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1 IlocTaHOBKa 3a.z:i;a~rn: 

Hrunn 3KcnepnMeHTbI, o6cy)KnaeMbie B HacTosnueii pa6oTe, HHIIIlHJI
poBaHhl pe3yJibTaTa:MH uccrrenoBaHmI T1DKCJIOHOHHOII pannoaKTHBHO
CTH [1] u foIMonaJibHOro nerremrn .srnep n OKpCCTHOCTII Fm [2] c 6ec
npeueneHTHO Y3KHM pacnpenerreHHCM no Macce ipparMeHTOB B onHoi'I 
II3 Mon. Ilepe'IIICJICHHI,IC JIBJICHHJI o6ycJIODJICHI,I cnCUH!pll'ICCKIIM npo

JIDJICHHCM 3!p!pCKTa .si:nepHbIX o6oJIO'ICK: ipopMnponaHIICM Ha HCKOTO
poii CTannu 3DOJIIOUIIII .si:nepHoii CIICTCMbI CIIJibHOCBJl3aHHbIX ( Maruqe

CKIIX) COBOKynHOCTeii HYKJIOHOB-KJiaCTCpOB, onpeneJIJIIOIUIIX narrbHCII

mee nOBeneHHe CIICTCMhl. C TO'IKII 3pCHIIJI KOJilI'ICCTBa o6pa3yIOIUIIX
CJI KJiacTepoB T.lI)KeJIOIIOHHaJI panIIoaKTIIBHOCTI, - 3TO "onnormacTep
HbIII" pacnan, TaK KaK on1rn 1n noqepHIIX nponyKTOD npencTaBJIJICT 
co6oii nBa)K,IlI,l MarH'ICCKOe .si:npo 208Pb IIJIII 6JIII3KOC K HeMy (" CBIIH

UOBaJI pannoaKTlIDHOCTb")1. Xorronnoe neJICHlIC aKTIIHIInoB c o6pa-
30BaHIICM nBa)KnbI MarIPICCKoro 132Sn - TaK)KC, no-nHnHMOMY, npu
Mep onnoKJiacTepnoro pacnana ("orroBJIHHa.si: pan1IoaKnrnnocT1,") [5]. 
B TaKOII KJiaccnqnIKaUIIH Mona 6nMonaJibHOro cnOHTaHHoro neJICHIIJI 
258Fm c 06pa3onaHIICM nByx Marwiecrmx .si:nep Sn - "nIIKJiacTepHbrii" 
pacnan. Pearrn3yroTc.si: rrn KJiacTepHbie pacnanhl 6orr1,mei'1 KpaTHo
cTn, B qacTHOCTII TpoiiHb1e? KaHnunaTOM Ha TaKoii pacnan Morrro 
61,1 6bITI, .srnpo, KpaTHOe no COCTany TpeM MarH'ICCKJIM .si:npaM, Hanpn
MCp 246Cm ---+ 3Ge. IIoucK TaKoro pacnana cMhlKaeTc.si: c KJiaccw1e
CKOII 3ana•1e11: !pII3IIKII neJICHHJI - IIOHCKY IICTHHHO TpOIIHoro .IlCJICHIIJI. 
Ilo HaCTo.srmero DpCMCHlI npII3HaHHbIC noKa3aTCJibCTDa cymecTDODa

HII.sI TaKoro npouecca .IlJIJI crra6ono36y)KneHHbIX CHCTeM OTCYTCTDY
IOT [6]-[10]. B Han6orree II03.IlHCII pa6oTe Ha 3TY TeMy [11] noJiyqe

HbI nepXHIIC npeneJibI nepollTHOCTII IICTIIHHO TpoiiHoro CIIOHTaHHOro 

neJiemrn .si:npa 252Cf. lIJI.si: nuana3oHa Mace rrerKoro ocKOJIKa 30<A<70 
JICK0MbIC C06bITIIJI OTCYTCTD0BaJIII Ha ypoDHC 8 X 1 o-S II .IlJIJI nnana'.JOHa 
70<A<95 Ha yponHe 2 x 10-9 OT o6bJTIHoro nnoiiHoro nerremt.si:. BMc
CTe C TeM II3DCCTHO, 'ITO rrpn 6oJibIIIOM D036y)Knemm .IlCJICHIIC .si:npa 

1OTMeTJIM, qTQ TepMllH "KJJacTep" ynoTpe6Jll!CTCII n m!Tepa.Type (mrnpnMcp, [3, 
41) II KaK CIIH0HIIM 6onee o6mero TepM1111a "(pparMeHT". Mb! C'lHT.itC'M Marll'HIOCTb 

aTpn6yTIIRHhlM IIpl13HaK0M 11.uepHoro KJJa.cTepa. 
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Ha TPII 0CK0JIKa C0II0CTaDIIMhlX Mace .aBmICTCH nocTaT0'IH0 nepo.aT
HhlM rrpoueccoM Ha ypoBne ~ 10-2 OT fornapnoro neJieHIIJI [12]. Mo)KHO 

mrrnnaTb, 'ITO o6oJIO'IC'IHhle 3!p!pCKThl rrpu COOTBCTCTBYIOIUCM Bhl6ope 

neJisnueroc.a .anpa JIIIIllb nOBhlCHT maHChl o6pa30BaHIIJI KOH!pIIrypaumr 
II3 Tpex 6mI3KlIX no Macce KOHCTIITYCHTOB, no cpaBHCHlIIO C peaJ11I-
3yromeiic.a B )KIInKoKaneJibHOM npe.n:eJie 60JibIIIlIX B036y)KJ:J:CH1Ill. BnII
.n:y OTCYTCTBIIH Jl:CTaJibHbIX TeopeTII'ICCKlIX yKa3aHIIIl 3KcnepIIMeHT no 

nOIICKY TpeXKJiaCTepHoro pacna.n:a nJiaHIIponaJic.a lICXOJl:JI II3 caMhlX 
o6IUIIX npe.n:noJIO)KeHIIII O B03MO)KH0ll KlIHCMaTIIKe IICKOMoro pacna.n:a. 

BMecTo ynoM1rnanrneroc.a pe.n:Koro II30Tona 246Cm IICCJie.n:onaJic.a 6JIII3-
KIIH no COCTaBy 248Cm. B HaCTOHIUCll pa60TC npe.D:CTaBJICHhl TaK)KC 
.n:aHHbie no 3K30TII'ICCKIIM pacna.n:aM 252Cf. 

