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C03~aHHe ~eTeKTHpYID~HX YCT8HOBOK ~R 6y~ero YCKopHTenbHO- H8KO

nHTenbHoro KOMnneKC8 (YHK) B ~~B3 (r.CepnYXOB) Tpe6yeT ~eTanbHoro 
I','I' nporHOSHpOBaHHR SKCnepHMeHTanbHoR cHTyaUHH. TaKOn nporHOS MOMHO nony
J 

~HTb C nOMO~bn MOHTeKapnOBCKHX nporpaMM - reHepaTopOB cTonKHoBeHKtt,j
.f' l~v ~ KOTopNe OCHOBHBaDTCfi Ha peSYHbTaTax CTaH~apTHOn TeopHM CHnbHHX K 

1. 
~., sneKTpocna6ux BsaHMo~enCTBHn H Ha ~eHOMeHQllOrH~eCKKX MO~allHX.HaRÓanee 

" 
"f: ~If I mHpoKyn ,SBeCTHOCTb cpe~H HHX non~HnM nporpaMMH ISAJET /1/ H 

~ .r,,~ ,! " PYTHIA 2/. OHM HHTeHCHBHO HcnoHbsynTCR npM Hs~eHHH CTpynHYX C06H~ r.~' ~, li&' 

THR, ~nR nony~eHKR CHrHanOB H oT~eneHMH 4oHOB B cn~ae pe~KHX rrpouec
~~.. ~;l 1 

COB, ,IJ,JlH KoppeKUHH nerexropos H T.~. I1porpaMMbI ISI\JET H PYTHIA 
\, onHCblBaDT Bcn 06naCTb nepe~8HH~ HMnynbcoB Q2 , Ha~HHaH OT ~eCTKoro 

pacceHHHH ~O 06p8S0B8HHH H pacna~a ~aCTKU. 
",p. 

l~ t, HaCTOH~aR BepCHH KOMnneKca nporp8MM COLLI /3/ Mo~enHpOB8HHH 
'%t t;", J\,tll! C nOMOmbD 3BM ~OHHNX, ~OH-~ep~ H H~pO-H~epHblX CTpnKHOBeHHn

I 

'~i ~~J!. !l.I!I' ~aeT B03MOMHOCTb paCCM8TpHBaTb nOKa TonbKO MHrKHe ( Q2~ 1r3B~BS8HMO
I lo" !in. \tr :1:') 

.~ 
t 

I.~, t ~enCTBHR ~pOHOB. 3TH BS8HMo~enCTBHH coCT8BnHDT no~aBnHDmYD ~aCTb 

." 
~ ~ lt 

\ 

a:' " 

.,1'" ,~ nOnHoro ce~eHHH npH paCCMaTpHBaeMUX SHeprHHX. 

B~aHHoR pa60Te COLLI npKMeHReTCH, QT06N nonyqHTb xapaKTepHCTHKH 

1 
II 

BTOp~NX ~aCTHU po~aID~HXCH B coy~apeHHHX npOTOHOB npH 

. Konn8A~epoB BnnOTb ~O SHeprH~~OCTHMHMOR Ha YHK. 
3HeprHRX 

B Ka~eCTBe ~s~ecKoR Mo~eni CTonKHOBeHHA npOTOHOB COLLI HC?Oib~ 

~ syeT Mo~enb KB8pK-rnDOHH~ CTPYH 4/ HnH AY8nhHyn napToHHYV Mo~enb 5 . 
OCHOBY No~enH KB8pK-rnnOHHNX CTPYH COCTa~HnT 1/N -pasno~eHHe KBaH

'111 
]

1.. 
~I 

TOBOA XpOMO~HH~H~H H ~eHOMeHOnOrHqeCKHe Mo~enH 

B8~He nepexo~ KBapKOB B ~OHH. llpH pasno_eHHH 

CTpyHHoro THna~onHCN

8MnnHTY~ ~OHHHX 

, 
V'f I npoueccoa no BeJlH\lKHe 1/N f t r~e Nf - ~Mcno apOM8TOB xsapaa, B03

HHKaDT ~Karp8MMN c paSnHqHoR TononorHeR. B 06naCTH BYCOKHX 3HeprHR 

STM ~8rp&MMN COOTBeTCTBynT npoueCCaM,OTBeqam~HM 06MeHY B t -K8Hane 
,''!i. 

oc06eHHOCTftMH Pe~e. HanpHMep, nHaMapHNe ~HarpaMMN OTBeqaDT 06MeHY 

~ BTOpKtlHNNH 

pacceHHHH. 

