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1. BBE)lEHHE 

'. 
' I r. 

B pafiorax / 1.2 / nonpofiao H31IO)f(eHbI pesym.rarsr HaUIHX reopera.' 
\ ; qeCKHX HCClIenOBaHIDf CTpyKTYpbI OCHOBHbIX H B036y)f(,neHHblX COCTOHHHH 

ne¢opMHpOBaHHbIX anep Yb C A = 163 -;-1 7 3 , BbInOlIHeHHbIX B pasixax 
KBa3HqaCTHlIHo-<t>OHOHHOH (K<DM) / 3/ H HeanHa6aTHqeCKOH apautarensnoa

'.." \ 4
(HBMl / MOneneH. TaM )f(e npanenensr xaparerepacraxa Ii BOlIHOBbIe 

q,YHK~HH COCTOHHHH, nonyueansre H3 paCQeTOB 3HepreTHQeCKHX cnexrpoa . 
B aacrornnea pafio re, HBlIHlOll\eHcH ' npozronaceaaer-r pa60T /1 .2/ , ~ pavncax 
HBM C YQeT()M KBa3HQaCTHlIHO-<pOHOHHoro B3~MoneMCTBHH npOBO,lJ,HTCH ,,, 
reoperasecxae HCClIenOBaHHH npaaezrennsrx BepOHTHOCTeH Ml- H E2-BHyTpH

I"" 
nOlIOCHbIX y -rrepexozton H MarHHTHbIX MOMeHTOB COCTOHHHH. )leTaJIbHO

" 
paccxrarpaaaerca crpyxrypa 3THX nepexonoa, cpaaaaaarorca TeOpeTHQeCKHe

j ' ': 
H nOlIY3MnHpHQeCKHe (oueaeaasre B anHa6aTH'leCKOM npH61IH)f(eHHH) COOT

BeTCTBYIOU~He 3Hat!eHHH MaTpHQHbIX 31IeMeHTOB, 06Cy)f(,ll;aIOTCH aorrpocsr,
:' 

CBH3aHHbIe C TeOpeTHQeCKHM BblQHClIeHHeM nOlIHpH3aI.(HOHHbIX q,aKTopOB 

B npH61IH)f(eHHH / 47 H B03MO)f(HbIH rtyrs ero y lIYQllleHHH. ' 

""""-'1 "1 
2.A)lHABATHqECKOE nPHBnH~EHHE 

I 

B pafiore / 2/ npencraarrena CHCTeMaTHKa 3HeprHH COCTOHHHH porn
UHOHHbIX norroc, Ha6monaeMbiX B aeserasix nediopreaposaansrx anpax 
Yb C A = 163-173. HMelOll\HeCH B aacromnee BpeMH 3KcnepHMeHTaJII>Hbie 

naansre n03BOlIHIOT nponecra nOnp06HbIH aHaJIH3 CBOHCTB 31IeKTpOMarHHT

HbIX rrepexonoa B HH)f(aHuHuc: nOlI0cax , rrocrpoeansrx na O,ll;HOKBa3HqaCTHQ

HblX COCTOHHHHX 3/2- [5211, 5/2- [523],5/2+ r642] ,1/2-[521] ,7/2+ [633] 

,i	 
H 5/2- [5121. Ilepasie TpH rronocsr X0tR0lllO H3YQeHbi nlIH anep 163-167.yb , 

a OCTaJIbHbIe, rlIaBHbIM 06pa30M, nna 1 9-173 Yb. 
1 I Ilpeaore QeM nepeirra K TeOpeTHtIeCKOMY HCClIenOBaHH1O 3THX CBOHCTB,! 

I"	 B pasncax HeanHa6aTHtIecKoH apamarensnoa MOnelIH, HCnOlIb3yeM H3BeCT!. I, HbIe q,OPMYlIbI, BblTeKaIDII.Uie H3 anHa6aTHQeCKOrO npH61IH)f(eHHH, nna rrpa
aeneaasix BepOHTHOCTeH B (Ml) H B (E2) BHYTpHnOlIOCH~IX nepexonon : 

B(M1, 11 -d f) = :" <11 K 10IIf K >2. (g K - g R)2 x 
T ..I (2 .1)11+ 1/2 2 2 

I x [l + BK • 1/2 • (-1) b ] (A. M.) ,o
I. ' ,f. 1 \ ; \ 

' " r @ 06'bC,llHUeHHblA HHcnnyr MepKbIX Hccne.o.ODIlJlHA ,tly6HQ, 1988 ':"" I • 
, ,I 

.~ : \1./	 
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B(E2,I ~ If) = _5_Q~ .<I 20\I fK >2 e2 6 
2,	 (2.2)1Ki 161t 

a TaKJKe ,rVIH MarHHTHOrO MOMeHT3. COCTOHHHH co CIlliHOM I 
K2 1-1/2 • 

Il I = gR 1 + I:l(gK - gR) -I1- oK, 1i2·(21 + 1) (-1) bo 1 R. M., (2.3) 

H nOJIy1JHM aa OCHOBaHHH 3KcnepHMeHTaJIbHbIX naansrx BeJIHqHHhI gK - gR' 
~, gR H Qo. B cnynae nOJIOC C K = 1/2 onpe.n;eJIHM TaKJKe napasierp bo ' 

I1cnoJIb3yH OTHOWeHHH HHTeHCHBHOCTeH pOTaI.J;HOHHhIX ,y'·nepexo.n;oB H nan

asre npHMbIX H3MepeHHH HX K03q>q>HUlieHTOB CMelllHBaHHH o(E2/M1), 
nOJIy1JHM OTHOllleHHH S(I), KOTOphIe paccsrarpaaarorca, xorna 'OTCYTcTByeT 

HH<p"opMaUHH 0 apexienax JKH3HH P0TaI.J;HOHHhIX COCTOHHHH: 

(2.4)g K - g R [ I!:.' • (_1)1 + 1/2 b ]
S (I) ---- + "x 1/2 0 

Qo ' 

E.y(Mas) 1
 
:::: 0,934 . . . ------ ,


vi (I - 1) (I + 1 f 8(1 ~ I - 1)
 

1/21 E yC1 ~ I - 2) 5 (1 + 1) (I + K - 1)(1 - K - 1)
 
___' - = [ r· (-------.) . ------ -1]
 

8(1 ~ I-I) Eye! ~ I -1) 2K 2(21 - 1)
 
(2.5) 

!y(I~ I -1) . 
r = - OTHOllleHHe HHTeHcHBHocTeH ,y-nepexo.n;oB.r.n;e 

I (I~ I -2)
'y
 

Ilanee, BOCnOJIb30BaBlllHCb COOTHOllleHHHMH
 

(gK - gK) K = (g s - g f ) .<; z> • Rz + (g f - g R) K ,	 (2.6) 

f ~	 ~ 

(gK-gR)b =(-1) [(gs-ge)<s+>.Rs+(ge -gR)<i+>R j ] , (2.7)
o 

rne <;z > , ..<;+ > H <f+> - OAHOQaCTH1JHble MaTpHlJHhIe 3neMeHThI; R z ' R6 H 

R j - nonHpH3aI.J;HOHHble q>aKTopbI; g6 = -3,826, g e'" 0 (Heqemo·He~TpoH

nsre anpa) ; (-1) e - qeTHOCTb COCTORHHH, nonytIHM OUeM1,H BeJIHlmH nOJIH

pH3aI.J;HOHHbIX q>aKTopoB R 1'1 R ' HCnOJIb3yn npa 310M rmpawcrpst Rj , onpez s
 
neneaasre B pafiore 121 npa BbItlHCJIOH1UI 3Hepndt COCTORUHt%.
 

o ,nocTOBepHoCTH a,nna6aTHtleCJ<oro npUUIIH'>lCOHHJl MmlClIO Cy.nHTb KaK 

no crpyxrype BOl1HOBh1X <pyHl<:l.(I1t%., TOIC " no nononouaio nnJIHllHH S(I) B 

paccwarpaaaeraoa nonoce c yuOmtttOHHOM C1JHlTn 1. ~J1Y1(TynUHR sroro 
OTHomeHHH HenocpeP,CmOHIJO yK03J,tDOOT no CHJlY 1l0oJl,ltUQunillocl<HX 3q>q>eK

TOB, TeH,D,eHUHH H3MOItOlmR PI13JtOCTH rHpOMOrHHTJlblX 011l01UeHHH g - gK	 R 

2 

Ta6JlUWl 1. 3KcnepUMeHTQJlbHble 8epOJlTHOCTU B (Ml) U B (E2) 8HyTpUnOJlOC

nux nepexoooe, pa3HOCTU zupOMaZHUTHblX omotuenuii I gK-gRI. euytpeu

uue xeaopynonsnue MOMeHTbl Q~B), Q~8) , a TaKJlCe QJsop, paccuuranuue 
8 patiore 15/' 

st,apO	 I~ - In B (M1) I - ·1 a) B (E2) (;I (B) Q (s) QTeOP 
1 f	 gK gR 0 0 0

2	 
J~~ 

2 
~~ ~~___________________J~~~~~	 ~~__ 

_~9E~~__!L~=f~~!1_ 
16?Yb 3/2-- 1/2 - 1,0(4)-3 0,22(2) 1,14(20) 7.6(30) 7.0 

5/2-- 3/2 - ~0~01 ~0,68 ~O, 16 ~ 5,8 
7/2-- 5/2 - ~2,3 -4 ~0,1 

169Yb 3/2-- 1/2 - 4,7(3)-3 0,49(2) 0. 70( 10) 5,9(4) 7,3 
171Yb	 3/2-- 1/2 - 8,0(5)-3 0,63(2) 1,23(8) 7,9(3) 7.726 ) 7,5 

5/2-- 3/2- 0,054 (13) 1,5(2) 0,31(12) 7,4(13) 

5/2-- 1/2 - 0,87(12) 6,6(5) 
173Yb 3/2-- 1/2 - 9,1 (13)-3 0,68(5) 0,93 (13) 6,8(5) 7,1 

__:E~=f~~!l_ 
163Yb 5/2-- 3/2 - 1,2(7)-3 0,09(2) 1 ,~(2) 6,6(4) 6,2(1) e) 6,2 
165Yb 5/2-- 3/2 - 0,039(6) 0,52(4) 1,73(26) 7,1(6) 6,8 
167Yb 5/2-- 3/2 - ~7,2-3 ~0,22 ~0.5 ~4,0 7,2 

__~L~=!;?~~.L 
165Yb	 7/2-- 5/2 - ~1,7-3 ~0.07 ~1.8 ~7,1 6,94(11) e) 6,7 

9/2-- 7/2 - ~0.01 ~O, 15 ~1,5 ~7.1 

9/2-- 5/2 - :»),44 ~,7 

167Yb	 7/2-- ~/2 - SS,8-4 ~,034 1,83(10) 7,2(2) 7 , ~6 ( 11 ) e) 7, 2 

9/2-- 7/2 - ~3,7-4 ~0,028 2:1,24 2:6.4 

9/2-- 5/2 - 2:0,41 ~6,4 

__:;E~=f~!~l_
 

169Yb
 7/2-- 5/2 - ~,12 2:0,61 2:1,4 2:6,2 6,9 
173Yb	 7/2-- 5/2 - 0,18(2) 0,75(4) 1,8(7) 7,1(13) 7,84 <i 1) e) 7,5 

