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1. BBe.neHHe 

B uacTonnei pa6oTe4 .naso onBca.:Bue uoBOii Bepc11B nQiq>Orpa.M.Mhl EIILOSS, JlBJI.a~ 

IOIUe:ilc.t COCTaBHoJI 'IOCTI>H) nporpaMMLI MQ!IeJIBpOII8JDIK Me>l<1>ll,llepHhiX KacKil,IIOB 

CASCAD. ITQiliiPOrpaMMa ERLOSS MQlleJIBpyeT npo6er '18CTitlll>l (IIJlOTOBa, aeiiTpoaa, 

1r*- H 7r0-Me30HOB, ToreJJOI'O HOB&). flpH 3TOM ODpeAeruleTC1 TO'fK& B33BM~i

CTBJU BBJieTaKnlleA llacTBllhl C Up8MB MBIIIeHD, TQqK8. ee OCT&BOBKH BCJie,llCTBHe 

DOTepb 3HeprBB Ba BOHH38JlHIQ1 TOl.JK& pacna.ua (.lUill 1r*- H 7r0-Me30BOB) 1 a T8.JOB:e 

xoop,nBB&Thl TO'IKB BWJeTa qacTliilLI B3 MJUD.eHH. B nOJUIPOrpaMMe Y'JBTLIBaeTCJI 

reTeporeHHM CTpyKTypa Mmnetlll (ecn:JI T&KOBWI HMeeTCK}. 

OTnBlJHil uoBOi BepcBH no.nporpa.MMLI OT cymecTByJOIIlHX cocron- B TOM, 'ITO 

yxaJ&HBhle s:wme Ja,naqu pema.IOTCJI B o.zxaoii nOAIIporpa.MMe (paHbme 3TOi uenH 

CJJYlKHJIB BecKOJibKO DO.t\Dporpa.MM - OT.lleJibHO ,IJ;JIJl KruK,ll;OI'O THDS 'lJ:acTBJ:l). fio)l

nporp8MM3. ODpe.l{e.JHeT TBU l:JacTl:'IUhl, a 3&TeM peaJIB3yeTCll COOTBeTCTByml..llBii BJI

ropBTM, yqRThiBaJOIJ:ijli nOT THn. Co3Jl8.HHe uoooro reOMeTpuqecxoro MQilYJISI (eM. 

[1]} II03BOJIKeT YllpocTHTh IIOIInporpaMMy ERLOSS B TOM CMLicne, 'ITO TellepL BeCh 

a.sanBJ re-reporeuuoi CTPYJ'.TYPLI MHIIIeBB Bhllleceu B 3TOT MQ.Ilynb. Bnaro.rtapii 3THM 

oco6eHHOCTXM DQZUiporpa.MMa EHWSS ynpocTBJiacb, cTana nenro qBTaeMoi B (B 

cnyqae HeOOXQiliiMOCTB) nerxo MOJlepHB3BpYeMo:il. 

HBse IIpBBQJlBTCll 6nox-cxeMa a.nropBTMa nOJUIPOrpa.MMhl ENLOSS, B IlpWIOllffi

HHB I - ee IIOnHWi: TeKCT (aa li3W<e FOIITRAN'77). KpoMe roro, B Ilpuno>re

HHB II np:HBO,IlrrCil uexoropYe no.nnporpa.MMhl :reOMeTpnecxoro MQllYJI.I, KOTOpLle 

6hiJIB yccmepmeBCTBOB8Jil,l, 

4PalSoTa m.mo,,·I~~eaa apH ¢liiiUUICOBOi: oo.n.,nepmre PoccHi:CIWro ~a ¢lyiiJla.)4eHTam.BhiX HC

CJrenOBaJDB\ (><QIIY npoeKTOB 97 - 01 - 00746, 98- 01 - 00190). 
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2. AJirOpHTM 

AnropaTM nQIUipOrp......., EILOSS opraJ11130BaH cn<\llYX>IIDIM OOp830M. 

-1 
OnpeilelleBBe BOYepa :JOBLl, a 
~B~l[q~THDa 

~ 
-3 

CopnopoBJ<a "aeTIID no 3ap.v,ny a M&CCe: 

,..0-"""'"" lpa;rtide = -1 
Behpoo: I..,-tid< = 0 
!IpOTOII: ~-- = 

1 

.-±-"""""' 1,.,-tid< = 2 
AOiTpoB: !particle= 3 
Tpl!ITOH: ]particle = 4 
He~: lporticle = 5 
He~: !particle = 6 
cp,: lpartide = 7 
HOO~aa 'la.CTJDW,: lpartide = 7 

T 
-3-

Mo.o.emq>o~~SBHe npo6eroB: 
lpa,.ticle = -1 
[particle = 2 '* 11.0 pacnan;a· 

,llO 838PMfl-CTBIIll: 

.r 

(IM =0, IQ = 0); 
(IM = 1, 1Q = 0); 
(1M= 1, 1Q = 1); 
(1M= 0, IQ = ±1); 
(/M = 2, IQ = 1); 
(1M= 3, 1Q = 1); 
(IM = 3, 1Q = 2); 
(1M = 4, 1Q = 2); 
(1M = 12, 1Q = 6); 

R......,; 
.R.;nterlidion · 

I R..-.:5~1*1 9 I 
.r 

-4-
Mo.o.emq>o~~SBHe npo6eros: 

A0 B3&104~CTBIU: 

IJ1J OCT&Bou:a: 
Rmferodion; 
R;...u..;.., 

.j. 

2 

(etn~~ 1Q ~ 0) . 

