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BBEAEHHE 

Teop~R n~He~Horo OTKn~Ka, y,Qa4HO co4eTaiD~aR A~HaM~4ecK~e 
~ CTaT~CT~4BCK~e 4epT~ np04BCCa 83a~MO,QB~CT8~R, CTana 8 HaCTOH
~ee speMR cTaH,QapTH~M cpe,QCT8DM ,QflR aHan~aa rny6oKoHeynpyr~x 
CTOflKH08eH~~ TRmen~X ~OH08/l-S~ 0THOC~TBflbHOe ,Q8~meH~e ~OH08 
on~c~saeTCR KnacC~4eCK~M~ ypa8HBH~RM~ ,Q8HmeH~R C y4eTOM KOHCep-
8aT~BHWX c~n ~ c~n TpeH~R. AnR penaKca4~H KonneKT~BHWX nepeMeH
Hwx T~na, Hanp~Mep, Macc-ac~MMeTp~~. nony4eHO ypa8HeH~e ~OKKe
pa-nnaHKa, KOTopoe pewaeTCR 8 rayccosoM np~6n~meH~~. 4TO noaso
nReT CBH3aTb BpeMeHHYID 3a8~C~MOCTb nepBWX ~ BTOpWX MOMBHT08 
KonneKT~BH~X nepeMeHHWX C A~HaM~KOA CTOflKHOBeH~H. 3a C4BT BKniD-
4eH~R KOflflBKT~BHWX nepeMeHHWX paan~4HOrO T~na AaHH~~ nO,QXOA w~
pOKO ~cnonbayeTCH np~ aHan~ae MHoroMepH~x A~$$epeH4~anbH~x pac
npe,QeneH~~ npo,QyKTOB HABPHO~ peaK4~~. 0,QHaKO ypaBHeH~e $oKKepa
nnaHKa 8~BB,QBHO B npe,QnonomeH~~, 4TO MaCCOBOe ~ aapR,QOBOe 4~Cna 
$parMeHTOB HBC~flbHO 0Tfl~4aiDTCR OT COOTBeTCT8YID~~X Befl~4~H ,QflR 
CTaflK~BaiD~~XCR ~OHOB. npaKT~4eCK~ BCe cpaBHBH~R Teop~~ ~ 3KCne
p~MBHTa BblnonHeHbl ~MeHHO s 3T~x ycnos~Hx. TeM He MeHee 1-1MeiDTCR 
3KCnepMMeHTaflbHWB yKa3aH~R Ha TO, 4TO ,QaHH~~ MeXaH~3M MOmeT 6~Tb 
pacnpocTpaHeH TaKme H Ha o4eHb nerKMe $parMeHTw: ¢opMa 3Hepre
T~4eCKMX cneKTpOB npo,QyKTOB rny60KOHeynpyii-1X CTOflKHOBeH~~, ~3-
MepeHHWX nO,Q pa3fl~4H~M~ yrnaMM, nnaBHO MBHRBTCH npM nepeXO,QB OT 
6oM6ap,q~pyKJ~ero MOHa /cKa>KeM, Ar I AO RABP Li 14 •51• M BbiXOA Mao
Tones y,QosneT80pReT Qgg -cMcTeMaTMKe snnoTb AD M30Tonos renMR

16! 
Uenb HaCTOR~e~ pa6oT~ - ,QaTb cnoco6 04eHKM xapaKTepMCT~K TaK~x 
3KCTpeManbHO ,QaneKHX npO,QYKTOB peaK4H~ rny6oKOHeynpyrMX nepe-

