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6apaweHKOB B.C. 11 AP-

MareMar1111ecKoe MOAen11poaaH11e HaBeAeHHoro r•113ny11eH11A 

B KOHCTpyKU110HHblX Marep11anax KOCMH'lecKHX annapaTOB 

P2·91-241 

MoHTe-KapnoacKaA MOAenb Me>KbAAepHblX KacKaAOB, AononHeHHaA 

nporpaMMoii pac11era cneKTpoa r-113ny11ett11A aoJ6y>t<AeHHblX nocneKacKaA· 

HblX AAep, 11cnonbJyeTCA AflA 11ccneAOBaH11A xapaKTep11crnK HaBeAeHHOH r· 

aKrnBHOCTl1 a KOHCTpyKUHOHHblX MaTep11anax Al, Ti, Fe, Cu, W, Pb 11 a OAHOM 

113 cnnaaoa, noABepratOIUHXCA Ha OKOnOJeMHblX op611rax BOJAeHCTBHIO KO· 

CMH'lecKHX '13CTl11.l 11 anb6eAHblX HeHTpOHOB. Y11TeHO Bfll1AHl1e IO>t<HO·ArnaH· 

rn'lecKOH aH0Man1111. PacC'IHTaHbl cneKTpanbHble pacnpeAeneHl1A aKTl1Bau11· 

OHHoro r-113ny'lettl1A. noKaJaHO, '!TO HaBeAeHHaA paA110aKT11BHOCTb cpaBHHMa, 

a a PAAe 3Heprer1111ecK11x Al1anaJoHoB npeab1waer <t>oHoaoe r-113ny11etrne 
Ha op611re. 

Pa6ora BblnOflHeHa B J1a6oparop1111 Bbl'111Cfll1TenbHOH TeXHl1Kl1 11 aero· 

MaT11Jau1111 0"1 A "1. 

Coo6wetrne 06-1,e.aHHeHHoro HHCTHTyT8 R.lleptiblX HCC11e.110B8HHH. ily6Ha 1991 

nepeBOA E."1.X11>t<HAK 

Barashenkov V .S. et al. 

Mathematical Simulation of the lndiced r·Radiation 

in Structural Materials of Spaceships 

P2-91-241 

A Monte-Carlo model of internuclear cascades, supplemented with a pro

gramme calculating the r·radiation spectra, emitted by excited aftercascade 

nuclei is used to investigate characteristics of induced r-activity in structural 

materials Al, Ti, Fe, Cu, W, Pb and in one of the alloys exposed to the influ· 

ence of cosmic particles and albedo neutrons on close-to-earth orbits. The in

fluence of the South-Atlantic anomaly is considered. Spectral distributions 

of activational r·radiation are calculated. It is shown that the induced radio

activity is comparable and in some of the energy intervals even exceeds the 
background r-radiation on the orbit. 

The investigation has been performed at the Laboratory of Computing 

Techniques and Automation, JINR. 
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KoCMli'I9CKI-!:9 armapaTbl I-Ia OKOJI039MHO:ii op6:e:Te ,R ycTaHo~eHHa.a: Ha . 

anx __ H,?Y'!Ha.11 armapaTYpa aenpepb!BHO no,n13e_praroTc.11 B~S,IJ;e:iicTBmo -~.He111Hero 

KOCMII'I0CKOro M3JIY'I0Hli.!I. II.PH. npoBe,IJ;e~ Ha OKOJ103_0MHblX ()_p6:e:Tax cneKTpO

M9T,PlflI9CKIIX HCCJ10.I(OBamtit B 06JiaCTR 3Hepr~ Y"".'KBaHTOB .I(O 10 MsB _Ha,P.fI-

. ,rry ,c. ,Il;H9:,XIJY3HHM KOCM}I'I9CKIIM ~OHOM II aTMOCg/9,P!fl:™H aJ11,69.I(HblMR t-KBaHTa

_MU H~06XO,Il;IIMO ytlliTblBaTI> TaKJKe qJOH, COS.I(aBaeMbl:ii f-:::HSJJYl!9HR9M aKTRBH7: 

