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Summary 

The program for Monte-Carlo s~nulation of the processes accom

panying the propagation of ~ -quw1ta within the energy range of 

0. 01 - 11 MeV in matter is develop1~d. The program is included into 

the program for calculation of the propagation of high-energy par

ticles in media and may be used foJ~ calculation of the transmis-

' sions of '{ -quanta produced from (n, c ) , (n,n ) , (n,f) reactions, 

and emitted by the residual excitecl. nuclei of·the matter. The ob

tained results are in a good agreentent with the experimental data 

and with the calculated results of the other authors. 



AHHOTAU.v.t.H 

Paapa6oTB.Ha nporpa.NMa MoHT«~-Kap1IOBCKoro Mo,n.eJIHpOBB.HH.ff npo
qeccoB pollt,II.eHH.ff 11 nepeaoca 1( -JtBB.HTOB c aaeprKeA 0, OI-II MaB 
B ae~qecTBe. IIporpaMMa BKAIOlleHa B nporpaMMy pacqeTa pacnpocTpa
HeHH.R: BWCOROSHepreTHlleCKliX ltaCTlfq B BeJqeCTBe H YOEeT 6HTb lfC
nOJibSOBB.Ha ~.ff pacqeTa npOXO*,II.eJm.ff qepea BeJqeCTBO 2( -KBaHTOB, 
o6paaoB8.HHtiX B peaKqHSlX ( ~, e~), 1\~~., \1' t ~) 1\"', ~ ~ ') 11 xcny-
llleHHHX OCTaTO'tiHHMH B036Y'lK,Jl.eHHHMU SQJ;pSMH. 

PeayJibTaTH TecTOBHX pacqeToB aaxo,n.nTc.R: B xopomeu corJiacHH 
C BRCnepHMeHTaJibHHMH ,II.aHHHMM H ]>aClteTaMH ,n.pyrHX aBTOpOB. 



Bse,n;,eHHe 

HayqeHHe saaHMo~e~cTBHR ~ -HaxyqeHHR, o6pasosaHHoro B aAep

HHX peaKQH.fiX B Be~eCTBe npe~CTa:3JIH6T 60XbWO~ HHTepec C TOlU<K 

apeHKR fipaKTH'tleCKHX npHXO~eHH~. PacCMOTpeHMe TSKHX BOnpOCOB KSK 

pa.cqeT 8atqKThl ycKOpHTeXe~ H KOCJ&H'tleCKHX annapaTOB OT 0 -HaJiy

qeHHfl Tpe6yeT 8HaHH.fl xapaKTepHC~~HK O -HSXyqeHB.fl, po)K,JJ.eHHOrO B 

IJAepHhtX peax~H.fiX B se~ecTse. .l:t.Jti Toro, 'tlT06ht noxyqHTb aeo6xo~

MyD HH~OpM~ H3 8KCnepHMeHTa ·~pe6yDTC.fl 60XbmHe aaTpaTht, B 

HeKOTOpHX CXYQa.fiX 8KCnepHMeHT Ht~B08MO:CeH, fi08TOyY BOSHHKaeT He-

06XO~DOCTb paCC'tlHThtBaTb Baa.m.fo~~e~CTBHe d -HaXyqeHH.fl C Be~e
CTBOM TeOpeTH'tleCKH. 

Y~06HD1M, a KHOr~a H e~HHCT:3eHH&IM MeTO~OM pacqeTa pacnpOCT

paHeHHfl HSJiyqeHH.fl B Be~eCTBe, .fi:3JIReTC.fl MOHTe-KapXOBCKOe MO~e

JIHpoBSHHe Ha aBM. UeJibD ~aHHO~ :~60TH .fiBH.fleTC.fl AeTanbHOe OnKCa

HHe nporpSMMY MO~eXHpOBB.HH.fl npO:COliP.eHHR (5 -KBaHTOB, o6pasOBaH

HhlX B peSKrtJ~.fiX BSBJIMO~e~CTBHR n:~OTOHOB CpeAHHX 8HeprHj;\: ( B Ka

qeCTBe npHMepa paCCMOTpeH CJiyqai~fp =0,8 rsB) B Be~qeCTBe. 

IlporpaMUa HanHCaHa Ha .fi3SKt~ OOPrPAH H peMH80BaHa Ha aat 
CDC. -<0 :st>O • HacTO~M nporpSMMa noasoxaeT paccu:aTpHBaTb npo

xo~eaxe 6 -KBaHTOB, o6paso~ax B .fiAepawx peaKQHHX B o~oKoM
noaeHTHoD cpe~e aa.n;a.Haof.t reoMeT)H'tlecKof.t KOHtf>HrypaQHH. IlporpaMMa 

BKXIO'tleHa B nporpaJOiy pa~qeTa pa<}npocTpaHeHH.fl BHCOK03HepreTH'tle

CKHX qacTH~ s se~ecTse/ 1 I B Ka'tlt:~cTse MO.IJYJI.fl H wo:m:eT JierKo 6HTb 

o6o6~qeaa Ha cxyqaf.t woroKounoHe::iTHHX cpe~. 

~HsaqecRHe npoueccht, peanH.aQ!!HHSe B npor:pa!Me 

B npo~ecce BaaHMo~ef.tcTBH.fl :lpOTOHOB awcoKHX H cpeAHHX aaep

rHf.t ,c BeiqeCTBOM npOHCXO~HT o6p.i30BaHHe 60JibWOrO 'tlHCXa BTOpH

'tlHHX qaCTH~, KOTOpHe, B CBOIO O'tlt~pe~b, MOryT B8a.HMO~ef.tCTBOBaTb C 

.fiApaMH Be~eCTBa, po~M HOBble q.3.CT~ H T .~. TaKHM o6pasou:. B 



2. 

cpe~e o6pa.syeTc.a JiaBHHa BTOpH~m qacTHu;, nocTeneHHo o6oraqa.K>

Il\a..A:C.fl Me,IVIeHH'YYH He:ATpOHSMH (MEi,IVIeHHHe sapmKeHHble qaCTKJ.J,ht OCTa

