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OHUAR XAPAKTEPHC'fflKA PAID'lli 

AltTyaJI1,HOCTD T8M!l. IlpmAeHemre M8,1µ!8HHWC HeilTpOHOB ,IµIJ'I B036YJOte
mm pe~ (n ,1) Il03BOJ!ll8T B3ytI8'l'D CBOilCTBa mraxoixe,mutWC ypoBHeil . 
MHOI'BX B30TonoB, a Taltllte no.nyttaTD m$P~ o cTPYRTYPB mcoxoBos-
6Yll',ltewmx COCTOJIHBil - HeilTpol!llliX peaoHaHCOB. ,1vm CKCT8MaTBli8CROro onx
camm IlOB8,It8ImJ'I nepBlll!BWC 1-nepeXO,ItOB H3 peaoHaHCOB Ha HH3K0~8'1tatllH8. 
COCTORHBSI B 3aBHCBMOCTB_OT 8H8Pl'lllI 1-JI.yqel HOT MaCCOBOro 1JBCJI8 o6Hq
HO BcnonayeTCSI TaK Ha3HB88MaJI pa.ll,RaIOIOHHSS! CMOBM ~KlntfI (PC~). 
OHS onpe,It8JllleTCSI ycpe.IOieHHHM no peaoHaHcaM sHaqemreM na~MDma: pa
,Itl!aW!IOHHWC lllHplllI C yqeTOM WIOTHOCTB peaoHaHCOB. 

fwra paapa6oTaHa MO,ItMD, npeTeH.I(y!llllaJt Ha R0~8CTB8HH08 OnBCa-:
HBe 9BOilCTB P~. ytlltTHBalllll8S! CBO!CTBa·06paTHOI pea:immt (1,n) .Bee 
ceqemre B"oel.nacTB I'BI'aHTcxoro ~onHoro a~eRTpBliecxoro peaoHB.Hca· 
(rnaP). no HaCTO.lllllero Bp8M8Im npoB8,It8HO 8KCil8PBM8HTMDH08 H3y-<l:8HH8 
PC~ B lmIPOKOM ,ltH8Il830H8 MaCC sui:ep, HOB H8M npaxmqecIOJ OTCYTCTBYJ)T 
,ItaHHl:l8 B pailoHe MaCCOBWC 1JBC8~ A.= 150 + 175. C~e~eT"OTM8THTD, qTo 
,IµIJ'I B30TOilOB 144Nd B 146Nd Ha6Jm.I(MOCD 3aHmlt8HH8 B8JIH"mml PC~ no 
cpaBHemm co aJiaqeHRmtOI, BliTeKalllll}IMI! B3 Teopim • .1vm o6'I>SicHeiml'I TaKo
ro noBe,IteHRJ'I PC~~ paapa60Taml JtPyrH8 MO,Ite~. 0,IOISRO CBCT8MaTB
qecxott axcnepBMeHTMDHOI npoBepIOJ cnpaBe,IµIBBocTB aTHX MO.Ite~eil noxa 
H8T. 

QqeffD orpaHHqeHHott JJBJISI8TCSI HHqx>pM8IOIJ'I, noaBOJISIIJlllM npoBepHTD 
CnpaB8,Iµ!BBOCTD nIIIOT83H O H838BHCBMOCTB PC~ OT CnBHa peaOHaHCOB. B 
T8pMHHIµ p~ npaKTBli8CRH He H3~CD nepeXO,Itll Ha ypomm, IIaPitH8n
Hll8 pa.nll8ItHOHHll8'JmIPl:U!H ROTOl)HX KOpp~poBaHH C npBBe,IteHHHMII He!T
pORHlllm DmpRHaMH P830HaHCOB. HayqeHl'le YJ(83aHHWC npo6JreM MOllt8T npHBBC
TB R HOB!iM IIP8JtCT~eHHSIM O cnoco6ax ~parM8HT~ rnap IIO HettTpOHHHM 
peaoHB.HcaM. 

llen pa6orn aaRJillqa;racD B CJie.ItYJ)llleM: 
I. Paapa6oTKa HOBoro M8TO,Ita onpe,Ite~eHRJ'I a6COJIJlTHla: RHT8HCHBHOC

T8tt 1-nepexo,ItoB B peaKilHll'. (n ,1) B HeilTpoHHWC peaoHaHcax. 
2. IIOJIY'J8HH8 sHaqeHHtt PC~ EI-nepeXO,ItOB ,IµIJ'I S!Jt8P::IIP0JtYKTOB peax

UHB (n ,1) 148,I503m , I53,I55,I570-a. , I74Yb B I76,177Lu H me cpaB-

H8Hl'l8 C OD,It88MUMH B3 Teoplm B8JmlllmaMH. 

• Glrun 1-: , : ,~uil ~~i!C"ffiij ~ ~, 
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3. HsytteHHe CBOICTB Pell) ,Itlilt nepeXO,!tOB, n8P!lH8JlI,Hli8 PB,1tR8IlHOHBll8 
IIIHJ)BHH ROTQJ)WC ROPPeJDIPOBrum C fil)HB8.lt8HHNMH HelTpomoo.m ll!Hpl!HaMR, B 
P8!UtI01/IX 173Yb ( n ,1) I74Yb H 176Iu (n ,1) 177Lu • 

4. HaytteHHe cneRTpa BTOpl!'mWC 1-nepeXO.ltOB B pealtllHlI 156Gd (n ,1) 
157

Gd B pesoHSHce 33,23 aB H cneRTpoB nePBl!'mllX 1-nepeXO,!tOB B liISOJDl
poBaHHWc pesoHaHcax Toi ze peaRilHH. IloJiytteHHe cneKTpocRoimtiecRJtX .ltSH-
HHX ,Itlilt sr.ztpa 157 Gd • . 

HaY'UIWI HOBnSHa-. B .ltSHHOI paeloTe BilQ~e SRcnel)HMeHTaJII,HO llOJIY118-
Hll SHaqemm PCll) ieg-npo.np;ToB 148sm , 153,155,157Gd lit 177Lu • KpoMe 
Toro, B litSOTOIIaX 4 Sm , 74Yb liI 176Lu no,ltTBepx.zteHa CnpaB8.lt,7mBOCTI, 
TeopeTJit'i8CROro Ilp6.ltilOJ10l[8HIIJ! 0 H8SamJCl!IMOCTlit Pell) OT CillitHa p630HaHCOB. 

