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8KcnepHMeHTH C YnbTpaxon0~4R HelTpOH8MH (YXH) /I/ BKXID~a
I>T B ce6.a: B Ka~eCTBe COCT8BHOi ~BOTH Tp8HCfiOpTHpOBRY YXH no Tpy-

6aM OT peaKTOpa ~0 HSMepHTen»HOii annapaTypH. B c~ae npHMOXKHei!

HHX UH~H~eCKHX Hei!TpOHOBO~OB :IPOUeCC Tp8HCnopTHpOBKH paCCM8T

pHB8JlCJ1 B pa6oTe / 2/ R8R TeopeTH~,3CKH, T8K H C llOUOIIt&l> tm:CJieHHOrO 

MO~eJIHpOB8HKH MeTO~OM MOHTe-KapJIO. O~aRO 06~0 Tp8HCnOpTHpOBR8 

DpOH3BO~TCH no HeiTpOHOBO~aM CJlrutaoi reoMeTpH~eCROH KOHCTpyKUKK. 

qT06H y~OBJleTBOpHTD noTpe6HOCTH p133JIH~ Jl860p8TOpHi H axcnepH-
. . 

MeHTOB, 6HJIB paspa6oTaHa cHcTeMB :Io~orpaMM, nosBoJial)mas paccqx-

THBBTD Tp8HCnOpTHpOBRY YXH no Hei•~pOHOBO~aM, COCTOSII1tlillvt H3 UH~

pH~eCKHX, KOHH~eCRHX ~8CTKOB H Y:~OJIKOBHX llOBOpOTOB, H HMei>ntmM 

peaJIHCTH~eCRHi 38KOH OTpazeHRa OT CTeHOR. HaCTOHmSH pa60T8 nOCBH

meHa no~o6HOMY onHcaHHD aTHX no~IporpaMM. 

. . 
ITo~orpaMMB R I G- J- T ( Z I , Z K) 

oTO OCHOBH8J1 no~orpaMMa. Qua OimCHB8eT ~P.Dll:eHHe HeiTpOH 

no UH~H~ecxoi! Tpy6e (cM.pHc.I>, Ha~a.R: OT HeRoTopoi! sa~aHHoii 

TO~H ( t( , l L ) ( B UHJmH,I(pH~eCJtOH CHCTeMe ROOp~aT C OCDI> Z 

B,IJ;OnD OCH llHJmH,I(p8) C 38~8HHHM H8llpBBJieHHeM BeKTOpa CKOpOCTH V , 

H KOH~a.R: nocJie~ coy~apeHHeM co cTeHKoi. ITpo~EEeHHe oT Ha~aJID

Hoii TO~H ( r i , z i. ) .no TO~H nepnoro coy~apeHKH ( rf , z. f ) 

CO CTeHKOi OimCHB8eTCJ1 BeKTOpOM 

(I) 

KOTOp!rli HMeeT JIPOeKUHH HB OCD z ( e.zunmtmJ:aiA BeKTOp e ~ ) H 

HB Ha~aJIDHl:lA pa.IJ;HYC ~· ~ paBHHe: 

f e .l = f cos () z == Ll .z , 

tr. = rf r.- r.2
= !_[r

1
2 -r.2

-(tJr)
2

} (2) 
l { {. 2 l ~ 
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.~. KBa.n;paT BeKTOpa t pa.aeH: 

f 2 = ( .::1 r )2 + ( LJ.? )2 

OTI\Y,D;a CJie,IJ;yeT { C yqeTOM ( 2)) , 1 [T0 

LJ ~ = I L1 r / · c f g ()z 

(3) 

(4) 

IIpHHEMaSI a6coJIDTHoe saa-qeHme aa-qE,,m,Horo pa.nm:yca paBHHM j , 

a a6COJII)THOe saaqeJme pa,D;Hyca Tpy61:l (a sHatmT H I rf I ) paBHI:lM I, 

nonyqaeM HS ( z ) : 

(5) 

r,n;e v Ha 

ITJIOCKOCTb, nepnea,n;HRyJIHpayro OCH 2 • ~HXeHHe OT O,D;HOH TOllKH 

coy,n;apeHRS: CO CTeHKOH ,IJ;O ,IJ;pyrOH OmiCI:lBaeTC.f.£ TeME: llte t})opMyJiaME: 

(4) H (5), HOB (5) CJie,IJ;yeT j ITOJIOXHT~ paBHHM TOllte e,IJ;HHHUe. 

llpH STOM f L1 r I oKaSI:lBaeTcSI paBHI:lM 

1 Ll r J = - 2 cos r Jia (6) 

nocKonxy /1.-sin~ <fs; = - c o S 'fs, .l- > 0 . 

Ha caMOM ,IJ;eJie ~KEeHHe B,IJ;OJn, Tpy61:l Y,IJ;06HO paSJIOlltHTb Ha ITOCTy

naTeJibHOe nepeMemeHHe B,IJ;OJ!b ocm: z H BpameHHe B nepneH,D;HKyn.a:p-

HOH ITJIOCKOCTH, npH-qeM ITOCJie,IJ;Hee j~06HO OnHCI:lBaT~ C ITOMOmDD KOMIT

JieKCHI:lX -qm:ceJI, a HMeHHO, CJie,IJ;yeT f npe,D;CTaBHTb KaR 
i fv 

a H8 CKOpOCTH V BB,IJ;eJIHT~ HanpEtBJieHHe Vf :::: e 

i 'ff f€ ' 
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HY v~ -= c i j ().c • Tipll aTOM 

-r,f , J + A . Vp 
1 

2 ; == r ~· + A · ~ (7) 

