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0~~ HHCTHTYT SAI;)ItiX HCCJIFJlOBA.Inm 
Jla6opat'Op1Ul 8111UCJDI.,eJII.tHOI 1'8Xli11D H &8'POU&'1'lla&tUUI 

Jle BaR HroK 

MOtrl'E-KAPJIOBCI®l PACtiEI' BKJIA).U. H,L\EP-OT,nA.qH H TSIEJIHX IPOAYKlQB 
MEP9WX PEA- 8 A~EPE B P~OHJtiE ,l\03H HA PA31W 

EHCOTAX 

)ly6Ha, !986. 



0IDIC8K8 nporpa ... C'l'&'P•c•l.'ll'lecDX p&C1lft08 PWIOUHOHHYX .-oa 
Ha pa.a.1ll1IIID aJCM~ax, coa,.aB&ttiAII: RJUl"• o-r..,_ • ., ...... pr-
11811'N1111, KO'POpH8 IOaHDU)'f B ~l~pe DOA A8ACftii8M KOCMR8CKOro 

UJryqeKIIJI. IJporpawa ... .,. IICJJOJlhaOB8'Pt.CJI ftKJite AJ[JI on811D p&N~o
UIIoa.J'O lteiCftWJI •cKyCC'P88HHUX KCtf011101KOB fiAPOHHOro UJiy118HIIJI 

8 OKOJI038MIIOII npoe'PpaHC'1'88, 



2. 

Jl,I.R OU8HKII p&$10IUIOHHOft O(iC'l'aHOBD II p&C1l8'1'08 p&AHODIIOIIIIOft 

....,.... npt DOJift&X Ha paaJIII1ti&D: BileO'l'&X 8 SeMKOR a~pe, 8UKO 

)"lee!'h )1),1\e.&p088HJI8 H& 38M c5JICtJIOrJIII8CK08 AflftCU118 KOe.Pl8CKOI'O 

IIU)'Il8HIUI. !loA AdC'IBII811 KOC181118CDX Jf1'18l 8 8~ r8Heplp7-
M'CJI DO!'OIOI flAPOHOB ( 8 OCIIOBHOII HyUOHOB B 71" ~0}108) , AA''I&MX 
OCHOIIIOR lllfJI8A 8 ~OIUIOIIfiYI) nosy. B paCSo-raxf I' 21 DOC'l'p08H8. 

.,.,...ft'lleclC&.tl MO.Jten, noaaoJJ:JD,.a pacC111tftiB&ft 3'J.'O'f acMerr aa 
paaiGIX BHCOftX a a.ftiOeCiepe. Kp•e 3'1'01'0, CSOJihiiOft BIVI8A 1fiJ.IJ'f JIAP&
M~M • paaD1UIHe Qep1G18 PJ'III8K'N, OCSpaa;yDJ(HecJI a npouecee 
paa_.,.JI MeUAepHOl'O K&CK&¥ S·a'NOccf»epe. Xo'l'JI npoCSerw ffAep
O'fNl'UI J 'fa8DX npo.ttYftOB QepHI.X peaKUd 8 H8RJIX 11UOB8nCKOI'O 

Tua .ra.u., CSaOJioraqecUJr ~rl'URocn aoHOa HaMHOro 6o.lwa, •• 
l' HJUOHOB a JC 11880R08. 

B.-mol pa<S~ Omte~ ')DOJIH81Dtfi H ltaM_.etUUI, KOTOpHe 

~eT CAeJia'Pb 8 nporp8181e' I AJIJI yqe-ra B~ ya&&HHOR JWtpiiOR 

KOIO'IOH8Jfftl. B Ka'UC'PBe ~UUOI npi'IO~JI peayAftftl p8C118ft 

p&AliOI.UIOHHOA ,1\0&. Alii paaMHX IYCO'l'. H8 llllpOft 4'lfl B Y'CJIOBUX 

•cnoxoiHoro co~· (cOMBftC'r~A cnerrp KOCJOI'Ilecux .ttyt.~eR 
awr a pacso,...t31 ) • 

n. mnecge OCHOJ!!! 

AJm ,.Cta8'108 RCD().Jfba08&18Cb ft JE8 110,1\Ub 8'1'MOcciJepH, ll'fO II B 

paCSo.,ef 1 • llpoxo.~tt~ caaoab alfMOct&PY, Q.C'l'JIUW { nepltlltUUate JUDI "o
pii1UIW8) JICDift'IIIJI88'P yDpyt'118, II H&ynpyl'lt8 C'POJlKHOBaiHJI C IIAP"• -
880ft H Dc.IOpoA&• EcJIJI DpORCXOAJI'f ynpyroe 88UMO;It8AC'fU8, ti,1U)O

..... llOJil"l&ft JOOIY:IM B, C00'1'88'1'C'l'BeHH0 1 8HepMm O'fNl101 1 KO\'Opl8 

Onp8AUIID'fCJI D aaKOHOB COxpaM8HIUI aKepl'U-DIJy.llbC8: 

3A&eb m t M 
A 

P
0 

, P
1 ..... 

( 1) 

- M&Cca H8Jiftl•eR 118C'rllllM • JrAP&~HII; 
- JDIIlY.De H&IEI'f .. d UCC!IIttW ,1\0 8 noCJJe C'rOJJ:ICHO-

P.u CBCMMy yp&BH8Hidl ( I) t IlOJJy1Ubl: 



~====- ___ , _______ -

a. 

I 

(2) 
r.n;e 

~ • m.2P!cose(m+MA Ym2+P!' ) 2 - (m2M2+m2+P!+2aMA ~-~-. 

, 

8 
- yroJI paeeeJUOts ~ 

., IloeKO&JCy P 
1

_ ( 0) =P 
0 

.. ~ t B awpalleHIIII ( 2) nepe• p&AHK&JIOM 

V8 CDA.Vft arrs SHaK ~·· ~ 3HaJI somync li&.C'l'llm.t noe.:n:e C'IOJIK-

HOBMllfl BHtUtc.DN mmyJlbC s;ttpa-cttfA&tnl: 

(3) 

H ero &Heprrm: 

(4) 

B CIY'IUt KOrA& npoiiCXO...., 118J'ltpy1'08 C'fO.DII088HII8, 1111Bmf11PY1J"JI 
8R1~8~ lt&CIC&,1\ II poaA&M'llft Onp8A818HH08 tUIC.IO 8'l'Opii1DGIX 

QPOKOa. Iloc.1e ucaw "'J li.JU)O, KaK npa•Jio, Clt&HO aoa6~8HHO • 
8Cl'JYCK&8'1' ( IICIJtPift) 1UlC'1'IIIlH P, t n t d t He 3 , He 4 ... B KOHt(e 

HCr.pll'l'eJihROI ft.... JW)O JOIH'r IOIIIYJI•c 0\'Aatm :' . 

_:;, p A = p 1 - ?P 1 , 

rAe Pi - IOitiYJIJ.e JrApa .-o H&'CI&I& HCnapKftAHOft Ctfa,Jt1DI, 

'L :P. -~ JDIIl)'JIItCOB wcna:pR~c• UC'l'llll. 

i ~·~~ OCft\'0111101'0 JrAPa 

\ ~--~~ 

'l"A • V MA + P! 

(5) 

(6) 

3ty 8118pra 1fAP0 nemtKoM pace-.rpa1Dt88.8'1' Ha IIOHII38DJtoHHHe nponecew~ 
AIJI pac'CI8ft IIOHII88t(IIOHIIYX npo6eroB Qep M'A81111 ltCDOJih808U&C. 

Ilpli6JIDeHRU topuy.ta: 



4. 

