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O6oe.nnHeHHM ,nuHaMuqecKo-ucnapHTeJibHM MO,neJib HCilOJib3yeTC.s! ,nn.si pacqeTa 
MHO,KeCTBeHHOCTeii qacTHU, ucnycKaeMbIX B npouecce ,neJieHIDI. PaccquTaHbl IlOJIHb!e 
MHO,KeCTBeHHOCTH HeiiTpOHOB, a-qacTHU H npOTOHOB B 3aBHCHMOCTH OT 3Hepnm 
HaJieTaIOIUeii qacTHUbI. DbIJIH paccMoTpeHbI ,nBe peaKUnu a + U u a + Th, r,ne 
3Heprn.si a-qacTHUbl H3MeH,S!JiaCb OT 47 ,no 220 M3B. PeJyJibTaTbl pacqeTOB cpaBHHBa
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The combined dynamics-evaporation model was used for particle multiplicity 
calculations. Neutrons, a-particles and protons multiplicities are calculated 
for the different energies of projectile. a+ U and a+ Th reactions at a-particle 
energies of 47 + 220 MeV were studied. The results of our calculations were 
compared with experimental data. We have obtained that the charge particle emission 
has a big influence to the deexcitation of fission fragments. 
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Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 1997 



BBE,l(EHME 

B Teqe1rn:e II0CJie,ZUiero ,n;eCJITHJieTirn HHTeHCHDH0 HJyqam1n, MIHlMHKa 

.L{eJieHHJI JI.n;ep. HmpopMaumo 06 3T0M JIDJieHHH m>JiyqaJOT. HJyq;rn MHO

)KeCTBeHH0CTb qacTHU, HcrrycKaeMhlX JI.n;poM n rrpoucn•p .L{CJI(!HHJI .. 1)('(' qa

CTHUhl IIpHHJIT0 rro,n;pa3.L{CJIJITb Ha rrpe,n;pa3phlDHhlC, m·rrymcmihlC .L{0 pa3-

.L{eJieHHJI JI.n:pa Ha 0CI{OJIKH, H II0CJICpa3phlDHhle, m:rrymcHHhlC H3 O('I{()Jll{OD 

[l]. I1epnom1qaJibHO MH0)KCCTDCHH0CTb qacTHU pad:qJHhlDaJIH. HC'IIOJIL3_V/l 

("TilTHCTUqccl{yJO M0.L{CJib. 13 CD0CM CTaH.n:apTH0M DH.L{(' ('TilTHC'THq('("J\ilJI :\10-

.L{CJlb He n C'0C:T0IIHHH 0IIH<'HTb ,n;aHHhl(' "-)I(ClI(:}>HM<'HTa [2]. I1pn:qn:Ha ·noro 

D TOM. qT() H(' _vqHThlDHCT('II .L{HHaMHHa .L{('Jl('HHII. CTaTHC'THq('("l{afl :\10.L{('Jlh 

qacTO HCIIOJib3_\!<'T I{OHUCIIUHJO lI('J)<'XO.L{H<JrO C'0CTOIIHH/1 [3]. OohlGHO l'J"0 

c·n11JhlnaIOT c· c·p,n:Jionoii ToqHoii. · Ce.n:Jiona11 T0GHa pa3m•JISil'T oc·Honuo1· c·o

c·To11Hm' 11.n:pa H ('()('T0IIHH<'. r,n;P 11.n:po yin<' H<'_\!('TOHGHDO no 0TH0!lll'HHIO I, 

,l('JI('HHIO. Ho .UJIII 11.U<'P TIIinC'JI('(' ('DHHUil ('l'.L{JI0Da/1 T0Gl\il C'HJihH0 _vm1m·11a 

. OT T0GI\H pa3j>hlilil. H II.UJ>:V T}H'0)!l'T('II IH'K0T0}HH' DJH':\III .UJIII .L{0C'THil-,l'IIIHI 

pa3j>hlDHOH Hom}rnrypaUHH. 3a '·)TO DJH':\III 11.n:po Tilnin(' :\IOiKl'T HC'II)TTHTL 

'IilCTHUhl. l1nrnp<•fIHI' Gil('THU m1 ('Tcl.L{HH ('lI_\!C'liil (' 0ilJ>hl'jlil D,('TilTHC'THGl'

('nOii :\IO.LJ.('JIH HI' )''IHThlDHl'TC'II. l10'->Tm1:v npHXO.L{HTC'H IIJ>lt!DJI(•J,aTL TilnHI' no-

11/ITllH. naK BJH':\III 3ilJl('jliKl,H Jl('Jil'Hlt!II H BJll':\111 n1:vn,a OT ('('JlJia 1' JH13J>hlll:V. 

