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CronKHOBeHHA Anep np11 penATHBHCTCKHX 3HeprHAX :320IT~UHA 

30HLI CMaTHH 

Ha ocHoae peanHCTH'IeCKoA MonenH BHyrpHAnepHoro KaCKana, onRcw

sa~weA 60ITbWY~ COBOKYITHOCTb 3KCDepuMeHT8ITbHhlX naHHhlX, HCCrrenyeTCA 

npocrpaHCTBeHHO-BpeMeHH8A 3BOIT~UHA 30Hb! CiK8THA, tjJOpMHpyiOWeACA np11 

UeHTparrbHOM coynapeiiUH ilBYX A.Jep. nony'leHHbie BeDH'IHHbl M8KCHM8ITbHO 

llOCTH>I<HMOrO CA<8THA OK83biBO~TCA C)"WBCTBeHHO HHiKe 3Ha'leHI11l, Crreny~WHX 

H3 3KCTpeMaDbHNX runpOilHH8MH'IeCKHX OUeHOK. npocrpaHCTBeHHOe pacnpe

neneHHe 30HbJ CiKaTHA He 11~1eer ¢opMhi Knaccu•JeCKoro KoHyca Maxa. HapA

ilY C 30HOA CiK8THA OT~!e'laeTCA cymeCTBOB8HHe 30Hbl paapeiKeHHA, DpHBD

ilAWeA K 3tjltjleKTy THDa "MepTBOA BOJJN". 06cyiKJJa~TCA xapaKTepHCTHKH 

ITHOHHOH KOMITOHeHTbi, 06pa3 OB8HHOH B AilepHblX CTODKHOBeHHAX np11 penA

THBHCTCKHX 3HeprHAX. 

P a6ora BornonHeHa B Jla6oparopHH reopeTH'IeCKoli qcH3HKH 011 HH. 

fipenpBHT 06WJUIHeHHOrO BHCTBTYT& IJlepHWX HCCJJeJlOB&HBi. J{y6H& 1977 

Gudima K.K. et al. 

Evolution of the Compressed Zones in 
Collisions of Nuclei at Relativistic 
Energies 

P2 - 10769 

On the basis of a relativistic intranuclear-cascade 
model reproducing a great amount of experimental data, 
the space-and-time evolution of the compressed zone 
formed in head-on collisions of two nuclei is investigat
ed. The maximum compression achieved turns out to be 
essentially lower than those following from extreme hyd
rodynamic estimations. The spatial distribution of the 
compressed zone has not the shape of the classical Mach 
cone. The existence of a rarefied zone resulting in the 
effect of the "dead water" type is found. Characteristics 
of pions from collisions of nuclei at relativistic ener
gies are discussed. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. 0TKpbiBWHeC.ll B )1.y6He H liepKJIH YHHKaJibHhie B03-

MO)I(HOCTH YCKOpeHH.ll T.ll)l(eJibiX HOHOB BllJIOTb ,!J.O peJI.liTHBHCT

CKHX 3HeprHH YCHJIHJIH HHTepec K HCCJie,!J.OBaHHlO .li,!J.epHOH 

MaTepHH B He06bi'IHhiX YCJIOBH.liX. AKTHBHO o6Cy)I(,!J.aiOTC.ll 

B03MO)I(HOCTH nony'leHH.ll .H.IJ.ep B aHoMaJibHbiX cocTOJIHH.liX I I-3( 
o6uapy)l(eHH.ll .H.IJ.epHoro rr -KOH.IJ.eHcaTa /4-6/ , noucKa Kon

neKTHBHbiX B036y)I(,!J.eHHH THna y,!J.apHOH BOJIHhl, «!JopMHpyeMOH 

B pe3yJibTaTe Heynpyroro CTOJIKHOBeHH.ll .lJ.BYX .li,!J.ep 7~Bo 
BCeX :HHX .liBJieHH.liX O,!J.HHM H3 Ba)I(HeHWHX napaMeTpOB .HB

JI.lleTC.ll BeJIH'IHHa ,!J.OCTHraeMOrO C)l(aTH.ll. 3Ha'IHTeJihHhiH 

HHTepec npe,!J.CTaBJI.lleT TaK)I(e «!JopMa 30Hhl ynJIOTHeHH.ll H 

xapaKTep ee 3BOJIIOUHH. flpOCTbie rH,!J.pO,!J.HHaMH'IeCKHe OUeH

KH, BblllOJIHeHHhle B CB.li3H C npo6neMOH y,!J.apHhiX BOJIH /8-II/, 
He BHyWaiOT OC06oro ,!J.OBepH.ll; YCJIOBH.ll OpHMeHHMOCTH 

rH,!J.pO,!J.HHaMH'IeCKOrO paCCMOTpeHH.ll K .li,!J.po- R,!J.pO CTOJIKHO

BeHH.liM B o6cy:lK,!J.aeMOH o6naCTH 3HeprHH COMHHTeJibHbl, He 

H3BeCTHO ypaBHeHHe COCTO.liHH.ll CHJihHO C)l(aTOrO "rop.H'Iero" 

.li,!J.epHOrO BeJ.UeCTBa/12~J-f3- 3a CJIO)I(HOCTH paccMaTpHBaeMOH 

Ja,!J.a'IH B3aHMO,!J.eHCTBH.ll .IJ.BYX .li,!J.ep npHMeHHMOCTb rH,!J.po

,!J.HHaMH'IeCKOro HJIH JII06oro ,!J.pyroro OO,!J.XO,!J.a He MO)I(eT 

6hiTh cTporo u nonHOCTbiO ofrocHoBaHa a priori. PewaiOmee 

CJIOBO 3,!J.eCh OCTaeTC.ll 3a 3KCOepHMeHTOM. ~aKTH'IeCKH, 

.IJ.O nocne.IJ.Hero apeMeHH He 6Lmo npoBe.IJ.eHo np.HMoro co

nocTaBneHH.ll pe3y1IbTaTOB rH,!J.pO,!J.HHaMH'IeCKHX paC\feTOB 

c onbiTOM, noJBOJI.HIOIUero CY.lJ.HTb o cnpaae.n.nuBOCTH 3Toro 

OO,!J.XO,!J.a K OOHCaHHlO CTOJIKHOBeHHH Me:lK.IJ.Y .li,!J.paMH *. 