,Qa4. 
np~ non~TKe pacnpOCTpaHMTb TeOpHIO flMHBAHoro OTKflMKa Ha OnMca

HMe ~parMeHTOB, ,qaneKO y,QaneHHWX OT CTanKMBaiD~MXCR MOHOB, B03HM
KaeT MHoro sonpocos. Mw orpaHM4MMCR o6cym,QeH~eM flMWb ABYX np~-
6nMmeH~A, o6w4HO ~Cn0flb3YBM~X B MO,QBflbH~X pac4eTax; HB3aBMCMMOe 
paCCMOTpeHMe MaCCOBOR aCMMMBTp~M ¢parMeHTOB H pa,QMaflbHO~ KOMno
HeHT~ OTHOCMTeflbHOro ~MnynbCa H MCnOflb30BaHMe KBa,QpaTM4HOA an
npoKCMMa4MM AnA noTeH4Mana H,QepHoR c~cTeMw KaK $yHK4MH aapH,Qa 
$parMeHTa Z B OKpeCTHOCTM BXO,QHOA T04KM. M~ npe,QnaraeM HBKOTQ
pyiO MO,QM$M4MPOBaHHYIO MO,QBflb, KOTOpaH 3$$BKTMBHO Y4MTWBaeT KOppe
flH4MID MemAY MaccoR ~ 3HeprMeR $parMeHTa, a TaKme snMHHMe peanM

CH14BCKoro noTeH4~aHa Ha ,.:~~:~~'~ ~~£._'!_3_<;!!:~-H~R HB~Horo ¢pa rMeHTa • 

.. , .-.·.•J . r~cr·n·.,r I 
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3HEPrETH4ECKH~ CABHr 

B paMKax cTaHAapTHOro noAXOAa pa3Jli-14Hble AWI><)lepeHLII-!anbHble 

pacnpeAeJleHI-1~ AJl~ npOAYKTOB rny6oKOHeynpyroro CTOJlKHOBeH!-1~ TR

men~X J-~OHOB s~pama~TCR 4e~e3 <)lyHKl.ll-1~ pacnpeAeneHJ-~R P, KOTopaR 
~BJl~eTC~ peweHI-!BM COOTBBTCTBY~~ero ypaBHBHI-1~ <!JoKKepa-llnaHKa. 

TaK, HanpJ-~Mep 1 1. 7-91 

d3 bmax 
a = 2 11 ( L) J b db p ((} z d(}dEdZ 2E •Pr• ,b,t-+oo ), 

bmin 

/1/ 

rAe b- napaMeTp YAapa, ~- npJ-~BeAeHHa~ Macca cTanKJ-~Ba~~~-~xc~ 'He

HOB, E - 3HeprH~ <)lparMeHTa c 3ap~AOM Z , HcnycKaeMoro noA yr

JlOM (} s c.~.~-1. <!lyHKLIH~ P yme npo1-1HTerpHposaHa no HeHa6n~Aae
MbiM KOJlJleKTHBHbiM nepeMeHHbiM. 

ECJll-1 OTHOCHTBJlbHOe ABJ-~meHHe 1-1 nepeAa4a HYKJlOHOB CTaTHCTH4eCKH 

He3aBHCHMbl, TO 

c 
P((},pr,Z,b,t)= P(Z,b,t~·W((} ,pr,Z ,b,t), /2/ 

1-1 nepeAa4a HYKJlOHOB BJlH~BT Ha AHHaMHKY ABHmeHI-!fl Jli-!Wb 4epe3 CpeA
Hee 3Ha4BHJ-~e· Z c= Z c(b, t ), 4TO n03BOJl~eT pa3AeJ1HTb 3aAa4H Bbi4HC

J1BHHR TpaeKTOpl-11-1 HOHOB H pac4eTa AH<!J<)ly3HI-1 3ap~Aa. rayCCOBO pewe

HHe ypaBHBHI-1~ <!JOKKepa-flnaHKa nOJlHOCTb~ onpeAeJl~BTC~ 3aAaHHeM 
nepBbiX ABYX MoMeHTOB, s 4aCTHOCTI-1, AJlR AI-1HaMH4eCKO~ 4aCTH <)lyHK-

' I 1 9/ 
l.IHH pacnpeAeneH!-1~ HMeeM ' 

W((},p ,Zc(b,t),bt,)=~exp!--4\ [({}-8c)
2

wrr -2({}-</)(Pr-pr')r/J: + /3/ 
r 4rrv'6. '-' 

+ (p -P~ fx 8e 1l 

c 
(}(} (} 2 

6. = w X - (r/J ) • rr r 

3AeCb HHAeKCOM C 0603Ha4eH~ CPBAHHe 3Ha4eHH~, 3aBHCR~He OT b , 
t 1-1 Z c, KOTOpble HaXOA~TC~ H3 peweHH~ ypaBHeHHH HbiOTOHOBCKOfO 

THna C TpeHHeM, a BTOp~e MOMeHT~ onpeABJl~IOTC~ CI-!CTBMOH ypaBHe

HHH, nony4eHHOH B TciOpHH JlHHBHHOrO OTKJ1HKa 11 ~ 1 : 

1 c 2 
w =- < (p -P ) > rr 2 r r • 

X(}(}=~ <({}- ecf> • /4/ 

(} 1 c c r/1 =-<(p -p )({}-{} )>. 
r 2 r r . 

