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B H8CTo~ee apeMH orpOMHH~ MHTepec BH3@aa~T npouecc@ B38HMO

~e~CTB~fl flAep C 3Hepr~e~ B ~eCRTKM M COTHR rsB Ha HY~~OH.OH 06YC~OB

JIeH HaAeiK,Il;O~ nOJI~~Tb a Rl!~HblX crcnxncsenasx HOBoe COCTOflHHe Be~eCT
na - I\BapK-rJIIOOHHYID rurasIi'1Y li. J3 caxce óJll:DKallmee BpeM.ll Ha1lliHaIDTCH 
3KcnepHMeHT~ B ~He, r,IJ,e fl~a KHcnopoA8 c 3HeprHeA 60+200' fsB/H 
6YAYT B38HMoAe~cTBoBaTb c pa3JIHqH~H MKmeHflMH. IT03TOMY oco6oe 3Hal~e

HHe np~HHMaIDT pa3JIHqH~e nporpaMM~-reHepaTopM B38HMop,e~cTBHR ~ep, 

KOTop@e AalOT B03MOJltHOCTb c nOMO~blO 3BM nporH03HpOB8Tb H B TOt\ HJIM 

HHOt\ CTeneHH BocnpOH3Bop,MTb 3KcnjPliMeHTaJIbHyID cHTyallHlO. 

KOMnJIeKC nporpaMM COLLI /2 ~fl MOAeJI~pOBaHHH ~ nOMO~blO 3BM 
MflrKHX HeynpYPHx cOYA8peHH~ ~OHOB, ~pOHOB c H,IJ,paMM H flp,ep c .A:APa

MH A8eT B03MO~HOCTb, B~6paB KOHKpeTHYID ~H3Hl~ecKyn MO~eJIb CTOJIKHOBeHHfl 

HAep, npOH3BeCTH He06xo,IJ,HMHe paCqeT~. 

.B AaHHoA pa60Te B~6paHi ~anbHaff napTOHHafl MOAeJIb/3,5~ HJIH 

MO,IJ,eJIb KB8pK-rJIIOOfrnHX CTPYH 4 ~ MOAeJIb n03BOJIfleT e,IJ,HHHM oõpaaoM c 

0AHH8KOBHMH ~YH~UH.A:~i pacnpe,IJ,eneHHH KBapKoB B HYRJIOHe, c Op'HHaKOB~

MVl napaMeTpaMH li TOtl Me caMot1 npoue~o, p,aapblB8 RSapK-rJIIOOHfi 
CTPYH onHC~BaTb B3aHMO,IJ,eAcTB~H rypOTOHOB 6/~ npOTOHOB c flAP8MH 7/ H 

fl,IJ,ep reJIHfl, r~e HMelOTCR 3KCnepHMeHTaJIbHHe p,8HHNe, a Ta~e paCCqHTN~ 

B8Tb B3aHMOAe~CTBHfl Hp,ep, r,IJ,e 3THX Á8HHUX nORa HeT. KpOMe Toro, 

npaKT~eCKH BamHO, qTO paCqeTU B paMK8X MOAeJIH RBapK-rRIDOHH~ CTPYH 

Tpe6yroT npHeMJIeMNX 38Tp8T pecypcOB 3BM, 3,aQHTeRbHO MeHbMKX, QeM, 

Hanp~Mep, B MOAenH BHYTpHfl,IJ,epHOrO KacK~a 7/. 
MO~anb B npHM8HeHHH K CTonRHOBeHHID fl~ep pasBKT8 B 

pa60Te/5/ , 8 B pa60Te/8/ npHBe,IJ,eHa nepaafl ee MOHT8KapJIOBCK8fl peanH

3~Hfl. 

IIpouerorpa MO,IJ,eJUfpOSB.HHSi Heyrrpyroro CTOJIKHOneHHfl R,D,ep pa36HaaeT

CH Ha TpH OCHOBH~ mara: 

- onpe~eHeHHe KOH~rypaqHK yqacTB~KX ao B3aHMO~e~CTDHH HyKHO

Hoa, QTO ~aeT B03MO~HOCTb onpe~enHTb RORHqeCTBO H THTI oópa3yID~HXCfl 

CTPYH, a Ta~e apOM8TH RBapKOB Ha ROHU8X OT~enbHoA CTpYHH; 
- onpeA~meHHe ,IJ,one" 3HeprHH HyfCJIOHOa, 'yHOCHM,oR KBapK8MM t 3H8fi 

KOTop~e,MomHo B~HeJIHTb HHBapHaHT~e Macc~ ~ HMnYRbCH CTpYH; 
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- MO~en~pOB8H~e pa3p~Ba CTPYH c 06pa30BaH~eM llenO~eK cTa6~nb

HbIX a~OHOB. 

l~K nOKa3a

HO B pa60T8X npoqeccoB MHO~eCTBeHHOrO pOMAeHHfl B fl~epH~ 

B3a~MO~eHCTB~flX 6n~3K~~ K MO~enH KBapK-rnrooHH~ CTpJH pe~eOHHHH 

no~xo~ np~BO~~T K MO~en~ He3aB~C~MHX coy~apeH~H BHYTp~fl~epH~ HYKnO-

HOB. 
Ilpx CTOnKHOBeH~~ ~BYX anep c np~l1enbHbIM napaaerpox BBepOflTHOCTb 

KOH~~rypau~~ Heynpyro B3aJIT~0~elicTByromHX ~OHOBSl eCTb/
IO/ : 

Onoeneneuxe 

.... Jn ....... n
 ft ......P'2.(b)= p. (x.-y.) (l-p. (xk-Ye))" (1)(i,j)t:5l a n 1. J (k,e)f51 a n 

o ... ~ ... ... ...... ~... ...,. -9 -+...,. 

J A(Xl ,x2'···· 'XA)JB(Y 1-b,Y2-b, .... ,yB- b ) dx 1dx 2 · · · .dYB . 

