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bORbillHHCTBO 06c~aeM@X B RHTepaType WH3H~eCKHX Mo~ene~ a~oH

fl~epH@X H fl~O-fl~epH~ B3aHMo~e~CTBHM npH BHCOKHX 3HeprHflX YCROBHO 

MO~O pa3~eRHTh Ha ~Be rpyrr~: 

-Mo~eRH KaCK~Horo THna, Kor~a CYMMapHoe B3aHMo~e~CTBHe ~OHa 

HY.H fl~pa c fl~OM paCCMaTpHBaeTCfl KaK nocne~OBaTeRbHOCTb B3aHMo~e~CT

BH~ c OT~eRbHHMH BHYTpHfl~epHNMH HYKROHaMH H BTOpHQHHe ~aCTHU~ po~a~T

CR B K~OM BaaHMo~e~~BHH HeaaBHCHMO. 

-Mo~eRH KonReKTHBHoro THrra, K9r~a BaaHMo~e~CTBHe 'c H~OM pac

CMaTpHBaeTCR KaK BaaHMo~eAcTBVle c KORReKTHBHO~ CHCTeMO~ HRH 3Ta CHC

TeMa o6paayeTcR B peaYRbTaTe BaaHMo~e~CTBHR. 

KOMnReKC nporpaxa COLLI,IJ)Ifl Mo~enHpOBaHHH c rroMoib~ SBM MHr~ 

KHX ~OHH~, ~OH-fl~epH~X H RAPO-fl~epHHX CTonKHOBeHH~ I/ocHoB~Ba
eTCR Ha Mo~eRflX KaCKa~Horo THna. Cpe~H HHX H8x60Ree illHpOKO H3BeCTHa 

Mo~eRb BHYTpVlMepHoro K8CK8~8/2/ c npennoaosexaea o MrHoBeHHo~ POJK

~eHHH ~aCTHl! B TO~Ke B3aHMo~eAcTBHJ't BHy'TpH H~pa. ·ÔTa Mo~enb a ~aJIb

He~illeM HMeHyeTcR cTaH~apTHoR KacKa~Ho« MOAeRb~. nORY~~HO y~oBReTBo

pHTeRbHoe corRaCHe 60Rbmoro ~HCR~ paCCqHTaHHHX nq ~aHHoA MO~€RH xa

paKTepHCTHK pOM~eHH~ qaCTHU c xapaKTepHcTVlKaMVl,H3BneQeHHNMH H3 

3KcnepHMeHTa B ,IJ,OBORbHO IllHpOKOA 06R8CTH 3HeprHA OT HeCKORbKHX ~eCHT

Koa M3B ~o HeCKORbKHX r3B. O~aKo np" 60Ree BHCOKHX 3HeprVlHx 06Hapy

~HRHCb pacxo~eHHfl Mo~eRM c 3KCnepHMeHToM/2/. flX npH~HHa ReJltHT B 

~OnYIl\eHHH "6eCCTpyKTYPHOCTK" 8HYTpHH~epHHx B3aHMO~eAcTBHA. Pacxo~e

HHR nOCRYJKHRH O.II,HHM H3 CTHMYJIOB pa3BHTH"R PMa Mo~e.n:eA c orpaHH~eHHhIM; 

no cpaBHeHH~ co CTa~apTHNM KacK8AoM,qHCROM BHYTpHR~epH~ CTORKHOBe

HHA. TaKoA Mo~eRb~ HBnfieTCfl Mo~eRb napTOH-~Orrnoro KacK~a/3/, KO

TopaH OCHOB~BaeTCH Ha napToHHo~ VI pe~eoHHaa ~eHOMeHOJIOrHH. @OPMaJIb

Hoe ee OTRH~He OT Mo~eRH CTaH~apTHoro KaCKaAa 3aKR~~aeTCfl B TOM, ~TO 

BTOpH~HNe ~pOH~ nORY~aIDT cnoc06HOCTb B3aVlMo~eAcTBOBaTb cnYCTJ't He

KOTopoe BpeMH OT Ha~ana nepBH~Horo B3aHMo~e~CTBVlH. ÔTO BpeMfl, KOTO

poe paCTeT c pOCTOM 3HeprVlVlqaCT~bI, Ha3bIBaIOT speMeHeM ee lfoPMl1pOBa

HVlH. )toyrHM ~~CTaBV!TeJIeM KaCKBAHHX Mo~eReA flDRReTCfl MO~eJIh RVl~HPY~

~ero 6apHOH8 • B HeM cnoc06HoCTh K B3aVlMo~e«CTBVl~ coxpaHHeT ~Vlillb 

.''}.tio i1nú\~~l ~liCrHTyT l 
1 ••I .... ~.'!ií-JII ~U :~~.a~RaUIII 

6~1S lU,! UTEKA 
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~~p~li 6apHOH. OH ~opMHpyeTcR MrHOBeHHO. HMeeTCR ~en~~ PRA MOAene~ 

KaCKaAHoro THna. paCCMaTp'HBaID~HX KBapHOByID CTPYKTYPY ~OHOB. MOAeRb 
KBapK-napTOHHoro KaCKaAa/5/H 8~lIITlIIBH8R KBapKOB8R MOAeHb167 npeACTaB

nR~T c060~ AanbHefirnee pa3BHTHe MOAenH napTOH-a~pOHHoro KaCKjAa, a 
;JJyanbHaR napTOHHaR MOAenb H.lm MOAenb KBapK-rnIDOHH~ CTPYH!? - .n..anb

Hefirnee pa3Bl1THe MOAenetí rnna MO,n,e.JIH nHAHpYID~ero 6apHOHa. HlIIiKe MOAenb 

KBapK-rnIDOHH~ CTpJH 6YAeT paCCMOTpeHa 60nee nOAP06~0. 

B xauecrse MaTeMaTHtIeCIWrO MeTOAa npa MOAenHpOBaHlIIlII CTonKHOBe
HH~ B éOLLI acnonb3yeTcH MeTOA MOHTe-KapnO • 

npoueAYpa MOAenHpOBaHHR CTonKHOBeHlIIR ABYX RAep (aAP0Ha c ~OM) 
pa36HBaeTCR Ha HeCKonbKO OCHOBHHX marOB: 

- onpeAeneHHe HatIaRbHOrO COCTOflHHR CTanKHBaID~HXCR RAep; 

- B~60p nap B3aHMOAe~CTBYID~lIIX tIaCTHU; 
-MOAenHpOBaHHe CTonKROBeHHfl a~pOHOB H pacnaAa pe30HaHCOD. 

npH nonHOM onHcaHHH CTonKHOBeHH~ a~OHOB HnllI RAep c R~aMlII 

OtI~b B8mH@M RBnReTCH MOAe~HpOBaHHe pacnaAa B036~D,eHHOrO nAPa~OCTaT

K~ 2/. B AaHHo~ pa60Te 3'1'0'1' mar He paCCM8TpllIBanCR, T8K K8K npllI HOHK

peT'~ pacuerax H3ytlanCR BbIXO,I\- 6bICTp~ lIInH (B 8MYJI:bOROHHott 'l'epMlIIHOnO
r~m ) S - tIaCTRU. 

