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ApnbT P .-n. H np. 18 

HccneOOBBHHe H3MeHEHHA B XHMHqecKOM COCTaBe OpraHH3Ma 

KpbiC nocne op6nTa.'1bHoro noneTa c no\ttoWblO oTpnnaTenbHO 
38pH>K9HHbiX MJOOHOB 

llfl·H 

MeTOilOM Me30peHT!'CHOCKOmHI HCCllellOBaH XIH1H'IeCK!!ii COCTaB Op!'ClHll3-

M8 Tpex 6enbiX KpbiC nHHlHI Wistar, Haxo;:tusrunxcH s Tel.JeHae Tpex fiC.1E'.'1b 

B KOCM~P-19CKO:-..I TIO.'leTe H8 IICKyCCTBe!-IHblX cnyTHHKBX 3C!\~.'1H 'KOCMOc-6Q.=j '' 

H •KOCMOC-69QN'. noKB38HO, '4TO XH\.!11'4"CCKHfi COCTaB oprC:liiH3!\..18 )f{lfBOTHidX 

cymecraeHHO He K3MeHHncH noc~e nonera. 
nonyqeHHLie ::tBHI!b!e !TOilTBep.+:il!.lh')T npe;l!1ono.+:el!H8 0 TOM, 'ITO B pe-

3yJJbi'8Te B03ll9ifCTBHSI q_;aKTOpOB KOC!\HP-18CKOr'O noneTa, TIO-BliLUIMOMy, HC 

npOHCXOllKT BbiHOCa H3 OpraHH3~la TH/KellblX 3lle\1t?HTOB, HO ITpOHCXOllUT rrepe

pacrrpeneneHHe HX M8*11Y TKBHAMH Opl'BHH3Ma *HBOTHOI'O. 

Pa6oTa BbmonneHa B Jla6opaTopHH >lilepHbiX npo6neM Ol15Hl. 

Coo6weHI!e 06beUHHeHHO!'O lli!CTHTyTa AaepHblX I!CCnenoBaHI!il. ny6na 1878 

Arlt R.-D. et al. 18 · llfl·H 
Investigation of Cho.n~es in Body Chemical 
Composition of RaLs After the Spaceflight by the 
Negatively Charqed 'V!uons 

A body chemical composition of three white rats- of the 
'Wistar" line has been investigated by the muonic x-ray spectt·os
copy technique, sojourned during three weEks in the spaceflight 
on earth artificial satellites "Cosmos-605" and "Cosmos-690". It is 
shown that a chemical composition of these animuls has not been 
changed after the spaceflight. The obtained results confirm tho 
hypothesis by that due to the influence of space flight on alive 
organism apparently no carrying out of heavy elements from o.n 
organism is happened, hut their redistribution bet\Veen various 
tissues of the body occur·s. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'betlHHeHHb1Ji HHCTHTYT 5UlepHbiX HCCnetlOB8HHif Jly611a 

