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06wasi xapairrepHcTHKa pa6oTbl 

AKTYaJJhHOCTb pa60Tb1 • .UeneH11e - npouecc, conpoeo)K.!lat0W.Hi1c11 KopeH11oi1 nepeCTpoiiKoi1 

si.apa: rno6am.HhlM H3MCHeHHCM <jJopMbl, nepepacnpe.aeneHHeM :meprn11 eo36YJK.aeHHll, 

pacna.noM BH)'TpHllJlCpHhlX HYKJIOHHhlX KOH<j>ttrypau11i1. ,[{eJJlllll,HeCll llJlpa xapaKTepH3YIOTCll 

aHOMaJJbHO BblCOKOii ,!le<j>opMau11ei1 11 npaKTH'ICCKH BCCb npouecc nepexo.ua OT CC,llJIOBOH 

TO'IKH .uo HOJIHOro pa3JleJieHHll OCKOJIKOB npencTaBJlllCT KOM6HHaUHIO HC06bl'!HblX llJlCpHblX 

COCTOllHHH, BKJllO'!a!OLUHX pa3JIH'IHblC «IJopMbl B3aHMO.!lCHCTBHll - KaK 0.!lHOHYKJIOHHblC, TaK H 

KOJIJICKTHBHblC. np11 JTOM B TCOpeTH'ICCKOH HHTepnpCTaUHH JKCnep11MeHTaJlhHblX ,!laHHhlX no 

.neneHHIO yqacreyt0T caMble pa3J1H'IHb1e MOJlCJ1hHh1e npe.acraoneHHll o CTpyKType ll.!lepHoi1 

MaTep11H 11 xapaKTepe HYKJJOHHhlX BJaHMoneiicrsHii. E.!lHHOii nocne.aoeaTenhHOii TeopHH, 

KOTOpall Morna 6bl OHHCaTb nonHOCTblO JTOT npouecc, B HaCTOllLUee BpeMll noKa HCT. 

Ha116onee TpynHoii .nnll no1111MaHHll H KOJJttlfeCTBCHHoro on11caHHll llBJJlleTcll npo6neMa 

lj>opMHpoBaHHll pacnpe.ueneHHll Mace, JHeprnii H 3apll,!10B OCKOJIKOB JlCJICHHll. 0TCYTCTBHe 

CHCTeMaTH'leCKHX .JKCnepHMCHTaJJbHblX .aaHHblX H MO.UCJlbHblX paclfeTOB CBOHCTB ropll'IHX 

ll,llepHblX CHCTCM He 1103BOJIJICT nOJIYlfHTb .llOCTaTO'IHO llOJIHYIO KapTHHY BCero npouecca 

,llCJICHHll, Ha'IHHall OT cnycKa c ce,llJIOBOH TO'IKH .!10 OKOH'laTCJlhHOro pa3.llCJleHHll Ha ,llBa 

OCKOJIKa. 

B nocne,llHHe fOJlbl HCKOTOpble xapaKTepHCTHKH .ueneHHll, RaK 3apll.UOBblC, 

MaCCOBblC H JHepreTH'ICCKHC pacnpeneneHHll OCKOJIKOB ycnewHO onHCblBatOTCll c noMOlll.blO 

rHCTOTC3bl 0 M)'JlbTHMO.llaJlbHOM xapaKTepe npouecca. 11HTepec K JTOH M011CJ111 6blJI Bbl3BaH 

Heo6xo;rnMocT1>1-0 no1111Mairnll CTpyKTyph1 Maccoeo-JHepreTH'ICCKHX pacnpeneneH11ii (M3P) 
ocKo.1KoR :1e.1e111rn. •rncT0 npencTaBnJ1CMh1x cynepn01mmeii M':W .1Pyx 11.111 60.~ee 

B3aHMHOHC3aBHCHMblX npOUCCCOB. CTpH OCTHCaHHH Hl13KOJHCpreTH'ICCKOfO llCJlCHIUI B paMKax 

JTOH rHnOTC3bl o6bl'IHO BbllleJllllOT TPH OCHOBHblC KOMnOHeHTbl B MaCCOBOM pacnpe.aeneHHH 

OCKOJIKOB neJICHHll: Superlong - CHMMCTpHlfllall MO.Ila ,!leneHHll, xapaKTep113y!Olll.al!CH 

Cl1MMeTp11'1HblM MaCCOBblM pacnpe.!lCJICHHeM OTHOCHTCJlbHO A/2 (Ar - Macca .aenl!IUeroCJI 

ll,Upa); Standard I - .nen11TeJ1bHall KOMCTOHCHTa, B KOTOpoii cyw.ecrneHHO npollBJlllCTCll 

BJIHllHHe c<jlepH'ICCKOH o6onO'IKH B Tll)KCJIOM OCKOJIKC co cpe,!IHeii Maccoii 132-134 (Z H N 
6n11JK11 K MarH'ICCKHM 'IHcnaM 50 H 82, COOTBCTcTBeHHo); Standard II - .ueneu11e, CBl!JaHHoe c 

QiopMHpOBaHHCM B Tll)KCJIOM OCKOJIKC ,!le«IJopMHposaHHOii o6onO'IKH BORpyr A,., 138-140 
(Z,.,52, N,.,86-88). TaKall KapTHHa nOJJYlfHJia HO.!lTBCP)K.lleHHe np11 paccMoTpeHHH 

cnOHTaHHOro .aeneHHll H npH 83aHMO.!leiiCTBHH aKTJilHHlIOB c lfaCTHUaMJil HH3Kl1X JHCprHii. 

CTpe11MyW.eCTBO TaKOfO npC.llCTaBJieHHll COCTOHT B TOM, '!TO OHO CT03BOJIJICT 

Bbl,llCJIHTb KOMHOHCHTbl, COOTBeTCTBYIOW.He pa3JIJil'IHblM KaHanaM neneHHJI 11 HCCne.uosan. 

H3MCHeHHe BKna.noe JTHX KOMfiOHCHT c yeeJIH'leHHeM JHeprHH. 

HccnenosaHHe npouecca neneHHll npH cf>oroll.uepuoM B3aHMo.aei1CTBHH noJBOJJJleT 

nony'IHTb HaH6onee noJIH)'IO HHrj>opMauHIO 0 ponH JIJlCpHblX CBOHCTB ,llCJllllllHXCll lllICp, T!UC 

KaK B JTHX peaKUHllX y.uai:Tcll H36e)KaTb CHJibHOro uapyweHHll CTpyKTyphl ll,!lpa (e OTJIH'!He 

OT CHJlhHOB3aHMO.UCHCTBYIOlll.HX qaCTHl.l). <l>OTOHbl B .uaHHOM CJIYlfaC llBJllllOTCll HaH60Jiee 

a.D.CKBaTHhlM HHCTpYMCHTOM H3YlfCHHll npol.lCCCOB, npoHCXO.!lllWHX B .11.uepuoj;j cpe.ue B 

pe3yJI&TaTe Harpesa c TO'IKH 3peHHll TeOpeTH'ICCKOro onHCaHHll JJieKTPOMarHHTHblC 

npouecc&1 rn10Ke ornoc.11Tcll K 'IHCJIY HaH6onee H3YlfCHHbIX. CyrueCTBCHHb1e TPY.!IHOCTH npu 

pa6oTe c «IJOTOHHblMH ny'IKaMH C03.!l8CT OTCyrcTBHe HCTO'IHHKOB MOHOXpoMaTH'leCKHX 

«IJoTOHOB, HOJTOMY OCHOBHOH 6aHK ,!laHHbIX no <jJOTO,!ICJICHJillO ,!10 HC,!laBHero BpeMeHlf 

BKJllO'lan JRcnepHMeHTbl c HCnOJib30BaHHCM ropM03HOro H3JIYlfeHH.ll ycKopeHHbIX 
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3JleKT}JOHOB. )l.ocnraceHIDI B p113BHTHH TeXHHKH llOJiyqeHHll KBa3HMOHOXpOMaTH'leCKHX H 

MOHOXpoMaTH'IeCKHX <jlOTOHHblX Il)"IKOB Il03BOJIHJIH B llOCJie,l{HHe I"O,l{bl npoBeCTH Pll.n 

Hccne.noaaHHH c BLmeneHHeM 3HeprHH <jloTOHOB. OcHOBHbIM HeAOCTaTKOM 

MOHOXpOMaTH'leCKHX ny'IKOB <jlOTOHOB llBJllleTCll HX HH3Kall mrreHCHBHOCTb, Il03TOMY B 

HeKOTOpb!X CJl)"lal!X, B 'laCTHOCTH, ,l{Jlll nonyqeHHJI CTaTl'.ICTH'leCKH o6ecne'leHHblX ,I{aHHblX 0 

Bb!XO,l{ax KOHKpeTHblX ll,ll;epHb!X COCTO.llHHH 6onee HH<jlOpMaTHBHblMH .llBJllllOTC.11 

3KCnepHMeHTbl Ha <jloTOHHblX ny'IKax c HenpepbIBHblM cneKT}JOM. 

ll;eJiblO HaCTOll!UeH ,l{HCCepTau1rn, .llBJllleTCll HCCJie,l{OBaHHe MexaHH3Ma .neJieHH.11 
238

U H 
232Th 

<jloTOHaMH HH3KHX H npoMelKYTO'IHblX 3Heprnei1 c HCilOJlb30BaHHeM TOpM03Horo H3J1yqem1.11 

3JieKT}JOHOB c 3HeprID1MH 50 H 3500 M3B. 

OcnoBHbie Ja,l{a'ln: 

• HJMepeHHe a6COJllOTHblX Bb!XO,l{OB OCKOJIKOB clJoTO,l{eJieHIDI; 

• HCCJie,l{OBaHHe 3apll,l{0Bb!X H MaCCOBblX pacnpe,l{eJieHHH <]iparMCIITOB; 

• Bbl,!{eJieHHe CHMMeTpH'IHblX H aCHMMeTpH'IHblX KaHaJIOB ctioTO,l{eJiellH.11; 

• onpe,l{eJieHHe BbIXO.na <jlOTO,l{eJieHIDI B o6JiaCTH npoMellCYTO'IHblX :meprnli; 

• onpe.neneHHe ,l{eJIHMOCTH ll,ll;ep B p113JIH'IHblX 3HepreTH'ICCKHX o6JiaCTllX; 

• HCCJie,l{OBaHHe H30MepHblX OTHOIIIeHHH npO,I{yKTOB <jloTO,l{CJICllHll H OI.\eHKa 

MOMCHTOB nepBH'IHblX OCKOJIKOB; 

• cpaBHeHHC xapaKTepHCTHK <jlOTO,l{eJieHHJI c ,l{aHHblMH no .D.CJICllHIO •IaCTHUaMH 

.npyrnro THna. 