(7) , 

r~e z H z - sap~ npoToHa M ~pa, 
p A 

R H R ~ HX npo6eru • 
3Hepl'H~ o6pea~mur AJIR Qep:.oT,lt8.1nt H prMeHToB, paenpoeTp~
C.tl B &TMOC~pe: 

M 
To6p.= ~ T o6p. (8) 

A m p I 

rAe T
06P·P- aHeprB.tl o6peaaHK~ ~~~ npoToHa~ B ~eR nporpaMNe 

T06P• •Pl5 MaB. p 
Yope,JOteHHu AOS& oCSJiytleHHs B CJioe aoa,vxa; 

DA I = _l r dED:(E)N(E,r) , (9) 
AR J 

rAe D(E)- YAU&:II 3KBHIIBlleH!Hall ,1\08& [~~ ~ J 
N(E

1
r) - cnenp ~ep OTA81UI (IIJDI cWarlleH'l'OB) B T011K8 r 

[ gpo ~JtJDI ~H'l') 1 
ceK.c~ • MaB . j 

L> R - 'l'OJIIqHH& CJIO.ft 4K>a,!Q'J:& [ CN ] 

IJoCKO.JlbKy IOIH8Tif'q'8CK81l 3H8pl'1111 J!A8p-oTA&llll H TJlDI8JlHX IlpO.u;yK'l'OB 

8&BKCH'l' 0'1' z KaK 0'1' napaMe'l'p~L BhtpUeHHJt ( 9) MODO npe~CT8BH'l'b 

B B~e: 

D ""' 1 
A 

AR 

z:: z (E) 

1 dz D(z)N(z) 
t.IZ 

m. ijpoi',P8HJ!1 .i!" ama 

I 

A;u MOAemtpOB81UUI N~8plto_.r7o K&CK~& B &'fMO.pe HCDOJI&S)'

M'CII M•Hare-xap.~oacxu nporpaNMil/I • BxoAJ( a a'fMoe4Jepy seMJDI, 
KOCM11118CKU ll&C~ T8pJie'l' HeK•lTOpyB UC'l'& CB08A 8H8prn Ha KOHli

. aatnm ( 8CJDI 'Cl&CfttUl l&pDeHHall) B HCilH'fillla8'l' A&J88 ~8pH08 88U-

. 110A8ICTBH8. TJin 88UIIOA8IC'l'BK1t BHCOKO 8Hepr8'l'R8CitO/It/qac'l'IIIUI C 

fiAPOM-101118HbiO Onpe.JlUJierca B noAJIPOrpSMMe. rvr-AINMC 
1 • 



B MOR no.-nporpatwe 

Aono.JDW!I=DHO MMJ!!!!!P BJtJ1111801Y 

P 1 - JDit'IY.IbC RUeftlDIItd 'Cl&Cftfa.t noCJte ynpyroro B381D10AeAC7mtft, 
TE - IGOf8'l'llt.I8Cmtf 3H8pMIJ! ~ l O'l',JtalUl t 

PE - JOmyJ!bC ft.lU)a~. 

JlonollHitT!QHO I!KU,..., pmootHH 

A
1

, z1 - MBeeOBOe lUICJIO H aa;;HI,ll JtAPil, 
TO 

•eRC'I'BU, 
- DH8'1'J11l8Clt'U SHepi'JlFt HUM'._.A 118C'l'lltlY AO 88UMO-

PNI,PNX,PNY,PNZ - MMn,YJlbC ~·~~e~ ~ H 7pH &rO 
l'OMllOM8H'l'W AO U...,A8RC'l'•JI, 

P1 X, P1 Y, P1 Z - KOMnOH8Hftl Jamy.IJ.Ca H&JifW .. R QC'fllli.H J10CJI8 
ynpyroro 888JIIIOA8RC'1111JI, 

PEX, PEY, PEZ - KOMitOK8H'l'Y iUlnyJibC& A.JUlfl-o'l',l\8.'tfH, 

CosE - yr'OJI J&a.ltY HMrJYXbCOM flJUl8-o'l'A&tnt M OCbll Z t 

IKP - JaCtiOMOrHeAHidt nap8MEI!'J), 8CilOJINyaqJIIC8 B ENI.OSA , 

TAP - 111118ft11'.CDa 3Hepi'IIJI ll p&Cllfte ll8 HJUOK lfAP&-<l~l\&tUI• 

B DOADp0I'p'ti'M8 ELANGL Blll'tiiCUM'Ctl mmyae R ICIIR8ftltt8CKM 

3118pl'IUI ( P 
1 

, T l H&lftalllld ttaeftDJI noue ynpyroro UUMOAd

~a, 8 coerBftC'fBeleiO, arty.lhC B KMHH11118CXU aepru (PE,TE) 
JIJG)& O'l',qaqK C DOIIOIIbl> C001!'110118Utft ( 2) •. 

;Jono.1DIIft'eAMO JMUI'!!fl! 1teJDI1lHKii 

P1 ,'1',PE,TE 
B fiO,llllpOI'p&MM8 EVAPOB Ottpe.lt8JVtM'CJI HMnyJfbC H KHHeTIN8CK8.ft SHep

rH.tt JlAP&-O'fAA'U • Ta&JIHX ~par11eH'1'0B B npouecce HcnapeHJUI, a 

'faae KOC11f1YC Yf'WA 118QY H8Dp8BJteHII&M fUU* O'f,ttatm JUH -rauoro 
tp&r....,._ C OCWl z • 

.3PnoJ1JUt'PeJIDHO gaaaeuwe B8.JhMtHW 

P 1 PX, PY, PZ - JOIIJ)' JIDC KCD 8:pHIII8ACft li&C'l'KllH it 'rpB 8r0 lCOMDO-

Hetftl, 

PE, PEX, PEY, PEZ - JOmyJlbC ~· O'l')lll'Qlf noCJte acnapii'1'8Jt&HoR c-ra
JOOC a, coo11tet'C'rBeHHo, Tptt ero ttOMnOHeM'N, 

COSE - KOCKKyC yt'Jta ~ Hat:paBieHH8ll JOitlyJibC& ftAP8 O'l',Jta'Qif 

JIJDI c~Jpa.rMeH'l'a a ocbll z , . 
IKP - acnowraM.It.HIIIA napa•~· 
'l'R {IVUI TF ) - DHHII118CKA.H 3Hepra.R (Ha HyKJIOH) OCU'l'01UfOl"' 

lfAP&. O'f.-aa lVIII cfJparJ~tll'1'8.. 



6. 

lb.-nporpaMMa DILOSA 8Ja118tfl Jlllft KOIIIIa&UIIOHHIIR npotSel' lfAP8 0'1'...- JIJDI tparYetrra a a~e no toPJIY•• (7). 3ua..... 8!J!I!!!H!a!: 
T- ICIIHftiN8CK8JI 8H8pMUI B pll.C'IeH M R)'UOH ftAP8. O'l'.Jt81UI HlDJ 

~-. 
'l'R ( 1-85) , RN ( 1-8 5) - X8paF:HpiiC'fiiKB JIOHJI88.ll&HHOR CllOCOfS-

HOeft npo'.POH&, 

~p (3) - Hali&JihH8JII 7. :-&11 K<,OpAJIKM'& SfAP8 O'fN1tnl tVIH iiJparlletrra, 

M!!!!!!' BeJUI!!!!l! 
wx H we - KOOp~a'l'Y Hall&Jrl•KO~ H KOHetmOft 'l'Ot18K HOHKa&QJ~OPIHOl"C 

IlpO(Sera fiAI* O'l'.Jt81DI tiJlH c)p8I'l181rTa a e.-Hilt1ax [r/~] x [CM J 
RD- 110HIIa8llll0~ npo6er ~· O'l'A&U lVIII cfJpal'MeH'fa. 

~cno~h!YeMHe noagpo~ 

PRBS'f, GM 

[JpptCN&HRe: I1ap8118'l'p :r kp p83JDI1.la8'!' BYSOB ENLOSA HS MAIIIMC 

11 BH808BNLOSA H3 BVAPOR • 

Xap&nepiiC'fiiKH .ft'lQ)& O'l'A&1Dl UK prueH'!a aamiC&RW 8 M&CCHB 

wrp(1-9) H 3J181l8HT wpiN(4) • fb3TOyY B 0Jly1la8, KOI'A8 

ENLOSA WSWB&e'l'Cft H3 MAINMC • HymiO nepeHOCII'l'h m.NJICJleHIGie 

X&J.*C'1'8PJleftKH tt&C'l'Xtrs noCJie ytpyroro B38DO.Jlefte'l'BKJI B M&.CCHB 

vp ( I-9) B KOHD;e BNLOSA • 

flo.-.npol'p&l818 NJRILEI HCDO.Ib3Ye'l'C1t ,J{JUI 8amtCK Ha BlffJIIIHd 

ttoCK'l'e.lb ll'paete'fOPJOI fOU)a O'l'Afl'"' JUDI pl'llatft AU noeJie.JtVIII(el 
ee odpa«So'Pa. 

