “TsSKB-Progress”.

The launch of the SC is scheduled for 2004. '

TUS Project (a division of RS — projects at the research stage — of
the Federal Space Programme of Russia) is aimed to study the ultra high
energy cosmic rays (energy per particle more than 1019 eV) with the
help of optical detector onboard the SC.

At the energy of about 5 x 1019 eV the cosmic ray spectrum should be
“cut-off due to the Greisen-Zatsepin-Kuzmin effect: absorption on the cos-
mological photon background. Data of the ground-based arrays have shown
that cosmic ray particles with energies >1020 eV do exist and it put a prob-
lem of the origin of those particles. There are two hypothesis on the origin
of the extreme energy particles: either they are accelerated by the “local”
astrophysical objects (at distances less than 50 Mpc from the Earth), or they
are a product of decay of the GUT (Great Unification Theory) particles with.
mass of 1024 eV — the “topological defects” of the Universe.

A search and study the ultra high energy neutrinos is possible due to
a large mass of the air target in the observed area (1011 t in the TUS
experiment).

The leading scientific institution is the Skobeltsyn Institute of
Nuclear Physics of the Moscow State University (SINP MSU).

The project is at the stage of studying the possibilities to settle these
scientific tasks with the enterprises of space-rocket industry of Russia.

The “Nuclon” Project (a division of RS — projects at the research
stage — of the Federal Space Programme of Russia) is aimed to study
Space physics with the use of methods of direct cosmic ray (CR) mea-
surements in extremely wide energy and charge range in the near-Earth
space: verification of astrophysical models of high-energy CR origin,
acceleration and propagation in our Galaxy; verification of astrophysical
models of intrastellar nucleus synthesis with neutron capture, to investi-
gate chemical evolution of matter in our Galaxy.

The main scientific tasks of the project are the following:

« to determine energy spectrum and chemical composition of high-
energy CRs in extremely wide energy range 1011-1015 eV,

+ to measure fluxes of super heavy CR nuclei beyond the iron
peak up to Z = 40;

*to measure fluxes of solar and anomalous high-energy
(>10 MeV) CR components.
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The leading scientific organization: Skobeltsyn Institute of Nuclear
physics, Lomonosov Moscow State University.

The project is at the stage of studying the possibilities to settle these
scientific tasks with the enterprises of space-rocket industry of Russia.

PAS Project is aimed to consider proposals on astrophysical studies
with the use of thin film structures of vast areas.

The main scientific tasks are the following:

+ Registration of ultra-high-energy particles in cosmic rays
(E=1020¢eV);

« Search for massive charged particles as a possible candidates of
the “dark matter”;

» Measurements of magnitudes and variations of the nucleus flux-
es in cosmic rays allowing also for the radioactive and exotic
nuclei;

» Measurements of the magnitude and gradients of the near-earth
magnetic field;

« Monitoring of the micro-meteorite fluxes.

Head scientific organization — Lebedev Physical Institute of the
RAS.

The project is at the stage of studying the possibilities to settle these
scientific tasks with the enterprises of space-rocket industry of Russia.

1.6. Studies of planets and small bodies of the solar system

“Phobos—Soil” mission (a division of DS — projects at the develop-
ment stage — of the Federal Space Programme of Russia) is aimed at the
delivery of soil samples from Phobos, natural satellite of Mars, to the
Earth and includes the following main scientific-technical tasks:

« determination of Phobos physical and chemical characteristics,
distinctions of its internal structure, orbital and self-motion;

« landing onto the heavenly body characterized by low gravita-
tion;

« launch from Phobos and delivery of the re-entry vehicle with the
soil samples to the Earth;

« determination of the soil sample chemical composition;

« composition determination for the main rocks and their ele-
ments;

« investigation of the solar wind interaction with Phobos;

+ study for the Phobos environment physical parameters (dust and
gas components, space rays, magnetic field);

« remote investigation of the Mars atmosphere and surface.

Lavochkin Association is the headquarters enterprise on the design
and development of a spacecraft for “Phobos-Soil” mission.
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IKI RAN (Institute of Space Research of the Russian Academy of
Sciences) is the headquarters organization on the problems of Mars and
Phobos exploration.

The mission is planned to be realized in 2005-2010.

Project “MSP-2001” (High Energy Neutron Detector (“Hend”) is
Russian part of complex experiment Gamma Ray Spectrometer (GRS) on
board of spacecraft of NASA (USA) “2001 Mars Odyssey” aimed on the
measuring of gamma radiation and neutron albedo of Mars from near-
planet orbit and on mapping of the surface element distribution. The pro-
ject comes into DS division of the Federal Space Programme of Russia.

Head scientific organization of the project — Space Research
Institute of the RAS.

The state of work on “MSP-2001” project. In February 2001
instrument HEND was delivered to the NASA launch site af Cape
Canaveral and was integrated on the spacecraft “2001 Mars Odyssey”.
The instrument successfully went through all tests and verifications. At
April 7 2001 the spacecraft was launched to Mars.

At the present time spacecraft “2001 Mars Odyssey “ has started the
mapping stage of the mission from the science orbit with altitude 400 km
and inclination about 90°. Instrument “Hend” works nominally with all
parameters at appropriate levels.

The duration of mapping stage is 917 Earth days, January 2002 —
July 2004, according to the baseline mission scenario, but the science
program could be extended up to 2007 or even longer.

“Mars Express” project (a division of DS — projects at the devel-
opment stage — of the Federal Space Programme of Russia)
Rosaviacosmos/RAS Mars Express project (ME/R below) combines the
works of Russian scientific facilities for scientific experiments of the
ESA Mars Express mission:

« development of proposals for scientific experiments together
with partners from the West European countries,

» design and manufacture in Russia some hardware and software
for these experiments,

* participation in the planning of measurements on the orbit,

« participation in data processing, interpretation and joint publica-
tions of the future results.

Many of Russian scientists were invited as Col’s in six scientific
experiments of the ME mission. It happened not accidentally. The rea-
son is that conceptions of these experiments, and most of technical solu-
tions are inherited from the Mars-96 mission. Our West European
Mars-96 partners waited that Russia will start preparation of new mis-
sion of same type after the fail of the Mars-96 launch. It not happened,
and then they concentrated themselves on creation West European mis-
sion to Mars having in mind to realize most of the important experiments
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that were installed originally on the Mars-96 spacecraft. As a result the
European ME mission was proposed.

ESA make decision about this mission in May 1999.

Scientific goals of the mission are targeted first of all on the studies of
the history of volatiles and climate of the planet Mars. Some serious evi-
dences of the Martian climate changes were found already. They connect-
ed directly with evolution of the volatiles and water evolution. These find-
ings are one the most important reasons why Mars attracts a big attention
of researchers. They are linked with scientific questions of highest priori-
ty including global changes on our own planet and life origin.

The leading scientific organizations from Russia are:

 IKI (“OMEGA” experiments — mapping spectrometer; “PFS” —
infra-red Fourier spectrometer and “ASPERA” — plasa analyzer);

* GEOHI (HRSC-TV - planet surface stereometry camera);

* IRE (“MARSIS” experimerit — longwave radar).

Mars Express spacecraft was launchedoin June 2, 2003 by Russian
rocket “Soyuz-Fregat” from Baikonur.

1.7. Materials processing in space

“Biocrystal” research work (a division of RS — projects at the
research stage — of the Federal Space Programme of Russia) is aimed at
the formation of technical requirements for space facilities and appear-
ance of scientific apparatuses to be used for priority fundamental space
research in the field of protein crystal growth.

The main scientific tasks of the project are:

+ the analysis of the current status-quo of the protein crystal
growth problem in microgravity, and determination of ways for
further progress and improvement;

« the comparative analysis of methods and apparatuses used for
protein crystal growth under terrestrial and space conditions;

» the analysis of criteria for selecting proteins promising for per-
forming crystallization processes in space;

« the analysis and prospects of employing mathematical simulation
methods of heat and mass transfer processes at crystal growth from
protein solutions under space and terrestrial conditions;

- arrangement of activities on performing project competition and
formation of research/experimentation programme on problems
of protein crystal growth under space conditions.

Leading scientific organization: Space Materials Science Research
Center of the Crystallography Institute of the RAS.

The project is at the stage of studying the possibilities to settle these
scientific tasks with the enterprises of space-rocket industry of Russia.



Chapter 2

RESULTS OBTAINED IN THE DIRECTION
OF FUNDAMENTAL SPACE RESEARCH
“LIFE SCIENCE”

2.1. Oculomotor reactions
and eye-head coordination in microgravity

Research conducted in the Russian space research programs
aboard biosatellites and space stations showed that microgravity sig-
nificantly modifies functioning of the gravity-dependent systems inter-
fering with their interactions established in the course of evolution.
During adaptation to microgravity, the vestibular analyzer is exposed
to zero gravity, the fact which, on one hand, leads to alterations in
functioning of the receptor itself and, on the other, influences inter-
sensory relations. Resulted shifts in functioning of the sensory systems
give rise to a number of abnormal reactions which, taken together, cul-
minate in motion sickness and are considered to be a result of changes
of activities of the vestibular and other functions involved in regula-
tion of the functional orientational system. In other words, the totality
of abnormal reactions to microgravity can be consequent to altered
functioning of the vestibular system (otolith differentiation, channel-
otolith conflict, interlabyrinth asymmetry, impairment of the visual-
vestibulo-proprioceptive relations), changes in the character of inter-
sensory interactions, and peculiarities of the central integration of sen-
sory information in this specific environment. Ways of functioning of
the vestibular analyzer and the character of vestibulo-visual interac-
tions directly modulate tracking of a visual target, one of the main
components within the structure of cosmonauts’ professional activity.
That is why it is all-important to explore spontaneous and evoked by
visual and vestibular stimulation oculomotor reactions which reflect
alterations in the vestibulo-visual interactions.

Object and methods of investigations. Investigations of the
vestibular function, vestibulo-visual and vestibulo-oculomotor interac-
tions in 27 cosmonauts employed a technique of determination of spon-
taneous and evoked oculomotor reactions. Protocols of space experi-
ments “Okulostim”, “Optokines”, “Labirinth”, “Optovert” included
electrooculography (EOG) recording in order to evaluate spontaneous,
gaze fixation, optokinetic, and post-optokinetic eye reactions, saccadic
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function, smooth tracking, vestibulo-ocular and vestibulo-optokinetic
reactions. Additionally, in three cosmonauts EOG was measured using
the method of video oculography with the purpose to study spontaneous
oculomotor reactions and the static otolith-cervical-ocular reflex (eye
torsion counter-rotation). Determined were frequency-amplitude and
velocity parameters of eye movements, head movements and foveal and
retinal optokinetic stimuli (OKS) movements, optokinetic nystagmus
(OKN) and vestibulo-ocular reflex (VOR) gain coefficients estimated
from the velocities of eye movements and OKS, and head movement
velocities.

The list of reactions under study, the number of subjects in specific
experiments, experimental protocols and stimuli are described below.

Results of studies. Spontaneous eye movements. No spontaneous
nystagmuses were recorded in cosmonauts pre flight. Study of sponta-
neous oculomotor activity (SOA) without additional sensory stimulation
showed certain changes in magnitude and pattern in spaceflights (SF),
especially in the early flight stages. During early adaptation to micro-
gravity, investigations of virtually all subjects at rest with eyes closed
showed increased spontaneous oculomotor activity in the form of float-
ing and saccadic (square wave jerks) movements. During microgravity,
15 out of 27 cosmonauts had spontaneous nystagmus. As a rule, it was
combined with the horizontal nystagmus tending to the right and the ver-
tical one, downward.

Later on, starting from flight day 30, SOA assumed more stable
character. However, eye destabilization was periodically registered in
several cosmonauts; one cosmonaut, who displayed spontaneous
reactions at the beginning of adaptation to microgravity, was found to
once again, after long-term stay in the micro-g environment, experi-
ence vertical nystagmus of the same direction as at the start of adap-
tation, i.e. there were alternations of periods of compensations and
decompensation.

Following extended space missions, practically all cosmonauts, par-
ticularly on the initial days of return to Earth, were characterized by ele-
vated SOA as compared to preflight levels. Spontaneous nystagmus was
registered in the majority of the cases.

Eye-fixing nystagmus (gaze nystagmus) was observed in virtually
all cosmonauts at different time points of the adaptational and readapta-
tional periods.

On Earth, each movement of the head towards the shoulder or
forward-backward leads to a compensatory counter-rotation of the
eye grounds in the opposite direction. In microgravity, torsion count-
er-rotation of the eye grounds at the head bent towards the shoulder
either was absent or eyes rotated in the same direction (reflex inver-
sion, the paradoxical reflex) suggesting a severe suppression of the
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otolith function. Comparative analysis of two OCOR parameters and
subjective flight tolerance showed that they are in quite high signifj-
cant connection.

On Earth, each movement by the head causes compensatory count-
er-rotation of the eye in order to retain gaze on the target. Under the con-
ditions of early adaptation to microgravity, head movements and eye
counter-rotation were mismatched. As a rule, the ratio of head and eye
velocities (the VOR gain coefficient) increased during head rotation in
the horizontal plane and decreased during head rotation in the sagittal
plane. Further into adaptation to the space flight conditions, consistency
was recovered. However, during long-term stay in microgravity the
VOR gain coefficient displayed phase dynamics.

Development of a distinct nystagmus reaction to adequate vestibular
stimulation during initial adaptation was indicative of an exaggerated
dynamic excitability of semicircular channels. Reduction of the velocity
and amplitude of compensatory eye movements inferred drop in static
(tonic) vestibular excitability. It should be noted that cosmonauts who
prior to launch had demonstrated high reactivity of the vestibular system
to adequate vestibular stimulation, at the beginning of spaceflight micro-
gravity made it even greater (lowered the vestibular nystagmus thresh-
old). Cosmonauts with initially low vestibular reactivity decreased it fur-
ther during space flight.

Visual stimulus was a light spot of approximately 1 mm in diameter,
which moved on the screen discretely in the horizontal and vertical
directions at the angle of 10-15°.

At early flight stages the fixation capability revealed a decrease in
the amplitude of gaze fixation (head fixed) in 8 cosmonauts. The largest
changes were shown in vertical oculomotor reactions: amplitude of ver-
tical gaze fixation decreased from 10,7 £ 1,1° to 7,5 £ 0,4° ( p = 0,05).
The corrective saccades were recorded.

After extensive exposure to weightlessness (flight days 145-410) a
significant decrease in the vertical amplitude of the eye movements
was recorded. During fixation of random vertical movements of the
stimulus, the saccades were performed incorrectly in a number of
cases: the eye made diagonal rather than strictly vertical movements,
when EOG deviations were simultaneously recorded both at the verti-
cal and diagonal leads.

After active head movements, horizontal gaze fixation (yaw and roll
rotation) improved, but vertical gaze fixation remained unchanged.

The pursuit function was measured during linear movements of the
visual stimulus point in horizontal, vertical, and diagonal directions and
in circular motion. The light spot moved across the screen (at the angle
20 deg.) in random fashion at constant velocity, with a frequency of
1 Hz. When the target described a diagonal or circular motion, the pur-
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suit reflex degraded (11 cosmonauts), whereas saccades remained essen-
tially unaltered.

The largest changes were observed when the target moved in verti-
cal direction. Early in flight (days 2-3), the pursuit reflex almostly dis-
appeared in 5 out of 11 cosmonauts, when the target moved downwards.
In this case, vestibular stimulation failed to improve the pursuit function.
Threshold sensitivity of oculomotor function to optokinetic stimulation
velocity was investigated with black and white bands (of about 2 deg. in
size) that moved in horizontal, vertical and diagonal directions at linear
velocities increasing from 1 to 20°/s. There was a marked decrease of the
lower and upper thresholds of the optokinetic reaction at the beginning
of the flight. Before flight the lower and upper thresholds of the optoki-
netic nystagmus were 5-6°/s and 12-19°/s, respectively, while on mis-
sion days 2-3 these values had decreased to 2-3°/s and 8—10°/s, respec-
tively.

Before flight, the horizontal OKN gain was 0,6-0,7 in all cosmo-
nauts, and was symmetrical as a rule. With regard to the vertical OKN
gain, the cosmonauts could be divided in two groups. One group (11
cosmonauts) had an upward gain of 0,7 £ 0,1 and a downward gain of
0,5 £ 0,08 (gain up > gain down); the other group (10 cosmonauts) had
OKN gain symmetry of 0,6 + 0,05 in both directions.

During early adaptation to weightlessness (3—5 days) and long-term
flights the OKN gain dynamics showed considerable individual variabil-
ity, and had an undulatory character. In one group of cosmonauts
(13 cosmonauts) inflight OKN was increased, sometimes decreasing
gradually to preflight values in the course of the flight. In the other group
(8 cosmonauts) the OKN gain was decreased during the entire mission,
but occasionally it increased to preflight values. The vertical OKN gain
asymmetry was periodically significantly increased (up to 25%), but it
reversed in the course of a long-term spaceflight.

The largest individual changes were observed with combined
optokinetic and vestibular stimulation during flight. Before flight,
most cosmonauts showed reactions of visual origin in response to
combined opto-vestibular stimulation. At the beginning of the flight
(on day 3) optokinetic reaction was undetectable, while vestibular
responses increased.

During head movements and simultaneous optokinetic stimulation,
vestibular nystagmus or vestibulo-optokinetic reactions were revealed,
which depended on concordance or discordance of the two stimuli. On
mission day 5, decreased vestibulo-oculomotor reactions of vestibular
origin and increased optokinetic reactions were observed. This may sug-
gest that at the beginning of adaptation to weightlessness the vestibular
input played a dominant role, while at the end of adaptation the visual
input prevailed.
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Decreased oculomotor responses to both separate and combined
stimulations were observed in some cases as late as the 50th day of the
mission.

The subjective optical vertical (SOV) was investigated in 10 cosmo-
nauts during flight and in 39 during readaptation to the Earth’s gravity.
The accuracy of SOV perception was evaluated in total darkness with a
background of a pattern of diffuse black and white spots, which did not
move or moved either upward or downward. Testing of SOV perception
was hampered by the simultaneous occurrence of illusions, as was clear
from the recorded voice data. The preflight error deviation in SOV per-
ception was for all cosmonauts within the physiological range (0.1-2°).
In 8 cosmonauts the SOV error was predominantly to the right. During
adaptation to microgravity, the SOV error increased beyond the normal
range, reaching 8-18°, and asymmetry was predominantly to the left.
During a long-term mission SOV remained significantly elevated, while
error dynamics had an undulating character.

Vertical linear vection (transference), induced by optokinetic
stimulation with linear and sinus velocity profile, was investigated in
10 cosmonauts. In 2 subjects this was done in the initial stage of
microgravity (days 3 and 6 of flight) and in 9 subjects after 30 days of
long-term flights (once a month or every two months to the end of the
flight).

In preflight tests there were very stable vection responses with a def-
inite frequency maximum and steady phase response of about 180°.
However, during the initial flight period vection frequency, both maxi-
mal and irregular phase reactions, was absent. Temporary directional
inversion of the subjective vertical motion led to ‘an inverted vection’,
while an upward stimulus motion led to an upward vection and vice
versa. After the initial period of adaptation during long-term flights the
perceptual responses were unstable, presumably because the process of
adaptation alternated with periods of de-adaptation.

In weightlessness, information from the otoliths reflects the position
of the body in space and its unfamiliar mode of motion. During the ini-
tial flight period the cerebral cortex cannot properly interpret this infor-
mation, since it contradicts the information coming from the visual sys-
tem. This situation is a result of disruption in polymodal convergence
mechanisms, especially between the vestibular, visual and propriocep-
tive afferent inputs. In order to perform motor acts correctly and achieve
appropriate spatial orientation, the central nervous system blocks out the
anomalous vestibular signals, and information coming through the visu-
al channel becomes predominant.

The results of investigations allowed to conclude, that transition cos-
monauts into weightlessness was followed by an alleviation of vestibu-
lar reactions, a depression of static excitability and a growth of dynamic
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excitability. During the process of adaptation vestibular excitability
decreased, and vestibular channel was excluded from the sensory control
of movements. At the same time the role of visual cue considerably
increased.