OnpeneneHlIIe HatIanbHOro COCTOHHHH BsaHMone3cTByromllIX ngep. B nep
BYJO ouepens paccnarusanacs panaycu R· clf>epvttleCIm-ClIIMMeTpHtlHblX anep ~ 

OHlII HaXOAHnHCb H3 ycnoBHR 

J (~) I?A (O) =d-.. (1) 

P8AHanbHbIe nnO'l'HOCTH flAep c aTOMHb~ HOMepOM A BbI~"pan"Cb B BHAe 

I 
.90 

A ~12 , 1+exp [(r-R) la) ( 2) 
JA(r)= 

1 3/2 2-2 
(---2) exp(-r IR ) A <. 12 • 
3TR 

,IVIR J. .npHHHManHCb 3HatIeHliR 0,°I B cnyuae A ~ 1 2 "O, I B CnYltae A <'1 2. 

,1J,JI.J:I napaaerpoa B/2/ 3HatIeHHH R=roA 
113

, ' r o!ll O,14 IIJM, 
R = 1,37~, a = 0,545 ~M, Jo - HOpMHpOBO'tIHan noCTonHHan. 3aTeM 

H~aH clf>epa-~o P8AHyca R cnytIa~H@M 06pa30M B COOTBeTCTBHH C pacnpe

'! ~eneHlIIeM (2) 3anonHRnaCb HYKnOHaMH. ITpllI 3TOM HYRHOHbI ~OnMHbI 6~1II Ha- . 

XO,IUlTI>C.fl aa paCCTOJIHHH,npeBlIDIaKlIt9M 0,8 ~,,Iij)yr 0'1' ~yra.C nOMoIIUd> . 
pa,IJ;lIIYCOB-BeKTopOB HYKnOHOB ti B H~Ot\ TO'tlIte r1 BbNlIICnstJICR rpaaxu
H~n lflepweBcKHA lIIMnynbc PFcti) (B r3B)no <I>op!"YJIe 

1/3
PF (r i) =0. 615>A (r i) • ( 3) 

2 

3HatIeHHH HMnynbcoB OT~enbHbIX HYKnOHOB Pi , no a6conIDTHotí BenHtIHHe He 

npeBbIlIIaro~Hx PF (~) , reHepHpOBa,YIHCb c BepOflTHOCTHMH, nportopuaoxansmeoi
2

P idPid.S2i 
tIT06bI ynpoc'nrrs r-eaepaumo HatIa:iIbHhIX COCTOHHH~ anep H C8KOH0M11T:D 

1~~
BpeMH paCtIeTOB na 3B~/t, YC.JIOBHH A"T r i = O • LPl.' = O ,Lr. x p.=O • c c J. l. 
03HatIatoI.ql'le paBeHCTBO HynID ueHTpa TfliKeCTH flApa, mJlny.!IbCa H yrJIOBOrO 

MOMeHTa anpa, ae HaK.JIa,I~HBaJIHCb. 

,1J,aJIae pa.;:ulYChI-BeKTopbI HYKJIOHOB ri HaJIeTalOll\ero RAPa nepeonpene.ta
nHCb c yqeToM npHI.IeJIbHOrO napaMeTpa R;IJ,pa b VI, eCIIH RJWO ~BHra.JIOCb, 

c yqeToM JIOpeHlTeBa CJKaTHR RAPa. 3Ha"tleHHR npm~elIbHOrO napaxerpa ir, 
YAOBneTBopRlO~He YC.JIOBWO O ~ b ~ R1+R 2 ' rne R1 H R2 - PaAHYC~ 

CTanKHBato~HxCH HAep, pa3bIrpbIBaJIHCb c BepOflTHOCTRMH,nponopllHOHaJIbHbIMH 
2

d b. flopeHueBO c~aTHe onpeAenRnOCb BHpaiKeHHeM 
... .. ('-1 .. .. .. 
ri = rI -2-' v ,(v'r i ) . ( 4) 

v 

B BbIpaiKeHHli (4) ~ - CKOpOCTb !I,BHIK~erOCR Rgpa B CHCTeMe Ha6móAaTenR, 

a cpaHTOp r onpenexnerca tIepe3 r=l/~ . 
CtIeT~HI<, QTCtIHTHBalOll\H~ BpeMH B' CHCTeMe Ha61IlO,lI,aTeJIR.YCTaHaBJIHBa

eTCR Ha Hynb. 
B lJ,anbHetlrrIeM AnR BHOBb poJ!t)J,eHHbIX tIaCTHIT BBO.TJ,HTCR napaaerp

1 i f e " t , xapaHTepH3YOmH~ HX BpeMR ~H3HH, HatIHHaH c MOMeHT8 pOIKAeHlIIR. 

llocne orrpeneneaaa HatIaRbHOrO COCTOHHHfl B3aHMO,~e~CTByro~HX anep 
ocynec-rsnanca Bbr60p nap B3aHMOAe~CT~yro~HX HYKJIOHOB. 

KOHe'tIHO, npli HcnOnb30BaHlIIlII MOAene~ Tlina nHAHpYID~ero 6apHOHa, 
MOAenH ~HTHBH~X KBapKOB HnH MOAe.lIH KBapK-r,JIlOOHH~ CTPYH HeT He

06xOAHMOC'.l'H "CJKHMaTb" ABHiKYll\eeCR anpo H.1IH BBOAHTb BpeMR, ecna nce 
paCCMOTpeHHe BeAeTC'R B nnOCKOCTlII npauensaoro napaxe-rpa. B 3TOM c.nytrae 
Hcnonb3yeTcR H 60nee npOCTO~ anropHTM HaXOiK,lI,eHHR nap H&ynpyro B3aH

MOAe~CTByro~HX HYKnOHOB. 
B~60p nap B3aHMone~CTBYIDmHX qaCTHU. BeCb aHcaM6nb "tIaCTliU pa3611I

BaeTCR Ha Tp~ rpynnH. 3'1'0 HYKnOHbI RAPa A, HYKnoH~ RAPa B 1II qaCTH~~, 

B03HHKalO~He B p'e3ynbTaTe CTonKHOBeHHR, ~X npHHRTO Ha~hIBaTb KaCK~hI

MH tIaCTH~aMH/2/. C"tIHTan~Cb B03MO*HbIMH B3aHMOAeficTBHR Me~ HYKnOHaMH 

H3 A H H3 B, a TaKiKe B3aHMOAe~CTBlIIR MelKAJ 3THMH HYKnOHaM~ H KaCK~bI
MH tIaCTHuaMH. B3áHMOAe~CTBHeM KaCK~Hb~ 'tIaCTVlU Me~ c060~ ppeHe6pé

ranOCb rnaBHbIM 06pa30M H3-3a TpYAHOCTe~;CBíI3aHHbIX c orpaHWleHHbIM 
6~CTpOAe~CTBHeM 3BM. K TOMY iKe nnoxo Yl3BeCTHbI CetIeHliR liX B3aHMOAe~
CTBHR. 

PaCCMOTpeHHH~ HHiKe KpHTepH~ B3aHMOA&fiCTBHH napbI qaCTH~, a TaKiKe 

anrOpYlTM BbI60pa nap B3aHMOAe~CTByroll\HX tIaCTHU,coxpaHRtoll\Htí npllI'qHHHyto 
CBH3b np; onHcaHHli 3BOntoUHH CTanKHBaIDll\HXÇR ílAep, nepBOHatIaRbHO onHcaH 
B pa60Te 91. B pa60Te19/ He y-qliTbIBanOCb pOIKAeHHe tIaCTHU. 

