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6apaweHKOB B.C. 1-1 AP· 

MareMarw1ecKoe MoAen1-1posaH1-1e HaBeAeHHoro r-1-13ny11eHHR 

B KOHCTPYKUHOHHblX MaTepHanax KOCMH'lecKHX annapaTOB. 

BpeMeHHaR 3aBHCHMOCTb 

P2-91-242 

Ha OCHOBe MOAenH Me>l<bRAepHblX KaCKaAOB H nporpaMMbl pac11era r· 

H3ny'leHHA HaBeAeHHO~ aKTHBHOCTH npoaHanH3HPOBaHa speMeHHaR 3aBHCH· 

MOCTb HHTeHCHBHOCTH r·Q)OHa, HaBeAeHHOro KOCMH'lecKHMH ny11aMH B KOH· 

crpyKUHOHHblX Marep1-1anax Al, Ti, Fe, Cu, W, Pb 1-1 s OAHOM 1-13 cnnasos 

npH pa3flH'IHb1X AflHTenbHOCTRX npe6b1BaHHR Ha OKOfl03eMHO~ op61-1re (or 

CYTOK AO HecKOflbKHX ner) . PacCMOTpeHo BflHRHHe PaA11aUHOHHblX noRCOB 

3eMnH. np11BOAHTCR ra6n1-1ua r-1-13ny11arene~. AalOl.LlHX cyl.LleCTBeHHbl~ BKnaA 

npH ManblX H 6onbWHX AnHTeflbHOCTRX nonera. 

Pa6ora BblnOnHeHa B na6oparopHH Bbl'111CflHTenbHO~ TeXHHKH H aBTO· 

MaTl13aUHl-1 0111 A 111. 

Coo6merne 06-1,ei:umeHHoro HHCTHTyTa RJJePff1>1x HCCJie.tlOBaHHH. lly6Ha 1991 

nepeBOA E.111.XH>t<HAK 

Barashenkov V .S. et al. 

Mathematical Simulation of the Induced r·radiation 

in Structural Materials of Spaceships. 

Time Dependence 

P2-91-242 

Basing on an internuclear cascade model and a computer programme 

for induced r-radiation activity calculation, the time-dependence of the r-back

ground intensitity, induced by cosmic radiation in structural materials Al, Ti, 

Fe, Cu, W, Pb and in one of the alloys at different periods of flight on a close

to-earth orbit (from 1 day to several years) is analysed. The influence of radia

tion belts of the Earth is considered. A table of r-emitters, making the main 

contribution at short and long durations of the flight is presented. 

The investigation has been performed at the Laboratory of Computing 

Techniques and Automation, JINR. 
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B Hamett pa6oTe/I/ npHBe.n;eiru paccqHT8HHlie M8TO.D:OM MoHTe-Kap.710 Ha 
OCHOB8 MO.D:8.Jm M0JKM.II;epHliX K8CKMOB Cil8KTpH r-H8JJY1l8HIDI, HH:wnmpo
BBHHOrO B pa8.JmlIHI:lX KOHCTPYKLUIOHHHX MaTepHaJiaX nepB~HHM KOCMWI8CKHM 
H8JlJ"I0HH8M (IIKl1), npoTOHaMH Kmrno-A!rJiaHTWI8CKOfi aHOMa.mm (KlAA) H HefiT
pOHaMH 8JU,6e,n;o 3eMJm. B npo,n;~eHHe 3THX HCCJI8.D:OBaHHfi B H8CTOJml8li 
pa6oTe npHBO,Il)ITCa ,n;aHHHe no BpeMeHHOH 38BHCHMOCTH aKTHBaIUIOHHoro 

f-qJOHa B pasJmqHHX 3HepreTWJ:8CKHX HHTepBaJiaX B ,n;rranasoHe OT 0r03 
,n;o IO MaB. 

iAeTo,n; pactJ:eTa H Bee npH6J1IDKeHna · Te JKe, 'ITO H B paOoTefI/. 