A validity of this idea was corroborated by the results of studies of
the effect of weightlessness on parameters of head and eyes movements
within coordination, that provided quick and accurate gaze fixation on
an object projected to the peripheral area of the retina. These experi-
ments were done on 12 Macaca mulatta during their 5-14 days long
space flights on biosatellites “Kosmos”, and on cosmonauts — partici-
pants of 7 days long (19 persons) and long-term SFs (29 persons). In
full agreement with above mentioned data, all the monkeys showed a
pronounced alleviation of vestibular responses to canal and otolith
stimulations on the first day of flight manifested by an abrupt growth
of a coefficient of vestibulo-ocular gain (K,,,) and a considerable inten-
sifying of neuronal responses of vestibular nuclei and vestibulo-cere-
bellum to adequate vestibular stimulations. The oversensitivity of
vestibulo-oculomotor transmission and the intensity of neuronal reac-
tions of vestibular nuclei gradually decreased (but not of vestibulo-
cerebellum remaining high throughout the flight and to the end of the
flight K, in all monkeys was about 1. Close to 1,0 though exceeding
it values of K, were recorded postflight also in70% of cosmonauts-
members of the crews of short-term SFs. After long-term SFs the value
of K, in 25% of crew members was considerably reduced. In 3 of
them K, postflight even reached 0. Such low values, hampering to a
considerable extent a coordinated activity of head and eyes, were pre-
served after long-term SFs for 4 and more days.

The results of studies have shown that the exposure to microgravity
is followed by specific oculo-motor disturbances. Their development is
caused by deep alterations in the activities of the gravitodependent sen-
sory systems and mainly the vestibular one. It is accepted broadly that
the visual system not dependent on gravity in its functioning and there-
fore represents the most reliable informational channel under condition
of microgravity.

However it is obvious that both dependent and independent on gra-
vity systems interact closely in their task oriented activity and characte-
ristics of their interactions define the parameters of oculomotor reactions
and this way the precision of visual tracking. Thus alterations in the
activities of gravitodependent sensory systems, that are resulted in the
development of sensory interactions, provokes the development of
abnormal spontaneous and induced oculomotor reaction, particulary in
the system of visual tracking.
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2.2. Microgravity effects on sensory-motor functions

Changes of sensory-motor functions appear to be the most constan;
consequences of space flights (SF) even those of a short duration. Deeply
disturbing the activity of main proprioceptive systems (in the first place
vestibular and “support” ones), weightlessness creates conditions ang
requirements for broad transformations in motor control systems such ag
a reorientation of movement control systems (CS) to another signal sys-
tems more reliable under new conditions (like vision); changes of tactics
and coordination structures of movements; a modification of the charac-
ter of motor synergies. Being in essence adaptive, these changes give rise
to a secondary development of a number of unfavorable symptoms, that,
taken together, form the pictures of syndromes of “space motion sick-
ness”, “hypogravitational ataxia”, “muscular deconditioning”, etc., that
disturb motor abilities and working capacities of cosmonauts in SF and
especially obvious after accomplishment of long-term SFs.

Since the very start of the space flights age Russian scientists pro-
vided intensive studies of basic mechanisms of intersensory interaction
and activity of motor control systems under conditions of altered gravi-
ty. With the development of long-term space flights, these studies were
provided within goal-oriented complex programs that included inflight
research and simulations experiments on humans, pre- and postflight
examination of crew members, inflight and ground based experiments on
primates.

The main tasks of those studies were: i) To describe quantitatively
specific features of execution in microgravity of movements, differed by
their organization, modalities of feedback signals, controlled parameters,
muscle groups performing the task etc; ii) To describe quantitatively
under the same conditions characteristics of activities of physiological
systems and mechanisms, participating in organization and realization of
movements, namely, proprioceptive systems, skeletal muscles; basic
reflex mechanisms; and iii) To reveal factors and mechanisms responsi-
ble for development in microgravity motor disturbances in order to
determine possible ways of their prevention on one hand and to define
the role of gravity factor in the activity of different motor mechanisms —
on the other.

The ground base part of this program was provided mainly by spe-
cialists of IMBP in collaboration with representatives of academic insti-
tutes and universities. Flight experiments were carried out as a rule on
the basis of wide international cooperation. Specialists of 10 countries
took part in experiments provided on board of “Mir” Station composing
the important, integral part of the Russian National Space Program.

Results of studies of execution of movements of different orga-
nization in microgravity. The wide program of studies of kinematic,

150



temporal and accuracy characteristics of voluntary movements that dif-
fered by their organization- programmed and tracking, muscle groups
performing the task — eyes, head, hand, modalities of triggering or feed-
back signals — vision, audition, proprioception as well as controlled
parameters- position, direction, effort -was provided in long term space
flights within Russian-Austrian experimental project “Monimir” (9 crew
members) and Russian-Bulgarian joint experiment “Shipka” (4 cosmo-
nauts). Results of these studies being complemented by data obtained in
similar experiments provided in 7-14 days flights of biosatellites
“BION” on 12 monkeys Macaca mulatta as well as data of numerous
ground based simulation studies (immersion, bed rest, weigt suspention)
showed, that ataxia was a regular consequence of gravitation unloading.
Considerable disturbances of the precision control of all the preset
parameters were observed in all the experiments. Thus, the amplitudes of
error and variability of execution of a simple motor task (to maintain a
preset level of effort) increased greatly under conditions of “dry immer-
sion”. The same phenomena were observed when the subjects were
asked either to maintain a level of electromyographic activity of calf
muscles corresponding to that effort, or to execute “isotonic” movements
in the ankle joint.

An abrupt decline in precision control was even more pronounced
when the test of gradation of muscular efforts was performed in which
subjects made a series of gradually increasing (or decreasing) muscular
efforts from the minimal (absolute threshold of the scale) to the maximal
one, trying to keep the difference between the consecutive at minimum
(differential threshold). In weightlessness as well as in the immersion the
number of grades decreased and the absolute and the differential thre-
sholds increased greatly. After long-term SFs these shifts persisted for
3—5 and more days. Involvement of visual feedback improved the per-
formance precision, but there appeared pronounced changes of the pre-
set movements structure, that were characteristic to ataxia: instead of a
fast and smooth approaching to the target, they acquired the character of
slow, intermittent movements, approximating the distance to it.

Even more pronounced changes were caused by real and/or simulat-
ed weightlessness in characteristics of complex coordinations, such as:
gaze fixation reaction, corrective postural reactions, etc. The effects of
weightlessness on the mechanisms of postural control and locomotions
were studied on the ground within the programs of pre-and postflight
observations of cosmonauts and in simulation studies with dry immer-
sion and head down bed rest of various duration. Only in the experiment
“Posture” performed jointly by the Russian-French team the postural
control mechanisms were studied on board of the space station. The goal
of the research was to reveal the main factors responsible for the distur-
bances’ development (alterations in sensory systems functions and con-
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nected to them shifts in the body scheme, changes in the state of basic
reflex mechanisms, muscular alterations), as well as to examine the role
of gravity in regulation of vertical posture and locomotions. The results
of studies revealed a multifunctional nature of the disturbances of the
above mentioned functions in weightlessness, and allowed to conclude,
that the mechanisms of those disturbances were different at different
stages of exposure to microgravity.

Muscular tone /stiffness/; spinal reflex mechanisms. Mechanisms
of abrupt decline in strength-velocity abilities of skeletal muscles during
transition into weightlessness and their fast recovery after landing for a
long time were not clear. Some data, that helped to understand them,
were received, suggesting a secondary neuroreflex nature of this phe-
nomenon and studied therefore in parallel some other characteristics of
neuromuscular apparatus, in particular muscular tone (stiffness), that
determined a rigidity of muscular skeleton, and reflex excitability of
muscles. In the first experiments (done in 24 hours after 2, 3 and 4 days
long SFs) there was revealed in all cosmonauts a considerable decrease
of transverse stiffness of quadriceps femoris, and a smaller decrease of
this index in tibialis anterior muscle. At the same time stiffness of biceps
femoris did not change. The results were confirmed later based on the
data obtained on the large group of subjects.

Studies of tendon reflex characteristics in crew members of the
space ships “Soyuz” SFs of 2, 3, 4 and more days duration revealed a
clear growth of reflex’ electromyographic amplitude. The data of litera-
ture of 70s allowed to conclude, that both phenomena — atony of exten-
sor muscles and tendon hyperreflexia developed in weightlessness as a
direct response to the decrease of gravitational loads. This conclusion
was confirmed as well by the other facts revealed at the same time peri-
od, namely: development in humans during transition into microgravity
flexor posture; and inhibition of EMG activities of extensors (‘“bioelec-
trical silence”) along with enhancement of EMG activities of flexors
both in man and in animals recorded in Keppler parabola flights during
microgravity phase.

In 1980-1990th these phenomena became again an object of inten-
sive studies. The main objectives of the research at this time were:
i) evaluation of changes that developed in SFs of different duration;
ii) description of their time dynamics during and after SF; iii) defining
their role in development of hypogravitational disturbances in the motor
system. In order to increase the reliability and accuracy of the results,
methods of studies were considerably improved. Studies performed on
the 2nd day after 7 days SF, revealed in all 3 heads of shin muscle a
decrease of lateral stiffness for 15-20%. After long-term SFs the atony
of muscles-extensors of the ankle joint reached a pathological level:
muscular stiffness was completely lost, when the leg was raised, the
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muscle took a shape of a drop, that could not be corrected in full even by
the maximal voluntary contraction. A curve of a recovery of muscular
stiffness had 2 distinct phases: an abrupt rise in the first 3-5 days and a
gradual slow increase up to the preflight value during the following
7-11 days.

Studies of the support and muscular afferentation systems state after
flights based on evaluation of vibratory sensitivity of the main support
zones of the foot (for the 1st system), and of characteristics /threshold
and maximal amplitude/ of the electromyographic response of the
recruitment curve of the tendon (Achilles tendon) reflex (for the 2nd sys-
tem). It was found out, that exposure to weightlessness (both short and
long-term) was followed in all cosmonauts by a considerable decrease
(by 50% and more) of the thresholds of vibratory sensitivity of the main
support zones of the foot and a muscular hyperreflexia, manifested by an
abrupt decrease of the thresholds of tendon responses. After
140-185 days SFs the reflex thresholds decreased in 4 participants up to
500 g, 300 g, 200 g and more in comparison with 1000 g registered
before the flight. Besides that, a receptive area of the reflex widened, and
sometimes clonic activity was observed. Changes of the amplitude of the
reflex and a gradient of its growth after long-term SF differed in differ-
ent subjects, decreasing to a great extent in one group and increasing in
the other, and thus pointing out to an existence of a complex of factors,
that determined this parameter.

Result of in inflight studies. At the end of 1980th — beginning of
1990th Russian and Austrian physiologists carried out on the OSS “Mir”
a joint studies of electromyographic parameters of knee tendon reflex
during long-term SFs. 9 Russian cosmonauts participated in these exper-
iment with flight duration varying from 125 to 429 days. Results of the
experiment supported the suggestion about the enhancement of the ten-
don reflex sensitivity in microgravity. In weightlessness the reflex
response acquired a clonic character, therefore its duration increased
from 50-80 ms up to 500-2000 ms and more. In the last case a duration
of the initial response increased also twice as much. In the first days of
flight the amplitude of the response had a tendency to decline,but start-
ing the 2nd month it grew drastically, reaching on the 60th day of the
flight the value 8-9 mv and more. The same values of maximal ampli-
tudes were recorded also after landing.

One of the main characteristics of the systems of tonic postural con-
trol is a physiological tremor (PT). It is an integral component of any
activity under conditions of Earth gravity, that require maintenance in
the gravitational field of a position of body or its parts. Although a
genesis of the physiological tremor and its high-frequency component
(8-12 Hz) is an object of further discussions, its close connection with
the mechanisms of stretch reflex and of musle spindles functions seem
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to be obvious. So, Russian and Austrian scientists examined characteris-
tics of physiological tremor of the arm at rest and during execution of a
task of maintaining an extended forward position of the arm with and
without small loads. Nearly complete disappearance of the high-fre-
quency component of PT (8-12 Hz) was revealed in weightlessness in
all subjects (10 cosmonauts). A “high-frequency” silence developed just
after transition into microgravity and was preserved during the whole
flight, no matter how long it was. At the same time there was registered
a regular “low-frequency” tremor (3—5 Hz), intensified as the flight dura-
tion grew.

A momentary change of the leading frequency in the activity of
control systems during transition into microgravity pointed out directly
to an alternation of the main controlling mechanisms (levels), that in its
turn indicated indirectly an existence of a trigger factor, that provided a
selection of different systems under conditions of 1 G and 0 G. This sug-
gestion finds a strong support in the fact of an immediate reappearance
after landing of the high-frequency component of PT that was clearly
accentuated in the early postflight period in all movements under study.

Data of neurophysiological research allow to suggest that 3 phe-
nomena registered in weightlessness, are interdependent and conditioned
by a single factor, namely- by the desactivation (or an abrupt decrease of
the activity) of the system of tonic muscular control triggered by alter-
ations in activities of gravireceptor systems — otolith and support (weight
bearing) ones, that are specially oriented to perception and analysis of
gravitational loads and wired firmly in mechanisms of postural synergies
organization.

Results of on ground simulation studies. Verification and devel-
opment of this hypothesis were an initial objective of a systematic series
of ground based experiments, carried out in 80s with the use of two
ground based models of hypogravity, namely, Dry Immersion (DI) and
Head down Bed Rest (BR). The muscle tone /transverse muscle stift-
ness/, motor units (MU) activity during execution of motor tasks, and
spinal reflex mechanisms were thoroughfully analysed.

Muscle tone (stiffness). It is obvious, that the degree of support
unloading under those experimental conditions is different. In DI the
body weight is distributed evenly all over the body surface thus exclud-
ing an appearance of the support gradient. In BR the support load is pre-
served, though being lagerly redistributed and addressing mainly
towards large zones of the back and sides that are usually not involved
in vertical posture control. In an additional series of experiments a com-
plex effect of both immersion and bed rest was studied: 12 hours in day
time the subjects stayed in DI, and 12 hours at night — in BR.15 males
participated as test subjects in these experiments; the overall duration of
pure DI and DI + BR was 7 days, and pure BR — 120 days.
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The results of experiments revealed under all 3 experimental condi-
tions a constant decrease of the transverse stiffness of all three heads of
shin muscle however the depth of changes as well as the dynamics of
their development differed considerably. In DI the changes developed
swiftly: in 6 hours of exposure it reached in more than 50% of the sub-
jects their maximum, i.e. 40-50% of the initial value. During BR the
decrease of stiffness developed slowly: maximal decline of it, averaged
about 30—40% of initial value was reached as a rule between 14th and
31st day. The degree and the velocity of the development of changes
under conditions of complex exposure to DI + BR were lower than in
pure DI, but greater, than in pure BR. The decrease of the transverse
stiffness in tibialis anterior muscle both under DI and BR conditions
developed much later, and its value did not exceed.

Motor units. The results of studies of the order of motor units
recruitment during execution of the maintenance of a small effort
(about 10-12% of the maximal voluntary one), that were provided in
the same series of experiments contributed greatly to understanding of
the nature of the phenomena described above phenomena. It was shown
that all subjects are capable to accomplish the task of maintaining a
preset effort both in DI and BR. However, considerable shifts were
observed in characteristics of MUs activity, manifested by an increase
of an average duration of ISI and their variability, that was caused pri-
marily by an appearance in the histogram of low-frequency MUs.
Changes of the angle of inclination of the line of regression of depend-
ence between standard deviation and the value of ISIs indicated, that
the increase of variability of intervals anticipated the growth of their
duration. In general, the shifts in MU activity characteristics pointed
out to the fact, that the task of maintenance of a small preset effort in
DI was accomplished by the other MU, and that the MU activity con-
trol in this case was considerably destabilized. It is well known that this
phenomenon is a constant companion of states, that are characterized
by a lowered afferent inflow. Changes of MU activity in BR developed
clearly in a clear 2-phase. A growth of the mean duration of ISI and
even greater increase of their variability was observed in the first
30 days of exposure; the latter was caused by an appearance in the his-
togram of a great number of extremely short (70-90 ms) and on the
opposite of extremely long (250-350 ms) ISIs. In general, shifts in the
MUs activity in the first month of BR the same as in DI reflected pri-
marily changes in the order of MUs recruitment and a destabilization
of the motoneurones’ pool activity. Later on, as destructive processes
in muscles and neuromuscular synapses developed, changes in the
MUs activities reflected more and more disturbances in muscular
periphery, caused by atrophic processes, namely, decrease of contrac-
tile abilities of muscle fibers (a reason for a high percentage of dupletts
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in records) and disturbances of neuromuscular transmission (a reason
for extra long ISIs).

Spinal reflex mechanisms. Studies of characteristics of spinal
reflexes in DI and BR corroborated the above mentioned hypothesis of
spinal reflex hyperactivity under conditions of hypogravity. Under both
conditions in the very first days of exposures the thresholds of tendon
reflexes (Achilles and knee) as well as H-reflex regularly decreased,
though changes of the reflex amplitudes were not uniform. An increase
of the amplitude of H-reflex was recorded on the first day in DI, but it
was not stable, and on the 3rd day of exposure this index was not differ-
ent from the initial value. In the BR great alterations of the amplitudes
of responses on the opposite were developed along with rather modest
changes of their threshold During first 5-14 days the amplitudes of ten-
don reflexes increased 4 times and more (in the system of H-response the
increase was not as prominent). Close to them were changes of the
amplitude of the direct muscle (M) response. Since the 5Sth day of BR the
amplitude of reflexes showed a tendency to decline (though the values
still remained high), and to the 60—90th day of exposure the amplitude
could reach the initial level. The dynamics of the amplitude alterations
in the direct muscular response was analogous. Close similarity of the
dynamic of changes in the parameters of reflex reactions to that of direct
muscular response pointed out to their connection with the processes
developing in muscular fibers.

This supposition was strongly supported by the results of the year BR,
in which all the subjects were divided according to countermeasures pro-
tocol into 2 groups. Members of the 1** group used various physical exer-
cises from the very first day of exposure to BR, at the same time the mem-
bers of the other group during first 4 month didn’t use them at all. In the
first group (where countermeasures were used regularly) the dynamic of
the reflex parameters changes was close to anticipated, namely, the thresh-
old of the response gradually decreased and its amplitude increased. In the
second group at the end of the 4th month the threshold of the tendon reflex
exceeded the initial value and the amplitude of it was slightly decreased.
With the start of physical training the threshold of reflex in this group fell
down and reached the same small values of 100 g, as in the group A. At
the same time its amplitude increased and reached to the 360th day the
same unusually high values, as in the group A.

In general, the results of these research laid a base for the develop-
ment a concept about the leading role of weight bearing (support)
afferentation in organization of postural synergies according to which
elimination of a support (support unloading) in weightlessness plays a
triggering role for the decrease (switching off) of the activity of tonic
motor system with the following secondary development of many phy-
siological and structural effects.
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2.3. Physical and radiobiological basis
for improving space flight radiation safety standards

Development and functioning of International Space Station, tight-
ening of radiation safety requirements for radiation workers and plans of
interplanetary flights have resulted in the necessity of enlargement and
adjustment of the knowledge in the space flights radiation safety field. A
number of investigations directed at improving the methods and means
of man radiation safety in space was carried out. Some of considerable
results of these investigations are presented below.

On the basis of daily radiation monitoring on board the “Mir” station
the database including ballistic parameters of the orbit, daily absorbed
dose rate, geomagnetic and space — physics indexes was developed. First
in the world practice the data of daily radiation monitoring covering the
period with duration of more than twelve years was obtained. On the
basis of the data from this database the quasiperiodic variations of the
proton absorbed dose with the periods of one and two years were found.
With taking into account these variations and the solar activity cycle the
dynamics model of parameters of Earth radiation belts’ protons was
developed. Usage of this model for calculating the absorbed dose on
board the “Mir” station permits to estimate its accuracy. The comparison
of calculation results with the adequate measured data has demonstrated
that difference between the both values doesn’t exceed 30%. Such accu-
racy is quite enough for estimating radiation safety calculations during
the orbital station flight. These estimations are fulfilled on the basis of
radiation monitoring and forecasting exposure to cosmonauts during
their professional activity, including the periods of space flights.

Specificity of cosmonauts’ professional exposure is determined by
the two factors: character of exposure during the flight; increment of the
flight fulfillment during the professional activity.

In accordance with this specificity it is possible to from two cate-
gories of professional radiation risk (RR): flight RR, determined by the
probability of a cosmonauts death both during the flight and after its
completion; professional risk caused by delayed consequences of the
exposure.

As appeared from the definition, the flight RR consists of two com-
ponents: risk connected with appearance of exposure consequences dur-
ing the flight; risk connected with delayed consequences of the exposure
(life-time risk).

The flight risk is connected with acute consequences of exposure by
the stochastic source of space radiation-Solar Proton Events (SPE).
That’s why appears the stochastic component of the flight risk, the action
of which comes to an end at the moment of the flight completion. It is
possible to conclude that this component of flight risk should be used for
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managing the radiation safety during the flight. After its completion the
action of SPE stops and the probable exposure turns into the determinis-
tic one — doses for the completed flight give a contribution into the pro-
fessional RR.