<fS':t =1-.fvJ A=/b'C( 

II npJI nepecxoKe OT cTeHRK K cTeF.:Ke I .4 -r I =- - ,.2 R e ( J · \(p -If) • 
BeJIHtiJIHH l" .f , . V _r " V z Ct603HS'I8:m'CR: :B IIO~porpaMMe co-

OTBeTCT:BeHHO CBMBOJiaMB z ..~ R 0) V R 0 ) V Z. m nepe;naDToa ,Iij)Y-

I'KM no,D;nporpaMMS:u: qepes o6ol W1COHB I R. V I • KpoMe TOro, no;n-

rrporpaMMB cqaTaeT 'IBCJIO coy;napeE~i CO CT6HKOI, KOTOpoe 0603H&'IeHO 

CBM:BOJIOM NT R , 11 IIpJIIIBCHNIIT KH.I{BKaTopy 1 # saa'leHKe 

-1 BXH +l B 38BBCHMOCTH OT TOrO BepayJISC:& JIH pasHrpHBaeMBH '18CTB

Il8 o6p8TBO qepes :BXO;ItBOe OTBepC'l'He, HJIB 6JiarOIIOJIY'UIO BHDIJI8 qepes 

BHXO;ItHOe. llporpaMMB npe~CMaTpHl~eT T8KEe B03M03HOCT:& IIOrJIOnteBHH 

'18CTHQH C BepoHTHOCT:&D 5.10-4 I~B RaE;ItOM coy;napeHHH CO CTeHROI. 

B cnyqae norJionteliJIJI lfH,IUIRBTOpy /11/ IIPHIDICHBaeTCR: SH&'IeHBe 0. KoH 

Ilfi Tpy6H OIIHCHB8DTCR: ~HKIUUIMJI Z/ (x) J1 ~K(x) (x=l~~IJ), KO'l'o

pHe COCT8BJlf!DTCR: llOJlbSO:&a'l'eJleM. BlaO,II; BS llO~Orp&MMLt fiPOJICXO,ItBT 

• TOM cnyqae, KOr;na KOOp;ItBH8T8 Z oqepe;ItHOI TO'IRB CTOJIKHOBeKKH 

CO CTeHROI OK&SHB8t'l'CH 60JI:&me Z K (X) JIJIH MeHliUie .C / (X) • 

llpJiqeM IIPK :BYXO,II;e 381IOMJIH8DTOJI J:OOp.IOfHST!i B YI'11il BHJieTa, OTHOCS:

tnli80Jl K npe.z:tLt.lJ,Y'JiteMY coy.ztapeDJ>. Ilo)tiipOrpaMMS R i G f/ T o6pa1Q8-

e'l'oa K no;ItiiporpaMMe A N 0 L E , RoTopas: BHTDcm:reT uanpa:an:eHIIe 

IIOJieTa IIOCJie CTOJIKHOBeJUISi CO CTE!HltOI. llepe.It nep.BHM o6pall{e.IDieM K 

no,I:tiipOrpaUMe R i C fiT B HaqaJie posHrpHIDB IICTOpHH oqepe;ItHoro HeiT 

poaa BHSH:eaeTca: no;ItiipOrpaMMS 0 R i Gill/ , xoTopag sa;naeT xoop;ItH

HaTH Hati8JI:DHol 'l'Otmll .l, s> B F.:anpa:uemre nepBoro noJieTa ~" ~ • 
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• Ilpll STOM 

"'tf .,. J + A . Vp 
1 

.2:. J == 2-(.. + A · ~ 

tffl2 =1-.fvJ A:=/LJtz:{ 

(7) 

II npii nepecxotte oT cTelOOI K CTeHKe I .4 "'(I =- -)} R e ( J> · ~'If) • 

BeJIHtiBBW Z-' J' , · V .r .) V z Cl6osHS'I&:m'CSi B no~porpaMMe co

OTBeTCTBeHHo CBMBOJiaMK Z "' R 0, V R 0 ; V Z m nepe.ztaDTCSi ,Iij)Y-

I'KM no~nporpaMMSM tie pes o6UlBI WtCOHB I R. V I • KpoMe Toro, no.zt-

nporpaMMB cqaTaeT qacJio coy.ztapeiml co cTeHRol, KoTopoe o6osaaqeRo 

CBMBOJIOM NT R , 11 npiiiiBCHNteT BH.nBKaTopy 1 # 

-! BXB +l B 38BBCHMOCTH OT TOro BepayJIBCL JIB pasHrpHBaeMBR 'CJ:8CTB

Il8 o6p8THO tiepes BXO,llHOe OTBepm~He, HJIB 6JiarODOJIY'CJ:HO BH11L1I8 tiepes 

BHXO,llHOe. llporpaMMB npe~CMaTpHl~eT TSKEe B03MOZHOCTL norJiomeHHH 

'CJ:SCTBIUi C BepoHTHOCTJ,D 5.10-4 npH KaJU(OM coy.n;apeHHH CO CTeHKOI. 