3aBHCHMOCTb OT BpeMeHH IlOJieTa 
IloHaTHO, 'ITO npH yBeJmtJ:eHHH BpeMeHH IlOJieTa HHT9HCHBHOCTb HaBe.n;eH

HOll (-aKTHBHOCTH .U:O~Ha BOSpacTaTb C IlOCTeileHHHM BHXO,UOM ee Ha IlJiaTO. 
Ilpe,n;cTaBJieHue o TOM, KaK HSMeHaeTca xapaKTep r-cneKTpa npn nepexo,n;e 
OT OtJ:9Hb KOpOTKHX K ~HHbIM 3KCil03HI.J;IDIM, MOJKHO IlOJIYtJ:HTb HS ,n;aHHHX 
.PHC.5 paOOTH/I/. EoJiee .U:9TOJI1,HYIO HHclJOpMau;mo ~aeT MO.D:9.llllpOBaHHe BpeMeH
HOH saBHCHMOCTH HHT9HCHBHOCTH f-Hs.n:yqeHHa B OT.D:9JU,HbIX aHepreTWie
CKHX HI-ITepBaJiax. 

MH paccMOTpeJm 5 TBF.HX HHTepBaJioB: AE~n) = 0,03-0,I; 0,I-0p; 
0,3-I; I-3; 3-IO MsB ( n = I,2, ••• 5). Ha pnc.I-4 
IlpHB9.U:9Hbl CYMMapHH9 HHT9HCHBHOCTH HaBe,n;eHHOH r-aKTHBHOCTH ,n;JlJI KaJK
,n;oro HS 3THX HHTepBaJIOB (BOSJie KaJK,IJ;OH KpHBOH y.xasaH COOTB9TCTBYIO!llMit 
HOMep n ) H IlOJIHaa HHT9HCHBHOCTb ,n;JlJI HHTepBa~ AE r = 0103-IO M3B 
(Ha pHCYHKaX efi COOTB0TCTByeT HOM9~ 6). Bee ,n;aHHHe OTHOCHTCH K MOM9H
Ty Bp9M9Hli "A" (CM. pHc.I B padoTe I/). 

Ms prrcyHKOB BH,n;HO, qTo aapacTaHHe HHTeHCHBHOCTH r- liSJIYtJ:9HHa 
Bo BpeMeHH 6oJiee saMeTHO ,n;JIJI MHmeaen cpe,n;aero aTOMHoro Baca - Ti, 
Fe , Cu H wc.,c~aBa.B JierKOM aJl!OMH!iliH H TaJK8JlHX MilllleHaX HS BOJll,cli
paMa rr CBHHI{a HaKOilJieHHe HaBe,UeHHOll aKTHBHOCTli IlpOHCXO,n;HT He CTOJib . 
.U:HHaMH'IHO. MHTeHCHBHOCTb B03pacTaeT B HHX, B OCHOBHOM, TOJll,KO B Teqe
HHe H8CKOJU,KHX nepBHX ,U8KM" IlOJieTa. 

TaKoe paSAWIHe .n;rrHaMHKH ooycJioBJieHo pas~eM pa,n;rroay~Horo 

COCTaBa npo.nyKTOB aitTHBaIJ;Illi. IIocJie,n;Hee xopomo BliI,ll;HO HS Ta6JI11Qhl' r,n;e 
rrpHBe.n;eHH r -.rs.cy-qaTeIDI, .n:ruolllHe onpe,n;eJI.ffiOIIlHfi BKJIM B paccMaTpHBaewx 
HHTepBaJiaX l E~n) ,n;JIJI BpeMeH npeOHBaHIDI Ha op6:~IT8 At =I ,30,365 cy-



TOK. YKa3aH11 rrepno.ru,r rroJJypacrra,n;a I-JYKJIM,n;OB-HSJJytiaTeJie~i, a MX rrop,ui;orc 

