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0 MeXaHH3Me <jlparMeHT8UHH penSITHBHCTCKHX TSI)!(enbiX IIOHOB 

flpeAnO)!(eHa MOAenh, 06'bSICHSIIOIIWSI OCHOBHbie 38KOHOMepHOCTII IIOBeAeHIISI 

Ce'IeHIISI <jlparMeHT8UIIH penSITIIBHCTCKHX TSI)!(enbiX HOHOB, BKnJOqag HX 

OTHOCIITenbHhie BbiXOAhi, flpOA8MOHCTpHpOBaHa aHanOPIISI 3TOPO IIpouec\:::a 

C COOTB€TCTBYIOWHMH peaKUHSIMH HepenSITIIBIICTCKHX HOHOB, 

llpenpHHT 06be,QHHeHHOrO HHCTHTyTa H.QepHbiX HCCJie.QOBaHHti 

,ll,y6Ha 1975 

Lukyanov V.K., Titov A.I. P2 - 8528 

On the Fragmentation Mechanism of Relativistic 
Heavy Ions 

A model is suggested which explains the main regula
rities of the behaviour of the fragmentation cross section 
of relativistic heavy ions including their relative yields 
The analogy of this process with the corresponding reac
tions of nonrelativistic ions is shown. 
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B ~aHHoi pa6oTe c~enaHa non~TKa npoaHanH3HpoBaTL 
3KcnepaMeHT~ XeKMaHa H ~p. /1/ no 4JparMeHTaUHH peng

TBBHCTCKHX HOHOB KHcnopo~a / E = 2,1 F3B/HYKAOH/ Ha 

6epannHeBOB MHWeHH 16 0 +Be -> AC+X,B KOTOp~X H3MepJinHCL 

cneKTp~ H30TonoB yrnepo~a c A =9 -:-15 . B ycnoBHJIX ~aHH~X 

3KCnep&MeHTOB OKa3anoCL, qTO cpe~HHe CKOpOCTH HOHOB 

nyqKa H perHCTpHpyeM~X 4JparMeHTOB Ac COBna~aiOT, a 

pacnpe~eneHHJI K8.)1(~oro H3 4JparMeHTOB no HMnynLcaM p
11 

H 

Pjf_ B CHCTeMe nyqKa O~HHaKOBLI H HMeiOT WHpHHy, xapttK

TepHYIQ ~nJI BHYTPHH~epH~X HMnynLCOB -140M3B/c.llepBoe 

03HaqaeT, qTo nO~XBaT qacTHU H3 MHWeHH no~aBneH H 

4JparMeHTHpyeT C06CTBeHHO na~aiOIUHB HOH, a BTOpOe - qTo 

B ~aHHOB peaKUHH CyiUeCTBeHHYIO ponL HrpaeT MeXaHH3M 

CTaTHCTHqecKoro HcnycKaHHJI 4JparMeHTOB. Bee 3TO n03BO

nHeT paCCMOTpeTL cne~YIOU(YIO MO~enL peaKUHH. llpouecc 

4JparMeHTaUHH H~eT B ~Be cTa~HH. Ha nepBoi penJITHBHcT

cKai HOH B036y>K~aeTCJI B peJynLTaTe nepa4JepaqecKoro 

CTOnKHOBeHHJI C Jl~pOM - MHWeHLIO /OH MO>KeT TaK>Ke OT~aTL 
qacTL HyKnOHOB/ H npO~On>KaeT ~BHraTLCJI CO CKOpOCTLIO, 

6nH3I<Oi K nepBoHaqanLHoi. CooTBeTCTBYJOIUYJO BepoHTHOCTL 

0603Haq&M Wic • Ha BTOpOB CTa~HH HOH pacna~aeTCJI Ha 

neTy, HcnycKaJI C BepOJITHOCTLIO W c{ COOTBeTCTBYIOIUHe 

4JparMeHT~. Tor~a nonHaJI BepoHTHOCTL Bcero npouecca 
4JaKTOpH3yeTCJI B B~e 

w= w. • w c 
IC C /1/ 

TenepL oqeBH~HO, qTo B CHCTeMe nOKOJI HOHa cneKTPLI no 

p II B p .1.. ~nJI Ka>K~OrO H3 4JparMeHTOB ~On>KHLI COBna~aTL. 
JaMeTHM, qTo B /1/ Ha6nro~anaCL 4JaKTOpH3aUHJI ceqeHHJI 

c BLI~eneHHeM MHO>KHTenH MY , r~e M - Macca H~pa -Ma

weHH, a y = 0,256 onpe~eneHa H3 3KcnepHMeHTa. B ~aHHoi 
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MO,IJ;enH, Y'IHTbiBaJI nepHcilepHHHbiH xapaKTep B3aHMO,IJ;eH