,'lJIII K0j>Jll'nTHlll'O Ollltll'illJHII -➔ i-c·m·1nn11•1InlJILHhlX llcllllll,IX n ('TilTHC'THGC('KOH 

110:tl'JIH. Bn· Tro up1,1n1·.r10 1, m·o6xo.n:1t1l10<TH c·o3nau1t111 rHopHllHhlX. HJIH. 

,'lJl_\Tltl:\IH ('Jl()llcl:\IH. 001,('Jllt!Hl'Hllh!X nporpa:-.n1: .L{Hlia:\IH'H'('HHX H C:TaTHCTH-

1il'l'KltlX. r.1•. nporpmn1. rnP ohl foJJIH c·o1·nHH<'Hhl nn:mu1mw c:nyc:m1 11.n:1m 

(' fiap1,1•pa It! ('TilTHC'THG('('l\01' HC'Ilil}H'HHI' qa('THU H3 ll030YiK.UCHHCJrO n.n:pa 

11 01·no.rrnon. ( hu1t1:-.1 H3 !llaron ripn ·-nm1 0hlJio m·rroJII>JonaHHC ypanHCHHii 

.:!,lHinl'Il('llil ,1JIII 0ilHl'ilHHII JlHHil:\IHRH ll<'JIC'HHII [4, i:i]. CJic.n;yIOillHM rna

nm O0b('JlHHl'HHI' llHHil:\IHq('('nOro H C:TaTHCTHGCCI{()r() rronxo,n;on B paMKax 

0G('Hh :-·n1H>Illl'HHOH H DO :-.mormI C:IIOJ>HOH :\,10.L{CJIH [6, 7], n KOTOpon:° pacCGH

Th!Dil.'la<"h TO.'ll,1\0 :\IHOiK<'CTDCHHOC:Tb rrpen.n:cJIHTf!JlbHhlX qacTHU. OcHOBHoe 

..lOC"TOHHC"TDO ll<IHH0H :\10.L{CJIH COCTC)HT n Tm1; qTo rrpe,n;Jio)KeH crroco6, II03Il0-

.'UllOillHH :\IOJl('JIHponaTh m;rrapeHHC 'IaCTHU Il ,n;HHaMn:qecKHX pac11eTax MC

RpPihl:\I 06pa3m1. l1crroJII>JonaHHa11 me n pa6oTe [7] Mo,n:eJII> ,n;JIJI orr:u:caHHJI 

<}>opllhl JI,n:pa, H oco6c1mo 3aDHCHM0CTb JI,n:epHoii DJI3K0CTH OT K00pMHaT, 

rrpocTO He lI0.L{Jie)KllT o6cym.n:eHHIO H3-3a cnoeii HepeaJibHOCTH. 



I , 

Il TO iRC npcMJI n pa6cnax [ 8 -~-~ 1 l]; IlfilIIOJIHeHHhlX n aHaJiorII'IHOM IIO.UXO.UP. 

<l><>pMa JI.Upa Ja.uaeTCJI c IICITOJII.JonaHIICM .llBYX ITapaMeTpon. '.:ho Hecm-1-

H<'~~o 6oJihIII<' <>T~e~ .. H~T pcaJII.,mrii CIITyaUIIH, qeM O.llHOMepHan: MO.UeJII. n [7]. 
n '➔THX pa6cnax IICITOJib3YIOTCJI o6meITpIIHJIThlC ITpe.UITOJIOJReHIIH () i\IexamI3-

i\IaX ~.uci>m~ii: BJI3KOCTII. 8To O.llHOT~JI:&HaJI BJI3KOCTh n [8, 11] II .unyxTCJILHaJI 

BIIJK<>cTI. n [8. · 1·1 ].· l1cITOJib3~mrnne p·ea~IICTII'IHoro oITncaHIIJI ·cpopi\Ihl i.upa 
' ' 

n pa3yMHhlX npe.unoJioJRemrii: o MexaHII3Max JI.UepHoii: BJI3ROCTII II03B_OJIJieT 

)lOC'TaTO'IHO xopoIIIO IlOCITpOH3BeCTH 3KCnepm.ICHTaJibHhlC .uaHHhlC. 