Professional RR takes into account the probability of harm develop-
ment during the life-time of a man caused by the radiation factor impact.
Taking into account mainly the ground applications for estimating risk,
quantitative parameters of the probability of radio-induced cancer
development, caused both by the professional exposure in the process of
a man’s work at nuclear enterprises and exposure during radiation acci-
dents are assumed as a bases.

Thus, dualism of RR — flight risk and professional risk — takes place
in the space flights. In connection with this the following question aris-
es: How can this value used for controlling the radiation safety?

At present for these purposes life-time death probability from
delayed effects excluding the cosmonaut’s death during the flight, is
assumed as an in-flight modern characteristic of radiation hazard. It is
achieved by taking into account radiobiological components of RR and
adequate structure of radiation standards. The main effect determining
the cosmonauts in-flight death probability is radiation disease caused by
the BFO damage. Dosimetric functional used for quantitative estima-
tions of this RR component should reflect the distribution of red-bone
marrow in the skeleton and its repairing capability after the exposure.
A generalized dose is used as such a functional. As a matter of fact, it
has an analogy with the effective dose recommended by ICRP for esti-
mating risk of stochastic effects. On the basis of the generalized dose, the
model of the cosmonaut’s radiation death before the flight completion
has been developed. Calculations for orbital stations showed that death
probability caused by the BFO radiation disease (flight RR) is miserable.
Its value even for the annual flight and behind the minimum thickness of
shielding doesn’t exceed 10~. The given estimations demonstrate that
for the flight RR restriction one should choose work capacity decreasing
caused by exposure, but not the death probability.

For estimating professional risk (based on the delayed effects) linear
models using the fixed risk coefficient, for example, can be used. A more
perfect generalized dose model can be used. Let’s analyze the hazard
estimation on the bases of the generalized dose that takes into account:
different biological efficiency of cosmic rays, temporal and special dose
distribution in a cosmonaut’s body and the account of the combined
action of radiation and other factors of space flight, if it is necessary. It
determine the relationship between the death rate coefficient and mam-
mals’ age after the acute and chronic exposure. On the basis of this
mode! and more precise doses of exposure to cosmonauts during the
orbital space flight, the values of total RR during their life including RR
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of tumors appearance were calculated. In contrast to previous approach-
es according to which cosmonauts’ radiation standards was based on
restricting radiation death during the flight and preserving the cosmo-
nauts’ work capacity after the SPE acute exposure, the modern radiation
safety conception is developed on new basis. The mean requirement
consists of the restriction of the total radiation risk during the cosmo-
naut’s life by 10%. This total RR includes additional diseases, provoked
by exposure and death owing to all the reasons but not only to cancer.
For example, pathological changes in the CNS and the crystalline lens,
induced by the exposure increase in the delayed period. Experimental
investigations have demonstrated that for the brain exposure by the
accelerated ions with relatively small doses the RBE coefficients can
reach the value of 100. Similar high values of RBE coefficient were
found while investigating animals’ cataracts after the exposure to the
crystalline lens by high energy ions. The analysis of data of the 45 — year
medical observation of nuclear enterprises workers showed the substan-
tial increase of number of cases of vegetative and vascular dystonia,
asthenic syndrome and considerable work capacity decreasing. In addi-
tional to these effects the increase of CNS diseases, the development of
cerebral atherosclerosis and brain insults.

The mentioned above exposure consequences fixed distinctly at
doses exceeding 1.5 Sv where the basis for recommendation on decreas-
ing the cosmonaut’s carrier BFO doses by 4 times as compared to the
previous standards. The recommended new limit is equal to 1.0 Sv.
Taking into account high level of the RBE coefficient for cataracts
induced by cosmic rays exposure, the carrier dose limit for eyes was re-
commended as 2 Sv, and skin limit was equal to 6 Sv. The main require-
ment for establishing these limits was the absence of considerable
decrease of cosmonaut’s work capacity during the flight and in the
delayed period of time.

2.4. Cytogenetic studies of blood lymphocytes
from OS “"Mir” crews

As the duration and distance of space flights increase the radiation
load on cosmonauts rises. Physical dosimetry showed that equivalent
doses for a one-year space flight can reach 100-300 mSv. Assessment of
risks from low doses of space radiation is an important problem of space
biology and medicine. To solve this problem a series of cytogenetic stud-
ies has performed of cosmonauts’ peripheral blood lymphocytes
engaged in space missions on Mir station.

A total of 44607 metaphases have been scored from 21 cosmonauts,
most of who took part in repeated space flights. A total of 777 aberrant
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cells were scored containing 816 aberrations of various types:
126 dicentrics and centric rings, 311 acentric fragments, 344 chromatid-
type abberations and others.

The preflight sample is composed of 24549 cells. A total of 386
(1.57 £ 0.08%) aberrant cells were scored preflight, which contained
407 (1.66 £ 0.08%) chromosome aberrations: 40 (0.16 + 0.03%)
dicentrics, 160 (0.65 £ 0.05%) twin fragments, 192 (0.78 + 0.06%)
chromatid aberrations and others. It should be noted that the cosmo-
nauts’ pre-flight yields of cells with dicentrics and centric rings, being
the markers of radiation exposure, exceeded those for relatively young
healthy persons not occupationally exposed to ionizing radiation. The
frequency of lymphocytes with dicentrics scored in the residents of
Moscow region is as high as 0.02 per 100 cells. This value statistically
significantly differed from the control yield of cells with dicentrics
(0.15 £ 0.03%) in cosmonauts’ blood lymphocytes (Student’s criterion
t =2.9; p = 0.005). So far it is difficult to relate the elevated yields of
dicentrics and centric rings in blood lymphocytes of cosmonauts scored
preflight to any specific reasons. It is possible that this could be a result
of more frequent medical X-ray exposures the cosmonauts underwent
during preflight examinations.

Cytogenetic examination of 12332 cells from 17 cosmonauts after
the first flight revealed 237 (1.92 * 0.12%) aberrant cells, 56
(0.45 £ 0.06%) cells with dicentrics and centric rings, 84 (0.6810.07%)
acentric fragments and 84 (0.68 = 0.07%) chromatid-type abeerations.
Besides, we analysed cytogenetic results obtained after the 2nd, 3rd and
4t space flights. It was found that after space flights the mean yield of
chromosomal-type aberrations in cosmonauts’ blood lymphocytes
increases at the expense of dicentrics and centric rings. In particular, the
frequency of cells with dicentrics rises up to 0.41 = 0.04%, exceeding the
preflight yield (0.16 + 0.03%) by about 3 times. At the same time, the
yields of acentrics and chromatid aberrations do not actually change as
compared to the preflight ones, being 0.65 + 0.05% and 0.78 *+ 0.06%
before flights and 0.73 £ 0.06% u 0.80 + 0.06% after flights respective-
ly. On the whole there is a trend to a wave-like change of the frequency
of dicentrics, i.e. the aberration yield increases after the first flight, then
in 1-1.5 years (before the next flight) it is found to decrease, increasing
again after the repeated flight. This is connected with the fact that radia-
tion-induced chromosomal aberrations are accumulated for a space
flight, and after the flight cells with aberrations are naturally eliminated
from circulating blood.

It is concluded that the spontaneous level of chromosomal-type aber-
rations in cosmonauts’ blood exceeds that from residents of Moscow
region. In particular, the spontaneous yields of dicentrics and acentrics
in cosmonauts’ blood are as high as 0.15 + 0.03% and 0.65 + 0.07% cor-
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respondingly. After space flights the frequency of cells with dicentrics
and centric rings, which are the markers of radiation exposure, are found
to increase. The yields of acentrics and chromatid-type aberrations do
not change after space flights. For the inter-flight period, lasting for
about 1-1.5 years, the frequency of chromosomal aberrations decreases,
nearly reaching the spontaneous level, at the expense of elimination of
damaged cells. The chromosomal aberration yield rises again after
repeated flights. There is no clear correlation between individual post-
flight frequency of aberrations in cosmonauts’ blood and the correspon-
ding space flight duration, that can be related with the low dose-rate of
space radiation, elimination of unrepairably damaged cells wnth unstable
aberrations, or/and other reasons.

2.5. Life support systems and optimal isotope composition
in cosmonaut habitats for long-term missions

The life-support systems for space crews on the basis of the closed
circulation of substancies create qualitatively new, not peculiar to a ter-
restrial nature, situation, when the duration of the circuit of biogenic
chemical elements is reduced from thouthands years to about several
days. In such systems in conditions of long expeditions there will be
processes of repeated absorption and abjections of the same atoms of
substancies which are included in composition of an organism of the
man, plants and animal, environments according to number of matters
cycles circulation in system. Such situation for an organism in a nature
never existed, in human ecology and other organisms was not considered
also biological consequences it difficultly to predict.

It is quite possible, that such consequences can be connected to the
selective attitude of organisms and phase transformations of matters not
only to biogenic chemical elements, but also isotopes of these elements,
that can result in change of their interrelations in organisms and diffe-
rent parts of life-support system with unpredictable consequences.

The knowledge of laws of a fractionating of stable isotopes of life-
support systems, vegetative, animal organisms and man, knowledge of
biological features of isotopes of biogenic chemical elements will allow
to create steady optimum medium of a cosmonaut habitats.

As is known in conditions of space flight on cosmonaut the wide
spectrum of the unfavorable factors influences: weightlessness, psy-
chologic stress, radiation, increased noise etc. The search of new
means and methods lowering a degree of unfavorable influence of
such factors on an organisms and directed on increase to work capa-
city of cosmonaut, is one of major problems arising at maintenance of
long space flights.
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One of such methods can be the creation of cosmonaut habitat with
an optimum by isotope composition of biogenic chemical elements.

In composition of cosmonauts’ environment of spaceship (atmo-
sphere, water, nutrition), vegetative and animal organisms, and also
members of crews enter such biogenic chemical elements, as hydrogen,
boron, carbon, nitrogen, oxygen, fluorine, sodium, magnesium, silicon,
phosphorus, sulfur. chlorine, potassium, calcium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, selenium, bromine, molib-
denum, iodine. Most of the listed chemical elements have the stable iso-
topes. So the hydrogen has two stable isotopes, oxygen — three, sulfur —
four, zinc — five, calcium — six, molibdenum — seven stable isotopes.

Until recently designers of life-support systems did not paid atten-
tion on a role of stable isotopes of biogenic chemical elements of cos-
monauts’ environment It is natural, as the isotopes have identical elec-
tron shells. However, despite of identity of electron shells, the stable
isotopes at least of some biogenic chemical elements (H,, C, O,) have
the various chemical, biochemical and biological characteristics. The
especially strong distinctions show at comparison of a biological effect
natural and heavy (on hydrogen) water. Heavy on hydrogen (deuteri-
um) water has toxic properties: depresses growth and development of
plants; at changing usual water on deuterium (heavy) water in an
organism mammalian last perish. At the same time water, in which the
concentrations of deuterium are reduced, shows positive biological
activity.

It is logical to assume, that the stable isotopes of all biogenic che-
mical elements which are included in cosmonaut habitat should show
various biochemical properties. And though during evolution of a plant,
animals and the man adaped to environment of a habitation, remains a
unknown degree of toxic properties or biological activity of this or that
stable isotope of a biogenic chemical element.

However till now was not carried out regular analysis of biological
activity of stable isotopes of biogenic chemical elements, the optimum
concentrations of this or that stable isotope in metabolism processes in
plants, animals and man are not determined, the role of life-support sys-
tems in creation of optimum isotope composition of an artificial envi-
ronment of cosmonaut habitat is not considered.

In SSC RF IBMP RAS the research on optimum isotope composi-
tion of cosmonaut habitat in conditions of long-term missions were car-
ried out in three directions: 1) research of changes of isotope composi-
tion cosmonaut habitat onboard OSS “Mir”, 2) development of deuteri-
um free water obtaining method for conditions of long space expeditions
and research its medical-biological properties; 3) research of changes of
isotope composition of biogenic chemical elements in an organism of the
man who is taking place in conditions, simulating long space flight.
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1. The change of isotope composition of some biogenic chemical ele-
ments of cosmonaut habitat onboard OSS “Mir” is investigated during
16-27 expeditions. Is shown, that drinking water, regenerated from a
condensate of an atmospheric moisture by system “SRW-K2”, differs on
jsotope composition from natural waters. The condensate of an atmos-
pheric moisture (representing an admixture of condensed water vapour,
discharged by cosmonaut in result perspiration and transpira -tion) also is
characterized by the changed concentrations of stable isotopes of oxygen
180, and hydrogen — deuterium. Water received onboard the ship
“Shuttle” and transmitted aboard OSS “Mir”, on 100-150 promilles is
enriched with an easy isotope of hydrogen — protium and on
20-30 promilles by a heavy isotope of oxygen '80,. Changes of isotope
composition can be explained by fractionating by their of life support sys-
tems, crew, and also consumption of drinking water delivered by the
transport ship.“Shuttle” on OSS “Mir™.

2. The method of obtaining of deuterium free water is developed. It
includ the following processes: removing of chemical admixtures from
water, electrolysis of water, isotope exchange protium — deuterium, con-
densation of water vapour, mineralisation (saturation of water by macro
and micro substances).

The choice of a method of deuterium free water obtaining is caused
by theoretical fractionation factors of hydrogen isotopes (deuterium and
protium). The maximal theoretical fractionation factor of isotopes of
deuterium and protium has the electrolysis of water, at which on the
cathode protons with formation gas (easy) hydrogen in the beginning are
unloaded, and then in dependence on a degree of decomposing of water
there is a discharge of an admixture of a proton and deutron.

The procedure of obtaining of water with the lowered contents of
deuterium (and consequently and tritium) consist in electrolysis up to the
certain degree decomposing of water on oxygen and hydrogen with the
subsequent synthesis it as a result of oxidation (burning) last in oxygen,
obtaining at electrolysis of water.

The experimental installation included electrolyser with circulating
electrolyte, cathode and anode space in wich is divided by cationexchange
membrane MF-4, circulating pompe, vessel for circulating electrolyte,
gas-liquid separator, dryer of gas electrolysis products, reactor of high
temperature oxidation of hydrogen, condenser and reception container for
deuterium free water. Condensed water with the reduced contents of deu-
terium subjected to chemical and physical-chemical researches with the
purpose of definition its chemical and isotope composition.

Besides water with the lowered contents of deuterium, water was
used, the concentration of deuterium in which was a little bit higher
usual middle ocean Water with the increased concentrations of deuteri-
um prepared with the help of the same installation, as deuterium free
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water, however in this case used water of the concentration chamber. In
order to prevent influence of water structure all samples it were exposed
to standardization: clearing by adsorbtion method and high-temperature
heating with the subsequent refrigerating up to room temperature.

Isotope composition of regenerative water determined, using a mass-
spectrometric method. The small variations of isotope composition of
both hydrogen (8D) and oxygen (80,) expressed in relative units —
promilles of a deflection from the standard (SMOW). The negative values
dD and 680, mean the lowered values of concentrations of deuterium and
heavy isotope of oxygen !80, in an analyzed sample in relation to SMOW,
the positive values 8D and 680, concem to their increased values.

Is found, that quantity of deuterium in protium water obtained by
electrolysis, is reduced on 60-82% in comparison with the standard
SMOW. In distillate water the decrease of deuterium concentration on
7% is marked, that it is possible to explain both distillation process, and
that fact, that initial potable water has a little bit lowered contents of deu-
terium in comparison with the standard SMOW. Obtained by electroly-
sis water with the lowered and increased contents of deuterium used for
researches of its influence on growth and vegetation of Arabidopsys and
Japanese quail.

At cultivation of Arabidopsys is carried out investigation of depend-
ence of a complete vegetation cycle duration and its separate phases
under influence of various concentrations of deuterium in water used for
watering.

Is established, that use of water with the changed isotope composi-
tion has resulted in change of a development cycle of plants
Arabidopsys. So, the approach of the most important phase of develop-
ment — blooming — is marked in the age of 17 days in variant with deu-
terium free water, per 19 days in control variant and in 21-22 days — in
variant of use of water with the increased concentration of deuterium.

By comparison of parameters of plants pays on itself that fact, that
with decrease of concentration of deuterium in water the formation of
plants with the large parameters of mass, number stems, pods and seed
in them is observed. Cumulative seed production of one plant
Arabidopsys has made on the average 322 seed at at watering by deu-
terium free water, 141 seed at watering by usual distillate water and
95 seed at watering by water with a little bit increased (dD = 4+355%0)
contents of deuterium.

The experimental data on a biological assessment of deuterium free
water have shown positive influence it on growth and development
Japanese quail. The growth rate of the birds wich used deuterium free
water, was higher than growth rate of the birds used distillate water.

The positive influence of deuterium free water on productivity of
birds is marked: egg-laing of female, used deuterium free water, began
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on 44-th day, of female, used distillate water — on 49-th day; eggs pro-
duction of birds, used deuterium free water, has made for 25 days was
65 eggs, while eggs production of birds, used distillate water, was
46 eggs; fertility of female, used deuterium free water, has set in on
44-th day, and of female, used distillate water, on 7 days later; the sur-
vival of nestlings of 2-nd generation for group, used deuterium free
water, was 88,2%, and for group, used distillate water, 52,9%.

The state of an internal birds organ was estimated. Is shown, that
common weight of birds and weight of the majority of an internals of
birds (male), used deuterium free water, were above in comparison with
weight of birds, used distillate water. The visual inspection and weigh-
ing of an internal organs of birds has shown, that at male, used deuteri-
um free water, were well advanced gonad, as against birds, used distil-
late water, at which the rudiments of gonad were marked only.

The results of researches of water with the lowered concentrations of
deuterium testify to its biological activity and about existence inhibito-
ry(braking biochemical processes) mechanism of deuterium action even
in insignificant concentrations. Especially brightly this effect shows at
research of reproductive function, that it is possible to explain by the
increased values of a hydrogen binding inherent in deuterium, and as a
consequence — difficulties of DNA and RNA reduplication.

3. Earlier by us was shown, that functioning of life-support systems
of space vehicles crews and the exchange processes in autothrophic and,
to a lesser degree, in heterotrophic organisms are accompanied by
change of isotope composition of hydrogen and oxygen (protium, deu-
terium, 160, and '80,). However, remains unknown whether there is a
fractionating of stable isotopes of other biogenic chemical elements: K,
Mg, Ca, Fe etc. It is possible to assume, that in conditions of weight-
lessness the isotope composition and these biogenic chemical elements
consumed by the man with water, nutrition and oxygen, will variate in
process of metabolism.

The changes of isotope composition of biogenic chemical elements
in medium of a habitation testify about biological unequal of stable iso-
topes. For last years are saved the experimental data confirming toxic
action of deuterium in water, and also heavy isotope of oxygen 80,. The
question about possible biological unequal (and is possible and toxic) of
heavy stable isotopes of other biogenic chemical elements remains open.
The heavy isotopes of biogenic chemical elements owe or collect in an
organism and variate speeds and direction of biochemical processes (by
analogy to deuterium), or to undergo stages of a fractionating and to be
removed from an orgamsm with products of an exchange (path and
mechanisms of removing are not known yet), or to be indifferent in
processes of metabolism. The opinion expressed that in biological sys-
tems the fractionating of stable isotopes does not take place.
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In life-support systems on the basis of the closed circulation of sub-
stancies in conditions of long expeditions there will be processes of
repeated absorption and abjections of the same atoms of substancies
which are included in composition of an organism of the man and envi-
ronment. The change of isotope composition of biogenic chemical ele-
ments will be realized according to number of cycles of circulation of
substancies in system and coefficient of a fractionating. In conditions of
weightlessness the process of a fractionating of stable isotopes of bio-
genic chemical elements in process of metabolism can- proceed with
speeds which are distinct from terrestrial conditions (for example, at
demineralization of an osteal fabric).

The research of a fractionating and pathes of removing of heavy sta-
ble isotopes of biogenic chemical elements was carried out in conditions
of the Earth in 240 — daily experiment under the program “Sfincss-99”,
that served a background for space experiments by definition of a degree
of influence of conditions hermetic object on processes of metabolism
(escape of calcium, deuterium etc.).

The food stuffs, waste (faeces, urine, hair, nails), and also blood
(erythrocytes) were exposed to isotope analysis.

