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AIIHOTaiU1H. 

Ha ur.myJI:ocHOM peaKTope Hb"'P-30 Jii3Mepr.rmrcL crrei{'l'pbi 

'V -JIYlieH, COIIpOBOj;QJ;aiOUUIX saxna•r neilTpOIIOB B :H30JIHpOBaHHHX 

pesonaHcax .rr..rcep 154Gd , I? I' 173Yb n 185Re . ITpiiBOl~H'l'csr 
aHaJI113 l<:Oppe.JIJIIJ;IIi1: MGJit,ey rrapLUID.JI:OHl:IMII pa;n:Ha.:LT,HOHIIHMU lllli})liiim.m 

11 HeiiTpoHmn:m rrpHBe;n:eHHbrMH rrnrpmmr1m pesoHancoB. HaH.n;eHLI 

CTaTliCTllLIGCK11 .TI;OCTOBGpHHe 8Qx2GBTH IWppGJIJIUI1ll. 8TH 8tNJGR'r!Jl 

yEJia,rulnaroTcsr n paHr<n Imasr:r:racTI'liEo-{xnronHoi1 Lio;~oJin CoJIOBLena. 

Abstract 

Spectra of y-rays following the :1eutron capture at isolated 

~esonances in 155ad, 171 , 173Yb and 185Re nuclei were measured. The 

analysis of a correlation between the partial radiative widths and 

reduced neutron widths of the resonances was performed. Statistical-

ly significant effects of the correlation were found. They are in 

agreement with those predicted within Soloviev's quasiparticle-

-phonon model. 



1. Bne,n.eHV!e 

3a DOCJ18)J;HV!e ,Il;8CRTL J18T HaROflV!JlOC.O c50JlblliOe ROJllit!8CTBO 8I<C

nepMMeHTanDHUX ,IJ;aBHHX, CBH~eT8Jl])CrByiDmMX 0 HaJIV1qHH CTaTMCTHqec

ROH Roppe.run.u~m M81K.lzy napl.U1aJl])llliMH pa.n;I1a!U10HHhiMH lliHPI1HaMH rAyf I1 

npHBe.n;eHllbiMH HetiTpOHHbiMH 1Illipi1Ha.MH ~n l Hei1TpOHHbTX pesoHaHCOB, 

CM. Oc530PLI/1 ,Z/. KoJIHqecTB8HHOM M3pOt1 STOW I<OppeJJJIUHH CJlYiKI1T 

oc5I:NHO I<oaq:q):aWieBT R , onpe.n;eJieHH:JJ:ti Ra:K R =<pt>t. 3.n;ec.o Pt -Ko

s@mr(HeHT JIHHetiHOH Roppe~H MeiK;~. fAyf H rAOl ,IJ;JJJI pasHIDC peso

naHCOB A .a WMI\cMporoHHoro I<oHe'tlH·o::o ypomm, T.e. pf= p(rA'Yf'rAn l); 

l - opc5HTa.1lbHbtM MOM8HT HetiTpOHa. :rcpe,n;Heirne DpOBO)U:1TC.ff DO H8KO

TOpoMy Ha6opy ypOBHeH f. 

Ha:ac5oJiee 'tleTIU1e a~ei<Tbl 11R-KoppeJ.!.JIIUil.a" Hac5nro.n;aJIHc.o B peai<

nHM saXBaTa Hei1TpOHOB B H30JIHpOBaHHblX p-pesoHaHcax .D;Jlff .r.r.n;ep B 

MaCCOBOM Oc5JlaCTVl A=90-10cY3•4/ M UX y.n;aJIOCL qacTHqHO Oc5'b.ffCHMT.O 

B paMKax Mo.n;eJIH naJleHTHoro He11TpoHa!51, Ra.K npo.r.rBJieHMe E1-nepe

xo.n;oB M8iK.Jzy Het!TpOHHblMVl O.D;HOqacTI-PUlblMH I<OMITOH8HTaMI1 pe30I-IaHCOB 

R ROHe~HblX ypoBHeti. (nepexo,I(bl 3p ~ .. 2d :a 3p --.. 3s ) • 

AHaJior:aqHble ROppe~H MOH\HO O~H.n;aT.O I1 B Oc5JiaCTH A=138-190. 

O;u,HaRo, aHa.JIHsHpy.r.r B03MOlitHOCT.O Ha()mo.n;eirn.f.f a@Jei\TOB, crumaHHHX c 

o.n;HoqacTHqHhJMH E1-nepexo.rr.a.M.a (B .n;aHHOM cJiyqae c nepexo.n.aM.a 

4S-+ 3p), CJle~eT yqecT.O BJIH.f.flilie .f.f)J.epHOH .rr.ewopMau:an, KOTOpaR 

"pasMhmaeT" nHR MaRcHMyMa caJioBoi1 WYHKUI1I1 M npMBO.n;I1T I< sHaqaTe.1lb

noi1 wparMeHTa.IUiVl HI1H\ROJ181Ka[Ueti 06o;1QqKI1 3p. l108TOMy BKJla.n; M8Xaflli3-. 
Ma BaJieHTHoro neiiiTpoHa B npouecc BaxBaTa cymecTBeHHo saHHlKeH no 

cpaBHeHJilro c BKJla.n;oM sToro MexaHI13~la B oc5JiacT.a A=90-100. TaR, co

rJlacno ouermaM B pa6oT/61, BKJia.rr. MexaH:asMa roJieHTHoro Hei1TpoHa 

B napunaJl.bHble pa,JJ;I1aUM.OHHLie rlli1PI1Hhl .f.f)J.ep C A>150 COCTaBJlHeT B 

cpe.rr.HeM ol\oJio 1:ta oT BI\Jia.rr.a MexaHH~lMa, M,nymero qepes cocTaBHoe 

.f.f)J.pO. ilpll COBpeMeHHOM COC'rOJIHHR ::mcnepMMGHTaJl])HhlX B03MOJKHOCTe:i1 
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R-Ropp8Jlffll;J1.FI, CB.FI3aHHa.FI C TaRHM C/J.ac:i~M BIOJ.a.ILOM, HaXOJJ.I1.TC.FI HI1.trce 

nopora Hac:inro~eHu.FI. 

TeM He MeHee, BOllp8RH BhUl18llpl1B8JJ.8HHhiM apryM8HTaM, CT8TI1.CTI1-

qeci\H JJ.OCTOBepHa.FI R-I<oppeJlffiUi.FI CinLla Hat1,n;eHa npn sax:saTe Het1Tpo

HOB B S-pe30H8.Hcax .fi)ij)aMH 169Tn/7 !,8/, 163oy/9/, 159Tb/10/ I1 

17
3ybf

11f. 3TH YJJ.I1BHT8Jl.LH@8 pesym,TaT~ CTMMynHpOBaAH B onpe,n;e

Jl8HHOH Mepe C08JJ.?HHe EBa3HtiacTHqBo-ci;onoBHOt1 Mo.ne.7.Ul CoJlOB.beBa!13/ 

- MO)J.8Jli1, KOTOpaJI Ha llOJly:AI1.RpOCROIII1'18CROM OCHOB8 CllOCOOHa OllMChi

BaT:.O U8JlhiM p.FI,D; CBOMCTB H8MTpOHHhlX pesoHaHCOB. 

O,n;HaKo, Cionee nos.n;n.ae iaHHhie/12 ' 14 ' 15 ' 16/ nona3aJlH, qTo 

IOLlQqeHHfl 0 ROppeJ1.JIWU1. ~llii JI,n;ep 169Tm M 
159

Tb He onpaB.n;~, I1 

sa-

sa-

CTaBI1Jlll COMH8Ba.T.OC.fi B cymeCTBOBa.HllM R-Ropp8.J1.FII.WI1 B CJlyqae JI)ij)a 

163Dy • 3TH BhiBO.ILhl Bhi3BallH onpe.n;e:IeHHhiM D8CC11!\1113M OTHOCMT8JlbHO 

cymecTBOBaHH.fi R-Roppe11m:un~ Ra.R ,n;Jl.H ocTaBlllerocJI .rr.npa 
173 Yb , Tal\ 

n .n;AA JllOCioro sr:n;pa H3 oc:iJlaCTM A >1~i0. Tcm RaR R:sa.suqacT:rrqHo-(i;oHoH

Ha.FI Mo.n;em;/13/ cnococ:iHa B onpe,rr,eJleHHhJX ycllOBMJIX OO'b.JICHHTb sqxpeK

Thl.R-RoppeJlffiUiM-, 8CT8CTB8HHO, qTO Ha 8TOM 8Tane MCCJl8.ILOBaHHM BOll

poe cymecTBOBaHM.FI R-RoppeJ15IJ.U1M cTaJl aRTyaJlbHJJ:M. 
- .. 