9/2-- 7/2 - 0,24 (3) .0,72 (:5) 1,7(3) 7,4(7) 

9/2-- ~/2 - 0,55(8) 7,4(6) 

__I!~~f~~~l_ 

~f~ 169Yb 9/2+- 7/2+ ~,oa3r) ~,40 ~1,96 ~7,6 7,59 (13) e) 7,4. \ 171 Yb 9/2+- 7/2+ ~.02 2:0,20 ~0.43 2:3,7	 7,4 

---------------------------------------------~---------------------------

a - nOJlOCaM C K= 1/2 COOT8eTCT8YlOT 8e1ZUlIUHbi I<IK-'a) [1+(_I)I+1I2b~l:6 - CM', 

'pa6oryl61 " 8-CM. 171 .; e snaueuue B(Ml) paCCliUTaHOHaOCH08e Qo=7,59(J3)6.--:s

(KaK :lTO 6Y.lleT nOKa3aHO HIDKe) H xaanpyrronsaoro MOMeHTa Q o nOJIOC 

C OnHHMH H TeMH )Ke xapaKTepHCTHKaMH npa nepexone OT anpa K H,IlPY, 
rnaBHbIM 06p830M, CBH3aHbI C H3MeHeHHeM ne<t>opM8UHH anpa. 

! B Ta6n.l npaaeneasr 3HaqeHHR: Ig K- g R I H Q<:) , BbNHcneHHble aa 

OCHOBe :lKCnepHMeHTaJIbHhIX BepOHTHOCTeH B (M1) H B (E2) COOTBeTCTBeHHQ. 

3 



---------------------------------------------------------------------

HpOOOJl:JfCeHUe ra6Jl.2 
,llJIR	 CpaBHeHIDl B nOCJIe,IUIHX zrayx KOJIOHKax :nOH rafinansr npaaenensr 

------------------------~--------------------------------------------
3HaqeHHR Q~6) , norryseaasre C nOMOllJ;bIO,H3MepeHHbIX CneKTpOCKOIrnqeCKHX 

2 3 4 5 6 7 
KBa.u;pynOJIbHbIX MOMeHTOB, H Q~8"OP , BbNHCJIeHHble B pafore 151. BH,nHO, 

__n9E9~~__~L~=f§!~1 __qTO	 3HaqeHIDI Q<t), BblTeKaIOIIJ;He H3 B (E2), xopouro cornacyiorca KaK 
B eop 167 7/2	 - to, 22 (5) 19) -0,18 ±0.13(3) 

-
c Qb ) , TaK H C Q1 . 3aMeTHTb O)KH.u;aeMbIe Pa3JIH~R B BeJIHqHHaX QbB) 

169 7/2 ±0,23(1)n) -0,26 ±0,105(5) 
-

pa3JIHlIHblX nOJIOC B .n;aHHOM anpe HeB03MO)KHO M3-3a OTHOCHTeJIbHO 60JIb

9/2 ±O,29(4) p) -0,25 ±0,081(12) 2,28 (14) lK) 0,084(3) 
-

IllHX	 3KcnepHMeHTaJIbHblX norpenraocrea, Ha6JIIO.n;aeMOe pa3JIHqHe Me)K,ny 

Q\,B) H	 Q~eop B cnysae nOJIOCbl 1/2-[ 52]] 169Yb, nO-BH.u;HMOMY, cnenyer 11/2 -0,20 (11) c) -0,27 -0 12(17) 1 0(+3)lK) 0, 09( 1), -4 -	 ' -2 
171 7/2 -0,24 (4) 11) -0,22 -0,091(5) 

+15 
CBR3bmaTb C HeTOqHblM H3MepeHHeM BpeMeHH )KH3HH COCTORHHR 86,9 K3B 

(1" == 3/2-) 181 . 9/2 - ±0,27(4) T) -0,21 to, 086 (-11 ) 3,2(5) y) 0,10(1) 

11/2 - 1,23 (15) y) 0.095(6) 

173	 7/2 - -0,.23 (3) 4» -0,22 -0,091 (1)Ta6Jlu14a 2. K03(J(JU14ueHTbl cueuiueanus S BH:J!TpunOJlOCHblX (M1+E2)
9/2 - -0,22 (2) 4» -0,22 -0,097(8) 3,7(2) x) 0.084(3)nepexoooe, ornouseuus UHTeHCUBHOCTeu .y -nepexoooe r (I) U euretcatotuue -11/2 -0.17 (11) c) -0,22 -0 12(+22) 0,2 (1) x) o 03(+1)U3 HUX eenuuuuu S(I) OJlR uetcotopux noaoc noep Yb ,	 -5 ' -2 

___§L~~f.~~~l_ 
A	 In 6<1 + 1-1) 

a)
S (I> p) r (I> IS(I)r 1°) 

165 11/2+ to, 75 (10) H) -0,86 ±0,019(2) 

167 9/2+ ±O, 16 (2) B) -0,10 ±0,033(4) 

ojc c n Teop 

_!	 § z _~	 ~ ~ ~ 

+1811/2+ ±0,30(9) e) -0,22 to, 039 ( -8)' 2,4 (8) e) 0,032(11) 

__n9E9~~__~L~=f~~!1--
___ZL~~f~~~l __

167	 3/2- ±1,9(4)B) -2,0 ±0,030(6)
 

5/2 to, 025 (4) r) +0,023 0,24 (5) s) 0.32(3)
 169 9/2+ ±0,29(1) n) -0,31 ±0,053(2) 

11/2+ -0,28(2) n) -0,28 -0,056(3) 3,22(24) ;1;) 0,052(2)
169	 3/2 +0, 59 (3) ,a) +0,58 +0,082(8) +313/2+ -0,32 (12) n) -0,27 -0,05(_1)5/2- ±0,026(5),e) +0,024 ±0,19(4) 0, 06p (1);1;) 0,210(2) 

7/2 to, 42 (3) ,a) +0,42 ±0,096(8) 0,40 (2);1;) 0,085(2) 171 9/2+ -0, 28( 1) 11) -0,27 -0,055(2) 

11/2+ -0,28(5) H) -0,27 -0,056 (10) 3 7 (+13) ¢» 0,058(+~~)9/2- ±O,08 (6) e) +0,021 ±0,05(~;) 4,1 (1) ~3;1;) 0,211(2) , -8 
+413/2+ ±O, 48 (26) y) -0,27 -0.03(_1) 1,1(2) 0,049(4)

171 3/2 to, 704 (7),a) +0,56 ±0,076(1)
 
173 9/2+ ±O, 27 (3) M) -0,28 ±0,049(5)


5/2 to, 020 (6) H) +0,017 ±0,19(6) 0,026 (4) Ie:) 0,22(2) 

7/2 to, 62 (12) rn +0,43 ±0,069(13) 0,36(4)k) 0,078(6) 
l:.' reap	 ~ ;: . (II" a - BeJlUIlUHbl u paccuutanu C UCnOJlb308aHUeM noooopaunux 3HalleHUU nOJlRpU3a

173	 3/2- to, 54 (3) M) +0,61 ±0,096(5) 
14UOHHbIX (JaKTopOB Rz' Rs (CM. Te1<CT); 6 -- S(I) nonyueuo U3 S(E2/M1) , a S(I) r 

___~L~=f§~!l __ U3 r (I),. B - CM. patiaty 19/; Z - eenuuuna 8 paccuutana ua OCHOBe omOzUeHUU UHTeH

163 5/2- ±2,3(+10)H) + +7	 I CUBHOCTeu ,y-nepexoooB B nonoce; 0 - CM. pa60TY 1101; e - CM. / ll / ; :JfC - CM.. patio-0,45	 -0,0~4(_2) \'-4 
Tyl12/; 3 - CMJ13/; U - CM.l 14/,. 1< - CMJ15/,. Jl - pM/lei; M - CM.!17/,o H

165 5/2 ~10,31 -0,34 ~1, 7°) :>o,oa 
eM/lSI,. '0 - CM/ 19/,. n - CM/20/ ; P - CM. /211; C - CM!22/; T - CM/23/,. Y 

167	 5/2 to, 19(3) e) -0,12 to, 0::56 (B) 
CM/

24/ 
,o (J - CM/ 251 ; x -- CM. 126/; sanucs ~12,41 osuauaer, uro 181:22,4.

7/2 ±O, 16(1) B) -0,13 to,14C:5) i:J,613) ~O, 1
 
+7
9/2- ±0,17(6)B) -0,20 to,lJC_J ) 1,1 (4) 1:1) 0,12(2) 

B Ta6J1.2 npencranneasr CHCTeMaTIIKa 3HaqeHHH K03cP¢HI..J;HeHTOB CMe___~L~:~~a~l __ 
WHBaHIDI oaKen IUi)KaHUH1X nepexonon B norrocax 1/2- [521] , 3/2- [52'11 , 

165	 7/2- ~12,410) -2.4~ ~IO,011 5/2
-

[523], 5/2
-

[512] Ii 7/2
+ [633] H BbITeKaIOI.lJ;He H3 HHX OTHOllleHHR S(I). 

