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©. l:.peBUHCKUU tfJU3U'lecKUU UHCTUTyT, 1983r. 

0,ll.Hl1M 113 OTp11uaTeJibHbIX ~aKTOpOB KOCM11qecKoro rroneTa,B03 -

,l\eiiiCTBYIO!Ul1X Ha qeJIOBeica B OKOJI036MHOM rrpocTpaHCTBe' HBJ!l'IeTCH 

Han11q11e B KOCMOCe 11HT8HCl1BHOrO 110Hl1311py10mero 113JiyqeH11H,06ycJIOB­

jr11BaJOmero 3Haq11TeJibHhiiii 611onor11tiecK11Ll: scpipeKT. IIosTOMY ycrrflmHaH 

aam11Ta KOCMOHaBTa HeMblCJll'.!Ma 663 TIUaTeJibHOrO aHaJil13a COCTaBa 

110H11s11py10mero 11snyqeH11H 11 6e3 sHaHl'.IH xapaHTep11cT11K 611onor11qec­

Horo .l(eiiiCTBl1H, OKa3blBaeMblX pa3Jil11iHblMl1 KOMITOHe HTaMl'.I ero, qTQ 

rro3BOJIHeT oueHl'.!Tb .l\03Y pa,l\11a1.U111 11 n p11HHTb crreu11aJibHble Mepb! sa­

IUl1Tb1 B rrnaH11pyeMhlX rroneTax. 

~o ttacToHmero BpeMeH11 3a,l\alia oueHKl1 .l\Q3hl pa411au1111 pemanach 

c ITOMOll\blO Cl1CT8Mbl pa3Jil1l!HblX 3J!eKTpOHHblX 11 TpeKOBblX ,l\8T8KTOpOB, 

06ecrretI11BaIOIUl1X B coqeTaHl'.111 B03MO~HOCTb per11cTpau1111 qacTl1U B 

illl1POKOM ,l\11arra30He 110Hl1SaU110HHblX rroTepp [I] ' l!TO,O,l\HaKO,cBH3a­

HO .C orrpe,l\eJieHHhlMl1 Textt11qecK11M11 TPY.l\H~CTRMl1 11 SKOHOM11qecKoiii 

H8BblI'O,ll.HOCTbIO, yql'.!ThlBaR 11CITOJlb30BaH11e TaKOiii Cl'.ICTeMhl Ha 60pTy 

11CKYCCTB8HHblX crryTHl'.IKOB 3eMIDI (MC3). 

B 3TOiii CBH311 HaMH 6b!Jia rrpe,l\ITpl'.IHHTa ITOITblTKa C03,l\aHl1H e,l\HHOrO 

T11rra ,l\eTeKTOpa Manora Beca, rrpe,l\cTaBJIHIOIUero co6o~ H,l\eptty10 SMYJih­

c1110 c BOSMo~ocTbIO peryJ111pOBaH11H rroporoB per11cTpau1111 ee B m11po-
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KOM 11HTepBaJie J10HJ13aUl10HHblX ITOTBph, 4TO 11 HBHJIOCE ueJihiO HaCTO­

Hll\ei1 paOOTbl. 

B KaqecrBe ~aKTOpa,cIT oco6ttoro y n paBJIHTh no~or9u per~cTpau1111 

6bm ITB pBOHaqaJibl!O 11CITOnb30BaH 6pOMl1.1\ l\aJIHH' KOTOpblM' KaK 113-

BBCTHO [2], B 60Jlhllll1X KOHUBHTpauMHX T0pM03HT CKOp-OCTh npOHBJie­

HHH CKpb!TOrO J1306palKeHJilH ( C11 ) • 0,1\HaKO BBJ1)(y o6pa30BaHJ1H B 

pe3yJinTaTe peaKu1111 

Jl.9 Bz + KBz;:; K [Jl~Bz2] 