2 

KaK C!leAyeT H3 COOTHOWeHHH /3/-/4/, BJlH~H~e MaCCOBOH KOOPAH

HaTW Ha AHHaMI-1KY CTOJlKHOBBHI-1~ npO~BJl~eTC~ BBCbMa HHTepeCH~M o6-

pa30M: <)lparMeHT~ CTpeMRTC~ COXpaHHTb HMnyJlbC Pr AOCTaT04HO 

6J1H3KHM K CPBAHeMy 3Ha4eHJ-~IO p~, xapaKTepHOMY AJl~ <)lparMeHTa CO 

cpeAHI-1M Maccos~M 4MCJ10M A~ut. B cny4ae, KOrAa cpeAHMA ApeA<)l ' 

BAO!lb MaccosoA KOOPAI-1HaTbl HeBeJlMK, A our Agut • Ho AJl~ BbiXOAa 

Aa!leKMX npOAYKTOB peaKl.IHH OTHOWBHJ-~e A~u/ A out MomeT 3aMeTHO 
OTJ1H4aTbC~ OT BAI-1HI-1l.lbl, 4TO npMBOAI-1T K HapyweHHIO 3aKOHa COXpaHe~ 

HMfl 3HeprMH. OTcyTCTBMe ~BHOA 3aBHCI-1MOCTI-1 P~ OT Aout npoTMBope-

41-!T 3KCnepMMeHTaJ1bH~M AaHH~M, KOTOp~e yKa3~Ba~T Ha TO, 4TO no
JlOmBHMB nHKa B 3HepreTH4eCKOM CneKTpe <)lparMeHTOB ABHmeTC~ K 
MeHbWMM 3Ha4eHI-1~M E no Mepe yMeHbweHH~ 3ap~Aa <)lparMeHTa, a wM

pHHa nMKa He 3aBMCI-1T OT TMna <)lparMeHTa/ 4 •51. 3TO npOTHBOpe4MB 

~BJl~eTCfl CJleACTBMBM npeAnOJlOmeHM~ 0 CTaTHCTM4eCKOH He3aBMCI-!MO

CTM MaCCOBOrO o6MeHa M AI-1HaMJ.1KM OTHOCHTeJlbHOrO ABHmeHM~ HOHOB 
/CM, COOTHOWeHMe /2//. 6onee nOCJleAOBaTeJlbHWH y4eT 3<)l<)leKTOB Mac

COBOH aCMMMBTPI-11-1 Tpe6yeT onpeAeJleHJ-~fl H61-13BeCTHOH MaTPI-Il.lbl KOppe

Jlfll.IHH 3TOH nepeMBHHOH C APYrHMM o6o6~eHH~MH KOOPAHHaTaMH, 4TO 

npHBBABT K paCWMpeHHIO CHCTBMW ypaBHBHHH 8 4aCTH~X npOH3BOAHWX 

AJlfl BTOpbiX MOMeHTOB /4/ 1-1 cy~eCTBBHHOMY yBeJ1H4eHJ-~IO BpeMBHI-1 C4e

Ta. BMeCTO 3Toro ycnomHeHHR MW nonwTaeMcR <)leHoMeHonorH4eCKH 

y4eCTb 3<)l<)leKT~ KOppeJlfll.IHH MemAY MaccoA 1-1 3HeprHeA <)lparMeHTa 
nyTeM 3aMeHbl B COOTHOWeHHH /2/ pa3HOCTH MemAY 1-!MnyJlbCOM <)lparMeH-, I c 
Ta H ero cpeAHHM 3Ha4eHHeM Ha senH4HHY (Pr -P(· A out Aout ), co-
xpaHHB sc10 ocTaJlbHYIO cxeMy pac4eTa. CneAyeT nOA4epKHyTb, 4TO s 
o6naCTH MaKCHMaJlbHOrO Ce4eHHfl BWXOAa npOAYKTOB peaKLIHH rny60KO