pe~eOH8MM,a ~H~aCKHe - nOJIIDCOM IIOMepB.HlJYICB, B ynpyrOM 

HaKoHe~t c~eCTBYDT ~HarpaMMU c 60nee cno&HoR TononorHeR, 

KOTopue COOTBeTCTByDT 06MeHY HeCKOnbKHMH nOMepoH8MK. OHM KrpaDT BSB

\,., 

I 

t 11\ 1 

I, 

~: 
Hyt> poxs B cn)'ll8e H~KpHTHqeCKOrO noaepoaa C HHTepcenTOM ~p (O) >1 t 

T8K KaK HX BKn~ B aMnnHTY~ pacceHHHH p8CTeT c 3HeprHeA 6UCTpee,qeM 

I / fi; ....i;:,,·... .. ..... d h~;,'v L;:' 11 '\ 

~'\\ ',@ 96õ,e.tumeHHblH: HHCTMiYT anepasrx accnenoaauaã ny6Ha', ,:t~86. 
\ 

••~5i~1\~1 scc .'!~aOllUII 
... ~ ~,r ftLI~"'~I~~". 
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BKn~ O~HOnOMepOHHOrO 06MeHa. ~arpaMMaM TO~OnOr~eCKOrO paSnO*eHMR 

CTaBMTCH B COOTBeTCTBlle orrpe~e~eHHaH IIpOCTpaHCTB9iHe-BPeM8HHaR Kap
/ 4 TllHa OÓpa30BaHHH R pacrr~a KBapK-r~OHHHX CTPYH . 

MeTO~ MO~enMpOBaHMR CTOnKHOBeHM~ ~pOHOB, paCCMaTp"Ba~~M~ nnaHap

H~e M UMnUH~p~eCKMe ~~arpaMMW, nOAP06HO O~CaH B pa60Te/6/. 3~eCb 
npe~naraeTCfl ~anbHe~mee paSBHTHe MeTO~a/6 Ha enyqaM MHOrOnOMepOHH~ 
06MeHOB. Cne~eT OTMeTHTb, qTO nepDafl MOHTeKapnOBCKafl pean"SaUUR ~

anbHO« napTOHHO« Mo~enH C MHOrOnOMepOHH~M 06MeHaMH ~nR On"CaHRfl pp-

M pp~ B3aMMo~e~CTBHfl paCCMOTpeHa B pa60Tax/7,S/ . 
M?~enMpOBaHMe HeynpyrMx CTonKHOBeHM~ npOTOHOB BKnIDqaeT B ce6fl 

TpM OCHOBHHX mara: 

- B~6op npouecca c 06pa30BaHHeM onpe~eneHHoro qHCna H THna "KBapK

rnroOHHMX CTPYH; 

- onpe~eneHMe ~one~ 3HeprHH npOTOHOB,YHOCHMO« KBapKaMH, 3HaR 

KOTOp~~MO*HO BMqHCnMTb MaceM H HMnynbC~ CTPYH; 

- Mo~enMpOBaHHe paspHBa CTPYH c 06paSOBaH"eM uenOqeK cTa6MnbHWX 

~pOHOB. 

Onpe~eneHMe KOnHqeCTBa M TMna KBaDK-rnIDOHH~ CTmQl. Ha 3TOM mare 

CHaqana BHqMCnRnMCb CTaTHCTHqeCKHe Beca npoueCCOB c 06pa30BaHHeM CTPYH 

npM HeynpyroM B~aMMo~eHCTBHM npOTOHOB 

w = ôn(s) (I) 
n G"ln (s) . 

Ce~eHMe n -noMepoHHoro o~MeHa MnH ce~eHMe o6pasoBaHMfl 2n ~TPYH npu 

nonHO~ 3H~T'HH CTaJIKMBalOlIlMXCR npOTOHOB 18 paCCqMTaHO B MO~eJIH "KBa3M

aAKOHRna" I. B 3TO~ Mo~e~M Hap~ c ynpyrHMH nepepacCeflHHflMH Y4MT~Ba-
IOTC' Ta~e ~M~paKllHoH~e B036~eHHR ~pOHOB. CeqeHHR G (s) HMelOT 
BM,b, 9/: n 

S n-1 k 

G" (s)== ~[1-exp(-z)L z.. J h ~ 1 ( 2) n nz k=O k! 