8Ha'i8HIIJ! Pell) liISOTOnOB 148•150sm yicasimam Ha saHmteHIIJ! Pell) no 
CpaBHBHDl C 8RCTpanOJU1ItHBI r,nap ,ItJISl HHSKHX SHeprmt B OelnaCTlit cweJ>H
'iBCRHX ORMOMSI'lABCRl!CC Sl.ltBP C N z82 • 

Ha OCHOBSHJm SRSJIJirSa HHT8HCHBHOCTel nepeXO,ltOB B P8!UtI01/IX, r.1te 
pam,me HaClJm,ltanacL R -ROppeJISIItWI, noJiytteHli CBB,lteHWI O Hapymemm: l'lit

noTeSH O CTporo CJlY'ISitHol qlpaI'l(BHTazom r,naP no HelTpommM pesOHaHCSM. 
B .ltHCC8PTSltlm TSRllte onpe,1t6J18Hll SHBfI'ml H IlpHBB.ltBHHHe HHTBHOHB

HOCTlit 48 nepBl!'mWC nepexo,ItOB B PBSRilHH 56 Gd (n .1) 157 Gd B pesoHSH
cax, BMB,ItC'l'Blite.'iero c .ltOCTOBepHOCTLII > 99% onpe,1teJieHa 'i8THOCTI, 35 
ypoBBel Jl.ltpa-npo.1tYRTa. lIOJIY118Ha TSRllte m$>PMait!UI O CTPYKTYPB YJ)OBHe:I 
H.JUl8 l57Gd. 

IIpaR'J.'lit118CRaH Il8BHOCTL. PesyJILTaTH no Pell) MOZHO :e:cnOJII,sOBSTL B 
T80P8Tlit'i8CRli!IX paeloTax·no litSyttemm M8XSRlit3Ma P8Cn8.lt8 BHCOROBOSCl~e~
ma: COCTOmml JJ..ttBP .ztJISl Teope!Jittlec1tol onemai: noJIHLIX J)8.ltlilaI!litOHHHX Dllt

J)HH. B pacqeTa:.x: peaKTopoB H ClHOJIOI'Jitq8CROI SantliITH Pell) no.nesHa ,ItJISl oneH
KJil cneRTpaJU,Horo pacnpe,1teJieHWI 1-:e:SJIY118Ima IlPH SaxBaTe HelTJ)OHOB~ 

Anpodainy{ paelom. OcHOBH!le pesyJJLTaTH .ltHCCBPTanHH .lt0R.1I8..ltHB8JIHCI, 
lit oelc~CI, Ha 6- I BceoODSHOI ROH~pemnm no HelTPOHHOI qllilSHICe 
(IfxeB, . 1983 r.) 1 Ha XXXY (.Hemmrpa,n;, 1985 r.) lit XXXYI (XapLROB, 
1986 r.) CoBelll8H]IJIX no Sl.ltBPHOI oneRTpocROmm H CTpyxTYJ)e Sl.ltP8· 

fur6:o¥IJP- lio MST8p:e:aJJSM .ltHCC8pT~ onyCSJmxoBSHO 7 Haj"lllla pa
CloT. 

Oel'1>e11 B c-rpmypa mtccepTaipq- JlRccePTSitWI cocTOlitT Hs BBe.1teBllll, 
Tpex rJiaB B sax.m,qemta:. B Bel OO,It8pzl!TC.II 151 CTpamma IIBIIIHBOimCHOro 
'1'8RC'l'a, BXJ.lrJ1l8.II 24 J)HCYJ{Ra, 16 Tad.min H OnHOOR JmTBP8TYPU HS 121 HaliI
M8HOBSBlit.lI. 

Kpa'l'ROe oonepzmme pocepTamm, Bo BBe.1temm .ltSH8 xapaRTeJ)Hc'l'Da 
Pell> EI-nepexo.1toB, oelc~ew ee SitTY8JII,HocT1>, HaytIHoe B :a:pmtJia,ItHoe 
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SHa'ieHHe, cqiopMyJlBPOBSHli neJIL paelom R pesyJILTaTH, muocm.m:e Ha sa
lllHTJ. 

IlepBM rJISBS CO,lt8pzl!T liISJIOZ8HH8 qJYH.It8M8HTaJII,HWC CBOICTB peaRnRH 
( n ,1) :e pesoHaHcax. IlapnRSJlLHlie P8.ltR8IlHOHHlle 1lllitplllm nep~ .ltH
noJILHHX nepeXO,ltOB MOlKHO OIIRCaTL Ha OCHOBe CBOICTB 3JIBRTJ)OMSI'BliITHOro 
HSJIY118BWI lI ynpo111eHHWC .ltOilYIIIBHml o.CS 0.ltHO'iSCTH'iHOI np:apo,Ite HaqaJII,HHX 
H ROHB'tffiWC COCTO.amrlt. OTC~ BHT8Ka8T onpe,IteJieHRe BeJmqHJI!l PCll) EI.:. 
nepeXO.ltOB 

< CJl\ 
s<:r> ( E ) - Gist /2 

rf ir - E3 ;D;r (l) 

. 1 r ~ 
r.1te El - sHepI'WI -nepexo.1ta, ~rf - napnRSJlLHaSt P8.ltHSnROHHa.lI ll!HJ>H-
Ha nepexo.1ta Rs pesoHSHca ).. co cnBHoM J Ha ypoBem, f H DJ -
OP8.ltH88 paccTomme MBJ!Ozy" pesoHaHcar.m C qllilltCRpOBSHllliM 3H81i8HR8M JT Oc 

,IlaJlee RSJI!ll'aDTCH OCHOBHHe R,D;8R M0.1te.im AKceJISI-EJ)Hmta. B aTott Mo
.1teJIH yttTeHa cBHsl> napllHSJlLHWC P8.ltHSnROHHHX IIIHJ)HH co crJUllteHHID.! no 
SHepl'litH ce~eHHeM qJOTonor~o111eHH.1I. ll)opyY.impyeTCH I'liIIIOTesa EpRHita o Ha
.1IWDm O.ltHHSROBWC r,nap; nocTpoemwx Ha,lt :K8llt.ltliM COCTOSiltH8M ~- Hs~o
.ll8Hli Bee IIP8.ltIIOJ10lK8HWI MO,lt8Jm, B TOM 1J}ICJie H Ilp8.ltil0JIOJlt8IU[8 0 H83amICR

MOCTH PCll) OT CllHHS pesoHaHCOB. Ilpl!BO.ltRTCH BlipallteHHe .lt,1lJI OD.lt88MOro 
3Ha'i8HlU[ pell) EI-nepeXO,ltOB: 

-5 'E) _ c?.-ab• ( Er) 
rfie1' r - 3(,dic.):z. Er ' (2) 

r.1te °Jabs CE1) - crJUllteHHoe no aHeprmi: ceqeHRe qJOTonorJiol!leHKfl, SRCT
pano.impoBaHHoe B pattoH El~ \ C\ - aHepI'lUI CBHSH HelTpoHa). 

