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Uoa6yH B.H. Pl6-lll32 

PacqeT cneKTpanbHo-yPnoaoPo pacnpeaeneHHH ropM03HOPO 
H3nyqeHHH ~>neKTponoa c 3HepPHell 10 M3B, naaalOlllHX na roncTylO 

BOnbtjlpaMOBYIO MHllleHb 

npoPpBMMbl pacqeTOB npOXOlKAeHHH 3fleKTpOHHO-tjJOTOHHbiX K8CK8AOB B ae

lll9CTB9 ETRAN-16D. cocTaaneHHbte EeprepoM H ap. anH 3BM IBM-360 H 

UNlVAC·llll!.npHcnoco6neHbtiWH pa60Tbi na 38M CDC-6500 OHHH. Paccqa-
TBHbi ClleKTpanbHQ-YPflOBble pacnpeaeneHHH TOpM03110PO H3nyqeHHH, BbineTa10-

lll91'0 H3 BOnbtjlpaMOBOH MHlll9HH, AllH 3lleKTpOHOB C 3Hepraeil 10 M38 C 
uenblO HCllOllb30B8HHH HX npH pellleHHH BOllpOCOB paAHBUHOHHOH 6e3onac-

HOCTH. 

Pa6oTa BblllOnHeHa a Oraene HOBbiX Meronoa ycKopeHHH OHHH. 

Co06UieBBe 061oeJUIHeBBOI'O BBCTBTYT& SJiepHWX BCCJJeJIOB&BBI. ,[ty6aa 1977 

Tsovboon V.I. Pl6-lll32 

Calculation of Energy lind Angular Distributions of the 
Bremsstrahlung of 10 MeV Electrons Bombarding a Thick 
Tungsten Target 

A program for cEllcullition of, electron-photon cascades passing 
through matter ETRAN-16 D,developed by Berger et al.in a version 

for computers IBM-360 and UNlvAC-llOB,was modified to operate with 
the CDC-6500 computer, Calculations of energy and angular distri
butions of a bremsstrahlung emitted from a tungsten target have 
been performed for 10 MeV electrons in order to use them when 
considering radiation protection problems, 

The investigation has been performed at the Department 
of New Acceleration Methods, JINR, 

Communication of tbe Joint Institute for Nuclear Research. Dubna 1977 
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KoMnneKc nporpaMM ang pacqeroB npoxoMaeHHB aneKT
poHHD-QlOTOHHbiX KacKaaoB qepe3 BeiUeCTBo ETRAN-16D 111 *, 
cocraBneHHbiX EeprepoM a 3enbTuepoM 12 ·31 Ha B3bJKe 
FORTRAN IV ang 3BM IBM-860 H UNIVAC-1108, npucnoco6-
ne H ang pa6oTbJ Ha 3B M CDC-6500. H R)Ke npuBoaurc g 
Kp8TK89 X8P8KTepRCTRK8 nporpaMM, KOTOpbie noapo6HO ona-

/2-47 
caHbi B . l1 cxoaHbie aaHHbie pacqera cneayiOIUae. DyqoK 
aneKTpOHOB HnH QlOTOHOB 38ll8HHOrO cneKTpanbHOrO COCTa
Ba B 3aaaHHOM HanpaBneHaa naaaeT Ha 6ecKoHeqHyiO nna
CTRHY KOHeqHO~ TOniUHHhl; .[lHana30H 3Hepra~ nepBHqHhlX 
qacrau - HecKonbKO aecBTKOB K3B - 1 faB. MuiUeHb roMo
reHHaB, npaKTuqecKa mo6oro cocTaBa, PaccquTbiBaiOTcg: 
1) cneKTpanbHo-yrnoBwe pacnpeaeneHHB npoweaiUero MH
weHb H OTp8)KeHHOrO MHWeHblO H3nyqeHHB; 2) cneKTp8nbHO
yrnOBbie pacnpeaeneHHB ropM03Horo a xapaKTepucruqecKoro 
H3nyqeHal, BhlXOllBWRX H3 MHWeHa; 3) pacnpeaeneHag 
3Hepro- li 38p9ll0Bhl.[leneHU9 B 38BHCHMOCTR OT rny6HHhl 
npOHHKHOBeHHB B MUWeHb, 4) cneKTpanbHhle pacnpeaeneHRB 
nOTOK8 aneKTpOHOB H QlOTOHOB B rny6RHe MUIUeHH, DporpaM
Ma npocneMHBaeT HCTOpHH QlOTOHOB npBMbiM MO.[lenupOBBHReM 
no MeToay MoHTe-Kapno, a MoaenupoBaHue ucropal aneKT
pOHOB OCHOBbiBaeTCB Ha CXeMe, B KOTOpofi "p03blrpblill 11 

