
J9-3~ 

• 

CODfilllBHMR 
Dfi118JlMH8HHOrO 

MHCTMTYTa 
HJlBPHbiX 

MCCJ8Jl0B8HMM 

JlYfiHa 

P4-89-325 

L1. A A aM I 6. A. AJH1KOB'': I X. H. 6aAa11oB -:c I 

H. BaBpbi~YKI K. H. rpoMOBI T. M. MyM~Hos-:: I 

B. 0. HecTepeHKo 

CL1CTEMA TL1KA L1 AHAnL13 CBOIIICTB 

HEYETHbiX HtlEP L1TTEP6L1H C A=163-173 

BepoRTHOCTb MemnonocHbiX y -nepexoAOB 

*HayYHO-~ccneAOBaTenbCK~~ ~HCT~TYT np~KnaAHO~ 

~~3~K~ TawrY, TawKeHT 

1989 



1. BBE.[(EHI1E 

B pa6oTax 11 -31 HaMH npoae.n;ea a.Ha.JIH3 cTpyKTypnr_ HH3KoJie)f(8.-
111HX COCTOHH><H HeqeTHb!X HAep >fTTep6><H C A = 163-173, >fX 3ITeKTpO
MarHHTHbiX MOMeHTOB H CBOiiCTB BHyTpHTIOJIOCHbiX y -IIepeXOUOB. JlJIH 

HIITepnperai..V1H 3I<CIIepHMeHTaJihHbiX ,lJ;a.HHhiX rrpHBJieqea pR.u; MO)J.eJieH: 

MeTO.D; o6onoqeqHoH rronpa.BKH CTpyrHHcKoro I 41, MO,D;eJih He3a.BHCHMhiX 

KB83><qacT><U (MHK) / 5/, KBa3><qacrnqso-<jloHOHHaH MOAeiTb (K<I>M) / 5/ H He
aA><a6aTmecKaH apa111aTenbHaH MOAenb (HBM) Is/ . 

B HaCTOHI.I..J;eH pa6oTe, HBJIRIDlll;eHc.R rrponon>KeHHeM pa6oT I 1- 3/, ~ pa.M
Kax HBM c yqeroM KBa3HtlaCTHt!Ho-4>oHOHHoro B3aHMO,lJ;eHcTBHH/7/ nc
cnenyroTCR IIpHBe,D;eHHbie BepOHTiiOCTH H K03cf>¢nn.J;HeHThl CMelllHBaHHH 

ll(E2/M1) Me)l(rronocHbiX M1-" E2 y-rrepeXOAOB. PaccMaTp><aaroTCH TaK)I(e 
aepoarnocT>< E1-rrepeXOA08 8 paMKax HBM 6e3 yqeTa K883macTmHo-<jloHOH
Horo B3aHMo.n;eHcTBHR. Mero.n; BhrtUicneHHH npHaeneHHbiX aepoHTHOCTeH 
B (M1) " B (E2) " Ko3<jl<jl><u><eHT08 cMeiim8aH><H ll (E2/M1) ><3ITO)I(eH 8 pa-
6oTe /a/. llpHaeAeHHbre a 3Toii pa6oTe <jlopMynbr AnH B (M1)- " B (E2)
BHYTPHIIOJioCHbiX nepexo,n;oa crrpaae,n;nHBhi H .n;nR aepoRrnocTeH Me)l(norroc
HbiX nepexo.uoa. Heo6xo.uHMbie MR npoae.n;eHIDI pactieTOB BOJIHOBbie (}lyHK

IJ;HH HH3KOB036y)l()l;eHHbiX COCTO!ffiHH JI,D;ep Yb rrpHBe,IJ;eHbl B pa60T8X /1, 2/ . 
ITonyt~eHHbie pe3yJibTaTbi pacqeTOB cpaBHHBaiOTCR: c HMeiOIJ..UiMHCR B H8.CTOH

w;ee BpeMH 3KCIIepHMeHT31IbHbiMH .ll;a.HHbiMH. ilpOBO.ll;HTCR T8K:>Ke IlO.ll;p06Hbifi 

aHaJIM3 CTpyKTypbl MaTpHqHbiX 3JieMeHTOB paCCMaTpHBaeMbiX rrepexO.ll;OB. 

2. BEPOHTHOCTH M1-llEPEXO.[(OB 

3KcnepuMeHTMbHbie .U:aHHhie o npuaeneHHhiX aepoRTHOCTRX Me»erro

noCHbiX Ml-rrepexo,D;oa a o6cy:>K,!J;aeMbiX aeqeTHhlx n.n;pax Yb npHBe,u;eHhi 

B Ta6n.l. Bo MHOrHX cnyqaJix HMeeTCJI HH(}lOpMau;HR TOJibKO 0 HH:>KHHX. 

rpaHHIJ;ax 3THX BeJIHliHH, T8K KaK M3MepeHbl JIHillb aepXHHe rrpe,ll;eJibl BpeMeH 

:>KH3HH COOTBeTCTByiOUJ;HX B036y)f()leHHbiX COCTORHHH._ ,[J;OCTaTOllHO TOlJHbie 

.D;a.HHbie OTIIOCHTCJI K rrepeXO.D;aM Me:JK.n;y HH:>K8JiiiiHMH COCTOHHIDIMH IIOJIOC 

5/2- [5121 "1/2- r52l] 8 HApax 169"173 Yb, 5/2- [523] "3/2- [52ll 8 
HApax ISS-IS?yb, a TaK)I(e 7(2- (514] H 5(2- [512] BHApe 173 Yb. ilpH 
BbiqHCJieHHH TOOpeTHllecKHX BepORTHOCTetf 3THX IIepeXO.D;OB 0,IJ.HOll8CTHtiHbie 

MaTpWIHbie 3-JieMeHTbl OIIepaTOpOB f+ IIepeHOpMHpOBaJIHCb T8K »ee, K8K 
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Ta6nul4fl 1. CpaeHeHUe 3KCnepUMeHTMbHblX u TeopeTwteCKUX 3Ha'leHuU npuee-

OeHHbiX 8epORTHOcreiJ B(Ml} u B(E2) HeKoropblX Me:HCnDilOCHblX nepexoOoe 

ci~KI~l U 2 6 He'leTHblX .R.0pax UTTep6Wl 

Eyp•k38 B<Hl),(A.M.) F <1'11) 

A 
,. 

K! Er,k3B ,. 
Kf oL F<E2> 

•> I f B<E21, <•e> 2 QR•0,30 0,3':5 
Tl/:2' HC 

2 3 4 " • 7 a 9 

"12 - [':523] • 3/2-[':521] • 
163 ':53,9 ':5/2-:5/2 :53,'9 3/2-3/2 M1 9,2<10)-3 0,9 o,e 

3,6(-4) E2 !110,32 ><2,4 

16" 120,7 3/2-3/2 120,7 ':5/2-:5/2 M1 2,4(3)-2 1, 0 0,9 

0,30(4) E2 :50,073 ~0.4 

174,2 ':5/2-312 86,7 7/2-'5/2 M1 8,'9(13)-3 1, 1 0,9 

0,23(4) 174,2 ':5/2-'5/2 M1 8,1(17)-3 1, 7 1,6 

E2 :58,0-2 ~0,'5 

167 213,2 3/2-3/2 213,2:.~ ,'5/2-:5/2 M1 1,0<2>-2 1, 4 1, 2 

o, 27 C:J) E2 :59,8-3 i!:1,7 

112 - [:521] :5/2-t'523l • 
167 188,7 1/2-1/2 1BB,7 :512-'512 E2 6,36(6) 2,7 

28,0<2:5) 

258,':5 3/2-1/2 l7Ci,7 ..,,2-':5/2 E2 ~,06 >0,3 

0,34(:5) 2':58,':5 ':5/2-':5/2 M1 ~2,2-4 <21 .. , 
E2 :53,6-2 ~0,26 

278,2 5/2-l/2 199,1 7/2-':5/2 M1 it2,8-3 ., <7 

S0,2 278 5/2-5/2 M1 itt, 3-3 <3" S3B 

E2 ~7,1-3 :51,2 

1/2-[':521] • 3/2-[:521] 