,IlaJlee ttpaTRO litSJIO.llBHH CBOftCTBa r,Il8P. OClH'iHO SaBRCl!IMOCTL OT EJ 
ceqemur r,nap OIIRCHBSDT cnOMOIIILII ~opeJmRal{a B C(pePJit'i8CKHX Sl.ltPSX RJIH 

CYMMJ:1. ,ltByx JiopeHnl'taHOB B ,ltBqJOpmtpOBSHHWC Si.ltP8X, COOTB8TCTBYJ)IIIHX npo
.ltOJILHHM n nonepe'iHHM 1toJieelalmm4 sapH.1ta B H.1tPe. C.1teJISH oelsop sxcneplit
MeHTaJILHHX H TeopeTH'iBCKHX paeloT, nOCBm!l8HHHX R3ytt8HHD PCll),R paCCMOT
peHli acneRTH, B KOTOpiiX 8RCnepm.1eHTSJII,HOe R3ytteHHe PCll) B lISOTOnax C 
A = 148 + 177 C noMOIIILII pealtllHlI ( n ,1) MOZ8T .ltSTL CYIIl8CTB8HHO HOBYJ) 
m$)pManRJ). 

Bo BTopott rJiaBe npe.1tCTSBJieHa MeTO.ltRKa onpe.1teJiemm: napngSJlLHWC 
J)8.ltlilaI!litOHHWC IIIHJ)HH. OHS OCHOBSHa Ha onpe,1teJieHRH aelcoJIJOTHWC RHT8HCRB
HOCT81 (OAH) H8ROTOp!i.X 1-nepeXO,ltOB B OT.lt8JILHWC pesoHaHcax R Ha nocne
.ltYl)lllel HOJJMHPOBRB Haelopa OTHOCRTeJILHWC RHT8HCRBHOCT81 nepeXO,ItOB B 
RSOJIBpOBSHHllX pesOHSHcax. 

MeTO.lt 0AH COCTORT B ltOJDl'i8CTB8HHOM conocTaBJieHHH ,ltByx cneRTPOB 
no BpeMeHR npo~eTa, IlOJIY118HHHX O.ItHOBpeMeHHo. IlepBlltt cneRTP xapaRTe
pHsyeT BWCO.lt 1-RBSHTOB BHClpaHHoro nepeXO.ltS B HSyttaeMott peaRnRH C n,1), 
a BTopott - BliXO.lt 1-ltBSRTOB C SHeprHett 477 R8B RS paCila.lta B03Cl~emmx 
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~ep 7 Li 3£ - npO.nyRTOB peaRIJ,lm 10r3 (n • o< ) • BTopott cneRTP JIBJIR:8TC.ll, 
no c~eCTBY, cneKTPOM nponyCKaHWI HettTPOHOB qepes CJIOff, CO,ltepJtall!Hff 
H3ytla.8Mlltt H30Ton. reoMeTpWI 8KcnepHM8HTa nOKa3ruta Ha PRC. l, r.1te pa3-
M8p!l oCSpas~ ,1toJDKHU 6uT1, CSoJII,me, 'leM nonepetraoe ceqemre ny'l:ita. IlJro
~ "pesoHaHcHoro npoBaJia" BO BTopoM cneKTpe ~eT IDiqJOIJManm> o 'llIC
Jie HeffTPOHOB, 3axBa'leHHWC H30TOnOM B pesoHrurce. 

no 
1 

,-,---r-, 

0 3CM 

I 

Gekil 
I 

Pnc. l. CxeMa aKcnepHMeHTa. l - CJiott, 
CO,lt8J)Jltall!Hff lI3Y'!aeMlltt lISOTon. 

ACScoJIXlTHaR RHT8HCRBHOCT1, onpe,1teJ1JieTCH 
no qJOPMYJie 
~ A, 

I4bs= A«i Y'/(4H) ~~ . €. • P, 
1(E;,) 

(3) 

r.ite A 1 H Ao<. 1 - aitcnepHMeHTaJII,HUe BeJIIrnml:l 
CYM!,fapHWC OTC'l8TOB no 1-mr.ey nepexo,1ta lIC
CJI8,ltY8MOI'O H30TOIIa B pesoHaHce lI B OMaCTR 
pesoHrurcHoro npoBaJia B cneKTpe 1-.!IY'lett c 

8Heprnett 477 ItaB COOTB8TCTB8Ini0; '?. (477)/ 1 (EJ> - OTHomeHRe aqqieK
TlIBHOCTett ,lt8T8RTOpa ,ItJlSI 8H8PI'RR 477 RSB lI3 pac~ ~ep 7 Li 3£ H ,I(JUI: 

8Hep:rim EJ lI3Y'!a8MOI'O nepeXO,ltai Q,,c'I! - OTHOClIT8JII,HOe K0~8CTBO ~ep 7 
Li 11:, oCSpasYJ)lltlJXca B peaimim Or3 ( n , o< ) 7 Li ; € - OTHomeHHe 'lllC~ 

HettTpOHOB, 8axBa'l8HHHX B 10r3, It no~oMy 'llICJiy HeffTPOHOB, HCllUTiraa!l
ll{WC B3aHM0,1teffcTBHe B CJI08 CSopa; P - nonpaB:ita, CBHSa.H:HaJI C Y'l8TOM : 
MHOI'ORpaTHWC nponeccoB • .llmr no.!IY'lemm npoHSBe.iteHWI €,P RcnoJllisyeTca 
MO,lt8JmpOBaHHe MeTO,ltOM MOHTe-Ka~o npoxo.llt,lteHRJJ: HettTpOHOB B .ltBYJCCJIOffHOM 
oCSpasite. OcHOBHUe 'lepm aToro Mo.ite.mipoBaHRJJ: TaIOXe H3JIOlleHU B .JtHCcep
TaIOm. 