As a result of the carried out researches the fractionating of stable
isotopes of biogenic chemical elements (magnesium, silicon, calcium,
iron, copper) is revealed in an man organism, that testifies about biolog-
ical them unequal. Common law of a fractionating of stable isotopes in
an organism of the man is encrease of a lobe of heavy fractions and
decrease of easy in waste. It is possible to explain such law by removing
from an organism of heavy isotopes. Differently, the organism is
released first of all from heavy fractions of isotopes and use mainly their
easy fraction. However, encrease of a lobe of heavy fractions of stable
isotopes in erythrocytes while remains by the inexplicable phenomenon.
Difficultly explained effect is also absence of appreciable changes of
isotope composition of such biogenic chemical elements, as sulfur, chlo-
rine and potassium.

The laws found at research of optimum composition of biogenic
chemical elements with reference to conditions of an artificial environ-
ment of a cosmonaut habitation, can find wide application in medical
practice and agriculture.

2.6. Physiology mechanisms of human skeletal system
changes in space flight

The human skeleton was developed under influence of Earth gravi-
ty force during millions years of evolution. This principally determined
the shape of skeleton, mass and structure of bones, microarchitectonics
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of bone tissue. The evolution of above ground backboneds involves pres-
sure adaptation, that acts to overcome gravitational force.

This suggested by retrospective analysis of investigation results in
evolutionary and comparative physiology. That testifys to direct correla-
tion between the specific skeleton mass and body size of terrestrial back-
boneds and to absent the same correlation for water animals.

Mechanical stimulation of bone tissue due to not only gravitational
force, but to muscle contraction in locomotion and posture maintenance.
These formed althogether the, so called, “external mechanical field”, the
magnitude of which definite of bone resistance to mechanical load.

It is important that adults terrestrial animals have also very high sen-
sitivity to mechanical stimulation. Many scientists at 19-th and begin-
ning of 20-th century (J. Lamarck, 1809; Ch. Darwin, 1859; J. Wolff,
1892; W. Roux, 1095; K. Tsiolkovsky, 1935; I. Schmalgauzen, 1940
et al.) observed that animals posses the ability to adapt musculo-skeletal
structures to the physical activities in which they are engaged. Their
external shape and internal architecture of bone are continually modu-
lated by the mechanical stimuli which are imposed on the skeletal sys-
tem. The morphological and physiological modification of adult animals
tissue and organs to functional demands imposed by the organism in its
interaction with the environment has been reffered as “functional adap-
tation”.

According to discussed above, one may to propose, that influence of
space flight factors (weight bearing loss, hypokinesia, isolation and
some other) bone mass will be less as a result of adaptive remodeling of
bone tissue.

That is well known in clinical practice, that hypokinesia may be
cause of disease in Earth environment. The syndrome, developed in
bound prolonged hypokinesia in clinic, defined as “immobilization
0steoporosis”.

Osteoporosis is a disease, expressed in bone mass loss in the
organism, changing of bone structure and it endurance decreasing, that
conduce to significant increasing of fracture risk. As many other di-
seases, osteoporosis, for the greater part caused by heredity or genetic
features of the patient. But level of its expressing very often depends
on the presence of another risk factors and its individual importance
for each patients. First of all it is the deficiency of physical exercises
during the living (hypokinesia). That, severally, depends on life style,
characteristic of professional activity, enforced bedrest in diseases and
other variants.

In any cases osteoporosis is an important medical and social prob-
lem, primarily along of increasing of bone fractures number. Following
treatment and rehabilitation of these patients are very expensive. For
example, in industrial countries it amount to ten billions US $ per year
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and more. The last, exactly medical, social and economic aspects of
osteoporosis, to attach the more practical and fundamental importance to
this, as may to come across, especial goal — to diagnose and to prevent
osteopenia in the space medicine.

There are presented amounted results of bone tissue investigations in
Russian cosmonauts after space flights 5-7 months duration, and results
of analysis of possible mechanisms of the changes, performed during last
two year, using the laboratory experience in osteopathies clinic.

Osteodensitometry equipment QDR-1000/W (Hologic, USA) was
used to measure projection bone mineral density (BMD, g/cm2), and
bone mineral content (BMC, g) which is identified as bone mass, in dif-
ferent segments of the skeleton. The local analysis of the whole body
scans consisted of BMD and BMC determination in the skull including
cervical vertebra, hands, ribs, dorsal and lumbar spine, pelvis, and legs.
The analysis was performed with the Whole Body V5.47 program. The
lumbar spine and proximal hip were investigated by the high resolution
program of subregional (local) analysis.

As it was shown earlier, directivity and magnitude of BMD
changes and their sites depends on their location relative to the gravi-
ty vector, biomechanical profile and type of tissue structures.
Reduction of bone mass (BMD) was consistently reduced in segments -
of the lower skeleton, where mean loss of mineral density during flight
amounted to —5.63 + 0.817% in lumbar vertebrae, —8.17 + 1.24% in
the proximal hip, neck of the hip in particular: and —11.99 + 1.22% in
pelvic bones (BMC).

In segments of the upper skeleton (head, arms, ribs, sometimes cer-
vical and thoracic spine) BMD (in bones of skull - BMC) changes were
either absent or had a well-marked positive trend. This phenomenon is
considered as a secondary reaction to the body fluid redistribution head-
word under the conditions of microgravity. Considering the hypothesis
about possible introcranial pressure rise in the zero gravity of and data
attesting stimulating effects of local venous pressure on osteogenesis, a
supposition can be made that the observed phenomenon reflects the
situation favorable to mineral cumulation in bone tissue and, possibly, in
soft tissues of the head.

The high interindividual differences in directivity and magnitude of
cosmonauts bone mass changes due to obviously on heredity. Indeed, the
modern literature gathers more and more data which allow to associate
width of the normal range with polymorphism of genes responsible for
syntheses of bone matrix, vitamin D receptors, interleikin-6, and colla-
gen type-1 in particular, and, possibly, collagenase and receptors of
estrogen. Moreover, “predisposition” to bone loss, osteoporosis and
fractures risk is also associated with different polymorphisms of these
and some other genes.
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The clinicophysiological evaluation of the discovered changes
takes into account the WHO classification differentiating osteodeficits
in humans by BMD as “normal — osteopenia — osteoporosis”. On this
basis it is possible to say that group mean bone mass reduction in the
lower skeleton of cosmonauts after flight do not, as a rule, go beyond
the norm limits i.e. BMD do not decrease below 1SD of the peak bone
mass in youth (T-scale according to the WHO classification).
Individual analysis allows to reveal after flight, mainly in cosmonauts
with low preflight bone mass, lumbar vertebrae BMD reduction
beyond the score of —1SD, but not lower than —2.5SD on T-score,
qualified as local osteopenia. »

BMD recovery in cosmonauts after 5 to 7-month flights occurs spon-
taneously in the process of rehabilitation actions and requires presu-
mably fairly much time (1-3 years). However, this recovery rate should
be considered sufficiently high because in clinic osteoporosis progres-
sive at this or slower rate would not recover even under significant ther-
apeutic treatment.

Are considered a biomechanical and metabolic hypothesis of a ge-
nesis of observed changes, having as a whole physiological character
and intimations of adaptive reactions. With this purpose was performed
the analysis of probable participation of different levels and mechanisms
of a regulation of bone tissue metabolism: the intrinsic bone tissue, sus-
pected composite nature of redistribution Ca2+ between crystalline struc-
ture, labile pool of amorphous calcium and interstitial liquid, tissue (out
of bone) and system, where have to distinguish hierarchy of interde-
pendent systems fluid volume, osmotic and ions regulation and conju-
gate with that a system regulation of Calcium exchange by bone effec-
ting hormones (parathormone, calcitonin, calcitriol and other).

The conducted analysis of results of our researches and literary data
allows according to the biomechanical hypothesis to suppose, that the
primary (initiating) reactions develop on local (the bone tissue) level. So
it is possible to suppose, that marked in experiments with animal on
biosatellites “Cosmos” the decrease of strength of bones at invariable
mineral parameters at early stages of flight (about 3 weeks) can be con-
nected to changes of the physic-chemical parameters of adhesion of a
“collagen — crystal”. The phenomenon, observed in the same experi-
ments, of inhibition of early stage of osteoblasts differentiation, which
can be realized by participation of local factors of a regulation, is con-
sidered as a consequent of a deficit of mechanical (deformation) load
and, than, conducts to decrease of osteogenesis rate during adaptive
remodeling of bone tissue. Such phenomena at a tissue level in combi-
nation to high rate of it developing can to be the cause of change of the
“qualities of a bone”, that in many respects, both with value of bone
mass, determines probability of fracture.
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The results on biosattelites bone tissue investigation are interpreted
as “sitespecifical”. These are suggested the presumable or initially local
causes of bone changes. That, in turn, way reflect the phenotypical pecu-
liarities of skeletal organs, which are the amount and space distribution
of noncollagen proteins in different skeletal structures. The last are
responsible for bone cells interaction and regulation of sensitivity to
external factors including the mechanical load.

At present, wide recognition and experimental evidence receives the
opinion according to which the reaction of bone tissue in space flight is
to a considerable extent determined by local factors of bone metabolism.

Data on changes in the bone cells activity ex vivo have been sus-
tained by results of in vitro culture studies of following exposure to
microgravity. Investigations of cultures of embryonic mice bone
showed reduction of osteoid mineralization velocity and glucose con-
sumption by the culture and simultaneous increase in mineral resorp-
tion after space flight. Syntheses of type-1 collagen and alkaline phos-
phatase was also found to slow down in the culture of preosteoblast-
like cells (line MN-7) under the influence of microgravity. Studies
with the culture of cartilaginous cells on the “Mir” station demonstra-
ted shrinking of colonies, degradation of mechanical stability of the
cultural structure and suppression of glucoseaminoglicanes syntheses .
(Freed). The data can infer local suppression of osteoblast histogene-
sis under the conditions of microgravity.

On the other hand, some changes of tissue (out of bone) factors for
example, decrease of calcium — adhesion capacity of blood proteins,
decreasing of Calcium absorbtion in intestine and reabsorbtion in kid-
ney and also the some phases of rearrangement of systems of fluid vo-
lume and ions regulation (as outcome of reallocating of fluid volumes)
can instigate mobilization of the Calcium from a bone for the stabi-
lization of its concentration in a blood, thereby augmenting general
bone tissue loss.

On the basis of this data analysis the hypothesis about a genesis of
osteopenia is formulated: the loss of bone mass in a space flight is con-
ditioned predominantly by local inhibition of a bone formation owing to
deficit of the mechanical stimulation of bones and relative (or absolute)
activation of the resorption, which initiated by rearrangement of the fluid
and ion regulation system, that, in turn, connected with reallocating of
body organism to the cranial direction.

The analysis of data obtained has revealed some of problems that
requiring solution. The absence of the normative data about mineral den-
sity of a lot of parts of the skeleton actuates researches, directional on
formation of the Russian national population BMD and BMC norms.
High personal variability of changes of bone mineralization parameters
makes indispensable looking up of genetic criteria for the forecast of risk
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of osteopenia development. The considerable complexity of biomecha-
nical interpretation of the data or forecast of risk of bone fracture, which
one is according by an in essence non-linear interconnection “‘minera-
lization — mechanics” and possible changes of “bone quality” in space
flight, leads especially researches.

In conclusion it is possible to presume that bone gravitational phy-
siology expands our notion about pathogenesis of osteoporosis on Earth.
There are ground to believe that one of the main causes of some types of
osteoporosis (senil, immobilization, posttraumatic) may be the inhibition
of the early stage of osteoblast differentiation. It may suggest the prefe-
rence of osteogenesis stimulation by pharmacology in therapy of above
mentioned types of osteoporosis.

2.7. Gravisensitivity of the cultured human
vascular endothelium

It is well known that one of the effects of microgravity on human
physiology is blood redistribution and changes of vascular tone regula-
tion. Results of some studies point on the participation of vascular wall
cellular elements, particularly — endothelium, in formation of organism
reaction to microgravity. Endothelial cells (EC) are highly sensitive to
mechanical influences such as hemodynamic conditions or pulsatile
stretch. However, it is still unknown, how endothelium responds to the
changed gravity, and does the sensitivity of EC to gravitational stimulus
really exist.

The main aims of this study were: — the development of experi-
mental model, allowing to study functional parameters of human
endothelial cells in hypogravity conditions in vitro; — the verification
of existence of endothelial sensitivity to gravitational microenviron-
ment. Obtained results suggest that human endothelium is highly sen-
sitive to hypogravity and responds by significant decrease of cell pro-
liferative activity.

In the course of pilot experiments the model of human umbilical
vein EC culture at changed gravity vector (long-term clinorotation) was
designed allowing studying morphological and functional changes of
endothelium at different stages of monolayer formation. Cell isolation
and culture techniques were described earlier. Cells were cultured up to
confluence in humidified CO,-incubator (+37 °C, 5% CO,). The conflu-
ent primary cultures were harvested with Trypsin-EDTA (GIBCO) and
passaged 1:10 in gelatin-coated T-25 culture flasks (Costar). Culture
flasks were filled completely by fresh medium after 18 hours, without
leaving air bubbles, than additionally sealed by Paraffin tape and locked
by screw caps.
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The constant changes of vector gravity were created using horizon.
tal clinostat at 5 RPM. Cell rotation was performed during 7—15 days
directly in CO,-incubator. The cell morphology was controlled by
phase-contrast video-microscopy (Diaphot-TMD, Nikon). For cell
counts and growth curves generation the hard copies of 10-15 random
fields of view (1 mm?2 each) were operated.

The first and, probably, the main problem, which the authors have
met — the necessity of additional adequate control development. This
was related with, at first thought unessential, effect of constant medium
mixing in the course of cell clinorotation, the most observable in pro-
longed experiments. In the steady-state cell culture system usually used
for attached cells the cultures quickly “condition” the culture medium.
This is related, first, with utilization of its nutrients and, second, with the
secretion in the medium of cell metabolism products, including biologi-
cally active (cytokines, growth factors, etc.). Even in excessive (in the
recalculation on the cell number) amounts of culture medium in static
conditions of culture only its small “bottom” part is really used. So, to
avoid this artifact the mixing of culture medium in the course of long
experiments becomes necessary. We used the platform of horizontal
orbital shaker with relatively high rotation speed (80 RPM).
Periodically, the rotator is turned on for 1-2 minutes every 1-2 hours) by
means of the electronic timer. In the absence of air bubbles in the system
the medium flow and the direct action of this factor on cells are minimal
in spite of high rotation speed. This is confirmed by the results of actin
cytoskeleton staining: the appearances of stress fibers typical for flo-
wactivated EC, does not occur.

It is well known that the changes of cell proliferation are one of the
firsts and the most studied events of endothelial reaction to changed
microenvironment. In couple with data obtained in studies of hypogra-
vity effects on proliferative activity of other cell types, this allows to
expect that, if EC are sensitive to gravitational stimulus, they must
answer by corresponding changes of proliferative activity. To check this
hypothesis, we have studied some parameters of human EC proliferation
and monolayer formation during clinorotation.

The obtained results suggest that the proliferative activity is signifi-
cantly (at mean twice) inhibited in EC cultures exposed to hypogravity
as compared to that of control cells. Similar situation was also found in
subcultures the monolayer formation in which occurred in conditions of
preceding hypogravity. Morphological analysis of cultures has allowed
the interesting feature of monolayer formation in experimental cells. EC
growing in hypogravity conditions looks more spreaded and reaches the
conditions of preconfluent monolayer at lower density, than control
those. However, in the few following days the density of these cultures
continues to increase and they practically reach control monolayers. The
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maximal EC density in confluent monolayers formed in control and
exposed to hypogravity cell cultures did not differ significantly and was
equal to 750-800 EC/mm?2. Possibly, the decreased proliferative EC
activity in hypogravity is temporarily compensated by cell spreading
which leads to earlier formation of intercellular contacts required for
normal endothelial functioning.

Obtained results suggest that, side by side with the sensitivity to
mechanical factors, the human endothelium fits for the recognition of
gravitational microenvironment. Moreover, the increased degrees of cell
spreading under hypogravity allows to suspect a specific reorganization
of cytoskeletal structures which, in turn, opens broad prospects.in further
investigations of this phenomenon, both in vitro, and in vivo.

Actin filaments (F-actin) were visualized by RITC-phalloidin stai-
ning and fluorescent microscopy. In brief, EC were washed by EBSS,
fixed in 4% paraformaldehyde and permeabilized by 0.2% Triton X-100
in Dulbecco’s PBS. Stained cells were studied and photographed on
Opton Photomicroscope III through 40X-oil immersion objective.To
study EC migration activity, the wound-healing model was utilized.
Confluent monolayers of control or pre-exposed to hypogravity EC were
mechanically injured by nylon filament. The cell morphology and steps
of re-endothelialization were controlled by phase-contrast video-
microscopy (Diaphot-TMD, Nikon).

As soon as after 1-2 hrs.from the start of clinorotation the cell
cytoskeleton displayed dramatic changes related with actin filament
thinning and their redistribution to cell borders. In the following
6-18 hrs the central area of ECs became practically free of actin fibers
while the formation of a continuous F-actin band at intercellular contact
area was clearly seen. By this time, the presence of depolymerized
F-actin could be observed in the cell bodies. In the next 12-24 hrs actin
re-organization stabilizes. In some of cells, the described changes were
paralleled by the formation of “ruffled edges” enriched in F-actin.

Since both the loss of stress fibers and the ruffled edge formation are
inversely proportional to the cell migrating activity, this parameter was
studied in the wound-healing model. In experimental cultures as soon as
in the first 30 minutes, the active EC migration begins from both edges
leading to repair of up to 50% of injured zone. Simultaneously, in con-
trol, only insignificant cell migrations could be observed. The diffe-
rences between groups remain in the following 2-3 hrs of experiment.

It was described previously the changes of EC morphology, actin
cytoskeleton organization and monolayer repair in response to the addi-
tion to cultured cells of cAMP elevating compounds. Therefore, the
experimental results obtained in this study license to propose that the
reaction of human endothelium to hypogravity is, likely, related with
modified activity of second messenger systems, particularly adenylate
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cyclase and/or protein kinase C, and involves many aspects of cell
metabolism. In conclusion, our data and results of other investigators
clearly shown the different elements of cytosceleton involve in early
phase of cell adaptation to gravitational stress.

The shifts in cell migration and cytosceleton lead to changes in cell
interaction, for example between endothelium and circulating lympho-
cytes. Focal adhesion of immune cells to the endothelium followed by
their transmigration into subendothelial space is a hallmark of several
inflammatory and immune disorders. Endothelial cells participate in
these events producing soluble and membrane-associated mediators able
to activate blood cells functions including adhesion. In response to cer-
tain mediators, ECs redistribute cell adhesion molecules (CAMs) from
storage granules or biosynthesize new proteins over a period of minutes
to hours. The two families of endothelial CAMs that participate in these
vital processes are the selectins, namely E-selectin (formerly ELAM-1),
P-selectin (GMP-140, CD62P), and L-selectin (Mel-14, LAM-1), as well
as the immunoglobulin (Ig) superfamily, which includes ICAM-1 and
ICAM-2, VCAM-1 and PECAM-1. These structures play a role of
receptors for corresponding ligands (counter-receptors) on the leukocyte
surface. Lymphocytes bind and migrate across endothelium using, pre-
ferentially, CD11a/CD18 — ICAM-1 interaction; utilization of other
receptor-ligand pairs, including VLA-4 — VCAM-1, permit them to bind
to ECs in the absence of CD11a/CD18, however, this interaction appears
to play a less important role in subsequent transendothelial migration. In
this part of investigation we have focused our interest on the expression
of endothelial CAMs and EC-leukocyte interaction in changed gravita-
tional environment.

Human peripheral blood lymphocytes (PBLs) were isolated from
heparinized blood by centrifugation on lymphocyte separation medium
(LymphoSep, ICN). The mononuclear-rich interface was collected,
washed twice with RPMI-1640 medium and resuspended in RPMI-1640
medium with 10% FBS. A half of PBLs was activated by the addition of
phorbol ester PMA (Sigma, 10 M). Leukocyte suspensions were added
to endothelial cultures and co-incubated for 30 min at 37 °C. Then, unad-
herent cells were gently washed out; cultures were fixed in 2.5% glu-
taraldehyde on Dulbecco’s PBS, stained according to Giemsa, and exa-
mined in video-enforced Nikon Diaphot-TMD microscope. The surface
expression of endothelial E-selectin, ICAM-1, and VCAM-1 was studied
using either avidin-biotin-peroxidase techniques or flow-cytometry.