Hay'IHaH HOBHJHa pa60Tbl COCTOHT B TOM, 'ITO enepBblC llpH HCCJIC,l{OBaHHH 

<]ioro.neneHIDI B o6nacrH HHJKHX H npoMeiKYTO'IHbIX 3Heprnii B HCH 11ony•1c11 60J1i.moi1 06"1>eM 

3KCnepHMeHTaJibHblX .!\aHHblX, BKJllO'lalOIUHH a6cOJIIOTHblC 3Ha'le11Hll llhlXO)l.OB 298 
npo.nyKToB .neneHHll 

238
U H 194 BE.IXO.!IOB npo.nyKTOB .neneHHll 

232Th. Ha oc11u11c 110J1yqenHoro 

MaTepHaJia BnepBb!C 6r,rno npOBC.!\CHO HCCJIC.!\OBRHHC MYJibTHMO.D.aJihlllll"O xapaKTepa 

npouecca <jlOTO.!ICJICHIDI 
238

U H 
232Th, BKJIIO'lall: 

1. aH3JIH3 3Rpll.n0Bb!X pacnpe.neneHHH OCKOJIKOB .neneHHll, OllPC.!ICiICHHe 

3HCpreTH'ICCKOH 3aBHCHMOCTH OCHOBHblX napaMeTpOB (11a116onee 

BCpOllTHOro 3apll,l{a - Zp H napaMeTpa IIIHpHHbl - C) H paC'ICTbl c 

HCilOJlb30BaHHeM MO,l\eilbHblX npe.ncTaBJICHHH; 

2. HCCJIC,l{OBaHHC MaCCOBblX pacnpe.ne11eHHH OCKOJIKOB .nc11CllHll H 

p113110lKCHHC Ha CHMMeTpH'IHblC H BCHMMeTpH'IHble KOMilOHeHTbl Bb!XO,l{OB 

<jloTo.ne11eHID1 npH M8KCHMaJibHblX 3HB'ICHHHX 3HeprHR ctioTOHOB 50 H 

3500 M3B, onpe.neneHHe .nenHMOCTH e pa3JIH'IHE.IX 3HepreTH'ICCKHX 

HHTepBanax; 

3. er,me11eHHC BblCOK03HCpreTH'ICCKOH 'laCTH BbIXO.na B 0611aCTH 

npoMeiKYTO'IHblX 3HeprnR H aHaJIH3 3HepreTH'leCKOH 3aBHCHMOCTH 

pa311H'1HblX Mo.n .ne11eHID1 npH nepexo.ne OT HH3KHX K npOMCiKYTO'IHblM 

3HCpIWIM <jlOTOHOB; 

4. HCC11e.noBaHHC H30MCpHbIX OTHOWCHHH HCKOTOpblX npo.nyKTOB 

clJOTo.ne11eHHJ1 H pac'l!!T cpe.nHHX yrJIOBblX MOMCHTOB nepBH'IHblX 

OCKOJIKOB; 
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5. cpaeHeHHC OCHOBHblX xapaKTepHCTHK <]ioro.neneHHJI c .naHHblMH no 

.LICJICHHIO 
238

U H 
232Th '18CTHUaMH pa3HOro THna. 

IlpaKTH'leCKaSI ueHHOCTL IlOJiy'ICHHblX pe3yJtE.TaTOB laKJllO'laeTC.11 B IlOilOJIHCHHH 

6aHKa .naHHblX <jlOTOll,ll;epHblX peaKUHH HOBblMH 3KCnepHMCHT3JILHblMH pe3yJIE.TaTaMH 

a6conIOTHbIX BE.IXO,l{OB. ITp11ee.11eHHL1e pe3yJIE.TaTE.I MOfYT 6E.ITb Henocpe.ncraeHHO 

HCllOJIL30BaHbl ):{Jill npoaepKH H p113BHTIDI Mo.neneii ll,ll;CpHbIX peaKUHH, a TaKlKe p113pa60TKH 

HCTO'IHHKOB ll,ll;epHblX IlY'fKOB. Cne.nyeT OTMCTHTb, 'ITO p113BHTHe ll,ll;epHOH TeXHOJIOI"HH 

CTHMYJIHpOBaJIO HC06XO)lHMOCTL pellICHIDI pll,lla BallCHbIX npaKTH'leCKHX 3R,lla'I, K 'IHCJIY 

KOTOpb!X OTHOCHTC.11 TaKllCe H3yqeHHe BblXO,llOB llPO.l\YKTOB H HeHTPOHOB ,lleJICHIDI npH 

o6nyqeHHH aKTHHH,n:OB 'laCTHUaMH p113HOro THlla, a TaKlKe HCCJIC,llOBaHHe PR.LIH8UHOHHOH 
CTOHKOCTH MaTepHaJIOB. 

Pe3yJILT8Tbl H OCHOBHLIC DOJIO*CHHH, BLIHOCHMLIC Ha 3aLUHyY: 

• A6con10TH1>1e 3Ha'ICHIDI BblXO.LIOB <t>oTo.LteJieHIDI ll,llep 238U H 232Th npH 

MaKCHMaJIE.HblX 3HeprIDlx TOpM03Horo mnyqeHIDI 50 H 3500 M3B. 

• 3apll,ll0Bble pacnpe,l{e11eHID1 OCKOJIKOB .neneHIDI x.nep 238U H 232Th H HX 

OCHOBHble xapaKTepHCTHKH B CpaBHeHHH c .naHHblMH .npyrHX 

3KcnepHMeHTOB H pac'IITaMH no cyiuecrayroIUHM Mo.neJlllM (UCD H 
MPE). 

• 

• 

• 

• 

P113JIOlKeHHe KpHBOH Maccoaoro BbIXo.na 
238

U H 232Th Ha CHMMeTpH'IHble H 

aCHMMCTpH'IHLie KOMllOHeHTbl Ha OCHOBe I"HilOTe3Ll MYJibTHMO.naJIE.Horo 

.neJieHH.11. Br,meneHHe BblCOK03HeprCTH'leCKOH KOMllOHCHTbl B Bb!XO)le 

<]ioro.ueneHH.11 npH MaKCHM3JlbHOH 3HeprnH TOpM03HOro H3JiyqCHH.11 3500 
M3B. 

Onpe.ue11em1e .uenHMOCTH x.nep 238U 11 232Th 11pH HH3KHX H 
npOMCllCYTO'IHblX 3HeprHllx. 

AHaJIH3 H30MCpHblX OTHOIUCHHH OCKOJIKOB <]ioro.ueneHHll H paC'leT 

yrnoBb!X MOMeHTOB nepBH'IHblX <l>parMeHTOB Ha OCHOBe CTaTHCTH'leCKOH 
MO.llCJIH. 

CpaeHeH11e nonyqeHHblX xapaKTepHCTHK <jloTo.ueneHHll c .LlaHHbIMH no 

.llC1ICHHIO aKTHHH,n:OB 'laCTHUaMH .upyroro COpTa H ITO,l\TBep)K)leHHC 

YHHBCpCaJibHOH KapTHHbl .neneHHll. 

Anpo6auuB pa60Tbl H ny6nmcauuu. rro TeMe .!\HCCCpTauHH ony6JIHKOBaHO 5 pa6oT: 4 
cTaTE.H ony6nHKOBaHE.I B se.nyIUHX iKypHanax; o.nHa pa6oTa Hane'laTaaa B c6opHHKe 
MaTepHMOB Me)K)lJHapO.IUIOH KOH<jlepeHl{HH. 

06LeM u cTpyKTypa .nuccepTauuu. )l.HccePT8L\Hll COCTOHT H3 BBe.11eHID1, 'ICTblpex mas H 

3aKJIIO'lcHH.I!. )l.HccePTauIDI co.l(epllCHT 106 CTPaHHU. BKJIIO'laIOIUHX 12 n6J1Hu, 23 pHCJHKa H 
CilHCOK JIHTepaTYPLI H3 121 HaHMCHOBaHIDI. 

KpaT1coe co.uep*auue .i.uccepTauuu 

Bo BBC.Z.CHHH .l(aHO KpaTKOe OilHCaHHC <l>H3HKH npouecca ,l(eJieHIDI, npoBe.neH ofoop 

ony6n11KOBaHHblX pe3JJibTaTOB HCCJIC.l(OBaHH.11 MCXaHH3Ma .neneHUll. BBe.neHHe co.nep:>KHT 
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TaJOKe onucrurne rHnoreJbl MYJlbTHMO.ztanbHOro .zteneHHll B npHJIO)l(eHHH K auanuJy 

Maccoeoro BblXOJ{a OCKOJIKOB J{eJieHHJI. Onpe.zteJieHbl OCHOBHble uenH pa60Tbl H ){RHO 

o6oCHOBaHHe aKTYaJlbHOCTH noCTaBJleHHOH 3a){R'IH, a TaJOKe uay'IHOH H npaKTH'leCKOH 

ueHHOCTH HCCJleJ{OBaHHJI neneHHJI JIJ{ep 
238U H 

232Th cpOTOHaMH npoMe)l(JTO'lHblX JHepruii. 

OnucaHa CTpyKTypa JlHCCepTRUHH H nepe'IHCJleHbl OCHOBHble ny6JIHKRUHH, COCTRBHB!IJHe ee 

conep)l(auue. 

IlepBaH rJiaBa IlOCBJlllleHa OilHCaHHIO MeTOJlOB perHCTpaUHH OCKOJIKOB neneHHJI, 

np1rneneHa cxeMa JKcnepHMeHTanbHOH yCTaHOBKH, nonpo6uo HJJIO)l(eH MeTOJl uaeeneuuoii 

aKTHBHOCTH, HCnOJlbJyeMblH B JlaHHOH pa6oTe JlJIJI HJMepeHHJI BblXOJ{OB OCKOJIKOB neneHHJI. 

TaM )l(e npuee.zteHbl JKcnepuMeHTanbHb1e pe3y11bTRTb1 eb1xo.ztoe cpoTone11euuJ1 
238U u 

232Th 
npH HH3KHX H npoMe)l(JTO'lHblX JHeprHllX. 

B pa3nene I. I nan KpaTKHH o630p MeTOJ{OB perHCTpaUHH OCKOJIKOB neneHHJI, 

BKJllO'laJI JIJlepHble JMYJibCHH, TBepnoTeJlbHble JleTeKTOpbl, BpeMllilp011eTHYIO MeTOJlHKy, a 

TaJOKe coepeMeHHble ycraHOBKH, noJBOJ1J1101UHe npoeeCTH MHOronapaMeTpH'leCKHli auanu3 

uccnenyeMoro npouecca J1311o)l(eHbl ocuoBHbie ycnoeHll npoeeneHHll aKTueauuouuoro 

auanHJa npoJtYKTOB neneHHJI H HX H)leHTHcpHKauHH c HCilOJlb30BaHHeM xapaKTepHCTH'leCKOrO 

y-HJJiy'leHHll H nepuonoe nonypacnaua 

B paJnene 1.2 .uaeTcll onucauue JKcnepuMeHTanbHOH yCTaHOBKH, npueeneuuoH Ha 

puc. l. fiyqoK y-KBRllTOB, npoXOJ{JI '!epe3 KOJIJJHMRTOp - Kl (3x3 MM\ O'IHIUalOIUHH MRrHHT -

M H BTOpoH KOJIJIHMRTOp - K2 (I Ox IO MM
2
}, nona.ztan B KaMepy c o6ny'laeMLIMH MHWeHJIMH -

KM. 

3 

- M u Q e K1 K2 KM 

CIP,,.. 0 n 1,,.,, I a 

Puc. I. CxeMa o6ny'leHHll MHllleHeH 
238U u 

232Th: Klu K2 - KOJIJIHMaTOpb1, 3 -
JRIUHTa, M- O'lHIUalOIUHH MarHHT, KM - peaKUHOHHall KaMepa c 

MHllleHllMH, Q - KBaHTOMeTp BHJ1LC0Ha. 

11HTeHCHBHOCTb cpoTOHHOrO ny'!Ka COCTaBJillJia -1011 
JKB.KB.IC JlJlll JHeprHH :meKTpOHOB 50 

MJB u -109 
JKB.Ke.lc JlJlll 3500 MJB. MnllleHH 

238U u 
232Th, TOJllllHHOH 75MKM u 20 MKM, 

COOTBeTCTBeHHO, 0611y'laJ1HCb npH HH3KHX JHeprHllX B Te'leHHe 43 MHH H npu BblCOKHX 

JHeprHllX 196 MHH. l13MepeHHll HaBeJ{eHHOH B MHllleHllX aKTHBHOCTH npoBOJlHJIHCb B pe)l(HMe 

off-line Ha nonynpoBOJtHHKOBOM HpGe .zteTeKTOpe. 3HepreTn'lecKoe pa3peweHue .ztereKTopa 

6 

' j 

COCTRBHJIO -0,2%, a Jcl>cpeKTHBHOCTb pernCTpauHH -1 % JlJlll y-KBaHTOB -1 MJB Ha 

pacCTOJIHHH 2 CM. 