B ROHI{e BTopott I'JiaBU npHBO,ltHTCH npm.i:ep nO.!IY'l8HWI aCScOJIXlTHHX HH
TeHCltBHOOTeil. . 

B TD8TLett rme npHBe,lteHU pesyJlliTaTU OA.H, lICllOJII,30BaHHUe ,ItJIR: on
pe,IteJie.mm PC~. Bee lI3MepeHRJJ: npoBO,ltH.!mCl> Ha peaitTope HEP-30 B JIB~ ' 
OliHH. CBo.JtKa pesyJlliTaTOB HsMepeHd npe,1tOTaBJieHa B TaCSJIHzte l. ,llmr no
.!IY'l8HM napitlJS,JII,HWC pa,ltHaitlJOmlHX llllipHH H HX npBMeHeHM B Blil)aUHRH 
(I) HOnOJll,SOBaJiaOl>, B OCHOBHOM, HOPMBPOmta Ha HHT8HOHBHOOTR ll8C'l'KHX 
nepBlt'lBI:lX nepexo,1toB, npm3e,1teHHUe B TaCSJIHzte l. 

Sitonepm.i:enTaJII,Hoe cpe,ltliee sHa'le.Hlle PC~ llOJIY'lM001, ns·yopeJUieHHH 
no ROH811:HUM Yl>OBHHM 

5e1tp(J) = < S~1 (Ecr)1 • (4) 
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Ta6Jmna l. A6COJlDTHU8 HH'l'8HOHBHOOTB H8ROTOpwt nep8XO,ltOB, 
nQJIY'le.Hlllle axcnePRMeHTaJlliHO ,ItJlSI onpe,IteJiemm: 

R,Jij)o
npo.eyxT 

l48sm 

l50sm 

l55Gd 

l57Gd 

l74yb 

l76Lu 

l77Lu 

PC~ ~ep-npo.nyRTOB peaRitlffl ( n ,1) • 

(~) 

6II 
6246 
6II 

7213 
6016 

5984 

410 

5565,9} 
5630,7 
5658,3 
5886,0 

7387. 
5831} 
5841 

5246 
5446 

5770 

E,1, 
(aB) 

3,4 3-
3,4 3-

18,3 4-

0,0974 4-
0,872 4-

22,33 I/2+ 

33,23 I/2+ 
. 33,23 I/2+ 

4,51 3-

17,6 z-

2,59 4+ 
5,22 3+ 

l,565 !5/2-

Iabs 
1-RBrui'l'OB/100 Hett'?p. 

21, 8±,l, 7 
l,77±0,28 

17, 9±,2, l 

l,0±,0,l 
0,46f.O,l3 

2,64±0,26 

13,6±0,6 
4,63±0,45 

3,55±0,87 

3,31±0,85 

l,01±0,26 
3,02±0,60 

0,76±0,25 

,llmr 148sm yope.ItWJJmc:r. 32 nepexo,1ta no 12 pesoHaHcru.r o J ... :: 3- H 
26 nepexo,1toB no II pesoHaHcaM o. Jr:: 4-. Rum no.!IY'lellll SHa'leHWI 
Sexp (3) = (0,47±0,12)•10-7 MaB-3 H S

8
xp (4) = (0,43±0flO)•l0-7MsB-3• 

Ha pxc. 2 llp8,ItCTaBJI8Ha 3aBHCID(OOT:& PC~ OT 8H8PI'lm ,ItJlSI 
48sm • IlJraBHaH 

KpmlaJI nOJIY'l8Ha HS B!lpazemta: (2) • Talt%e npml8,lt8HU TO'lRH SHa'l8Hd PC~, 
CSJIRsRHX x nopory nonyoRaJmSI HettTpoHoB,Hs onyCSJIHKoBamiott pa6om no 
peamnm (1 ,n). CTYU8H'laTM Kpm!WI npe,1tCTaBJIHeT coCSott SHa'lemi:e PC~, 
B!l'llICJIHeMoe no q,opyyJie :us pa6om 3£). IloJiooa YKaSHBaeT oCSJracT:r., B KO
Topott JI8lltaT TO'lKR HaCTOSllll8il paCSom, ,I(JUI: nepexo.n;oB HS P8aRitlffl (n ,1) 
Ha BOSCSyz.nemwe OOOT0.8HW! C 8H8Pl'ltHMII ,Ito Er C: 3 MaB. Bo Bpesxe noxa-
3aHU TO'lRH 8KCnepm.t:8HTaJI:&HWC 8Ha'l8HHft PC~ ,ItJlSI nepexo,n;oB Ha OOCTO.lllllUI 

3£,;:: ~eHcxmt c.r. x .JtP.-H~, 1983, T.37, o.277-283. 
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Pnc. 2. PC<} .II,I(pa I 48sm B MaB-3 B SaBKCRMOCTR OT 3H8prmt 
1-nepe~o~oB B MaB. 

co CimHOM 3 HJIH 4. PesyJII,TaT!l, IlOKasamw:e Ha p:e:c. 2, YKaSHBalOT Ha TO, 
qTo sHaqeJm.R: PCq, neMT Hmite, qeM o,nJJJ;aeMoe sHaqe.1me no nopeimeBc1t0tt 
sRcTpanoJI.f!Ulm f)l3P, :e: xopomo cor.naqYJ)TcJI c pacqeTru.m paeiom *). Tum
socT» Mellf,ItY pesyJII,TaTmm sexp (3) H sexp(4) coBMecTHMa c npe~oJIOJlte-
1meM O CllHHOBO! HeSaBHCHMOCTH PC<}. 

