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TpaJlMilMOHHan HaC!<a}lHan MO}leJib a}lpOH-flJlepHbIX M 11,llpO-JIJlepHbIX B3aMMOJleil:CTBMil:, B 

HOTOpbIX J)OJK,lleHMe 60JiblIIOrO KOJIMqecTBa qacTMil eCTb pe3yJibTaT He CBJI3aHHblX MeJK,ny 

co6oii HYHJIOH-HYKJIOHHbIX M Me3oH-HYKJIOHHbIX a3aMMOJleil:CTBMii, 6blJia xoporno corJia

conana c ,naHHblMM JlJIJI rrpoMelliyToqHblX :mepruil: (Jlo HeCKOJibKMX n~B). ,[(Jin 6oJiee 

Bb!COHMX ::meprniI oua rrepeoueuuaaeT MHOJl(eCTBeHHOCTb BTOpMqllblX qaCTMU. TeM He 

Menee, HaK IIOKa3b!BalOT oueHKll C llCIIOJlb30BaHMeM conpeMeHHblX KBapK-rrapTOHHblX 

MOJleJieiI, MexaHH3M KacKa}lHOro pa3MHOJKeH:MJI o6ycJiaamrnaeT BblXOJl orrpe,neJieHHOil: 

JlOJIM qacTMil, rrpuqeM HeMaJioiI, BIIJIOTb JlO oqeHb Bb!COKHX 3Heprni1. 

,[(m1 pacqfaon IIJ)M 3THX 3HeprMJIX pa3pa60TaHbl pa3JI:MqUble KnapK-rrapTOHHble MO

,neJI:M a}lpOH-JI,nepHbIX ll JIJlJ)O-JI,llepHbIX CTOJIKHOneunil:. B 60JiblIIHHCTBe coapeMe_HHblX 

pa6oT -MHOJKecTBeHuoe 06pa3onam1e qacTMil rrpe,nrroJiaraeTCJI rrpoueccoM, cocTOfl!IlHM 

ll3 JlBYX CTa.nniI: cuaqaJia ua rrepaoil: CTa,ll:Mll q>opMMJ)YIOTCJI rrapTOHbl (KaapK-rJIIOOHHble 

CTJJYHbI), KOTOpble 3aTeM Ha BTOJ)OH CTa;ll:Mll q>parMeHTMJ)YIOT B KOuequble a,npOHbl. KaK 

CJie,ncTBne 3Toro ,nayxcTyrreHqaTOro MexaHH3Ma o6pa3oaaHne a,npoHa - He MrHoaeuublil: 

rrpouecc, OH Tpe6yeT BpeMeHH, KOTOpoe IIJ)HHJITO xapaKTep:M30BaTb KaK "apeMJI cpop

MHponaH:Mfl". B ,nauuoit pa6oTe OIIMCb!BaeTCfl MO,llllq>llllllJ)OBaHHaJI KacKa,nHaJI MO,lleJib 

a.npoH-JI,nepnblx n n,npo-JI,nepublx CTOJIKHOBeHnil: MCAS, ncrrOJib3y10maJI KouuerruII10 

npeMeHM q>OJ)MllJ)OBaHHJI. OcHOBHble IIOJIOJl(eH:MJI MO,lleJIM 6blJill orry6JIHKOBaHbl B pa6o

Tax [l]. 

2 Koau;erIIJ;HH BpeMeHH cpopMHpOBaHHH 

Bae,neHne apeMeHn cpopMnpoaaHnJI a rrpouecc 'MHOlliecTBeHHoro polli,neHHJI a a,npoH

JI,nepHbIX ll JI,llJ)O-JI,llepHbIX CTOJIKHOBeH:MJIX He JIBJIJieTCJI TJ)llBMaJibHOil: rrpoue.nypoii. Ocy

mecTBHTb ee MOJKHO pa3JI:MqHb!Mll crroco6aM:M. I1epnblil: OCHOBb!BaeTCJI Ha rrpe,nrrOJIO

JKeHHM, qTQ o6pa30BaHHble 6bICTpble qacTHUbl He MoryT yqacTBOBaTb BO BTOpnqHblX
0 

B38MMO,lleiICTBMJIX BHYTPH JI,npa. 8TO rrpe.nrroJIOJl(eHHe MOllieT 6b!Tb cq>opMyJinponaHO 

Ha OCHOBe IIpHHUHIIa Heonpe,neJieHHOCTM fei13eH6epra. B COOTBeTCTBllll C IIJ)HHUH

IIOM Heonpe,neJieHHOCTII apeMn, Heo6xo,nuMoe ,nJIJI 06pa3onaHnn a,npoHa n ero cncTeMe 

KOOJ),ll:MHaT, onpe,neJIJieTCJI KaK 

1 1 
(1) 

B Jia6opaTOJ)HOH CllCTeMe 3TO apeMJI y,nJIHHJieTCJI .BCJie,llCTB:Me YMHOJl(eHMJI Ha 'Y - q>aKTOp 

JlopeHua 

Eh 
T=To"f= 2 , (2) 

mi 
r,ne Eh - 3HeprnJI a,npoHa B Jia6opaTOJ)HOil: CllCTeMe. 8TOT IIO,llXO,ll xapaKTepeH ,llJIJI 

MO,lleJieiI HeKoppeJIHJ)OBaHHblX KBapK-napTOHHblX KaC}{8,llOB. O,nHa ll3 xoporno pa3pa-

60T8HHblX Mo,neJieiI - 3TO KO.ll MoHTe-KapJio, co3,naHHbliI J.Ranft [2]. ,[(pyroit crroco6 

,llJIJI BBe,neHMJI npeMeHH q>opMHJ)OBaHHJI CBJI3aH co CTJ)YHHb!Mll MO,lleJIJIMll, B KOTOJ)b!X 



06MeH llBeTHhlMII IlOJIJIMII MelH,!ly IrnapRaMII Bhl3blBaeT o6pa30BaHIIe npOTJIJReHHhlX 061,

eRTOB - CTpyH, cpparMeHTallIIJI ROTOpbIX H npIIBO,llIIT I{ o6pa30BaHmo ROHetfHhlX a,llpOHOB 

[3]. EcJIII a,llpOH o6pa30BaJICJI BHYTPII JI,llpa, OH MOJReT B3aIIMO,lleiiCTBOBaTh C JI,llepHoii 

MaTepIIeii. lfro RacaeTCJI B3aIIMO,lleHCTBHJI CTPYHhl BHYTPH JI,llpa, TO CIITyallII/I He JICHa. 

MoJRHO npe,llITOJIOJRIITh CJie,llyIOmIIe napIIaHThl: \ 

• cTpyHa noo6me He B3aHMO.lleiicTByeT c JI,llepHoii MaTepIIeii; 

• CTpyHa nornomaeTCJI C 06bltrHhlM a,llpOHHhlM cetreHIIeM. 