B Bblp8lll:eHMH (2) BeJIHqHHa G' ==8 Tt r s/::. ,a z = 2 2C Ó só. 
p R+d'lns 

Ilapaaerpa O' ==9 1 (O)· 9 2 (O) M R
2 

== R~ + R~ onpenexanr BepnrnHY 

CBRaM ~HOB c nOMepOHOM. BeJIHtlHHa C==1,5 yqHTblBaeT OTKJIOHeHHe 

bT aAKOHaJIbHOrO npH6n~eHHR ( C==1 ) Tor~a,Kor~a He paCCMaTpRBaeTCa 

~H~paKqHOHHaR ~HCCO~~H~. IToJIHOe CeqeHHe Heynpyroro B3aHMO~eAcTBHR 

6e3 yqeT8 ~H~paKUHH onpe~eJIfleTCR CYMMoR Bcex: 
00 

cr (s )' == L 6"n (s). (3) 
in n==1 

C~aTHCTHtleCKHe aeca W'l BbNHCJUlJIHCb I1pH CJIe~HX 3HaqeHHRX napaxer
po~ TpaeKTopHH nOMepoHa 41; 

2 

/). == 0,07, eX I =0 , 25 ( raB/C ) - 2 
( 4) 

H ero BbttleTa B PP -BaaHMo~eRcTBHmc 

0==3,64 (raB/c)-2, R2: 3,56 raB-~ (5) 

Pac~eT (3) C napaMeTpaMH (4) H (5) npHBe~eH Ha pHcYHKe I. 

PMC. I.
 
55
 3aBHCHMOCTb OT nOJIHoR aHeprHH 

fS CTanKHB~HXC~ ~OHOB ce
qeHH~ HeynpyrOI'O pp - H pp -BaaH

Mo~e~CTBH~. TO~KHJ+~-aKcnePH
50 

~ 
~ MeHTaJIbHlie ~aHHlie I /, CnnODIHaJI 

':.. IIS 
JIHHH1I M pac~eT, KpeCTHKHJ*")
- aKCnepHMeHTSnbHye ~8HHYe 121L5 

~ 

683 yqeTa ~H~PaKQHOHHOA AHC!lO 
COUH~HH. 

35 

Jot , 
lO ! , , ""11)2 103 ---40.
 

V5 r)f}
 

Ha pHCYHKe 2 paCCMOTpeHbl npHMepY KOH~HrypaU}'lH c oCSpaaOBaHHeM 2, 4 
H 6 KBapK-rJIDOHHIDC CTPYH. 

x

:J 
XVI 

~ 
Pz ~ ..... "'VI ~""rP2 "" ::> 

PHc.2. llpHMep KOR~rypaQHA c oCSpa30Ba~HeM 2,4 H 6 KBapK

rJR)()HH1iX CTPYH. 

3 



B ~aHHO~ Mo~enH npH CTonKHOBeHHH aAPOHOB B03MO~HN CTpyHN ~BYX 

THnOB, npHMep KOTOpNX npe~CTaBneH Ha pH?YHKe 2. 3To CTpyHN c BaneHT
HNMH XI C MOpCRHMH KBapKaMH Ha KOHUax. 

BaneHTHM~ KBapK u HaXO~HnCR c BepoRTHoCTb~ 2/3, a B&neHTHwM 

d-KBaPK - C B8pORTHOCTbID 1/3 B rrpoToH8.0THomeHHR BepoRTHocTe~ Ha~TH 

MOpcKyID napy KBapKoB c ~aHHbW apoMaToM 6panHcb B BH~e: 

(6):Pdd:Pss = 1:1:( 0=0,33.Puu 
XOTR KOHKpeTH~e 'pac~eT~, npe~cTaBneHHNe H~e, npoBe~eHM 6e3 

yqeTa nonepe~Horo HMnynbca KBapKoB B npoToHe, B rrporpaMMe npe~cMoT

peHa B03MO~OCTb BN60pa nonepe~Horo HMnynbca KBapKoB B COOTBeTCTBHH 
c pacnpe~eneHHeM faycca, npH ycnoBHH, ~TO CYMMapHH~ nonepe~H~ HM
nynbo_KBapKDB B npoToHe ,paBeH HY~. 

I~e~nonaranocb, ~TO cnHH ~ H30cnHH ~HKBapKoB COXpaHRIDTCR ~o 

nepexo~a ~HKBapKoB B 6apHoHM/6/ . 
I1pH H3BeCTHOM KOJIH~eCTBe H KBapKOBOM eOCTaDe 06pa30BaHHbIX npH 

B3aHMo~e«CTBHH npOTOHOB KBapK-rn~OHHbIX CTPYH OC~eCTBJIRnCR nepéxo~ 

K BIflHCJI8HIDD IDe HHBapHaHTHIDe Mace H m.mYJIbCOB. 