.j. 
-5-

OnpeneneHHe KOOPWIBST ~Hilbl B I<OHDe npo6era 

1 1Q -o 

1 1Q ~o 

I'* I Koi>pmtB&Thl Bhl'lliCJL<JOTCll noR;...., ....... 

I* 
Koop,ilBH&TH BhPtHcnmoTC.a: 

no min (R;""'"""""' R;.,.;......,). 

T 
-8 

0npelleJieBBe BOMepa 30Jil,l1 B 

KOTOpoi Ba.xD,llB.TCJI lJ8CTBD&. 

T 
-7-

lloucx B03MOlKHhiX TOlJeK nepece1.1emu 
l.lacTHnei rp&Bun 30B B rereporeaaoii cpeue. 

.j. 
-8-

I '-l~rnna B..meTeJJa H3-oOO.eMa MHweuu.-· I '* 1 - 9 - 1 

I Tol:JKH nepeceqeaHJl HeT. \ 

l l 
I 1Q = o. I I 1Q -# o. I -t I R;.,.;, ..... < R;.,~ • .-.- I 

-1). + -1). 

I - 9 - I I R;....,.....,. < R;.,.;,.,;.., I I - 9 - I 
II 

I 

B3auMo.nelicTBHe 6hlno *I L -;:-~9=-=::::'..1 __ -=---, 

B3auMO.neiiCTBBll ae fihlno '* I Koppemu npo6eros. I-t I - 5 - I 

I To'lKa nepeceqeBBll ocTb. I'* jK:oppeKmtll npo6ei"OB.I-t I - 5- I 
.j. 
9 

PerucT8JlBJl nornOIUes:a:i '18CTHll 
H pacn8Jl()B 11"±- II 7T0-Me30BOB. 

BblXQII H3 nonnporpSMMh!. 

Cne.zcyeT OTMeTBTL, qro npB M~poBaJUIB 11 KOppeKilHB npo6eroa q&CTBilLI no.n

nporpaMMa EJILOSS yq:BThiBae'T BaJIHlJBe HnB OTC}'TCTBHe BelllecTB3. B roil 30Be MH

meHB, rne B .D;a.HBhli. MOMeBT B8.XQilHTCJI 1:18.CTBua. Y'liBTLIB8.JOTCJI Ta.Kie CBOi:CTBa 
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3'1'01'0 BeUJ;eCTB8.1 TBD l.J8C'I'IDlJ,.I B DpoBepJ:eTC.a, DpeBOCX(UlHT JIB 3BeprBI 'li8.CTBULI 

38,D;&BByiO ,llrul ~ TBD& lJ&CTBI( Dopoi'OBYJO BenFIBBY 1 KOTOp8JI OUpeAMieT 

II03J<OEBOCTL II3&IIMQlleiCTBU 'IICTJIIlLI C liJlp8loiB MBllleliJI (sa Dpliii<WlBBOi CxeMe 

9Ta IIJlOII"PD se olio:ma'lesa, 11Qjijl(l6see 01. llp11110EeB11e I). 

38IUIIO'IeHBe 

HCDOIIJ>3YeML!e BeJlCIIB DQilllpOI'j>&MMJol EILOSS (a TaJCKe DQIUiporp&MM reo><eTpBqe

CKOro MQilyDS) JIOI'YT OTIIIri&ThCI OT Jl8,BBOI'O 3,lleCb BX ODJIC&BBJ1
1 

1JTO MOm.eT 6h1Th 

CBJI38BO C DOCTOJIBBID( pa3BBTReK anropBTMOB, pacDIBpeBlleM IUI&CC& peiD&eMbiX 

:J&Jl&q R T. D. Co BCeMJI BOIIpoc&MB R 38.Mel.JBJIBDIB1 X8C81QlinJMPCJI 3TliX MQilyne:i:, 

CJII\IlyeT 00p8III&TLCS BeBOCpencTBeBBo I< &&TOp&M. 
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Ilpuno:lKeuue I. 
Ilo.nnporpaMMa ENLOSS 

SUBROUTINE ENLOSS 
c----------------------------------------------------------------------
c EHLOSS IS THE MONTE CARLO SUBROUTINE FOR THE 
C CALCULATION OF THE PARTICLE ENERGY LOSSES (DE/DX). 

c----------------------------------------------------------------------
IMPLICIT REAL•S (A-H,O-Z) 
COMMON /BLOK7/TR(85) /BLOK8/RN(1700) /BLOK9/RP(1700) 

• 
• 
• 
• 
• 
• 
• 
• 

/BLOK10/PI2G /BLOK11/POGL/PMABSR/PIMR /BLGRS/PRLEN 
/BLOK13/TOBRN,TOBRP /BLOK23/TOBR(5) 
/BLOK14/XG,YG,ZG /ITT/IT /TKCH/TKCB 
/WRPR/WP(9) /WRPRIN/WPIN(9) 
/BLOK1/GH(9,30) /GHAUX/GHAUX(30) 
/GOOUT/GOT /GOT01/GOT1,GOTO /PRBEG/RO 
/DEMAX/BX1(3),EOX1(3),DEOX1(3) /IEMAX/IEMAX 
/BLOK7I/TRI(90) /BLOK8I/RNI(90) 

c----------------------------------------------------------------------
c Paremeters used to determine the average nuclear range. 