B BbIp8JK:eHHH (I) YA (~1 ,;t 2 ' ..... , ~A) ~ J B (Y1 ' Y2 ' .... , YB)
 

pacnpe~eneH~fl nnOTHoCT~ HyKnOHOB B ~pax C ~~cnOM HYKnOHOB A ~ B
 

a P in. (xi-Y j) - BepOflTHOCTb neyrtpyror'o Bsa~Mo~et\CTB~fl HyKnOHOB
 

i H j. 

Mo~enHpOBaHHe KOH~~rypallH~ S1 oc~eCTBnfleTCfl cne~ro~HM 06pasOM. 

CHa~ana H3 ycnoB~fl 

.9(R)/Y.(O) =01.. (2) 

B~~cnflnHCb pa~~YCbI R B3a~Mo~eHCTByD~HX fl~ep. Pa~Hanb~e nnOTHOCTH 

HYKnOHOB B~6Hpan~Cb B BH~e 

o ( 3)
~nfl A ~ 12


{ P '
l+exp[(r-R)/aJ
YA(r) =
 

(1
-=2) 3/2 exp (_r 2/R- 2) 
~fl A=4 

~R ' 

co Cne~IIlHMK 3Ha~eHHflMH napeaerpos R=r A1/3 , r == I, 14 lf>M,o o 
a = 0,545 ~ ~ R = 1,37 ~,j)o - B B~eHHH (3) HOpMHpOBO~Hafl 

nOCTOflHHafl. ~fl ~ npHHHMaJIHCb 3Ha~BHHfl 0,1 B cnyqae A~12 H o,or 
B CJIyqae A=4. Ilocne B~HCneHHfl P8.,II,HYCOB H,IJ,ep C BepOflTHOCTblO, ripo

2b,nOPQHOHaJIbHOR d pa3~rpbIBanCfl npHueJIb~R napaMeTp CTOnKMOBeHHH 

(~ep. 3aTeM C HcnOnb30BSHHeM BHpameHHR (3) H ycnoBBH paBHOMepHOrO 

pacnpe~eJIeHHfl no yrnOBaM nepeMeHHHM reHepHpOBanKCb Koop~HHaT~ HyKnO

HOB i,. rne i = 1,2, ••. A, H j, j = 1,2, ••• ,B. B cn~a~ asnoaxe

HHH YCJIOBHH. 

G .. (5 .. ) 2
"b~ 2 L.. 1.n 1.J "b _ (-'_"')2 (4)

ij - j[' , ij - xi Yj 

2 

.npHHHManOCb, QTO B03MO~HO Heynpyroe B3aHMo~eHCTBHe HyKnOHOB i H j • 

B KOHKpeTHHX pac~eTax Hcnonb30BanoCb He 3aBHc~ee OT KB~paTa nonHoH 

3HeprHH B3aHMo~eRcTByDIIlHX HYKnOHOB 3Ha~eHHe ce~eHHfl HX Heynpy~5 i j 
ror-o B3aHMo~ettcTBHfl (3 in (sij ),paBHOe 32 M6, XOTfl B nporpaxsy BKmoqe'

HbI H3BeCTHhIe 3KcnepHMeHTaJIb~e ~aHHbIe no ce~eHHflM B3aHMo~et\cTBHfl ~

pOHOB B illHpOKOR 06naCTH 3HeprHR. ITpH He06xo~HMOCTH, c BepoflTHOCTbID, 

nponopUHOHanbHOH ce~eHHro ~~~aKq~OHHOrO BsaHMo~et\CTBHR,3TOT npouecc 

oT6paKOBbIBaJICfl. . 
llsnO!teHHhlM BbtlIIe cnocoõoa MOiKHO BbfqHCn~Tb ce~eHHfl po~eHHfl ~ac

THll B cnyqae Heynpyroro CTonKHOBeHHfl fl~ep. flpHMep TaKoro BbIQHCneHHH 

npasenen na pHcYHKe I. 

POriC. L21J 
3aBHcHMoCTb ce~eHHfl pOE~eHHfl qaCTHU

2.~ 

G" prod npH CTonKHOBeHHH snep .0 16 
'=- 2.0 C pa3JIH~Hh~ fl~aMH OT ~Hcn8 HYKnOHOB
J: 4.6 B MHJ]JeHH A

T•1 
\..9l,2 

, ! , , !------L---...J 

20 ~o 60 PlO mo 120 t~O 

AT 

B Ta6nHue I npenc'raaneau cpehaxe liHcna CTOJIKHOBeHHtt <. n > ~nfl 

B3aHMo~eRcTBYD~KX fl~ep c ~HcnOM HYKnOHOB A H B , a TaRMe cpe~He 

~~cna "paH8HHXII HYKnOHOB < nA> H t.. nB) ,T. e. HYKnOHOB, xoropae 

XOTfl 6bl O~H pa3 yqacTBoBanH B CTO~KHOBeHHK. 

Ta6m'fua I. 
3aB~CHMOCTb cpe~HeR KpaTHOCTH CTonKHO

BeHHfl HYKnOHOB (n> H Cpe~HX qHCen 

"p81ieHIlX" HYKnOHOB (nA) H c; 0B > OT 

KOn~eCTB8 HYKnOHOB B snpe-caapane A. H 

fl.u.pe-MHIrleHH B 

A B <nA> <na> «n» 
1 W ( 2.27 2.27 
f 130 1 J27' 3.27 
4 4 (69 1.66 2.23 
16 16 4.66 ".67 8.01 
16 40 571 7.58 12.'1(. 

"{6 130 7.49 (4"9 2f.8S 
40 40 (Q66 (O71 2'1.55 

Pac~eT pacnpe~eneH~R KpaTHOCTH B3aHMo~ettcTBMfl ~ B p~aKUHH J 
40+ca40,ca npKBe~eHHblt\ Ha pHCYHKe 2,nOKa3blBaeT, liTO 3Ta aenH

~HHa MO~eT npeBHmaTb CyvMapHOe ~HCJIO HYKnOHOB CTanKHBaD~XCfl R,D,ep. 

