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BeeoeHue 

167 55 MUH 167 
ff3y11eHmo 6eTa· pacna,IJ;a Lu . Yb 6LIJIH nocn,1-

~eH_LI pa60TLI/l-3~ Ilo3HTPOHHLiii cneKTp 167 Lu uccne,IJ;oaan
cJI B 141 • liLinH nony'leHLI TaIOKe CBe,IJ;eHHJI O COCTOJIHBJIX 
167Yb , ao36y:>K,IJ;aeMLIX B peaKUBJIX 168 Yb(d, t) 167 Yb 151 

H l66Er(a,3n)l67yb /6[ B pa6oTe /7/ 6LifHH3MepeHLI Bpe
MeHa :>KH3HH ao36y:>K,IJ;eHHLIX cocTOJIHHii 1 7 Yb c :meprHJIMH 
78,67 H 178,9, K3B. IlpoBe,IJ;eH aHann3 caoiicTB ypoaHeii po
TaUHOHHOH nonocLI OCHOBHoro COCTOJIHHH. Onpe,D;eneHa,IJ;e· 
4'opMaUHJI OCHOBHOro COCTOJIHHJI 167Yb: o = 0,30± 0,04. 

Uen1,10 HaCTOJIIUeii pa6oTLI 6Lino nony11eHne 6onee non· 
HOH H TO'IHOH n114'opMaUHH O pacna,IJ;e 167 Lu H B036y:>K,IJ;eHHLIX 
COCTOJIHHJIX 167 Yb , a TaIOKe ycTpaHeHBe lleKOTOPhIX npo
THBOpe'IHH B HHTepnpeTaunn HH:>KHHX ypoaHeii 167Yb. M1,1 
H3y11anH cneKTpLI KOHBepCHOHHLIX 3neKTpOHOB, raMMa· 
ny11eu, raMMa· raMMa· coana,IJ;eHBii H cneKTpLI 3a,D;ep:>KaHHLIX 
coana,IJ;eunii npn pacna,IJ;e 167 Lu • 

YcA06U.R U pe3YAbTIIQTllbl 3KcnepuMeHma 

HloTon 167 Lu nony11ancs B peaKUHH rny6oKoro pac
~enneHHH TaHTana npoTOHaMH . C 3Heprueii 660 M3B Ha 
CHHXPOUHKnoTpoHe OHJIH B ,D;y6He. Ilocne BLI,IJ;eneHHJI cyMMLI 
naHTaHH,IJ;OB H xpoMaTorpa4'n11ecKoro pa3,IJ;eneHHJI nroTeunii 

. nO,IJ;BeprancJI Mace- cenapaunn. MOHOH30TOnHLie HCTO'IHHKH 
167 Lu HCnonL30BanHCh BO Bcex HaWHX onLITax 3a HCKnIO· 
'leHHeM 3KcnepHMeHTOB no H3y'leHmo KOHBepcHOHHLIX 
3.JieKTPOHOB c noMOIULIO 6eTa·cneKTporpa4'oa. B 3THX 3Kcne
pHMeHTax B Ka'leCTBe HCTO'IHHKa npHMeHHnacL CYMMa H30· 
Tonoa nIOTeUHJI, nony11eHHaJ1 npn xpoMaTorpa4'n11ecKOM pa3-
,IJ;eneHBH, c 6onee BLICOKoii aKTHBHOCTLIO no 167L~ . 
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M3y'IeHHe I<OHBepcHOHHbIX 3JieI<TPOHOB npoBOJJ,HJIOCb C no
MOIUbIO 6eTa·cneKTporpa<l>oB c noCTO.!IHHbIMH MarHHTaMH 
II OJJ,HOPOJJ.HbIM MarHIITHbIM noneM /R"' 0,05o/o/, a TaIOKe 
C noMOIUbIO cneKTpOMeTpa C Si (Li) - JJ,eTeKTOPOM, noMe
meHHblM B OJJ,Hopo~noe MarHHTHOe none JJ,JIH noHHX<eHHH <l>oua 
OT raMMa-ny1.1eii 81 . Pa3peweuue JJ.eTeKTopa cocTawumo 
2,8 K3B Ha JIHHHH K401,25 K3B 

167 Lu . raMMa•Jiy"IH HCCJie• 
JJ,OBaJIHCb C nOMOIUbIO Ge (Li) - JJ,eTeKTOpOB C "IYBCTBHTem .. -
HbIMH 061>eMaM11 1, 37 H 41 CM 3• Pa3peweHIIe B 11aw11x OilbITaX 
COCTaBJIHJIO 0, 93 K3B ua JIIIHHH y - 213 JJ,JIH JJ,eTeKTopa 1 CM 3 

II 2,5 H3,1 K3BHaJIHiiHH y·l267JJ.JIH JJ,eTeKTOpOB 37 II 41 cM 3 

COOTBeTCTBeHIIO. 
IIorpewuocTH B onpeJJ,eJieIIHH 3<l>cl>eKTHBHOCTll perHCTpa

IUIH raMMa·nrrnii ne npenL1wamI 3o/o. Ilp11 onpeJJ,enemrn 
3HeprHii raMMa-ny1.1eii ObIJI IICilOJib30BaH l,teTOJJ., onucamihIH 
B /3/ . CneKTpLI y -ny<rnii OhIJIH 06pa60Ta11w ua 3DM 
"MuncK· 2" n "GIER" c nOMOIUhIO cTa11JJ,apT11bIX nporpaMM. 
IlonyqeHHble pe3yJibTaTLI O 3HeprHHX nepexoJJ,OB H HIITen
CHBHOCT SIX raMMa • ny1.1eii H ICOHBepCHOHHbIX 3JieKTPOHOB npeJJ, • 
cTannenL1 n ma6A. 1. ,D;nn onpeJJ,eneuna 3na1.1enuii KBK au
TencanaocTH raMMa-nyqeii H I<OHBepcHOHHblX 3JieI<TPOHOB 
J3 Tlla6A. J npHBeJJ,eHbl K OJJ,HHM eJJ,HHHl.(aM npH HCilOJib30BaHIIII 
TeopeTH"leCKIIX 3Ha'LJ:eHHH ak/Ml/ JJ,JIH raMMa·nepexo.D,OB 
213,29 H 401,25 K3B. 06napy:>KeHO CBbIWe 400 nepeXOJJ,OD, 
no31111Ka1omux npu pacnaJJ,e 167 Lu, B 225 cnyqaaxI p~flqeuw 
CBe.D,eHHH 06 HX MYJibTHilOJibHOCTHX. ,D;o CHX nop 6wno 
Il3BeCTHO 80 rrepeXOJJ,OD, II JJ,JIJI 40 H3 HIIX onpe.D,eJieUbl 
MYJibTHilOJILHOCTH. 