DIMENSION WAYM(7) 
DATA WAYM/2.284,3.269,2.194,1.914,1.914,1.914,1.914/ 

c----------------------------------------------------------------------
c Function PASSNC defines the range of a particle according to its 
C total macroscopic cross section. 
C Function EIHT makes either exponential or logarithmic 
C interpolation. 

c----------------------------------------------------------------------
c luiliary parameter used in function EIN1': 

c 

c 
c 

c 
c 

c 
c 

c 

IT•O 
PariUileter indicating that the particle is absorbed (POOL > 0) : 
POGL•-1. ODO 
Parameter indicating that Pi-meson (0) is decayed into tvo 
gammas (PI2G > 0): 
PI2G=-1. ODO 
Para.eter indicating that Pi-meson (-) is stopped due to its 
energy losses (PIMR > 0): 
PIMRc-1. ODO 
Parameter indicating that ENLDSS operates vith neutrons at 
energies exceeding 10.5 MeV (PRLER > 0): 
PRLER•-1. 000 
Starting values for nuclear and ionization ranges: 
PROBEG-o . 000 
RO-O.ODO 

c----------------------------------------------------------------------
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c----------------------------------------------------------------------
c Det-.,.tion of the particle place inside the target vol1111111: 

CAlL Oll'l'(IIP(1) ,VP(2),VP(3)) 
WZJI•IDIIT( -iiOT+O. 300) 

c----------------------------------------------------------------------c Se~~e llMJ Yaria.bl•a : 
IM-IDIIT(IIP(9)/1000.0D0+0.300) 
IF(VP(8).GE.O.ODO)IQ•IDIIT(VP(8)+0.3DO) 
IF(VP(8).LT.O.ODO)IQ-IDIIT(VP(8)-0.3DO) 

C Sorting of the particle tJPO. 
C Particle is not identified: 

IP.li\T•7 
C Pi-.eaon (G): 

IF(IM.EQ.O.~.IQ.EQ.O)IP!RT--1 
C Jleutron: 

IF(IM.EQ.1.~.IQ.EQ.O)IPART-o 

c Proton: 
IF(IM.EQ.1.~.IQ.EQ.!)IP!RT•1 

C Pi-meson (-,+): 
IF(IM.EQ.O.~.IQ.NE.O)IP!RT•2 

C Deutron: 
IF(IM.EQ.2.~.IQ.EQ.1)IP!RT•3 

C Triton: 
IF(IM.EQ.3.~.IQ.EQ.1)IP!RT-4 

C He-3: 
IF(IM.EQ.3.~. IQ .EQ. 2)IP!RT-6 

C He-4: 
IF(IM.EQ.4.~. IQ .EQ. 2)IP!RT-6 

C Carbon-6/12: 
IF(IM.EQ.12.!1D.IQ.EQ.6)IP!RT-7 

C Unidentified particle: IP!RT-7. 
c----------------------------------------------------------------------

IFCIPART.NE.2.~.IPART.NE.-1)GO TO 1000 
c----------------------------------------------------------------------c The range op to the decay point : 

B-RIIIlll( -1) 
IIL--DLOG(B) 
IF(IQ.EQ.O)rPIZ.0.0000054DO 
IF(IQ.NE.O)rPIZ.760.~ 

PRRASP-BL•TPIZ•(SQRT(VP(7)o(VP(7)+2BO.ODO))/VP(9)) 
c----------------------------------------------------------------------

IFCGHAUI(WZII) . EQ .O.ODO)PIIIJIIF.G-1000.000 
IF(GH&Ul(IZI).JE.O.ODO)PROBEG--DLOG(RIIIlii(-1))•P!SSIC(VP(9),VP(7)) 
IF(PRRASP.LE.PIIDBEil)GO TO 1016 

c----------------------------------------------------------------------
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c----------------------------------------------------------------------
c Calculation of the particle ranges. 

1000 COITIIIUE 
IF(GH!UX(HZN).NE.O.ODO)GO TO 1002 

C The particle is in empty space: 
1001 PROBEG=1000. 000 

IF(IQ.IE.O)R0=1000.0DO 
GD TO 1004 

C The particle is inside the matter: 
1002 B~RHDM(-1) 

BL-DLOG(B) 
IF(IPART.LE.O)FL•PASSHC(VP(9),VP(7)) 
IF(IP!RT.GT.O)FL•WAYM(IP!RT) 
PROBEG•FL•BL 

1003 COIITIIIUE 
IF(IQ.EQ.O)GO TO 1004 
NK=85•(NZH-1)+1 
IF(IPART.EQ.1)RO•EIHT(VP(7),TR,RH(NK),85,0) 
IF(IPART.EQ.2)RO=EIHT(VP(7),TR,RP(NK),85,0) 
IF(IPART.LT.3)GO TO 1004 
TE=940.0DO•VP(7)/VP(9) 
AH=VP(9)/(940.0DO•VP(8)•VP(8)) 
IF(VP(7).LE.EDX1(3))RO=EIIIT(VP(7),TRI,RBI,IEKAX,0) 
IF(VP(7).GT.EDX1(3))RO=AH•EINT{TE,TR,RH(NK),85,0) 

c----------------------------------------------------------------------
1004 DO 1005 1=1,9,1 
1005 VPIH(I)•VP(I) 

C Determination of the new particle co-ordinates: 
IF(IQ.EQ.O)CALL HEWCOR(PROBEG,+1) 
IF(IQ.NE.O)CALL HEWCOR(DMIN1(PROBEG,R0),+1) 

c----------------------------------------------------------------------
IF(IQ.EQ.o.OR.PROBEG.GE.RO)GO TO 1007 

C Calculation of FL vhen PROBEG < RO: 
ROL=RO-PROBEG 
IF(IPART.EQ.1)VP(7)=EIHT(ROL,RN(NK),TR,85,4) 
IF(IPART.EQ.2)VP(7)=EINT(ROL,RP(NK),TR,85,4) 
IF(IPART.LT.3)GO TO 1006 
IF(VP(7).LE.EDI1(3))VP(7)=EINT(ROL,RHI,TRI,IEKAX,4) 
IF(VP(7).LE.EDI1(3))GO TO 1006 
AMR•ROL/AH 
VP(7)•(VP{9)/940.0DO)oEIHT(AMR,RH(NK),TR,85,4) 