Ha pHCyHKe 3 nOKa3aHbl paCC~HTaHHble pacnpe~eneH~fl liHcna "paHe

H~" HYKnOHOB ~ ~a KHcnopoia B c~ae ero B3aY.M0~e~CTBHfl C' pa3

nKQ~~ MHmeHHMH. 3TH pacnpe~eJIeHHR rOBopflT O 60nbmoR BepoflTHoCTH 

"nornolI\eHHfl" KHcnopo~a B Tfl)KenOM fl~é. 

3 
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PMc.2. 
PacnpeneneHHe no KpaTHOCTH BsaHMOne~

40+ca40.CTBHfl'HYKnOHOB V B peaKUMM ca 

PHc.3. 

Pacnpe)1,eJIeHHe "PaH8HIDC" HYKJIOHOB
 

KHCnOpO)1,a B pa3nHqH~ peaKliMflX.
 
CIlJIOmHaH nHHHfl coovsercesyer peaKUHH
 
016+xe130. lliTPHXITYHKTHpHaR 

~R - pe~016+Ar40. lliTPHXOB8fl 
16+0 16.nHHHH -peaKUHH 0 HH*HHfl
 

illTpliXITyHKTlipHaR. JIHHHR COOTBeTcTByeT
 
peasnaa o16+N 14 •
 

PHc.4. 

IIpHMep KOHlPl-'lrypamm BOSHliKalOll\HX npa 
. C'I'OnKfiOBeIUUI ,Il,BYX fl)1,ep KBapK-rJIll'JOHHblX ,\ 

CTpYH. 06ll\aH KpaTHOCTb CTonKHOBeHHH 
n=4 ,a q~{Cna "paaeasx" I HYKnOHOB 

n H n COOTBeTCTBeHHO)1,JIH
A=2 B=2 

snpa-caapana A ri H.u,pa-MHmeHH B • 

CJIe~eT saM6THTb, qTO npenBapH

TenbHO paCCQHT8HHUe pacnpe.n.eJIeHHH 

"i'sma npe,l\C'i'8BJIéHHN"Ã Ma pHcyHKax 2 l'! 3 
MOEMO HCrIDJIb30BRTb B Ka~eCTBe BeCOBHX 
~KllM~ np~ Mo~eRflpoBaHHH pe)1,KHX co
~HTH~, CBRa8Hlib~ c Gonbmo~ KpaTHoCTbID 

coy.n,apefndt. 

4 

B ,Il,aHHO~ MO)1,eJIH npH CTOJIKHOBeHHH Rgep BOSMO~Hbl CTPYHH Tpex TH

rroa/8/ , npaxep ~O'l'OPbIX npe,Il,CT8BJIeH na pHcYHKe 4. CTPYHbI c BaJI8HTHbIMH 

KBapKaMM na soanax, c MOpCKI1MH KBapICWIl1 M BaJI8HTHbIM 11 MOpCKHM xaep
KOM Ha KOHuax. 

BaneHTH"bI~ KBapK U HaxO,lJ,HJICR c aeponraoceso 2/3 B nporoae I1 

BepOíITHOCTblO 1/3 B HetiTpoHe. BaneHTHblti d -KBapK COOTBeTCTBeHHO c 
'BepOHTHOC'NIMH 1/3 11 2/3. OTHomeH11H BepoíITHocTe~ Hat1TM MOPCKYIO rrapy 

KBapKOB c ,lJ,aH~1 apOMaTOM B HYKnOHe 6panHch B B11)1,e: 

PUÜ : s r ' { = ( 5) Pdd: P §= 1 : 1 : 0,33. 

B npOI'paMMe npe,n,yCMOTpeHa a03MOiKHOCTb BhI60pa nOnepe'llHOrO HMnyJIb

ca KBapKoB c pacnpe,lJ,eneHM8M raycca, npH yenoBMH, qTP CYMMapHhIt1 no
nepe~HbIn I1MnYJIbC HYKllOHa paseR HYHID. O,lJ,HaKO npe,lJ,CTaBJIeHHbIe 'HM~e KOHK

peTHble pac~eThI rrpoae)1,eHhI 6es yqeTs nonepe4Horo HMnYJIbCa KBapKOB B 

HYKJlOHe. 

IIpe,n,noJI,raiOCh, ~TO CITI1H 11 M30CnI1H ,lJ,HKBapKoB7BN6paHHN~ c nOMOll\hID 
sepoaraocreã lI, coxpaaserca )1,0 nepexona ,lJ,IUCBapKOB :a õapaoas, 

ITPI1· ~i3BeCTHOM IWnKtt6CTBe 11 KB~PI(OBOM COC'l'SBe 06pasoB8HHilX npa 
B3aI1MO~e~CTBHHH R,lJ,ep KBapK-I'nIDOHHNX CTpyn oe~eCTBJIRJICR ne~exo,Il, K 

B~MCneHI1ro HX VoHBapH8HTHHX Mace M HMnynbCOB. 

~e~eHHe AOJIe~ 3HeprHH HIKnoH~~YtlOCI1MO~ BaJI6HTHHMH M MopeKHMH 
KB8pK8MM. )J.onH 3HeprMM HYK~OHa. x=2Eq jVs, . rne Eq - 3HeprHíl xsap

> 

Ka, reHepHpOBanMCh B COOTB~~eTBHK c pacnpe~e~eHKeM 

.Pn (x 1 r x 2 r ••• , x 2n ) =cÓ(1- i~ x i) f V (x 1 ) f s (x2) ••• f qg (x 2N) • (6 ) 

B 3'1'OM Bi-lpmKeHHH c - HOpM'l1pOBO~Ha.fl nOCTO.l1HHB.R, .q6JIbTa-4JyHKllHH oõecne
~HBaeT SB.KOH coxpaHeHHíl 3HeprKK, a ~iKUMM pacnpe~eneHHfi ARR BaneHT
soro xsapxa f (x) iOPCKHX KBapKOB f (x) M )l;RKBapKa f (x)v 