OTMeTHM, QTO 3HaK 8 orrpeztenaer 3HaK BeJIHqHHbI SCI) , a TaK KaK Q o >0,167 7/2- ~14,6ID) -e.J ~1~,O-31 
TO Ii snax gK - gR. BeJIII1UllibI S (I), rIOJIyqeHHbIe H3 OTH0 llleHHH HHTeHCHBHO

-----~~~=-_:~:~~:~~::~--_:~:~----~:~~~~::~---------~..~~--------------
5
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- ---------------------------------------------------------------------

Tatiauua 3. 3MnupU'lecKue 31laIJeHWl Pa3~OCTU eupouaenuruux ornouienuii
 
gK - gg" eupouaenutuux otnotueuuii gR' gK' napauetpoe b OM netcoropsix
o 
nonoc 8 «opax Yb. 3HaIJemm OOHOlJaCTUIJHblX MarpUIJHblX 31leMeHT08 OT 

onepatopoe	 ;z, ;+ u j: U cooreeTCT8Y1OUiUX UM noaspusauuonuux ¢aK

TOp08 Rz , R S U RJ ' paCCIJUTaHHble 8 pauxax aOUa6aTUIJeC1WZO npU61lUJICeHWl 

(I 

~PO 165Yb ~67Yb 169Yb 1~lYb ! 173Yb 

\_.
 

gK-gR 
b 

o
 
gR
 

gK
 

<:521 I Is /521 1> -0,156
AZ 

<5211 U+ 1521 ~> 0,333 

<521. ,;+ 1521 p -0,344 

R 
z
 

R

j
 

R
 
s 

gK-gR
 

gR
 

gK
 

<512' ';z I::H2 p 0,302 

R z 

__D9~9~~ 1{~=!~~1] __ 
1,3(4) 1,11 (4) 

-0,83(4) -0,42(1) 

== 0,3 0,33(2) 

1,6(4) 1,44 (5) 

-0,185 -0,186 

0,384 0,491 

-0,316 -0,314 

,1,1(3) 1,~1(4) 

1,63 1,41 

1,0(3) 0,58(2) 

-_~L~=f~!~l__ 
(-)0,98(23) -0,74(3) 

=0,24 =0,24 

(-)0,74(23) -0,50(3) 

0,331 0,352 

1,4 (4) 0,94(5) 

__~L~=!.~~~l __ 

CTeH 'Y-nepexo,nOB, HMelOIIUlx OTHOCHTeJIbHO MeHblllHe 3KCnepHMeHT8J1bHble 

OlliH6KH, lIeM napasrerpsr CMelllHBaHIDI 8, rrpaseneasr B nOCJIe,IJ;HeH KOJIOHKe 

3TOH Ta6mmbl. COrJIaCHe pesynsraroa 060HX paClIeTOB XOpOiuee. Jler'xo 

TaK)Ke y6e,nHThcH, lITO 3HalleHIDI gK - gR' BbIIIHCJIeHHble aa OCHOBe oficyacta
eMblX BeJIHIIHH SCI) nyTeM yMHO:>KeHIDI Ha BeJIHIIHHY KBa,npynOJIbHOrO MO

MeHTa Q~B) CQbS
) ) , B rrpenenax 3KcnepHMeHTaJIbHbiX 0lllH60K cornacyrorca 

C03HalleHIDIMH, onpeneneaasn-ra H3 BepORTHOCTeH B (M1) • 

,UJIR OCHOBHblX COCTORHHH aesernsrx anep HTTep6ID1 C A = 163 -=-173 

HMelOTCR 3KcnepHMeHTaJIbHbie 3HalleHIDI MarHHTHblX MOMeHTOB. Kposre Toro, 
171 173

B anpax Yb H Yb H3MepeHbi MarHHTHble MOMeHTbl rrepasix nsyx B03

6y)K,ll;eHHb1X COCTORHHH COOTBeTCTBeHHO nOJIOC 1/2- [521] H 5/2- [512], a 

WUI anep 169 Yb H 179 Yb - MarHHTHbIH MOMeHT rOJIOBHOrO COCTORHHR no

JIOCbl 7/2+ [633] (cM.Ta6JI.5). MCnOJIb3yH 3TH nanasre H rronyseaaste saase

1QK-QR1 
HHR g K -gR' Mbl BbI'lHC

JIHIlH 3HalleHHR g R H gK' 

1.0 

~ 

f' 

I , I I ¥ 

o - Gd 

t. - Dy 

.a -; Er 

o- Yb 

0.8 

~ 
0.6 

0.4 
5/2+[642] 

0.2 

5/r[523] 

oL r 

89 91 93 95 97 99 

a nJIR nOJIOC C K = 1/2 

TaK:>Ke anaseaae K03(j>(j>H

uaeara b0 (Ta6JI.3). non

xepxaewr, lITO .D.JUI nOJIOC 

1/2- [521] H 5/2-[ 512] 

anep 171 rb H 173 Vb, co

OTBeTCTBeHHO, HMeeTCR 

YHHKaJIbHaR B03MO)KHOCTb 

BblqHCneHHR 3THX BeJIH

lIHH C 60JIbllleH TOIlHO-

CThlO JIHlllb aa OCHOBaHHH 

,n8HHbIX 0 ManmTHblX MO

MeH11lX. B cnysae nOJIOC, 

,nJIR KOTOpblX He H3Mepe

Hbl ManIHTHbIe MOMeHTbl, 

npa OUeHKe g K H bo npa-
HHManoc~ 3HaqeHHe.IR,~n

peaeneaaoe ,nJIR 8H8nOrHQ

HblX nonce cOCe,IUlHX anep. 

PUC.1. Pa3HOCTU ZupOMtl2HUT

HbZX OTHOlUeHUU I. JC' ~ (1M 

nonoc 3/21521], 5/21523J
+

"u 5/2 [642] 6 HeeleTHblX JI()

N pax oe, Dy, IIf U Yb. 

gK-gR ( - ) 0, 0:5< 2) 

gR 0,21(1) 

0,16(2)
~K 

<:523 .19 15 2 3 P -0,191z 
R 0,55(7)z 

gK-gR (-)0,52(4) 

<:521'1;21:521'> 0,203· 

gK-gR
 

gR
 

~K 
<633'19z 16 3 3 '> 0,341 

R z 

-0,031(3) 

0,227(4) 

0,196(3) 

-0,223 

0,57(1) 

__~L~=f~~!l __ 
2:10,221 

0,233 

__Z!3~f~~~1 __ 
-0,40(2) 

0,13(1) 

-0,270(~) 

0,344	 0,343 

0,72(8) 

1,12(2) 

-0,44 (1) 

,0,290(2) 

1,41(2) 

-0,189 

0,547 

-0,311 

0,97(2) 

1,26 

0,57 (1)' 

-0,70(4) 

=0,24 

-0,46(4) 

0,364 

0,83 (7) 

-0,42(2) 

1:0,13 

-0,29(:l) 

0,342 

0,70(0) 

1,17(14) 

-0,42(4) 

== 0,3 

1,47(14) 

-0,189 

0,605 

-0,311 

1,0(1) 

1,13 

0,58(5) 

-0,72(3) 

0,24(2) 

-0,48 (1) 

0,372 

0,84(2) 

(-)0,38(4) 

1:10,13 

-0,25(4) 

0,341 

0,67(11) 
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PuC. 2. Oououactuuuue MaT

_ - 1340=0,03 PUllHbl!. sneueuru OT on epa<S? 
169 16;-- ~40=0,04 ropa s z 8 3a8UCUMOCTU OT
 

0,4
 Yb oefiopseauuu {3 20 8	 ueuet
nux nopax Gd, Dy,	 Er U..--- .- -157~~ ~ 

o_/ ..£J: - - - - - -0.3 Yb.
 
155 161 y
 

./'15'Z Gd D
'0.2 
•	 .-_QY. __ .---~-- -.- -- - - -.
 

161Er
 
B Ta6JI.3 xpor-re 3Ha

tIeHHH gK-gR' b o' gK H 

gR C06PaHbl BbltmCJIeH

0,1 

nsre 3aTeM no ¢OPMY
0,20 0,25 0.30

o I I I ". 

JIaM (2.6) H (2.7) 3Ha

tIeHHH nOJIHpH3aIJ;HOHHbIX 

P20 

-0,1 
rpaxropoa R z H R s 
(rpaxropsr R j H3 pa6o;-~>-_._~~-0,2 
Tbl/ 2 / ) H 3HatIeHHH COOT. '--~'- ._~--~ 
aercrsyrourax oztaoxac


-0.3
 TH~bIX MaTpH~hIX 3JIe
Dy 163

MeHTOB OT oneparopoa
~ 3/2-[5211 Sz' ; + H ; +. Oficyxcne6 ~12-(532) 

HHe BeJIHquH R z H R s[] $'2-(523) 
• ¥2+[651l npo,u;OJI){(HM HIDKe, npa 
• 7/2+(633) aHaJIH3e neanaatiaraxec-

KHX 3¢¢eKTOB. 

3KcnepHMeHTaJIbHbIe zraansre 0 rHpOMarHHTHblX OTHOllleHHHX g K H 

gRIlOJIOC 3/2-[5211, 5/2-[5231 H 5/2+[642] azrep Yb oueas CKy,IUlbI. 

n03TOMY conOCHlBHM HX (pac.L) C aHaJIOrHtIHblMH ,u;aHHbIMH ,u;JIH aeserao
HeHTpoHHbIX aziep Gd .Dy H Er C N ~ 89, xoropsre HBJIHroTCH 60JIee TOtIHhlMH 

~ H MHOrOtIHCJIeHHbIMH. PHCyHOK nOKa3bIBaeT, tITO noneneaae BeJIHquH gK - gR 

B 3aBHCHMOCTH OT N ,u;JIH o,u;IDIaKOBbIX nOJIOC B 3THX anpax noxoacee: B CJIy

xae nOJIOCbI 3/2 -t5211 BeJIHtIHHbl g K- g R pearce B03paCTaIDT C pOCTOM N, 
B TO BpeMH KaI~ ,u;JIH .nOJIOCbl 5/2- [5231 HMe~T reaneauaro K YMeHbllleHHIO. c 
Hafirnoztaexrste 3aBHCHMOCTH cneztyer CBH3bIBaTb, npesore scero, C tIyBCTBH

TeJIbHOCTblO BHYTpeHHero rHpOMarHHTHoro OTHOllleHHH g K 1< ztediopraanaa 
MPa, TaK KaK gR cJIa60 MeHHeTCH OT anpa K anpy. ~Ka3hIBaeT HR 3TO pac.z, 
rne npasenensr paccxaraaasre HaMH 3HatIeHIDI <8 Z >OAH ,IJ.JtR COCTOHHHH 

3/2-[5211, 3/2- [5321, 5/2-[523], 3/2+[651], 5/2+[642] H 712+[6331 

B 3aBHCHMOCTH OT KBa,u;pynOJI~HOH ,u;e¢OpMaImH /320 H 3HRtteHHH rerccanexa
nOJIbH9H nerpopsranaa f3 40 =0,03 Ii 0,04. BH,nHO, lITO B cnyll1le cocroaaaa 
3/2- [5211 H 3/2 -[532] 3HatIeHIDI <8 >° ocofio CWlLHO B03PRCT8.IOT C yne-

Z AH 
JIHtIeHHeM KaK f3 20' TaK H /3 . B 061I1eM, ,nJlR nOJlyttOHHR Y,D,OBJleTBOpHTeJIb':

40 

8 

si I) 

S/i+[642] 167
Yb 0.101

t 
0.051-	 -_..:._!_------- ------ f 

~ 

. _I	 - - -f - - - --. r--·---	 f 
o. , . . , , '. ' •I '" 

sr: 11/2 13/2 15/2 17/2 19/2 21/2 23/2,25/2 27/2
1 

S (I) 
512-[512] 169Yb 

0,10 
~ 
-- ---4· -.§- --:f- -.--J - -_: 

0,05 

j ,O. I! I , , !! ... 