HaBJIHBamTC.fl BCJie~CTBKe BOHH3a~!OHHYX IIOTepb). HMeHHO 3TH He~TpO

Hhl 11 o6pasyK>T i -KBSHThl B pea!:~mc ("', t. ~) ('-'.\A\~)(\.-), \a ) 
"( -KBaHTbl TaKllte BCnyCKa.IOT<:.fl OCTaTO'ClHWMH B036ya:..D;eHH&DIH 

.fij:ij>8MH Cp8)J.H H cppa.I"MeHTBMJI ~eJIEIHKfl B KOHIJ;e HCIIapHTeJibHOi\ CT~H 

npo~ecca AeBos6~eHH.a. KpoMe ~~oro, '( -KBa.HThl MOrYT o6pasoBY

BaTbca B npou;ecce pacna,rr,a tl 0 
··Me30HO B, O~HaKO, 3TOT Ka.HaJI CTa

HOBHTC.fl C~8CTBeHHYM JIHmb npH HhlCOKHX 3HeprH.fiX H B ~aHHOA pa6o

Te He paCCMaTpKBaeTC.H. 

oHepreTH'CleCKHA KHTepBaJI plCCMaTpHBaeMHX ~ -KBaHTOB IIpO

CTIIpae'l'C.fl oT O.OI MaB ~o II MaB. B aToM HHTepsSJie AOMHHHpytOT 
/ 

TpH M8XaHH3Ma B3aHMO~eACTBH.fl ~ -H3JiyqeHH.fl C Be~eCTBOM: ~TO-

norJIO~eHHe, KOMilTOHOBCKOe paCCI~.HH.He H o6pa30BSHKe nap. 

a) g}QTOIIOrJIO~eHHe - B paC1lMa.TpHBaeMOM 3HepreTH'CleCKOM HH

TepBSJie IIOrJio~eHHe (( -KBaHTOB C B036~eHKeM aTOMOB, npeHYy

Il\eCTB8HHO aa ~ l L 11 H o6:>Jio'tlKax aBJiaeTca e~IIHCTBeHHHM Ka

HSJIOM "rH6eJIH" ( -KBaHTOB. Msir::tHM qmyopecu;eHTHYY. H3JiyqeimeM 

MOlltHO IIpeHe6pe'tlb, TaR KaK OHO .ieMe,IVIeHHO IIOI'JIO~aeTC.fl Be~eCTBOM. 

6) KoMDTOHOBCKoe pacce.HHH9 - aTo npou;ecc ynpyroro pacceH

HHa o -KBaHTOB aa "cso6o,D.Hb1X" sJieKTpoaax aTOMOB. YrJioBoe pac

npe~eJieHHe pacceaHHWX ~OTOHOB ~aeTCH ~pMyJioi\ KJieAHa-HHmHHY: 

'l ,_ / "L --\} 
(Yo .:-e 1 'f\4.oC. =O,~IS3 ·lc (W4 , t - aaeprHH ~o pacceHHH.fl B e~-

HHu;ax ~~ '2-= 0,5II MaB) 

F':- (2) 
- -11-E:\'\~~e) 

r~e t - 3HeprH.fl Q' -KBaHTa IIOCJie pacce.HHH.fl B e~H~ax: ~ C 't. 

11HTerpHpya ~OpMyJiy Kneim8.-HHIDHHbl IIO yrJISM, IIOJiyqaeM saBH

CHMOCTb KOMIITOHOBCKOI'O Ce'tleHH~: pacCe.fiHH.fl (( -KBaHTOB OT 3HeprHH: 



3. 

(3) 

ITpa aaeprHKK 0 -KB.aHTa ~e 0,[ MaB aeo6xoAHNO acnonbsOBaTb 
annpoxc~OHHYJO 4)apMyJiy' II/ 

(~(E)= 1 f1k2E.~.§Et.-~t3 "'ftE4_J.~'+A._£~\ (4) 
~-t-2£.)2. ( 5 2 ::r /OS: 10S ) 

BH6opxa E I H e HS 3THX paCillJSfeJieHHA ynpo.qaeTCSI npoeHeHHeM 

ueTOAa, npe~oaeHHoro KapcoaoNfi I. B cooTBeTCTBHH c aTKM ue-

TOAOM E ' onpeAeJI.A:eTca as ypaB!ieau r , , 

E '=- E.. 
1-+ S-A +[2E-.S) A3 (5) 

I'Ae S"'Eift+O)"ts-E) • A - cJiyqaAHoe qgcno, paBHOMepao 
pacnpeAueaabe B HHTepsaJie ( 0 ~I) • )l,Iut E :::> 4 MaB K npaBo~ qacTH 

(5) HSAO A06aBHTb llJieH 0,5'(£ -4) A t.(I-A) ~ 161. TaxoA MeTOA BH-

6opKH A&eT saa.qeaHe '£ 1 c ToqaocTbl> 5%. CB.A:Sb Me~ yrnaJOI 8 
H ~ H nOJISipHHM yr.JIOM. W H &SHMyTUbHWM yrJIOM j.: KOM.nTOHOBC-

KOI'O paCC&SIHHSI A&8TCSI CBeAYK>~H ~pYyJISMH: 

.~ G "'~' = ~g"'~w + ~"' G~ ~~~~w ~ f' 
-\-1V\ ~"'~~ =cs. ~hr., -t t: c:.,d.,fV) )/~"' e"'~-1 
~ 'f"' ~ " .=- ( ';. ~ f"' - t '""'L' ~"')I~ \.t B "'-t t 

c) 06pasosaHHe nap ( o, ~+e-) npo~ecc c noporo11 ~ c-:. '-
( = I, 02 MaB) CT8HOBHTC.fi B8JIHYM Dpll 6oJiee BHCOKHX aHepra.mc: 0 -
KBSHTa. aJieKTpOHII H fi0311TpOHY 38.118,IV!JD)TCs:I B CpeAe, HCnyCKa.R 

TOpM03H08 HSJiyqeHHe, KOTOpYM MOEHO npeHe6peqb (TO ae KaC&eTCft 

H 3JI8KTpoHOB, BH6BTYX B npo~ecce KOMnTOHOBCKOI'O pacceRHHR). 

