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1. BBEAEHHE 

B noeneAHee epeMR e yenexoM ~enonbsyeTeR MOAenb np~HYA~Tenb
Horo epa~eH~R e nOAXOAOM XapTp~-~OKa-6oron~oea IAanbwe nBX~6-
MOAenb/ fnR ~3y4eH~R eBOHeTB RAep B eoeTORH~RX Ha ~paeT-n~H~~ 
/eM. 11" 5 /. MOAenb nBX~6 MO~eT 6~Tb pasB~Ta e noMO~b~ np~6n~me
H~R eny4aHHOH ~aS~ /nC~/ AnR On~eaH~R B~6pa~~OHH~X eoeTORH~H 
e6n~3~ ~paeT-n~H~~ /eM. 16" 11'l. MoAenb nBX~6 + nc~ npeAHa3Ha4eHa 
AnR ~eeneAOBaH~R eoeTORH~H B~eOKoen~HOBOH o6naeT~. BOSH~KaeT 

eonpoe, np~ KaK~x en~Hax Ha4~HaeTeR sTa o6naeTb. 4~eneHH~e pae-
4eT~, B~nonHeHH~e B pa6oTax 111 • 12 ~ noKa3~Ba~T, 4TO MOAenb nBX~6 + 
+ nC~ AaeT XOPOW~e pesynbTaT~ ~ AriR OTHOe~TenbHO H~3K~X en~HOB. 

HeAaBHO noRe~n~eb pa6oT~ 118• 141, rAe 6~na eAenaHa non~TKa ~H
TepnpeT~poeaTb HeKoTop~e H~sKonema~~e poTa~~OHH~e nonce~ KaK no
nce~, OeHOBaHH~e Ha ABYX~OHOHH~X eoeTORH~RX. 0AHaKO BOnpoe 0 cy
~eeTBOBaH~~ ABYX~OHOHH~X eoeTORH~H OeTaeTeR OTKP~T~M ~ RBnReTeR 
npeAMeTOM W~POKOH A~eKyee~~ /eM., Hanp~Mep, 1151 /. 

B HaeToR~eH pa6oTe M~ ~eeneAoean~ 3TOT eonpoe e noM~b~ Mo
Aen~ nBX~6 + nc~. B paMKaX 3TOH MOAen~ B~4~enR~TeR 3Hepr~~ epa
::.;.::-:-::."'::..:;;.;~ ;;.:;;;.:;.:; ;., iij:Jnon::l-\t:MMI>It: tst:IJU.H I HUC H1 c£ -nepeXOAOB B RAPaX 
168 Dy ~ 168Er. TeopeT~4eeK~e sHa4eH~R 3Hepr~~ ~ np~BeAeHH~e ee
PORTHOeTH E2-nepeXOAOB e AanbHeHweM epaBHHBa~TeR e 3Kenep~MeH
TanbH~MH AaHH~M~, BSRT~M~ ~s pa6oT 116·20,42/ AnR 168Er ~ 1 21·24,42/ 
AnR 168Dy. 

2. OnHCAHHE MOAEnH 

2. 1. raMHnbTOH~aH RAPa ~ ero e~MMeTp~~ 

A 

rAe .Tx 
/Oeb X 
(r = N) 

/1/ 

- npoeK~~R nonHero yrnoeoro MOMeHTa Ha oeb epa~eH~R 
I, 0 - 4aeToTa epa~eH~R, Nr - onepaTop 4~cna HeHTPOHOB 
~n~ npoTOHOB (r = P) , .\ r - X~M~4ee K~H noTeH~~an. 