B pa3.ztene 1.3 npHeeJ{eHbl OCHOBHble cpOpMJllbl Bbl'lHCJleHHll BblXOJ{OB npOJtYKTOB 

peaKUHH MeTOllOM uaee.zteHHOit aKTHBHOCTH. CJIOllCHOCTb Bbl)leJieHHJI OCKOJIKOB .ueneHHll no 

H3MepeHHJIM Haee.ul:uHoit aKTHBHOCTH COCTOJIT B paJ.neneHHH neJaBHCHMLIX H KYMYJlllTHBHLIX 

Bb1xo.uoe, co.uep)l(amux BKJlaJlLI OT ueno'leK P-pacnauoe coc_e.UHHx HJo6ap. HeJaBHCHMLie 

BLIXO)lbl OCKOJIKOB .ueneHHll )lJlll cnyqaee o6pa30BaHHll HX Henocpe)lCTBeHHO B npouecce 

eJanMo.ueitCTBHll orrpe.zteJillJIHCL no cpopMJne (I): 

y = t:,N}., 
N rN aiJIC&TJ (1- e-Al1 }-A/2 (1- e-Al3) , 

(I) 

r.ue Y - BLIXo.zt panuoaKTHBHoro HJOTona (M6H!JKB.Ke); AN - nnomani. no.u 

Q>ownuKoM; N1 - HHTeHCHBHOCTL cpOTOHHoro nyqKa (JKB.KB.lc); N .... - 'lHcno JI.ztep MHWCHH 

(l/cM
2
); 11 - BpeMll o6nyqeHHll; 12 - BpeMeHHOif HHTepean MC)l(JtY KOHUOM o6nyqeHHJI H 

Ha'lanOM HJMepeHHll; t3 - BpeMJI H3MepeHHJI; A. - IlOCTOllHHaJI pacna.ua (l/c), T), K, & -

HHTeHCHBHOCTb nepexo.zta, CJMMapHLIH K03cpcpHuHeHT nornomeHHll B Marepuane MHWCHH H 

)leTeKTopa H J4>.peKTHBHOCTb perHCTpauHH H3MeplleMblX y-KBaIITOB. 

IlpH HanH'lHH BKJIRJ{a B o6pa3oBaHue H30TOria OT P-- HJIH p+- pacna.uos COCC)lHHX 

neCTa6HJILHLIX H3o6ap si.1xo.zt:i.1 po.ztHTCJILCKHX H .UO'lepuux JI.Uep paJ.uenllJIHCL no lf>opMJJie 
(2): 

YB 
AB 

V - e-"•'• }-"•'' (1- e -A.r, ) x 

[ 

llN Y,d AB A. AA.8 ( (1- e-"A'• }-":12 (1 - e--<,i,) 
NrNaiJKE'17 AB -A.A A.A 

~-e-'-' ~-'-'·(1-e-"'' l)] 

'(2) 

r.zte HH.UeKCbl A u B onpenenJ110T nepeMeHHi.1e, OTHOCllIUHecll K po.uuTeJILCKOMY H 

.uoqepneMy HJOTOnaM; KoJcl>lf>uuueHT fAB onpe.ztenlleT .UOJllO A-l!Jlep, pacna.ztaIOIUHXCll B B­

JI.ztpo; AN - noJIHaJI nnomani. no.zt lf>oTOnHKOM, o6pa30BaHHaJI npu pacna.zte .uoqepHero H 

po.nHTeJILCKOro H30TOUOB. 

B npouecce .ueneHHll OCKOJIKH Ja'!aCTJIO llBJIJllOTCJI KOHC'lHblM npo.nyKTOM uenO'lKH 

nocne.uoearenbHLIX fl-npeepameHHH. .[lnll yqeTa BKJlll.lla B BblXOJt uccne.uyeMoro HJorona 

.UByx po.uureneit B .UaHHOH pa6ore 6LIJI8 Bb!BeJ{eHa peKyppeHTHaJI lf>opMyna, U03BOJllllOIUaJI 

onpe.zteJIHTb He3aBHCHMblH BLIXOJ{ )lO'lepHero llJtpa, B BHne: 
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}". __ l_ r aoK&T/ C A A B C B _ 

1

-N-::--- fAcyA _A _A~A-e(llA)-(YB +YA/AB-A. _ll~A-)-A. -~A.-xl 
c - e(A.c) ( Ac· AB Ac ) (A 

!Be+ fABfBc Ac -AB + f AB/Be A.B -A.A Ac -AB e B) 

Jl ~A YB(fBc +JAB/Be A ~A. + f AB/Be A A~A. A. ~A )-YA/Ac A. ~Jl 
BC BC A BBC AC 

(3) 

r.ue .UJJll KpaTKOCTH 3aJ1HCH BBe.ueHO o60JHaqeHHe: 

e(A. j) = {1 - e -J.;1, k-J.;12 {1 e -J.;1, } 

A.. (4) 
J 

B pa3.uene 1.4 npHse.ueHbl 3KCrrepHMeHTaJJbHble BblXO.Ubl KOHe'IHblX OCKOJIKOB 

<t>oTo.ueneHHll B pe3yJibTaTe rrpoae.ueHHbIX H3MepeHHH 6bIJIH 11.ueHTH<i>HUHpOBaHbI 298 
npo.uyKTOB .ueJieHHM 

238U H 194 npo.uyKTa .ueneHHll 
232Th npH .usyx 3Heprnl!X <i>OTOHOB. 

0THOWeHHll BbIXOllOB (R) OCKOJJKOB <t>oT011eJJeHHll 
238U 11 

232Th np11 .UBYX JHeprH51X 

npe.ucrasneHbl Ha pHC. 2 (a, 6). KaK BHllHO, OCHOBHOH pOCT BbIXO.UOB <t>oT011eJJeHHll np11 

yaeJIWieHHH 3HeprnH rranruoumx <i>OTOHOB npHXO.llHTCll Ha o6JiaCTb CHMMeTpH'IHOfO .lleJJeHHll. 

Ha6JIJO.llaeMoe npeBbJllleHHe B pocre BbIXO.UOB B o6JiaCTH 80-100 a.e.M. MOJKHO 06"bl!CHHTb 

C.UBHfOM CHMMeTpffqHQH o6JiaCTH .lleJJeHH51 B CTOpOHY 6onee MeHblllHX Mace c pOCTOM 

3HeprnH. 

R .[ R ' 

: ~-p 
f ~ . I ~ ij~~;1~l~ : 'IaN ~ \a 

n .. 
0 90 100 110 120 130 uo 150 160 070 80 90 100 110 120 130 140 150 160 ro oo A 

A 

(a) (6) 

P11c. 2. OTHoweHHe Bb1xo11os ocKOJIKOB .lleJieHHll (R) 238U (a) H 
232Th (6): 

• - He3asHcHMbie Bb1xo11b1; o - KYMYJIMTHBHbie BbIXO.llbI. 
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' .. 

BTopaH rnaea .UHCCep'rauHH UOCBMLQeHa ODHCaHHIO 3apM,ll0BblX pacrrpe.ueneHHH 
OCKOJIKOB .ueneHHll. 

B paJ,nene 2.1 .uaH o63op pa6or no Hccne.uosaHHIO xapaKTepHCTHK 3apM.uosoro 

pacnpe.ueneHHll. ct>opMHpoBaHHe OCKOJIKOB B npouecce .ueneHHll, BKJIJOqag orrpe.ueneHHe HX 

HYKJIOHHoro cocraea, npoHcxo.uHT .uo OKOH'laTeJibHOro pa3.ueneHM M.Upa · Bo36YJK.lleHHe 

.ueJil!LQeHCll M,nepHOH CHCTeMbl H o6pa30BaHHbIX OCKOJIKOB 06bI'IHO CHHMaeTCM HCnapeHHeM 

HYKJIOHOB, B OCHOBHOM, HeHTpoHOB, H y-KBaHTOB. KOJIH'leCTBO BblJieTaIOIUHX HeHTpoHOB KaK 

H3 COCTaBHOfO ll.Upa (Dpe.ll.lleJIHTeJibHbIX), T8K H HJ OCKOJIKOB (IlOCT,lleJIHTeJibHLIX), llBJijjeTCM 

<i>YHKUHeif 3HeprnH 08,llaIOLQHX '!aCTHu, .ue<i>opMauHH .ueJIMLQefOCll R.Upa H OCKOJIKOB, a TaKJKe 

C'fPYKTYPHbIX oco6eHHocreii KOHe'IHLIX npo.uyKTos. B 3KCnepHMeHTe o6bI'IHo 

perHCTpHPYJOTCll <l>parMeHTLI, npe,llCTaBJIRIOLQHe KOHe'IHble npo.uyKTbl .ueneHHll DOCJie 

HcnapeHHjj HeifrpOHOB H y-KBaHTOB H3 .ueJIRLQerocR M.Upa H nepBH'IHblX OCKOJIKOB. 

Hccne.noeaeHe caoifcra 3apR.uosi.ix pacnpe.ueneHHH npe.ucraBJIReT HHTepec .llJI" 
IlOHHMaHHM MeXaHH3Ma PaJ.UeJieHHll 3apR.ua MeJK.uy OCKOJIKaMH. 3apR.UOBbie pacnpe.ueneHHR 

06bl'IHO OUHCb!BaIOTCl! cl>YHKUHeH faycca H xapaKTepH3YJOTCR HaH60Jiee BepOMTHbIM 

3apR,llOM (Zp) H306apHOii uenO'IKH H napaMeTpoM lllHpHHbl (C) (5): 

(z-z PY 
c (5), 

r.ue y A.Z - H3MepeHHLIH He3aBHCHMblH BLIXO.ll OCKOJIKa c 3apR.UOM z H Maccoif A, 
Y(A) - noJIHbIH BbIXO.ll npH .llaHHOM A, Zp - HaH6onee eepoRTHbIH 3apM.u B .UaHHOM 

pacnpe.ueneHHH, C - napaMerp rnHpHHbI 3apR.uoaoro pacnpe.ueneHHM. Ha pHCYffKax 3, 4 
rrpe.ucraBJieHbI 3apll.UOBbie pacrrpe.neneHHll .UJIM HeKoropbIX HJo6apHbIX ueno'!eK, 

o6pa30BaHHbIX rrpH )leJieHHH ll.Uep 
238U H 

232Th IIpH 
0 

JlByx 3HeprHl!X TOpM03HOfO cneKrpa. 

3Ha'!eHHR napaMeTpa IIIHpHHLI, ycpe.uHeHHbie no BCeM <f>nTHpyeMbIM MaCCOBLIM uerrO'!KaM 

.llJljj MHllleHeH 
238

U H 
232

Th rrpH 3HeprnH 50 M3B COCTaBHJIH 1,07±0,13 H 1,19±0,14, a npH 
3HeprnH 3500 M3B- 1,29±0,15 H 1,30±0,16, cooTBeTCTBeHHo. 

JIF(J6 
A=135 

0.1 

'"' l \ 'I) 
0.01 ~ ii :a 0,01 

·~ .. 
~ 1EO '\ 1 1E-3 ! ~ 
~ 

16-4 ~ 
1E-4 ~ \ 

.. 
~ 

1&6 J 
1E .. 