7/2 9/211/213/215/21712 

S (J)
 

171 Yb
712+1633]0.1 a 

-- --§: --:~-- -V -J--:1- --j-- --9 ----2-- -0,05 

0, ' ! I ! , t ! , 'c>. 
7/2 9/2 11/2 13/2 15/2 17/2 19/2 21/2 23/2 25/2 I 

PuC. 3. OTHOWeHWl s(I) O.nR no.noc5/2+[642] 8 nope 167y b. 5/2-[512] e nope 169 Yb 
U 7/2+[633] 8 Rope 171 'I.Yb 8 3a8UCUMOCTU OT cnuna COCTORHWl. 
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aoro corrracaa C 3MmipHtleCKHMH 3HatleHHHMH <8 z> = gK' K/g (CM. 
,	 3Mn s 

cPopMyny (2.6» .n;OCTaTOtnlO aapsapoaars nOJIHpH3aUHoHHhIH napar-rerp
 
n, ,B npenenax 0,6 ~ R ~ 0,9.
z 

Ilpocrrernrrs 3aBHCHMOCTb rHpOMarHHTHhIX oTHoIlleHHH OT crrana COCTOH

HHH B KOHKpeTHOH nonoce .n;nH anep Vb npaxrasecrca HeB03MOJKHO H3-3a 

OTCyTCTBIDI axcnepaseenransnsrx .n;aHHhIX. HMeeTCH rnnus B03MOj{ffiOCTb 
(accnenoaars 3aBHCHMOCTb OT cnaaa OTHOIlleHHH 8 (I), onpenerreansrx nH60 

na OCHOBe penH1.IHH 8, JIH60 - OTHOIlleHHH HHTeHCHBHOCTeH ,y-nepexo.n;OB. 

Ha pac.S nrra npaxrepa nOKa3aHhI 3TH OTHOIlleHHH .n;JIR norroc 5/2+ [642]
167' -	 16 + 

B anpe Vb,5/2 [512] B anpe 9Vb H 7/2 [633] B anpe 171Yb.3aMeT

.nsre cPJIYKryaUHH BeJlH1.IHHhI 8(1) B norroce 5/2+ [642] 167Yb OTpa:>KalOT 

cansaoe xopaorracoao CMeIllHBaHHe C nonocasra 3/2+ [651] H 1/2+ [660]/2/ . 

Hefiorrsurae cPnyKTYaUHH oTHoIlleHMH 8 (I) B nonocax 5/2 - [512] H 

7/2+ [633] xapaxrepasr nrra norroc, crrafio B03MymeHHhIX xopaonacoasne 
B3aHMo.n;eHcTBHeM. 

3. AHAJIH3 B PAMKAX HEA,llHABATHqECKOA MOllEJIH 

Ilpaaenemrsre BepORTHOCTIii BHyTpHpoTaUHoHHbIX E2-nepexo.n;oB asr
tIHCnRnHCb HaMH B pavncax neazraafiarasecxon apaurarerrsaoa Mo.n;enH no 

cPoPMYJIe 

B(E2; Ii'" It) = un (E2, Me == 0) + m(E2, IL\K I == 1) + m(E2, IL\KI ==2)]2, (3.1) 

r.n;e 

I i It 
m(E2, L\K=O)= I CK C K <<lJ p IF(E2,0) I<lip ><IiKi20IItKt>oK K ; 

KK 1 t t i it 
i t I I (3.2) 

m(E2,1M(1 ==1)= I ci oJ. [<<lip IF(E2,r) I<lip, ><IiKi2rlltKt>OK K +r+
KiK tr=±1 

1 t tic, i 

(3.3)
1 It+ K t + f 1 1	 _ 

+ "2(-1) <Ii - 2"2 lilt '2> <<lip t IF(E2, 1) 1<II'P?8Kt.1I2.~i ,1/2]; 

I	 Iim(E2,IMCI =2)= I 0K OK! [<<II IF(E2,2r)I<II > x 
K 1Kt r== ±1 1 t P t PI 

(3.4) 

1 li+ Kl+ f 3 1
x,<ItK 12 2rl It Kt>8 K K +2r+ -2 (-1) <11 - -221 If -> x 

tt 1	 2 2 

x <<Il,p IF(E2, 2) I~p > 8 ,1/2 8 K .3/2 + 
t 1 K t 1 

10 

1 I i+ K 1+ f, 1 3 
+ 2(-1) <Ii - ]-2 21 1t""2'"> <'¢Pt \ F(E2,2) I<l>Pi>8 K ! ,3/ 2 8K 

i,1/2] 

- MaTpHtIHhIe 3JIeMeHThl KOMnOHeHTOB E2-nepexo.n;oB C .1.K = 0, I~K I=1 H 

IL\K I = 2, COOTBeTCTBeHHO. B <f>opMYJIaX (3.2) - (3.4) . H nansuie no TeKCTY p 
osaauaer Ha60p HHJIbCCOHOBCKHX KBaHTOBhIXtlHcen. 

AMnJIHry.n;hI KOpHOJIHCOBa CMeIllHBaHHH BOJIHOBhIX cPYHKUHH COCTOH

HHH C
K 

H C
K 

npencraaneasi HaMH B /2/. Marpasasre 3JIeMeHThI OT MyJIbTH
i t 

nOJIbHhIX oneparopoa <4)p t IF(EA, Kt - K i l~p 1 > BhItlHCJIHJIMCb B par-ncax 

0.n;HOKBa3Ht1aCTHtnlOH nH60 KBa3HtlaCTHtnlO-cP0HOHHOH Mo.n;eJIeH/3/ . B 0.n;H0

KBa3H1.IaCTHtlHOM npH6nM:>KeHHH, xorna <IJ = a ;1 >, HMeeMp 

'N.! 
<4) I F(EA, K. r: K i == v I'«l,p > = Pp 'P (U'p Up - "» "» ) +
Pt.	 1 t 1 r itt 

(3.5) 
+	 28 8 I P 20 v 2
 

All, 20 Pt ,P i P PP P
 

~	 u u 

rne P Pt p i - o.l\HOQaCTH1.IHbIH MaTpHt!HhIH 3JleMeHT E;\, v -nepexozia Me:>K,l4y 

COCTOHHHRMH C HIDlbCCOHOBCKHMH KBaHTOBhIMH tlHCJIaMH p f H p!; Up H 

V P - K03cPcPHUHeHThi KaHOHHtleCKOrO rrpeofipaaoaaaaa BOrOJII060Ba. ,BTO

poe cnaraesroe B BhIpaJlCeHHH (3.5) orrpenenaer 3J1eKTpHtleCIGIH xsanpy
nOJIbHbIH MOMeHT: 

20	 2 n- 2 2
2 I	 Ppp v p :s vi ~--Qo ·10 e <t>M • (3.6) 

p 16" 

Meron BhNHCJIeHHR MaTpHtffihIX 3JIeMeHTOB (3.•2) - (3.4) C Y1.leTOM 

KBa3H1.IaCTHllHo-<p0HoHHoro B3aHMOneHcTBIDI 60JIee CJIO)f(HhIH, OH OIIHC8H 

B pafiore /27/ . 

B Hea.tUfa6smllecI<:oH BpaIlUlTeJlbHOH MO,lXeJIH npaaeneaasre DepORT

HOCTH Ml- nepexonoa 

B(Ml; 11 ~ I f) = Oil (Ml ~ Me'; 0) + m(Ml, 1&K1 = 1)] 2 ,	 (3.7) 

rae 

I i If 
m(Ml, ~ = 0) = ~ OK OK ,<<tJ p IF(Ml, 0) I~p > x 

Ki K r 1 f f t 

(3.8) 
x <I1K i 10~ IrK f > 8K K ' 

1 f 

I	 Im(Ml IM I = 1) = I ole t [<~ IF(M1, r I'~p > x 
, K K P
 

K 1Kr r= ±1 t r f i
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x<~ K j i r] I rKr > BKr • K I +r + (3.9) 

I1 II + K +f I _.!... 1111 1..> <'" IF (Mi, 1) I¢pI >B .1/2 B .1/2 ].+ - (-1) < I 2 f 2 pc.2 Kr KI 

B OAHGK~a3HqaCTHqHOM npH6JIHiKeHHH 

.<<11 IF(M1,v=·K C-K I I<li. >=(u u' +vp vp )<PCI'R(Ml,v)\Pi >, (3.10)p p pPc I tiC I 

rne 

( 3.12) 
A 

+ (g e- gR) .<p cI j ± \Pi> ], 
- 3 1/2 efl .... 

<PC 1m (M1, 1) IPi > = (4fT) 2Mc [\g s - ge) <p c 1
8+ I'Pi > °Kf,1I20~ ..1/2 +. 

(3.13) 
+ (ge - gR) <Pc 14 \p~ > °K ,1/ 2 °K t. 

c I,1/2 

3neCb oneparop MarHHTHOrO nHn~JIbHOrO rrepexona HMee; BHn /28/ 

. 3 1/2 e11 .... 
m(M1, v ) = (--) 2M- (11) v =KC-K ' (3.14)

4" c .i 

rne 

(;) v = (g s ; + g e f + g-R,R) v =0, ±1 , (3.15) 

a crraaoaoe H Op6HTaJIbHOe rnporaaraarnsre OTHOIIleHIDI HeqeTHOrO HyKJIOHa 

Ii apamasomeroca OCTOBa B3HTbI,COOTBeTCTBeHHO, paBHhIMH 

5.586 nJIH npOTOHOB,
g = (3.16)s { -3.826 nJIH HeHTpoHoB, 

I AJIH nporoiron, 
(3.17)

g e' = { 0 nJIH HeHTpoHoB,
 

g ::=. ~ (cBo6oAHhIH napasrerp) • (3.18)

R A 

B cnysae YIIeTa KBa3H~aCniqHO-¢OHoHHoro B3aHMOneHcTBMH MaTpH1.I

asre 3JIeMeHThI oneparopa j + nepeaopsrapoaanacs no MelonHKEl, npenno
iKeHHoR B pa6oTe/2~/ a MaTpHIIHhle 3JIeMeHThI oneparopoa Sz U S + - KaK 

B .pa6oTe/4/. -

Hcxons H3 onpeneneaaa K03cPcPHI.J;HeHTa CMelllHBaIUm .y-nepexo,noB 

A rnna Ml+E2 KaK OTIiOllleHHH nOJIHbIX aepoaraocrea HX E2- Ii M1-KoMnoHeH

TOB nOJIyQHM 

ITt B(E2, Ii -,If) e2 6 2 
s 2 

(1 i -+ I c) = 0,694 E y(MaS) -------:-:-:\1! . (3.19)B(M! ,I i -+ 1 c) (A. M.) 

I1pH 3TOM ·3HaK B onpenenaer 3HaK OTHOIlleIIHH nOJIHbIX MaTpHtrHhIX 3JIe

MeRTOB, BhITeKalOmHX 113 BblproKeHHH (3.1) H (3.7). 
BhIpIDKeHHe nnH BhItII1CJIeHIDI MarHUTHoro MOMeHTa anepaoro COCTOH

HIm C KBaHTOBhIMIf QHcn:aMH 1 If M B HBM MOJKHO 3aTIHCaTh B BHAe 

1 A A A",. 

Jl. = I-:;.T[(gs-gf,)<IMlsI\IM> +(ge -gR)<IMIJI1IM> + 
1 (3.20) 

2 
+ g R<1M I1 II M>], 

rne 

A,.. A ,I I 
<I M181 I1M> = L CK CK , ( u u , + v P "»' ) [K <pis zip > 0KK' ,.. 