,POBaHHHX M9.P,. 06pasyro111nxc.11 Il,PH BSaIIMO,IJ;e:iicTBHH C ,IJ;eTaJI.!IMH cneKT,POM0T-:-. , . . . . ~ ' . - - .; -

,POB H KOHCTIJYKTIIBHblMR MaTep~aJiaMR_CaMHX KOCMlJt!9CKIIXannapaTOB BHC()K0-:-

3HepreTlflI0CKHX_'tJ:aCT~. Il,POTOHOB R MHOrosa.PJI,IUil:lX HOHOB II0,PBR'IHOro KOCMH

'IeCKOro H3JJY1I9HHii (IIKM), H3JJY't!9HIDI KllKHO-::ATJiaHT~eCKO:ii aHOMamm (IOAA) 
H HeiiT.POHOB aJII,6e,IJ;o 3eMJIR. 8ToT q>OH CYJ!l9CTB8HHo-orpaHl£1IRBaeT -qyBCTBll-_ 

T8Jll,HOCT!, r -cneKT,POM0T,POB, 'OII,P8.I(9Jl.!I8T pa,n;muui:oHHYIO o6cTaHOBKY Ha -

6opzy KOCMH'I9CKOro armapaTa, Il03TOMJ7 ero ri:porHOSR,POBaHHe H IIOHCKH __ IIY

Te:fi ero YMem.memm HBJl!IlOTC.!I Bec:&Ma· BKTY8JII,HO:ii sa,IJ;ai:i:e:ii. 

0,IJ;HRM HS BOSMOiltHblX IIYT9H CHU9Hli.!I H8XC0Jl8T9JlI,HOrO- q>OHOBOro ··r -
Ir3JJY'I9HH.!I .!IBJ1.!I0TC.!I COOTB9TCTBY}OII\1ffl IIO,IJ;60p KOHCT,PYKIJ;HOHHHX MaT9,PRaJI()B 

CII9KT,POM0T,POB H KOCMH'I9CKHX annapaTOB, KOTO,PHe 06Jla,IJ;a.llll 6H HH3KIDIJ 

ypoBHeM HaBe,IJ;eHHofi pfuruni:oHHo:ii ;,-aKTHBHocT:e: B HHTepecy:romeM nc~ 

.I(OB8!1!9Jl.!I .IJ;HanasoiJ:e r-H3JJY't!9Hli.!I. TaKOH IlO,IJ;XO.I(. T,Pe6yeT IIO,D;p06HHX CBS- , 

.I(SHHH O XapaKT9pHCTHK8X 8KTHB8IU{OHHOrO f -q>OH8 B mHpOKOM 3Hepr9Tl[IIe..:. 

CKOM .IJ;HanasoHe H 06 HX 38BHCHMOCTJIX OT napaMeTpOB op6HTH H B,P9M9HH 

npe6HBaHHJI Ha He:ii. 

II_pOrHOSK,POBaHHe H8B9.I(8HHOH ,Pa,IJ;HOaitTHBHODTH B paSJIRl!HOro po.I(~ .I(9-

T9KTOpax .I(OCT8TO't!HO .I(9TaJI:&HO o6cy,imaJIOCI, B JIHT8P8TYP9 (cM.pa60TH/I~!. 

r.IJ;e MOXCHO HaitTH.I(8Jll,H8ttmy]o 6JiI6JIKorpaqimo). Xy,rce o6CTOKT .I(8Jl0 c KOHCTpyK

~OHHblMII. MaTepHaJiaMH KOCMH't!9CKIIX armapaTOB H CII9K'l',P.01'49Tp~ecKIIX npHc50- . 

poB. Han60J1:&mero BHIDJJaHH.B: s,IJ;ecI> sac.nymrnaeT pa6oT/7 I, B __ KOTopoii: np:irne

.I(eHH peSyJII,TaTH paCl!9TOB aKTHBa~_IIpOTOHaMH ·ITKM H H3.nyq:eIDieM !)a,IJ;Kain!