Y:>Ke 6onee qeTsepTH seKa HJBeCTHO, 'ITO JaMe,IJ.nuswue

C.JI B BeweCTBe OTpHU.aTeJibHO Jap.R:>KeHHble MIO-MeJOHbl 

o6pa3yiOT MeJOaTOMbl - CB.JIJaHHble CHCTeMbl, B KOTOpbiX 

MIO-MeJoH urpaeT ponL TH:>Kenoro 3JieKTpoHa. Ilepexo,IJ.H 

C O,IJ.HOH MeJOaTOMHOH opfiHTbl Ha ,IJ.pyry10, MeJOH HCDYCKaeT 

xapaKTepHbiH ,IJ.JI.JI ,IJ.aHHoro 3JieMeHTa cneKTP MeJopeHTre-
/ 1 I 

HOBCKOrO HJJiy'leHH.JI · ECJIH B o6pa3U.e, r,IJ.e OCTaHaBJIH-

BaiOTC.JI MIO-MeJOHbl, HMeiOTC.JI aTOMbl pa3JIH'IHbiX XHMH'Iec

KHX JJieMeHTOB, TO B pe3yJILTaTe llOCa,IJ.KH MIO-MeJOHa Ha 

op6HTbl BOKpyr .JI,IJ.ep 3THX aTOMOB o6pa3yiOTC.JI pa3JIH'IHble 

MeJoaTOMbl, ,IJ.aiOwHe pa3JIH'IHble Me3opeHTreHOBCKHe cneKT

pbi. qeM MeHbWe aTOMHbiH HOMep 3JieMeHTa, TeM 3HeprH.JI 

3TOrO H3Jiy'leHH.JI HH:>Ke. PerHCTpHpy.R HJJiy'leHHe, TO eCTb 

CHHMa.JI ero JHepreTH'IeCKHH cneKTp, MO:>KHO DO HHTeHCHB

HOCTH rpynn JIHHHH, HCDYCKaeMbiX pa3JIH'IHbiMH MeJOaTOMa

MH, onpe,IJ.eJIHTb CO,IJ.ep:>KaHHe pa3JIH'IHbiX aTOMOB B HX 

MeXaHH'IeCKOH CMeCH. 

B XHMH'IeCKHX COe)l,HHeHH.JIX BepO.JITHOCTb llOCa,IJ.KH MIO

MeJOHa Ha pa3JIH'IHble aTOMbl, KaK npaBHJIO, JaBHCHT He 

TOJibKO OT HX OTHOCHTeJibHOrO CO,IJ.ep:>KaHH.JI, HO H OT DPHY:O,

)l.bl XHMH'IeCKOH CB.JI3H H aTOMHOrO HOMepa 3JieMeHTa 
2

.' 

IIOCKOJibKY JaKOHOMepHOCTH llOCa,IJ.KH MeJOHa Ha pa3JIH'I

Hble aTOMbl B CJIO:>KHbiX XHMH'IeCKHX COe,IJ.HHeHH.JIX B OfiiD.eM 

BH,IJ.e eiD.e He ycTaHOBJieHbl, a6COJIIOTHbiH 3JieMeHTHbiH aHaJIH3 

COe,IJ.HHeHHH HeHJBeCTHOH XHMH'IeCKOH CTpyKTypbl Ha OCHOBe 

H3MepeHH.JI TOJibKO MeJopeHTreHOBCKOrO ClleKTpa OCyiD.eCT

BHTb llOKa HeB03MO:>KHO. 0,IJ.HaKO B p.R,IJ.e CJiyqaeB npe,IJ.CTaB

JI.JieT 60JibWOH HHTepec HafiJIIO,IJ.eHHe H3MeHeHHH OTHOCHTeJib

HOB KOHU.eHTpaU.HH 3JieMeHTOB, BXO)l..Jilli.HX, HanpHMep, B coe

)l.HHeHH.JI c HJBeCTHOH cTpyKTypou. HMeHHO TaKoro po,IJ.a 

3 



3aAaqy H npeACTaBn~eT HCCneAOBaHHe AHHaMHKH COAep~a
HH~ pa3nHqHbiX 3neMeHTOB B ~HBblX 06'beKTaX. 

Bnepable ucnonb30BaTb MIOOHbi JJ;n~ JJ;HarHocTuqecKHX 
uene:ii npeAno~eHo B pa6oTe 131 H, He3aBHCHMO, s 14( ,D;aHHble, 
OTHOC~IUHeC~ K pe3ynbTaTaM BblqHcneHH~ ycpeAHeHHOrO 
cneKTpa MIO·Me3opeHTreHOBCKOrO H3nyqeHH~ JJ;nJI opraHH3" 
Ma qenoBeKa, a TaK~e 3KcnepuMeHTanbHO nonyqeHHble 
Me30peHTreHOBCKHe cneKTpbi yqacTKa 6epD;OBOH KOCTH 6biKa 
H BbiJJ;eneHHbiX H3 opraHH3Ma APYrHx o6pa3UOB TKaHe:ii, 

1 5-7 I npHBeJJ;eHbi B pa6oTax · ' . 
BnepBbie 3KCnepHMeHTbi no HCllOnb30BaHHIO MIOOHOB 