OnpeAeneHHe Aone~ 3HeprHH npOTOHa,YHOCHMO~ BaHeHTHNMH H MOPCKH

MH KBapKaMH. ,I{onH 3HeprHH HYKnOHa x=2E /{S' , rne E - saep
q q 

rHR 'KBapKa, reHepHpOBaJIHCb B COOTBeTCTBHH c pacnpe~eneHH~M:
 
2n
 

.PN(x1,x2, .. ·,x2N) = CS(1-i~Xi)fv(X1)fs(X2) ... fqq(X2n)' (7) 

B 3TOM BhlpaJlteHHH c - HOpMHpOBO~HaR nocrcsaaaa , ~enbTa-4>YHK~H.R o6ecne
qHBaeT.3aKoH coxpaHeHH.R 3HeprHH, a ~HKUHH pacnpe~eJIeHHR ~.R BaneHT-

Horo KBapKa fv(x~ MQPCKHX KBapKoB fs(X) H ~HKBapKa fqq(x) 

BH6Rp~eb B BH~e!4/: 
f (x) "'" _1_ 

v 1 {X; 
x 1 1 (8) 

~S(X2) 

~ 
2,5f 'V x 

q q(X 2N) 

.nom~ x ~R KBapKOB 3aKJIlOlleHbI B HHTepBaJIe x {, x ~ 1 , C v o 
Xo = 0,3/V;, 06eCneqHBaD~HM noxyqeHHe CTpyH c HHBapHaHTHO~ Macco~ 

BNllJe MaCChI 11HOHa. 

. ITonyqeHHe Cnylla«Hb1X llHCen B aOOTBaTCTBKR c .pac~e,eneHHeM (7) 
H B~OpOM ~KUH~ (8) npoBo~Hno~b NeTO~OM HCKnDlleHH.R O. C yqeToN 
~enbTa~~uHH B BhlpaMeHHH (7) BenHliHHa x 

1 
reHepHpoBanacb no pac

rrpa,It8Jlamm 

4 

2N-1 
f(x 1) "'" SfN(x1,x2),···,x2N-1) n dX i) (9) 

i=2 

.a cne,u,yro~a.R BenHllHHa x 2 ' npa ycnosaa peaJIH3a~HH x 1" _ no pacnpe
~eneHHD 2N-1 

f (x i x 
1 ) "'"S.?n (x 1 ,x 2' ..• ,x 2N- 1) n dX i (10)2

i=3 

H T.~. HaKOHeu, BenHqHHa Haxo~acb H3 paBeHCT~a 
2N-1

x 2N 

= 1- ~ xi (11)x 2N 1=1 . 

ITocne BNnOnlieHHR VlHTerpHpOBeHH.R THna (9) ~nH (10) nOnYllaJIHCb BhlpaMe

HHR, KOTopNe HMeIDT 06~Vl~ aVl~: 
~i i.-1 13N (12) 

f(xi)",x i (1-L,X j-Xi) . 

2#-1 j=O . 
3~eCb 13 = Lo (1-d.)+13 - t=.. (1-0(.) C cX.=0,5 H 13 =2,5.

N j=1 J q j=1 J 1 q 

3Ha.R BenHqHHbI x H x' ~nR KBapKOB,HaXO~~HXC.R Ha KOH~ax CTPy-
HN, nerKO B~VIcnHTb ee HHBapHaHTHyID Maccy 

M2=s x x' (13) 

H npo~onbHN~ HMnynbc 

P= ~ '(x-x ') . (4) 

3aTeM Bbl6HpanHcb 3KCnepKMeHTanbHo Vl3MepeHHb1e 3Ha~eHH.R Macc ~n.R 

cTa6JmbHOrO 8,lU)OHa m H peaoaaaca ffiR c TeM Jlte COCTaBOM BaJIeHTHbDC 

KBapKOB, qTO H c-rpyaa. Macca CTPYHb1 M ~omtHa 61ll'b 60nbme m • B npo-

THBHOM CJIYllae x H x I r-eaepxpossnacs CHOBa. EcnH rn ~ M :S-ffiR ' TO 

. M
R 

= m , a x H x I KoppeKTHpOBaJlHCb. KoppeKTHpOBKa x H x I npo

H3BO~HnaCb TaIOle ,IVlH cnyqaeB ffiR~ M ~ ffiR+O, 8 r3B , rtpa 3TOM 
Macce M npliCBaHBMOCb 3Ha~eHHe ffiR • HaKOHeu, ecna M> ffi r3B,

R+0,8 
TO B03MOJltH~ pa3pHBbl CTPYKY H ~enanCR nepexo~ K TpeTbeMY OCHOBHOMY 

Mary. 

MOn8nHpOBaHHe pa3phIBOB eTPYHN c 06pa30BaHHeM genollKH cTa6Hnb
HbIX ªApOHOB. Pa3pblB CTPYKY paCCMaTpHBaJICR B CVICTeMe, r~e OH8 nOKOHTê~. 