* B AanbHeHweM 6yAeM ~enonbsoeaTb o6osHa4eH~R, np~HRT~e e pa-
6oTax /6·8, 10/. 

r~'"'"~ --~~ .. ~·"""' ....... __ 
J :·::J' .: ·_ .-~~--' - 1< ~·~ ~~-,~~; • I 
~ ;.~ ... : • • : :. c~ • • 

L ~--~:~~-~~::::·:) Lc'.:.:. --



nonHbiH RAepHbiH raMI1nbTOHI1aH H eoeTOI1T 113 Tpex 4aeTel:i /6,7,10/: 

H=H -.!..~·ap+p 1 ~ f!I+Q 
AV 4 .w, r r r - 2 .w KI'J:2il .l.2V' 

jt=-2 
/2/ 

rAe HAvon11e~o~eaeT epeAHee e~ep114eeKoe none RAPa, BTopoH 4neH 
npeAeTaBnReT napHble KoppenR~I111 11 noeneAH11H 4neH xapaKTepi13YeT 
AanbHOAeHeTBY~I1e OeTaT04Hble B3ai1MOAel:ieTBI1fl, KOTOpble B3f1Tbl B 811-
Ae eenapa6enbHbiX KBaAPYnonb-KBaApynonbHbiX eHn. KaK 113BeeTHo 113 

I 12511 ni1TepaTypbl eM., Hanpi1Mep, , np11 113Y4eHI111 HI13Kone*a~I1X eo-
eTORHI1H e nonO*I1TenbHOH 4eTHOeTbO He HaAO Y411TbiBaTb MynbTI1nOnl1 
6onee BbleOKI1X nOPRAKOB, 4eM KBaAPYnOnbHble. 4To6bl nony411Tb eorna
el1e e 3Kenep11MeHTOM /eM. Aanbwe/, B OTnl1411e OT/ 7/ BBen11 3aB11ei1-
MOeTb el1nOBbiX KOHeTaHT KBaApynonb-KBaAPYnOnbHbiX e11n OT npoeK
~1111: 1' (K 1 "' K-1 , K 2 = K -2 ) . 

nonHbiH RAePHbiH raMI1nbTOHI1aH AOn*eH YAOBneTBOPRTb eneAY~I1M 
yenOBI1fiM e11MMeTpl111: 

. A {[H',.r,]=O, 
[ H, J i ] = [ H, N ] = 0 => 

r - ,.. "" 
[H', Jy) = iflJz' 

[H',jz]=-m'i,. 

[ H'' N, 1 = o. 
/3/ 

8b1411eneHI1fl no MOAenl1 n8X~6 + nC~ BKn04a~T B ee6R ABa OTAenb
HbiX 3Tana. 

1. Ha nepeoM 3Tane pewaeTeR 3aAa4a XapTpi1-~0Ka-6orono6oea 
B KpeHK11Hr-MOAenl1 /eM. 11

" 51!. Pe3vnbTaT oeweHHA ~Tn~ ~~n~uw 
/T.e. KBa3114aeTI14HbiH eaKyyM 10> I np11 AaHHOH 4aeToTe ep~~eHI1R 0 
xapaKTepl13yeT eoeTORH11e RAPa Ha 11paeT-n11H1111 e AaHHbiM 0. PewaR 
3aAa4y X~6, nony4aeM KpeHKI1Hr-raMI1nbTOHI1aH B B11Ae 

H' = HHFB_..!.. I G,(P,- <OIP,IO>)+(P - <OIP 10>)-
4 r r r 

/4/ 
1 +2 A A + 

-2 J.I.=I_ 2 K" ( ~2/.t- <Oif 2"10>) <f2" -<Oif 2" 10>), 

rAe HHFB = r<E taiat + E raf "1)- KpeHK11Hr-raMI1nbTOHI1aH XapTpi1-
~0Ka-6oronofioea B Al1aroHanbHOM BI1Ae /o6o3Ha4eHI1R, KaK e pa6o
Tax 17•101 I. 

2. Ha BTOPOM 3Tane onpeAenROTeR B116pa41111 OKono peweHI1H 3aAa-
411 X~6 /T.e. Bl16pa~I10HHble eoeTORHI1fl B6nl1311 11paeT-n11HI111/ noepeA
eTBOM MeTOAa nc~. 8 AanbHeHWeM o6a 3Tana o6eyA11M 6onee AeTanbHO. 