An~ onpeAeneHH~ 3neMeHTHOrO COCTaBa ~HBbiX opraHH3MOB 
B ycnosu~x cneuuanbHoro 6uonoruqecKoro 3KcnepHMeHTa 
6blnH HaqaTbi B Jla6opaTopHH ~AepHbiX npo6neM OHJIH 
secHo:ii 1973 r. HccneJJ;oBaHH~ npoBeAeHbi Ha Kpblcax nHHHH 
Wistar aecoM oKono 180 r. MIOOHbi BbiCOKo:ii 3HeprHH 
npHTOpMa~HBanHCb B 6nOKe BelD;eCTBa H OCTaHaBnHBanHCb 
B opraHH3Me ~HBOTHOrO. MoMeHT OCTaHOBKH MIOOHa BbiAe· 
nJlnC~ CHCTeMOH CUHHTHnn~UHOHHbiX cqeTqHKOB. lKHBOTHOe 
noMemanocb B neHan H3 neHonnacTa c oTsepcTH~MH An~ 
AOCTyna B03Ayxa. Pa3Mepbi nyqKa o6ecnequsanu paBHOMep
HOe o6nyqeHHe BCero Tena ~HBOTHOrO Me30HaMH. ,IJ;n~ 

yBenuqeHH~ CKOpOCTH cqeTa JJ;eTeKTOp KBaHTOB Me3opeHT" 
reHoBcKoro H3nyqeHH~ pacnonaranc~ s6nH3H uccneJJ;yeMoro 
o6'beKTa. llpu 3TOM KBaHTbi H3 YAaneHHbiX oT AeTeKTopa 
yqacTKOB perHCTpHpOBanHCb C MeHbWe:ii Bepo~THOCTbiO. 

,IJ;n~ ,li;OCTH~eHH~ 6onee O,li;HOpO,li;HOrO "npOCMaTpHBaHH~" 

scex qacTeii opraHH3Ma nepHOAHqecKH MeH~nocb nono~eHHe 
o6'beKTa OTHOCBTenbHO AeTeKTOpa. CneJJ;yeT OTMeTBTb, qTo 
BHyTpeHH~Jl qacTb opraHB3Ma npu 3TOM "npocMaTpHBanacb" 
JJ;eTeKTOpOM MeHee 34MlleKTBBHO. 

KBaHTbl MIO·Me3opeHTreuoscKoro B3nyqeuu~ perucTpu
posanucb C llOMOIUblO Ge (Li) - cneKTpOMeTpa 06'beMOM 
OKOnO 41 c..w 3 B pe~BMe 6biCTpbiX COBllaAeHBH ero CBrHana 
c curuanoM ocTaHOBKB MIO·Me3oHa B BHTepsane oKono 
10-8 c. TaKoe speMeHuoe pa3pemeuue no3Bonuno HaJJ;e~Ho 
BbiJJ;en~Tb Me3opeHTreuoscKoe B3nyqeuue Ha ciJoue pac
ceHHHoro B3nyqeuu~ OT ycKopuTen~ B MecTe pacnono~e
HB~ ycTaHOBKB. llpeJJ;BapuTenLHoe coo6meuue o6 3TBX 3KC
nepuMeHTax ony6nHKOBaHO pauee' 81 . llonyqeHHbl:ii 3Hepre
TuqecKBii cneKTP noKa3aH ua pucyuKe, a pe3ynLTaTbl ero 
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o6pa60TKH - B ma6A. 1 /:>KHBOTHOe 11. 3HepreTH'IeCKHH 

DOpor B 3TOM ODbiTe 6bln yCTaHOBneH TaKHM o6paJOM, 'ITO 

perHCTpHpOBanOCL Me3opeHTreHOBCKOe H3ny'leHHe aTOMOB 

TJI~enee KHCnOpO~a. B OCTanLHbiX ODbiTaX perHCTpHpoaa

nOCL O~HOBpeMeHHO Me30peHTreHOBCKOe H3ny'leHHe 10 3ne

MeHTOB - OT yrnepo~a ~0 KanLUHJI. 