Ilo n<·<'X nepetincJieHHhlX BhlIIIC pa6oTax [8~ 11] MHO~CCTBCHHOCTII qa

nnu:. 'nc:nycKae;IhlX Il036yJR.UCHHhlM JI.Upo~ n rrpou:ecce .llCJieHIIJI, paCC''IHThl-
' '' . ' ' 

IlcUOTC:JI TOJipl{O .uo i\IOMCHTa pa3,n:eJieHIIJI JI.Upa Ha OCKOJIKII, T.e. npe.upa3phl-

BH~(' ~a<TII.U:hl. Ho n' '.·)l(CilCJHIMCHTC,II3MepJICTCJI TO,ITI,l(() ITOJIHOC 'IIICJIO qa

<'TIIU:. IICIT,VIUCHHhlX Il npou:ecce .llCJICHIIJI, T.e. rrpe.n:pa3phlBHhlC II IIOCJI('-
:, . . .. . '1 -· ' ' . , 

pa3phlBHhl(' 'IclCTIIU:hl. Pa3.UCJICHHC II3MepeHHhlX MHOiKCCTBCHHOCTCii: qacTIIU 
• ' I ' ' ' ' 

Ha ITpc.upa3phlBHhl(' II rrocJiepa3phlB_HhlC no _MHOrOM 3clBIICIIT OT ycJIOBIIii: 3l{('-

IT<'JllBH'HTa II HJ\ICCT MO.UCJII,Hhlii: xapaKTep, a qacTo II ITpOCTO HCB03MO)KHO 
, , , . . ' . , ·• . I . 

. ITO TCXHU'ICCI(HM IT!)II'IHHa:M. ITo3TOMY pactieT rromroii: MHO)RCCTBCHHOCTII 

lIC'ITaplICM:hlX qacTIIU: 'JinJIJICTCJI xopoIIIIIM TCCTOM JJ:JIJI MO,n:eJieii:, rrpeniH.ll,YIO-
' •'.-I' •' '• •'' l ' • < 

IUIIX Ha OIIIICclHHC rrpou:ecca .ueJICHIIJI. 

Uem, H~lCTOJIIUCii: pa6oThl' ·_ OITIIcairn~ ~OJIH0:0: 'i\rno')I{eCTBCHHOCTII tiaCTIIU:. 

m·rr.yrnaeMhlX no36}')K.ll<;HHhlM nnpoM n ITpou:ecce ,neJiei'i:~n II O.UHonpe:-.reHH<> . . . . ' 

(' :➔ T~BI. ITOJI,V'I<'Hll(' pacrrpc.UCJICHHJI OCKOJIKOB .ll:CJICHIIJI ITO l(IIHCTII'ICCK<lll 

➔H<'jffllll. T .I,. 6oJiblII<'{' 'IIICJIO pac(;'IIIThlBaCMhlX BCJIII'IIIH .uaeT Il03MO)I{HOCTI, 

6o~ci;, ITOJIHorn /panHeinrn <: 3KcnepIIi\ICHTo:r.i. .ll:JIJI peIIICHIIJI ITocTanJieHHoii: 

3,{.uaq11 Mhl 061,P.UHHHJIH .una' .llOCTclTO'IHO xopollIO 3apeK0MeH.uan~nniIIX ce6n 
' .. ' . ' ., ·. 

no.uxo.ua. Ticpnhl:ii 3To <TaTHCTH'ICCRHii: Ko.zi: pa3pa60TaHHhlii: rpyrrITo:ii l1JihII-

Hona [12]: Ilrnpo:ii mu~m.rnqPcKIIii: Jia~JReneHoncKII:ii [5], HCIIOJih30naHHhlii: 
' ' . , ' ' ' 

'.UJIJI OITIIC-aHHJI i\IOi\IeHTon :-rncpreTII'IC{'l(Oro pacITpC.UCJICHIIJI OCKOJII(OB ,llCJI('-

mrn. 
'.' 

J ·)Ke ITepnoe HCITOJII.3omrnIIe Hmm :')TO_ro 061,e,n:nHCHHoro no.uxona .uaJio 

.n:ocraTO'IHO. xopoIIIm' IH'3YJILTaThl [13]. · .ll:JIJI Tpex peaRU:H:ii y.uaJion y.uq-
. -. ', 

IlJIC'.]:BOpIITCJihHO OITHCaTI, 0.llHOBJ)Ci\ICHHO cpc.UHIOIO l(III_I<;Tll'ICCI(YID :1Heprmo 
.• ,.· • • ~ I' ' •' ; '' : ," ' ' '• ; • I: ' . • ·. ';,,. '; ' ; • • ' ; 

OCI{OJII(O,n .llCJICIUI/I. Cf' .UIICITPJ)CIIIO II i\IH()}l(CCTBeHHOCTII, ITpe.upa3phlBHhlX qa-

CT~;n. I{. ~O)l{aJICHlIIO: n ·p~CC'i\IOTJ)C~Hhlx' peaKU:~J.IX HC 6hlJI~ ll3:IICJ)CHhl '' ' .. . 