167 2:58,:5 3/2-1/2 19,4 ':5/2-3/2 M1 6,2(9)-2 1,02 1,02 

0,34(:5) 43,4 3/2-3/2 M1 3,4(':5)-2 0,44 0,44 

278,2 S/2-1/2 3'9,0 5/2-:S/2 M1 it2,0-2 :54. 7 :S4. 5 

:50,2 

440,7 7/2 - 123,2 7/2-3/2 M1 ~3,4-3 :51' 4 :51,4 112 

:50,2 E2 ~0,2 :!50,27 

H a pact~erax aepo.RTI:IOCTeH BHyTpHnonocHbiX nepexo.u.os/3/, no MeTO.r\H

Ke /7 7, a MaTpHliHbte 3JieMeHTbl onepaTOpOB s z H s+ BbNHCJI.FIJIHCh B paMKax 

npHMeHHeMoii HBM Is/. Cso60AHhiM napaMeTpOM HBnAAocL TOITbKO KOJI

neKTHBHoe n:'lpOMarHHTHOe OTHOllleHHe g R· 
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Ta6AU4a I (npoao/lJICenue} 

2 ' 4 0 6 7 8 9 
·-· -- ~--- ------

~12 [~121 • 112 -[~211 • 
169 191,2 ~/2-!:i/2 92,0 0/2 -112 M1 3,312)-4 0,6 0,0 

'3, 3~1 1~1 E2 1,0(5)-3 1,8 
-

104,0 311 1/2 M1 1,811)-4 2,3 2,2 

E2 6,8(211-4 1, 0 
-167,0 112 1/2 E2 7,8(41-:5 O,b 

278,(1 712-:512 34,8 7/2 - 1/2 Ml !lo8,1-3e> ><>,O 
""· 6 

:S0,069 179,0 012 -112 M1 :303,0-4 O) ><3,2 
""· 1 

171 122,4 ~/2-:5/2 40,:5 0/2 
-

112 M1 2,6412:51-:5 2,9 2,6 

2b,:il201 E2 3,216)-4 2,0 
-

:5:5,7 3/2 112 M1 1,17191-4 2,0 2,6 

E2 1,72<2:51-4 2,4 
-122,4 1/2 1/2 E2 1,01 (11)-5 1, 2 

173 399,0 112 -· 1/2 399,0 :5/2-512 E2 1, 93 ( 10) -6 4,2 

291 (9) 

461,:5 3/2 - 461,:5 :5/2-:5/2 112 M1 2,316)-4 1,8 1,9 

o, :56 c:n 

712 [:5141 • 012 [!5121 

17-3 b '36, I 7/2 7/2 4:56,8 9/2-::5/2 M1 3,0(141-3 1,0 0,9::5 

4,21181-31!!1) E2 8,6<451-3 0,0 

:557,5 7/2 0/2 M1 1,8(8)-3 1,3 1,0 

E2 3,3<141-2 0,28 

636,1 :5/2-:5/2 M1 1,:5(71-2 0,33 0,:56 

E2 9,0(231-3 0,:5:5 

a) - CM. TQ0/1.4 6 paOOTe /3< 

6) - oqrnKa, nonyfleHH.aJl H.a OCHOBe 6epoRrnocru eHyrpupoTalfUOH1W20 E2-ne
pexoiJa, 

e) -u3B(E2; 636,1)' ~0,012(3) eflei2u 8(636,1} ~-0,41(8)/sl_ 

B I<oJioHI<e 8 H 9 Ta6rr. 1 npoBOAHTCH cpaaHeHHe pe3yrrbTaTOB pacqe-roa 
C 3I<cnepHMeHTOM ( F(Ml) ~ B (Ml) Teop /B (M1)"00 ) AJIH ABYX 3HaqeHHli 

cBo6oAHOro napaMeTpa gR ~ 0,3 H 0,35. BHAHo, qTo B uerroM npeAci<a3aHHH 
TeopHH snonae y,IJ;oBJieTBOpHTeJibHhi KaK .UJIH pa3pemeHHhiX Ml-nepexonos 
c I6KI ~ 1, TaR H AJIH 3anpemeHHbiX c I 6KI ~ 2. B nocrreAHeM crryqae 3anpe-r 
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,rma Ml-nepexonoa no KBaHTOBOMY qHcny K CHHMaeTCH 3a cqeT KopHOJlHcoaa 

CMelllHBaHHH COCTOHHHI1. 

B Kaqecrse npHMepa neTaJibHO paCCMOTpMM Ml-nepexonnr THna 

3/2-[521]: 5/2- [523] c I<'>KI ~ 1 a HApe 165 Yb(B(MU=10-2 (H.M.) 2 ) 

" nepexoAhi 5/2 -r 512] ;>1/2 [521] c I<'>KI ~2 a HApax 169• 171 • 173yb 

(B(M1) "10-4 (H.M.) 2 ). B Ta6rr.2 li 3 npaBeAeH KOMJJOHeHTHhiR COCTaB 

MaTpHliHhiX 3JieMeHTOB 3THX nepexonoa (yKa3aHhi TOJILKO HaH6onee cyi.IJ;ecT

aeHHh!e KOMJJOHeHThi). B crryqae pa3perneHHhiX nepexoAOB (m6rr.2) 

3/2- [ 521) : 5/2- ( 523] AOMliHiipyiOT rJJaBHhiR KOMJJOHeHT ( 521' - 523 >) 

If JJpHMeCHbJe KOMJIOHeHThl ( 521 t - 521' ) , ( 521 t - 532 >) If ( 512 t - 523 >) . 

CyMMa BKJI~oB OT npyrHx KOMnoHeHTOB, ae npHaeneHHhiX. B Ta6nHu;e, 

COCTa.BJIHef 5,; 15%. C YBeJIHqeHHeM emma aaqaJihHOI'O H KOHeqHOI'O ccicroR

HliH, KaK H CJie,D;OBaJIO Q)KH)l,aTb, yBeJIINHBaeTC.R He TOJihKO qHCJlO llpHMeCHbiX 

KOMllOHeHTOB, HO 11 HX npOUeHTHblli BKJI~. HanOMHHM, qTQ COCTORHH.R 

JIOJJOChl 3/2- (521} B HApax 163 • 165• 167 Yb HMeiOT oco6o CJJO>KHYIO CTpyK

TYPY (eM. pa6oTy 2/). 
B o6cylK.llaeMhiX 3anpeJl1eHHhiX M1 (I<'>KI ~ 2) -nepexoAaX (m6rr.3) 

BhiAeJJHeTCH JJHAHpyiOII1Hii KOMnoHeHT (521'- 521,) c I<'>KI ~ l, a c yaerrH

'!eHHeM CJJHHa COCTOJIHHH (If <:5/2) Ba>KHYIO pOJJh Ha'IHHaiOT !!rpaTh KOMJJO

HeHThl nma (512' -512') H (512' -523•) c lt.KI~ 0. ilx BKJJaA B JJOJJ

HbiH: MaTpWIHhlli 3JieMeHT MOJKeT 6biTh HeKOI'epeHTHhiM C KOMllOHeHTaMH Tl1· 

na I IlK I = l . 3THM MOJKHo ofuHCHHTb, B qacTHOCTH, 6onLmyro 3a.nepJKKY 

(B (M1) = 2 ·10 - 5 (H.M.)2 ) nepeXOAa 5/2- ~ 5/2- (E y ~46,5 K3B) B HA
pe 171Yb. 

Ha pHc.l cpaBHHBaeTCR noaeneane 3KCnepHMeHTa.JihHhiX H reopeTH· 

'lecKHX 3Ha'leHHH B (M1, t.K~ 1) nepeXOAOB THJJa 5/2-5/2 (523] ~ 

~Jff3/2[521] (!"~ 3/2-,5/2- H 7/2-) B 3aBliCHM0CTH OT 'IHCJJa HeHTpOHOB 
f I 

B aeqeTHhiX H,npax Yb 11 Er . Ha6n10.naeMoe a 3KcnepH.MeHTe aeKOTopoe 

yaerra'leHHe aepoHTHocTeii B (M1) 3THX nepeXOAOB npH N ~ 95, a 3aTeM 

Hx yMeHLIIIeHHe oTpa.JKaercn TaKJKe B TeoperHqecKHx pact~eTax. Oao o6ycnoa

neHo npe)K,ll;e BCero H3MeHCHHeM KOpHOJlHCOBa CMeUIHBaHHR: llOJlOChl 

3/2- (521) C JJOJIOCaMH 5/2- ( 523] H 5/2- (512], JJpOHCXOI\HII1HM 3a 

cqer H3MeHeHHH 3HepreTINeCKHX paCCTOmnn1: MeJK,D;y I'OJlOBHhiMH ypOBH.RMH 

3THX norroc /9/ - B HApa Yb " Er c N = 95 3To paccToJIHHe AJJH norroc 

5/2- (523) H 3/2- (521] CTaHOBHTCH MHHHMaJJhHhiM. 