B Ta6JIIDJ;e COOTB9TCTBY9T B9COBOMY BKJia,ny B /-H3JJyl!8HH9 ,IJ;JlfI ,n;aHHOrO 

_.1 t H Ii Ein) . IlpH 3TOM B9JII1'!HHa 3TOrO BRJia,IJ;a OITpe,n;eJlfISTC.ff Hepac

C9RHHOH KOMIIOHeHrou li3JJyl!9HHR B 3HepreTWI9CKOM MIIT9,PBaJie ti E}n) . 
HarrfHMep, ,IJ;JlfI aJl!OMHHHeBofi MHlli9HH Ha ,PHC.I f -H3JJyl!eHHe B HHTepBaJie 

A E /> orrpe,n;eJlfieTcR B ocHoBHOM eyKJIM,n;aMH 16N , 15c H 22p c 

rrepHO,IJ;aMH IIOJJypacrra,n;a 7 ,2, 2, 4 H 4,2 c. IlOHRTHO, tJ:TO YY.9 IIOCJie He

CKOJIE,KHX MlIHYT IIOJieTa aKTliBHOCTlI 3T1IX HJKJIM,n;OB ,Il;OCT1Ir@OT HaCUIJleHHR, 

H ,n;aJiee y~e He lI3M9HfilOTCJI.Ha rrpoTIDK9HlilI_2000-cyTOtJ:HOro IIOJieTa *). 
I1HaR ClITyaIJ;lI.ff B 1IHT9pBaJie .1 E\4> = I-3 :.fsl3, r,n;e B TetJ:9HI19 rrepBhlX 

,n;eCJITlI ,IJ;Hefi IIOJieTa pOCT HHTeHCIIBHOCTlI o6ycJIOBJ19H_ H3JJyl!eHH9M 24na 

a II.PH ,n;am,HeHrneM ;BeJllitJ:9HlilI Bp9M9HlI IIOJ19T8 BCe OOJI:OrnyIO pom, Hl'paeT 

Y° -lI3JJyl!9HlI9 
2

Na , B9JIWI1IH8 "i'paRTOpa HaChllJl9HHR" ( 1-e- .H ) 
y ROToporo rroc.ire 2000-cyTOtJ:HOl"O IIOJieTa COCTaBJlfieT eme TOJll,RO 0,'77. 
B HHTepBaJie flip> , n = I,2,3,CHTyau;HR aHaJIOl'UtJ:Ha i'JE'f>, 

O,Il;H8KO aj;q;eKT H9CROJll,KO "cMa3aH" H3-3a BKJia,n;a pacce.FIHHoro lI3JJyl!9Hl1.fI 

,n;oJll'oY.003YIJl1IX HJKJIH,IJ;OB 
22

Na · u 24na , tJ:TO lI o0ycJiaBJI1illaeT rre-

3HatJ:HTem,nui1 pocT. lIHTeHCHBHOCTH BO B_pe1.rn1rn:. _ 

B qeJIOM MOJKHO CKa3aTI,, "IITO B rrepBHX HHTepBaJiaX I). E<;-> IIOBe,n;e-

.. Hlie K,PHBHX BpeMeHHOfi 38BHCHMOCTH ,IJ;JlfI Bcex MaTepHaJIOB orrpe,n;eJIReTCR · 

·coOTHOllieHHeM pacceJIHHllX H HepacceJIHHllX,~OMIIOHeHTOB,ll rrepHO,IJ;8MH IIOJJy

pacrra,n;a H30TOIIOB, '( -H3JJy"II9HH9 KOTO,Ph!X ,n;aeT B HUX BRJia,n;. IloBe,n;eHJie 