0KOHq&T8JlbHO aJieKTpoH norno.qaeTCft C HCnyCKaHBeM OTHOCBT8JibHO 



4. 

MHrKOrO ~OpeC~8HTHOrO HS~YQ8HHH, a n03HTpOH aHHHrH~HpyeT C 

a~eKTPOHOM pacceHB&m~eA cpe~. B npo~ecce &HHHrHn~H o6pasymrr

CH ~Ba ~-KBaHTa, ~BHr~Cfl B npOTHBOnO~OEHHX Hanpa~eHHRX 
c aaepi'HeA V\.\.o c. "L KQANR. C:Bo6oAHSA npo6er nosarrpoaoB oqeab M8JI 

no cpaBH8HHD C npo6eJbM ~TOHOI B paCCM&TpHBa8MOM SHepreTHlle

CKOM HHTep~e t UOSTOMy 101 no~araeM, liTO aHHHrU.f.U.\HOHHHe i -KBaH• 

TH o6pasymrrca B TOllKe po~eHHa naps. 

Paspa6orraHHHe nporpa.MMH ae.SYB81>Tca LD£1J IG- H L 0£ f\}J)G
L 0£ N TG- HcnoJibsyerrca ~a lllO~eJIHPOBaHHa npoD;eccoB poli.I\eHHR 

B peaK~mc (tr, ct ),{V~/' 'a--~ ("" f,-f) H nepeaoca ([ -KBaHTOB. 
L 08 ttJ.J) (; nossoJiaerr uo~eJiapc~BaTb HcnycKaHHe 0 -KBaHTOB B03-

6~eHHYMH ~8101 Be~eCTBa (Ui: lf}parMeHTSMH ~eJieHHa) B KO~e 
CT~H HCnapeHHfl. Pa6oTa STHX I~OrpaMM B COCTaBe nporpaMMY 

pacqeTa pacnpOCTpaHeHHH BS:COKO~~HepreTHlieCKHX qaCTH~ B BeJqeCTBe 

onpe~e~aeTCH CJie.JUlOJqeA 6~oK-CXEtMOit: 

, 

f 

-
Bxo~ 

T 

' Onpe~eJieHHe THna llCTOllHHKa HCTOllHHll-
\ 'X' -KBaHToB 1- Bos6~eHHoe LOE AJ.fJG. 

WOHJIH 
tf>pai'MeHT HCTOllHHK -

- peaK~H ("',%)C"',lll'~)(~\1~) ,D.eJieHHS 

LOE!JfG-

a) ~~oHHpoBaHHe Lof N\ G-
Bnox-cxeMa sToA no.u.nporpmaoi npase,u.eHa Ha pHc.I. 

I) Onpe,u.eJieHHe THna HCTOllHHKa 
1Q -KBSHTOB. 

2) Onpe,u.eJieHRe MaKCIDlaJibHoro tDICJia TO'leK poJtAeHRJI ( -KBaHTOB 

B cpe~e. 
3) Onpep.ueHHe llHCJia ( -KBaHrro:s, po~eHHHX B ,u.aHHoA rrotme. 
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4) 0npe)J.eJieHHe HanpaBJieHHft .IJ.BDeHH.fl H KHHeTJ~t~eCKOi SHeprHH 

¥ -Ksa:HTa. 

5) fipoaepKa, y.n.oBJieTBOp.R:eT JIH ~8.HH!d ( -KB&HT ycJIOBiUD4 perHCT

pa.QHH • Hanpoep, Mhl IIOlleM OrpaHHtiH'l'bC.fl paCCMOTpeHHell TOJibKO 

Q -KBaHTOB C SHepreeit 60Jibme ~ ~.\~ 
; ecXH aaeprH.fl AaHHoro ~ -Ksa:HTa MeHbme 

E~~; nepeATH K paccMoTpeHHD cJie~~ero 0 -Ksa:HTa. 

6) Onpe.n.exeHHe npo6era i -KBaH!a .n.o asaKMo.n.eAcTBH.fl H npoaepxa, 

H8XO.IJ.KTC.fl JIH TOQKa BsaHMo.n.e~cTBH.fl BHYTPH 6JioKa ae~ecTaa. 

?) ECJIH TOQK& B3aKMO.IJ.eitCTBH.fl HBXOAHTC.fl BHyTpH 6JIOKa, TO onpe.n.e

JI.fleTC.fl THU B3aHMO.U.eACTBH.fl B COOTBeTCTBHH C ce~eHH.fiMH K8HaJIOB 

6'~ > 6c: > G~ 
06osHaqeaes, ecnoJibsyeoe a nporpa.MMe: 

- ~(}12.G-(i ), l ::- ~~ - rpaHH~ 8HepreTJNeCKHX HHTepBaJIOB, Ha 

KOTO~&Je pas6HBaeTC.fl p&CCMaTt:,HBaeM&.fl 06JiaCTb 8HeprHA 0 -KBSH

TO~ {; 

- ~?~U,~)l~~G-1(:,~}, <;t>G-2(:,1),~~1-~,~ =1--1S: -
cneKTpH 1( -KBaHTOB, po~e~:~~-mx a pea.K~.fiX (""- ,c:(r) ('"", "'<}) t , 111 ~ COO'l'Be'l'CTBeHH/8/ i ' 

- NG-QC\) 
1 
~ ~ 1-1goo - HOMepa ar.:epreTe~ecKHX rpynn, K KOTOpHM 

npHHSAJielltaJIH HeitTpOHH, BH3~.BDIHe pea.K~H ( \1\ • C ~) 1 ( l-1, lA \ (" ) ) 

(~l~o-) 
- I p ~ 1 ( \ ) l TP~ !l. ( ~) 1 \ ~ 1-18oo - ecJIH 1 P~ 1 ( ( ).: "1. , TO 

tt -M peaKI.\H.fl - ( ~, ~ ) • EcJIH I P l(2. ( \) -=- 1 , To 

\ -M peax~.fl- <-n,lA'o>· EcJIH tt>~"((\).:-o 11 1'Ptz Ct).:o 
t - M pe8.KI.\H.fl - ( n t 1 rJ • 

• 
- \;{ 6- ( t 

1 
~ ) 

1
,..:: 1,) ~ =1- 1\ ~00 - KOOp.IJ.HHaTH TOqeK, B KO'l'OpHX 

DpOHSO.XH peaK~H C 06paSOB~~HeM ~TOHOB. 