BepoHTHOCTli pa3perneHHhiX M1 (lt.K I = 1) -nepexoAOB MelKAY cocroH
HHHMH JJOJIQC 1/2- (521) H 3/2- (521] B HApe 167yb onpeAeJJHIOTCH rrraB

HhiM OAHO'IaCTH'IHhJM (i<'>KI = l) KOMJJOHeHTOM (521'- 5211 ). BKJJaAhi 

.II.PYI'HX llpHMeCHbiX KOMITOHCHTOB B ITOJIHbii::f MaTpHlllibli% 3JICMCHT nepe

XOAOB C ]~ :S 5/2- He npeBhllliaiOT 10%. B nepeXOAaX MeJK.lly COCTOHHHHMH 

C 6onee BhiCOKHMH CIIHHaMH B03paCTaeT pOJib llpHMeCHbiX KOMITOHCHTOB 

c <'>K= 0: (521, -521•)' (521'- 521,) H (512'- 512•)' H c I<'>KI = 1: 

(521 t - 512') H (523•- 52lf). 

4 



Ta6nu~a 2. CrpyKrypa M.aT[JU4HblX 3JleM.eHT06 MeJKnOJlOCHblX Ml fiL\K I = 1)
nepexoooe MeJKOy HUJICQUUIUMU COCTORHW1MU nonoc 3(2- [52!] U 5(2 -[523] 

e ROpe 165 Yb (yKa3aHbl OC1i06Hbte KOM.noHeHTbl) 

HJ:Ipo - 16~Vb 3/2 - [5211 5/2 [:5231 • ,. ,. 3/2 - .. :S/2 - 5/2 .. :5/2 - 5/2 - .. 7/2 -
1 f 

c•' 
1f ••• cif . .. c,, ... 

( :5121' -:523.) 0,194 0,0664 0,121 0,0408 

<:5211' -:532.) 0,050 0,0182 0,039 0,0140 0,079 0,0285 

(:5211' -:5211') 0,068 -0,0367 0,0:53 -0,0284 o, 112 -0,0602 

lit CMl, .6K •0) "· M. -0,0186 0,0:555 0,0086 

(:5211' -:523.) 0.988 -0,1461 -0,:509 0,07:57 0,792 -o, 1176 

lit <M1,[t.K[•Il "· M. -0,1372 0,0637 -o, 108:5 

8CM1)~kcn(~.M.)2 2,413)-2 8,1<17)-3 8,9(13)-3 

F <Mt) 1,0 l, 7 l. 1 

a)-Cif ~Ci'Cr'<liKi IKC-Ki!lcKr>· 

TatiolUf.lll 3. CrpyKTypa Marpu•NblX 3/leMeNTOB Ml IIL'KI = 2)-nepe:xoooe 
s;rs(2[512l~I7I/2[52Il U7=3(r u5(r! eRopa.x l69,17l,l73Yb 

(yKa3aHbl OCH06Hble KOM.nOiieHTbl) 

:R.apo 

<5211' -:5211') 

7Jl<M1,At< .,0) R. M. 

c•> 
if 

169Vb 

1ft f i 

:5/2 5/2 [512] 

8·-3 2,2-3 

2,7-3 

(5211' -521.) -0,042 0,015 

m<Mt, l.cu<l""u ~'~· M. o,o177 

B CM1) :)kCO' ( R. M.) 2 

F<Ml) 

(512.,. -512't) 

1Jt(M1,t.J< =0) R. M. 

1,8(1)-4 

3,7 

5/2 5/2 [512] 

-1·-3 

-9·-4 

(521+ -521't) -0,060 0,015 

ll<Ml, 1.61<1=1) R. M. 0,0147 

8(Ml)~kcn,(R.M.) 2 

FCMU 

3,3<2>-4 

0,6 

• 

• 

171Vb 

cif m 
fi 

3/2 l/2 [5211 

5 -3 1,3-3 

1,4-3 

-0,028 0,0128 

0,01!58 

1,2<1>-4 

2,5 
-

5/2 1/2 (521] 

6·-3 -6·-3 

-5 -3 

-0,030 0,014 

0,0137 

2,6<3)-:5 

2,9 

mH 

7·-4 -2·-4 

-6·-5 

0,042 -0,0182 

-0,0202 

2,3(6)-4 

'· 8 
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3 5/T5/2[512) - It1/2[521) 

N 

N 
II 

:,c -4 
<110 

0 -

~ 

0 -

~ 
0 

0 
169 Yb 

171 y b 

1 73y b 

97 

10-SL---~------~----L
_--~-------L----

3/2 5/2 
11 

_ 3/2 5/2 

Puc. I. CpaeneHue 3KCnepUMenraAbHblX u reoperu'leCKUX eepoRTHocreUMJ-nepexoOoe 

5jr5j2 L523l ~ Ir3/2[521] 6 11opax Er u Yb (a) u M1-nepexooo6 5/2-5/2 [512]~ 

~Ir1jr[521] c lt.KI= 2 6 11opax urrep6UR c A =169-173 (6): 1 -11=3/2-; 2-

lf=5fr; 3-fr=7fr. 
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B cnyqae nepexOAOB c IM I = 1 nma 7/2- [514] "5/2- [512] B RApax 
l71,173Yb npHMeCHbie KOMITOHeHThl (523< -512t) H (512t-512t) 

C Llli: = 0 .n;aiOT 60JiblliHii BKJia;::J; B IIOJIHblfr MaTpHliHhift 3JieMeHT, qeM rJiaBHbiJi 
KOMITOHeHT (514<- 512t), 3TO ylKe OTMeqaJIQCh B pa60Te /10/, L(o6aBHM, 
tfTO 3HatJeHHe MaTpHtUIOro 3JieMeHTa OIIepaTopa j + KOMIIOHeHTa ( 514.t. -
- 512 t), BhitiHcJieHHoe a HcrroJI&3yeMoM HaMH rrpH6JIH)KeHHH K<l>M, rrotJTH 
B ,UBa pa3a 60Jibllie O,z:u.IOKB3.3HtlaCTHlJHOrO: IIOJIHpH3aiJ;HOHHhlli cl>aKTOp 
R f¢M "1,8. B CBR3H c 3THM MaTpHqHhie 3JieMeHThi <512 ~)]] (M1) I 514• > 
pa3JUftla:EOTCH He TOJibKO ITO BeJIHtiHHe, HO H ITO 3HaKy . .[LrrJI g R = 0,30 HX 
3Hat~eHHH paBHbi ---o,055 H 0,020 coorsercTBeHHo. M3MeHeHH·e 3HaKa MaTpHti
Horo 3JieMeHTa <512t1 )l](M1)1 514<> C ITOJIOlKHTeJihHOrO Ha OTpHQaTeJihHhiH 
npHBO,Z::I;I'IT K 3HatJHTeJibHOMY ynyqweHHID COrJiaCHH TeOpHH C :n<:crrepHMeHTOM: 
c yqeToM 3KcnepHMeHTaJihHhiX norpeiiiHOCTeli <j>aKTOphi F(M1) paccMoTpeH
HhiX HaMH nepexoAOB 7/2- 7/2 [514] 4 I 7 5/2 [ 512] c I 7 = 5/2-, 7/2- H 
9/2-, pa3pHlKaiOII1HX ypoBeHb 636,1 K3B B >mpe 173yb, 6JIH3KH K eummue 
( CM. Ta6JI.1). 