B cxyqae norJiomelilUI HJWI.KaTopy i 111 npBIIKCHBBeTCSI saaqeoe o. Koa 

Jli Tpy6H OIIHCHBSDTCH <WHKillf.fiMH Z/ (x) 11 ZK(><) (x=l~4'1J), KOTo

pHe COCT8BJlflDTCSi fiOJlb30:&aTeJieM. 13HxO,ll 113 DO.ztiiPOrp8MMY npoliCXO.ItiT 

» TOM C~ae, KOr,lla KOOp~HaTa Z O'lepe,llHOi TO'CJ:KB CTOnRHOBeHKR 

CO CTe.HKOI: OK&SHBaiTCSi 60JILme z~ K (X) B1IB MeH:DIDe r / (X) • 

lipllliiM npB lmXO,lle 38DOMJIH8D'l'C$l ICOOp,IOIH8'l'H ll YI'mi BHJieTa, OTHOCSi

ntBeCSi R npe.Itli.1JJ'DteMY coy.n;apeoD. llo.n;nporpaMMB RiG fiT o6paJU

eTca R no~porpaMMe A N C L E , .B:OTopas: :Bil'CJJICJVIeT aanpaBJieHJie 

DOJieTa nOCJie CTOJIRHOBeHBSI CO CTE~HROI. Ilepe.zt nepBHM oCSp&IQeJDieM K 

no.n;nporpaMMe Ria fiT B H&'CJ:aJie posHrpmoa BCTOPHB oqepe,llHOI'O aeiT 

poaa BHSHB&eTca no.n;nporpaMMa 0 R i GiN , KoTopa.a sa.ztaeT xoop~

H&'.l'H aaqan:&Hol TOtUOI .t , Y 11 HanpaueHBe nepBoro noJieTa ~, 1tf • 
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IIomrporoaMMa c. oN U3~ 

3Ta IIO;IUipOrpaMMa OIIHCHBaeT ;rum::ateiDie B,II;OJID KOHyca MI aHaJIOI'Ktma 

R / G HT • IIepe.n o6pameiDieM K rro.u;rrporp&viLvie .u;o.J.DKEH 6HT:& sa;n;a.EI:l R i 

M {( F - Ha'laJ.I:&BHM H KOHelffibiM pa.,IUiyCN I\OH,Vca9 TG-= {fF-Ri) /.! L -

TB.HI'eHC yrJia J... rrp:a Beprrm:He; CN:::.Rt/f2f- HOpMHpOBOllmffi: MHODTeJI:&, 

II03BO~~M Ilpkl 6JiarOIIO~OM KCXO,II;e HOpMHpOBaTb BHXO~OM panayc 

KOizy'Ca Ha e;IUimruy; l L - IIOJIE;M ]J;JmHa KOHyca; 2 / = C., t; c( - KOOp;IUIHa-

Ta BXO.I(HOro H Z F:::: ~ / t-£ L/ R / - 1-\00[),u;MHaTa B1IXO~OrO OTBepCTRH. ·rop-
MYJILI, xapa.KTepH3yiOJ.Uk!e ;IU3IDKeiDie HetiT[>OHa IDVIeiOT TOT >Ke BH.I( ( I-4) , liTO 

:a B rrporpaMMe R; r;. H T • .1!13 HHX CJie.n;yeT, liTO B CJiy'llae coYJJ;apeHWI 

CO CTeHKOi1 

< rr- --/.1_ .l -'- ~ r. 'l+} 2. 2. d.t 
/.
();. 'Z / = - (9 ·CoS fs, 1 -;;_ ij ri·d;e~)+- v J.cos n -2·ij;t·u;f).t) + z2 cL-J7(1-i;rJ.· 1~ 

1:. .t. vf J. 1 - J <J. · 'j B;c ( 8 ) 

rrpH't!eM ;IJ..IDI rrepBoro coyp;apeHIDI Z·ijd. = 1 , a rrp:m rrocJie.n.yromax l·-fJrl=J 
Baxo.u; :as no.u;rrporpaMMH ocymecTBJIHeTcH cpanHeHHeM pa.u;Hyca TPaeKTOPHH 

Ha BXOAHOM H BNXO.I(HOM OTBepcTHH C ~aKTKqeCKHMH pa.n;KycaMH,RXH cpaB

HeHHeM Teeyme:f.I Koop.u;HHaTH Z c z 1 H ;t F • Bee B11'IHCJieHHH rrpo

R3BO.TI.fiTC.FI c noMom:oro KOMIIJieRcHui1 ap:a LJMeTHRR , rrpHlleM pesyJI:oTaTLI BH

q:acJierum BI:l,II;aiOTC.H B o6meM MaccRBe I,? V/ , mvreromeM TOT )Ke cwCJI, 'ITO 

.L1. B rro,LUiporpruVlMe RiGHT • Pa.;IJ.Mycll TPaeRTOPHH Ha BXOAHOM H .BI:l

xo.n;Hu.M uTBepC'.1'Kit1 3a)J;8lOTC.fi CUO'.l'BeTCTBeHHO t1JopMJJia.MH: 

R == J f. e.; tgJ-+- { r /-l) · t, e.l.e; Cf,./ R = Js~.e_''!t + (i-F -.tJiJ e.l.eN'J Ri 
J 

( 9) 

ilpH 6JiarOIIO~OM HCXO,II;e p~C BHXO,II;HOro OTBepCTH.FI HOpMHpyeTCH 
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HB e,I(IDUfity H COOTBeTCTBeHHO MeHJIElTCH M8CWT80 ITO OCH Z. , T.e. 

noJiaraeTCH paBHHM l: · !< i I f< F • 

. . 

