
H.C. AMeJlHH 

COLLI - MOHTEKAPnOBCKMR 
MHrKMX A~POHHWX, A~POH-H~EPHWX 
H HAPO-H~EPHWX CTonKHOBEHMR 
nPH BWCOKMX 3HEPrHftX 

CIIIl8111 
l.lIlllllllorl 

IICTITYTa 
IA8,11II1 

ICCI8Aela••• 

AY'la 

P2-86-837 

rEHEPATOP 

1986 



J " th 
'~ 

'l, ,( ~'~ ft i~ 

Ir" II ,I., 

~ t'~, 
j' 

l­
.,} 1', 

11' 

.~ I~'''' 
1 

lj 
i, 

,~ ",'~ 

~ .,~ 

t 

'/' 

r,~ 

~.. 01. ,.­
I"" ~f 

1'," \1' I
'J, r \ 

,ti ,j: ,~·t ," 
r.~" 

" 
11';,1, .1 "~ ~ l~' .1' 1 

,r. 
\ I.• ~,I 

"ri, ~ ~~
 
" ~I li'
 .. 

i It""l 

'.1.' 
I l~ '\ ~ 

1 
~ \ p. 

·t 

, 'I 
~. :l! r 

~. :1 
.;e 

'. I /~ 

r 

,I.' 
i 

~. 

1,·11 [o, " 
\' ~l 

"" '\f ,"

I~( :I. ,,t'l f I('
 

.1' ,~
 

.1l ",ri I ~ 
81;'


,/ 
, 

., ~jt ~,'irJ 
'~l l'

I
.' 

" J~' 
,~ I·,'.t 

.1
1f 

" l·tl' 
"1;;" 1 

~, I, ,1 
r

Q 

\A tr, 
I I' 

}t", 

,1' 
'1' '.. r ,J.~----. f 

.~ -, 

,. 

1 

L~ I l
 
I
 

I 
I 

I 

~, I ; ". 
lo· --~.---""""""',.,m _ '..."l........---,.... ' ...........,....-- ....... •• _
 

ITporpecc B YCKopHTe~HOH TeXHKKe, rr03BO~IDmHH rrpOHMRaT~ B o6~aCT~ 

Bce 6o~ee BUCOKHX 3HeprHH,HB~CR CTHMY~OM, a ycnexa CTa~apTHOll TeopHH 
CH~HHX R 3~eKTpoc~aOHX B3aKMO~eHCTBRH ~anH TeopeTH~eCKH~ WY~aMeHT 

~ Mo~e~pOBaHRa rrpo~eCCOB,rrpOHCXO~ npH CTaHRHOBeHRaX ~acTHU, 

~aCTHU c MPaMH R Mep. Heo6xo~RMOCTb Mo~e~pOBaHIDI c ~eJIbIO rrporH03H­
pOBaIDiR aKcnepRMeHT~~HOH CRTY~, c ueJIbIO y~eTa HCKa~eHH~~o6ycXOB­

~eHHHX ROHe~HHM paspemeHHeM ~H3H~ecKHX YCTaHOBOR, onpe~e~eHHH HX aw­
<peRTHBHOCTR, ,a TalOlte c ueJI~JO rmarezsaor-o aaazaaa 06HJI:bHOrO rrOTOKa 
aKCnepHMeHTan:bHOn HH<pOPMauKK BH3BaHa He TO~KO 3Ha~HTeJlbHHM pOCTOM 

'CTORMOCTH YCT8nOBOK, HO H Hanpa~eH8 B ROHe~HOM C~8Te H8 TO, ~To6H 

CY3HT~ 06~aCT~ rrORCRa HOBHX'RBR8HHH. 
3a IIoc~e~HHe ro~ p~OM TeopeTR~ecKKX rpyrrll O~ pa3pa6oTaHH MOH­

TeKapnOBCKR8 rrporpaMMH - reHep8TopH e+e-, pp , pp, anpOH-~epHHX 
H íl,I(pO-H,Z:(epHl1X CTOJIRHOBeHHH. Haaõcnee nony~p'HHM r-eaeparopca pp- ki 
pp-eTO~HOBeHHfi ~eTCH rrpOrpaMMa ISAJET 71/. OHa OXBaTHBaeT BCIO 
06~aCT~ nepe~aHHHX KMIIY~bCOB Q2 ,Ha~HHaR OT ~eCTRoro paCCeRHRR, r~e 
ee TeopeTR~ecKOn OCHOBOR RBAReTCR nepTyp6aTHBHaR KBaHTOBaR XpOMO~H8­
MHRa, H KOmaR Q2 ~ I raW, r~e HCrrOJIb3YJOTcH paanaxaae ~eHOMeHOJIo­
rH~eCKHe Mo.neJIR. B Ka~eCTBe "MeMeHTapHoro axra" nporpascea ISAJE'l' 

HCnOJIb3yeTcR B rrpOrpaMMe Mo~~pOBaHRa CTOJIRHOBeHH~ rrpOTOHOB H ~ep 

c ;mpaMH HIJET /27. EO~illOiii: aaoop nporpaMM /3/ Mo~e~lllipOBaHIDJ: ~.IDi 
mapoaoro cnexrpa CTa.JIIGIBaIOII\HXCJI 'liaCTmJ;, anep H nepenaansx HMIIYJThCOB 
~2 C03~aH rpynno~ COTpy~HHKOB ]y~CRoro YHHBepCHTeTa. r~aBH.YID ~aCT~ 
rrporpruMM ]y~CKoro YHRBepCHTeTa ~OCTaBHJm npOrpaMMH reHepanHR nepexo­
.na KBapROB H rJIIOOHOB B a.nPOHH, OCHOBaHHHe Ha CTPYHHOfi Mo~eJm, pa3BH­
BaeMOH aTofi rpynrroH. llporpaMMH /4{ Oa3RPYID~eCR Ha ~an:bHoiii: rrapTOHHott 
Mo~eJm /5/ ~ Mo~e~ KBapK-rXDoHHHX CTpy~ /6; Ta~e rrpe~a3Ha~eHH 
~ Mo~eJmpoBaHRa illRpOROrO crreRTpa CT~BaIDmHXCR ~aCTR~ HJm ~ep. 