3u!J!!!MI'! ......... 
wpiN ( I-9) • wp ( I-9) - xapaa'1'8pactu• IIQil o'l',.alUI IIJDI cfprMeH 

T& B HatWie H KOHU8 HOHIIaatniOfDIOl'O 

npo(Sera, 
RZ ( I-5) - 'l'OJIUt1IHA C,JI08B, H8 ICO'l'Oplale pqdH'f& &I!MO~. 

DNHB!f!l'! lfP!!lGI 

IMIN,IMAX,IM,IH,~,DL,wp(1),wp(2), wp(3), wp(4), wp(9), 
wp(8), DL, BROS 



?. 

!Jp!Meli8HH8: NUCLEI Bh13WE8.8'l'CJI H3 ~NLOSfi • Bee B~eMY8 
Be.JIIItDilHH 8.H&JlOI'JitiHW COO'l'BeTC'l'IYJOII\HM BeJiltqJIKall B PROTON I H 

88.IDICHBU>TCJI H8 BHeutHHR HOCH'l'e.Jib. l1porpal048. DOSNu~· HCOOJib3ye'l'CJII 

,ItJIJI o6paCSOTKH pe3yJIDTa'l'oB pac-qeTOB B NOCLET t H&XO~HXC.tl Ha 

BHa.HeM HOCHTe.Jie, e DOUO~bm MoHT8-K8pROBCKOft T8XHHKH B OMeHK8 

OO~OKOB ~ep ~~a~ H T~e.JIHX ~rMeHTOB. 

3a.!lasaewe BeJIH'fUIHH 

R0{ 3) - nHOTHOCTb a~OC~H, 
Rz( 1_5>- pa36HeHHe aTMoe~pw, 

G,H( 1 ) - BHCOTa &TMOC~pY, 

GH(2) - sRcnepm.tettTa:n.~ nap!lMe'Pp. 

BeJIHqHH&t IMIN, IMAX , IM I IN I 'I K , wp ( 3 ) , wp ( 4 ) , wp ( 9) , wp ( 8 ) , 
DL,NBROS HaXO~HTCn Ha BHemH8M ~OCHTe~e. 

l}ytasaeMDie aenHtmHH 

nos ( I-5) - yepEWMJHHU ,"osa o6Jtyli&HKJI, C03A&Ba81Wi B,Jij)aMH 

OT,Jt&liH K T.QeJlH)Ol cpparMeH'l'aMH B Ka&.l\014 c.ttoe 81'MOCc)epH. 3ft~ Be.IJI

T.OtHht pacetmT8HH no q,opuy.11e ( IO). 

HenoJihsyeMHe nOIOROrPSMMH 

GRAM,DEPODX 1 INFORM,INTERC,INTEG 

Ilo,Itnpol"paMMa INFORM 38.,f(&eT y.-~~bH&te SKBKB&JieH'l.'Hiate A03W JJAep 
4 9 1 4 28 tftft-t . 

2
ae , 

4
Be , jJ I 

14
si H BWDICJIJieT HX JiorapH~. 

gsaewe BeJtnMHH 

A (I -4) - Maeeoaoe tllle.JIO ~ 

z ( I-4) - sap~ .tr,ru>a. 

~aaaewe B8JIH1DIHY 

0(!-!2) - ,ItOnyCTXMaft niO'l'HOCTh UOTOK& BY8e,yK83&HKWX ~ep, 

eoa~u ,qonyeTHMyl) uo~HOC'l'b )~osu, npH aHepr~tmc aa HYKJIOH E( I-12: 

I!maaaeMWe BUHtDIHW 

A( I-4), z ( I-4), E( I-12) ,· n ( I-·12) s JiorapMq.lleeKoM MaCDITaCSe. 
Je!8118Hil8! :INFORM BH8WlUleTCJI H3 DOSNU • 

IloAIJPOrpaao&a INTERC JVIR p8.Clle.1'8 JIOl"8pM4MoB y~eJtbHhtX 3KBHB8JielftiM 

~oa K&Koro-RH6o ~ o~~aqw HJIJ~ TftEenoro iP&rMeHTa B aTMo~e 

npM 88ASHHHX 3Heprux ( B paC118'J'8 H-a -~a!<JH) • 

2Y.aBa&MWe B8JIHlDIHii 

A( I-4) t z ( I-4) ( CM. B INFOfai ) ' 

O'I'A&1Uf I1JDI TDUOrO pi'MeH'I'a. 

• 

wz_ JtorapH4ia aaplfAa lfAP& 



a. 

!!wf.a!ewe Be.IINIHH 

0 ( I-12) - YA8JihJGE ,1\0SH n,JUla oTAQtm HJIH 'P.mteJroro tN>arueH'!'a 

a ~bra~ecKoM Ma~6e. 
1JMM8ll8HH8: INTERC BWablBaE~Cft H8 DOSNU • 

lbAJ1POrp8MM8 nrrBG HCI10Jl&::tye'l'CII AU. OUeHIGI BlCJia,J{a BAPfl 
MA&U HJtH prMeK'l'a a o61qy1:) ,l\02tY B KaJtAOY eaoe a'l'IIOCq,epw. 

M:•P¥1 !H!fD!!!I 
nuN , IMAX , IM I DL (cu. a NUCLET ) , 

'l'R(1-85), RN(1-85) (CM, 8 ENLOSA ). 

J!twaMe BeJll(qHHhl 

DOSE - BKJ.taA ~ep O'l'Aatm i! ~OB B Cyw&apHylO IJ.Of¥1 
oCS.ayqeHX11. 

~enoJib3XeNHe no1UP9rpa~ 

GM, QINT I ARSIMP I REMER 

~amre: MR BHQHCJteHHJII KH'l'erpaJta 
~· ~· 

_! • ( ~z D(z)N(z) • _J_ \ .~.- dzD (z)¢(~J 
1 

. 

A R 1 6 ZAR .J 
'lo ;z(; 

r.tte 6 z a 1 z
1 

-z
0 

1 , a ¢ (z) - no'l'OK SJA8P CW,l\&tUI .,._ 

tp&r.MeHTOB B TOqKe z • 
lricnonaye'l'CR npwt5JIRUHH&Jt tlloi>MYJ :a: 

~ 

_.L.ldzD(z)cp(z) • 
A ZAR . 

() 

rv 
10 ~L 

_J_ ~ ~dzD(z)cf'(z) 
A ZAR (_ 

~"' . ~.--1 

~t j dzD(z) : 

-;_l-1 

lb)VlpOrpaMM& REMER - AJIJI p8C'l8'l~& Y"MhHOD 3K8118UeHftiOft "OaH 

ft.1Q)8 M.-a1111 (IIJDI 'flllteiOI'O prMOift'8) npH JmtSoR 8Mepru. 
3yua8t618 BUH!tiUIH 

T- 8ft8pMifl Ha Hyl(JIOH .RJU>8 O'l')ta'tlK H..'tPI ~a. 



l!Ut!B8:81618 BeJIKtaiHW 

o- YAeJtDHM 3KBHBan:eH'rH8.11 ,Itosa npH aaepro T/ayKJioH. 
ijcnoJie;u:eUHe noi!!POrpa!B!il 

QINT 

9. 

B npMJ10lt8HD npHB~eHW no,D,nporpaMMH, aM8HJieaa.te c yqerou 
BKJI&.I(& R,Itep O'l',Itatnl II 'f&eJIHX ~ar'MeH'l'OB, 8 nporp8JIU8 o6p&(S0'1'1Ut. 
IloJIUyeucs CJlY'laeM awpa3fth H&D:Y 6Jiaro .. pHOC'fh B.C.Bap&JI8HKOBY 
sa OOIIOfllh H 06C~HHe. Mat 6Jt&UlA8J>HIII '!&De B.W.Uoa6YHY 88. 

np8.JlQC'f&BJieHH8 A&HIIHXt xapaKHJ1118YJOlltHX 6BOJIOl'IN8Ctcyl) 3CWJeK'l'HB

HO~.p83HKQHHX HOHOB. 