Il08,UHee, Ha OCHOBaHMI~ HaillMX pac50T no pea:RUMM 
173yb(n,y)174Yb 

/17/ M 1 67Er(n,y) 1 68Er~'18/ Bhl.FICHM;IOcb, qTo R-RoppeJI.FIIU1JI B o6nac-

TM A > 150 cymecTByeT c BhiCOKOfi c~~aTM.CTI1tieciw:M .n;ocToBepHOCT.bro, M 

qTO B JJ.aHllblX l\OHRp8THHX CJlyqrurx OHa y~OBJ18TBOpllT8JlbHO yi018.I(hlBa-

8TC.fi B p~J\M KBa3MqacTPJ.tU~O-qJOHOHHOM MO,n:em/
1
3/. 

B H8CTO.ffut8M pa60T8 RpaTRO npriBO.IJ:.FITC.fi pesynbT8TH H.3M8p8HMH 

peaRUHI1 15'\Jd(n,'\{)155Gd, 171yb(n,·v)172yb M 185Re(n,y)186Re, a 

TaiOKe pesyJlbTaT~ .n;onomrnTeJThHhlX H~~MepeHMti perunuu1 173yb(n ,y )174yb. 

OcHOBHa.fi uem; HacTO.fi!ltet1 paooThl - conocTaBJleH.Me 3RcnepHMeHTaJlbHhlX 

pesynnTaToB, Racaromaxc.fi R-Koppen.FII~M .n;ll.fi· .fiJJ.ep B oc:inacTM A=1507 

v 0 c /13/ 190, C npe,n:cRasaHI1RMM RBa8I1qacTMqJlQ-c_pOBOHHOl1 MOJJ.8Jlli OJ10B.b8Ba • 

ITo sToi1 npur-IMHe B Hac:iop o6cy>i\,I\aeMoro ai<cnepM.MeHTaJlbHoro Ma·repna-
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2. HeKOTOpble BI1B0l(bl KBa3l1tlaCT11"CIHO....d)OHOHHOi1 MOJJ;8Jll1. 

KBa3l1tiacTHtiHO-woHoHHaa Mo~enn no~o6Ho onMcaHa ~13/. 
B HaCTORIU8M nyHI\Te Mhl H3Jl0Hrn.M Jll1Ill.b ee OCHOBlille BhiBO,nLI OTHO

CHT8JlDHO R-Kopp8Jl.JII.U1.M l1 npo.n;eMOHCT])MpyeM MX Ha CJlyqae 3aXnaTa 

netiTpoHoB N-HetieTHHM .n;eq_)opMHponaHHhlM .f:IAPOM. 

Cor.nacHo/
13

1-, np:aBe.n.eHHyro neil·~ponnyro IIlliPMHy S -pesoi-IaH-

ca ~ MOlKHO BHpasMT:O TaR: 
. 2 

r i\n ° = 4 rs.p~ I I·sab/lsoao,sl1l Usds(O) . (1) 
. r o 

3,nec:o S.p. - O,IJ.HOttaCT.litiHaJI nrnpMHa, S (j- llOJlHb!H HaOop RBaHTOBHX 

til1C8Jl KBa3l1tlaCTHUh1, llpl1t!8M t1 np.liH.liMaeT 3Ha"CieHl1JI ±1, COOTBeTCTByiO

ll{l18 3Hai\aM npoeRWU1 llOJlHOrO MOMeHTa R0Jll1"'!6CT:Ea ,IJ.EMlKeHM Ha 00:0 

CHMMeTpnM ~pa. KBaHTOBble "CIHCJla S0 cf0 OTHOCJITCJI R OCEOBOMY O~HO

RBa3HtlaCTMqHoMy· COCTO.fiHMIO s;mpa-M:ameHM. BeJll1tiMHbi bJI'(s00"o,SO') -

8MllJll1TY~ ,Il,ByXRBa3l1ttaCTl1tiHOM 1\0MllOHeHTH (s
0

cr
0

,s<1) B _BOJlHOBOH cpyH

RI.Uik1- VA pesonanca :a Jn- - ero cn:an 11 tteTHOcT:o. iiiHOlKl1TeJll1U
5
-Kosc!J

cpHUHeHTH RaHoimttecRoro npeo6pasoBaJillJI EoroJJ.I06ore l1 d5 ( l) - RO:J\[xfm-.. 
UH8HTH pasAo~eHl1JI BOJIHOBoti WYHI\UMM o.rr.nottacTMtiHoro cocTO.fiHM.fi .ne

cJ>opr.,mpoBaRHoro R.n;pa no c(pepMttecRoM~' 6asHcy. 

HeMTPOHHYIO c\IJepl1ti8CRYIO BOJIHY 0 l =0 MOiKHO Bhlpasl1T:O RaJ\ cynep

ll03MI.UIIO TaRl1X BOJlHOBHX cpyHI\IU1H .n;ecpopMMpOBa.RHOrO 6asaca, )J;M 1\0TO

pbiX RBaHTOBoe 'lMCJIO K1T paBHO 1/2+. ITo sToil npMtti1He B Bh!pancemie 

( 1) BXO)J;JIT TOJI:oRO tiJleHH C 8MllJII1TY,IJ;~lMJ.il bJ; ( s 00'0 ,s 0') onpe.JJ,eJieHHhlX 

1\0MllOHeHT (50<10 ,5<1) - HefiTpOHHhlX ,IJ;BYXKBa3HttaCTHtiHhlX l\OMITOH8HT Tl1-

na "RBa3HttaCTHUa Ml1l!l8Hl1 B OCHOBHOM COCTOJiilllllii + JliOOa..q l\Ba3M'laCTl1-

1f 
ua c K = 1/2+". 

AnnapaT Mo~eJII11131 nosnoJlfieT :3hlBecTH o6mee BHpa:iteHne .n;JLq 

napuaaJl!:>HOfi pa.n.aaW10HHOi1 IIII1Pl1Hhl fXyf , COOTBeTCTBYIOiUei1 E1-nepexo

.ny l13 pe30HaHca Ha .rr;ByXKBa311tiaCTl1tiH08 COCTO.fiH118 (Sft Cf f' , Sf 0 f ) • 
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Cor.n.acHo Ksas:aqacTMtUlllM npamiJlaM o~~c>opa aTo oopaJKeill1e co~epJKMT 

qJleHhl, nponopi.U1oHan:oHHe Bem1~urna.M bJ,l'c sf' crt' ,s ±1) 1-1 bJrrX(s±1, 

sf Of) c paslllitiHhlMM saaqeHJ.il.FIMH s , a Ta.RlKe ew,e p~ .n.pyriDC tiJieHOB, 

CB.fi3aHHbiX C 60Jlee C Jl0}KHhlMI1 KOHCIJHrypaUMRMH. 

IIpH saxBaTe s-Hef1TpoHOB H nocjle~yiow,eM McnycKamm E1-nepexo

.I(a BHP8.lK8Hrul )I,Jl.FI llli1Pl1H. r"yf H f "nO MoryT co~epaca.T:O OOUJ,Me a.MllJll1Ty ,lU:l1 

bJrr" • ,UJl.FI cyuteCTBOB8.Hl1JI 0611\IDC 'ClMOJLHTy~ HeOc5XO)I,.t1MO, tiT06H BhlllOJl

HHJlOC:O O~HO ll3 CJle~yiOUJ,MX ,Il;BYX YCllOmlM: Jll100 O.IJ;Ha H3 KBa3:vlti8.CTMU 

Sfa ,Sf .IJ:Omillia Ha.XO~HT:OC.ff Ha ~OH ate O~c5MT8, tiTO 11 KBa3MtiaCTI1U8. .ff~-
. 11" 

pa-Mv.uneim s
0

, ;rn6o oHa .noJJJKHa Haxo;~T:OCJI na op6MTe c K =1/2+. B 

qacTHOCTM, 8CJ111 Bb100JllUI8TC.ff nepBoe M3 3TMX YCllOBMM, T.e., CKaJKeM, 
~ 

Sf'= S0 , TO Bee aMOJlliTYJUl b J1T <:ooo ,sa), BXO.IUIU{:ae B Bh1palK8H:vle ( 1), 

BXO~.ffT aBTOMaTMti8CKH H B BHpaJKeH:vle )J.JlR fXyf• 
B CJlyqae O~UJ,HX aMOJlliTy~ b Jl; II BhlpaJKeiD:lRX ~JlR rmpitiH rxn ° VI 

rA'Vf , tlJlliORTyaiUlM lilMPMH 6y:eyT B onpE!)J;8Jl8HHOM CT808Hl1 B3aJlMHO CBH-

0 
3aHI-iblMM. Ta.I\ Ra.K RaiK~aR ll3 lllJ.ilp.t1H f~.n M rXyf BH:pa;l\aeTCR Ra.R I\Ba~-

paT MOJJ:Y JlR OT cyMMH BRJla~OB OT~ellbEr:lX ROMllOH8HT, K03qxpMUMeHT Jlli

HetiHOM RPPP8Jl..ffUL1M Pt = p ( rAyf, r A no) 6y~eT OOJ10lKHT8Jl.bHhlM 0 3HaqeHMe 

Pt pacTeT c yBeJl.HqeHMeM cyMMapHoro BRJla~a. .nBYXRBasM.qacTH'1HhiX ROM-.,. . 

noHeHT Tima (s
0 

,s=K =1/2+) B nap~a.7JJ;>Hyro pa,Il;I1.aUMOHHyro nmpMHy. 