34 31 31 «> 42 .. ... ... "' 52 54 56 58 00 z z 

PHc. 3. 3apM.UOBbie pacnpe.ueneHHll OCKOJIKOB .ueneHHR .llJlll HJo6apHbIX uerroqeK .llJ!ll 238U 
o - Emax=50 M3B (cnJIOIIIHal! JIHHHll); • - Emax=3500 M3B (nyHKTHpHal! JIHHHM). 
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ht1T A=121 
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'O 
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0.01 g 
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•::r 

163 1 16'3 

~ 
.II ~ :a e 164 ~ 164, I i Ui ::r 1 u 
0 
:t 165 

d 165 

165 
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Puc. 4. 3apll.!lOBbie pacnpe.ueJieHHll ocKOJIKOB .ueJieHHll .!lJlll u306apHbIX ueno'IeK .UJIJI 232Th 
o - Ernax=50 M3B (CllJIOWHaJI JIHHHll); • - Emax=3500 M3B (nymcrnpHall JIHHHll). 

lfa npuse.ueHHblX pe3yJibTRTOB BHJlHO, 'ITO c yBeJlH'IeHHeM 3Hepnrn UR.!laJOIUHX 
<jloTOHOB 3apJ1.uosoe pacnpe.ueneHue HeCKOJibKO ymuplleTCll. MmKHO npe.unono:>KHTb, 'ITO :no 
cJie.UCTBHe poCTa :mepmu so36y:>K.UeHHJ1 .ueJIJ11UerocJ1 ll.Upa. TaK KaK rrpu 3TOM 3Hepmll 
B036ylK.UeHHll pacrrpe.ueJIJleTCJI nponopu110HaJibHO MaCCaM OCKOJIKOB, TO TlllKeJibie OCKOJIKH 
11cnyCKaJOT 60JibIUee 'IHCJIO HeHTpOHOB, qeM JiefKHe, 'ITO npHBO):(HT K CMe1UeHHIO HaH60Jiee 
sepOllTHOfO 3ap11na B CTOpOHY 60JibWHX 3Ha'leHHH 11 ywupeHHIO 3apll!lOBOro pacrrpe.ueneHHll. 
B uenoM, aHaJIOrH'IHaJI 3aBHCHMOCTb Ha6n10.uanacb B peaKuu11x .ueneHHll, Bbl3BaHHbIX 
'IaCTHUaMH .upyroro copTa (p, n, a) B o6naCTH 3HeprnH so36y:>K.ueH1rn .uo 100 M3B. 
nonyqeHHbie s Hacro11meH pa6ore JHa'leHHll ZP xopowo cornacy10Tc11 c .uaHHblMH rro 
.ueneH1110 ll!lep rrpoTOHaMH. AHRJIH3 3Ha'leHHH rrapaMeTpa C rroKa3aJI, 'ITO urnpuHa 
3ap11.uosoro pacrrpeneneHHJI OCKOJIKOB .ueneHHll He MeHJleTCll npH B3aHMO}leHCTBHH c 
'IaCTHUaMH pa3Horo THna. MmKHO npe.urroJIOlKHTb, 'ITO xapaKTep ;iap11.uosoro pacnpe.ueneHHll 
OCKOJIKOB onpe.ueJIJleTCJI, B OCHOBHOM, 11.uepHbIMH CBOHCTBaMH npo.uyKTOB. 

B pa3.uene 2.2 rrpe.ucrasJieHbl TeopeTH'leCKHe MO.UeJIH, o6bl'IHO HCIIOJib3yeMbie B 
JIHTepaType ;ZJ,JIJI onucaHHll pacrrpe.ueneHHll 3apJ1na .uenJ1merocJ1 11.upa. Ecnu npu .ueneHHH 
3ap11.u pacrrpe.ueneH B 11.upe pasHOMepHO H .uo IlOJIHOfO pa3.ueneHHJI He rrpOHCXOJlHT ero 
nepepacnpe.ueJieHHJI, TO IlJlOTHOCTb 3ap11.ua B OCKOJIKax He JlOJllKHa MeHJITbCJI. 3TOT rrpHHUHn 
nonmKeH B ocHosy Mo.uenu HeHJMeH11eMoro 3apJ1.uosoro pacrrpe.ueJieHHll (unchanged charge 
distribution, UCD). BeJIH'IHHa Zuco B 3TOM cJiyqae onpe.ueJ111eTcJ1 BbipaJKeHHeM: 

Z UCD (~;)A (6) 

me Zr, Ar - 3apll!l H Macca .ueJIJ11IlerocJ1 ll!lpa, A· -Macca nepBH'IHOro <jlparMeHTa, 
KOTOpall onpe.ueJIJleTCJI B BH.Ue: 

10 

,. t 

'. { 

A'=A+vP, (7) 

r.ue A-Macca perucrpupyeMoro ocKOJIKa, vP-cpe.uuee qucno rrocr.uenHTeJibHbIX 
HeHTpOHOB, H3BeCTHOe H3 JIHTeparypHbIX }laHHbIX . 

)lrrll OllHCaHHJI 3apll.UOBOro pacrrpe.ueJieHHll HCilOJib3YeTCll TaKJKe npe.urroJIO)l(eHHe, 
qro npouecc .ueneHHJI npoxo.uHT rrpH MHHHMaJibHOM 3Ha'leHHH CYMMI>I KYJIOHOBCKOH 3HepmH 
H 3HepmH nosepxHOCTHoro HaTJ1xceHHJ1 .nenJ1merocJ1 11.upa (minimum potential energy, MPE). 
<t>opMyJia }lJIJI onpe.ueneHHJI Zp no 3TOii MO}leJIH HMeeT BHJl: 

z1( CZiA~ +0iA/3-o,sq2n-1
) 

ZMPE= ( ) , (
8) 0i( A~x +A-f)+CZi A~I +A~ -q2n-1 

r.ue Zr - 3apJ1J1 .uenJ1meroc11 ll.Upa, D - J<l><l>eKTHBHoe paccro11uHe Mexc.uy ueffTPaMH 
<jlparMeHTOB (18 lf>epMH), A

0

L, A'H - MaccL1 nerKoro H Tll)l(eJioro lf>parMeHTOB, q - e.uHHHua 
3JielCTpH'leCKOfO 3apll.ua, a1=0,718, ai=94,07 - IlOCTOllHHble lf>opMyJibl fpHHa 

IlpH o6cyxc.ueHHH 3Rpll.UOBOro pacrrpe.ueJieHHJI B .uaHHOii pa6oTe HCI10Jlb30BaJIHCL 
pac'IeTI>I no .!lBYM paccMOTPeHHbIM Bblllie MO.UeJIJIM UCD H MPE. 

Ha pHcyHKax 5 (a), 6 (a) rrpe.uCTaBJieHI>I OTKJIOHeHHJI JKcrrepHMeHTaJII>HLIX H 
pac'll!THI>IX .!laHHI>IX .!lJlll Ha116onee sepollTHoro 3apll.ua ZP no Mo.uenH UCD .!lJlll 238U H 232Th. 
KaK BH,llHO H3 pHCYHKOB, 3apll!lbl <l>parMeHTOB B o6JiaCTH JierKHX Mace C!lBHHYTbl B npOTOH­
H36bITO'IHyIO cropoHy OTHOCHTeJibHO rrpe.ucKa3aHHH UCD MO.UeJIH, a .UJill o6JiaCTH Tll:>KeJibIX 
Mace - s npoTOH-.ue!f>HUHTHyIO. MmKHO rrpennono:>KHTI>, 'ITO B B036yxc.neHHOM ll.Upe rrepe.u 
.UeJieHHeM rrpoHCXO!lHT HeKOTOpall IlOJI11pH3RUHJI 3Rpl1Jla 3Ha'leHHJI KpHTepHll X,2 COCTaBHJIH: B 
CJiyqae 

238
U x2=o,88 npH Emax=50 M3B H x2=0,69 rrpH Emax=3500 MJB; 

,llJIJI MHWeHH 
232Th: x2=0,52 rrpH Emax=50 MJB; X,2=0,48 rrpH Emax=3500 M3B . 
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2 0\ 22~ 2~ 
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,, 
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A' 

PHc. 5. 0TKJIOHeHHll 3KcrrepHMeHTaJILHLIX H pac'leTHI>IX .!laHHbIX HaH6onee sepollTHoro 
3apJ1.ua JlJlll ocKOJIKOB .ueneHHll 238U no MO.UeJIJIM UCD (a) H MPE (6). 
,[(aHHLie: D - Emax=50 M3B, • - Emax=3500 M38. 
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(a) (6) 

PHc. 6. OTKJIOHeHH.11 3KcnepuMeHTaJihHhIX H pac'ieTHbIX .UaHHbIX Hau6onee sepo.11THOro 

Jap.11.ua .un.11 ocKOJIKOB neneHH.11 
232

Th: no Monen.11M UCD (a) u MPE (6). 

.[(aHHhle: D - Emax=50 M3B, • - Ernax=3500 M3B. 

Ha pHCYHKax 5 (6), 6 (6) npe.ucrnsneH1>1 pe3yJI1>Tan1 pac'!eTOs OTKJIOHeH11ll 

HaH6onee sepO.llTHOfO 3apll.ua no Mo.uen11 MPE .llilll 
238U H 

232
Th. 3Ha'!eHHll KpHTepH.11 x2 .UJ!ll 

3TOH MO.UeJJH COCTaBHJIH: B cnyqae 
238U x2

=0,46 npH Emax=50 M3B 11 x2=0,18 npH 

Emax=3500 M3B; .llJlll MHIIIeHH 
232

Th: x2
=0,26 npH Emax=50 M3B; x2=0,15 npH Emax=3500 

M3B. 

lb cpasttett11ll pe3yn1>TaToB Mo.nen1>Hh1x pac'ieTOB BH.UHO, '!TO MPE ny'IIIIe 

OnHChIBaeT 3apll.llOBOe pacnpe.ueneHHe aKTHHH.UOB. IlpH yseJ111'1eHHl1 3HeprnH B036YlK.UeHHll 

.uen.11weroc.11 .11ii.pa H poCTOM CHMMeTpH'iHoro .ueneHHll cornacHe c .naHHbIMH Mo.nenH MPE 

crattoBHTCll nyqIIIe. TaKoii lKe pe3yJihTaT nonyqeH npH onHcattH11 Jap.11.uoshlx pacnpe.uenettHii 

.ueneHH.11 
238U H 

232
Th npoTOHaMH. MolKHO npe.unoJIOlKHTb, '!TO Mo.uen1> MPE Y'IHT1>rnaeT 

OCHOBHbie CBOHCTBa neJilIIIIHXC.11 CHCTeM H npe.UCTaBJI.lleT yH11Bepcan1>HblH cnoco6 

npe.UCKa3aHl1.ll xapaKTepHCTHK 3apll.ll0BhIX pacnpe.ueneHHM OCKOJIKOB He3aBl1CHMO OT copTa 

na.uaIOWHX '!aCTHU. 

0TJil1'1He paC'leTHhIX H 3KCnep11MeHTaJibHbIX .UaHHbIX Ha6mo.uaeTCll B 06JiaCT11 

ocKOJIKOB cHJibHO acuMMeTpH'IHoro .uenettH.11 (s6JIH3H A'=87,7 H A'=151,2 .!{Jl.11 238U 11 s6n11JH 

A'=84,4 11 A'=l47,8 .un.11 
232

Th). TaKoe ttecooTBeTCTBHe o6ycnoBJietto TeM, '!TO 3TH ll.Upa 

MO)KHO paccMaTpHBaTh KaK conplllKeHHbie OCKOJIKH, OTHOC.llWHeCJI K .ueJieHl1IO 

npoMelKYTO'IHhIX Jl.UepHbIX COCTOlIHl1H npaKTH'ieCKH 6e3 HCnycKaHHJI npe.n.ueJIHTeJibHbIX 

HeiiTpOHOB. CywecrseHttoe OTKJioHeHHe npH HH3KHX 3Heprnllx Ha6n10.uaeTcJ1 H Mll 

CHMMeTPH'IHOro .ueneHHJI. B 3TOH MaCCOBOH o6JiaCTH B03MO)KH0 npOlIBJieHHe 3$$eKTa 

o6oJIO'le'IHOH CTPYKTYP"' (Zp::.:50), KOTOpblii pa3MaJbIBaeTCll c pocroM 3tteprn11. 
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~' 
•,.) 