/ 4 s qq
BH6KpanMcb B BM)J.e : 

l',...,f {x ) 
V 1 (7)'G1 

f (x ) - 1 
s 2 '/X2 

f ( x ) x 2 , 5 . 
q q 2n 

~ 

)J.OJIM x AJIR KBapKOB SaKJIJOtleHH B HHTepBaJIe X ~ x ~ 1 C o 
X ó ::: 0,3/V;; ,o6eCnetiMB8KlITlHM l10nyqeHHe CTPYH C. HHBapHaHTHO~ Maceot% 
BMme Maces nHOHa. 

ilonyqeHHe c~a~HNX GwceJI B COOTBeTCTBHH c pacnp'e~eJIeHI1eM (6) 
H BN6opOM ~YHKUH~ (7) npoBo.Q,HJIOCb MeTo)l;OM HCKnroqeHHH71 /. C yqeToM
.n;eJIb'l"a-WJHKrJ;HK 13enJorqHml x 1 reHepHpOS8JUiCh no pacnpeneaeusn 

5 
" 



2n-1 
( 8) f,(x1) ~ SPN (X 1 ,x 2' .... , x 2n- 1) f;2 dX i 

a cne~mafl BenKQHHa x rrpH ycnoBHH peanH3auHH x1' no pacnpe~e
2 

t
 

neHHID . 2n-1
 

f (x 2/x1 ) '" f.PN (x 1 ' x 2' ... I x 2n- 1) n dX i (9)
 
i=3
 

H T.~. HaKOHeu, BenHqHHa HaXO~HnaCb H3 paBeHCTBax 2N 
2n-1 

x = 1 -' L x , . (10)
2n i=1 l ' 

Ilocne BbInonHeHHfl HHTerpHpoBaHH« THna (6) HnH '( 7) nOJIyqaJIHCb BbIpaJKeHHfl, 

KOTo~e HMeIDT 06~HM BH~:
 
-~i i-1 BN
 

(1-,2: xJ,-xil . em
f(x i)'" xi 
J=o 

2N-' i 

3~eCb B =2: (1-oL.,)+B - ~ (1-oL.) c 01...=0,5 11 B =2,5.
N j = 1 J q j= 1 J l ,q 

3HaH BenKQHHbI x 11 x' ~fl KBapKOB,HaXO~RmHXCfl Ha KOHuax CTPYHN, 

nerKO BbJqHCnHTb ee HHBapHaHTHyro M~CCY 

M2 = s.x.x'	 (12) 

H npo~onbH~ HMnynbc
 

P = 'f (x-x').
 (3) 

3aTeM BbI6HpanHCh SKcnepHMeHTanbHO H3MepeHH~e 3HaqeHHfl Macc ~fl 

cTa6HnbHoro a~OHa m H pe30HaHca mR C TeM ~e COCTaBOM BaneHTH~ 

KBapKOB, qTO H CTpYHe. Macca CTpYHbI" M ~on~a 6bITh 60nhme m. B npo-

Tl-fBHOM cnyqae x H x I r-esepapoaanacs CHOBa. Ecna ro~ M~;,mR ,TO 

M=m ,a x H x I KoppeKTHpOBaJIHCh. KoppeKrrHpOBI<a x H x' npOH3BO~H
R 

nacs TalOKe ~nfl cnyuas mRfo M fomR+O, 8 I'els , I"!pH STOM Macce M npHCBaH

. aanocs 3HaqeHHe . HaKOHeu, ecna M~ ffiR+0,8 I'aê , TO BOSM01KmR 
HbI pa3pbIBbI CTPYHbI,H ~enanCR nepexo~ K TpeTbeMY OCHOBHOMY mary. 

MonenHpOBaHHe pa3pbIBOB CTpyHbI c 06pa30BaHHeM genOqKH cTa6HnbHNX 

BnpOHOB. Pa3pbIB CTPYHbI paCCMaTpHBarrCfl B CHCTeMe, r~e OHa nOKOHTCfl. 

nPotiiflya non~eHHfl a~pOHOB rrpH/~aJPbIBe CTpYHbI no~po6HO onHC8Ha B pa

60Te • O~HaKO no cpaBHeHHID c I B ~aHHOM paccMoTpeHHH c~enaHbI,	 . 
•	 c~ecTBeHHbIe H3MeHeHHfl. Dpe~~e Bcero,3aKoHbI COXpaHeHHfl sHeprHH, HM

nynbca H KB8HTOBHX ~Hcen BbIrronHHnHCb ~nfl OT~eRbHO~ CTPYHb!, a He ~nfl 

Bcero npoueCCa,KaK B/II~M3MeHeHbI ~YHKUHH pacnpe~eneHHflf(1-z) ~onH 
z nepeMeHHO« CBeTOBoro KOHyca Wq=Eq+P KBapKa HnH ~HKBapKa q 

npH~~parMeHTaUHH HX B a~OHbI. ~fl ~parMeHTaUHH KDapRa B Me30H BH6H

parraCb ~YHKUHR, 

f M(1-z) = 1-a+2a(1-z) (I4)
q

6 

~fl cnyqafl nepexo~a ~HKBapKa B Me30H 

(I5)f (1-z) = 1-a+3a(1-z)2 
qq~ M 

H 6apHOH 

f J:l(1-z)=0.4+0.6exp[-20(1-z)] /[1-e~p(-20)]. (I6)qq-", . 

