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1. BBe.n;eH11e 

B npouecce pactieTa MeJK'bH.n;epHoro KacKa.n;a np11xo.n;11TcH paccMaTpllBaTI, .n;B11JKeH11e 

I{aCl{a,llHOll tiaCTllllbl B cpe.n;e (Mmnen11), COCTOHlll,efi 113 HeCKOJibKllX pa3Jill'lHbIX no co­

CTaBy ll cpopMe o6JiaCTefi ( 30H). TpaeKTOpllH tiaCTllllbl HBJIHeTCH OTpe3KOM npHMOfi 11 

:ia.naeTCH KOop.nirnaTaMn ee HatiaJibHOro 11 KOHetIHoro noJioJKeH.lrfi. fpaHllUbl 3OH, Ha 

1mrnph!e pa36nTa cpe.n;a, HBJIHIOTCJI noaepxHOCTHMll He 6oJiee tieM BToporo nopH.n;Ka. 

Tpe6yeTCJI HaMTll 6mrntafilIIYIO K HatiaJibHOfi TO'IKY nepecetieHllH TpaeKTOpllII tiaCTllUbl 

c rpannue:n cJie.nyIOme:n 3OHhl ( ecmr TaKoe nepecetiemre nMeeT MecTo). 

I1ycTb i = 1, ... , N noaepxHOCTefi OnllCbIBa!OTCJI ypaBHeHnHMll: 

a1,iX2 + a2,iY
2 + 

+ 2a4,;Xy + 2as,iYZ + 
+ 2a1,iX + 2as,iY + 
+ a10,i 0' 

OTpe3OK, COe,ll;llHJl!Olll,llfi TO'lKll fa 
HHeM: 

r.n;e uapaMeTp O < t < 1. 

a3,;z2 + 
2a6,iZX + 
2a9,;Z + (1.1) 

(1.2) 

,ll;JIJI i-oiJ: noBepXHOCTll 3a,D;atia HaXOJK,D;eHllJI 6JI11JKaiJ:1IIefi K fa TO'lKll nepecetieHllJI 

CBO,ll;llTCJI K Bbl'lllCJieHll!O KOpHefi ypaBHeHllJI 

(1.3) 

Ha OTpe3Ke O < t < 1. Ko3cpcpnu11eHTbl noro ypaBHeHilH Bbl'lllCJIHIOTCH no cpopMyJiaM 

A; a1,;(x1 - xo)2 + a2,i(Y1 - Yo) 2 + a3,;(z1 - zo) 2 + 
+ 2a4,;(x1 - xo)(Y1 - Yo)+ 2as,i(Y1 - Yo)(z1 - zo) + 
+ 2a5,;(z1 - zo)(x1 - xo) , 

B; a1,;(x1 - xo)xo + a2,i(Y1 - Yo)Yo + a3,;(z1 - zo)zo + 
+ a4,;((x1 - xo)Yo + (Y1 - Yo)xo) + as,;((Y1 - Yo)zo + (z1 - zo)Yo) + 
+ a6,i((z1 - zo)xo + (x1 - xo)zo) + 
+ a1,;(:i:1 - xo) + as,i(Y1 - Yo)+ a9,;(z1 - zo) , 

C; a1,;x~ + a2,iY6 + a3,;z5 + 
+ 2a4,;X0Yo + 2as,iYoZo + 2a6,iZoXo + 
+ 2a1,;xo + 2as,iYo + 2a9,;Zo + 
+ a10,i . 

EcJill ypaBHeHlle (1.3) He nMeeT KOpHefi B yKa3aHHOM llHTepBaJie, TO 0Tpe3OK (1.2) 
He nepeceKaeT i-IO noBepXHOCTb (1.1). B cJiytiae, eCJin ypaBHeHlle (1.3) nMeeT O,ll;IlH 



RopeHI, B .9TOM lIHTepBaJie, TO no qiopMyJiaM (1.2) HaXO.ll)lTCH ROop.zurnaThl TO'lRlI rrepe­

cetieHIIH C i-o.tt noBepXHOCTblO (1.1). EcmI JRe.ypaBHenne (1.3) llMeeT }lBa ROpHH B 3TOM 

llHTepBaJie, TO Bh!6npaeTCH HanMeHbllillli, a 3aTeM no qiopMyJiaM ( 1.2) orrpe.neJIHIOTCH 

Roop.nnnaThl llCROMOli TO'!Rll nepecetieHllH. 

IIocJie Toro RaR TaRnM o6pa3oM na.tt.nenhl TO'IRR rrepecetiennH oTpe3Ra (1.2) co 

BCeMn N noBepXHOCTHMll (1.1 ), ll3 HllX Bhl6HpaeTCH TOtIRa, 6JIHJRaiiruan R To. 

2. Orr11caH11e M11meH11 

_IIpeJR}le Bcero BBe}leM }lOCTaTO'IHO y.uo6noe OIIHCaHHe 30H MHilleHH . .LJ:irn RaJR}lOll 06-

JiaCTll 6y.neM llCIIOJib30BaTb 9 rrapaMeTpoB: 

~,Yi,~,~.~.½.h,~.~~E-

IIapaMeTp NrYPE xapaRTepn3yeT TllII reoMeTpllH, a OCTaJibHhle rrapaMeTphl }lJIH npo­

rpaMMHO peaJill30BaHHhIX HaMn THIIOB reoMeTpHH HMelOT CJie.nymmee 3HatieHHe: 

1. IIapaJIJieJieIIIIIIe}l. NrYPE = l. O6JiaCTb orrpe.neJIHeTCH HepaBeHCTBaMH 

X1 :S: X :S: X2 , Yi :S: Y :S: ½ , Z1 :S: Z :S: Z2. 

2. U:nJIHH.Up
4 

C OCblO, rrapaJIJieJibHOll OCH z
5

. Nry PE = 2.3. O6JiaCTb orrpe.neJIJieTCJI 

HepaBeHCTBaMn 

(x-X1)2+(y-Yi)2 :S:Rf, Z1:S:z:S:Z2. 