1006 FL=PASSHC(VP(9),VP(7)) 
c----------------------------------------------------------------------
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c----------------------------------------------------------------------
1007 GOT1-GOT 

CALL 0UT(VP(1),VP(2),VP(3)) 
C Looking for a erose-point: 

CALL COIIOUT (DEL , GOT1, VP (7)) 
c----------------------------------------------------------------------

IFCGOT.Gr.o.oooJco TO 1014 
IF(IQ.EQ.O.OR.PIIIIBEG.LT.IIO)GO TO 1008 

c----------------------------------------------------------------------.c Ionization range < or • interaction range: 
IF(GOT.EQ.GOT1)GO TO 1012 
GO TO 1010 

c----------------------------------------------------------------------
c Interaction range < ionization range: 
1008 COIITIIIUE 

IF(IPART.EQ.1.AID.VP(7).LE.TOBRN)GO TO 1013 
IF(IPART.EQ.2.AID.VP(7).LE.TOBRP)GO TO 1013 
IF(IP!RT.LT.3)GO TO 1009 
IF(VP(7).LE.TOBR(IPART-2))GO TO 1013 

1009 CONTIIIUE 
IF(GOT.EQ.GOT1)GO TO 1011 

c----------------------------------------------------------------------
c The cross-point ie found: 

1010 NZ•IDIIIT(-GOT1+0.3) 
NZN•IDIIIT(-GOT+0.3) 
IF(GH&UI(NZN).EQ.O.ODO)GO TO 1001 
IF(GH&UI(NZ) .EQ.O.ODO)GO TO 1002 
IF(IPART.NE.O)PIIOBEG-DEL 
IF(IPART.NE.O)GO TO 1003 
BL•BL-(PRDBEG-DEL)/FL 
FL-P&BSNC(VP(9),VP(7)) 
PRDBEG-FL•BL 
GO TO 1004 

c----------------------------------------------------------------------
c The cross-point is not fQ'Dild: 

1011 CDIITIIIUE 
IF(IPlRT.LE.O)~ 
IF(FLoRJD8{-1).LT.VAYN(IPART))~ 
B-8llllll( -1) 

BL--DLOO(I) 
FL-VlYN(IPlRT) 
PIIOBEG-FLOBL 
IID-IIDL 
GO TO 1004 

c----------------------------------------------------------------------
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c----------------------------------------------------------------------
c Determination of some parameters: 

1012 NZ•IDINT(-GOT1+0.3) 
IF(IPART.GT.O.AHD.GHAUI(NZ).NE.O.ODO)VP(7)=0.0DO 

1013 POGL•1.0DO 
IF(IPART.EQ.2.AND.IQ.LT.O)PIMR=1.0DO 
~ 

1014 CONTINUE 
IF(IPART.NE.-1)~ 

1015 PI2G-1.0DO 
CALL IEWCOR(PRRASP,+1) 
CALL OUT(VP(1),VP(2),WP(3)) 
~ 

c----------------------------------------------------------------------
~ 
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IlpHJio)l(eHHe II. 
HoBaJI sepcHlil reoMeTpH'IecKoro MQnYJilil 

Ilocne ny6nJDCalliiH [lj reDMeTpll'lecJ<He MQ!lyna nporpa.MMhl MQ!lenHpoBIUIJIX MeJI<h

I,llepllhiX xacK8JlOB DQllBeprJIHCL aeXOTOJXJMY ycoBepiDeHCTBOB&HJIIO. B CBDH c 3TliM 

DpBBQllBM TeKCThl nClllDJXIrpaMM, IIDTopYX KOCHyJIBCI:. BJMeBeBU. S 

0Tnll'IBJI OT ~~ BeJlCBB COCTOXT B C~: 

I) JmX I<&.ll<d 30IIll ""Jl8JOTCJI HOMepa 3011, nOMem&JOUIIIXCJI BBYTpH nee; 

2} JlHJI X8JK.ll0it IIOBepxBOCTJI a.BTOM&Tif"llecKH onpe.ztent:eTCJI HOMep 30Bhl1 rpa.BB

neii KOTOpoi OBa OJJ.IeTCI. 

3TQ D03BOJI.I:et" cp&3y ODpmeliHTb1 6y.lleT JIB BMeTL MeeT<> De~eHHe C Jla&Roi 

IIOBepxBOCTLlO, iJJm BeT. nooTOMy Te DOBepxHOCTR1 C XOTOphiMH BeT nepecelJe

BHil, :mpa.uee IICI<JUO'IIUO'l'CS BJ p&ccMOTpeBBJI. 3'1'0 cytUeCTBeBBO COI<piWlaeT BpeMX 
p8C'IeTOB. 