PewaTb 3aAa4y X~6 B KpeHK11Hr-MoAenl1 T04HbiM eaMoeornaeoeaH
HbiM o6pa30M - 3TO enomHoe 9eno. 06bi4HO 11enonb3YOT pa3Hble npl1-
6nl1*eHHble nOAXOAbl ieM. 11"5 /. 6onbWI1HeTBO 113 H11X 11eXOAHT 113 

2 

I 
I 

'I 

KaKoro-To ~eHoMeHonorl14eeKoro Ae~opMI1POBaHHoro nonR, 11 eaMo
eornaeoeaHI1e KpeHKI1Hr-raM11nbTOH11aHa npOBOA11Tefl TOnbKO no enapi1-
BaHI1~ 11 epa~eHI1~. 8 AaHHOH pa6oTe Anfl peweH~fl 3TOH 3aAa411 npi1-
MeHReTefl nOAXOA AYAeKa 11 AP· 151, B KOTopoM B Ka4eeTBe epeAHero 
RAepHoro nonR 11enonb3yeTeR aKel1anbHO-Ae~opMI1POBaHHbiH raM11nb
TOHI1aH CaKeoHa-8yAea. Ero napaMeTpbl AnR 113Y4aeMbiX RAeP 6~o~n11 B3R
Tbl 113 pa60Tbl /26/, napaMeTpbl Ae(jlopMa~l111 6blnl1 nony4eHbl MeTOAOM 
CTPYTI1HeKoro /eM., Hanpi1Mep, /27/ I: f3 2 = 0, 265, f3 4 = 0, 044 AnR 
158 Dy 11 /3 2 = 0,284, /34 = -0,001 AnR 168 Er. CHnOBble KOHeTaHTbl 
enapi1BaHI1fl 'Qr 6blnl1 onpeAeneHbl 113 3Kenepi1MeHTanbHbiX 3Ha4eHHH 
He!:iTpoHHbiX 11 npoTOHHbiX napHbiX 3Hepri1H AnR Heepa~a~HXeR RAep 
H Aep*anl1eb noeToRHHbiMI1 AnR eeex 4aeTOT epa~eHI1R 0 IAnR eeex 
yrnoe~o~x MOMeHTOB J /. H3eeeTHO /eM.1281/, 4To o6biKHOBeHHbiH MeToA 
nBX~6 Ha411HaeT pa6oTaTb HeT04HO B TaK Ha3biBaeMOH Kpi1TI14eeKOH 
ofinaeTH eni1HOB, T.e. B eny4ae, KOrAa 11e4e3aeT 3HepreTH4eeKafl 
~enb. noeKonbKY 3HepreTH4eeKaR ~enb Ha4HHaeT y6~o~eaTb AnR enHHa 
J "' 8 e 168Er 11 J "' 6 e 158 Dy ,Mbl orpaHI14Hnl1eb pae4eTaMH eneKT
pa 3THX RAeP AO J ~ 8 11 J S 6 eooTBeTeTBeHHO. B~o~6HpaR epeAHee 
Ae~opMI1poeaHHoe none RAPa ~eHoMeHonorl14eeK11M o6pa3oM, Mbl TeM 
eaMbiM HapywaeM eornaeoeaHI1e epeAHero nonR e oeTaT04HbiM11 B3aHMo
Ael:ieTB11RMI1 B raM11nbTOHI1aHe /4/, T.e. raMI1nbTOHHaH /4/ B TaKOM 
eny4ae He 6yAeT YAOBneTBOPRTb yenOBHO ei1MMeTpl111 /3/. no3TOMy 
Mbl AOn*Hbl B11A0113MeHI1Tb OeTaT04HOe B3aHMOAeHeTBHe B /4/ TaK, 4T0-
6bl BOeeTaHOBI1Tb e11MMeTpi10 /3/. 8oeeTaHOBneHI10 pa3HbiX ei1MMeTpi1H 
raMI1nbTOH11aHa noeBR~eHO MHOrO pafiOT /eM., HanpHMep,/29·33/ /, 
IA-::t W"nTnnl..nt nn-a.unLAa..tnuv rnpnvPT nnLA-:ll-.1.:1TI... nvuruuu UPTnn nn,::a.n-