2 3KcrrepHMeHT 

8KcnepIIMeHThl npOBOJl:lIJIIICb Ha 41r-cneKTpOMCTpe 3ap.a21rnHHhlX ippar
MCHTOB .a.n:epHhlX peaKurrii <t>OBOC [13] n Jia6opaTopIIII .a.n:epHhlX 

peaKUlill IIM. r .H. <PJiepona O6'bCJl:lIHCHHOro IIHCTIITyTa .a.n:epHhlX 

nccJie.n:onaHIIii, Ily6Ha. Ka)KJ:J:hlii m TPII.D:UaTII MO.D:yJiell cneKTpoMe

Tpa BKJIIO'!aeT no3IIUIIOHHO-'IYBCTBIITeJibHhlll .n:nyXKoop.n:nHaTHbIIl Jia
BlIHHblll cqeT'IIIK (IJqJIC) II 6p3rroncKyro IIOHII3aUIIOHHYIO KaMepy 

(BMK). CKopocTb (V) ocKOJIKa .n:eJieHn.a (Oll) onpe.n:eJI.aeTc.a c noMo

IUbIO CTapTonoro JiaBIIHHOro C'ICT'IIIKa (JIC) lI rrqrrc, KOTOphlii .n:aeT 
CTOn-cIIrHaJihl (npoJICTHaH 6a3a ~ 50 CM). IJqJIC n03BOJIHCT TaK)l{C 

lI3MCpHTb Y.D:CJibHhlC lIOHII3aUJIOHHhlC noTeprr, o6ecneqnna.a OT6paKOB
KY JierKIIX .a.n:ep no 3ap.a.n:y. 8Heprnrr ( E) ipparMeHTOB H3Mep.aroTca 

n BMKax. Ilo H3MepeHHhlM 3Ha'!eHn.aM cKopocTII II 3HeprIIn onpe.n:e
J1.am1c1, Macca ("V-E" MeTo.n:) II IIMnyrr1,c (neKTOpHo) .n:mr Ka)K.n:oro 
ocKorrKa. C yqeTOM anepTyphl, onpe.n:eJI.aeMoii cTapTOBhlM JIC, II O)KII
.n:aeMon reoMeTprren pa3JieTa ipparMeHTOB TponHoro .n:eJieHrr.a n 3Kcne
pIIMeHTe 6hlJIO 3a.n:eiiCTBOBaHO .n:ne rpynnhl npoTIIBOnOJIO)KHhlX Mo.n:y
Jieii no rnecTb MonyJieii n rpynne. B pacqeTe Ha HII3KIIH BhlXO.D: IIC

KOMhlX co6hlTlIIl IICnOJib30BaJic.a IICTO'IHHK C BCCbMa TOJICThlM aKTIIB

HhlM cJioeM - 190 MKr/cM2 248Cm(OH)3, oca)KJ:J:eHHOro Ha yrJiepo.n:Hyro 
no.n:rro)KKY TOJIIUIIHoii 50 MKr / cM2. B Ka'!ecTne npIIMecen n IICTO'IHII-
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Ke npHCJTCTBOBaJIII, I(aBM BKJiaI( B CJMMapHJIO aJihqJa-aKTIIBHOCTh: 
244Cm ~ 59.5%, 246Cm ~ 31.1 % 1I CJieI(hl 241 Am. MeTOI(IU(a Kam16poB

KlI cneKTpoMeTpa np11ne,neHa B [13]. 