OcnOBm.re BJMeBemu J<OCuynaCb nQ!lnporp&M>.W' COROUT H HB<!>OpMIUIJIH o 30Hax 

Muweuu, J8Jl&a&eMOli B opa.iine INPUT . DAT. CoOTaeTCTByiOIIlHli <t>parMenT INPUT. OAT 
liMeeT BBJl: 

c 
c 

c 

TARGET PAIWIETERS 
»umber of zones in the target ( < or • 30 ) 

4 
Geometrical description of the zonas. 

C Tvo strings are llJ&d for each zone: 
C 1) geometrical parautars for this zona 
c 
c 

(see communication of JIIR, R2-98-221 for detales): 
n n n n z1 ~ ~ R2 

C 2) numbers of zones placed inside this one. 
0. o. o. 0. o.o 23.8 15.7 0. 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0. 0. 0. o. 2.4 21.4 13.3 0. 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
o. o. o. 0. 4.9 18.9 10.8 0. 

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0. 0. 0. 0. 4.9 18.9 1.3 o. 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

&type 

2.3 

2.3 

2.3 

2.3 

(8 I<&'lecTBe npBMepa p8CCMOTpeB TOT lire cnyqail, 'ITO ll B [lj-- 'leTh!pe BnOllreBIIJJX 

UOCJJell(lli&TeJILBO QlliiB B Jtpyroii UinHBJtp&). 

5B ntv:urporpaaol&ll: atrr • CHECK 6wn:a di:sapy.JII!HY • yCTpaaeBH Ollllltilca, KaC8IOIIllleca JOOHY-
008. 3.aea. npBBWJ;ITC.a ~ BepcKR 3TIIX DQilnporpaiOI. 
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} 

Co0TuercrBYJOmuii <t>ParMeBT BERPAK, B I<OTOpOM c'IIITLIB&lOTCil JTB ,llBBIIYe, 

HMeeT TeDep& Bll,ll;: 

RIWl (6,•) 
RIWl (6,•) 

C 11Diber of zonas in the target ( < or • 30 ) 
RIWl (6,•)1ZDIIE 
RIWl (6,•) 
RIWl (6,•) 
RIWl (6,•) 
RIWl (5,•) 
RIWl (5,•) 
RIWl (6,•) 

C Cec.atrical description of the zones. 
DO 3 I•1,1ZOBE,1 
RIWl (6,•)(GB(J,l),J•1,9,1) 
RIWl (6,•)(IRGH(l,IIZ),IIZ.1,29,1) 

3 COIITIIIUE 
CALL GEOMETRY 

B !lenO'Iucneuuo.. Ma.ccuae COMMOR /IIISIDE/IIfGB(30,29)) 38,ll8H,., T&I<HM o6pa
:roM, ,nnt: x.BJI(JlOi 30BH BOM.epa BCeX H8XQT(9JQHXCJI: BByTpB Bee :JOB, 

HanoMBHM, 'ITO nQ!liJporpaMMa GEOMETRY ( oua ue I:JMeiiiJll8Cb) JmX I<llli<.IIoii 30BLI 

B 3a.BBCBMOCTB 0T TBn& ee reoMeTpBB BWJNB8BT COOTBeTCTBYJOllzylO no,nnporpa.MMy 
TYPE. . . , JCOTOPU: BhAllcnt:eT J«>~eRTH DOBepXRocrei, orp8JDiqBB8.JOIIJ;BX 3TJ 
:roay, napa.MeTJnll, onpene.nt:IOllllle ycnOBBt: orpa:HJ111eHHOCTR 3TBX UOBepXROCTei, B 
'lllCOO noaepl<IIOCTei. Teneph, I<pOMe TOro, B ~ nQIIIlPOI1>ILMMe TYPE ... onpe
)lenl[<!TCJI, I< J<8Koii 30Be OTBOCBTCX Jl8.11118J1 nOBepxliOCTh. Co0TseTCTHYIOIIlHf <!>par

MeBT ()Jllloii BJ nQ!lnpOrpaMM TYPE. • • BMeeT BIJ,ll: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C Zona: 

IRSF(K)•l 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3.necJ, K - uo..ep nOBepXBOCTB, a I - uoMep 30Jihl, T8KBM o6p&JOM, B llellO'IBcneB

BOM M8.CCHBe COMMO!f /IRSIDES/IJfSF(60) 38JlaeTCl[ COOTBeTCTBBe MelKJlY 30B8MI'III 

DOBepxROCTJDIB. B OCTa.nLBOM no.nnporpa.MMhl TYPE. . . ae R:DoreHBDBCh. 
llanee npBBQ!lXTCX Tei<CThl nQ!lnporpaMM OUT, COROUT, CROSS a CHECK. 
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SUBRDl1fi!IE OUT (X , Y, Z) 
0----------------------------------------------------------------------
c DI!TEIIIIIN&T"I OX OF ! ZO!IE IIUMBER. 
C IF GOT> 0, THEN THE POIXT IS OUTSIDE THE TARGET. 
C IF GOT < 0, THEN GOT • - ZOXE IIUIIBI!I\. 

c----------------------------------------------------------------------
IMPLICIT REAL•S (!-H,O-Z) 
COMMON /BLOK1/GH(9,30) 

• /NZOXE/XZOliE 
* /GOOUT/GOT 

c----------------------------------------------------------------------
00 100 I-NZOliE,1,-l 

C Selection of a geometry type 
IF(GH(9,I).EQ.l.ODO)GO TO 1 
IF(GH(9,I).EQ.2.1DO)GO TO 21 
IF(GH(9,I).EQ.2.2DO)GO TO 22 
IF(GH(9,I).EQ.2.3DO)GO TO 23 
IF(GH(9,I).EQ.3.1DO)GO TO 31 
IF(GH(9,I).EQ.3.2DO)GO TO 32 
IF(GH(9,I).EQ.3.3DO)GO TO 33 
IF(GH(9,I).EQ.4.0DO)GO TO 4 

c----------------------------------------------------------------------
1 COXTINUE 

C Parallelepiped : 
IF(I.GE.GH(1,I).AHD.X.LE.GH(2,I).AHD. 