3 
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TIpH nepeõcpe nap uac TViU,, 0603HatlaeMbIX HH,rr,eKCaMH i H j C S8

,n,aHHbIT-.H1 'tIeT1ipeXB8ETOpaMU ~~Op,lJ.m-faT Xi ' X j H HMnYJIbCOB P i 'Pj 

(BbIÓpaHa MeTpHKa ab= aobo-ao ), B CHCTeMe noxoa O,lJ.HOt1: HS t1aCTViIJ, 

nanpaaep, i, MO)f{HO 0I1pe)J,8~'IHTb BpeMfl 
..~ -'f 
V .. r ..

&7:. (i) = - 1.J (5)1.J 

J r V~j /2 
npoxera t1aCTHlJ;bI j,IJ.O MHHHMMbHOrO paccroanas b c tlaCTtmei1 ii j 

~2 
HBa.n.paT MHHHM~1bHOrO paCCTOflHHfl b onpe,IJ.eJIfleTCfl I{aKi j 

"''f ... 2 

...2 -l"~ 12 - ~~) (6)bij - r ij I.... (2

v

i j
 

GKOpOCTb V~j- tlaCTyU~bl j H· OTHOCHTeJIbHOe paCCTOflHHe r~j MeiK

.n.Y i H j BbItlHCJIfllOTCR B CtfcT8Me nexos qaCTHIJ;bI i • BpeMR 6'-c:. (i) B 
J

(5)	 onpeJI,eJIHJIOCb I\aK c06CTBeHHoe BpeMfl BsaIDAO)J,etlcTBHH t1aCTHUbl i. 

B (6) KaK npHUeJIbHhI~ napaaerp aror-o BsaHMo,u.et\CTBHR. CtIHTafl nob i j 

rWflll4et1cfl tIéiCTHIJ,y j,. aHaJIOI'HtlHO onpe.D;eJHIJm C06CTB8HHoe Bp8MR. 
<f'Í"1 (j.) H npMueJIbHbIt:\ napaaerp b ee B3aHMO,IJ.et\CTBViR. ,IVrfl pacue

i j
 
TOB YA06Hee BbIp~eHHfl (6) H (7) nepenHcaTb B HHBapMaHTHoM BH,IJ.e
 

Pi(Xj-xi)/rni-Pj(Xj-Xi)/Ej (Oi)J'L"'~(i) 
. x 2J 1- (mj;/Ej ) 

2 2 [ ")2
b =-	 (Xj-~i) + Pi(x j-xi ) / m1i j 

(6' ) 

[Pi(Xj-xi)/rni-p, (x,-X.)/E~]2 . J J 1. J 

1- (m. /E~) 2 
1. J 

B ~opMyJIax (5') M (6') 

~ = Pi'Pj (7) 
EJ mi . 

OÓOSHatlaeT 3Hep:rHlO vac nsu J B CHCTeMe nOI\O.R tIaCTHUbl 1 ,a mi-Mac

ea tIaCTHUbI i • BsaHMO,IJ.et\CTBHeM JI,BYX tIaCTMU CtIHTaJIHCh ,IJ.Ba COÓblTHH, 

xapaxrepaayeaae COÓCTBeHHblMVi Bp'eMeHaMH ó't'j (1) ~ o H ó'G (j) ~ Ó •1 
( B KaqeCTBe KpHTepH.R CTOJIKHOBeHH.R npHWeH.RJIOCb YCJIOBHe 

,.2 6' (sij) (8) 
bij":n; • 

. ~·l~OBHH (S} e: (sij) ~ nOJIHOe ceceaae B38HMO~etlcTBHH ,n,BYX 

tIáCTHQ, 3aBMc~ee O~ KBa,n,paTa 3HeprHH 3THX qaCTHU B CHCTeM6 HX ueHTpa 
. 2 

'MaCe = (Pi+Pj}' ~CnOJIb30BaJIHCb Ta6n~~ble Haóop~ 3KcnepH5 i j 

4, 

MeHTaJIbHhIX ,JJ;aHHbIX npa HHTepnOJIRl~HH CetleHH:1 6 (s. , ) !'t 6'et (s .. ) 
. 1.J l..J 

ynpyrv.x CetleHM~,He06xo,IJ.H~lliX npH B~eJIeHHH yrrpyroro KaHaJIa ffN- , KN

H NN-B3aHMO~enCTBHn' no aHeprHH, a TaK*e/T~TMPOBaHH8 3KcrrepHMeHTaJIb

HbIX AaHHHX B CJIYtlae KN-B3aHMo~et\CTBH~ O/~ CetleHHH B3av.MO,IJ.eficTBHH 

CTpaHHb~ Óapv.OHOB c HYKJIOHi~H 3KCnepHMeHTaJIbHO M3BeCTHM nJIOXO H ~OJIb

'KO npH. BMCOKHX aHeprHflx!11 o BaTOM CJIYtIae CtlHTaJIOCb, qTO 3HepreTH

tleCRaH 3aBMCHMOCTb CetleHv.~ TaKafl ~e, KaK H. B CJIyqae B3aHMO,JJ;e~CTB~i1 

HYRJIOHOB. qTO KacaeTCfl B3aViMO,JJ;ei1cTBHtí pe30HaHCOB c HYKJIOHaMH, TO 3Ha

qeHHH me CetleHHtí 6pa.JIHCb TeMH lKeCaMbIMH, TlTO Mi COOTBeTCTByromHe 3Haqe

HtUr CeqemfM .1T'N--, NN- 'H KN-~3aHMo,n,eí'lcTBHt\o ~lcKJIlOtleHHe COCTaBJIHJI:I1 

B3aHMo,n,e~CTBHR ~(3!2,3/2) - pe3qHaHcoB c HYKnOHaMH ~ KHHeTHqeCKOn 

3Hepr:l1e'~ pe30HaHCOB, Me/blllefil 3 TaB, OHH 6palUlcb M3 pacvera B MO~eJIH 

O,JJ;HonHOHHoro 06MeHaí'I2 • EClIH KHHBTHqeCKM aHe.prH.FI Ha.JIeTaIOtItet\ qaCT:I1UbI 

6E17Ia MeHbme 90 MaS B CI-iCTeMe nORDfI napnrepa no CTOJmHOBeHHID, TO 

6(sij) CqHTaJIOCb paBHbIM HYJIlO, qTO qaCTHtJ.HO YtIHTblBaTIO aanper na 
B3il1f4o,n,e~CTBHe c BHYTpHfl,JJ;epHbIMVi HYKJIOHaMH, CBIT3aHHbJn c npHHttlTIOM TIay

.JIH 2/. 
ECJIH O)J,Ha H3 t1aCTHlI, HanpHMep j, c 3Heprvret1: E . H tAaccot\ m. 