·2 

r 
r 

6, 

f:. ., 

ITOCJiepa3phlBHhle 'IaCTlIU:hl. Ilo3TOMY B .UJIJI TeCTHponaHHJI pacqeTa MHO

JI{CCTBeHHOCTll ITOCJiepa3phlBHhlX HeiITpOHOil [14] Mhl o6paTHJIHCI, K pa60T<' 

[15], r.n:e .n:anHaJI :r.rno)I{ecTneHHOCTh H3Mepena KaK cpyHKU:IIJI Macconoro 'III

cJia OCKOJIKa. ITo.rry11eHaJI HaMH 3aBHCllMOCTI, v(A) .llOCTaTO'IHO XOJ>ClIIIO 

BOCIIpOH3BOJJ:llT HaKJIOH 3KcnepnMeHTaJII,HOii: KpIInoii: lI IIMeeT Y.llOBJieTnopII

TeJII,HOe KOJIII'ICCTBCHHOe corJiaCHe. B o6enx HaIIIIIX pa6oTaX [13, 14] Mhl 

paccMaTpHnaJiu .llJlJ!, Ka)I{.uoii: peaKUHH TOJII.Ko o,n:Hy :,meprIIIO. EcTecTneHHo, 

'ITO TCITepi, Mhl ITponeJIH pactieT Bcex Tex )I{e xapaKTepIIcTUK .UCJieHIIJI .UJIJI 

pa3HhlX 3Heprnfi B036y)I{.lleHHJI COCTanHoro JI.Upa. 

MO,[(EJib 

RaK yJRe OTMetiaJIOCI, IlhlIIIe, Mfil llCITOJih3JCM CTclTIICTII'IeCKYIO MO.ll:CJII, ll3 

[12]: · Crroc~6 061,~.l{IIHCHHJI .llllHaM~'IecKoro ll CTaTII<Tll'ICCKO:fO Il<l.llXO.llOB 

CJIC.llJIOIUHii:. Bo-rrep_BhlX, ncr pactICThl Hcl'IHHaIOTCJI Il paMKaX CTHTIICTH'I<'-

CKOii: MO.llCJIIL IlpH '.·HOM paCC'IIIThlBaCTCJI MHOlKCCTBCHHOCTb 'IHCTIIU:, IlhlJI(~

THIOIUHX ll3 B036J)K.ll<'HH<lr0 JI,n:pa, II nep01ITHOCTI, .llCJI<'HllJI. Pc3yJII.TaTOM 

pm·qeTa MOiK('T 6hlTI, OCT<lTOK IIcnapi~HH/I (n.upo, m:nycTHBIIICC HCKOTOpoe 

'Ill<'JIO 'Ia<THU: II c6poc·HnIIIe<• THKHM o6pa30M BCIO ·mq>rIIIO BOJ6yJR.UCHHJI). 

llJIII .ll<'JI<'Hll<' 1I.llJHl Ha OCKOJIKH. fl IIOCJIC,llHCM CJiyqa<• i\1hl Hcl'IHHaCM pac

'I<'T 'iBOJIIOU:IIII B036yiK.llCHHOro R.Upa OT CC.llJI<lBOii: KomimrypaU:IIll K pa3phl

IlHOii: n· .llllHcUIH'ICCKOM no.n;xo.uc. Ha 'HOM -➔Tanc paC'ICT<lil 'cTaTIICTll'ICCKII 

JHl<'{''IllThlilaIOTC1I napu:mtJibHhl<' Illll}>llHhl .UJIJI YlICTa IIC:rrapeHllJI JierKIIX qa

('TIIU: . .ll:<'JIHT<'JII.HaJI IIIHJ>IIHa ITJ>II -➔TOM mJJiaracTcJI nyJienoii:, T.K • .ueJieHIIe 

_\'il\(' H<' ,,IIBJIJIC'TC1I KOHRYJ>IIPYIOlllllM ITIJOU:CCCOM n 'HOM cJiyqae. RaK HaM 

ITJH'.ll<"THBJIJI('T{'1I. no.uo6hlii: rrepcXO.ll OT 0.llHOro no.uxo.ua,K .upyroMy JIBJIJieTCJI 

P{'T<'{'Til<'HHhli\I ll aHaJI<>rll'ICH II.Uee nepexo,n:Horo COCTOJIHHJI. 

h'aK II paHbIIIC,,:i\Ihl llCITOJib3JCM napaMeTpII3aU:HIO [16] JJ:JIJI OITIICaHllJI 

c}lOJ>Mhl .llCJIJIIUCrOCJI R.Upa • .ll:JIJI pactieTa noTeHU:IIaJibHOii: 3Heprnn Mhl IIOJII,-

30BHJIHCI, 110.ueJII.IO iRII.UKoii:. KarrJIH c K03<p<pHU:IIeHTaMn Mafiepca - CBJI