0T)J,e.Jl.bHHe o6UJ,He a.Mllll11TY )J.hl bJ/ BXO.IJ>IT B Bblpa:KeHM ~Jl.FI r Xno M r ~Nf 
co cJlyqafiHo MeHHIOUU1MMC.ff wasaMH (H.Tlll 3Ha.Rru.m). lloaTo.My sHaqeHMe Pt 
OTaHeT BhiCORMM B YCJlOBMRX, ROr~a OCHOBHa.ff qacT:O cyMMapHoro BRJla,na 

B f XYf 6y,tieT npHH8.)J,Jl8JK8.Tb MaJlOMy ti~CJly .IJ.BYXRB8.3.11tiaCTI1.tiHhfX KOMOO

H8HT. 

B paMRax RB8.3H'1acTM'1HO~OHOHHc~ Mo~ellH/13/ B pa6oTef19/ npo-

BO.IU111MC:& pacqeTbl t!JparMei1.TaUMH O,IJ,HOI\B8.3Mti8.CTifqHhiX COCTOF!HMM C 

K11"=1/2+ B HetieTHHX R.JJ.pax Yb c ytieTcM Bsarmo~e:ftl:c•rBM MeJK.n.y KBa3lil

qacTauaMM .t1 (11oHoHa.Mlil. EHllO Hai1,~eao, tiTO ocHOBH011 BKJia;x B cMJIOByro 
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~YllliUMIO 175 ' 177 Yb .n;aroT TOJl.DRO 1-2 RBB.3M'lacTll'lHhlX cocTOHID1H. Moi!\

HO ll09TOMy oam.n;aT.b, q r.eo ll B CJly'laE '18THO-qeTHbiX JI.n;ep Yb OCHOBHOH 

BI\JlB.,Il; B CllJlOBYIO cf>yHI\UillO n, CJ18.IJ;OBc.T8JlLHO, B npMI38,II,eHHHe HetiTpOH

Hble !llllpMHhl rAn O 6y;n;eT o6yCJlOBJleH N B.JlliM 'lllCJlOM HetlTpOHHhiX .IJ;BYXRBa-

3ll'Cl8.CTM'ClHI:DC I\OMllOHeHT. Y.iHHMll. CJ10B2M!:1, B BhlpaJKeHUM ( 1) COJlb!llMe ilO 
').. 

a6COJliOTHOMy 3Ha'CleiDJ.IO B.Mll.JlliTy,I.LH b .. 
1
7T (s

0
0'0 ,s0') CyJJ:jT BCTpeqaT.bCH 

TOJ.l..OI\0 .I(Jll1 MB.JlOrO tiM.cJi.a l\Ba3M'lacT.M'lHhlX COCTOfiilliM S EK n: 1/2+. Ec

TeCTBeHHO, 'C:ITO Ta.I\Oe llOBe.n;eHHe r;lJparMeHTB.IJ;M.M. .TI.BYXRBa3M"Y:8.CTll'ClHbiX 

COCTOHHHll B paHOHe 9HeprHM. CBH3ll BefiTpOHa yBeAH.'ClMBaeT maRCH .IJ;JlH 

Ha6nro.n;eiD1H R-Roppe~M. 

B PaMRax Mo.n;enn/
13/ MOifmo BHf8.3MT.b napJ.Ui1aJIDHYIO pa.n;nm~HOHHyiO 

mMpMHy, COOTBeTCTBYIOilzyiO E1-nepexo.ny M3 pe30HaHca Ha OCHOBHOe CO

CTO.fiHlle qeTHO-'CleTHOrO H)J,pa. 3Ta illMpMHa co.n;ep~MT 'ClJleHH, nponopUMO

H8JlLHLie TOJl.bi\0 aMTIJlllTy.II,aM .n;ByxKB8.3liT.1aCTll'lHhiX ROMllOHeHT. 01UlaRO, 

cpe,IU:i HllX eCT.b ·qJleHhl, DpllHa)J,Jlerta~ne llpOTOHHbiM ,1J;ByXRBa3Vl'Cl8.CTllT.1HWA 

ROMllOHeHTaM, ROTOPhlX HeT B 06CyiK.n;aeMOM Bhlille CJlyqae. EoJiee TOro, 

B B~pa~elllill )J;JlH. r')..yf llpllCYTCTByeT Ha6op qJleHOB, npnHa.n;Jle~all~X 

BCeM BO~MOIRHHM Hei1TpOHHhJM . .IJ;BYXKB83~rqacTHT.1HbiM RO.MllOHeHTaM 'YJA Tillla 

(s1 cr1,s
2
a
2

), T.e. 6oJiee illllPORMM Hajop, tieM B cnyqae ruM.pMHH .TI.J1H 

nepexo.n;a Ha ,II;ByXRB83H.qacTMT.1HOe COCTOHHMe (s0 ,sf). 
Qqem.TI,Ho, qTo ecJlM npu y -pacna.n;e pe3oHaHcon Ha cocToHHM.rr Tn

na (s
0

, Sf) nrpaiOT OCHOBHYIO pOJl.D TOll.hRO .Il.BYXRB83MqacTM'ClHHe ROMITQ

HeHThl BOJlHOBhlX (i}yHIU~llM 1/'A , TO Ha6mo.n;eHRe R-I\OppeJ1HULli1 B nepexo

~ax ua TaRMe cocTOHHllH 6y.n;eT o6JlerqeHo no cpannemuo c na6mo.n;eHM

eM 3TOM ROppen.fiUMll B nepexo.n;ax Ha OCHOBHOe COCTOHHMe. 

Heo6xo.n;mw .IJ;06aBMT.b, qTo B pa vmax MO.II,eJlM/
13/ aEaJiorMT.1Hhle Bhl

BO.I\hl nnoJIHe cnpane.n;Jll1.Bhl 11 ;vm nepex:o.n;on Ha ypoBID1 poTaunoHHHX no-

1100, llOCTpOeHHhlX Ha.n; COOTBeTCTBYIOi.U[LMki COCTOH!ll1.ID.m. 
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3. M3MepemHr VI o6pa6oTRa ,naHH~x:. 

MsMepellliJI pea.I\I.Ul~i sax:saTa Hei1rpoHOB .li,D;p81vU1 173yb, 167Er , 
154Gd, 171Yb II 

185
Re npOBO)(IU!.ZCL ::ta IIMnyJltCHOM OIICTpOM pea:KTOpe 

HBP-30 Jia6opaTopMM nei1TpoHHow ~I13IHI1 011.ffi1 B 6ycTepnoM peJiill.Me. Bo 

BC8X H3MepeHI1JrX HaEanJlliBaJlHCL I1 aHJ3.Jl'i13I1pOBaJHWL Cll8HTphi y -Jlyqetf, 

COllpOBOJK,naiO!lU1X 3aXBaT'H8MTPOHOB B a30Jll1p0BaHHhiX no 8Hepri1I1 peso

Ba.Hcax. 3HeprHJI H8MTPOHOB onpe~8Jlfi.laCL M8TO,I(OM Bp8M8.HI1 npOJl8Ta C 

paspemeHHeM 70 Hce:K/M, a sHeprrur y ·-RBaHTOB anam1sHpoBaJlac.:o rep

MaHMM-llliTIIeBhiM ~8T8RTOPOM. 

Bee MsMeperum npoBOJJ.MJIHCL Ha nsoTonHqecRM o6orameHI-J.bDC o6pas-

.u;ax. 