KplIBhlX B Bh!COI<03Hepr~TMtJ:eCKIDC A E~4 ) 1I hE\5 ) orrpe.n;eJlfieTCR rrpeuMy-

j 

lll9CTBeHHO HepacceJIHHhlM 1I3JJyl!eHU9M. ::rro HJIJllOCTPllf~T ,n;aHHLie ,IJ;JlfI }KeJie-

sa M Me,n;u Ha puc .2. B MHTepBaJiax A E~ 
4) 1I A E 6 ) HHTeHCMBl10CTI, 

Q -H3JJyl!9HHR BO B,P9MR BCel'O IIOJieTa oOyCJIOBJieHa, B OCHOBHOM
5 

Hepac-

C:9.8:HHhli\'JU f -.nyq:aMU TaRHX ,l.l;OJll'OJUl:Bynu1X pa,n;I10HYI-cJIB,IJ;OB, KaIC 
4Mn , 

65 56 58 · 48 - -
Zn, Co, Co, V H ,n;p. PacceJIHHaJI ROMIIO?eHTa 3TlIX lISJJyl!aTe-

' Jiei\ f) OCHOBHOM orrpe,n;eJlfieT .n;uHaMHRY pocTa lIHT9HCHBHOCTlI B lIHTepBaJie 

LiE ! . , 

.8.mmHHe aHOMaJIMlI Ha lIHTeHClIBHOCTI, HaBei\eHHoro O -Q)OHa o6yCJIOBJie-

HO, rJiaBHhlM OOpa30M, ()OJiee MHT9HCliBH1IM (no cpaBH9HII10 C II...~I) HaROIIJie

HlieM B oOJJytJ:aeMOM MaTepHaJie cpe.n;He- H ,l.l;OJll'O}KHBYl!llIX pa.n;uoeyRJIM,l.l;OB. 

*) IlpH rrpoxo~eHlllI aoHLI fuAA, r.n;e HHTeHCliBHOcT:o rrpoToHHofi ROMIIOHeHTH 

B03pacTaeT _Ha HeCICOJIE,KO IIOPMROB, CKO,POCTlI odpasoBaHHR I-JYKJIM,n;OB, a 

CJie.n;oBaTeJll,HO, H MX 8KTliBHOCTlI Ta.Kie yBeJllflIHBaIDTCJI. B MOM9HT BpeMeHM 

"A" MMilleHlI B TetJ:eHHe 305 MHHYT IIOCJie BHXo.n;a H3 aHOM8JilIH rro.n;Bepr~:lKYrCJI 

Boa,n;eficTBHIO TOJll,KO Il,POTOHOB Illill. B 3TOM CJzyliae IDAA Ha noBe.n;eHHe KO,POT
KO'1tHBYI!1HX HYKJIH,l.l;OB He_ BJIIDieT. 

2· 

., 
"' 

w·' 

I:'. w' 
~ 

i 
g 
"-f m· 

I 

1 
< 
~ ,o· • 

6 

;1 

' 

,,.. 

, 

A! fOmm 
,o-f A!40mm 

w' 1------.L 

,a·• 

J w·''-----~----' 
I(} 2D 002 { 

exposure time, days exposure time.days -10 3 

,a0r------~ ,o''r-------1 T<Bmm I j n emm. I 
., ... 
·., _, 
icl6'~ 
~ 

" ::, 

o-. l'/ ~ftT2 £ 110-2 u u .] 
0 10 20 0.02 f 2 

exposure ft.me, days exposure time,davs-fOJ 

PHc.1. 3aBHCMMOCTI, lIHT9HCHBHOCTlI HaBe,n;eHHOro '( ;3oaa ( tJ:lICJIO KBaHTOB·-

/crl- .c) B 3HepreTM"tJ:9CKlIX lIHTepBaJiaX nE<t , n == I,2 ••• 5, 

"' .. 
§ 
..2 w-2H+ 

~ 
::, 

"" .i, 
-~ Krill 

§ 
s 

. OT BpeMeHH npe6hIBaHl1H Ha opOMTe. Y'Ra3aH TaIOKe IIOJIHllli (J_)OH 

( n = 6 ) , rrpocyMMHpoBaHHhlli ITO BCeM /J E\n) . MaTepnaJI - Al 

Ti. 