HHllliBHllyanbHhlX B38RMOllefiCTBUfi illHpOKO 38MeHBeTC9 "po-
3hlrphlilleM" SHepreTaqeCKHX noTepb li yrnOBhlX OTKnOHeHRfi 
no pacnpeaeneHRBM ang MHoroKpaTHoro pacceBHHB B coor
BeTCTBHR C pa3nHqHhlMR qacTHhlMH TeOpHBMH Ha .[lOCT8TOqHo 
Manwx yqacTKaX npo6era14~ 

*qaCTb .[lOKyMeHTBURR p83Me!lleHa Ha MarHHTHOfi neHTe 
B BHlle KOMMeHT8pHeB K nporpaMM8M, 
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l1cxo.QHbifi: MaccrrB nporpaMM 6blll nepeKOArrpoBaH c BCD

KOAa IBM--360 B BCO-KOA COC-650015 ~ H e6onhwae pa3rrH'IHH 

B H3biKe FORTRAN, rrMeiOwrrecH y 9Trrx MawrrH, 6hmrr orKop
peKTrrpoBaHhl, OcHOBHhle npo6neMhl 6hlnrr CBH3aHhl c He

XBaTKOfi naMHTif, KOTOpaH orpaHH'I8Ha 140000 (BOCbMe

pli'IHbiX) 51'188K .QITH OAHOfi 3a.Qa'llf, nporpaMMbl 1 nO.Qf'OTaB-

ITHBaiOWHe AaHHbl8 .QITH OCHOBHOfi nporpaMMbl , 

nenrrnrrcb Ha nocneaoBarenbHO 3arpy*aeMhle B naMHTb 

6noKrr (OVERLAY} rr Ha ornenbHbie nporpaMMbJ, CBH3b Me*AY 

KOTOpb!MH ocymeCTBITHITaCb 'lepe3 ¢afirrbl Ha AlfCKaX (Random 

Acsess Files ). B ocHOBHoft nporpaMMe 6hinrr yMeHb-

weHbi pa3Mepbi pHAa MaccrrBOB rr rrcnonb30Banacb onepaurrH 

EQUIVALENCE ( MaCCHBbi nocnenoBaTenbHO MoryT 3aHHMaTb 

OAHH H TOT *8 ytiaCTOK naMHTH) AITH MaCCHBOB BhlXOAHOft 

rrH¢opMaurrH. npoH3BOAHTenbHOCTb nporpaMMbl AITH COC-6500 

HeCKOITbKO ycrynaeT npOH3BOAHTerrbHOCTH nporpaMMhl B HC

XO.QHOfi Bepcrrrr, 0Ha paCC'IIfThlBaeT B OAHOM UHKne BhlqHc

neHHll1 KaK npaBrrno, OAHY H3 yKa3aHHhlX tieThlpex xapaK

reprrcrrrK. 