B pa6oTax [4, 5] 6mm IlORa3aHo, tfTO B03MOJRHO npoMeJRyTOtfHOe perneHIIe, T.e. CTpyHa 

nornomaeTCJI traCTIItfHO. B 3TOM cnytrae npeMII cpopMIIpOBaHII/I IICIIymeHHhlX a,llpO

HOB onpe,lleJIJieTCJI npocTpaHCTBeHHO-BpeMeHHOii 3B0JIIOllIIeii CTpyHhl. Harn IlO,llXO,ll, 

RaR 6y,lleT B11,llHO mrme, ytrIIThlBa/I oco6eHHOCTII npeMeHII cpopMIIponaHII/I o6onx THilOB 

MO,lleJieii, nepeBO.llIIT ero paCCMOTpeHIIe Ha a,llpOHHhlii JI3b1R. BpeM/I cpopMIIponaHIIll 

BBO,llIITCJI CJie,llyIOlIIHM cnoco6oM. B MOMeHT CTOJIRHOBeHII/I .llBYX a,llpOHOB Mb! npIIMe

HJieM reoMeTpIItreCROe npaBIIJIO cyMM ,llJI/I nonepetrHhlX cetreHHii BTOpIItrHhlX traCTIIll, 

IIcnymeHHbIX B nepe,llHIOIO (3a,llHIOIO) IlOJiyccpepy B CIICTeMe lleHTpa Mace 

x1ap + LXmaP = aP, (3) 

r,lle x1 - cpeiiMaHoBcRaH nepeMeHHaH ,llJIJI JIII,llIIpy10meii traCTHllhl, xm - TO me caMoe ,llJIJI 

n-oii o6pa3oBaHHOii traCTHllhl II aP - cetreHIIe HaJieTaIOmeii traCTIIllhl. JlII,llIIpy10meii Mhl 

Ha3bIBaeM traCTHllY, ROTOpaJI coxpaHJieT RBaHTOBhle tfIICJia B3aHMO,lleHCTBYlIIeii traCTIIllhl, 

IICRJIIOtfaJI CIIIIH II 3apJI,ll. IlepBhlii tfJieH B 3TOM BhlpameHIIII eCTb cetreHIIe JIII,llIIpyIG

meii traCTIIllhl, a BTOpoii tfJieH-3TO cyMMa cetreHIIii o6pa3oBaBlIIIIXCJI traCTIIll B MOMeHT 

B3aIIMO,lleiiCTBIIJI. B 3TOT MOMeHT JIII,llHpy10maJI traCTIIlla II ,llpyrIIe BTOpIItrHhle traCTIIllhl 

o6Jia,llaIOT aHOMaJII,HbIM (yMeHhlIIeHHhlM) cetreHIIeM n MOryT paccMaTpIIBaTbCJI RaR "rro

nyronble" IIJIII ,, rOJible" traCTIIllhl. B IlPOllecce pacrrpOCTpaHeHIIll RaCRa,lla BTOpIItrHhlX 

traCTHll BHYTPII JI,llpa IIX cetreHHll 3B0JIIOllIIOHIIPYIOT ,llO HOpMaJibHhlX, a,llpOHHhlX, 3Hatre

HIIii. TaRHM o6pa30M, npeMJI cpopMIIpOBaHHJI xapaRTepII3YeT BpeMJI, B TetreHIIe ROTO

poro a,llpOH rrpIIo6peTaeT HOpMaJibHOe cetreHIIe. Mhl IICIIOJih3YeM 3RCIIOHeHllIIaJibHhlH 

3aROH II3MeHeHIIJI cetreHIIJI. CetreHII/I traCTIIll B IIOCJie,llyIOmeM CTOJIRHOBeHIIII IIMeIOT 

BII,ll 

ai = af (1- (1 - x')e-Tf(-YTo)) (4) 

,llJIJI JIII,llIIpy10meii traCTIIllhl, 

a~= a;" - (a;" - xmaf)e-Tif("YTo) (5) 

,llJIJI m-oii poJR,lleHHOH traCTIIllbI. 3,lleCb af - HOpMaJibHOe cetreHIIe rrepBIItfHOii tra

CTIIllhl; ai- HOpMaJihHOe cetreHIIe ,llJIJI m-oii po)I{,lleHHOH traCTIIllhl; -y- JIOpeHll

cpaRTOp II To- IIO,ll6IIpaeMhlii rrapaMeTp, COOTBeTCTBYIOlIIIIH cpe,llHeMy 3HatreHIIIO npe

MCHII cpopMIIl)OBaHIIJI ~ CIICTeMe IIOROJI traCTIIllhl. JierRO 3aMeTIITh, tfTO BblpameHIIJI ( 4) 
II (5) H.llCHTHtfHhl B cnytrae, eCJIII a 1 = af . ,ll;JIJI r + 1-ro Heynpyroro rrepepacceJIHIIJI 

rra,lla10meii traCTHllhl cetreHIIe orrpe,llenneTCJI RaR: 

a;+1 = a[ - af (l - x~)e-T/(-YiTo) - a~(l - x~)e-T>/foTo) - ... 
. r 

-a;(l - x~)e-T,/(-y,To) = a;' IT (l - (1 - x!)e-T.f(-y,Tol). (6) 
i=l 

2 

<J)opMyna (3) COOTBCTCTByeT remteTJ)HtfCCROti i;apTIIHe, f,lle rrepeRpbIBaIOlIIIIeCJI o6na

CTII CTaJII;HBaIOlIIIIXC/I npOTJIJRCHHhlX a,llpOHOD llBJlllIOTCJI HCTOtfHIIROM II3JIYtfCHIIll MC30-

HOB. Hcnepci;punaronuiecJI ( CITCRTaTOpHhle) traCTH TpaHC<j>OpMII))YIOTCJI B JIII.llIIPYIG

lIIIIC traCTIIUhl. lJcM 60JiblIIC ,llOJI/I IIMITYJihCa BTOplltrHOfi traCTIIUhl ( :r ~ 1)' TCM 60JiblIIC 

ee rPOMCTJ)HtfCCKJie pa3MC))hl II TCM 6nm«e cetrcHHe traCTHUhl K HOp!l.!aJihHOMy. TaRa/I 

CIITyaunH 06bltrHO xapaKTCpHa ,l{Jlll JIII.llHPYIOlIIIIX traCTIIU. vi Hao6opoT, tfCM MeHhlIIe :r 

II3JiytraeMOii tfclCTl!Uhl, TCM MCHhlIIC ee reOMCTj)lltfCCKIIC pa3MCpb! B HatraJibHhlfi MOMeHT 

BJ)CMCHII II TCM J\ICHhllle ec m1traJihHOC cetreHHC, tfTO JIBJIJICTC/I TIIITIItfHb!M .llJlll MC30HOB, 

IIcnymeHHhlX II3 nepeKpb!naromciirn (ueHTpaJibHoii) o6nacnr. ,ll;anee 3TII aHoMaJihHhle 

(y11eHblIICHHhle) cetreHIIll C TCtfCHIICM npeMCHH 3DOJIIOUIIOHHpyIOT no 3RCITOHeHUIIaJib

HOMY 3aROHY ( 4),(5) II (6). BcJIC,llCTDJie HaJIIItflI/I -y-cj)aKTOpa B ITORa3aTeJie 3KCIIO

HCHThl n na6opaTOJ)HOfi CIICTeMe n nepnyIO Otrepe,llb cj>OJ)MIIPYIOTCJI caJ1.me MC,llJieHHhle 

MC30Hhl II MIIIIICHHhlH HYRJIOH, KOTO))hlii D CIICTCMC UCHTpa Mace /IDJIJICTC/I JIII.llH))YIDlIIefi 

traCTIIUCii. Ilpn 3TOM DTOpall JIH.llHpyromaH traCTHUa 11-!0lf(eT HMCTb cetrCHHC ITO))ll,llKa 

a,ll))OHHOro, XOTJI ()Ha llDJillCTC:ll caMoii 6m.:Tpoii. 