11HTeHC11BHOiit ,ll}IXPOH'!B CK OM Byairn Ha nonepxHOCTl1 CJIOH, 3a Tpy.1\HH­

lOII\eM M.1mnoc1rnn11qecK11iil ITpOCMOTP c n oeB, HaM111 ou:n µa;; µa6oTaH rrp11H­

u11rr11a ~h~u tOELll MeT0.1\ HBBABlillH 6pOMa B paJoqJilH CJI OM, B KOTOPOM 

npewr ,,1:.,"«: ·C'C:h ITOJ1J".!>1'1' , ll3d}!paorsr.;;i-:ce rr [JOf1BJ1e1111e 11a repecyi0ll\li!X 

!!UC '!' B B yc:to:i1rnx ;i::T<JHCl!BliOI'O ...,oua !10C'.iOPOHHero H3Jlyqe-

!i.i-1f! . ,.c~oqttmrn~· ovona cnyr.IBT npe.11Bap~1TeJI:hHO 3KCITO H11 {WBfiHHh!e 

CBe TOM 3..1:y;1LCllOHHbJe CJ!Olil, TaKHa3b!Baerme 11 3Mlil'J:T e pbl
11

• 8K CTIOHl1-

poBaH11e Ji!X ocymecT BJIHeTCH cBeTOM .I(Jll1HOM BOJIHbl B o6JiaCTJ1 

cITeKT pa'1I>H0~1 ·1y BCTBlilTBJlbHOCTlll fl~ Bz Mli!KpOKpi'l cTaJIJIOB JiaM-

!IOW Har;a;rnBBHllfl CO CTaO}lJll1311lpOBaHHbIM liaTipflliieHHBM qepe3 OCBB-

T!i!T8Jlh " Ee nopyc:o 11 • KOHTpOJlh 3a OCBell\eHHOCThiO BB,l(BTCH c ITOMOll\l>lO 

OTKan116p onaHHOro ITO ~OTOTOKY ~OTOCOITpO Tl1BJieHMH ~CK-r7,BMOHT11-

poBaHHOrO B ::mpaH, Ha KOTOpOM TIOMell\alOTCH 11 3Ml1TTBpbI
11

• 

ilocne 3a,1\aHHOi1 3aCB6TKl1 11 3Ml1 TTepb111 ITPl1KJ!Bl1Ba!OTCfl 2% JKenaTHHOBhlM 

KJieeM 3acBeqeHHb!Ml1 CTOpOHaMl1 K ITOBepxHOCTHM paooqe ro CJIOH) >'! 

o6pa3oBaBWHi-iCH Tpexcnoi1Hb!il: "cSH.l\BHq" (ITO 200 MRM KalK,1\bli.1) ITpoirn­

JIHeTCH TIO per.:11My CJ108B TOJlll\11H Oi1 600MRM. CJie )(yeT OTM6Tl1TD, tfTO 

ITOCJJe c1 am111 n p OHBJ!e HHR "3Ml/ITTep~' OTKJ!Bl1BB!OTCH OT pa6oqero 
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CJIOH 11 Aanee BCH ~OTOrpacii11qecKB H o6pa60TKa rrpo.I(OJIJKaeTCH ITO pe­

lKl1MY 200 MKM CJJOBB . 

B ITpouecce ITpOHBJJeH11H !1 3 "3Ml1TTepoB" BbI.l\BJIHe Tc H Bz ITO 

!13B8 CTH OH peaKUl111 

fl~ Bz +Red -=-- .!1.9 + 82 +Ox, 

r.11e Red - OTp11ua reJibHhli1 110H rrpOHBJIHi01JJ.ero Be mecTBa,06na.11a­

rom11l1 6DJlhWOi1 BOCCTaHOBl1T6Jlh!!Oi1 CIT OCOOHOCTl>!O, 

Ox - OKl1CJIBHiiaH IJlOpMa rrpOHBJIHIOlll.ero Bemecrna. 