ConnaJJ,eHUH Me:>KJJ,Y y • 1rna11TaMH HCCJieJJ,OBaJIHCb C no· 
MOIUblO JJ.BYX Ge ~Li) - JJ,eTeI<TOpOB C 'LJ:YBCTBHTeJibllbIMH 
06'heMaM11 40 CM II pa3peweuueM 2,5 K3B ua JIHHHH 
239 1<aB. ,[l;ByxaJJ,pec11L1e KOJJ.bl connaJJ,e1mii OT JJ.BYX 4096-
KaHaJibHhIX npeo6pa30BaTeneii aMnJIHTyJJ,a - KOJJ. 3anHCb1Ba
JIHCb ua JJ.HCKH 3BM Hp-2116C H nepenHcwnanHch ua Mar
HHTuwe JieHTbI. BpeMeHHOe pa3peweHHe CXeMbl connaJJ,eHHH 
COCTaBJIHJIO 20-30 HC. CxeMa Il03BOJIHJia perHCTpnponaTb 
connaJJ,eHHH, Ha'LJ:HHaJI C 3HeprHii raMMa·KBaHTOB -25 K3B. 

Pe3yJILTaTw coBnaJJ,eHHH npeJJ,cTaBJieHLI B ma6A. 2. ,D;na 
n3y1.1eHHH 3aJJ,ep:>KaHHhIX connaJJ,eHHH obma HcnoJib30BaHa 
KOM6HHal(HH JJ,eTeKTopon Ge(Li) /41 cM 3/ H Nal (Tl) 
/40 X 40 MM/. Pe3yJibTaTbl H3y"leHHH COBilaJJ,eHHH 3anncw-
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Banach c noMOIUbIO 3BM Hp 2116C TaKHM :>Ke o6pa3oM, 
KaK H B cny1.1ae He3aJJ,ep:>KaHHhix connaJJ,eHnii. IlepBwii aJJ,pec 
COOTBeTCTBOBaJI aMnJIHTYJJ.e HMnynbca Ge (Li) - JJ,eTeKTopa, 
BTOpoii aJJ,pec - npeMeHH 3aJJ,ep:>KKH C KOHBepTopa aMnJIHTy
JJ,a • BpeMH. 3anycK cxeMbl connaJJ,eHHH npoH3BOJJ,HJICH OT 
HMnynbcon JJ,eTeKTopa Nal(Tl). Ilpn copTHPOBKe connaJJ,eHHii 
BblOHpaJIHCb OKHa KaK Ha OCH aMnJIHTYJJ., TaK H Ha OCH npe
MeHH no ooeHM CTOpOHaM OT nHKa OblCTPbIX COBilaJJ,eHHH. 
Ilo npeMeHHOMy aHaJIH3Y cneKTl)OB 3aJJ,ep:>KaHHbIX COBnaJJ,e
HHH 6wn 01.(eHeH nepHOJJ. nonypacnaJJ,a COCTOHHHH 188,7 K3B 

/1/2 -;: T ½ "" 23 HC, a TaK:>Ke COCTOJIHHH 571,6 K3B/ll/21: 

T½ "" 180 11c. C nepnoJJ,oM nonypacnaJJ,a T ½ "' 23 He 
CBH3aH nepeXOJJ. y 188,66, a c T½ "' 180 HC Y-nepeXOJJ,bl 
385,68; 392,67; 513,1 K3B /pa3pH)KaJOmHe yponeHL/ H 784,8; 
1376,1; 1379,5 H 1426,9 K3B /3aceJIHJOIUHe yponeHb/. B 
cneKTpax 3aJJ,ep)KaHHbIX COBnaJJ,eHHH npOHBJIHIOTCH TaK:>Ke 
raMMa-nyqu 29,7 K3B. BpeMeHHOH aHaJIH3 noKa3bIBaeT, 
"ITO HX HHTeHCHBHOCTb cnaJJ,aeT C nepHOJJ,OM nonypacnaJJ,a 
"'17 HC. TaK KaK JJ,JI.11 CTOJib Manoii 3HeprHH raMMa· KBaHTOB 
HeJib.3.11 HCKJIJO'LJ:HTb BJIH.IIHHe annapaTypHbIX 3<l>cl>eKTOB, TO 
MO:>KHO JJ,aTb B 3TOM cny1.1ae JIHWb BepxHHH npeJJ,eJI nepHOJJ,a 
nonypacnaJJ,a COCTO.IIHH.11 29,66 K3B: T ½ ,:::; 20 HC. 