] J 
e~e He e~opMHpOBaJIaCb~ v.T06bJ BSaI-iMO,IJ,ei1cTBo~aTb c noJIHb~ CeqeHMeM,HJI~ 

OHa MOlKeT pacnac-rscs , TO Ha!CJIB.,lUl8a1CSl ~OnOJIHXTeTIbHble R RpV!TepHlo (8) 

YCJIOBMfl 
E. ('

t~ife	 + --l Q'C. (j) ~ t~orrn ( 9) 
J m. ~ J ,

J 
E. 

t~ife 
+ J 07:. (j) ~ t~e'cay •	 {Ia)

J rnj 1. 
J 

B' HepaBeHcTBe (9) BpeMIT ~pMVipOBaHMIT t1aCTMllbI t~orrn , onpenenaenoe
J 

B CHCTeMe Ha6JITO,lJ.aTeJIP, ~bNHCJIflliOCb 1":0 ~pMy.rre 

t~orrn = ~ 
2	 crr)

J rn

ITpH ROHKpeTHbIX BbItlI-iCJTeHHflX HcnO.lIb30BaJIVrCb pa3JmqHble 3HatIeHVi.FI napaaer2 
pa rn B(1I) OCí03HatIaeT npon,OJ1hHhln YIMnYJIbC tlaCTHI.\bl B CHCTeMe. Pj 
Ha6JllO,n,aTeJIfl~ B xepaaeacrae (IO)BpeMfl pacnana t1aCTMI.\bI-pe30HaHca 

t~ecay ortpenenaaocs B CHCTeMe Ha6.lJ:lon,aTeJIH uepes aKcnepHMeHTaJIbHO 

H3MepeHHyro lllHPHHY pacna.n.a r,
J 

decay E. 1t.	 = J._ (12) 
J nl j rj 

QT06bI COXpa~ViTb npHv.VlHHy.ID CEHSb npv. paCCMOTpeHHH ~TOJIKHOBeHMH 

fl)J,ep ,IJ,JIfl BbI6paHHO~ qaCTHll~ j1 Cpe,n,H BceX N~ BOSMOlKHbIX napTHepOB no 

B3aHMo,n,efilcTBHro, Toe. Y~OBJIeTBOpHID~MX ycnoBHID (8)-(10), He06xo~HMO 

B~6paTb TaKY10 qaCTHUY i'f ,~H KOTOpofil 6Y,IJ,eT BbInOJIHRTbCH paBeHCTBO 
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(I3)
Ô'&"i.Mj1) = min J'~ i (j1) • 

i=1,2, ...N1 . 
TalOKe cpena scex N 2 -qacTHQ THna ] npn BõInOJIHeHHH YCJIOBH~ (8}-(I0) 

'~ X ' 
C -qaCT~lle~ i BõI6paTb j ,-qT06õI Y~OBHeTBop&nO~D paBeHCTBb 

Horna 

d't:j * (i 
x 

) 

j 1=jX , 

=mih J'rr::.{iX).
] 

j=1,2, •• N 2 X 
TO napa uacrau i 

.X
] RBJIHeTCfl 

( 14) 

KaH)J,H~aTOM AJIfl 

B3aHMo~eAcTBHlI,. 

B CHCTeMe Ha6nro~aTerrg onpe~eJInnOCh BpeMlI ~t , Ha KOTopoe H~O 

"C~BHHYTb" Bce -qaCTHU~ nepe~ nepeXO~OM ~ CJIe~D~eMY maI'Y. BpeMfl ot 

3TO 'MHHHMaJIbHOe BpeMfl cpe~~ Bcex BpeMeH pacn~a H B3aHMo~e~CTBHfl -qac
THIl;. Ilocne "C~BHra" scex -qaCTHQ aa At MO~e.JUlpOBaJIOCb B3aHMo~eftcTBHe 

nap~	 -qaCTHQ HJIH pacna~ -qaCTHQõI-pe30HaHca. 
EcJIK He 6HJIO Ha~~eHO -qaCTHU,cnOCOôHõIX npOB3aHMOAenCTBOBaTb HJIH 

pacnaCTbCfl B ~e, TO cTOJIKHOBeHHe H)J,ep CqHTaJIOCb 3aKOH~eHHõIM. 

Ha pHCYHKe I~eMoHcTpHpyeTclI paCC~HTaHHoe YlCa3aHHhIM BDIlIle 06pa30M 

ce-qeHHe Heynpyroro B3aHMO~ef\cTBHR npOTOHOB C flAPaMH npH B~COKHX 3Hep

I'HRX. 

(OOOO '	 ----, 

o 
$ 

-,1000 

• ~ 
~ 
~ 

~ 

\Q	 I ~ 

o 100 

A
( 

?Hc.I ..	 3aBHCKMOCTb çe-qeHHH HeyppyroI'o B3aHMoAeftcTBHH npoTOHoB c 
flAP8MH npH BõICOKHX 3HepI'KHX OT aTOMHOrO HOMep,a A ~
MHmeHH. TO-qKH ~}-3KCnepHMeHTanbHõIe ~aHHõIe714/, r~e Ha-qanb

H~ KMnyJIbC npoT%B P =200 f3B/c. KpecTHKH(*) -3KcnepH
MeHTaJIbHõIe )J,aHHõIe 18/ ~ P =200 f3B/c. Kp~KH (q)- pac~eT 

o 
no MO~eJIH CTaH~apTHOro KaCKaAa• 

'6 

~fl MO)J,eJIeH, paCCMaTpHBaID~HX CTOJIKHOBeHHe RAep B nJIOCKOCTH npHu,eJIb
Horo	 napaMeTpa,Mo~Ho HCnOJIb30BaTb ~yroH aJIrOpHTM HaXO~)J,eHHH KOH~Hry

paQHH Heynpyro, B3aHMo)J,e~cTByro~HX HYKJIOHOB. AJIrOpHTM OCHOBõIBaeTCH Ha 

CJIe~~eM.BõIp8*eHHH )J,JIfl BepoflTHoCTH TaKOM KOH~Hr~p,aliHH Jl npH CTOJIK
HOBeHH~ ,lJ,syx fl)J,ep c npHlieJIbH~ napaMeTpOM b II I; 

PJ1(S)=j n P i (Xi-Y.) n (1·-p. (~k-ge) x (I5)
(i,j) €.J1. n ] (k,l)tf.Sl a n 

~ ~ + o • ~ ~ ~ .. ~ 2 2 2 
x 9A(x1'x2'····,xA)JB(Y1-b,Y2-b, ... 'YB-b)d x 1d x 2 · · · · d YB• 

.. .. ... ......
B BõIp8*eHViH (15) f A (x1 ,x2'···· ,xA ) H J B ( Y 1 ,Y2'···· ,YB) 
pacnpeneneaaa nJIOTHOCTH HYKJIOHOB B snpax c aTOMHblMH HOMepaMH A 11 B 

a Pin(~i-Yj) - BepOflTHOCTb Heynpyroro B3aHMo.n,eHCTBl1fl HyKJIOHOB 

iH j • RBHõIH BHA H napaMeTpõI pacnpe.n,eJIeHH~ ~~OTHOCTH HYKJIOHOB on

pe.n,eJIeHõI B~ne (CM.BõIp~eHHe (2)). flBHõIH EHA SepOflTjOCTl1 Heynpyroro
/ I3 B3aHMo.n,eHcTBHfl B 3~KOHaJIbHOM no.n,xo.n,e npHBe.n,eH n . B .n,aHHo~ paôoTe 