IIo.nnporpaMMa 0 R I G I f/ 

8Ta no.n;nporpaMMB sa.n;aeT Ha·twnHJie Roop.n;ruraTH m HanpaBJieHHe 

BJieTa HeiTpOH8 B Hei!TpOHOBO,n;. Pac:npe,n;eJieHHe HB BXO,D;HOM OTBepCTlm: 

npe,n;noJiaraeTCH O.n;HOpO.n;miM H H30TpOIIHHM, T.e. qP,[CJIO HeiTpOHOB, 

BJieTBDmHX C yqaCTR8 dS B H8IW8BJieHKH dn paBHO 

dn = cos c9.l 
dS d.n. Z I 2 d!j; 

d .f O'CO.> &.,c- 2 ][ (IO) 

ilOSTOMY C TIOMOmDD reHepaTopa C~~aiHJix qmceJI RANf(O) sa-

,n;aiOTCH 'tleTJ:JPe c.nyqammx qmcJia u 1 , U 2 , U 3 ) U 4 H c me no-

MOIIU>D onpe,n;e.mmTCH j ::: .f'U; eX p ( 2 TL i. U 2 ) , 

v
1 

== ex p ( z 1L i U 3 ) > v :J. = J u y / ( 1 - U 4 ) 

H3 oc>mero Maccna I R v / • 

IIo.nnporpaMMa A 1 J G L £ 

B STOH no.nnporpaMMe onpe,n;e~DTCH yrJIH BHJieTa YXH no OTHOme

HHD R HOpMaJIH R .n;aHHOMY yqaCTK,Y IOBepXHOCTH nocJie coy,napeHHH CO 

CTeHROH. 3aTeM STH yrJIH TipHBO,nHTCH R OCH .l , T.e. BWW:CJIJmT

c,a: COOTBeTCTBYIOIIWe SJieMeHTH o6mero M8CCHB8 /Rvj • YrOJI HOpMaJIH 

f./ no OTHomeHHD R ocm .l sa.naeTcH sJieMeHTaME: MaccHBa I A L/ 

(eM. pmc.2a). I!pm OTpa~eHHE: OT C~eHRH TipOHCXO.n;HT npeo6pa30B8HHe 

yrJIOB na,n;eHM fl 0 B yrJIH OTpaxteHM .JL • 3,n;eCb 38ROH OTpa-

xteHHH BHOpaH B B~e 
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W (..a o , S2 ) = { 1 - G A ( .n ) ) dr .n. -.no ) + c G A ( l2o) A ( .n) cos Gl _, 

c j A (.n) cos rJ d.n , J, (II) 

r;n;e A(..a) MoJteT 6sT:o BH6paao p~BHHM I H Tor.na c = 1 I :7Z 
' 

(aT~C~ai COOTBeTCTByeT CMemaHHCMy ~3HO- sepRaHDHOMy OTpa-

Jtemno) PIJIH A {fl) = cos() , H TOr,IJ,a C = 3 j2 :JZ , t!TO COOTBeTCTBY-

eT "peaJmCTHt!eCROMy" OTpa!teHED. I:ocRO~:ORY 38KOH OTpaJteHHH co;n;ep-
. . 

!GiT sepRBHDHYJD H He3epRBHDHYJO 't!BCT:O, TO no;n;nporpaMMa A fJGLE 

CHaqa~a BH6:apaeT MeJir.nY STHMH B03IV01tHOCTHMH, onpe,neJIJISI c.nyqaibloe 

qHC~o U1 c noMOIIUliO reHepaTopa RA N F ( o) H CpBBHHBBH ero 

c BeJm't!EHOi 1 - G A (no ) • EcJJH 

U1 < f - G A (_a_ 
0 

) (I2) 

TO OTpaJteHHe npOHCXO~T sepRa~HO. ~TOOH llpOBepHT:O COOTHOWeHHe 

(!2) B c.nyqae A (...Q) == cos f) , EeOOXO,IJ;HMO Ha:i!TH ROCMHYC yr~a 

na;n;ea:wi: 

cos fJ = 

II == j cos.£ - e.'! s/nL J (I3) 

Vo I.J = COScL· Re (f· \tj:)- v,lc s/noC . 

llpH SepRa~HOM OTpazeHHH BeRTOp CROpOCTH OTpaJteHHOrO HeiTpOHa 

paBeH: 

v = vo - 2 1.J { V0 fl) . 
) 

J 
COS'oL (Vol!)) VI = VjO - z I (I4) 

v' = v.co i 2 st'n r£ · / V0 f!) · e ol z 
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O,JJ,HaRo 1J COrXaCHO onpe~exeHHID ~OnEHa 6HTh ROMnXeRCHHM ~CXOM 

C e,I(HHH'IHHM MO,nyXeM, 

zeHHoro BeRTopa v 

IT03TOMY, ~TOOH He MeHHTh HanpaBHeHHH OTpa-

H DpH 3TOM HMeTh fll_t I = 1 , He06XO,IUIMO 

HOpMidpOBaTh V Ha I v; I , ~ pe3ynTaTe aT of! npon;e,n:ypu no-

.7Iy'IaeM 

i fv 
e 

) 

V. 
v = .. 

.t, /v'/ 
/· 

= ctg B2 . (I5) 

Ecxm HepaBeHCTBO (I2) He BHITOHHHeTCH, TO Bspa6aTHBaDTCH ~a 

CJ.IYlia:tffiHX ~cxa U 2 , U3 

BHXeTa: 

, OTBe~aDmRX pacnpe~exeHmro no yrxaM 

elf 
dn = cA{.n)cos{} d.n = 

2 
~ · 
:.J/ (I6) 

COOTBeTCTBeHHO 

cos(}= VTJ; 
<( = 2 Jf U

2 
, cos {} = ru; npH 4 (S2.) = { H 

npm A {.12) =cos g. • HMeH yrm f H tJ- , Mox-

HO ITOCTpOHTh 
J . 

v
1 

::: r v e
1 

+ .l s/nr; cos r) 1 ) ' ~~ ::: v e.c ; 

e
1 

= H cosL + t sin£ , e .z = t cos..C - fJ s/noC J. (I?) 

v f../ = - cos f} 

r~e t - BeRTOp, HanpasxeHHHi no o6pa3y.IDmef! B To~e coy~ape

mm. 3aTeM V) HOpMHpyeTCH TaR Ee, RaR B (I5). Ko BpeMeHH 06-

pameHHH R no,n;nporpaMMe A IJ G L E ~oJDKeH 6HTh 3a~aH 3aROH oTpa

zeiDUI ( T. e. A ( 12.) ) , o6o3Ha~e~it cmmoxoM LA W' H nocToHH-

HaH G • 
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IIo,IUiporpaMMa T U R. fl (A L FA ) 