- t G. ( t) , ~ ~ t\ , ... '2. G - ssaqefrH.fl aseprae AJI.fl HHTepnOJI.fll.\HH (JIH-

HeRsoA HJIH axcnoaeHqHaJibHOA)ceqeHHA~ 

- SP~ ( ~, ~), ~= 1-Zb, ~ =-1,1)- acnoMc•raTeJibHHit Maccaa ,IVI.fl BpeMeHaoro 

xpaaeHH.fl MaCCHBa $.PG-. . 

- W?<;.U 
1 
~) ,~: {-q 

1 
~ ~~..{D- xE.paKTepHCTHKH 0 -KBaHTOB, o6paso

B&HHYX B .IJ.a.HHOA Toqxe cpe~ 3& HCKJI~lleHHeM paCCM&TpHBaeMOrO 

(( -KBaHTa, HJIH X&paK'1'8pHCTi[Jtll BHOBb. poJKAeHHHX '( -KB8.HTOB 

BO B38HMO~eACTBHH paCCMaTpHI~MOrO ( -KBaHTa C ~pOM. 



6. 

- A~GLC< ), ~ = ~ - 'f - aaqa.JibllOe Ha.npa.BJieHHe ABDeHHa: 0 -KBBHTa, 

BH6Hpaeuoe H3 H30Tpo11HOI'O pac:npeAeJieHHa:. 

- Su ~(t), s uG-1 C;) SoG- Z{ l) ;_ ;:, 1- 2 6 - YHoEecTBeHHocTH 0 -
I 1 . 

KBaHTOB, poa,n.eHHHX B pea.K~B:J: ( h 1 ct) 1 ( \11
1 

V\' 6') ( 1, t 1 C) COOT-

BeTCTBeHHO. 

- ~ ~()\) - HOMep aHepreTHqecKOit rpynDH, K KOTOpOfrt npHHap.Jiei'la.JI 

HeATpOH, BHSBS.BIIIHA po.,u.eHHe paCCMaTpHBaeMOI'O lPoTOHa. 

- Gol1 ::::- + 1 - TOqKa Baa.HYo~~ettcTBHH BHe 6JioKa ae~qecTaa, 

G.oT-1. ::-1 - TOlDta B38l040~eitc:TBHH BHYTPH 6JioKa. 

-1.:\JG' LJ)G- - eCJIH rrD G-::-0 H L'DG- ={) - a-KBBHT POAHJICH B 

peax~a:x ( "'- , C-i ) ("' , "' ' d ) C 11 l 1 d- } • 11) G-::: \ H L ]) tr .:-) 
t -KBaHT IICO~eH B036)'Jt)J.eHH&Dl MPOM HJIH cpparMeHTOM .n;eJieHHJI. 

- IB:P - Cy.IMS.pHoe qHCJIO peax~ra ("' \ vr) 1 ( \, I k l r) ("' ~ 1 d ) 
- 'N Q Ct) 

1
\ .: ~- ~ - xapaKTepHC~'HKH paccuaTpHBaeMo. roc[ -KBaHTa: 

'vJ Q ( 4 ) I w Q ( { ). WQ c~ ' . .. KOOp)l;HHS.TH cpaTOHa ( B CM) 

w(l('-(),wQ c~)l wQt6)- HMJ>aBJieHHe noJieTa r-KBaHTa -<.0-6& 
M \A '-P, ~'(' cooTBeTCTBeHHo. 

'NQ (~) - KHHeTmqeciCU aHepi'HJ! (B .MaB) 

'tJ QCttwQ~} CB060AHH II HCOOJib~lyiOTCJ! npH HCUOJib30BaHHH BeCOBOI'O 

MeTo.n;a MOA8JIIIpoBaHHB:. 

'-IJ Q ~ H '\..1 Q ~-"'\ - ICHH8THqeCKJle aHepi'HH B e~H~ ~ ~ 6-KBS.H

Ta ~0 H fiOCJie pacceJ1HHJ! COOTlleTCTBeHHO. 

- ~ Gt f\J > 
1 

S G-t..rJ-A J S, Gt. P 1 $<& I 1 - ceqeHHe KOMnTOHOBCICoro pEtcceg

HHH, cpOTOOOI'JIO~eHHB:, o6pa30Bf~H.fi nap H OOJIHOe ceqeHHe COOT

BeTCTBeHHO (B CM-I). 

Lo£'NrGHcnoJibayeT cJie.eyD~qHe no~nporpaMMY H cpymc~H: 
- lV81?0U71Nc I5,ftJtlf- AJIR p03iii'p&IID8. nepBOHaJibHOI'O aanpaBJieHHB: 

~BKEeHHSi cpOTOHa. 

- ScJ8t-ounf\/E G-11-C~- ,IVIJ! onpe)~eJieHHB: HaqaJibHOA 8HeprHHH o<·KBBH 

Ta, pOJQJ.eHHOI'O B pea.K~B:X { ,, < Cd") ( 111, t-t 
1 
() ( ~ Y J' J B COOT

BeTCTBRH C 8KCnepKMeHTaJib~~ )l;aHHHMH/S/. 

- 5u8toUilN6. '1NTES6 - HaxO)l;H'l' nyTeM HHTepnoJI~ ceqeHHe lfK>To

OOI'JIOiqeHHR HJIH o6paaOB8.HHJ! nap npH ~aHHOA 8HeprHH. 