-) 

') 

,) 
') 

., 

TpeTbR rnasa .UHccepTaUHH nocBlllI.letta onHcaH1110 MaccoBLIX pacnpe.ueneH11il 

OCKOJIKOB .ueneHHJI. 

B paJ.uene 3.1 .naH o63op pa6oT no MaCCOBOMY pacnpe.ueneHHIO OCKOJIKOB .ueneHHJI 

TJl)KeJILIX ll.Uep 'iaCTHUaMH pa3HOro THna, B KOTOphIX HCCJie.llOBaJiaCh KOHKypeHUHJI 

aCHMMeTpH'IHOe/CHMMeTPH'iHOe .ueJieHHe B 3aBHCHMOCTH OT . 3HeprnH B036y)K.!{eHl1ll H 

HYKJIOHHOro COCTaBa .ueJilIWHXCll Jlllep . .[(aHHhie no $OTO.UeJieHHIO aKTHHHllOB npH HH3Kl1X H 

npoMelKYTO'iHhIX 3Heprnl!X pa3p03HeHHhl H MaJIO'il1CJieHHbl. Ilo•ITH BO scex pa6oTax 

paCC'iHTblBaJll1Cb OTHOCHTeJibHbie BbIXO.Ubl orpattH'ieHHOro 'iHCJia OCKOJIKOB 'iaCTO 

KYMYJillTHBttoro xapaKTepa. He.uocraTOK craTHCTH'leCKoii o6ecne'ieHHOCTH He .uaeT 

B03MO)KHOCTH npose.ueHHll .UeTaJihHOro aHaJIHJa Maccosoro s1>1xo.ua LleneHHll. B 3TOM lKe 

paJ.uene H3JIO)KeHa runOTe3a MYJibTHM01laJibHOro .ueneHHJI, cornaCHO KOTOpoii B MaCCOBOM 

pacnpe.ueneHHH qiparMeHTOB paccMaTPHBaIOTCJI TPH ocHOBH1>1e MOLlhI .uenettuJ1: Superlong -

CHMMeTpH'iHOe .uenettue, KOTOpoe onpe.uem1eTCli MacCOBbIMl1 'iHCJlaMH B paiioHe Arl2 (Ar -
Macca JieJiliII1erocJ1 ll.llpa); Standard I - .ueneHHe c acHMMeTpH'IHbIMH ocKOJIKaMH, r.ue 

npOJ1BJIJ1eTcJ1 BJIHJIHHe c<t>epH'lecKoii o6oJIO'IKH c Z u N, 6JIH3KHMH K MarH'ieCKHM 'iHCJiaM 50 

H 82 s Tli)KeJIOM OCKOJIKe co cpe.nHeil Maccoif 132-134; Standard II - .uenettue, CBll3aHHoe c 

ciiopMHposattHeM cliparMeHTOB, COLlep'lKawHx ne<IiopMHpoBaHHYIO o6oJIO'iKY npH A::.: 138-140 

(Z ::.: 52, N "" 86-88). Ileps1>1e Hccne.uosaHHll KOMnoHeHT MYJILTHMO.UaJibHOro .ueneHHli 
·- KacaJIHCb MaCCOBbIX H 3HepreTH'leCKHX pacnpe.ueneHHM cliparMeHTOB B COOHTaHHOM .ueneHHH 

H neneHHH TenJIOBhIMH tteilTPOHaMH. B o6nacru npoMelKYTO'iHLix 3Hepmil rHnoTe3a 
MHOfOKaHaJibHOro .ueneHHJI np11MeHJ1JiaCb npH o6nyqeHHH .uoaKTHHllllHbIX II aKTllHH.UHblX 

J111ep aJIPOHaMH H TJ1JKeJI1>IMH HOHaMH c JHepmeil 110 500 MJB. I1eps1>1e .natttt1>1e o 

np11MeHeHHH rHilOTe3bl MHOfOKaHaJlbHOfO .ueJieHHJI K npoueccaM 3JieKTpOMarHllTHOrO 

.ueneHHll OTHOCJITCJI K pa3JIOlKeHlllO Maccosoro BhIXO.Ua OCKOJIKOB JieJieHHJI 235
•
236

•
238U 

3JleKTp0HaMll H <IioTOHaMH B OKOJIOnoporosoil o6JiaCTH 3Hepmii. .[(JIJI Q>oro.ueneHllJI B 

o6JiaCTH npoMe'lKYTO'IHblX 3Hepruil TaKOro aHaJIH3a no CHX nop He npOBO.UHJIOCh. 

B pa3.nene 3.2 npHse.ueHLI 3KcnepHMeHTaJihHble .UaHH1>1e pa3JIOlKeH11J1 KpHBbIX 

MaCCOBOro BhlXO.lla Jl.!{ep 238U H 232Th npH llBYX rpaHH'IHblX 3Heprul!X TOpM03HOf0 cneKTpa, 

cornacHo mnoTeJe MYJibTHMO.UaJILHOro .ueneHHli. Ha pHCYHKe 7 (a, 6) np11se.uen1>1 KpHBble 

pa3JIOlKeHllJI H 3KCnepuMeHTaJibHble .naHHbie, OTHOCJllI.lHeCli K BbIXOJlaM OCKOJIKOB .ueneHHJI 
238U u 232Th npu MaKCHMaJI1>Hoii 3Hepruu TOPM03HOro cneKTpa 50 M3B. IloJIHLiii BhIXOLl 

cliOTOLleJieHHJI (Y101) npu 3HeprHH 50 M3B paJJiaraJICJI Ha OT]leJibHbie KOMnoneHTbl, BKJIIO'ial! 

OllHY CHMMeTPH'iHYIO Superlong 11 LlBe acuMMeTpH'IHhle Standard I, Standard II MO.Uhl 

.ueneHHJI. 

PaJJIOlKeHHe npoBO!lHJIOCb Q>HTHpOBaHHeM Kpusoil Maccosoro s1>1xo.ua, nYTeM cynepno311u11H 

YKa3aHHbIX BbIIIIe COCTaBJIJllOWHX B BHJle: 

K
0

1AS 
(A-A1s+DiAS r 

I;= KIAS 
(J'IAS ..{i; e 

(A-A1s-DiAS r 
2afAS + e 

a'1As& 

·2 
2u1AS + 

+ K2AS 
(J'2AS&e 

(A-A1s-D,AS r 
2ulAS K

0

2AS 
+ e 

a'2As& 

13 

(A-A1s-D,ASr 
'2 2u2AS + K,s 

a,s&e 

(A-A1sf 
2crfs 

(9) 



- 11 
-.. 

~ i:O :c 
!IC :c i:O :c 
~ 1 ~ 
\CS ~ 

~ I a 
Q1 ~ ~ 

L r I ' I -,. . ' i 
i 

0 
i 

Q1~ L ~ ;1 t "._ I ~- q I I !f i i 
i 0 i 
! 0 

i 
i 

0 i 
\ QOI 

u 

ill ID !II tD 1ll 1:D 13l 1Cl 1!ll ID ill 8l 9) mmt1Jmw1!llm 

A A 

(a) (6) 

PHc. 7. KoMIIOHeHTLI Maccosoro BLixo.11a rrpH Emax=50 M3B JlJl.11 238U(a) H JlJl.11 232Th (6): 

Superlong (mrpHX-Il)'HKTHpHa.11 JIHHHJI), Standard I (crrJIOlllHa.!I TOHKa.11 JIHHHJI), 

Standard II (o), nOJIHhlH BLIXO.ll Y101 (cIIJIOlllHWI JIHHHJI), JKcrrepHMeHTaJILHble mqKH (•). 

B BLipIDKeHHJIX (l 0)-( 11) KIDK,lla.11 KOMIIOHeHTa xapaKTepH3YeTCJI IIOJIO)KeHHeM IlHKa 

(A ;s±D;As) H .11HcrrepcHeii a iAs,;s, a TaK)Ke HOpMHpoooqHLIM KoJctul.>HUHeHTOM K;, 
011pe.11eJIJI101UHM BKJia,ll i-olf MO.LILI .11eneHHH (HH.lleKCLI S, AS o6o3Haqa!OT CHMMeTpHqHLie ii 
aCHMMeTpHqHLie KOMIIOHeHTLI). IIapaMeTp DiAS, BBO,llHTCJI JlJl.!I OIIHCaHHJI IIOJIO>KeHHJI .llByx 

KOppeJIHpOBaHHLIX OCKOJIKOB H paaeH IIOJIOBHHe paCCTOJIHHJI Me)K,lly IIHKaMH 

acHMMeTpuqHoro .11eneH11x 110 Maccosoi! lllKaJie. TaK KaK BhlXO.llLI cJ.>om.11eneH11JI paCTyT c 

yBeJIHqeHHeM 3HeprH11, B pa3JIO)KeHHH Maccoaoro BLIXO.lla rrp11 Emax=3500 MJB (Y
2

) 

BBO,llHJIHCL ,llOIIOJIHHTeJILHO KOMIIOHeHTLI (Y), OTHOCJllUHeCJI K CllMMeTpllqHoMy H 

acHMMeTpHqHoMy ,lleJieHHIO IIpH BLICOKHX 3Heprnxx: 

y' = K3AS 
~AS,,n;;e 

Y2 

(A-Ais-D.iASf 
2ofAS 

YI+ y I, (10) 

, (A-A2s-D.iAsr (A-A2s f 
K 3AS ~~s K2S w2S + e + e 

U3AS,,n;; (]"28,,n;; 

r.11e Y1 paccqHTLIBaJICJI no ct>opMyne (9). 
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(11) 

Ha p11cyHKe 8 (a, 6) np11se.11enhl KpHBhie pa3JIO>Kemu1 11 JKcrrepHMeHTaJihHbie .11aHHL1e, 

OTHOCJllllHeCJI K BblXO,llaM OCKOJIKOB ,lleJieHllJI 
238U II 

232Th npH MaKCllMaJibHOH 3Hepr1111 

TOpM03Horo cneKTPa 3500 M3B. 

,-... 
~ 10 
::c 
~ 
~ 
~ a ;;:;;;; 

,-... 

~ ::c 
~ ::c 
~ 
~ 

~ ;;:;;;; 
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A A 

(a) (6) 
P11c. 8. KoMnoneHThI Maccoaoro BhIXO,lla npH Emax=3500 M3B llllll 

238
U(a) 11 .llJlll 

232Th (6). 

CHMBOJlbl, COOTBeTCTBYIO!llHe BblXOllY Hll3KOJHeprenI'leCKOfO neneHllJI, TaK11e )Ke, 

KaK II na pHC. 7; BLICOK03HepreT11qecK11e KOMIIOHeHTbl: aCHMMeTpll'IHa.11 MO.Lia (. ), 

CllMMeTpH'IH!UI MO,lla (nyHKTHpH!UI JlHHmI), IIOJIHLIH Bb!XOJJ. Yiot (CIIJlOIIIHa.11 JlHHHll), 

3KCnepHMeHTaJibHble TQqKH (•). 