3KcrrepHMeHTaJihHbie .Ua.HH&Ie 0 ITpHBe.n;eHHhiX BepOHTHOCTRX (BepXHHX 
npeuenax) M1 (1M I = 2) -3anpellleHHhiX nepexouos mna 1/2- [ 521] ~ 
4 5/2- [ 523] HMeiOTCR TOJlhKO AJIR 167 Yb (eM. Ta6n.1). TeopHR npeACKa-
3&IBaer OtleHb CJIO)f(HylO CTpyKTypy 3THX rrepexO]lOB. ,[(IDKe ,I:VIH nepexO,l:l;OB 
Me:IK,n;y HH)J(ru1:WHMH COCTOHHHHMH 3aMeTHbitf BKJ1a,1l ,l:l;aiOT 6-8 KOMIIOHeHTOB, 
cpeAH KOTOpbiX BhiAeJIHIOTCH (521 t- 523.), (521<- 532<), (52b -5211) 
H (512t- 523.), 

3. BEPOHTHOCTH E2-ilEPEXOLJ;OB 

3 KcnepHMeHTaJibHbie 3HatJeHIDI npHBe.n;eHHbiX sepoHmocTeH E2-nepexo
.uoa Me*.UY HHIKafiWHMH COCTOHHHRMH pa3JIHlJHbiX pOTai.{HOHHbiX IIOJIOC -6 -2 - . B R)lpax HTTep6HR HMeiOT 60JibiiiOH pa36poc: OT "-10 AO ::10 e26_~_(CM. 
Ta6n.1). HaH6onee g~eplKaHHhiH nepexoA (B(E2) = 1,9(1) ·10-s e26 2) 
1/2- 1/2 [ 521] 4 5/2- 5/2 [512] Ha6JIIOAaeTCR B R)lpe 173 Yb. 

IIpe.n;cKa38.HHH o6bltJHoH aea,uHa6aTHtJecKoH spaiiJ;aTenbaoH MO,ll;eJIH, 
KaK ITOKa3aJIH HaillH paC'IeThl BeJIHQHHbl B (E2) AJIR 3THX nepeXOAOB, BO 
MHOrHx cnyqaJix proKo pacxo.z:tRTCH c 3KcrrepHMeHTOM. Xopomero corna
CHH MO)f(HQ ,ll;OCTHrHyTb, ecJIH MaTpHllHble 31IeMeHTbl MyJibTmJOJibHbiX onepa· 
Topoa E2-nepexo.nos BbitiHCJIHTh c ytJeTOM KBaaWiaCTHtiH0-4,lOHOHHoro B3aH
Mo,ueHcrBHR. 

HH)f(e npHBOAf.ITCH pe3yJihTaTbi pactJeTOB sepoHTHOCTeH Me:>KrronoCHbiX 
E2-nepeXO)lOB B HetJeTHbiX H.D;pax HTTep6IDI, B KOTOpbiX MaTpHliHbie 3Jie
MeHTbi COOTBeTCTBYJOI.IUIX MYJibTHIIOJibHbiX onepaTOpOB BbitiHCJIHJIHCh B 
paM:r<ax MHK "K<I>M. B Ta6n.4 rrpnBeAeHhl HeKOTOphie MaTpHQHhie 3JieMeHThi 
(B eAHBHilax e. <j>M 2) AJIR E2-nepexouos s HApax HTTep6HR c A =167-173. 
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Ta6nuWJ 4. Marpu•n•~e 3neMeHTbl £2-nepexoooe c !1K ~ 0 u I 11KI~ 2, paccw

raHHble e paMKax K<PM Oil.R He'leTHblX H.Oep Yb c A = 167-173 

167Yb 

Pac~eT a 

l>K - 0 

(521~ -~21~) 186,4 228,2 

(5211' -5211') 190,:5 233,1 

(523~ -523.) 186,7 228,4 

(5121' -5121') 194,7. ~38,4 

(514. -514.) 183,9 224,5 

IL>Ki• 2 
(523._ -521.a,) -16, 12 -21,67 

(5121' -521 ...,, 5,39 7,36 

(5211' -521 ., -0,39 -0,56 

171Yb 

a a a 

190,5 235,0 202,9 249,4 211,2 259,9 

190,5 234.0 203,1 249,4 210,9 259,5 

190,8 235,1 203,4 249,9 210,8 259,4 

191,1 235,6 203,8 250,6 Z11,3 260,4 

188,2 231,9 198,4 244,0 211,7 260,8 

2,60 3,53 1,66 2,20 -0,21 -0,32 

-3,26 -4,12 -5,44 7,29 -7,11 -8,84 

a- pac11er npu e ~rr 
6 - pac11er npu e~ rr 

=0 u e;rr = 1,0, 
~ 0, 1 u e~tr ~ 1, 1, 

MeTO.U pacqera MaTpWIHbiX 3JieMeHTOB B paMKaX Kcl>M, rronpo6Ho mno

)l(eHHhlli B pa6oTax 
111 • 121 , Tpe6yer Bbi6opa 3c}Jc}JeKTHBHbiX 3apa.uos. HaMH 

BhillOJIHeHhi .usa aapHaHTa pacqeroa: "a"- c e acpcp (N)=O, e a¢l¢l(Z) = 1 H 

"6" - c e"'*"l> (N) ~o. 1, e "'*''*' (Z) ~ 1, 1. CTpyKTypa KBa3m~acTwrno-<!>oHoH

Hhix BOJIHOBbiX c}JyHKUHii ,ll,JIH HepoTaUHOHHhiX COCTOHHHii 3THX Hp;ep BbiqHCM 

JIHJiaCb HaMH B pa60Te I 11• fu Ta6n.4 BH,IJ;HO, qTQ MaTpHliHbie 3JieMeHThl 

E2Mnepexo.uoa c M{ = 0 aa nopH.UOK H 6onbliie npeBhilllaJOT MaTpHtfl-lhie 

3JieMeHTbi c \.6.K\ = 2. MaTplftiHbie 3JieMeHTbi KoMnoaeHTOB c .6.K =1, 3HaM 

qeHHH KOTOphiX ae npHBOLJ;HTCH B Ta6nHue, aa nop.HLJ;OK MeHLllle, qeM KOMM 

noHeHTOB c 111KI ~2. B pe3YJibTaTe CTpyKTypa noJIHbiX MaTpll'!HbiX 3JieMeH

TOB Me)KnonoCHhiX E2Mnepexo.uoa, o6ycrroaneHHaJI xapaKTepOM KOpHOJIHM 

COBa CMelllHBaHIDl COCTO.f.lHHii, onpe,UeJIHeTCH CpaBHHMhiMH ITO BeJIHqHHe 

BKJiaAaMH KOMITOHeHTOB c I1K = 0 li I 11KI ~ 2. Ilpli 3TOM 3TH BKJia)\bi, soo6-

me rosopH, MOryT oTJIWiaThCH 3HaKaMH. B TaKHX cnyt~a.Hx Ha6nro.uaeTCH 

3HatJ:HTeJibHOe yMeHLllleHHe aepoHTHOCTH E2-nepexo.ua. KaK nOK3.3aJIH HalllH 

pacqeThi, JiytJ:lllerO COrJiaCIDI C 3KCnepHMeHTOM MO)KHO LJ;06HTbCH npH HCITOJibM 

30Ba.HHH MaTpHqHbiX 3JieMeHTOB, COOTBeTCTBylOIJUiX paCtJ:eTy "6", HCllOJib30-

BaHHe KOTOpbiX )1;8BaJ10 TaK)Ke JIYtJ:Wee OIIHCaHHe sepo.RTHOCTeii BHyTpHITO

JIOCHbiX E2-nepexoAOB 13/ 

B cnyqae E2-nepeXOAOB c ypoBHH 636 K3B B 173Yb Tlina 7/2- [ 514] ~ 

~ 5/2- (512) BKJiaj\ rJiaBHOrO KOMITOH8HTa C lf1KI ~ 1 (514•-512') ITO 
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cpaBHeHH!O C TipHMeCHb!MH M(~O KOMTIOHeHTaMH (512t-512t)H (514>
- 514 .l.) HiflJTOIKHO MaJI, XOTH aMIIJlHTY,!J;bl IIpHMeCHhiX KOH<J;Jiirypa.I.J;Iil':f: He 
npeBhlll.IalOT o.[Uforo npOI.~eHTa. KaK noKa3&IBaror pacqerhi, BKJia,!J;bi 3THX 
KOMIIOH€HTOB H€KOrepeHTHhi. Tio3TOMy 3Hali€HHH BepOHTHOCTefi 3TOrO THIIa 
nep€XO,llOB Ha ypOBHH C I; > 5/2- OtJ€Hb liYBCTBHTMhHbl K crpyFCType BOJI
HOBOif 4JYHKIU1H HallaJibHOrO H KOH€tJHbiX COCTOHHHM. YlleT B3aHMO)l€ifCTBIDI 
KBa3HtJacTHU c <:j;loHoHaMH cymecrseHHO ynyqwaer cornacue reopHH c 3Kcne
PHM€HTOM. ,Unn IDIJIKJcrpau;HH Ha pHc.2 cpaBHHBruorcR 3KcnepHM€HTa.JibHbie 
3Hali€HIDI npHB€.UeHHhiX aepoHrHocreH nepexo.n;os c I M(l = 2 Me~y HH)Kafi
IllHMH COCTORHIDIMH TIOJIOC 5/2- (512] H 1/2 - (521] B R!lpax Yb C A~ 
= 169-173 c reopen-rtiecKHMH, nonytteHHbiMH B paMKax HBM 6e3 yqera 
{pacqer "a") H c yqeroM (pacqer "6") B3aHMO,o;eHcrBHR KBa3HllacTI1U c ¢>o