3. Konye c ocbIO, rrapaJIJieJibHOfi ocn z
6

• NrYPE - 3.3. O6JiacTb orrpe.neJIJIE'TCH 

HepaBeHCTBaMII 

2 ( 2 ( ( R2 - R1) 
2 

(x - X1) + y - Yi) :S: R1 + z - Z1) z
2 

_ z
1 

4. Illap. NrYPE = 4. O6JiaCTb orrpe.neJIHeTCH nepaBeHCTBOM 

(x - X1)2 + (y - Yi)2 + (z - Z1) 2 :S: Rf . 

Z1 :S: z :S: Z2. 

II pHBO}lllMhlll HllJRe aJiropHTM l103BOJIHeT rrpn Heo6xo.nnMOCTll BBO}lllTb II .npynie TIIIlbl 

reoMeTpnn paccMaTpirnaeMh!X 30H. 

. CJie.uyeT OTMeTJITb, 'ITO ecm1 }lBe 30Hhl rrepeceRalOTCH, TO Mhl 6y.neM C'IlITaTb, 'ITO 

o6JiaCTb !IX rrepecetieHJIJI rrpHHa}lJieJRJIT 30He C 66JibllilIM HOMepoM. 

4Xorn no qacTHl1JI cJiyqaJI KoHyca, J]JIH ycKopemrn rqeTa ero noJie3Ho paccMaT[ntUaTh oT/IPJILHo. 

__ 5IlporpaMMHo peaJIII30BaH11 TaKJKe "UIIJHlll/\P c ocb10, napaJIJieJibHOJI ocII Ox" ( N1T Pt: = 2.1) II 
"[(IIJIIIHJ]p c OCbIO, napa.iIJieJibHOJI OCH Oy" (NTYPE = 2.2). 

•.. 6IlporpaMMHO peaJIII30BaH11 TaKJKe ''Konye c ocbJO, napaJIJieJihHOJI ocn Ox" (NrYPB = 3.1) II 

"Ronyc c ocb10, napaJIJieJibHOJI OCH Oy" (NrvPE = 3.2). 
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HarrpHMep, CJie.U,YJOIIlaJl ROM6HHawrn rrapaMeTp0B 

X1 
0 
1 

Y1 
0 
1 

Z1 
0 
0 

R1 

1 

X2 Y2 Z2 
3 3 3 

3 

R2 NTYPE 
1 

2.3 

0lIIICh!BaeT Ky6 c .UJIHH0ll pe6pa 3, BHYTPH ROTOporo pacnoJI0H{eH l.UIJillH.llP c pa.llllycoM 1 11 

BhlCOTOll 3, optteHTHp0BaHHhlll B}lOJib OCH z, c ROOp.llllHaTaMH OCH (1,1). 
KoMfiHHaIJ,Jrn rrapaMeTpOB 

X1 
1 
0 

Y1 
1 
0 

Z1 
0 
0 

R1 
1 

X2 Y2 

3 3 

Z2 
3 
3 

R2 NrYPE 

2.3 
1 

OITHCblBaeT Jlllillb Ky6 - Hm:popMaIJ,Jrn O URJIHH.upe yTepJIHa B TOM CMhlCJie, 'ITO rro.urrporpaMMa, 

orrpe.neJIJIJOIUaJI. B R3ROll 30He HaXO.llllTCJI 'l3CTHII3 (no.urrporpaMMa OUT), He "qyBcTByer" 3Toro 

UllJIHHJlpa. 

PaccMOTpeHHOe orrncanne MllIIleHil ORa3h!BaeTCJI }lOCTaTO'IHO y.uo6Hh!M II l103BOJIHeT 

3a}laBaTb BeCbMa CJIOJRHhle reoMeTpIItiecRne CTPYRTyphl, 'ITO tiaCTO 6h!BaeT neo6xo.unMhlM 

up11 pactieTax peaJibHhIX cncTeM. 

3. AJiropHTM 

AJiropnTM pellleHIIH 3a}la'III opraHII30BaH CJie.ny10ru;HM o6pa30M. 

1. .ll:JIH 3a}laHHhlX orrncaHHhlM Bhlllie o6paaoM 30H MllllieHil Bhl'IllCJIHIOTCH R0.9q>q>II­

u:neHThl orpaHH'IIIBaIOmnx nx noBepXHOCTe:fi. 8TOT rryHRT aJiropnTMa peaJIH3yeT 

rro.nrrporpaMMa GEOMETRY. 

(a) B cJiytiae napaJIJieJieIIIIne.ua Bhl'IIICJIHIOTCH R0.9q>q>IlJJ;IIeHThl .UJIH Tpex IIOBep­

XHOCTe.tt ( rro.nrrporpaMMa TYPE1): 

X1 +X2 
a1,i = 1 , a1,i = -

2 
, a10,i = X1X2 , 

OCTaJibHhle HYJill ' 

Yi+½ 
a2,i+1 = 1 , as,i+1 = ---

2
-- , a10,i+1 = Yi½ , 

OCTaJibHhle HYJIII ' 

a3,i+2 = 1 , a9,;+2 = 
OCTaJibHhle HYJIIl j 

~+ha ·+2=~h, -- , 10,t 
2 

(b) .ll:JIH JJ;IIJillH.Upa ( C OCbIO, rrapaJIJieJibHO:fi OCH Z) Bhl'IIICJIHIOTCH R0.9q>q>IIJJ;IIeHThl 

.UJIH .UBYX rroBepxnocTe:fi ( rro.unporpaMMa TYPE23 )7: 

a1,; = 1 , a2,; = 1 , a7,; = -Xi , as,;= -Yi , 
7I1011nporpaMMbI TYPE21 ll TYPE22 - .IIJIH UHJlllH.D,po11, opIIeHTIIpoaaHHWC B.IIOJlb ocell x II y 

COOTBeTCTBeHHO. 
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a10 . = x2 + v2 - R2 
,1 1 I 1 1 

a3,i+1 = 1 , as,i+i = 
OCTaJibHble HYJIII ; 