ITpo~e~, nOn)~eHH.R ~OHOB npH najPhIBe CTPYHhI no~po6HO onvrCaHa B 
76 pa60Te • O~aKO no cpaBHeHHID c B ~aHHOM páCCMOTpeHHH C~en8HH 

c~eCTBeHHHe H3MeHeHH.R. ITp~e Bcero 3aKOMN coxpaHeHHH 3HeprHH, HM

nynb~a VI KBaHTOBHX ~Hcen BhInOnHftnHCb ~H OT~enbHO~ CTp,yHH, a He ~.R 

Beero npouecca, K8K B/6/ . M3MeHeHH ~YHKUVIVl pacnpe~eneHHR f(1-z) 

~onH z nepeMeHHO~ CBeTOBoro KOHyca nq=Eq+p~ KBapKa KnH ~HKB8pKa 

npH ~arMeHTaUHH HX B ~OHH. ~R ~arMeHTaQHH KBapKa B Me30H BH6H

panaCb ~KUHft 

5 



.' 
l' 

f q-. M(1-z)=1-a+2a(1-z),	 (15) 

)J,nfl CJI}"IaeB. nepexona .IJ,YlKBapKa B Me30H 

fqq~M(l-z) = l-a+3a(1-z) 2 . (16) 

YI 6apYlOH 

'\',f B(l-z) = O,4+0.6exp[-20(1-Z)]/[1-exp(-20)] (I?) 
qq~ 

JB (15 YI (16) napaMeTp a=O,88 . HeKoTop~e 060CHOBaHYlH B~60pa BYI.IJ,a 

CPYHKllYltl' (Ib) YI (16) MOJ!(HO Ha~TYI B pa60Te/ IT/ . BYI.IJ, CPYHKLIYIYI (17) oõyc
JlOBJleH He06xo.IJ,YlMOCTh~ }"IeTa 3~eKTa JlYI,LI,YlpOBaHYlH npYl CTOJlKHOBeHYIYI 

7/ HYKJlOHOB/ .
 
ITO,Ll,aaneHYle cTpaHH~ a,LI,pOHOB oC~eCTBJlHJlOCh BBe,Ll,eHYleM OTHOCYI
 I,:

TeJlbHNX BepoHTHocTe~ pO~eHYlH Yl3 BaKYYMa CTpaHHO~ 55 nap~ C (=0,33. 
ITonepetl~A YlMnYJIhC BaKYYMHoR qq naps C'tIVlTaJICH paBH~ HYJIlO, a 

YlMnYJIhC OT,LI,eJlbHOrO KBapKa pa3~rp~BaJICH no pacnpe,Ll,eJIeHYI~ 

2 2 2 2 2 f
f(PI) =exp(-p.L/õ)/xG"" , Cl=O,4 3B. (18) !' 

I 

KaK YI B pa60Te/ 6( nepexo,Ll, KBapKa B BeKTopH~ YlJlYI nCeB,LI,OCKaJIHp-
I'

H~t:\ Me30H CtlHTaJICH paaxoaepoarasa. )J,JIH .1[0,])0 ,Gt.)0, ~o 2°1 -Me30HOB 

yqYlT~BaJIOCb CMernYlBaHYle. ITepexo,Ll, ,LI,YlKBapKa c .IJ,aHH~ CnHHOM YI Yl30CnYlHOM 

B OKTeTH~R YlJlH ,LI,eKanJleTH~~ 6apHOH perY~HpOBaJICfl ~e~oflTHOCTHMYI)pac

CtlYlTaHH~YI H3 KBapKOBNX BOJlHOBb~ cPyHKUH~ 6apYloHoBI I. 
KOHfPOJlYlpOBaJIaChMaCca CTpyHH, OCTaromeftcH npYl OT,LI,eJIeHYIYI a,LI,pOHa. 

KOI',LI,a M S 2',4 f3B, TO OC~eCTBJlRJlCH nocJle,LI,HYlR paapas CTPY~. 