Ilapaaerp a = 0 1 88' B (7), (8). Hexoropse 060CHOBB.HHfl BbI60pa BH~a CfJyHK

IJ;IDi (I4) H (I5) MO)lillO HaiíTH B pa60Te!I3/.BH.n; CÍJYHKIJ;kH1 (16) o6YCJIOBJIeH 
He06xo~HMOCTbID yqeTa s~eKTa nH~HpOBaH~fl npH CTOflKHOBeHHH HYKnoHoB/l~1 

nO~aBneHHe CTpaHH~ a~poHOB OCYmeCTBnflnOCb BBe~eHHeM OTHOCHTenb

H~ sepoaraocrea pOJlt~eHHfl M3 BaKYYMa CTpaHHotl s s - napa ('= 0,33. 
DOnepeqHbI« MMnynbc BaKYYMHo« qq-napbI CqHTanCfl paBHHM HynID, a 

HMnynbc OT~enbHoro KBapKa pa3bIrpbIBancfl no pacnpe~eneHHID 

f(PfJ = exp(_p.l.2/õ2)/JT62, 6'=0,4 I'aê . (I7) 

KaK H B pá60Te!.II< nepexon xsapxa B BeKTopi-ibIM MnH ncesnocxanap
o o o o o'

Hb!tí Me30H CqHTanCfl paBHOBepORTHblM. )l,n:fl .1T"- r jJ-, w- r"l- H 'Z - Me30HOB 

ytIHTbIBanOCb CMemHBaHHe. Depexo~ ~HKBapKa C ~aHH~ CnHHOM H H30CnHHOM 

B OKTeTHbI~ HnH neKanneTHbI« 6apHOH perynHpoBanCfl B~OflTHOCTflMH,paC

CqHTaHHbIMH H3tKBapKOBbIX BOnHOBbIX ~HKUHM 6apHOHOB 1/. 
, KOHTponHpOBana~b Macca CTPYHbI, OCTaD~aflCfl npH OT~eneHHH anpOHa. 

KorAa M ~ 2,4 fsB, TO OCYmeCTBnflnCfl nOCneAHH~ pa3pblB CTPYHbI. 

B03HHKa~~He npH pa3pbIBe CTPYH pe30HaHCbI ~anee MOrnH paCna~aTbCfl. 

MCnOnb30BanHCb Ta6nH~bIe ~aHHHe ~nfl B~HCneHHfl OTHOCHTenbHbIX BepOflT

HOCTe~ npH BbI60pe KaHana pacna~a. CqHTanHCb paBHOBepOflTHbIMH npOeKUHH 

CnHHOB 06pa30BaHHbIX pe30HaHCOB,H 'BCe ~ByxqaCTH~HbIe pacna~b1 annpOKCH

MHpOBaJIHCb H30TpOnH~H paCnp~AefleHHflMH B C.U.H. pe30HaHCOB. Tpex

qaCTH~bIe paCn~bI paCCqH~BanHCh qepe3 ~Ba cne~~HX ~yr 3a ~yroM 

MYXllaCT'H.1IlUa:. 'pacnana, Pe30HaHC C xaccoa mO cxauana p~Cn~anCfl 

Ha npOMe~YTOqHY~ qaCTHlly C Maccotl m H cTa6HnbHbI« ~OH C MaCCO~ m1 ' 

a 3aTeM qaCTHUa C Macco~ m pacnanaxacs Ha a~OHbI q MaccaMH m2 H ~3' 

DpOMeMYTOqHafl Macca m reHepHpOBanaCb B COOTBeTCTBHH C pacnpe~eneHHeM 

2 1 222 I 2 2 2'Vf (m ) '" 2 Á (rn ,m"m )/\ (m ,m 2 ,m 3 ) r 3AeCh 
m O	 (I8) 

;\ (cÁ, B,r) = d..... 2+ B2+{i_ 2d..B-2et.r- 2B{ 

Ha 3aKnDqHTenbHOM STane oCYmecTBnflnocb npe06pa30BaHHe flopeHua ~nfl 

SHeprHH H HMnynbCOB ~OHOB - rrpO~KTOB pacna,na CTPYHH.B CHCTeMY,r~e 

CTpYHa ~BH~eTCfl. 

M3-3a OrpaHHqeHHfl B~eneHHoro ~nfl paCqeTOB BpeMeHH Ha SBM, re

HepHpoBanocb~400 C06bITH« ~nfl onpe~eneHHo~ ,KoM~HHaUHH fl~ep npH ~aHHo~ 
3HeprHH. 
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PesYHbTaT~ Mo~e~KpOBaHK.R CTOHKHOBeHK~ npOTOHoB K R~ep re~K.R ITR" 
1.8

dn &c.5. 3HepI'UK VSNN ::: 31,2 res cpaBHI~BaIOTCH c 3KCnepHMeHTaJIbHblWf ~aHHhIMKi'15/ 
d:J t.6 

1.4 

Pacnpe~e~eHHe no 6~CTpOTe y ~nH OTpHua
Te~bHO' 3apfliK:eHHbIX qaCTHU B pp- *- cf...r:Á

B3aHMo~e~CTBHHX npH nonHO~ aHeprKH CTO~K

Ha PHCYHK8X 5,6 K 7. Oco6eHHOCTK~~eHKPOBaHH.R CTOHKHOBeHHfl npOTQHOB 
paccMoTpeHM B pa60Te/6/ . B pa60Te 7 npHDe~eHo cpsBHeHHe c 3KcnepHMeH

Ta~b~1 ~aHHMMH paCCqKTBHHHX no Mo~enH KBBPK-I'JIIDOHHMX CTPYH ÓHCTPOT

'1.2 HOBeHHfI na HYKJIOH VS = 31,2" I'efí, H~Á pacnpe~e~eHKn 3ap~eHHHX qaCTHU B npOTOH-.R~epHHX B3aHio~e'CTBK.RX. 

1./) 

0.8 

Q6 

ITYHKTMpH8H rKcTorpaMM8 - paCqeT ~~fl pp

B38KMo~eHcTBS1H. CnnOmHa.R rHcTorpaMMa 

~nH oZo\-B3aHMo~ettcTBHfl. H~"'KHKe 11 aepiHE, 
TOqKK(+) - 3Kcn~pKMeHTa~bHbIe ~aHHHe 1 
COOTBeTCTBeHHO ~~.R pp- H o(cI..."T B3aHMo~e~

r} 
PesynbTBTH pSCqeTOB Ha pKCyHKax 5,6 H pe3YHbTaTN pa60T &,7 ~eMoH
CTpKPYIDT e~HHoo6pas~e onHcaHHR Mo~enblO paSHHQHHX npoueccoB. CJIe
~eT S8MeTHTb, QTO,B8PbKPYH CT~enbHHe napaMeTpH Mo~eHH ~n.R KOHKpeT
aoro npouecca PP -, pA- HJIH olQé-B3aIDAo~enCTBK.R, MOlltHO y~yqmHTb cor-na
CKe paCQeT~X ~aHH~ c SKCnepHMeHTSHbHHMH. 