It was shown that EC cultures growing in standard conditions were
formed by densely packaged polygonal or slightly elongated cells. After
24 hrs of clinorotation, practically all cells became polygonal, and the
monolayer appeared more accurate. However, cell density was not
affected and was equal to 805 £ 54 and 814 + 61 ECs/mm?2 (control vs
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clinostat). Control ECs, growing in static conditions, did not contain on
their surface detectable amounts of E-selectin or VCAM-1 but were
ICAM-1 positive. The addition of inflammatory cytokines, interleukin-1
or TNF-a (5-10 U/ml) within 6-8 hrs induced the appearance of
E-selectin and VCAM-1, and leaded to significant increase of ICAM-1
expression.

After 12-24 hrs of clinorotation the cells were still E-selectin and
VCAM-1 negative. However, the expression of ICAM-1 increased sig-
nificantly, even without any additional cell stimulation. The strongest
staining and fluorescence intensity were observed in EC cultures
exposed to hypogravity in the presence of TNF-a.. At the same time as
hypogravity stimulated spontaneous and potentiated cytokine-induced
expression of ICAM-1, its action on E-selectin and VCAM-1 expression
in TNF-a co-stimulated cells was opposite. In response to low cytokine
concentrations (5—-10 U/ml), both the number of positively stained cells
and fluorescence intensity were reduced under clinorotation comparing
to static control cultures activated by the same doses of agent.

Lymphocytes poorly interacted with control ECs, and practically no
adherent cells (less than 1 PBL per 10 ECs) were seen in clinorotated
cultures. Activation of blood cells with phorbol ester PMA increased
their ability to interact with endothelium, especially, in cultures exposed
to hypogravity (1.45 + 0.13 PBLs/EC vs 1.19 *+ 0.13 in control). The
stimulation of endothelium by TNF-o also enhanced PBL adhesion,
however, in this case, unactivated leukocytes preferentially attached to
control, and PMA-activated — to clinorotated cultures

Thus, hypogravity specifically alters the expression of endothelial
CAMs and modifies cell adhesive parameters. On the one hand, the
detected decrease of E-selectin expression has negative consequences
for initial steps of cellular communication of endothelium with native
leukocytes since the mechanism of recognition selectin-carbohydrate
fails down. On the other, — hypogravity potentiates the effect of inflam-
matory cytokines and stimulates itself the expression of ICAM-1 —
receptor for CD11a/CD18 on leukocyte membrane. Theoretically, it
might increase the adhesion of activated PBLs but, practically, has no
effect by the same reason: the basal adhesion is close to zero, and there
is no way to be physiologically activated. In these conditions, the full
capacity of lymphocyte to adhere to endothelium is achieved only after
external stimulation.

The presented results shown that long-term gravity de-orientation of
mechanosensitive cells leads to re-organization cultured cell monolayer
and cytosceleton morphology, changes of cell adhesion molecules
expression and cell interaction in vitro. The possible cell modification in
microgravity could be involve to changes in vessel tone regulation and
immunological disorders during long-term space fligths.
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2.8. Investigations into the effects of microgravity
on the post-embryonic development of the japanese quail

Pioneering experiments on the effects of space flight on embryonic
and post-embryonic development of the Japanese quail were performed
in 1990 and 1992 aboard the Russian OSS “Mir”. The experiments
demonstrated the feasibility of hatching healthy viable chicks of the
Japanese quail in microgravity. On results of the experiment it was con-
cluded that microgravity does not directly affect morphogenetic process-
es over the whole cycle of development of quail embryos. However, this
first hatching of quails in microgravity brought to light a new problem of
the gravitational biology, i.e. adaptation of chicks to the environment
lacking the gravity vector. Observation of behavior of the quail hatch-
lings in the space vehicle made it clear that they could not survive in the
zero-g environment without assistance. The problem of survival of new-
borns in microgravity stems from the behavioral reactions and their
dependence on the factor of gravity. Observation of the chicks showed
that all their instincts can be materialized only if they are spatially ori-
ented. On Earth, gravity is the main factor that allows chicks to orient
themselves. Absence of gravity from the very first moment of life out-
side the egg makes chicks completely desoriented and, consequently,
devalues the inborn motor instincts. Partial compensation of the absent
gravity with the help of rigid fixation of the chicks to the incubator feed-
er or cosmonaut’s hand made it possible to save some of the instincts
(pecking, visual location of a firm surface and attempt to reach this sur-
face with the use of wings). These observations led to the conclusion
about the necessity to design avian habitats and restraint devices to help
chicks orient and survive in space flight.

In 1999, the joint Russian-Slovakian Quail-SK6 experiment was
included into the MIR mission program for the Slovakian cosmonaut to
test efficiency of artificial force of gravity in facilitating survival in and
adaptation of the Japanese quail chicks to microgravity.

To make the experiment, 60 quail eggs were pre-incubated in labo-
ratory till embryos reached the age of 13 and 14 days (30 eggs of each
age) and delivered onto the space station in a transport incubator with
controlled air temperature and humidity (37.5 £ 0.5 °C, 65 + 5%, respec-
tively). After testing, 56 intact eggs (27 and 29 eggs of two age groups,
respectively) were inserted in Incubator-1M for further incubation till
hatching out of chicks. To handle chicks on MIR, Slovakian engineers
manufactured a board centrifuge to accommodate 12 individual chick
modules: 6 chicks were exposed to 0.4 g and other 6, to 0.8 g (Fig. 2.1).

To study behavior of chicks exposed to the artificial force of gravi-
ty, immediately after hatching the first 12 chicks were placed in the indi-
vidual modules. To our regret, because of malfunctioning of the modules
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Table 2.1

Results of incubation of the Japanese quail eggs
in experiment Quail-SK6 on OSS "Mir"

Age of embryos | Number of Hatchlings Eggs with

. . . Dead embryos

in quail eggs incubated eggs Number % pecked shell
14 days 27 21 77.8 6
13 days 29 15 517 6 8

2/3 of incubation time on Earth with embryos on the stage of develop-
ment characterized by acute sensitivity to unfavorable environment.
However, hatchability was found much better than predicted (Table 2.1).
Mean hatchability made up 64.3%. The chicks broke the shell on days
17.5-18 suggesting normal development. Hatchlings were active. From
the table it can be seen that hatchability from the eggs of the first and
second groups was 77.8% and 51.7%, respectively.

Behavior of the chicks on return from the space flight exhibited sig-
nificant deviations: they refused to eat and drink and staggered.
Noticeable was an unusual posture of resting chicks: they dropped the
head as low as to the level of feet and turned it left. During motion the
chicks displayed an extreme discoordination: unsteady walk with the
body turned forward or backward falling on the right or left side. Wings
of the chicks were not pressed to the body but slightly moved aside. The
chicks walked with embowed finger phalanxes. When thrown up, chicks
would land on the hind part of the body but not on feet. Unfortunately,
we could watch behavior of the chicks in the 1-g gravity for one hour and
a half only and as they began to die.

Visual inspection of the space chicks did not reveal any abnormali-
ties in their development. Yet, it should be said that appearance of these
chicks was different from that of the controls: they had embryonic
plumage (fluff), traces of meconium on the legs, and flabby body mus-
cles, cervical particularly. Biometrics of the space chicks evidenced
severe atrophy. The chicks weighed 5.8 + 0.7 g on the average in con-
trast to the controls with a body mass averaging 8.2 + 0.1 grams. This
was associated with inability of the chicks to feed by themselves so that
they had to live on remnants of the yolk sucked into the abdomen prior
to hatching.

Examination of the musculoskeletal apparatus of the chicks deve-
loped in the absence of functional gravitational loading from the
moment of birth is of great interest. Morphological investigations of
hind limbs were performed in 14- and 16-day embryos and in chicks
that had stayed alive in microgravity for 4 to 5 days. Under the 1-g con-
ditions, the skeleton of 14-d embryonic limbs was fully shaped and had
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the anatomy of adult bird. In this period, the cartilaginous rachis gets
calcified by way of lime deposition in the inter-cellular space and
inside the bone marrow on the internal surface of the perichondrium.
From the central point of diaphysis ossification spreads out onto epi-
physes which remain cartilaginous and sustain the longitudinal growth
of bones. After 16 days of development, the process slows down. From
the moment of hatching the skeleton gets a new stimulus for growth
due to availability of the stock of proliferating chondrocytes in the
metaphyses of long bones after they had entered the stage of swelling
and subsequent resorption. After 4 to 5 days of life in the weightless
environment, the chicks were found to be behind their laboratory con-
trols with respect to the growth of the limb skeleton. Length of the
femur in the space chicks was by 24.1% shorter as compared with the
laboratory controls. Ossification areas of the skeleton of the space
chicks were also shorter when compared with the controls (for exam-
ple, femoral ossification areas were shorter by 23.1%). However, per-
cent of the hindlimb ossification (ratio of the ossification area to the
total bone length in per cent) in the space chicks did not differ from that
in the laboratory control (87.23 + 0.98% vs. 89.81 + 1.74%). This may
be explained by the fact that 2/3 of the time of development of the
embryos took place in Earth’s gravity which could have influenced
progress of skeletal osteogenesis in the chicks. The earlier experiments
on Mir provided data indicating retardation of ossification in 14- and
16-d embryos and chicks that stayed in microgravity 2 to 3 days after
hatching out. Electrograms of hindlimb muscle tissues (m. gastrocne-
mius) of the chicks that had been exposed in microgravity from 4 to
5 days identified fibers on the phase of differentiation: Z-lines were
zigzag-shaped or double, poorly visible I and A-lines, mitochondria in
places had larger sizes and lined up in a row longer than a sarcomere.
Internal membranes of mitochondria were thickened and vacuolated,
the sarcotubular system contained expanded tubules and the myofibril
cytoplasm had numerous adipose vacuoles. Though the postembryonic
period was short, data of the investigation suggest a rapid development
of degenerative changes in the anti-gravitational musculature which is
consistent with the concept known in pathophysiology as the atrophy
of disuse formulated on an empirical assumption regarding conse-
quences of underloading or complete neglect of a body function.
Experiment Quail-SK6 on Mir aimed at studying the postembryo-
nic development of the Japanese quail in microgravity was also an
attempt to use artificial force of gravity to facilitate survival of the
chicks. Unfortunately, it was unsuccessful because of the centrifuge fail-
ure. Results of the experiment gave one more proof that chicks cannot
survive in the zero-g environment without aid. Based on the experimen-
tal data, the problem of survival of newborn chicks in microgravity ari-
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ses not only from their behavioral reactions but also development of the
musculoskeletal system.

Investigation of the postembryonic development of the Japanese
quail showed that microgravity alters both the external and internal
environment of living organisms. Their adaptation and survival in
microgravity may be dependent equally on compensation of changes
in the external and internal environment. For animals counteraction to
the negative physiological effects of microgravity is a big challenge.
The first approach to the problem was fruitless and must be resumed.
Continuation of the studies of artificial force of gravity as a counter-
measure is necessary not only from the standpoint of designing life
support systems for manned vehicles but also for better understanding
of the limitations for and adaptability of living organisms in micro-
gravity.

2.9. Growth and development of wheat in a sequence
of generations under the spaceflight
conditions of the OSS *Mir”

Over the past 30 years researchers from different countries have per-
formed a large number of investigations aimed at development of bio-
logical life support systems (BLSS) for humans beyond the terrestrial
biosphere. These systems can vary in the biocenotic structure depending
on their purpose, operating life, dimensions, and power supply. One of
the main functions of BLSS for humans who are going to stay long time
outside the biosphere (interplanetary voyages, extraterrestrial outposts)
will be production of vegetable and animal foods. The higher plant sub-
system should provide chief crops (wheat, rice) to supplement crew diet
with carbohydrates and vegetable proteins. Prerequisite for development
of the BLSS higher plant subsystem is test evaluation of cereal crop yield
in pressurized modules including habitats of space vehicles.

Cultivation of wheat from seed to seed in greenhouse Svet aboard
the space station Mir was the peak of a series of space experiments with
wheat in various plant growth chambers. Thus, in 1988 growth and
development of wheat cultivar Erythrospermum-841 were studied in
device Svetoblok-M in a 19-d “Mir” experiment. Mass and leaf surface
area of the space-flown plants were found to be 2-2.5 times smaller in
comparison with the ground control. Causes of the growth inhibition
were not established, as design of the device did not permit monitoring
of crop parameters and active ventilation. In 1991, the device was used
again to grow a crop of super-dwarf wheat in a 157-d spaceflight expe-
riment. The result was one plant with a booting sprout. Since light inten-
sity in Svetoblok-M is too low to yield wheat seeds, the control experi-
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ment was also seedless. On return to Earth, the plant was put under a
brighter light to continue growth. However the spike formed in the space
flight was barren.

In 1993, super-dwarf wheat germinated on Earth in the U.S. Plant
Growth Unit (PGU) prior to the launch in a space shuttle. The crop grew
in orbit for 10 days. Postflight investigations showed that the conditions
of space flight reduced crop photosynthesis and, consequently, mass of
the space crop by 25% as compared with the control.

In 1995, an experiment with plants in system Astroculture was
included in the program of NASA space shuttle mission STS-63. Plants
of Brassica rapa and 4-d old super-dwarf wheat were taken up into one
growth chamber in which they made the 8-d space flight. It' was shown
that the root medium in the space experiment was marked by elevated
hypoxia. When compared with control values, the alcohol dehydroge-
nase activity was increased by 248-304% in roots of the wheat and by
334-579% in roots of Brassica rapa.

The first experimental cultivation of the super-dwarf wheat in green-
house Svet was undertaken in 1995 within the science program of the
Russia-US project “Mir”/Shuttle. In this 90-d space experiment the nor-
mal ontogenetic development of the plants was disturbed by the sum of
environmental factors and low overall crop illumination (because of a
technical failure). The plants were small in size, formed 12-16 leaves
with a thin leaf plate (vs. 7 leaves in the preflight control) and no heads.
In the delayed synchronous control in which we reproduced main para-
meters of the space crop environment harvested were plants with char-
acteristics different from those of the space plants. Specifically, the syn-
chronous control crop developed heads but they were barren. It meant
that the space wheat crop had been stressed not only by the weak illu-
mination but also some other factors.

In 1996-1997, we made another experiment with super-dwarf wheat
(Greenhouse-2) within the “Mir”’/NASA space science program. In this
experiment, duration of the wheat vegetation cycle as well as separate
phases of the cycle was equal to what had been observed in preflight la-
boratory experiments. Dry mass of a plant did not differ in the experi-
ments but the space plant had 2.7 times as many sprouts with heads as in
the preflight control. Sprouts of the space plants were noted to be half as
long as the laboratory controls. None of the space heads contained seeds.
The structure of heads was strikingly different from that in the preflight
controls. Mass of the heads was half as much, florets and palea awns were
short, spikelets in the heads were less in number but the mean number of
florets in the spikelets was increased.

It was demonstrated in the experiments that the most profound
changes in the production and morphometric parameters of the space
super-dwarf wheat were caused not by the specific spaceflight factors
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Table 2.2

Main characteristics of wheat cultivar Apogee cultivated in greenhouse Svet
in the space and laboratory experiments

Laboratory
Space Laboxiatory ex.perifnent
Parameter . experiment with air
experiment (w/o ethylene) ethylene
(1.1 mg/m?)
Duration of the full vegetation cycle, 70-82 80-83 75-80
days
Dry mass of one plant, g 3.64 3.05+0.86 1.70£0.28
Number of sprouts with heads per a plant 2.4 2.8+0.4 3.0£1.0
Height of a plant, cm 35.343.1 44.8+2.8 27.7%1.1
Culm length, cm 26.242.0 36.243.1 18.944.2
Head length, cm 8.311.8 6.5+£0.7 5.6x1.0
Number of spikelets in a ripe head 16.0+2.0 16.0+£2.0 11.0£2.5
Number of florets in a spikelet 4.0%1.0 4.0+1.0 4.0+£1.0
Amount of seeds per a plant 423 68.3 13.1
Caryopsis mass, mg 18.116.1 32.019.1 29.9+5.0

but primarily by phytotoxic ethylene, the atmospheric concentration of
which by the time of the experiment amounted to 0.3—1.8 mg/m3. This
increased level of ethylene in atmosphere was the factor in the abnormal
development of the male generative organs of wheat.

Preparation for space experiment Greenhouse-4 approved for the
Russian space research program in 1998-1999 was made with due consid-
eration for this experience. The experiment on growth, development and
reproduction of wheat was performed in greenhouse Svet aboard “Mir”.

Ground-based experiments helped select cultivars of super-dwarf
wheat that would feel comfortable in Svet and, besides, distinguished by
partial resistance of the reproductive organs to the air concentration of
ethylene up to 1.1 mg/m3. Preference was given to caltivar “USU-
Apogee” purposefully developed to be fit for greenhouses as subsystems
of various bio-regenerative life support systems.

Table 2.2 presents the main parameters of wheat cultivar Apogee
harvested in Svet in experiment Greenhouse-4 in comparison with data
of the ground-based investigations. Of interest is the fact that same as
with the super-dwarf wheat, duration of the full vegetation cycle of this
cultivar was not noticeably altered by the space flight.

Comparison of the morphometric and yield parameters of cultivar
Apogee shows that some of the spaceflight values of these parameters
take an intermediate position. The key outcome of the experiment were
508 seeds from 12 plants which is by 38% lower than the laboratory yield
but at the same time by 69% higher than the yield of the wheat crop cul-
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tivated in the atmosphere with elevated ethylene (1.1 mg/m3). In the
space experiment, mass of the seeds was smaller in comparison with the
laboratory tests on both stages. There is no possibility to identify quanti-
tatively which of the spaceflight factors had provoked these changes, as
in the period of the experiment with the Apogee wheat atmospheric et-
hylene on “Mir” was not measured. Concentration of this compound was
presumably below 1 mg/m3 measured in the earlier space experiments
and reproduced in laboratory with the purpose to establish dependence of
yield of this wheat cultivar on atmospheric ethylene.

Reduction of the ethylene concentration in the space station atmo-

sphere could have been due to operation of catalytic air scrubber PKF-T
which was installed in November, 1998 and set for the high-temperature
mode. :
Results of this space experiment demonstrated for the first time fea-
sibility to grow cereal crops from plants that had passed the full vegeta-
tion cycle in a space vehicle. This supports the earlier conclusion that
microgravity does not directly impact the elementary genetically deter-
mined biological processes including growth, development and repro-
duction of plants.

Studies of growth and development of a sequence of plant genera-
tions in space flight were the purpose of Russian experiment
Greenhouse-5 conducted in 1999. Terrestrial and “space” seeds of wheat
cultivar “Apogee” (gathered in experiment Greenhouse-4) were planted
in greenhouse Svet on Mir.

Twenty plants from the terrestrial seeds and one plant from the space
seeds reached the complete biological ripeness at the age of about 80 to
90 days.

Both in the laboratory and space flight the repeated use of root mo-
dules for wheat cultivation from terrestrial seeds produced plants bio-
metrics of which was a little worse as compared with the plants of the
first crop (Table 2.3). For instance, dry mass of a plant in the second crop
made up approximately 40% both in the space and ground control exper-
iments. The parameter of the amount of seeds per a plant was found to
be more sensitive to the repeated use of root modules as it decreased by
approximately 50% in the space experiment and by approximately 60%
in the ground controls.