HeynpyrHX nepeAa4, rAe KaK pa3 H npHMeHReTCfl TeOpHR JlHHeHHOrO 
OTKJlHKa, Hawa MOAeJlb CBOAHTCR K 06b14HbiM sapHaHTaM/l-S/, nOCKOJlb-

KY Aout .. A~ut ' 

HOPMHPOBKA CllEKTPA 

BTopoA HeAOCTaToK ypasHeHHR <!loKKe~a-nnaHKa AJlR 6onbWHX YAane
HHA OT BXOAHOH T04KH 3aKJ1104aeTC~ B HCnOJ1b30BaHHH OC4HJ1JlfiTOpHOrO 

npH6J1HmeHHfl AJlfl noTeHl.IHaJla B3aHMOAeHCTBHfl. 3TO npH6J1HmeHHe cy

~eCTBeHHO BJlHReT Ha a6COJ110THYIO BeJ1H4HHY BWXOAa H30TOnOB. llOCKOJlb
KY BKJ1104eHHe npOH3BOJlbHOro noTeHLIHaJla B ypaBHeHHfl <!JOKKepa-llnaH
Ka AJ1R Macc-o6MeHHOA 4aCTH ¢YHKL.1HH pacnpeAeneHHH P(Z,b ,t) 
BCTpe4aeT cer,be3HWe TPYAHOCTH, Mbl HaXOAHM ee H3 peweHHfl MaCTep

ypaBHeHHH 11 I 

dP(Z,b,t) 

dt 
;, [A

22
,P(Z',b,t)-A

2
,
2
P(Z,b ,t)l, /5/ 

rAe MaKpocKonH4ecKaR sepoRTHOCTb nepexoAa A 2 ~ Momer 6wTb npeA

cTasneHa B <)laKTOpH30BaHHOM BHAB 
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Az z-= xz z' P z 

KaK npOH3Be,QeHHe MHKPOCKOnH4eCKO~ BepORTHOCT~ Azz'H COOTBeTCT

BY~~ero CTaTHCTH4eCKOro eeca MaKpOCKOnH4eCKO~ KOH$Hrypa4HH 

/nnOTHOCTH ypOBHe~/Pz• nnoTHOCTb ypOBHe~ Pz saBHCHT OT nonHO~ 

3HeprHH CHCTeMbl, ee nOT8H4HanbHO~ 3HeprH~, 3HeprHM B036ym,QeHHR 

/TeMnepaTypbt/ H T. n / 111. CneAyeT saMeT!-lTb, 4To npH (Z-Z ')IZ « 1' 

MacTep-ypaBHeHHR /5/ CBO,QRTCR K ypaBHeHH~ $OKKepa-nnaHKa, ecnH 

noTeH4~an RBnfleTCfl AOCTaT04HO rna,QKOi1 $YHKL1He~ Z ~1 Az ,==A 
1 ~ 21 • 

' w z z z 
BHA peweH~fl MacTep-ypaeHeHHH cy~ecTseHHO sae~CHT oT $OpM~ 

noTeH[\~anbHO~ 3HeprHH B3aHMO,Qe~CTBY~~ei1 C~CTeM~ ~ BpeMeHH 

esa~Mo,Qei1cTB~fl/12< lK~AKOKanenbHbl~ 'noTeH411an 6es y4eTa o6ono4e4-

Hb1X nonpaeoK cnoco6eH on~caTb n~Wb ocHoBHble TeHA8H4~~, ,Qnfl ny4-

wero nOHHMaHHfl He06XO,QHMO Y48CT b 3¢$eKTbl o6on04e4HOH CTpyKTypbl 

fi,Qep. C ,QpyroH CTOpOHbl, 3TH 3¢$8KTbl cy~eCTBeHHO 11 BbiMbiBa~TCfl 11 

np~ e~COKHX eos6ym,QeHHfiX, KaK 6~no noKasaHo a pa6oTax MopeTTO 

~ COTPYAHVIKOB/lal. 