, OCTaJibHble HYJill , 

Z1 + Z2 
-
2
-, a10,i+1 = Z1Z2, 

( C) .Ll:JIH KOHyca ( C OCb!O, rrapaJIJieJibHOH OCH Z) BbPillCJIJIIOTCJI l{03cpcpnnneHTbl 

,n;JIH ,n;ayx IIOBepXHOCTeil: ( rro.n:rrporpaMMa TYPE33 )8: 

(
R2 - R1) 2 

a1,i = 1 , a2,i = 1 , a3,; = - z
2 

_ Zi , 

(
R2-R1)

2 
a1,i = -Xi , as,i = -Yi , ag,; = Z1 z

2 
_ Zi 

2 2 ( R2 - R1 )
2 

a10,i = X1 + Y;_ - R1 - z
2 

_ Zi Z1 , ocTaJibHble HyJIJI , 

Z1 + Z2 
a3,i+I = 1 , as,i+i = -

2 
, a10,i+1 = Z1 Z2 , 

OCTaJibHble HYJIII ; 

( cl) EcJin 3OHa llMeeT cpopMy rnapa, TO K03cpcpnnJieHTbl BbiqncJIHIOTCJI ,ll;JIH o,n:Hoil: 

IIOBepXHOCTII ( rro.n:rrporpaMMa TYPE4): 

a1,i = 1 , a2,i = 1 , a3,; = 1 , 

a1,i = -X1 , as,;= -Yi , ag,; = -z1·, 

a10,i = x; + Y;_2 + z; - Ri , OCTaJibHble HYJill j 

2 . .Ll:JIH orrpe,n:eJieHHblX TaKllM o6pa30M N IIOBepXHOCTeil: orrpe,n:eJIHIOTCJI N ycJIOBllll 

nx orpaHnqeHHOCTll (Ta JRe rro,n:rrporpaMMa GEOMETRY JI Bbl3blBaeMble eIO rro.n:­

rrporpaMMbl TYPE1, TYPE21, TYPE22, TYPE23, TYPE31, TYPE32, TYPE33, TYPE4). 
8TH ycJIOBllJI B TOqHOCTll aHaJiornqHbl rrpHBO,n;nMblM BblIIIe rrp!I orrncaHllll 3OH, T.e. 

ll3 KaJR,n:o.ii IIOBepXHOCTII Bblpe3aeTCJI qacTb, rrp!IHa,n:JieJRamaJI TOH 3OHe, l{OTOpyIO 

3Ta IIOBepXHOCTb orpaHnqnaaeT. 

3 . .Ll:JIH O,/l;HO.ii ll3 N IIOBepXHOCTeil: pernaeTCR ypaBHeHne (1.3) ll HaXO,n;JITCJI ero 

KopHn, Jiemamne B HHTepaaJie O < t < I (rro.n:rrporpaMMa CROSS). Ecmr TaKo­

BblX HeT, TO BblIIOJIHJieTCJI rrepexo.n: I{ IIYHHTY 6. B cJiyqae eCJill llMCCTCJI O,/l;llH 

KopeHb - rrepexo.n: K IIYHKTY- 4. EcJIII ,ll;Ba HOpHR, TO Bb16HpaeTCJI MeHbIIIllil:, 

rrocJie qero ,n:eJiaeTcJI rrepexo.n: K rryHKTY 4. 

4. Ilo,n:cTaHOBKOli Hail:,n:eHHOro KOpH!I ypaBHCHIIJI (1.3) a cpopMyJibl (l.2) uaxo,n:HTCR 

ToqKa rrepeceqeHHJI OTpe3Ha C paccMaTpHBaeMOR IIOBepXHOCTb!O ( rro,n:nporpaMMa 

CROSS). 

5 . .Ll:JIH Hafi,n:eHHOli ToqKJI rrepeceqeHHJI rrpoaepR!OTCJI ycJIOBllJI, ycTaHOBJieHHLIC a 

11yHKTe 2 (rro,n:11porpaMMa CHECK). EcJIH OHM BbllIOJIHJIIOTCJI, TO CJTa ToqKa 3ano­

M1IHaeTcJI. 

8 Ilo.l(rrporpaMMhl TYPE31 H TYPE32 - .l\JIJl KOHYCOB, opHeHTHpOBaHHhlX B.l\OJII, ocell X 11 y 
COOTBeTCTBeHHO. 
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6. IlymnhI 3 .5 IIOBTOpR!OTCJI ,n;JIJI KaJR)lOlt ll3 N noaepXHOCTelt ( 3TOT nponecc 

pC'amrnoaan nonnporpaMMolt COROUT). 

i. vb uaiIJlC'HHhIX TaKHM o6pa3oM To'!eK nepece•reHHJI (nx qncno :S N) BM6npaeTcJI 

6mrnrnilman K 1~. 

OnreTJIM, 'ITO npn parcMoTpeHllH npyrnx TllilOB reoMeTpmr HYJRHO )lOTIOJIHHTb JIHlllb 

npmn,1 I II 2 onncaHHOfO Bhlllle a,1ropnn.ra. nynHThl 3 - i OCTaIOTCJI HeH3MeHHhlMll. 

Tan1rn o6pa:mM, uam anropnTM nonarn•rno yi-maepcaneH n IIO3BOJIJieT. npn Heo6xonn­

WH"Tll. \l\lt'CTH 11O\lblf' reOMPTJHl'iecHne <popMbl :JOH ~l!llllelIH. 

4. IlporpaMMHa.JI peaJI1rnau;HH aJiropHTMa 

Bee nonnporpaMMbI, peaJillJyromne onncaHHhIH aJiropHTM, HanncaHhI Ha llJbIKe FORTRAN'77. 

TTpeJKne ecero, HJ exonHoro cpaiina. INPUT.DAT C'IHTbIBaetcll nmpopMaUHll o JOHax MHUieHH. 

CooreeTctByromnii cpparMenr INPUT.DAT HMeer sun: 

C TARGET PARAMETERS 
C Number of zones in the target ( <31) 

4 

C Geometrical description of the zones. 
(One string is used for every zone. C 

C Th~ explanation of the parameters see in subroutines OUT or GEOMETRY). 
0. 0. 23.8 15.7 0. 2.3 0. o. o. 

