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CsJIJb o6ono'le'1Hoii: cTpyKTYpbI H .ue<popMauHH c KJiacrepll3aa;ueii: B mpax o6-

cyJK;naJiacb MH0rHMH aBT0paMH (1-11). B OCH0BH0M :lTll o6cyJK;neHHJI 3aTparHBa• 

Jlll CBOHCTBa nerKHX mep. KnaCCH'leCKHM npHMepoM Ta.KOH CBJI3ll M0)J(eT CJIY,KHTb 

rHnep.ue<popMHponam1oe C0CTOJIHHe mpa 12C, K0TOpoe llHTepnpeTHpyeTC.11 KaK K0H

qmrypauHJI 113 Tpex aJib<pa-qacTim;, BhlCTpoenHhlX B JIHHIIIO. Pae<IeThl npe,nCKa3hlBa• 

IOT TaKlKe cymecTB0BaHIIe .Ue<pOpMHpOBaHHbIX COCTOJ!Hllll C napymeHHOH 3epKaJibHOH 

CHMMeTpHeii, HanpHMep B 24Mg (12], r.ue TaKoe COCTOllHHe M0lKCT fo.rTb accon;unpo· 

BaH0 C KJiaCTepnoii: KOHq>Hrypan;Heii 160 +a+ a HJIH 160 +8 Be. 

B cnyqae TJI,KeJibIX mep B03MO,KH0CTb IlOJIBJICHll.lI cpe.un HH3KOJ1elKaII1HX C0CTO.lI· 

HHH TaKHX, KOTOphle CBJI3aHI.r C KJiacTepHbIMH CTeilellJIMH CBOOO,nhl, o6cylK;nMaCb B 

CBJIJH c o6napylKenHeM y mep HJoronoB Ra u Th Hl13KOJielKain;HX 1--cocro.11HHii. B 

no.uxo.ue, npe,nnOlKCHHOM B (7, 8), Il0JIBJienue Hll3K0JlelKamHx 1-·COCTOJ!Hllli OO'bllCHJl· 

eTCll cyin;eCTBOBaHHCM MSITKOR JlHilOJihHOll M0,IJ;hl, OilllCbIBaIOllleii ,l{BlllKeHJie MJ,q>a• 

qacTH'lH0ro KJlacrepa OTHOCH'reJILH0 mpa•0CTaTKa. B [6] npollBJleHlU! KJl8.CTepHbIX 

CBORCTB TJl)KeJibIX mep paccMaTpUBaJIUCh B CB.lI3H C B03MOlKHblM cymecTB0BaHlieM 

y 3THX mep rnnepne<popMHpOBaHHbIX B036ylK.UCHHbIX COCTO.IIHllU. B 3TOR pa6ore 

6hlJIH BbIIl0JIHeHbI CllCTeMaTH'leCKHe pacqeTI,J IlOTeHUHaJibHOll 3Heprnn ne<popMallHll 

qeTHO-'leTHUX H30TOil0B Rn, Ra, Th H U. Han6onee HHTepeCHhlM pe3yJlbTaTOM pa6o

TU OKa3aJIOCb TO, 'ITO rnnepne<popMupoBaHHblli MHHllMYM C0OTBeTCTByeT ,UBORHOR 

JI)lepnoft KOHq>llrypailHH, COCTO.lIIn;eii. H3 TlllKeJIOI'O q>parMeHTa, IlOJlOOH0I'O 
1328n, ll 

6onee nerxoro, no;no6Horo 100Zr. HanpnMep, o,l.UloqacTll'l:Hhlii. cnexTp 232Th npn ne

qiopMan;nu, COOTBeTCTBYJOin;eii. rnnep.Ue<pOpMllpOBatlHOMY MllHHMYMY' Bh.trJIJl,UllT _Ka.K 

cynepn03llUHJl cqiep11qecxoro O,llH0'lacTH'lHOro cneKTpa 132Sn ll .Ueq>OpMHp0BaHHOro 