+ Y.GE.GH(3,I).AHD.Y.LE.GH(4,I).AND. 
+ Z.GE.GH(5,I).AHD.Z.LE.GH(6,I))GO TO 200 

GO TO 100 
c----------------------------------------------------------------------

21 COXTINUE 
C Cylinder along x-axes : 

IF(X.GE.GH(1,I).AND.X.LE.GH(2,I).AHD. 
+ DSQRT((T-GH(3,I))oo2+(Z-GH(5,I))oo2).LE.GH(7,I))GO TO 200 

GO TO 100 
c----------------------------------------------------------------------

22 COXTIIIUE 
C Cylinder along y-axes : 

IF(Y.GE.GH(3,I).AHD.Y.LE.GH(4,I).AHD. 
+ DSQRT((Z-GH(5,I))**2+(1-GH(1,I))••2).LE.GH(7,I))GO TO 200 

GO TO 100 
c----------------------------------------------------------------------
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c----------------------------------------------------------------------
23 COIITIIIUE 

C Cylincler a1o111 z-u:aa : 
IF(Z.GE.GH(5,l).AHD.Z.LE.GH(6,I).AHD. 

+ DSQRT((I-GH(1,I))oo2+(Y-GH(3,I))oo2).LE.GH(7,I))GO TO 200 
GO TO 100 

c----------------------------------------------------------------------
31 GONTIIIUE 

C Cone along :z:-u:ea : 
IF(I.GE.GH(1.I).AHD.I.LE.GB(2,I).AHD. 

+ DSQRT((Y-GH(3,I))oo2+(Z-GB(5,I))oo2).LE. 
+ GH(7,I)+(I-GH(1,I))*(GH(8,I)-GH(7,I))/(GH(2,I)-GH(1,I))) 
+GO TO 200 

GO TO 100 
c----------------------------------------------------------------------
32 COIITIIIUE 

C Cone along y-u:ea : 
IF(Y.GE.GB(3,I).AHD.Y.LE.GH(4,I).AND. 

+ DSQRT((Z-GH(5,I))oo2+(X-GH(1,I))o•2).LE. 
+ GH(7,I)+(Y-GH(3,I))o(GH(8,I)-GH(7,I))/(GH(4.I)-GH(3,I))) 
+GO TO 200 

GO TO 100 
c----------------------------------------------------------------------

33 COIITIIIUE 
C Cone along z-uea : 

IF(Z.GE.GB(5,I).AHD.Z.LE.GH(6,I).AND. 
+ DSQRT((I-GH(1,I))oo2+(Y-GH(3,I))oo2).LE. 
+ GB(7,I)+(Z-GH(5,I))*(GH(8,I)-GH(7,I))/(GH(6,I)-GH(5,I))) 
+GO TO 200 

GO TO 100 

c----------------------------------------------------------------------4 COIITIIIUE 
C Sphere : 

IF(DSQRT((I-GH(l,I))••2+(Y-GH(3,I))••2+(Z-GB(5,I))o•2).LE. 
+ GB(7,I))GO TO 200 

GO TO 100 
c----------------------------------------------------------------------
100 COIITIIIUE 

GOT-1.000 
1IETUIIII 

200 GOT--FLO!T(I) 
1IETUIIII 
EID 
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stnHUJUTIRE COBOUT(BlCK,SIDE,FDRV) 
c----------------------------------------------------------------------
c D~IHlTIOI OF THE CLOSEST IHTERSECTIOH POINT. 
c----------------------------------------------------------------------

IMPLrcrr RElL•8 (A-8,0-Z) 
COMMOH !VRPRIJ/WPIN(9) 

• /WRPR/VP(9) 
• /DITZ/DI,DY,DZ 
• /~0~/00T 

• /BLOK1/GH(9,30) 
• /INSIDE/11GH(30,29) 
• /INSIDES/IISF(60) 
• /GHAUI/GHAUI(30) 
• /NSURFACES/JSF 

DIKENSIGN RC1(3),RC2(3) 

c----------------------------------------------------------------------
BACK•o.ooo 
IF(SIDE.GT.O.ODO)RETURN 
NZ=1D1NT(-SIDE+0.3) 
NZ1•IDINT(-GOT+0.3) 
1F(NZ.EQ.NZ1.AID.IIGH(HZ,1).EQ.O)RETORN 
DEL1-c.ODO 
DEL2-o.ooo 

C Let's determia the following values to use them in ,CROSS: 
DI•WP(1)-WPIN(1) 
DY=VP(2)-WPIN(2) 
DZ=WP(3)-WPIN(3) 

C Looking for the closest intersection point amongst all surfaces: 

c----------------------------------------------------------------------
oo 4 Ia1,1SF.1 

C Some Checking$ for the surface of number I: 

IF(NZ.NE.NZ1.lND.INSF(I).EQ.NZ)GOTO 2 
DO 1 INZ=1,29,1 
IF(IMGH(NZ,INZ).NE.O.lND.INSF(I).EQ.INGH(HZ,INZ))GOTO 2 

1 CONTINUE 
GOTO 4 
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c Det8rllina.tion of illteraection points for the BUrlue of nuaber I: 
2 CALL CliOSS(I,RC1,RC2,IID1,IID2) 

C Checlr:ing for these intersection point a: 
IF(IID1.LE.O)GOTO 3 
CALL CBECK(I,RC1(1),RC1(2),RC1(3),IID) 
IP(IID.GT.O)DEL1•DKli1(DEL1, 