3a I1.CI01IO'tl8Hll8M H8CYill8CTB~HHHX I13M8H8ID1H, M8TO,IJ; H3M8p8HUi1 l1 

cnoco6 o6pac5oTRH ,n;aHHhiX coroa.n;aJlll o TeM, tiTO onHcaHo ~17 ' 20/. 

HsMepeHHJI c HJWaMH 
171Yb, 154Gd n tracTL HsMepeHHli c 185Re npoBo

}ij'1Jll1C:O na Mo~epHH3I1POBaHHoM annapa~~ype Ha 6ase 3BMPD P-11/20/2'1/. 

CopTI1POBKa 8Hcnep:mvi8HTa.7l.DHHX .n;aHHID: npoBOMJlacL c norv101UE>IO 3Brv1 

EC-1'01 0 MeTo.n;oM, onHcaH.HblM ~2~' 23/. 

Cn~TP1I y-nyqetJ o6pa6aT1IBa_MICI· Ha 3BM C0:::-6500 no nporpaMMe 

LINFJT 1241. l1Jiouta.!Ul nmwB OT BTOPHt:.HhiX V -Jiytieti CJly}Kl1Jll1 B Ra'ieCTBe 

BOpMMPOBKlil I1HT8HCMBHOCT8M nepBH'iHHX nepexo.n;OB Ha 'tlllCJlO saxroqeH

IWX H8HTPOHOB, M I1X B3a:t1MHil8 OTHOllE:llliJI· HCllOJ1.t30BaJli1C:O Tai\i!\8 )J;JlJI 

onpe,n;eJ18fmJI CllilHa p830HaHCOB, CM./
25/. 11CRJ1ID'tl8HI18M JIBJ1JI8TCJI ll3-

MepeHRe 185Re, B 1\0TOPOM HOPMHPOBI\.S. llHT8HCHBHOCT8M npOBO,I(llJlaC:& C 

noMorrp:,ro cyMMbl nJloma~e11 nHROB oT 6oJ.Drnoro qMcJia nepBI1qHhlX "{ -nepe

XQ.UOB. A.Ham1s R-Roppe.71JIW1I1 npoBo,n;:aJ..cJI MeTo~oM IvloHTe-KapJio, onMcaH

IWM /17/. 

4. 31\cnepMMeHTallbHHe pesyllLTaTH n .V!X conocTaBJleHH.e c 

npen;cRasaHI·lHMH RBa31PiaCTHq~ 0~}10HGHHO:Jii MO -geJlH. 

Pea:KIJ,HJI 173yb(n ,'V )174yb 

B paHee l.U'lTHporo.HI-IOP.i pa6oT/
11 ' 12/ no 8TO:i1 peaRUMH, BblfiOJIHeH-
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noli B EpyRxet1Bene, 6I::JJl noJlyqen pesy Jl..OTaT R3Rcn"'O, 54, cBM.n;eTe.11I>cT

BYIOUUiM 0 HaJill'1lli1 CTaTI1CTI1'1GCI\I1 ,IJ;OC'rOBepHOH R-I\Oppe.71m.U1I1 B Ha6ope 

E1-nepexo.n;oB 113 4 pesonancoB cJtr=2·- Ha 9 ypoBHelii: R.n;pa 174Yb c 

3HeprneH B036y~.n;eHI1JI HM~e 2000 R3B. 

B nepBoi1 qacTk-1 nsMepeHMi1 perucUin 173yb(n,y)174yb/171, B.blllOJl

nenHHx B ]H~, aHam~snpoBaJill.Cb .n;aHru~e ns 9 M30lli1poBaHHHX pesonaH

coB c J '~~'=2-. O.n;na._Ro, o·RasaJlOCL, '1TO B ycllOBHRX yBelli1tieHHoro '1MClla 

pesoHaHcOB na6op nepexo.n;oB na roe 9 ypoBHei1" HMifte 2000 I\3B npMBO

.IUiT R 3Hatieill1IO R3Rcn=0,347, CT8THCT11'18CRM ,IJ;OCTOBepHOCTL ROTOpOrO 

He ,IJ;OCTMraeT Oc5.bi'tiHO npiDU1MaeMoro B ,i:nepHOM ~I13M.He ypoBHH 99,9%. 

TeM He MeHee, 6oJlee no~o6BHH anam1s .n;annux noRasan, tiTO, ecllH 

orpaHlltiMTLCH TOJlbRO ill8CTLIO ROHe'1Hill!I1 ypOBHRMll, ROTOp.I::Je npHHa,IJ;Jl8-

lK8T TpeM poTaUMOHHhiM llOJlOCaM, ·nocTpOeHBhlM .aa.n; Bei1TpOHHbiMll ABYX

RB83H'18CTll'1HhlMll COCTOJIBll.fiMH, TO .IJ;OGTOBepHOCTb Hac5JliO,IJ;8HAA ROppellJI

UHll npeBHCilT ,name sHatieBne 99,99%. 

POT8I.U~OHH.ble llOJlOChl, ROTOp.I::Je 3)(8CL HMeiOTC.fi B Bll.Izy, llOCTpoeH.bl 

Ha.n; ,COCTO.FIID1.8MP1 nn512 t .+ 521 J, n n 512t - 514+ I1 O,IJ;HOgJOHOHHhTM 00-
'fl' . . 

CTOJIHI18M C K =2+, ROTOpoe .co,neplKPIT OOJlDillyiO npMMeCJ, ROH~Mrypauan 

nn512f -~ 510f, CM./26 •27/. TaR RaB B OCHOBHOM COCTOHHI1I1 MllilleHH 

173yb HetieTHhiH Hei1TpOH H8XO.rr;I1TC.fi He. op6nTe 5 0 E n512t, C T0"CU\I1 

speim.fi MO,IJ;GJlll/13/, BCe 3TH COCTOHH~ . .fi y .II;OBJleTBOpJIIOT ;CJ10BHHM )J;JlH 

Ha6mo.n;eBHH R-KoppeJUIIJ;I1n. Trun1M o6pE.30M, cTaJlo otreBH.n;HhiM, liTO yBe

J1HtreHMe 3HaqeHll.fi ,IJ;OC~OBepHOCTll He f.~~qeTCJI cnyqat1Hnlli1, a eCTL npo

HBJleHne HCTllHHOM R-Koppe~H. 

TT 2-YCTOHtHl.BOCTJ, HaOruo.n;eiDIJI R-RoppeJlRIWH B pesonancax c J = 

llO OTHOlleHruO R yBeJ1I1'18HI1IO HX tiHCJ.ta MOlKHO RatieCTBeHHO H3BJ18'tiL I13 

He.n;aBHO ony6J1HROBaHH1IX pesyJl..OTaTOB H3MepeHH:f1 .n;aHHOM peaRUI1I1 B 

OR PH.n;nte/2/ - .n;JlR nepexo.n;a .vrs 9 pe~ OHai-lCOB c J"=2- Ha o.nncx}lonon-
1f 

noe cocTOJiillle 1634 I\3B c K =2+ 6.blllO nollytieHo Pt =0 ,85. 
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B HacTO.fillleti pa6oTe no peaEI..U1l1 
173Yb(n,y) 174Yb Hai<aDllilBa.Jll1c:o 

j'-Cll8I<Tp~ H3 23. H30Jll1pOBa.HHHX pe3C>HaHCOB C J "=2- ,3-. rlpOBO.IT.HllC.fi 

aHaJl.M3 R-KoppeJl.fiUHH )J;JlR nepeXO.D;OBI H.Izy!IU1X Ha ypOBiill BC8X 6 DOHa 

M3BecTHHX nonoc c 1f'= +1 M K ~ 4/2 Ei •27 I. Pe3y11DTaThi npMBe.n;eHu B 

Ta6Mue 1. 

113 RIDe BM)\HO, 'tJ.TO sci¢ei\T R-I\Opp8.7l..fiUVlM HaOmo.n;aeTC.fi c BbiCOI<OM 

)I;OCTOB8pHOCT:OIO .n;alite B CllytJ.aRX, I<Or.n;a BI\Jl.IO'tJ.8Hhl S -p830HaHChl C 000-

JTF' - - E MMM 3HatJ.eHHJIMU cnaaa =2 ,3 • OJtee Toro, cpe.n;H aTax cnyqaen 
. ·* 

HaM6onee nucoi<oe 3HatJ.eHHe .n;~cToBepH?CTH P(R <RaE en) .n;ocTRraeT-

CJI B ycnomurx:, Ror.n;a aHaJlli3MpyeTcJ.: Ha6op E1-nepexo,n;on Ha ypoBim 

nonoc B,r,~ HE - T.e. ncex M3Bec~HhiX nonoc c rr=+1, nocTpoeHHbiX 

Ha)\ .D;ByXI\Ba311tiaCTM'tJ.HHMM COCTORHM.811.H C ROHqJ.arypaUMefi TMlla (50 ,Sf ) 
.. 