HHJibCCOH0BCKOro cneKTpa 100zr. Ta.KUM o6pa.3oM, KJiacTepll3auHll TJl)KeJihIX mep 

npu OOJiblllllX npO,llOJlbHl,IX Jle<pOpMauHJIX 0Ka3aJiaCb CBll3atIHOii. C npolIBJleHH.IIMH 00-

JIO'le'lHOH CTPYKTypu. O6onoqe•mas: lKe CTpyKTypa npo.llBHJiaCb n n TOM, 'ITO no 

Kpaii.neft Mepe O.UHH ll3 T.lllKeJibIX 1macrepoB .IIBJl.lieTCJl JIJlp0M C 3aMKHYThlMll 000-

JI0'lKaMH. BoJnnxaeT nonpoc, npollBJI.IIIOTCll JllI imacrepahle crenenn cno6onhl, ac

counnpyeMue C KJiaCTepaMH 6onee T.lllKCJII,lMH, 'ICM aJiblpa•'lacTiu~a, npn OOhl'lHbIX 

.ue<popMaull.llX? IlpHBO)ll[T JIH OHU B .lIJlPax, K0TOphle M0lKHO npe,ncTaBUTb COCTO.lllllH-_ 



Mil R3 .1lBYX KJiaC'repoB, KalK)lblll H3 K0TOphlx JIBJilieTCJI ll.1lpoM C OOJihillOil 3Heprn:eft 

CBJl3H, nanpnMep, .1lBalK.1lhl MarIPieCKHM wpoM, K TOMY, 'ITO COCTOJlHHJl, CBJl3aHHh!e c 

B036y)KJleHneM KJiacrepHh!X creneHeii CB000.1lhl 6ynyT II0llBJIRThCJl rrpn 0TH0CilTeJlh

HO HH3KHX 3HeprmIX B036YlK.1leHHll? ECJin )lBa. KJiacrepa cymecTBCHH0 pa3JmqaIOTCX 

no Macce, TO cymecTBOBaHIIe COOTBeTCTBYIOmeii KJiacTepHOH M0.1lhl IIpHBe,I{CT K Ha

pymemno 3epKaJihHOH ClIMMeTpnn BO BHyTpemreii cncreMe KOOp.ztnHa.T. Ilpn Hlf3KHX 

:meprRJlX B036YlKJlCHHX napymeHne 3epKaJihHOll CHMMeTpnn cpe,nHero IIOJIX o6h!qHo 

accomrnpyeTCJl C CHJihHh!MH 0KTYII0JihHh!MH KoppeJIJIUR.ilMR, CnenoBa.TeJihHO, 3Ta 

KJiacrepHax MO.zta M0lKCT 6LlTI, CBJl3aHa C 0KTYIIOJihHh!MR KoppeJIXUHJIMII, T.e. C 

II0JIBJICHHCM HH3KciJielKamnx KOJIJICKTlIBHh!X COCTOXHRH OTpnnareJihHOH qeTHoCTH II 

poTao;noHHhlX nonoc c Al = I H qepe,ny10meil:cJl qeTHOCTbIO ypoBHeii. IlpoBepKa 

3TOro rrpe.nnoJIOlKCHRJl R JlBJI.ileTCJI IJ;eJibIO .nammft pa6oTI,I, 

Ouem1M rrp116JI!!iKCHHO 3HeprIIII B036ylK.1leHIIJl np-nh qacTII'lHO-.zthlpo'luhlx cocTO

l!HHR KJiacTepuoro TRIIa ( n - 'IRCJIO IIYKJI0H0B B KJiacrepe) B ll.1lpax, rrpnHan.rre)l(amHX 

paJJIH'lHhIM o6JiaCTJlM KapThl HJK.IIH,llOB, HCII0Jih3YX nmpopMaIJ;RIO o6 :meprnxx CBJl-

311:. 8TO II03BOJ1RT ncCJie,noBaTb KOppeJIXUHH MC)l(JlY 3~eprHJlMil TaKnx COCTOl!HlIH 

n 3HeprnJlMH na6.rrro.IIaeMh!X HH3KO.IIC)l(aIUliX 1--B036y)l(.ltCHHH B l!.ztpax, 11:Meromux 

ocH0BHh!e poTanuoHm,re nonoc1,1 c AI= I H qepe,ny10meil:cx 'leTuocThIO cocToxauii. 