,l!.1ui OAH nepexo~oB B pea~ I 49sm (n ,1) I 50sm .zteJiaJiac» cepHJI 
3RcnepHMeHTOB. B ,ItBy:x 3RCnepHMeHTax npHMeHHJICJI MeTo~. OimcaHHH.ft BO' 
BTopott r.naBe C HCITOJI1,30BaHHeM CJIOJI B4C - B rrepBOM 3RCnepHMeHTe H N~CI 
.ItJI.R: XeCTlmX rrepexo~OB - BO BTOPOM. KpoMe Toro, CiHJI :e:cnOJII,SOBaH MeTo~ 
O~OBpeMeHHoro HSMepeHrui SaxBaTa R81TpOHOB B ,ItBy:x pacnoJIO.llteHJmX PJI
~OM napaJIJieJII,HHX Mml!eHSDC o.u;miaRonott ILIIOUIB,D;H: B o~oit MZ!lle.im I 49sm2o

3, 

B .zuiyrott - B4C• 3RcITePHM8HT C rrapaJIJI8Jll,HllMH WI!lleWOOI npOBO~CJI Ha 
TeMOBWC HettTpoHaX. Bwco~ 1-KBaHTOB c aHeprnel 477 RaB zs peaRUZH 
HettTpOHOB .Ha Ciope nepecqzT!lBaJICJI .Ha qzcno saxBaqemmx HelTpOHOB B MH
meHH I 49sm20J. PesyJII,TaTH 3THX Tpex HSMepemt11 CiHJIH COBMeCTHMI,[ C onyei
JlltROBaHHHMH paRee ~aHHHMH OTHOCHTeJII,HWC HHTeHCHBHOCTett B HSOJIHPOBaHHliX 
pesoHruwax. 

Hs 3THX ~a.mru:x 6HJIO ITOJJYlieHO sexp (4) = (I,I±,0,2)•I0-7 MaB-3 HS 
ycpe~eHIDI I3 nepexo~oB no 7·pesoHaHCaM. IlonyqeHa Ta~e saBHCHMOCT» 
PC<l> OT aHeprHH El .ItJIR I50sm, RoTopaJI npe~cTaMeHa .Ha p:e:c. 3. OClos
.HaqeHRII Te xe, qTo :e: .ItJI.R: p:e:c. 2. Bo B~esRe noKasaHH I3 nepexo~oB :e:s 
pesoHaHCOB C .r"t: 4-. KaR H B cnyqae 48sm • RS 3TOro p:e:cym<a ~o. 

JE} CM. CHOCity Ha c.5. 
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Pnc. 3. PC<} smpa r5o Sm B MaB-3 B SaBHCHMOCTH OT 
aHepnm 1-rrepexo~oB B MsB. 

qTo ToqRH pearonm (n ,1) HaXo,nsrrCJI.imxe. o~eMoro sHaqe.imJI no JiopeH
¥encRoit 3RCTparro.nmnm f)l3P. ,UocTOB8PH08 SaHmKeHHe PC<} smep r4a Sm H 

50 Sm YRaSHBa8T Ha CBJIBh 3TOro sqxpeRTa co cq>ep:e:qaocThlO OROJIOMaI'lftlec
KRX smep c N ~ 82 :e: Ha cnpaBe~OCTh Teop:e:n aBTOpOB 3£) .ItJI.R: OimCaHHJI 
PC<} cq>epzqecim:x HeMarnqecKllX smep. 

,l!.1ui rronyqeHHJI PC<} :zs pea:rmim r52 Gd ( n ,1) Clpa.,mc» o~6JmRoBaHHHe 
~aHHHe o pac~e pesoHSHcoB. Ma.l!oe 0Clorame1me :e:soTona r52 Gd B ecTecT
BeHHol CM8CR HSOTOnOB r~OJIHHRII He nosBOJIJIJIO npoBeCTH 0AH paspaCloTaH
HllM .HaMH M8TO~OM. HCITOJII,SOBaJIOCh ,ItJI.R: aClcoJIJlTHsauim yCJioB:e:e IOO% sace
JI8HHOCTH OCHOBHoro COCTOJIHHJI, H no onyClJIHROBaHHHM ~ ycpe,ItWr.JmCh 
I7 nepexo~oB no 5 pesoHaHcaM. Bepxwm o~eHRa PC<} rroJzy'mJUlc» paBHoit 
S (I/2) = (I ost0, 27) ..ro-7 MaB-3• exp - 1 • -0,38 . 

,l!.1ui 55 Gd ycpe,ItWr.JmCh 8 nepBB'IHWC nepexo~OB Ha ypOBHH c HSBeCT-
HOit CTPYRTYPOtt no I5 HSOJIHpOBaHHHM pesoHaHCaM. B pesyJII,T8T8 noJIY'{H
JIOCh sexp (I/2) = (0, 92±,0,2I)•I0-7 MsB-3• 3HaqeimJI PC<} I5~,r55 Gd xo
pomo corJiaCYJlTCJI C npe~cKasa.HHJIMH no MO~eJIH SRCTpaITOJIJIIl,lD!I r)l3P C JIO
peimeBCROtt qx>pMo!. 

JJl;uiee B TpeT»ett rJiaBe npoBOMTCJI pesy.llhTaTH amumsa ~amwx no 
peaRitHH r5s Gd ( n ,1) r57 Gd. HsMepeHWI npoBO,nHJIZCh .Ha peaRTOpe HBP-30, 
paCloTax>llleM B coqeTamm C YCROPHTeJieM 3JieRTpOHOB JIYS-40. HsyqaJmCh 
BToplt'mlle 1-rrepexo~ B pesoHaRce 33,23 aB, rrepBR'mlle 1-rrepexo~ HS I4 

3£} CM. CHOCKY Ha c.5. 
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H30JmpOBaHlillX pesOHaHCOB H IIpOBO,ItHJIOCb 0.All J-nepexo~oB HS pesommca 
33,23 aB MeTO~OM~ OillICaHllllM BO BT~tt rJISBe. HcnOJII,30BaJlaCb HHqlOPMa
l{l!ll H3 peaxwm l 7Gd (n ,n' J) 15 Gd Ha 6HCTp!:,IX HettTpoHaX. 

B .ItHCCepTawm IIpltBO,ItfiTCJI 8Heprmt H OTHOCR'l'8JII,Hli8 mIT8HCRBHOCTH 
IOO HR3K08HepreT1AeCKl!X 1-nepexo~oB❖ Ha6Jlll,Itaewe COBM8CTHO B pesoHaH
iil3,23 aB pearo.nm 156Gd (n ,1) 15 Gd H B peaRnHR 157Gd (n , n 1 J) 

Gd • 

IlpoBe~eH amums ycpe.JtHemmx no 14 pesoHaHcau Ill)llBe~erumx HHTeH
cRBHocTett 48 ~OCTOBepHHX nepBlr'UlllX J-nepexo~oB, Ha OCHOBe KOTOporo 
YCTaHOBJieHo, 11'1'0 14 nepexo~OB smrum'l'CJI EI-nepeXO,l(&m H II .JIBJllD)TCJI 
MI-nepexo,naMR c ~OCTOBepHOCTI,J) 99,9% lfJIH 60JIJ,me, a c ~OCTOBepHOCTI,J) 
99% onpe~eJiemz TPH EI- B ceMJ. MI-nepexo~OB. 0TCJO.na CJI8.ztY8T '18THOCTb 
ypoBHett, Ha KOTopue B.ztY'l' 8TH nepJmlllme nepexo,D;l,I. 