Teu:Koro [17]. l1HepU:IIOHHhlli II cppHKU:IIOHHhlll TeH30phl pacC'IIITaHhl Me

TO.UOM BepHepa-YnJiepa. [18]. Pac'IeT 6hlJI rrpone,n:eH ,n:JIJI o.n:HoTem,Horo 

11exaHH3Ma JI.Uepnofi BJI3KOCTII c HCITom,3onaHneM "wall~ and - window" 

cpopMyJihl [19]. 
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3BOJII0Il;IIJI KOJIJieKTIIBHhlX CTerreHeii CB060)Ui[ paccMaTpHBaeTCR B CTO

xacTH'IeCKOM rro.n:xo,n;e [4,5,8-11,20-22] KaK ,ll;BII)KeH1Ie.6poyHoBCKOH qa

CTIIUhl B cpe.n:e (TepMOCTaTe),. o6pa30BaHHOH II3 O,ll;HO'IaCTII'IHhlX ,cTerreHeii 

CBo6o,n;hl [23). I1crrom,ayeMhle B ,D;HHaMHtiecKIIX pacqernx ypaimeHHR JlaH

meBeHa BhlrJIRMT cJie.n:yromHM o6pa3oM: 

qi = µiiPi, 
. _ - 1 , oµjk • oF , -

P, - --2PiPk~ - ~ - 'Yiiµik, Pk+ A;(t). 
, uqi uq; 

(1) 

3.n:ecb ij = (p, h),p = (Pp,Ph) ~ BeKTOphl KOJIJieKTIIBHhlX KOOp,D;HHaT II co

rrpnmeHHhlX HM HMIIJJihCOB, F( ij, l) -:- cBo6o.n;HaR :rneprHR. B rrpe,n;hl,n;yw;Hx 
w' ;,., r 

pacqeTax BMeCTO F 6hlJia IICIIOJil,30BaHa'rroTeHuIIaJibHaR 3HeprHR. I1 3TO, 

IIO)KaJiyii, CaMoe 60JibIIIOe OTJIII'IIIe OT rrpe,n;hl.n:ylIJ;HX pactieTOB. mij II ,'ij --
M~epUIIOHHi:ili II <ppHKUMOHHhlH TeH3~phl _ (llµij ff= ll~ijll--'1) , Ai(t\ = eijWj 
cJiyqafurnn CHJia. OT,MeTHM,tITO Wj - CJIY'IaHH~R-BeJIM'IH~~ (<JHCJio) co 

CBoiic~~aMM < w >= o,' < WjWj >= 28ij:' AMII~Ty,n;~ CT~XaCTII'I~CKOii: 

CMJihl 0;i CBR3aHhl ~ .n:~cp<py3HOHHhlM TeHiop,oM Dii ', ' 
. . ' . ' i. 

D;i = eikekj, (2) 

Dij, B CBOIO oqepe,n;b,, y.n;oBJieTBopReT COOTHOIIIeHHIO • 3iiHIIITeil:Ha 

D .. = T7;1·· IJ ,, ' '(3) 

3.n:ecb T - TeMrrepaTypa n.n:pa, oHa orrp~.n;eJIReTcR rro,Mo,n;eJIH cpepMH-raaa 

[24]: 

T= JE;nt/a, 1(4) 

r.n:e Eint - BHJTpeHHRR 3HeprHR Boa6ym,n;e1mn cocTaBHoro n.n:pa; a - rra

paMeTp IIJIOTHOCTII ypoBHeii. BoJiee,rrOJIHOe omrcaHMe'MCIIOJib30BaHHOH MO-

.n;eJIM .n:ano n [13, 14). 1 ,., · 

' O.n:na II3 UeJieiI .n:aHHOH pa6oThl ~ pacqeT MHO)KeCTBeHHOCTM IIOCJiepa3phl

BHhlX qacTHU. OcHimHoii rrpo6JieMoiI B 3TMX pacqerax RBJIJieTcR orrpe.n:e~ 

JieHIIe 3HeprHII B036ym,neHHR BHOBb o6pa30BaBIIIIIXCR·OCKOJIKOB. 'B ,naHHOH 

pa6oTe paCCMaTpHBaJIH TOJibKO CMMMeTpM'IHOe ,UeJieHIIe. Ben 3HeprlIR B03-

6ym,n;eHHR CMCTeMhl, OCTaBIIIaRCR IIOCJie IICIIapeHMR qacnii:i, .n:emITCR rropo

BHY Mem.n:y OCKOJIKaMM. 

(i) - 1 
Eex - 2{Eint + Vpot - Ecou/ + (Ecol/ - Eps) + QJ } . (5) 
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; 

'i' 

!. 