IlpoBe,llennoe pa3JIO>KeHHe )lJIJI JI,llep 
238U H 

232Th 1103BOJIHJ10 IlOJlY'IHTb IlOJIHblH BblXO,ll (Y101) 
II KOMIIOHeHTbl, COOTBeTCTByIOUJHe aCHMMeTpH'IHOH H CHMMeTpH'IHOH MO,llaM ,lleJieHHJI np11 

.llByx JHeprHJIX cJ.>oTOHOB, a TaK)Ke Bbl,lleJIHTb BKJia,ll BbICOKOJHepreTH'leCKOH qaCTH IlOJlHOfO 

BL1xo.11a npH 3neprnH cJ.>oTonos 3500 M3B. OuenKH BL1xo.11os s 06naCT11 Jneprni! 50-3500 

MJB IIOKa3aJIH, qTo OCHOBHOH BKJla,ll B IlOJlHbIH BblXO,ll o6ycJIOBJien CHMMeTpllqnoi! 

KOMIIOHeHTOH .11enenm1: .llOJIJI CHMMeTpuqnoro ,lleJieHHJI B o6JiaCTH npoMe)KJTOqffbIX Jneprni! 

,llJIJI 
238

U COCTaBHJia 58%, ,llJIJI 
232Th - 72%. J{JIJI ouenKH BepOJITHOCTH pa3JillqffblX MO.LI 

.11enen11JI MO>KHO HCIIOJIL30BaTL H3BeCTnoe B JIHTepaType JMIIHpHqecKoe BblpIDKeHHe B BH,lle: 

(z,(:;) =35,5+0,4(Zf -90), (12) 
Kp. 

r.11e (Z
2
/A)xp.·- «KpHTHqecKHH» napaMeTp .11enHMOCTH .llJIJI .11eJIJ1UJerocJI Jinpa. 

Cornacno (12), ll,llpa, ,llJIJI KOTOpblX Z
2/A 6oJibIIIe «KpHT11qecKOro 3HaqenHJI», neJIJITCJI 

CHMMeTpHqffbIM cnoco6oM, a B ll,llpax c Z
2
/A<(Z

2
/A)xp. ,llOMHHllPYeT MO.Lia aCHMMeTp11qnoro 

.11enen11JI. IlapaMeTp (Z
2
/A)xp .llJIJI 

238
U pasen 36,3, a .llJlll 

232Th - 35,5. Ecn11 npoaeCTH anaJIH3 

pa3JIO>KeHHJI MaCCOBOfO BblXO.lla, TO MO)l(HO BbI,lleJIHTb, npe.11nOJIO)l(HTeJibHO, CllMMeTp11qno 

,lleJIJIUJHeCJI JI,llpa B 06naCT11 MaCCOBblX queen B MllIIIeHH 
238

U c Ar233 a.e.M. (Zr92), a B 
232Th - c Ar227 a.e.M. (Zr90). B COOTBeTCTBHll c KpHTep11eM (12) Z

2
/A ,llJIJI JTllX JIJJ.ep 

npe.11nonaraeTCJI ,llOMHHHpOBaHHe CHMMeTplfqHOH MO.lib! .11eneHHJI, np11qeM B MHIIIeHH 
232Tu 

BKJIM nei!Tponno-;:i:ecJ.>HUHTHhIX CHMMeTpH'IHO .11eJIJilllHXCJI JI.llep, oqeeu.11no, 6onbIIIe. Ha 
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pacyHKax 9, 10 (a, 6) npe,llCT8BJICHbl J8BHCHMOCTH )lOJIH CHMMCTpH'IHOro )lCJICHH.11 (YslY1a1) H 

OTHOIIICHH.11 IlHK/nnaro (PN) OT 3HCprHH BOJ6}')1(.llCHH.ll npH ,llCJICHHH .11.llCp 238U H 232Th 

HCli'rpoH8MH, npoTOH8MH H cf>oTOH8MH BMecre c .llaHHLIMH H8CT0.11meii pa60TLI, 

COOTBeTCTBCHHO. K8K BH.llHO HJ pHcyHKOB, peJyJILT8TLI Hacro.11mero 3KCnepHMCHT8 xoporno 

cornacyioTC.11 c p8Hee npoBe,llCHHLIMH HJMepeHH.IIMH. 

y s1Ytot 1
•0 

0,4 

_____ _,.-·-·-·-j·-· 
.-----------------·-·-·-·--'° -. 

I -----

1

1 -- -"'f ,.:_:;-_/r---rr ± r 
__ .a_, I l 1 

::,.-. ..:• 

0,8 

0,6 

0,2 

0,0 ..__~ _ __, __ ..__~ _ __,...__..__ ...... _ __,...__~_ ...... __ .___~ 

0 20 40 60 80 100 120 

E.(M38) 

PHc.9. 3aBHCHMOCTL BKJI8,lla CHMMCTpH'IHOfO )leJieHH.11 (Y slY1o1) .llJl.11.11,llep 238U H 232Th OT 

3HeprHH BOJ6}')1(,lleHH.ll (£°): ~ - 238
U (y, f); nyHKTHpH8.11 JIHHH.ll - 238U (n,f); IIITpHX­

nyHKTHpH!IJI JIHHH.ll -
232

Th (p,f); ·- 238
U(y, f),o-

232
Th(y, f)- H8CTO.lllll8.11 pa6oTa 

FYV"""' 

1111l 

0 
·a 

IOIJ.~ 
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··~ ~ 0 

"' 
A I 0 D D D 
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E{M3EJ 
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~ 

10 ~ «. .. 
A 

'II> 0 
J: 0 0 0 

........ ~__.-~~-~~~-..._~....,..-~~ 
o ~ ~ m m ~ ~ 

E
0

(M38} 

(a) (6) 
PHc.10. 38BHCHMOCTL OTHOIIICHH.11 IlHK-nJiaTO (P/V) .llJl.11 238U (a) H 232111 (6) OT 3HeprHH 

B036}')1(,llCHH.11 (£°): D - (y, t); 0 - (n,f); ~ - (p,f); • - HaCTO.IIIU8.ll pa6oTa 
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IloJiy'leHHbIC 3KCnepHMCHT8JILHLie )l8HHLie IlOJBOJIHJIH OIJCHHTL JH8'1CHHJI 

,llCJIHMOCTH B HCCJie)lyeMLIX 3HepreTH'ICCKHX )lH8Il830H8X. ,[{eJIHMOCTh onpe,lleJIJieTC.ll B BH,lle 

OTHOIIICHH.ll BLIXO.llOB lj>OTO,llCJieHH.11 (Y,.1) H IlOJIHOfO nornomeHH.11 4>oTOHOB (Y.bs) Ha .ll.llpe 

(D=Y1011Yabs). 3Ha'ICHHe .llCJIHMOCTH .llJl.ll JI,llpa ropH.11 npH HH3KHX H npoMClKYTO'IHblX 

3HCprHJIX COCTaBHJIO, COOTBeTCTBCHHO, 0,13±0,026 H 0,49±0,10. )lJl.ll yp8Ha - 0,38±0,08 H 

0,63±0,13. Ha pHCYHKe 11 npHBe)leHLI peJy111>TaTLI HJMepeHHH .llCJIHMocreli 238U H 232Th 
)1;8HHOii pa60Thl BMeCTe c 3KcnepHMCHT8JILHblMH H paC'leTHLIMH )1;8HHLIMH .a;eneHHll ypaHa H 

rop1rn 8,llpOHaMH. 

D 

0,1 

0,01 

~ 

1E-3 ..._~......_ __ ~__, _ __,~~...._ __ ~__. _ __,~~...._ __ ~__,-~ 

10 100 1000 

E
0 

(M 38) 

P11c. l l . .D,enl!MOCTb (D) llllCP 
238U II 232Th B 38BHCHMOCTH OT 3HeprHH B036YlKllCHHJI (E.) 

.a;eJIJIIUCfOCJI: JI:J{pa: CilJIOIIIH8JI: H nyHKTHpH8.11 JIHHHH - paC'leTLI Jl!IJI: 
238U H 

232
Th, 

COOTBeTCTBCHHO; 0 {238U), ~ {232
Th)- 3KCnepHMCHTaJibHLie .a;aHHbIC J{eJieHHJI: 

8,llpoH8MH, • {238U), .. (232Th) - .ll8HHhie H8CTOJI:IUCH pa60Tbl. 

K8K BHAHO, J{eJIHMOCTH 
238U H 

232Th )];JIJI: p831IH'IHbIX 'laCTHIJ, HHHIJHHpyIOIIJHX 

AeneHHe, y.noenersopHTeJILHO cornacy10TcJI: MelKJly co6oli. Ilo11y'leHHL1e AaHHLie T8KlKe He 

npOTHBOpe'!aT peJyJibT8TaM H3MepeHHH, npose.a;eHHbIX B 3THX o6JiaCTJI:X 3HeprHH c 

MOH03HepreTH'ICCKHMH <l>oTOHaMH. BbI)];eJieHHe CHMMCTpH'IHbIX H aCHMMeTpH'IHbIX 

KOMilOHeHT IlOK83aJIO, '!TO .a;eJIHMOCTb TOPHJI: IlOCTeneHHO yeeJIH'IHBaeTCJI: fJI8BHblM o6p830M 

38 C'leT CHMMeTpH'IHOfO JlCJICHH.ll OT 3H8'1CHHJI 1,4±0,28 .no 35,4±7,1 (%), .llJIJI ypaHa - OT 

3±0,6 AO 36,5±7,3 (%). 

qeTBepTaH rnaea .llHCcepT8IJHH IlOCB.lIIUCHa HCCJICJ{OB8HHIO CilHHOBOfO pacnpeJ{eJieHHJI 

OCKOJIKOB .a;eJieHH.ll. Cee.neHH.ll 06 yrnoBOM MOMCHTe J{CJI.l!IIJCHCJI CHCTCMLI H o6p83yIOIJlHXCJI 

OCKOJIKOB MOfYT 6b1Tb IlOJIY'ICHbl HJ Jl8HHhlX 0 BbIXOJ{ax BbICOKOCilHHOBbIX COCTOJI:HHH 

npo,11yKTOB .neneHH.ll. B 3KCnepHMCHTe o6bI'IHO H3MepJIIOT OTHOIIICHHe BbIXO.llOB 

BhICOKOCilHHOBhIX H HH3KOCilHHOBhIX COCTOJI:HHii (H30MepHhie OTHOIIICHH.ll, 110). IlepBH'IHbie 

<l>parMeHTbl .llCJICHHJI: MOfYT 6bITh CHJibHO .ne<t>opMHpoB8Hbl H HMeTb IIIHpOKHH CilCKTP 

3Heprnii BOJ6YlK.llCHHll H yrnOBbIX MOMCHTOB. .D:eeoJ6}')f(ACHHe nepBH'IHhIX OCKOJIKOB 

npOHCXO.llHT IlYTCM HcnapeHHJI: HCHTpOHOB H KaCK8,lla y-KB8HTOB .no 3aceJieHH.ll KOHC'IHbIX 

COCTO.l!HHH c p83HblMH 3Ha'!eHHJI:MH CilHHOB. HeliTpOHbl H y-KB8HTLI YHOC.l!T onpe,11e11eHHbIH 

yrnoeoii MOMCHT H 3HeprHIO, MCHJI:.ll, TaKHM o6p830M, H8'1aJibHbie pacnpe.neneHHJI. 