Cpe~ ~PYI'IDC, npcrpaaa - r'eaeparopoa CJIe.n;yeT yrrOMíIHYTb nporpae­
MH 7/, OCHOBaHHHe Ha napToHHo~ weHOMeHo~orHH H Mo~e~ ~THBHHX 
KBapROB. 

Ha OCHOBe onara.uaxonaeaaoro npa C03~'HHH nporpases .IVlff Mo~eJmpOBa­
HKíI a,nPOH-HYMOHHHX /8/ H anpoa-mtepaax 9/ B3éillMO~e~cTBR:tt, B ~aHHo:tt 
paõore nOJI02lteHO Ha~aJIO paspacorxe YHHBepCaJThHOrO ROMIIJIeRCa nporpaser 
COLLI (COLLI-sion Y-reHepaTopa'cTo~KHoBeHHH~ocHoBaHHoroHa cTaH,IJ;apT­
'Hofi TeOpHR CRX~HHX H 8~~RTpOCJIa6ax B3aKMO~eiii:cTBHiii: H HaH6o~ee pa3pa6o­
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TaH!lHX <jJeHOMeHOJ!OrI!'IeCRIU MOJleJ1ffX. 1l0Jl YH1UlepCa.,n;HOCTLJO B JlaHHOM CJIy­

~ae 1I0HHMaeTcH B03MO!llHOCT:b Bli60pa .l(.1IJI MOJleJrn:pOBaIlHH pa3.lII!'IHIiX rrpOl(ec­
COB CT~HOBeHHM B illMpOROH O~aCTR lIepeJlaHHHx RMHyXOCOB, a TaK<e B03­
MO~HOCT1 BHdopa onpe~aneHHOM W8HOMeHQnor HqeCROM MO~eRH EnH Mo~e~eM 
ITpH OllHcaHHH ROHKpeTHHX ilpo~eCCOE. 

C rrDMombro JlaHHoM rrepBOHaqa.nbHott BepCHH COLLI MOJllHo MOJlemopo­
BaTb CT~HOBeHRH 8.llPOHOB c ~cnOHaMR, OJlPOHOB R R.l\ep c RJlPaMR B 6Qnb­
1lI0M HHTejl!l8.IIe aHeprRi!, HO rrpR He60JIblliIlX rrepeJlaH!lHX RMHyXOCax, rax R3­
~"BaeMNe '''l'RRe upoqeCCH. PaCCMaTPHBaIDTCH T~1bRO 8JlPO!lH,COCT~e M3 
U r d YI e I<BapROB. I1PH ~POHH3~H KBapKOB ,IrCnOJlb3yeTCJi BH.ItOH3Me­
HeHHUtt 3.llrOpHTM aRR MOJleRb ~~a~eijHMaHa /1 01 . B ~ae reHepanHã 
yrrpyroro pacceHr.." 8.llPOHOB Ha HyK<OHax RCUanb30BanRCb aRCUenRMeHT~ 

acnpl\l1eJIeIlHHx pacc8JlHHIiX iu!POHoB In/o B cJIy­!lHe JlaHHHe 06 yrJIOBliX p
qae reHepaqao aeyupyroro B38HMOJlenCTBBH 8JlPOHOB c EyK<OHaM« npH ax 
3Heprrm B CRCTeMe qeHTpa Mace rs < 3 roil Y'!ZTHBa.;ffiCb TOJn;KO .lUlYnac­
TIl'I!lHe UpOl(eccH hJl_ h'N ' •rJle h' H N' - CTa6JUrb!lHe 8JlP0lú/ = pe3o­
RaHcH. KOTop"e COCTaBJIHroT rrOJl~v ~aCT' n~oro ceqeIlHH. ITPH aHep­
I'Hl!X lã' >3 roB B KaqeCTBe <J;H3I!'IeCRoJ! MOJleJffi .H')YlIPyrax B3aHMQlleltcTBlfl! 
8JlPOlfoB Bli6pana MOJle,/li, RllapR-rJl!OOH!lHX CTPYH 16, aza ilYa>lbBafI napToH­
aaa MOJlexo 75/. B COLLI MMe eTCH B03MOJllHQCTb MOJleYJ<pOllaIDrR paclI'U(a 
pe30HaHcoB. B ~ae MOJl8JIHPOBaHRff HeynnYl'lfX BSaHMO~eJ!cTBHJ! ~HOB 
RllH ~ep c ·~PaMJI MO~o B~d~paTD pa3~~HHe MO~enH RacR~oro THna. 

TaRRe. liarrPMMePi xax MO,l!eJIh BHyTPlIJU(epHoro RaCRna c MI'HOBeRImM PO!Jt­
JleHl!eM %CTlfl( 7 l/. Mo~exo .JlH,l!HPY>J1Ilero 6apROHa 12/. ,nya>lbHafI napTOH­
nas MO,l!exo /5/. l1MeeTcH BOSMO""'OCT. >"leTa nepepacceHIll'" , pacu'U(a 
BHyTPIr ~a peSOHaHCOB H BpeMeHH WOPMMpOBaRRn ~acT~ /13,. lloRa He 
paCCMaTPHBallaCb rrpo~ecc~ pacn~a E03ÓY~eHHUx ~ep-OCTaTKOB. 

"l!x>:e 60JIee rroJlP06Ho nOHCHHIDTCH MeTo,/( MOJl8JIHpOBaID'JI Heynpyrr'!X 8.1(­


POH-EyR.iIOHl!HX B31U!MOJleJícTBHJ! npK {fi' > 3 rsB. ROTOP!iJí OCHOBaH rra MO)];&­


~ RBaJll<-rJIIDOffHHx CTPYH /6/, R OCoóeHHOOTR MeTOJla MO.IleJIHPaBaHEH Heyn­

pyrIrX CTOYLKHOBeHHM ~pOHOB fi ~ep c ~paMa lia rrplOtepe CTOXRHOBeHRn
 

!JJlep. llar..He l1Iuee onze aHRe 31lJI0!JteHJl!iX B COLLI MO,l!eJIett " 8.IIl'opRTMOB •
 
a TaRa" npHMepo paCqeToB R CPaEHeHlfH pe3Y"eTaTOB pac~eTOB c 3Rcnep"­

M€HTa.JIT,H.IíMH .naI-UlliMI1 MOJKHO HaMTH B padoT-1:IX /8,14/. 