\ ' 
F, 

B 3TOM ypaBHeHMM EiQ -; 3Hepr1IR B036ym.n:eHIIR OCKOJIKOB; Eint - nHy

TpeHHHR (MJIM TeIIJIOBaR) 3HeprMR COCTaBHOro n.n:pa; Vpot - IIOTeHuHaJII,HaH 

3HeprIIH COCTaBHoro R.n;pa rrepe.n: paa.n;eJieHHeM Ha OCKOJIKM, OTC'IIIThlnae

MaH OTHOCMTeJibHO OCHOBHOro COCTORHHR; Ec~ul - KJJIOHOBCKaR 3HeprMH 

naam,rn.n:eiicTBMH 6y.n:yw;MX OCKOJIKOB; Ecol/ - KMHeTH'IecKaR 3HeprMR KOJI

JieKTMBHhlX cTerreHeH cno6o,n;hl cocTanHoro n.n:pa; Ep; - rrpe.n:pa3phlBHaH 

KMHeTII'IeCKaR 3HeprHR OTHOCIITeJibHoro ,D;BM)KeHlIJI 6y.n:yw;MX OCKOJIKOB; Q f 
-- 3HeprMR peaKUMII, Bhl'IIICJIJieMaR KaK pa3HOCTb Mace COCTaBHoro R.n;pa II 

OCKOJIKOB. 

I1 ,naJiee, IICIIOJib3JR CTaTMCTM'IecKyIO MO,D;eJib, Mhl Bhl'IMCJIJieM MHO)Ke

CTBeHHOCTb rrocnepa3phlBHhlX• qacTHU. 

PE3VJibTATbl -PAC'l.IETOB H OBCYJR,l(EHME 

'' P3:~qe~ rrpon~,n;eH .ll:J1/f; 232Th(~, n, II 2'38U(~, J) [25]. 3H~prHR a-qacrnu 

M3~1eHHJiaCb OT 4~ .n:o 220 M3_B. ,Pe3JJibTaThl pac'IeTa rrpnBe,D;eHhl H,a pM

~yHm_1x _l-3. Ha pHc.l rrp,e,ti~TaBJie¥_':1 rroJIHa1 ,MHomecTBeHHOCTh HCHTpo~ 

HOB, ncrrymeHHhlX n.n:poM, IIplI ,n;eJieHHII, B, 3aBMCIIMOCTII OT 3Hepr1III HaJie

TaIOm~x qa~TIIU. Pacq~T cpaBHIIB~eTCR C 3KC~~pHMe~TaJibHhlMII ,n;a~Hhl1,1M 
; , ' • 'l . ' ' . , . • , . ~ ., ' ' 

(25].. IlonyqeHO J,UOBJieTBOpIITeJibHOe COrJiaCHe. C pe3JJibTaTaMM 3KCIIepn-
··• . . . ' . - ' ' . i '• • 

MeHTa.', HaM J,U~JIOCh B'o~IIpOII3BCCTII He TO.JibKO .3HepreTH'IeCKJIO 3<;B_IICII-

MOCTb IIOJIHoro 'IIICJia HeiiTpOHOB OT 3Heprnn HaJieTaIOIIJ;IIX qacTIIU, HO II ,ITO-
~ ; ,. '. ' . ' ' . ' : , . '. -, 

JIY,'IlITb, xopoIIIee KOJIII'IeCTBE;HHOe cornacHe. He6oJibIIIOe rrpeBhlIIICHMe pac~ 
i ,' > ' 

qeTHhlX 3HatieHMH Ha,n; 3KCIIepHMeHTaJibHhlMII Mhl ofo,RCHReM He,n;ocTaTO'IHO 

~oppeKTH~M yq~TOM rr~rryCKaHlIJI raMMa-KnaHTO~ .. ,B pac'I~T He BKJIIO'I~Hhl . '• ... · . , . :· .. :. . . 
raMMa-KnaHThl, cHrrMaromne no36ym,n;eHMe, rrpIIxo.n:nmeecn ,Irn npamaTCJih~ 

Hhle cTeIIeHH cno6o,n;hl. 0HII crroco6Hhl JHOCIITh .n:o 8 - 10 M3B 3HeprIIII 

B036ym.n;eHMH OCKOJIKOB. 