JIWr EPATYPA 

I •• Jie BaH HroK, lliMa.Kos c.D. owrn, B2-B~7, ~Ha, I98L. 
2. EapamettKOB B.c. , Jle Baa Hrcm' 1lluaKOB c .ll. o~. P2-8t-46' 

Jly6Ha, I08L. 
3. DOnald M.c. F.B. IQSY observation of low- energy qalatic 

and Solar cosmic ray, Alma.lsof IQSY , vol. 4,p.187-216, 
Mit Press,cambridge, 1969. 

4. H~ o.t. t ro.B.roq.u. CnpiB01DDIK no JIAepHO~ ciJcaHKe. 

HaJt-BO "I-1fyttoaa A.YMK8", Kaea, I'J?b. 
b. HopMH p&AHOUHOHHOVi 6esonaCHlCTH HF'.o-76 K OCHOBHHe C8HK'f8pHH8 

npa•uta OCfi-72/80. A'I'OIIH3A8!, M., 1981. 
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c 

c 

c 
i.; 

c. 
c 

c. 
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45 

12 

SUBROUTINE MAIN ~C (TOBRNN ,NSTAT.,CQNT ,BN1,BN2 ,BN3,i:lP1 tBP2t8P3) 
THE ~AIN SUBROUTINE 
COMMON /BLOK77/ Spl(9,60) /BLOK88/ SECPRH9,150) 

.If. IT A BL. C S I S 1 G M A ( ~ 0 , 1 J) ..t ~RG US ( 3 0 , :)) 
•!TYPECS/ ICST(26l,NSI~STI21) 
•t:C:OEFAl ANKJ(4, ltt2«D /COEFB (I eHKJ(+t't.SJ,CKJ (3,8) 

E8~~g~ 1~2~~E~ z~~~E!~~~~~~ i ;~;f_ ~a I~J ~A ~f~~~o)' RHOP (10) tRHCN ( 1 0)' 
•A F t 10 ) , T FP ( 1 0) T fN (1 0 ) 
"'IS.IEG!N/ CMO, TO, f 1 t T2, "1 E Ctf1 Q.O t HS o

1
t.o ~~ 

COMMON/NfA~T/ NEWf /V~EMJII TIM: /8'3RlDEf/ TOBRO /TOGRD/TGQD 
COMHON/M.TlNE/KK /MANYKO/ NK MP IHEFIS/ FISFl 
COMMON /81.K1QO/ ENPC30,3) /lOGR/TGR 
COMMON /8LOK1/ GH(5) /6ll<t04/ SGPH30,3) I 

"' /BLG F4/SPF1.!(5 ,11) fSLG~5/VNU(5) 

·~g~~~~ 1 ~~t~~I~o ~~ ~~~~~ 1 ~(~~~; cJgL~l ~~~~!~r'~~~~~~J~3~ <to ,11 ,3, 
C OMHON /BLOK7/TR ( e5) /'6LOK8 /HN (85) /BLQK<3/RP ( 8~) 
COMMON /8l~iDA/SD(3),ASD 1 

/BLOK3/RC(J) ,orcq,f(t;(J) ~~ 
•tBLOK2/AlG CH ,ZTG ( :!) 'lPMA BSR/PIMR ~ 
• /BL1000/AM,AMF /BL0999/RA~NCL ~ 
N- /BLC!<13/TOGRNt.lOBRP /BLG~G/OLN ~ 
• /BLlNEt./TCASC, BCUNON, BOUND'-' r. 
•IW~PR11/ X1,X2,X32.iC,SF,cF,T,Q,IU1~ l 
• IWRP:dN./ H?!N(9) /WRPR/ WP(9) iii' 

"'IGOOUT/GuT /SLOK11/POGl/BLOK1CIPI2G /FRZVNL/VINEL ~ 
,. /8LFUS/ FU~~~~KRT/(:TR,SFR,CFR,1~~100J/ U,AI,Z ~ 

COMMON /Bt.1001/T1Y(1JO) IBL1002'T2XY(200) II 
>~- /&l 1Jii+/ (AM (6) /81.1016/ CC(G) ~ 
•'/!!L1005/~J(6) /Bl1006/ZJ(6) /8L100S/OU1(6) /BL1017/VK(6) II 
j11 NBROS/NB;'( OS ~ 

C OMttON/CHA RIA 1, Z 1/COS E/CO S£./iJER 'IKPlSOl IO/TE r1 
CO!I!IMON/P/PNI,Pt,PE II 
COMHON/HCU/COST t ~I,CI I 
DIMENSION SR(J) 
DIMENSION SNJ.1(JO,SNI2(30)rSNTHJO) ,ENU30) .,Ef!2t~D)fEN3(30) I 
E 0 U I II ALE N C E( ~ G N H 1 J t S N I1 ( 1) J ~ ( "! j N I( 11 ) , S NI 2 ( 1 ) ) , ($ G N ( b 1) , ~N I ~ C 1 lJ 
E Q U IV IH .. £ NC E ' EN P ( 1) t EN 1( 1 ) ) , t E 1'4 i ~ (31 ) t EN 2 (1 ) ) , ( E~ P ( 61 ), fN J ( 1) ) 

OAT Iii (RANOZ-=0 0 00 31 4110 5:364 621171 3l 
QALl RCMIN<RANDZl 
LiAlt ZEROCNBROS) 
t::All GRAM 
NBROS-=0 
00 777 J1=1,NSTA~ 
CALL RO~OUT(RNUM) 
CALL SECONOtC'n 
Rlf= 0. 

SELECi ION CF ANGULAR A NO ;£NERG e·~ IC CHARACTER IST tCS OF A NEW 
PARTICLE 

CALL SFECTR 
lFCCT-TfME)10,10,776 

10 CA\.1. INSfilR 
11 CONiiNUE 

IDEUT~ = -1 
IF(WP((H-1tl82.0) 41 1 41,25 

~1 IF\WP(0.)-0.50.0) 42,~2,43 
lt3 IOEUTR = +1 

If'(WP (7) -fCBRO) 2St4'tt 44 
P~INT 45 
FORMAT(/ 910X,?0(1Hv.),~ OEUTRON .. ) t,2tl(1H•),/) 
GO TO 105 

l.t2 K K -= 1 

I 
! 

1 ~ 
14 

15 

I F ( WP ( 9 ) - 1 0 0 0 • ) 1 2, 12, Z ! 
lf'(WP(9)-500.l13,13,1~ 
If'(WP(7)-TCBRP) 25,25,1~ 
IF(WP(~).GT.0.1)GQ 'fO 16 
If(WP(71-TOBRNN)17~17,18 

1 f !F!WP(7)-108RN)2~,~5,1! 
TO~RN •THE CUToFF fNERGY IN MEV FOR TRANSPORTING PROTONS. 
T08RP-THE CUTOFF ENERGY IN MEV ~OR TR~t..:SPOR"f!NG PICNS. 
TOBRNN -THE C U"'TOFF Et~E ~GY IN MEV FOR HIGH ENERGY N£UTROfliS ( l= 10 • 5 M 
CONTINUE 



IN£ !'1A INMC 73/73 OPT=1 

c 
,.. 
v 

c 

'"' v 

c 

1'3 
1 05 
5 i 

53 
19 
20 
2 1 

2 22 
22 

51 

165 

161 
164 

130 
Lt 52 
151 
152 

c 
154 

15 3 
c 

155 
23 

c 
c 
•"' 
1,; 