lIplI peCCMOTpe!lIDl Heynworo B38RMoJleltCT.8HH 'U(pOHOB B P8MKax MO­
,l!eJrn: """px-rJIIDOH!lHX CTpYH /. l<OTOpa>r omrC~BaeT PO>\!(e1ll!e qaCTlfl( no­
~pe,/(CTBOM 06pa30BaHEH R pacn'U(a RBapR-rJl!OOHl!HX CTpYH. yqHTHBarrac. 
npoqeCCH, OTBe~8lOOlJ[e OÓMeEy B t -RaH8JIe BTOpll'I_ p illKeoH8MJ>l R nOMe­

eP°"'"'" OÓMeHaM. MOJleJrn:POB8lUIe HeynIJY!'JIX B38.IIMOJleltcTBlrJí 8JlPOHOB J3R1llo­
gaer B ceda HeCRQll1KO OCffOBHHX rnaroB: 

~ BH60p npol(ecca c o6paSOBaHHeM onpeJleJIeHHoro "XCJIa R Tana RBapR­-r~OHF.Hx CTpYH; 

2 

- onpe~eneHHe ~o~ell 8HeprHR ~pOHOB, YHOCMMOH KBapKaMM, 3HaR KO­
TopHe, MOiKHO BI:l'tfiICJll'IT!. MaCCI:l 11: RMIIYJIbCH CTpYH;
 

- Mo~.eJIUpOBaIm8 paspaaa CTpYH c oopaaoaaaaea uenoxex a.n:POHOB.
 

Ha rrepBOM rnare ortpe~e~TCff CTaTHCTH'Iecrole Beca npOneCCOB. CTa­
'THCTH'IeCIlliH B8C nponecca c OÓMeHOM pe~eOHaMH MO~HO OTIpe~eAnTD,MCXO­

~ M3 nOJIHOrO Ce'I8HER B3aHM;neMCTBHH ~pOHOB H 8HepreTH'IeCKOrO xo~a
 

Ce'IeHHff ~aHHoro npoIJ;ecca /8 . CT8THCTH'IeCKHe Beca npoueCCOB,OTBe'Ia­


IDmHe MHoronOMepOHHHM OÓMeHaM,Onpe~e~C1 M3 nOJIHOrO Ce'IeHRH Heynpy­

roro B3IDIMO~eficTBIDl ~pOHOB :M Ce'IeHllil ..MHoronOMepOHHI:lX rrpOIJ;eCCOB, pac­

C'IHTaHHI:lX B MO~eJ.lli "KBa3H3fu<oHaJIa ,,/10/
 

n-1 

(I) 
n nz k=O . 

s (a) :: ~ [1 - exp (-z )L rt+-] , n.;. 1. 
22C(B B.I:lp8JKeHHH (I) BeJrn'IHHa G': =8.'iI ~ SÓ , Z = S A • Ilapaaer­

p R +o('lna 
ps O::g1(O) g2(O) H R

2 = R~ + R~ Onpe~eJIm)T BepnrnHY CM3H anpo-
HOB C rrOMepOHOM. BeJilfqHHa C Y'IHTHBaeT OTKJIOHeHHe OT 3HKOHanLHOrO 
np:MÓ~eHHR, KOr~a He paCCMaTpnBaeTCH ~R~paKqaOHHaff ~HCCO~~R. Be­
Jlli'IHHH ~ FI 0(' onpeneaaor rpaexropao noaepoaa. IIpH MO~eJrnpOBaHHH 
,n::wppaKIUfOHHaff MiCCOIUfanIDI He yqliTI:lB'aJIaCl). I1cXOM :M3 3Hamm TIDIa rrpo­
IJ;eCCa H KBapKOBoro COCTaBa onpe~e~CH THll KBapR-rJIIDOHHI:lX CTpyH/8 ,I 4/ 

Ha BTOpOM mare MO~eJIHpOBaHHR orrpe~e~c1 ~OXH 3HeprKH aAPOHOB 
2E
 

X q= ~ ,r~e E q - 8HeprIDI xaapsa. )J)m npOneCCOB,OTB8'IaIOlI\HX OÓMeHY
 

B t -RaHaJIe BTOpH'IHHM1'i pe,IJ;JKeOHaMM,' rrpennoaaraaoc s , 'ITO HeaHHHrHJmpYJO­

mne KBapKR YHOCRT BCro 3Heprnro CTaJIKHBaIDmHXCR aupOHOB. ~ npOnecçOB 
C MHorOnOMepOHHHMH OÓMeHaMM x reHepnpOBaRMC1 B COOTBeTCTBKH C pac­
npe~eJIeHZeM 

2U 

PN(X1'X2 ' ••• ' x 2N) = C 0(1- ~ Xi)fv(X1)fa(X2).~.fqq(X2N)' 
2=1 (2) 

B· 3TOM BHp~eHHl1: C-HO~pOBO'IHaa nOCTORHHaR, ~eJIDTa-wyHKUKff o6ecne­
~nBaeT 3aKOH cOXpaHeHHR 3HeprHH, a 1lfHKUKJ1' pacnpe~eJIeHRff ~ BaJIeHT~ 

Horo KBapKa fV(X1~ MOpCKHX KBapKOB f a ( x 2 ) H ~apKa f qq (X2N)
 

BI:lÓRpanaC1 B Bane 6/:
 

f ( x 1) fx1/'Vv

f a 2 ) J-x;, (3 ) 

.~ 

( x 'V 

· ··f ) I'V x 2• 5 
qq{x2N

3 . 



I 

)J,OJlH x .IlJIif KBapKOB SaKJlmeHbl B HHTepBaJle X -' x "1 c x =0. 3/ Vi, 
o o'Oc5ecIIelIHB~IItID.1 IIOJlyqeHHe CTpYH C MaccoM B.bnlle MàcCI1 IIHoHa. lIOJJY1J:eill1:e 

cJJY1IaMIllix 1J:HCeJI B COOTBeTcTBHH C pacrrpe,eJIeHH~M (2) li midopOM qJyHK­
rmil (3) npOBO~HJIOCn MeTo~oM HCRJlIo1J:eHIDI I4, I6/. llpH HSBecTIlliX x H 

x ! ,1I,JIR I<BapKOB, HaxOMiQHxCH Ha ROHIJ;ax CTPYHli) M01KHO BI11J:.l1CJI.ffTn ee HHBa­PZ8HTHYIO Maccy
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M = SJOC' 

(4) 
II rrpo~OJI:bH'blM HMrryJI.bC 

{S' 
p =~ (X - Xl), 

(5) 
MaccI1 KBapRoB He YlIHTI1BaJ!HCb. 