H Ha.n; COCTO.fiHl1.81kVl C npeo6Jla,n;aromei1 npMM8C:biO TaRMX ROHqmrypaD;11t1. 

B3a.VlMHa.rr CB.r.£3:0 .MeJK.n;y IDMp:V.'lHaMM rAyf .IT.llR 8TOro Ha6opa nepexo.n;OB 11 

lliMpl1HaMM rAnO llpOMJllliOCTpMpOBaHa Ha p11c.1, r.ne TaRJKe ITOI<a3aHa 1111-

HH.fi perpeccnM. ConocTanneHMe R3Rcn c pacnpe.n;eneHMeM. BelllltJ.HHH R 

B paMRaX HyJ1eBOf1 HCTHHHOM ROppeJDIDMH I1.306pa}X8HO Ha pllc .2 • 
. 

nocTOBepHOM R-~oppeJlF.D;I1H He Ba6J1IO.n;aeTC.fi .IT.JlR CllytJ.a.r.r E1-nepe-.. 
XO.IJ;OB Ha ypOBHM llOJlOChi OCHOBHOrO COCTOHHMJI 11 Ha ypOBHM llOJlOChi, 

llOCTP08HHOii Ha)\ O.IJ;HOWOHOHHhJM COCTOHH118M C Hl13ROH npHM8C:biO IWH(VH

rypaUMH THna (s0 ,Sf)• llepBhiM ~aRT yRa3HBaeT Ha cymecTB8HHyiO p011D 

.II.BYXI\Ba3WlaCTI1'tJ.HhiX ROMDOH€HT C KOH~PirypaD;11RMI1~ OTlllitJ.aiOUU1MMC.FI OT 

ROHfJlPirypar.urn TMna (s 0 ,s:K1T~ 1/2+). KaR BhiTeRaeT 113 no2, B Bupa

meHMM )J;Jl.fi rXyf TaRI1X I<OMDOH8HT cymecTB8HHO 60J1DID8, qeM B MaTpLltJ.

HOM aJleMeHTe .n;JlR nepexo.n;a na .n;ByxR sa3MtJ.acTatJ.Hoe cocTO.rrHHe (s
0 

,sf ) • 

* llo):( J(OCTOBepHOCT:biO 3.D;8C:O llOHMMaerc.rr B6pO.FITHOCT:O, C ROTOPOH llpl1 

OTCYTCTBHH MCTHHHOfi KOppeJ1RUl1M M01Kt10 Ha6JliO,IJ;aT:O 3HatJ.eH11e I\03QXfll1IU1-

eHTa R, KOTOpoe He npeBbllllaeT 3I<Clle_pi1M8HTaJlbHO HaRn;eHHOe 3HaqeHH8 

R ai<cn• 
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C .n;pyroif cTopoHhi, Hac:5mo.n;eime c5o.71DUioti R-RoppeMwin .n.;m nepe

xo.non Ha ypoB.HM poTaD;MOHHLJX ilOJlOC, npnHa.IV18lKaLUMX ROHcpMrypaJ..Ui1RM 

Tnna (s0 ,sf ) , npnBO)zy.lT R Bb!BO.lzy, q ro B TaRnx nepexo.n.ax poJ.l.b .n;py-
. .,. 

r.rax ROMnoHeHT, qeM I<OMnoHeHTll T:ana (s0 , s = K = 1/2+) ,HesHatiM-

TeJ.l.bHa. · (CM. ,IU1CI<yccmo B n.2). 

AHaJIMs 3HaqeHMi1 R::mcnB Tac:5n.1 npliiBOJIJ1.T I< HeMsc:5et..\HOMy smouo

taemuo, · taTO B8Jl!1tiMHa I<oppeJIMpoBaHHbl:C qacTetf napuMa.lli:>HblX pa.IJ.MaiJ;M

OHHhiX lllMpMH OO.lli:>lllM - COrJJ.aCHO rpydbiM OD;8HI\aM OHa COCTaBJ1JI8T 30-

~0% OT llOJlHOrO 3Hata8HMJI STMX mnpMH. Ta:KOM 60J1.Dlll0M BRJla,IJ; MOh\HO 

OO'.bJICHMTb B paMRaX MO,IJ;8Jm/13/ TQ}u,l\0. MCI\JliOti.liiT8JlbHO HM3Rl1M "8tP

Cfl8KTI1BHh!M" qMCJlOM aMllJmTY.IJ: bjn-~, llp.liiCYTCTBYIOllt~ B B1!pa;KeHMM ,UJIJI 

napD;MaJIDHOM pa,nMaD;MOHHOH illi1pMHbl. 

Peru<@JI 167Er(n,V ) 168Er. 

OcHOBH~e pesyJIDTaTbi MsMepeHMM BTOi1 peaK:u;MM/18/ n.20 nsoJIMpo

Ba.HHI:.IX s-pesoHaHcax c J 11" =3+ ,4: npe;(cTanneHH B Tac:5Jmue IT. 3.n;ec:o 

BKJJ.IOtael-11:1 TamKe sHataeHM.fi " S -RoppeJI.HIJ;I1I1",. onpe.n;eneHHhle I<aK S=<pA >~, 

r.n;e 'p~ = p(r~Yf' cr dp,f); BeJIM~UIHiil.O"dp,t - cetieHHJI peaKD;MM 

167Er(n,")
1

68Er ,IJ;M OT.n;eJJ.i,HbiX npOTCIHHbiX rpynn, 3aC8JlJIIOIIU1X KOH8ti-

H1:18 YPOBHM .f. 

HeqeTH1:1H Het!TpOH .fr.n;pa-MI1ill8HM 
167

Er B OCHOBHOM COCTO.fiHMM Ha

XO,IU1TCJI Ha opc:5MTe s
0 
= n 633t. B paMF:ax Mo.nem/13/ 6JiaronpMTHHMM 

cJlyqamAH .n;;m Hac:5mo.n;eHI1JI R-RoppeJ'!JII(v..M B peru<D;MM 167Er(n,y)
168

Er 

JIBJl.FIIOTC.ff nepeXO,II;Iil Ha ypOBiffi poTaD;I1C·HHbiX llOJlOC, Oc:503HatieHHiiiX B 

Tac5.II nru< A,B 11 B. Cpe.n;:a ncex: I13BecTHI1X nonoc c tr= -1 11. K ~ 5 

/26, 2S,29/, ypOBHI1 HOTOphrX saceJl.ffiOTCJI H3 S-pesoHaHCOB, TOJ.l.bl\0 IlO

JlOChi A,B M B·nocTpOeHH Ha.n; COCTO.ffHI1.ffMI1 C I<OHcfmrypaunei1 TI1lla (s0 , 

S,) l1Jl.lii Ba,IJ; COCTO.ffHllRMl1, CO,!I,8p1KaLUI1MM np:HM8Cb ~50% Tai\OM ROHfl1I1ry

paD;I1H. l{ru< BhiT8KaeT M3 pesyJIDTaTOB B Tac:5JIMIJ;8 IT, IDA8HHO ,II;JIR nap

I.WaJ.l.bHhi.X. pa,!(I1.a:u;MOHHhTX mnp:vm, COOTB8TCTBYIO!.UMX: I18p8XO,TI,aM Ha ypOBHM 
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noJioo A,E n B Ha6mo,I(aeTo.ff o BhlOOROi-1 ,n;ooTOBepHocT.hiO R-KoppeJl.F.ITJ,I1.F.I. 

C .zwyrOM CTOpOHbl, 8QJP8KT R-I\OppeJl.RUHM pe3RO na,.naeT, KaK TO.llbKO 

BRJliO'laiOTC.ff nepeXO)J,bi Ha ypOBill'l llOJlO~ r M .U, CM. Ta6JI.ll. CJie.n;yeT 

OTM8TM.T.h, qTo COrJlaOHO MO,IL8Jll1/13/, nepeXO,I(hl Ha ypOBHM ilOJlOChi r 
,I(OJllKHI:J 6I:JT:O OJia60 I<OppeMpOBa.HHh!MM, TaR I<a.K ilOJlOCa llOCTpoeHa Ha.n; 

. . 