Ilony'leHHbie. B H8CTOJllJlCH pa6oTe pe3yJibT8Tbl IlOK83aJIH, 'ITO H30MepHbie OTHOIIIeHHJI npH 
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.neneHHH Jlllep 
238

U H 
232

Th MWIO OTJIH'faJOTCJI, HeCMOTµJI Ha TO, 'fTO BepouHOCTb 

o6pa:30BaHHJI OCKOJIKOB B 3THX J1,npax pll3JIH'IHa. Moi1mo rrpe.nrrono:>KHTI., 'fTO 

xapaKTepHCTHKH Ha'faJibHOro Jl.Rpa He Hrpa!OT cymeCTBeHHOii pOJIH B npouecce o6p1130BaHHJI 

pll3JJH'IHblX Cl1HHOBbIX COCTOJIHHii OCKOJIKOB. TaK KaK Cl1HHhl KOHe'fHhlX rrpo.nyKTOB .neneHHJI 

OKll3h1Ba!OTCJI 06bl'fHO CY!UeCTBeHHO Bhlllle, 'feM CITHHbl .neJIJllUHXCJI Jl,nep, rrpe.nrroJiaraeTCJI, 

'fTO reHepauHJI BblCOKOCl1HHOBhlX COCTOJIHHii npOHCXOllHT 3a C'feT .ne<f>opMaUHH H KpyqeHHJI 

OCKOJJKOB rrpu llBmKeHHH OT ce.nnoeoii TO'IKH .no TO'IKH pll3pb1B3, a TaK:>Ke rrpu KYJIOHOBCKOM 

CTIWIKHBaHHH <l>parMeHTOB 110CJie pa3,neJieHHJI. Pe3ym.TaTbl npoae.neHHhlX H3MepeHHii 

nOKll3WIH, 'fTO npu rrepexo.ne OT HH3KHX K rrpoMe:>KYTO'fH&IM 3HeprnJ1M HO rrpaKTH'fecxu He 

paCTJT, 'fTO MO)KCT YKll3b1BaTb Ha cl>aKT HaCbllUeHHJI 33ceJieHHJI BblCOKOCl1HHOBbIX COCTOJIHHii 

OCKOJIKOB H3-3a KOHxypeHUHH PaJJJH'IHbIX KaHaJJOB B rrpe.npaeuoeecHoit CT8,IIHH npouecca, a 

TaK:>Ke Ha MaJIOCTb MOMeHTa, rrepe.naeaeMoro cJ.>oroHaMH Jlllpy. flpe.nCTaBJIJICT HHTepec 

cpaBHeHHe 3aBHCHMOCTH HlOMepHblX OTHOllleHHii (Y i/¥1) H MHOJKeCTeeHHOCTH HC11Y!UeHHhIX 

HeiiTµoHOB (vp), H3BeCTHOii H3 JIHTepaTYPHhlX ll3HHbIX, OT MaCCOBOro 'fHCJia OCKOJIKOB npu 

.neyx MaKCHMWlbHhlX 3HeprHJIX TOpM03HOro crreKTµa llJJJI Jl,nep 238U H 232Th (pHC. 12 (a, 6)). 

Y/Y, 7f ,e ~ YIY, •r J: VP 

• 
2r ! 3 J f v ·~ .f I 

vfV•7ef V l V VJ' I 
2 , r v v v 

07 
'el vvfv ~ "f vv v e vV 

• fII vv 

0 D 

"' "' 100 110 1Z> 130 1Cl 150 HID .., 
"' 1<D 110 12:1 13'.> 14J 1s:J 1ED 

A A 

(a) (6) 
PHC. 12. 3aBHCHMOCTh H30MepHblX OTHOllleHHii (Y i/Y 0 H MHO:>KeCTBeHHOCTH 

noCT,neJIHTeJlhHhIX HeiiTpoHOB (vp) OT MaCCbl <f>parMe'HToB ,neJieHHJI 238U (a) 

H 
232

Th (6): • - Y i/¥1 npu 3Heprnu Emax=50 MJB, o - Y i/¥1 npu 3HeprnH 

Emax=3500 MJB; V - vp. 

KaK BHllHO, B uenoM, Ha6mo,naeTcJ1 cxo,nCTBO B xapaKTepe H3MeHeHHJI HO H 

MHO:>KeCTBeHHOCTH nocr,neJIHTeJI&HblX HeiiTpoHoe c Maccoii cpparMeHTa. PoCT MO B o6naCTH 

A-120 H A-148 YKll3blBaeT Ha 6oJI&wyio eepoJ1THOCT& 3aceneHHJ1 BhlCOKocrrnHoeoro 

COCTOJIHHJI, H KaK CJiellCTBHe, ucnapeHHJI HeiiTpoHOB H3 CHJlbHOllecpopMHpoBaHHbIX 

<f>parMeHTOB c BblCOKoli 3Heprneii BOJ6J)K.neHHJ1. XapaKTepua11 <J>opMa KpHBOit 06DJ1CHJ1eTCJ1 

TaK:>Ke BJIHJIHHeM o6ono'!e'fHblX 3Cf><l>eKToB. B 'faCTHOCTH, <f>parMeHTbl, 06pll3YJOIUHecJ1 e 

Maccoeoii o6naCTH A-131-132, xapaKTepH3YJOTCJI 3anoJIHeHHeM ueiiTpoHHoii o~JIO'fKH 
N=82 H, CJiellOBaTeJihHO, MaJibIMH .necpopMlll.lHJIMH, HH3KHM B036J)K.neHHeM, MaJiblM 'IHCJIOM 

HCnapJllO!UHXCJI HeiiTpouoe H, COOTBeTCTBeHHO, MaJIOit BepoflHOCThIO BhIXo.na 

BblCOKOCl1HHOBOro COCTOJIHHJI. KaK BHllHO, c poCTOM 3HeprHH 118,lla!OIUHX cpOTOHOB He 
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ua6JIIO,llaeTCJI H3MeHeHHJI xapaKTepa MaCCOBOii 3aBHCHMOCTH H coxpaHJle'I"Cll BJIHJIHHe 

OOOJIO'le'IHOH CTpyKTyp&I OCKOJIKOB. 

3Ha'!eHHJI 110 Mil <f>parMeHTOB <f>oro.neneHHJI 
238U H 

232Th rrpu JHepruu Emax=50 

M3B HCl10Jlb30113JIHCb Mil paC'fCTa no CTaTHCTH'!eCKOii MOllCJIH CpellHHX ymoBLIX MOMCHTOB 

nepBH'IHLIX OCKOJIKOB, KOTOpb1e TµaHc<f>opMHpyIOTCll B KOHC'!Hble npo,nyKTbl ITYTCM 

ucnapeHHll HeliTµOHOB H y-KBaHTOB. OcHOBHhlM JJieMeHTOM npu npoee.neHHH 3THX pac'feTOB 

JIBJllleTCll 11JIOTHOCTb Cl1HHOBOro pacnpe,neJieHHJI ll,nepHblX ypOBHeii, nponopUHOHaJibHall 

BepOUHOCTH JaceJieHHll COCTOllHHii : 

-J,(J,+rn 
P(J;) ~ (2J; + 1 )e 82 

, (13) 

r.ne P(J) - eepollTHOCTb o6p113oBaHHll rrepBH'IHoro <f>parMeHTa co cnuHOM J, 
rrapaMCTµ B onpe,neJilleT llIHpHHY noro pacnpe.neneHHll H npH OoJihUIHX 3Ha'leHHllX paeeH 

~ 
cpe,llHeKea,n:paTH'IHOMY KOpHIO v J - ::::B. PeJyJir.TaTbl pacqeroe HaCTOlllllCH pa60Tb1 

110.llTBeplKlla!OT pOCT yr'JIOBblX MOMCHTOB c yeeJIH'feHHeM Maccoeoro 'fHCJia A OCKOJIKa 

.neneHHll, BKJIIO'ICUI o6JiaCTb BbICOK03HepreTH'leCKOf0 CHMMeTµH'fHOro .neneHHll (Ta6JI. I). 
fl0Jlo6Ha11 TeH.neHUHll poCTa JaMe'!eua npu ,lleJieHHH npoTOHaMH, 6bICTpbIMH ueiiTpOHaMH u 

a-'faCTHUaMH, o.nHaKO, cpe.nHHe 3Ha'leHHll CnHHOB, IlOJI)"leHHble B 3THX peaKUHJIX, 

cymecreeuHo e1>111Ie. BoJMOlKHO, .ne<f>opMauHJ1 cpparMeHTOB rrpu .neneHHH JapJilKeHHbIMH 

'faCTHUal\.IH H OblCTpblMH HCHTµOHaMH, npHBOllJllllaJI K B030J)KllCHHIO KOJIJieKTHBHh!X 

creneHeii ceo6onb1 (spameHHIO, Kpy'leHHIO), onpeneJIJICT 6o'JibWYIO eepoJITHOCTb 1ace11eHHJ1 

BblCOKOCilHHOBblX COCTOllHHH. He HCKJllO'laCTCJI H <l>aICT nepe.na'IH cpOTOHOM .ll.lPY Ma.,1oro 

MO~ICHTa B npouecce nepBH'IHOro B3aHMOllCHCTBHJI . 

Ta6JI. l. l130MCpHblC OTHOillCHHll (Y i/¥1) H yrnosr.1e MOMCHTbl (8) npo.nyKTOB llCJICHHll 2380 H 
232Th npu 3HepruH Emax=50 MJB. 

3ne- I Cocro-
"''oU 

MCHT ~HHC (Y i/Y1)m (Y i/Y 1)pac•. I B(li.) 

"''"'Th 

(Yt/Y1),.c 
(Yi/Y1)pa I B(h) 

""· 
sssr I g (912+) 

m (1/2") 
0,60±0,09 o,57±0,20 I 2,4±0,5 0,26±0,04 0,24±0.1 I 2.5.=.0A 

91y I g (112·) 
m <912) I o,69±0,15 I 0,12±0,30 I 2,6±0,3 

9s I g (912) I I I Nb m (l/
2

") 0,50±0,09 0,49±0,15 2,3±0,4 0,46±0,08 0,51±0,1 3,0±0J 

95
Tc I ! 7i~i I 0,77±0,12 I 0,72±0,30 I 2,6±0,3 0,51±0,09 0,60±0,I 2,8±(),4 

~c I g<71 
m(4) 

I o,31±0,11 I o,39±0,to I 4,9±0,2 

104Ag I g(5+) I 1,21±0,25 I 1,34±0,30 I 5,3±0,2 
m(2) 
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Ta6n. l .{npo,llomICeHHe) 

1201 I g(2) I 2,80±0,70 I 2,60±0,39 I 5,8±0,9 I 1,60±0,32 I 1,61±0,4 I 6,4±1,3 
m (4-8} 

121Te I g (112+) 
1,43±0,30 1,35±0,18 4,2±0,5 I 1,04±0,19 I 1,16±0,2 I 4,3±0,9 

m (11/2") 
4,0±0,7 g (3/2+) 1,36±0,20 

131Te I 1,08±0,25" 1,39±0,30 4,1±1,5• I 1,29±0,23 I 1,31±0,2 I 4,7±0,8 
m (11/2) 

l,38±0,21b 5,1±0,4b 

1321 I gW) 1,21±0,24 
1,20±0,14 1,2±0,2 I 1,31±0,24 I 1,60±0,3 I 7,5±1,5 

m(8") 1,08±0,13" 6,9±1,48 

148Pm I g (I") 2,82±0,85 3,02±0,60 if!~1~ I 2,21±0,60 I 2,21±0,4 I 7,8±1,6 
m(6") 2,60±0,9° ' 

• - ,llaHHble ,lllUl peaKQHH 238U{y, f), Emax=70 M3B; 
b - ,llaHHLie .llllil peaKllHH 238U{y, f), Emax=l6 M3B; 
c - ,llaHHLie ,lllUl peaKQHH 235U(nth, f). 