MO~eJIHpOBaHHe paSpI1BOB CTP~HI1 paccMaTpHBaJIOCb B CHcTeMe, rAe OBa 
rrOKOHTCJL IIpoIJ;e.nypa IIOJJylIeHIDi ~pOHOB npa paSpI1Be CTpYIlli IIOApo6HO 
ODBcaHa B pa60Te 78/. 3~ecD C~e~eT YKa3aTD Ha C~BHaHHHe OT~ OT 

npoqeilYPH 78/. IIp8l\lle BCero 3""OHH CoxpaHeHID! 3HepI'Im, lIMDyJiloca H 

RBaBTOBblX qlICeJI BlIrrOJIHHJIHCb ;rI..lIH OT~eJIbHOH CTPYIlli , a He TOJIbRO AJIH. 
Bcero npoqecca, KaK B /8/. H3MeHeHH .W,rHKI:{HH pacnpe~egeHID! f(l-z) 
AOJlIf z rrepeMeHHoM cBeToBoro ROHyca Wq =Eq+ Pq- KBapRa IDm AH­
KBapRa npa <}JparMeHTaLU1H HX B ~pOfrn. )J,.Jm <}JparMeHTaln[R KBapRa B MeSOH
BI1ÓHpanaCl> <PYHRI1;WI 

rq~M (l-z) = 1 - a + 2a(1-z) 
(6) 

~ C~aeB nepexo~a AHRBapRa B MesoH 

•	 2
 
f qq-.M (1-z) = 1 - a + 3a(1-z)
 

(7) 
li daplIOH 

f qq-.B(l-z) 0,4+0,6 eXP[- 20( 1- z )]1 [1- exP(_20)] 
. (8) . 

B /6/ II /?/ napllMeTf a =0,88. HeROTopae 060CHOB"HIDI BH60pa 1jJymt_ ,	 IUf:tí MOJKHO HaZTH B / 0/. BR):{ q,yH~ /8/ o6YCJIOBJIeH He06xo~OCTl>lO 
yt!eTa aqxpeKTa J.IH.1tHPOBaIiIDI 'IacTRIJ; npH CTOJIKHOBeHHH /4/. llOAéUlJIeHHe 

CTpaHHHX ~pOHOB OCYmeCTBJIaJlOCl> BBeAeHlIeM OTHOCHTeJI:bHHX BepoHTHocTei
po~eH.IDI lI3 BBKyyMa CTPaHHOH sã napli c ~ = 0,33. IIorrepellHHit HM­
IIyJIbC BaRyyMHoH qq napa CtIHTaJICH PaBHHM HYJIIO, a HMnyJl:bC OT~eJInHoro 
Jq3apKa pa3lirpHBaJICH rro paCrrpeAeJIeHID/) 

4 

2 2 2	 "" Z 2f(p.L) = exp(-p.l/6 }/:JL Õ , G = 0,4 raBo (9) 

KaK H B paÓOTe 18~ rrepexo~ KBapKa B BeKTopHHH RRH rrceB~OCRaHHpHlli1 
Me30H C'lHTaJICH paanosepoarnaa . .1J.,Jr;r :Ji.0 , Po , uJD, 2°, ~o' ~H-

TH~aJIOCb CMeillHBaHHe. rrepexo~ ~HKBapKa c ~aHHlIM CITHHOM H H30crrHHOM B 
OKTeTHUn KnH ~eKarrJIeTH~i1 6apHOH peryEHpOBaJICR Be~ORTHOCTRM~paCC1IH­
TaHHHMH H3 KBapKOBHX BOJIHOBl:lX epyHKUHit 6apHOHOB I I. KOHTpOJllipOBaJIaCb 
Macca CTpYHIl, OC'r8ID~eMCR rrpz OTAeJIeHHH anpoua. Korna Macca CTPYHH 

M ~	 2,4 I'aê , TO ocy~eCTBJLfIJICH rrOCJIe,UHHit paapss CTpYllli • 
BOSHRK8IDmHe rrpH paspHBe CTPYH peSOHaHCH ~aJIee MOrJIH pacn~aTbCH. 

ilCrrOJI:b30BaJIRCl> HSBeCTHHe TaÓJIHqHHe .uaHHHe ~JlR BH'lHC~eHRH OTHOCHTeJIb­
HIlX BepORTHOCTefi rrpa BI1ÓOpe KaHaJIa pacrrana. C1IHTaJIllCn paBHOBepOHTHli­
MH rrpOeRDnH crrHHOB oÓpaSOBaHHH peSOHaHCOB,H Bce ~BYX'laCTH~HHe pacna­
Ali arrrrpOKCHMHpOBarrHCL HSOTpOnHHMH pacilpe~e~eHHHMH B C.~.H. pesoHaH­
COB.	 TpexqaCTHQHlIe pacn~H paCCtIHTHBaJIHCh 'lepes ,UBa CJIenyromMX ,Upyr 
sa .npyroM ,nBYXqaCTH1lliHX pacnana. 

HOBHMH MOMeHTaMH rrpH MOAeJlHpOBaHHH HeynpyrHx CTO~OBeHHll a.npo--­
HOB H H,Uep c R.npaMH no cpaBHeHHID c MO~eJIHpOBaHHeM HeyrrpyrHx CTOJlRHO­
BeHHH ~pOHOB c HyKnOHaMH RBnHIDTCR onpe.neJIeHHe Ha~aJILHOrO COCTO.HijHH 
~pa KOH~rypaqHH	 BHYTp~epHHX BSaHMo,neHCTBHH. 