liccJieI(OBaHHe CITOHTaHHOro ,neJiemrn 252 Cf npOBO,nIIJIOCh TaK)Ke Ha 

cneKTpoMeTpe <POEOC no aHaJIOrif'IHOII cxeMe. CTapTOBhlII CIIrHaJI B 

3TOM CJIJ'Iae ITOJIJ'IaJICH OT ,neTeKT0pa Ha MIIKpoKaHaJihHhIX nJiaCTII

Hax, anepTypa K0T0poro II03BOJI5IJia IICIT0Jih30BaTh TOJihKO I(Ba rrpo

TlIBOITOJIO)KHhlX MOI(JJIH crreKTpOMeTpa. Pe3JJihTaThI, IIOJIJ'IeHHhie B 

3T0M 3KcnepnMeHTe I(JIH .nnonHoro ,neJiemrn, npe.ncTaBJieHhl B pa6o-

Te [14). 
Ilpoue.nyphl ITOIICKa co6hlTIIH IICTHHH0 Tpoi'moro I(eJieHirn B MaC

CIIBe 3aper11cTpnponaHHhlX co6hITIIll cnoHTaHHoro I(CJieHIIH OCHOBhIBa

JIHCh Ha 06hI'IHO pacc~rnTpHBaeMhIX B JIIITepaType [15] rrpe.npa3phlB

HhlX qiopMax H,npa, 06ycJiaBJIIIBa10mnx TponHoe ,neJiemrn. Arrpuopn 

yrJihl MeJK,ny qiparMeHTaMH npn 3TOM MoryT 6hITh JII06hlMH B npe

,neJiax < 180° npn ycJiomrn, 'ITO IIX CJMMa paBHa 360°' a HMnJJihChI 

qiparMeHT0B y,noBJICTB0p5IIOT 3aKOHY coxpaHeHIIH lIMIIJJihCa. AHaJIII3 

TpoHHhlx comra,neHIIH, ocHoBaHHhlll Ha KIIHeMa'l'Ime, c oT6paKOBKOH 

no 3ap51,ny JierKnx 3apHJKeHHhlX 'IacTIIII o6hl'IHoro Tpoi'moro ,neJiemrn 

II 51,nep yrJiepo.na, BhI6IrnaeMhlX 0CKOJIKaMII II3 no,nJimKKII, He BhrnBirn 

HH OI(Horo co6bITII5I IICTHHHO TpOHHoro .neJieHIIH Ha ~ 6 X 106 I(BOH

HhlX ,neJICHIIH. B npHHIIHne, 3T0 HC 03Ha'JaeT IIX OTCJTCTBIIH: ecJIH 

npe.npa3phIBHaH cpopMa npe,ncTaBJIHeT co6on uerro-crKy II3 Tpex qipar

MeHTOB II nocJie pa3phlBa I(Ba KpaHHIIX pa3JieTaIOTC5I no OCH uenO'IKII, 

TO cpCI(Hllll qiparMeHT MmKeT noo6me OCTaThCH IIOKOfilUHMCH. IlOIICK 

TaKIIX co6hlT1Ill B03MO)KCH B K0op,nnHaTax: Macca 0CKOJIKa, 3apern

CTpnpoBaHHoro B 0I(HOM ITJie'Ie cneKTpoMeTpa (Ma) - Macca OCK0JIKa, 

3aperncTpnponaHHoro B conna,neHnn B ,npyroM nJie'Ie (Mb) . .IlJIH ncKo

MhlX C06hlTHH CJMMa Ma + Mb I(OJI)KHa OTJIII'IaTbCH OT MaCChI I(eJIH

merocH H.npa Ha Macey TpeTbero qiparMeHTa. EcJin OH .nencTBIITeJihHO 

nOKOlITCH, TO lIMITJJibCbI pa3JieTaIOIUI1XC5I qiparMeHTOB I(OJI)KHhl 6bITb 

paBHhl: Pa = Pb. PaBeHCTBO (6JIII30CTb) IIMITJJihCOB .nonoJIHIITeJibHhlX 

OCKOJIKOB MOJKHO IICITOJih30BaTb II03TOMY B Ka'ICCTBC KpIITepIIH I(JI5I OT-

6paKOBKII JIO)KHbIX co6hlTIIH, o6ycJIOBJICHHbIX rJiaBHhlM o6pa30M pac

ceHHIIeM 0CKOJIKOB Ha CCTKaX rrqJIC II ITOI(I(CpJKIIBaIOIUeH pemeTKe 
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ElIK. Co6hITIIH, o6ycJIOBJIPHHhlC pacceHHIIeM o.nHoro n1 ocKOJIKOB y)Ke 

nocJie II3MepeHII5I ero CKOpOCTII, ,naIOT xoporno 3aMCTHbl(' 
01

XBOCTbI'
0 

Ha 

pacnpe,neJieHIIII Bhixo.non YPla,Mb) (pnc. 1). Bmi.ny OTCYTCTDIIH BhI

.neJieHHoro HarrpaBJICHIIH (II30Tl)OIIIIII pa3JICTa OC'KOJIKOB CII0HTaHHOro 

.ne.rremrn) JII06bie pacrrpe.neJieHIIH rrapaMeTpOB OCKOJIKOB .nomKHhI 6hITb 

qJII3II'-IeCKII TO)KI(CCTBCHHhl B o6onx II.TIC'IaX .nnyxrn1e•1enoro cneKTpO

MeTpa. CJieI(CTBIICM 3TOro 0'-ICBIII(HOro CBOIICTBa 5IBJI5ICTC5I CII1UICTpII5I 

I(JI5I reHeTII'ICCKII CB5I3aHHhlX OCKOJIIWB pacnpe.neJieHIIH Y ( i1la, Jfb) 0T

HOCIITCJihHO npH110f1 11Ia = i1Jb, Anropnnr oT6opa no IIMn)'Jihcy noHc

HHeTCH pIIC. 2a. Ilo II1IIIYJihCa11 rrapHhIX qipan.IC'HT0B HaXOI(IITCH cy11-

MapHbIII IIMIIYJibc P. Pacnpe.nem'HIIe ero npoerrnrm Ha och ,neJieHIIH 

(pea.TihHO Ha HanpaBJICHII(' 0I(HOro II3 reHCTII'ICCKII CB5I3clHHhIX 0CKOJI

KOB) ( P
2

) II nJiocrwcTh. uepneH.U:IIK)'.TIHPHYIO 3Tofr ocn ( P,:). npe,ncTa

B.TICH0 Ha pnc. 26. Pacnpc,neJieHIIe Y(PJ 6mnKo K rayccrrnHy c IIIII

p1mof1 Ha nonynhICOTC ~ 820 1faB / c. B oTcyTcTnm' cpu111•recKIIX II 

MCTOI(IPICCKIIX npII'IIIH, ncrrn:,rrnromux mvrnJihHb!(' IIl\lII}'.TihChI OCKO.TI

KOB ( c6poc HCIITpOHOB, pacceHHIH', K0HC'IHOe pa1pPIIIeHIH' no 1HlCC(' II 

CK0pOCTH, CIICTe~rnTII'-ICCKIIC c.nmrrn IIpII rrnm16poBI~e)' p == 0. l\Ia
Tpnua BhlXOI(OB nap 0CK0JIKOB, I(JI5I KOTOpbIX 3Hcl'H'HII5I Pc mma.naroT B 

OKHO vVi (pnc. 26), IIpe.ncTaB.TIC'Ha mt pnc. 3a. Illnprrna mrna H"1. rrnK 

BIII(H0 II3 pnc. 26, Bhl6paHa 6JIII3IWII K noJIJIIIIIJHIH(' pacIIpPI((',JI('HIIH 

Y(P
2
). OT6op npomno.n:rrnrn m 3.7 X 105 co6hITIIII m'm'HIIH. KpyIIHhl

MII To•maMII BhII(CJI('HhI CTPYKTJpbI B BIII(C TP<'X K.TIIOBOo6pa3HbIX mr

HHH ll K0JihIIa, 0T'-ICTJIIIBo IIp0HBJIHIOIIIII<'CH mt pne. 3a. Ha pnc. 36 Ta 

)Ke MaTpnua npe.ncnmJieHa I(JI5I IIOJIHOI°I CTHTIICTIIKII 9 X 10
5 

co6bITIII°I. 