Ilpn6JIR)l(eHHo 3Hepru10 KJiacrepono,n;o6HbIX np-nh qacTlI'lH0-.1lhlpo'IHbIX so36y

)l(,l{euHii E* MO)KH0 01.lCHlITh C IIOMOIDhJO q>opMyJihI 

E* = E(Z + Zc,N +Ne)+ E(Z - Zc,N -Ne)- 2E(Z,N) = 
2B(Z,N) -B(Z + Ze,N + Ne)- B(Z - Zc,N - Ne), = 

(1) 

r,n;e E(Z,N) - 3Hepnrn ocH0BHoro cocTOJ1HlIJ1 ll.1lpa. c KOJinqecTBOM nporouoB Z n 

KOJinqeTCB0M neiiTpoHoB N, B(Z,N) - 3Heprna CBJl3H cooTBeTCTBy10mero P.,n;pa, Zc 

n Ne - 'lHCJia IIpoTOHOB n HeiiTpOHOB B KJiacTepe, n = Zc + Ne - 'llfCJIO 'lacTHI.l 

{.!IhlpoK) y B036y)l(JlCH1Ioro cOCTOJlHHir. B {l) ne y'lreHa 3Heprnx B3aHMo,n;eil:cTBHJI 

qacTRU R .zu,rpoK. Ilo3TOMY 3TO BUpaiKeHne M0)l(eT 6h!Th HCII0Jlh30BaH0 TOJlhK0 ,l{JIX 

npn6.rrHlKCHHh!X oueH0K. <l>opMyJihl, rro.no6H1>Ie (I), npHMCHJIJIHCh )lJIJl oneHKJI 3Hep

rnii: so36yiK,nem1n Tarra qacrnua - nr,rpKa, Bo36ylK.1lCHnii anJ,q>a-'lacTH'lHoro Tnrra 

[13] n rrapHbIX Bn6pao;noHHh!X cocTOJ!Hl!H [14]. ECJin sCJinqnHa E• oTpl!UaTeJihHa, 
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.. 

,, 

!. 

) 

TO 3TO MO)KeT CJIYlKIITh yKa3aHHCM Ha TO, 'ITO OCH0BH0e C0CTOlll!HC COOTBeTCTBYIO!IIe

ro }[,Upa ueycTOil'll!BO 0THOCl1'I'eJihHO B036y)K,UeHIIJ1 paccMaTpIIBaeMOI'O K,I3CTepnoro 

nrna, If B ero BOJIHOBOH <pyHKIU!II ecTh npl!MCCh KOMTI0HCHTW, OTBeqa10meii OTHOCll

TeJibH0MY .UBU;KeHIIIO KJiacTepoB, cocTaBJIJIJOlllHX ll,llpo. Ecnu 3Tll K,IaCTephl HMCIOT 

pa3Hh!e lJHCJia HYKJl0HOB, TO OTpl!UaTeJihHOC 3H3.'ieHl!e £· 6y.ueT 03Ha'la.Th, 'ITO x.upo 

ueycTOil'lIIBO 0TH0CHTe.'lhll0 .ue<popMaqHII, napyrnaJOII\Cli 3epKaJihllYIO CHMMf'TpIIIO BO 

BHyTpeunei1 cncreMe KOOp.UHHaT. 8 pe3YJibT3Te na OCIIOBHOM COCTOllHl!II cqiopl\IH

pyeTCK poTaUll0HHaJI II0JlOCa C D,/ = l ll qepe.UyJO!IIf'HCK lJeTHOCThlO ypoBHeiI. Ecnn 

£• TI0JI0lKl!TeJlhHa, HO MaJia, TO 3Hepnrn, CBll3aHHall C OTH0CIITf'.'11,Hl,IMII Ko.ne6aun