*flepBbiM warOM B 3TOM HanpaBJieHHH MO:lKHO C'IHTaTh 

He,!J.aBHlOlO pa6oTy /l 3/, r,!J.e 06Cy:lK,!J.aiOTC.ll HHKJII03HBHhle 

cneKTpbi npoTOHOB H3 peaKUHH 20 Ne + 238 U, uo npu 

"yMepeuuoii" 3Hepruu T 0 = 250 M3B/HYKA. Mhl 6naro.IJ.apHhl 

,lJ.:lK. P .HHKCY 3a npe,!J.OCTaBJieHHe HaM 3TOH CTaTbH. 
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B AaHHoii craTbe o6cy)!(.IJ:aiOTCH C)f(aTHe H.IJ:epHoro Be

mecTBa H npOCTpaHCTBeHHO- BpeMeHHa.H 3BOJ1IOUH.8 30Hhl 

C)f(aTHH npH UeHTpaJJbHhiX COy.IJ:apeHHHX Ha OCHOBe pa3BHTOH 

paHee KacKa.IJ:HOH MO.IJ:eJJH 114 •15/. He3aBHCHMhie nonhiTKH 

OUCHHTh CTeTieHb C)f(aTHH H.IJ:Cp B paMKaX KJJaCCH'leCKHX MO

.IJ:eJJeH HerHAPO.IJ:HHaMHtiecKoii rrpHpO.IJ:hl 6wnH rrpe.IJ:ITPHHHThl 

TaK)f(C B pa6oTaX / 16 •171.XOT.8 JTH MO.IJ:eJJH TO)f(C HCXO.IJ:HT 

H3 MHKpOCKOTIH'leCKOrO /KHHCTH'leCKOro/ paCCMOTpCHHH 

H.IJ:CPHOH peaKUHH, HO OHH peaJJH3YIOT ynpOJ.UCHHYIO CXeMy 

B3aHMO.IJ:eiicTBHH 6e3 ytieTa PH.IJ:a Ba)f(HhiX JlPlPCKTOB/B Y:acT

HOCTH, ITpHHUHDa flayJJH, DpOUeCCOB Me 30H006pa30BaHHH/. 

KpoMe Toro, B pa6oTax 1 16 •17 I rroJJHOCThiO oTcyrcTByeT 

cpaBHCHHe pe3yJ1hTaTOB pacY:eTa C H3MepeHHhiMH Ha ODbiTe 

xapaKTepHCTHKaMH H.IJ:epHOH peaKUHH, Y:TO OCTaBJJHeT OT

KpbiThiM BOITpOC 0 CTCITCHH COOTBCTCTBHH ITOJJYY:CHHh!X /Mo

.IJ:eJJbHblX/ OUeHOK C)f(a THH peaJJbHhlM 3HatiCHHHM. 

2. B MO.IJ:eJJH BHYTPHH.IJ:epH<Jro KacKa.IJ:a B3aHMO.IJ:eiicTBHe 

.IJ:BYX H.IJ:ep rrpH BhlCOKHX 3HeprHHX BhlrJJH.IJ:HT KaK rrpouecc 

coy.IJ:apeHHH .IJ:BYX o6naKOB raJa. IlpH JTOM yY:TeHhi .IJ:H¢lPY3-

HOCTh ITJlOTHOCTH H.IJ:pa H H.IJ:epHoro ITOTCHUHaJJa, J¢$eKT 

nopenueacKoro c:>KaTHH, npHHUHIT IJaynH, rrpoueccbi pO)!(.IJ:e

HHH 7T ·Me30HOB, a TaK)f(e yMeHbllleHHe Y:HCJJa HYKJ10HOB 

CHapH.IJ:a H MHllleHH ITO Mepe pa3BHTH.H BHyTpHH.IJ:eptiOrO KaC

Ka,D,a. )1.JJH CeY:eHHH B3UHMO.IJ:eHCTBH.H H xapaKTepHCTHK CTOJJK

HOBeHHH a.IJ:pOHOB HCITOJ1h30BaHbl arrnpOKCHMaUHH HMeiOJ.UHXCH 

JKcrrepHMeHT aJJhHhiX .IJ:aHHhiX /181. KacKa.IJ: nocne.IJ:oBa TeJJhHO 

ITpOCJle)f(HBaJJCH BO BpeMCHH C TIOMOJ.UhlO MCTO.IJ:a MonTe

Kapno. )1.eTanhnoe orrHcaHHe MO.IJ:eJJH rrpHBe.IJ:eno B pa6o

Te 115/. 
Cne.IJ:yeT rro.IJ:tiepKHYTh, 'ITO npe.IJ:JJO)f(eHHhiH aapHaHT MO

.IJ:CJJH XOpOIUO BOCITpOH3BO.IJ:HT pa3H006pa3HhlC xapaKTepHCTH

KH H.IJ:CpHhlX peaKUHH /cM./ 15 •19/ /. IJpHMep corJJaCHH C 

JKcrrepHMeHTOM .IJ:JJH peaKUHH 16 0+ AgBr rrpH JneprHH nep

BHtiHoro ITYY:Ka HOHOB KHCJJOPO.IJ:a 2 F:JB/NYK/1. rrpHBe.IJ:CH 

Ha puc. J. PactieT BhiiTOJJHeH C TO'IHhiM C06J1IO.IJ:eHHeM ycno

BHH JKCnepHMeHTa I 201. KacKa.IJ:HaH MO.IJ:eJJh rrepe.IJ:aer KaK 

lPOPMY, TaK H a6COJ1IOTHYIO BeJJH'IHHY 06Cy)!(.IJ:aeMOH xapaKTe

pHCTHKH. Ha6JJIO.IJ:aeMoe Ha puc. 1 OTKJJOHeHHe OT "rJJa.IJ:KOH" 

KPHBOH B6JJH3H yrna 0 ~ 50°HHTeprrpeTHpoaanocb B pa6o-
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Puc. 1. YzAoeoe pacnpeoeAeHLJe npono11oe c :mepzueu Meub
zue 450 M3B e 38e30ax ROepuou diono:JMYAbcuu c nh-::.28, 
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zpaMMQ - npeocr.a3auu.11 1iQC1iaOuol7 MoOeAu, not.tKU - ar.cne
puMellrt /20,. 
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20/ 
Te1 KaK B03MO)J{HOe npOHBJieHHe 3$dJeKTa y.n.apHOH BOJIHbl. 