OHHHX IIO.!ICOB, 3eMJlli KOHCTpyitqKOHHHX M8T9,PHaJIOB Ha OCHOBe CllJ18Ba Al,-·., 
Ti H Fe , a TaIOJte paCCMOTpeH t -q>OH itOQMJl1:l:8CKIIX Kopa6JI8H MHOI'O-

ue.neBoro H83Hatiemm MMS I Kopa6Jie:ii TJUia" Space Shuttle. . Ilpo6ieMe 

nporHosnpoBaH11.!I HaBe,IJ;eHHoro /d/-q>oHa :e KOJIJmMaTopax Ha. ocHoBe cBmm;a· 

H BOJl:&q>paMa IIOCB.!lm8Ha pa6oTa ' • HeKOTOpHe .I('HHHe 06 aKTlIBauD KOHCT

PX~OHHHX MaTepHaJIOB ony6JIHKOBaHH B pa6oTaX 9 ,ro/, a_TaKXC8 B pa6oTe 

/II/, r.IJ;e pacci:i::e:THBaIOTCJI.IJ;osoBHe xapaKTepKcTmm Ha oKoJioseMHHX bp6:.r

.Tax, B .TOM i:i::e:cJie :e: oT MaTepxaJioB KOCMJrtiecrocc annapaToB. 0.IJ;HaKo STmc 

Oblt.CiEdtlii~n r.ncnnyr I 
e~~B.'..L, ntcJenonauGi 

ShlSitHOTEK~ 



,D;aHIIbIX He,D;OCTaTO'tIHO ,ll;JlH pememm urnpoKoro Kpyra BO3HliKaIOII\HX Ha npaK

TliKe sa,D;a't!, crursamrux c oc5Hapy.lKeHHeM H pen1eTpa.u;ueH r -HCTO't!HmwB 

Hl!SKOH IlHTeHCRBHOCTH B YCAOBIDIX BHCOKOrO moaa. 

IlOCKOJII,KY Henocpe,D;CTBeHHOe aKcnepHMeHTaJll,IIOe JICCAe,D;OBaHue llillpO

Koro Kpyra MaTepHaAOB npe,D;cTaBJIHeT onpe,D;eAeHHHe Tpy,D;HOCTH, OCHOBHhIM 

IIO,ll;XO,ll;OM K 3TOM npoc5AeMe B HaCTORJllee BpeM.ff .ffBAAeTC.ff MaTeMaTH't!eCKOe 

MO,D;eJIHpOBaHue Me.lK'.b.ff,ll;e!)HhIX KaCKa,D;OB, mm.u;mrpyeMHX B MaTepHaAax KOCMU

't!eCKRM H aJII,c5e,D;HID,i '·1rs~eHHeM, C IlOCAe,IlYIOil\UM pac't!eTciM .\' -HSJIY't!emm 

OT c5oJII,ruoro 'tIHMa oc5pasyrollUIXC.ff npu aToM Bosc5yJK,I(eHHHX .ff,ll;ep, npeTepne

BaIOll\l'IX cepmo ol;.., }it -paCIIa,D;OB H pea:It.u;UM SaXBaTa M8KT!)OH8. 

UeJII,IO Harueil pac50TH .ffBJ!HeTC.ff HCCAe,D;OBaHue TaKiiM MeTO,ICOM xapawre-

pHCTKK' O .:_HS~8HIDI HaBe,D;eHHOM aKTRBHOCTH ,wlff HaHc50Aee 't!aCTO IlCIIOAl>-

syetraX ·MaTepnaAOB Al, Ti, Fe, cu, w, Pb , a TaKiKe ,iVl1I CILJiaBa, 

CO,D;epJKamero 79% Al , 8% Ti , IO% Fe H 3% Cu 

MoneAI> H MeTon pac't!eTa 

, Pac't!eTH BHIIOAHeHH C
0

nOMOll\l>IO npor~aMMHOrO KOMnAeKC8 "KaCKa,D;" H 

"CneKTP''., onucaii:'!rn:ro 13 Hallllix pac5oTa~ 
2- 14~. Ero BOSMOJKHOCTU u Toti:

HOCTI> yie RJIJlIOCTpRpOBaJIHCl> B pa6oTaX I4-I5 Ha npHMepe COnOCTaBAeHKII 

peSyJII,TaTOB MO,D;eJIHpOBaHH.ff H 3KCnepHMeHTa no HCCAe,D;OBaHUIO r-aKTHBa

IJ;HOHHOro HSJIYti:eHim KOHCTpyK.u;HOHHbIX MaTepHaAOB no,D; ,D;eMCTBJieM BHCOKO

aHepreTmecrui:x npoTOHOB. Ha ocHoBe ,D;aHHHX o pacnpe,D;eAeHHH pa,n;nonyrLJIB.

,D;OB. no rJJYOHHe MH!lleHH H ee reoMeTp1rn: ·yqTeHo norAomenne n paccemrne 

aKTHBaIJ;HOHHOl,O ! -n_s~eHim,, BHXO,ll;flll\8rO HS MHllleHU B nOAHbIH TeASCHhlH 

yroA 2'.ll • 
PaccMaTpilBaAHCl> ,ll;HCK0O6pasHHe MHllleHH C TOAil\HHO:lt OT 2 ,ll;O 30 MM 

. H .D;HaMeTpOM IOO CM. Tamill reoMeTpIDI nosBo.JI.ffJia ,D;OcTaTO'tIHO TO't!HO pac

c~uTaTI> Y,D;8JII,HO0 A -HS~0HK0 HaBe,D;eHHOit aKTHBHOCTH (T.e. HS~0Hl!0, 

HcnycKaeMoe C e,D;H~ IIJIOll\a,D;H Mmll0HH), IIOCKOJII,KY BMa,D; KpaeBHX aj:qJeK

TOB IIpH 3TOM COCTaBJIHeT Bcero JlHllll, OT I ,ll;O 4% o6mero 'tIHCAa B38HMO,D;eil

CTBm1.' IlpH pac't!eTaX npe,ll;IlOAaraJIOCl>, tJ:TO BCe paCCMaTpirnaeMHe M8TepHaAH 

HMeIOT ecTeCTBeHHHH (npnpo,D;HHM) HSOTOITHHfi COCTaB. 

IIpe,ll;IloAarMOCl>, 'tITO_MH!lleH:& 6oMc5ap,D;HpyeTC.ff H3OTponHHM noTOKOM 

KOCMll'tieCKHX 't!aCTHIJ; HS BepXHeil IIOJJYCqJepH (OTHOCHT8JII,HO HOpMamr Kee 

IIOBepXHOCTR>'. Booc5m~ roBopJI, 3TO HenpaBOMepIJO ,ll;JlH npOTOHOB B oc5AaCTH 

lOAA,_ b,D;HaKO sa BpeM.ff npox~eHIDI cnyTHHKa "-qepes SOHY aHOMaAUH, oco6eH

HO_ ecmr OH HMeeT COOCTBeHHOe BpameHRe, yrAOBOe pacnpe,D;eAemre npoTOHOB 

ycneBaeT pa3MHTl>C.ff H CTaTI> BeCI>Ma 6JIHSKHM K HSOTpOITHOMy. 

Mo,D;eJIHpOBaHRe cneKTpa npOTOHOB IIKl1 U IOAA C yqeTOM naP,8M8TP,OB 

opc5RTH' BHllOJIHffJIOCI, TaR JKe, _Kim B H8lilHX npe,D;H,IJYl1lHX pa6oTax78 , 167. Ilpn 

MO,D;e~poBaHmI cneKTpaJII,Horo· COCTaBa HeHTpOHOB 8JII,Oe,D;O 3eMJIH ucnOJII,30-

BaJIHCI, nOJIYSMnHpHti:ecKHe saBIICUMOCTII, IIO~eHHHe aBTOpaMH pa60TH1I7/ •. 
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1!To rtacaeTC.ff ol -tJ:aCTUIJ; H ,D;pyrnx MHOrosap.ff,ll;HbIX UOHOB IIKH, TO 

npe,D;BapnTeJII,Hlle pac"tieTH IIOI<aSaAII, tJ:TO nx EMa,D;OM B aKTRBaIJ;HOHHH:lt 

;j -<1,0H MOiKHO npeHeopeti:I>. 