3 OcHOBHI,Ie II0JI0llieHHJI M0,D;eJIH JI,nepHblX CT0JIK-

HOBeHHH 

CPII3HtfCCRaJI HapTHHa D3al!MO.lleiicTDJrn .llDYX JI,llCp D MO,lleJIII DHYTPII ll.llepnoro RaCRa,lla 

npe,llCTaDJillCT co6oii npouecc CTOJIRHODeHl!ll .llBYX o6JiaHOB ra3a. Ham,lloe 113 CTaJIKHBa

IOlIIHXCll /I,llCp n co6CTDCHHOH CHCTCMC ROOp,llHHaT paCCJ\.!aTPIIDaeTCJI KaR DhlpOm,llCHHb!H 

<j)epMn-ra3 HYKJIOHOD, 3aKJIIDtfCHHhlH B HCROTOPOJ\.I OfrheMe C .llH<jJCjJy3HOii rpannuneii. 

CtrnTaCTCII, tfTO HYRJIOHhl HaXO,lllJTCll D ITOTCHUIIaJibHOti /IMC BH,lla 

V(r) = f + JJJ/2m, 

r,lle m - Macca cno60,ll11oro HYRJIOHa, E - ycpe,llHeHHaJI 3HCprnJI CBII3H, ( E = 7 l\faB), 

PJ - qiepMIICBCRIIH IIMITYJihC HYHJIOHa B JI,llpC. Hoop,lllIHaTbl HYRJIOHOB re11ep1IpyIOTC/I 

corJiaCHO CTaH,llapTHhlM pacnpe,llCJICHIIJIM ll.llCpHoii ITJIOTHOCTII 

() 
2 Z-2 

Pr = z7r3/2RJ[l + -
3

-(r/Ro)2]cxp(-r
2/R~) ,llJIII 2 < A < 12, (7) 

me Z - 3apn.ll JI,ll))a; Ro - rrapaMeTp raycconoro pacrrpe,lleneHnn, 3am1cJil1I1Iii OT aToMnoro 

HOMepa ll.llpa A II onpe,lleJIJICJ\.jb!H II3 3RCrrep1IMCHTa[6], II 

r-a 
p(r) = Po/(1 + exp(-b-)) .llJIII A ;?: 12. (8) 

3,lleCh 

a = 1.07 A 113 
<j)M 

- 1)8.lllIYC IlOJIOBHHHOii l1JIOTHOCTII, a napaMerp ,lll!(j)(j)y3HOCTII rpaHIItfHoro CJIOJI 

b = 0.545 cj.JM 

3 



,I 

,[(JIil HMIIYJibCHoro pacrrpe,neJieHttll HYKJIOHon rrpttHHMaeTCll rrptt6JinmeHne <llepMH

ra3a c HyJienofi TeMrrepaTypofi ll ll3OTporrnefi n npocTpaHCTne 

W(p)dp ~ pdp, 0 $ P $ Pmax(r). 

MaKCllMaJibHOe 3Hal!eHlle JIMnyJibCa Bb!pamaeTCll qepe3 11,nepHyJO .nJIOTHOCTb 

Pmax(r) = (37r2)1/3hpl/3(r). 

Heynpyroe cToJimrnneHtte ,nnyx ll,nep npe,ncTaBJilleT co6ofi cynepno3HUHJO 6apnoH-

6apttoHHhlx, Me30H-6apHOHHb!X ll Me3OH-Me3OHHb!X ynpyrnx ll Heyripyrnx B3allMO,nefi

CTBllfi, KOTOpb!e MOryT fo,ITb cj:lopMaJibHO pacnpe,neJieHbl Ha '!eTb!pe rpynnu: 

1. fpynna C - B3allMO,nefiCTBlf/I HYKJIOHOB 11,npa-cHap11,na C HYKJIOHaMJI 11,npa-MttllleHJI. 

2. fpynna A - B3allMO,nefiCTBllJI BTOJ)ll'!Hb!X '!aCTllU C HYKJIOHaMll ll,npa-MttllleHH; 

3. fpynna B - B3allMO,nefiCTBllJI BTOpll'IHb!X qaCTllU C HYKJIOHaMll HaJieTaJOmero 

11,npa. 

4. fpynna D - TaK Ha3b!BaeMble 'KaCKa.n-KaCKa,nHb!e' B3allMO,nefiCTBllJI - B3aJIMO-

,neficTBllJI BTOpll'IHb!X 'laCTllll ,npyr C ,npyroM. 

Bee BTOpll'IHble 'laCTllllbl, BO3HllKllllle B JIJ060fi ll3 rpynn B3aJIMO,nefiCTBllfi, C'lllTaJOTCJI 

KaCKa,nHb!Mll 'laCTHUaMll. CTOJIKHOBeHJIJI ll3 rpynm,1 C npottCXO,nJIT B o6JiaCTll nepe

KPb!TllJI 11,nep A ll B, TOr,na KaK B3aJIMO,nefiCTBllJI KaCKa,nHb!X '!aCTllU C BHYTPllJI,nepHb!Mll 

HYKJIOHaMJI MOryT npOllCXO,nllTb II IIOCJie Toro KaK 11.npa pa3,neJiem,1 ll npo,nOJilKaJOTCll 

,no Tex nop, IIOKa 3TH '!aCTllUb! He nOKllHYT COOTBeTCTBYJOIUee ll,npo llJill IlOrJIOTaTCJI JIM, 

eCJill llX 3Heprllll OKalKeTCJI MeHbllle onpe,neJieHHOH 
11

3Heprllll o6pe3aHJIJl
11

• BeJill'IHHa 

3Heprnn o6pe3aHttll 3anncttT OT THna qacTHUhl JI OT 3ap11,na 11,npa H, noo6me ronopll, 

JIBJilleTCJI napaMeTpOM MO,neJill. 