K cTpJKTypaM, 0TMC'ICHHhIM Ha np<'.U:hII(YIIIC'M pucyHK<' • .no6amrnach 

eme o,nHa KJIKmoo6pa3HaH rqmmtH. To'-IKH, 06pa1y10mm• cTpJKTyphr. 

coe,nIIHCHhl I(JI5I HarJIHI(HOCTII JIIIHIIHMII, K0T0pbl(' upoHy11C'ponaHhI. I3 
KJIIOBOo6pa3HbIX CTpyrnypax 3 II 4 y 0CTJ>IIH .. K.TIIOB0B ,. MO)KH0 BhII(('

JIIITh crymemrn TO'IeK (N, G), oTMC''I<'HHhlX cTpemrni-m. OcHonaHIIH 

"KJIIOBoB'' upn6JimKaIOTC5I no Ml'pe pocTa MclCC 1.1!(1 II i1lb K npH1Ihl1I: 

mmnH 1 - K npHMhlM Ji,f" ~ 96 a.e.M., Ah ~ 96 a.e.M.; JIIIHIIH 2 

K npHMhIM Ma ~ 88 a.c.M., Alb ~ 88 a.('.M.; JIIIHIIH 3 K npHMhl1I 

Ma ~ 82 a.e.M., lvfb ~ 82 a.e.M.; JIIIHIIH 4 - K IIpHMhIM 1.Ha ~ 72 a.C'.l\I.. 

Mb ~ 72 a.e.M.; .IlocTOBCJ)HOCTb BhlI(eJIC'HIIH caMOII 6mrnwi'r K JIOI~ycaM 
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llMIIYJibCY OCKOJIKOB (a). p acrrpe,nerreHUe rrpoeKUllli cyMMapHoro llMIIYJibCa Ha OCb 

.nerreHHH (Pz) u IIJIOCKOCTb, rrepneH,nuKyrrHpHyro 3TOli ocu (P,,), W1 - rpaHuna OKHa 

OT6opa co6hITllli .nerreHUH !IO llMIIYJibcy ( 6) 
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F CTPYKTYPhI 1 .neMoHcTprrpyeT prrc. 3n, noJiy'leHHbIM npII ncnoJib30-

BaHIIII oKHa W2, npn6JIII3IITeJihHO B .nna pa1a 6oJiee y1Koro, qeM vV1. 
Pe3yJibTaTbl npnMeHeHirn onncaHHOII npoue.nypu OT6opa K MaTpII

IJe BbIXO.r:t;OB Y(Ma, Mb) ocKOJIKOB ,neJiemrn 252Cf npe,ucTaBJieHbI Ha 

pnc. 4a II .nrnr 6oJiee y1Koro OKHa no IIMIIYJihcy - Ha prrc. 46 (.nrnr ncei'r 

IIMerome11:cH cTaTIICTIIKII 9.8 x 106 co6hiTIIM ,neJiemrn). Bn.nHa KJIIO

noo6pa3HM CTPYKTypa, aHaJiorII'IHM Kpnnon: Ha pnc. 36, ocHonamrn 

KOTopon: npII6JIIIMaIOTC5I K npHMbIM M ~ 72 a.e.M. OTMCTIIM TaK)KC 

crymeHIIe TO'leK c KOOp,r:t;IIHaTaMII (!vfa ~ 50 a.e.M., l'v[b ~ 70 a.e.M.). 

3 MeTO.Zl~PieCKHe KOMMeHTapHH 

IlpeM,ne 'leM nepexo.r:t;HTb K IIHTepnpeTaIJIIH 06Hapy2KeHHbIX CTpyK

TYP, Heo6xo,nIIMO npOKOMMeHTnponaTb OTCYTCTBIIe n HIIX Heo6xo.nn

MOII CIIMMeTpnn OTHOCIITeJibHO ,nnaroHaJIII Ma = Mb. IlpII'IIIHa nc

KaMeHIIII 3aKJIIO"IaeTCH B CIICTeMaTII'leCKIIX norpemHOCT5IX BOCCTaHO

BJieHIIH Mace cpparMeHTOB n o6JiaCTlI CKOpOCTeM n :rneprnn:, ,naJieKIIX 

OT HaII6oJiee nepoHTHhIX 3Ha'leHnM (IIeHTpbI JioKycon F), no KOTOpbI~ 

npOBO.r:t;lITC5I KaJin6ponKa. Ikxo,nHaH HeCHMMeTpII'IHOCTb II3MepHTeJib

HbIX IIJieq ycTaHOBKII - CTapTOBbIM .r:t;eTeKTOp IIMeeTCH TOJibKO B nJie

qe b - Haxo,nIIT oTpa:,KeHIIe II ~ pe1yJihTIIpyromIIx pacnpe,neJiemrnx 

Y(Ma, Mb) (pnc. 3, 4). licKa:,KeHII5! oco6eHHO BeJIIIKII .r:t;JIH 248Cm. B 

3TOM CJiyqae, KaK OTMe'!aJIOCb, B Ka'leCTBe CTapTOBoro .r:t;eTeKTOpa IIC

nOJib30BaJIC5! JiaBIIHHblli C'leT'llIK C cyMMapHOII TOJIIIIIIHOII IIJieHOK II3 

MaHJiapa ~ 300 MKr / cM2. Bxo,r:i;Hoe OKHO ElIK IIMeJio TaKyro Me TOJI

m1rny. CyMMapHbie noTepII 3HeprIIII B qJOJibrax ,r:t;JIH OCKOJIKOB JierKOH 

rpynnhI ,r:t;OCTHramI D 3TOM nJieq~ ~ 50% OT Ha'!aJibHOH 3Hepnrn. IlpII 

CTOJib 3Ha'!IITCJibHbIX noTep5IX He60JibillIIe norpemHOCTII n KaJIII6poB

KaX II 3Ha'leHII5IX TOJIIIJIIH norJIOTIITCJieH 3aMeTHO OTpa)KaIOTCH Ha pe-

3YJibTaTaX. 

C yqeToM CIIMMeTpnn KoopmrnaT nee KJIIOBoo6pa3Hbie cTpyKTyphI 

Ha pnc. 3, 4, BII.r:t;IIMO, BblrJIH.r:t;HT .ne-cpaKTO ImK IIp5!Mbie yrJiu, c nep

illIIHaMII Ha .nnaroHaJIII Ma = Mb II CTOpOHaMII, napaJIJICJibHbIMII OCHM 

Mace. 