0. o. 0. 0. 2.4 21.4 13.3 0. 2.3 

0. o. o. 0. 4.9 18.9 10.8 0. 2.3 

0. 0. o. 0 . 4.9 18.9 1.3 0. 2.3 

. . .. . . .. ... . . . ... . . . .. . . . . . . ..... .. .. . . .. . 
( B Ha•wcrae rrpnMepa paccMotpeu cnytrai-1 'leTMpex Jou: 3TO 4 numrnnpa. anomeHHhIX 

[l()('J!P/\OBaTeJibllO O,/l;llH B .n:pyrolt). 

:+rn )lamme cqn-rh!BaIOTCR rro.n:rrporpaMMOi-1 BENPAK. 3necb me Bhl3hl!lae-rrn nonnpo­

rpaMMa GEOMETRY, npeo6pa3yIOmaJI 3TH ,n:aHHhle B nHcpopMaunIO o noaepxnocTJIX, orpa-

1Hl'rn»a10lllHX 3OHhI. Coo-rBeTCTBYIOmnfi cpparMeHT BENPAK HMeeT ann: 

C 

READ (5,*) 
READ (5,*) 
Number of zones in the target ( <31 ) 
READ (5,*)NZONE 
READ (5,*) 
READ (5,*) 
READ (5,*) 
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C Ceometrical description of the zones. 
C The explanation of parameters see in the subroutine OUT. 

DO 5 I=1,NZONE 
5 READ (5,*)(GH(J,I),J=1,9) 

CALL GEOMETRY 

········ ........... ········· ·············. 
Ilo.!(nporpaMMa GEOMETRY .!(JIB KaJR.!(olt 3OHhl B Jaan:cn:MoCTH OT THna ee reoMe­

Tpn:n: Bhl3h!BaeT cooTBeTcTBywnzyw no.!(nporpa.MMy ( no.!(nporpaMMhl TYPE!, TYPE21 n: 

T.II. ), KOTOpaJI H Bh!qHcJIHeT K03cpqmuHeHThl IIOBepXHOCTelt, orpaHHqHBalOil.{HX 3TY 3OHY 

(COMMON /SURFACE/SF(10 ,60) ), a rami<e napaMeTphl, OIIpe.!(eJIHIOil.lHe ycJJOBHn orpa­

HHqeHHOCTH arn:x noaepxnocTelt (COMMON /CONDITION/CN(9,, 60) ). IloCJJe noro onpe­

.!(e,1ReTcn qncJJo noaepxnocTefi (COMMON /NSURFACES/NSF). 

Bonpoc O TOM, KaKolt 3OHe IIpHHa,nJJeJKHT .!(aHHan roqKa, pemaeTcn UO.!(IlporpaMMOi! 

OUT. Ilo KOOp.!(HHaTaM TOqKH, 3a.!(aHHh!M B Ka'leCTBe apryMeHTOB. 3Ta IIO.!(IIporpaMMa 

Bh!.!(aeT JJH6o• oTpHUaTeJihHoe qncJJo, paaHoe no a6coJJIOTHOil BeJJnqnHe HOMepy 3OHhl, 

B KOTopoil: naxo.!(HTcn paccMaTpn:aaeMaJI ToqKa (COMMON /GOOUT/GOT), mr6o noJJOJKH­
TeJJhHoe qncJio, ecJin: TOqKa JieJKHT BHe MHilleHH. 

Ilo.!(IIporpaMMa COROUT IIpon:3BO.!(HT nonrn IIepaolt ToqKn IIepece'!eHHn 'IaCTHUeil: 

rpaHHUhl 3OHhl. ,L(JIH 3Toro Bhl3h!BaIOTCJJ IIO.!(IIporpaMMhl CROSS H CHECK. Ilo.!(npo­

rpaMMa CROSS pemaeT ypaaneHne ( 1.3) Ha oTpe3Ke (0, 1) H no cpopMyJJaM ( 1.2) Haxo,nHT 

ToqKn nepeceqennn (DIMENSION RC1 (3) ,RC2(3) ). Ilo,nIIporpaMMa CHECK IIpoaepneT, 

.!(eil:CTBHTeJihHO Jill Hafi.!(eHHaJI IlO.!(IIporpaMMOil: CROSS TOqKa npn:Ha.!(JJeJKHT ,naHJ-TOil: IIO­

BepXHOCTH (IND> 0), a He ee npo.!(oJIJKeHHIO (IND< 0). KpoMe Toro, no,nnporpaMMa 

COROUT Bh!qHCJIHIOT IlOTepIO 3HeprHH 3apJJJKeHHOlt qacTn:u:elt Ha .!(aHHOM OTpe3Ke nyn1. 

TeKCThl no.!(nporpaMM npnae.!(eHh! B IlpuJJoJKeHHH. 

B cJiyqae HCIIOJih3OBaHHJI HeonucaHHh!X THilOB reoMeTpHH Heo6XO.!(HMO HamrcaTh 

IIO.!(IIporpaMMy TYPE_new H BKJJIQqHTh COOTBeTCTBYIOil.lYIO HHcpopMaUHIO B IIO.!(IIporpaM­

Mhl GEOMETRY, CHECK, OUT. Ilo.!(nporpaMMhl COROUT n: CROSS np11 aToM ocTa10.Tcn He­
H3MeHHh!MH. 
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IlpHJiomeHHe 

SUBROUTINE OUT(X,Y,Z) 

c----------------------------------------------------------------------
c DETERMINATION OF A ZONE NUMBER. 
C IF GOT> 0, THEN THE POINT IS OUTSIDE THE TARGET. 
C IF GOT< 0, THEN GOT= - ZONE NUMBER. 

c----------------------------------------------------------------------
IMPLICIT REAL*8 (A-H,0-Z) 
COMMON /BLOK1/GH(9,30) 

* /NZONE/NZONE 
* /GOOUT/GOT 

c----------------------------------------------------------------------
DO 100 I=NZONE,1,-1 

C , Selection of a geometry type 
IF(GH(9,I).EQ.1.0DO)GO TO 1 
IF(GH(9,I).EQ.2.1DO)Ga 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 CONTINUE 

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

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

GO TO 100 

c----------------------------------------------------------------------
21 CONTINUE 

C Cylinder along x-axes : 
IF(X.GE.GH(1,I).AND.X.LE.GH(2,I).AND. 