HOHaMH. ilpmii'IHY cymecTBeHHoro ynyllllleHHR npe.n;cKa3aHHH: B nocne,UHeM 

BIE21. e'6' 

5ir5/2[512] - I 1 1/2 1521] 

3Kcn HBM KC!lM•HBM 

0 - 169yb 

ll - 171Yb 

o- 173Yb 
o a 

6 10
6

~~~~~~--~~~~~~~~ 112 312 512 112 312 5t2 112 3t2 512 If 

Puc.2. CpaeHeHue 3Kcne
pUMeliTQ./lbllblX u reoperu
IJecKu:x 3HII'IeHuU eepoRT
nocreU £2-nepexoiJoe 
5/T 5/2[512/ •1/'1/T [521/ 
e Rdpax urrep6Wl c A = 
~ 169-173. 
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Ta6AUijil 5. OcnoBNbLe KOMnONeHTbl MarpwmblX 3AeMeNTOB £2 {I !3 K I =2) ·nepe· 

XOOOB 5fr5/2{512f~Irl/2{52lj (It~Jfr. 3/r u 5/2/ B ROpax 

169 171 173 
' ' Yb, paccllurannble c ucnollbJOeanueM MHK (pac11er ''a") u K<PM 

(pac•er "6") 

H11p0 169Yb 171Yb 173Yb 

PacYeT a 0 a 0 a 0 

~/2-5/2 [512) 1/2 
-

1/2 [5211 • 

mfi <:521,._ -:521,._> -1,293 -1.302 -0,804 -0,848 -0,118 -0,130 

111 <E2, lt.K•Ol • · ~M2 -1,274 t' 301 -0,802 -0,848 -0,110 -0,130 

llfi (521+ -:512'> ·-3 2,040 4 ·-4 1,269 -2· -3 -0,319 

mfi <521"' -521 -t> 2· -4 -0,095 ·-4 -0,084 4· -4 0,166 

'Jil<E2, IAKI•2>•·~M 
2 ·-3 1,936 :5.-4 1, 191 -3·-3 -0,155 

8 IE2l :)KCO, e 2 r:? 7,8(4)-5 1,0(1)-5 1,9<1)-6 

F<E2l 2, 1 O,b b,4 1, 2 1, 7 4,2 

5/2-5/2 [5121 3/2 
-

1/2 [521] • 

m,' <521f -521"t) 0, 110 o, 111 0,047 0,049 

llf. (521+ -521+) 0,690 0,694 0,430 0,453 

' 2 0,451 0,502 
'It <E2, llK•Ol • · ~M 0,780 0,807 

11lf1 (:521+ -:5121") ·-3 2,176 4 ·-4 1, 355 

mf 1 <:521"' -521 f) -4· -4 0,202 -3· -4 0,179 

m<E2, J11KJ•2la·~M2 ·-3 2,367 3· -4 1, 539 

B <E 2 l 3KCO, •2r:? 6,8<21)-4 1,7(3)-4 

F<E2l 0,09 1,5 0,12 2,4 

5/2-5/2 [512) 5/2 - 1/2 [5211 • 
'"fi <:512"t -5121") 1,475 1,488 1,047 1' 109 

'"u <:521_. -521+> 1,374 1, 384 0,858 0,904 

1R<E2,AKs0)•·~M2 2,763 2,859 1,893 2,015 

'llfi (:521+ -:5t2"t) B·-4 1,626 3· -4 1' 015 

llfi <:521"' -521"t) 4· -· -0,226 3· -4 -0,201 

lll<E2, I~KI•2>o·~M2 B· -· 1,392 5·-4 0,819 

B<E2>3Kcn,e2~ 1,015)-3 3,2(6)-4 

F<E2l 0,76 1,8 1. 1 2,5 



CJiyqae MO)KHQ llOHHTb, paCCMOTpeB KOMllOHeHTHhltf COCTaB llOJIHbiX MaTpHti

HbiX 3JieMeHTOB aHaJIH3HpyeMbiX nepexo.uoa, npHae.neHHbiH a Ta6n.5. BH,I:Uio, 

qTo yqeT BH6pau;HOHHbiX npHMeceH B BOJIHOBbiX <f>YHK!l;HRX COCTOHHHH 

DpHBO)J.HT lC Cyi.UeCTBeHHOMy B03pacT3HlliO pOJIH MaTpHtJHbiX 3JieMeHTOB 

ciM<I~2. 

,[(na rrepexouoa Me>K,!ly cocroaHHJIMII rronoc 1/2- [521] 11 5/2- [523] 

a aupe 167Yb rrraBHbiH KOMIIOHeHT c I M< I ~ 2 ocraeTca JIHAIIPYID!IliiM, 

XOTR qHCJIO npHMeCHbiX KOMllOHeHTOB C M{=Q C YBeJIHtleHHCM emma Haqa.Jib· 

Horo cocTORHIDI 6hiCTpo pacTeT. B cnyqae nepexOJJ.OB c ypoBHR c I ~ =3/2-

BKJia)J. HaH60Jiblllero llpHMecHOrO KOMllOHeHTa C ~=0 He npeBbiWaeT 10%. 

4. K03<I><t>11l\11EHTbl CMEIIII1BAHI1H 8(M1 + E2) 

I1crronb3YR pesyn&TaT&I pact~eToB npHse.n;eaH&Ix sepoHTHOCTeH Ml

H E2-Me>KnOJIOCHbiX nepexoJJ.OB c HetleTHbiX RJJ.pa Yb H yt~HThiBaH 3Ha:KH 

COOTBeTCTBYIDII.J;HX llOJIHbiX MaTpWIHbiX 3JieMeHTOB, Mbl BbiqHCJIHJIH HX 

Koo<jJ<jmrmeHrhr cMeWIIBaHIDi 8(E2/M1). ,[(na auep IITTep611a c A ~163-167 

pacCMOTpeHb! rrepeXO):(bl Me>K,!ly HIIJKaHWIIMII COCTOJlHIIJlMII IIOJIOC 5/2- (523] 

113/2- [521] (IM<I ~ 1), 1/2-[521] 115/2- [523] (IM<I ~ 2), a raKJKe 

1/2- [521] 11 3/2- [521] ( IM<I ~ 1); B 6onee TJIJKenhrx aupax 11rrep6HJI 

- rrepexouhr Me>K.!ly rronocaMII 5/2- [512] 11 1/2- [521] (1M< I~ 2) 11 rro

nocaMII7/2- [514]115/2- [512] (IM<I ~1). 

B Ta6.n. 6 cpaBHHBaiOTCH pesyJibTaThi pact~eros 8 JJ.JIR HeKoTopbiX nepe

XOJJ.OB c 3KcnepHMeHTaJI&HhiMH 3Hat~eHHHMH. KaK BH.IUio, a 6on&wHHcTBe 

cnyqaes xoporno cornacyroTCR c 3KcrrepHMeHTOM ae TOJibKO a6coniOTHbie 

BeJIWIHHbl, HO H 3HaKH 0. 
3acnyJKIIBaeT BHIIMaHIIJl pa3nllqlle a AIIJI rrepexouoB c YPOBHJI 636 K3B 

(7/2-7/2 (514]) Ha COCTOJIHHJI 5/2-, 7/2- II 9/2- IIOJIOCbl OCHOBHOrQ 

COCTOJIHHJI 5/2- ( 512] B 173 Yb, PaHee Ha 3TOT <jJaKT o6paTI!nll BHIIMaHIIe 

aBTOpbi pa60Tbl /S/. 0HH 110Ka3aJIH, liTO 3TO pa3JIWIHe RBJIReTCH CJIC)J;CTBHeM 

IDMeHeHHR saaKoB ommneHHH MaTpHtiHbiX 3JieMaiToa' Ml- H E2·KOMno

aeHTOB rrepexo.nos aa paccMaTpHaaeM&Ie ypoaHH. O,IUiaKo o6DHCHHTh 3TOT 

<f>aKT, OCTaBa.HCb B paMKax a;a;Ha6aTHtieCKOrO I1pH6JIH>KeHIDI, HCIIOJih3yeMOrO 

a yK3.3aHHOH pa6oTe, aeaosMo)IQ{o. Aaanns :3Toro cnyt~aJI a pa.MKax HBM 