no*eHHbiH H. H. nRTOBbiM 133i /eM·:~ ~aK~~ / 34/ I. 0AHaKo n~l1~~~eH~e .. Me
TOAa nfiTOBa K eny4a~ KpeHKI1Hr-raMI1nbTOHI1aHa BeAeT K enO*HOH 3a
BHe11MOeTI1 OeTaT04HbiX B3aHMOAeHCTBHH OT KOOPAHHaT HyKnOHOB. noa
TOMY Mbl 11CnOnb30Banl1 nOAXOA, B KOTOPOM oeTaT04Hble B3aHMOAeHeTBI1fl 
noA6Hpa~TeR B B11Ae KBaAPYnOnb-KBaApynonbHbiX e11n H TOnbKO HX eH
IlOBble KOHeTaHTbl onpeAellR~TeR H3 Tpe6oBaHHfl BblnOI1HeHI1fl yenOBHH 
/3/ B epeAHeM. 

2.3. 8H6pa~HOHHble eoeTORHHfl B OKpeeTHOeTH HpaeT-J1HHHI1 
/MeTOA nC~ B KpeHKHHr-MOAellHf 

8BOAR ABYXKBa3114aeTI14Hble onepaTOPbl 6030HOB, KaK B pa6o
TaX 16•7• l(j/ 1 

Bee OAH04aeTI14Hble onepaTOpbl, BXOAR~He B /3/ 11 /4/, MO*HO pa3no
*HTb e PRA no ABYXKBa3H4aeTH4HbiM 6o3oHaM. KoHKpeTHO AO nepeoro 
noPRAKa no 6o3oHaM nony4aeM 171 : 

(1) + 
P+=<OIPIO>+P, + ... , r r Qo(+) 



Q1(+) = i. (f21 + ~-1) .. Q<t>+ ... , 
y2 

Q2 (+) = 1 <f 22 + ~-i = <0 IQ 2<+> l!b + g<~> <+> + ... , 
..;2 1 A 

1 
A A 5/ 

Q 1 (-) = -=-<f21 - f2·1) = Q(l~-) + ... ' 
..;2 

Q2(-)= i <f22- f2-2)=Q2(-)+ ... , ~ .. <OIJxi0>+J~ 1>+ ... , 
..;2 

A (1) A (1) A A (1) 
Jy =Jy + ... , Jz = Jz + ... , N, =<OIN, 10>+ N, + ... , 

rAe nHHeHH~e 4neH~ no 6030HaM MOmHO B~pa3HTb nocpeACTBOM KBa3H-
4aCTH4H~X MaTpH4H~X 3neMeHTOB paccMaTpHeaeM~X onepaTOpOB lo6o3-
Ha4eHH.A, KaK s 1 10! 1: 

pO>\ l:[p~+)(b~+b_)+P(-)(b+ __ b_)18 8 , Q(1)=l: q 0 (b~+b..), 
r ij 1j ij ij ij ij ij 't r r { 0 ij ij ij ij 

(1) 1+ + (1)( 2+ + 
Q 1 (+) = i l: qij (b -- b _) • Q 2 +) "" l: ~j (b - + b . ~ • 

ij i j ij ij ij 1j 

Q(1)( ) i ~ [ 1-(b b +) -1-(b- b!' '1 
1 - =2 ~ qij ij- ij -qij iJ- tf'' 
(1) 1 2- + -2- + 

Q1 <->=2n [qij(bij +bij)+~J(b~~brr1· 
/6/ 

J(l)= l: Jtj(b+-+ b-). J(l> .. .!..l:[J/J' (bl+j + blj) -Jijy ~-+ b':"-)1, 
J: lj ij lj Y 2 lj i j 1 j 

. (1) i . z + "': z + (1) + 
J =~l:[J .(b1J-blj)+J 1J(b---~-). N, =l:n1J{b-+b.~)8,, 8r.r. 