ITpH	 orrpe.neJIeHHH Ha'laJIDHOrO COCTOHHHH BSaHMO~eMCTBYID~X H,Uep B . 
rrepByro oxepens paCClWTl:lBa.1IHCh pa.n;HYCH R c(j)epH'leCKH- CHMMeTpH'lHHX JI,IJ;ep. 
OHM aaxonazacs H3 YCJIOBHH . 

!fA(R)/ fA(O) "" cc .	 (10) 

P~HanLHlle ~OTHOCTH ~ep c aTOMHHM HOMepOM A B~6Hp~1HC:b B B~e 

SUo A :; 12 
1+exp[(r-R)/a ] (II)fA(r) 

( ~)3/2exp(_r2/R2) A (12
\ :li: R' ' 

,1J.Jr.H d... rrpHHHMaJiliCb SHa1J:eHIDI O, OI B cnyxae A < 12 H D, I B c.nyqae 
A ~ I2. .IJ..m:r napaaerpos B (II) 3HaqeHIDI R = roA1/ 3 , r 0= O,I4 <IM, 
R = I, 37 ~1. a = 0,545 <}JM. .P - HOpMItIpOBO't1Ha.H nOCTORHHair. SaTeMo 
K~aH c~epa-~po c~anHa~ oÓpasoM B COOTBeTCTBHR c pacnpe~eJIeHHeM) 
(II) SanOJlH.HJIaCb HYKnOH8MH. C nOMOmnID pa..n:ra:yc-BeKTopoB HY~OHOB ri
 
B It8JK,IJ;o:tt TO'lRe ri BH1lHCY..JICR rpaHHT.1HHH <}JepMHeBcKHH IJrMIIY~bC PF(ri)
 

B raB no ~OPMYJIe
 

Pl!' ( ri ) = O, 61 f'A1/3 
( ri) .	 (I2 ) 
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3Ha"tleHIDI :llMrry.7I:bCOB OT.neJIbHbIX HYKJIOHOB ri rro aC5COJilOTHOil Be.JIlPillHej He 
rrpeBbIlliaID~X PF,(r.), reHepRpOBanRCh c BepaHTHOCTHMH,rrpOnOPllHOHanbHHMR

2 ~ ... 
PidPid Qi • ~ee p~C-BeKTopbI H~OHOB r~ HaneTaromero ~a nepe­

•orrpe.neJIllJllic:b c Y"tleTOM IIpR~e.JI:bHOrO rrapaMeTpa b R eCJm MPO .nBRraJIOC:b 
c Y"tleTOM ~cpeH~eBa c~aTRR Mpa. 3Ha~eHHR rrpHUe~:bHOrO rrapaMeTpa b, 
y.noB.i'IeTBOpRIDIURe YC~OB:mo o ~ b ~ R1+R2 ,r.ne R1 li R2 - Pa.n;I1YCbI 
CTaJIKRBaIOInnxCR Mep, pasHrpbIBaJlliC:b c BepORTHOCTRMH"npOrroprmOHa.JI:bHI:lMH 
d2b . ]opeH~eBO c~aTRe orrpe.ne~oc:b BbIp~eHneM 

.. 1 -+ ( -1 -~ (_ ..... ) (13)ri = ri - ~·v· v.ri . 
v 

B BHpalKeHlIlI (13) v- CKOpOCT:b .uBIDKYInerOCR M~~ B cHcTeMe Ha6.mo.naTeJLíI, 
a <lJaKTop onpenenaerca BUpaJKeHHeM (:: 1/ V1-v . C"tleT'tlliK., OTC"tlRTU-
BaIDmRM BpeMH B CRCTeMe HaC5m~aTeJIll,YCTaHaBXHBanc~ Ha ff.Y~e. 

TIo crrocoóy OnnCaHRH RCrrnn:bsyeMUe B COLLI KacKa,nHHe Mo.ne~ MO~­

HO pas.neJlliT:b Ha .nBe rpynrrbI. Mo.neJm,paccMaTpHBaromne npo~eccH CTO~KHo­

BeHHR a.n;poHa c MpaMR ~ .nBYX H).J;ep B TpeXMepHoM hpocTpaHcTBe-R BO 
BpeMeHH H Mo.ne~,paCCMaTpRBaroIURe npo~eccu CTO~HOBeHHR B n~OCKOCTR 

rrp~e~hHoro napaMeTpa. ' 
. ~ Mo.ne~eM rrepBOM rpynnN Bce CTO~HOBeHHR pa3óRBaroTClI Ha Hec­

KO.JI:bKO lliarOB BO BpeM8HR. IToc~e K~oro BpeMeHHoro lliara cnoco60M)orrR­
CaHHbIM BHllie, MO.n8~RpyeTcR JmÓD BSaRMo.neficTBRe napu "tlaCTR~JJlliÓO pac­
rra.n peSOHaHca. Mo.ne~pOBaHRe 3aKaffqRBaeTClI, Kor~a Bce B03Mo~HHe B3aM­
Mo.neHCTBRff nap "tlaCTRu ~R BOSMO~HHe pacnanu BHYTpR fl.IJ;ep pe30HaHCOB 
npORSOIILIDL 

TIpn BHóope napbI B3anMo.n;eMCTBYIDmHX ~acTR~ BeC:b aHCaMÓ~h "tlaCTR~ 

paSÓRBaeTC.í! aa HYMOHbI anpa A , HYKJIOHbI Mpa B II "tlaCT~, KOTOpU8 
OÓpaSOBanRCh B pesy,.JI:bTaTe B3aRMo.n;eMCTBRR, KX rrpRHHTO HaSHBaT:b KaCKa,n­
HbIMR "tlaCTRUaMR 7II/. CqHTanRC:b B03MO~HHMH Bs~o~eHCTBHR Me~ HY~O­
HaMn M3 A R B , a rasxe BSéillMo,n;eLtcTBIDI MeJK,IJy 3TRMR ff.YMOHaMR R Kac­
Ka,nHHMH ~aCTH~aMM. BsaHMo.n;etlCTBReM KaCK~HHX "tlaCTRU Me~~ COÓOH B 
KOHKpeTHI:lX paC"tl8Tax np8Heóper~OC:b rnaBHbIM 06pa30M Rs-sa TpY,IJ;HOCTen~ 

CBRSaHHUX c OrpaHH"tleHHHM ÓucTpo.neilcTBHeM 3~~. K TOMY ~e n~oxo R3BeCT­
Hl:l ce"tleaRí! RX BSaRMo.n;eHCTBHH. 