Eme o,nnH MeTo.r:t;II'lecKIIH KOMMCHTapnn: KacaeTcH cpanHemrn Ma-
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Y(Ma, Mb): a - nony"lenHall npn oT6opc no cyMMapH<>M,Y 11M11ym,cy ll <>Kil<' 11'1 JlJlll 

06'beMa Bb16opKH 3.7 x 105 co6bITHU (pnc. 26); 6 -- Ta )l(e MaTptma }!Jill BC<'X (~ 10{;) 
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Tpnu Y(Ma, Mb), 110Jiy'IeHHbIX .n:mr pa3HhlX o6'beMOB cTanrcTIIKII 

(pnc. 3a, 46) lIJIII IIpH IICIIOJib30BaHHH OKOH no Pz pa3HOll mnpIIHbI 

(pnc. 36 n 3B a TaK2Ke pnc. 4). Mo2KHO o6paTIITb BHIIMaHIIe Ha .Il:OilOJI

HHTeJibHblll pe3epB pacmmppoBKII cTpyKTYPhl ,n:ByMepHoro pacnpe.n:e

JieHIIH npn BeCbMa orpaHII'IeHHOll cTaTHCTIIKe. llMeeTc.a B BII.Il:Y nop.a

,n:oK no.aBJieHIIH TO'IeK - B HameM cJiyqae Ha MaTpnue Y(Ma, Mb), EcTe

CTBeHHo, 'ITO no Mepe yBeJIII'IeHirn o6'beMa BbI6opKH ( CTaTIICTIIKlI) 

TO'IKH no.aBJIHIOTCH paHbille TaM, r.n:e HX BhlXO.Il: Bhlme. Ha pnc. 3a 3TO 

rpe6Hll xpe6TOB, o6pa3yIOIIIlIX KJIIOB006pa3Hhle CTPYKTYPhl 1-3 II cry

meHIIH TO'IeK NII G (pIIc. 36). Ee3 KJIIO'Ia K pacmmppoBKe CTPYKTYPbI 

MaTpIIUbI Y(Ma, Mb), KOTOpbIII .n:aeT pnc. 3a, aHaJIH3 pIIc. 36, r.n:e npo

HBHmicb .n:onoJIHIITeJibHbie ,n:eTaJIH cTpyKTYPhl, 6bm 6hl 3aTpy,n:HnTe

JieH. l13JI02KeHHOe He CJiep:yeT IlOHIIMaTb KaK OTKa3 OT Ha6opa B03M02K

HO 6oJibmeiI cTaTHCTIIKII. llmpopMau;1rn o cTpyKType pacnpe,n:eJieHn.a 

Y(Ma, Mb), noqepnHyTa.a H3 pnc. 3a, co,n:ep2KaTeJibHa n TOH Mepe, B 

KaKOII Olia IlO.D:TBep2K,n:aeTCH npn yBeJIII'IeHHH CTaTHCTHKll (pnc. 36). 

.Ifo.a lIJIJIIOCTpaunn CTaTIICTII'IeCKOll .Il:OCTOBepHOCTII CTpyKTYP, BbI

,n:eJieHHbIX Ha pnc. 3, 4, a TaK2Ke IIX corJiacoBaHHOCTII c pa3pemeHIIeM 

cneKTpOMeTpa no Macce, npoBe,n:eHO MO,n:eJIHpOBaHIIe MeTO.D:OM MoHTe

KapJIO ,n:ByMepHoro pacnpe,n:eJieHn.a, BKJI10qa10mero xapaKTepHbie oco-

6eHHOCTH HaiI,n:eHHhlX CTPYKTYP· CMo,n:eJinpoBaHHoe pacnpe,n:eJieHne 

npe,n:cTaBJIHeT co6oiI TpII xpe6Ta, napaJIJieJibHbIX OCH Mb n IIMeIOITUIX 

cpopMy rayccIIaHa B ceqeHHH, nepneH,n:nKyJI.apHOM ocn xpe6Ta. Cpe,n:He

KBa,n:pa TII'IHOe OTKJIOHeHne (u) rayccnaHa BbI6paHO paBHbIM 2 a.e.M., 

paCCTOHHIIe Me2K,n:y u;eHTpaMII xpe6TOB r = 60". BbIXO.D: Y B.Il:OJib xpe6-

Ta II3MeH.aeTc.a 110 JIIIHeiIHoMy 3aKoHy: Y = 0.1Mb - 2 (pnc. 5a). Pe-

3YJibTaThl MO,n:eJIIIpOBaHIIH .D:JIH qeTbipex pa3HbIX o6'beMOB BbI6opKII 

( n) rrpe,n:cTaBJieHhl Ha pIIc. 5. Bn,n:Ho, 'ITO JIIIHeiI'IaTyro cTpyKTYPY, 

aHaJIOI'll'IHYIO Ha6Jiro,n:aeMOII Ha pnc. 36 (xpe6Tbl 2, 3, 4), M02KHO pac

n03HaTb Ha'IIIHM C caMbIX MaJibIX o6'beMOB Bhl6opKII npn paCTOHHHII 

Me2K,n:y xpe6TaMn r ~ (5-;- 6)u. 3Ha'!eHn.a napaMeTpoB Mo,n:em,Horr 3a

.n:a-ciJI ( (T ,r) 6JIH3KH K COOTBeTCTBYIOITUIM ou;eHKaM, IlOJiy-cieHHhlM .D:JIH 

06Hapy2KeHHhlX cTpyKTYP· 

.IlJI.a cpaBHeHn.a MaccoBoro pa3pememrn, xapaKTepn3yromero KJIIO

Boo6pa3Hhle cTpyKTYPhl n Jioeychl 6nHapHoro ,n:eJieHn.a F, Heo6xo.n:n-
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r = 60-. Bhlxo.n Y B.l\OJib xpe6Ta II3MeH.sreTc.sr no JillHeHHOMy 3aKoHy Y = 0.1Mb - 2, 
n - 061,eM Bbr6opKll 
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lvIO np1rneCTII CJie.uyromile noHCHCHIIH. lfa-3a KOHC'IHOro pa1perneHlIH 

no Macce II c1mpoCTII reHeTnqccKII CDH3aHHhIC OCKOJIKII C IICTIIHHbll\I 

11:rvmyJihCOM Po Irn.iK.IlhlII, 6y.uyT xapaKTCJ)ll30DaThCH pacnpe.uen:emrn

MII II3MCJ)CHHhIX mmyJihCOD }u(Pa) II }o(Pb) (pnc. 6). IlycTb D pe3)'Jih

TaTe Il3!viepeHIIH IIMnyJihC OCKO;JKa Oirn3aJICH P~. a .uonOJIHIITe;JbHOI'O 

ocKom~a - P{,. EcnI1 IP~ - P{,I < iv, r.ue lY - rn11p1rna OKHa oT6opa no 

IIMnyJihCY, COOTDCTCTBYIOIUCC' co6bITIIC nenemrn Y.UODJIC'TDOpUT npo

u:e.uype OT6opa ( HeCKOJibKO ynpOIUCHHOII no cpaDHCHIIIO c praJihHOII). 