Comparative analysis of the first and second space wheat crops har-
vested in experiment Greenhouse-5 (Table 2.4) showed that on the
whole the only plant of the second space crop did not have any morpho-
logical differences from the terrestrial controls. Size and mass parame-
ters of the plant were smaller as compared with the plants of the first
space crop. According to cosmonaut S. Avdeev, initially the seed con-
tent of the second space crop was a little bit higher but after the pre-har-
vest drying a part of the seeds shattered.
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Table 2.3

Mam parameters of wheat cultivar "Apogee" grown from the terrestrial seeds
in greenhouse Svet in two vegetation cycles

Vegetation
P first crop second crop
arameter (Greenhouse-4) (Greenhouse-5)

space flight control space flight control
Dry mass of one plant, g 3,64 3,05+0,86 2,29 1,8+0,6
Height of a plant, cm 35,3431 44 8+2.8 33,9459 31,846,2
Head length, cm 8,3%1,8 6,5+0,7 6,8+0.,4 5,2+1,1
Number of spikelets in a ripe head  16,0£2,0 16,0+2,0 15,0+2,0 11,0£3,0
Amount of seeds per a plant 423 68,3 20,7 15,9

Table 2.4

Comparison of plants of wheat cultivar "Apogee" grown from the terrestrial
and space seeds in Svet in space experiment Greenhouse-5

D Number A
T £ seed fry mass | of sprouts | Plant Head fmon(.;m
ype ot seeds Ol a with height, length, ol seeds
plant, g heads per | cm cm pera
plant
a plant
Terrestrial seeds (first space 2,29 2,1 33,9459 6,8+0.4 20,7
crop)
Space seeds (second space 1,21 2.0 27,0 5,0 5+7?
crop)

To summarize, the space experiments with wheat cultivar Apogee
performed on the OSS station “Mir” in greenhouse Svet during
1998-1999 gave the initial positive results of growing a sequence of
crops in space flight. Harvesting a normal plant the embryological and
post-embryological development of which had passed in the space flight
undeniably constitutes a certain milestone in the history of space biolo-
gy and plant ecology. It can be considered an established fact that plant
cultivation in microgravity can be realized in several ontogenetic cycles.
Future investigations of plants in space will be concerned, apparently,
with microevolution and delayed genetic consequences of extended plan
cultivation in space. Investigators should concentrate particularly on a
more thorough evaluation of such factors of the plant environment as
space radiation, composition of the space station atmosphere, possible
excessive watering of roots as a result of the microgravity effects on
water migration across substrate



Chapter 3

PESULTS OBTAINED IN THE DIRECTION
OF FUNDAMENTAL SPACE RESEARCH
“SOLAR-TERRESTRIAL PHYSICS”

3.1. Project “Interball”

Plasma thermalization and penetration through the outer polar
cusps. Magnetosheath plasma flow is thermalized through the formation
of “long-operating” vortex streets and local discontinuities and solitons in
a distributed region over polar cusps (stagnation region). Plasma percola-
tion through the structured boundary and secondary reconnection of fluc-
tuating magnetic fields in a high-latitude turbulent boundary layer can
account for the main part of solar wind plasma inflow into the magnetos-
pheric trap. Unlike local shocks, the ion thermalization is accompanied by
the generation of coherent Alfven wave cascades with scales ranging from
ion gyroradius to the radius of curvature of the averaged magnetic field,
as well as by the generation of ‘diamagnetic bubbles’ (of few 100-1000
km thick) with a demagnetized heated plasma inside. This ‘boiling’ plas-
ma has kinked power-low spectra with two characteristic slopes (1.2 &
2.4), that differs from the Kolmogorov law. The fluctuation self-organiza-
tion in the boundary layer (synchronization of three-wave decays) was
observed on certain frequency scales. Despite similar scale and spectral
characteristics topologies of the summer and winter exterior cusps are dif-
ferent. In summer (positive dipole tilts) the outer cusp throat is open for
the direct interaction of magnetosheath flows with the indent magne-
topause. The summer stagnation region with the turbulent boundary layer
at its bottom is mostly in the magnetosheath. In winter (negative dipole
tilts) the smooth magnetopause, being at ~ double distance, is more trans-
parent for the fluctuations including ‘diamagnetic bubbles’. It becomes
thick and coincides with the magnetosheath flow boundary. Just inside the
magnetopause, the ‘plasma balls’ (few R thick) are regularly encoun-
tered, which contain highly reduced field and heated magnetosheath plas-
ma. We suggest micro-reconnection of fluctuating fields and percolation
of the ‘diamagnetic bubbles’ as most effective mechanisms for filling of
the ‘plasma balls’. The data don’t conform to a unique large-scale recon-
nection as the general source for the heated plasma there.

The discovery of the ‘plasma balls’ suitably finalizes the
Interball mission, which name has been given after ‘fireballs’ intro-
duced by Fairfield in late 70’s.

185






10000

1000 £
_. 100 ¢
! E
> C
[5)
‘M .
§ L
2 10 3
L E
N. :
§, L
~
1E
0,1
0,01 L . ettt L L 1y
10 100 1000
E, keV

Fig. 3.2. Example of AMI near the bow shock

tron ones, we observed usually a pair of lines with the energy ratio of
1:2. It was shown that these structures are due to gradient-curvature drift
of particles momentary injected on the night side of the magnetosphere.
In several cases particles made several full turns around the Earth. The
pairs of lines in ion spectra should correspond to protons and o-particles.
The analysis of dispersion structures in high-resolution spectra allowed
to determine precisely the moment of particle acceleration T, to estimate
the duration of this process and find the source spectra of particles in the
specific event. One example of the method of T, determination for a dis-
persion event is given in Fig. 3.3. In some dispersion events the varia-
tions of the line energy with time were like periodical sinusoidal oscilla-
tions superposed on a normal hyperbolic decrease. The periods were of
3—5 min. These oscillations were found to be well correlated with the
PC-5 type variations in local magnetic field. The magnetic field oscilla-
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Fig. 3.3. Example of the injection time Ty = 2 h 06 min 04 s determination for ion
and electron dispersion structures for event 28.06.1977 in auroral zone
1 —electrons; 2 —ions

tions were linearly polarized, transversal and mainly in east-west direc-
tion. The phase relation is such that the line energy increased while east-
ward magnetic field component increased.

The simple explanation of this phenomenon in a frame of gradient
drift model was given. The analysis of such ‘wavy’ dispersion events
allowed to find estimates of longitudinal amplitude of such field line
oscillations

Investigation of the fast and large solar wind plasma and mag-
netic field variations. Events with very sharp (faster than 10 min) and
large (by absolute amplitude) increase/ decrease of solar wind ion flux
(density) has been studied. In most cases these events do not include
changing of other solar wind parameters (velocity, temperature, mag-
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nitude and direction of interplanetary magnetic field). There were
investigated the probability of such events as function of their ampli-
tude, their statistical features, connection to the solar corona phenome-
na and their “geoeffectivity”. The statistical analyses included several
tens of simultaneous observations of solar wind fast and large varia-
tions in the foreshock (ahead of the bow shock) by “Interball-1" and
“Magion-4" satellites. For these events the distance between spacecraft
was rather small (1-5 thousands km). The comparison of these meas-
urements for different spacecraft positions allowed us to estimate the
correlation length of structures in the plane, perpendicular to solar wind
motion, is ~ 2R.

The analyses of ion flux measurements with high time resolution
allowed us (also in the first time) to show that plasma variations in the
foreshock are the fast magnetosonic waves going upstream from bow
shock with velocity about 80 km/s but blowed downstream by solar wind
with the larger velocity (about 400 km/s). The estimate of the velocity of
small-scale quasi-harmonic structures in the foreshock also was per-
formed from two point observations.

The case and statistical study was made of the absolute and relative
low frequency and high frequency variations of the ion flux (density) and
magnetic field module in the magnetosheath, It was done using Interball-
1 data both for dusk and for dawn magnetospheric flanks. The depen-
dence of the amplitudes of the plasma and field variations on the space-
craft position relative the magnetosheath borders — radial profiles of
variations — was obtained. It was shown that the amplitude of plasma
flux variations are rather constant across the magnetosheath; the ampli-
tude of field variations decrease from magnetopause to bow shock. The
dependence of the magnetosheath plasma and field variations on the
external condition — the direction of the interplanetary magnetic field —
was also studied. It was shown (at the first time) that amplitude of these
variations strongly increase if the solar wind enter to magnetosheath
across the quasi-paralle]l bow shock.

Ground-based and satellite study of mechanisms for the iono-
spheric polarization jet formation. Long-lasting ground based mea-
surements of a polarization jet (PJ) by the latitudinal chain of ionos-
pheric stations in Yakutia (3 <L < 5; MLT = UT + 9h) and by 5 subau-
roral Russian stations were analyzed. A number of cases were found
when PJ was recorded simultaneously with energetic ion observations by
AMPTE/CCE and “Interball-2”. In the considered cases of strong mag-
netic substorms, PJ was accompanied by strong injection of ions with the
energy of ~20-50 keV and intensity of ~106 cm-2c-!ster-'keV-!. Close to
the injection region near the midnight sector no ion energy dispersion
has been observed, while they have been detected in the evening sector.
Measurements by ionosondes at different longitudes show that the west-
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Fig. 3.4. Onset time of PJ observation at Yakutsk station versus the time of
commencement of substorms with AE = 500 nT, for cases with time delays
between these two events is less than 3 hours. Dashed line marks the
absence of time delay

ward velocity of the front of PJ development is close to the gradient drift
velocity of 20 keV ions (forming the ion dispersion events). Thus, the
physical mechanism of PJ formation due to energetic ion injection dur-
ing a strong substorm burst is experimentally established.

Satellite measurements show that in the near midnight sector ener-
getic ions reach the shell L = 3.0 in 20-30 min after a substorm com-
mencement with AE > 500 nT.

The polarization jet is formed in about 5-10 minutes after the sub-
storm commencement. Thus polarization jet is a manifestation of sub-
storm brake-up phase but not the recovery phase as it was considered
before (Fig. 3.4).

N. Buzulukova and Yu. I. Galperin have developed a simple semi-
quantitative theory of the PJ formation and its characteristics. They
demonstrated that the presence of PJ strongly influences the drift trajec-
tories of outer radiation belt particles and can produce the electric field,
maintaining the PJ band.

Bow shock position determination. About 450 crossings of the
Earth’s bow shock (BS) by “Wind” orbiter and ~850 BS crossings by
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ber for quasi-perpendicular (&), inclined (b), and field-aligned (c) solar wind flow

“Magion 4” (Interball 1 subsatellite) orbiter were analyzed in details. It
was revealed that:

1) earth’s subsolar bow shock is approaching to planet with decrease
of Alfvenic Mach number M,. This unusual behavior is realized only in
a case of practical coincidence of directions of interplanetary magnetic
field (IMF) with those one of the solar wind (8, = 0°, right panel). In
other cases subsolar bow shock moves from the planet with the decease
of Alfvenic (and sonic M;) Mach number in accordance with traditional
expectations (central and left panels) (Fig. 3.5);

2) the cross-section of the Earth’s bow shock by terminator plane is
asymmetric. Dependence of this effect on the solar wind upstream
parameters was studied. It was found that asymmetry of the BS termina-
tor cross-section exists when magnetosonic velocity V=V, essentially
exceeds V| |, which is the maximal of sonic V, and Alfvenic V, veloci-
ties (d,f). The effect vanishes when mentioned above velocities are close
each other (a,c,e), or when the solar wind flows almost along IMF (a,b).
The ratio of axes of the terminator cross-section ellipsoid can be as high
as ~1.1 whether IMF is almost perpendicular to the solar wind flow (f).
In a case of Parker spiral angle of ~45° between the IMF and solar wind
directions, cross-sectional ellipsoid is both elongated in the direction
perpendicular to IMF and shifted by ~1,5 Earth’s radii in the “dawn”
direction (d) (Fig. 3.6).

Plasma characteristics in the high-latitude magnetosheath in the
vicinity of cusp. Gasdynamic model and the global MHD simulation are
used to calculate the plasma properties in the high-latitude magne-
tosheath. We compared the data of “Interball” and “Polar” spacecraft,
which were obtained in the high-latitude magnetosheath in the vicinity
of cusp under conditions of the strong northward IMF with gasdynamic
model and global MHD simulation. Magnetic field plays an important
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role in the reconnection and in the formation of depletion layer within
the magnetosheath. Observed plasma properties are in the better agree-
ment with MHD simulation rather than with gasdynamic model.
Observations show that under these conditions the formation of the
depletion layer at high latitudes leads to the subsonic flow that allows the
steady high-latitude reconnection.
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Ion velocity distributions in the highly-structured LLBL: a case
for multiple reconnection. Analysis of ion velocity distributions in the
highly-structured LLBL, that is one of the two basic types of LLBL (1)
shows that widely accepted view of the LLBL being created by magne-
tosheath plasma entering along single reconnected flux tube (FTE) is not
the only option. Ion observations of with SCA-1 ion analyzer on
Interball-Tail probe show that in many cases ion velocity distributions
have two or three magnetosheath-type components. Two of these com-
ponents are counter-streaming along magnetic field line, while third
component is nearly at rest relative the magnetic field (2). These obser-
vations give experimental evidence for multiple reconnection that may
play a role in the formation of LLBL (Fig. 3.7, see color photo).

Auroral kilometric radiation fine structure. The fine structure of
the Auroral Kilometric Radiation (AKR) is studied using multicompo-
nent measurements of the electromagnetic field in the frequency band 4
kHz-1 MHz (the “Polrad” experiment onboard the “Interball-2” satel-
lite). Special attention is paid to the measurements near the source of
AKR: under conditions when the lower boundary of the emission range
descends sufficiently low, lower than the local gyrofrequency of elec-
trons. From the analysis of the electric field structure a conclusion is
drawn that the bulk of the AKR power is carried by the signal compo-
nent that is fast variable in time and frequency (flickering component).
The power of a constant component (continuum) is lower by at least an
order of magnitude. During strong bursts of the AKR, the relative con-
tribution of the flickering component increases. The spatial structure of
the zone of generation has at least three characteristic scales along and
across the magnetic field.

Observations of small-amplitude AKR with a weakly pronounced
flickering component in a broad frequency band and for along time con-
firm the classical theory of AKR generation in a large-scale cavity of
plasma density. The dimension of this cavity in altitude is several thou-
sand kilometers, and its latitude/longitude extension is determined by the
region of precipitation of energetic electrons in the auroral zone. The
large-amplitude AKR with a dominant flickering component suggests
some powerful small-scale and short-lived sources. Such sources can
occur at a strong inhomogenity of the flux of precipitating particles.
Another possible mechanism for origination of small-scale sources is the
hypothesis of a self-support of the AKR suggested by Calvert.
According to this hypothesis, the AKR itself forms density cavities,
which, in turn, results in intensification of the radiation. In this case, the
amplitude dependence of the AKR flickering components is naturally
explained (Fig. 3.8)

AKR triggering by type III solar radio bursts. Simultaneous re-
gistration of type III solar radio bursts and Auroral Kilometric Radiation
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Fig. 3.8. Auroral Kilometric radiation fine structure

(AKR) have been studied by “Polrad” instrument onboard the “Interball-2”
spacecraft over the time period from July 1997 to October 1998. It has
been found that the onset of AKR and increasing AKR intensity occasion-
ally coincident with the arrival of type III solar radio bursts. The time delay
between the burst detection and the AKR stimulation ranges from practi-
cally simultaneous to ten minutes.

In the Fig. 3.9 (see color photo) we present the AKR onset occurred
after the type II1 solar radio burst. The AKR onset could be seen when the
type III burst is ongoing. Simultaneous data from “Geotail” satellite show
that the AKR emission was permanently observed during relatively long
time period even before the arrival of the type III burst. On “Interball-1”
spacecraft, located close to the Geotail, strong variations of both magnet-
ic field and plasmas begin in 10 min before the detection of the type III
burst. It should result in electron precipitation in the auroral region lead-
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ing to the AKR generation. That demonstrates difficulties in determina-
tion of a cause for the AKR onset observed onboard the “Interball-2”.

The “Interball-2” can be summarized as follows.

1. The coincidence of the AKR intensification and arrival of type III
solar radio bursts is seen in about 10% of the cases in period from
October 1996 to October 1998. The AKR become more intensive and
broader in frequencies shortly after a detection of the radio burst.

2. Multispacecraft observations indicate that the coincidence of the
type III burst arrival and the AKR stimulation is not an evidence for the
AKR triggering. Variations in solar wind parameters accompanying
drifting source of the type III bursts, noted in two cases seem to be a pos-
sible primary cause of the magnetospheric instabilities that finally leads
to the AKR emission. The interplanetary conditions, physical processes
in the magnetotail and foreshock/magnetosheath regions should be also
taken into account in the study of the AKR triggering.

3.2.Project “Coronas-F”

The international CORONAS Program (Complex Orbital Near-
Earth Observations of Solar Activity), which incorporates the orbital
solar observatory “Coronas-F”, is aimed at investigating the Sun in dif-
ferent phases of the 11-year cycle. The previous mission “Coronas-I"
(launched in 1994) observed the Sun near the epoch of minimum activ-
ity. “Coronas-F” will provide observations of solar activity in the vicin-
ity of the maximum of the current cycle 23. On July 31, 2001, the satel-
lite was launched into orbit with the following parameters: inclination
82,49°, minimum distance to the Earth 500,9 km, maximum distance to
the Earth 548,5 km, and period 94,859 min. Such an orbit ensures
repeated 20-day periods of continuous observations of the Sun, which
are particularly important for helioseismologic studies and monitoring
of solar flares. The actual stabilization of the spacecraft orientation
proved to be 3-5 times better than the scheduled value of a few arc. sec.
per second. It will significantly improve the spatial resolution of solar
observations.

The main scientific objectives of the mission are as follows: obser-
vation of global oscillations of the Sun and study of its seismology and
interior structure; a complex study of powerful dynamic phenomena of
solar activity, such as active regions, flares, and mass ejections, in a
broad wavelength range from optical to gamma-radiation; solar cosmic
rays accelerated in active solar events, their outflow, propagation in the
interplanetary magnetic field, and impact on the Earth’s magnetosphere.

Scientific payload. In accordance with the tasks listed above, the
scientific payload of the mission comprises four main groups of instru-
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Table 1

"Coronas-F" onboard instruments

Instrument Destination Designing Scientific leaders of
organization the project
Helioseismology
Spectrophotometer Helioseismological IZMIRAN V.N. Oraevsky
DIFOS monitoring

Monochromatic imaging with a high angular resolution

Solar X-ray telescope
CRT-K

X-ray
spectroheliograph
RES-K

Spectrophotometer
DIOGENESS

Study of the spatial
structure and
dynamics of the upper
solar atmosphere from
narrow-band XUV-
images

Hot plasma
diagnostics in the
solar atmosphere from
X-ray and XUV
images

Observations of X-ray
emission from the
solar active regions
and flares

LPI

LPI

SRC PAS™

LI Sobelman
LA. Zhitnik

LI Sobelman
LA. Zhitnik

J. Sylwester

Electromagnetic fluxes and polarization measurements (from UV to y-)

X-ray spectrometer
"Resik"

Solar
spectropolarimeter
SPR-N

Flare spectrometer
"Iris"

Gamma spectrometer
"Helikon"

X-ray spectrometer
RPS
Time-amplitude
spectrometer AVS

Solar UV radiometer
SUFR-Sp-K

Solar UV

spectrophotometer
VUSS-L
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Solar X-ray
observations with a
high spectral
resolution
Polarization studies of
the solar flare X-ray
emission
Observations of solar
flare activity in the
X-ray spectrum range
Observations of solar
flare activity in the X-
ray and gamma ranges
Study of X-ray
emission from solar
flares and their
precursors

Study of the flare-
generated X-ray and
gamma-radiation
Study of variations in
the integral solar UV
flux

Measurements of
solar UV emission in
the vicinity of the
hydrogen resonance
line

SRC PAS”™

LPI INPMSU
PTI

PTI

IKIRAN MEPhI

MEPhI

IAG

IAG

J. Sylwester

LI. Sobelman
LP. Tindo

S.L Svertilov
G.E. Kocharov

E.P. Mazets

V.M. Pankov
Yu.D. Kotov

Yu.D. Kotov

T.V. Kazachevskaya

A.A. Nusinov



Table 1 (okoH4aHue)

Designing Scientific leaders of

Instrument Destination S .
organization the project

Study of solar corpuscular fluxes

SCR complex Study of solar cosmic INP MSU S.N. Kuznetsov
rays
Data
SSNI Data build-up system IZMIRAN AL Stepanov

*SRC PAS - Space Research Center, Poland Academy of Sciences.

ments: a device for detecting global oscillations of the Sun, X-ray imag-
ing devices for spectral observations of active regions with a spatial res-
olution of the order of 2-3 arc.sec., devices for measuring electromag-
netic fluxes from active regions and flares, and devices for measuring
solar corpuscular fluxes. Measurements of electromagnetic emissions in
a broad range and solar particles, both neutral (neutrons) and charged
ones (electrons, protons, and nuclei), will provide a full pattern of the
physical processes in solar active regions. The onboard instruments and
their functions are listed in Table 1.

Spectrophotometer “Difos” The spectrophotometer “Difos” is
used to measure intensity fluctuations of the solar white-light emission
and provide the inherent oscillation spectrum. The intensities are
measured simultaneously in six optical spectral ranges (350, 500, 650,
850, 1100, and 1500 nm) with a bandwidth of 10% of the central fre-
quency. The photometer has been up-graded significantly compared to
the version used in the “Coronas-I"” mission. The sensitivity of the
photodetectors was increased by more than an order of magnitude, the

MDI f

"Golf " f

LOI ft

SPM T n t

"Difos" i f ft ft li ft
400 800 1200 1600

Fig. 3.10. Comparison of the DIFOS channels (“Coronas-F") with the “Soho”

instruments
MDI — Michelson Doppler Imaging of solar oscillations, “Golf" — Global low-degree
velocity, LOI — Luminosity Oscillation imager, and SPM — SunPhotoMeter
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spectral range was doubled, and the number of the spectral channels
was increased from 3 to 6. The global oscillations of the Sun are
observed in a broad spectral range, including the most informative UV
line, in which their emission intensity is much higher than in other
lines. In Fig. 3.10 below, the “Difos” channels are compared with the
“Soho” instruments.

