
B.B.BeJiara, A.A.BeH;:pKa3a1, B.B.PycaKoBa, 
,n:.A. CaJIOMOB2, r.M. qepHOB 

0 «TEMITEPATYPHO0» 3ABHCHMOCTH 

MEXAHH3MA ,n:HCCO1(llAQHH 

BO3BY)K,n:EHHOro .51,n:PA YrJIEPO,n:A 

B TPH AJih<l>A-qACTH[(hl 

1 MeHCKHH yHHBepcHTeT, Pecrry6JIHKa tleMeH 
2Ta;:pKHKCKHH rocyJ.J,apcTBeHHhIH yHHBepcHTeT, .IJ:ymaH6e 

Pl-95-41 

1995 



Ifayqemi:e npou;ecca MYJibTHq>parMeHTaD;Hl'.I Mep npH cpaBHHTeJibHO HeBbl

COKHX ::meprHSIX B036y)K'AeHHSI - OAHH H3 npSIMblX H BeC:bMa nepcneKTHBHblX 

cnoco6oB noJiylleHHSI HHq>OpMaD;HH 06 HX CTPYKType H B~e ypaBHeHHSI COCTOSI

HHSI SIAepHOH MaTepHH. IlpH onHCaHHH MexaHH3Ma 3TOro npou;ecca «KOHKypH

PYIOT>> ABe, B HeKOTOpOM CMbICJie KpaiiHHe, TOlIKH apeHHSI: npeACTaBJieHHSI O no

CJieAOBaTeJibHbIX 6HHapHbIX pacnaAaX B036y)I('AeHHOH CHCTeMbl H O «MrHOBeH

HOH» AHCCOD;HaD;HH B CHCTeMy Ha6JIIOAaeMblX KOHelIHblX cpparMeHTOB; 
pa3yMeeTCSI, HMeIOTCSI H MOAeJibHble nOAXOAhl, ColleTaIOm;He B ce6e o6a yKa3aH

HhIX npeACTaBJieHHSI. ' ' 

B psiAe HCCJieAoBaHHH (cM., HanpHMep, [1,2]) 6b1Jlo HaiiAeHo, lITO HMeeT 

MeCTo <<TeMnepaTypHaSI» 3aBHCHMOCTb MexaHH3Ma npoTeKaHHSI peaKD;HH pac

CMaTpHBaeMoro THna: ;.". npH He60JibillHX 3HeprHSIX B036y)I('AeHHSI 

(kT :s 3 MsB/ HYKJIOH) AOMHHnpyroT noCJieAOBaTeJihHhle 6HHapHhle pacnaAhl, a 

npH yBeJIHlleHHH sHepmH (kT::: 3+4 MsB/HyKJioH) - npS1MaS1 MYJihTHq>par

MeHTaD;HSI. C Apyroii CTOpOHbl, B pa6oTe . [3] TaKoro nepeXOAa (AJISI peaKD;HH 

AHCcou;Hau;HH 
160 ➔·4a) He 6b1Jlo o6Hapy)l(eHo: noc,;.e~oBaTeJihHhle pacnaAhl 

HMeJIH MecTo Aa)l(e npH sHepraS1x Boa6y)I('AeHHSI ::: 4,51MsB/HyKJioH. 

B HaCTOSim;eii pa6oTe paccMaTpHBaeTCSI Bonpoc O 3aBHCHMOCTH MeXaHH3Ma 

cpparMeHTaD;HH S1Apa OT 3HepmH ero'~o36y)I('AeHHSI AJISI peaKD;HH AHCCOD;HaD;HH 

SIApa yrnepoAa B TPH a-llaCTHtibl 

(1) 

npH HMnyJihCe 4,5 rsB/c Ha HYKJIOH. ,l(JISI aHaJIH3a Mbl H'cnoJib30BaJIH 3KCnepH
MeHTaJibHblH MaTepHaJI no pea1<u;HH (1), noJiylleHHblH np'H noHcKe KorepeHTHhIX 