.n,Ba HYKJIOHa c Koop.n,l1HaTaMl1 xi H Yj MOrJIH Heynpyro B3aHMO)J,eHCTBO
BaTb	 npl1 BõInOJIHeHHH YCJIOBHfl 

b2 G"in (s .. ) "2 .... 2
ij ~ :n: ~J b = (xi -Y j) • (I6) 

B KOHKpeTHõIX paCqeTaX CeqeHHe Heynpyroro E3aHMo.n,eHCTBHfl HYKJIOHOB 

6' in (s'f.j) npHfÚ1:MairOCb paBHblM 32 M6 'HesaBHcHMo :0lJ' HX .saepraa. 
~aKHM 06I?asoM, aaas KOOp,l1,HHaTbJ HYKJIOHOB xi' r-ne i=1 ,2, .•. ,A', 

11 yi,r.n,e j=1,2, ... ,B , nOCJIe~Mo.n,eJIHpOBaH~n Ha~aJIbHàro COCTOflHHR 

anep, .n,JIfl K~orb HYKJIOHa i flAPa]1- npOBepHJIOCb YCJIOBl1e (16) c -K8*
.n,blM HYKJIOHOM j fl,lJJ)a B • ' CJIyqaH, xor'na YCJIOBHé (16)' BlJnOJIHflJIOCb, 

3anOMHHaJmch. OHH 'H npe.n,CTa~JiflJIl1 Tpe6yeMY:O KOH~HrypaUHID 'aeynpyr-o 

B3a~MO.n,e«crB~~~X HYKJIOHOB. 
ITPH 

I 

He06xo~HMOCTH' C BepOflTHOCTb~,nponopUHOHaJIbHO~ CeqeHl1ID .n,H~ 
paKUHOHHoro paCCeflHl1H, 3TOT npouecc OTôpaKOBõIBaJICfl. 

~eTO)J, oqeHb 3~eKTHBeH npH onp8.n,eJIeHl1l1 KpaTHOCTH HeyrtpyrHx . 

B3aHMo:rr.e~cT·Bl1/it. 'I10JIyqeHHhre pacrtpenenenas no KpaTHOCTH. aeynpyr-ax 
B3al1Mo.n,e«cTBHtl ~ nporoaa C pa3iIH~HbrNm fl~aMH npl1BéA'8Hli1 xa pHCYJ-IKe 2. 

Cné,.oSreT 'oTMeTHTb, qTO 'pacuer RpaTHocTétí ..L.. v> néynpyrax B3aHMo.n,etl

cTBHnnpoToHoB ~ RAPaM"' .n,~eT 3HaqeHHfl,ÕflH3KHe K 3KcnepHMeHTaJIbHwM. 

Hahpavep , 'faCqeT .n,Jifl peaxnax p+Ar 40 naer .t..v ~.= 2.27, )J,JIfl'peaK-' 
30 .J'lll1H p+Xe <. v> = 3,29, a 3KCnepHMeHTaJIbH1ie 3Ha~eHHlI 3THX Be)IHI 

qHH/ I 41 paaau: cooTBeTc'TBeHHo 2, 35'±p,2 K 3, 25.±0;2. Hóe :«SYm"l" paccaoe
peH1i <51iCTpOTHlie pacnpeneneaaa SapmlteHH1iX qaCTHÚ, p01lt,D,eHHhIX B nporoa-: 
H~epH~ B3,aHMo,u,eRcTBHRX c HCnOJIb30àaHHeM ,u,aHHoro anropKTM8 B'MO~eJIK 

KB~pK~rnmOHHYX·éTPyH· 
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?~c.2.103 

Pacnpene.aeaarr no KpaTHOCT~ He
VJ(~} ynpyrnx CTOJIRHOSeHl1i:\ Y npOTOHa 

B ~~ax. CnJIOWHafl rl1CTarpaMMa
40

1	 COOTBeTcTByeT peaRUl111 p+Ar ,01..'100 , .	 130
nYHRTMpHaR- p+Xe H I.IITpJ1X

L1L~	 
1_ 

I!	 nYHRTl1jHafl COOTBeTcTByeT peaRllJ1J1
2 3 

~ L"1..	 p+u .
1 

I i
"1.104 

1
o 

~ 
t "
 
I ~
 
I L. 

I 
ui' 

• o 

I ~ 
I
L...,.. 

~ 

. L'l. 
~r r ,ltU	 ' t t' t 

{(),	 ~4 8· 12 

'ionenHpOB8H*ü CTcrJIKHOBeHJ1~ anpOHOB J1 p8cnanape30HaHCOB~ B~eJIe-' 

HRe,ynp.yrore KaHaJIa~ MO~eJmpOBaHae ynpyroro BsaRMO)J...efltcTBRH am>0HOB 

C HYKJIOHaMíI C J1éríOJlb30BaHíreM' 3KcnepRMeHTaJIbHblX ,Il,aHHbIX O ce't{~HJ1H yrrpy
roro B3aHMO~~éTBJ1~ apacnpe~BAeHHRX no yrJIY BDm~Ta DP.Q~KTOB·npH 

paSJI~fllX' KallaJI:bHblX3Rep:rl:fflX no.rr.pQ6HO ormcmm. B Kffi{re!2/. B CJIyttae 

y,npyroro pacée':nr~UI l1HOli013 sa. HYRJJOHaX yqWrNB8.J!aCb- B0-SMOJItHQCTb o6pa
30cBaHHH A. t3/2,t3"!2y':"peSOHa:HCa C BepOflTHOCTbIO; I1f10nOpmrOHaJIbHclt peao.... 
H-aHCHOMJl c:,e~6JiHT<rt BbI6paHHOMY B ~pMe Bpeãra..Bar-aepa C Sa,IJ,aHH1xM11 na

, p8.fde1'p.aMH, ' I vI. 
~eTa~~~oe I~ 6rrU3KO~ K 3RCnepRMeHTy' 0l1HC8HHe, MHrKHX H&ynp~:rHX , 

BSaHM~~TBHf,t ~POHO.B" npa BbICo-K~X 3HePI'J1,Xlae~ ,IJ;yaJIbHafl rIa:PTOHHtUr 
Mo,lteJIb lofJIH- MOAeJIb KBapK....rlIIOOHHblX CTPJlH 8 • fi e-e OCHóBe JIe!tK'f' 1JN
~.Jr(}iteHae: 8MnJIHTYW' 6J1Ha~ nponeccen... 'I'~ ,N-'tIHCJI& ~pOMa'POB tt.llVt 

rlBe'rOBKB8p~, R I;lH;It .~On9.1ÍHwfeJIbHh1X npe~()Jt01lteffill~" Cp~ KO'r'Opb1X 

~p~aBHNM gBn~~TC~,npe,IJ,ndrro~eHJ1e ~ ~O~eCC€ nepex~~a KBapKQ~B ~OH&. 