J10;IHbiH aHaJIH3 HMeiOili,HXCH 3KCnepHMeHTaJibHbiX )J,aHHbiX 

no HCynpyrHM CTOJIKHOBeHHHM )J.B)'X ll)J,ep, BKJIIO'iaH nonbiTKH 

o6uapy)J{eHHll ll)J.CpHbiX y.n.apHbiX BOJIH, BbiiiOJIHeH Ha OCHOBe 

uarueH: Mo.n.enH B pa6oTe /I~,;, 

Hennoxoe KOJIH4eCTBeHHOe COrJiaCHe C OnWTOM, KOTO" 

poe o6ecne4HBaeT KacKa.n.naH Mo.n.enh .D.JIH pa3JIH'iHbiX xapaK

TepHCTHK, BKJII04aH /CM. puc. Jj C06hiTHH, OTBe4a!Qili,He 

"u,eHTpaJihHOMy" coy.n.apeHHIO H)J.Cp, .n.aeT OCHOBaHHe HCnOJih" 

30BaTh 3T)' MO)J.eJih H l~JIH paC4eTa TIJIOTHOCTH l.JaCTHU., 

peaJIH3)'lOili,CHCH B TaKHX CTOJIKHOBCHHHX. flpH 3TOM HCCJie

.D.YKHCH B OCHOBHOM Te )J{e peaKU,HH, KOTOpbiC 06C)')J{)J,aJIHCh 

HaMH B I IS/ B CBH3H c aHaJIH30M 3KcnepHMeHTOB no noHcKy 

y.n.apHbiX BOJIH. B .n.amwii pa6oTe Mhi orpaHH4HMCH paccMoT

peuueM JIHlllh U,eHTpaJibHhiX CTOJIKHOBeHHH. 

3. MaTeMaTH'ieCKOH OCHOBOH KaCKa)J,HbiX MO)J,eJieH liB" 

JllllOTCll ypaBHeHHH 60Jibli,MaHOBCKOrO THna )J,Jlll O)J,HO'iaCTHl.J· 

Hoii d>YHKU.HH pacnpe.n.eneHHH f(r, Il, t l, HopMHponannoii TaK, 

'iTO 

p(;,tl= Jdpf(;,p,U, /1/ 

r.n.e p (;, t) - HHTepeC)'IOill,aH HaC JIOKaJihHaH nJIOTHOCTh l.Ja· 

CTHU. Haii.n.eHHhJe no N 0 He JaBHCHMhiM HCnhnaHHHM d>YHKU.HH 

1\jo 
--t -) 1 --+ --J> 

pacnpe)J,eJICHHH f(r,p,t).=- -~.~ fi (r,p,t) H, COOTBeTCT" 
~~ () I =I 

BeHHO, nJIOTHOCTb 'iHCJia 'iaCTHU. p(f:tl CHJibHO cPJIIOKT)'Hp)'IOT. 

flo3TOM)' HC06XO)J,HMO ycpe)J.HHTh HX no MaJIOMY 06beMy 

B6JIH3H T04KH r B Ka)J{)J,blH Bbi6paHHhiH MOMeHT BpeMeHH t . 

11cnOJih3)'H li,HJIHH)J.pH'iCCK)'lO CHMMeTpHIO 3a)J,a'iH, )')J.06HO 

pa36HTh BeCh 06'hCM B3aHMO)J,CHCTB)'lOili,HX JI)J,ep Ha H4CHKH 

C ruarOM '~ Z no OCH CTOJIKHOBCHHH z H TOJIIli,HHOH li,HJIHH.D.

pH'iCCKoro KOJihU.a ~r . Pa36HeHHe nwnonHeHo B na6opa

TopHoH: CHCTCMC KOOp)J.HHaT C BW60pOM '~Z =/0,3-0,5/ 4>M 
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H Ar = 0,5 4>M, o6ycnonneHHbiM ueo6xo.n.HMOCTbiO HMeTb 

npe.n.cTaBHTCJibHYIO BbJ60pKy B Ka)J{)J,OH H'iCHKe * . 
Ha puc. 2-5 noKa3aHbi "MoMeHTaJibHbiC ¢oTorpa$HH" 

BCJIH'iHHW OTHOCHTCJibHOH nJIOTHOCTH 4HCJia 'iaCTHll, 

p (r,z,t)/ p O )J,JIH pa3JIH4HbiX .H.D.CpHhiX KOM6HHaU,HH npH 

.n.nyx 3Ha'ieHHHX 3HeprHH 6oM6ap.n.HpyiOmHx HOHOB T
0 

.BpeMH 

.n.auo B C)J,HHHU,aX 10-23
c, Po =0,18 HYIU1.•4>M-·1 - nJioT

HOCTb H)'KJIOHOB B li,CHTpe H)J,pa-MHlllCHH )1,0 CTOJIKHOBCHHH. 

Ha pHCYHKax yKa3aHo TaK)J{e OTHOCHTeJibHoe nono)J{eHHe 

CTaJIKHBaiOili,HXCH H)J.Cp B Ka)J{)J,biH paccMa TpHBaCMbiH MOMeHT 

BpeMeHH t . 