K K' P P 

1 --".. 1 ----. 
+ 2"V(I - K') (1 + K ' + 1) .< p Is+ IP' > oK, K ' +1+ 2: V(1 + K ')(1 - K' + 1) -x 

(3.21 ) 
A ! I+1/2+e .... 

x <pI8_lp'>oK.K'-1 +2"(1+1/2) (-1) <p\S+!P'>%=K',1I2 1, 

I I { 2<IMIJIIIM> = :£ OK OK' K O. ,,+(u U '+V'pVp') x 
K K' PP P P 

x 21 [ j (I ~- K' )(1 + K' + 1) . <p I f+ \ p" > 0 K K' 1 + VI(I +K ") (I - K ' +1)' x 
, + (3.22) 

'" 1+ 1/2+£ .... 
x<p!i_!P'>oK,K'_1 +0+1/2) (-1) <p\i+\P'>oK=K',1/2 ]I, 

2.<IM\I 2 \ I M> = I O~C~'<IMI{I 1 \ IMK'> = It ci ci, l(I+l)oKK,,(3.23) 
KK' KK' 

Marpamrsre 3JIeMeHTbi OT oneparopos ; ,~+ Ii f+ HaMM BhltlHCJIHJrnCb TaK )ICe.z _ _
 
KaK H B cnysae BepOHTHOCTeii Ml-nepexonoa,
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:: I I 

COrJlaCHO BhIpa)l(eHHIO (3.7) BepoHTHoCTb B (M1) BHyTpHnOJlOCHhIX 

rrepexonon onpenerraror nna rana MaTpHtIHbIX 3JleMeHTOB: C ~K = 0 H I~Kl = 1. 
llOCJle,IUIHe B03HHKaIOT aa CtIeT KOpHOJlHCOBa CMeJllHBaHHH COCTOHHHH, HO 

HX axnansr B nOJlHhIH MaTpHtIHbIH 3JleMeHT, KaK nOKIDKeM HIDKe, aaorna 

; : 
..~ 

Taiinuua 4. Cpaenenue stccnepuueuransuux U TeOpeTUlJeCKUX eepontnocreii 
B(Ml) U B(E2) euyrpunonocnux v-nepexoooe B ueuetuux nopax Yb: 

B(E2) reop 
ifjaKTopbl F(E2) = paCCIJUTa1lbl CYlJeTOM xeasuuactuuno-fiononuo

j 

CTaHOBHTCH CpaBHHMhI C rJlaBHhIM KOMnOHeHTOM THna M{ = O. B TaKOM 

crrysae Pa3JlHtIHH 3HaKOB MaTpHtIHh~X 3JleMeHTOB m(Ml, ~K;= 0) H m(Ml , 
IL\KI = 1) npHBoP;HT K CHJlbHOMY BO~paCTaHHIO sanepsoca Ml-nepexona. 
Marpaxasre 3JleMeHThI OT oneparopos F(M1, v ), axonaume B ar.rpazce
HHH ,wIH 'II(M1, M{ = 0) H m(M1, I~KI=l), HaMH BhltIHCJIHJlHCb B par-ncax 
MOp;eJlH nHTOBa 141, YtIHThIBalOIUeH cnaa-crraaoaoe H ~eHTp06e)l(HOe B3aH

Mop;eHCTBIDI, npHBOP;HIUHe K nOHBJleHHIO TpeXKBa3HtIaCTHtIHhIX rrpassecea 
K BOJIHOBhIM <t>YHK~HHM 0,IUIOKBa3HtIaCTHtIHhIX COCTOHHHH. 3TO HBJlHeTCH 

npHtIHHOH nOHBJIeHHH nOJlHpH3aUHOHHhIX 3<t><t>eKTOB, nepenopr-rapyrouiax 
Op;HOtIaCTHtIHhIe MaTpHtIHbIe 3JleMeHThI oneparopon ; z' ~ H f+. 

PaCtIeThI B pasrxax aroro nonxona nOKa3aJlH, tITO COrJlaCHe C arccnepa

,J 
,~ 
q 

!j 
.! 

A 

167 

11 

1,° 

0,35 

10 

F (MU (6) 

0,3 

0,86 

9 

0,35 

4,.9 

8 

F(Ml) (a) 

4,2 

76 

B (H 1> (S''IM) 2 
2 F(E2) 

B(E2) (e6) gR=0,3 

9,B(4)-4 

5 

Hi 

__TI~~9~~ __!L~=~~~!~ __ 

4 

69,8 

E y,JC3B oL 

3 

Ii - If 

3/2-1/2 

2 

MOOe.nU Ilnroea 141 (a) U C nootiopou nanspusauuonnux ifjaKTopoB (6) 

E yp,JC3B 

T 1/2' He 

258,5 

B(E2fl<cn 
B(Ml)reap

20 B3aUMOOeUCTBWl; ifjaKTOpbl F(Ml) = paCCIJUTaHbj Bpautcax 
B(Ml) IKc" 

MeHTOM He acerna yp;OBJIeTBOpHTeJIbHoe. n03TOMY HaMH 6hmH npoeenensr 0,34 (5) r) E2 1,1(2) 0,91 

,II,onOJIHHTeJIbHhIe pacsersr B (M1), B KOTOphIX nOJlHpH3~HOHHhIe ¢aKTophI 

MaTpHtIHhIX 3JleMeHTOB CIlHHOBhIX on~paTopOB s+ ~ Sz HBJIHnHCb cB060p;

HhIMH naparaerpaxia ,II,JIH rJIaBHhIX KOMIlOHeHTOB MaTpHtIHhIX 3JIeMeHTOB 

'II (M1, v ) , a MaTpHtIHhIe 3JIeMeHThI oneparopa r+ BbItIHCJIHnHCb, KaK 3;0 

278,2 
~0,21"') 

5/2-3/2 19,7 Hi 

E2 

Ml 

E2 

~0,065 

~0,16 

0,14 B 
) 

0,30 B 
) 

~1, 7 

0,93 

~0,52 

0,24 0,22 

~0,48 

1, ° 

~2,2 ~2,0 

0,93 

OIlHCaBO B paoore 130/, B pasncax KBa3HtIaCTH'lHO-<t>OHOHHOH MO,II,eJIH. 

CpaBHeHHe pe3YJlhTaTOB pacxeroa C 3KcnepHMeHToM npoaozrarca B 

-112 89,5 E2 

E2 

~0,54 

1,1 B) 

~l,B 

0,91 

Ta6JI.4 ·P;JlH P;ByX 

g R= 0,30 H 0,35. 
3HatIeHHH KOJlJIeKTHBHoro rHpOMarHHTHOrO OTHOWeHHH 440,7 

~,21"') 

7/2-5/2 162,4 Hi 

111 

~2,3-4 

1,1-3 B
) 

~53 

11 

~57 

12 
~30 

6,3 

~32 

6,6 

<I>aKTopbI F(Ml) 
B(Ml) rlop 

B(M1) IKC" 
, BbItIHCJleHHhIe B pasncax MOp;eJIH 

169 86,9 

-3/2 

3/2-1/2 62,7 

182,1 E2 

E2 

111 

~0,29 

1,4 8 ) 

4,7(4)-3 

~3,2 

0,66 

0,13 0,19 2,1 2,1 

llHTOBa 141, YKa3hIBalOT aa TO, tITO BO MHorux CJIytIaHX COrJlaCHe reopaa 
C 3KcnepHMeHTOM Heyp;OBJleTBOpHTeJIbHOe (Ta6Jl.4 .pacxer a.~. TaK, aanpa
Mep, B cnysae nepexona 3/2- .... 1/2 - B nonoce 1/2- [521] 1 lYb paanasae 

nocraraer nayx nopanxoa (F (M1) ::: 0,02). AHaJIH3 3HatIeHuH MaTpHtIHbIX 

3JIeMeHTOB m(M1, ~ = 0) H m(M1, IMeI :: 1) noxaasraaer," tITO HMeHHO 

snecs aafirnonaerca me B3aHMHaR KOMneHcaUHH sa CtIeT· P83JIHtIWI B saaxax. 

3TOT 3<t><t>eKT nesroncrpapyerca na npasrepax, npaaenesasrx B Ta6JI.5, 

rne YK8.3aHbI rnaaasre KOMnOHeHT~I H paCCtIHTaHHbIe 3HatIeHHH m(M!, ~K::: 0) 
.a m(M1, IM( I = 1) W1H P;ByX HH3KOCrnmOBbIX' nepexonos B POTaIUfOHHOH 

nonoce 1/2-.[521] anep 187-179 Yb, 
.: 

I 
I·
.1 

i 
(I'

I 
i 

171 3/2-112 

-1/2 

99,2 ~/2-3/2 

0,34 (10) ll) 

1,43(8) ll) 

66,7 
0,80(5)·)' 

12,3 

75,0 

66,7 

E2 

Hi 

E2 

Hi 

E2 

111 

E2 

E2 

E2 

Hi 

E2 

0,70 (10) 

8,1-3 B
) 

1,1 8 ) 

0,18(6) 

1,2(6) 

0,061 B) 

0,40 8 
) 

3,4(12) 

1,14 B) 

8,0(5)-3 

1,23 (8) 

1, 1 

1,7 

0,81 

0,B8 

0,36 

1, 1 

0,29 

0,02 

0,42 

0,14 

0,08 0,11 

0,01 

0,12 

0,37 

1,3 

1, 1 

1,2 

0,36 

1,2 

1,2 

0,98 

0,33 

COrJIaCHe C 3 xcrrepawrearosr, KaK cnenosano O)l(H)J;aTb, 3HatIHTeJIbHO 

ynytlWaeTCH, ecna nOJIHFH3~OHHbIe <t>aKTopbI ,II,JIH MaTpHt.!"bIX 3JleMeHTOB 

cmraoasrx oneparopoa 8+ If 8 z CtIlITaTb CB060,IUlbIMH napasrerpasta (Ta6Jl.4, 

pacser 6). Ilpa nO,II,rOHKe 3THX napasrerpoa B KatIeCTBe aasansasrx saase

I 
iiI 
I'II 
I. 