Pacti:eTH d -<J.JOHa 8KTMBa:.J;}IOHHO~I npupo.w,r npoBO,D;ITJTIICl> ,iVl1I RpyrOBOfi · 

op6:HTH C BHCO.TOli ..... 350 KM n HaMOHeHJieM 5IO • Haxo,D;RCI, Ha 3TOM op611Te, 

ROCMH't!eCKIDi KbpaOJII, ti:eTHpe.lK,ll;H B Te'tI9HHe CYTOK nepeceKaeT.SOHY SaXBa

'lemi:oii pa,ll;Ha.u;nn !CAA, r,D;e HHTeHCIIBHOCTl> npOTOHHOro noTOKa BOSpacTaeT 

Ha HeUKOAl>KO nopR,ICirnB, XOTH cneKTp npOTOHOB B 3TOll OOAaCTU no cpaBHe

HIITO co cneRTpOM npoTOHOB rwr 3DM8TIIO M.f!I'1Ie. IIpe,D;ITOJiaraJIOCI,, tJ:TO BpeMJI 

rrpoxo;K,IJ;eHII.ff SOHH 10AA 38HHMaeT 20 MIIHYT, OCTaJII,HHe 70 MIIHYT noAeTa no 

OpOUTe ,JJ;O CAe,nyromero BXO%,IJ;eHIL'I B rJAA Ha KOCivilf'I9CRH!1 annapaT ,ll;SMCTBYIOT 

TOJll>RO npoTOHhl IB{H • .dpeMSHHa.ff ,rumrpaMMa (.u;n:Morpar.1Ma) HaXO.J!O];eIDI.ff cnyT

HI!Ka B SOHaX rr::tn H 10AA noKaSaHa Ha pnc. I. HeiITpOHl:I. aAI>Oe,D;o BOS,D;eiiCTBYIOT 

Ha KOHCTPYIQIIOHHHe MaTepnaJibl Ha npOTIDKeHHII Bcero noAeTa. 

B rrpo.u;ecce Mo.n;eAnpoBamm pasurpH:saJIHu:o Tun JI BertTop :m,my.1II,ca 

6OMoap.D;HPYIOI1leil '!aCTIIIJ;H, Kciop,n;IrnaTH TOti:Kn ee BXO.D;a B MHilleHI>. B Kati:ecTBe 

pa,D;I1a.u;1IOHHHX xapaKTe1mcTHK paCCtJ:UTHBamrcI> cneKTpaAI>HHe. COCTaBH aRTHBa

UUOHHOro f -HS~eHH.ff Ha noBepXHOCTH o6~aeMHX MHil!eH~it ,ll;JIJI .:spe.MeH 

npeciHBaHliff lIX Ha oponTe OT CYTOR ,ll;O ro,D;a. 

. CneRT@ HaBe.IIeHHOi-i ( -aKTHBHOCTII 

Pacti:eTHHe CIT9KTPH ,ll;JI.FI 1'O,IJJftIHOii 3ItcITOSHIJ;IIB Ha op6HTe noKa3aHH Ha 

pnc .2-5. J3 c~ae TIDKeJJHX c BOJII>QlpaMOBDit n CBHHUOBOir) MU!ileHeH npnBe,D;e

HH TaKJJte crreKTphl ,ll;JIJI 9,D;HocyTOti:Hoii a1tcnos1ru;mr. Bee cneRTphl pacc't!nTaHH 

Ha MOM8HT BpeMeHU "A" (puc.I), Kor.ri;a KOCMUtJ:8CKHii: annapaT nocAe oti:epe,D;

HOro BHXO,D;a IIS aHOMamrn B Tetienn'e 305 MIIHYT IIO,D;BepraeTC.ff BO3,D;eficTBIIIO 

Il!)OTOHOB IIKl1. (HaIIOMHIIM, 'ITO HeiiTpOHH aJII,cie,D;O BOS,D;eiiCTBYIOT Ha MHill8HH 

Ha npOTmKeHI-rn: Bcero BpeMeHII noAeTa). CTpeAitaMH OTM81I0HH Han6oAee UHTeH-

CHBHHe O -HS~aTeJIM. 