l:ffiCJIO 110HOB 6poMa, Bbl~BJimOIIU'lXCR 113 Rp11CT8.JIJIB~BCROR perneTKM 

fl.9f3z 'cornaCHO pa6oTe [3] COCTBBJlffiOT ~I' 5· roII c I cM
2

rrpORBJI6H­

HOro CJ!OH, ITO~BeprHyToro CBBTOM HOpM8.7ThHOtt 3KCIT0311Ul1l1. B HallleM 

JKe cnyqae' KOr.l(a BBJJHtrnHa OCBBIJJ.BHHOCTH .I(OCTHraeT AD 3000 JIK/C 

B rrpoue cce o6pa30BaHl1H Bl1.l\I1MOro 11306paJKeH11H ITpOHBl1TBJJb cIToco6-

cTByeT Bbl,1\BJ!BHl1i0 113 11 3Ml1TTepOB 11 orpOMHOrO KOJIJ1qecTBa 110HOB 

Bz , KOTopoe 11 11cITDJJI>3yeTcH ttaM11 .l\JIH ropMolKett11H cKopocr11 

ITpOHBJ16Hl1H pa6oqero CJJOH. 

!10HbI Bz .l\11qJ<iJYH.l\11PYlOT 113 "SMHTTepoB" B pa6oq11i1 cnol1, HBXO.l\H ... 

ll\11WCH B cepe.1111He 11 C3H.l\Bl1qa" 11 1 a,11cop611pyHCb Ha 3ap0.1\bllllax Cl1 

C03,1\BiOT OTPl1UBTBJ!hHb!il: 6aphep Ha 11X ITOBepxHOCTHX • . !10Hbl rrpOHBl1-

TeJIH ,6y,11yq11 0Tp11~aTeJihHD 3apHJKeHHblMl1, c TPY.1\DM ITpeo,11oneBai0T 

3TOT 3BPH.1\0BblH 6apbep, qTO 11 ITpl1BO.l\11T j{ TOpMOlKBHl1iO CKOpOCTl1 

ITpOHBJJeHMH Cl1 3a cqeT yBen11qeH11H ITP0.1\DJJlK!ilTBJibHDCTl1 MH.l\YK~110H-

HOro ITBpl10.I(B rrpoHBJ!BHl1fl, Ha CKOpOCTl> KOTOporo 110Hbl Bz 

3bIBaiOT Cl1J!hHOe BJ!l1HHl1B [4) • 

OKa-

TaK KaK 11H.l\YKUl10HHbIW ITep110.11 .1\JIH KpyrrHbIX 11 iACJIKHX ueHTfJDB Cfii, 

o6pa30BBHHbIX Cl1JlbHO- l1 cna60110Hl1311PYlOml1Ml1 qacTl1UBMl1,pa3J1!1qaeT-

CH BBC:bMB Cli!J!l>HO, C03,1\aiOTCH ycnOBl1H xopollleil: .l\}lCKplilM!1HaUl1l1 Tpe -

5 



KOB qacT11U 11 11s611paT8J1:bHOro ITpOHBn8Hl1H qacT11U c 00JI:bllil1Ml1 110Hl1-

sau110HHHMl1 ITOT8PHMl1 Ha \(J oae rraCT11U c Manb!Ml1 i;/ 'j/dx . 8TO 

CBOlilCTBO 6po1.ia ;n:e~iCTBOBaTb ceneKTl1BHO Ha pasnl14Hbl8 l.(Cl1 11 Ob!nO 

11CITOJI:b30BaHO HaMl1 .n;nH paspa60TKl1 M8TO.n;a peryn11poBaH11H per11cTp11-

py10melil cnoco6HOCTl1 H;n:epaolil 3Myn:r,c1111 ITO 110Hl13aU110HHblM IT OT8pHM 

3apaiKeHHblX qacr11u . 