Ilp:ime~eHa HOBSH cxem ypoBHel 157Gd. B cxeMY BKJmt1eHH IO nep
BlfllH!lX B 78 BTop~ 1-nepexo~oB, Ha6Jlll,ItaeMWC B HalllHX axcne:pHMeH
Tax. 

PC~ ,!t1!JJ 
157Gd onpe~eJIHJISCb no Ha6opy napIJ;HS.lll,HllX pa,u;B'aD;HOHHllX 

llIHpHH BS 14 pesoJiaHCOB B 6 nepexo~oB Ha ypOBHH co CTpyxTypott, HSBecT
HOtt Ra JmTepaTYpll. IlOJIY1IlfJIOCb sexp (l/2) = (I,ISJ:.0,25)•!0-? MaB-3, 
'ITO xopomo cornacyeTCH c omma,eMllM HS aitcTpanomm;m1 O"Jabs (E1} no 
Jiope.imeBcIGIM KPR:BblM. 

JJaJree B TP8Tbea rnane npHBe~eH aHaJm3 pesyJII,TSTOB HS~eHHH PC~ 
~ep 1?4Yb ' l?6r.u H I??Lu • . 

Ha6op napD;HSJII,HWC pa.ztHSD;Homna: ll!HPHH B peaRnHR 173
Yb (n ,1) 

l?4Yb COCTO.lt7I HS I? nepexo~OB B 9 pesommcax C Jrr= 2- H 25 nepexo~ 
~OB B 14 pesoHaHcax C JTr= 3-. C~e~e SHa'l8Hl!SI PC~nOJzy'm.lmCb 
s exp (2) = (l,5±.0,?) -rn-7 MaB- H sexp (3) = (I,6±0,?)•l0-7 MaB-3• 
OTc~a BUTeRaeT COBMeCTRMOCTb C rHllOTesott O HesrumcmiocTH PC~~ 
174Yb OT CillIHa pesoHaHCOB. PesyJU,TSTll '1'8Ial'.8 RM81lT corJiac:e:e C MO~eRbll 
8KCTpallOJ.tSW;Im f.ll3P Jiopem~anru.m. ,lJ;,Ili Bcex ~ep, ~ ROTOpwt npOBO.Itl!
JIOCb HS~eHHe PC~ B HSCTOsmteff pa6oTe, BBO,ItHJICJI napaMeTp 

Q(Jh ( 3(1r~c.)2. r,:~i ) > (5) 
. f~ <,(;OR(€~) l)J' ,\J 

r~e O"GDR (Ei) - cet1eHHe r,nsp B qiopue JiopeHD;HaHa ,lt1lJJ cqiePHt1ecRlDC ~ep 
H CYMl,lll JI.BYX H8SaBHCID&DC JIOpeHD;HaHOB ,lt1lJJ ~eqiopMlipOBSHHWC. B c.n:yqae 
COBM8CTHMOCTH C MO~enD AltceJIH-Ep:wma Q = l. 

B peaRitWJ 173Yb (n ,1) 174Yb ~eJISJioci ycpe.JtHeHl!e no pasH!iM Ha-
6opaM napIJ;HS.lll,Hwt llIHpHH. HsBeCTHO, 'ITO ll!HPHHli r;:r, nepexo~OB B 9T011 

peamnm Ha·YPOBHl! C ~yxl(BaSH'mCTlfllHOil CTpyxTypott CKoppeJmpOBa.Hli C 
np1me~emnnm HeffTpomoom llIHpmuum (1~ • 3Hat1eHHe Q , ycpe.JtHeHHoe no 
nepexoltlll( 118 pesoHaHCOB C J1T= 2- Ha 9TH ypOBHH, ORaSaJIOCb Yl38JDA8H-

8 

mm no cpaBHemm co sHat1eHHeM Q , noJiyTieHHHM npH ycpe.JtHeHHH no nepe
XO.ztaU, ~ Ha OCTaJll,Hlie YPOBHH C H3BeCTHOtt CTPYKTYPOtt. KpoMe Toro, 
6Wia llOJiyTieHa HeKoppeJmpOBSHHasI 'ISCTbQ(r) RoppeJmpOBaHHHX nepexo~OB. 
,ll;,Ili rpynIIH nepexo~oB, JUtYllllIX H3 pesOHaHCOB co CimHOM J'rr= 2-, llOJiyt{H
JIOCb Q(r) ~OCTOBSPHLI HIDKe I. PesyJII,TSTll ,ItJrJI mBPHH nepexo~OB pesoHaH
COB0 C J"= 3- He npOTHBOpet{ST pesyJII,TSTaM HS pesOHaHCOB C J~= 2-. 
3amuteHHe SHa'leHWI Q(r) HeKoppeJmpOBaHHOtt 'ISCTH KoppeJmpOBaHHI:lX ne
pexo~OB npoTHBopetlHT o6H'IHOMY npe~oJioxemrro o cTporo c.n:yqaful:ott ~par-
MeHTaIIHH f,ll3P no HettTPOHHHM pesoHaHCaM. . 

O.All B peaKl{l!llX 175•176 Lu ( n ,1) 176, I?? Lu npoBo,ItHJiocb Ha MIDileHH 
c ecTeCTBeHHott CMec1,10 HSOTOllOB Lu20(-+.. IlapUHam,HHe pa,zn1an:e:omru:e mHPH
HH ,lt1lJJ 5 pesOHaHCOB 175 Lu c JTT = 4 nOJIYt18HH .zi,m 16 nepexo~oB, a 
.zi,m ? ~esoHaHCOB c Jrr:. 3+ - .ItJrJI 14 nepexo~oB. B C!IY'Iae 6 pesoHaH
coB 1 Lu c J7f = 15,lr ycpe]Utl!Jmcb 15 nepexo~oB. lfa nupaxeHWI (4) 
.zi,m ~a-npo~Ta 176 Lu no.JIYtpIJIOCb sexp (3) = (l,3±,0,4)•I0-7MaB-3 H 
sexp (4) = (l,6+0,6)•I0-7MaB-3• 3TH SHa'leHHH coBMecTHMH c r:e:noTesott 
0 HeSaBHCHMOCTH - PC<ri OT cnmra pesOHSHCOB. PC~ ~pa-npo~Ta I?? Lu 6H-