Ms pUCYHKOB BH,ll;HO, tJ:TO HaUOOAee IIHT8HCllBHHe ( -mrnmI B cpe,D;HeM 

B H8CR.OJII,KO pas IIpeBH!llaIOT ypOB9Hl> ,ll;HQXflY3HOrO 6 --<llOHa. 3TOT :J1,lx}:>eKT BOS

pacTaeT 11pu·11epexo.D;e R ooAee TIDKeAHM MJI!lleII.ffM • .i:3 c.7JYtJ:ae BOAI>l)JpaMa u 

CBHHIJ;a HHT8HC1IBHOCTI, pacce.ffHHOii ROMnOHeHTH ( -ns~eHH.ff cpaBmrMa C 

HHTeHCHBHOCTl>IO ,ll;Uq:q>y3HOro qioHa B llllipOROM anepreTHtJ:8CKOM UHTepBaAe, a 

tJ:HCAO r -JIHHIIB, rrpeBH!llaIOII\HX B HeCKOJII>RO pas ero ypoBeHI>, ,ll;OCTHraeT 

HeCROJII,KKX ,D;eC.ffTKOB. 3To npO.ffBJlfl8TC.ff ,ll;aJ!t9 IlpK O't!eHI> KO!)OTKIX, CYTO't!HHX 

3KCIIOS~. 

Ilo HalllKM oueHKaM, BMa,n; OT ttefiTpOHOB aJII,6e,D;o B ( -aRTHBaIJ;HOH-

Hoe P.IS~eHHe ROHCTPYRl\HOHHHX MaTepiiaAOB COCTaBAAeT AH!lll, HeCROJII,RO 

npoueHTOB OT . f-aKTI1BHOCTU, HaBe,D;eHHOH npOTOH8MH mm u lOAA. 06 3TOM 

CBH,D;eTeJII,CTByeT H TOT cllaKT, tJ:TO crreKTpH aICTHBaIJ;UOHHOro 'if -1rn~eHI11I 

CBHHIJ;a H BOJII,qipaMa /(p~c.5) OtJ:8Hl> OA:113.KH R cneKTpaJII,HHM pacnpe,D;MeHIDIM, 
n~eHHHM B paOOTe 8/ ,r,D;e He yqHTHBaJiaCI> r-aKTIIB8IJ;UOHHruI COCTaBJl.ffIOil(8JI 
HSHTpOIIOB aJII,09,Il;O. 
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Pc.R J'Ma pCR~ PCA ~ PCA ~ PCII A PCII 

305,070,0 .,. ,O'l!lf/03051 

level• - Ida, 1440 ,rnn Tl,~ f«Ond ,,,,, 

P:ac. I. ,.(liKJiorpaMMa HaxoJK,D;eH:va KOCMlf'IeCKoro arrrrapaTa B soHax IIlJ'I H lOAA. 

h:c.2. 

J,HQ)pbl rro.n; 3OH8MH ITOKa3h!B8IQT BpeM.ff rrpe6h!BaHim B HIIX B MliHy-Tax. 
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PRc.4. To JKe, 'ITO K Ha p:a:c.2. Mmnem, - CITJiaB Al ' Ti • Fe 
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P:0:c. 5. To JKe, 'ITO :0: Ha .p:0:c .2. Mmnem, :0:s w :0: Pb. JieBHe pucymrn 
OTHOCHTCH K O,I\HOCYTO'IHOMY, npaBHe - K rO.n;:tt'lHOMY npe6HBaHino Ha 
op6HTe. 
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