TaK IrnK 3Haqemrn p~ II P/, CTaTIICTIP-ICCKII HC'3aDIICIIl\Ihl, nepoHTHOCTh 

DbIIIOJIHPHIIH ycnomrn OT6opa Pu, ~ 1o(Pa)1u(A) u pacrrpr.neJieHIIe no 

IIl\IIIYJibCY OTo6paHHhlX co6bITIIII }~,, 6y.urT n npc.uene npu w--. o(P). 
rne O - .IlCJlbTa 4JYHKU:IIH. 111\IC'Tb D .IlBa pa3a l\ICHhIIIYIO nncnrpcmo. 

qcM Yo, Ilpn HciJIII'IIIII P1CC('HHHbIX co6bITIIII (pacnpenrnemrn }~a, Lb 
pnc. 6) pacnpe.ueJiemre }~,. OT06paHHhIX co6bITIIII 6y.ueT IIMCTb ··xnocT" 

D CTopoHy MCHbllllIX 3Ha'ICHIIII IIMnyJihCa . .IInH Ha116om•e DC'pOHTHblX 

co6bITIIII B OKpCCTHOCTII Po II D 3TOl\I c.nyqar xapaKT('pmur IIII1p1IHa 

pacnpe.uenemrn }~" 6y.nrT np116mnI1TeJihHO n 1.4 p,na lvH'HhIIH'. •1e11 

6e1 oT6opa. Bapbnponamre rnupIIHhI mrna oT6opa Tl· n.TIIIH('T Ha KoH

TpacTHOCTh IIOJiyqaeMoro 11306pa1KCHirn: 6c3 OT6opa (1IaKCimaJibHclH 

IIIIIpIIHa OKHa) CTpyrnypbI Hcpa3JIIPIIIMbl mt qJOHC' paCCC'HHHhlX co6bI

THH, npn YMCHhllICHIIII IIIIIpIIHhl mrna D03pacTaCT 3qlql('KTIIBHOCTb 0T-

6pa1wmrn qJOHOBbIX co6bITIIII, HO II YMCHblllaCTCH nepOHTHOCTb noco-

6bITIIIIHOro BbIIlOJIHCHIIH npamma OT6opa .Il.TIH IICTIIHHbIX C06bITIIII. n 

CHJIY qero onTIIMaJibHaH IIIIIpIIHa mrna no.u611parrarh onbITHhllvI Il)'TC'M, 

IlpIInu:nnnaJihHO naJKHO, "ITO nn.u cTpJKTYP m' 3aDIICIIT OT Dh16opa oK

Ha. 

II pou:e.uypa oT6opa no IIMnynhcy .uefrcTDJPT o.unHaKODhIM 06pa3011 

Ha nee co6hlTirn MaTpHU:hI Dhixo.uon Y(A1,,, 1'1b), II03TOMY 1mcconor 

pa3pemeHne, ycTaHOBJICHHOe npu aHa.JIIl3C Kmonoo6pa3HhlX CTpyKTYP· 

.UOJDKHO 6bITh, B npnnu:nrre, TaKIIM )K(' n .IlJIH JIOKycon F. flpn II.llC'

aJihHOM MaCCOBOM pa3pememm II D OTCJTCTDIIl' c6poca HC'IITpOHOD JI1 

OCKOJIKOB, JIOKYChI F DhII'JIH.IlHT KaK npHMaH, nepm'H.IlIIK,YJIHpmiH .una

roHamI Ma= Mb II npOXO.UHIUaH 'ICp<:'3 TO'IKY Afa+J1h = ,Hr, r.ue ,Ur 
Macca nenHmerocH H.upa. PeaJihHO Ha6mo.uacl\HtH rnnprma Ha nonynbI

coTe Wo.5a B ceqemm !vla = canst JioKyca F no ,rnanornn c ¢opl\Iynof1 7 
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OCKOJIKOB. Yo - pacnpe.ueJieHHe ll3MepeHHbIX HMnyJibCOB npH HCTHHHOM 3Haqerrnn 

HMnyJibca P0 ; Y. - pacnpe.ueJieHHll: no HMnyJibCY .UJill: paccell:HHblX ocKOJIKOBj P~, Pf, 
- H3MepeHHble HMnyJibCbl OCKOJIKOBj w - IIIHpHHa OKHa OT6opa no HMnyJibCY 
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pa6oTI,I [16] M02KeT 6I,ITh Bhlpa2KeHa B BII)le 

W = 2 35(CJ2 + k2CJ2)0.5 0.5a · a b , 

r.n:e CJ; b - .n:ucrrepcmr ycrroBHhIX MaccoBhlX pacrrpe.n:erreHIIH P(MaJMb) 
II P(MblMa) cooTBeTCTBeHHo; k - OTHomeHne MacmTa6oB ocu "a" 

K ocu "b". Ifa rrpnBe,neHHOII qiopMyJihI crre.n:yeT, 'ITO ecrru MaccOBhle 

pa3pememrn B o6oux IIJieqax crreKTpoMeTpa O)lIIHaKOBhl (Wo.5) TO 

Wo.5 = l.4Wo.5a· · IIorry'IaIOru:rurc.sr C y'IeTOM 3TOH CB5!3II OJ:IeHKa Mac

COBOro pa3pemeHII5I crreKTpoMeTpa Wo.5 ~ 7 a.e.M. (6e3 oT6opa) B 

3KcrrepuMeHTe c 252Cf 3aMeTHo HII2Ke rrp1rne.n:eHHOH B pa6oTe [13], r.n:e 

Wo.5 ~ 10 a.e.M. Pa3mn1a M02KeT 6hITh uerrIIKOM o6ycrroBrreHa pacce.sr

HIIeM, 'ITO IIO)lTBep2K.n:aeTC5I KOCBeHHO II .n:aHHhIMII pa60ThI [14]. 
OueHKII .n:rr.sr MaccoBoro pa3pememrn, rrorry'IeHHhre no KJIIOBoo6pa3-