4 167 
CxeMa pacnaoa Lu 

Ha OCHOBe HMeromuxc.11 3KCnepuMeHTaJibHbIX JJ,aHHbIX ObIJia 
nocTpoeHa cxeMa pacnaJJ,a167 Lu, H3oopa)KeHHa.11Hapuc. Ja,6. 
BJ,JHJJ,y: :OQJibWoro KOJIH"leCTB1a nepeXOJJ,OB H, CJieJJ,oBaTeJib • 
HO, 6oiILwoii Bepo.HTHOCT:H . cny1.1aiiHhlX CYMM HX 3Hepruii 
B CXeMy pacnaJJ,a BKJIJO'IeHbl JIHWb Te COCTO.IIHH.11, cymecTBO· 
naHHe KOTOpbIX noJJ,TBep)KJJ,eHO OilbITaMH no raMMa- raMMa
COBnaJJ,eHH.IIM. IlpH HHTepnpeTal(HH COCTO.IIHHH o6pamanocb 
BHHMaHHe TaK:>Ke Ha pe3yJibTaTbI, nony1.1eHHbie B pa6oTax 
no .IIJJ,epHhlM peaKl.(H.IIM /5,6/. lfa 400 OOHapy)KeHHbIX y·nepe
XOJJ,OB B cxeMe pacnaJJ,a pa3MemeHo 143. CyMMapHa.11 HHTeH
CHBHOCTb pa3MemeHHbIX nepeXOJJ,OB COCTaBJI.lleT -75o/o OT 
HHTeHCHBHOCTH ncex y -nepeXOJJ,OB. Ilo cpaBHeHHIO c pa6o
TOB A6JJ,ypa3aKoBa H JJ,p. /3/ HaMH 6blJIO BBe,L{eHo 15 HOBhlX 
cocTo.HHHii 167 Yb . CymecTnoBaHHe ypoBHeii c 3HeprH.HMH 
67,37; 179,79; 601,0; 614,1 H 1507 K3B, yKa3aHHblX n / 3/ 
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He no,nTaep)K,naeTCH. CnHH I = 7 /2 OCHOBHoro COCTOHHHH 

MaTepHHcKoro .a,npa 167 Lu 6Lin onpe,neneH 3KcnepHMeHTam, -

HO /lO/. Ilo aHanorHH C ,npyrHMH H30TonaMH JllOTe:UHH, a TaK

)Ke no pe3yJihTaTaM pa60Thl Ill/ OCHOBHOMy COCTOHHmo
167·Lu 

MO)KHO O,nH03Ha'IHO npHnHcaTh HHJlhCCOHOBCKHe xapaKTepHC

THKH 7/2 +/404/. 
CornacHo onhITaM no 6eTa-pacna,ny 

167 Yb1121 
H peaK

UHHM 168Yb ( d, t) 167Yb / 5/, OCHOBHOMY COCTOHHHIO 167Yb 
cne,nyeT npHnHCaTh KBaHTOBhie xapaKTepHCTHKH 5/2 - /523/. 
B HaWHX onbITax, KpoMe COCTOHHHH 78,67 1112-1, 278,88 
/9/2 -; ' ycTaHOBJieHHbIX B pa6oTax / 3 ,5 ,61 'o6Hapy)KeH 'IJieH 

poTa:UHOHHOH nonOChl OCHOBHoro COCTOHHHH co cnHHOM I = 
= 11/2 H 3HeprHeii 301,5 K3B. TaKoii )Ke ypoaeHh ycTaHoa

neH H3 pacna.na 167 Lu ,IJ;e EypoM, o 11eM coo6maeTc.a B pa-

6oTe llHH,n6na,IJ;a 16/, KOTOphiii Ha6ruo.nan H HeKOTOpble 6onee 

BbICOKHe COCTOHHHH noJIOCbI 523+ BnJIOTh .no cnHHa 25/2. 
B03MO)KHO, 'ITO npH 6eTa-pacna,ne 

167 Lu B036y)K,IJ;aeTCH 

H poTa:UHOHHoe' COCTOHHHe 13/2- 5/2 /523/ c 3HeprHeii 

442,4 K3B, pa3pH)Karomeec.a c 3HeprHeii 263,5 K3B /111a611. 1/ 
Ha ypoBeHh 178,9 K3B /9/2- /. 

HaWHMH onhITaMH nO,nTBep)K,naeTCH cymeCTBOBaHHe 

COCTOHHHH 188,7/1/2/, 258,5 /3/2-/, 278,2 /5/2 -;, 440,7 
/7 /2 7 H 477 ,5 /9/2 7, KOTophxe H,neHTHCl>HUHpoaaHhI A6.ny

pa3aKoBhIM H ,np. / 3 / KaK 'IJleHhl BpamaTeJlhHOH nonO.Chl 

1/2-/521/. Onpe,neneHHe nepHo,na nonypacna.na ypoBHH 

188, 7 K3B. I T ½ "" 23 He/ no3Bon.aeT BLI'IHCJIHTh q>aKTop 

3a,D;ep)KKH F /J!nbic~17) "' 0,66. ,Un.a aHanorH'IHOro nepexo,IJ;a 
165 /13/ 

B coce,nHeM .a,npe 97 Er 68 nony11eHo 3Ha'leHHe FN = 0,5 . 
3HeprHH nepe'IHCJieHHhIX COCTOHHHii Haxo,nHTCH a xopoweM 

cornaCHH co 3Ha'leHHHMH 3HeprHii COCTOHHHH nOJIOCbl C K = 
= 1/2, Bbl'IHCJieHHbIMH no npoCTOH poTa:UHOHHOH q>OpMyne 

c napaMeTpoM HHep:uHH . A= 13,7 K3B H napaMeTpoM pa3-

BH3KH a = 0, 71. 3KcnepHMeHTaJibHOe 3Ha'leHHe napaMeTpa 

a 6JIH3KO HHJlbCCOHOBCKOMY 3Ha'leHHIO a N= 0,8 /JI.JIH .neqiop

Ma:UHH o = 0,2 - 0,3/, a napaMeTp HHep:UHH cne,nyeT o6meii 

CHCTeMaTHKe ,nnH COCTOHHHH 1/2-/521/ a .a,npax c 97 Heii

TpoHaMH /cM. puc. 2/. Cne,nyeT, O,nHaKO, OTMeTHTb, 'ITO .. 

npH HHTepnpeTa:UHH ypOBHH 440,7 K3B /7/2 -; KaK qneHa 

poTa:UHOHHOii noJIOCbl 1/2 - /521/ HeJib3H o6'bHCHHTb aHOMaJib

HO 60JibWOe OTHOWeHHe HHTeHCHBHOCTeii nepexo,noB 
1 y 182 /Ivl62=41~JZ, pa3p.a)Ka10JUHX cocTOHHHe 440,7 K3B 
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Ha YPOBHH' 258,5 /3/2/ H 278,2 K3B /25/2 - /TOii )Ke nonocbl. 