- P.O/J C71¢N F(j- - BIINHCJIJieT ceqEtHHe KOMOTOHOBCKOI'O pacceB:HHB: B 

COOTBeTCTBHH C ~pMy~Ofrt (3), 



8. 

lli. PE3YJibTATfi TECTOBiiX PACLIETOB 

Ilporpa&a acnoJibSOB8Jiac:b ~~.a: pemeHH.a: s~aq nepeHoca 0 -as
JiyqeHH.a: B CJie.IJ..YIOJ.qKX CJiylla.JtX • 

a) KoJIJI~D~Hpo:eaHHIIA nyqoR Y -KBB.HTOB c aHepraeit ? MaB n~aeT 
HOpM&HbHO Ha 6eTOHHyD CTeHy TOmqHHoit ?0 CM. Pei'HCTpHpOBSJIC.R no
TOR npomeP.D~ero 't -HsJiyqeHH.a: c :~HepraeR I, 5 MaB aa pasHHX pac
CTOaHH.RX OT OCH nyqKa. IlpoHSBO~lUOCb MOHTe-KapJIOBCKOe ycpe~e
HHe pesyJibTaTOB B 8H8pi'8THll8CROU: HHTep:sa.ne(_0,?5-2,25)aB. 

6) ifCTOllHKK ({ -RB&HTOB - 6HC1COH8llHO ,IVIHHJilld.i I:4HJIHH)J.p H3 
600o TOJIJ.qHHOit I, 2? CM. BJiltiHCJIJtJIJICb 8H8pi'eTHlleCKHe cneKTpli BHJie
T8BDIHX Q -KBSHTOB H 8H8pi'eTJ!ll8<!KHe cneKTplal r-KSaHTOB, BHJieTeB
DIHX no~ pasHiaDOI yi'JIIiMH 1j/ K OCII, nepneHAJ~KyJI.RpHOR OCH ~HH.Iij>a. 

IloJiyqeHHHe pesyJibTaTH, npHBe~eHHHe HS. pHCyHK8X 2-?, Hax:O
~.RTC.R B XOpomeM COI'JiaCHH C 8KCnOpHMeHTOM H p&Cll8THIAIH ~aB.HJi)IH/6/. 
Ha pHc.4-? npa:se~eHH cnexTpw 0 -KBaHTO:e s ll8Tl:ipeX HHTep:euax 
no ~ lf : (0, ?5-I.), (0,5-0, ?5;, (0,25-0,5), (0., 0,25). 

s) KoJIJIHMHposa.HHJ:d nyqoR npoTOHOB n~aeT :e TOpeq ~JIH~pa 
Hs 2 -sg U A~faMeTpoM IO eM 11 .JVCIIHOR 30 eM. BJaNHcJieHHWe cneRTpw 
BHJI8T8BDOOC "( -RBaHTOB DpHBe,IteH!l Ha pHCyHK&X 8-9 H Hax:OAifTC.R B 

XOpomeM COI'JiaCHH C pesy.»bTS.TSYH. 

B aaxJmqeaae a:eTOPH :swpua.IuT 6Jiaro~apHOCTb npocpeccopy 
B.C.Bapa.eHRosy sa nocT&HOBRY s~~aqa, BHHYaHHe H noJiesHHe o6-
c~eHH.a:. 

JlHTepa.Typa 

I. BapameHKOB B.C., Toaees B.~. BsaHMo~eAcTBHa BYCOKoaaepreTH
qecKKX qacTH~ 11 SJAep c ~. M., "AToMHs~aT", I9?2 • 

. ..J1k 
2. ra.ATJiep r. KB8HTOBM TeOpHa 1!:3JiyqeHHa. M. ;r I956. 

3. BapameHKo:e B.C. ol!A.a, 9, c.S'II. 

4. 3oJIOTyxHH B.r. H AP• IloJie H3~yqeHH.R TOllellHSX HCTOllHHKOB 
y -KBaHTOB. "AToMHs~aT", M., I9?4. 

5. Epuaxo:e C.M., MKxaAJioB r.A. Hype CTS.THCTHlleCKOI'O MO~enHpo:ea
HH.R. "HayRa", M., I9?8. 



9. 

6. Martin L.D. Nucleonic, 1964, E;,c.14 

?. Co6o~escKHA H.M. OHHH, BI-2-5458, ~6Ha, 19?0. 

8. A6arSH JI.II •. H ,u.p. rpynnoBYe ECOHCT8HTIII ,IVUI pacqeTa pea.KTOpoB 
a s&~qHTH. "oaeproHs~aT", M., I98I. 

9. CTOpM a., Hspaa~b r. ~OTOHHHe ceqeHHH OT 0,01 AO roo MaB 
,IVlll 3J181l8HTOB I-100. "AT014H3A9.T"' M.' 1965. 

IO. ifJlbHHOB A. C., Oraaecm~ JJ.U., iepenaaoB E.A. OHRH, P4-80-356, 
.l{y6Ha, 1980. 

II. Carson F. Journ. of phys. and chern. ref. data, 1975, 
4, p.471. 

12. Foolwood R.R., et al. LA-4789-UC, Los-Alamos, 1972. 
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OPT=1 FTN 4.,6+46"1 

SlJ B~ OIJT: ·~r LOF'NDG 

SI~UL,T:1N OF THE CHARA:TESTI~S Jr THE PHOTO~S ~MITTFn 
F?OM TH~ EXC!TEO RESIDUAL NUCLEI. 
AN INVE~SE FUNCTION METHOD IS U~~n. 
W~~:l1L"~(r;,A,9,6l RETURNS THE I~TEI;RAL !JETWFTN THE LI"1JTS 
A AND B OF •He FUNCTION G 
CON"f ON/W~P~/WP C 'H /9LOR.7/ WQ C 9) /!:JL:.£' r 3/ EX, A, Z 
COM"fON/I1r1~/IOG 
CONM Ct\/C1G/Lflt; 
~ OMHON/";OR/FCif) 
DIMEN)IO~ >:UO 
CXT rPN AL G 
:: 1G="1 .';L 1G=1 
~HH:U=WPC1l ~WQ(2)=WP(2) $WQC3l=IIPC3) 
S T= :x /1-. 
O"lS: J=1,1~ 
'A C J) = J .. S T 
:nN ... PWE 
FC1l=W:11L:cr,,r.,,X(1),6) 
00!.~:1 I=~,l."l 
[ C 7l, ~ ~ C : -1 ) + W: 0 0 L £ ( G , X <T -1 ) , X C Tl , n ) 
"OtJ .1.. NUE 
JO :- ~r K=!, :'..., 
rCKl=~="CKl/~(1 .. ) 
:(N=1NDHC-1) 
:N=~INCC1N,X,10) 
W1C7l=f:N 
':ALL L Or:tH"; 
EX=:::- x-n~ 
rrc:x.G-.u.ilGOT01 
~.-TURN :-'i:Nl 