~arpaMMY,O~eqaD~~e oT~e~bHHM q~H~ y/N pa3JIO~eH~H~MOMHOKJIaeC~

~HltHP(}BaTh 'DE>' HX TOrtOJIOpHtteCKJ1M CJ50~C'l'Ba~nplN_rJUmll~ no ~/N 

1tB-JIm1'1'Cft nJIaHápKflTe (-""'ljN ),a uHJIKH,ItpmeeKH8' ,I(aaI'paMMbl ( ..... 1:/N~' ) .. 
fipRBUCOKHX 3KeprKfl~ aTJ1~ A~a:rpaMM~ CO~BeTcTByn~ npOneCCHtCBfi3a~

HHe e~ 06MeHo~a t-K8HaJIe BTOpR~HMH p~90HaMH HJIK nOJIDCOM ilOMepaH

8 

lIYRa B ynpYI'OM paCCeflHJ1J1. BaJKHyro pOJI~ 11rpalOT raicse )J.J1aI'paMMbI c 601IBe 
CJIO*HO~ TOnOnOI'J1e~,OTBe~e B t-KaHane 06MeHY HeCK~JIbKJ1MM nOMepoHa
MH.Paspe3aHHHM ~arpaMMaM TOnOJIOI'HqeCROI'O pa3JIo*eHJ1fl MO*HO corrOCTaB11Tb 
onpe,rr.eneHHyro npoCTpaHcTBeHHo-BpeMeHHyro RapTHHY 06paSOBaH~fl 11 pacna,rr.a 

KBapR-I'JITOOHHõIX CTPYH. 
MeTO)J. MO)J.enHpOBaHI1R HeynpYI'HX CTOJIKHOBeH11x agnoHOBtOCHOBaHH~~ 

Ha MO)J,eJIK KBapK-I'JIroOHHblx CTpYH,onHcaH B pa6oT~~/IG/. CxeMaTHlIHO OHr CBO,JJ.J1TCfl K B~eJIeHHro npouecca, orsesamero ,lJ,HaI'paMMe c onpeneneaaoã 

J TOnOJIOrHe~~ saTeM K onpe,rr.eJIeHI1ID THna KBapKa 11JIH )J.11KsapKa t KOTOp~~ 

HaXO,JJ.HTCfl Ha KOH~e CTPYHM , R ,JJ.onJ1 3HepI'HH HYKJIOHa,YHOCI1MO~ GTHM KBap
ROM,H MO~eJIHpOBaHHro pacna.n,a CTPYHbI lia a~pOHM. 

3,lJ,eCb YMeCTHO OTMeTHTb t qTO RaR c TOlI~ speHan MeTO)J.a MO~eJIJ1pOBaHHR, 

TaK J1no cyrqecTBY onl1caHt1e HeynpYI'J1X CTOJIKHOBeHH~ an.pOHOB 11 R;IJ,ep c 
fl,Iij)aMI1, B paMRax 3TOtt MO)J.eJIH paaJmT.Jam'CH B Hali8JIDHOM n;yHKTe.: B BH60pe 
npoQeeca.OTBe~aro~eI'O ,rr.J1arpaMMe c onpe~eJIeHHO~ TOnOJIOFMe~!7~ HaRv.M 
06paSOM BM6MpaTb 3~11 )J,HarpaMM~ B CJIyqae pacceflHHH ~OHaB,OnJ1CaHO ~ 

pa6oTax/ I6/ ,a B CJIyqae crronKHOBeHHH anponoa U flAep e MPnt't paCCMOT
peso BblIlI.e H KJIJI1OC'l'plipye~cfl Ma pH:CYHRe 3- ~CM. 'l'áR*e paCiOTy' I?/}. Ha: 
pHCyHKe 3 npe~cTaBne~ npHMep npQneeca B~a~Mo~eMcTBHH rrpoToHoB c fl)J.pOM, 
KOF,IJ,~ HaJIeT8ID~aH~aC~Kna ~c~TNBaew'TpexKpaTHoe Heynpyroe B3aHMo~e~
CTBRe ,c HYKHOHaMH ~a c Q6pà30BaHHeM pa:SHNX THnÓB KBap~-r~oHH~ 

à·	 CTPYH. B OTJIHQBe'OT CTonffHUBeHHH ~OHQBnpK cTonKHoB~HHH ~OHOB HJIH 
anep c H,1U)aMli BOSMOJKHM C'l'pyHL1 e-,,'BaJIeHTHbIM H MOpC'KHM RBapKaMH aa xoauax, 

v% 
J\V~ 

tl:=====~~ 

PKC. 3.. ItpHl~iep' KOK<I!H'rypa.m1H KBapK~rJIIóOHHbJX ,CTPYH' B npOTOH.... 

s,IlepHOlf BsaKlfO'.I\8RCTBHH,.. HorA&,' "KpaTI)OCTb HeynpyrHx 

l~l 

f 
~ r ~ 

11 

C'TOJlKHOJ:H~HHít nporfOl:fa paBAaTiléM. • 

rrp~ HCnOJIb30~aR~K HeynpyrHX. eTOJIKHOBeHHij ~OHOB c KlKJIOHauH 
B- 06JIaCTH' GKepI'Hft 3 raB < ~ ~ 3{} 1'38 B Ka:~~Be. "aneaeaeapaoro 
lIKTa" "B3ãHMo;qeÃCTBifR '8;J.ij>OHOB R· AAep c fl.IWaMK npHHHMaJlHCb BO BRHMa:
Hlie npoueCCH,OTBeqaD~He nnaHapHNY H UHJIHH~HqeCHHM ~arpaMMaM. 

(jJ 
~ 
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aKCKnIDsaBH~e pacnpe~e~eHaR BTOpa~H~X ~aCTau ~nH agpOH-HYKflOHHHX 
BS9.aMO,n,e~CTBaM npz VSf:3 f3B MOJKHO MO,rr,eJmpOBaTb aa O~/OBe annpox
caMaUa~ SKCrrepaMeHTanbH~X ,n,aHHHXMeTO,n,OM,aSnO~eHH~ B/ • B ,n,aHHOM 
paÓOTe Ba,n,OaSMeHHnCH TOnbKO MeTO,n, MO,n,enHpOBaHaH npouecca,OnaC~BaeMO
ro uaflaH,D,paqeCKOM ,n,aarpaMMO~. C~HTanOCb, ~TO a,n,eT ,n,ByxqaCTa~HaR peaK
DaH BsaaMo,n,eMCTBH.F! a,n,pOHDB c HYKnOHaMH hN - h 'N I , I',n,e, h I a' N 1_ 

cTa6vr.lIbHble ~aCTau~ ana peaonancú. llpa nepepacnpenenenna KBapKOB suõpa
C~Ba.JIvrCb cnyxaa , KOTOpbI8 ynpyrce pacceaaae TaK~aIOT hN~hN, 

KaK OHO yxe ~TeHO. Ilocne onpene.neaas a,n,pOHOB h I a NI I'eHepapOBaJICR 
yrofl pacceHHaH c nOMO~bID SKcnepaMeHTanbHO YI'nOB~aSMepeHHb~ pa~npe