0 6onee CJIO)KHOH CTpyKType 3Toro COCTOHHHH CBH,neTeJib

CTBYeT, BepOHTHO, H q>aKT 3aceneHHH ero HHTeHCHBHbIMH 

y-nepexo.naMH c YPOBHeii c K ~5/2. 167 

B o6nacTH HH3KHX 3HeprHii B036y)K,neHHii Yb ,nOJI)KHbI 

peanH30BaTbCH o.nH011aCTH'IHbie COCTOHHHH THna 521 t H 512t. 
KaK BbITKaeT H3 pac11eTa1141, C HaH6onee BbICOKHMH 3Ha11e

HHHMH nap:uHaJILHbIX ce11eHHii B peaKUHH168Yb( d, t)i 67 Yb 
,nOJI)KHbJ B036y)K,naTbCH ypOBHH H 1/2 1/2 - /521/, 3/2 
3/2 - /521/ H 7 /2 3/2 7521/. B pa6oTe E3pKa H ,np. / 5/ 
BbICOKHe 3Ha'leHHH ce11eHHH Ha6ruo,naJIHCb npH B036y)K,neHHH 

YPOBHeii c 3HeprHHMH 187, 212, 316 H 566 K3B. IlpH pacna,IJ;e 
167 Lu Ha6ruo,nalOTCH 6JIH3KHe no 3HeprHH COCTOHHHH: 188, 7 

/1/2 /, 213,2 /3/2 7, 317,5 /7 /2 -; H 571,6 K3B /11/2 -/. 
EcTeCTBeHHO npe,nnOJIO)KHTb, 'ITO npH 3HeprHH 213,2 K3B 

ocy~eCTBJIHIOTCH KBaHTOBbie xapaKTepHCTHKH 3/2 3/2-
/521/, a npH 3HeprHH 317,5 K3B - xapaKTepHCTHKH 7/2 
3/2-/521/. B pa6oTe /

3/ COCTOHHHIO 213,2 K3B 6bIJIH npe,n

IlOJIO)KHTeJibHO npHnHcaHbI KBaHTOBble xapaKTepHCTHKH 5/2 
5/2-/521/, 'ITO npOTHBope11HT KaK pe3yJibTaTaM H3y'leHHH 

(d' t} -peaKUHH, TaK H cnoco6y pa3p.R,nKH COCTOHHHH 

213,2 K3B. K poTa:UHOHHOH nonoce 3/2- /521/ npHHa,nJie)KaT, 

no-BH,IJ;HMoMy, TaK)Ke· H ypoBHH 239 ,2 K3B /5/2 - / H 419 ,6 1<3B 

/9/2 - /, o6Hapy~eHHLie y)Ke B / 3/ , H ypoaeHb 553,4 K3B 

/ 11/2 -; , BBe,neHHblii Ha OCHOBe HaWHX .naHHbIX. 3HepreTH

'leCKBe paCCTOJIHBJI Me)K,ny YPOBHJIMH 3TOH nOJIOCbI HeB03MO)K

HO, O,nHaKo, onHcaTb npocToii P0Ta:UB0HHOiiq>opMynoii.IlpH'IH

HOH MO)KeT 6bITb B3aBMo,neiicTBHe KopHOJIBCa, B nepByw 011e

pe,nb, CBJ13b Me)K,ny C0CT0JIHHHMH nonoc 3/2 - /521/ H 5/2 -
/512/. 

YpOBHH 308,5 K3B /5/2 / H 411,0 K3B /7 /2 -; MO)KHO 

HHTepnpeTHpOBaTb KaK 'IJieHbl POTa:UHOHHOH nOJIOCbl 5~-:2-
/512/' 'ITO He np0THBOpe11HT ,naHHbIM no peaKUHH (cl ,t) / I • 

IlpH HCnOJib30BaHHH MeTo,na KepMaHa .nn.a pac11eTa 

CMeWHBaHHJI nonoc 3/2 -/521/ H 5/2 1512/ 6Lmo nony11eHo 

cornacHe C 3KCnepHMeHTaJibHbIMH 3Ha'leHHHMH 3HeprHii ne

pe'IHCJieHHbIX BhIWe COCTOHHHii B npe,nenax I ~EI= 3,5 K3B 

c napaMeTpaMH A= 13,1±0,05 K3BH APk k'Rk k-<klj+lk".>= 
=14,1±0,5 K3B. IlpHHHMaJI 3Ha'leHit:e q>aKTOpa napHbIX KOp

peJIHUHH Pk k'"'0,63 H TeopeTu11ecKoe 3Ha11eHHe <klj +lk'> = 
= 3,64, pacc:11HTaHHLie noHunLccoHy,nn.a,neqiopMa:UHHo =0,3, 
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Mhl nony~aeM .nm1 tl>aKTopa ocna6neHHH 3Ha'leHHe R k,k,"' 
== 0,56. 