173 

-1/2 

312-1/2461,5 

75,9 5/2-3/2 

1,64 (16) e) 

9,2 

75,9 

62,6 

Ml 

E2 

E2 

Ml 

0,054 (13) 

0,31(12) 

0,87 <12) 

9,1(13~-3 

0,97 

1, 1 

0,46 

0,06 

0,40 

0,05 

1,1 

\1,0 

1,0 

0,98 
~H 6paJIHCb 3HatIeHIDI, nOJIytIeHHbIe aa oCHOBe ~Ha6aTHtIeCKOrO aH8JIH3a. 0,56(3) lit) E2 0,93 (13) 1,4 

,14 ,15
 



---------------------------------------------------------------------------

flpOOOIl:JICeHUe Ta61l.4 
Ilpooonscenue Ta61l.4 

2 3 4 5 6 7 8 9 10 11 
-----------------------------------~---------------------------------------

nonoca 5/2+[642J 
~;~~---~~--~~~;~B)-----167 125.7 11/2-9/2 1. 1 1,2 1.3 1,4 

E2 0.895 
) 1.3 

-7/2 92.1 E2 0,88 B) 1,0
2 3 4 5 6 7 8 9 10 11 

c, 185.9 13/2-11/2 60.1	 Ml 0.14 (2) B) 0,52 0'.60 0.61 0,71 

E2 0.90(14)B) 0,97 __D9E9~~___~f~=!~~11 __ 
163	 78,3 5/2-3/2 78,3 "6 -9/2 127.4 E2 1,OB) 1.2Hl 1,2(7)-3 6,5 8,2 

1,15 (8) 3) E2 1,48(18) 0,47 

165 174,2 5/2-3/2 53,7 H1 0,039(6) 0.74 0.79 __Z!~~fe~~l __ 
0,23(4) 1-1) E2 1,73(26) 0.88 169 70.9 9/2-7/2 70,9 Ml ~0.34 ::S:O,17 ::S:0,19 ::S:O,29 ::S:0,28 

167	 239.2 5/2-3/2 26.0 Ml ~7.2-3 ::S:3,3 ::S:5,2 ::S:O.028tl ) E2 ~7,6 ::S:0,25 
::S:0,2r ) E2 ~0,55 ::S:1,3	 NI 0.081(6)B) 0,69 0,81 1,0 1,2 

E2 1.94(7)B) 0.98 __~!!Cf.~~~l __ 
161,6 11/2-9/2 90.7 Hl O,ll B) 0.8 1,0 1,2 1,4

165	 87,5 7/2-5/2· 87,5 Ml 51,7-3 ~0,16 ~O,88 
E2 1.96 B) 0,96

O,8( 1) 1-1) E2 ~1,8 ::S:0,94 
-7/2 161,6 E2 0.42(1)B) 1,0
 

194,7 9/2-7/2 109,9 Hl ::S:0,01 ~O.Ol ~0.14
 
269,7 13/2-11 /2 107,4 Nl 0,13(5)B) 0.92 1,1 1,3 1,5

0.179 (5) 3)	 E2 ::!<1,5 :£).93 
E2 1.68(6) B) 0.95 

-5/2 197.4 E2 0.44 1, 1 
-9/2 198,8 E2 O. 77 (.3) B) 1 • 0 

167 78,7 7/2--5/2 78,7 Ml ::S:3.8-4 ~16 ~27 ~0,74 ~4.5 
171 167.7 9/2-7/2 72.4 Nl ~0,02 ::S:2,9 ::S:3.4 ::S:6,O ::S:6,5

0,84 (4) r-) E2 1,8(0 0.98
 ::S:0.46 M
) E2 ~0.4 ::S:5.0
 

178,9 9/2-7/2 100.2 Nl ~3.7-4 ::S:24 ::S:41 ::S:4,9 ::S:14
 
Ml 0,095 6 

) 0,61 0,72 1,3 1,4
::S:O, ~r>	 E2 ::S:1,2~1,24 

E2 2,05 B) 0,98 
Nl 5,0(9)-4 6 > 18 31 3.6 10 

E2 1.72(3) B) 0,84 

-5/2 178.9 E2 ~O,41 ::S:1,2 e - eeausunu B(O'L) oueuenu na ocuoee 3HaIJeHUU Q(~) (CM. m61l.1),. Z - CM. patio

K- CM/54/; E2 0,57 B) 0,86	 ry/30/; 0 - CM.!31/,. e- CM./14/;:JIC-·CM.l3'lI; 3 - CM. / 18/; U - CM/3S/ ;, 
n - CM/35/; M - CM./32/. 

__§!~C~~!~l __ l 
169	 278,6 7/2-5/2 87.4 Nl ~0.12 ::S:0.77 ::S:0.91 ::S:1.4 ::S:1.6 If I 

::S:0. 0 6 9 tl> E2 ~1.4 ::S:1,6 '.I Haanenasre npa 3TOM 3HalleHIDI nonHpH3aUHOHHbIX <t>aKTopOB ,D;nH rnasaoro 
Ml 0, 14( 1) 6)- 0,66 0,77 1,2 1,4 

} 

KOMnOHeHTa MaTpWlHoro anevreara m(Ml, 0) He3HatIHTenbHO OTnHlIanHCb 
E2 2.05 (4) B) 1,1 

OT HCXO,D;HblX. 
173	 78,6 7/2-5/2 78,6 Ml 0,18(2) 0,65 0,72 1,0 1, 1 B Ta6n.6 ,D;nH HeKOTopbIX POTauHOHHbIX nepeXO,D;OB npHBO,D;HTCH cpaa

0,052(6) x) E2 2,2(6) 0,95 HeHHe nomipH3aUHOHHbIX <t>aKTopOB R j, R z H R 8 , OUeHeHHbIX B a,D;Ha6aTH
179.3 9/2-7/2 100.7 Nl 0,24(3) 0.71 0.77 1. 1 1,2 lIeCKOM npH6nHIKeHHH H paCClIHTaHHhIX B par-ncax MO,D;enH 14/. BH,IJ;HO, xro 
0,032 (4) n)	 E2 1.7(3) 1. 1 nOCne,D;HHe BO acex cnYlIaRX	 BenHlImIY MeHbIlle e,D;HHHUhI, TO ecrs 

HHMelOT 

Hfl6nlO,D;aeTCH sasreraoe ocrrafineaae O,D;H.OllaCTHlffiblX MaTpHlffiblX 3neMeHTOB. 

tho xacaerca nonapasauaoaaoro <t>aKTopa MaTpHlIHoro anexrenra onepa

Topa 1+, TO HcnOnb30BaHHe 3HalleHHM, nOJIYlleHHbIX npa pacxere sneprera

1716 



Tatinuua 5. OCHoBHble KOMnOHeRTbl 

m't = OK CK< <I> I m(M1 ,v \ <IJ,p > < 11K t 1v I I rKt > (fl.M.) 
1 1 r P r 1-

U uatpuuuue 31leMeHTbl m(Ml,n.K=O) (n.u.) U m (MI, I~I = 1) [n.u.} 
Ml-nepexoooe 3/2---t 1/2- U 5/2--~3/2- 8 nonoce i/2-[52J] noep 167-173 Yb 

( ga=0,3) 

167 169 171 173
s:l,apa Yb Vb Vb Yb 

>0 
__E~£~~:r_____.______~ ______§_______~______§ _______._~_-----§-------~------§--

--
Ii - If --~{~--_?__!{~--

mfi (521.-521') -0,062 -0,162 -0,062 -0,159 -0,074 -0,155 -0,081 -0,160 

mfi (521 &-510t) 0,007 0,014 0,008 0,015 0,002 0,004 0,002 0,005 

'iili(Ml, AK-O) -0,058 -0,155 -0~057 -0,156 -0,074 --0,156 -0,080 -0,158 

mfi (521' -521') 0,031 0,033 -0,002 -0,007 -0,002 -0,002 -0,001 -0,002 

mfi (521 t-521 P '0,095 0,153 0,082 0,067 0,066 0,064 0,056 0,064 

m(Ml,I AK I =1) 0,123 0,184 0,082 0.056 0,061 0,056 0,057 0,063 

B (Ml ) ax en (R.M.)2 9,8(4)-4 8,1-3 8,0(5)-3 9,1(13)-3 

F(M1> 4,2 0,86 0,08 1,2 O,O~ 1,3 0,06 1,0 

--Ii If --~~~---~-~{~--

'mfi (521 '-521 .) -0,068 -0,176 -0,066 -0,173 -0,081 -0,170 -0,089 -0,176 

'mfi (510t-521 t) 0,008 0,015 0,009 0,016 0,002 0,005 0,003 0,005 

11ft (5216-510 P -0,013 -0,024 -0,013 -0,022 -0,004 -0,007 -0,004 -0,007 

ID(l'll,AK=O) -0,072 -0,186 -0,068 -0,176 -0,081 -0,170 -0,091 -0,178 

mfi (521.-521 P -0,011 -0,012 "'-0,001 -0,001 -0,001 -0,002 ~0,001 -0,000 

'Sf! (521 '-521 .) -0,103 -0,167 -0,091 -0,072 -0,072 -0,070 -0,065 -0,070 

m(rit,IAKI:l:I1) -0,113 -0,186 -0,091 -0,078 -0,076 -0,076 -0,064 -0,070 

2,4-2c)6,1-2c)B(HO oxen (S:Ut.>2 0,14 6,1-2 5,4(13)-2. 

F (HI) 0,24 1.0 0,42 1, 1 0,46 1, 1 

a - pacuer 8 pauxax MOOeilU JIRTOeQ 14/,. f! - pacuer c noooopo» noIJJlpU3a14UOHHbLX 

fjiaKTOpOB,' c. - reoperusecxoe 3Ha'ieHue. 

xecxoro cnexrpa (CM. pa60TY /2/), B pacserax aepoaraocrea Ml-nepexo

,nOB H MamHTHbIX MOMeHTOB npUBO,l:U{T K xopomeMy cornacaro C sxcnepa

MeHTOM.
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Tatinuua 6. 3Ha'leHWl nonspusauuouuux rjJaKTOpo8, ouenenuux 8 aouaiiatu
'1eCKOM npU61llJJICeHUU (RaM n) U paccuuranuux 8 pasocax uooenu JIflT08a 141 
( RpaC4) 

165 167 169 171 173$il:tpa Yb Yb Yb Yb Yb 

-------------------------------------~------~-----------------

R . (521 P pa,c'"! 0,83 0,84 0,79 0,75 0,74
.J 

R . (521 P 3M1l 1,63 1,41 1,26 1,13. 
.J 

R (521t)pac'"! 0,61 0,56 0,52 0,·50 0,47s 
R (521.)3M1l 1,0 0,58 0,57 0,58

s
 

Rp a c'"!
 
0,71 0,65 0,61 0,57 0,60z
 

R (521') 3M1l 1,1 1,0 0,97 1,0
z 

R (512 f) 3M1l 1,4 0,94 0,83 0,84z
 
R (523 t> 3M1l 0,55 0,57


z 

R (633t)3M1l 0,72 0,70 0,67z 

113 Bblpa:>KeHHH (3.1) - (3.4) BH,nHO, liTO ,nIIH .recperavecxoro BbJllHCIIe
, I 

HIDI BepOHTHOCTeH B (E2) -nepexonon aeofixonasrsr BOIIHOBbIe q,YHKlUfH 

COCTOHHHH (aMIDIHTy,lJ.b1 CMelllHBaHHH C K H C K ) H MaTpHtlHble 3IIeMeHTbi 
1 r ' 

orreparopos F(E2, v) • . 
BOIIHOBble q,yHKUHH COCTOHHHH accnenyesrsrx anep Yb npencraaneasr 

B pafiorax 11,21. MaTpHQHbIe 3JIeMeHTbi oneparopa F(E2, v) HaMH BbJllHCIIH

JIHCb B 0,nHoKBa3HQaCTHtI1!oM H KBa3HQaCTHtlHo-q,OHOHHOM npH6JIH:>KeHHHX. 