CTBHJI HOHa C .II,IJ;pOM, MO:lKHO C'IHTaTL, 'ITO Ka'leCTBeHHO 

ceqeHHe 6y.neT nponopuuoHanLHO pa.nuycy JI,D;pa-MHWeHH R , 
TO eCTh y = 1/3. 0,IJ;HaKO HCTHHHbiH xapaKTep 3aBHCHMOCTH 

MO)KHO BbiJIBHTL. TOJILKO Ha OCHOBe 6onee ,IJ;eTaJILHOrO pac

CMOTpeHHJI MeXaHH3Ma peaKI.{HH Ha nepBOH CTa,IJ;HH. IJoKa 

)Ke npHMeM ,!J;JIJI COOTBeTCTB}'IOII.{eH BepO.IITHOCTH W ic HaH-

6onee npocTyJO napaMeTpH3aUHIO au.na 

-q2/2K2 

W ic = e ' 121 

r,IJ;e q - nepe,D;aHHbiH HMllYJILC, a K - napaMCTp MO,IJ;eJIH. 

B npHHI.{Hlle, BMeCTO 121 MO)KHO HCllOJih30BaTL H ,D;pyryJO 

dJyHKI.{HlO 0 -o6pa3HOrO BH,IJ;a, O,IJ;HaKO 3TO He H3MeHHT Ka

'leCTBeHHO KOHe'IHbiH pe3yJILTaT. Wcf 3allHWeM cornaCHO 

CTaTHCTH'IeCKOH TeOpHH pacna,IJ;a 

w df -cf 

p (E *- f + Q ) 
f gg 

P (E *) 
c 

f df. 131 

3,IJ;eCL f - 3HeprHJI OTHOCHTeJILHOrO ,!J;BH)KeHHJI cilparMeH

TOB, Q = M ( 16 0)- M( Ac)-M - 3HeprHJI nepecTpoiiKH 
16 0 npu 

gg r 
dJparMeHTal{HH, M r - Macca OCTaJILHbiX npo,D;yKTOB pacna.na. 

,ll;JIJI Ka'leCTBeHHOrO aHagH3a 3KCnepHMeHTa B dJyHKUBB llJIOT

HOCTH COCTOJIHHH p f = e' f Y.IJ:06HO npe,ncTaBHTh 3HTpOllHIO 

Sf (E* -f ~ Q ) B BH,IJ;e p.11,na ( f- Q )/E * , orpaHH~IHBaJICL 
gg u /2 / l!,g 

npH 3TOM JIHHeHHhiM qneHoM · '. Tor.na 

f ?. gg 
141 W dE- e-T e --;y- fdf 

cf ' 

r.ne T =dE* I dS - TeMnepaTypa, xapaKTepH3YJOIUaJI 

3HeprHJO ao36y)K,IJ;eHHJI pacna,naiOil{erocJI HOHa E *=aT 2
/ 2 . 

3aMeTHM, 'ITO a paccMaTpHaaeMhiX npoueccax pacna.n MO)KeT 

6b1Th H HepaBHOBeCHJ>IM - TOr,na BMeCTO 141 Ha,no 6paTL 

.npyroe Bblpa)KeHHe 
13· . Ho 3TO TaK)Ke He noanHJieT Ka'leCT

BeHHO Ha KOHe'IHLIH pe3yJILTaT, JIHWL TeMnepaTypa npH

o6peTeT CMbiCJI 3cllcileKTHBHOrO napaMeTpa. IJo,nCTaBJIJIJI 

121 H I 41 a I 11 H npoao,IJ;JI TaM HHTerpupoaaHHe no HMnynLcy 

HeperHCTpHpyeMbiX 'laCTBU C yqeTOM 3aKOHOB COXpaHeHHJI, 

nony'IHM 

4 

J 

tl 
' 

l 

~ 
W-e T 

p2 

- -;;r A(p ,U B), e 15/ 

A 
r,IJ;e p - HMllYJILC cilparMeHTa ( B CHCTeMe llY'IKa, 

A 
a2 = 

11 
T + K 2 ( M ( C)) 2 

M(160) 
J1 

M ( "\:) M r 

M ( 160) 
161 

a cilYHKUBJI A ( p, U8 ) cna6o MeHJieTCJI c p H npH p=O 3a

BHCHT OT KYJIOHOBCKOrO 6apLepa U B CHCTeMbl lcilparMeHT + 
ocTanLHble npo.nyKTbl pacna.nal JIBHbiM o6pa3oM: 

1 l M ( 16 0) 2 
-11uo<--r-+2< A > > 

11 K M( C) 
A ( 0, U 

8 
) = e . 11 I 

06cy,IJ;HM OCHOBHble Ka'leCTBeHHble BLIBO,IJ;bl, cne,nyiOll{He 

H3 ,IJ;aHHOH MO,neJIH. 