KaHaJIOB sToii peaKn,~rn (co6hIT~SI·Am:~~u;Hau;H~ ~pa 12C B TPH a-llaCTHD;hl 6ea 

KaKHX-JIH6o npH3HaKOB B036y)I('AeHHSI HJIH pa3BaJia MPa-MHmeHH) B o6bll!HOH 

MepHoii q>OT03MYJibCHH (Em) [4] H B 3MYJihCHH, o6oram;eHHOH COJISIMH CBirnu;a 

(Em + Pb) [5 ], BCero 116 C06b1THH • .!l:eTaJIH q>OT03MYJibCHOHHblX 3KCnepHMeH

TOB no H3ylleHHIO peaKD;HH (1) npHBeAe'Hbl B [4,5]. 3AeCb Heo6xo~HMO OTMe

THTb, lITO KaK B 3THX pa6oTax, TaK H B pa6oTe [6 ], B KOTOpoii HCnOJib30BaJICSI 

cneKTpoMeTp HISS Ha ycKopHTeJie Bevalac c yrJiepOAHOii MHmeHhIO, nonhITKH 

pa3AeJIHTb npSIMOH KaHaJI peaKD;HH '(l) C OAHOBpeMeHHblM o6pa30BaHHeM Tpex 

a~llaCTHD; H KaHaJI C npoMe)l(yTOlIHblM o6pa3oBaHHeM MPa 8Be 3aKOHlIHJIHCb He

YAalleH BCJieACTBHe 6JIH30CTH OAHOllaCTHlIHhIX pacnpeAeJieHHii no yrJiaM H HM-
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P11c.l. PacnpeAene~Hll no yrJI'j e .. (2) B peaK-
•1 

~11ruc (1): a) ace co6hlrnll; 6) . np11 
( P;) < 100 M:sB/c; a) np11 (Pr)> 100 MsB_/c. 

KpHBh;e ::· pacqe; no MOAeJIH ~psiMoro crarncrn-
qecKoro pacnaAa 12C ➔ 3a , · · . 

• ; : • ~. j ' • 

, nyJihCaM BTOpHqHbIX a:-qaCTHU: B o6ottx ~aHaJiax pacnaJJ;a 12c ➔ 3a. OJJ;HaKO B 

JJ;aHttoii: pa60Te Mhl npnMeHHM Apyroii MeTOA aHaJIH3a • 

Ha pnc. l ,a npnBeJJ;eHo pacnpeJJ;eJieHne no napHOMY a3HMYTaJihHOMY ymy 

e .. = arccos (p~ Pr I Pr_ Pr_) 
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Me~y BeKTopaMH nonepeqHhIX HMnyJihCOB Pr H PT a-qacrmi; H3 OJJ;Horo co-
; j 

6hITHSI s· cttcreMe noKosi pacnaJJ;a10ui;erocsi S1JJ;pa-cHapS1JJ;a 
12C (3TH pacnpe~eJie

HHSI AJISI co6hITHH Ha Em H Em + Pb cosnaJJ;aIOT, qTo no3BOJIHJIO HaM om,eJJ;H

HHTb JJ;aHHbie pa6oT [ 4 ] H [ 5 ]) . n pH npSIMOM CTaTHCTHqecKOM pacnaJJ;e Ha TPH 

a-qacTHU:bI 3TO pacnpeJJ;eJieHHe JJ;OJI)KHO OilHCbIBaTbCSI cpopMyJIOH 

C K03cpqmu:HeHTaMH 

1 
F(e) = n (1 + C1 cos e + C2 cos 2e) 

C
1 

='-(n/ 2) A, 

.·c
2 

= -(n/ 2) B, 

(3) 

(4) 

rJJ;e A H ·B - Ko3cpcpttu:ueHThl a3HMYTaJihHOH acHMMeTpiitt H KOJIJIHHeapHOCTH 

HHKJII03_HBHOI'O E>·pacnpeJJ;eJieHHSI: 

• _ ( :,r n/2 l :,r • 
A,"'.':, , J F(e)de - J F(e)de I J F(e)de, 

n/2 0 0 
·. ' ' ' -

. ·rn/4 . . n 3n/4 l n 
B = .. I F(e)de + f F(e)de :...J F(e)de I I F(e)de . 