• TT -
Jia noJiyTieHa ,lt1lJJ pesoHaHcoB c J == 15/2 • ORasaJiocb sexp(I5/2) = 
(2,4j:I,O)• I0-7MaB-3• BeJIH'IHHH sexp .ItJrJI l?fiu H 177 Lu He npoTHBOpe
'IST npe~oJioxemm 06 axcTpano.rum;mI O"ra.bs (E1) no JiopeimeBCKHM RPH
BllM. B peaRD;HH 176 Lu ( n ,J) 177 Lu Ha~OC:b ycMeHHe_ HHT8HCHBHOC
Tett nepBR'll!WC nepexo,D;oB, .zi,m KOTOp!:lX palibme 6HJio onpe~eJieHo, 'ITO rue 
nap~anmie m:e:pHH!l ~'t~ CKOppeJmpOBaHli C npHBe~eHHHMH ll!HPHHSMH r;;:~ • 

B Koime Tp8Tbett rJiaBU npoBe~eH o6111Hit a.HaJlllS IlOBe,D;eHH.R: PC~ EI-ne
pexo~oB B o6Jiacrn El~ B n ~ep c A = 148 + 177. B Ta6.mme 2 npHBe~e
Hli SHa'l8HHJi PC~, noJiyTieHHlie B HSCTOsmteff pa6oTe, C IlOMOlltE,IO SHatleimtt 
S exp HS Bllpax8Hl!SI ( 4). ,D;,m CpaBHeHHJi c TeopeTR'leCIGIMH npe~OJIOXemmMH 

np:ime,D;eHH SHat1emm napSMeTpa KBS,ItpynOJU,Hott ,neqiopMaD;HH ~ , sHatteHH.R: 
PC<ri no o~e~eJieHWIM KEI =<t;;:rf)>. / (l>.r A213Ej ) H SEI = ( f;;M"f~ I 
(DJ A813E-,>, SHatl8HlU[ napaMeTpa Q HS BUpaxemm (5) H Q C YCnOJil,SO
BaHHeM omma,euoro SHat1eHHH ~ cqiepHtlecKHX HeMar:e:t1ecKWC ~ep HS pa6o
'l'li 3£). B cToJI6~ax 4, 5 B 6, KPOMe sHat1eHHtt KEI' s EI H Q , noJiyTieH
ma: B HaCTOJIDtett pa60T8, . IIpHBe~eHli ~aHHHe .Ii7L1I JU)yrmt ~ep B 8TO! 06-
JISCTH MaCCOBU.X qaceJI, BSHT!le HS JmTepa'l'ypH. B OCHOBHOM- pesyJU,TSTH 
COBM8CTZMH C MO~eJlbll AxceJLR:-Epmma C JiopeimeBCROtt qJOpMOtt r,nsp }J,J!H ~e
qiopMl!lpoBaHHl:IX ~ep, O,ltHaKO He COBMeCTHMH ,lt1lJJ nepeXo,ltHHX, }J,JfH ROTOp!:lX 
Ha6Jm,lta8M08 salmllteHHe PC~ y pasyimott Mepe 06'LJIOHH8TCJI yooBepmeHCTBO
l38BHO! MO~eJlbll HS pa60TU 3£. 3Ta M0~8Jlb OnpaBe,n.mma JIHllll, ,lt1lJJ OKOJIOMa
I'H'l8CRHX H,Itep. He~OCTSTKOM CYlll8CTBYJ)Dt8tt TeopHH JIBJill8TCJI OTCY'l'CTBH8 

lf) CM. ·OBOOB;f Ea 0.5. 
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Ta6.mma 2. IloBe,tteHHe P~ B o6Jracm nepexo,nHWC H 
,IteqJOIJMHpOBaHHHX .imep. ,,_ 

~2 
sexp KEI SE1 ~ 

H3oTon rn-7MaB-3 10-9MaB-3 ro-15Maw5 Q Q 

I44Nd O,lII - - - 0 43+0 0481 

14~d 0,161 
. - . ) - - - 0,22±0,0~ 

l48sm 0,158 0,45±0,09 1,6±.0,3 2,2±0,4 0,36±.0,08 0,90±0,21 
I50sm 0,190 1,1±0,2 3,9±,0,7 4,6±.0,8 0,6Qt0,13 I,37±0,29 
153Gd 0 1656) l o~0•27 3 .,+0,9 5 1+1,3 I 43+0,37 

• • -0 38 • -1,3 • -I,8 • -0,5! 
I55Gd ) . 

0,304B 0,92+0,2! 3,2±0,7 3,8±0,9 I,04±0,22 
157Gd ) -0,33gI' I,IB+0,25 4,I+0,9 5,0+I,l I,26+0,27 
I68Er 0,339 - ) - ) - ) - 4,9+0,~ 4,6+0,~ 0,85+0,0s8 
I74Yb 0,317 - 6 7:;I re> 5 ~o 9e) O 8~0 14a) 
174Yb 

,_, ,_, . - . 
0,317 I,55+0,63 5,0+2,0 5,15+2,I 0,93+0,38 

176r.u ) - 2 ~l 53) 2 5+1 53) 0 6~0 303) o,29gl! -
I761u 0,29gl!) I,55+0,50 

,_, ,_, . - . 
4,9±,1,6 5,2±1,7 I,3±0,4 

I771u ) -
0,27J1! 2,4±!,0 7,2+3,0 7,6+3~2 I,9+0,8 

I78Ht - ) - ) I 20+0 253) 0,273 - 5,Bj:l,3R 4,8±1,oK . - . 
Ilp~etmlmfi: 3Ha'ielmll CTon6rta 2 H3 Stelaon P. et al. Nuclear Data, 

1965, v. 1, No 10 P• 21-102. 
a) He IIpHBe,IteHa OIIIH6Ra a6COJD>TJI3arim,;. 3Ha'iemm HS Raman s.

In:Neutron-Capture 1-Ray Spectroscopy and Related Tcipics 
1981. Inat.Phys.Conf.Series No62, 1982, p.357-374. 