U4 CTBKtf. ~ 

~l~· I 

-2 

Pnc 

10"1 o 

~ i o 

11 

PKc.7. 
Pacnpe,u,eJIeHI1ff no MHOXteCTBeH

HOCTK SapRJI(€HHblX qaCTKU n c B 

[~eHTpaJIbHO~ I fI IL 1,8 o6nacTK 

10",2 
*'0 

·0 

M.a: PP- (BepXHHt1 PHCyHOK) H J..rJ. , 
(HHJlHHA PKCYHOK) BsaHMo~eHCT , 

)(0 BH« rrpH nOJIHO~ 3HeprHK CTOJIKHO

~-t i l 
10-' ..: ".t.tiO,o 

+n c ; f tofo • c 

o • ~ + i 
4 ~ 

lÕ2~ °0 

° t. 

~ 
. 

'O 
t t c 

rlor o lÕ' 

10-2 

10 
lO" 

,.0 

Q 

110 

" ° 01 o o 
11 

B€Hlf.R na HYKHOH I/S =31,2 faR. 
RpeCTKiH (x) -3KcnepKMeHTa~bHHe 
~aHHbI~ 151', I<Pj'!tKH (01 -pacuer , 
~ -nceBAo6~cTpoTa áapRMeH-

HHX qaCTHU. 

10-3-1 I I , I I I t", , ! 

O I., e 12 i6 20 ne 

O 4 s 12 16 20 n~ 
rrepeXO~R K paccMorrpeHHID pesYJIbT8TOB Mo~enHpOBaHHn CTOJIKHOBeHKU 

( 

PHc.6. 

Pacnpe~eTleHHR no MHO~eC~BeHHOCTH ARH oTpHuaTé~bHo 3ap~effii~ 

'tI8CTMU n B pp- K cJ..oI... - B3I:UIMO~etlcTBHHK npa noaaoã 3HepI'HH 

CTOJIKHOB~HKfl Ha HY.KnOH· vs ::: 31 9 2 raBo TOqKH(f) - 3KcnepH
MeHT8HbMUe ~aHHNe715/ B cnyqae ~~-BsaHMo~e«cTBHH9 TpeyrOJIb

" HHKH (...) - ,!VIR pp - B38MMO)'.teRc'l'BliH • rrpHN:oyro~bHHKH ~) H KpygKH (0)

) 
~ep npH pa3JIK'tIHNX 3HeprHKX,npe~cTaBHeHHHX B Ta6~Kue 2,~eAYe~ o6pa~ 

TKTb BHHMaHHe na BHCOKyD Cpe)\HI)I) MHOJleCTBeHHOCTb SapOeHHbDe c n c h > 

H orrpHQIl'l'SHbHO sapJmeHHblX .(n_> qaC'i'~.,lVIR cpaBHeHHR; T8K8..f[ NHoae

CTBeHHOCofb. iOieT 6111'l'b ,I\OC'i'HI'HY'i'8 np~t C'l'OJIKHOB8HKRX pp' HJIH PP Ha 
ROJIJIa~pax 6 .Ms rra6JIHQY 2 BH~O 'i'8KZe, QTO OTHomeHKn cpe~ero 'tIHC

JIa aSpnK€HHWX KaOROB K cpe~eMY 'tIHcny SapH&eHH&X nHORoa H cpe~ero 

qwCJI8 C'i'paHHHX 6apHOHOB K cpe~eK,Y qHCE,Y HYKKOHOB npK6JI~3H'l'enbHO O~K 

H ~e ae H CSJIH3KH K r2 == O, I I. ~oe paseaceao eC'l'b CJIe~C~BKe napaoro 
paCtleT COOTBeTCTFJeHHO WlH otol..H pp  Ba8.HMOAeRcTBHR. pO~eHHlI CTpYJi H lie3BBKcHMOI'O pacnà,D.a OT,D,eJIbHOR C'rpyHli. 
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(J 
t. 

Ta6JIlma 2. 
~OBonbHO 6n~aK~ TaK}K~ cpe~H~e xapaKTep~cT~K~ ETOpKqH~X ~aCT~~ 

Po K~ .s,:E:,~ Cpe~H~e xapaKTepHCT~K~ po~a~eOKI..{lJ.R r.~/c <n«» <o»: -srF ~P 
B paan~~H~ peaKQ"flX np~ o~HoA H TO~ ~e Ha~anbHoif aHeprHH H O~HHaKOBOM

'ao I-D·'ou 2.~a'" ~ ~~XCR B pa3nH~HMX peaK~~RX cpenaeã KpaTHOCTlif B3a~Mo~eAcTB~if <. ~ > • P ...P 200 8. 70 J.30o I~ 1tá5j 
~aCT~U npH Ha~anóHOM ~Mnynbce 

5ff If. reo .~87.3 ~ ~ Ha PHcYHIte 8 npencraanetru paccuaraxaue pacnpenenexan MHOJKeOTBeH
P t Ar «o 200 12.'12 5.25'2 -& 1ii7i na HYKnOH Po" 3~ecb L... V > _ HOCTH oTpHuaTeJIbHO aapnxeaaax ~acT~1l n_ B CJI~ae CTonKHOBeH~H anep
< V> • 227 5ff f7'61' '-02« ~ ~ . cpe~HRR KpaTHocTb CTO~KHOBe

':-'0{ .,:l!>=Z.23 5ff '7.6JO 7.256.fI.i!a ~ K~cnopo~a c aHepr~eA 200 faB/H c R,.fI.,paMH KHcnopo,u,a, aproaa ~ Kc·eHoH8.
HHH HYKnOHOB ~nR ~aHHOH peaK