,n,eneHvr~ B yrrpyroM pacceRHHH npa COOTBeTCTBYID~e~ SHepraa. Macca oópa
SOBaHH~X peSOHaHCOB He lflaKCl1pOBaJIaCb Ta6na~H~M SHa~eHaeM, a aMena 
pacnpe,rr,eneHl1e B COOTBeTCTBa~i c HSMepeHHOn lliHpaHOH peSOHaHca. OTHO
lliéHart Bepo.rrTHOCTe~o6paSOBaHa.rr nceB,n,OCKafl.rrpHHX a BeKTOp~x MeSOHOB 
cocTaBnRio 7/3 (npa SHepra.F!X vs > 3 fsB STO OTHomeHae'B~6I1panOCb 

paBHbIM I .16 ). Cpasaeaae paccvaramurx npa '!S > 3 fsB YI'JIOBblX H aM;" 
rrYlIbCHbIX pacnpeneneaaü nl10HOB H HYKJIàHOB, poxneaaax B1T'N- HNN/ jBSaa
Mo,rr,e~CTBHHX c SKcnepaMeHTaJIb~Ma ,n,aHH~Ma,co6paHHbwa B KHaI'e 2,noKa
sano, ~TO ,n,aHH~~ cnoco6 ,n,aeT orracaH~e He ~e, ~eM MeTo,rr"ocHoBaHH~~ 

Ha annpoKcHMavaa sKcrrepaMeHTanb~x ,n,aHH~X . ITpaBe,n,eHH~~ cnOCOD 
Mo,rr,enapOBaHI1H Heyhpyrax CTonKHOBeHa~ a,n,pOHOB npH ~~ 3 fsB.orrHc~Ba
eT no~aBnHID~o ~aCTb nORHoro ce~eHHH HeynpyroI'o BsaaMo,rr,eMcTBaR, o,n,Ha
Ko HeKoTop~e Tpex~acTH~HHe peaKuaa, KaK,HarrpI1Mep, po~eHae I'arrepOH8 
a KaOHa npa CTonKHOBeHHa HYKnOHOB, B~na,n,aIDT as paccMoTpeHHR. 

B~3HaKaTOll\ae B pesym.rave CTonKHOBeffi'l.F! anponos peSOHaHC~ MOI'na 
pacna,rr,aTbcH. 11cno~bsoBanacb sKcnepaMeHTanb~e ,n,aHH~e ~nH B~acne~a.F! 

OTHocHT~nbH~x BepoHTHoqTe~ npH B~6ope K~ana: pacna,n,a. C~aTanHcb paB
HOBepORTHbIMH .npoexnaa cmuioB O~f>asOBaHmnC peSOHaHC?B, a sce ,n,ByxqaCTi'l~
H~e pacnana annp.oKc.~Ml1pOBéUIHGp :.I1S0TpOTIHW4H B.caçTeMe LLeHTpa Macc 
peaoaaacos pacnpe~eneHH.F!MH. T'pex~aCTHqH~e pacnanu paccvarusanacs 
uepes nsa cJfe.n.Yroll\a~ ,n,pyr aa ,n,pYI'OM ,ItByXtUlC~H'qij.bIX pacnana , Peaonaac 
c xaccoa fi "'fHaqaJÍa pacnananca 'na npoMeJltY.TbtiHyro ~aeTauY c Maccofl1: fi 

a cTaôHnbH~~,a,n,poH c MaCCD~ fi, ,a saTeM ~aCTHua c MaCCOn fi pac
na,n,aJIaCb Ha aAP0HM c MaccaMa fi2 a m) . rrpOM~YTo~aH Macca m I'eHe
pHpoBanacb B COOTBeTCTBHH c pacnpe,n,eneHHeM 

2 "" , V1 2 2 2' À 2 2 2
f~fi) "2 IdfiR,fi"fi) . (m ,fi ·'t17)( 

fi 2,fi) 

rne À(ol.B,ó>=oL2+B2+t2_2c{B-2Br:::-2~( •. 

ITpH. npOBe,n,eHHH pac~eTOB BsaHMo~et1:cTBKH npOTOHOB c RAPaMK CTaBHJIaCh 
Uenh npo,n,eMOHCTpKpOBaTh pa60Tocnoco6HO~Tb ~OLL1 ,a npHMepe p~a ~HSH~ 

~eCKHX Mo,n,e]Jet1: .• Baõop SKcrrepHMeHTanb~X ,n,aHHl>lX. I4 ,n,~H cpaBHeHHRr. 

06YCJIOBJIeH ~eTKO onpe,n,eneHHbIMH KpH~ep~RMH pTôopa B ~K~nepaMeHTe. 

10 

B ,n,aHHHX/I4(npe~cTaBJIeH~x HH~e,He yqHT~BaroTcH npOTOflN ~ HMnyJIbCOM 
P ~ 600 MsB/c H TIHOHU C P < 35 MsB/c, T.e. paccMaTpHBaroTcR s -~aCTHru 

B HMnYJIbCHO~ TepMKHOJIOI'HK/2/. KaK npaBMnO,I'eHepKpoBanocb oRono 400 
B3aHMo,n,e~cTBH~ rrpóToHa c OT,n,eJIbHHM ~~OM. 

ITpKBe,n,eHHaR Ha pHcyHKe 4 3aBHCKMOCTh cpe~e~ MHo~eCTBeHHOCTH 

sap~eHHux ~aCTK~ <nc h > .po~aIDmHXCH npH BsaKMo~e~cTBKH rrpOTOHOB c 
3HepI'He~ 200 r3B c H,D,paMK,OT aTOMHOI'O HOMepa A H~a-MKmeHH ~OBonbHO 

xoporno onKCUBaeTCR MO~eJIbID CTaH~apTH9I'O KaCK~a. EOJIee TOI'O, ôHH3RHe 
K 3KcnepHMeHTaJIbHWM 3Ha~eHHH no.~aroTcH H B 'pac~eTax c ~YI'H< nc h>
 
MH Mo~enRMM KaCK~OI'O THna.
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PKc.4. 3aBKCKMOCTb cpe~e~ MHOMeCTBeHHOCTH 3apRZeHHHX qaCTKll' 
( po~a~CH npH B3aHMO~e~CTBHK rrpOTOHOB c Haqanbnc h >, 
HoA sHeprHen 200 rsB c ~aMK,OT aTOMHOI'O ~oMjPa ~

MHmeHK. TOqRH(_)- sKcnepHMeHTaJIb~~ ,n,aHHHe'I4 ~ 
KpecTHKK 0c) - paCqeT no Mo~enK CTaH~pTHOro KaCK~a. 