6 COOTBeTCTBVI~ C COOTHOWeHHeM /2/ CBfl3b MaCTep-ypaBHeHVIR /5/ 
C AHHaMHKOH CTOnKHOBeHHR OCy~eCTBnReTCfl 4epe3 Bp8Mfl B3aVIMO,Q8HCT

BVIfl t==Tint(£), AO·KOToporo VIHTerpHpyeTCfl CVICTeMa /5/. BpeMfl esaH

MO,QeHCTB~fl paCC4~TbiBanOCb B paMKaX TeOpHH nHHeHHOrO OTKnHKa, 

peanHsoeaHHoro c noMo~b~ nporpaMMbl TRAJEC115 ~,[lnfl ynpo~eH~fl no

cne,Qy~~~x Bbi4VICneHHM 6blnH paCC4HTaHbl epeMeHa B3aHMO,QeHCTBHR ,Qnfl 

WHPOKOH. rpynnbl peaKLIH~, VIHVI[\VIHpyeMbiX HOHaM~ ·Ne H Ar B HHTepeane 

3HeprHH 5-10 M3B/HyKnoH, VI pesynbTaTbl annpoKcHMVIpoeaHbl ·$opMyno~, 

npe,QnomeHHOH ro66H H HopeH6eproM 131 

Tint (e)=Toexp[-k·r/Cgr], 171 

r,Qe f.gr - yrnoeoi1 MOM8HT, OTBe4a~~~H rpeH3HHr-CTOnKHOBeHH~ VIOHOB. 

¢opMyna /7 I xopowo om1CbtBaeT 3T~ epeMeHa, ecnVI nonomHTb To = 

= 8·10-19 c ~'~ k==9,9. "' 

,[lpyroi1 nyHKT, r,Qe npoRBnReTcfl cBR3b Maccoeoro o6MeHa H OTHo

CHTenbHoro ,QBVImeHHfl ~OHOB, - Bbi4HCneH~e ~peMeHHOH 3aBHC~MOCTH 

3HeprHH B036ym,QeHHfl CHCTeMpl H; cne,QOBaTenbHO, ee TeMnepaTypbl, 

KOTopafl ynpaenReT ''no,QaeneHHeM11 3¢$eKTOB o6ono4e4HOH CTpyKTypbl 

a 3HeprHfiX ocHOBH~X cocTOfiHHH fiAep. Anfl ynpo~eHHfl M~ ,QonycTHnH 

HCnonb30BaHVIe O,QHOH TeMnepaTypbl Anfl On~CaHHfl CHCTeMbl, He3aB~CI1MO 

OT epeMeHHoro noee,QeH~R. 

B Ka4ecTee np~Mepa np~ee,QeM peaK4H~ 22
Ne+ 

232 Th. B~XOA 3ne

MeHTOB, paCCMOTpeHH~i1 yKa3aHH~M CnOC060M, CpaBHHBaeTCfl C 3KCne

pVIM8HTanbH~MH AaHH~MM Ha pMc.l. BMAHa eamHOCTb BBe,QeHMfl o6ono-

484Hb1X nonpaBOK ,Qnfl Bbi4MCneHVIR BbiXO,Qa V130TOnOB VI y4eTa MX TeMne

paTypHOH 3aBMCVIMOCTM. 

3HepreTM4eCKMe· cneKTpbt ,Qnfl 4eTbtpex M30TOnoe, M3MepeHHbte noA 

yrnoM 8= 12°, noKaaaHbl Ha PMC. 2. 4eTKO npocnemM eaeTCfl eamHOCTb 

o6o11x nyHKTOB MOAM$MKa4VIM MO,QenVI. XoTfl ,QaHHafl MOAM¢MKa4Mfl npe,Q

cTaenfleT co6oi1 nVIWb rpy6y~ 04eHKY xapaKTepMCTVIK npo,QyKTOB rny-

.4 

,,, 

·. ·)i 
,j 

!' 
~~ 

PHc. I . BhiXOA 3JieMeHTOB AJIH 

peaKI.\HH 22 Ne + 232 Th npH 

3HeprHH 17,5 M3B. To~KH-

3KCnepHMeHTaJibHble ,[\aHHble H3 

pa60Tbl/4/, JIHHHH •- pesyJibTaTbl 

perueHHJI MaCTep-ypaBHeHHH 

C y~eTOM 060JIO~e~HbiX 3!j;JqleKTOB 

npH HyJieBOH /nyHKTHp/ H OT- -

JIH~HOH OT HYJIH /cnJIOWHaJI KpH

BaH/ TeMnepaType, 

....., 10"1 

1!,0-2 

.,[% 
-ofa'l0-3 

10-4 

, 
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Emox ~ 
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Emax• 
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Ecm ( lVI;&) 

10 15 16 20 F 
PHc. 2. CneKTpbi JI,[Iep B C 0 H no.r~ yrnoM 

BLAB =, 12° HS peaKI.\HH i2 Ne+ 2 ~2 Th npH 3HeprHH 175 M3B. 