Cne.n.yeT no.n.4epKHYTb, '-ITO "HCTHHHhie" 3Ha4eHHH Tep

MO.D.HHaMH4eCKHX xapaKTCpHCTHK, B TOM 'iHCJJe H TIJIOTHOCTH 

'iaCTHll,, )J,OJI)J{Hbl onpe)J,eJIHThCH B C06CTBeHHOH CHCTCMe 

KOOp)J.HHaT . .[(pyrHMH CJIOBaMH, )J,JIH Ka)f()J,Oro Bhi)J,eJICHifOrO 

3JieMeHTa 06'heMa Heo6XO)J,HMO nepeHTH B CHCTeMy, r )J,C 

C)'MMapHbiH HMTI)'JlhC 'iaCTHll, paneH H)'JIIO. flJIOTHOCTh 'iHCJJa 

4aCTHll, B 3TOH CHCTCMe n H3BeCTHbiM o6pa30M CBH3aHa 

C nJIOTHOCThlO B Jia6opaTOpHOH CHCTeMe 

p ~ yn, /2/ 

2 lf: 
r.n.e y = (}-v )-

2 
, V - CKOpOCTh /B e)J,HHHU,aX CKOpOCTH 

CBeTa/ BW)J,eJieHHOro 3JICMeHTa 06'heMa OTHOCHTCJihHO na-

6opaTOpHOH CHCTeMhl KOOIJ~HHaT. TaKHM o6pa30M, y -dJaKTOp 

OKa3bJBaeTCJI pa3JIHlfHbiM )J,JU! Ka)J{)J,OH JI4CHKH. B 3TOH CBH3H 

CJie)J,yeT OTMCTHTb, '-ITO BbJ60p CHCTeMbl U,eHTpa MaCe BMCCTO 

na6opaTopHou, KaK, HanpHMep, B pa6oTax/16,1i/, He o6na

.n.aeT KaKHM-JIH60 npeHM)'Ill,eCTBOM, TIOCKOJibK)' B 060HX 

CJI)''iaHX Mbl 6y)J.CM HMCTb )J,eJIO C "Ka)J{ylli,HMCH", a He 

"HCTHHHhlM" C)J{aTHCM. 

4. 113 paCCMOTpeHHJI "MOMCHTaJibHhiX cPOTOrpadJHH" BH)J," 

HO, 'iTO B XO)J,e 3BOJIIOU,HH 30Hbl C)J{aTHH C)'lli,CCTB)'CT MOMCHT 

tc H npOCTpaHCTBCHHaJI TO'iKa r c , r.n.e C)J{aTHC )J,OCTHraeT 

* l.J:Hcno HCTOPHH No , npocne)J{eHHhiX .D.JIH Ka)J{.n.oH: KOM-

6HHali,HH CTaJIKHBaiOili,HXCH H)J,ep, COCTaBJIHJIO B HalllHX pac

'iCTaX 100-300 H onpe.n.enHJIOCh rnaBHhiM o6pa30M pa-

3YMHhiM Bhl'iHCJIHTCJihHhiM BpeMCHCM. llpH 3TOM B Ka)J{)J,OH 

X'iCHKC HaXO)J,HJIOCh B cpe)J,HCM -100 'iaCTHll,. 

7 



~~-·~Z 

~ £l.Gl.1l_ 
71 p, 

5 

3 

5, 

I 
31 

ld £1 

'''® 

s! EJ!...L!l p. 