Kon11qecTBO Bi - , ITOCTyna10ll1ero B ITpOI..(ecce ITpOHBnea11H 11s 

11 3Ml1TT8pOB 1~ 3aBl1Cl1T OT KOnl148CTBa o6pa30BaHHb!X B pesyJ1:bTaTe 

sacBeTKl1 ueHTpOB Cl1 B a11x 11 pacTeT c pocTOM 11x sKcITos11u1111. !Io 

n onyqe HHbl!A ::mcITe p11MeHTannHblM ,l\aHHblM nocTpoeaa xapaKTep11cT11qe c­

J<aH Kpl1Bali, npO)l,C1'aBn8!iHaH HR pl1C.l ITO 3aBUCl1MOCTl1 JL 3 =f (e~f-D, 
r.n;e iLs - Beml411Ha OTITl148CKOlil nnOTHOCTl1 "s;.rnTTepa" ,113M8pHeMaH 

II 0 OKOH4aHl111 l[Jo·r OI'pal),l11qe CKOlil 06 µa00TKl1 e ro c IT OM Oli{:blO .l\8HC11TO -

r.ieTpa Tu1m ;IL<ilo-IO, H-:-- sa,Z(aBae1.1aH axcnos1-iu11n 11 3Ml1TTepa". 

TO'!Ka BbIXO,l\a 3TOi1 Kpt!BOM Ha nnaTO orrpe.n;enHeT B8pXH111il npe;LJ;en 

npHM8Hl1l.!OCTl1 ,l\aHHOl1 IA8TO.l\11Kl1,nOCl\OilbKY c .n;anbHef.i:m;;M yBen11qea11-

BM ::JKCIT0311L\1'11-1 B8Jn!'Il1Ha ;lL 3 OCTaeTCfl ITOCTOHHHOlil, a cne.n;oBa-

renhao, ocTaeTcH 11e11sMeHHblM l1 KonvirrecrBo Bz- , TOpM03Hll(ero 

CKOpOCTb rrpOHBJI8lll1fl. TeM He M8Hee' miJI11'Il!le nnaTO He orpaH!d411Ba­

eT nony4em;e BblCOKl1X 3HarreHl1M nopOl'OB per11cTpau1111, TaK Ka.I\ KO­

n11rrecTBO B z , Bbl;zrenn10merocn .n;o HacTyn Jie Hl1H MOMeHTa HaCbl!i18Hl1H , 

y'ifl.e 06acne4~rnaeT .zi;oc T11lii:eH!de 1.mKC!li.Mann ttoro 3Haqe Hl!IH nopora 

> 2 , 0.104 r.laB/cM , KOr.n;a B 3MYJibCl10HH OM CJI Oe n pOHBJJHlOTC H T OJ!bKO 

CJI8,lUi! TH .i8JJL!X 11 CBepxTHlK8 Jlh!X H,l\Gp . 

Y411Tb!BaR saB11c 1.1MOC Tb ;IL 3 OT sKcnos11u1111, cne ,11 0Bano 6bl B Ka-

q e cTBe waKTOpa , xapaKT8 pl1 3YlO!i18rO Ha6JIJ0,1\a8Mbllil 3q¢8KT CHHTl1H ITO­

CTOp OHH8rO 11306palR:8Hl1H,ITpl1HHTb Ben11q11Hy 3KCIT03Hll,Wl1. 0 .n;HaK O He ­

COBepmeHCTBO T8XHOnor1111 11sroTOBneHl1H H.l\8PHblX 3MYJibCl11il, o6y cnoB-
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n11Ba10~ee ITOBepxHOCTHbllil HaJieT c pas6pocoM OITTl1'!8CKOlil nnOTHOCTl1 

.1\0 JL = ± 0,5 B c nOHX B npouecce 11X ITOJil1Ba 1 ITpl1BO;n:l1T K aaano-

rl1'IHOMY pas6pocy Ben11 rrl1Hbl ;/L3 ITPM O.l\Hl1X 11 Tex ll(8 3Ha48HMHX 

3KCIT03111.\11l1. B 3TOlil CBH311 B KaqecTBe TaKoro @aK TOpa ITPl1HHTa He 

3KCIT03111.\11H, a B8nl1'Il1Ha OTITl148CKOlil ITJIOTHOCTl1 11 3Ml1TTepa"' ITOny­

rrae1rnH B l<alK.l\OM KOH!\p8THOM cnyqae 3KCITOH11jJO.llaHl1H ero. 