B3aHMo,neiiCTBHe KopHOilHCa Me:>tC,ny nonocaMH 512 t H 

521 t , K0T0pblM M0:>tCH0 06'1.HCHHTb 3HeprHH HX COCTOHHHH, 
npHB0.IJ;HT TaK:>tCe K HX CHilbH0My CMeWHBaHmo. Ilo HawHM 
pac'leTaM, aMnilHTY.IJ;hl o6eHX K0Mn0HeHT B C0CTOHHHHX c 

I = 5/2 /219,2 H 308,5 K3B/ H c I = 7/2 /317,5 H 
411,0 K3B/ 6nH3KH ,npyr K ,npyry. 3To, o,nHaKo, He no.n-
TBep:>tC.D;aeTcH .naHHhlMH 0 napn;HailbHblX Ce'leHHHX B036y:>tC,ne
HHH C00TBeTCTBYJOID;HX ypOBHeii B peaKIJ;HH (d, t) /S/ , H no-

3T0MY Bonpoc HHTepnpeTaIJ;HH .IJ;HCKYTHpyeMblX COCTOHHHH 
0CTaeTCH 0TKpblTblM. 

O6Hapy:>tCeHHhlii HaMil ypoBeHL 571,6 K3B /11/2 - / M0:>tCH0 
0.IJ;H03Ha'IH0 0T0:>tC,neCTBHTb C op6HTailblO 11/2 -/505/. 3Ha
'leHHe ero nepHo,na nonypacna.na T½ == 180 Hc - Toro :>tCe 
nopH,nKa, 'IT0 H y aHanorH'IHhlX COCTOHHHH B B,npax 163 ,165 Er 
3TO C0CT0HHHe Ha6Ill0,nanocb, n0-BH.IJ;HM0MY, TaK:>tCe B onbnax 
no (d, t) peaKIJ;HH /ypoaeHL c 3HeprHeii 566 K3B/ 151 , H ero 
poTaIJ;H0HHaH nonoca 6blna H,neHTHti>Hn;HpoBaHa B 16 1 . 3Hep
rHB 0CH0BH0ro C0CT0HHHH noil0Cbl 505 t 0CTanacb B pa6o
Te 161 HeH3BeCTHOH. 

PoTaIJ;HOHHaH nonoca COCTOHHHH C nono:>tCHTeilbHOH 'leT
H0CTblO H3y'lanacb no.npo6HO JlHH,n6na.!\OM 161 . B pa6oTe / 3/ 
6blilO YCTaH0BileH0, 'IT0 npH pacna.ne 67 Lu B036y:>tC.IJ;alOTCH 
'lneHhl noii nonochl c 3HeprHHMH 29,66 /5/2 + /, 33,91 /7 /2 +; 

+ 
H 58,54 K3B /9/2 /. HaMH 6hlnH o6HapY:>tCeHhl TaK:>tCe cocToB-
HHH 125,9 ;11;2+; H 186,0 K3B /13/2+ /. B pac'leTax, 
B K0T0PbIX Y'IHTbIBanocb B3aHMO,neii:CTBHe KopHOilHCa Me:>tC,ny 

'lneHaMH MYilbTHnneTa no,no6ono'1KH i 13/2 H 6LmH HCnonb-
30BaHbl ,naHHbie 06 3HeprHHX YPOBHeii C nono:>tCHTeilbHOH 
'leTH0CTblO, Mbl nony'IHilH ,nnH 3HeprHH BT0poro C0CT0HHHB 
c I = 7 /2 + 3Ha'leHHe -500 K3B. Ero ,noMHHHpyroIIJ;aH KoM
noHeHTa - 7 /2 + /633/. 3To C0CT0HHHe M0:>tCH0, no-BH.IJ;HM0MY, 
0T0:>tC,IJ;eCTBHTb C Ha6nIO,naBWHMCH HaMH ypoBHeM 430,9 K3B 
/7/2 +;. 

HeKOTOpble CBOHCTBa paCCM0TpeHHblX 0.IJ;H0'laCTH'IHhlX; 
C0CT0HHHH H HX poTaIJ;H0HHblX nonoc CYMMHp0BaHbl Ha puc. 2,3 
H B ma6A. 3. Puc. 2 HilillOCTpHpyeT xo.n napaMeTp0B HHepn;HH 
A= h 2 /21 COCTOHHHH 1/2 -/521/ H 5/2 -/512/ .IJ;IlH H,nep 

C 'IHCil0M HeiiTpOHOB N = 97 B 3aBHCHM0CTH OT HX Macco
Boro 'IHCna. IlpHBO.IJ;HTCH TaK:>tCe 3Ha'leHHH A .nnH coce,nHHX 
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161Gd 163oy 165Er 167yb 169Hf 
Puc. 2. JlapaMempbl uHept1uu cocmo.RHUil 1/2-/521/ u 5/2-
/512/ e .Ropax c 'IUCAOM HeilmpoHoe N = 97. Ha eepxHeil 
Kpueoil - 3Ha'leHu.R OA.R coceoHux <1emHo- <1emHblX .Roep. 

" 

'leTH0-'leTHbIX B,nep. Ha puc. 3 noKa3aHhl 3HeprHH 0,IJ;Ho
qaCTH'IHblX COCTOHHHH no 0TH0WeHHIO K YP0BHIO <I>epMH 
/523 ,j, / B g,npax C N = 97 B 3aBHCHM0CTH OT HX MaCC0B0ro 
'IHCna. BH.IJ;HO, 'IT0 K~K 3Ha'leHHH A, TaK H pa3H0CTH 3HeprHii 
cocTOHHHii ,nnH g,npa 

67 Yb cne,ny10T o6IIJ;eMy xo,ny. B ma,
1
6A.3 

npHBe,neHbl on;eHKH 3KCnepHMeHTailbHhlX 3Ha'leHHH 0THowe

HHH s2 = ( g k- gR/QJ2 .nnH poTal.{H0HHhlX nonoc 0.IJ;H0'laCTH'I-
HhlX COCTOHHHH B 

167 Yb. · 
HaKoHen;, o6cy,nHM CBOHCTBa HeK0T0pblX 6onee BhlC0KHX 

COCTOHHHH, npHBe.neHHblX Ha puc. 16. YpoBeHb 788,4 K3B 
C B03M0:>tCHhIMH KBaHT0BhlMH xapaKTepHCTHKaMH 7 /2 - HilH 
9/2 - pa3pjJ)KaeTCH E2-nepexo,naMH Ha YP0BHH poTal.{HOHHOH 
nonocbl 0CH0BHoro C0CT0HHHH, 'IT0 Morno 6bI CBH,neTenL
CTB0BaTb 0 raMMa-BH6paIJ;HOHHOM xapaKTepe ( 523,1, +Q (22)) 
3T0r0 ypoBHH. B TaK0M cnyqae 3Ha'leHHe ero cnHHa .D;0il:>tCH0 
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Puc. 3. 3Hepzuu oOHO'lacmu'IHblX cocmoJJHUU no omHoweHu10 
K YPOBH10 <PepMU OAJI JIOep C N = 97. 