6) ~2 152Gd, 
B) ~1 154Gd, 
r) ~ 156Gd, 

.It) Kahane s.et al.-Phys.Rev.,1984,v.JOC,No 3,p.2315-2328. 
e) Shahal o.et al.-Phys.Rev.,1982,v.250,No 3,p.1283-1295. 
lit) f,t 176Ht, , 

3) McCullagh C.M.et al.-Phys.Rev.,l981,v.23C,No4,p.1394-
140J. 

H) ~z. 178Ht 
R) Stefanon M.et al.-Nucl.Phys.l977,v.281A,No2,p.240-260 • 

o6~ea MO,ItenH, C1IOC06Hott OimC8Th noBe,IteHHe PC~ B IIIHpOROM ~anasoHe A, 
OXBaTHBalOliieM cqiep~ecKHe H ,tteqJOPMHJ)oBamme JI,lij)a, r.1te, HanpHMep, Hr
pan 6H po.m. napaMeTp .1te<I>op~. 

IO 

3alt7Ill'le_lffl_e_ 

Ha sa~y Bli,Il;Blll'aDTC.li Me.ztVJ)lllHe ocHomme pe3y.m.Tam, no~eH
HHe B ~ccepTarim,;: 

I. Paspa6oTaH MeTO.It onpe,1teneHHJ1 a6COJlllTH!iX HHTeHCHBHOCTeft 1-
nepeXO.ItOB, OCHOBaHH!tl!: Ha COlIOCTSBn8Hmt ~yx Cll8RTPOB no BpeMeHH npo
neTa, n~eHHHX O~OBpeMeHHo: cneR'l'pa SaxBaTa HeftTpoHOB H8~8MllM 
H30'1'01IOM H Cll8R'l'pa IIpOIIyCRaHH.11 H8!TPOHOB ~ep83 H80T01I, peI'HcTpHpye
MOro C lIOMOlltI,ll peaimira C 10i3. 

2. Bnepme HSMepeH!i a6COJIJJTH!i8 HHT8HCRBHOCTR p,!J,It!l {-nepexo,ItOB 
H3 peamnm ( n ,..1) Henocpe.!];cTBeHHo B pesoHaHCax .imep 14 7 • 49 Sm , 
154,I5~d • 17.l Yb a 175,176 Lu. _ 

· 3. Bnepme oII}'.)e.1:teneHa PC~ EI-nepexo.1toB B o6nacm El~ B n Hso-
TonoB 148 Sm• !53,155,157 Gd a 177 Lu. 

4. B B80'l'OIJaX 148 Sm• 174 Yb a 176 Lu BnepB!ie onpe,IteneHH PC~ 
O'l',It8JII.HO ,nJIJi ~yx 3Ha'i8HB! cmma peSOHaHCOB. B 8TJDC ~-IIpO,ItyRTax 
Ha~Ch B npe,1tenax 30% 8RC1I8PlllM8HTanhHO! norpeIDHOC'l'H COBM8CTB
MOC'l'h pesy.m.Ta'l'OB C '1'80p0'l'H118CKIIM npe~onolleHHeM O H888BHCBMOC'l'H PC~ 
oT cmma pesoHaHcoB. 

5. Ilo,ttTB8p3,It8Ha npm.teHHMOCTh MOJ:t8Jllt r.iroP C nopeimeBCRO! <Ix>P
MO! ,nJIJi .1tell>oIJMHPOBaHHWC BfeH I53,l55,I57Gd .- 174 Yb a I76,I77Lu • 

6. Ilo,ItTB8p3,It8HO B 4 ,r5o Sm Ha6JD.WlBJ]!88CJi paHee 8aHHllt8HB8 
sHa'ieHBJI PC~ ,nJIJi cqiep~ecxax HeMal'B'iecIGIX .imep no opaBHemm c npe,ttcxa
B8JDUDIJI 110,ItlD ARceM-BpBHRa IIpH 8RCTpalIOJIJlltHB r.lloP no nope~eBO
KHM IqlllBHM. Ilp8,JtJiara8'1'0Ji o6'wi:cHeBBe PC~ B B'l'HX JJ,lijl8X B p&maX oxmoa
mm Ka.D;MeHcxoro, Map:eymeBa a~-

7. Bnepme H8~8HB. peaxnim 156 Gd ( n ,1) 157Gd B HSOnHPOBaH
ma: pesoHaHcax. 0npe,IteJI8Hli 8H8PI'l!Ul H llpHB8f8Hml8 HH'l'8HCHBHOOTJ! 48 
nepmrnm.x nepexO,ItOB a 'i8'l'HOOTh 35 ypoBHe! 57 Gd • Ha KO'l'OP!l8 B,lzy'l' 

am nepm!11H1le nepexo,ItH. 
a. 06'I>8)tHH8BH8 pesy.m.Ta'l'OB mi~eHJ!IJI peaRitd 15fud ( n .1) 157Gd 

H 157Gd ( n, n I J) 157 Gd lIOSBOJIJIJIO J!I.It8HTBqJHIXHpoBa'l'I, 100 B'l'O~ 1-
nepexo,ItOB. Onpe,1teJI8HH 8H8PI'JUI H HH'l'8HCHBHOC'l'D 8TJDC_nepeXO.ItOB. 

Ha OOHOB8/83Y.!11,'1'8'l'OB mi~eHBJI 8TlDC peamnn,t npe~e'l'OJi HOBSR: 
0%8118 ypoBHel 15 Gd • B KO'l'OPYJ> BR.llIJ118HH IO nepmmna: H 78 B'l'Op:imooc 
nepexo.1toB. 

9. Ilpa aHaJDISe sHa'ieHd napJ:(llaJir.HHX ~atn!OHHHX ~• ROppenH
po:eamna: C :gJ)HB8,It8HHHMH H8!TpoHH!iMH IIIHPlffiBMH, B peatmKfD[ l Yb ( n ,1) 
174 Yb a 176 Lu 6i .1) 177Lu o6HapyiteHO HapymeBBe M8xaHH3Ma ~o! 
qipan(eHTainm r.naP no peaoHaHoaM ,nJIJi xoppeJIBpoBaHHHX nepexo.1toB; .Ium 
06'LJICHemtsl mtsROro 3Hall8HJ!IJI HeRoppe.mtpOBaHHO! tJaCTJ! PC~ ,nJIJi xoppeJIBpo-
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BaHHWC nepeXO,ItOB MO:lltHO npe~onODTD, ~TO BKJIB,It OT rn3p He BCer,D;a 

pacnpe~eneH xaoTHtmo no peaoHaHOaM. 
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