.B03HYlK8D~Yle npYl pa3p~Be CTpyH pe30HáHC~ ,LI,aJIee MorJlYl pacn~aTh

CR. ~CnOJlb30BanYlCh Yl3BeCTH~e Ta6J1Ht1~e ,LI,aH~e ,LI,JlR BHtlYlCJleHKfl OTHOCYI

TeJlbHNX BepORTHOCTeA npH B~6ope KaHaJIa pacna,Ll,a. CqMTaJIYlCh p8BHOBe

pORTHHMK npoeKUKYI CnYlHOB 06pa30BaHH~X pe30HaHCO~ YI Bce ,LI,BYXtlaCTKtlH~e 

pacna~ anrrpOKCHMYlpOB8JlYlCb Yl30TpO~YI pacnpe,Ll,eJleHHRMYI B C.ll.YI. pe

30HaHCOB. TpeXtlaCTHtlH~e pacna,LI,~ paCCtlHT~anKCb tlepe3 ,LI,B8 CJlenyD~HX 

,LI,pyr aa ,LI,pyroM ,IU3YXllaCTH"tlHIDC pacnana. Pe30H8HC c M8CCoR mo CHa

tlaJIa paCn8,Ll,aeTCR Ha npOMeMYTO~YD tlaCTKUY C MaccoA m YI cTa6Y1J1b~ 

8,LI,pOH C MaccoA ml ' a 38TeM tl8CTMua c MaccoR m pacn8,Ll,aeTCR Ha a,LI,

;OH~ C MaCCaMH m2 YI m3. ITpOMeJltYTO'tlH8H MaCCa m reaepapcsenacs B 
COOTBeTCTBKK C paCnpe,Ll,eJleHYleM t 

2 1 2 2 ) 2 2 2 
f (m ) '" 2' (mo ,ml ,m) /1.. (m ,m2 ,m3) . (19) 

m '1 
• 

:,1,3,L1,eCb" .À(o(,B,~) =o(2+B2+r2_2otB-2etO -2B(. 
~.! 

Ha 3aKJIlOtlYlTeJIhHOM 3Tane OCYJIleCTBJlHJlOCh npeo6pa30B8Jme JIopeHua 

,LI,JlH,3HeprYlH H YlMnYJlhCOB ~OHOB -	 rrpO~KTOB pacn~a CTPYHH B CHCTe

MY, rne CTpYHa ,IU3IDK8TCH. 
H3-3a OrpaHYltleHYlR B~eJleHHOrO .IJ,JlH paCtl8TOB BpeMeHYI Ha 3BM re

HepYlpOB8JlOCb ~400 C06~TH~ ,LI,JIR orrpe.IJ,eJIeHHO~ ~HeprYlH CTaJlKHB~~YlXCH 

rrpOTOHOB. 
PaCtleT 3aBHCYlMOCTYI cpe,Ll,HeR MHO~eCTBeHHOCTYI 3apHMe~H~ tl8CTYlU 

<. nc h '> OT nOJIHO~ eaepraa CT8JIKYlB81OD:\YlXCR npOTOHOB y;: npenc'raanex 
Ha pYlCyHKe 3. 

PHc.3. 
10 3aBHCHMOCTb OT noJlHoR 3HeprHH 

CTaJIKYlBalO~YlXCR ~OHOB ~ Cpe.IJ,

50	 He~ MHOJ!(eCTBeHHOCTYI 3apHMeHH~ 

tl8CTYlU <n '> • TOtlKH (+) 
ch -l 

3KCnepHMeHTanhHHe ,LI,aHH~e~, 
SO 

PP_ YI PP -B3aYlMO,Ll,eRcTBHA 12 . 
KpY!tKYI (o) - paCqeT ,II,.1IR PP -B3aH

40 MO.IJ,eAcTBHA. CITJIOillHaH JlHHYlR nOJlY

tleHa cpHTHpOBeHHeM 3KCnepKMeH
/I
 
-<:
 

T8JIhH~X',LI,aHH~X B HHTepBane J::} .30 

v	 I I f3B ~ 'I!S' s 900 f3B 3aBH

CYlMOCThlO BH,LI,a 
20 2<nch>=a+blns+cln 5 

/O 

t 
103 10 102 

fS r38 10' 

Ha pKCyHKe 4 npYlBe,Ll,eHO cpaBHeHHe paCCtlKTaHHOro K H3MepeHHoro 

pacnpe,Ll,eJIeHHR no MHO~eCTBeHHOCTYI 3ap~eHHHx n tl8CTHU npK 
ch

Vi: = 0,54 TaB. PaCXO)It)J.eHKe pacverasx YI 3I<cnepYlMeHTanbHhIX ,LI,aHHHX B 

06JIaCTK MaJINX MHO~eeTBeHHocTe~ CBH3aHO C npeHe6peMeHKeM B paCqeT8X 

AH~a~KoHHoA ,LI,HCCOUKanKeR. 