nporpaMMa ETRAN-160 B Bepcrrrr AITH COC-6500 6bina rrc

nonb30BaHa nnH pactieToa cneKrpanbHo-yrnoBbJX pacnpene

nearrft TOpM03HOI'O H3nyqeHHH1 Bb!XOAHlllero H3 BOrrb<lJpaMO

BOll Mlflli8HH, KOTOpaH 6oM6ap,nrrpyeTCH 9IT8KTpOHaMH C 9Hep

rrreft 10 M98, B o63ope /6/ naHHbiX, xapaKreprr3yiOlllHX 

9rreKTpOHHbl8 ycKoprrTenH KaK lfCTO'IHifKif H3nyqeHHH C TO'IKH 

3peHrrH panrraurroHHofi 6e3onacHocrrr, yrnoawe pacnpeaene

HrrH MOlllHOCTif A03b! AITH 9Heprrr If 10 M98 npe,ncraaneHbi 

no 60 ° (no cneKrpanbHo-yrnoBbiM pacnpeneneHHHM rop-

M03Horo rr3nyqeHrr H H3 pa6or 14 • 7 •81 ) • U enbiO Hac TOHlllHX 

pacqeTOB HBITH8TCH paCWHp8Hif8 lfM8IOlll8llCH HHtPOpMaUHif 3a 

C'leT AaHHbiX AITH 60ITbliiHX yrnOB, 

npH Bbi6ope BXOAHb!X aaHHbiX AITH nporpaMMbl ETRAN-160 

rrcnorrb30BarrcH OnbiT pacqeTOB/4 ( 8bi'IHCIT8HifH npOH3BOAHITHCb 

AITH HOpMarrbHOI'O na.QeHHH TOHKOI'O nyqKa 9IT8KTpOHOB Ha 

MHIIIeHb H3 aonb¢paMa roniiiHHOfi 0,5 cpenaero npo6era 

9rreKrpoaoa • .UnH 9HeprrrH 9rreKTpoHOB 10 M9B cpenarrft 

npo6er B BOrrb<lJpaMe paBeH 6,2 r/CM 2 . 3Ta TOITIIIHHa MH

lll8HH 6rrH3Ka K OnTHMarrbHOll no OTHOIII8HHIO K Bb!XOAY TOp

M03HOI'O H3nyqeHHH 14 1. "P a3bii'pbiBanocb" 3000 HCTOpHft 
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nepBH'IHhlX 9IT8KTpOHOB1 H OHH npocne*HBarrHCb AO 9HeprHH 

0,1 M9B. npouecc PO*A8HHH TOpM03HbiX ¢oTOHOB "pa3bir

pbiBancH" C B8COBbiMH 4JaKTOpaMH 1 npH KOTOpb!X Ha OAHH 

neparrqHbift 9rreKrpoH PD*Aanocb oKono 30 ¢oTOHOB, B oc

ranbHOM cnoco6 BhlqrrcneHHfi COOTBeTCTBOBan onrrcaHHOMY 

a 141 
. .UnH YB8ITH'I8HHH CTaTHCTH'I8CKOll AOCTOBepHOCTH pac

'leTOB cneKrpanbHbJX pacnpeaenearrft nporr3aonrrnHcb nonon

HHTenbHbie BbJ'IHCneHHH c 9Heprrreft o6pe3aHHH 1 rr 5 M9B. 

CrarrrcrrrqecKaH TO'IHOCTb nonyqeHHbiX pe3yrrhTaToB 6bma 

He xy*e 10%, PacqeT Bceft 3aaaqrr 3aHHMan 50 MHHYT ape

MeHH uearpanbaoro npoueccopa COC-6500. 