" .., 
c 

24 

500 
501 

50 2 

25 

TlUNSPCRT OF LOW ENE~G'Y N"EUTROI\ 
CALL LOENT 
GO TO 25 
CALCULATION OF FREE PATH OF FRCTCN AND PI MESOh BEFORE COLLISION 
C.Al.L ~NLOSS 
If( IOEUlR) 53,53,52 
IFCGOT.Gl.O.O) GC TO 21 
I F ( P 0 G L • G T. 0 • 0) G C "'0 21 
K K-= 1 
BETA= SUBtW.P(7),EN1 1 ENl,30) I SUB(WPf7),EN1,EN2,30) 
GO TO 155 
I F ( GOT ) 19 , 1 9 , 21 
IF ( PO G U 2 '0 , 2 0, 21 
IF(PI2G)22,22,21 
VI NEL=O • 
IF (PlMRl25,25,222 
WP(7) -= 10.0 
3 -= RNOMC-1) 
SELECTION CF A 'fYFE OF JHE TARGET NUCLEUS 
D 0 51 K = h N KO ~ f 
S~fK) =S'!HK >•CROS:T (K, WP(~) ,WP (7)) 
ryo 165 K = 2,NKO~P 
SloH K) = SR CK-U +S !HK) 
B=RNOM(-1) 4SR(N~CMP) 
00 164 K = itNKOMP 
IFfS-SRfK))161,161 1 164 
If (K-2) 150 ,151,'+ ~2 
CON"J:tNUE 
K K-ElfMENT IOEN.T IF IER tK= 1, 2, 3) 
KK=1 $ 80UttDN-=9N1 ! BOLNDP=BP1 $ GO TO 152 
~~~~ 1 ~g~~g~~~~i ~ ag~~;~o~~ $ GO ra 152 
IFCPIMR)153, 153,154 
P!t1R-(FI-)-MESONS J;EACHING THEIR ENERGY CUTOFF WILL BE 
FORCEO "!'(l INlERACT VIA THE INTRA•NUCLEAR-CASCADE (P!MR=+U 
SETA = 1.0 
GO TO 155 
B-ETA= CROSSHI<K,WP('J)tWP(·'?))/CROSST(KK,WP(g),WP(7)) 
CHOICE CF THE IN"'ERAC"'rJON TYPE 
If ( R N 0 M ( -1) -BE i A) 2 3, 2 l , 2'+ 
VINEL=1. 

DE"i ERM,. NtH ION 0 F lHE C HAl'ACTERlST~LS OF SEc;ONuA~IES 

CALL INfLIN 
STORING PARTICLES IN TO THE MEMO~Y 

CALL SPT SEC 
FISPL = -1.0 
GO TO 25 
V!NEL=-1. 
I\1=ATGtKK) ~Zt=Z"'iG(KK) 
TO=WP(7) 
PNI=SQRT no• (T0+2.•HP (9))) 
SQ=SORT(1.-WP(4):;: 2) 
PNX=PNI•WP(o)4SO !PNY=PNI•wPcs>•sa 
PNZ=PNI•WP (4) 
CAtL ELANGUATG(Kl0t.WP(7) 1 WP(f1jfCTE,SFE,CFE> 
CAt.l. SU8ROT(WP(~) ,WP(5),WP(6),(. E,SFE.,CFE) 
WP(4)=CTR ~ WP(5):SFR t WF(6J=CFR 
TAP=TF/A1 $IF(Tfi. F.LE.15.) GOT011 
SQ1=SQRT(1.-Wp(4)4•2) 
P1X=Pt•WP(6)•SQ1 fP1Y=P1•HP(?) 4 SQ1 
P1Z=P1•·WP('c) 
PEX=PNX-P1X !PEY=PNY-P1Y 
P£Z= PN Z-P1 Z 
~OS~:PE~IPE ~IK~=1 
,_, OS J- C 0~ E 
SINE=SQRT(1.-COSE••2} 
IF(S!NE)500,500,!t: 
SI=O. $CT=1. tG 10502 
CONTINUE" 
SI=PEY/(PE•SINtl 'JCI=PEX/ (P£ 4 SINE) 
CONTINUE 
Ci4LL ENLOS~ 
GO TO 11 
CONTINUE 
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.., 
c 
c 

26 

177 
776 

38 
7 iS 

MEMORY IS FMPTY OR NO 1 

JFtSfCPRTt7,1))777,777,26 

CHOICE OF A NFW PARTICLe FROM THE MEMORY 

(;ALL PARTL 
GO TO 11 
C'ONTINUE 
p~INT 77S,CTtRT, TIHE 
? ! I NT 3 8 N B!l' o S 
FOP M~. T ( f}, 30 ( 1H • ) ,6 HN 8 ROS =, 18, ~ 0 ( tH•) t /I) 
FOR~AT(/30X,tCT=t,F10.2,2XtRT=t,F10.2t2XtTIME=tF10.2,2XtSECUNCt/l 
CALL ENDS 
RETURN 
END 
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c 

100 
1 01 
10 2 
1f3 

104 
105 
1 06 

71 
7 2 

71 

74 
75 

76 --, I, 

&0 
H 

8 2 
33 

5 

SUBROUTINE EVAPOR(EN~~lfATHGHT,CHARGEtfhX,PNY 1 FNZ 1 
• AM , AM F, ~A 0 NC L t F US I 0 N, K S A R T) 

COMMON /eL1001/T1Y f130) /BL1002/T2XY(200) 
COto!HONIBL10117iJJ( 6) I EL10 113fRJ (7) 

"'1Bt.100S/AJ(6) /EL1006/ZJ (6) /tH100~/CLMC6) 
"'18L101~.1GAt1(6) /SL1016/CC(6) /8t1017/VKC6) 

/BL 100 3/UlAl ,Z! BL1 00 ;j/AFJ (7) /'f1.1010/Zf J(6j 
C OMHON/ 8 Lui<771S PT (9, 6 0) /BLANGL/A NGL ( 4) 

• /HRFR/ WP (9) 
COMMON/CHAR/ A 1!. Z :(.CO~ EICO SE/V ERJ IKP/ SOLI 0/ TE 
COMMON/HCU/COSI,S4f4• 
0 !MENS ION GH 7), 'EJ s ) 
FUSION=-!• 
U=fNFXT•tOOO. $ Al=JHHGHT $ Z=CHARuE $ REHN='~40 "'AI 
VNX=H'NX/REMNP'1 UJ(. $ VNY=CPN'I/REMN)·''-1000. $ VNZ= (PNZJ~EMN) 
KST1 = KSTART . 
DO 23 K=KST1,60 
lf(AI-4.0)101,101,100 

i ~ 1 ~ r ~ 1 ~ ~ t r 5 ~; ~ a~ ~ 1a 3 
RETURN 
EP1=U/AI~U=U-EP1 
IF\Z-1.0)10~ 1 105~1~5 EP2=0.0$GO Tu 10b 
Eif'2=1.0 
Z=Z-fP2tfP3=940.0$AI=Al-1.0 

GO TO 107 
OL=OEL TAM (J.\1, Z) 
00 6 !=1,6 
AFJCI)=AI-AJ(I) t ZFJCU=Z-ZJ(l) 
VJ(!) = COtOH8( I, RAONCl,A M,AHF) 
BJ(l)=OELTAM(AFJ( l)JZFJ(!) )-(Cl-OLM(I) ) 
RJ(l}=U-(BJ(l)+V~(J) 
A=A I 
Ni=CA-1.)/2 $ N2=Z/2 

~5~~;~~~(i)~~~=~~~2r9 lJ~ 1 $ GO lO 93 