OJJ;HcxpOHOHiillM ypOBHeM 0 HM3I\OM npi1MHC.hiO I\O.HCp.v.rrypaUM:a (s0 ,Sf ) , a ne-

pexo,rm Ha ypOBIDi _llOJlOCI:J .U He JJ;OJJJKHH 6biT.h Koppe.7U1p0Ba.Hbl BOOG!Ile. 

TaRMM o6pasoM, ,naHHhie no R-Koppellin~M B peaRWIM 167Er(n,"{) 
168Er , EaR M pesyJU,TaTI:J npe.IJ;hl.zzymet peaRIUiM, Haxo,n.FITC.ff B xopomeM 

OOrJlaOMM C KBa3H'1aCTM13:HO~OHOHHOM NO~eJl.hi<i13/. 
"' 

06paTHM BHM.MaHMe Ha OTaTM.CTMqeCKH JJ;OCTOBepHoe 3Ha'1eH.Me 5-
ROppe)lRUMM B Tac5JI.TI. B o6sopef1/ np.v.rBO.n;MTC.R aHaJiornqHa.FI KOppeJIE

nM.FI B peaK~Hx pa.n;Mauaoa.uoro 3axBaT~ R.n;p~n '164,'166,'168,'170Er • 

ABTOPH pa6oTI:J/1/ npMBO,I(RT 3Ha'1eHMe !), ycpe.naeHHoe no BceM 4 pe

m<uru:IM S81wn = "0,36~8:i6 .n;M 3axBaTa B M30JlHPOBaHHOIX pesoHaHcax 

U SSKOll = 0,35:8:~~ ,IJ;M a,axBaTa H8M'PPOHOB C 8HeprMeti 2 R8B. 3TM 

3Ha'1~HM.ff COOTBeTCTByiOT cyY~apHoMy illi60py 23 nepeXO,D;OB Ha ypoBHH' 

flOJlOC n q21f , n 521 ~, . n 510 1 I1 n512i R,nep 165 ''167' '16~ ' 171Er. 

AnnapaT Mo.n:e.JlM/
13/ He no3BOJH18'.l' BhiB8CTM npocThiM oc5pasoM B 

JIBHOM BM.n;e CBJI31l Meilt;zy rAyf. I1 ddp,f , XOT.ff Ta.RM OBF.r3:S, llO-BM.)J.lli\10-

My, cymecTByeT. 

CJie.zzyeT OTMeTMT:S, '1TO RPOMe npv.Be.n;eHBHX 3JJ;eO.h CJ!yqaeB, 5-
KOppeJl.fiiJ.lliO He y.n;aJlOC:& HaMTM HH B O,IJ;BOM 113 ,n;ewopMMpOBaHH.brX .FI,n;ep. 

3TO M0ilt8T 6HTJ)" '1aCTM'1HO Bbl3BaHO H8.IJ;OCTaT0'1HO BhiCOIUlM Ka'leCTBOM 

cymecTByromnx .n;aHnwc no ( d ,p) -pea.KI.\HH B .n;e<J.)opMnporoHHott oo;mcTM. 

Peam.uur 1 71Yb (n ,"{ ) 172Yb. 

B aTotl peaRWlM aHaJllisnpoBaJIMo.o ·~neKTP1I H3 22 H30Jlllponarnmx 

pe3oHaHcOB. Pesy JU,TaThl npe,n;cTaBJleHH :s Ta6Jll1ue Ill. 

' 

l 
' .. 

t 
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HeqeTHhlH Hei1Tpon JI.n;pa-Mnmenn '171 Yb B ocnoBHOM cocTOJIHl!lU na

XO,IJ,ll'l'CR Ha opd:t1T8 s0= n 521 ~. Cpe.n;n 3C8X DORa :v.t3B8CTH!1X poTaUI-1:0H

HHX llOJIOc/26 •30 •31/ B "t 72Yb Jlt1llll> O,l,}J.a HBllii8TCJl, C TOql\ll 3P8.f::l.M 

Mo.n;ellil/13/, no.n;xo.n;Hu.raM Rai-l.IJ.I1.TI.aToM ~Lllii na6mo.n;eHM.rr R-r\oppeJLm.~~·tt1. 
rr-

::JTo noJioca K =2+, nocTpoeHHa.rr 1-m.n. o.n;norJ)oHoHHhiM cocTo.rrnneM 1608 

K3B, co.n;epn\amm~1 doJU>m;yro npMMec:o RoHrfJnrypawrn nn521~ - 512f , eM. 

Ta6JI.lli. CpeM ypoBHeit 3Toi1 noJIOChl ~mceJIReTc.F.r TOMKO ee "rnaro", 

Jw + · r 
ypoBeBL 1608 R3B c = 2 - :a TO.Jl.O~:o VJ.3 pesonancoB c J = 1-. 

R-ROppeJIJIWUO .IJ;Jl.F.f napUna.JlbHhlX pa,ni1anM.OHHbiX Iill:lpMH, COOTB8TCT

BYIOII.lRX nepexo.n;aM Ha ypOB8BL 1608 I\~1B, Hai1TH H8 y.n;aJlOC:O. 8TOT OT

p~u~aT8Jl.bHhif1 pesy Jl];TaT He .ffBJIR8TCJI C:TpaHHhlM, TaR Ra.I\, BBZ,n;y orpa

Rllti8HHOrO tiHCJia nmp:aH, "cTaT:acTnqee:Rnrr'~ nopor na6JLro.n;eHn.rr R-:twppe-.. 
.11J1IU1H BhiCOR. 

npyrne llOJIOCH, no~o~e ,IJ,Jl.F.f Ha0JIID,IJ,8HMJI R-Kopp8JIRUMll nocTpo

ellli Ha.n; COCTOJIHllHl\B1 CO C.lle.n.yiO~fl -BOR~:arypaJ..Uti.ffi\1:v.t: nn 521t+ 510f , 

nn 521t± 512t~ nn521~± 521t 11 .n;pyrrn~:a. 3Tn no.llocH _pg.sMemenhi, no 

Beeit' B8PORTHOCTH, Bhlill~ 2200 RO~. oc~apy~eHMe.r.llo6aJI:&HOH ,IJ,OCTOBep

HOM. R-IwppeJI.fiUID1 .D.JIR · nadopa napuna;:.:onnrx: pa.n;HaW10HHhlX m!71pr1H, cooT

BeTcTBYIOUU1X o6pa3Ua.M J&J~ 3 H 5 B TaC Jl.t1IJ;8 ill, MO;i\8T yRa31IBaT.O Ha TO, 

tiTO llOB8,IJ,8Irn8 nepeXO,Il;OB Ha ypOBHfl "CRPHTHX" llOJlOC llO.TI,tililHJI8TCJI 

RBa3HqacTtltiHO..g)OHOHHOt1 MO)J;8Jll1/13/. 

3HaqeHHe R3Rcn .n.AA o6pasua 1& 1, RoTopoe coBMecTV.l.MO c npe,IOlo

JI07KeHHeM 0 HYJ18BOM HCTI1HHOM R-I·Wppe~H, TaRnte yRa3oiBaeT Ha cnpa

B8.D;Jrn:BOCTL M~,IJ,eJI.v.l/13/. 

PeaRUitl.F.f 154od(n ,V) 155od. / 

B c.n.yqae N-neqeTHoro H,n;pa-npo,I!yRTa, co Jlacno Mo.n;eM/13/, BH

pa;Keime .n;JIJI ~no co.nepRUlT q.JleHH, nponopu:ao a.Jl:&HHe aMnAATy,naM o.n-

IDBpRHbl ~yf , COOTB8TCTBYIOI~eti E"l-nepexo,IJ;y Li3 p830HaHca Ha O,IJ,HOI\Ba-



- 12-. 

3MqacTPitiH08 COCTORHMe, TaKr.te np:v1c;1TCTBYIOT O.ZJ;HORBa3MtiaCTI1'~"Ulli8 

. tiJl8Hbl, a TaRIR:8 qJieHbl, llpMHa,1J;Jl87KllilU18 60Jiee CJIOiKHhiM ROHq)l1.rypaJJ;Ii.RM. 

C TOti.RM 3p8HI1R MO,n;eml
13

f,Ha.n6oJiee 6JiaronpMHTHHMI1 CJlytia'lMM 

,n;JDI Ha6mo.n;eHMR R-Roppen.mm.H BN-HetieTHI:IX JI,IWax-npo.eyRTax .FIB.llffiOT

CJI E1-nepexo.Ithl B.a ypoBHR poTaUMOHEI:IX nonoc, nocTpoeHHbiX Ha.n; o.n

HORBa3Mti.acT~IqHhiMI1 COCTORHIM.IMI1, T.e. COCTORHilRMI1 C K1J"= 1/2- MJill 
.,. . 