C yqeTOM KBa3HtlaCTHllHO·cfJOHOHHOrO B3aHMO,llei%cTBIDI IT0Ka3aJI, liTO CTpyK· 

Typa rrOJIHbiX MaTpHtDibiX 3JieMeHTOB KaK Ml-, Ta.K H E2-KOMITOHeHTOB 

3THX nepeXO,llOB CJIQ)KHafl (CM. BbiWe) H IIOMHMO rnaBHbiX. KOMIIOHeHTOB 

OllpC)lCJ11UOlUYID pDJib m'paiOT npHMeCHbie KOMITOHeHTbl. 3HaKH ITOJlHbiX MaT

pHtiHbiX 3JICMeHTOB acex Tpex o6cy:>K.UaeM&IX E2-nepexo,noa nono)KHTeJib· 

Hbre, HO 3HaK rronHoro Marp~oro oneMeHTa M1-rrepexoua 7/2-7/2 [514] ~ 

~ 5j2;... 5/2 ( 512] - OTpiiQaTeJieH, qro H o6bJICHHeT 3TOT "cTpaHHblH 

o<jJ<jJeKr". 
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Ta6/luij/J 6. 3KcnepUM.eUTQ.IlbHbLe u reopeTU'IeCKue 3Ha'leuUR K03rjjrjju(fueuroB 
CMeUluBaHUil o( E2/M I} MeJICnOI!OCHblX M I + £2-nepexoooB B J<Opax Yb 

A 

163 

165 120,7 

174,2 

167 213,2 

239,2 

167 258,5 

278,2 

440,7 

167 285,5 

440,7 

169 191,2 

278,0 

171 122,4 

173 461,5 

171 835,1 

173 636,1 

5/2 5/2 3,9 

5/2-3/2 

3/2-3/2 

5/2-3/2 

3/2-1/2 

5/2-1/2 

7/2-1/2 

86,7 

120,7 

174,2 

213,2 

160,5 

239,2 

258,5 

278,2 

261,9 

362,0 

1/2 [521J 

19,4 

45,4 

123,2 

92,0 

104,0 

34,8 

46,5 

55,7 

461,5 

517,8 

627,0 

712,7 

456,8 

557,5 

636,1 

7/2-5/2 

5/2-5/2 

7/2-5/2 

5/2-5/2 

7/2-5/2 

5/2-5/2 

5/2-5/2 

5/2-5/2 

9/2-5/2 

7/2-5/2 

5/2-3/2 

3/2-3/2 

7/2-3/2 

5/2-3/2 

5/2-1/2 

3/2-1/2 

7/2-1/2 

5/2-1/2 

3/2 1/2 

5/2-5/2 

9/2-5/2 

7/2-5/2 

5/2-5/2 

9/2-5/2 

7/2-5/2 

5/2-5/2 

<IO,tBI~' 
<10,421~' 
<IO,lBis> 
<10,1418' 
-0,21(12> 8 ) 

-2,6++o,zr> 

±1, 1 <:~)B) 
-o, o6 < 1o> r> 

-o, 5++3, 6r> 

.t1,3<+~;>a> 

~j3,3j 8 > 

-0,20 

-0,02 

-0,10 

-0,25 

+0,19 

-0,02 

+0,14 

-0,30 

-0,10 

-0,11 

+0,57 

-0,04 

+0,25 

+1, 11 

-0,83 

.t0,13<3>A> +0,18 

±0,17<3>A> +0,11 

±0,13<+~~>A> +0,03 

±0,135<10>e> +0,13 

±0,056<4>e> +0,06 

.s j0,36j:&') +0,03 

+0 54(+ 16 >3 ) +0,43 • -11 
+O, 76 < 16> s> +O, 54 

-1,52<16> 3 ) -0,48 
+0 65<+ 13 >H) +0,46 • -9 

+1,81 (6)J.1) 

-0,41 (8) K) 

+0,93 

-0,53 

a} - CM. pa6ory I 13; 6} - CM/141, e) - CM. I 15~ z} - CM/ 161, o} - CM. 11 7 ~ 
e)- CM/18/,JIC}- CM/191,3) -cMI20~u}- CM. 1211, K}- CM_/81. 



5. E1-ITEPEXOLU>I 

Bepor~mocTH El-nepeXOAOB a paMKax HBM pacClJHThiBruoTCH no <Pop
Myne lZ21: 

B(E1, 11 ~ lrl ~ \ :S :S 
Ki Kr 

Ir Ir if 
CK -CK -R 

1 r Y 

I1 +1+K1 
X <I, Ki1Kr -K;llrKr> +(-1) 8K.,1/2 

1 

x <1 1 - 1/2 11[ I r 1/2> ll 2 
, 

"' 1 •<1><1> r)le m ~ ~ e r Y 1~ 

><I> <I> _ e . { 1 - Z/ A /VIH n':_OTOHa 
e - _ Z/ A ,IVIH HeHTpoHa, 

if C I i 
R Y = u 1 u r -v 1 v t - caepxTeKylla.H nonpaBKa, Ki 

KOpHOJIHCOBa CMeiiH:IBaHHH (BbitUICJI€Hbl B pa60Te /2/) • 

II 
H CK - aMnnHTy.IJ;bi 

r 

1 
MaTpHtiH&Ie 3JieMeHTbi MYJibTHnon&Horo orrepaTopa m_ 

11 
BhitJHCJIHJIHcb 

HaMH B OWiOllaCTHtfriOM npH6JilDKBHHH 6e3 yt~eTa KBa3HllaCn:ItmO-$OHOHHOrO 

B3aHMO)lelkTBIDL B cnyqae paccMaTpHBaeMbiX H)lep HTTep6HH c A= 165-173 

anKHHHe oKcynon&H&Ix sH6pauHH Ha aepoHTHOCTH El-nepexouoa, p33pH

)I(aJOI.I.UlX HH:>KaHunie B036y)K)J,€HHbie COCTOHHHH H€lJ€THO-HeiiTpOHHblX H.D:ep, 

Mano, HanpHMep, no cpaaHeHHID c H.Upa.MH, pacnonoJKeHH&IMH a Hat~ane 

o6nacTH )le<jJOpMaQHH (A :: 150) . KaK noKa3aJIH HawH npeABapHTeJibHhie 

paClJ€Tbi, 3TO o6DHCHH€TC.fl rJiaBHbiM o6pa30M OTHOCHTeJibHO 6oJiblllOJ1 3Hep· 

r11eft OKTyTIOJibHbiX B036y)K,lJ;€HHft B t~eTHO·ti€THbiX OCTOBaX 3THX JI.Uep. KpOMe 

Toro,· pa.Hee B pa6oTe 1221 6biJIO npo.ueMOHCTJ>HpOBBHO, tfl'o B paMKax HBM 

HCITOJib30BaHHe O,IUIOqaCTHtiHbiX MaTpH11HbiX 3JieMeHTOB ,noCTaTOtiHO XOpOlllO 

no3BOJIHeT onHcaTh E1-nepeXOilhi THna 5/2- ( 512] ;' 7/2 + ( 633] B HeqeTHo

Hel'!TpOHHhiX HApax c N ~ 99-103. 

B Ta6n. 7 co6pa.Hbi HMeiOIUHecJI 3KcnepHMeHTa.JibHbie .llaHHbie o aepOHT· 

HOCTJIX 3THX nepeXO,llOB H llpOBe,neHO HX CpaBHeHHe C pe3yJibTaTaMH paCtle· 

TOB. ITonyqeHHbie 3HaqeHHJI <)>aKTopoa F ~ B (E1)Toop /B (E1)"0 " noKa-
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Ta6nuqa 7. 3Kcnepu.MeHTMbHble u reoperu4eCKUe npueeiJeHHble eepoRrnocru 
EJ-nepexoOoe MexOy HUJICaf1UIU.MU COCTOJlHWlMU poraq,UOHHblX nO.!lOC 8 JlQpax 
Yb c A~ 163-173 

E yp' K38 
•20 A •" E KoB •" B<E1>, F ' r' f 

T 1/2" HC 

2 3 4 5 6 7 

'5/2.[642] • 5/2 [~23] • 