0 3n/4 n/4 o· 
• ,· . t, 

(5) 

3HaqeHHSI A H B B npSIMOM pacnaJJ;e C ➔ 3a C yqeTOM 3aKOHa coxpaHeHH.Sl 3Hep

mH-HMilYJihCa njmBeJJ;e~bl B noCJieJJ;Heii crpoKe rn6JIHU:hl. PacripeJJ;eJieHi'.te (3)
1

c 

3THMH K03q:>q:>HU:HeHTaMH He. OilHChIBaeT. 3MilHpHqeCKOe ., i-pacnpe~eJit:HHC 
2 , . , . ·;.:, ,· .; , . ' . 

pttc.1,a <x I CT.CB. e 5,6),nptt 3TOM 3MnHpttqecKoe 3Haqemi:e K03q:>q:>HU:HCHTa ;. , . , •~ • • • • =~ c • ,' • < , C , 

A He npOTHBOpeqHT pacqeTHOMY, B TO BpCMSI KaK JJ;JISI K03q:>q:>HU:HeHTa KOJIJIHHC-:-

apHOCTHB HaJIHU:O cepbC3HOe pacxo~eHHe co 3Ha1!CHHeM, COOTBeTCTBYlOIIJ;HM 

npsiMoMy pacnaJJ;y. 
Ta6nn~a 

Ha6op co6h1rn11 XaoaKTeOHCTHKa 

A B < fJ) 
Bee 12C ➔ 3a_' 0,45±0,05 0,39±0,05 0,79±0,12 

Ilp11 kT _s 2,5 M::iB 0,39±0,07 . 0,56±0,06, . 1,12±0,16 . -
Ilp11 kr <!= 2,5 M::iB 0,50±0,06 0,23±0,07 0,48±0,17 

MOAeJih [7,8] 0,5 0,16 0,31 
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Ha pnc.1,6,e npnBeAeHhl pacnpeAeJieHmI no E:ii AJrn: noArpynnhl co6hITHH 

12
C ➔ 3a co cpeAHHM nonepeqHhIM HMnyJihCOM a-qacTHU. B C.IJ..M. cpparMeHTH-

3 

pyro~ero SIApa yrnepoAa, ( PT ) == L PT I 3, MeHbIUHM HJIH 6oJibllIHM 
, I ; 

100 M3B/ c (57 n 59 co6b1Tntt cooTBeTCTBeHHo). «rpaHnqHoe>> 3HaqeHne TeMne

paTyphI, cooTBeTcTByro~ee ( pT) = 100 M3B/ c, MO)KeT 6hITh oa.eHeHo c no-

~o~bIO CTaTHCTnqecKOH Teopun 6hlc;poiI cpparMeHTaa.nn <l>eUI6axa - XyaH

ra - roJihAxa6ep [7,8 ], cornacHo KoTopoiI 

A 2 
,cT = A - 1 (aN / mN ), 

a!= a~(A - 1) /Aa(A - Aa) (6) 

(napa6oJinqecKntt 3aKOH). 3AeCh A = 12, Aa = 4, mN---:- ~,ac~~-HYKJIOHa n, Ha

KOHea., ~ = 2( PT >2 I Jl. TaKHM o6pa30M, rpaHnqHoe 3Haiieii:ne kT AJISI ABYX 

paccMaTpnsaeMhIX Ha6opos co6hITHH cocTaBJisi:eT kT = 2,5 M3B. 