JIMH KJiacTepoB, MaJia. B 3TOM cny'lae T3.K)KC 6y.uyT ua6JIJO,UaThCX HH3KOJielKamne 

COCTOlll!Hll OTpHUa.TeJihHOM qeTH0CTH- TaKHM o6pa.30M, Mhl O)l(JI,UaeM, 'ITO 3Ha'leHJlll 

E*, paccql!TaHHh!e no qiopMyJie ( 1), 6y .UYT OTpnua TeJihHh!J\111 HJllI ne6o.JlbillHMH no

Jl0)KHTCJlhHh!Mll BCJllllJHHaMH ltMf'HH0 B ll,llpa.x, y K0TOphlX 113BeCTHl,I Hll3K0Jlf'lK3lllllC 

1-- UJIH 3- -COCTOKHUll II OCH0BI!h!C poTaUH0HHl,lf' TI0JIOCbl c /:1/ = l II qepe.UyJOlllCHC}[ 

qeTH0CThIO ypoBneii. 3TO ll30T0TIW Ra n Th, TKJKCJih!e U3oTOIIhl Ba n Ce. 

Pac'ieThl 6hlJIH BhlllOJIHCHbl B npe.unoJIO)KCHIIU, 'ITO nerKIIMH KJiaCTepaMU llBJlll

IOTCJI ll,llpa 12C u 160. Eh!Jill paccMoTpenw cne.uy10m1ie o6nacn1 311aqeum'i Z II N: 

z = 84 - 96 ll N = 128 - 146, z = 30 - 46 II N = 36 - .is, z = 52 - 66 11 s = s6 -

94, Z = 22 - 36 11 N = 34 - 40. PeJyJihTaThl pac'leToB npnse.uenw ua p11c.l-5. lb 

pncyHK0B BII,UH0, '!TO BeJil!'lHHa E* npmmMaeT 0TpnuaTC,11,Hl,lC 3Ha'ieHllll 111\lf'HHO B 

TeX x.upax, y KOTOpbIX II3BCCTHhl poTaunonnwe Il0JIOCW C !::!.I = 1 H qepe.uy10IUf'l!Cll 

qeTH0CThlO ypoBHeH, uarrpnMep, .una H30T0TI0B 
224

•
226

Th, ecJIII nerKHil KJiacTep - }[Jl!)O 

160. TaKl!M o6pa30M, COCTO}[lll!ll OTpl!UaTeJIJ,HOH qeTH0CTU 3THX llJlCP MOryT GWTh 

CBll3aHhI C OTII0CIITeJlblll,lM .1lBII)KeHHCM KJiacrepoB B cne.uy10mnx KOH<pllrypannllx: 

21s,220,2~~Ra __. 200,20s,2~~Pb +'! C 

ll 

224,2~Th __. 20s,21i2Pb +': O. 

KonelJHO, pe'lb ne ll.zteT 0 TIOJIH0M reoMeTpll'!CCK0M 0T,UCJICHIIH KJlac-repa. Jlnll :noro 

npo.uon1,Ha}[ .ue<popMau1rn x.nep B paccMaTp1tsaeMh!X cocroamrnx CJIHIUKOM MaJ1a. Ho 

KJiacrepna.,i. MO,Ua. y,Ke npoS!BJJlleTCll .na)Ke npn 11e6oJ1hllHIX :mepnlllX B036y;t;JJ:<"Hllll. 

3 



OTpHUaTeJihHhle 3Ha'leHIUI E* rrplIHl!MaeT TaKlKe B cJiyqae JLQpa 148Ce, KOTOpOMY 

COOTBeTCTByer KJiaCTepI!al! KOH<JmrypaUHll 

1t!Ce ----. 1
~~Sn +1

: 0, 

H B cnyqae 144Ba, KOTOpoMy COOTBeTCTByeT KJiaCTepHall KOH<pnrypaUlfll 

1!!Ba -+ 
1
~~Sn +1

~ C. 