l13 rpynn nHHHH, OTHOCJI~HXCJI K Me30aTOMaM TH~enee 

KHCnOpO~Horo, BH~Hbi nHWL CaMLie CHnLHbie Ku -nHHHH, 

COOTBeTCTBYIOII.(He nepexo~aM 2p --ls, H TOnLKO B cnyqae 

4loc4Jopa H KanLUHH BH~HLI u K(-3 -nHHHH lnepexo~ 3p- ls I. 
BBH~Y Toro, 'ITO nHHHH Ka MarHHB npaKTH'IeCKH coana~aeT 

c nuHue:H KJ-3 HaTpHB, owu6Ka B onpe~eneHHH MarHHH cy

II.(eCTBeHHO yaenH'IHBaeTCJI. 

llony'leHHbiH cneKTP o6pa6aTbiBancB cne~yro~HM o6pa-

30M. C nOMO~LIO 3BM onpe~enHnOCL CYMMapHoe KOnu

'leCTBO HMnynLCOB, Ha6paHHLIX 3a BpeMH HJMepeHHJI no~ 

Ka~~biM 83 DHKOB. JaTeM BBO~HnaCL nonpaBKa Ha JaBHCH

MOCTL 34J«PeKTHBHOCTH ~eTeKTOpa OT 3HeprHH H Ha BKna~ 

6onee cna6bli nHHHH B K-cepuu Ka~~oro 3neMeHTa. AnH 
•) 

3TOrO HCnOnLJOBanHCL KaK nHTepaTypHbie ~aHHbie - TaK 

H peJynLTaTLI Hawux HJMepeHHH MeJopeHTreHOBCKHX cneKT

poB ~nB pH~a COe~HHeHHH, BXO~JI~HX B COCTaB ~HBLIX 

opraHH3MOB. AnH Kucnopo~a. a TaK~e yrnepo~a u aJoTa 

Y'IHTbiBanacL cyMMapHo H3MepeHHaH HHTeHCHBHOCTL acex 

nHHHH K -cepuu. 

l13BeCTHO, 'ITO Me30HLI, 3aXBaTLIBaiO~HeCJI XHMH'IeCKH 

CBH3aHHLIMH aTOMaMH BO~OpO~a, npaKTH'IeCK~J uenHKOM 

nepexo~BT Ha coce~Hue, 6onee TH~enLie aTOMLI ~ llo3TOMY 

yaenu'leHHe BKna~a OT Bo~opo~a npoHBnBeTCH no yaenuqe

HHIO, HaDpHMep, HHTeHCHBHOCTH KHCnOpO~HOrO Me30aTo

Ma lao~al. 
B 111a6A. 1 DOKa3aHa OTHOCHTenLHaJI HHTeHCHBHOCTL 

Me30peHTreHOBCKOrO H3ny'leHHJI pa3nH'IHbiX aTOMOB l"oT

HOCHTenLHbiH BKna~ 3neMeHTa" I. YKa3aHHLie owu6KH BB

nHroTcB CTaTHCTH'IeCKHMH. Cro~a He BKniO'IeHLI OWH6KH 

nonpaBOK, DOCKOnLKY OHH HBnJIIOTCJI O~HHaKOBbiMH KaK ~nH 

nepaoro, TaK H ~nH ~Byx ,11,pyrux 3KcnepuMeHTOB, u Hac 

HHTepecyiOT B ~aHHOM Cnyqae TOnLKO H3MeHeHHJI B CO~ep

~aHHH 3neMeHTOB. 

Co~ep~aHue 3neMeHTOB c noMo~Lro Me3opeHTreHoa

CKoro H3ny'leHHB Mo~eT 6LITL onpe~eneHo nocne npoae-

11 
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~eHH• cepHH H3MepeHHH Ha o6pa3uax opraHaqecKHx coe

~HeHHH H BO~HhlX H BO~Ho6enKOBhlX paCTBOpOB COOTBeT

CTBYJOmHX 3lleKTpOllHTOB. 