Fig. 3.11 illustrates relative amplitudes of 5-min oscillation modes at
the wavelength of 350 nm for 28-30 November, 2001, obtamed as a
result of processing “Difos” data.

Similar results were obtained for the other channels. By averaging
over the modes, we have obtained the mean values of the relative
amplitudes for each of the 6 channels and plotted them as a function of
the wavelength (Fig. 3.12). All points fall on the smooth line, which is
approximated by the expression A-12. A similar result was obtained for
another observation interval of November 30 — December 3, 2001 (the
second curve in the figure plotted with squares). Comparison of the
“Difos” data with ground-based observations at similar wavelengths
reveals a good agreement. The amplitude ratio of the global oscillations
at 500 nm and 680 nm obtained from ground-based measurements is
1.6, and the “Difos” measurements give the ratio equal to 1.54. For
another pair of wavelengths (500 nm and 870 nm), the amplitude ratio
is 2.2 as obtained from ground-based measurements and 1.93 as given
by “Difos” data.

Full-Sun X-ray imaging in the wavelength range (“Spirit” experi-
ment). The “Spirit” scientific complex comprises a multi-channel tele-
scope SRT-K and a spectroheliograph RES-K. The main task of the
experiment is to provide simultaneous spectral X-ray images of the solar
disk and corona, corresponding to monotemperature layers of the solar
plasma in a broad temperature range 7, = 0,05-50 MK (1 MK = 106 K),
with a high spatial, spectral, and time resolution. Such observations will
form a basis for studying 3D structure and dynamics of the solar atmos-
phere and determining the physical parameters and elementary composi-
tion of the plasma features, such as active regions, coronal holes, solar
flares, coronal mass ejections, bright points, prominences, etc.

The SRT-K and RES-K instruments use multi-layer focusing
optics, systems of thin-film and porous spectral filters, and receivers
based on open microchannel plates and cooled CCDs. An important
advantage of the complex is the opportunity to obtain simultaneous
full-Sun images in several spectral channels. The main characteristics
of the measuring channels are given in Table 3.2. The narrow-band
channels centered at the wavelengths of 171, 175, 195, 284, and 304 A
belong to SRT-K and the others, to the spectrohehograph RES-K. The
MgXII channel provides monochromatic images in the 8.42 A line
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Fig. 3.12. Relative amplitudes of inner oscillations of the Sun as a function of
wavelength

with the angular resolution of 6” x 6”. The spectroheliograms in the
wavelength ranges of 177-207 A and 285-335 A give simultaneous
spectra of plasma structures in the solar atmosphere with the spatial,
spectral, and time resolution of 5” x 100” and 87x160”, 0.02 and
0.04 A, and up to 2 s, respectively.

For the first 9 months, more than 80 thousand X-ray images and
spectroheliograms in the range of 8.4-335 A were recorded with a high
spectral, spatial, and time resolution. Over 200 images of the Sun are
obtained daily. Fig. 3.13 (see color photo) illustrates solar images
obtained in the X-ray telescope channels corresponding to the tempera-
ture layers in the range of 0.05-2 MK (see Table 3.2). In the images,
one can see local and large-scale plasma features, various magnetic field
structures, and a flare region. Fig. 3.14 represents a monochromatic
image of a part of the solar corona heated up to 10 MK, as obtained in
the Mg XII 8.42 A line. This image is matched with an image taken in
the 175 A channel, which corresponds to the temperature of 1.3 MK
(spherical structure in the right-hand upper corner). High-temperature
(10 MK) dynamic plasma features with different lifetimes (from min-
utes to tens of hours), shapes, pa3znoit popmsl (helmet-shaped, spheri-
cal, spider-like, etc.), and height distributions (up to hundreds of thou-
sand km above the solar disk) have been first revealed in monochro-
matic X-ray images.

Fig. 3.15 represents a solar spectroheliogram obtained on 16.09.01
(03.59 UT), along with the flare spectrum in the range of 177-207 A.
The latter includes the main intensive lines of the Fe X-XXIV ions,
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Table 3.2

Spectral bands of the SPIRIT instrument and excitation temperatures of ions in
solar plasma

Spectral band Basic ions T, 10°K
1.85-1.87 A FeXXIV — FeXXV 20-50
8.418-8.423 A MgXII 10
177207 A OIV, FeIX-XXIV, CaXIV-CaXVII 0.3-16
285-335 A Hell, SiXI, FeXV-FeXVI, MgVIII, NiXVII, -0.05-5
CaXVII
171+3 A FeIX-FeX 1.3
17554 FeX-FeXI 13
195+6 A FeXII 1.6
284+8 A FeXV 2
304+8 A Hell, SiXI 0.05, 1.6

excited in a broad temperature range from 1 to 16 MK, a number of lines
of some other elements (O, Ca, and Ni), corresponding to 0.3-5 MK.
The flare region is seen as a compact feature in the spectroheliogram in
the “hot” line of Fe XXIV 192.04 A with a maximum luminosity at
16 MK.

Preliminary analysis of the images obtained in the emission lines of
multi-charge ions provided the electron density and temperature distri-
butions in various plasma features in the solar corona: active regions,
flares, coronal holes, etc. in the ranges Ny = 108 — 10!2 cm-3 and Ty =
1 -20 MK.

Thus, the “Spirit” experiment has initiated a new lead the solar astro-
physics -the imaging X-ray spectroscopy, which allows us to study 3D
structure and dynamics of plasma features in the solar atmosphere in the
temperature range T = 0.05 — 50 MK using monochromatic images of
the Sun.

The first results of the “Spirit” experiment may be summarized as
follows:

For the first 9 months of the “Coronas-F” satellite flight the “Spirit”
instrument on board registered more than 80 thousands of solar XUV
images and spectra in 10 spectral channels.

For the first time monochromatic full Sun images in Mg XII resonance
line 8,42 A were obtained. High temperature structures (3—20 MK) asso-
ciated with active regions were firstly observed at the solar disk and
above (up to 0,3 R;) the limb.

For the first time full Sun images in spectral bands 8,42 A (Mg XII),
175 A (Fe IX-XI) and 304 A (He II) were registered simultaneously,
which is important to study of spatial structure and dynamics of solar
corona.
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Fig. 3.16. CA XIX spectra obtained with a high spatial resolution (~5’') in the
growth, intermediate, and decay phases of the current cycle most powerful flare
(25.08.2001 DIOGENNES spectrophotometer data)
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Fig. 3.17. Intensity time profile of the flare-generated X-ray emissions recorded
by the IRIS device on 13.03.2002

shells, and dielectron recombination and allow a detailed diagnostics
of the flare-generated plasma.

Flare spectrometer “Iris”. The instrument is designed for the study
of X-ray flare activity in the Sun in the spectral range of 2-200 keV. In
the patrol operation mode, it has 12 energy channels ensuring the time
resolution of 2.5 s. In the burst-registration mode, there are 64 energy
channels ensuring 1 s time resolution and 4 channels ensuring 10 ms res-
olution. Spectral measurements with such a high time resolution have
never been obtained before in the solar X-ray studies. Observations of
the temporal fine structure of hard X-ray fluxes will provide direct infor-
mation on the evolution of energy release processes in the flare explo-
sive phase and allow a deeper insight in their physical mechanisms.
Fig. 3.17 represents an intensity time profile of X-ray emissions record-
ed by the “Iris” device on 13.03.2002. That flare was the most intensive
of all recorded flares. Its soft X-ray intensity maximum was observed at
22 :08:33 UT.

Gamma spectrometer “Helikon” . The instrument measures the tem-
poral and spectral parameters of the flare-generated hard electromagnet-
ic emission in a broad energy range from X-rays to gamma radiation
(10 keV-10 MeV). It enables the monitoring of radiation conditions in
the near-Earth space environment and soft solar flares, detection and
recording of hard (Ey > 50 keV) flares and gamma bursts. Over 600 solar
flares and 5 gamma bursts were recorded during the interval from
August 15 to January 22, 2002. Most of the flares had soft spectra and
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were

recorded in the background operation mode with 1 s time resolu-

tion in eight adjacent energy ranges from 26 to 380 keV. One of the
major solar flares was recorded in the explosive phase on December 24
at Ty =0h 31 m 41.895 s UT. Fig.3.18-3.19 demonstrate the dynamics
of that flare in eight energy channels and the sequence of the energy
obtained in different phases of the event. The time of the beginning and
the length of each spectrum record are given in the figures.
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X-ray spectrometer RPS-1. The device is intended for the study of
solar flares and their precursors in the X-ray range of 3-30 keV. During
the observations, the calibration parameters of the instrument were
refined, the maps of background conditions were constructed, and a sta-
tistical base of experimental data was built up.

Time-amplitude spectrometer AVS. The device is designed to meas-
ure the flare-generated gamma- and X-rays, in particular, for the analy-
sis of the events of the solar flare-gamma burst type in the following
energy ranges: E = 3-30 keV, E = 0.1-8.0 and 2.0-80.0 MeV. Several
tens of the events potentially belonging to the above-mentioned type
were recorded during the observations. Their energy spectra were
obtained in different phases (before, during, and after the events). The
duration of the candidate events ranges from 16 seconds to 3—5 minutes.
Fig. 3.20 illustrates the differential energy spectrum of the 18.09.2001
event reconstructed from measurements. One can readily see a bend in
the spectrum at 300 keV and a probable spectral feature that can be asso-
ciated with the annihilation line at 511 keV.

Solar UV radiometer SUFR-Sp-K. The SUFR-Sp-K device measures
UV fluxes from the Sun as a star in several spectral ranges from 1 to
130 nm. It operates in a broader spectrum range than the corresponding
SOHO instrument. Besides the scientific tasks, the instrument performs
monitoring of the essential element of the space weather — geoeffective
solar radiation. The device provided X-ray data (A < 12 nm) on the major
flare of importance X-5.3B observed on August 25, 2001, at 16 :23 UT.

Solar UV spectrophotometer VUSS-L. The VUSS-L device is
designed to measure the solar UV radiation in the vicinity of the hydro-
gen resonance line HL,. The measurements are made in the band of
about 120 nm. A large volume of data was obtained on the solar UV flux
and intensity in the Lyman-alpha line, which was preliminarily estimat-
ed to be about 10 erg/cm? s. The time record of the solar UV flux meas-
ured with VUSS-L is shown in Fig. 3.21.

The UV radiation of the Sun as a star recorded by the SUFR-Cn-K
and VUSS-L instruments affects the Earth’s upper atmosphere and is an
important characteristic of solar activity over the time scale of a solar
cycle.

Solar cosmic ray complex. The complex of instruments for SCR
studies comprises a gamma-ray and neutron spectrometer “Song”,
Cosmic ray monitor MKL, and X-ray spectrometer SKI-3. The com-
plex is intended for combined investigations of solar cosmic rays and
their manifestations in the Earth’s space environment. The “Song”
device provides records of X- and gamma-ray spectra in the range of
0.03-100 MeV, detailed spectra of gamma lines in the range of
0.3-20 MeV, > 20 MeV neutrons, and charged SCR particles —
> 70 MeV protons and > 50 MeV electrons. The MKL device is used
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Fig. 3.22. Readings of the X-ray monitoring detector of the SPR-N device during
a solar flare

1, 2and 5 correspond to the magnetospheric electron bremmsstrahlung; 3 and 4 cor-
respond to X-ray emission from an extra-magnetospheric source (solar flare)

to measure the fluxes and spectra of the 1-200 MeV protons and
0.5-12 MeV electrons. The CKI-3 device determines the chemical
composition and ion spectra within Z = 1-10 for He in the energy
range of 1.5-20 MeV/nucleon and Ne in the energy range of
4-40 MeV/nucleon. As distinct from the “Soho” and ““Yohkoh” instru-
ments, the “Song” spectrometer is able to measure the high-energy (up
to 100 MeV) gamma quanta, including those, which result from the
decay of n—0-mesons produced in high-energy proton interactions. As
shown by the “Coronas-F” onboard measurements of solar neutrons,
the “Song” spectrometer has a background at least 5-7 times as low as
the SMM GRS device — the only one recording solar neutrons in the
same energy range.

The flare observed on 04.11.2001 at 16:20 UT gave rise to one of the
most powerful increases of high-energy solar particles in the Earth’s
environment. Fig. 3.22 illustrates the data from the SPR-N patrol detec-
tor obtained at the time when the satellite was crossing the polar cap. The
X-ray flux in regions 1 and 5 corresponds to electron bremsstrahlung in
the radiation outer belt; in region 2, a burst of magnetospheric electrons
(MKL data) was detected; and enhancements 3 and 4 are real X-ray
enhancements. Comparison with the GOES data has shown that, in spite
of a continuous increase of the X-ray thermal emission from 16:03 till
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Lower panel: flare-generated thermal X-rays Xh as given by “Goes-8" data and Dst-
variation of November 4-7,2001. Middle panel: 0.175-0.315 MeV electron fluxes in inter-
planetary space as given by ACE data and 0.0.3—-12 MeV electron fluxes in polar caps and
given by the “Coronas-F” SCR

16:20 UT, the bremsstrahlung revealed at least two pulses of particle
acceleration on the Sun.

The flare produced high-energy particles, and geomagnetic distur-
bances started at 20:00 on November 5 as a result of the arrival of coro-
nal plasma ejected in the November 4 flare. In Fig. 3.23, a shows radia-
tion from the solar flare of November 4, 16:20 UT as recorded by GOES
8 and the Dst-variation. One can see that geomagnetic disturbance due to
the arrival of a coronal mass ejection CME started at 20:00 UT on
November 5. Since the mean CME velocity is ~1700 km/s, there must be
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Table 3.3
The content of various elements (nuclei with energies of 11.4-23 MeV/nucleon)

Time C N (0] Ne Mg Si

22h04 Nov- 39.0+39 119+ 1.7 100 144123 179124 174+£22
15 h 05 Nov

22h05Nov—- 455134 104+ 1.3 100 12014 20.6 £2.0 16.8 +1.8
07 h 06 Nov

07h06 Nov— 42.4+6.5 11.2+2.7 100 12427 16.8+3.4 104+2.6
19 h 06 Nov )

19h06 Nov—- 5471126 85120 100 122146 21.6+6.7 18.9+6.0
20 h 07 Nov

a powerful shock wave in front of the CME. This conclusion was cor-
roborated by ACE, “Wind”, and “Geotail” observations. The shock wave
may be a powerful source of energetic particles. The measured protons
and ions with the energies of 1-100 MeV/nucleon increased from the
flare onset till the CME arrival at the Earth. In the process, the electrons
were effectively accelerated by the shock wave. In Fig. 3.23b represents
the time dependence of the 0.3—12 MeV electron fluxes measured simul-
taneously by other satellites outside the Earth’s magnetosphere. Shows
variation in the power index of the electron energy spectrum Fig. 3.23a.
The electron spectrum did not virtually change, while the CME was
approaching the Earth. The electron spectrum softened and the electron
flux decreased (the same as the proton and ion fluxes), as the CME
moved away from the Earth.

The “Coronas-F” instruments also measure ion fluxes with the ener-
gies of 2-40 MeV/nucleon. Time variations of the ions from C to Si are
similar to those obtained for protons and electrons. The ion composition
remained practically unchanged during the burst of high-energy parti-
cles. Table 3.3 gives the content of various elements (nuclei with ener-
gies of 11.4-23 MeV/nucleon) in per cent of the oxygen content for four
time intervals during the flare of November 4-7. 2001.

3.3 Research of the Solar wind by radiophysical methods

Using the data of radio occultation experiments with spacecraft
“Venera”, “Ulysses”, “Galileo” the new information on the characteris-
tics of solar wind was obtained for heliocentric distances between 5 and
80 solar radii such as velocity, spatial spectrum and intensity of the irreg-
ularities of the electron concentration, outer scale of plasma turbulence,
anisotropy of irregularities. During coronal sounding experiments it was
established, that the spectrum of the frequency fluctuations has a maxi-
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mum, the appearance which one is conditioned by effect of the outer
scale of turbulence of circum-solar plasma. The authentic information on
the outer scale for the first time is obtained and is established, that it
increases with heliocentric distance according to the power law with an
exponent 0.8. In equatorial regions the outer scale changes from 7 - 105
up to 7 - 106 (i.e. from 1 up to 10 solar radii), and in polar coronal holes
it approximately three times is more. The technique of finding of the
outer scale of plasma turbulence is grounded on spectral and correlation
analysis of large-scale continuous measurements of frequency fluctua-
tions of the sounding signal at widely-spaced ground stations.

It is shown that the spectral index of electron density irregularities
for distances larger than 20 radii of the Sun in inertial interval of
10-4-5 - 10-2 Hz does not depend almost on heliocentric distance, and its
average value is close to value applicable to spectrum of Kolmogorov
(11/3). In the region of initial acceleration of the solar wind for distances
between 5 and 10 solar radii the spectral density in inertial interval spec-
tral index is close to 3.0. In the same region the high level of plasma
irregularity reaching (20-30)% is detected. It is detected also that helio-
latitude dependence of the characteristics of the solar wind is strong.

The speed of the solar wind in polar regions in some times exceeds
the appropriate values for low latitude regions while intensity of the
irregularities in high latitude regions is below, than in equatorial regions.
In equatorial regions the speed of the solar wind regularly increases with
heliocentric distance from 100 up to 400 km/s. The strong difference in
turbulence regimes is revealed in the transition region between subsonic
and supersonic flow of the solar wind, where is registered also change of
the anisotropy coefficient of small-scale irregularities from 10 up to 2.
The technique of analysis of the irregularities anisotropy of the solar
wind is grounded on the analysis of simultaneous observations frequen-
cy and amplitude fluctuations of radio waves at widely spaced ground
stations.

The analysis of the Faraday rotation fluctuations of the polarization
plane of the “Helios-1” and “Helios-2” signals was carried out during
superior conjunctions of these spacecraft. The technique permitting on
experimental data to determine the characteristics of Alfven waves prop-
agating in the outer corona — intensity, velocity, spectrum of the mag-
netic field irregularities, characteristic frequencies is developed. It is
established, that in the region of the solar wind acceleration on helio-
centric distances between 3 and 10 radii the temporal spectra of fluctua-
tions of the rotation angle of polarization plane contain quasiharmonic
component with characteristic frequency about 4 milliherz, correspon-
ding to 45-minute period of oscillations of the magnetic field. It is sup-
posed, that the background spectrum is determined by an ensemble of
Alfven waves with random phases and quasiharmonic component in the
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form of isolated trains. The amplitude of quasiperiodic fluctuations of
the magnetic field has value about 0.1 from induction of regular mag-
netic field. From condition of excess of the contribution of isolated trains
above the contribution of the turbulent background the estimations of
characteristic transversal to radial direction of the scale of magnetic field
fluctuations are obtained, which one appears about 30000 km. The
obtained results demonstrate, that propagating from the Sun Alfven
waves play an essential role in the energy balance of plasma in the outer
corona of the Sun and region of the solar wind acceleration. .

The change of the turbulence regime for irregularities of coronal
magnetic field near boundary distance of 6 solar radii is revealed. The
values of speed of the Alfven waves for some heliocentric distances are
retrieved. Typical velocity of Alfven waves at heliocentric distances of
5 solar radii has compounded ~600 km/s.

The results were obtained jointly with the specialists of the Bonn and
Bochum universities (Germany), which have provided for processing a
large volume of the experimental data obtained with spacecraft “Helios”,
“Galileo”, “Ulysses” and have participated in the processing and the
interpretation of experimental dependences.

3.4. Development of radiophysical methods
for researchof the Earth lonosphere

The improvement of radio occultation method of space monitoring
of atmosphere and ionosphere with usage of radiolines Satellite-Satellite
was conducted. The experimental investigations are carried out using
radiolines Station MIR-geostationary satellites. The new effective holo-
graphic method of investigation of height profiles of atmosphere tem-
perature and electron concentration of ionosphere using phase and
amplitude variations was advanced and developed . The new method of
monitoring of small-scale irregular structure of troposphere and strato-
sphere is designed with usage of radiolines Satellite-Satellite.



Chapter 4

RESULTS OBTAINED IN THE DIRECTION
OF FUNDAMENTAL SPACE RESEARCH
“PLANETS AND SMALL BODIES
OF SOLAR SYSTEM”

Russian scientific instrument HEND was developed for NASA
spacecraft “2001 Mars Odyssey”, which was launched in April 7,
2001. HEND (High Energy Neutron Detector) measures flux of fast
neutrons from Mars for studying of the mineralogical composition of
Martian sub-surface. In particular, HEND allows to find the water-
rich regions on Mars. The knowledge about subsurface water is very
important for plans of future missions to Mars and for testing the
presence of life on the planet. In October 24 2001 the “Odyssey” was
inserted on the Martian elliptical orbit and started the aerobraking
stage.