.,. 
(., 



:r :o'J Wt:'l1L::- OPT=1 

c 
C !JU1'-RTC"-l :~~T:GRATION 
c 



JN G OPT=1 FH! 4. 6+4;,3 

ruN:::r:on G£~> 

C ENE~GY niSTRI8UTION OF GAMMA 0UANTA EMITTED FROM 
C THf NUCL~US CA,Z) WITH EY~ITTATION fNERGY E. c 



TTON PINr 

.., .. 
'- • .J 

., ... .... _) 

C1PT=1 

FUNCT!ON P"':'~C{RN,P,M) 
COMHON/SOP/F(H) 
DIM::N')I'1'~ ">(Ml 
DO~j J=i,!.
IF'CO.N-FCJ)) 1(" ,20,20 
CONT!~U": 
J=1:-
N=J 
IFCN.::a.1):;0T025 
Pi=PCN-1) ~Fi=FCN-1) 
P2=P(N) ~F2=F(N) 
GOT02 7 

Pi=~• $r"1=- • 
P2=PC1) ~F2=F(1) 
PINC=P1+(~N-F1)•(P2•P1)/{t2-Fi) 
RETURN :"'7.NJ 

' I 

?1, 



r: 
c 
G 
c 

c 
c 
r. 

c 

-... -.... L 

17 

1 a 
1'1 

34 

38 

.., .. 
'-

23 ...... 
'-' ..,_ 
.._' . 

:4 

OPT=i 

SUB~OUT:~r LO~NTG 

LOW ENRGY T~ANSPORT OF ~AHHA 1UANT~ 
CAL :-:ULAT !01l IS PERFORMED f'"OR U2~8 

CON!' CN/'1L0'<';1/EGRGC16) /RLORG1/0LNG 
'~-/GOO l-G/GOT 1/ 9LOR61 IPRG/ BLOR7 /WQ( q) 
•JOLOR8/SUGC26lfSUG1(26)/8LORg/SPG(26,1S),SPG1C26,15l 

COMMON/LX/SPG2 26,15)!SUG2C26) 
C1HMC~/'1LOR1r/NGRC18Du>,WGC3,180rl,IP~1(18rr> 
:oH~ON/JLANGL/ANGL(4) 
:OMMON11L0~12/NGRUP 
COW-1 ON/C 1G/LOG 
COMMON/ES/: 0 R2C1800) 
COHMCN/:'l[Nr;/IOG 
COMMON/HN/H1S,WQS1 

-~ C OHM ON/VC/I 9P 
COHMON/C~OSE/SGT1 
COHMONJT1L/!SF/NPO/EGC25l 
07M?.N~ION :OPH {26,15) 
DTHE:N:lHP~ liPG(q,Ht n crz .... '1 ff~T 1 · · 
D'··n!:;;l" u-i'~rl '- ~ ll ,,_ ~ ... ·.) 

W!'G CH.zN) = .. • 
KI=:' ,K"::=C 
:FCL0~-1117,18,18 
IG=i 
MI=I8° 
IFCMI11~~ 1i~r ii8 
SALL JNr-'1PG 
I!'RG='"' 
HN=~ 
rrcr.nSlS5l:;s,s6 
NG!:(UP=NG~ :GJ 
K L:= KA C !G l 
!f(!PR1fiGl)35,35,33 
:n•P'<2LG) )37,37,38 
1034J=1,15 
SPM{N~RUP,J)=SPGCNGRUP,J) 
S 0 G ( N(';Run,J) = SPG1 ( NGRUP, J) 
CONTINUE 
S U~: =SUG { ~~G~UP) 
SUG CNG"UPl=SUG1CNGRUP) 
GOT ()3"' 
0009 J=i,t!J 
SPMCN~~U,,J)=~PG(N;RUP,J) 
SPG(NG;u~,J)=SPG2(NGRUP,J) 
~"'ON~INU~ 
S lJ~1 = SUG ( ''lG~UP) 
SlJG(NG~U,l=SUG2<NGRUP) 
NG=su:; CNGPUP) 
Rr;=SUr;(Nr;RUP)-NG 
:r<~N1M(-1)-~Gl20,23,23 
KG=NG+i 
G OT02'3 
KG=NG .. 
p~·c KG-1) '::', 24,28 
G or OB'"' 
WH 1 ) = WG ( 1, TG 1 
Hf}C::l =Wr.(2, !Gl 
W'l(~):W;;(3, !G) 

D~F!N:T!QN OF THE ~AHMA QUANT~ F.N:RGY' 

GALL ";Af.•HAP) 
WQC"'l=Af' 

G S!MUL1T!ON OF AN ISOTROPir ANGULA~ DISTRIBUTION 
c 



::ri 
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44 
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4~ 

1G 
r 
c 
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.:.. ' ...... 
2~1 
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1~~ 
• J 
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3 ., 
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r, 
c 
G 
G 

4 

4":1 

4~ 
43 

r, 
c r: 

... , ... ,.,. 
l., 

c 
,.,. ., ... 
l. ~ 

c 
r. 

6 

'"'1"4 
r.,-
.),1....) 