B 381CJllO'leHHH npHBe)leHLI OCHOBHLie peJyJILTaTLI, OOJiyqeHHble B ,llHCCepTaQHOHHOH 
pa6oTe: 

- BnepBLie Ha OCHOBe HJMepeHHH a6COJIIOTHblX BLIXO.l{OB OCKOJIKOB ,lleJieHIDJ 238U H 
232Th COJ,llaHa 6aJa ,llaHHLIX, il03BOJIHBIIIM npoaeCTH no.11po6Hb!H aHaJil13 3apH.QOBbIX H 
MaCCOBLIX pacnpe,lleJieHHH OCKOJIKOB lj>OTO.!leJieHIDI B o6Jiacrn HH3KHX (Emax=50 M3B) H 
npoMe)J(JTO'iHLIX {Emax=3500 M3B) 3Hepmi1. 
- snepBLie Bbl.QeneHbl KOMilOHeHTLI MyJILTHMO.QaJILHOrO aeneHHH npH 
BJaHMO.l{eHCTBHH lj>OTOHOB c MpaMH 238U H 232Th H HCCJie.QOBaHLI OCHOBHbie xapaicrepHCTHKH, 
B TOM 'iHCJie: 

• onpe,lleJieHbl OCHOBHhle napaMeTpbl 3apll.!IOBOro pacnpeaeneHIDI OCKOJIKOB 
qioTo,llerreHIDI {ttrut6onee sepoHTHLIH JapH.n H IIIHpHHa pacnpe.11eneHIDI) H npoBe.l{eH 
aHaJIH3 pacnpe.l{eJieHIDI JapH,lla B .l{eJIHlUHXCH H,llpax Ha OCHOBe CylUeCTBYIOIUHX 
MO,lleneii; 

• nonyqetto no,llTBep1K.11eHHe ymrnepcan&HOCTH npo1.1ecca JapH.llOBoro pacnpe,lleneHIDI 
npH ,lleJieHHH aKTHHH.!IOB <taCTHQaMH paJHOro THOa; 

• paCC'llITaHLI ITOJIHLie BLIXO,llLI tl>OTO,lleJieHIDI 238U H 232Th npH MaKCHMa.JILHblX 
3HeprIDIX <J.>oToHOB 50 H 3500 M3B, nonyqeHo cornacHe c paHee 
ony6JIHKOBaHHLIMH ,llaHHLIMH; 

• BrrepBL!e nonyqem.1 BLIXO,llLI OT,lleJILHLIX ICOMITOHeHT CHMMeTpH'IHOro H 
acHMMeTpH'iHOro ,lleJieHWI 238U H 232Th B o6naCTH HHJICHX H npoMexcyroqHLIX 
3Hepmii tl>OTOHOB nyreM paJJIO)l(eHHll Maccoeoro BLIXO.ZJ;a B pa.MKax rHITOTeJLI 
M)'JILTHMO.ZJ;a.JILHoro ,lleJieHIDI; npH HH31C03HepreTH'lecKOM .neneHHH 6LJJIH 
HCOOJILJOBaHLI O.ZJ;Ha CHMMeTplAHWI (Superlong) H ,llBe aCHMMeTpH'IHLie (Standard 
I, Standard II) MO.ZJ;LI, npH rrepexo.ne IC 6onee BLICOKHM 3HeprHHM .no6aaJIJ1JIHCL 
CHMMeTpH'IHall H acHMMeTpHqHall KOMOOHeHTLI; 
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• anepBbie noKaJaHO, qTo npH ,lleJieHHH 238U H 232Th <tioTOHaMH npoMe:llC)"l'O'iHLIX 
3HeprHH B Bb!XO.ZJ; 4>oTO,lleJieHHll OCHOBHOH BKJla,ll BHOCHT CHMMeTpH'rnOe .neneHHe, 
,llOJIH KOTOporo B ITOJIHLdi BLIXO.ll .llJIH 238U COCTaBHJia 58%, a ,lllUl 

232Th - 72%, 
OTMeqeHO TaK)l(e npHCyTCTBHe aCHMMeTpH'IHOfO .neneHHH npH npoMe)l(JTOqHLIX 

3HeprHHX; 
• pacc'iHTaHLI 3Ha'ieHHll ,lleJIHMOCTeH 238U H 232Th B HCCJie,llyeMLIX o6naCTHX 3Hepndi: 

H nonyqeHO y.ZJ;OBJieTBOpHTeJILHOe cornacHe c ony6rrHKOBaHHLIMH ,llaHHLIMH .llJIH 
peaKQHA c a,npOHaMH H MOH03HepreTH<tecKHMH <J.>oTOHaMH; 
paCC'iHTaHbl cpe,llHHe yrnoBLie MOMeHTbl HeKOTOpLIX nepaHqHbIX OCKOJIKOB 

4JOTO,lleJieHHJI 238U H 232Th Ha OCHOBe H3MepeHHH H30MepHbIX OTHOIIIeHHH c HCOOJib30BaHHeM 
CTaH,llapTHOA CTaTHCTH'ieCKOA MO,llenH; nonyqeHO JKa3aHHe Ha MaJIYJO eenHqHHY MOMeHTa 
.neJIJ11llerocJ1 J1.ZJ;pa npH <jloTOnornomeHHH B 11ccne,llyeMoii o6naCTH 3HepmH:. 

Cn11coic ony6nuicoeaHHblX pa6oT: 

1. 

2. 

3. 

4. 

5. 

CHMMeTpH'iHble H BCHMMCTpH'IHI.IC MO,llLI <jJOTO,lleJieHHll 
232

Th npH 
npoMeJKyTO'IHblX 311CprHJIX, II. JJ,eMl!XHHa, r. KapaneTHH, Yql!Hble 3ailHCKH EfY, 

NQ 2, 2007, crp. 72-78. 
Ha1160Jiee sepo.RTHLIA Jap.R.n e peaI<UHllX cj>oTo,lleneHHH .R,nep 

232
Th u 

238
U npu 

MaKcHManLHOi1 3uepnrn TOpMoJnm·o 113nyqc1111J1 50 M3B H 3500 M3B, H. 
)J,eMeXHHB, r. KapancTl!ll, Yt!l!llblC 3BllllCKH EI'Y, N2 3, 2007, CTp. 54-64. 
HJOMepHbie OTHOWeHHll OCKOJIKOB ct>oTo,nenel!H.11 238U H 

232
Th, H. )J,eMeXHHa, f. 

KapaneT.11H, HJsecrn.R HAii ApMc111111, <l>113111<a, N2 6, T. 42, 2007, CYp. 327-337. 
Orrpe,lleJieHHe BLIXO,llOB cf>OT0.11.llCPllLIX pca1<1.111i1 M<-'TO.llOM Hase.neHHOH aKTHBHOCTH, 
r. KapaneTHH, Y'il:Hble 3an11CKl1 !WY, N2 3, 2006, CTp. 31-35. 
Photofission modes in 238U, R. Astabatian, N. Demekhina, R. Kavalov, V. 
Kakoyan, Yu. Margarian, E. Markarian, G. Karapetyan, Electromagnetic 
Interactions of Nuclei at Low and Medium Energies, Proceedings of the X 
International Seminar, April 16-18 (2003), Moscow, 2004, p. 281-283. 
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Uul.jlm,Pwqflp 

U1.J1bCiwtunump1muu CitJ.flpt.J.w6 t dwtlwCiwlfwljflg :jln1.J1ntlf12mlfw1flu 
Ujflngbu(ibpflg tlblf flCi, WJU t' gw6p Lr. tlf12flu tubpqflwubpfl tnflpnLJpmtl 6wup 
un2mlj(ibpfl :jlntnnpwdwCitlwCi tuCir].flflU: Unw2flu w(iqwtl hw2nrilJ.bL t UUlWUWL 238U L. 2 2

Th tlf12mljubpfl pwdw(itlw(i pblfnpubpfl pwgwpowlj bL.Pbflfl wpdbf?Cibpu 
:jipwqtlb(itn(ibpfl qw(iqt.J.w6wjfl(i pt.J.fl qpbpb wtlpnri2 Ulflflntjpmtl: UUlbCiwtununLpJWU 
tlb2 wnw2flu wuqwtl ljflpwnt.J.bL t pwdwutlwu LintLU1fl-tln11wL hflUjnpbq[! !j>ntnn(i(ibpntJ. 
6wup uf12mlj(ibpfl 6wnwqwjptlwCi 11bll.lf1mli: UJU pnLJL UllJ.bg mumu(iwuflflbL 
pwdwuuw(i UlWflpbp' wufltlbtnpfllj Lr. ufltlbmpfllf pwriw11pfl~Cibpfl p(impwqpbp[!, WJ'1 
p4_mu· uurwCiwL pwdwuuw(i pbljnpubpfl Lf19I!WJf1Ci pwfu2tJ.w6mpJWU hfltlCiwljw(i 
p(impwqpbfl[! (wtlbCiwhw4_w(iwljwCi Lf19I!C! Zp L. pwtu2LJ.w6mpiwu LWJUnLpJnLU[! C): 
Utnwg4_w6 Zp-bfl[! hwtlbtlwllllJ.bL b(i lllW[lpbfl un11bLUbflfl hwztJ.wplj(ibflfl hbtn: 
UUjwgmgtJ.w6 t Lf19f1WJf1Ci pwtu24.w6mp1wCi mCifltl.bflUWL pCimJp[!, Ofl[! 
UlWJLiwCiwt.J.nptJ.w6 t hfltlCiwljwCimtl pbljnp(ibpfl tlf12mLtwiflu hwUlljmpJmCiubpn4_: 

Pwgfl '1flWUflg wnw2flu wCiqwtl wnwfioCiwg4.bL t tlf12flu tubpqflwCibpfl 
LnflflnLJpmtl pwriori tubpqflwubrifl Cibp11f1nLtl[! Lr. quwhwm4.bL b(i qwCiqtJ.w6w1flu 
pwtu2LJ.w6mpiwu pwriwrm~~ubrifl b~bf1fl wpdb11Cibfl[!: UtnwgtJ.w6 Ultl.JwLfibp[! pmJL 
Ln4_bgf1Ci hw24.wplfbL 

3 
U Lr. 

2
Th pwdwCibLflmpJmfiQ, npfl wridb11ubp[! 

hwtlwOWJUnLpJwfi ub2 tfl(i hw11rin(i(ib[lnlJ. L. llnfinppnliwLnfllf :jin1.J1n(iCib[1nlJ. OWU[l 
llf12ml.jubpfl pwdwuuw(i Lntl.JwLubriti hbLn: 

'.)wLjll[w6 pblJnriubpfl '1qnubpwl.jwu hwriwpbrinq:iimuubrifl (r"1) hfltlwli tJ.r1w 
hwzl[wpl.jtJ.bL bu pwctwuuwli ul.jqpuwljwu :PriwqubuLnlibriti uf12tiu wulJJmliwitiu 
unubuLnubp[!, npnug wpdb110bflQ wl[bLti Ljln11ri ttiG. gwu hw11pnuubrintl pwdwuuwu 
11bUjpmtl: Stl.JWL LjlWULnQ Wlljwgmgmtl t. np !j>numuubp[! uti2mtiti hbLn 
lfintuwq11bgmpjwu dwliwuwl.j hwrinri11mu bu qbp2tJupu t.tJn!![l WUljjnLUWJflli LintlbuLn: 

UmbuwtunumpJm(i ub2 pbpqw6 Wflf1JnLfig(ibpQ pwquflgu 11uuwplftlbL bu 
t::/TJ4-ti Lr. u=iur-fl ubtltiuwpubptiu m Lw1unribu hwJLnuti bu uwuuwqbLnubriti 
2ri2wumtl: ULnwgqw6 wrirumupubpQ, wULiwulfwo. l.julljwuUlbu pwdwuuwu 
lfinpouwlfwu tntl.JwLubpp pwulffl LWJUWQUWU[! Lr. tltJ.2mljwjpu nbwljgflwubpfl 
un11bLWtlnptlwu UtnbfJ.OUWu Lr. qwpqwguw[j fl1Gt1flflu, flli~Ujbu Ciwlr. ljoqLnwqnp6qb(i 
WlljWQW qf1U1Wlfinpobp[! CiwtuwqObLtJu: 

~ 
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