Ha p rr c. 1 a nprraeneao yrnoaoe pacnpeneneHHe 9Hep

f'HH TOpM03HOI'O H3ITY'I8HHH1 HOpMrrpOBaHHOe Ha OAHH naaaiO

IIIHll 9rreKrpoH. P a36rreHHe yrnoa, B npenenax KOTOpbiX 
0 

ycpe.QHHrraCb 9HeprHH1 6biiTO Bbi6paHO cne.QyiOIIIHM: 0-1 1 
1-3°, 3-5°, 5-7°, 7-10°, 10-15°, 15-20° rr nanee qepe3 

10°. H a p rr c. 16 npeacraBneao cooraercTBYIOIIIee pacnpe

neneHHe MOIIIHOCTH l!Of'ITOIII8HHOli A03bl TOpM03HOI'O H3ny

'18HHH B B03AyXe, !IpHB8A8HHOe K paCCTOHHHIO 1 M OT MHIIIe

HH H TOKY 9IT8KTPOHOB 1 MA. 

nepeXOA OT cneKTparrbHO-yrnOBbiX pacnpeaerreHHfi TOp

M03HOI'O H3nyqeHHH K pacnpe,neneHHIO MOlllHOCTH A03bl 

OCYIII8CTBITHITCH B COOTB8TCTBHH C BhlPB*eHHeM 
Eo 

P( ())~ k • JN (E, ())E • 11 aB(E )'dE, 
0 

( 1 ) 

rne N(E, ()) - cneK rp ¢oro HOB no;:t yrnoM () ; 11 aB (E) 

K09¢¢rru»eHT ocna6neHHH AnH nornomeHHH saeprHH ¢oro

HOB B B03AyXe /9/; k- K09tP<lJHUH8HT nponopUHOHarrbHOCTH, 

¢opMyna (1) cnpaaennrraa nprr ycraaoaneHHH 9rreKrpoH

Horo p8BHOB8CHH B B03AYWH0ll cpeae, 'ITO AITH paCCMaTpH

BaeMb!X ycnOBHll Bblli0ITH518TCH HB paCCTOHHHHX 6onee 8 M 

OT MHIII8HH. npoaan Ha rpa<lJrrKaX yrnOBhlX pacnpe,neneHHll 

B paftOHe 90° CBH3aH C H.QeanH38UHeft MHW8HH. 0AHaKO OH 

6rrH30K K pearrbHOft 3BBHCHMOCTH MOIIIHOCTH .Q03b! OT yrna, 

Koraa MH~eHb »MeeT 6onbiiiHe nonepeqHbie paaMepbi /10/. 

YaenrrtieHHe ronmrrHhl MHIIIeH~ nprrBOAHT K HeKoropoMy 

yMeHbiii8HHIO 9H8pr'I:!H TOpM03HOI'O H3ITY'I8HiiH,. Bbin8TaiOIII8f'O 

B HanpaaneHHH AB1i*8HHH ny'IKB 9IT8KTpOHOB1 38 CtieT no

rnomeHHH H:3nyqeHHH B MHIII8HH, C pOCTOM TOITIIIIiHbl MHlll8HH 
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PH c. 1. a) Yrnosoe pacrrpeaeneaHe 9HeprHH ropM03Horo 

H3Jiy'IeHH5I1 BbilleTaJOmero H3 BOllbQJp8MOBOH MllWeHH TOJI

WHHOH 3,1 r/ CM 2 IIpH 6oM6apAHpOBKe ee 9lleKTpOH8MH 

c 9HeprHeti 10 M9B. HopMHposaao Ha OAHH rraaaJOmllti 

9JieK rpoa. 6) C oorserc TByJOmee yrnosoe pacrrpeneneHRe 

MOIUHOCTH IIOf'liOIUeHHOH ):l03bl B B03LlyXe, IIpHBeLleHHOe 

K paCCT05IHI1!0 OT MHWeHH 1 M H TOKy 9lleKTpOHOB OLlHH 

MffllliH8MIIep. 