Iípa nepeóope nap 1.{aCT~, oooanasemrsx RH.n;eKCaMR i H j, C HS­
BeCTHHM1l xerapex-aexropaaa xoopnaaar XiXj H m.rn:ynCOB PiPj (BH6pa­
H'â MeTpHKa ab :: aobo-âb ).1 B3aHMo.ne~CTBReM .nBYX xaczan C~TaJI:HC:b .nBa 
COÓUTHR, xapasrepaayease COÓCTBeHHbIMH BpeMeHaMR ó'i:j (i) >, O R 
S' 'Li (j) ~ o • COÓCTBeHHoe BpeMR__ õrc.J (i) - aTO BpeMH npoaera "tlaCTRUbl 
j no MHHHM~Horo paCCTORHIDi b.. c ~acTHUen i , rcorna OHa nOKO­

~J 
HTCR, Qnpe.neJIlleTClI Bup~eHReM 

Pi(Xj-Xi~/mi - Pj(Xj-Xi)/Ej
* 

b 'C. (i) 
)J 

1 - (mil E;)2 (4) 

2 a KB~paT MRIUlMa.JI:bHOrO paccTORHIDI - BUp8.lKeHHeMb i j 

'j 2 2 ( ]2b';J' :: -(x.-x.) + p. (x.-x. )/m. '­• J ~ ~ J ~ ~ 

_ [p i (x,j-xi~/mi - Pj (x.j-xi )/E; J2 (15)i.J 
1 - (m, / E ~ )2 

a, J P P 
B BbIpalKeHHHX (14) H (15) E ~ = .:...i:..L.. (16)

J mi 
3HeprHR "tlaCT.IDU:l . j B cRcTeMe rrOKOR "tlaCTHW>I i c MaccOÍÍ m 

i 
AHaJIOrmHO onpe.neMeTClI VI COóCTBeHHoe BpeMH "tlaCTID.J;U j . B Ka'IeCTBe 
KpRTepHH cTonKHOBeHHH rrpRMeHHAOC:b ycnoBRe 

()( Sij)
.(b 2 

(I7)ij -­ JC 

B YCJIOBRR (17) õ (si') rrOJIHOe ce-qeillIe B3aHMo.n;eÍÍcTBIDr JJ.fJyx 'IaCT~, sa­
J3Hepnm

BRcmuee OT KBa.n;paTa 3TIDC "tlaCT~ s .. = (Pi + p.)2 • 
J ~J J 

B cJIY"tlae yqeTa BpeMeHH WOpMHpOBaHHR 'IaCTR~ RJIH pacn~a pesOHaH-' 
COB BHYTpR H).J;pa HCrrOJI:bSOBaJICH 60nee C~O~HHH RpHTepRH CTOJIKHOBeHHR/I4~ 

~anee HcrrO~h30BaJIClI coxpaHRIDmR~ rrpR paccMoTpe- .n1R"tJ:RHHYID CBR3b 

HHR CTOJIKHOBeHHH .n;BYX H.nep ~OpRTM / 7/ onpe~8~eHRR rrapH,B3aHMO­
.neaCTBYIDmeH rrepBoH B CHCTeMe HaÓ~aTeM, T.e. orrpe.ne~cR BpeMeHHoH 
urar, 

~ Mo.nen8H, paccMaTpHBaIDmaX CTO~HOBeHHe R).J;ep B rr~OCKOCTH rrpR­
~e.JI:bHOrO rrapaMeTpa,Mo~Ho RcnO~SOBaT:b .npJroÍÍ. aJIrOpRTM Haxo~eHRff KOH­
~Hrypa~ HeynpyrO-B3aHMo.neÍÍcTBYromnx HYKJIOHOB. A~OpHTM OCHOBHBaeTCR 
na CJIe.IJYIOmeM BHp8.lKerm~ .zvm aepcarnccra TaKo~ Ko~<1JH?fgaru'IR .Q npa 
CTOJIKHOBeHHR .nBYX R,IJ;ep c np~e~HbIM napaaerpoa b / 

P.Q (t) =Jn Pin<xi-Yj) n (1 - Pin(~-Ye) .f'A(X1 'x2 , •••x ) * A
(i,j)ESl. (k,e)~n . 

..... -+ -- -+ .... - 2 2 2 (18)
.í'n(Y1-b, Y2-b, ••• , YB- f.. )d x 1d x2 •••• d YB ') 

'. 
B BbIp8.lKeHHH (IS) S'A(X1'%2'···;XA ) H fn(Y1' Y2 ' ••• 'Yn) - pacnpaneze­

~' HIDI MOTHoCTeif HYKJIOHOB B anpax c aTOMHU.Ml! HOMep8.MH A R B , a 
Pin(Xi-Yj ) - BepORTHOCT:b aeynpyroro B3aIDJlO~eLtcTBIDI ~OHOB i Hj 

HBHH~ B~ H napaMeTpbI pacnpe.ne~eHHM fiJlOTHOCTR HYKJIOHOB orrpe.narreHH 
BlillIe (CM. sapasoaae (11». HBHl:l~ B~ BepolITHoCTH ueyrrpyroro BSaHMo­

~~ 

'. 
6 7 



ne:LicTBIDI B S}fKOHaJIbHOM no.n.xo.ue,IIPHBe.n;eH B /18/. B ;n;aHHolt pa60Te ,IJ,Ba
 
HY1W c Koop,IJ;KHaT8JIlR X. 11: y. MOrJll1 Heyrrpyro B3ffi1MO.n.etlcTBoBaTb
 

DHa ~ J
 
npa BHno~HeHHH YC~OBHR
 

~2 ~ _)2
 (19). 
ij ~ !J[ J 

----b2 e:in( 8 i . ) b ::: (xi - Yj 

B KoHKpeTHHX pac~eTax Ce~eHMe Heynpyroro B3aRMo.n.ei1:cTBIDI HYKnOHOB
 
6"'in(sij) Il})HHMMarroc:o paBmlM 32 M6 He3aB11:C:aMO OT IDC. 3HeprIDi.
 