IIpH Be06XO~OCTH OCJmeCTBETD ITOBOpOT HCnO~ayeTCH no~-

rrporpaMMa TURN , ROTOpag BarroxaaeT ITOBOpOT CHCTeMH KOOp~-

BaT sa yr011 oC BORpyr OCH / H BaXO,nHT .l ) ..f) Vf ; V.z B 

HOBO! CHCTeMe KOOp~aT: 

z"' - sin.£ ~e(fo )+ .i0 cos,£ J f = /o + Re (Jo ){co.r.t- f) -r Z 0 sinoC; 

v; =- Re { 'V_to ) sin.£ + V,r
0 

·coso!' J 

j' = vfo + Re ( vfo ) (coseC.- I) j 

v.l = v; I I vJ I 

(I9) 

Yr011 ITOBOpOTa OTC~THBaeTCH I!pOTHB qaCOBOi CTepnKH K aanaeTCfl 
B rpa,nycax. 

IIo,IUiporpaMMa s u 11 s { 1 ) 

Be~eT cqeT 6narononyqao npome~HX aeiTpOHOB, DpKqeM qmcno 

npome.n;ilmx Hei!TpOHOB, o6osHaqeaHoe N F 2 { i) HMeeT RH.neKc I , yRa-

3HBaiOIIU1i! Ha TO, ~0 B cnyqae IIpS:IMf:lX UH.7IMB)JJ>HqecKHX Tpy6 O~OBpe

MeHHO MOEeT pacc~HBaTbCH aecKonbKO TpaKTOB (He 6onee IO) H 

I o6oaaaqaeT HOMep TpaKTa. KpoMe no~cqeTa no11.Horo ~em rrpome~-

nm:x ae:t1.TpoHoB, no~nporpaMMa SUt.' s 
yrny H pa~cy BHneTa : 

cTpoHT pacnpe~eneaHe no 

(20) 

IIpH aToM BeCD HHTepBan 1 2 H cos
2 

g.t oT 0 ~o I pas6naeTCH 

sa IO SNeeR c mar oM 0, I • CHMBoJm fJ R o { i) K) H AlA IJGL E ( 1~ K) 



- 9-

I -ro TpaKTa, norraBmEX B K -D 

srcieHRy IIO 
2 2 .f H COS (}.l COOTBeTCTBeHHO. 

Tio;n:nporpaMMa R FSUL T 

B aToi no;n:nporpaMMe pacc~HTHBBIDTCR: 

H ero CTaanapTHBR OmH6Ka 

NFZ ( /] 
PR = --

NHAX 
) 

COnpOTHBJieHHe f<. H ero CTaanapTHaR OmH6Ka 

R = I - 1 
PR. 

() = 
R 

(2I) 

(22) 

. YrJioBoe H pa~aJIDHOe pacnpe~eijeHHR HOPMHpYDTCH Ha e~xny 

nyTeM ~eJieHHR 'tUiCeJI NRO{i; K) H N)IIJGL[ ( i) K) , no.J:IyqeHHHX B no~~ 

nporpaMMe SUUS HB IIOJIHOe ~CJI::> npome,IJ)IilDC HeiTpOHOB f.l{l (tj • 

KpoMe Toro, no;n:nporpaMMa RESULT pe~aKTEPYeT H BHBO-

~T yxaaaHHHe BeJIH~H Ha ne~aTD. 

TI o;n:nporpaMMfll REA l £ R H Z [I< 0 IV 

8TH no;n:nporpaMMH no~oTOBHTeJIDHHe. Tio;n:nporpaMMB REA~ER 

C~HTaeT C K8pT CJie~mHe BeJIH~H B 38~8HHOM HHEe llO~e: 

CHMBOJI 06oaHa~eHHe ~O~MaT 3aMe~aHHR 
4 

KUAX KoJIH~ecTBO TpaKTOB 
. 

IZ 
N/viAX ~CJIO pa3urpHBaeMHX He~T- I'i 

pOHOB 



- IO-

3 

G ITOCTOHHHBH H3 38ROH8 OTpa- F5". 3 
:m:eHHH (II) 

A(D) Bemrtnma, orrpe,neJIHIOIIlaa: Tmn AG 
OTpalteHHH 

CHECK Bemt'tllma, orrpe,ne.n:snoma.a: AG 
reoMeTpmo 

ZED(!)) i= f, KNAX ,llmtHH COCTBBJIJnOtnEX 

R i BXO,nHOii pa.neyc · 

R F BI:tXO,D;HOH pa,n;eyc 

O~~pe3KOB 10 FJ: 3 

F10.2 J 
Ff0.2 

2l 

3HalieHID1 0 + I 
3HalieHme I 
HJm C(!STHw 

3Ha't!eHme c I L w w w 

Hmt C¢ !YUS ,_, 

Ha O,nHOii KBpTe 

B rrp:mm,Hne Bee 3TH ,naHHHe MOrY'!' sa,naBaT:cc.a: B o6meii ,D;HcneTliepcKoi 

rrporpa~e 6e3 HCIIOJI:&30B8HH.fi IIO,D;IIpt)rpaMMl:l REA[)£!< , O,nHBKO 

HyltHO IIOMHHT:&, liTO B R fA/) E R sa;~aiOTCH H ROHCTBHTH C = 2 J[ 

H C I =- ;_ (MHHMBH e,n;mnm;a) , KOTOpJ:le TBIOite HYJKHO onpe,neJI.R:T:& IIpH 

OTCYTCTBHH REA DE R • 

llo,nnporpaMMa ZE RON O't!HmaeT MBCCHBH, HCIIOJI:&3yeMHe B 

S u H s , H npHBo,nmT K HYJIIO clieT,um pasurpsBaeMHX HeiiTpOHOB 

NEUTR • 

B saKmolieHRe rrpHBO,D;HTc.a: JmCTJmr ,n;HcneT-qepcKoii nporpaMMI:l 

~ HeiiTpOHOBO,D;a C IIOBOpOTOM HB~~~O H BCeX OIIHCBHHHX IIO,nnporpaMM. 