~~~~i:~~fil-~:·i1z;isaRr <A>> 
CONTINUE 
X=Z••ZIA 
X J:: H X • .3 3 • 5) • • 2) • • 0 • 1 3 3 33 3 3 ~ 3 

ijj~~)~iz;~ .. ~=~'~,~~{9.18.) $ GC TO 73 
AJ(7)=t2.5-2.7•X~ 
CONTINUE 
Li=(A-ZJ/2. $ L2=Z/2t 
IFHA-Z)/2.-Lt) 75,75,74 
BJ(]) =BJf7)+1.0 
CONTINUE 
1FfZI2.-L2) 76~76 9 77 
BJ(7) =8J(7)- 0.5 
CONTINUE 
I Z·=Z $ IA= A 
TZ=T1 Y(!Z) $ TN=T2XY( I 1-! Z) 
BJC7l=SJ(7)-(1Z+TN) 
13J(7l=BJ(7)/(t.+SQRT (U/(2.•A))) 
AFJ(l) =A $ RJ(7) =U-BJ f7) 
M1=AI2. $ M2=Z/2. 
IF011-AI2.) 80,31, et 
RJ(7)=RJf7)-1.1(1.+SQRT(U/,2.•~))) ~ GO TO &3 
IFCM2-Z12.) 83,$2,32 
RJ(7)=RJ(7)-2./(1.+SQRT(U/(2.•~))) 
CONTINUE 
CALL ARFA11CPER,IM,A~F) 

no 7 I=t,7 
IF{"J( I) )8,s,g 

8 GJ(!)=O. ~GO TO 7 
q fdC I)=GfiMHA.(I,FER,AM,At-IF,RAONCL) 

7 CONTINUE 
G=O. $ 00 10 !=1,7 

1a G=G+GJ(I) 
IF (G)11,11,12 

11 RETUPN 
12 DO 13 J=2, 7 
13 GJ(J).::GJ(J-U+GJ(J) 

t 
t 

I 
• ~ 

• I 
t 

• : 
• ( 
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~ 
t 
~ 
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I 
I 
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15 
14 
16 
j7 

18 

13 
107 

c .... 
IJ 

30 
31 

32 

l 00 

303 

20 

58 a s 1 

50 2 

R = RNf"'M(-1):t-G 
00 1ft!. J= 1, 7 
IF<s-GJ(J))15,14t14 
LH=J $ GO '!'O 16 
CONTINUE 
IF U.H -7) 18, 17, 1 8 
FUSION=1. 
RETUPN 
EP1=TKIN(LM,AH,AMF) $ EP2=ZJfLM) S EP3~940.•AJ(LM) 
U= (RJ ( UO -EP 1) +VJ (U1) 

A I-=AFJ CLM) $ Z=ZFJCUO 
CONTINU£ 
CALCULATION OF KINETIC ENERGV,~OHENTUM,aiRECliCN OF HEAVY PARTI 
CLE 
VP~=~QkT ((2. EP1l/En3) $ CALL ISANGL 
~PX=vPH•ANGL(4)•ANGL(3) 
V,P:Yc=VPM•AN Gl (4) ._ INGL ( 2) 
VPZ=VPH•ANGL U) 
V~=VNX+VPX $ VV=VNV+VPY ~ 'i/Z=VJ\2+VPZ 
V~=~QRT (VX••2+VY•~2+vz•i2) 
COT = VZ/V~ 1 TEHP1=1.-CO T·H'2 
PX=VX~· EP3 $PY=VY; E?3 !PZ= VZ·<EP! 
P=SQRT(PX••2+PY••2+PZ••2) 
IF HH1P 1) 3 (!, 3 0 t.l 1 
SPT(1t,KJ=1.0 $ Srl(S,IO=O.! SPT(6,K)=1.0 $GO TO 32 
S IT-=SQ Rl' (TEMP 1) 
SPTt4,.K)= COT$ SPT(!i,K)=V'f/(VI"'"SIH $ SPT(6,K)=VX/(VM•SIT) 
CONJINUE 
SPTU,K)·=WF(1) $ SPTC2,K)=WP(2) $ SPTC3,K)=WP(:?) 
SPT(7,Kl=(.£?34 i1M•"'2)12.o $ SPTt8,K)=El'2 t SPT( 13,Kl=EP3 
KSTART = KSTART+1 
1F=SPT(7 KJ•940./EP3 
IF~EP2.Gf.2 •• ANC.TF.GT.15.)GOTCJ00 
GOT0303 
TE=P••2!(2.~fP3) $COSE=COT $A1:EP3/q~o. $Zi=EP2 $IKP=O 
r,OST=COSE 
S!=SPT(S,K) SCI=SPT(6,Kl 
C A L L E Nl. 0 S A 
CONTINUE 
PNX=PNX- FX t FNY=PNY-PY $PNZ=FNZ· PZ 
CONTINUE 
A1·=AI 1Z1=Z 

Pt~;~N~ 1 i~E?~~~~R~PEZ=PNZ 
PE=SQR1fPEX••2+PEV•"'2+PEZ+ 2) 
TE=SQPT (PE•• 2+ (A 1• ~4 J.) •• 2) -A1"94 O. 
COSE=PEZ/PE ~IKP=Q 
TR=TE/A1 $IF(T~.lE.1?.)RETURN 
SQ2=SORTt 1.-COS E•• 2) 
CO'Sl=COSE 
!F(SQ21500 500 5t1 
SI=O. tCI=l. ~Go·osoz 
CONTINUE 
S I=PEY/ (PE •s Q2l !CI-= PE X/( P£ "SQ 2) 
CONTINUE 
CALL ENLOSA 
R£TURN 

END 
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,.., 
IJ c 

~ v 

r . ..., 
c 

c 
r'> ... 
c c 

c ,.. 
"' c c 
9 
v c c 
c 

1 

2 

4 

5 

7 
1D 

11 

12 

27 

20 

2l 

10 0 

2& 

28 

SUBROUTINE NUCLEI 
REGISTRATION OF CHARATERISTICS OF HEA~Y PARTICLE 
PASSING THROUGH lHE ATMOSPHERE 
COMMON/WRPRIN/WPIN(9)/WRPR/WP(9)/RZ/RZ(100)/BLOK11/POGL 

•IBLOK 71 TiH 85) /8l CK8'R NUS) /8t.OICi.f~P ( 8 S) /NB~OS/NBROS 
COMHONIOIO/RE01 R£,IPN 
COH"ONIICE/IH,uL 
IF(W~INf3).EQ.O •• ANO.WP(3).EQ.C.lRETURN 
WPfU=WPIN(U 'WP(2) =WPIN(2) 
!PN=1 
001·I=1~C) 
IftWPIN(3).LE.RZ(!})GOT02 
CONTINUE 
RETURN 
IO-THE INOEX Of THE 70NE WHERE THE INITIAL POINT OF THE 
TIAJACTORY Of THE CHARGED PARTlCLE IS 
I O=I 
!) 04 J= 1,5 
IF(WP(3J .lE.Rl(J) )GOTO~ 
CONTINUE 
Rt:fURN 
T 1-THE INDEX Of THE ZONE WHERE T H'f ENO POINT OF TH f 
TIUJACTORY OF THE CHA RGEO PARTICLE IS 
I 1::: J 

IHIN=MINOfiO,I1) $IMAX=MAXOCIO,IU 
WZ=GH(WPIN(3)) $VZ:1=G~tWP(3)) 
If ( IO .l. T. I H GOT 07 
If ( I 0 • G T • I 1) GOT 0 8 
GOT09 
INCR,!C,!O-THE AUXILIARY PARAMETERS USED FOR DIFFERING 
~HE CASE !0 SMALLER THAN 11 FRCM THE CASE 10 GREATER THAN 11 

INCR=t $IC=O '!D=1 
I= I O+I NCR 
RH=GM ( RZ ( IO+ IC)) 1RH1 =GM C RZ l1) ) 
IFCIO.EQ.1)GOT01t 
OL=ABS((RZ(ID•IC)-WPIN(3))/(RZIIO)-RZCI0-1))) 
TRACE= ABS ( (RH-WZ) /WPI N l'-l ) 
IH=IO SIN=U '!GolOJZ 
O!L-=CRZ( )-WPINC3))/RZCU $!H=1 $IN=1 
TRACE=ABSf(RH1•WZ)/WPINC~)) 
If ( WP ( 8) • E Q. 0.) ( CT 0 2 7 
IRA=1 
T K="ENCHACTRACE, lR A) 
CALL PLACOtWPC1J.WP(2)) 
GOl020 
TK= WP (7) 
CALL PlACOtWPU) ,WP(2)) 
H RITE ( 3) IH!NtiHA X, Vi, IN, TK, WP U) • WP ( 2) ,WPC 3) tWP (ft) , HP(9), 