HaM npe~cTaBHnach B03MO)I(HOCTh npoBeCTH aHanoraq

Hhle H3MepeHH. y O~Horo )I(HBOTHOrO, HaXO~HBWeroc• B 

TeqeHHe 22 CyTOK B op6HTallbHOM noneTe Ha HCKyCCTBeH· 

HOM cnyTHHKe 3eMnH IHC31 "KocMoc- 605". H3MepeHHS 

6hlnH BhlllOllHeHbl ~Ba~hl: cnycTS CYTKH H TpH~UaTh CYTOK 

nocne noneTa I ma6A. 1, )I(HBOTHoe Hi 21. 
O~HHaKOBhlH B npe~enax cTaTHCTHqecKHX norpewHoc

Tei Me3opeHTreHOBCKHH cneKTp ~ns BTopoi H TpeTheH 

KOllOHKH Ta6nHUhl MO)I(eT CBH~eTellbCTBOBaTb 0 TOM, qyo 

XHMHqeCKHH COCTaB opraHH3Ma o60HX )I(HBOTHhlX ~ng 3lle

MeHTOB, HaqHHaS C KHCllOpo~a, O~HHaKOB, H qyo OH He 

H3MeHancs B pe3ynLTaTe ~nHTenhHOro KOCMaqecKoro none

Ta ln•ThlH cTon6eu ma6A. 11. 
Cne~yeT o6paTHTh BHHMaHHe I CM. wecToi CTon6eu 

ma6A. 11 Ha yBenaqeHHe co~ep)l(aHa• yrnepo~a Ha 125±510/o 
H yMeHbWeHHe CO~ep)l(aHH. HaTpH• H xnopa, COOTBeTCTBeH

HO, Ha 131±7111/o H 131±17111/o B nepHo~a~anTaUHHOpraHH3Ma 
)I(HBOTHoro. Ha6nJO~aeTcs TaK)I(e HeKOTopa• TeH~eHUHH K 

yMeHbWeHHIO CO~ep)l(aHHS Kana• H KallbUHS. 

TI03)1(e HaMH 6hlnH BhlnonHeHhl H3MepeHHS Me3opeHT

reHOBCKHX cneKTPOB eme Ha ~Byx )I(HBOTHhlx nHHHH Wistar 
~o H nocne op6HTanLHoro noneTa Ha HC3 "KocMoc-690". 

MeTo~HKa 3KcnepHMeHTa 6hlna aHanoraqHoi, TOllhKO 

B KaqeCTBe ~eTeKTOpa Me3opeHTreHOBCKOrO H3nyqeHHH 

HCDOllh30Bancg repMaHHeBhiH ~eTeKTOp 06'beMOM 55 c..w 3 . 

Pe3ynLTaThl, npHBe~eHHhle B ma6A. 2, CBH~eTenhCTBYIOT 

o 3aMeTHOM yBenHqeHHH co~ep)l(aHHH yrnepo~a nocne no

neTa - Ha 112±2111/o, H llO~TBep)l(~aiOT BhiBO~ 0 HeH3MeH· 

HOCTH BKlla~a OCTallbHhiX 3lleMeHTOB. 

YMeHbweHHe co~ep)l(aHHS HaTpHs H TeH~eHUHH K yMeHL

weHHIO co~ep)l(aHH• xnopa, Kanas H KanhUHS B nepao~ 

a~anTaUHH I ma6A. '11 B03MO)I(HO, cBs3aHhl c H3MeHeHHeM 

paUHOHa DHTaHHH )I(HBOTHhiX nocne OKOHqaHHS noneTa. ilpH

qHHhl yBenHqeHHS OTHOCHTellbHOrO CO~ep)l(aHH• yrnepo~a 

nocne noneTa I •a6A. 21 noKa He scHhl; 3TOT Bonpoc 

Tpe6yeT ~anhHeiwero accne~oBaHH•. 