Taue npHBo,wrTc.a: npHMepi:.I no nocTpoemno W'HKI:td Z i ( X ) m 

ZK(X) 

HeiiTpOHOBO,D; C O,D;HHM IIOBOpOTOM HB ;no6oii yron, KOHHlieCKSH Tpy6a. 

J 

. '\ I .. . 
'A ·"" '· .. n-1 / 

\ 
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I. ~.A.llianmpo. Coo6meHHe OMHM P3~?I35, nY6Ha, I9?3. 

2. ~.Eepqaay, B.K.MrHaTOBHq. Tipe~~HHT OMHM, P4-?33I, EY6Ha, I9?3. 
Vqa.c.·wm 2.3 J Lf41. (1j1-3) 



z 

p ue.. 1. 

a) 
z 

b) 

-z ] .--:_~"2---~-- ---- 0 
~ ------

PY1C . .2 
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SURROUTINE REA~ER 
c~~~REACING OF nATA •~•••••~•••••••••••••••••• 

COMMON G,CI,C/GEC/GEOC2l/CHECK/CHECK 
• /ZE0J7EDC1Jl/LAW/LAW/KMAX/~MAX,NMAX 

COM~ON/C~N/PI9RF,7I9ZF,7L~CN,TG 
COMPLEX CI 
CAT.I\CCGEO(I) ,I=1,2)=6HCIL ,6HCONUS 
READi,:<MAX 
REA02,t~MAX 

REA03,G 
REA04,CHECK 
REA04,LA 1>1 

READS, CZEDCIJ,I=1,KMAX) 
PRINT ·-:J,LAW 

FRINT19,CHF:CK 
PRINT1 ,G 
IFCCHECK.EO.GEOC2))GO TO R 
RETURI\l 

8 READ 5,RI,RF 
PRINT ?,RI,PF 

OJ=GI/R F 
T G= ( R F- R I) I ZEn ( .1 J 

7F=1./TG+ZE0(1)/RI 
?I=1./TG 

RETURN 
1 FORMATCI2) 
2 FORMATCI5) 
3 FORMATfF5.3) 

4 FORMATCA6) 
5 FORMATC1~F8.3) 
6 FORMATC2F:i: .• 2) 

7 FCRMAT(//1• ENTRANCE PAOIUS=•,~1r,z,3X,• EXIT RAOIUS= 4 ,F10.2) 
g FGRMAT(//2X,•A(OMEGAJ=~,A6 ) 

1 i F C R MAT ( I I 2 X , • G=.., , F 5. ~) 
19 FrRMATC/!1• GEOMETRY=•,A6) 

END 



SUBROUTINE ZERON 
c•••PREPARATICN OF All BLOCKS ••••••••••••••••• 

COMMON/ZERO/~EUTR,NFZC1n>,NANGLE(1D,1t) 

• ,NR0<1G,10),NAVC10> 
• /KMAX/KMAX,NMAX 

COMMON/ZAKON/ZAK0Nt2) 
COMMON/GEO/G£0(2) 

COMMON G,CI,C 
COMPLEX CI 

OATAtCGEOCI),l=1,2)=6HCIL ,&HCONUS) 
DATA CCZAKONCI>,I=1,2>=EH1 ,6HCOSTH ) 

C=6.2831852 
CI=C0.,1.) 
NEUTR=O 
DO 1 I=1,KMAX 
NFZ CU =0 

NAV(Il=t 
DO 1 J=1,10 
NANGLE U,J )::C 

1 NROCJ,J)=O 
RETURN 
END 

SUBROUTINE ORIGIN 
C•~•ORIGINAL FOINT AND DIRECTION OF FLIGHT•••••• 

COMMON G,CI,C/RV/Z,RO,VRO,VZ,IN,NTR 
COMPLEX RO,VRO,Cl 

NTR=O 
Z=O. 

U1=RANFt0)$U2=C•RANFCO)~COS2=RANF(Q) 
RO=SQRTCUi)•CEXPCCI•U2) 

VZ=SQRT(COS2/(1.-COS2)) 
U2=RANFCO)•C 

VRO=CEXP CCI•uz) 
RETURN 

END 
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Nofi13C..1; ~=NI 

************************' *********NOlld6JSBV***J 
l'.an13d 

l-=.\ll 2 
************************'*************Nan13b***8 

NCifiLHJ 
~=N I 1 

************************"***************1IX3•••:J 
£ 01 J::J 

< < o d! 1\ > 9 r No :1 * o b > ltt 3 Ci * • 2 -= tt 
******ll'itM 3Hl NO SlNIOd OMl N3JI\138 lH~Il~***:J 
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(t).:!NIJd=fi 

t+61N=d.-~~JZ=L":OCi=U~ 
2 01 !J:J((L:I)lL"1l"JZl.:H 

****************** d.:!li::Lli\N:J8 ::u .>18lfti NCi,ll]t!***J 
): 01 lJ:J((U)>1L.l9"DZJ::il 

**********************31Jn! .3Hl .:JO lnJ ~:'ll0~***8 
Z A* 1i + Z =OL 
<T06lli13C:i=I~ 

CdA•V+UCi=lCd £ 
A-(Xt?**A)1d0S=g 

( (0dll) 9fNJ::hLd)l\13Ci=A 
.~**{Od) SL\18-"l=X 

***********************"****** 1H9ll:i 15~1~***8 
• .l= :2)1\1.""(:(;)1\1 

*****************"***"***************d30NI1A8 
'; ~ f\' to 6 ' o d x 31 d w o J 

( 2) 1\1/111 /CHN 'N I' Z f\' lJ ~A' Od' L If\ Ci /NOH WD 8 
OIZ'I.:llH9lC1 jNllflDd&lS 
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SUBROUTINE CONUS 
COMHON/CON/RI,RF,ZI,ZF,ZL,CN,TG 