{0~ FeBmm 

____ .-! 10-f .l--

10·'1--

1.--------· 
, a KJ-•o~.,----a,r-----.,~ 

exposure time,davs-102 exposure fime,days-f0 4 

,a-I 10·1c--------l CU 2mm I· I- Cu 2-6 1 

"' ~-
's IU' 

-2 ---7'"'f:= < 
~ 
::, 

"" f 'o-Jr, ,a·• 

< 
~ 

:-s 
,o-~ ,a·"' 

0 I 2 0.2 I 2 

exposure time, days 101 eKposure {ime,davs• 10
4 

PHc.2. To ~e, "IITO Ha pHc.I. MaTepHaJI Fe, Cu. 

Atto,t0-

_,-,1 ------- " 
~ 

\ ~r 
-2~V ,~ 
~ 
~ 
::, 

"" 
~ 
i~ I# 
~ 
~ 

~ 

Ill 

--"'"' 
r I 

r . 
r 

' 
V 

/' 

I 

I II Ill «al I I 
~Kpo$ur~ li.JrW, d/Jvs ,rpo&~ u,,..u, •. r 

PHc.3. To ~e, "IITO Ha pHc.I. MaTepHa~ - cIIJiaB Al, Ti, Fe, Cu. 

3 



~·a .,.., 
. " 

" j 
i 

\ .,-•t· I ... j~ -~ ~ 

" ] .,.1 

: 1:--- 1.,-•i---

j 1,,,-- l .. }-
] ... . ,_.L__ 

Pllf,,,,,, 

.,., 

j(1._ l J 

""t : I 

,,,., 

.J · 
IO tJJ D.Ol f 

exposute tune.days exposute time,days-fOJ: 
,o ,o a.oz· , a 

ex.posure tt.me,davs exposure tim11,dovs-10" 

Pyre. 4. To .lKe, 'ITO mi pn:c. I. i,1aTepn:aJI - w, Fb • 

16' 

10 

Al IO"'"" 

;., 1rl 
to:· 1,l 

~1dr--;;---~;--:-------~==~===i 
",cf 
~,01! 3 

" ~02 ;.'o'r------==--~===--:::::=:::!~:::::==~ 
~ 1cf 
! t0-1 , 

~:~t.:J ~ 
10·2, -:I 

1on----------------------i 

ti.ml. min• 

t6'i 5 

«l'I 

d 
,o' 
,a 

Ix posu.rt tim;, mi.11. 10 1 

Pnc.5. JurnaMHKa H8M9H9HRFI HHT9HClIBHOCTH f -qJOHa ( 'IHCJIO KBaHTOB/ 2 . 
CM • c) npu npoxOJ!i,IJ;eHMU pa,IUiaIUIOHHhlX IlO.FICOB 3eMJIM. i'llaTepHaJI 
Al, Ti. 

4 

,I 

'! 

~,o' 
~1021 . -
!!10 

~16' 

z..,j 

--1----
ex.posur~ time,mcn-101 

llf'. 
,o·• 

I 
ex.posu.rt tc.m!, 171in · 101 

Puc.ti. To .JKe, 'ITO Ha pnc.;5. l'JaTepnaJI - Fe, cu. 

Ki 

~ m'l J 

" "Ki 

;..,,i:=::'.....----------------~ 

t ~ 

exposure ttme,m,n- lOJ 

Puc. 7. To 1,e, 'ITO Ha pnc.5. NiaTep11aJI - cnJiaB Al, Ti, Fe, Cu • 

5 



~ 

\ 
~ 

10 

ui 
10'·L---~,------1:-------.---' 

erposurt ttmeo,,.,,,,.10' 

10·1_:....· ------------, 
,o◄ 

,ci: 

,o•~-------------~ 

lxpo.Ju.rt_ timl. min• 10 1 

Pl'!c.8. To JKS, 1IT0 Ha pHc.5. ivlaTepHaJI - w, Pb • 

6 

I 
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\·!) 
111 ,, 

! 