HhIM CTPYKTypaM II no JioKycaM F, corrracyIOTc.sr .n:rr.sr 252Cf B rrpe.n:e

rrax 20%. llrr.sr 248Cm 3Ta pa3HIIIJ:a 6orrhme, 'ITO cB.sr3aHo c xy.n:rm1M 

Ka'IeCTBOM MIIIDeHII. Ee Heo,n:Hopo.n:HOCTh rrpIIBO.ll:IIT K IICKa2KeHHIIIO 

qiopMhl pacITpe,nerreHIIH P(MaJMb) IT P(MbJMa) (IT05IBJieHIIIO "xBo

CTOB"). "XBOCThl" yBeJIII'IIIBaIOT .ll:IICITepcrrIO B Ce'IeHII5IX pacITpe,ne

JieHII5I Y (Ma, Mb), HO He ITp05IBJI5IIOTC5I ITpII Marron: CTaTIICTIIKe B pa3-

6poce TO'IeK B OKpeCTHOCTII rpe6H.sr KJIIOBoo6pa3HOH CTPYKTyphl. 

Pe3IOMI:Ipy.sr CKa3aHHOe B 3TOM pa3,nerre, MO)KHO KOHCTaTIIpOBaTh, 

'ITO 06Hapy2KeHHhle )lJI5I .ll:BYX CITOHTaHHO .n:err.srru:rrxc.sr .sr.n:ep CTPYKTy

phl B MaCCOBhlX pacITpe,neJieHII5IX reHeTII'IeCKII CB5!3aHHhIX OCKOJIKOB 

He KopperrrrpyIOT ITO qiopMe II pacITOJI02KeHIIIO Ha ITJIOCKOCTII Ma-Mb 
c xpe6TaMII, o6ycrroBJieHHhIMII pacce.srHrreM o,n:Horo I:13 ocKOJIKOB. llrrc

KpeTHhIH xapaKTep 06cy2K,naeMhIX cTpyKTYP .srnrr.sreTc.sr c y'IeTOM 3Toro 

qiaKTa CIIJihHhlM apryMeHTOM B ITOJih3Y Toro, 'ITO 0HII He CB5!3aHI,I C 

pacce.srHrreM o,n:Horo IIJII:I o6onx 3aperrrcTpIIpOBaHHhlX OCKOITKOB. Ha-

6rrIO,naeMhlH pa36poc T0'IeK B paMKax 06Hapy2KeHHhlX cTpyKTyp rr rro

KycoB 6nHapHoro .n:erreHII.sr corrracoBaH n nprrBo,nrrT K oneHKe MaccoBoro 

pa3pemeHrr.sr Wo.5 ~ 7 a.e.M. ("V-E" MeTo,n, 6e3 oT6opa ITO IIMITYJihcy). 
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4 OocyM,n:eHMe 

PaccMOTpIIM Tenepb B03M0)KHhle cpn3nqecKne npnqnHhI B03HIIKH0Be

HIIH o6Hapy)KeHHhIX cTpJKTyp. BnepBhie 06 nx Ha6mo.uemm coo6ma
rroch B pa6oTe [17]. Ilpe)K.ue Bcero M0)KH0 K0HcTaTnponaTh, qTo Bee 
oHn CBH3aHhI c cpparMeHTaMn-Mara11m: ccpepnqecKHMII 82Ge, (72-c-76lNi, 
48Ca II .uecpopMIIpOBaHHhIMlI 96Sr, 108Mo, 88Se [18, 19]. B paMirnX .IIII
KJiacTepHOll M0,UeJIII .uemITeJihHhIX MO.II [14] IIMeHH0 npecpopMnpona
HIIe nap 3TIIX H,Uep ( KJiacTepon) B 06'.heMe .uerrmnefICH CIICTeMhI 0T

BeTCTBeHH0 3a cpopMIIpOBaHIIe .II0JIUH Ha II0BepXH0CTII IIOTem1naJihHOII 
3HeprIIII (IIII8) ,neJIHIIIerocH H.IIpa II CBH3aHHhIX C HIIMII ,UeJIIITeJihHhIX 
MO.II. B qacTH0CTII, IIMeIOTCH MO.Uhl, nopmK,UeHHhie .IIBYMH 0,UIIHaK0-
BhIMII KJiaCTepaMII. Mo)KHO O)KII,UaTh oco6bIX CBOHCTB, HanpnMep, n 

CMhICJie 3aceJieHH0CTII, OT MO.II, B K0T0phIX II 0CTanmnecH HJKJI0Hhl 
3KBIIBaJieHTHhI TIO C0CTaBy KJiaCTepy IIJIII KJiaCTepaM. B 248Cm M0-
)KeT peaJIII30BhrnaThcH, B np1rnunne, IIHTh TaKnx MO.II: 282Ge+84 Ge, 
288Se+72Ni, 296Sr+56Ca, 274Ni+ 100zr, 2(74-c-75)Ni+2(50-c-43)ca. IloKa3aH

Hhle Ha pIIC. 3, 4 CTpyKTJPhI CBH3aHhI, II0-BU.IIIIM0MY, C ,UeJICHIIeM qe
pe3 CIIJihH0 .uecpopMnpoBaHHhle C0CT0HHIIH B nepeqncJieHHhIX Mo,nax. 
8Hepnrn B036J)K,UeHIIH B T0qKe pa3phrna npn 3T0M KOJie6rreTCH B npe
.uerrax 80 + 110 M3B. Bo3MmKHOCTh .uocTII)KeHIIH .uerrHmeurn CIICTeMof1 
3Heprnn B036J)K,UeHIIH B ToqKe pa3phIBa TaKoro MacmTa6a He3aBIICIIM0 
II0,UTBep)K,UaeTCH ,UaHHhIMII pa60Thl [20]. Cy.UH TIO T0MY, qTo IIMIIJJih