Z 2 ij IJ I J i J ij i J 1 J I J 

noACTaBn.A.A /5/, 161 B 141, nony4aeM An.A KpeHKHHr-raMHnbTOHHaHa 
lAO BTOporo nOP.AAKa no 6030HaMI: 

H'= <OIH'IO>+ H(+)+ H(-)' rAe+ 

H, = l:(E +E )b~b- _l_l: G p(l)p( 1)_~g<1>(+)Q(l)(+) _ 
··\+) I k lk lk 4 r r r r 2 0 0 

ik 

- ;1 g</~+H~!) (+)- K: di (+) Q~)(+)' 

171 

/8/ 

1 + + I( 1 (1) (1) 
H( )=-l:[(E .+Ek)hkblk+(E-+E-)b--b--] --Q 1 (-)Q1 (-)-- 2 1 "1 i k lk ik 2 

-:2 Q~) (-) Q~) (-) • 

Hcnonb3Y.A /61, ycnoBH.A CHMMeTpHH /31 MOmHO nepenHCaTb B BHAe 

[H(+), J?)] = 0, [ H ( 1) 1 
(+) , N, = 0, 

[H(-) 'Ji1> 1 = :;: 0Ji1), [J<1> • J<1> 1 = 2 <0 IJ I 0> 
+ - ][ ' 

191 

4 

rAe J~1 ) = J (l) ± iJ~1 ) • YpaeHeHH.A ABHM<eHH.A B nee~> 3anHC~BaiOT 
s BHAe 1 eM. !e; HnH Is 51 1 

[H', P>. 1 =iw~XA, [H', X>-1=-i!J'>., [X>., !1'>.,1 =iBM'' /101 

rAe HHAeKc A xapaKTepH3yeT AaHHoe peweHHe ypasHeHHH nee~>, X>. 
H PA - o6o~eHHa.A KOOPAHHaTa H HMnynbc cooTBeTcTeeHHo, ruA - 3Hep
rH.A AaHHoro peweHH.A. nocKonbKY raMHnbTOHHaH H' .ABn.AeTC.A HHBa-
pHaHTHblM OTHOCHTenbHO epa~eHH.A R z<rr) Ha yron tr BOKpyr OCH X 

H nOCKOnbKY [H (+}_' H(-) 1 = 0, ypaBHeHH.A nee~> MOmHO pewaTb OTAenbHO 
An.A H(+) H An.A H{-), 

KpeHKHHr-raMHnbTOHHaH MomeT 6~Tb B~pameH 4epe3 neci>-MOA~= 

H' = ~ f <P: + ru~ X~) = i l: (PA
2 

+ ru~X~) + ~ l: PA (0)
2 

= 
" .\ >.0 o 

ruAp 0 ruA =0 
0 

l: ru>. (QtQ>. + 21 ) + 21 l: p>.2 (0)' 
>. >. o 
~ ~ o ruA

0
9: 0 

I 11 I 

rAe An .A MOA c ruA f. 0 BBeAeH~ onepaTop~ cj)OHOHOB: 

+ 1 - i 
QA = -=:(vru>. XA- -=p>. ). 

v2 vru>. 

YpaeHeHH.A ABHmeHH.A I 1 01 AnR ruA ~ 0 npHHHMaiOT BHA: 

[H', Q~1 =ru>.Q~ • [H', QA] =-ruAQA • /121 
.tn 

+ "..:.' 
BBOAR onepaTOP r = -===:;:::=== H CpaBHHBa.A /9/ C 110/ HnH /121, 

v<olj 1o> 
nony4aeM /cM/ 71 I: 

11361 

B~pameHH.A An.A Maccos~x napaMeTpos gx H gN /eM. l13a/l npHse-
1 r 

AeH~ HHme. H3 /J3al BHAHO, 4TO JJ: = ~ npeACTaBn.AeT MOMeHT 

HHep~HH .AAPa OTHOCHTenbHO epa~eHH.A BOKpyr OCH X, aanee H3 l13a/ 
B~TeKaeT, 4TO onepaTop~ J (1) H N~l) BMeCTe C Conp.AmeHH~MH K HHM 
yrnaMH Bi1> H 8 npeACTaBn~IOT rOnACToyHoBCKHe AYXOB~e MOA~ ra
MHnbTOHHaHa H(+) C HyneB~MH 3HeprH.AMH H 4TO H3 J i1) H J~1) MOmHO 
nocTpOHTb MOAY raMHnbTOHHaHa H(-) c 3HeprHeH ru = 0. 