6blTL 912. AHanorH'IHLie COCTO.IIHH.11 Ha6mo.n;aIOTC.II a coce.n;
HHX .11.n;pax npH6nH3HTenLHO Ha TaI<OH )Ke BblCOTe. 

YpoBeHL 1267 ,4 K3B 1512 + HilH 712+1 6bln BBe.n;eH Ha 
OCH0Be Toro, 'ITO He 6Lmo o6Hapy)KeHO coana.n;eHHH c O'leHL 
HHTeHCHBHbIMH raMMa-1rnaHTaMH 1267 K3B. 3ToTypoBeHL 
3acen.11eTc.11 HHTeHCHBH0 nyTeM 6eTa-pacna.n;a I log ft = 6,21, 
H ero pa3p.11.n;Ka npOHCX0,!l;HT 3aMeTHO IlHWL Ha nepBLie ,!l;Ba 
YPOBH.11 nonocbl 523. . 

COCTO.IIHH.11 c 3Heprueii 1947,6 l9l2+I, 1951,3 l9l2 +I, 
1952,9 1512, 112+1 H 1998,4 l9l2 +1 K3B 3acen.HIOTC.II nyTeM 
6eTa-pacna.n;a co cpaBHHTenLHO HH3KHMH 3Ha'leHH.IIMH log ft': 
5,9; 5,9; 5,9 u 6,0 C00TBeTCTBeHHO. 3Ha11eHH.II log ft oue
HeHbl B npe.n;nono)KeHHH, 'IT0 HHTeHCHBHOCTL raMMa-nepexo
,!l;0B B OCHOBHoe COCTO.IIHHe 167 Yblpuc. laH 161 COCTaBn.HeT 
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1OO0/o pacna.n;oa 167 Lu . IlpH 3TOM HHTeHCHBHOCTL raMMa
ny11eii 239,0 H 239,2 paaHa 19,7 ±l,7lo/o Ha pacna.n;. Bo3-
MO)KHO, 'ITO Bee OHH co.n;ep)KaT npHMeCL 11neHOB TpexKBa-
3H'laCTH'IHOro MynLTHnneTa - Irr l523 t , 404,. I v 1523 .i. I I. 
Ilo pac11eTaM ConoaLeaa /ls/, 11neH c K 17 = 9,2 + .n;oil)KeH 
peanu3oaaTLc.11 a 167 Yb npu 3Hepruu -2 M3B. HHTepecHo 
OTMeTHTL, 'ITO B 11eTHo-11eTHOM .11.n;pe 166Yb .D:BYXKBa3H'lac
TH'IHOe COCTO.IIHHe lrr4O4i + rr523.i.l c KTT = 7-, Ha6mo
.n;aaweec.11 ,D;e EypoM H .n;p. 1161 , uMeeT 3Hepru10 2233,2 K3B 

Hero 3aceneHHe H3 6eTa-pacna.n:a 166Yblrr4O4.i.+ v523.i.l 
K 17= 6- npoucxo.n;HT c log ft = 4,7. CyMMapHa.11 aepo.HTHOCTL 
6eTa-pacna.n;a 167 Lu 1404+1 Ha ypoBHH 1947,5; 1951,3 H 
1998,4 K3B C 117 = 912 +COOTBeTCTByeT 3Ha'leHHIO logft = 5,2. 

Bo BpeM.11 no.n;roT0BKH HaCTO.Hllleii pa60TLI K ne11aTH CTanH 
H3BeCTHLI pe3ynLTaTbl u3y11eHu.11 pacna.n;a 167 Lu E.MeiiepoM, 
<l>.,D;e EypoM H II.roy.n;cMHTOM. Pe3ynLTaTLI 3Toii pa60TL1 
B 0CHOBHOM COBna.n;aIOT C HaWHMH. ABTOpbl npH3HaTenLHbl 
<l> . .n;e Eypy 3a npe.n;ocTaBneHHe CBOHX pe3ynLTaTOB .n;o BX 
ony6nHKOBaHH.II. 

B 3aKillO'leHHe aBTOPLI C'IHTalOT CB0HM npH.IITHLIM .n;onroM 
no6naro.n;apHTL H.A.Jle6e.n;eaa, r .Eaiiepa u O.KHoTeKa 3a 
npoae.n;eHue pa.n;uoxuMu11ecKux onepau;uii, H.H.rpoMoay 
H M .JIXHMa 3a BLI.n;eneuue HCTO'IHHKOB Ha Mace- cenapa Tope, 
X.r.OpTnerrna ·3a ~ana.n;Ky H3MepuTenLHoii annapaTypbl H 
M.H.<l>OMHHLIX H M. qHraKOBY 3a IlOMOillL, OKa3aHHYIO npH 
pa6oTax ua 3BM "MHHCK-2". 

13 



1 i l 4 :z § 2 8 
100,22(2) 8,4(12) 10(3) 1~0 9,0 7,7 41,5(80) l!l2+(4,0;t2.o,-1 
100,70(3) Z,1(.9) 1Q(3) 1,0 C. C. 14,5(5.0) (K1). 