+ DSQRT((Y-GH(3,I))**2+(Z-GH(5,I))**2).LE.GH(7,I))GO TO 200 
GO TO 100 

c----------------------------------------------------------------------
22 CONTINUE 

C Cylinder along y-axes: 
IF(Y.GE.GH(3,I).AND.Y.LE.GH(4,I).AND. 

+ DSQRT((Z-GH(5,I))**2+(X-GH(1,I))**2).LE.GH(7,I))GO TD 200 
GO TO 100 

c----------------------------------------------------------------------
23 CONTINUE 

C Cylinder along z-axes : 
IF(Z.GE.GH(5,I).AND.Z.LE.GH(6,I).AND. 
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+ DSQRT((X-GH(1,I))••2+(Y-GH(3,I))••2).LE.GH(7,I))GO TO 200 
GO TO 100 

c----------------------------------------------------------------------
31 CONTINUE 

C Cone along x-axes: 
IF(X.GE.GH(1,I).AND.X.LE.GH(2,I).AND. 

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

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

3.2 CONTINUE 
C Cone along y-axes: 

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

GO TO 100 

c----------------------------------------------------------------------
33 CONTINUE 

C Cone along z-axes : 
IF(Z.GE.GH(5,I).AND.Z.LE.GH(6,I).AND. 

+ DSQRT((X-GH(1,I))••2+(Y-GH(3,I))••2).LE. 
+ GH(7,I)-GH(5,I)•(GH(8,I)-GH(7,I))/(GH(6,I)-GH(5,I)))GO TO 200 

GO TO 100 

c----------------------------------------------------------------------
4 CONTINUE 

C Sphere: 
IF(DSQRT((X-GH(1,I))••2+(Y-GH(3,I))••2+(Z-GH(5,I))••2).LE. 

+ GH(7,I))GO TO 200 
GO TO 100 

c----------------------------------------------------------------------
100 CONTINUE 

GOT=1.0DO 
RETURN 

200 GOT=-FLOAT(I) 
RETURN 
END 

SUBROUTINE COROUT(BACK,SIDE,FORV) 
c----------------------------------------------------------------------
c DETERMINATION OF THE CLOSEST INTERSECTION POINT. 
c----------------------------------------------------------------------

IMPLICIT REAL•8 (A-H,0-Z) 
COMMON /WRPRIN/WPIN(9) 

* /WRPR/WP(9) 
* /GOOUT/GOT 
* /BLOK1/GH(9,30) 
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.., 

* /GHAUX/GHAUX(30) 
* /NSURFACES/NSF 
* /SURFACE/SF(10,60) 
* /CONDITION/CN(9,60) 

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

C 

C 

C 

C 

1 

C 

C 

C 

C 

BACK=O.ODO 
IF(SIDE.GT.O.ODO)RETURN 
NZ=IDINT(-SIDE+0.3) 
INDIKATOR=-1 
Looking for the closest intersection point amongst all surfaces: 
DO 1 I=1,NSF 
Determination of intersection points for the surfase of number I: 
CALL CROSS(I,RC1,RC2,IND1,IND2) 
Checking for these intersection points: 
DEL1=0.0DO 
IF(IND1.GT.O)CALL CHECK(I,RC1(1),RC1(2),RC1(3),IND) 
IF(IND1.GT.O.AND.IND.GT.O) 

+DEL1=DSQRT((WP(1)-RC1(1))••2+(WP(2)-RC1(2))**2+(WP(3)-RC1(3))••2) 
DEL2=0.0DO 
IF(IND2.GT.O)CALL CHECK(I,RC2(1),RC2(2),RC2(3),IND) 
IF(IND2.GT.O.AND.IND.GT.O) 

+DEL2=DSQRT((WP(1)-RC2(1))••2+(WP(2)-RC2(2))••2+(WP(3)-RC2(3))••2) 
Choose ot the closest intersection point: 
IF(BACK.GT.DMAX1(DEL1,DEL2))GO TO 1 
BACK=DMAX1(DEL1,DEL2) 
CONTINUE 
IF(BACK.LE.0.0DO)RETURN 
To avoid stoping: 
BACK=BACK-1.0D-7 
PATH= 

+SQRT((WP(1)-WPIN(1))••2+(WP(2)-WPIN(2))••2+(WP(3)-WPIN(3))••2) 
The closest intersection point: 
WP(1)=WP(1)-(WP(1)-WPIN(1))•BACK/PATH 
WP(2)=WP(2)-(WP(2)-WPIN(2))•BACK/PATH 
WP(3)=WP(3)-(WP(3)-WPIN(3))•BACK/PATH 
Determination of a zone number: 
CALL OUT(WP(1),WP(2),WP(3)) 
Correction of the energy for the charged particles: 
IF(WP(8).EQ.O.)RETURN 
PATH= 

+SQRT((WP(1)-WPIN(1))••2+(WP(2)-WPIN(2))**2+(WP(3)-WPIN(3))••2) 
IF(GHAUX(NZ).GT.O.)WP(7)=TNEW(PATH,SIDE) 
FORV=WP(7) 
CALL REGPPD(SIDE,WPIN(7),WP(7)) 

c----------------------------------------------------------------------
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RETURN 
END 

SUBROUTINE CROSS(I,RC1,RC2,IND1,IND2) 

c----------------------------------------------------------------------
c CALCULATION OF INTERSECTION POINTS : 
C Surface: SF(1,I) * x-2 + SF(2,I) * y-2 + SF(3,I) * y-2 + 
C + 2 SF(4,I) * XY + 2 SF(S,I) * YZ + 2 SF(6,I) * ZX + 
C + 2 SF(7,I) * X + 2 SF(8,I) * Y + 2 SF(9,I) * Z + 
C + SF(10,I) = 0. 
C 
C Interval: X = (1-T) * WPIN(1) + T * WP(1), 

Y = (1-T) * WPIN(2) + T * WP(2), 
Z = (1-T) * WPIN(3) + T * WP(3), 

C 
C 

C 

O<T<1. 