Pacsersr, BbmOJIHeHHble HaMH ,nJIH E2-KOMnOHeHTOB MHorux BHYTpHnOIIOC

HblX nepexonoa (Ta6JI.4) B anpax Yb C A = 167 -:-173, nOKa3aJIH, liTO 

- 'pa3JIHQHe B BeJIH'lHHax BepOHTHOCTeH B (E2) 3THX nepexonoa, asr
lJHCJIeHHblX B O,n.tlOKB8.3HlIaCTHtlHOM H KB8.3HlIaCTHlffio-q,OHOHHOM npatiria
:>KeHHH, MaJIO H He npeasnuaer 10% *; 

- BK1I~ KOMnOHeHTa C I~K I= 1 HClIe3WOme MaJI; 

- BKJIa,zJ, KOMnOHeHTOB C IM{ I = 2 He npeasnuaer 2% OT BKJIana KOMTIO-

HeHTOB C M{ z: 0 BO acex paecsrarpasaesrsrx HaMH cnysaax. 
TaKHM 06pa30M, BJIHHHHe 'KOPHOIIHCOBa H xaaaauacraaao-rpoaoaaoro 

B3aHMo,n.eHCTBHH na BepOHTHOCm BHyTpHnOJIOCHblX E2-nepexo,noB B paccsrar
pHBaeMblx anpax Yb MaJIO. 3TO BH,nHO aa nparaepe (Ta6Ji.7) nepexonoa 
3/2 - -. 1/2- H 5/2 - - 3/2 - nOJIOCbI 1/2 - [521], AJIH KOTOpblX np~Be,neHbl 

, *B pacuerax no cjjOpMyllaM K8a3ullacruIIHo-cjjOHOHHOU MOOeilU /3 ,27/ 3cjjcjjeKruB
N Z
 I· uue 3apflObl 6pMUCb paeuuuu (s4J4J= 0,1 U (sq,4J =1,1. 
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Ta61Zul4O 7. OCH08Hble xounonenru Pesyrrsrarsr acex aaurax pacseron aerrasaa B (E2), KaK li B (Ml) , 

BHyTplinOJIOCHbIX nepexozios npaaenensi B Ta6nA. Banao, qTO aaaseana mn = OK OK <<IJ,p I mCE2, V t <1l,p >.<I iK i 2 v \ IrKr > [eti}
l' r ": 1 B(E2)recp 

cPaKTOpOB F(E2) =: BCE2)rnn BCeM COBOKYllHOCTli nepexonoa, .n;JIH KOTOpbIX
U uatpuunue sneuenn« m CE2, ~K=O) (e6). U m(:~2, ~ = 1) (00) E2

nepexoooe 3/2-~ 1/2- U 5/2 -~ 3/2-- nonocu 1/2-[521 J 8 sopax 167·173 Yb
 
aaneaoro onpezrerreasr sxcnepnraeararrsm.ra saaxeaaa B (E2) , 6JIH3KH K ena
nane, Taxasr 06pa30M, MO)KHO cxarars, qTO cornacne TeOpIDi C axcnepa

167 169 171 173Yb $tapa Yb Yb Yb MeH;TOM xopouree. 
PaC<ieT a 6 a 6 a 6 a 6 • KpOMe paCtIeTOB BepOHTIIOCTeM B (E2) a B (Ml) paccxrarpanaerasrx 

- nepexonos HaMH BbNliCJIHJIHCb 3HaqeHliH K03cPcPliUlieHTOB cr-remaaaaaaI. - __~{~___~__1{~ __ 
1 If 

(Ml+E2) -nepeXO)J;OB. 3TO n03BOnHeT pacmapars 06JIaCTb cpaaaenaa 3KCne

ll <521.-521.) -1,01 -1,01 -1,04 -1,11 -1,06 -1,02 -1,05 -1,12 par-renra C TeOpHeH aa CJIytIaM, Kor.n;a He onpe.n;eneHbI a6COJIIOTHble aaaseaaaf i ,----- , 
'Ilfi <S10t-510.) 1--6 6--4 7--4 9--4 1,-4 1--4 3--4 3--4 

m<E2,llK=0) -1,01 -1,01 -1,04 -1,11 -1,11 -1,02 -1, }'O -1,12 

m<E2, ~llKl=2) 1--6 -6--7 -3--7 -2--7 -5--7 1--6 -3--7 -6--7 

B<E2) 3ICcn(e6) 2 1,1(2) 1, 1 1,23(8) 0,93 <13) 

F<E2) 0,91 0,91 0,90 1, 1 1,0 0,81 1,3 1,4 

-L 
1 If --§{~---~-~{~--

llfi <521-1-521 t) -0,53 -0,54 -0,56 -0,59 -0,"57 -0,55 -0,56 -0,60 

mfi <510t-510f) 1--3 1--~ 1--3 2'-3 2--4 1--4 5--4 4.-4 

It <E2, AK=O~ -0,54 -0,54 -0,56 -0,59 -0,57 -0,55 -0,56 -0,60 

IHE2, IllK 1=2) 3--6 3--3 -6--7 4--4 9--8 3--4 4--8 2--4 

• ';"B<E2) 3ICcn<e6) 2 0,30 0,40 0,31(12) 0,36C) O,31 C ) .......
 

F<E2) 0,93 0,93 0,80 0,88 1,0 0,97 

1 6 ?r2 
1 5/t[512)

2
• 

_ -0.3 ' 
a - pacuet 8 pasocax MOOeilU Ilsroea 14/; 6 - pacuer CYIleTOM K8a3UIlaCTUIlHO-¢OHOH N 

H020 83aUMOOeUCT8Wl; C - teopetuuecxoe suaueuue; 'sanucs TUna 1'-6 osuasaet 1· 10-6. 
OJ 
~ 

l.O 

7/2 9/2 11/2 13/2 1512 

7/2+[633) 
OCHOBHhle ~OMnOHeHTbI MaTpliqHbIX 3JIeMeHTO'~ m(E2, Me. = 0) a m(E 2 , -0.2
 
IM{ I = 2) , BbNliCJIeHHble 6e3 ynera a C yseror-r asaar-roneacraaa xaasa

sacran C dioaoaasra. YqeT cPOHOHOB npasomrr K HBHOMy yaenaueamo MaT


paxasrx 3JIeMeHTOB m(E2, I~K I = 2) , . XOTH ax a6COJIlOTHaH aenanana no -O.3f- ~
 
npezcaesry OCTaeTCH' aa 2-3 noparnca MeHhllle m(E2, ~K = 0) .
 

Marpnsasre 3JIeMeHTbI E2 aayrpaporanaonasrx nepexozroa B aztpax
 
163, 165Yb MbI MOrJIli BbllillCJIliTh rraun, B O.n;HOKBa3litmCTHtlHOM rrpafirrazce 9/2 11/2 13/2 15/2 17/2 19/2 21/2 23/2
 

I 
HI1H. Ilpaaaaa oficyacnanacs B pafiore Ill. B xasecrae napaxrerpa Q acnons PucA. K03¢¢uu,ueIlTbl cuetuueauus [) (M1+E2)-nepeo 
30BaJIliCb acerna aaaseaaa, paccsaraaasre .n;JIH OCHOBHblX COCTOHHHH (CM. X0008 8 3a8UCUMOCTU OT cnuna Ha14aflbH020 COCTOJlHWl 

Ta6JI.l) • P0Ta14UOHHbIX nonoc 1/2-[521], 5/2- [512]'u 7/2t[633] 
8 nope 169 Vb. 
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Tatinuua 8. 3KcnepUMeHTMbHble U TeOpeTUlJeCKUe 3HaIJeHUfl MaZHUTHblX 

MOMeHT08 HU3KOlleJICaU4UX COCTOJIHUU neuetuux soep Yb 

Teop(a)	 'reop(cS) ~ M
IJ .~.M. I-l, .. n 3Kcn
 

A I K [NnzA] I-l .~.M. g =0,30 0,35 gR-0 , 30 O,3~
 _________________________________B	 _ 

163	 3/2-3/2[521] -0,374(1)B) -0,282 -0,260 

5/2- 0,109 0,169 

5/2-5/2[523] 0,597 0,638 

165	 5/5-5/2[523] +0,478(1)B) 0,682 0,709 

7/2- 1,010 1,092 

3/2-3/2[521] -0,312 -0,289 

167	 5/2-5/2[523] +0,621 (3) B) 0,403 0,432 .0,636 0,666 

7/2 0,717 0,806 0,875 0,965 

3/2-3/2[521] -0,155 -0,130 -0,196 -0,171 

169	 1/2-1/2[521] 0,507 (8) s) 0,408 0,418 0,491 0,494 

3/2- 0,196 0,264 0,296 0,372 

5/2 0,955 1,056 0,949 1,039 

5/2-5/2[512] -0,335 -0,304 -0,655 -0,624 

7/2+7/2[633] -0.635 (1) e) -0,576 -0,559 -0,633 -0,612 

9/2+ -0,297 -0,238 -0,330 -0,272 

171	 1/2-1/2[521] +0,49367 (1) r) 0,389 0,398 0,480 0,483 

3/2- 0,3488 (24) r-) 0,288 0,362 0,345 0,425 • 

5/2+1,015 (3) r-) ,0,946 1,052 0,968 1,064 

5/2-5/2[512] -0,371 -0,338 -0,674 -0,640 

7/2+7/2[633] -0,503 -0,481 -0,611 -0,589 

9/2+ -0,210 -0,141 -0,297 -0,230 

173	 L/2-1/2[521] 0,381 0,390 0,491 0,494
 

5/2-5/2[512] -0,67989(3)rt -0,421 -0,388 -0,703 -0,671
 

7/2- -0,203 (66) A) 0,090 0,187 -0,135 -0,040.
 