3C::; 

nPT=1 

:FCW'l 7) .L •• J.r.8.0~.WQ(7).GT.'"'.2)G('lT0210 
K~=1 H1CA)=C.1 tX1=HQ(1) ~X2= 1-l'l(2) ttX3=W'l(~) ~::NI(=Wr)(7) 
SOT02 2 
NP=1 )Wr)C8l=1. $GOT0201 
CONTI t\UF: 

ALOCK o- GAMMA QUA~TA STORE INTO MFMORY 
0 044 L=1, 1: 
I~(WP~(7fL)l4~,43,~~ 
KK=L .GO 04 · 

CONTINUO:: 
:=RINT42 
FORHATC41X,13HLOW ENERGY GAMMAS MASSIV ~XGFcnEn) 
GOT024 
MN="K+CKG-2) 
D01oJ=MK,HN 
CALL !SA~GL SCALL ;AENCAPl 
W PG (1, J) :w:; (1, !G) 
WPG(2,Jl=WGC2,IG) 
W~GC3,Jl=WG(3liG) 
Hl''G [4, J) -=ANGL 1) 
W ?G ( 5, J} =AN GL ( 2) 
w PG ( 6 ,Jl =A"J";L {~) 
W PG ( 7, J) = AP 
CONTINUF 
~ND BLOC o- GAMMA QUANTA ~TO~~ 

G or 02 4 
N P=10 
C 0Ni!1Wi. 
001:3:- Ji=t,NP 
!FCWQ( 7 )-0LNGl1031103,1 
!F(NP-1)~6,BA,100u 
D 02 J= 2 26 
r-cwac7f-EGCJ>>3,2,2 
NGRUP1=J-1 ~GOT04 
C ONT INU?. 
'~GRUP1=25 

LTN~A1 01 CXPONENTIAL INTERPOLATIJN OF 
ARSOR~T!1N AND PAIR FORMATION GRO;s SECTIONS 
CALL !NT?.S:CNGRUP1,SGLNA1,SGL 0 1) 
WQS=W'H ... l/~.?11 --
IFC r~G~UP!-8l45,45,Lt6 
SGLN S=Fi,i CW1S) 
G CT04'3 
SGL~S=FGCW1Sl 
S GT=SGLNS+':;i,L NA1 
SGT1=SGT+S';LP1 

SIHUL~T:ON OF FREE PATH 

AL=-ALOG Pn J~ (-1)) 
PR03Ei,=BL/'lGT1 

CAU~ULA•:o;~ Of- PHOTON COOPOINATr:S AT TH~ [Nf) OF F~f'E PATH 

:ALL SU~~1')(P~OBEG,1) 
CALL G I':: ntf"'1 

CHeCK c- WHE ... HER PHOTON IS INSIDE ~ATTE~(QlJTi<~) 
OR OUTS:1E [0UT1 > 0) 

CALL SUR6GCHI'HH ,WQ (2) ,woe:::>> 
I F C G 0•1) t; , 'Y , 6 
CALL GI':;1UT 
:FC~I.~Q.1)GOT03G4 
IFCKS.cQ.1JGOT0305 
G QT !)811 
W1C1l=X1 !Wf'H2l=X2 $WOP:l=X3 ~W"Hd)=f'.1 
WQC7l=EN~ 
~ALL !SI\'~GL 
WQC '+l=AN';L(i) ~WQ(3)=ANGL(;''l ~WO(f,)=ANGU3} :orca .. :,. 
WH 1) =X 11 • ~m C 2) =X 21 $ W J. C 3 > =X 31 $ P 0 C 8 ) = 0 • 1 
W1C7l =EN~1 

(1 



TIN: LO~NTG FTN 4.6+46::1 

c r. 
c 
r, 
c 
~ ,, 

c ,.. 
l .• 

c 
c 

r-

g 

GQT,:)5""5 
B=r:N 0;1 (- t p• Sr;""' :1. 
I~='CB-SGL'JS) '3,1C,10 
I~R~=l ~GALL GISOUT 

CAL:ULAT!ON PHOTON ENERGY AFTER S~ATTEQING 

CALL :NA~S 

CALCULATtO~ PHOTON DIRECTION OF FLY AFTEP SCATTEP!NG 

CALL NEA ~~GL 
WQ( 4) =AN';LC1> 
HQ( S) =ANGL C ~) 
W 1 C o l =AN GL C 3) 
rrRG=:i 
:rcKI.EQ.1)GOT077 
IFCKS.~Q.1lGOT077 
X1i=WQCil ~X21=WQ(2) $X3!=WQ(3) $fNK1=WQ(7) !KS=1 ~WQ(q)=n.1 
GOT02""2 

1- rrcs-~G->11,12,12 
11 C A L l G IS I) UT 

IFCKI.~Q.1lGOi0204 
IFCKS.~1.1lGOT0205 
GOTOI\3 

2C4 WQC1l=X1 $WQ(2)=X2 $WQ(3)=X3 ~WQ(7)=ENK $CALL ISANGL 
WQC4l=ANGLC1l $WQ(5)=ANGL{2) $WQ(6l=ANGL(3) 
GOT01:!:'~ 

~-~ WGC1l=X11 :~Q(2)=X21 $Wl(3)=X~1 $WQ(7l=ENK1 ~CALL ISANGL 
W'1C:..l=ANGL(1l ~WQ(5)=ANGL(2) $Wr)C6l=ANGL(3) 
GOT OiiC .. 

1: ~N=~N+i jCALL ISAN;l 

1-4 

81 . 8-. 

1j 

iii 

p-(HQC7) .Lr.;;.r.e 1 o~.WQ(7).GT."".2)GOT077 WDG(1,MNl=W1(1) ~WPG(2,MN)=W0(2) 
WPGC3,HNl=WQ(3) $WPGf4,HNl=ANGLC1) 
WPGC5,HN>=ANGL(2) $HPG(6,MNl=ANGL(~) $WPGC7 1 MNl=0.511 
WQC!tl=-W,..,G(4.1MN) $JoiQ(5)=-WPGCS,f1N) .WQ(n)=-Wr>G CS,'1N) 
W~C~l=~.~ii ~GOT077 

BLO:::K OF CHOO";!NG NEW PHOTON ~901'1 MFMt-100RY 
SONTINU~ 
IF(WPG(7,1) )8f'J,89,90 
oog1 J=1,1~ 
:-cwPGc~,Jl)q2,92,91 
JN=J-1 
~oroq::; 
r::oN ... INUr. 
Con· IN Lf: 
DO<Jlt J=!. g 
!~'1( Jl -=W 0 GU,JNl 
WPGCJ,JN)=~. 
?NO BLC~K OF CHOOSING N~W PHOTO~ 