ChI .unyx cpparMeHTOB, MaCChI K0T0phIX 3a,UaIOT K0op.urrnaThI T0qeK B 
o6cy)K,naeMhIX cTpJKTypax, 6JIII3KH, TpeTIIll cpparMeHT npaKTII'-IecKn 
II0K0IITCH. PerncTpaIIIIH TaKIIX co6bITIIll He npe.uycMaTpIInarrach n pa
Hee npnMeHHBlliIIXCH MeT0.IIIIKax II0IICKa IICTIIHH0 TpOHHoro .uerreHIIH. 
HapH.IIY c co6bITIIHMII, K0T0phie i.i:o)KHO IIHTepnpeTIIpOBaTh KaK Tpex
KJiacTepHhlll pacna.u - 0HU Jie)KaT B 0KpecTH0CTII nepnnrn npHMhIX 
yrrroB, npe,UCTaBJIHIOIIIIIX, KaK 0TMeqaJI0Ch, IICTIIHHhlll BII.II o6cy)K.uae
Mhl:X cTpJKTYP - Ha6rr10.uaeTcH TpouHoe .uerreHne c Maccou noKoHmero
CH cpparMeHTa MeHhme MaCChI JII06oro II3 KJiaCTepoB. TaKIIe co6hITIIH 
MoryT 6hITh CBH3aHhI C ,UCJICHIIeM .II0II0JIHIITCJihH0ro 0CK0JIKa II0CJie 
oT,nerreHIIH o.uHoro (KpauHero B uenoqKe) KJiacTepa. 

IlrrH H.IIpa 252Cf B03M0)KHhI crre.uy10IIIIIe II0JIH0CThIO KJiacTepn3o-
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naHHhie cocToHmrn: 72Ni+ 48Ca+ I32Sn, 82Ge+ 74 Ni+96Sr, 272 Ni+ 108:rvfo. 
Han6orree OTqeTJIIIB0 Ha puc. 4 II!)OCJIC:iKIIBaCTCH II0CJie,UHHH II3 nepe
qncJieHHhIX :MO.II. OHa, TaK )KC, KaK B cJiyqae 248Cm, IIpC.IIII0JI0)KIITeJih

HO nocTpoeHa Ha .IIByx 0.IIIIHaKoBhIX KrracTepax (Ni). IlpoHBJieHneM 
.unyx .upyrnx MO.II, B03M0)KH0, HBJIHIOTCH crymemrn ToqeK ( o6JiaCTII 
IIOBhlillCHHoro BhIXO,Ua)' yKa3aHHhIC. Ha puc. 4a rrpoHyMepoBaHHhIMII 
CTpemrn11m: 1 - (Sn-Ni), 2 - (Mo-Ni), 3 - (Sr-Ni), 4 - (Ge-Ni), 5 -
(Ca-Ni), 6 - (Ni-Ni). 

Ilpe,ncTanrreHHhle B pa6oTe pe3JJihTaThI crrynrnT, no Hame111y MHe
HHIO, yKa3aHIICM Ha B03MO)KH0CTh MJJ.lhTIIKJiaCTepHoro pacna.ua TH)KC

JlhIX H,Uep-aKTIIHII.II0B. Eorree .II<'TaJihHhIII aHaJIII3 l\IexaHII3Ma HBJICHIIH 
6y.ueT npe.ucTaBJICH B CJIC.IIJIOIIIIIX 11y6mu.:au1rnx. 

ABTophI npmHaTeJihHhI K0JIJieraM rro KOJIJia6opaunu <l>OEOC n 
oco6eHHO X.-r. OpTJierrny 3a II0M0lllh B BhIII0JIHCHIIII 3TOII pa60ThI 
H II0JIC3HhIC .IIIICKJCCIIII. 

Pa6oTa qacTIPIH0 110.u.uep)K,rna P<l><l>JI (rpaHT 96-02-176,4). 
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fI.SITKOB IO.B. H LIP-
3K3OTH'IeCKHe MOJ:lhl pacna,ua 

248
Cm H 

252
Cf 

P15-98-263 

248 252 -5 -6 B cnoHTaHHOM i:1eneHuu .S1J:1ep Cm u Cf c BbIXOJ:IOM 10 -10 o6uapy-
)KeHbI co6b!TH.SI, ,LIJI.SI KOTOpbIX CYMMa Mace 3aperucTpupoBaHHhlX cpparMeHTOB 
npu6JIH3HTeJibHO Ha TpeTb MeHbllle MaCCbl ):leJI.SIIUHXC.SI .Sl):lep. <l>parMeHTbl H3 rpynnhl 
pe):IKHX co6b!THH KOHUeHTpupyJOTC.SI B OKpeCTHOCTH MaCCOBblX 'IHCen,cooTBeTCTBy
JOIUHX ccpepu'leCKHM H i:1ecpopMupoBaHHblM Maru'leCKHM MpaM-KJiaCTepaM: Ni, Ge, 
Sr, Mo, Se. fipei:1crnBneHHb1e npei:1BapuTeJibHb1e pe3ynhTaThI MO)KHO HHTepnpe
TttpoBaTh KaK YKa3attue Ha peanH3aUHJO HCTHHHO TpOHHOfO i:1eneHH.SI, o6ycnoBJieH
HOfO KJiaCTepH3auueii ):leJI.SIIUeHC.SI CHCTeMbl. 

Pa6orn BbmontteHa B Jla6oparnpuu .SIJ:leptthIX peaKuuii HM. r.H.<l>nepoBa 0115HI. 

TTpenpHHT O&e/lHHCHHOro HHCTHryTa ll/lCpHbIX HCCJJC/IOBaHHii. !ly6Ha, 1998 

Pyatkov Yu.V. et al. 
Exotic Decay Modes of 248cm and 252Cf Nuclei 

P15-98-263 

In the spontaneous fission of 248cm and 252Cf nuclei some events (the total 

yield is about I o-5 -10-6) have been detected with the total mass of two fragments, 
which is about 30% smaller than the mass of the fissioning nuclei. The fragments 
due to rare events group are concentrated in the vicinity of the mass-numbers A - 72, 
82, 88, 96 which are specific for spherical and deformed magic nuclei (clusters) Ni, 
Ge, Se, Sr. The preliminary results presented can be treated as an indication of the 
true ternary fission of heavy nucleus due to clustering of the fissioning system. 

The investigation has been performed at the Flerov Laboratory of Nuclear 
Reactions, JINR. 
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