.l(JIH 

dfjdx 

ycTaHOBn8Hl1H CBH311 M8lK;lly ;IL3 11 ITOporOBblM 3Ha'!8Hl18M 

ITpoBe.n;eaa Kan116pOBKa a.n;epHblX sMynnc111il cl - rracr11u aM11 

11 cI2 c E = 1,26 11 4,6 I'aB/H, COOTB8TCTB8HHO, a TaKlK8 110Ha­

Ml1 c12 , J{e 11 cL - 4aCTl!IUaMl1 c E = 9,I i.1::iB/H , ycKopeHHblM.11 B 

JIBS 11 JIHP Ol1Hl1, 4TO rro3Bon11no pa6oTan B m1-1p0Ko1.1 ;n:11anasoae 

J.10Hl13al\110HHblX IIOTep:r, (24.;. 2,7.104 f.i::iB/c1.1). 

0Ka3aJIOCL , '!TO np11 MJ.1Hl!IManbHbIX 3Ha4elrnHX .L\3 B nepByJO 04epe.n;b 

paspyma10TcH MenKo;n:11crre pc110HHble ueaTpbl C1'1, o6pa30llaHHbie cnac50-

110Hl!ls11py10ll111M 11snyqeH11eM, a c pocTOM ero Ha6mo.n.aeTcH rrocrerrea­

Hoe paspymeHl!le J.1 l.\8HTpOll OT Cl1nbH0110Hl13Mpy10m11x 4aCTl11.\, sa C4GT 

qero pe3KO yBen11q11Baerca rrposparraocT:r, pa6orr11x cnoen,nn11TeJibHO 

3KCITOHJ.1POBaHHblX B KOCMOCe 11 T8 M caMblM o6nerqaeT CH 11X 1"l1Kp0 -

CKOITl1'!8CK111il IIpOCMOTp. 

B Kan116pOBO'!Hb!X cnoax np11 ~a = I,4 tta6n10.n;aeTcH rronttoe 

l1C'!83H0ll8Hl1e cne.n;OB penHTl1Bl1CTCKJ.1X d., - '!aCTl11.\ np11 0,1\HO"BpeMeH­

HOM coxpaH8HJ.1 J.1 cne,Z(Oll 3Heprl1 '!Hh!X J.10HOB c12 , B T O Bp8MH KaK 

up11 fJ. = 2 , 2 nepexo.n;ar B sepaoBotl cp ott Byan11 cne.n.H c12 , m1e10m11e 

dEjdx = 200 MaB/cM . 

U!TaK, B nepBOM c nyrrae nopor pe r 11cr pau1rn 0Mynnc1111 )'24 MsB/cM, 

a BO BTOpOM-60Jiee 2 00 l-AsB/cM, 'ITO Ol.\8 HJ.1 BaeTcH IT O 110H.l-!3aUJ.1 0HHblM 

noTepHM 11 cqesHyBilll1X cne.n;oB d- - 4aCTJ.11.\ J.1 c12, COOTB8 TCTB8HHO. 