I 
! 

MaTe

p~an 

Al 

Ti 

Fe 

M:>R 
I t.t,1 6E(n) 

CyT '/' 
1 

··--

30 

365 

0.03-0.1 0.1-0. 3 

22
Mg 3.84c\

19
o 27.0c 

25Ne 0.6c 27Mg 9.4M 

- - I - "-

- " -

o. 3-1 .o 
26mAl 

18F 

21F 

.,.. -

- II -

6.36c 

1. 834 

4.3c 

Ta6;mqa 

1 .0-3 .o )3.0 

24Na 

20F 

190 

24Na 

20F 

22Na 

24Na 

22Na 

20F 

1 5. 0 Lf 
1 6N 7 • 2c 

10.98c 15c 2.4c 

27.0c 22F 4.2c 

15 .o~ 
10.98c I _ "-
2.6or 

15 ,04 

2.60r 

. 10.98.c 

- II -

28Mg 20.93~ 47sc 3.34t5Ti 3.08ai \
44

sc 3.934 l15
c 2.4c 

30 

365 

44Ti 47.37rl46msc 18.79 48sc 1.829 

44msc 2.4¾1 43K 22.3q 

- n -

44Ti 47.371 

28Mg 20.93 

55co 17. 54ti 

49cr 42 .1M 

56cr 5. 941 

47 45 . Sc 3.34~ Ti 3.08'1 

44msc 2.44j 46sc 83.83~ 

48sc 1.8~
48

v 15;97! 

- II -

S2Fe 

47Sc 

46msc 

46Sc 83,83~ 

45Ti 3.084 

48v 15.97~ 

8.271
55

cc 17.544 

3.34 56Mn 2.5811 

18.7c45Ti 3.08'! 

I 

7 

Sc 1.82~ S 5.05M 48 137 
44msc 2.442 3omAl 1.2M 

44Sc 3.93'( 

46Sc 83.83~ 

48Sc 1.82j 

46Sc 83.83~ 

- " -

I " -44sc 3 .93 4 -

48v 1 5. 97 ~ 

52M;1 5.59~ 

55Co 17.544 

52mMn 21 .1H 

16N . 7 .2c 

56c0 ·78.83 

37 5 5.·091'! 



I 

52Fe 52
-"1.n 5.59j 

52 56 
8 .27q Mn 5.59j Co 78.81 

C 47 56co 78.8j 24Na 15 .o 41 . n Sc 3 .34J 

47Sc 56
co 78.81 

56 16N 7.2c 30 - II - 3. 34j Co 78.8 4 
n '365 - If -

57 54 56Co 78.83 - 11 -
A Co 271 .83 Mn 312. 51 

57 55co 17.544 48v 15.97'} 
37 5 5.05M Co 271.89 

8 61 cu 3. 41~ 46Sc 83.83i 46Sc 83.83ff 
. 

Fe 
i 

55co 17.54~ 
56 \56 

Co 7 8 • 8 J I Co 7 8 • 80 j 

55Fe 54 152 - " -365 2.744 - " - Mn 312.5~ i Mn 5.59j 

49cr 42.1M 
52 !48 

Mn 5.59j ! V 15.97'} 

174Ta 72.o~ 1 82mRe 12. 7~ 181 Re 20.0~ 176Ta 8.084 170Lu 2.0~ 

1 
183

Re 70.0\ 177w 2. 25~ 177w 2.254 1 8 2mRe 1 2 , 7" 178
Re 13.21-1 

172Ta 36.81-1 174Ta 72.0M 
180Re 2.34M 177w 2. 254 162Tm 21. 7M 

183
Re 70.03 

182mRe 12. 74 181 Re 20.04 182 
Re 2.67~ 

61Cu 3. 414 61Cu 3. 414 64cu 12.71.; 61Cu 3.414 37 5 5.05M w 30 178Ta 9. 31M 173Hf 24 .Oq 
184