BepOllTHOCTb B3allMO,nefiCTBllJI JIJ06b!X ,nnyx '!aCTllll onpe,neJilleTCJI KaK 

q = aiot/1r(ro + >.)2, (9) 

r.ne /Jtot - nOJIHOe Ce'leHtte; ro- rrapaMeTp, CBJl3aHHb!H C pa,nHycoM CllJibHOro B3all

MO,neficTBllJI ll ). - ,nJIHHa BOJIHbl .ne BpofiJIJI. CelleHHJI B3aJIMO,neii:CTBllJI pe3OHaHCOB 

BHYTPll 11,npa B31lTbl Te me, ,'ITO II ,UJIJI COOTBeTCTBYJOIUllX CTa6ttJibHb!X Me3OHOB II HYI(JIO

HOB. ,[(JIil Me3OH-Me3OHHb!X B3aJIMO,neii:cTBllH Ce'leHJie MOlKHO onpe,neJIJITb C nOMOIUbIO 

Me3OH-HYKJIOHHoro llJill HYI(JIOH-HYI(JIOHHOrO ce'!eHllll, llCilOJib3YJI COOTHOllleHllJI, CJie,ny

JOIUlle ll3 a.n,nllTllBHOH KBapKOBOfi MO,neJill: 

mm 2 mN 4 NN 
atot ;::::: 3atot ;::::: gatot , 

r,ne ar:,{'' - Me3OH-HyKJIOHHOe ce'leHtte, .a af:,f- HYI(JIOH-Hyl(JIOHHOe ceqeHtte. 

4 

(10) 

HaJieTaJOmee ll,npO-CHapll.n "pacnaKOBb!BaeTC/1
11 

Ha A COCTaBJillJOIUllX ero Hyl(JIOHOB 

C y'leTOM Toro, '!TO OHll Haxo,nJITCJI B CBll3aHHOM COCTOJIHllll. 8To ,neJiaeTCll IIJTeM 

nne,neHttll 3qJ<peKT1IBHofi Maccu cnll3aHHoro HYKJIOHa M' = M - 1;, r.ne M - Macca 

CB060,nHoro HYKJIOHa, € - cpe,nHllll :mepr!IJI CBJl3ll HYKJIOHa B 11,npe II 3<p<peKTIIBHOH 

KHHeTJI'!ecKoii: 3HeprHJI HYI(JIOHa T' = T - E, r,ne T - KllHeTJI'leCKM 3HeprHJI HYKJIOHa 

B 11,npe. P03urphllll 3<p<peKTHBHOfi KJIHeTH'!ecKoii: 3Hepm!I T/ HYI(JIOHa HaJieTaJOm:ero 

11,npa C 3<p<peKTIIBHOH Maccoii: M' BblnOJIHJieTCJI B CIICTeMe ueHTpa Macca HaJieTaJOmero 

ll,npa C y'leTOM ycJIOBIIll 
A • 

LT:= EA. 
i=l 

8TO 3Ha'!llT, '!TO Bbl61IpaeTCJI 3Ha'leH!Ie r: ll3 cpepM!IeBCKOro pacnpe,neJieHJIJI C Y_'leTOM 

Bb!IIOJIHeHIIJI 3aKOHa coxpaHeHIIJI 3Hepr1III ll llMIIYJibCa ,UJIJI HYKJIOHOB HaJieTaJOmero 

JI,npa B CBJI3aHHOH C HllM CllCTeMe KOOp,nHHaT, C'IJITaJI, 'ITO 3TH HY.l(JIOHl,I JIMeJOT Macey 

M'. ,[(aJiee, nepexo,nJI B Jia6opaTOpHyJO CllCTeMy KOOp,nJIHaT If BO3paIUMCb I( Macce M, 

coxpaHIIB noJIHyJO 3HeprHJO .'laCTllllbl, MOJRHO Bl,IIIOJIHllTb 3aKOH coxpaHeHJIJI 3HeprHII, 

'!TO IIO3BOJIJieT rrpaBllJibHO Bbl'lllCJIJITb 3Hepr1IJO B036yJR,neHJIJI OCTaTO'IHOro JI,npa. 

KHHeTII'leCKaJI 3HeprHJI OTHOCIITeJibHOro ,nBHJReHIIJI CTaJIKIIBaJOIUllXCJI '!aCTIIU pac

C'lllTb!BaeTCJI C yqeTOM <j:lepM!IeBCKOro ,nBIIJReHIIJI BHYTPHJI,nepHUX HYKJIOHOB, a TaKJRe 

C y'leTOM Toro, '!TO CTOJIKHOBeH!Ie npollCXO,UIIT B ycpe,nHeHHOM none, CO3,nanaeMOM 

OCTaJibHb!Mll HYKJIOHaMII 11,npa llJill 11,nep, eCJIII CTOJIKHOBeHJie npOIICXQ,nllT B o6JiaCTll 

llX rrepeKpb!TllJI. IIocJie,nHee ,nOCTIIraeTCJI nyTeM ll3MeHeHIIJI nOJIHOH 3Hepr1Ill '!aCTIIlll,I 

Ha BeJIJI'IIIHY noTeHUIIaJia JI,npa V(r) B CIICTeMe KOOp,nllHaT, CBJl3aHHOfi C 3TllM 11,npOM. 

IIpe,nnoJiaraeTCJI, 'ITO HYI(JIOHbl HaJieTaJOmero JI,npa n Jia6opaTOpHOH CIICTeMe KOOp

,nlIHaT MOryT 6b!Tb OIIJICaHbl KaK He3aBIICllMble 'laCTlllll,I, xapaKTepH3yeMOe 4-BeKTOpOM 

rrpocTpaHcTno-npeMeHJI (r, t) JI 4-neKTopoM ttMnynbca-3HeprHH (P, E) c 3<p<peKTIIBHoii: 

Maccofi 

m3 q,cp = /E2 - p2 = m - V(r). 

To JRe caMoe C'lllTaeTCJI cnpane,nJIIIBb!M JI ,UJIJI JI,npa-MttllleHJI, HO n CllCTeMe K9op

,n1IHaT, CBJl3aHHOil: C 6oM6ap,nHpyIOIUIIM JI,npoM. BJIIIJIH!Ie JI,nepHoro noTeHuliaJia Ha 

'!aCTIIUY I BOllle,nlllyJO B JI,npo, YllllTb!BaeTCJI B rrp1I6JI1IJReHllll BHe3aIIHOrO BO3MyIUeHIIJI 

nyTeM yneJIJI'leHJIJI ee l(JIHeTJI'leCKOfi 3Hepmll Ha BeJill'IIIHY V(r). Bne,neHIIe rrpll6JIJI

JReHJIJI He3aBJICIIMb!X '!aCTllU C 3<p<peKTIIBHl,IMII MaccaMJI nO3BOJIJieT nocne,nonaTeJibHO 

llCnOJib3OBaTb peJIJITllBIICTCKYJO l(IJ:HeMaTlll(Y, npHHIIB BO BHJIMaHJie,· B '!aCTHOCTll, 3<p

<j:leKT peJIJITIIBIICTCKOfO CJRaTJIJI JI,nep, ll CIIMMeTplI3OBaTb 3a,naqy no OTHOIIIeHJIIO K CTaJI-

l(HBaIOIUIIMCJI 11,npaM. 