During a month of orbital flight from November 19 till December
19, 2001, HEND has obtained a large volume of data on the flux of neu-
trons along 70 shrinking revolutions around the planet at distances
250-20 000 km from the Martian surface. These data were used to cre-
ate 3-dimansional model of neutron cloud around Mars.

At February 18, 2002, HEND has started the mapping of Martian
neutrons at different energy ranges. The first data has clearly pointed
out that there are regions on Mars with high content of water ice in the
subsurface layer (Fig. 4.1 (see color photo). They were named “per-
mafrost regions” similarly to terrestrial permafrost areas. The south-
ern permafrost region covers about 10 million squ. km above 60° of
south latitude. According to present estimations, there is about 35-50
weight per cents of water ice in the upper-most layer of this region.
The data from HEND agrees very well with data from another instru-
ments on the Odyssey.

The data of May — July 2002 shows the beginning of seasonal evap-
oration of carbon dioxide frost from the northern hemisphere. Fig. 4.2
(see color photo) 2 compares maps of neutron fluxes of Mars measured
in February and in September 2002 (top and bottom maps, respectively).
September data provides clear evidence for the presence of another large
northern permafrost region on Mars.



Chapter 5

RESULTS OBTAINED IN THE DIRECTION
OF FUNDAMENTAL
SPACE RESEARCH “STUDIES OF COSMIC
RAYS AND RADIATION"

5.1. Studies of sep on the “Coronas-F” satellite

According to the Federal space program of Russia the Coronas-F
satellite was launched on July 31, 2001 for studies of active processes
on the Sun. The instrument set SKL (consisting of “Song”, MKL, SKI-
3 instruments) designed for measuring fluxes of energetic neutral and
charged particles, generated in solar flares (a joint effort of the
Skobeltsyn Institute of Nuclear Physics MSU and the Institute of
Experimental Physics of the Slovak Science Academy, Kosice,
Slovakia) was installed onboard “Coronas-F”. The “Song instrument
measures X-ray continuum in the 0.06-100 MeV energy range, y-lines in
the 0.3-25 MeV energy range, neutrons in the 20-100 MeV energy
range and electrons within 10-110 MeV. The MKL instrument measures
electrons with energies of 0.3—-12 MeV, protons within 1-90 MeV. The
SKI-3 instrument measures nuclei with energies of 2—40 MeV/nucl. The
satellite also carries the SPR-N instrument, which measures the polar-
ization of flare emissions (the instrument was developed by SINP MSU
in collaboration with the Lebedev Physics Institute of the Russian
Science Academy).

The flares which occurred on September 21st; November 4t, and
December 11th, 2001 at 08h 08 min the maximums of the flare are
given according to “Goes” data) were studied. The first and third
flares did not lead to noticeable increased of energetic particles in
near-Earth space. The second flare led to one of the largest increases
of solar energetic particles in near-Earth space. Fig. 3.22, cap. 3
shows the data of the patrol detector of the SPR-N instrument, meas-
ured when the satellite passed through the polar cap. The flux of emis-
sion in locations / and 5 corresponds to electron bremstrahlung of the
outer radiation belt, an increase of magnetospheric electrons (data of
the MKL instrument) was observed in location 2, increases are actual
increases of emissions. Comparison with “Goes data shows, that in
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spite of continuous increase of the flux of thermal emission from 16th
03.min to 16h 20 min the bremstrahlung gives evidence of at least two
particle acceleration pulses on the Sun. After the flare solar energetic
particles appeared and at 20h on November 5t geomagnetic distur-
bances (associated with the arrival of the coronal plasma, ejected in
the flare of November 4th) began. The lower panel of Fig. 3.23 shows
the emissions of the solar flare at 16:20 UT on November 4, accord-
ing to “Goes” data and the Dst variation. It can be seen, that the geo-
magnetic disturbance, associated with the arrival of the CME at the
Earth, began at ~20h UT on November 5. The mean travel velocity
of the CME is ~1700 km/s, therefore there should be a powerful shock
in front of it. Measurements of the interplanetary magnetic field on
ACE, WIND, GEOTALL satellites confirm this conclusion. This
shock can serve as a powerful source of energetic particles. The meas-
ured fluxes of protons and ions with energies from 1 to 100 MeV/nucl
grew from the momemt of the flare to the time of arrival at the Earth.
It is interesting, that the shock effectively accelerated electrons. The
middle panel in Fig. 3.23 shows the time dependencies of electron
fluxes with energies from 0.3 to 12 MeV, which were not measured
by other satellites outside the magnetosphere during this time. The
upper panel of Fig. 3.23 shows the changes in the energy spectra of
electrons. The electron spectrum practically did not change during the
time while the CME moved towards the Earth. The electron spectrum
became softer, and the flux of electrons, protons and ions began to
decrease when the CME moved away from the Earth. The “Coronas-
F” satellite also measured fluxes of ions with energies from 2 to
40 MeV/nucl. The tine variations of ions from C to Si were similar to
the variations of protons and electrons. The chemical composition of
ions during the whole energetic particle flare did not change.
Table 3.3 shows the content (in percent) of different elements rela-
tively to oxygen for four time intervals during November 4—7. The
acceleration of electrons in interplanetary space at the front of the
shock was also observed after the flares of November 22nd at 20h
26 min and 23h 30 min.

5.2. Studies of heavy and ultra-heavy
cosmic ray nuclei in scope
of the ‘Platan’ experiment

The Ioffe Physical-Technical Institute in collaboration with SINP
MSU conducts systematic studies of havy and ultra-heavy cosmic ray
nuclei using solid-state track detectors ‘Platan’ onboard OSS ‘Mir’ and
the ISS, starting from 1978.
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phases of the solar acivity (SA) cycle permits to distinguish between dif-
ferent CR components. In this case the integral STD can be regarded as
differential in time on time-scales of 20-30 years.

Recently an estimate was made of the flux of Argon nuclei in the
anomalous cosmic ray (ACR) component in the 15-60 MeV/nucl ener-
gy range. The importance of these results is due to the fact, that current-
ly there are no data on the existence of ACR Argon ions trapped in the
Earth’s magnetosphere in this energy range.

The experiment permits to estimate the fluxed of interplanetary ACR
Argon, since the contribution of GCR argon inside the magnetosphere is
quite small. Obtaining data on the interplanetary ACR Ar at high ener-
gies is very important because according to some model concepts ions in
the heliosphere can be accelerated to such energies only if their charge
exceeds +1 (Fig. 5.1).

The charge distributions for light element ions, recorded in the
“Platan-3” and “Platan-5" experiments are shown in Fig. 5.1a and 5.1b
respectively. In the “Platan-5" experiment (with detector layer thickness
of 60 microns). Ar nuclei of the ACR component can be reliably
resolved against the background of less abundant neighboring GCR
nuclei at energies of 15-20 MeV/nucl.

5.3. Dynamics of the Earth’s outer radiation belt during
the 23-RD solar activity cycle

Studiet of the magnitude and dynamics of electron fluxes of the
Earth’s outer radiation belt with energies of 0.8-6.0 MeV were carried
out on the geostationary satellite “Express-2A” (at altitudes of 36.0 thou-
sand km) during maximum of the 231 SA cycle. Fig. 5.2 shows experi-
mental data for 3 ranges of electron energies, as well as Dst index vari-
ations and solar wind velocity V,. The histograms denote the averaged
27 day values of electron fluxes. The results were obtained using the
monitoring instrument set ‘“Diera”, developed at SINP MSU. Significant
(within 2-3 orders of magnitude) variation of electron fluxes can be
seen, depending on the level of solar and geomagnetic activity. In par-
ticular, a prolonged decrease of electron intensity, caused by the
decrease of solar wind velocity to values of V,, < 400 kms-!, can be seen
at the end of 2000 and the beginning of 2001. The obtained results indi-
cate the necessity for developing the mechanism of electron acceleration
to relativistic energies in the outer regions of the Earth’s magnetosphere,
which can be induced by solar wind and interplanetary magnetic field
parameters.
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5.4. Radiation environment monitoring on the OSS “Mir”

Radiation environment monitoring was carried out onboard the OSS
using the R-16 dosimeter, developed at INP MSU. This research is a
continuation of the work, which started on “Mir” station in 1986, using
a similar instrument.

Fig. 5, shows the daily averaged doses insides the OSS, measured by
two dosimeters D1 and D2 of the R-16 instrument. The two dosimeters
have different passive shielding thicknesses, and, respectively, different
threshold energies for the measured particles. Fig. 5.3 shows significant
variations of the dose according to the data of the low-energy dosimeter
D2, caused by SEP proton fluxes from the powerful flares of 2000-2001.
The time period of 01.01-04.01 is of specific interest due to the mini-
mum values, recorded by the D2 dosimeter, which are close to measure-
ments of the higher energy dosimeter D1. This could be caused by the
absence of SEP events during this period, the decrease of relativistic
electron intensity in the outer radiation belt due to low velocity of the
solar wind and decrease of the inner belt proton fluxes at low altitudes
during solar activity maximum due to atmospheric density increase.

5.5. Studies of "Be isotopes
in the upper atmosphere of the Earth

During a number of years (starting from 1996) studies of the con-

centration dependece of the radioactive isotope Be-7 in the upper atmos-
phere of the Earth on solar flare activity were carried out on satellites of
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Fig. 5.3. Variations of radiation doses onboard ISS according to data of the R-16
instrument
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Chapter 6

MAIN RESULTS ACHIEVED
AT “EXTRA ATMOSPHERE ASTRONOMY”

6.1. “Rentgen-Ksvant” Project

Astrophysical “Rentgen” observatory on “Kvant” module was
docked to “Mir” space station in 1987 and had operated till March,
2001”. It was more than 3000 observational session made during
14 years of operation. The scientific devices were fully functional and
operated till “Mir” station reentry. Many important scientific results
were obtained during observational period and KVANT module became
the leading atrophysical observatory with the longest operational period
in the world history. Four different scintific experiments were in the
operation on RENTGEN observatory. Namely they are TTM/COMIS,
HEXE, GSPC and Pulsar-X-1 experiment sensiitive from several keV up
to several hundred keV.

Regular observations of X-ray sources by X-ray telescopes of
RENTGEN observatory have started in 1987, much before of launch of
ther X-ray observatories as ASCA (1993), RXTE (1994), BeppoSAX
(1996). In 1998-1993 years “Rentgen” observatory onboard “Kvant”
module got unique data for many space X-ray sources, which were inten-
sively observed by other observatories in the following years. Intensive
work of “Rentgen—Kvant” have continued until very end of mission.
Between of very last results one might to note the following.

A catalog of X-ray sources as observed by the TTM/”’Comis” tele-
scope onboard the “Mir—Kvant” observatory is produced. Brief informa-
tion about the 67 sources detected at a confidence level higher than 4
sigma between 1988 and 1998 is provided. X-ray properties and charac-
teristic spectra of different types of sources are briefly descirbed. In the
catalog the complete information about the observations of individual
sources is provieded, including total session number, total exposition
time, time when source was ‘switched-on’ which is important for study
of transient sources. Totally 67 sources are described. Eighteen sources
are transients, 13 — pulsars, 18 — bursters, 17 are Black Hole candidates
2 — microquasars with superluminal jets (namely GRS 1915 + 105 and
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GR(O J1655-40), one source is the supernova remnant — Crab nebula,
two Active Galaxy Nuclei — NGC 4151 and CEN A and six X-ray
Novae. From the other side studied objects could be classified as high
mass X-ray binaries — 15 objects and low mass X-ray binaries — 46
sources. Six of 67 objects included into catalog are extragalactic ones
(SMC X-1, LMC X-1, LMC X-2, LMC X-4, NGC 1415 and Cen A).
Short spectral classification for every class of the observed objects is
also provided. 7

Additional analysis of 175 sessions of Galactic-center observations
with the TTM/COMIS telescope onboard the “Mir—Kvant” observatory
from 1987 until 1998 was performed to study of recently discovered of
‘mepty-field’ X-ray bursts. Because of its wide field of view
(~15° x 15°), much of the Galaxy and, hence, a large number of X-ray
sources were simultaneously within the telescope aperture. During the
observations, 47 X-ray bursts were detected, 33 of which are most like-
ly type I bursts related to unstable helium burning on the surfaces of neu-
tron stars. All the detected type I bursts were indentified with known X-
ray sources; the pre- and post-burst luminosities of these sources meas-
ured with the TTM telescope were high. No bursts were detected from
voids, i.e., from sources whose luminosities in quiescence did not exceed
the TTM detection threshold. This result allowed to constrain the com-
bination of the number of binary sources with low accretion rates and the
properties of X-ray bursts from such sources, in particular, the peak
luminosity during bursts and the frequency of their occurrence.

For analysis of observations of the burster 4U 1724-307 (1E
1724-3045) in the globular cluster Terzan 2 from 1971 until 2001 it was
used data from many different experiments. Uhuru, OSO-8, Einstein,
and EXOSAT observations are used in addition to data from the TTM
telescope and from the ASM and PCA instruments onboard the RXTE
observatory. Based on PCA/RXTE scannign observations, we have
mapped the sky in the Galactic-center region. The derived light curve of
the burster 4U 1724-307 shows the source to be variable on a time scale
of 30 yars: over the first 20 years of observations (1970-1990), the
source flux was approximately constant, while in the 1990s, it rose over
~5 years and declined over approximately the same period, approaching
its original value. It was discussed several scenarios to explain the
behavior of the unusual light curve, including the evolution of the mass
outflow rate from the donor-star surface, the episodic appearance of a
second source in the globular cluster, and gravitational microlensing. As
one of the scenarios, also consider the possibility that the passage of a
third star affects the accretion rate in the binary 4U 1724-307. It was
shown that if this event is responsible for the 10-year-long rise in the
luminosity of the burster 4U 1724-307, then the size and period of this
binary can be estimated.
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6.2. “Granat” Project

The goals of “Granat” observatory (1990-1998) has been wide-
range astrophysical research in X-ray and gamma-ray bands (from 3 keV
up to 100 MeV) allowing to obtain localization, analysis of spectra and
temporal variability of compact sources (neutron stars and black holes),
detecting cosmic gamma-ray bursts and high energy solar flares, search
for transient cosmic sources with only short-lived flares. X-ray sources
stand out dut to their monstrous gravitational and magnetic fields,
extremely high plasma temperatures (up to some billion degrees) and
densities of radiation energy not available in ground based laboratories.
In the course of observations highly valuable information had been
obtained on the nature of neutron stars and black holes — the objects in
Universe whose energy is powered by accretion of matter in strong grav-
itational fields. The basis of fruitful work of the observatory working in
hard X-ray band had been felicitous orbit choice of “Granat” spacecraft
(apogee 200000 km, period 4 days). Such an orbit allowed to carry out
long term continuous observations above the Earth’s radiation belts,
which is especially important for the instruments capable of detecting X-
rays. Stable spacecraft operation which allowed to point telescopes at the
required regions of celestial sphere, good angular and spectral resolution
of scientific instruments and devoted work of all specialists involved in
project secured the success of “Granat” observatory.

For the first time early afterglow of bright cosmic gamma-ray burst
of July 23rd, 1992 (GRB920723) imaged by the secondary optics of
“Sigma telescope had been detected. After the burst with a curation of
~6s, fading soft gamma emission (35-300 keV) had been observed for
~1000s. Approximately 20 per cent of burst energy had been emitted
during this stage. The afterglow had been fading at the power law with
the index of —0.7. Steep decrease of the hardness had been observed at
the moment when the afterglow starts to prevail over the emission of
gamma-burst itself.

The early afterglows of two bright gamma-ray bursts 910402 and
920723 have been analyzed in 100-500 keV energy range at the time
scales up to 1000s. Lightcurves show powerlaw behavior with the slope
close to —0.6 and —0.7, hardness of the energy spectrum also decreasing
abruptly at the beginning of afterglow phase. The afterglow of
GRB910402 showed an increase of spectral hardness with time.

Data of ART-P telescope collected during observations of transient
X-ray pulsar 4UO115 + 634 at the time of its flare in February 1990 had
been analyzed. The source was exhibiting a strong regular and irregular
variability. Burtst of X-ray emission with duration of 300-500s had been
observed. Two absorption features at energies ~12 and ~22 keV had
been detected in the photon spectrum of the source, apparently related to
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the resonance scattering of its emission at the first and second harmon-
ics. The value of magnetic field in the neutron star corresponding to
these features reached ~1.3 x 1012 Gs. The ratio of line enrgies differed
a few from the harmonic one (1:2), moreover, this value and line ener-
gies themselves were significantly changing with the phase at the
timescales of one pulsation period. Spectral states and flare properties of
X-ray bursters had been studied. Using the data from ART-P telescope
of “Granat” observatory the detailed analyses of emission of two
bursters near the Galactic Center (A1742-294 and SLX1732-304) had
been performed. It has been shown that the quiescent emission of both
sources is well described by the spectrum typical for the low-mass X-ray
binaries with a prominent exponential break, while the low state spec-
trum of the second source can be satisfactorily fitted by a simple power
law. The dependence of pulse profile on the flux value had been found
in A1742-294 for the first time. Direct measurement of the mean inter-
val between these events had shown that it turned out to be several times
less than previously thought. The evolution of luminosity and source
temperature during the most powerful bursts detected from these sources
had been investigated in detail.

6.3. “Burst” Project

The extraordinary manifestation of activity of Cygnus X-1 (Cyg X-
1) was discovered by the Russian-American experiment “Konus”-
”Wind” joinfly with GRB experiment aboard the “Ulysses” spacecraft.
The most firmly established black hole candidate Cyg X-1 is one of the
brightest galactic X-ray sources. Cyg X-1 is known to exhibit two states
of X-ray emission: most of the time it spends in the hard state where the
soft X-ray (2-10 keV) luminosity is relatively low, sometimes it under-
goes a transition to the soft state, in which the soft X-ray luminosity
increases by a factor 2-4, while the hard X-ray (10-100 keV) luminosi-
ty decreases by a factor about 2. Six exceptionally intense gamma-ray
outbursts from this source with durations from 10000 to 20000 s were
detected between 1995 and 2003 in the energy range 10-1000 keV. The
peak fluxes of these otbursts were an order of magnitude higher than
those observed earlier. The outburst fluences reached 3 x 10-3 erg cm-2.
The detailed temporal and spectral characteristics of these events were
obtained by the “Konus”-"Wind” experiment. The spectral data indicate
that these outbursts display the same parameters as those of the underly-
ing hard or soft states, suggesting that they represent another manifesta-
tion of these states. These results clearly demonstrate the abilities of
Interplanetary Network to localize and investigate the long-duration
intense bursts from transient X-ray sources.
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The fast spectral variability of cosmic gamma-ray bursts (GRBs)
was studied using the data obtained by the “Konus”~"Wind” (aboard
“Wind” s/c), “Konus-A” (aboard “Kosmos-2367" s/c) and “Helicon”
(aboard “Coronas-F” s/c) experiments. Despite the limitations due to dis-
turbances from the radiation belts and Earth occulation, the “Konus-A”
and “Helicon” experiments on the low-earth spacecraft played an impor-
tant role providing the simultaneous and independent detection of bursts
by similar instruments, thereby substantially increasing the registration
reliability of fine details in temporal and spectral characteristics of
bursts. The obtained data contain a body of information for constructing
the models of generation mechanism of powerful emission in gamma-
ray sources. The processing of data on time histories and spectra of spe-
cial sub-group of short hard gamma-ray bursts was performed. The
unusual properties of these bursts attract interest to them and are widely
discussed in the scientific literature. The comprehensive data on time
history and spectra for more than 100 such GRBs are collected in the cat-
alog, which is prepared in the paper and electronic forms.

The “Konus”-"Wind” experiment is one of three basic points of the
Interplanetary Network (IPN), which performs very precise localizations
of GRB sources by triangulation method. In 1999-2003 the IPN pre-
cisely localized more than 150 GRBs. This permitted to carry out a high-
sensitivity search of activity of GRB sources in optical and radio bands
by ground-based telescopes, to study GRB afterglows and their related
characteristics, especially the cosmological redshifts.

A renewal of activity of the soft gamma repeater SGR 1900 + 14 was
observed in February 2002 by the “Konus”-Wind” and “Helicon” exper-
iments. Several tens bursts had been detected from this source during
two days. The similar behaviour of SGR 1900 + 14 was observed earli-
er in May 1998.
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