KaK BHAHO H3 AaHHbIX pnc.1,6,e n qnCJieHHhIX 3HaqeHHH K03cpcpna.neHTOB A 
n B, AJISI paccMaTpHBaeMblX nOArpynn co6hITHH, npnBeAeHHhIX B Ta6Jina.e: 

a) pacnpeAeJieHHSI dn/ dt: .. H3MeHsi:IOTCSI npn yBeJinqeHHH <<TeMnepaTyphl» 
. 1/ . 

pacnaAa kT; seposi:THOCTh co,rnacmi pacnpeAeJieHntt Ha puc. l ,6,0, oa.eHeHHasi: no 

KpnTepnro x2
, He npeBhIUiaeT 2 % ; 

6) pacripeAeJieHne dn/ diii npn kT ;::: 2,5 M3B He npoTnBopeqnT npeAnoJio-

)KeHHIO o' npSIMOM pacn~Ae SIApa 
12

C Ha TPH a-q~CTHU.hl; npn kT :5 2,5 M3B 31'0 

npeAnOJIO)KeHne He cor.ilacyeTC:si: c 3K~nepnMeHTOM. · · · · . ' · · . . · 

TeHAeHU.HIO K KOJIJIHHeapii:ocTH nonepeqHhIX HMnyJihCOiia-qacTHU. B none

peqHQH nJIOCKOCTH yA'o6Ho xapaKTepH30BaTb TaK)Ke pacn:peAeJieHHeM no K03cp-

cpnu.neHTY · 

\ /3 = I· cos 2c.: I vN (N - 1) = L cos'c .. /vo (7) 
• • If a a . . If , 
l~f l~f 

(- vNa !(N'a - l) <{3< vNa(Na - 1) ), 

xapaKT_epn3yro~eMy CTeneHb KOJIJIHHeapHOCTH BeKTOpOB PT B OTAeJibHOM co
i 

6bITHH c MHO)KeCTBeHHOCThIO N (puc.2). CpeAHee 3HaqeHue ( /3 ) B paccMaTpu
a 

BaeMbIX Ha6opax peaKU.HH (1) BMeCTe c pacqeTaMH cornaCHO CTaTHCTuqeci<oH 

Teopuu [9 ] npuseAeHhI B noc.ileAHeM CTOJI6a.e rn6JIHIJ.hl. Bee 3TH miHHhle rroJIHO-
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P11c.2. Pacnpe/:\eJieH1111 no Koscpqm~11em-y 
K0JIJIHHeapH0CTH /3 s -co6hITl1llX c ( Pr } < 
< 100 MsB/c (a) 11 ( p } > 100 MsB/c (6) 

T ' 

CTbIO corJiacyIOTCSI C 3aKJiroqeHHSIMH a) H 6)' CAeJiaHHhIMH npu aHaJIH3e HHKJII0-

3HBHOro E:-pacnpeAeJieHHSI. 

COBOKynHOCTb npeACTaBJieHHhIX AaHHhIX n03B0JISleT 3aKJIIOqHTb, qTQ 3aBH

CHMOCTb MeXaHH3Ma MYJibTHcpparMeHTalJ.HH OT 3Hepruu B036y~eHHSI cppar-

MeHTI!PYIO~ero MPa, nO-BffAHMOMY, HMeeT MeCTO • .ll:JISI peaKU.HH 
12

C ➔ 3a npu 

kT :5 2,5 M3B pe3yJihTaThl HaUiero aHaJIH3a no3BOJISIIOT npeAnOJIO)KHTb cy~e-

CTBeHHhIH BKJiaA «KaCKaAHOrD>> KaHaJia AHCCOU.HaU.HH 
12

C ➔ 8Be +a ➔ 3a, B 

TO speMsi: KaK npu kT ;::: 2,5 M3B HaUIH AaHHhle B npeAeJiax oUin6oK He nponI

BopeqaT npeAnOJIO)KeHHIO o npsi:MOM MexaHH3Me pacnaAa. 