yseliH'IeHHe OTpa~eHHOH 9Hepf'HH B LlH8II830He yrliOB 

90-180° He3H8'IHTellbHO H ):lll5I MHWeHH TOJIWHHOH 3 cpe):lHHX 

rrpo6era 9lleKTpOHa COCT8BJI5IeT OKOliO 10% ITO cpaBHeHH!O 

C COOTBeTCTBY!OlllHM 3H8'IeHHeM Allfl MHWeHn: TOlllllllHOti 

0,5 cpeaaero npo6era. 3ro yKa3biBaer Ha B03MO~HOCTh 

HCIIOllb30B8HI15I rrpn:BeAeHHOH ffHQJOpM8UHff ):lll5I yrliOB 90-180°, 
IIOTOMY 'ITO OTpa~eHH85I 9HeprH5I IIpH 9TOM 6JIH3K8 

K M8KCHM8llbHO pealiH3yeMoti. 
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P H c. 2. CneK Tpbi ropM03HbJX <jloroaos, BbJJieTaJOIUHX 

B pa3llff'IHblX H8IIp8BlleHH fiX H3 BOllbQJp8MOBOH MH:WeHH 

TOlllllHHOH 3,1 r/cM
2 

rrpH 6oM68pLlHpOBKe ee 9lleKTpOH8MH 

c 9Heprn:eti 10 M9B. HopMHposaao aa OLlHH naaaJOIUllti 

9lleKTpOH. 

CneKTpbi ropM03Horo H3Jiy'IeHI15I noa pa3HbJMH yrnaMR 

rrpeLlCT8BlleHbl H8 pH C • 2. l13 rpa<jJHKOB BffAH0 1 'ITO H8H60-

nee "~eCTKHti" CIIeKTp TOpM03HOf'O H3lly'IeHH:5I H8XOLlHTC5I 

B patioae 0°. 
npHseaeHHhle 3Ha'IeHH5I cornacyJOTCfl co cneKTpaMH 

TOpM03HhiX QJOTOHOB, HCIIycKaeMh!X IIOLl yrnaMH 0° If 12°, 
KOTOpbie IIOlly'IeHbl B 

141 
Allfl MH:WeHH HeCKOllbKO 60llhWeti 

TOlllllllHhl (5,8 r/cM2 ) • .fiOIIOliHHTellbHhie rrpOBepKI1 1 BbillOJIHeHHhie 
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/2-4/ 
JUHI BOCllpO!i3Be)leHiiSI ony6n!iKOB8HHbiX Jl8HHhiX , llOK8-
38nli paf5orocnoco6HOCTh aepCI:IIi ETRAN-16D anSI CDC-6500. 
H8cTOSIIlllie p8c'ieThi c noMOillhiO ETRAN-16D aononHSIIOT liH
¢opMaUI:IIO /6/ o cneKrpanhHo-yrnoBbiX pacnpeaeneH!iSIX rop
M03Horo R3ny'ieHHSI anSI :aaepr!iii: :aneKrpoHoB 10 M:aB, He
o6xoJli:IMYIO llpH npoeKT!ipOB8HiiH 6ROnOf'H'ieCKOH 38IllliThl 
:aneKTpOHHbiX ycKOp!iTeneii: 1i pemeHiiSI pSIJl8 BOllpOCOB p8Jlli8-
llliOHHOH 6e30ll8CHOCT!i. 

B 3aKniO'ieHiie 8BTOP Bbip8)1{8eT rny6oKyiO 6naroa8pHOCTh 
MHCCHC E.M8UKeBii'i H MHCC!iC f.XeHp!iKCOH !i3 I1H¢opM8-
llliOHHOf'O UeHTp8 no p8Jlli8UHOHHOH 38IllliTe 0KpHJl)KCKOH 
H8UiiOH8nbHoii: na6op8TOpHH CWA 38 npeaocT8aneHiie M8r
HiiTHOii: neHThi c nporpaMMOii: ETRAN-16D li JlOKyMeHT8UHii 
K aeii:. Aarop T8K)Ke 6n8rOJl8peH A.n.Poroay 38 noMOillh 
B nepeKOJlHpOBKe nporp8MMblo 
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