eTaKMM oÓpa30M, 3Hafl Koop;n;RHaTH HYKnOHOB x1 ,r.n. ic1,2, ••• ,A
 
H Yj • rno j.1. 2•••••B , nocxe MOi\eJn<P0BaHll1I HaQaJI1,HOrO c OCTOJlIDIfl
 

Mep, .ITtJl.H KaJImO HYK.JlOHa i Mpa A rrpOBepa.n:OC:O yc~oBHe (19) c
r o 
Ka.llí,1J.HM HyKJIOHOM j Mpa B • CJ1Y1IaR, xorna YCJlOBRe (19) BHnoJIH.fIJIOCb, 

3anoMHHanRC:O. OHH R npe;n;CTa~ TpeéyeMYID KOH~Hryp~ B3aRMO;n;e:LicT­
BYJOmH HYMOHOB. narre e , B 3aBHCIDJIOCTR OT KOHKpeTHOH Mo.n.e~, JiliÓO MO;n;e-

X
JmpOBMOC:O CTOJIKHOBeHHe a,rr,pOHOB, KaK,.HanpHMep, I? Mo.n.eJrn ~JqlYJO~ero 
oapaoua /12( zaoo onpe;n;eJI.f.fJll:1CI;, TRn 11 KOJll1~eCTBO CTPYH, .n.OJll1 ::mepnm 
HYl<JlOHOB, KOTopHe HecYT KBaplUi, Haxo~eCH na KOHIJ;a."{

b 
CTPYH" li pacnan 

CTPYH, KaK B c.nyqae .DYaJIhÍlOH IIapTOHHO~ Mo.n.e.m/ { OCHO::BHHe IlporpaMMH 
KOMIIJIeKca,BRJIIOtIaK!LURe TQJ.U.KO tt~3HtIeCKYJO" -qaCTI>, Ha.illlcaHH aa CTaH.napT­
HOM H3HKe ~OpTpaH z co.n.epmliT OKO~O 3000 KOMaH,IJ,.Pa6oTa C TaKHM 6o~· 
lliHM Ha6opoM KOM~n 6e3 cRCTeMHotl nOAAe~ cTaHoBliTCH npo6~eMaTH'qHOR. 
Heo6xo,I(HMH cne~anDHHe CHcTeMHHe cpe;n;CTBa, KOTopHe n03BO~ ÓH xpa­
HHTb, MO,IlepHH3RPOBaTb KOMnJleKC nporpaMM, a T~e aKcnJIYaTHpoBa~b ero 
B yc~OBRffX MHorOMaillRHHOrO oKpy*eHHH, T.e. Co6HpaTh H H3BneKaTh pa3- . 
~HHe BepCHH,COOTBeTCTByIDmHe KOHRpeTHHM WH3~eCKHM MO.n.enHM CTO~~o­
BeHIDI, BH.n.e~TD "MallillHH0-3aBHcRmHe -qaCTH, xpaHHTn nOflCHRTe~HH~ TeKCT 
H KHCTpy~I ~ c6qpKK H T.,Il. ~ 8TRX ~eJleR npe~a3Ha'tleH uepHOBCKZH 
naKeT PATCHY /19/. B COoTBeTcTBHH c n.n.eOJlOrHeR PATCHY .n.aHHHfi 
KOMUJleKC nporpaMM cocTaBJIJIeT PAM -1)a1tJI c liMeHeM COLLI , KOTOpHR 
COCTOHT H3 oT;n;eJThHHX He3aBlicRMille -qacTeH ( patches )" BHnQ.JIHR:IOJUliX rrpa 
Mo;n;eJrnpOBaHBH onpe;n;e~eHHHe gr,rHKI:(HH. HanpHMep, -qaCTI;, nporpaMM c liMeReM 
COLINI ocymeCTBJIJIeT Mo.n.eJll1pOBaHHe Ha-qanLHorO cocTOflHRff H.Ilep, a -qaCTb 
COLSEC BH't!KCJlHeT pa3Ka'tlHHe ce~eHRff B3aHMo,Ile~CTBHfl a.n.pOHOB c HYKJlo­
HaMR npm 3anaHHOn 8HeprKH. K~aH ~aCTb nporpaMM pa36RTa Ha oTAe~HHe 
KOJfO;n;H ( decks ), KOTop~e nporpaMMHO CBJl3aHH B OT;IJ,eJIbHOn 'tlaCTR H pe­

( lliaroT onpe.n.eJleHHYID 3a.ua-qy. HanpRMep, ~ KOJlO.n. c ZMeHaMH POSIT
eJI.ff1OT

MOMEN ,PRESS ,ENTER BXo,W!T B COCTaB COLINI li onpe.n. co­
OTBeTCTBeHHO Koop~HaTH HY~OHOB rroKOHmerocH ~a, HMllY~CH HYKXOHOB 
nOKOHmerOCH anpa, "JlopeHUeBO CJIt8TJlIe" ;IJ,BJiDltYIl\erOCH fl.IlPa, npRUeJThHHH na­
paMeTP HMeTarome~ na anpo ~acTRIJ;bl JdJllI HMeTalOmero H.IlPa. Bce 6y~e 
J1I3MeHeHHfl TeKcTa nporpaMM, CB.ff3aHHHe JlR60 c o6Hapy~eHReM OlliR60K)~60 

1\ 

KaKHMH-TO ;n;OnOJlHeHRffMH)MO~O XpaHJlITh KaK OT;n,8~HYID 'tlaCT~H npH c6op­
Ke Heo6xo;n;nMo~ BepCHJ/l rrporpaMM 8TH H3MeH8HRfl ÓYAYT aBTOMaTrr~eCKH 

BCT8RnHThCH B T8KCT. 
KOMrr~eKC rrpOrpaMM COLLI 3KCIIJlYaTHpOB~CR Ha 38M cnc-6500 H 

"EC-I061. BpeMR reHep~ O;n;Horo COÓHTKH 3aBHCHT OT TRna peaK~, 8Hep­
rHH CTOJlICHOBeHKH H asopaanoã <PVI3H1IeCKo.tl: MOneJUL TaI<, nanpaaep, r eae­

f paDnff O~Horo COÓHTHR Heynpyroro B3allMo;n,eHCTBHH rrpOTOHOB npH Ha'tla~HOM 

HMnyJlbCe 500 rsB/c B cpe~HeM COCTaBnaeT 0,1 ceKY~H Ha Cnc-650o, a 
\ I cpe;n,Hee BpeMff reHep~JII CTOJlKHOBeHHH ~BYX ~ep KaJIbuaH B MO~eXJII BHYTPJlI­

R;u,epHoro KaCKa;u,a Ha TO~ ~e 38M JII rrpH TOM %e Ha~aJlI;,HOM ~~JlDce Ha HYK­
JlOH COCTBBJlReT y~e OKO~O llHTJII MRHYT. 