3. 

~~~~ 

_z ~~ 

st~u 
I P. 

3; 

1'7 8e 

_z --

~ 
Puc. 2. Ilpocmpa11cmee11Ho- epeMe11110e pa3eumue 30Hbl cJKa
muR npu t~e11mpallb1IOM coyoape11uu Roep 160+ I0

7Ag. 311epzuR 
6oM6apoupyJO~ezo Ropa 1'0 = 2,1 T3B/11YKII. /eM. meKcm/. 

8 

.. 

.. 

71' El!L!l p, 

5, 

5(~ 

3. 

5 ~ ..£1i..LU p. . 

3. 

s' 

''1.58 

..... _z 

''38 

-Z 

5
1 1'i'cW 

p. 

st 2ll...W 
' p, 

,,358 

Puc. 3. To JKe, "'mo u 11a puc. 2, 110 O/IR peaKt~UU 4
He+

107 
Ag 

/2,1 T3B/11YKII./. 

9 



r::: 
1 Pl!_?,tl 

> p, 

.£l!..LU 
p, 

sl .EJ"'..Ltl ' p. 

c; I .Ei!L1.l 
-" p, t•L@ 
]"~ ,41f1: 
st .EJU..U 

;. Po !•58 

s' .PJ_r_z_.U_ 
' p, 

Puc. 4. To JKe, 'lmo u Ha puc. 2, HO O/I.R peaKIJUU 4He+ 107 Ag 
/0,5 T3B/HYKA./. 

10 

lf 
I 

~ 

J 

I El!.lll._ 

3r P. t·Oee 

Sf~ 
f P, 

31 
t•2 Ef3 s[~ 

f ,. 

'M~~~ 
3 ~ 

t•L ffi 

Sl~,l_)_ 
P, 

s[~ 
3t ,. t·7EID 

Puc. 5. To JICe, 'lmo u Ha puc. 2, HO O/I.R peaKtiUU 4°Ca+40 ca 
/0,5 T3B/HYKA./. 

11 



MaKCHManhHOH aenHl.fHHhi, Pmax /p 0 :c:p(;c,tc)/p0 (apeMeHat > tc 

OTBel.faiOT CTaD,HH paJneTa) . TaK, a peaKu,HH 16 O+Ag npu 

T 0 = 2,1 F:JB/Hylul. ( puc. 2 )p /p 0 =8 npu t =4. Cne-
max c 

D,yeT llOD,l.fepKHYTh, l.fTO Ha pHCYHKaX npHBeD,eHa llJIOTHOCTh 

acex l.faCTHu,; npu To :c 2,1 F:JB/HYKA. npoucxoD,HT HHTeH

CHBHoe MeJOH006paJOBaHHe, BKJiaD, T1 -MeJOHOB B BeJIHl.fHHY 

Pmax/ P 0 COCTaBJIHeT 2,0 H 0,5 B peaKU,HHX C HOHaMH 

16Q H 4 He , COOTBeTCTBeHHO. 

)l.mi TOrO l.fT06hi llOHHTh, HaCKOJlhKO BeJIHKU /nnH MaJihi/ 

JHal.feHHH Pmax / p 0 , COllOCTaBUM HX C BeJIHl.fHHaMH, KOTOphie 

llOJiyl.faiOTCH B rHD,pOD,HHaMHl.feCKOM llOD,XOD,e. 0TBeT 6yD,eT 

3aBHCeTh OT Bhi6paHHOrO ypaBHeHHH COCTOHHHH. )l.onycKaH, 

l.fTO 3HeprHH, npHXOD.HI.QaHCH na Oli.HH nyKnoH HD,pa /a co6cT

BeHnoH: CHCTeMe KOOpD,HHaT 3TOrO HD,pa/, MO)I(eT 6hiTh 

npeD,cTaaneHa KaK 

dn=< 1 (v)+l/n. /3/ 

rD,e nepawH: l.fneH a npaaoH: l.faCTH xapaKTepuJyeT C)l(aTue 

HD,pa, a BTOpOH - BOJ6y)I(D,eHHe, ypaBHeHHe COCTOjiHHH, Bhi

pa)l(aiOI.Qee CBH3h D,aaneHHH 'P c TeMnepaTypoH: H nnoT

HOCThiO l.faCTHll,, llpHHHMaeT BHD, 

~p = n 2 (J(d~ I 
dn s=const 

F(l')n o+ 1_<. 
3 

" ch 1 (v) 2 2 
=[,, ~----- -v< (v)J n + -< 

av 3 1 0 ~) 

/4/ 

]D,eCh t•=n/n 0 , llo- llJIOTHOCTh l.fHCJia l.faCTHll, HeBOJMy

I.QeHHOH HD,epHOH MaTepHH /D.JIH HD,pa-MHIIIeHH B na6opaTop

HOH CHCTeMe no"'Po /. 
IlpH llOJiyl.feHHH /4/ Mhl npeD,llOJIO)I(HJIH, l.fTO TennoBaH 

l.faCTh 3Hepruu I HMeeT TaKyiO )l(e JaBHCHMOCTh oT TeM

nepaTyphi H llJIOTHOCTH, KaK H B CJiyl.fae HepeJIHTHBHCTCKOrO 

tlJepMu-raJa, T.e. P=-}1 . EcnHHHTepecoaaThCHnHIIIhou,eH

KOH MaKCHManhHOrO C)l(aTHH, TO MO)I(HO He peiiiaTh rHD,po

D,HHaMHl.feCKHe ypaBHeHHH, a BOCllOJlhJOBaThCH JaKOHaMH 

COXpaHeHHH, JallHCaHHhlMH "Ha CKal.fKe" llJIOTHOCTH, npe-

12 

• 

i 
~ 

i 

t 

j 

I 

He6peraH BOJMO)I(HhiMH 3tlJ4JeKTaMH l.faCTHl.fHOH "npoJpaq

HOCTH" HD,ep, ocna6neHHH CTaJIKHBaiOlli,HXCH llOTOKOB H T .ll. 

11CllOJlhJYH penHTHBHCTCKYIO tlJopMynupOBKY JaKOHOB co

xpaHeHHH l.fHCJia l.faCTHU,, HX 3HeprHH H HMllYJihCa, a TaK)I(e 

ypaBHeHHe COCTOHHHH /4/, D,JIH BeJIHl.fHHhl MaKCHMaJihHOrO 

C)l(aTHH I'm HeTpyD,HO nonyl.fHTh ypaaHenue /13,21/ 

vm(3-5y6+2y0 vm) <o+ 3( t'm -y 0 ). F(vm)= 0, /5/ 

rD,e tO =<
1 

(I/): v= l =IT; 0 +B O- 3HeprHH, npHXOD,HI.QaHCH Ha OD,HH 

HYKJIOH B OCHOBHOM COCTOHHHH HD,pa, KOTOpaH C TOl.fHOCThiO 

11.0 3HeprHH CBHJH B 0 coanaD,aeT c Maceo if cao6oD,Horo 