P",Xe I.J/J 200 16.'75 I ó.Y87 I fim I~ ~ tJ ,IJ,nfl pacnpe..u,eneHHR sapIDKeHHijX ~aCTHU B cny~ae pp -coy~apeH~~ npH 
<v> <'.29 5ff 22.'00 9.785 l-i{li' I~ U~H, t... - cpenaee ~~cnon c h> 

aaepranx I{Qnna~~epoB ~nHHHhIe "XBOCT~" p,ç/pe~eJIeH~if,aHanor~Hble "XBOC
16 0'6 50 <'fOm 8.~s2 lfi In~ po~~a~~HxcR sapH*eHH~X .qac

r '2.6,,( lfi 'o !fij 1.1 TaM" Ha pHcYHKe 8~HapymalOT KHO-cKeifn~HP b •o 100 30. '72 
" 

<)I> =7. 70 200.J5. 'f9õ ISDa5 t;f.,~ lil: f T\IIU, t. n ) _ - cpe~HRfl MHo*eCT
,IJ,nfl paaJIH~HHX KOM6~HallHA CTaJIK~Ba~mHXCfl fl~ep np~ paanH~~x aHep

~299 2".106 I~ ~~ BeHHOCTb oTp~lla~e~b~o sapR :1 
r~RX na p~cYHKax 9-12 ~eMoHcTpHPYIDTCH pacc~HTaHH~e pacnpe..u,eReHHH aapfl16 '0 100 45.65 - 19.76 l~ ~ 

*eHH~ ~aCTHU. K-IH - _ OTHO
O ...Ar 200 56.3'1 ê5.1JtZ I~ ~ JKeHHh~ ~aCT~ll no nceB~06~cTpoTe ~ •. 

<)l> '12.82 5(( a5.552 3!l.335, ~ -I3!J?q rueH~e cpeAHeif MHO}KeCTBeHHOCTH 
Of6 t ,{ e fJO Im 63,66;:, 2/J.092 1iJ ~ SapR}KeHHMX KaOHOB H n~OHOB, 'I 

P~C.g. soo 1J:J.1J89 36,.>06 l.iWt 

j
~\ 

<V> =24,82 jlf '22.'''/1- I ""li,., 1l' ~ ~ À IL2/n /P - OTHomeH~e I ;'0. , Pacnpeneneaae no ncesnoõucrpore. 
." ~ ~ li lo.' 

C'of;(J+{'o«7 100 67.716' 29,224 ~ ~ cpe~HHX MHo~eCTBeHHOCTeif 
~ aapH*eHHHX ~aCT~1l po~..u,a~~~x

200 I "J.~6 :J7.cv" ~ l'fiift .c~paHH~X 6ap~OHOB K HeCTpaH ! 16 16 
< JJ> =24.55 511 '27.22 58.2'(, f!#tl, ~ • 

cs B peaxnna o +0 npa 

I 
·.t..:'.H~. 

pa3nH~~X Ha~a.nDHHX 3Hepr~flX. 

000 ••....~. TO~K~(.) COOTBeTCTB~T aHepr~~" 
50 f3B/H, npRMoyronbHlifK~(o}

..:.: :·t·'· 200 faB/H, Kpy*K~~)- 100 faB/H,'o o ti.. • o D, JIt •• e 

. o·. . ,. .... KpecTlifKH(~)- 511 faB/H • ,It ••P.. ~õl ". .. • 'I,:::'•." 11 
1.1.. D..,:•• 

.:::;'.~ ...., ....:;;;;:,z-l----L-L I,i·~ 

-6 -4 -2 í4~""z~""" ~ 10-2 
"""-. '".... 

<, <, ,,~~ ................ - - - - - -
~.~ 

i1n 
d~ 

20 llO 60 80 100 130 
-2q. 

~I Il I • 
n , .I 

;~ .. 16 

( 

PHc.8. 
PaCC~~TaH~e pacnpe~eneHHfl no MHO~eCTBeHHOCT~ OTpHuaTenbHO 
3ap~eHH~ ~aCTHll n_.po~~a~~HXCfl BO Bsa~Mo~e~CTB\IIHX H~ep • 
KHCJropo~a c R~paM~ KceHOHa' (cnnOfllHafl nHHHfl), apt-ojra (nyHKTHP
HaRnHH~R) H KHCJIOpO~a (illTP.liXll:yHRTHJ>HaFI n~H~fl) rrpa Ha~MbHof;\ 
aHepP~H 200 faB/H. 

I·
L
li 
\ 

8 

.. 
A 

I . 

-·oa 
·I~a J.

"'.I I I , ••• I 

•• , o 

8 I •...... 

ao O. 1l, .. 
• J2a 

.:; . 

,.., 
(.'

: • 4 t 
. -s.: t 

....L..~
-2 O" I2 L4 

I 

PHc.lO. 

Pacnpe~eJIeH~e no nceB~o6bICTpO
Te ~ aapIDKeHHhIX ~aCT~~,pO~~aID

16 ~O 
~~XCH a peaKU~~ o +Ar 

npH pa3JI~MX Ha~aJlbHHX aHep
PHflX. TO~R~(.) COOTBeTCTB~T' 
aHep~H~ 100 raB/H, npRMoyrOJIb
H~K~(D) 200 faB/c, KpecT~K~ 

~) 511 faB/H. 
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1c1f
2A' 

PHC.rr. 
Pacnpe~eneHMe no ngeBAo6~CT
po-re tI. Sap.RJKeHHbIX 'tlaCTHU, 

XOTfI cpenxae M'HOJlteCTBeHHOCTH aapHJKeHHhIX t.laCTl;n~, pOJK,lJ,alOrqHxcH B 

peaxuaax ca 40 + ca 40 H 0 1 6 + Xe 130, O,IJ.HHB.KOBhl, MaKCHMaJIbHOe 3Hatle

HMe pacnpe,n,eJI6HHA no fL B czyvae aCIDIIM8TpM'lliOM KOM6MH8UHH CTaJIKHBalO

24 

• a o 

a o .2D 

po~aID~MXC.R B peaKUMH
16 130 

o +Xe npu pS3nHtlHHX 
HaqanbHWX 3HeprK.RX. Ü603HaQe
HH.R Te ~e. qTO K Ha pHc.IO. 