C To find intersection points, we should solve the 
C equation: A* T-2 + 2 B * T + C = 0, O < T < 1. 

c----------------------------------------------------------------------
IMPLICIT REAL*8 (A-H,0-Z) 
COMMON /SURFACE/SF(10,60) 

* /WRPRIN/WPIN(9) 
* /WRPR/WP(9) 

DIMENSION RC1(3),RC2(3) 

c----------------------------------------------------------------------
IND1=-1 
IND2=-1 
T1=0.0DO 
T2=0.0DO 
DO 1 J=1,3 
RC1(J)=O.ODO 

1 RC2(J)=O.ODO 

c----------------------------------------------------------------------
c Coeficients for the equation: 

A=SF(1,I)*(WP(1)-WPIN(1))**2+ 
+SF(2,I)*(WP(2)-WPIN(2))**2+ 
+SF(3,I)*(WP(3)-WPIN(3))**2+ 
+2.0DO*SF(4,I)*(WP(1)-WPIN(1))*(WP(2)-WPIN(2))+ 
+2.0DO*SF(5,I)*(WP(2)-WPIN(2))*(WP(3)-WPIN(3))+ 
+2.0DO*SF(6,I)*(WP(3)-WPIN(3))*(WP(1)-WPIN(1)) 
B=SF(1,I)*(WP(1)-WPIN(1))*WPIN(1)+ 

+SF(2,I)*(WP(2)-WPIN(2))*WPIN(2)+ 
+SF(3,I)*(WP(3)-WPIN(3))*WPIN(3)+ 
+SF(4,I)*((WP(1)-WPIN(1))*WPIN(2)+(WP(2)-WPIN(2))*WPIN(1))+ 
+SF(5,I)*((WP(2)-WPIN(2))*WPIN(3)+(WP(3)-WPIN(3))*WPIN(2))+ 
+SF(6,I)*((WP(3)-WPIN(3))*WPIN(1)+(WP(1)-WPIN(1))*WPIN(3))+ 
+SF(7,I)*(WP(1)-WPIN(1))+ 
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) 

+SF(8,I)*(WP(2)-WPIN(2))+ 
+SF(9,I)*(WP(3)-WPIN(3)) 
C=SF(1,I)*WPIN(1)**2+ 

+SF(2,I)*WPIN(2)**2+ 
+SF(3,I)*WPIN(3)**2+ 
+2.0DO*SF(4,I)*WPIN(1)*WPIN(2)+ 
+2.0DO*SF(5,I)*WPIN(2)*WPIN(3)+ 
+2.0DO*SF(6,I)*WPIN(3)*WPIN(1)+ 
+2.0DO*SF(7,I)*WPIN(1)+ 
+2.0DO*SF(8,I)*WPIN(2)+ 
+2.0DO*SF(9,I)*WPIN(3)+ 
+SF(10,I) 

c----------------------------------------------------------------------
IF(DABS(A).GT.1.0D-10)GO TO 2 
IF(DABS(B).LT.1.0D-10)RETURN 
T1=-0.5DO*C/B 
GO TO 3 

c----------------------------------------------------------------------
c Determinant of the equation: 
2 D=B*B-A*C 

IF(D.LE.O.ODO)RETURN 
DET=DSQRT(D) 

C Roots of the equation: 
T1=-B/A-DET/A 
T2=-B/A+DET/A 

c----------------------------------------------------------------------
3 IF(T1.GT.O.ODO.AND.T1.LT.1.0DO)IND1=+1 

C It T1 is in (0,1), then the first intersection point: 
IF(IND1.GT.O)RC1(1)=(1.0DO-T1)*WPIN(1)+T1*WP(1) 
IF(IND1.GT.O)RC1(2)=(1.0DO-T1)*WPIN(2)+T1*WP(2) 
IF(IND1.GT.O)RC1(3)=(1.0DO-T1)*WPIN(3)+T1*WP(3) 
IF(T2.GT.O.ODO.AND.T2.LT.1.0DO)IND2=+1 

C It T2 is in (0,1), then the second intersection point: 
IF(IND2.GT.O)RC2(1)=(1.0DO-T2)*WPIN(1)+T2*WP(1) 
IF(IND2.GT.O)RC2(2)=(1.0DO-T2)*WPIN(2)+T2*WP(2) 
IF(IND2.GT.O)RC2(3)=(1.0DO-T2)*WPIN(3)+T2*WP(3) 

c----------------------------------------------------------------------
RETURN 
END 

SUBROUTINE CHECK(I,X,Y,Z,IND) 

c----------------------------------------------------------------------
c CHECK: DOES THE INTERSECTION POINT BELONG TO A ZONE OF NUMBER I? 
C IF IND> O, THEN YES. 
C IF IND< 0, THEN NO. 

c----------------------------------------------------------------------
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IMPLICIT REAL*B (A-H,0-Z) 
COMMON /CONDITION/CN(9,60) 

c----------------------------------------------------------------------
IND=+1 

C Selection of a condition type 
IF(CN(9,I).EQ.1.0DO)GO TO 1 
IF(CN(9,I).EQ.2.1DO)GO TO 21 
IF(CN(9,I).EQ.2.2DO)GO TO 22 
IF(CN(9,I).EQ.2.3DO)GO TO 23 
IF(CN(9,I).EQ.3.1DO)GO TO 31 
IF(CN(9,I).EQ.3.2DO)GO TO 32 
IF(CN(9,I).EQ.3.3DO)GO TO 33 
IF(CN(9,I).EQ.4.0DO)GO TO 4 

c----------------------------------------------------------------------
1 CONTINUE 

C Parallelepiped: 
IF(X.GT.CN(1,I)-1.0D-10.AND.X.LT.CN(2,I)+1.0D-10.AND. 