A.n:hTepHaTHBHhIM runoTe3e <<KaCKaAHOro» pacnaAa .SIBJISleTCSI npeAnOJIO)Ke-

HHe o nepeAaqe cpparMeHTupyro~eMy MPY 
12

C yrnoBoro MoMeHTa, HaJiuqne 

KOTOporo TaK)Ke npHBOAHT K KOJIJIHHeapHOCTH pa3JieTa a-qacTHU. B nonepeqHQH 

IlJIOCKOCTH [5 ]. Ilpu 3TOM, OAHaKO, HeJierKO nOHSITb, noqeMy YrJIOBOH MOMeHT 

npncy~ c.ilyqasi:M c MaJIOH 3HeprneiI B036y~eHnsi:. B TO )Ke BpeMsi: Ha6JIIOAae

Myro 3asucnMOCTb CTeneHn KOJIJIHHeapHOCTH OT kT MO)KHO nOHSITh B paMKax 

KOHa.enu.nn O nepeXOAe OT noCJieAOBaTeJibHOCTH 6uHapHhIX pacnaAOB K 6hICTpOH 

MYJihTHcpparMeHTaa.nn npn yBe.nnqeHHH TeMnepaTyphl. Pa3yMeeTc.si:, AJISI yBe

peHHoro BhIBOAa O npnqnHax TettAeHU.HH K KOJIJIHHeapHOCTH H ee 3aBHCHMOCTH 

OT (PT> (HJIH kT) Heo6XOAHM AaJihHeHUIHH, OCHOBaHHhl": Ha 60JibllleM CTaTH-

CTnqeCKOM MaTepnan'e, aHaJIH3, KOTOphIH Mhl HaAeeMCSI BhlnOJIHHTb B 6yAy~eM. 
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0 <<TeMnepaTypHOH» 3aBHCHMOCTH_MexaHH3Ma AHCCOU.HaU.HH 
B036y)l(AeHHOro Sll(pa yrnepol(a B TPH 

0

aJibcpa-1IaCTHU.bl 
·' 

Pl-95-41 

.· ·.' IloKa3aHO, qTQ CTeneHb KOMilJiaiiapHOCTH nonepeqHblX HMilYJibCOB aJibcpa~ 
· · ' 12 · . · · . 

qa_CTHU., o6pa3oBaHHhIX B peaKU.HH C ➔ 3a npH p0 = 4,5 f3B/c Ha HYKJIOH, 
. . ' ' 

. · yMeHhUiaeTCSI npH • yBeJitttJeHHH. Hx · cpel(Hero nonepeqHoro HMny JihCa · · (HJIH 
· «TeMnepaTyphl>> co6b1THS1). 3To Ha6JIIOAeHtte corJiacyeTcsr c npel(cTaBJieHtteM o 
nepeXOl(e OT ~OCJiel(OB~lTeJibHblX .6HHa pHbIX pacnal(OB K IlpSIMOH My JibTHq>par-
MeHTaU.HH C 'yBeJIHqeHHeM 3HepmH B036y~eHHSI. SIAep. ' 

Pa6oTa Bblno.irneHa B Jia6opaToptttt BbICOKHX 3Hepmii: OI1.Sll1. 
: , I , i • : I , , 

', Co~~memm Om,eA1111eH11~ro 11Hcrnry-ra llAepttb1x tt,ccJieAOBaHHtt. ,Uy611a' 1995 

Belaga V.V. et al. . Pl-95-41 
On the «Temperature» Dependence of Mechanizm 
of Exited Carbon Nucleus Break-Up into Three Alpha:-Particles 

It was shown that the complanarity of the transverse mome~ta of alpha-
.. 12 ,· · ' · ·. 

particles produced in the C ➔, 3a reaction at p0 = 4,5 GeV /c per nucleon 

decreases ·with the increasing of their averaged valu·es (or with the event 
·<<temperature»). This observation' is in agreement with the picture about the 
transition from the sequent binary fission to the prompt multifragmentation 

., ·with the increasing of the nuclear excitation en_ergy. , . . 
. ' . 

The investigation has been.performed at the Laboratory of High Energy, 
JINR. · • . . ,, . . .. 

. . ' . ' ~ . ' 

·. Communication of the'Joint Institute for Nuclear Research. Dubna 1995 