8nOJIJOUllJI B3aJIMO.n;eii:cTBYJOIUeii: CllCTeMbl paccMaTpllBaeTCJI MeTo,noM, npe,nJIOJReH

Hb!M B pa6oTe (7]. B Ha'!aJibHb!H MOMeHT BpeMeHJI orrpe,neJIJIJOTCJI nee BO3MOJRHble napT

Hepb!. IIapTHepu ,nJI11 B3alIMO,neficTBHJI Bhl'IIICJIJIJOTCJI ,nJI11 KaJR,nofi rpynrru (A,B,C,D). 

9pe,nn ncex BO3MOJRHb!X B3aJIMO,neii:CTBIIH BU61IpaeTCJI TO, KOTopoe peaJIJI3yeTCJI paHbIIIe 

OCTaJibHb!X. 3aTeM no.1IOJReH1Ie o60JIX 11,nep II ncex '!aCTIIU c,nnliraeTCJI I( CJie,nyJOIUeMy 

IIOJIOJReHHJO, COOTBeTCTBYJOIUeMy HOBOMY napHOMY B3am.rn,neii:CTBllJO llJill pacrra,ny pe-

3OHaHca. B xo,ne pa3BllTllJI CIICTeMU BO3HllKIIIlle pe3OHaHCbl MoryT pacna,naTbCJI ,no 
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eTOJIRHOBemuIMll e BHYTPlllI.QepHhIMll HYRJIOHaMll llJill e .npyrllMll RaeRa.QHhIMll qaeTll

uaM.11. Bee TllIIhl B3allMO.QefieTBllll, a TaRJRe paerra,nhl pe30HaHeOB, ROTOphle MoryT pea

Jlll30BaThe1I BHYTPll JI,npa, rrponepJIIOTeJI Ha BhIIIOJIHeHlle IIJ)llHUllIIa TiayJI.11. KaeRa,nHaJI 

eTa.QllJI reHepau.11.11 qaeTllU 3aBeprnaeTe1I, ROr,na Bee RaeRa.QHhle 'laeTllUhl IIORllHYT o6a 

JI.Qpa llJlll 6y,nyT rrorJiomeHhl llMll. . 

l.JaeTJIUhl BHYTPll JI,npa rrpoeJie}RHBaIOTeJI BIIJIOTh .no HeROTopoil: MllHJIMaJibHOH Rll

HeTll'leeROll 3HeprnH V(r) + T06p. C'!JITaeTeJI, 'ITO qaeTHUhl e MeHhIIIefi 3Heprneil: 

rrornomaIOTeJI JI,llpOM, a e 60JihIIIOH - BhIJieTaIOT .113 JI,llpa. KaR o6hl'IHO, rrpllHJITO, 'ITO 

To6p = VKyn(r)+1: .QJIII HYRJIOHOB, r.r1e VKyn(r)- RYJIOHOBCRaJI 3Heprnn JI,npa Ha BHeIIIHefi 

rpaHnue JI,llpa. 

Tio.r1e'leT oeTaBIIIllXeJI B IIOTeHUllaJibHOll JIMe HYRJIOHOB ll llX ll30TOIIll'lCeROro eo

eTaBa ,naeT MaeeoBoe ll 3apJI,llOBOe 'llleJIO oeTaTO'lHOro B036ym.neHHOro II,llpa. 8Hep

rllJI B036y}R,lleHnJI oeTaTO'lHOro JI.llpa orrpe.r1eJIJieTeJI 3Heprneil: rrornomeHHhIX qaen1u .11 

,, ,llhlpOR"' o6pa30BaHHhIX n pe3yJihTaTe BHYTPllJI,lleJ)HhIX eTOJIRHOBeHllll. l1MIIYJihe oeTa

TO'lHOro JI,llpa HaXO,llllTeJI .113 3aROHa eoxpaHeHllJI llMIIYJihea, IIOCJie,llOBaTeJihHO rrp.11Me

H1IeMOro B XO,lle pae'leTa BHYTPllJI,llepHoro RaeRa,lla rrp.11 Ra}R,I:IOM aRTe eoy.r1apeHllll qa

eTllU. YrJIOBOll MOMeHT oeTaTO'lHOro JI,llpa HaXO,llllTeJI .113 3aROHa coxpaHeHllJI yrnoBoro 

MOMeHTa, rroeJie,llOBaTeJihHO rrp.11MeH11eMoro Il XO.lie paetieTa BHYTPllJI,llepH0ro RaeRa.r1a 

rrp.11 Ra}R,I:IOM aRTe eoy,napeHlllI qaCTllU. Paerra,n B036y}R,lleHHhIX II,llep paee'lllThIBaeTeJI 

e IIOMOmhIO eTaH.r1apTHOH ncrrapnTeJibHOH MO,lleJill e rrapaMeTJ)OM IIJIOTHOeTll ypOBHefi 

a= A/10 M3B-1 [8]. 
<l>yHRUllOHaJibHaJI 6JIOR-exeMa rrporpaMMhl rrpnBe,lleHa• Ha pne. 1. 

4 I'eHepaTop a.n;poH-a.n;poHHhlX co6MTHH 

feHepaTOp oeHOBaH Ha MO,llll(pllUllPOBaHHOll MO,lleJill UllJillH,llp.11qeeRoro cpa30BOro 06b

eMa. Mo.r1.11cp.11RaUllJI eBJI3aHa e BRJl!OtieHlleM B paeeMOTpeHne 1{03Cpq:muneHTa Heyrrpy

rOCTll. feHepaunJI 3ReRJII03llBHhIX eo6h1Tllll ocymeeTBJIJieTeJI B HeCROJlhRO 3TaIIOB. Ha 

rrepBOM mare Bh11IlleJI1IeTe1I ,I:IOJIJI 3Heprllll eTOJIRHOBeHllJI, ROTOpaJI peaJI.113yeTe1I Ha po

}R,lleHne qaeTnu: 

W=2:E;=kvs, (11) 

r.r1e E; - 3HeprnJI i-oil: pO}R,lleHHOH qaeTllUhl (neRJIIO'laJI Jlll,llllpyIOmne qaeTllUhl), k - R0-

3(p(pllUlleHT HeyrrpyroeTll eo6h1Tll1I. <l>JiyRTyau.11.11 HeyrrpyroeTll OT eo6hITllJI I{ eo6h1Tll!O 

rrp.11no,n1IT, RaR eJie,I:1CTB11e, R HeROeMy paerrpe,neneHnIO P(k). He eymeeTByeT pa3pa-

60TaHHhlx TeopeTll'leeRHX MeTO,QOB ,I:IJIJI paetieTa P(k). QqeBII,llHO, 'ITO HeyrrpyroeTh 

eB1I3aHa e rrapaMeTpOM y,napa eTaJIRIIBaIOmHxeJI rrpOTIIlKCHHhIX a.r1poHOB: 'leM MeHhIIIe 

rrapaMeTp y,napa, TeM 60JlhIIIe OHII rrepeRphlnaIOTeJI ll TeM 60JibIIIe HeyrrpyroeTb eo6hl

TII1I. B pa6oTe[9] 6hIJIO IIORa3aHO, 'ITO paerrpe.r1eJieH11e R03(p(plIUIIeHTa HeyrrpyroeTll, 

rronytieHHOe B 3Rerrep!IMCHTe, MO}RHO arrpoRellMllponaTh 6eTa-paerrpe.r1eJieH1IeM: 

P(k, s) = k0
-

1 (1 - kt-1 
/ B(a, b), 

B(a, b) = r(a)f(b)/r(a, b), 

6 

(12) 

(13) 

I 

-

----8hJXOll Bxo.11 

-- ~ ) 

HeT' "11a ~ I ~ ..... 
Bhl'IHCneHHe K00pllHHaT 
HYKJI0H0B B Rnpax A H B: 

BLPINN 
~ .~ . .. 