165 126,7 9/2+ 39,2 7/2 1, 34 ( 13) -7 1, 3 

3,0<J>+2a) 

132,6 712+ 132,~ 0/2 5, 5 ( 10) -7 0,4 
2,B<5la) 

29,7 5/2+ 29,7 5/2 - 4,55(26)-6 2,1 167 

13,5(7)0) 

78,7 7/2+ 20,2 9/2 7,2<14)-6 2,1 
0,84(4)0) 44,8 7/2 - 3,8<])-6 1' 1 

49,0 512 2,0(3)-6 2, 1 

178,9 9/2 120,3 9/2+ ~1,7-6 ::S1,2 
:so, 2<::1> 145,0 7/2+ ~1,7-6 ::S2,2 

3/2 [521] • 5/2 • [642] 
- 5/2 • ~.4-8 0<26 167 213,2 3/2 183,6 

o, 27 <3l CS> 

239,2 512 205,5 7/2 • 1?.7,5-8 ::S6,3 

::so,2d> 209,6 5/2+ ~1.2-7 :S2,3 

1/2 [521] • 5/2.[642] • 
167 278,2 5/2 243,5 712+ ~5,6-B ::so,s 

:so, zd> 248,6 5/2+ ~2,0-7 ::so,3 
-440,7 7/2 382,0 9/2+ 1?.2,0-9 

:so, z 0 > 406,7 7/2+ 1?.:2,6-B ::s 1, 1 

410, 1 5/2+ ~3,2-8 ::S4,8 

512 - [5121 • 7/2 ... [633] • 
169 191' 2 S/2 191,2 712+ 1,42(6)-7 3,8 

3,35(15) 8 ) 

278,6 7/2 207,7 9/2+ 2::1,1-7 ::S6,7 

:so, 069r) 278,6 712+ 2::1' 4-8 :S1. 9 

171 122,4 5/2 27' 1 7/2+ 7,0(3)-8 I ,5 

265 (20) .zl) 

712+ 9/2 - 2,23(13)-7 7,8 173 350,7 171,4 

o,4?<3>e) 7/2 - 4, 09 ( 18) -7 4,9 272,1 
-350,8 5/2 2,73<15)-9 0,92 

14 



Ta6Auija 7 (npoiJoiiJICeHue) 

7/2+[6331 • 1/2-[521] 

171 95,3 7/2+ 19,4 5/2 - 1, 73<8>-11 o, 70 

~,25<2~)+6JI) 

712 - [5141 7/2+[6331 • 
171 83~,1 712 667,0 9/2+ ~1,3-6 0<2,2 

:.2,0-311) 739,8 712+ ~.2-6 0<2,9 

173 636,1 712 - 223,3 9/2+ ~(2)-6 I, 1 

8,0(26)-33 ) 28~,4 7/2+ 9(4)-6 2,0 

a) - CM. pa6ory 123\ 6) - CM./24/, 6) - CM/25/, 2) - CM. 126/, iJ) - CM. 1271, 

e) - CM/28~ JICj - CM/!8/, 3) - CM.f29/ 

3KCn. TEOP. 

512.(642) - 512-(5231 

10
5 zoo, 

5 

'\0 
2\1)4 

N ., 
-~ 
!!! 

"' 

-· 
6- Er 

10 0-Yb 

1-1~=5/:t" I~= Sir 
z- 512. 712-

3- 712' 5/2-

4- 7/2+ 712-

5- 912' 11r 

30 
5 

5 

10
7 

93 95 97 N~ 
93 95 97 

Puc.J .. CpaeHenue 3KcnepUMeHTMbHblX OaHHblX u reoperu~teCKU:X 3HalleHut1eepo.RrHOcreU 

EJ-nepexoiJo6 MeJICOY cocroJJHWlMU noJioc 5/2+ {642] u 5/2-{523] 6 JJiJpax Er u Yb. 
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3biBaiDT, liTO B 6oJiblllHHCTBe CJlyllaJIX paclleT .r:J;OCTaTOtiHO XOpOlllO OTpa:tKaeT 

3KCIIepHMeHT. 

Ha pHc.3 npencraaneHo noaeneHHe 3KcnepHMeHTaJlhHhiX )J.aHHhiX 11 reope
THt:leCKHX 3HalleHmi: B (El) )1..n.R nepexo,n:OB Me)l(p,y HfDKalllliHMH COCTOHHHHMH 

rrorroc 5/2+ [642] " 5/2- [523] B HeqeTHhiX Hllpax Er " Yb c N ~ 93-97. 
06pai.IJ;aeT Ha ce6H BHHMaHHe 3HalJHTeJ1bHOe yMeHLllleHHe 3THX BeJIHtUfii ,ll;JIH 
Mep c N ~95. 

PaclleTbl IIOKa3billaiOT, lJTO OCHOBHYIO ponb B Q:>opMHpOBa.HMH MaTpHtrnbiX 
3JleMeHTOB 3TOrO THIIa rrepexo,UOB HrpaeT rJiaBHhlfl KOMIIOHeHT (642t-
523 J.) , KOTOpOMy COOTBeTCTByeT HaH60Jihlllee 3HalleHHe BeJlHtUiHbl MYJibTH· 

noJILHoro MaTpiDIHoro 3JieMeHTa. CyMMapHhiH BKJia.D. npyrHx npHMeCHhiX 
KOMJIOHeHTOB He IIpeBbilllaeT 10%. TaK KaK 3HalleHHe O.II,HOtJaCTliliHOrO MaT

pHliHOrO 3JieMeHTa m (642t - 523 J.) He3HaliHTeJibHO MeH.ReTCH OT H.D,pa K H)l,

py, TO H3MeHeHHe sepOHTHOCTH B OCHOBHOM onpe.II,eJlHeTCH K3MeHeHHeM 

caepxTeKyqeft norrpaBKH R ~ K 3TOMY MaTpHllHOMY 3JleMeHTY. + B H.II.pax 
c N ~93 oHa nopHI\Ka 0,5. B cnyqae Hl\ep c N ~ 95 rrepexo11 5/2 [ 642]: 
.;! 5/2- [523] CTaHOBHTCH llaCT.HtiHO-.II,blpOliHhiM H, KaK CJie.II,CTBHe 3TOro, 
R i~ yMeHbiiiaercH .uo 3HalleHH:ti: nopH.UKa 0,1. B H30Tonax c N -=:.97 cocTOHHHe 
5/2- (523] HBnHeTCH OCHOBHhiM, a 5/2+ ( 642] - 1\hipOqabiM. lJpH 3TOM 
R 1J BHOBb yseJIHlJHTcH H MeHHeT 3HaK. Pa3JJHliHe B 3HalleHIDIX B (El) B 1130-
rorrax Yb H Er paccMaTpHBaeMbiX nepexo.n;oa o6nHCHHeTcH TaK:H<e BeJIHliH-

" RH HOM rronpaBK11 y. 
B nepeXOI\aX THIIa 7/2- ( 514] ~ 7/2 + (633] IIOMHMO rrraBHOCO KOMITO

HeHTa 3aMeTHhifi BKJJa.n; ,IJ;WOT IlpHMeCHbie KOMilOHeHThl (523.!. - 633f) + ll (523"- 642t) /liTH nepeXOI\OB 7/2- ~ 7/2 H, 1\0ITOJIHHTenhHO, KOMIIOHeHT 
( 514 '- 624' ) /liTH rrepeXOI\OB 7/2- ~ 9/2 + 0CHOBHOH KOMIIOHeHT C ,',Jb 0 

IIO,IJ;aBJleH 3a ClleT MaJlOCTH COOTBeTCTBYIOI.I..:J:eH csepxTeKylUeH nonpaBKH, 
liTO H IIpHBO.lJ,HT K 3aMeTHOMY BJlHHHHIO npHMeCHbiX KOMITOHeHTOB. 

5.2. ITepeXOI\hi c [i'lK[=1: 3/2-[521]: 5/2+ [642] H 5/2-[512];! 7/2+ [6331 

- r + E1-rrepeXOI\hi Meli<.IIy COCTOHHHHMH IIOnOChi 3/2 _ 521] ll 5/2 (642] 
Ha6JJlO)l,alOTCH B HelleTHO-He:ti:TpOHHbiX H.II,pax C N = 93-97, B KOTOpbiX BOJIHO
Bhie <jlyaKQHH COCTOHHHH IIOJIOChi 5 /2+ ( 642] COI\ep>KaT 3HaqHTeJihHbie IIpHMe