Ta6111~ I. 3Hepr■■ uepexoAOB I IBT8HCIJIBOCTel rmaa-~e• I 102~08(2)} 28(7) 5,2 0,77 C ~,4(so) 111+c2,8~:2:Hm2 
I KOHBep010HHHX 8J18KfPOHOB up■ pacll8,lle IG?Lu 102;56(2) 16,5(30) 24 _(7) 4;1 0,77 C 38(7) 111+(4,7;!:2,0)"82 

111,10(5) <2 1,8(4) - - - 2~0(5) 

!Lr !Li IL3 . Ill 120,31(3) 24~7(14) 3,1(7) 0,5 ~o,13~0,10 28,5(30) :11 EK3B 1, IK lqJII,'f. . 
122,63(4) <2,6 1.0(3) - - - ...... 4 

I 2 3 4 5 6 7 8 123,19(3) 13,1(13) 15(4) 2,6 ~o,26 - 31(5) 111(+112) 

121;~(7) 10~0(11) - C - - (•20) 
19,4(1) - - ~14,0 -5,0 - -.30 -

132,~8(4) 1,0(3) - (-2 ) - - -19,68(2) - - ~1,5(Iir) - - -¢0) - 131,84(3) 10,5(15) 9(2) C ...... o,oa<o,oa 22(4) 111+:12 
20, 19(.3) - - .3,9 -2,6 < 2,6 40(8) :11 

138;7(2) ... 5 
21, 16(.3) - - 4,6 2t1 .< 2,0 10(.3) 111+co,~•J>82 139,68(3) - 2,3 2,0(4) - - - 5(1) 111 ' . 
24,6.3(1) - - 111 90 10.3 404(70) 111+(2,4±0,6)82 144;97(3) 4j(2) 3,6(8) 0,26 <0,13 - 47(3) B1 
25,98(2) - - 6 5,4 ~.3 20(6) 111+CJ,~:f>82 151;96(2) 5,8(17) 3,9(8) 0,54 C - 10,5(25) 111(+E2) 

60(10) 111+(0, 61;0,2)82 159;15(2) - o,8 0,5(1) - - - -1-5 111 26,2.3(1) <8 - .31 1,1 .3,8 
34 80(15) B2 160,49(2) 7,3(16) 3,6(8) C - - 11~8(20) 111+:!2,o,512 28,88(1) - - 0,5 34 

16~,~(4) 1,0(3) 1,3(3) o,oa~o,oa 3,0(10) 111(+B2) 29,66(1) 420(.36) 124 9.3 129 881(150) Bt C -
178,87(4)} 11,3(20) 1,0 1,65 1,78 67(10) E2 

.3.3,50(3) - - 3,t 6,5 2,6 16(4) 111+<~:~82 179,69(4) 59,o(.)6) 2,3(5) - - - -13 
3.3,91(1) 81(8) - .36 26 39 216(45) :11 1so;34(4) 10(3) • 2,3(5) C 0,3 0,3 12,5(40) E2 
36,79(.3) ~t,3 - t,8 -0,4 -0,4 •.3 Kt+ ( 1.0.t,0,8)82 182;07(4) 41(28) 8,8(20) 0,77 1,112 1,3 53,6(60) B2 
37,70(.3) ~0,8 - o,8° 13 13 34(7) B2 1~,61(5) -4 -0,25 - - - ~4,5 :Z1 
39,33(4> ~o,8 - 1,5 C - -2 - 188~66(5) 48,e(24) 10(2) 0,72 1,23 1,6 63(7) :12 
44,77(2) <80 - 1,1 3, 1 4,6 60(12) Et 194,~(4) •4 r,oca, - - - -5 111, E2 
45,35(10) - - 10 1,6 - .20 - 197,80(5) - 5 I,0(3) - - - -6 E2(+111) 
49,02(2) - - 4,6 2,6 3, t .39(5) :S1 199;12(5) 2a,oc34, 1 a,cc a> 0,31 0,52 0,44 27,5(45) l!l2 
57,60(2) - - 9 ~4 ~7 ,! 22 (Bt) 201,56(5) 5(2) 0,5(2) - - - 5,6(22) (E2) 

30(9) 8 0 202;9(5) a,ocrs, 40,5 - - - ... 4 B1 1 l!l2 57, 78(2) - - 9,3 81 2 .3,9 111+(9,54!0>82 
205,45(10) 11,5(15) C - - - ~12 59,40(2) - - 2,0 ~0,4 - .3(1) (111) 
206,4(1) - 0,1(3) 60,98(2) - - ~0,02 0,12 0,12-0,.3 (B2) 
209;56(10) 20(3) C - - - ... 21 

67,37(2) 11,9(14) - 17 5,9 8,5 154()0) llt+(81 2;t.4,.3)"82 
213~19(4) 86(5) 31(6) 4, 13 0,41 ~, 1 122(12) MI+!!:c3%E2 

69,83(2) t0.8 - 0,77 7,7 6,5 26(4) :12+ (2t;t,7),art 
222,79(4) 27,1(15) 2,8(5) o,68 1,1 0~69 33,3(25) E2 

78,33(2)} 52,5(25) 88(25) 26 4,.3 2,1 144(30) 111+2,3 "82 
229~78(4) 26,5(15) 6,5(13) 0,91 <0,15 - .34,3(30) 111 

78,67(2) 65(18) 0,8 129 129 475(80) :12+~4,5 ,., 
232,12(4) 5,3(13) o,76(15) 0,16<0,16 - 6,3(I5) 111 + E2,E2 

89,49(2) 3(1) 4,1(10)-0,26 3,1 2,6 10,6()0) :S2 
235,9(4) 22,7(30) 2,0(4) o,43 o,46 o,4 24,5(40) B2 92, 05(7) 5(t5) - - - - E-30) - 239,0(1)} 237(10) 5,4(10) 0,77 o,~1<.o,oa 28(3) 111 95,27(2) 6.2(12) 38(10) .3,4 0,52 o,tJ 4.3,5(t)O)K1+2,5 82 
239,22(4) 57(10) 8,4.J o,8 < o, 1 295(22) 111 
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1 2 l 4 ~ 6 2 8 
:SuaB · Ir 1r10 111.nt. :l.rx3B It 1r10 xy.n:r. 