"' /RV/Z,RO,VRO,VZ,IN,lHR 
COMPLEX RO,VRO,R01 

C•••FIRST FLIGHT ••••••••••••-~ 4•••••••••••••••• 
Z=ZI 
N=1 
IFCTG)8,8,7 

8 X=1.-CABSCR0>••2 
Y=REALCVRO•CONJGCRO ,, 
8=TG•VZ . 

D=Y-8 
82=1.-8"'8 
A=C-D+SORTC04D+X•82))/B~ 

3 R01=RO+A"'VRO 
ZO=Z+A•Vz 

C•••••EXIT IN THE CASE Of NARI~OWING CONE •••••• 
IFCZO.GT.ZFJGO TO 1 

C•••RETURN IN THE CASE OF SPREADING CONE••••• 4 •• 

IFCZO.LT.ZIJGO 10 2 
U=RAHFCO) 

C•••PR08ABILITY OF ABSORPTION·~••••••••••••••••• 
IFCU.LT.G.OOOS>GO TO 4 

RO=R01$Z=Z01NTR=NTR~1 
RAB=CABS<RO) 
RO=RO/RAB 
CALL ANGLE 
RO=RO•RA8 

IFCN-1111,11,12 
11 If(VZ)5,6,6 
12 IFCVl)6,7,7 

C•••FLIGHT 8ETVEEN TWO POINTS ON THE WALL•••• 4 • 

6 B=VZ•TG 
A=-2. • (REAl CRO•CONJG CVIW)) -RA 8"'8) I H. -84 8) 

GO TO 3 
c•••EXIT•••••••••••••••••••••·,.•••••••••••••••••• 

1 IN=1 
c•••NORH ALI SAT ION TO UN! T EXI ·r RADI us••• ••• ••••• 

Z=Z•CN$f<'O=RO•CN 
RETURN 

c•••RETURN•4 ••••• •••••••• •••• '~••• •••4 •••••• 4 •••• 

2 IN=-1$RETURN 
c•••A8SORPTI ON••••••••••••·-w••"•••••••••••••••••• 

4 IN=O$RETURN 
c•••RETURN IN THE CASE Of NARIWHING CONE •••••••• 

5 R2=CABS CRO+CZI-Z>•VRO/IIZ) 
IFCR2-1.)2,2,6 

c•••••EXIT IN THE CASE OF SPRLAOING CONE•••••••"' 
7 R2=CABS CROHZF-l) •VRO/IIZ) •RI 

IFCR2-Rfl1,1,<3 
9 IFCN-1l10,1t,6 

10 N=2!1'GO TO 8 
END 

•••••••••• 
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S.UBROUTINf ANGLE 
c•••ANGLES OF FLIGHT AFTER REFLECTION ~RO~ WALL 

COMMO"J G,CI,C/ZAKON/lAKON(2l 'LAW/LAW 
CCMMCN/RV/Z,RO,VRO,VZ,IN,NTR/AL/\L(2) 

COMPLEX RO,VRO,CI,VROR 
VNl=REAL<VRO•CONJG(RO) l 4 AL<J 1+V7"'AL(2) 

U=RANFC ) 
IF(LA~.EO.ZAKON(2l)Gn TO 1 
COMP=U-i+G 
IFCCO'~P.LT.: ,)GO TO 2 

U=RANF ( ! ) 

CS=~QRT (lJ) 

GO TO 3 
VN=VNi/SQRT(l.+VZ••2) 
COMP=\1-i,+G"'VN 
IFCCO~P.LT.•.lGO TO 2 

U=RANF( ) 
CS=U••<1.13.) 

3 SN=SQRT(1.-Cs••2) 
U=RANF ( 1) 

FI=c•u 
<3ICOS=SN•CGS CFI) 

C1=-r,s•AL<1>-5ICOS•AL<2> 
C 2 = S N• S I 'J ( F I ) 
VROR=CMPLX(Ol,O!l 4 RO 
V7.1=-CS•AL(2)+SICOS 4 ALC1) 

GO TO 4 
2 VROR=VR0-2.•RO"'VN1"'AL(1) 

VZ1=V7-2.•VN1"'ALC2l 
4 VRN=1./CABSCVRORl 

VRO=VROR"'VR.N 
VZ=V Zi-¥-VRN 
RETURN 
END 
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SU8ROUTINE TURN ( ALFIU 
c•••CONTPCLOCKWISE ROT~TION OF COOROINtTE AXIS•• 
c•••ALFA - ANGL~ IN OE(REES•••••••••••~••••••••• 

COMMONIRV/Z,RO,VRO,Vl,IN,NTP 
COMPLEX RO,VRO,VR01 
RF=ALF~•6.2831B52/36f. 