nyKnoHa m0 • B npu6nH)I(eHHH, 6nHJKOM no tPHJHKe K Kac

KaD,HOH MOD,eJIH, KOrD,a t 1 He JaBHCHT OT llJIOTHOCTH ll 

/T.e. D,nH cnyl.faH tlJepMu-raJa/, ypaaHenue /5/paJpeiiiaeTCH 

HBHO 

I' m 
5 
2Yo 

3 /6/ +-
2 

TaKHM o6paJoM, a HepenHTHBHCTCKOM npeD,ene (y0 ->l), KaK 

H CJieAOBaJIO O)I(HD,aTh D,JIH IlpOCTOrO MOHOaTOMHOrO raJa, 

I'm= 4. Ilpu penHTHBHCTCKHX 3HeprHHX, KorD,a Yo _, "", He 

cylll,eCTByeT npeD,eJihHOH BeJIHl.fHHhl C)l(aTHH: vm CTpeMHTCH 
c:: 

K 6ecKonel.fHOCTH KaK 2 y 0 • HanoMHHM, l.fTO n=vn 0 ecTll 

llJIOTHOCTh l.fHCJia l.faCTHll, B C06CTBeHHOH CHCTeMe H, CJieD,o

BaTeJihHO, llJIOTHOCTh l.faCTHll, B na6opaTOpHOH CHCTeMe 

p npH Yo -.oo 6yD,eT CTpeMHThCH K 6eCKOHel.fHOCTH KaK -Y5. 
IlpH6JIH)I(eHHe tlJepMH- raJa OTBel.faeT npeD,eJihHO MHrKOMY 

ypaBHeHUIO COCTOHHHH H D,aeT HaH60JihiiiHe JHal.feHHH I'm • 

CpeD,H D,pyrHX ypaBHeHHH COCTOHHHH, HCI10JlhJyeMhiX npH 

paCCMOTpeHHH npou,ecca CTOJIKHOBeHHH li.BYX HD,ep, MO)I(HO 

OTMeTHTh CJieD,yiOI.QHe TpH tlJopMhl, "nonyl.feHHhie" HJ: 

(i) 6paKHepOBCKOH TeOpHH HD,epHOH MaTepHH /9/ 

3 1 2 4/3 5/3 
<

1
(v)=a

0
-t-a

1
v +a

2
t-' 

1 +a3 v +a 4v ; /7a/ 

(ii) patlJuuupoaaHHOH MOD,enH )I(HD,KOH Kannu I 1 3 
• 
2 21 

2/3 5/3 
<

1
(d = b

0
+b

1
v +b

2
v + b

3
v /76/ 
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(iiil<benoMenonoruqecKoro y'leTa HAepnoii C)I(HMaeMo

CTH /1 1/ 

(u-ll 
2 

'
1 

(,,) = c
0 

+c 
1

-
1
-,-- /7B/ 

KoncTaHThi JTHX ypaBHCHHH noAo6paHhi TaK, 'IT06hi co

OTHOUJCHHH /7 I AaBaJIH npaBHJihHhie 3Ha'leHHH JHeprHH CBH3H 

HYKJIOHa n 0 ::: -16 M3B H KOJ$$HIJ.HCHTa C)I(HMaeMOCTH 

"XOJIO)J.HOH" 
d

') 
v " -f l 

H,ll;epuou MaTepHH K=Hr' ~--
(),, 2 

300 M3B. 

CpaBHCHHe MaKCHMaJihHhiX C)l(a THH, ou.eneHHhiX cornacno 

/5/ C HCllOJih30BaHHCM pa3JIH'IHhlX ypaBHCHHH COCTOHHHH, 

,ll;aHO Ha puc. 6. l.J.T06hi COllOCTaBHTh C 3THMH 3Ha'ICHHHMH 

pe3yJihTaThl KaCKa,ll;HhiX paC'ICTOB, HC06XO,ll;HMO llOCJIC,ll;HHC 

noAeJIHTh na y -<baKTop. KaK BHAHO H3 puc. 2--5, na cTaAHH 

C)l(aTHll OTCTaBaHHC 30Hhl MaKCHMaJihHOrO C)l(aTHH OT 6oM-

6ap,ll;Hpym~ero ll,ll;pa HCBCJIHKO H MO)I(HO llpH6JIH)I(CHHO no

JIO)I(HTh y =Yo = 1 + To/m 0. nony'ICHHhiC TaKHM o6pa30M 

OIJ.CHKH ,ll;Jlll BCCX paCCMOTpCHHhiX peaKIJ.HH CBC,ll;eHhl B 

ma6Aut~e. Cne,ll;yeT JaMeTHTh, ttTo JTa ou.enKa necKOJihKO 

3aHH)I(CHa, nocKOJihKY y::: Yo. 

Ta6Aut~a 

MaKCHMaJibHall BCJIH'IHHa JJOKaJihHOrO C)l(a THH, npe,ll;CKa-

3hlBaeMaH KaCKa,ll;HOH MO,ll;CJihhl. flpHBC,ll;CHhl 3Ha'ICHHH AJIH 

HYKJIOHHOH KOMllOHCHThl. YKa3aHHhlC B 6Ko6KaX BCJIH'IHHhl 

OTHOCHTCH KO BCCM ttaCTHIJ.aM, BKJihl'laH TT - MC30Hhl. 

PeaKIJ.HH 

16 O + 107 Ag 
4 He+ 107 Ag 

4 He+ 107 Ag 
40 Ca + 40 Ca 

T 0 
F"3B/ HYKA. 

2,1 
2,1 
0,5 
0,5 

Prnax/Po ''m= n/n 0 

6,0/8,0/ 1,9/2,5/ 
5,0/5,4/ 1,6/1,7/ 
3,6/3,6/ 2,4/2,4/ 
4,1/4,6/ 2,7/3,0/ 

BHAHO, 'ITO nepexoA oT Jneprnu To= 0,5 K 2,1 F3B/HYKA. 
HC llpHBO,ll;HT K YBCJIH'ICHHhl V m• a 3Ha'ICHHH, KOTOphiC ,lJ.ahlT 

KaCKaAHhle pacttCThl, Cy~CCTBCHHO HH)I(C 3KCTpCMaJihHhlX 

14 

l 
t 
l 

I 

\b 

9.0 

6.0 

3.0 

1.0 L--..L--'--~'----'--'----L-"'---'---'--'--..L-..L--L..--J 
0 0.6 1.2 1.8 T0 , f38/uyKn. 

Puc. 6. 3Hep2emu'tecKaJt 3aeucuMocmb 3KcmpeMaAbllbiX 3Ha
'leHuu cxamuR, oocmu2aeMbiX npu cmoAKHoeeHuu oeyx JtOep. 
Kpuebze 2,3,4 noAy'leHbl c ucnoAb3oeaHueM ypaeHeHuu 
cocmoRHUR /7a/, /76/ u /7e/ coomeemcmeeHuo. Kpuea.R 1 
omee'taem npu6AuJKeHu10 (JepMu- 2a3a /ypaeHeuue /6//. 