I r C W Q {7i .L ... • C • C 8 • OR. WQ (7 > • G T • 0 • 2) GOT 0 2 0 7 
WDOH=C.i ~X1=WQ(1} $X2=W0(2) 5X3=WQC3) $ENK=W0(7) iKI=1 
GOTCJ2"'2 
W1(8)=1. !.:~P=1 
K:=~ ~K"';=r 
GOT02:11 
r-< roG-:U a~ ,1-r ,1r:.~ 
!F'C I P~1 t !Gl .Lf.u .ANO. IPR?.( IG) .L =.:.r •) GOT01rl1 
001::: '·1=1 '15 
";PGC w:;~u~,lH=SPMCNGRUP,M) 
CON"' IN ur: 
SUGCNGR!JP)::SIJH 
IS= :G+i 
:FC:G.G .... MI)GOT010Q 
K:=· ~K~=r ~GOi019 
R;":"TtJPN :":"':N:-1 

21 
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Zt 

8 
6 

11 

OPT=1 

SUB~OUT:'~E GA:':N(AP) 
COMMON/1L OR iJ/SUG (25) ,suGi ( 2 6) /~ L OR9/S 0 G (2 n, i 5) , sr:;t ( 2 S, 1 Sl 
COMMCN/nL0111/AEGC15) 
~OMMON/BLO~i~/NGRU? 
~OMMON/3LO~Gt/EGRGC16) 
OIHEN5!0N !\GC15) 
002 J=i, 15 
AG(Jl=S0G(~GRUP,J)/SUGCNGRUD) 
OO!t J=2 it; 
AGCJl=AGCJ-il+AGCJ) 
B=RNDM(-1) 
o no J=1 15 
IFCB-AGf J)) 8,6,6 
IG=J ~GOTOil'l 
CONTHW: 
IG=~5 
AP= _.G~G tiG+1H·RNOIH -U • ( CGRG ( !Gl -FGRG ( IG+U l 
RETURN ""F:N'1 



9'3 

' - .. .l.. I 

1"' 1 

' ... ., 
J.' ..:. 
.~,.
.&.1. .J 

1~S 

IJPT=1 

StJ8~0UT.'l~ TN ... ESE(NGRUP!. SC:LN·H SGLP1) 
0 JMM O"l/ALo~r;::. /EGRG < 16 > ;n to~G21 SGL NA < 2 6 > /3LO or;4~JSGL P <? ~ > 
:OMMON/1L01~/WQ(9) 
:OMMON/N°0/~GC26) :r:= n .o; IR i=r 
IFCWQC?l.GT.~.1.AND.WQ(7).LE.n.1136)GOTO?n 
IFtWQ(7).G.:.r.1156eANO.W0(7).LT.C.i5)GOT051 
B=SGL "A ( ·~r,;:!UP1+1) /SGLNA ( NGP UPU $ :;oioqq 
8=8.6603 ~~-O=EG(NG~UP1+tl !E!,{NGRIJP +1l=n.l1So 
IR=1 ~GOTQ1CJ 
B=G.515~ lSG=SGLNACNGRUPil ,SGLNACNGRUP1l=B6.n2 
i:F=::G(NG~UP1) !EG(NGRUP1l=f.1156 
r Ri = 1 
B1=~G(Nr.R.U 0 1+1)/EGCNGRUP1) 
B2=WQ(7)/F.r;CNGRUP1) 
C = ( 1\L OG Ull/l\L OG ( BU ) • AL 0 G C 13 2) +ALO; ( S Gl NA ( NG RlJP1) ) 
)GLNA1=rXPCC) . 
!F{NG:U 01-1~l101t1G1,10r 
O=S ::;L P ( NI,RlJ Pi+ 1l /SGL P( NG RUP1 l 
D i= { AL or; C n> /ALOGC 81)) •ALOG ( r-12) +AL JG( SGL P( t-.~G~!JP1)) 
SGL o1=EXP (11) 
P.r:T UP N 
SGLP1=:. 
IFCIR.~~.1}r;OT01C3 
:-c:R1.-1._)r,QTQ1C2 
':':-rup·~ 

sF,uUtNi.1tJD1):SG $EGCNGRUP1):;::F $1;QT01'l6 
:r;o~GRV'i+i l=:::O 
'\:TURf~ -r:Nl 

21 
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FUNCTION F';(GT) 
c 
C CLE!N-NISHINA FORMULA 
c 
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OPT=1 ~rN 4.6+4611 21 



1 TIN: S U%3 

1 ... 
'-
3 
4 
? 
6 

OPT=1 



T:~::: GI";OUi.:. 

16 
1"" 
1S 

i4 .... 
'-

nPT=1 ~TN 4.6+46.1 21 



0°T=1 



OPT=1 ?1 



IT IN?. NC ANGL OPT=1 e-rN 4. 6+461 21 



• : rr::: : rr o ~ G 

c 
G 
r, D AT A r 0-:: U- 2 3 ~ 
r, 

OPT=1 F Hl 4 • 6 + 4 '10 ? 1. 



!he pnpa tor .. nte-Carlo simUlation of the J)Z'Ocea•• acooa

JIU\TiDc the pftpaaatien ot '( -.uaata withiD the eneJV ~ ot 

0.01 - 11 MeV in aatter ia 4eYelepe4. The pacraa is 1Dolu4e4 ta.to 

the pi'Op&a tor oalelllation ot the pnpaption ot hich-eMrcv pu

tiolea ill •d.ia aa4 M'3 be uaecl t1r oaloulation ot the t~ 

• eioaa ot y -.-a pnd.uoe4 tJ-Om (n,~ >. (a,a ), (D • .t) reaotieu, 

8114 eaittecl bJ' the na14ual ••ite4 BUlei et the -.tter. ftla ob

tained. nsulta u-e 1n a pod. aareeaa.t with the ezpel'iMntal data 

&D4 with the oaloul.ate4 Nalta of the other autltora. 