~,~l!!~~~f~f~8¥o2~ 
IFCWPC8).NE.O.)GOT026 
K1=IMIN•1 !K2=IMAX·1 
00100 K=K1,K2 
DL=1. $lM=K $TN=K $TK:Wp(7) 
CAlL PLACOfW~(1J,WP(2)) 
IM, IN-THE !NDEXS OF THE ZONES 10 WHICH A PART OF THE 
f14JACTO RV OF HEA V' PA RlTCLE 8ft ONGS 
TK-THE KINETIC E•-ERG'f Of THE Ct ARGEO PARTICLE 
WP ( '3) -lHE ENO 1)0IN1' 0 f A PART CF THE TRAJACT ORY 
WP(it)·COSINE OF THE ENTER ANGLE Of HEAVY PARTICLE 
WP(9)-MASS OF HE iVY PARTICLE 
WP(3)-THE CHARGE 
OL-PART OF HEAVY PARTICLE PASSJNG THROUGH A ZONE 
N8ROS-NUMBER OF T~E SIMULATE£ FRIHARY PARTIClES 
~~ 1~r!ffit;~~~b~HAX ,IM, IN.TK,WP( :) ,WP(2) ,WP(3) .WPC,.) tWP(9) • 

CONTINUE 
GO"r029 
OL=1. !IM=l SIN=l 
R A= G M ( R Z ( I ) ) $R != G M C R Z (I •1 ) ) 
T IUCE1 =ABS (( RA -RB) /W PI N(lt)} 
T'RA'C£= T~AC E+ TRAC E1 
!'RA=1 
TK=ENCHACTRACE,IRA) 
C A '-L L P L A:C 0 ( W P ( 1) , W F ( 2 ) } 

1 
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36 

29 

50 
24 

39 

30 

25 
8 

g 

60 
61 

41 
ItO 

WRIT£ ( 3) HUN, I~A 1, IM, IN, T K., WP ( 1) , WP( 2) , WP ( 3)., WP( l.t) , WP( 9) , WFf 6 l, 
•l')L, NBROS 

I= I +I Nr.~ 
IFCINC~.LT.OJGOTC50 
IF(l-11)23,24,25 
IFCI-I1J25,24 9 23 
IFCI.EQ.t)GOT030 
Dl=ABS((WP(3l-RZf~-IOJl/CRZCIJ·RZCI-1))) 
IM= I $IN=I 
IF ( wP ( 8) • E Q • 8 •) GO T C41 
RH2=GMCRZU·!0)) 
TRACEZ=ASSCCWZ1-FH~/WPIN(4)l 
TRACE=TRACE+TRACE2 
IRA=1 
TK=ENCHA(TRACE{IRA) $GCT036 
CAtl PLACOfWPt ),WP(2)) 
W 'R I T E f 3) If'U N., I M A >, nt, I ~ , T 1< t WP ( 1) , W PC 2 ) , WP ( 3) , W P ( 4) , WP ( 9 ), 

•w P ( 8) t Dl, N P.R OS 
GOT029 
OL=A8SHWPC3J-RZ fU)/RZUH SI~=1 $IN=1 
IFtWP(8J.EQ.O.)GCT041 
TRACE2=ABS((WZ1-~H1)/WP1~(4J) 
GOT039 
RETURN 
INC'R=-1 
It=-1 !IO=O $GOTC10 
IF ( I 0. EQ .1) GOT 06 0 
Ol=ASSf(WP(3J-WPitH3) )/(Rl(IO)-~ZCI0-1 ))) 
!M=IO !IN=IO $GOT061 
DL=A'BS(CWP(3)-WPIN(3))/RZ(1)) $IM==1 SIN=t 
!FCWP(8).EQ.O.JGOT041 

!PA= 1 
TRACE=ABSfCWZ-WZ1)/WPIN(4)) 
T K:=ENCH An RACE, IR 8) 
GOT040 
TK=WP (7) 
CAll PLACOCWP(U ,WPC2)) 
W lUTE ( 3) HUN~ I M J lt, If-., IN, lK 9 WP ( 11 t WP ( 2), WP ( 3) , WP ( 4) , WP ( 9), 

•WP(6), Dlt.NS~OS 
RETU~N $tNO 

1 
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, .. 
1.1 

9 
\,# 

c 

{' .., 
v 

v 

1 
3 

10 

15 

20 

30 

FUNCTION fNCHACTRACE,I) 
CAlCU>LpTION CF KINETIC ENERGY CF HEAVY PARTIClE 
AT 'HE END OF EACH zaNE 

COMHON/OIO/~EO,RE !PN 
COMMON/ 8l01<711 R Cd ~) /Bl CKo /RN (b Sl /liLOK9 /~P (ti 5) 
COMMON/CHAR/ At. Z ~ 
IF(IPN.Gf.OlGOTC1 

IPN DEFINES WHER'f THE CONTROL CW1ES FRet~ (PROTON OR ENLOSS) 

~Et=RF $GO T010 
RE1=RE C-T~ .ACE 
RE1=RE1•tzt••2)/A1 
ENCHA=QINT(RE1,RN,TR,U5) 
ENCHA=FNCHA•At 3~ETURN 
IF(!. EQ. 2) GOT020 
IF<RE1.GE.0.3)G0T015 
ENCHA=O. $RETU~N 
ENCHA=QINT fR:E't,RN, TR, 8 ~) 
RETURN 
IFCRE1.GE.1.2)GOT030 
ENCHA=O. "RETURN 
ENCHA=QINT fRE1, RF, TR,' ~) 
.... ETUPN $ENO 



r1NE ELANGL 7 3/7 3 OPT=1 FTN 't. E+4t60 



'Ute::: E NLOSA. 7 3/7 3 OPT=1 

100 

5 
10 

SUaROUTINE ENLOSA 
C QHMON/ WR PRt H~( 9) /CYA R/~1, Z1 /S Q!_I !J/T E/Bl OK7 I TR (3 5) /BL OK 81R N ( 6 ~) 
C. OMMON /VFR II KF/ GO CUT I G (!.1 W RPR I •. 'WPI.--4 ( 9) 
C OtH10N /R Zl RZ ( 10 0) /OI C IRt.O, !tE, I P!~ 
COfotMON/HCU/COST, ~ 1 ,CI 
Co MMON/CCSE/ COSE 
C OMMON/1NTfR /WX oot;Jo I=1, o 
WPI~f I) =W"P (I) 
W Q = HP IN ( 4 J ~ W P ( 8} = Z 1 S WP ( 9) =A 1 
WP(it)=COSE $HPIN (4)=COSE 
WPC5>=SI $WP(6)=CI 
T=TE/A1 
R:EO-:Qlhl(l ,TR,RN ,J5) $REO=REC_.A LI(Z1• 4 2) 
RE=R:EO 
WX=GH(WPIN(3)) 
t:: AUt. PREST ( HC) $ RD =WC- WPI N ( 3) 
RO=ABS (RO/HP (4)) 
CALL NEHCOR(R0t1) $CA!L.l OU!T(Hf'C:L),WP(2),WP(3)) 
IfCGOT.LT.O.)GoTOtO 
IF< WP(3) eLT. 0.) G CTCS 
WP(3)=RZ11ll0) $GCTOHJ 
WP(3)=0. 
CftLL NUCLEI 
IF (I K P. E Q. 0) RET URN 
Wr(U=WPINU) $Wf(2)=WPIN(2) $HP(3)=WPIN(3) 
Wp(5)=HPIN(5) $W f(6) =WPIN (6) 
WPf4)=HQ ~WP(J'):WplN(3) $WP(9)=HPIN(9) 
RlETURN $END 