1. H3 151 BH,nHO, 'ITO OTHOCHTeJILHble BLIXO.[{bl cilparMeH

TOB .[{OJI)I{Hbl 3KCllOHeHl{HaJILHO na,naTL C pOCTOM-Q .IJpo

BepHM, BblllOJIHJieTCJI JIB 3TO Ha 3KCnepHMeHTe, ,nifl 'lero 

npe,ncTaBHM ,naHHble pa60Tbl /l/ B Tpe6yeMOM BH,[{e. IJpH 

3TOM Cpe,nH B03MO:lKHbiX KaHaJIOB cilparMeHTal{HH C BbiXO· 

.[{OM ,naHHOrO H30TOna Ka)K,[{biH pa3 ecTeCTBeHHO Bbi6HpaTL 

TOT, KOTOpbiH ,naeT MHBHMaJILHOe 3Ha'leHHe - Q gg. TaKOBbiMH 

OKa3aJIHCL 

9C: 
IOC: 
II C: 
t2c: 
t3c: 
1'\:,: 

,ll;nJI 

16 9 6 -o... C + He+n; Q gg - - 55 M3B. 
16 0 ... 10c+ 4He+2n; Q = -39,0 M3B. 
16Q..,llC+4He +n; Qgg = -24,9 M3B. 181 
16o ... l2c + 4 He; Qgg = -6,9 M3B. 
160-+ 13c +3He; Q gg = -22,7 M3B. 
t6 0 ... t4c + 2P; Q gg,; -21.1 M3B. 

9 gg 
C 3,necL 6panacL uacca 3epKaJILHoro .11,npa c Y'fe-

TOM KYJIOHOBCKOH nonpaBKH. 
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PeJynLTaTbl pac"leTa npe.ncTaoneubl ua puc. 1. Bu.nuo, 
"'TO noBe,neHHe OTHOCHTenLHbiX BbiXO.I\OB C pOCTOM (-Q_ ) 
HOCHT "leTKO BLipa)KeHHbiH 3KCnoueuuuanLHLIH xapaKT~f,. 
He6onLwue OTKnoueuuJI BLIJBaHLI npeue6pe)KeuueM B I 4/ 
BLICWHMH nopJI,nKaMH no ( f- Q g! )/ E *, a TaK)Ke TeM, "'TO 
BepOJITHOCTL peaKUHH Ha nepBOH CTa,nHH C"'HTaeTCJI 0.!\HHa
KOBOH ,nnJI ocex Kauanoo, xoTJI B /2/ .noiDKen npucyTcToo
oaTL, ooo6IUe rooopJI, .nononuuTenLHLI:ii: MHO)KHTenL - wupu
ua KaHana e 2 =I 1. BnHJIHHe e 2 CKa3hiBaeTCJI, uanpHMep, 
ua BLixo.ne HlOTona 15c, KoTopLI:ii: ocna6neu no cpaoueuuiO 
co 3Ha"lenueM, npe.nnucbiBaeMbiM 4JopMyno:ii:/5/, npnMepuo 
ua .noa nopJI,nKa. B .nauuoM cnyqae 3TO BLI3Bauo cpaouu
TenLno:ii: ManocTLJO ceqeuu11 nepe3ap11,nKH rr -MeJoua - npo
uecca Ha nepBOH CTa,nHH, KOTOpbiH npHBO.I\HT K o6pa30BaHHIO 
16 N *, pacna,naiOIUeroc11 JaTeM B Kanan 15 C + p 
/Q = -21,1 M3B/. 
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2. BecLMa nro6onhiTHo, "'TO 3KcnoueuuuanLHaJI Jaoucu
MOCTL BbiXO.I\OB H30TODOB OT (- Q gg ) ua6~~,nanaCL pauee 
B peaKUHJIX C uepenJITHBHCTCKHMH HOHaMH' ' /eM. pHC. 2, 

/4 I 
BlJIThlii Hl' · I. 3To rooopBT o TOM, "'TO MexaHH3MLI 
o6eux peaKun:ii: uMeJOT rny6oKYIO auanoruro. ConocTaoneuue 
paccMaTpuoaeMoro J.necL u npe.nno)Keu~oro ,nnJI onucauuJI 

u 2-4/ 
uepenJITHBHCTCKHX peaKUHH MeXaHH3Ma noKa3biBaeT, 
"'TO B nepBOM cnyqae "Hlny"laTeneM" 4JparMeHTOB JIBnJieTCJI 
.I\BH)KYIUHHCJI B036~,neHHbiH HOH, a DO BTOpOM - o6pa3yiO
IUaJICJI B xo.ne peaKUHH .noo:ii:uaJI JI,nepuaJI cucTeMa /TJI)Kenhl:ii: 
non + JI,npo/, KOTopaJI pacna.naeTCJI nocne uacTynnenuJI 
"laCTH"'HOrO paBHOBeCHJI. 