Re 38 .03 
176Ta 8.084 - II -

1 61Co 1.651{ 62Zn 9. 264 62Cu 9. 74; 57Ni 1. 50~ 24Al 2. 1 C 

174Ta 72 .o~ 177w 2.544 171 Lu 8.22j 177w· 2. 254 

62Zn 9.26q 52Fe 8. 2711 61Cu 3.41" 56Mn 2.58'i 56 
' 

Co 78.89 1 8 2mRe 1 2 • 7" 181 Re 20.04 182Re 2. 67~ i 
! 

' 
I i 
I 61cu 3. 41~ 64 cu 12.714 61Cu 3. 414 37S 5.05M I 

cu 3o' - II - 57
co 271.~ 62Cu 57Ni 56

co 78.89 9. 74"1 1.50~ 

S6,Ni 6 .101 
58 52Mn 5. 593 24Al 2 .1c Co 70.92~ 

57 58 65 . 56 
Co 271. &j 

Co 70.92~ Zn 244.10j Co 78.8~ 
- " - 61

cu 3 .41" 61 365 64cu 12.714 Cu 3.414 37 s 5.05M 

" 173Hf 24 .04 
184 176Ta 8;084 - fl -365 - - Re 38.0~ 

183Re 70. °;j 175
Hf 70.0~ 

1 8 2mRe 1 2 • 7 ~ 

197Hg 2.673 203
Pb 2 .17~ 204Bj 11 • 2q 203Bi 11. 764 178Re 13.2M 

1 
165Yb 9.9M 198Pb 2.44 202

Bi 1. 794 207mPb 0.8c 162
Tm 21.7M 

174Ta 72.0M 200Pb 21.54 201
Pb 9.44 200

T1 26.14 170L ·2 0 • u • 3 

56Ni 6 .10~ 62 9.74M 57Ni 1. soi 
24Al 2 .1c Cu 

! 
' 

1°7 204Bi 11 • 24~ 205
Bi 15.31~ 170Lu 2.03 ' Hg 2.67i 

Pb 30 
165

Yb 9. 9,-, " 
206

Bi 6. 24j 
206

Bi 6. 24~ 
178 Re 13.2,-, - -

61 cu 3.414 61 cu 3.414 :45Ti 3.084 24 16N 7.2c ·Nil. 15.0s 

C 1 61 co 1. 65 'I · 
47 164 44Sc 3.934 1sc 2.4c Sc 3.34~ I Cu 12~71.; 

183
Re 70.°'.J 

202
Bi 1. 794 200-:rl 26. 14 

162
Tm 21.7M 

-n 62 zn 9.26'-f 190 27.0c \62c 2°F · 10.98c_ 37
5 . u 9.74M 5.05c 

J1 i 
197Hg 2.673 203

Pb 2. 17~ 

A 

47 i64 8 24
Na 15.04 56 Sc 3.34j Cu 12.714 co 78. 8j 

365 183
Re 70.0;j 

198
Pb 2.44 - " - - II - - II -

165Yb 9.9M 206
Bi 6.249 

30 
" 

61 cu 3.41'1 45Ti 3 .084 52Mn 5. 59~ · 16N 7.2c - - j i 

44m 
sc- 2 .44~ 52Mn 5. 59'.I 48v 15. 973 . 15c 2.4c 

i I ' 
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.8.JlllfIHll8 08.IlJ18llJ'!OHHblX IIO.ffCOB 38MJllI 

Ha pHC. 5-8 IIOK838HO ll3M8H8Hli8 HH'£8HCHBHOCTH H8B8.D:8HH01! J' -aKTHB

HOCTll IIpH rrepece-qem,rn KOClllHl!8CKHM arrrrapaTOM 30!-lbl K!AA B T8tJ:8HH8 .D:BYX 