3KcnepHMeHTanbHbJe TO'!KH BSHThi HS pa60Th/ 51. IIyHKTHpOM 

HaHeCeHbl pesyJibTaTbl Bbl'lHCJieHHi:I llO TeOpHH JIHHeHHOrO OT

KJIHKa B npe,[\nOJIOmeHHH CTaTHCTH'!eCKOH HeSaBHCHMOCTH Mac

COBOH H 3HepreTH~eCKOH nepeMeHHbiX, CllJIOillHbie JIHHHH -

c y~eToM o6oHx npeAJiomeHHbiX MOAH«iJHKai.\HH. Pac~eTbi Bhmon

HeHbJ c HCIIOJibSOBaHHeM BbNHCJIHTeJibHoro KO,[Ia TRAJEC AJIH 

CTaH,[IapTHoro Ha6opa napaMeTpOB 115/. 

60KOHeynpyrMX CTOnKHOBeHMH fi,Qep, ,Qane'Ko y,QaneHHbiX OT BXO,QHOH T04-

KM, MO,Qenb noaeonfleT AOCTM4b paayMHbro cornacMfl c 3KcnepVIMeHTanb

HbiMM ,QaHHbiMM, 
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BbiBOAbl 

Mbl npeAnOlK11fll1 ABe MOAI1<!>11Ka41111 CTaHAapTHOi1 npOL.\eAYPbl Bbi411Cne
H11R MHoroMepH~x A11<l><l>epeH411anbH~x ceYeHI1i1 AnR nerK11X <t>parMeHTOB, 
o6paSOBaHHbiX B peaK41111 rny60KOHeynpyri1X CTOflKHOBeHI1i1 TRlKenbix 
110HOB, 0HI1 COCTORT B CABI1re CpeAH11X SHa4eHI1i1 11MnynbCOB, 3$$eK
TI1BHO Y411TbiBaiOIJleM Bfli1RHI1e 06MeHa HYKflOHaMI1 Ha K11HeTI14eCKyiO 
3Heprl110 $parMeHTOB, 11 peHOpMani1Sal..ll111 a6COfliOTHOrO B~XOAa 11SOTO
nOB nyTeM peweHI1R MacTep-ypasHeHI1i1 c peani1CTI14eCK11M noTeH4~a
noM BS8111'\0Aei1CTBI1R. npeAflOlKeHH.ble MOAI1$11Ka41111 OKSSbiDaiOTCSl Becb
MS CYIJleCTBeHHbiMI1 AflR npOAYKTOB, YAaneHHbiX OT BXOAHOi1 T04K11 pe
aK41111. 

AeTopbl 6naroAaPHbl A.r.ApTIOxy 11 B.B.BonKosy sa npeAOCTaeneHI1e 
3KCnepi1MeHTanbH~X AaHH~X, P.WM11ATY - Sa o6CYlKAeHI1R 11 KOHCynbTa-
41111 no 11cnonbsoeaH~IO nporpaMMbl TRAJEC, 11. DOHAOP<I>Y - sa noneSHble 
saMe4SHI1R, CAenaHHble np11 o6cymAeHI-111 pesynbTaToe AaHHoi1 pa6oTbl. 
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1l,U.Ciplltoll( ¢JHU''MOIITOD, 
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Vary Light Fragments from Deep-Inelastic Collisions 

A modified model of deep-inelastic collisions is sugges
ted, which effectively allows for correlations between the 
mass and the energy of the fragment, as well as for the in
fluence of a realistic potential on the absolute value of 
fragment. cross section. ' 

The investigation has been perform~d at the,Laboratory 
of Theoretical Physics, JINR. 
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