3. ToT 4JaKT, "'TO o uaweM cny"lae BLI,neneuuLIMH oKalhl
BaiOTCJI KaHanLI /8/, no3BOnJieT npe,ncKalbiBaTL nOJIBneuue 
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cpe,nH npo,nyKTOB peaKUHH nerKHX lilparMeHTOB 4 He H 3 He, 
KOTOpble conyTCTBYIOT T JI:>KeJibiM A C . 0HH pacnpe,neneHbl 

C BepO.IITHOCTJIMH, COOTBeTCTBYJOIUHMH BbiXO,IlaM TJI:>KeJibiX 

lilparMeHTOB, H HMeiOT cpe,nHIOIO CKOpOCTb, paBHYJO CKOpOCTH 

nyqxa. lioJiee HHTepeCHOH ,llJIJI npoBepKH ,naHHOH MO,nenH 

6biJia 6bl nOCTaHOBKa onbiTOB Ha COBna,neHHe JierKHX H T JI:>Ke

JlbiX lilparMeHTOB B coqeTaHHJIX, COOTBeTCTBYIOIUHX KaHanaM 

/8/. 

4. 113 /6/ BH.nHO, qyo WHPHHa cneKTpoB BMnyn&cHoro 

pacnpe,neneHHJI lllparMeHTOB JaBHCHT OT TeMnepaTypbl T 
pacna,naiOIUerOCJI HOHa. IIOCKOJibKy, O,nHaKO, HX a TOMHble 

Beca B COOTBeTCTBHH C /8/ OKa3biBaiOTCJI 6JIH3KHMH ,npyr 

K ,npyry, TO HM MO:>KHO npHnHcaT& H o,nHHaKOBble T. KpoMe 

Toro, caMH owH6KH 3KcnepHMeHTa J,nec& TaKOBbl, qyo T 
MO>KHO 3a,naBaTb C 20lfo-HOH TOqHOCTbiO /3TO BH,IlHO, HanpH

Mep, H3 pHc. 3/. B pe3yJI&TaTe B ,naHHOH peaKUHH cneKTpbl 

_ 100r 1l.c 
l/) 
r-
~ 

z 
:::::> 

>-a:: 
<t: 
a:: 
r-...... 
CD 
a:: 
<t: 

a.. -
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Puc. 3. 
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HMnyA&CHoe pacnpeoeAeHue (JpazMeHmoe C · Ila-
K npuHJIIII paeH&IM 125 M3B/c. 

BCeX 4iparMeHTOB OKa3biBaiOTCJI 6JIH3KHMH K "yHHBepcan&

HOMy", qyo H Ha6JIIO,naeTCJI Ha OnbiTe /
1
/. TaK, ,nJI.Il o,nH

HaKOBbiX K 
2 H T B03MO>KHble H3MeHeHHJI WHPHHbl Ja cqeT 

MaCCOBbiX MHO>KHTeJieH B /6/ COCTaBJIJIIOT - 20~ H Jie:>KaT 

B npe,nenax 3KcnepHMeHTaJibHbiX oWH6ox. CaMo 3HaqeHHe 

T onpe,neJIJieTCJI xax no HaKnoHy KPHBOH Bblxo.na Ha pHc. 1, 
TaK H no wHpHHe. T oxa3biBaeTCJI J,nec& paBHOH T- 7 M3B, 
qyo npeB&IwaeT BenHqJIHbl T- 2 M3B B 3KcnepHMeHTax 

c HepeJIJITHBHCTCKHMH HoHaMH I 4/ . Bb13BaHo 3TO TeM, qyo 

B HaweM cnyqae "pa3orpeTb1M" JIBnJieTCJI ,noBOJibHO nerxoe 

JI,npo c A -16. 

5. H nocne,nHee. 3HeprHJI Bo36y:>K,neHHJI pacna.naromero

cx HOHa B cooTBeTCTBHH c nonyqeHHbiM 3HaqeHHeM T paB

Ha -50 M3B. B CBJI3H c 3THM npe,ncTaBnJieT HHTepec 

Hccne,noBaTb MexaHH3M nepe,naqH JI,npy TaKoro 6on&woro 

B036y:>K,neHHJI B peJynLTaTe CTOJIKHOBeHHJI. BT~poii:,OTKpbi
TbiH noxa Bonpoc - 3TO CTPYKTypa .11,nep npH TaKHX 6oJibWHX 

3HeprHJIX, B qaCTHOCTH, HX CHJibHa.ll KJiaCTepH3a:UH.Il. 

B JaKJIIOqeHHe aBTOPbl· 6naro,napJIT B.));. ToHeeBa 3a 

none3Hble KPHTHqecKHe JaMeqaHHJI. 
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