Ha pIIc. 2 IIOKa3aHhl COCTaBJIRIOIIJ;IIe IIOJIHOH MHO)KCCTBCHHOCTII HCHTpo

HOB B 3aBIICIIMOCTII OT 3Hepr1III Il036ym.n:eHIIH KOMrrayH.U-CIICTeMhl·. Kapnrna 

aHaJiorII'IHa ,n;JIH 0601Ix peaKUIIH. C pocTOM 3HeprIIII no36ym.n:emrn rrponc

xo,n;IIT yneJIII'ICHIIC 'IlICJia HeiITpOHOB, IICIIymeHHhlX .llO ce.una II Ha CTa.UHII 

crrycKa, B TO npeMR KaK 'IIICJIO HCHTpOHOB, IICrrymeHHhlX II3 OCKOJIKOB, rrpaK

TII'IeCKII He M3MeHReTCH II name HCCKOJibKO yMeHblllaeTCR. 
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Ha pIIc. 3a rrpIIne,n:eHa 3aBIICIIMOCTI, TeMrrepaTyphl COCTaBHOH CIICTeMIJ 

B TOtIKe pa3)leJieHIIJI OT 3Hepnrn HaJieTaIOm;IIx qaCTIIU, T.e. qmKTIItieCKH OT 

HatiaJI1>Hoft aHeprIIII no36yJR,ZJ;eHIIJI ROMrrayH,n:-JI,n:pa. BII,n:Ho, 'ITO Te1mepa

Typa no3pacTaeT rrotITII n ,n:na paaa rrpII II3MeHeHIIII aHeprIIII HaJieTaIOm;IIx 

a~qacTIIU OT 45 ,no 220 MaB. 8TO 03HatiaeT, 'ITO R pa3phlny JI,n:po rrpIIXO)lIIT 

co nee 60JI1>11Ieft aHeprIIeft no36yJR,ZJ;eHIIJI •. O,n:HaRo yneJIIItieHIIe 3HeprIIII,B03-

6yJR,ZJ;eHIIJI OCI{OJIROB He CI{a3IJBaeTCJI Ha.MHO)I{eCTBeHHOCTII IIOCJiepa3phlBHhlX 

HeHTpOHOB pIIc 36. EcJIII Terrepb o6paTIITI,CJI K pIIC. 3n II 3r, TO BII)lHO Ra!{ 

B03pacTaeT MHO}I{eCTBeHHOCTI, IIOCJiepa3phlBHhlX a-tiaCTIIU II rrpOTOHOB C po~ 

CT0M 3HeprIIII CHapJI)la. IlpII yneJIIItieHIIII 3HeprIIIIB036yJR,ZJ;eHIIJI 0CI{OJII{0B 

m:rrapeHIIe 3apJimeHHhlX qacTHU ncTyrraeT yme n ROHRypeHUIIIO c Hcrrape

HHeM HeHTpOHOB. 

,:'3HatieHHJI ,n:pyrHx neJIHtIHH. xapaRTepII3YIOIUIIX rrpouecc ,n:eJieHHJI rrpII

nc,n:eHIJ B Ta6JIHUe. Ilepn~JI I{OJIOHI{a - 3HeprIIJI HaJieTaIOm;IIX Q'-tiaCTIIU; 

n:ropaJI -- cpe)lHJIJI I{lIHCTH'ICCRaJI 3HeprHJI OCI{OJIROB )lCJieHHJI; TpCTI,JI 

CP )lHCIICpC'I11I; 'ICTBCJ>TaJI cpe,n:HJIJI TeMriepaTypa B. TOtII{C pa3phlna II B 

IIO<'Jie)lHCH I{0JI0HKC, IIJ>HBe.zieHO cpe,n:Hee npeMJI crrycRa CHCTCMhl OT CC)lJia 

)l0 pa3pLIBa. 113 Ta6JIHUhl BII)lHO, 'ITO C poCT0M aHeprHH B036yJR,ZJ;eHIIJI 3Ha

'ICHHe RIIHCTH'ICCI{OH '.1HeprHH 0CKOJIK0B 0CTaeTCJI rrpaRTll'ICCI{H HCH3MCH

HLIM, TaR RaR· 3Ta BCJIH'IHHa HeceT n <>CH0BHOM HHq>opMaUHIO o pa3phlBHoii 

K<>HqmrypauHn •. .n;m:rrepcHJI KHHCTH'ICCKOH 3HcprHH B03pacrneT JIHHCitHO 

c pocToM TeMrrepaTypLI JI,n:pa. 8TH pe3yJI1>TaTLr rroJIHOCTbIO cornacyroTc·JI C' 
rroJiytieHHLIMR paHee [26]. Cpe,n:Hce npeMJI crrycm1 or c·c,n:Jia R pa3phlny c po

cToM 3HeprHH B036yJR,ZJ;eHHJI YMCHI,IIIclCTCJI, H, RaK CJIC)lCTBHC ·noro, CH<'T<'Ma 

IIpHXO)lHT I{ pa3pLiny nee 6oJiee H 6oJiee HarpeTOH. 8TOT qmRT OTpalliaCTCJI 

B pocTe TCMIIepaTypLI JI)lpa B T0'IKC pa3phlna. 
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P11c. I: Iloiman MHOIK<'CTBemtocTL 11e'1-