05 
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100 

1 

10{)0 

5 00 

2[)00 

3000 

PROGRAM OOSNUCIN,UT~OUTPUT,TAPE3) 
COMHON/HRPRIWP(9) 
COMHON/WZ/WZ 
C OMHON/ EST AI E C12) 0 ( 12 4) 
C0Mt10N/BLOK3/RO ( :!J ,DI (~), R2 (3) /EH .. lK1/GH (5) 
DIMENSION no~ U1l , E~ (11) .:tA (11) ,g ( lU 
R 0 ( 3) = 1 • 't 4 .3E - 3 $ G H ( 1) = 0. 5 E + 7 $ G H ( ~) = 0 • 1 3 27 4E + 6 
00109 !:1,5 
DOS(I)=O. U(.U=O. S!HH=O. 
CONTINUE" 
<1P=243o. 
GALL INFORM 
CALL GRAM 
CALL DEPOOX(1.,14•4t7•2,S1.7,1.~41E-3,0.) 
CONTINUE 
REA 0 ( 3) I MIN, I MAX , 1 lit IN, TK, W F (1) , WP ( Z) , WP t 3) t WP ( 4) , 
¥WP(9),WP(8),0L,NBRO~ 
IFCEOF(3l.NE.O.)GCT0100~ 
IF ( HP C 4) • E C1 0.) G CTO 1 
WZ=ALOGCWP(o)) 
C At.L IN TERC 
CALL INTEGCIMIN,IMAX,IM 1 DL 1 00SE) 
OOS(!M)=OO~(!M) +[CSE 
01= 1.85228 3•00~E 
ACIM)=AUMl+01 $l?(!H)=8fiM)+01·H·2 
GOT01 
fON"rYNUE 
005'80 J=1 s 
OOS(J)=t.A52283~COS(J)/SP 
A(J)=(A(J)/SP)••z $B(J):8(J)#SP 
E !'- ( J ) = S Q R T ( ( B f J ) ·A ( J) ) I CS P -1 • ) ) 
CONTINUE 
PRINT2000 
FORt.lATC2X,15HOOS£ 0!=' NUCLEUS) 
P;IUNT31ltl0, WOS(l),L=1 ,5) 
FORMATC2X,SF11.4) 
P '~I NT 3 0 0 0 , ( E R ( K ) , I<= 1 , 5) 
FNO 

OS 
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20 00 
20 01 

20 0 
13\J 
205 

22 () 
23 ( 

10 3 
2t> 0 
305 

320 
33 ( 

11 

1 

12 0 
3 

2 

SUBROUTINE INTEG CM,N,lf'Cl)L,OOSE) 
CO~HON/WRPR/WF(9)/RZ/qz LOO) 
COMMON /'-JL OK7 /TR (8 J) /9'L OKt. I RN (b Sl /BLO K q/R P ( "5) 
DIMENSION 7.Ht1U Jt:fC11),l)(11) 
I=!M $IF(I.EQ.1)~(T02000 
RZI~RZCil-RZ(I-1) 
GOT02001 
RZI=RZ ( 1) 
Tf'&WP(4)elle0.)GCT0~9 
IF(M.EO.N)GOT0180 
IF(l.NE .. N)GOT020 C 
WZ=WP(3) tG~T0205 
WZ=RZ(I) $GQT020S 
WZ=WP(3) 
lF(I.EQ.1)GOTn22C 
HO=WZ-CL•CRZ(l)-RZ(I-1)) $GOT0230 
H O=WZ-Ot•R zt 1) 
H 1 = W Z ! S T E F= ( H 1 -H ll ) /1 0 • 
Z H ( U = 1-1 0 ' IF (I • N c • M) ,..i 0 T 0:. 1 
~ll=ABSUGMCWPO) 1-GM "'O): /WP(f+)) 
GOT011 
IF(".EO.hlGOTO?$C 
IFti.NE.M)GOT03(0 
WZ=WP(3) tGOT0305 
WZ=RZ(!-1) $GOT0305 
WZ=WPC3) 
I F (!. E Q. 11 GO T 0 3 2 0 
H O=WZ+O L• ( RZ (I) -RZ (I-1)) $GOTO 33 0 
HO=WZ+Ol,.~ l( 1) 
H1=WZ $SlfP:fH1-r0)/ 10. 
ZHU)=HO $IF(!.Nf.N)G0T0:.1 
RC=AB~( fG,..CWF(3) )-G~O~O)I /WP(4)) 
CONTINUE 
001 J=2,11 
ZHtJ)=ZH(i)+STEP•CJ-1) 
CO,..TINUE 
RmO=RO•(WPt8)••2)/WP(9) 
TK.=QINTCRD01 RN,TR,f5) !C1Ilt. RE~ERCTK,OA> $0(1)=0A 
REF=D. 3• WP (~) '' WF (~) •• 2) 
002 K=2,11 
ZG=GM(ZHfK-1)) $Z~1=GM(lfHt<)) 
RG=A BS ( ( ZG 1- ZG) /W F (4)) $1~ 0 =RO-RG 
IF(RO .tE.Rf.F )GOTC120 
RD1=~ O)i WP (t) . ., 2 I rF (')) 
EP(~)=QINT(R01,RN,!-R,65) 
GOT03 
TK=3. $D(Kl=O. $GOT02 
TK-=EPCIO $CAt.t Rft-«ER(TK,IJA) 
D(K.)=OA 
CON TIN UJ: 
2~~hs~~~IMPC11,STEP,C,q) 
OOSE=R/ UO•RZI" A ES tWP (ttl: l 
RETURN $EN 0 

05.o~ 
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20 

5 

SUBROUTINE INFOR~ 
~ OM H ON I W R P R I W" ( ~ } I CONE .'A f1t ) Z ( If ) .I EST A I E ( 12) , 0 ( 12 , 4 ) 
OA TA ( E= 2., ~. ,10 •, 20., ! !J., 1.t+2 , 2. E+2 t 5. E•2, 1• E t 3, 2. E +3, 

"'5.E+3, 1.E+4) 
Dlrl~(A=4.,S.,14. ,28.) 
0Al"(Z=2. 1 tr-.,7. ,1~.) 
0ATA(0=9.~E-4,1.2E-3t2·E-3t~•7E-lt1.1E-2~J.2E-Zt8.E-2, 

•2.E-1, 4.E-1, 8 .E-1, 2., l .625, 3.5 E-4!.3• 8E-4t.4.5E-4t 
•6.2E-4,1.2E-3,2.5f-3 . .t L5E•.!.a.2(5.7t-1) ,4.rE-1, 
• 3 .. 5 E -1 ' 2 • 5 E- 1 ' 0. t1· 7t. -'I .!2 • 1 t- 4 ' 2 • 4E- 4 t 
•3.7E-~,6.5E-4,1.~E-3,2.t-3.!1•3E-1t2(1.~E-t),1.~E-1, •o.18.7E-5,9e7E-51 1.E-4,1.tt-4,1.6E-4,2.5E-4,7.E-4t •t. f-2,3(1.2£-2)1 

DU,3l=1.1E-4 to f1,4)=~ .• 8E-5 
0020 1<=1,4 
0020 L=1,12 
D ( Lt K ) ::: ( 2 • 517 - 3 ) I D C L, K) $0 t L , K) =At.. OG ( D U. , 10 ) 
CONIINU'E 
D 04 K= 1 4 
Z (K):::A1.0G(Z(KH 
CONTINUE 
DO~ M=1,12 
E (H) =A LOG ( E 00) 
C0i>4TINUJ:" 
RETURN $END 

0 
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1 
2 

7 

SUBROUTINE INTER( 
C O~HON /WRPR/WP (9) /DONE lAC 't) , Z ( .. ) I :STA /£ U2) , 0( 12 ,4) /01/0 1C 12) 
COMhON/WZ/WZ 
001 !=2,4 
!1=1-1 
Jf(WZ.GE.Z(!U.Al\u.WZ.tE. Z(J)) GQJ'iJ2 
CONTINUE 
J:::I1 
D Z= Z ( J+ U- 7 ( J) 
007 N=1,12 
OE=s(N,J+i)•(WZ-ZCJ)) 
OF= (N,J)•~Z(J+1)-WZl 
D1P.H=fOE+CF)/DZ 
CONTl,NUE 
REI Ul'(N $END 



IN£ REMER 73/73 OPT=! 
-------- -------------~----~--~------

SUBROUTINE REMERCT OX) 
COMMON /EST AI€ ( 1Z ).,d ( 12, 4) /01/D 1 ~ 12) 
T=AlOG (T) 
OX=QINT(T 7 E,01,1c) 
OX=EX PCOX J 
RETURN $END 

FTN lt. E+460 05 