+ Y.GT.CN(3,I)-1.0D-10.AND.Y.LT.CN(4,I)+1.0D-10.AND. 
+ Z.GT.CN(5,I)-1.0D-10.AND.Z.LT.CN(6,I)+1.0D-10)RETURN 

GO TO 100 

c----------------------------------------------------------------------
C 

21 CONTINUE 
Cylinder along x-axes : 
IF(X.GT.CN(1,I)-1.0D-10.AND.X.LT.CN(2,I)+1.0D-10.AND. 

+ DSQRT((Y-CN(3,I))**2+(Z-CN(5,I))**2).LT.CN(7,I)+1.0D-10)RETURN 
GO TO 100 

c----------------------------------------------------------------------
22 CONTINUE 

C Cylinder along y-axes 
IF(Y.GT.CN(3,I)-1.0D-10.AND.Y.LT.CN(4,I)+1.0D-10.AND. 

+ DSQRT((Z-CN(5, I) )**2+(X-CN(1, I)) **2) .LT. CN(7, I)+1.0D-10)RETURN 
GO TO 100 

c----------------------------------------------------------------------
23 CONTINUE 

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

+ DSQRT((X-CN(1,I))**2+(Y-CN(3,I))**2).LT.CN(7,I)+1.0D-10)RETURN 
GO TO 100 

c----------------------------------------------------------------------
C 

31 CONTINUE 
Cone along x-axes: 
IF(X.GT.CN(1,I)-1.0D-10.AND.X.LT.CN(2,I)+1.0D-10.AND. 

+ DSQRT((Y-CN(3,I))**2+(Z-CN(5,I))**2).LT. 
+ CN(7,I)-CN(1,I)*(CN(8,I)-CN(7,I))/(CN(2,I)-CN(1,I))+1.0D-10) 
+RETURN 

GO TO 100 
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c-------------------------------------------------------------- , ______ _ 
32 CONTINUE 

C Cone along y-axes : 
IF(Y.GT.CN(3,I)-1.0D-10.AND.Y.LT.CN(4,I)+1.0D-10.AND. 

+ DSQRT((Z-CN(5,I))**2+(X-CN(1,I))**2).LT. 
+ CN(7,I)-CN(3,I)*(CN(8,I)-CN(7,I))/(CN(4,I)-CN(3,I))+1.0D-10) 
+RETURN 

GO TO 100 

c----------------------------------------------------------------------
33 CONTINUE 

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

+ DSQRT((X-CN(1,I))**2+(Y-CN(3,I))**2).LT. 
+ CN(7,I)-CN(5,I)*(CN(8,I)-CN(7,I))/(CN(6,I)-CN(5,I))+1.0D-10) 
+RETURN 

GO TO 100 

c----------------------------.-----------------------------------------
4 CONTINUE 

C Sphere: 
IF(DSQRT((X-CN(1,I))**2+(Y-CN(3,I))**2+(Z-CN(5,I))**2).LT. 

+CN(7,I)+1.0D-10)RETURN 
GO TO 100 

c----------------------------------------------------------------------
100 IND=-1 

RETURN 
END 

SUBROUTINE GEOMETRY 

c----------------------------------------------------------------------
c ANALYSIS OF ZONES' SURFASES 
C AND CALCULATION OF THEIR COEFFICIENTS. 

c----------------------------------------------------------------------
IMPLICIT REAL*B (A-H,0-Z) 
COMMON /BLOK1/GH(9,30) 

* /NZONE/NZONE 
* /NSURFACES/NSF 

c----------------------------------------------------------------------
K=l 

C Selection of a geometry type and 
C calculation of coeficients for boundary surfaces: 

C 

C 

C 

DO 1 I=l,NZONE 
Parallelepiped: 
IF(GH(9,I).EQ.1.0DO)CALL TYPEl(I,K) 
Cylinder along x-axes: 
IF(GH(9,I).EQ.2.1DO)CALL TYPE21(I,K) 
Cylinder along y-axes: 
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IF(GH(9,I).EQ.2.2DO)CALL TYPE22(I,K) 
C Cylinder along z-axes: 

IF(GH(9,I).EQ.2.3DO)CALL TYPE23(I,K) 
C Cone along x-axes: 

IF(GH(9,I).EQ.3.1DO)CALL TYPE31(I,K) 
C Cone along y-axes: 

IF(GH(9,I).EQ.3.2DO)CALL TYPE32(I,K) 
C Cone along z-axes: 

IF(GH(9,I).EQ.3.3DO)CALL TYPE33(I,K) 
C Sphere: 

IF(GH(9,I).EQ.4.0DO)CALL TYPE4(I,K) 
1 CONTINUE 

C Number of surfaces: 
NSF=K-1 

c----------------------------------------------------------------------
RETURN 
END 

SUBROUTINE TYPE1(I,K) 

c----------------------------------------------------------------------
c PARALLELEPIPED: GH(9,I)=1.0. 
C CALCULATION OF BOUNDARY SURFACES COEFICIENTS. 

c--------------------------------------------------.-------------------
IMPLICIT REAL*8 (A-H,0-Z) 
COMMON /BLOK1/GH(9,30) 

* /SURFACE/SF(10,60) 
* /CONDITION/CN(9,60) 

c----------------------------------------------------------------------
C 

C 

The first surface: 
SF(1,K)=1.0DO 
SF(2,K)=O.ODO 
SF(3,K)=O.ODO 
SF(4,K)=O.ODO 
SF(5,K)=O.ODO 
SF(6,K)=O.ODO 
SF(7,K)=-0.5DO*(GH(1,I)+GH(2,I)) 
SF(8,K)=O.ODO 
SF(9,K)=O.ODO 
SF(10,K)=GH(1,I)*GH(2,I) 
The second surface: 
SF(1,K+1)=0.0DO 
SF(2,K+1)=1.0DO 
SF(3,K+1)=0.0DO 
SF(4 ,K+1)=0. ODO 
SF(5,K+1)=0.0DO 
SF(6,K+1)=0.0DO 
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SF(7,K+1)=0.0DO 
SF(8,K+1)=-0.5DO*(GH(3,I)+GH(4,I)) 
SF(9,K+1)=0.0DO 
SF(10,K+1)=GH(3,I)*GH(4,I) 