Cneny10woe OnpeneneHHe Bep0RTHhlX 3anoMHH3HHe 
co61,1rne naprnepoB llJIR BJaHM0- H0BhlX '13CTHU: 

ne1icrnHR: TIMEA, PAULIA, PAULIB, .~ TIMEB, TIMEC, TIMED PAULIC, PAULID 

l 
,,. 

na 

Hcnape1111e 
~ 

EcTh JIH ewe naprnephl 

7 OpHHUHn naynH l B036YJKlleHHhlX HJIH pe30H3HChl: 
Rnep AH B. RT.PIJNCT BhJnOJIHReTCR? 

nal 
,,. 

BM6opa napwepoB 
HJIH pe30H3HC3 C 

MHHHMaJihHhlM BpeMeHeM: 
TIMEA, TIMEB, TIMEC, 
TTIMED, BLPUNCT 

l 
/ ...., 

Pacnan peJ011attca 
HJIH 

B33HM0lleHCTBHe ,....___ 

naprnepoB: 
BLNUNU 

" 
, 

•I, ,1, 

OnpeneneHHe THna Pacnan 
B3311MOlleHCTBHff 11 pe30ll3HC3: 
xapaKTepHCTHK ISODEC, 
BT0pH'IHhlX '13CTHU: RODEC, 
TIPULN, BLACT, WODEC 

BLEL,BLABS 

PHe. 1: <l>yHRUHOHaJihHa1I 6JIOR-cxeMa rrporpaMMhl MCAS. 

7 



< k(s) >= a/(a + b), (14) 

r,lle r(a),f(b) H r(a,b) - raMMa-qiym<UHH; S - 3aBHCHMOCTH P(k,s) 11 < k(s) > 
BKmoqem,r B napaMeTpbl an b . .llo 3Heprnti: ISR MOlKHO npeHe6p_etJh 3THMl1 s-3aancnMOCTIIMll. 

Ha BTOpOM mare 3HeprHJI W pacnpe,lleJrneTC/1 MelK,lly BTOplltJHbl.Mll qacTnuaMn, tJbll 

KllHeMaTntJeCKlle xapaKTep11CTHKll BbltJllCJIIIKlTCJI D COOTDeTCTBllll C MO,lleJihKl UllJillH,llpn

qecKoro q1a3oaoro o6oeMa. TTapaMeTphl t!O.llenn no,ll6npanncb cpanHeHneM pe3yJihTaT0B 

MO.llennpoBaHll/1 n110H-HYKJIOHHOrO ll HyKJIOH-HYKJIOHHOro B3aHMO,lleti:CTBH/I C 3KCnepn

MeHTaJibHblMH ,llaHHhlMll. OcTaBrna11cJI qaCTb 3HCprnn D CllCTeMe u. M. (1 - k)/(s) 
pacnpe,lleJIJieTCJI MelK;ny Jlll.llllPYKlIUllMH tJaCTHUaMn B COOTBeTCTDllll C 3aKOHaM11 coxpa

HeHHJI HMnyJihCa-3Heprnn: 

P1 +Pu= I::A, 
E1 + En = (1-'- k)vs, 

(15) 

(16) 

r,lle P; - llMnyJihC i-o:ti: polK,lleHHOll tJaCTllUhl ( HCKJIKJtJaJI JIH.llllPYKlIUlle)' p I' p II H 

E1, Eu - HMnynhcbl n 3Heprnn Jill.llHPYIDIUHX qacT11u .. B cocTaB BTOpHtJHblX qacTHU 

MoryT BXO.llllTh KaK CTa6HJibHhle tJaCTllUhl (HYKJIOHbl n nl10Hhl), TaK n S-BOJIHOBble peao

HaHCbl (~ -H306apbl Hp - 11 W - Me30Hb1). 

5 CpaBHeHMe C 3RcrrepMMeHTaJibHMMll ,n;aHHMMll 

TTapaMeTpOM MO,lleJI11, KOTOphlti: Tpe6yeT no,llrOHKl1, II_BJI/leTC/1 npeMJI cpopM11pOBaHHJI To 

(cpopMyJihl (4), (5) n (6)), KOTOpoe npe,llCTaBJIJieT co6o:ti: cpe,llHee BpeMJI cpopMHpOBa

Hl1/I B Cl1CTeMe noK0/1 BTOp11<iHOll qaCT11Ubl. Ha116onee nO,llXO.ll/lIUee 3HatJeH11e, KOTopoe 

,llaeT B03MOJKHOCTb noJiytJl1Tb xopornee on11caHHe ,llaHHblX B Ill11J)OKOM .ll11anaa0He 3Hep

r11:ti:, - 3TO To, paDHOe (1.0±0.2) X 10-23 c, 'ITO COOTBeTCTByeT xapaKTepHOMY JI,llepHOMY 

npeMeHH. PactJeTbl no MO,lleJm npn 3TOM 3HatJeHl111 BpeMeHH qiopMHpOBaHHJI cpaBHl1-

BaJIHCb c ,llaHHhlM11 KOJrna6opaun11 EMU0l .llJIJI 3Heprn:ti: JI.llpa-cHapJI.lla OT 2.1 11 .llO 

200 f3B/HyKJioH[lO]. 3aBl1Cl1MOCTb OT 3Heprn11 cpe,llHero KOJil1tJeCTBa JIHBHeBblX (n.), 
cepbIX (ng), qepHbIX (nb) TpeKOB B Heynpyrnx B3a11MO,llefiCTBl1JIX JI,llep 0 16 B 3MyJihCl1ll 

noKa3aHa B rn6nnue. 