rH,ll;pO,ll;HHaMH'ICCKHX OIJ.CHOK * . flpH'IHHa 3TOrO 3aKJihlttaCTCH 

B AOBOJihHO BhiCoKoii u B03pacTam~ei c yBenutteHHCM T 0 
npo3pa4HOCThhl H,ll;Cp, a TaK)I(C C BJIHHHHCM npou.ecca pO)I(,ll;C-

* lftnepeCHO OTMCTHTh, 'ITO KHHCTH'ICCKHC pacttCThl ,ll;a)I(C 

B ynpOIIJ.CHHOH dJopMe ,ll;ahlT 3Ha4CHHH yllJIOTHCHHH cy~eCT
BCHHO HH)f{C MaKCHMaJihHO ,ll;OCTH)I(HMhiX. HanpHMCp, MO,ll;CJih, 

paccMaTpHBam~aH neynpyroe B3aHMOACHCTBHe ABYX HACP 

KaK CTOJIKHOBCHHC ABYX BCTXHX "MCUJKOB", HallOJIHCHHhiX 

KJiaCCH'ICCKHMH )f{CCTKHMH ~a~1;1KaMH, llpC,ll;CKa3hiBaCT MaK

CHMaJibHOC C)l(a THC 1' m = 3 ' 1 /. 3KCTpeMaJihHaJI BCJIH'IHHa 

MO)I(CT 6hiTh OIJ.CHCHa H3 paCCMOTpCHHH HaH60JICC llJIOTHOH 

/"KpHCTaJIJIH'ICCKOH"/ ynaKOBKH TaKHX UJapOB, 'ITO ,ll;aCT 
j 

n! Il O = \ 12";1 s , r AC S - paCCTOJIHHC MHHHMaJihHOrO C6JIH-

)I(CHHH MC)f{,ll;y UJapaMH, paBHOC HX ,ll;HaMeTpy. )J,JIH 3Ha'ICHHH 

S = /1,0-;-0,8/ <I>M llOJiyttaCM 3KCTpeMaJihHhiC OIJ.CHKH l/m B 

HHTCpBaJie /8-::-16/. 
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HH.!l 77 - Me30HOa. KpoMe TOrO, H3- 3a KOHe'IHOCTH paCCMaT

puaaeMbiX CHCTeM CTaJlKHaaiO~HeC.!l ITOTOKH l.JaCTHII 3aMeTHO 

o6e.LJ.H.!IIOTC.!l. Manoe qucno HYKJIOHOa a 6oM6ap.LJ.HPYIOIIIeH 

a - l.JaCTHIIe He MO:>KeT ahl3aa Tb CTOJib :>Ke pa3aHTYIO JiaaHHY 

aHyTpH.!l,lJ.epHbiX HYKJIOHOa a MHllleHH, KaKyiO abi3biBaeT .!l.LJ.pO 
16 0 lcp. puc. 2 H 31. C .LJ.pyroH CTOpOHbl, 6oM6ap.LJ.HPYIOIIIHH 

HOH 16 0 .LJ.O MOMeHTa t c aoaJieKaeT ao aJaHMO,lJ.eHCTaHe 

npaKTH'ICCKH ace HYKJIOHbl, HaXO,lJ..!l~HeC.!l B "Tpy6Ke" C 

pa.LJ.HYCOM, paaHbiM pa.LJ.HYCY .!l,lJ.pa-cHap.!l,lJ.a, H .LJ.JIHHOH OT 

TO'IKH aXO,lJ.a a .!l,lJ.pO-MHIUeHb ,lJ.O rc . fi03TOMY npH ,lJ.aJibHeH

IUeM noabiiUeHHH 3Hepruu poeT pma/P 0 6y,lJ.eT npoHCXO.LJ.HTb 

JIHlllb 3a C'IeT 77 -Me 30HHOH KOMITOHeHTbl. )l.OJI.!l HyKJIOHOa 

H3 "Tpy6KH", aOaJiel.JeHHa.!l ao a3aHMO,lJ.eHCTaH.!l Ha MOMeHT 

t c , ,Il,JI.!l peaKIIHH, HHHIIHHpoaaHHbiX a - l.JaCTHIICH, COCTaa

JI.!leT 25 H 50o/o npu 3HeprHHX 0,5 u 2,1 T3B/HYKA. CooT

neTcTayiOu{a.!l aeJIH'IHHa .LJ.JI.!l peaKIIHH 4°C_a + 4°Ca paaHa 

300/o. TaKHM o6pa30M, ,lJ.JI.!l ITOHCKa KOJIJieKTHaHbiX 3$4JeKTOa 

THITa y,lJ.apHOH aOJIHbi, no-aH,lJ.HMOMy, 6onee llO,lJ.XO,lJ..!lllleH 

.HaJI.HeTCH o6nacTb yMepeHHbiX 3HepruH: 'JD < 1 F3B/HYKA. 

5. lfTO KaCaCTCR xapaKTepHCTHK npOCTpaHCTaeHHOrO 

pacnpe,lJ.eneHHR p(r,z,tl/p 0 , To, KaK aH.D.HO H3 puc. 2-5, 

06JiaCTb C:>KaTHR CHJibHO 1IOKaJlH30aaHa H HMeeT pa3Mephl 

nop.H.LJ.Ka cpe.LJ.Hero cao6o)J.uoro npo6era HyKnoua n ueaoJ-

My~eHHOH R,lJ.epHOH MaTepHH A= l/ap 0 • 3Hal.JeHHC p /p O max 
,lJ.OCTHraeTCR Ha paCCTO.!IHHH -· (273)A OT TO'IKH aXO,lJ.a .!l,lJ.pa-

CHap.H,lJ.a a MHllleHb. 11HTepeCHO OTMCTHTb, 'ITO BJIHJIHHe 

npHHIIHITa IJayJIH Ha OlleHKY A OKa3biBaeTC.!l Ba:>KHbiM ,lJ.a:>Ke 

npH 3nepruu T0 = 2,1 F3B/HYKA. )l.eH:cTaHTeJihHO, npu 3Toii 

3neprHH ynpyroe pacceRHHe HYKJIOHoa HMeer .LJ.H¢paKuHoH

HbiH xapaKTep H CHJibHO KOJIJIHMHpoaaHO anepe,lJ,. 0,1J.HaKO 

MaJihie nepe.LJ.a'IH 3nepruu npu pacceRHHH nyKJIOHoa 3anpe111e

Hbi npunuunoM Ilaynu. TaKHM o6pa30M, oKa3hlaaercR, 'ITO 

cpe,lJ.HHH cao60.LJ.HbiH npo6er HYKJIOHOa 3¢<lleKTHaHO onpe,lJ.eJIR

eTC .!I He Cel.JeHHeM llOJIHOrO a3aHMO,lJ.eHCTaH.!l, a JIHlllb He

ynpyrHM cel.JeHHeM. B pe3yJibTate npu o6oux 3Ha'IeHH.!IX 

3Hep!"'HH To 3¢¢eKTHaHbie npo6eru oKa3biBaiOTCJI 6JIH3KHMH 

H paaHbl A ~ 2 C/>M, HeCMOTpR Ha 3aMeTHYIO pa3HHIIY a llOJI

HbiX Cel.JeHH.!IX a3aHMO,lJ.eHCTaHH cao60.LJ.HbiX HYKJIOHOa. 