, 

\ 
I1pH cpaBHeHHK npe,n,cTaBJIeHHHX Ha pHCyHKax 5 H 6 paCClIHTaHHHX 

K sKcnepKMeHTa.lIbHO H3Mepemmx ÓSCTpoTHbIX pacnpeneneaaã 3apRZeHHHX 
~aCTK~ OÔHapYEHBaeTCH, qTO Mo,n,enb CTaRAapTHOro KaCK~a ~eT CJIHmKOM 
60nbmyD MHOMeCTBeHHOCTb 3apnzeHHHX qaCTHQ B OÔJIaCTK ~arMeHTaQHHI~ 
MKmeHH. BBe~eHKe B Mo~eXb nepepacceHHHH H paCrra,D,a BHYTPH ~ pe3pIIJ 

11 I HaHCOB npaKTKtleCKK ae MeHgeT ÔhlCTpoTHHX pacnpeneneaaã. YMeHbmeHHe 
~ \ 
~ I BHYTpK~ep~ nepepacceHHHR nyTeM yqeTa BpeMeHK ~pMHpOBaHHH ~a 
• ! Bcex BTQPKQHUX qaCTKll He npHBOAHT K npaSHnbHOMY 'OnHCaHHD sKcnepH

I 

MeHTaXbRUX ~aHHHX. 
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)4Jyr08 110Be,rr.eHVIe lIIMefOT 6blCTpOTHbI8 pacnpene nemm 3apmK8HHbIX -qac

'1'i1U, paCCtIVITaHHbI8 B Mo.rr,8.rm J[H.rr,v.pyro~8ro õapnona 11 MO)~8.TIM r-mapK-rJIlDOHHbIX 

CTPYH • OHI1: ~8MOHCTPVIPJTTOTCP. aa pacyxxax 7 1-1 G. ~pYl pacuere PP -BsaYlMO

.rr,8~CTBVl« B paxxax MO,rr,eJIM ImapR-n.lIJOOHHbIX C'1'PYH (pnc . li) yqilTbIBaJH1Cb npo

dn 4 q8ccbI,OTB8tIaI0l.qVIe MHororrOM8pOH-H-bIM 06M8HaM. 
d!J 

FVlC.7. 
:3 t 2 r- P To )K8, 1.1'1'0 11 aa PI1CYHi{8 6, BO 

rl1C'1'Of'paMMbI B pA- B3aHMo.rr,8MC'1'2 " 
BVIflX COO'1'DeTCTBY~T paCqeTY no 

MO,rr.8JII1 ltaCKaIl,a Jn1.lJ,l1py10~ero 63

pl10Ha. 

-2 o -# 2 3 4 5 6 7· 

'r-. 

X130 
ePVIC. 2. Pacnpene.reaaa no ÚblcTpoTe y 3apJDIteHHbIX traCTVIlT, poxnan

~VIXCfl npa B3aVIMo,rr,etlcTBViRx nporoaoa c R~paMYl: KceHOHa. 

Hauam.nan SHeprlHt nporonos 200 f3B. TOtIKYl:.(.) -sxcnepa
M8HTarrbHbI8 ~aHHble. fMcTorpaMMa. - pacuer no MO~8.Jm CTaH

napruoro xacxana. 
I...... , I ---l.....--.... I , I~"" t 

2 3 6 

PvrC.C. ~ 

Pacnpenenenaa no 6bIC-TpO'I'8 Y 'I)
 

sapRiKeHHHX traCTVlU,pG~a!o~HXCfl
 ;2B PP-VI pA - B3aYl:Mo.-rr,e~CTBuflX npvr 

HaqaJIbHO« SHeprVIVI npoToHoB 

200 fsB. TotrKVl5.),-SKcnepVIM8H- 01-0 

Ta TIbHbJe natraue I~/. Cn.JIOIllHbI8 

rVICTo~paMMbI B c~yqae pA -B3a~

Mo~ef;lcTBVIf;l - pac~eT no MO~anH
 

KaCKa~a c yqeToM n8pepaCC8flHVIfl
 

VI pacna~a BHYTPVl R~a pe30HaH
x~ 2 

coB. IllT~HXIIYHKTHPHali < m = 
20,1 fsB )M illTpMXOBap. im =I fsB

2) 
rMcTorpaMMW - pac~eT no RaC&aA

P~c.8. 
( BO! MQ~8JIH o BpeMeHeM WDIJMHPOBa ~ 

I To ze , l:ITO H na pzcysxe ô , HOHWl c pa3JIH"tIHI:.1MR 3Ha~eIDiRMR napa Ih 2• rMCTorpaMM~ COOTBeTCTByroT pac

y 
"!Me"Tpa m \'.:1 ~eTY .no Mo~enM KBapK-rn~OHH~
I.
• I 's 5 
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Ha pncynxe 9 1l0lCa3aH IlpHM8p ÔJlH3KOI'0 K 8KcnepHMeHTY onacasua 

6bICTpOTHbIX pacnpenenesuü aapaxeaaux liaCTHU B MO,Il,eJH1 KaCKa)J,a c YlieToM 
nepepacceaana H pacnana BHYTPH R,IJ,pa pe30HaHCOB, eCJIH npe,ItnOJIOJKHTb, 
liTO J1H,Il,HpYIO~He 6apHOHH q,OpMHPY:OTCfl MI'HOBeHHO, a OCTaJIbHble BTopHliHble 
liacn1Ebl HMClOT 60JIblIlHe speuexa <pOpMHpOBaHHH, xapaKTepH3YIDll\.I1eCH napaxer

-	 2 :,2pOM m = 0,1 r8u . 
PHc.9. 

M2!-P	 To JKe, liT-O H aa pacynxe 6, HO 
d':l 

rHcTorpaMMbI BpA- B3aHMo,rr.ettcTBH
HX ~OOTBeTC~B~OT paclieTY no 
MO)J,eJIH KaCKa,IJ,a c ytleTOM nepe
pacceflHHfl H pacna)J,a BHYTPH fl,IJ,pa 
pe30HaHCOB H BpeMeHH ~OpMHpOBa
HHíl BTOPHqHblX liaCTHli ( m2 =0, I 
r8B2) , KpOMe JIH)J,HpYlO~ero 6apHO
Ha, KOTOpbIti <popMHPyeTcfl MI'HO
BeHHO. 
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AMeJIHH H. C. 
0 p())I{AeHHH 6biCTpblX sapHJKeHHbiX 'laCTH~ .. 
Ha HApax B MOAenHX KaCKaAHOrO THna 

P2-86-803 

KoMnneKc nporpaMM COLLI AnH MOAennpoBaHHH c noMO~hiD 3BM 
MHrKHX aApOHHbiX, aApOH-RAepHbiX H RApO-HAepHbiX COYAapeHHA HC
nonhsyeTCH C ~enhiD HSY'IeHHH BbiXOAa 6biCTpbiX 38pRJKeHHbiX 'laCTH~ 
B npOTOH-RAePHbiX BsaHMOAeACTBHHX npH BbiCOKHX sHeprHHX. B Ka
'leCTBe ~sut~eCKHX MoAeneA BsaHMOAeAcTBHH npoTOHOB c RAPaMH 
paccMaTpuuamTCH pasnH'IHble MOAenu KacKaAHoro THna. llpuMeHH:eTCH 
MeToA MoHTe-Kapno AfiH reHepa~H co6b1THA pesynbTaTa cTonKHoae~ 
HHA. 

Pa6oTa BblnOnHeHa B na6opaTOPHH Bbi'IHcnHTenhHOA TexHHKH 
H auToMaTHsa~HH OHHM. 

CoofiUleHHe 06J.eJlHHeHHoro IOICTHT)'TB IIJlepHhiX HCCneAOBaHJrii. n>'&la 1986 
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Amelin N.S. 
Abou~ the Production of Fast Charged 
Particles in Cascade Type tiodel 

P2-86-803 

COLLI program complex for computer simulation of soft had
ronic, hadron-nucleus, nucleus-nucleus collisions is used to 
investigate the fast charged particle yield from the proton
nucleus interactions at high energies. Different models of 
cascade type are used as physicalmodels of proton-nucleus in
teractions. The Monte-Carlo method is applied for generation 
of the collision result event. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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