Pacnpe,Ll,eJIeHHR no MHoÊecTBeHHocTH 3ap~eHHYX tT8CTKU nch~ pac

CtlKTaHHIiX npa Tpex aaepraax pp -B3aHMo,Ll,eRcTBKH V; = 0,54 T3B, 

2,2 T3B K 6 T3B Ha pYlCyHKe 5. ~HHHe "XBOCTH"
J,LI,eMoHcTpKpymTcH 

pacnpeneneaxã HapymalO~ KHO-cKeAJtmu: B pp-CToJIKHoBeHHHx/ I 2/ . 
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PaC'JeT pacnpeneneaaã no nCeBA06b1CTpOTe 2 aapaxenxux 'JaCT~U0.08 
np~	 CTanKHBaro~HXCfl 

'l(	 
pa3nK'JHNX aHepPHRX npOTOHOB npeACTaBneH Ha pHcyHKe 

6. B Mo.n.en~ aoapac-ranae BenH'JHHhI 1s= :1~ ripa ?=0 c YBeJIK'JeHHeM
~?~~0.06 

aHepp~H ~ o6ecne~HBaeTcH pOCTOM ~~cna CTpYH ~ B03pacTaHHeM nepe44 .9~?X~ KphlTHfl nceB,n,06h1CTpOTHhlX pacnpeAeneH~~ 3apH~eHHbIX ~aCTKU - rrpo~KToB 
~ ~ ~	 i~ 

pacn~a oT,n,enbHoM CTPYHhI.~ O.()f, 
1-	 ~~ 

+1- ~~?
 
9#c?~
 

002" 9~	 .~h<ll'''A~''A 
Ói)( "	 I I '#);, ,'>'<f,

0.001~ I
 

~~4
O	 20 1.0 60 80 100 
-~ 5 

I1dt 

PHc.4.	 PacnpeAeneH~e no MHO~eCTBeHHOCTH AnR 3ap~eHHNX
 

-qacTHI4 npHVS' = 0,54 TaB. KpY'ltK~ (<})- axcne
n c h 
pHMeHTarrbH~e AaHH~e ~R pp _BaaHMoAe~cTBHR/I61. 

-8
 

KpecT~K~ (X)- pacver B cny-qae PP - Bsa~MoAef.lcT.
 

BHf.l. ~C. 6.	 Paccvaramrue pacnpenenenaa no ncennoõucrpore p~H 

3apIDlteHHbIX npH paanHqHbIX pp-B38MMOqaCT~U	 aHepr~flx 

11I7 Ae~cTB~A. H~HHfl rMcTorpaMMa cooTBeTcTByeT nonHofit 
aHeprMH ~ = 0,06 TaB. ~aJIee cHHay BBepx ~ rrpHH~

MaeT 3Ha~eHHfl 0,54 TaB, 2,2 TaB H 6 T3B. CnnomHafl 
n~HHfl npoBeAeHa no 3Kcnep~MeHTanbHHM AaHHhIM/I3, I4/ 

c 
B cnyuae pp -BaaMMoAeAcTB~A. 

~ 
"19 

-, 
<, 

.0 

GIIi 

(JI5 

\D1lDI 

GB Ornoneaae cpenaax MHO:JlteCTBeHHOCTe~ aap.mKeHHblX n~OHOB ~ KaOHOB 
B MOAen~ onpeAenfleTcH pO~AeH~eM CTPYH MHesanapH~ KBapK-rJI~O~ 

B~C~MHM AnH K~O~ OTAeJIbHOA CTpJHH no,n,aBneHMeM o6paaOBaHHfl CTpaHHblX 
" ', ....	 ~aCT~14 npH ee pacn~e. dTO OTHomeH~e, nOKasaHHoe H8 p~CYHKe 7, He 

3aBMCHT OT 3HeprHH, -qTO npoTHBope-qHT aKcnepHMeHTY, H npH6HHs~TenbHO 
10 50 ao 1110 /zo 140 160 fIO ,.	 2 

na, paSHO ~ = 0,1 • 
npOTHBope~HT ,3Kcnep~MeHTY ~ HeaaB~C~MOCTb cpe~ero nOnepeqHOrO 

MMnynbca (~) 3apREeHHUX nHOHOB OT nonHoA aHeprH~ CTanK~Ba~~MXCR , PHc.5. PaCCqHTaHHHe pacnpe~eHeHHR no NHOXeCTBeHHOCTH ~R npoTOHOB ~J npeACTaBneHHaR Ha'pHCy.HKe 8. CHflTb 3To npoTHBope~~e} 
SapRaeHHHX -q8CTHQ n c h np~ paSHKQHyx'aHeprHRX BO~~O, y~acTca nyTeM yqeTa nonepe~HX HMllY~bCOB KBapKOB B npoTo
PP - B38HMo~e~CTBH~. CnnOmH8R nHHHR COOTBeTCTBY He/ I7/ • 
eT nonHof.l 3HeprH~ ~ = 0#54 TaB, nyHKTHpH8ft  B 3aRHID~eHHe OTMeTHM, qTO' XOTR MRrKHe npollecc~ ~ COCTaBn~T 