B 3al~~eHJIIe MOERO OTMeTRTb, ~TO é~aMlliJlIMH 3a,rr,aqaMH ;n,aIThHefiwe.tl: 
pa3paéoTI(M COLLI HBnHIDTCH paClliMpeHHe 'tlHCJla KBapKOB, CAe~OBaTeJlhHO/ 

BKJlID~eHZe B paCCMOTpeHJIIe ;n;OrrO~TeJlDHOrO QHCJla qaCTHU c T~eJlNMR KBap­
KaMJII, BlUOO'tleHRe ~errTOHOB H ilPOM~TOQHHXÓ030HOB - nepeHOC~OB B3aRMO­
;n,ellCTBIDI y, e w± , Zo .).J..Jm Toro, 'tlTo6hI MO~eXJIIpOBaTh B38J:iMO­J 

;n;ettcTBHH BO Bce~ OÓJlaCTH nepe;u,aHHUX RMDYJlDCOB Q~ B nepByro O'tlep~b 
Heo6xo~o y-qeCTI> npoueCCH xeCTKoro nepepaCCe.ffHKff KBapKOB JII r~OHOB, 

aHHHrRJlffUHH KBapKOB, a TaREe npoueCCH H3~eHHR rJlIDOHOB B HaqanhHOM 
H KOHe~HHX COCTOHHHHX. 
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TEMA 'Il1'1ECKI1E KA TErOP~ flYBJIJ1KAUHA 

OB»E~HHOrO KHCTHTYTA ~PHWX 
liCCJIE,llOBAHJiA 

HHJ1eKC TeMaTIIka 

1, 3KcnepHMCHTdJ1bHdR ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~3HKd BWCOKHX 3HeprHH 

3. 3KcnepHMCHTd11bHdR HCHTpOHHaR ~3HKa 

4. TeopeTH4ecKaR ~3HKa HH3KHX 3HeprHH 

5. MaTeMdTHKa 

6. ~ACPHdR cneKTpOCKOnHR H PdAHOXHMHR 

7. ~3HKd TR*C11WX HOHCB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AaToMaTH3a~HR o6pa5oTKH 3KcnepHMeHTanbHWX 
n.:u .. .:..,~o.~v 

11. BW4HC11HTenbHaR MaTcMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4CCKOro 3KcnepHMeHTa 

14, HccneAOB3HHR TBCPAWX Ten H *HAKOCTCH 
RAePHW~IH MeTOAa-

15. 3KcnepHMCHTd11bHdR ~3HKa RACPHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. ao3HMCTPHR H ~3HKa 3d~TW 

17. TeopHR KOHACHCHpOBdHHOrO COCTORHHR 

18. HcnonbsoaaHHe peaynbTaToa H MeTOAOB 
CI!YHAdMCHTdJ1bHWX CI!H3H4CCKHX HCCJ1eAOIIIdH~tH 

B CMC*HWX 06J13CTRX HdyKH H TCXHHKH 

19. bHOCI!H3HKa 

~ 

AHenuu H,C, 
COLLI - MOHTeKapnoBCKHA reuepaTop MRrKux BAPOH~x. 
8APOH-RAep~X H RApO-RAep~ CTonKHoBeHHA 
DPH BYCOKHX 9HeprHRX 

P2-86-837 

KpaTKo onucwaaeTCR KoMnneKC nporpaMM COLLI AnR MOAenHpoBaHHR 
C OOMO~IO 3BM M.llrKHX aAPOH~X, 8APOH-.11AepHbiX H .IIAPO-.IIAePHblX 
CTonKHoBeHHA npH BYCOKHX 3HeprH.IIX, B KaqecTBe ~H9HqecKoA MOAenH 
Heynpyroro B98HMOAeACTBH.Il 8APOHOB BY0paHa MOAenh KBapK-rnJOOH~X 
cTpyu, Opu paccMoTpeHHH asauMoAeACTBHR aApoHoB H .IIAep c .IIAP8MH 
MoryT OwTh awOpa~ pasnuquwe MoAenH KaCKSAHoro THna, Hcnonhsy­
eTC.Il MeTOA MoHTe-Kapno npH reHepSI\HH C06YTHR - pesynhTaTa CTOnK­
HOBeHHR, OporpaMMY uanuca~ ua cTaHAapTHOM RSYKe ~opTpau. OpHMe­
HReTCR cucTeMHbiA naKeT PATCHY npH xpaHeHHH 0 MoAepuusa~HH H 
3KcnnyaTa~HH COLLI. 

Pa()oTa BYDOnHeHa B na6opaTOPHH BblqHcnHTenhHOA TeXHHKH 
H aBTOMSTHsa~H OHHH. 

Coo6UleHae 06J.ewme101oro IOIClHTyra RAepHbiX accneAoBBHHi • .lly6Ha 1986 

OepeBoA O,C,BHnorp&AoBoA 

Amelio N.S. 
COLLI - Monte-Carlo Generator of Soft-Hadronic, 
Hadron-Nucleus and Nucleus-Nucleus Collisions 
at High Energies 

P2-86-837 

The COLLI program complex for computer simulation of the 
soft-hadronic, hadron-nucleus and nucleus-nucleus collisions at 
high energies is briefly described. Instead of the physical mo­
!del of the hadron inelastic interaction the quark-gluon string 
model has been chosen. Different mod.els of the cascade tape may 
be used for consideration of the hadron-nucleus and nucleus-nu­
cleus interaction. The Monte-Carlo method is applied to gene­
Irate the event-collision result. The programs have been written 
in FORTRAN standard. The PATCHY system package is used for 
storage, updating and employment. 

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