;lLaJibH81ilill111il pOCT B8nl1'!11Hbl JL3 rrpl1BO;n:l1T K IT onyqeHl110 B 3MYJI:bCl111 
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6onee B~COKl1X rroporoB per11crpal.U'IH 4acr11u, BITJIOTI> ;n;o 

d~X ~ I04 l.!aB/ CM 1 He OClXO,ll,l1MblX .1\m'.! pe1UeH11 fl IlOCTaBJieHHOl1 3a,1J.a· 

411. Cne.n;yeT OTMe Tl1T:o' 4TO yKa3aHHOe CHflT!l!e ITO.;TOpOHHe ro qJOHa 

Ha6n10.11.aeTCfl no BCeMy o6~eMy :3MYJinCl10HHOro CJIOfl np!I! BhlCOKOl1 

crenem1 ·paBH Ok1ep1-1ocT!I! aqiqJeKTa no rny6!1!He ero. 

Ha OCHOBaHl111 :3Kcrrep11MeHTaJinHblX l1CCJie,1\0BaHl1Ll noJiy4eHa Ka­

Jll10pOBO<rnafl Kpl1Bafl (p11c.2 ), c nOMOJJ(nlO KOTOpol1 .1\nll sa;n;aHHblX 

3Ha48H!l!i1 /J.3 nerKo onpe.11.en11erc11 B8n!l!4!1!Ha rropora pe r 11crpauH11 

pa6 04ero CJIOR. ;llocronepHOCTD np!l!Be.ZJ,eHHOLl KaJrn6poB04H Oti KPl1BOl1 

Il0 ,1\TBe p1K;n;ae TC!I SKcne pl1Me HTaJinHblldld T 041\aM!I! ( oe5 03Ha4e HHhlM!I! Ha 

Kp!l!Boti KpecT1liKaM11), nonyY:eHHhlMM no coKpall(eH!llJO npo6era MaJio-

aHeprn4HblX v!OHOB c12 , Ne 20 )l!oC.- 4aCT!l!U B COOTBeTCTBl'!!l! · C 113-

BeCTHOl1 3aBl1C!l!MOCTblO R ocm = f ( E ). 
11ony4eHHall KaJm6pono4HaR Kp1rnaR ycrreumo !l!CITOJin30BaHa ;n;JIR 

!1!3MepeHl1fl Cil8KTpa Jll<IH8MHbLJI: rrepe.Z(a4 SHepr!l!l<! 4ac T11I.\ B SMYJinCl10H­

HbIX cJIO!IX r11na EH-2, aKcnoH11ponaHHhlX Ha MC3-KocMoc II29, sa 

sall(l<!Tol1 20 r/c~ np11 rrpo;n;oJI1K!l!TeJinHOcT!I! nonera 20 cyroK Ha Bhl­

core 405 HM. rro 113MepeHHb!M 3Ha48Hl<lflM nOTOKOB 4aCTHU ,ll;Jlfl meCTl1 

paaJI!l!4HhlX rroporon B l1HTepnane dE/dx = 24 .;. I,2.104 MaB/cM 

oueHeHa MOJJ(HOCTn norJIOJJ(eHHOti ,1\03hl pa;n;11au1111 B Ol10JIOI'!l!48CHOl1. 

TKaHH. 

TaK11 M o6 pasoM,MOY.\HO C411TaTD,4TO perym1ponaH11e perncTpl<lpyro­

lllel1 cnoco6HocT11 R;n;epHoi1 SMYJinC!l!l1, .1\0CT!l!rae irne l13D!l!PaTeJinHh!M 

rrpORBJI8Hl18M ee, IT03BOJil1T 11CITOJib30BaTn CJI011 11;n;epHol1 :3MYJinC!l! l1 Ha 

KOCMl14eCK!dX arrrraparax c uennro orrpe;n;eneHl1fl BamHe i1m11x xapaKTe -

Pl1CTl1K KOCMl148CKOro !1!3JIY48Hl1fl, 4TO ;n;o ITOCJie.Z(Hero BpeMeHll! ocy­

mecTBJIHJIOCn c nOMOJJ(DIO Cl1CT8MH SJI8KTPOHHhlX l1 pa3Jll'l4HblX TBep;n;o­

T8JlnHhlX Tp8KOBblX ;n;eTeKTOpOB. 
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