Tpo11011 8 JaRl!Cl!MOCTI! OT :rnepr1111 11ane

Ta10tlll!X l!aCTl!ll nnn peaKUl!H 232Th( a,/) 
11 138U(a, /) D cpao11e111111 C 3HCITCpl!MCII

TaJihllLIMI! JlaHIILIMI!. CneTmJe Cl!MBOJILI ~ 
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P11c. 2: CocTa!IJIRIOIJll!C IIOJIIIOH MHOiK('

CTDCIIIIOCTI! IICHT(>OIIOD D :1aI11!Cl!MOCUI OT 

111epr1111 ll3JICTa(Ollll!X lJaTl!_U. . l{ua]lpaTLI 

--- npeJ1pao11onec111,1e HCHTJ>.OIHJ; 11cnyme11-

111,1e fl/l(lOM /10 IILIXO]la 113 CCJlJIOj · "PY fl! 
IICHT(lOIILI, 11c11y111e1111L1e Ha CT3Jll!I! cny

rna c nena K rn•me pa3pLioa; TpeyronL-

1111H11 .. - nocnepa3pL1BHLIC IICHTJ>OHLI, nepe

oep11yTL1C TpeyronLHl!KH -- nonuan MHOJKe

cToe1111oc-rL 
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P11c. 3: PacqeTHLie 3aBHCHMOCTH OT 3Hep

rHH HaJieTaJOrn;ID( qacT11u: a) T:eMrrepa

TypLI COCTaBHOH CHCTeMLI B TO'IKe pa3-

pLiaa; 6) Ml!OJKecTBelll!OCTH IIOCJiepa3phIB

HLIX HeHTpOHOB; B) MHOJKeCTBeHHOCTH rroc

Jiepa3pLIBIILIX rrpoTOHOBj r) MHOJKecTBeHHO

CTH IIOCJiepa3pLIBHLIX Q-'IaCTHU. 

' =•~J ;,, ;i 

TaKIIM o6pa3oM, aHaJIII3IIPYJI pe3yJI0TaThl rrpoBe.n;eHHhlX HaMII B [13, 14] II 

B .n:aHHOll pa6oTe pactJeTOB, Mhl MO)KeM CI{a3aTb, 'ITO IICIIOJib30BaHIIe 061,e.n;II

HeHHhlX IIcrrapIITeJihHO-.D:IIHaMIItiecRIIX rrporpaMM .D:JIJI mrncaHIIJI :mcrrepII

MeHTaJihHhlX .n:aHHhlX .n:aeT o6Ha.n:e)KIIBaIOm:IIe pe3yJibTaThl. C IIX IIOMOil(bIO 

y.n:aeTcJI xoporno nocrrpoII3BeCTII pe3yJioTaThl 3RcrrepIIMeHTa. HacToJim:IIe 

pactJeThl IIOJIHOH MHO)KeCTBeHHOCTII qacTIIIJ;, IIrrycRaeMhlX JI.D:POM B rrpou;eccc 

.n:eJieHIIJI, IIORa3hlBaIOT, 'ITO Heo6xo.n;IIMO II3Mep1ITb O.D:HOBpeMeHHO MHO)Re

CTBeHHOCTb HeiiTpOHOB II 3ap1IllieHHhlX qacTIIIJ;. B 3TOM CJiyqae IIHCpopMa

IJ;IIJI O .D:IIHa:MIIRe .n:eJICHIIJI II 3HeprIIII OCI{OJIKOB 6y.n;eT HaII60Jiee IIOJIHOH. 
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Ta6JIHUa 1: Pe3yJILTaTLI pacqeTa xapaKTepHCTHK neJieHIDI ](JIH peaKiurn a +232 Th 

E1ab TKE 2 
O'TJ<E Tse tsc 

MeV MeV MeV2 MeV 10-21 s 

47 176 92 1.23 42.8 

60 177 102 1.35 39.3 

75 176 112 1.47 37.6 

80 177 138 1.50 37.8 

97 178 188 1.61 36.5 

220 175 308 2.06 30.9 

ABTOphl Bhlpa)KaIOT 6Jiaro.n:apHOCTb ,3a IIOJie3Hhle o6cym.n;eHIIJI II rro.n:.n:ep

jl{I{y B rrpone.n:eHIIII pa60Thl M.r.MTRIICY, A.H.PycaHOBY, B.C.CaJiaMaTIIHY, 

r.r.1.Jy6apHHy. Pa6oT~ qacTII:.iuo 6hl~a rro1mep)KaHa INTAS (rpauT 93-

1560). 
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