K =3/2-. ITo cpaBHeHMIO c HHMI1, nepexo.n.I:J Ha ypoBirn nonoc, nocTpo-

eHHhiX Ha.n; cocTORHMRMM THna "KBasuc:acTMUa + cl>OHOH", .n;oJiiltHhi o6.rJ.a

)J,aT.b yMeH.omeHHoti R-Roppe~ei1, noc~OJl.bRY MaTpMtiHI:Je aneMeHThi E1-

nepexo.n;oB Ha aTn ypoBIDI co.n;epEaT ~:HatiHTe.JlLHo 6oJlbrue aMn.JillTy.n; o.n;

Ho:K:sas:aqacTMqHhiX ROMllOH8HT, He BXCi)J;RI.URX B B!lpatKeH:t18 .IJ.JJ..FJ r ~nO . 
B HacTOJimeM pa6oTe, B cnyqae peaRUMn 

154Gd(n,y)155od, aHa-
~ . ~ 

Jl..Vl3I1POBaJl:t1C.b "(-Cll8KTPhi l13 11 M30.7ll~poBaHHh!X S-pesOHaBC_oB C J :=1/2:. 
PesyJl.bTaThi, KOTOphie npe.n;cTaBJ.eHH B Ta6JIMIJ;e rf, yRa3hiBaiOT C 

~coRoli .n;ocToBepHocT.oro Ha cy~ecTBCBaHMe R-KoppeJIHUllM. O.n;HaRo, 

BBM.IJ;y TOrO, tiTO OCHOBHOll 3~8RT CI~3aH C nepexo.n;ruAM Ha yporu111, 

np:vr'Ha)J;Jl8/K8.mi18 llOJlOCaM, llOCTpOeHHillJ Ha.n; COCTO.fflll1.F.llvU1 TM.lla "KBa3l1-

qacTMUa + q,oHOH11
, pesyJl.bTE.Thl B TaCJI.IY He yRJia.II;h!BalOTCR y.n;OBJ18T

BOpMT8Jl.b~O B paMRM MO.n;eJIH/
1
3/. 

TeM He MeHee, CJie.n;yeT OTM8TM~.b, qTQ CaMO cymecTBOBaHI18 MC

THHHOH R-KoppeJl.JIIJ;MM .n;JIJI noJloc B :t1 B. Haxo,nlilTCR B cornacMn c Mo

.n;eJIDrof13/, 11 qTo nacToHmue .n;aHHI:Je He McKmoqaiDT cymecTBOBaHMe Mc

THHHO:f1 R-KoppeJ1.ffi..U1.M .n;m=r nonocu A I· npe.n;eJJ.ax 0 <R :S 0,4. 

TaK KaK H8T pesyJl.bTaTOB ROHKf8THhiX MO.D;8JThHI:JX pacqeTOB, B 

CJJ.yqae o6cytK.IJ;aeMOM peaKUHH llORa llf81K)J;8Bp8M8HHO WOpMyll:t1poBaT.b Ka

TerOpi1ti8CRI18 BI:JBO.II;hl OTHOCI1T8Jl.bHO cnpaB8.IJ;Jli1BOCTR MO,IL8Jll1. 

P ea:RIJ;I!R 
185

Re ( n ,y) 186
Re. 

B pru.max RBa3HtiacTMtiHo-clJoHOHnoi1 Mo.nem/
13

/ 6JJ.aronp:aRTHI:JMM 

CJlytiaRMH ,n;JJJI Ha6JIIO.IJ;8HI1.ff R-I\OppeMIDIH1 npz saXBa're S-Hei1TpOHOB Z-
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HeqeTHHM R~OM RBnffiOTCJI E1-nepexc~ Ha ~BYXRBa3~qacT~'1HHe COCTO

JIH~JI HeMTpOH-npoTOH T~na (r0 ,sf) HID! ( rf' ,S :KlT == 1/2+). 3,n;ecL 

r0 0603HaqaeT I\Ba3~'1aCT~'1HOe COCTORHMe HeqeTHOrO DpOTOHa Mllille~ 

B OCHOBHOM COCTOR~~, a rf - Jl.IIX5oe RBas~qacTHq'Hoe COCTORHI18 npo

TOHHO~ C~CTeMH. ·. 

HeqeTHHH DpOTOH B OCHOBHOM COCTORHM~ R,n;pa 185Re HaXO,n;TITCJI 

aa opc5MTe r0 = p 402+. JlJJJI JUWa-npoeyRTa 
186

Re M3BecTHH clle,n;yroume 

HM3Roller.callU1.e .n;ByXKBasM:qacT~PIH@e cocTOHllVIR c Tf== -1/37 I: 
p402t± n5101, p402t±n512~, p402t-n 503t Mp402t- n505~. Bee sTH . . . 
. COCTOHHMJI TMna ( r0 t Sf) H ypOBI·lH HK poTaUHOHHI:JX llOJlOC saC8JlffiOTCR 

:as s-pesonancoB nepBHtiHhL\1ll nepexo.rr.aMz. 

B HacTo~eH pac5oTe B peaRUH.vl 
185Re(~,y) 186Re aHallM3llPOBalli1cL 

nepexo.n;11 vrs 24 ~so.lillpoBaHHhiX peso:JaHcoB c J "'==2+ ,3+. Y,n;aJloc:r, oc5na

PYh.1HTL R-KoppeJlJIUIDO Jllli1lb .!Vlli nac5o)a E1-nepexo~oB Ha ypoBHI1 nollo

CH, ilOCTp08HHO~ Ha,n; COCTORJill8M C HOHq)nrypauaei1 p402f + n 5101. AHa

mi3 npHB8Jl B STOM CJlyqae I{ 3HaqeHJ1IO RSI\Cll=O, 502 C ,IJ;OCTOB8PHOCTI>IO 

99,70%, CM. pMc.3. 

Jl~ OCT8.Bill~XCJI llHTH UOJlOC 3Ha'18HHJI RSI\Cll COR\~eCTMMH C npe.z;

ilOJlOlKelllieM 0 HyJl8BOM ~CT~HHOH Koppe.Jl.ffi.'(I1H. TeM He MeHee, M3 STOI'O 

OTHIO,IJ;I> He BHTe:KaeT OTCYTCTBHe R-Koppe.il.5II:U1M, llOCROJILKy orpamrqeH

HaR tiYBCTBHT8ni>HOCT:b SRCll8pnM8HT8. He ll03BOJlHJla B OT,IJ;8JlLHHX llOJlO

cax saperacTpMpOBaT:O sqxpeRTH, COO~~B8TCTBYIOI.UM8 MCTJIIHHOMY 3Ha'18HiiiOR 

B npe,n;eJiax O<R~0,2. 

Ta.KilM oc5pa30M, ,n;aHHI:ile :as peru:u~n 185
Re(n ,v) 186

Re Haxo,n;RTCJI 

B :KaqeCTB8HHOM ·corJlaCLU1 C RBa3.t1.'1aC:TlltiHO-WOHOHHOM MO,IJ;eJlLx/
13

/. 

Bo Bcex Hsy-qaeMhiX s.n;ec:o· pea:Kr(Hsrx saxroTa aet1Tponon y,n;aJioc:r, 

Ha:tiTI1 CTaT11.CT~ti8CKH ,IJ;OCTOBepHyiO R-·ROppeJL<u.miO, ROTOpaJI :KaqecTB8H

HO XOPOI!lO yHJla)J..hlBaeTCJI B paMI\11 KBC~s~qacTnqH0-1JOH01HlO~ MO,n;ellil Co-

• 
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ROBbena/13/. CMnDHHe 3~8KTH KOppenRUMM npORBRHIDTCR B nepexo~ax 
Ha .D;ByXI<Ba3MtiaCTMtiHHe OOCTORlillR TMDa (s0 ,Sf) B R,n;pax-npO.IJ.YKTaX 
174Yb M 168Er , a Tai\IK8, DO-BVi,IU1MOMy, B MP8 172Yb. OcojeHHO 

CMJl.OH.He sC.[xlleKTH, Hac5JllO.n;aeMble ,IJ;J15I nepexo~OB Ha ypOBHM TMna 11 I<Ba-

3MtiaCTMI.J;a + woncm" B MPe 15E'Gd, Tpe6yroT KOJWqecTBeHHoro oc5'1RC

nenna Mo~enLH~M pacqeTaMM. 