+DSQRT((VP(1)-RC1(1))oo2+(VP(2)-RC1(2))oo2+(VP(3)-RC1(3))oo2)) 
3 IF(IHD2.LE.O)GOTO 4 

CALL CBECK(I,RC2(1),RC2(2),RC2(3),IID) 
IP(IID.GT.O)DEL2•DKli1(DEL2, 

+DSQRT((VP(1)-RC2(1))••2+(VP(2)-RC2(2))oo2+(VP(3)-RC2(3))oo2)) 
4 CDITIIUI! 

c----------------------------------------------------------------------
c Choose ot the closest intersection point: 

c 

B.lCK•DIIll1 (DEL1,DEL2) 
IF(BACK.LE.O.ODO)RETURI 
To avoid otopiDg: 
BACK•BlCK-l.OD-7 
PATH•DSQRT(Dioo2+DY••2+0Zoo2) 
VP(1)•VP(1)-DioBACK/PATH 
VP(2)•VP(2)-DY•BACKIPATH 
VP(3)•VP(3)-DZ•BACK/PATH 

C Determination of a zone number: 
CALL DUT(VP(1),VP(2),VP(3)) 

C Correction of the energy for the charged particles: 
IF(VP(S).EQ.O.ODO)RETURI 
PATH• 

+SQRT((VP(1)-VPIR(1))oo2+(VP(2)-VPIR(2))oo2+(VP(3)-VPI1(3))oo2) 
IF(GBAOI(IZ).GT.O.ODO)VP(7)-TIEW(PlTR,SIDE) 
FORV-VP(7) 

c----------------------------------------------------------------------
RETURI 
EID 
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SUBIIDUTIIIE CROSS(I,RC1,RC2,IND1,IID2) 
c----------------------------------------------------------------------
c CAI.CULATIOII OF IIITERSECTIOR POIBTS : 
C Surface: SF(l,I) • X"2 + SF(2,l) • Y"2 + SF(3,I) o Y"2 + 
C + 2 SF(4,l) * IY + 2 SF(6,l) * YZ + 2 SF(6,I) o ZX + 
C + 2 SF(7,I) • X + 2 SF(S,l) • Y + 2 SF(9,l) • Z + 
C + SF(IO,I) = 0. 
c 
C Interval: 
c 

X • (1-T) • WPIH(1) + T • WP(1), 
Y • (1-T) • WPIM(2) + T • WP(2), 
Z • (1-T) • WPIN(3) + T • WP(3), c O<T<!. 

c 
c To find intersection points, ve should solve the 
C equation: A • 'f-2 + 2 B • T + C • O. 0 < T < 1. 

c----------------------------------------------------------------------
IKPLICIT REAL•B (A-H,O-Z) 
COKMOB /SURFACE/SF(10,60) 

• /WRPRIN/WPIN(9) 
* /WRPR/WP(9) 
* /DXTZ/CX,DY,DZ 

DIMENSION RC1(3),RC2(3) 
c----------------------------------------------------------------------

IND1•-1 
IND2•-1 
Tl=O.ODO 
T2•0.0DO 
DO 1 J•1,3,1 
RC1(J)•O.ODO 

1 RC2(J)=O.ODO 
c----------------------------------------------------------------------
c Coeficient;s for the equation: 

A=SF(1,I)oDX•DI+SF(2,I)•DY•DY+SF(3,I)oDZoDZ+ 
+2.0DO•(SF(4,I)•DI•DY+SF(6,I)•DY•DZ+SF(6,I)•DZ•DX) 
B-SF(1,I)•DI•VPIM(1)+SF(2,I)oDY•WPIN(2)+SF(3,I)oDZoWPIN(3)+ 

+SF(4,I)•(DI•WPIH(2)+DY•WPIN(1))+ 
+SF(6,1)•(DY•WPII(3)+DZ•WPIN(2))+ 
+SF(6,I)•(DZ•WPIN(l)+DI•WPIR(3))+ 
+SF(7,1)•DX+SF(8,I)•DT+SF(9,l)•DZ 

IF(DABS(A).LE.1.0D-10.AID.DABS(B).LE.1.0D-10)RETURN 
C=SF(1,1)oWPIR(1)••2+SF(2,l)•WPIB(2)••2+SF(3,I)oWPIM(3)oo2+ 

+2.0DO•((SF(4,I)oWPII(2)+SF(7,l))•WPIN(1)+ 
+(SF(6,I)•WPIN(3)+SF(8,l))•WPIN(2)+ 
+(SF(6,I)•WPIN(1)+SF(9,l))•WPIB(3))+ 
+SF(10,I) 

c----------------------------------------------------------------------
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c----------------------------------------------------------------------
IF(DABS(A).GT.1.0D-10lGO TO 2 

C If A-o, then the equation ia the one of the first order. 
C Root of the -tion: 

T1-0.6DO•CIB 
IF(T1.LE.O.ODO.OR.T1.GE.1.0DO)RETORI 

C If T1 ia ill (0,1), then the illtaroaction point: 
IE1-1 
RC1(1)-WPI1(1)+Tl•DI 
RC1(2)-WPII(2)+Tl•DY 
RC1(3)•VPI1(3)+TloDZ 
RETORI 

c----------------------------------------------------------------------
c Datormnant of the -tion: 

2 D-BoB-AoC 
IF(D.LE.O.ODO)RETURI 
DET-DSQRT(D) 

C Roots of the equation: 
T1•(-B-DET)/A 
T2•(-B+DET)/A 

c----------------------------------------------------------------------
IFCT1.LE.o.oco.OR.T1.GE.1.0DOJGOTO 3 