Ta6nnua 

E(f3B) 3.6 14.6 60 200 

< n!xp > 10.6± 0.2 21.2 ± 1.1 40.6± 2.2 58.1 ± 2.8 
__ < n';'od > 10.6 ± 0.4 21.1 ± 0.5 39.3± 0.5 55.5 ± 0.5 

< n;xp > 6.5 ±0.2 4.9±0.3 5.7±0.4 4.3 ± 0.2 
< nmod > 

g 6.6 ± 0.4 5.6±0.4 5.5 ± 0.4 5.3 ± 0.3 

< n:xp > 4.7± 0.1 4.0± 0.2 
< n,:'od > 5.0± 0.2 4.9 ± 0.2 4.8 ± 0.2 5.2 ± 0.2 
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6 3aRJiroqeHMe 

Co3,llaHa MOHTe-KapJIOBCKaJI nporpaMMa, npe,llHa3HatJeHHaJI ,llJIJI pactJeTa MHOJKeCTBeH

Horo pOlK,lleHll/1 tJaCTllU (p, n, 7r+' 71"-' 1r
0

' P, w ll ~ - ll306ap) ll BblXO,lla nerKnX H30TOnOB 

(.lle:ti:TpOHhl, TpHTllll, renn:ti:-3, renn:ti:-4) B peayJibTaTe B3alll',!O.lleti:cTDllJI .llBYX aTOMHbIX 

JI,llep n o6JiaCTH 3Heprnfi 0.1-200 f3B/HYKJIOH. OcTaBaJICb B paMKax a,llpOHHblX npe,ll

CTaBJieHnfi ll TeM caMbIM coxpaHllB 3JieMeHTbl KacKa,llHOrO nepepacceJIHHJI ll pa3MHO

}KeHl1JI DTOpll'IHhlX tJaCTllU, y,n;aeTCJI nonytJHTb paayMHOe onncaHne-3KCnepnMeHTaJib

HblX ,llaHHhlX DnJIOTb .llO 3Heprn:ti: 200-300 f3B/HYKJIOH. 8TO .llOCTnraeTCJI BBe,lleHneM 

B paccMoTpeHne npeMeHn cpopMnpoaaHnJI, n TetJeHne KOTOporo aHoMaJihHble cetJeHnJI, 

npnnnChlDaeMhle D MOMeHT CTOJIKHODeHllJI pOlK,lleHHblM a.llpOHaM ("rOJihlM" tJaCTHUaM), B 

IIOCJie,llyKJIUeM 3B0JIKlUllOHHPYKlT no 3KCnOHeHunaJihHOMY 3aKOHY .llO HOpMaJibHhl:" 3Ha

tJeHn:ti:. B MO.llenn ytJTeHhl nee D03MO}KHble Bll.llbl nepepacceJIHnfi: KpoMe nepepacceJI

H11fi DTOplltJHhlX tJaCTllU BHYTPll JI,llep CHapJI.lla H MllilleHn, B03MO}KHbl ll nepepacceJIHllJI 

BTOPlltJHb!X (KaCKa,llHbIX) qaCTllU MelK,lly co6o:ti:. TTo3TOMY npe,llJiaraeMaJI nporpaMMa 
I 

MO}KeT CJIY}KHTb xopOillllM nonnrOHOM B KatJeCTBe qJOHa KaK ,llJIJI aHaJinaa HOBblX 3KCne-

pnMeHTaJihHblX 3cpcpeKTOB, TaK H ,llJIJI npoaepKn pa3JilltJHhlX rnnoTe3 npn HCCJie,llOBaHllll 

JI,llepHbIX CTOJIKHODeHllll. I1HCTPYKUllJI K pa6oTe c nporpaMMOll rrpIIBe,lleHa B rrpIIJIO}Ke

Hllll. 

7 IlpMJio.meHMe 

TTporpaMMa MCAS peann3oBaHa Ha JI3b1Ke <DopTpaH-77. I1cxo4HhlMll ,ZlaHHhlMH, KO

TOpble He06XO,ZlHMO aa,ZlaTh ,ZlJIJI pactJeTa JI,ZlepHbIX B3aHMO,Zle:ti:CTRH:tl:, JIBJIJIKlTCJI 

• aTOMHb!H HOMep JI,Zlpa-cHapJI,Zla, 

• aTOMHb!H HOMep JI,Zlpa-MnilleHn, 

• 3apJI,ZlOBbl:tl: HOMep JI,Zlpa-cHapJI,Zla, 

• aapJI,ZlOBhlll HOMep JI,Zlpa-MHilleHH, 

• KllHeTtJeCKaJI 3HeprHJI JI,Zlpa-CHapJI,lla B na6. CllCTeMe B f3B, 

• tJHCJIO Tpe6yeMhlX C06b1THH, 

• napaMeTp, xapaKTepH3YIOIUHll CTerreHb ueHTpaJibHOCTH CTOJIKHOBeHHJI JI,Zlep. 3a

,ZlaeTCJI B BeJilltJHHaX cpepMll (IQ-13cM) (HaIIpHMep, 0. COOTBeTCTByeT UeHTpaJih

HOMy (no6oBOMy) CTOJIKHOBeHllKl .llBYX JI,Zlep; ,ZlJIJI HecpnKcnpoBaHHOro (cJiyqafi

HOro) m,r6opa napaMeTpa coy,n;apeHHJI He06XO,ZlllMO 3a,ZlaTh OTpnuaTeJibHOe tJHCJIO 

(HarrpnMep, -0.1). 

I1cxO,ZlHhle ,ZlaHHble ,ZlOJI}KHbl 6b!Tb 3a,ZlaHhl B cpafine B cpopMaTe, COOTBeTCTBYKJIUeM cpop

MaTy tJTeHllJI B rOJIOBHOH nporpaMMe: 
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READ 1,NSKIP 
1 FORMAT(I6) 

READ 2, A,Z,TKIN,NCOLL,BIMP 
2 FORMAT(4F4.0,F8.2,I6,F7.3), 

3,necb NSKIP 3a,naeT 'llICJI0 co6IJTllit B cpaitne ( eCJilI 0HlI 6hmn creHepnpoBaHh! lI 

3aIIlICaHh! B rrpe,nh!,nymeM ceaHce), R0T0poe Heo6xo,nnMO rrporryCTlITh; A lI z - MaCClIBhl, 

C0CT0Jimne ll3 JIBYX ,meMeHT0B. MoJKHO rrpoBeplITb xapaRTepnCTlIRlI :meMeHTapHoro 

aRTa (pp- lI pn- B3anMo,neitcTBnit), 3a,naBaJI C00TBeTCTByIOmne 3Ha'!eHnJI ,llJIJI A lI z. 
BoT rrpnMep lICX0,llHh!X ,naHHh!X ,llJIJI Mo,nennpoBaHnJI 1000 CTOJIRH0BeHnit 11.nep yrnepo,na 

c aHeprneit 11.2 raB Ha HyRJioH c 11,npoM RaJihUlIJI co cny'!aitHh!M pacrrpe,neneHneM 

rrapaMeTpa y.napa: 

000000 
12. 40. 6. 20. 11.20 1000 -0.100 

CreHepnpoBaHHhle C06h!TlIJI 3aIIlICh!BaIOTCJI B cpaitJI C nMeHeM casout.dat B ,llB0lI'IH0M, 

6eccpopMaTHOM Bn,ne. BHa'!aJie 3aIIlICh!BaIOTCJI lICX0,llHhle ,naHHble 0 B3alIM0,lleitCTBymnx 

11,npax lI 3Heprnn CT0JIRHOBeHnJI: 

WRITE (1) A,Z,TKIN 

3aTeM peRop.n 3a peRop,ll0M 3aIIlICh!BaIOTCJI creHepnpoBaHHhIC co6h!TlIJI; RaJK,nh!it peRop.n 

co,nepJKnT nHcpopMaunro o rrapaMeTpe coy.napeHnJI, 3Heprn11x B036yJK,neHnJI o6onx 11.nep, 

MH0JKCCTBeHH0CTlI B co6h!Tllll n xapaRTepnCTURax poJK,neHHb!X 'laCTlIU (3 R0MII0HeHTbl 

lIMIIYJI_bca, Macca lI 3ap11,n). ,ll;OIIOJIHUTeJihHO M0JKH0 Bh!B0,lllITb ,naHHb!C 06 3Heprn11x 

B036yJK,neHUJI 0CTaT0'IHh!X 11.nep. 