CS=COSCBF) 
SN=SINCA~) 

ROX=REAL CRO) 
RO=RO~ROX•CC~-1.)-Z•SN 

Z= ROX•S N+7• CS 
VROX=REAUVRO) 
VROi=VRC+VROX•CCS-1.>-VZ•SN 
VZ1=VROX•SN+~Z•CS 

VRN=1.1CARSCVR0~) 

VRO=VROi""VRN 
VZ=VZi.""VRN 
RETUR'I 
ENlJ 

StJ8ROtJTINE SU"''SCI) 
C P1M CNI R V 17, RO, V RO, V Z, IN, NT RIA I A/ I G, CI, C 

COM M 0 "J I Z CR CINE U T P, N F Z C 1•) ) , NAt I G l E (1 (' , it'l ) 
• ,NROC:I.G,i· ),NAV(ii) 

CCMPLEX PO,VRO,RC1,CI 
N F Z (f)= N F 7 ( I ) + 1 

NAVCI)=NTR+NAVCI) 
EU=V7••2.'CT2=EU/Ci.+EU) 
K=1+CT2•1''-• 
NANGLECI,K)=NANGLECI,K)+t 

ROi=RO+ (~-7)• VRO/VZ ,. ROF=CA8:; ( R01) 
K= 1 +PO F •t: r) F •L, 

1 NROCI,Kl=NRGCI,K)~i 
RETURN 
END 
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SUBROUTINE RESULT 
COMMON/ZER 0/NEUTR, Nr Z ( 10 J, NANGLE ( 1 O, 10 J 

• , NRO ( 1 C , ill ) , N A V U 0 ) //G · C I, C 
/ZED/ZED U 0) /LAW/LA IUKMI\X/KMAX, NMA X 
DIMENSION ANGLE UO, :LO, ANRO UO ,ill), DIV ( 1n) 

DIMENSION CAVt1D) 
COMPLEX CI 

PRINT 6,LAH 
6 FORMAT(///• A(OMEGA>=•,;\6) 

PRINT 8,G 
8 FORMAT(/!!• G=•,FS.3/// I 

PRINTi 
DO 2 I=1 9 KMAX 

DIVliJ=1./NFZCl) 
CAV(Il=NAVtil•DIV<Il 

C• 4 •PR-PROBABILITY OF TRANSMI'iSION •••4 •••••_.._..._.. 

PR=FLOAT(NFZ Cl)) /NH.\X 
C••4 SIG-ERROR CF PR RES-RESiiTANSE••••••••••••• 

Slat=SQRT<PR•<i.-PRJtNMAXl . 
RES=1.1PR-1. 

C•••SIGRES-ERRCR OF RESISTANC:•••••••••• 4 ••••••• 

SIGRES=SIG/PR••2 
PRINT 3,ZEDtlJ,NFZ([),PR,SIG,RES,SIGRES 

DO 2 J=1,10 
ANGLE<I,J)=NANGLEti,JJ•liVlil 

2 ANRO<I,JJ=NROCI,J)•DIV([) 
PRINT ~ 

K=KMAX 
PRINTS, ((ANGLE(I,Jl ,J=i,10l ,I=1,K) 

PRINT 7 
PRINT 5 , ( CAN R C (l , J) , J = i, 10 J , 1 = 1, K ) 

PRINT 1C 
19 FORHAT(//1• AVER,GE COLLISION NUMBER•) 

PRINT 11, <CAVtH,I=1,Kl 
11 FCRMATC10(2X,F9.2)) 

1 FORMAT<•LENGTH•,2X,•NFZ•,2X,•TRANSMISSION• 
•,• COEF.•,2X,•SI6MA•.zx,•RESISTANCE•,~x,•SIGHA•> 

3 FORMATCF6.2,1X,I5,6X,F6.~,9X,F6.~, 
•iX,F8.~,4X,F6.4) 

~ FORMAT(////• ANGULAR DISTRIBUTION•) 
5 FORMAT(10(JX,F7.3)) 

7 FORMAT(//!/• RADIAL DISTRIBUATION•J 
RETURN 

END 
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PROGRAM KOLEN UNPLIT, OUTPUT) 
COMMON G,CI,C/AL/AL(2)/Z£0/ZE0(1J)/A/A 
COMMON/ZERO/NEUTR,~FZ(1Q),NANGLEC10,10) 

•,NR0(10,10),NAV(10J/KMAX/KMAX,NHAX 
COMMON/RV/Z,RO,VRO,VZ,IN,NTR/X/X 
COMPLEX RO,VRO,CI 

OIMENSI ON GNC 5) 
OATACCGNCIJ,I=1,5J=.125,.25,.5,1.,t.J 
EXTERNAL ZA,ZB,ZC,ZO 

CALL READER · 
ALC1l=1. ~ ALC2J=O. 
BETA=45e :ii X=1. 
00 10 1=1,2 
00 11 J=1,5 

1 CALL ZERON 
2 NEUTR=NEUTR+1 

IFCNEUTR.GT.NHAXJGO T05 
CALL ORIGIN 

6 A=ZEOC1) 
CALL RIGHTCZA,ZE) 1 IFCINJ2,2,7 

7 Z=Z-ZEOC1J ~ CALL TURNCBETA) ~ A=ZEDC2) 
CALL RIGHTCZC,ZO) $ IFCINJ4,2,3 

4 Z=Z+Z£0(1) $ CALL TURNC-BETAJ ~ GO TO 6 
3 CALL SUMSUJ $ GO T3 2 
5 KMAX=1 

CALL RESULT 
11 G=GNCJ) 
10 RE A013, LAW 
13 FORHATCA6) 

STOP $ END 

FUNCTION ZA(X) 
COMMON/X/B/A/A 
Z A=O • $ RETURN 
ENTRY ZB 
ZA=A-X•B $ RETURN 
ENTRY ZC 
ZA=X•B 1 RETURN 
ENTRY ZO 
ZA=A ;i; RETURN 
END 

·I 