C It T1 ia in (0, 1), then the first intersection point: 
IID1•+1 
RC1(1)-WPII(l)+T1oDI 
RC1(2)•VPIR(2)+T1oDY 
RC1(3)•VPIR(3)+T1•DZ 

3 IF(T2.LE.O.ODO.OR. T2 .GE.l.ODO)RETUIIII 
C It 1'2 ia in (0,1), then the aecond intersection point: 

1102-+1 
RC2{1)-WPII{l)+T2•DI 
RC2(2)-WPII(2)+T2•DY 
RC2{3)-WPII{3)+T2•DZ 

c----------------------------------------------------------------------
RETORI 
BID 
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SUBROUTINE CHECK(I,X,Y,Z,IHD) 
c----------------------------------------------------c-----------------
c CHECK: IXJBS TilE IJITERSECTION POIIIT BELONG TO A ZOIIE OF 11U11BER I ? 

C IF IHD > 0, TIIEII YES. 
C IF IHD < 0, TIIEII 10. 
c----------------------------------------------------------------------

INPLrcrr REAL•B (1-K,O-Z) 
COIHJII /COiiDITIOI/1:11(9,60) 

c----------------------------------------------------------------------
IIID-~1 

C Selection of a cetn.dition type 
IF(C11(9,I).Eq.1.000)GO TO 1 
IF(C11(9,I).EQ.2.100)GO TO 21 
IF(C11(9,I).EQ.2.2DO)GO TO 22 
IF(C11(9,I).EQ.2.3DO)GO TO 23 
IF(C11(9,I).EQ.3.100)GO TO 31 
IF(C11(9,I).EQ.3.2DO)GO TO 32 
IF(C11(9,I).EQ.3.3DO)GO TO 33 
IF(CB(9,l).EQ.4.0DO)GO TO 4 

c----------------------------------------------------------------------
1 COBTIII1JE 

C Parallelepiped : 
IF(l.GT.CJI(1,l)-1.0D-10.ABD.I.LT.CII(2,I)~1.0D-10.ABD. 

+ Y.GT.CN(3,l)-1.0D-10.AHD.Y.LT.CN(4,I)+1.0D-10.AHD. 
+ Z.GT.CN(6,I)-1.0D-10.AHD.Z.LT.CN(6,I)+1.0D-10)RETURB 

GO TO 100 
c----------------------------------------------------------------------
21 COBTIII1JE 

C Cylinder alq x-u.ea ·: 
IF(X.GT.CI(1,l)-1.0D-10.AIID.I.LT.CII(2,I)+1.0D-10.AHD. 

+ DSQRT((Y-CN(3,I))oo2+(Z-CN(5,I))oo2).LT.CN(7,I)+l.OD-10)RETURN 
GO TO 100 

c----------------------------------------------------------------------

c 
22 CONTIIIUE 

Cylinder alOJ18 y-ues : 
IF(Y.GT.CN(3,I)-1.0D-10.AHD.Y.LT.CN(4,I)~1.00-10.AHD. 

+ DSQRT((Z-CN(6,l))••2+(X-c1(1,I))••2).LT.CN(7,I)+1.0D-10)RETURN 
GO TO 100 

c----------------------------------------------------------------------
23 CONTIIIUE 

C Cylinder along z-axes : 
IF(Z.GT.CN(5,I)-1.0D-10.ABO.Z.LT.CN(6,I)+1.00-10.AIID. 

~ DSQRT((I-CN(1,l))••2~(Y-CN(3,l))••2).LT.CN(7,I)~1.0D-10)RETURN 

GO TO 100 
c----------------------------------------------------------------------

18 

c----------------------------------------------------------------------
31 CONTI!IUE 

c Ccme along r-azes : 
IF(I.GT.CII(1,I)-1.0D-10.AND.I.LT.CN(2,I)+1.00-10.AHO. 

+ DSQRT((Y-CII(3,I))••2+(Z-CJI(5,I))••2).LT. 
+ CN(7,I)+(I-ci(1,I))•(CJI(8,I)-CN(7,I))/(CN(2,I)-CN(1,I))~ 
+ 1.00-10)RETURI 

GO TO 100 

c----------------------------------------------------------------------
32 CONTI!IUE 

C Cone along y-a.xes : 
IF(Y.GT.CN(3,I)-1.0D-10.ANO.Y.LT.CH(4,I)+1.0D-10.AJD. 

+ DSQRT((Z-CI(5,I))oo2+(1-CI(1,I))••2).LT. 
+ CN(7,I)+(Y-CI(3,I))•(CN(8,I)-CN(7,I))/(CN(4,I)-CN(3,I))+ 
+ 1.0D-10)RETURB 

GO TO 100 

c----------------------------------------------------------------------
33 CONTI!IUE 

C Cone along z-axea : 
IF(Z.GT.CH(5,I)-1.0D-10.AND.Z.LT.CN(6,I)+1.0D-10.AND. 

+ DSQRT((I-CN(1,I))••2+(Y-CN(3,I))••2).LT. 
+ CH(7,I)+(Z-CH(5,I))•(CN(8,I)-CN(7,I))/(CI(6,I)-CN(5,I))+ 
~ 1.0D-10)RETURN 

GO TO 100 

c----------------------------------------------------------------------
4 CONTI!IUE 

C Sphere : 

IF(DSQRT((I-CH(1,I))••2+(Y-CN(3,I))••2+(Z-CI(5,I))••2).LT. 
+CN(7,I)+1.0D-10)RETURN 

GO TO 100 

c----------------------------------------------------------------------
100 IIID--1 

RETURI 
END 
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