5 



2.3.1. YpaeHeHHR ncl!l AI1R H(+) 

06o6111eHHble conpR>KeHHble KOOPAHHaTbl X A H HMnyllbCbl P A a cny4ae 
raMHilbTOHHaHa H(+) 6yAeM HCKaTb a BHAe 

(A) + · · (Al + 
XA= l: X 1k(b1~+b 1~), P,=il: P {b~-b ~>· /14/ 

ik & & 1\ ik ik 1& i& 

CTaHAaPTH~~ nyTe~ rei!» /cM.,HanpHMep, 18"101 I nolly4aeM AI1R K03~H
~HeHTOB X lk H pikA OAHOPOAHYIO CHCTeMy ypaBHeHHH, H3 YCilOBHR 
paapewHMOCTH KOTOPOH BbiTeKaeT ceKyllRPHoe ypaeHeHHe AI1R 3Hepri1H 
CLIA+ (0) OAHOIPOHOHHbiX cocToRHHH QA I 0> /HHAeKc A+ HyMepyeT ace 

+ 
peweHHR nCI!I ypaBHeHHH C raMHilbTOHHaHOM nCI!I, T.e. peweHHR C no
IlOlKHTellbHOH CHrHaTypoH/: 

Snn(N) 0 Snp(N) 0 SDj (N) snq (N) S0 q (N) 
X 0 2 

0 Snn (P) 0 S0 p(P) SnJ (P) S nq~P) Snq2(P) 
X 

1 
snp(N) 0 Snp(N)- -. - 0 sPJ (N) spq

0
(N) spq2(N) 

GN X 

0 Snp(P) 0 1 
SPJx(P) sP (P) spqlP) Snp(P)-,Gp qo 

=0, 

i BnJ. (N) S 0 1 (P) St D(N) S, n(P) Su_ s~ .. s. -.. & ·x· ·x---u •x-.2 

Snqo(N) Snq (P) 1 
sqop(N) Sq

0
p(P) s s -- s 0 qoJx qo'lo 2Ko q0q2 

snq2 (N) Snq2 (P) 
- _1 __ 

sq P(N) sq
2

p(P) s s s 
2 q2Jz q2q0 qil2 2K2 

rAe 

Sad (N, P) Sad= 8 ad(N) +Sad (P) • /16/ 

ajk 'dik npec;-TaBilRIOT KBa3114aCTH4Hble MaTpH4Hble 311eMeHTbl nlk , 
Pft) ' J1~ 'wqlk • q~t /eM. /6//, H CyMMI1POBaHHe B /16/ npOH3BO
AHTCR no HeHTpOHHbiM HllH npOTOHHbiM ABYXKBa3H4aCTI14HbiM COCTORHHRM. 
CneAyeT oTMeTHTb, 4To cpeAH peweHHH ypaeHeHHR /25/ HaXOARTCR 

H AYXOBble: CLIA = J = CLIA = N = 0 • 11cnOI1b3YR MeTOA, npeAilO>KeH-
o z o r 

w /88/ 
HbiH B ,MOlKHO RBHO BbiAellHTb B CeKyllRPHOM ypaeHeHHH 3TI1 AYXO-
Bbl~ peweHHR. noACTaBilRR /6/ H /8/ a /9/, nocne He6onbWHX npe-
o6pasoeaHHH MOlKHO nOI1Y4HTb AI1R CHilOBbiX KOHCTaHT Q K Bblpa-

r' 1 

6 

.J 

1 
-"" 2 l: 

ik 
/17/ 

OTpa>Ka1011111e YCilOBHR BOCCTaHOBileHHR CHMMeTpHH /3/ AllR nOilHOrO ra
MHI1bTOH11aHa B paMKaX nCI!I npH HCnOI1b30BaHI111 KpeHK11Hr-raMHI1bTQ