H8'I8JH,HHX CY'l'OK IIOJ18T8. ,llamrue rrprme.nmm .D:JLFI WITH HWl'0pBaJIOB ;l E~n) 

H CYMM8pHO .D:JIH .ti E(f) = 0, 03-IO MaB. 
XapaKTep Kp:vrnux o6ycJIOBJieH cneJ.1;11(}):vmolt t -l13Jiy'!aTeJie:t1, 06pasy.10-

mnxcH rro.n ,nei-ICTBH8i.! IT,POTOIIOB mm Ii KJAA. J 3!-repre'l'IftJ:8CKliX 1II!'1'8l)B8Jl8X, 

r,ne 3' -H3Jiy'!8HH8 011,P8.D:8Jl.ff8TC.fI, B OCHOBHOIIJ, KOpOTKOJKIJ:BymH,'\,lll HYKJIH.D:8-

MM (CM. T80JI. ), HM88T M8CTO p93K08 B03pacTaHH9 HHT9HCHBHOCTU rrpn 

BXO,ne crryTHHKa B 8HOM8JllilO H CTOJII, JK9 Ob!CTpbI.tl: ee cna.n npn ero Bb!Xo,ne, 

KBR 3TO BI!.D:HO Ha rrpIIMepe Al H Ti II.PH n=5, .d Tex CJiy'l8JIX, 

Iwr.na O -Pl3JJY'I8HHe orrpe.n;eJIBioT cpe,n1rn- n ,noJirommy1c1ne HYIUlli.D:bl, Ha6-

.mo,n;aroTCH HpKO Bblp8JK8HHbl8 i.1.POHTLI HapaCT8HH.fI H crra.na UI-IT8HCHBHOC'.l'H D 

MOM8!-!Tbl BXO,na H Bb!Xo,na 1'!3 8HOM8JIHII. 

06pamaeT Ha C80.fI BHHM8Hlre ITJ18BHblll xo.n BperneHHotl 38BHCIIMOCTII BllCO-

K03HepreTH'!8CKOrO f -1'!3Jiy'I8HH.fI ( n = 5 ) B CBHHl\OBOit MI!Ill8Hll. HHT8H-

CHBHble rrpoTOHHbl8 IIOTORII JJA.A B 3TOM CJiy'!ae He CI,83!1B810TC.fI Ha '(-fi.10He. 

3TO CB.fI38HO C T8M, 'ITO f-JIY'llI C E > 3 .faB B CBHHIJ;OBOti MII!il8HH HCrryc-

KaIOT Jl.Uf]JI, ;r,npa 
170Lu , 178Re H 

162im, KOTOpb!e o6p83J10TC.fI TOJThKO 

rro,n; ,n;eiICTB118M BUCOK03HepreTWI8CKHX npOTOHOB CII8KTpa ruru:. i..Heprrrn npo

TOHOB IOA.A H8,II;OCT8TO'IHbl )];JIB o6pa30B81IIDI c]_JparMeHTOB II OCTaTO'IHUX H,II;ep 

C 1,rnccaMH A.=162-178 .11 38pH,II;8NlII z = 69 ..,75. 0.r:;HBIW HH3IW81!8preTU1I8-

CK08 II3JJY1I8Hll8 ICA.A poili,Il;aeT Tamm H,II;pa B BOJI:b~faMOBOH MHlll8HH, II IIX 

C · -H3JIY'l8HI:!8 .fIBJI.ff8TC.fI orrpe,neJJ.mOmHM B /). E(r , 

JII:!T _sllillIY.Il,8 

I. BapameHKOB B.C. n ,n;p. omrn:, P2-9I-24I, .lly6Ha, 1991. 

PyKoTIHCb TIOCTYTIHfla B H3~aT8flbCKHH OT~en 

29 MM 199! ro~a. 
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