Bo Bcex npnBeL(eHHhIX CJIY'lal!X l!L(pa C OTpHUaTeJihHh!Mll 3Ha'leHHlIMH £· MO)KHO 

npe.ncTaBl!Th KaK cyrrepII03HUIIIO TlllKeJioro Marn'leCKOro no Z (HJIH L(Ba.lKL(hl Marn

'ICCKoro) KJiacrepa, a HMCHHO Pb, Sn n Niu nerKoro Knacrepa 12C 1m11 160. 

Cno:i1rnee nHreprrpeTnpoBaTh oTpnuaTCJihHhle 3Ha'leHHll £• B II30Torrax Kr, Sr II 

Zr, y KOTOphIX TaK;is:e H3BeCTHhl Hlf3KOJieiKarune COCTOl!Hllll OTpIIUaTeJihHOH 'leTHO

CTII. B 3Tnx cny'lal!X TlllKeJih!e KJiacrephI, KoTOphIMH oKaJannch II30TOHhl Zn, Ge 

II Se, He lIBJilIIOTCJ! Man1qecK1IMII JLQpaMn. ll3BCCTHo, OL(HaKo, 'ITO H30TOIIhl Ge c 

OOJihIIIOfI BepOl!THOCThlO Ha6JIIOL(a!OTCJ! cpeL(ll OCKOJIKOB L(CJICHHJ! u TeimOBbIMll HefI

TpouaMII uapJ!Lly C L(BalKL(hl Marll'ICCKHM 132Sn [15-16]. 'KpoMe TOro, HC06XOL(IIMO 

IIOMHHTh, 'ITO Bbipa;i;:emie ( 1) HC Y'IIITh!BaeT BKJiaL(a 'laCTll'IHO-L(hlpO'IHOro B3alIMO

L(eHCTBIIJ! B £•, 'ITO MO;KeT, B rrpnuunrre, IIOBJIIIJ!Th Ha pe3yJihTaThl, TaK KaK 'll!CJIO 

qaCTII'IHO-L(hlpO'IHhIX nap BeJIHKO. 

B 3aKJIIO'leHIIe OTMeTHM, 'ITO rrpn6JIHlKeHI!hle paC'ICThl 3Iieprnil: np-nh qacTH'IHO

L(hlpO'IIlhlX B036ylKL(eHHh!X COCTOJ!HIIH KJiacrepHoro nma C 'IIICJiaMH qacTHU ll LlhlpOK 

n, paBHbIMII 'IHCJIY HJKJIOHOB B nerKOM KJiacTepe, uarrpnMep 
12

C llJill 160, II0Ka3a

JIII, 'ITO HaHMeHhIIIIIe 3Ha'leHIIJ! )Ta 3Hepr1IJ! IlplIHHMaeT HMeHHO B TeX JIL(pax, L(JIJ! 

KOTOpbIX ll3BCCTHbI OCHOBHhlC poTaUHOI!Hble IlOJIOChl C tl.I = 1 ll qepeJlyIOIUeHCJ! 

'leTHOCThlO ypOBI!CH HJIH npocTO IIMelOTCJ! Hll3KOJie;is:arune COCTOJ!HII.II C I" = 1-' 

3-. 3To yKa3b!BaeT Ha TO, 'ITO rrpollBJieHIIJ! KJiaCTepHb!X CTeneueii. CBOOOL(hl MoryT 

Ha6JIIOL(aThCJ! II npu ue6oJihIIIHX 3HeprHJ!X B036JlKL(eHHJ!. 

ABTOphl npH3HaTCJihHhl H.B. AHTOHCHKO, r.r. ALlaMllHY II A.K. HacnpoBy 3a 

IlOJie3Hble o6cylKL(eHHJl:. Pa6oTa BhllIOJIHeua rrpn UQZUleplKKC Poccuii.cKoro <pOHL(a 

<pyHL(aMeHTaJihHbIX llCCJieL(OBaHHH, rpaHT 95-02-05684. 
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