CymecTBYIOT 3KcnepaMeHTanhHhle ~aHHhle, nonyqeHHhle 

KaK B OllbiTaX Ha :>KHBOTHhlx'
91 , TaK H Ha qenOBeKt/10/ KOTO-
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Ta6Aut~a 2 

MaMeHeHHB B coaep~aHHH sneMeHTOB opraHH3Ma Kphlc, 
sKcnoH~poaaawaxcg Ha MC3 "KocMoc-690" 

::lJieMeHT 
0THOUI€HHC COJ(Cf.li·~l.ii 3JIC1!.CHTOD TIOCJIC TIOJICTa 

K co,nep.1Ka!!lHJ 3JIC!.1CHTOD J(O TIO.'lCTa 

lKIDJOTHO€ EliBOTHOe Cpe.nHeB3Bet:iCHHOe 
N< 3 }f. 4 Will lKUBOTHblX 

J~j, 3 ¥! 4 

yrJiepo.n 1,ll_±(),03 1,13.±0,03 1,12.±0,02 

a soT 1,03.±0,02 1,02.±0,02 I,02_±(),02 

KI1CJIO po,n 0,98±0,03 0, 98_±0 ,02 0,98,±0,02 

HaTpiDI 1,06.±0,08 I ,IQ±0,35 I,06:!;Q,08 

MarHHli I,2 ±0,6 - 1,2 _±(),6 

cpoc<Jxlp I ,02_±0,05 0,98±0,08 I ,00.±0,04 

ccpa 1,14±_0,0~ 1,I8.±0,I4 I,15j;0,07 

JCJIOp 0,94_±(),I3 1,0_±0,3 0,95j;O,I2 

xamrli 0,97.±0,12 I ,07.:!,.-0 ,17 0,99±0,09 

xa;o,unii 1,08.±0,10 0,95z0,07 0,98_±0,06 

phle CBH~eTellbCTBYIOT 06 H3MeHeHHH CO~ep)l(aHH• KallbUH• 

B pa3nHqHhlX qacTsx cKeneTa B pe3ynhTaTe nepeHeceHHoro 

opraHH3MOM COCTO.HHH rHDOKHHe3HH. llonyqeHHhle HaMH 

~aHHhle DOKa3hlBaiOT ,qTo B pe3yllhTaTe ~eHCTBHS <i>aKTOpOB 

KOCMHqecKOrO noneTa He npOHCXO~HT 3aMeTHOrO BhiHOCa 

TS)I(ellbiX 3lleMeHTOB H3 opraHH3Ma )I(HBOTHhlX, a HaCTynaeT, 

BepOSTHO, nepepacnpe~eneHHe HeKOTOphlX 3lleMeHTOB Me)l(~y 

TKaH•MH HnH opraHaMH opraHH3Ma. TaKoro po~a HH<i>op

MaUHS cne~yeT, HanpHMep, H3 pa6oT
1111 . 

llpHBe~eHHhle pe3ynhTaThl Ha~o paccMaTpHBaTh B Ka

qecTBe npe~BapHTellhHhiX, ilOCKOllhKY OHH nonyqeHhl Ha 

He6onhWOM KonuqecTBe )I(HBOTHhiX. Tipe~nonaraeTcs npo

Be~eHHe TaKoro po~a accne~oBaHHH Ha 6onLweM MaTepaa

ne H npH H3MepeHHH Me3opeHTreHOBCKHX cneKTpOB Ha 

O~HHX H TeX )l(e 06'heKTaX B TeqeHHe ~llHTellbHOrO BpeMeHH 

KaK ~0, TaK H nocne 3KCTpeMallhHhiX B03~eHCTBHH. 
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ABTOpbl nonb3YIOTCH cnyqaeM, 'IT06bl Bblpa3HTb rny6o
KYIO 6narOAapHOCTb AHpeKTOpy Jla6opaTOpHH HAepHbiX npo6-
neM OHJUf npo<lJ. B .ll.,IJ;:>Kenenoay Ja nocTOHHHOe BHHMaHHe 
K 6HonorH'IeCKHM 3KCilepHMeHTaM Ha MIOOHHOM IIY'IKe H IIOA

Aep:>KKY B HX npoBeAeHHH. 
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