! 
I 

~HXC.fI: R)1,ep 3HatlHTenbHO Bhlme. 
~fl peaKUHH 0 1 6 + xe1 30 Ha pHcYHKe 12 BM)1,Ha He38BHcKMOCTb 

pac npe,lJ,eJI8HH ~ OT HatlaJIbHo« 3Hepr~m s oõnacra (flp8I'MeUT8LiHH MHllleHH. 
H3 pHCYHKOB 8-12 cne~eT, qTO B 06nB.CTHX MaKCHMYMOB pacnpe.u.eJI~

o ••~ HW« ysenWtlHB810TCfl tflJIYKTyaU~fH. 

.' t,o. • 15 
D. .- D p '1

l~ 

B~CTpoTHNe pacnpe,lJ,eJIeHHR npoToHoB,06pa30BaH~x B CTonKHOBeHMflX 

H~ep Kwcnopo~a npH 3HeprwHx ?O f3B/H H 500 fsB/H,npe~cTaBneHN Ha 
pHcYHKe 13, qTo6H npo~eMoHcTpwpoBaTb TOpM03HYIO cnoco6HoCTb ff~ep B 

12 
~aHHOn MO~eJIH. 

r' f· ', 

8+ ••• o 
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4 t ...:::.'",'li'" 
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I
I 

~ .24 '	 J1". 2i! 
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'	 r
I 

I 

r~t18 ·' 
I 

°0 '16 ••• I 
. . 

a. " 
D'· 

-4,2 -2,1. 
12	 'PHCo 12.'.	 I."IOf 

° 0 

PHc.13.!ID-+~ li. n 

o 

Paenpenexenas no 6bIcTpoTe y nporonos, 
16 16 

po~a~~Hxcff B p8aK~HHx 0 +0 . 
12)1 ITYHKTHpHaH rHCTorpaMMa COOTBeTcTsyeT 

'1 Ha~arrbHO« 3HeprHH 511 fsB/H, a,l, 
CnnOlliHB.fl - 50 f3B/H.I I 

I 1 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I ~ 
I 
I 
I 

!J2,1 4,2 

( o Pacnpe~eneH~R no nceB~06NCT	 B 3~eHl1e aBTop QHarO~pHT B.ll.ToHeeBa II C.ID.illMaItOB8 aa MHO, 0. & 
poTe ~ sap~eMHHX qaCTKll,pOM li rO~CHeHHbIe o6c~eHHfl. 

" ':' 6 t. '	 40+ca4 0 
o.' ,lI,81OlI\HXCR B pea.KlU'lH ca, . 

41 
I , , npH pSSnK'tlHUX 3HeprHHX. 0603::.:	 .,..

~,,: •• 2	 HaqeHKH Te me, 'tlTO H Ma PMCYH
6 11 

! I 

~_ ,'O~"l~.I. 
-2 O Ke Ia. 
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lEMATWIECKME KATErOPirn nYBJrnKAI..OO\ 
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AMemtH H. C • 
MoAenHpOBaHHe CTOnKHOBeHHA RAep DPH 
BYCOKHX 3HeprHRX B paMKaX MOAenH 
KBapx-rn~HHYX CTPYH 

P2-86-802 

KOMnnexc nporpaMM COLLI AUR MoAenapoBaHHx c noMo~~ 3BM 
MRrKHX aApOHHYX 0 aApOH-RAepHMX H RAPO-RAepHMX COYAapeHHA npu
MeHReTCH AnR pacqeTa pasnaqHMX xapaxTepHCTHK DPOAYKTOB BsaHMO
AeACTBHR RAep DPH ByCOKHX 3HeprHRX. B xaqecTse ~H3HqecxoA MO
AenH BY6paaa MOAenh KBapx-r~oHHYX CTpyH. llpH HeynpyroM CTOnK
HOBeHHH RAep CHaqana o6pa3~TCR CTpyay C KBapKaMH Ha KOHQaX 0 

xoTopye saTeM pacnaAa~TCH B Qenoqxa aApOHOB. HcnonhsyeTCR Me
TOA MonTe-Kapno AnH renepaQHH 3KCKn~3HBHYX co6wTHA - pesynhTa
Ta COYAapeHHA HAep. B qaCTHOCTH 0 paCCMaTpHBa~TCR CTOn~HoBeHHR 

RAep xacnopoAa c PRAOM xAep-MHmeaeA B HHTepsane 3HepraA 50+, 
+500 r3B/n. 

Pa6oTa BWDOnHeHa B na6opaTOpHH ByqacnaTenhHOH TeXHHKH 
H aBToMaTasaQHH ORHH. 
Coo6utenHe Ofu.eJJ.HHeHHoro HHCTHT)'TI IIAepHwx uccneAOBaHHii • .lly~na 1986 

llepeBoA O.C.BuaorpaAoBoA 

Amelin N.S. 
Simulation of Nuclear Collisions 
at High Energy in the Frames of Quark-Gluon 
String Model 

P2-86-802 

COLLI program complex for computer of soft hadronic, had
ron-nucleus, nucleus-nucleus collisions is applie~ for calcu
lating the different characteristics of the nucleus-nucleus 
interaction products at high energy. The quark-gluon string 
model is chosen as a physical model. In the inelastic nucleus
nucleus interactions the strings with quarks at their ends. 
were first created, which decayed later into hadron chains. 
The Monte-Carlo method is used for generating the exclusive 
events being the result of nucleus-nucleus collisions. In par
ticular, the collisions of the oxygen nuclei with a series of 
target-nuclei within the 50+500 GeV/n energy range are consi
dered. 

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