Ca.Mo:iir :saanot1 qepTot1 HBRcnJieHHoro sncnepM.MenTaJ1bHoro MaTe

pHaJia .frBllReTc.ff 6oJ!bmaa CMJia .Ha6mo,n;aeMhiX sqxpeKTOB R-KoppeJ1.m.:uu1, 

qTQ npMBO~T K H8M36e&HOMY saRnroqeHMIO 0 npe:sanMpyiDmet1 pOJlll He-. . ' 

6oJlbmoro tH1CJia MaJIO:RB8.3M.qacTMqHHX RO}.moHeHT np.a y-pacna.n;e He:iir

TpoHHHX pesoHaHcOB B .n;e~opMMP)BaHHOH o611acTM A=150-190. 



Ta6.71Mua 1. R-RoppeJtmu·ur. B peaRUMI:. 173Yb(n ,'V) 174yb 
~Jlff Ha6opa 23 pesonaHcoB c J.,. = 2-, 3-. 

06pase:o; Ha6op 'ti:acJlo nc.plW-
}~ ypoBHei1a) aJJl:>HhlX illl1PI1H R3RCll P(R <Rai\Cil) 

1 A 36 -0,228 6% 

2 A,E 72 -0,147 12% 

3 B,r,,n,E 20~ +0,296 99,98% 

4 B,r,.n 16€ +0,313 99,96% 

5 B,r,.n 54 6) +0,581 99,99% 

6 B,r 108 +0,312 99,80% 

a) BBe~eRh1 cJle.n;yroUUle o6osnaqem-Hr:. 

A - noJloca ocHOBHoro cocTo~HHH 174Yb 

E - noJloca o.n;nomononnoro cocTORHI1H 1490 RoB, K~= o: 
(co.n;epm1.T <1%nn 5"12 t - 512tl261) 

B - nolloca nn512f + 521~, 1606 KoB/27/ 

r - nonoca nn512f ~ 51t!~, 1.624 R3B/27 I 
1T ;r, 634 B K ,.__ 2+ A - llOJlOCa O.n;HO~OHOHHOrO COCTORH~H 1 R3 , 

( co.n;eplKHT 50% n n 512·t - 510 t' 26/) 

Krr + 
E - llOJlOCa O.TI;H.O~OHOHHOrO COCTO.F.!Hfi.ff 1886 R3B, =0 

(co.n;epJKMT 65;~ nn512 t - 512tl26/). 

6) Jrr -BKmoqe.Ho T0.1.lbKO 9 pesoHancoB c =2 • 



Tac5Jrnua II. R- M S-RoppelJ..ffUliM B .PeaRUMM 167Er(n;y )168Er 
.n;M Hac5opa 20 pesoHaHcOB c J 11"=3+,4 +. 

Oc5pa- llac5op tiHCJlO 
seu YPOBHe'ila) r1apuM- RaHcn · P(R~Rcn) S3RCn P(S<SaRcn) 
~ aJ.LI:, lillX 

illMPMH 

1 A,B,B,r,ll 6) 202 0,099 89%. 
" 
2 A,B,B . 131 0,342 99,82% 0,520 

a) BBe~eHu cJie~romHe o6osHaqeHHR: 

6) 

A- noJioca · nn633t+ 521J, 1094 KaB/28/ 

B - TIOJlOCa O.IUIOQ)OHOHHOrO COQTOHHfi.ff '1359 KaB, 
(co,nep~IrnT 95% nn633t- 5'121./26/) 

B. - noJioca nn6331- 521~, 1542 RaB/28/ 

r - noJJ.oca o.ruwcpoHOHHoro cocTo.r;~ 1569 KaB, 
( co,neprurT 35% nn 633t- 5211126/) 

!1. - noJJ.oca nn521 ~+ 642t, 1828 FaB/26 ' 29/. 

BI01IOH8HU TO.Jll>KO ypOBllli d 3Hepr:v. et1 B036yiK,n8ID1R HMiK8, 
qeM 1890 K3B. 

99,96% 



Ta6Jillga Ill. R-RoppeJI.fiiUlR: B peain(MM 171Yb( n ,y) 172Yb .JJ;Jlfi Ha6opa 
6 pesoHaHcoB cJrr=o-· 1116 pesoHaHcoB c Jrr= 1-. 

06paseu Ha6op ) l!McJJ.o naprm-
~ROll P(R<~I{Cll) J& ypoBHetia aJJ..bHh:X lllHPHH 

1 A,E,B,r 118 -0,087 13% 

2 Jl 16 -0,201 20% 

3 E 1326) +0,333 99,96% 

4 E 512B) +0,046 81% 

5 E 644 +0, 105 99,2 % 

a) BBe~eHH cJie~ro~Me o6osHa~eHv~: 
A - YPOBHM llOJIOCN OCHOBHOro COCTOffHMR 172Yb 

B - ypoBim llOJlOCH O.TI;Ho(POHOllliOrO 7COCT05IHM5I 1043 RSB, K7T= o+ 
(co~eplfrnT 18% nn521• - 521• 26/) 

B - ypoBHI1 nonocu nn 521' - 5121, 2J09 RaB/30/ 

. r - O,II;HOWOHOHHOe COCTO.TIHMe 14·36 K,SB, K 71"::: 2+ 
' ( co.nepauiT 25% -nn 521 t - 5 'I 2'/3'11) 

Jl - O,II;HOg_}OHOHHOe COCTOHlllie 1.61]8 .K,SB, K1f~ 2+ 
(co.IJ;ep;rmT 75% nn521•- 512t/31l) 

E - Bee nac5mo,IJ;aeMbie ypo:Bmr c )Heprnei1 Bos6yJK~eH:a.rr- B 
npe.IJ;eJiax 2195-3020 R9B c .J~= o+, 1~, 2+. 

6 ) J ~r o- J 1f + BI<moqeHLI TOJJ..bRO pesoHaHcH c = :a ypoEilli c =1 • 

B) BIOll0~8Hb! TOJILKO pesoHaHChi C J 11
=1-. 



Ta6m1ga IY. R-KoppeJLmzyur B pea.R~a 154Gd(n ·'Y) 155Gd 
,rr;JJJI Ha6opa 11 pesoHaHeoB c J TT="t/2+. 

Oopaseu Haoop \IMcJio napua-
R8RCll 

~ ypoBHe~a) aJl.bHhiX lil11p:VLi 

1 A 11 +0,086 

2 E 22 +0,664 

3 B 11 +0,635 

4 A,E,B 44 +0,512 

5 r 341 +0, 117 

a) BBe~eHH cne~ro~e o6osHaqeliRR: 

A - OCHOBHOe COCTOJIHMe n 521 f 

P(R<R8RCll) 

68% 

99,80% 

96,2 % 

99,83% 

97,6% 

E - ypoBHM 559 :a 615 RaB·, nj;:HIJ.Ha;ure:Ka!l\Me nonoce, nocTpoeHHo:li 
Ha,rr; COCTO.F.IHI1eM. "KBa3H'1aCTMU<l + tlJOHOH" {n 521t, 2+}/32/ 

~ - COCTOJIHMe "KB8.311qacTI1IJ;a + ~OHOH" {n 52"1 t, 0+} , 592 R8B/32/ 

r - BCe ypOBHM C J"'= 1/2-, 3/2- ::rnme 8Hepri1l1 B030y)r:,:n;eHHJI 
2130 R8B (31 ypoBeHL). 
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XO.IJ;OD, C00TJ3CTC'l'BYIC[UHX OOpam.r,y l:1 4 Tad.JI. I. 

Be.7Il1'IHHa g - CIIHIIOBbii1: g)ai\TOp H Ey - 8H8PI'li.H y-.n:yqeit. 

Puc. 2. CorrocTan.Jiemm. pacrrp:;,p;cJiemrn neJinqnuu R , rroJiyqerm.oro 

MeTo,n;or.,-r MoHTe lCaPJio, c sKcrrepHMeHTa.JI:DIILU:I 3Ha1rem1eM 

R 8IWII ,UJI.IT Ha6opa v-nepoxo,n;on, COOTB8TCTDYIOIIU1X 

o6pa3I.zy J~ 4 TUOJI •.. I. 

Pnc. 3. CorrocTaBJieHne pacrrp3)J;eJieHIDI BeJirrcnnm R c sKcrrepn-

MeHTaJIT:>HIJl'>l srraqeii.vre:vT R ::mcrr .n;JUI nepexo,r(OD na 

yp013Illi IIOJIOCLI p 402 f + n 510 f. 
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