240,8(2) 5(2) 1,3(3) - - - e,6(3o) 111 
242,8(2) 1 2 3 4 1 2 3 4 14(2) C - - . - .... 14 -
243,5(5) 6,(2) 0,13(4) - - - 6,2(21) E1 

406,73(11) 15,7(19) 1,3(3) :11 591,4(1) 22(1) 2,5(5) B2+111 
248,64(7) 23(3) 0,6(2) - - - 24,0(35) E1 

411,06(10) 19,9(24) 5(1) 112(+ 594,6(2) 8,5(1,5) 1,7(4) 111 
254;0(2) 7.5(20) 1,2(2) 0,1 - - 9,0(25) 1(1, E2 +III) 597;4(6) 4(3) 
258,~(4) 36(2) 8,3(15) 1,1 0,13 0,15 46(4) 111+E2 415,4(3) 3,7(8) ~0,5 E1 

599 7~2~ 16,0~27~ 3,6~6~ 111 261~85(2) 28,0(15) 5,4(10) 0,91<0,1 - 34, 7(30) 111 417,79(13) 15,0(15) 6,2(12) 111 602!5 2 19,5 20 4,5 8 111 
263,5(2) 7(2) C - - - 8(2) - 420,0(2) 5,3(8) o,7(2) :11,B2 604,70) 818(18) ~1,5 E2 
270,0(2) ~2 - - - - ~2 - 427,7(2) 5,7(11) 1,6(4) B2 609,5(2) 10,5(15) 1,2(2) E2 
274,41(2) 6(1) 0,26(8) - - - 6,3(12) E1, B2 435,3(1) 2,6(10) 1j3(3) 111 618,7(2) 3,0(5) 
278,2(1) J 107(10) 6,6(13) 1,2 0.5 • o.oa 64(5) 111+( 56:t,16 ):02 437,2(5) 3,0(2) 1,1(3) 111 626,4(5) 3,1(10) .c.0,2 E1 
278,9(1) · 2,5(5) 01 18 C - 439,9(5). 2,0(8) o,8(2) 111 E2 630,8(6? 4,4(20) 0,7(1) 111 
282,3(3) 2,9(8) 0,20(5) - - - 3;1c1J> 111+E2 445,65(8) 33(2) 2,4(3) J!:1

1 63313(2 15 16(30) I,8(3) E2+MI 
635t0(4) 8~3(32) - -298,6(1) 9,oc22) 0163(12) 0,1 - - 9,8(25) 111+E2 464,4(2) 4,8(8) 1,0(3) :s2 640 1) 2(1) 014(1) 111 

308j47(8) 8,7C 9) 113(1) 0,21 <0,05 - 10,5(15) 1111 466i2(5) 2,2(7) 0,5(1) B2 642,2(2) 7,5(20) 1, 3(2) 111 
317,55(10) 46,8(30) 4,3(8) 1,0B<0,08 - 51,5(45) 111 470,8(2) 11(1) 5,4(10) 111 646,6(4) 2,5(8) 0,9(2) 112(111) 
330,2(2) 4,0(12) - - - .- ~ 4,5 - 474,3(5) 3,0(8) - - 652,6(2) 4,8(6) 1,2(2) 111 
332,3(1) 4.5(12) o,4(1) - - - . 5,0(14) E2+1l1 479,4(7) 3(1) ~ o,68 111+:12 660, 5(2) 10,5(10) 01 4(1) E1 
339;0(2) 3(1) 0108(2) - - - ~J,2 487,6(2) 7,2(15) 0,7(2) E1,E2 66318(2) 4,8(5) 01 2(1) E1 1E2 
340,9.(15) 10,5(15) 1,1(2) 0,1 <0,05 - 13(3) 111+E2 494j8(2) 7,2(15) ~,7.(2) E1 ,E2 671,4(6) 2,8(13) < 0,1 E1 
344,8(4) 3,4(8) :s;o,05 - - - 3,6(10) l!:1 504,9(4) 6,5(15) <0,7 E1 673,9(4) 6,7(14) Oj4(2) E2,E1 
350,5(2) J 9 8(25) 0,06(2) - - - -5 E1 507,2(2) 12(2) 2,3(5) E2 67714(2) 13(2) 01 4(2) .EI 
352,3(2) ' o,~C2) - - - ~5 J:1 510,3(7) 43(10) 7(1) E2(+1l1) 68010(3) 5,0(15) ~ 0,4 (E2) 
356,36(17) 1;9(15) · 0,01:!(2) - - - 7,9(15) J:1 513,1(1) 50(10) 3,8(10) E1 685,1(5) 4,7(25) :E 0,3 E1,i,;2 
360,7(2) -··· 0,00(2) - - - - 515,3(2) 7(2) ~ 0,2 E1 689,8(2) 7,7(21) ,;;; 0,3 E1,E2 
362;0(2) 11,2(15) 0,52(10) - - - 12(2) 111 534,85(15) 6,9(14) 2,0(5) 111 695,8(2) 8,3(17) ~0,4 E1 1E2 
368,85(10) 6,2<20> o,~6(5) - - - 6,5(21) 111+E2 539,7(2) 5,8(15) 1,7(4) 111 702,6(7) 2,7(16) o,-4(2) 111,E2 
372~5(1) B,8(20) 0,8(2> - - - 9,8(25) 1(1 545,4(5) 4,5(10) 0,5(1) E2 705,3(5) 2,8(14) 
374,5(2) 8(3) 0,26(6) - - - 8,3(30) E2+111 549,0(5) 5,6(15) 1,1(2) 111,E2 709,9(2) 13,0(12) 0,75(20) E2 
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