C The third surface: 
SF(1,K+2)=0.0DO 
SF(2,K+2)=0.0DO 
SF(3 ,K+2)=1.0DO 
SF(4,K+2)=0.0DO 
SF(5,K+2)=0.0DO 
SF(6,K+2)=0.0DO 
SF(7,K+2)=0.0DO 
SF(8,K+2)=0.0DO 
SF(9,K+2)=-0.5DO*(GH(5,I)+GH(6,I)) 
SF(10,K+2)=GH(5,I)*GH(6,I) 

c----------------------------------------------------------------------c Conditions: 
DO 1 J=1,9 
CN(J,K)=GH(J,I) 
CN(J,K+1)=GH(J,I) 

1 CN(J,K+2)=GH(J,I) 

c----------------------------------------------------------------------
K=K+3 

c----------------------------------------------------------------------
RETURN 
END 

SUBROUTINE TYPE23(I,K) 

c----------------------------------------------------------------------
c CILINDER ALONG Z-AXES: GH(9,I)=2.3. 
C CALCULATION OF BOUNDARY SURFACES COEFICIENTS. 

c----------------------------------------------------------------------
IMPLICIT REAL*8 (A-H,0-Z) 
COMMON /BLOK1/GH(9,30) 

* /SURFACE/SF(10,60) 
* /CONDITION/CN(9,60) 

c----------------------------------------------------------------------
c The first surface: 

SF(1,K)=1.0DO 
SF(2,K)=1.0DO 
SF(3,K)=O.ODO 
SF(4,K)=O.ODO 
SF(5,K)=O.ODO 
SF(6,K)=O.ODO 
SF(7,K)=-GH(1,I) 
SF(8,K)=-GH(3,I) 
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SF(9,K)=O.ODO 
SF(10,K)=GH(1,I)**2+GH(3,I)**2-GH(7,I)**2 

C The second surface: 
SF(1,K+1)=0 .ODO 
SF(2,K+1)=0.0DO 
SF(3,K+1)=1.0DO 
SF(4,K+1)=0.0DO 
SF(5,K+1)=0.0DO 
SF(6,K+1)=0.0DO 
SF(7,K+1)=0.0DO 
SF(8,K+1)=0.0DO 
SF(9,K+1)=-0.5DO*(GH(5,I)+GH(6,I)) 
SF(10,K+1)=GH(5,I)*GH(6,I) 

c----------------------------------------------------------------------
c Conditions: 

DO 1 J=1,9 
CN(J ,K)=GH(J ,I) 

1 CN(J,K+1)=GH(J,I) 

c----------------------------------------------------------------------
K=K+2 

c----------------------------------------------------------------------
RETURN 
END 

SUBROUTINE TYPE33(I,K) 
c----------------------------------------------------------------------
c CONE ALONG Z-AXES: GH(9,I)=3.3. 
C CALCULATION OF BOUNDARY SURFACES COEFICIENTS. 
c----------------------------------------------------------------------

IMPLICIT REAL*8 (A-H,0-Z) 
COMMON /BLOK1/GH(9,30) 

* /SURFACE/SF(10,60) 
* /CONDITION/CN(9,60) 

c----------------------------------------------------------------------
c The first surface: 

SF(1,K)=1.0DO 
SF(2,K)=1.0DO 
SF(3,K)=-((GH(8,I)-GH(7,I))/(GH(6,I)-GH(5,I)))**2 
SF(4,K)=O.ODO 
SF(5,K)=O.ODO 
SF(6,K)=O.ODO 
SF(7,K)=-GH(1,I) 
SF(8,K)=-GH(3,I) 
SF(9,K)=GH(5,I)*((GH(8,I)-GH(7,I))/(GH(6,I)-GH(5,I)))**2 
SF(10,K)=GH(1,I)**2+GH(3,I)**2-

*(GH(7,I)-GH(5,I)*(GH(8,I)-GH(7,I))/(GH(6,I)-GH(5,I)))**2 
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C The second surface: 
SF(1,K+1)=0.0DO 
SF(2,K+1)=0.0DO 
SF(3,K+1)=1.0DO 
SF(4,K+1)=0.0DO 
SF(5,K+1)=0.0DO 
SF(6,K+1)=0.0DO 
SF(7 ,K+1)=0. ODO 
SF(8,K+1)=0.0DO 
SF(9,K+1)=-0.5DO*(GH(5,I)+GH(6,I)) 
SF(10,K+1)=GH(5,I)*GH(6,I) 

c----------------------------------------------------------------------
c Conditions: 

DO 1 J=1,9,1 
CN(J,K)=GH(J,I) 

1 CN(J,K+1)=GH(J,I) 

c----------------------------------------------------------------------
K=K+2 

c----------------------------------------------------------------------
RETURN 
END 

SUBROUTINE TYPE4(I,K) 

c----------------------------------------------------------------------
c SPHERE: GH(9,I)=4.0 . 
C CALCULATION OF BOUNDARY SURFACE COEFICIENTS. 

c----------------------------------------------------------------------
IMPLICIT REAL*8 (A-H,0-Z) 
COMMON /BLOK1/GH(9,30) 

* /SURFACE/SF(10,60) 
* /CONDITION/CN(9,60) 

c----------------------------------------------------------------------
c The only surface: 

SF(1,K)=1.0DO 
SF(2,K)=1.0DO 
SF(3,K)=1.0DO 
SF(4,K)=O.ODO 
SF(5,K)=O.ODO 
SF(6,K)=O.ODO 
SF(7,K)=-GH(1,I) 
SF(8,K)=-GH(3,I) 
SF(9,K)=-GH(5,I) 
SF(10,K)=GH(1,I)**2+GH(3,I)**2+GH(5,I)**2-GH(7,I)**2 

c----------------------------------------------------------------------
c Conditions: 

DO 1 J=1,9 
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1 CN(J,K)=GH(J,I) 

c----------------------------------------------------------------------
K=K+l 

c----------------------------------------------------------------------
RETURN 
END 

PyKollHCL nocTynHJia B HJJ(aTeJibCKHH, ~TJ(eJI 

27 HIOJlll '} 998 fOJ(a. 
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