9/2+0,27 (36) A) 0,513 0,668 0,-322 0,475
 

7/2+7/2[633] -0,46 (46) A) -0,555 -0,538 -:0,631 -0,611
 

9/2+ -0,309 -0,255 -0,363 -0,301
 

B -~M, patJoTY/S8~. Z - CM,I7I; d - CM, IS7/. 
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BepOHTHOCTeH nepexonoa. CpaBHeHHe 3HaKa TeOpeTHqeCKHX H 3KCnepHMeH

TaJIbHbIX 3HaqeHHH 0 HBJIHeTCH nOnOnHHTenbHOH npOBepKOH npaBHnbHOCTH 

pacxera MaTpHtIHbIX 3neMeHTOB E2· H MI-KoMnoHeHToB cvremamn.rx nepe
XO,ZJ;OB. Pacser MaTpHtIHbIX 3neMeHTOB E2-nepeXOnOB npOBO,ZJ;HnCH C ytieToM 

B3aHMOneHCTBIDI KBa3HqaCTHU C <t>OHOHaMH. Marpaxasre 3neMeHTbI Ml-ne

peXO,ZJ;OB H3 COCTOHHHH C HeH3BeCTHbIM apesreaevr :lKH3HH BbIqHCnHnHCb 

C HCnOnb30BaHHeM nOMpman;HOHHbIX <t>aKTOpOB, nonysenasrx 3KCnepH

MeHTaJIbHO (H3 nO,ZJ;rOHKH) nnH rrepexonoa C H3BecTHbIM 3HaqeHHeM B (Ml). 

Peaynsrarsr pacseroa H 3KCnepHMeHTaJIbHbIe naaasre nrra HH:lKaHlli~X (Ml+ 

• +E2) -nepeXO,ZJ;OB B paCCMaTpHBaeMbIX pOTan;HOHHbIX nonocax anep Yb 
rrpaaenensr B Ta6n.2. 

npaKTHtIeCKH ,z::vm BCeX cnysaea TeOpIDI xopouio orpazcaer He TonbKO 

3HaKH 0, HO H HX aficomorasre 3HaqeHHH. B crryuae pOTaUHOHHbIX (Ml+E2)

nepexonon H3 COCTOHHHH C fiorree BbICOKHMH CIIHHaMH HMelOmHeCH axcne
pHMeHTaJIbHbIe ,ZJ;aHHbIe no 0 onpeneneasr C 60nblliOH norpeumocrsro (nan
asre yrnoasrx pacnpeneneaaa y -nepexonoa) . TeM He MeHee MO:IKHO nonarars, 
~O xoppenanas BbNHcneHHbIX H 3KcnepHMeHTaJIbHbIX 3HaqeHHH [) raiose 
HMeeT MeCTO, KaK H MH nepexoztoa Me:>K,ZJ;y HH3KocmrnOBbIMH COCTOHHHHMH, 

3TO BH,ZJ;HO H3 pac.d, rne AAA npasrepa neMoHCTpHpyeTCH noaeneaae axcne
pHMeHTaJIbHbIX H TeopeTHtIeCKHX 3HaqeHHH [) nrra paamrmsrx nepexonoa 
I -.I -1 B POTauHOHHbIX nonocax 1/2-[521], 5/2-[512] H 7/2+ [633]H,ZJ;pa 

169 Vb. Oueas nOXO:>KHe 3aBHCHMOCTH 0 OT cnaaa nauansaoro COCTOHHHH 

v-nepexona Ha6nlOnalOTCH .nIDI rex :IKe' CaMbIX rronoc B anpax 171Yb H 173 Yb , 
Meronaxa npoueneaasrx HaMH BbIqHCneHHH MarHHTHbIX MOMeHTOB 

HH:lKaHlliHX COCTOHHHH HeqeTHbIX anep HTTep6HH C A = 163 -:-173 B pasncax 
Heap,Ha6aTHqeCKOH apamarensnoa ~OnenH aaanoraxrra MeTOnHKe BbNHcne

HHH B (Ml) -BepOHTHOCTeH (HcnOnb30BaHbI re :lKe casrsre 3HaqeHHH nOJIHpH

3aJ..UiOHHbIX. <t>aKTopoB). Pesynsrarsr pacseron npHBO,IVlTCH B Ta6n.8. BH,UHO, 

srro pacxer a, BbmOnHeHHbIH B pavncax MO,ZJ;eJIH141 , naer mnus ynOBneTBO

parensaoe cornacae C 3KcnepHMeHTOM. TaK :IKe, 'KaK H B cnysae BbNHcne

HHH B (Ml) -BepOHTHOCTeH, HcnOnb30BaHHe nonronouasrx 3HaqeHHH nOJIH

PH3auHOHHbIX <t>aKTopOB nna MaTpHqHbIX 3neMeHTOB oneparopoa ; + H Sz 
3HaqHTeJIbHO yrrysnnaer 3TO cornacae (pacser 6) • 

4. 3AKJIIOQEHl1E 

A.ZJ;na6aTHqecKHH' aaanas CBOHCTB pOTaUHoHHbIx nepexonoa, npoaenea

HbIH B naHHOH pafiore ,ZJ;M aeserasrx anep Yb, n03BOnHJ1 cnenars pan 3a:K;[IlO

~eHHH;. KaCalOI.UHXCH nOBeneHHH MaTpnqHbIX anesrenroa oneparopoa j + , 

Sz H S +' B qaCTHOCTH nOKa3aHO, qTO peaxoe YBeJIHqeHHe BepOHTHOCTH Ml

nepexoztoa B nonoce 3/2- [521], nafimonaessoe npa YBenHqeHHH qHCna 
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HeliTpOHOB, CBH3aHO C YBenHqeHHeM nedioperanaa aztpa, a ,l:(JIH nonyxenaa 
ynoaneraoparensaoro cornacaa C 3KCnepHMeHTOM ,l:(OCTaTOtnlO aapsapo
aars rrapaxrerp "ocrrafinenaa" MaTpH4HOrO anevreara orreparopa Sz B npene

nax 0,6::; Rz~0,9. 

Heanaafiarasecxae pacxersr BenH4HH B (M1) H III B par-ncax Mo.u;enH 
TIHToBa 141 noxasana, xro cymecrayer pan crryaaea. nrra KOTOpbIX acnons

30BaHHe nOJIHpH3aUHOHHhIX cPaKTOpOB, BbI4HCneHHbIX no cPopMynaM MO,l:(enH, 
He ,npHBO,lUiT K COrJIaCHIO C 3KcnepHMeHTOM. .D:nH ynysuienaa sroro corna
CHH aeofixozrasro nercoropoe YBenHlIeHHe 3HalleHHH MaTpHlfiIhIX 3JIeMeHTOB t 

orreparopoa Sz H f+ no OTHomeHHIO K paCClIHTaHHbIM 3Ha4eHHHM. Ilocnezmae 
,l:(IDKe xroryr npeasnnars O,l:(H04aCTH4HbIe 3HalleHHH, nanpar-rep, B cJIy411e 
nonocsr 1/2- [521] . Hcnonssosaaae MaTpH4HbIX' 3neMeHTOB oneparopa i+, 
BbI4HcneHHbIX C YlleTOM xaaaaxacncmo-rpoaonaoro B3aHMo,l:(eHcTBHH, n03BO
naer ,l:(OCTaTOllHO xopomo onacars He rom-reo saepreraxy pOTaUHOHHbIX 

nonoc, HO H BepOHTHOCTH BHyTpHnOJIOCHbIX Ml-nepexonoa, HX K03cPcPH

UHeHTbI CMemHBaHHH, MarHHTHble ~oMeF!.TbI COCTOHHHH. qTO xacaerca MaT

pH4HbIX 3neMeHTOB OT one~aTopoB s+ H Sz' TO BbI4HcneHHe HX KaK B Mo.u;e
/ 41	 l

nH , TaK H B nO;IJ;XO,l:(e 91 He acerna rrpaaoztar K cornacaro C axcnepa
14 381MeHTOM. 3,l:(eCb, BepOHTHO, KaK yzce rOBOpHJIOCb B pa60Tax' , neofixo-

AHMO O,l:(HOBpeMeHHo YllHTbIBaTb He TOJIbKO O,l:(HOcPOHOHHbIe npHMeCH xnanpy

nOJIbHOrO H orcrynonsaoro rana, HO H 1+
-Bo36y)K,l:(eHIDI OCTOBa. 

"Ocrrafirrenae" MaTpHqHbIX 3neMeHTOB oneparopoa s+ H Sz EOXHauKH 
H Oraaa 1391 06'bHCHHlOT, cooraercraenno , nponorrsaon H nonepesaoa nona

pH3aUHeH, KOTOpaH npasonar K 3cPcPeKTHBHbIM 3Ha4eHIDIM. CIrnHOBOrO 
rapovraraarnoro OTHOllleHIDI. IlOnHpH3aUHOHHbIe 3cPcPeKTbI no IlHToBy 
H KyJIHeBy 1401 ofiycnoarrema BnHHHHeM 1+- B036y)K,l:(eHHH OCTOBa. B pa6o
Tax .D:e Eoepa H PO,l:(:>Kepca / 4 11 , Boxaauxoro H Orassr 1391 OTMe4anOCb, 
xro MaTpH4HbIe 3neMeHTbI Moryl' 6b1Tb ocrrafinem.r aa 30-40% ,nnH ~,l:(ep 

,n;ecPopMHpoBaHHoH 06JJaCTH H3-3a 3cPcPeKToB nOJIHpH3aQHH xopa, Bstxacne
HHH nOJJHpH3aQHOHHbIX cPaKTOpOB npOBO,l:(HJIHCb BO MHorHX pafiorax. I1x pe
aynsrarsr n03BonHIOT yraepacnars, liTO ,l:(JIH norroc C K f.1/2 aenasaaanepe
HOpMHpOBKH gs -rpaxropa, rronysenaaa aa oCHOBe reopaa nonHpH3aUHH xopa, 
n04TH He 3aBHCHT OT COCTOHHHH H cnafio H3MeHHeTCH C H3MeHeHHeM vracco

aoro lIHcna. Iloaenenae nonHpH3aUHOHHbIX cPaKTopoB B anpax Yb yrcassr
aaer aa TO, xro 3cPepeKT "ocrrafinenaa" MaTpHlIHbIX 3JIeMeHTOB oneparopoa 

Sz 3aMeTHO YMeHblllaeTCH npa rronxozte K 06JIaCTH cnafio ,necPopMH

POBaHHbIX anep, 
PaClIeTbI BepOHTHOCTeH BHyTpHnonOCHbIx E2-nepeXO,l:(OB noxasana, 4TO 

yuer B3aHMO,l:(eaCTBIDI KBa3M4aCTHQ C cPOHOHaMH 3Ha4HTenbHO yaenaxaaaer 
BKJIa,l:(bI KOMnOHeHTOB C I~K I :=: 2, HO OHH no-npeseaer-ry COCTaBnHlOT He3Ha

lIHTenbHYIO xacrs OT KOMnOHeHTOB C 6K :=: 0, nponopuaoaansasrx xnanpy

nonsnor-ry MOMeHry Qo, T.e. B fionsmaacrae cnyxaea ,l:(OCTaTOllHO YllHTbIBaTh 

rnnns KOMnOHeHTbI C L\K = o. 
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HET JIM IlPOBEJIOB B BAllIEA BMBJIHOTEKE?
 

Bbl MO)l(eTe nonymrrs no noxre neperacnesasre IUDKe KHHrH, ecna OHH He 6bmH aa

xasaast paaee. 
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