~ = 2,2 TaB, a mTp~X-nyHKTHpHaR ~ =6 TaB. no~aBn~ qaCTb nonHoro ce~eHHR BaaHMoAef.lcTB~R ~POHOB np~ 3HeprHRxJ	 YHK, B·6nHM~ef.l HOBO~ BepcHH COLLI npeAnonaraeTcH paccMoTpeTb 
]KeCTKR~ nponeccu, KOTOpH:e rrpe~CTa:BJIJlIDT HGW60JIbIIIHR HHTepec ,II,llil

:1	 HCCneAOB8HHR. 

8 
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0,12 
;"1 

~	 0,09 
-+-1 

~ 

0,06 

0,03' o	
I 

2 
I 

10 10' 10

Vif38: 
PHc.7.	 SaBHCHMOCTb OT nO~HO~ 3HeprHM CT~KHBa~HXC~ 

npOTOHOB ~oTHomeHH~ cpe~HMX MHOMeCT8eHHOCTeA 

3apRMeHHHX RaOHOB H nHOHOB. Tpeyro~bHHKH (~)
3KCnepMMeHTanbHHe ~aHHHe/I5/. CrmOmHa~ ~HHH~(-----)~ 
paCqeT. 

Q8 

O} 

~ 0,6
 
~
 
/\	 0.5 .,.a: 
V	 O,~ A A 

•	 +~-rr ~ - ....D_
03 "'. 
Q2 I I 

10° ld lcf lO
J 

,	 v:s r38 

PHc.8.	 3aBHCHMOCTb OT nonHoA 3HeprHH ~ CTanKH8~XCH 

aAPOHOB cpe~ero nonepeQHoro HMnynbca ,PL/ 3apRaeH

HIiX nHOHOB. KB8,DJJ&T'KH!+) H TpeyronbHHKH (+}-SKcne
pHMeHTanbHYe NlHHIie 15 8 CJIyqae PP H pp _ 838HMO

,lJ,e«CTBH«. f1yHKTMPHaR JIHHHH-é-07-- pacner ~JIH PP_ 

B3aHMO,D.e~CTBHA. 
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oTnen 06beAHHenHoro HHCTHTYTa sr.nepHbiX HccnenoaaHH~ l13naTenbCKHH 

AMenuu H.C. P2-86-836 
MoAenuposaHne CTonKHoseHuti npOTOHOB npu 3Heprunx YHK 

KoHnneKc nporpaHM COLLI Ann HOAenuposaHHR c noHo~~ 3BM 
MRI'KHX a,QpOHHbiX, aAPOH-nAepHbiX H HAPO-RAepHbiX COYAapeHHA npH
HeHneTCR AnH pacqeTa pasnHqHWX xapaKTepuCTHK UPOAYKTOB BSaHHO
AeHCTBHH npoTOHOB npn 3Heprunx YIIK. B KaqecTse ¢HsuqecKoA MoAe
nu BSaHHOAeHCTBHfl npOTOHOB BbiOpaua MOtlenb KBapK-I'n~OHHblX CTpyH, 
B pesynhTaTe CTonKuoseHml npoTouoB cuaqana otSpas}'lOTCR CTPYHbl 
C KBapKaMH Ha KOill.laX, KOTOpble 3aTeM pacnaAa~TCJI B 1.1enoqKH aA
pOHOB. C ucnonbSOBaHHeM MeTOAa MOHTe-Kapno reuepupy~TCJI 3KCKn~-' 

3HBIIbJe COObiTHfl - pesynhTaT COYAapeHHR npOTOHOB. 

Pa6oTa BbmonHeHa B fla6opaTOpHH BbNHcnuTenbHOH TeXHHKH 
H asToMaTH3ai.IHH OHHH. 

CoofimeHHe 06Le,lumeHHoro IDICTHTYTa JIJlepHbiX HccnenoaaHHii. JlyfiHa 1986 

llepesoA O.C.BuHorpaAosoA 

Amelin N.S. 
Simulation of Hadron Collisions at UNK Energies 

P2-86-836 

The COLLI program complex for computer simulation of soft
hadronic, hadron-nucleus and nucleus-nucleus collisions i~ ap
plied for calculation of different characteristics of products 
from the proton interaction at UNK energies. Instead of the 
physical model of the proton interaction the quark-gluon strin~ 
model has been used. Due to the proton collision the strings 
with quarks at their ends are first produced, then they decay 
into hadron chains. The exclusive event-results of the proton 
collision are generated on the basis of the Monte-Carlo method. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1986 