YKa3aHHbiH Macrnra6 HeO.LJ.HOPO.LJ.HOCTeii A npocTpaHCT

BeHHOrO pacnpe,lJ,eJICHHR 30Hbl C:>KaTHJI V'p{r,t) anOJIHC cpaa-

16 

HUM C pa3MepaMH .!l,lJ.epHOH CHCTeMbi, 'ITO He ll03BOJI.!leT 

BaO,lJ.HTb rH,lJ.pO,lJ.HHaMH'IeCKOe paCCMOTpeHHe npouecca 

CTOJI.KHOBeHH.!l ,lJ.ayx .!l,lJ.ep Ha ypoaHe HYKJIOHHbiX COCTaaJI.HIO-

* ~HX 

<l>OpMa 06JiaCTH C:>KaTH.!l H ee apeMeHHOe pa3BHTHC aecb

Ma OTJIH'IaiOTC.!l oT KJiaccuqecKoro KoHyca Maxa. Cne,lJ,yeT 

llO,lJ.'ICpKHYTb, 'ITO a CHJIY 6biCTporo 3aTyxaHH.!l aMITJIHTY.LJ.bi 

C:>KaTH.!l Ha CTa,lJ.HH pa3JICTa nepeXO,lJ. K 6onee T.!l:>KeJibiM MHIUe

H.!IM CY~CCTaeHHO He H3MeHHT CHTyauHIO H He 06ecne'IHT 

ycJIOBHH "cnp.!IMJieHHH" o6pa3yiO~ux i<oHyca .LJ.Jl.!l npu6nu

:>KCHH.!l ero <lJopMbl K MaxoacKoif. 

flpOXO:>K,lJ.CHHe .!l,lJ.pa- CHap.H,lJ.a qepe 3 MHlUCHb COllpOaO:>K,lJ.a

CTC.!l o6pa3oaaHHeM HC TOJlbKO 30H C:>KaTH.!l R,lJ,epHOrO ae

~CCTBa, HO H 30H pa3pC:>KCHH.!l. fiOCJlC,lJ.HHC XOpOlUO llpOCJlC

:>KHaaiOTC.!l llpll CY~CCTaeHHOM pa3JlH'IHH pa3Mepoa CTaJlKU

aaiO~HXC.!l .!l.LJ.CP .LJ.Jl.!l apeMen t >tc . JI.LJ.po-cHap.H.LJ. KaK 6bi 

OCTaan.HeT a .!l,lJ.epHOH MUIUeHH CJle,lJ. a au,lJ.e 06JlaCTH ITOHH

:>KCHHOH nnoTHOCTH l3¢¢eKT "MepTaoii ao.LJ.M"I. KaK an.LJ.HO 

113 puc. 2-5, 3TOT 3$4JeKT MO:>KeT llpO.!laUTbC.!l npu H3MCpCHHH 

xapaKTepUCTHK KaCKa,lJ.HbiX l.JaCTHII ,lJ.Jl.!l yrnoa abiJlCTa 0'>77/2. 
6. B3aHMO.LJ.eHcTaue R.LJ.ep npu penHruaucTcKux 3Hepru.Hx 

xapaKTepH3YCTC.!l HHTeHCHaHbiM Me30H006pa3oaaHUeM. KaK 
~ I 

y:>Ke OTMe'laJIOCh, aKJla,lJ. ITHOHHOH KOMITOHCHTbl a flm ax I Po ,lJ.JI.!l 

peaKuuu 16 0 + 107 Ag IT 0 = 2,1 F3B/HYKA./ cocTaan.HeT 

p 77 (r~,tc)/p 0 :::2. Cpe.LJ.nee •mcno 77-MeJoHOB Ha aKT 

uenTpaJibHOrO COy,lJ.apeHHR a MOMeHT pa3,lJ.eJICHH.!l .!l,lJ.ep (t=7) 
,lJ.OCTHraeT 20, H3 HHX 75o/o o6pa3yeTCR Y:>KC K MOMeHTY 

t= tc.IlpH 3TOM, KaK aH,lJ.HO 113 puc. 7, rr -Me30Hbl CHJibHO 

crpynnHpOBaHbl H ,lJ.eMOHCTpHpyiOT HeKyiO "KOJIJieKTHaHOCTb" 

noae.LJ.CHH.!l. B cnyqae cTonKHoaenuR ,IJ,ayx .H.LJ.ep 4°Ca npu 

10= 0,5 F3B/HYKA. nnornocTb 77 -Me3onoa Mana, no ux 

nonHoe I cpe.LJ.neel qucno a MOMeHT pa3nera TaK:>Ke aeChMa 

aHylllHTCJlbHO - 4. 

* 06hi'IHbiH cnoco6 npeo,lJ.onenu.H 3TOii TPY.LJ.HOCTH - aae.LJ.e
HUe HeKOTOpbiX <lJHKTHaHbiX l"narpaH:>KeBbiX"I 'laCTHII. Ho 
npu 3TOM He06XO,lJ.HMO ,lJ.OllOJIHHTeJihHO npe,lJ.ITOJlO:>KHTb cy~e
CTaoaaHHe TepMO,lJ.HHaMH'ICCKOrO paaHoaeCHR Me:>K.LJ.Y Jiar
paH:>KeabiMH H .!l,lJ.epHbiMH l.JaCTHIIaMH HJIH ITOCTYJIHpoaaTb 

MeXaHH3M 06MeHa 3Heprue8 Me:>K.LJ.Y HHMH. 
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B 3TOH CB.JI3H He06XO,D;HMO OTMeTHTh, qTO CHJihHa.JI 

JIOKaJIH3a:QH.JI 7T -Me30HOB H npO.HBJieHHe HMH "KOJIJieKTHBHhiX 

CBOHCTB" MoryT cyi:QecTBeHHO noBJIH.JITL Ha ycnoBH.JI <lJa-

30BOrO nepeXO,D;a .H,D;pa B COCTO.JIHHe TT -KOH,D;eHCaTa. C p;py

rOH CTOpOHhl, npe,D;CTaBJI.JieT HHTepec 3KCnepHMeHTaJihHOe 

H3yqeHHe xapaKTepHCTHK llHOHHOH KOMllOHeHThl BTOpHqHhlX 

qacTHU, reHepHpyeMhlX B BhlCOK03HepreTHqeCKHX .JI,D;po

.JI,D;pO CTOJIKHOBeHH.JIX, r,D;e MO:>KHO O:>KH,D;aTh .HpKHX OTKJIOHe

HHH OT npe,D;CKa3aHHH KacKa,D;HOH MO,D;eJIH, qTO, B CBOIO 

oqepe,D;h, ll03BOJIHJIO 6hl BeCTH ueneHanpaBJieHHhlH llOHCK 

.JIBJieHHH TT -KOH,D;eHCa:QHH HJIH aHOMaJihHhiX .JI,D;epHhlX CO

CTO.JIHHH. 

ABTOPhl 6naro,D;apHhl )l;.ll.liJIOXHH:UeBy 3a BHHMaHHe K 

,D;aHHOH pa6oTe. 
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