CH KOMITOHeHTOB 3/2 + ( 651]', 1/2+ ( 660], a BOJIHOBbie <jlyHKQHll COCTOHHHH 
ITOJIOChi 3/2~ ( 521] - ITpHMeCH KOMIIOHeHTOB 1/2- ( 530], 5/2- ( 523] ll 
5/2- [512]' 121 . 

PaclleThi noKa3Dmruor, liTO sepoHmocTH El-nepexo.uos 3/2- -+5/2 + Me:H<

.II.Y rOJJOBHhiMH COCTOHHHHMH o6eHX ITOJIOC onpe.n;eJIHlOTCH B OCHOBHOM 
cyMMOH BKlla,l:IOB 1\BYX KOMIIOHeHTOB: (642' - 521 t) H (651t - 521 t). 
B crryqae rrepexouoa 5/2- ~ 5/2 +, 7 /2+ uo6aBITHIOTCH KOMIIOHeHThi 
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(642t- 523•) H (642'- 512'). CornacHe pe3yJihTaTo8 paC'IeT08 c 3Kcne

pHMeHTaJILHhiMH ou;eHI<:aMH, HMeiOI.llHMHCH a H.Upe 
167 Yb , nocraroqHo 

xopowee. 
XapaKTepHoti oco6eHHOCTbEO noae,ueHHH aepoRrHocreH El-nepexonoa 

+ 
Me>KAY COCTOHHill!MH TIOJIOC 7/2 [ 6331 H 5/2- (512] 8 HApax HTTep6ill! 

HBJIReTCH HX yMeHbWeHHe c yaen:Ht.Iem-:teM t.IHcna HeihpoHOB. BepoHTHOCTH 

3THX nepexo.n;oa nonpo6Ho paccMaTpHBanHCb B HarneH pa6oTe 1221 . TIOK3.3a

HO, 'liTO llOJIHbift MaTpHliHbiJ1: 3JieMeHT 3THX nepeXO.UOB o6yCJIOBJieH B OCHOB

HOM A8YMH KOMTIOHeHTaMH: (512'-633') H (512' -642t). B CJiyqae 
- + 169yb ~ 111 

nepeXOA08 5/2 4 7/2 8 AOMHHHpyeT nep8hiH KOMTIOHeHT, B Yb 

H3-3a H3MeHeHIDI 3HalleHHii csepxTeKyt~Hx nonpasoK R ~ o6oHx KOMITO

HeHTOB, o6yCJIOBJieHHOrO H3MeHeHHeM ypOBHII ct>epMH, BKJia,Il KOMllOHeHTa 

(512 t- 633 t) yMeHhlllaeTCR rroqn1 Ha nopnnoK, yaeJIHqHaaercH KOMno

HeHT ( 512 t- 642 t) C !J.K ~ 0, a 8 HApe 173 Yb IlpOHCXOAHT TIO'ITH TIOJIHllH 

B3aHMHa.R HX KOMneHcaiJ;lUI. TaKHM o6pa30M, o6'bHCHHeTCH pe3KOe yMeHh-: 

WeHHe llpHBe,ueHHOfl BepORTHOCTH 3TOrO THITa rrepeXOAOB C yseJIHtleHHeM 

t~HCJia N. 

B pa6orax/ I, 2/ TIOKa3aHO, 'ITO CTpyKTypa 6oJihlllHHCTBa COCTOHHHH 

HH>KaHlllHX 8paU~aTeJihHhiX nonoc 8 He'leTHhiX HApax Yb c A ~ 163-173 

( oco6eHHO 8 HApax 163 ' ISS, 167Yb) CJIO>ICHllH H3·3a K0pHOJIHC08a CMe

lllHBaHIDI COCTORHHH: H KBa3HtlaCTHl:IHO~cj;lOHOHHOrO B3aHMO.l1;eH:CTBHH. ilpe,n

CTaBJieHHble B HaCTOJII.I..J;eH: pa6oTe pe3yJibTaTbl pact~eTOB rrpHBeAeHHbiX Be

pOHTHOCTeH H K03<j><jJHQHeHT08 CMelllH8aHill! 8 (E.2/M1) Me>KTIOJIOCHbiX 

y-rrepexo.nos rroKa3biBaroT, liTO: 

- BbltiHCJieHHbie B pa6oTaX/ l, 2 / BOJIHOBbie $yHKUHH COCTOR:HHH IT03BO

JIR:IOT XOpOUlO OITHCaTb CBOHCTBa Me:>KITOJIOCHbiX rrepeXOAOB; 

- AJIH nyqUiero OITHCaHHH CBOfiCTB Me:>KITOJIOCHbiX Ml-nepeXOAOB B HA

pax Yb Heo6xo,nHMO rrposecTH HeKOTopyro KoppeKUmo rronR:pH3aUHOHHbiX 

$aKT0pOB, BbltiHCJI~I;IbiX MHKpOCKOIJHtleCKHM MeTO,nOM B paMKax HCITOJib-

3yeMOH HaMH HBM 161 (eM. pa6oTy/3/); 

- ITOJIHbie MaTpHtiHbie 3JieMeHTbl 60JlblllHHCTBa H3 paCCMOTpeHHbiX 

Me:>KrronocHhrx: Ml-rrepexoAOB, KaK pa.3pellleHHbiX, Ta.K H 3arrpei.I..J;eHHbiX, 

HMeH>T cno:>KHyro CTPYKTYPY H orrpe,nenRroTCR cyMMOH BKna.uos OT MHOrHX 

onaoKsa3macTHtiHbiX KoMrroaeHTOB c M{ = 0 H 1M 1 = 1; 
- Ha6nro.naeMhie B 3KcrrepHMeHTe npHae.n,eHHbie sepoRTHocm Me:>Kno

JIOCHhiX E2-nepexOA08 8 HApax HTTep6HH HMeiOT 6oJihlllOH pa36poc 

("10-
6

- =.10 - 2 e262), 'ITO YAaeTcH o61oHCHHTh JIHlllh 8 cnyqae yqeTa 8H6pa

UHOHHbiX npHMeceH: B BOJIHOBbiX $yHKUHRX COCTORHIDi:, IIpHBO.lJ,fll.l.J.HX K cy-
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1.1.\eCTBeHHOft nepeHOpMHpOBKe (yaeJIHlleHHIO) O,UHOKBa3HllaCTHl!HbiX MaTpHli

HbiX 3JieMeHTOB OT MYJJLTHTIOJILHbiX onepaTopoa E2-nepexo.uoa c I M 1 = 2; 

~ npaBHJibHOCTb 1lCOOJ1b3yeMOf0 HaMH MeTO,Ua pact~eTa MaTpHtiHhiX 

3JleMeHTOB Ml- 11 E2-KoMnoHeHTOB Me)f(nonocHhiX nepexo)J.OB ITOLJ.TBep)f(,l];a

eT ,UOCTaTOlffiO XOpowee COrJiaCHe BeJIHliHH l1 3HaKOB BhlliHCJieHHhiX H 3KCTie

pMMeHTaiThHb!X K03<jJqmlll!eHTOB CMellJMBaHMH o(E2/Ml); 
- pacqeThi npHBeLJ,eHHhiX aepoRTHOCTeH El-nepexo.uoa a paMKaX HBM 

(6e3 yqeTa BH6pallHOHHhiX ITpHMecefJ) ,UOCTaTOtffiO XOpOWO OTpa)f(aiOT 3KCne

pHMeHTaJ1bHhie ;:I;aHHhie, eCJIH HcunonL30BaTb caepxTeKyliHe rrorrpa.BKH R Y' 

BhllJHCJieHHbie llOCJie H€KOTOpOH KOppeKllHH OLUIOlJaCTHliHOrO ClleKTpa, 

CBR3aHHOft C KalleCTB€HHhiM yqeTOM pa3JJHliHfl B B€JUfllllHe KBa.UpynOJibHO:ii 

.LJ:ect>opMaQHH OnHOllaCTHtiHhiX COCTORHHH 11 yqeTOM tUieHa "onJ;aliH" B ra

MIDlbTOHMaHe HelleTHOfO R.Upa. 
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