,ll;n11 y.no6cTBa II0Jib30BaTCJIJI R rrporpaMMe MCAS rrpnnaraeTCJI rrporpaMMa 'ITe

HlIJI lI rrpe,nBapnTCJibH0it o6pa60TRlI creHepnpoBaHHb!X .naHHb!X, pa3MemeHHaJI B cpaitne 

datproc.for. OHa M0JKeT 6h!Tb lICII0Jib30BaHa RaR ma6JIOH ,llJIJI C03,llaHlIJI cnoeit rrpo

rpaMMb! o6pa6oTRlI. 
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**************************************************************** 
program DATPROC 

**************************************************************** 
* PURPOSE: DATA PROCESSING * 
**************************************************************** 
* INPUT QUANTATIES: * 
* A - ARRAY OF ATOMIC NUMBERS OF COLLIDING NUCLEI* 
* 
* 
* 

* 
* 
* 
* 

* 
* 
* 
* 
* 
* 

* 
* 

z 
WT 

BIMP 
EX1 

EX2 

NCAS 

W(1,J) 
W(2,J) 
W(3,J) 
W(4,J) 
W(S,J) 

_ ARRAY OF THEIR CHARGES * 
- KINETIC ENERGY OF PROJECTILE NUCLEUS IN * 

LAB. SYSTEM [GeV] 
- IMPACT PARAMETER * 

- AVARAGE EXCITATION ENERGY OF THE PROJECTILE* 
RESIDUAL. 

- AVARAGE EXCITATION ENERGY OF THE TARGET 
RESlDUAL. 

- S*KEV, WHERE KEV IS THE MULTIPLICITY 
IN EVENT 

- MOMENTUM COMPONENTS OF PRODUCED PARTICLE. 

- IT'S MASS [GEV]. 
- IT'S CHARGE. 

* 
* 

* 
* 

* 

* 
* 
* 

* 
**************************************************************** 

DIMENSION WW(6000),W(5,1200),A(2),Z(2) 
DIMENSION S(7),PCE{3),P(9),V0(3) 
EQUIVALENCE(W(1,1),WW{1)) 

C LS IS ThE NUMbER OF TARGET NUCLEI FOR DATA PROCESSING 
LS=1 
L=1 
DO 777 J=l,1200 
DO 777 I=1,5 
W(I,J)=O. 

777 CONTINUE 
DO 21 I=1,7 

21 S(I)=O. 
EXT1=0. 
EXT2=0. 
open(1,file='casout.dat',form='unformatted') 

11 PRINT 14 
14 FORMAT(1H,//15X,'****FULL 

READ (1) A,Z,WT 
PRINT 13,A{1),Z(1) 

COPMONENT CASCADE MODEL****') 
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'i 

13 FORMAT(/10X,'PROJECTILE A=',F4.0,5X,' Z=',F4.0/) 
PRINT 4, WT 

4 FORMAT(15X,'ENERGY OF PROJECTILE= ',F8.3,'GEV/NUCLEON') 
PRINT 113,A(2),Z(2) 

113 FORMAT(/10X,'TARGET A=',F4.0,5X,' Z=',F4.0/) 
VO(l)=O.DO 
V0(2)=0.DO 
V0(3)=SQRT(WT*(WT+1.88DO))/(WT+.94DO) 
CST=COS(.2/SQRT(WT*(WT+l.88))) 
INEL=O 
JM=O 
DO 1000 M=l,1000000 

991 READ (L,END=2000) BIMP,EX1,EX2,NCAS,(WW(K),K=1,NCAS) 
390 SNN=O. 

JM=JM+1 
ChAR=O. 
KEv=NCAS/5 
INEL=INEL+1 
ACH=O. 

c** LOOP OVER SECONDARIES IN THE EVENT 
DO 101 J=l,KEV 

C** CALCULATION OF KINEMATICAL CHARACTERISTICS ** 
PT2=W(1,J)**2+W(2,J)**2 
PTR=SQRT(PT2) 
PULS=SQRT(PT2+W(3,J)**2) 
IF(PULS.LE.O.) GOTO 101 
SIT=PTR/PULS 
COT=SQRT(1.-SIT**2) 
IF(AbS(COT)-1.) 87,101,101 

87 PMJ=W(4,J) 
PPAR=COT*PULS 
EPAR=SQRT(PULS**2+PMJ**2) 
FU=EPAR+PPAR 
FD=EPAR-PPAR 
TETA=ACOS(COT) 
RAP=.5*ALOG(FU/FD) 
ETA=-ALOG(TAN(TETA/2.)) 

200 CONTINUE 
C** INSERT YOUR OPERATORS INTO THIS LOOP (DO 101 J=l,KEV) 

IF(W(4,J)-.9) 105,402,402 
402 IF(W(4,J)-1.5) 102,300,300 
102 IF(W(S,J)) 104,104,103 
104 S(1)=S(1)+1. 

GO TO 300 
103 S(2)=S(2)+1. 

GOTO 300 
105 IF(W(5,J)) 106,107,108 
106 S(5)=S(5)+1. 

COSPI=COT 
GO TO 101 

107 S(4)=S(4)+1. 
GO TO 101 

108 S(6)=S(6)+1. 
GO TO 101 

300 CONTINUE 
101 CONTINUE 

63 CONTINUE 
1000 CONTINUE 
2000 CONTINUE 

NSTAR=M 
TINEL=INEL 
S(3)=S(1)+S(2) 
S(7)=S(4)+S(5)+S(6) 
DO 109 M=l,7 

109 S(M)=S(M)/TINEL 
PRINT 111,INEL 

;r 

111 FORMAT(/20X,'EXECUTED EVENTS=', I5/) 
PRINT*, ' AVARAGE MULTIPLICITES' 
PRINT 110,S(1),S(2),S(4),S(5),S(6) 

110 FORMAT(15X,'NEUTRONS = ',F7.3,5X,'PROTONS = ',F7.3, 
*/10X,'PIO = ',F7.3,5X,'PI- = ',F7.3,5X,'PI+ = ', 
*F7.3) 
close (1) 
STOP 
END 
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