HHaHa B BHAe /4/. 
113 Tpe6oeaHHR, 4T06bl MOAa (8 ~l) , J ?) ) 6bllla peweH11eM ypaBHeHHR 

ncl!l c HylleBOH 3HeprHeH AllR. H~)· nolly4aeM Bblpa>KeHHe AI1R Maccoeoro 
napaMeTpa gx /eM. TaK>Ke 18,1 '/: 

2g 

S (O~N) _...!__ 
PP 'G 

0 s (0) (N) 
pqo 

s(O) (N) 
pq2 

0 

s (0) (N) 
qop 

s (0) (N) 
q2p 

S (O)(N) _...!__ 
PP GN 

0 

glVJ (N) 
QoP 

g(O)(N) 
q2p 

S (O) (N) 
Jz P 

g(O) (P) - ...!__ S (O) (P) 
PP G PQo 

S (O) (P) 
pq2 

s<O) (P) 
qoP 

S (O) (P) 
Qj 

0 

s(O)(P)- _1 
PP 0 

p 

glUJ (P) 
qoP 

S(O) __ 1_ 
qoqo 2K0 

s (0) 
qo q2 

s (0) 
q2q0· 

S (O) (N) 
Pqo 

S (O) (P) 
pqo 

g(O) __ 1_ 
'laq2 2K2 

S (O) (N) 
pq2 

S (O) (P) 
pq2 

sWJ _ j_ slU) 
Qdlo 2K 

0 
qoq 2 

g(O) S(O) 
QoQo q2q2 

1 

2K2 

S(O) (N) 
PJz 

S ( O)(P) 
PJz 

S\U) 
Jzqo 

g(O) 

q2Jx 

/18/ 

(0) 
rAe Sab = S ab (CLI = 0). AHanorH4Hoe Bblpa~eHHe MO>KHO nolly4HTb H 

AllR gr • 

2.3.2. YpaeHeH~1R ncl!l AllR H(-) 

06o6111eHHble KOOPAHHaTbl XA H HMnyllbCbl PA AilR raMHilbTOHHaHa H_ 
HllleM B BHAe 

l: [ X (A) (b + + b ) + X (A) (b + + b_ ) ] 
ik lk ik ik ik lk- lf ' 

l: [ p (A) + -(A) + 
lk (b lk- blk) + pik (b...:_- b.._)], 

ik Tk lk 

/19/ 
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. w -w ·w -w 
rAe On.RTb nony4aeM AIIR X ik , Xik , p ik , pik CHCTeMy ypaaHeHHH 
C YCIIOaHeM paapewHMOCTH a aHAe CeKyiiRpHoro ypaaHeHHR: 

CyMMHpoaaHHe a 1211 npoHaaoAHTCR no aceM HeHTPOHH~M H npoToHH~M 
AaYXKaa3H4aCTH4H~M COCTORHHRM. naACTaaiiRR 161 H 181 a 191, no
I1y4aeM AIIR K 1 H K 2 a~pa>KeHHR 

y y -y -y ~ 

:t (EitjttJit+ E..._jtkJtt)+O<OIJziO> 
ik lk 

K 1 = -------------------
<0 IQ 0 10>- vT<o I Q 21 0> 

l22a/ 

Z Z "'Z ""Z A 
:t (Eikj ikj ik + E__jikj ik) + 0<0 I JJ: I 0> 
tk 1 k 

K = ~~-------~----------------
2 4<01 Q210> 

12261 

CneAyeT nOA4ePKHYTb, 4TO a~pa>KeHHeAI2261 a cny4ae aKcHanbHOH 
CHMMeTpHio1 cpeAHero nonR /T.e. <OIQ 2 10> =0 I TepReT CMbiCII. 

2.4. 3Kcneplo1MeHTai1bHaR 11HTepnpeTa411fl peweHio1H nC~ 

H3 CHMMeTplo111 OAHO~OHOHHOH aOIIHOaOH ~YHK4111o1 MOfbei111 nBX~6 + nC~ 
OTHOCHTeilbHO onepa41111 Rz (") abiTeKaeT I eM. 16" 

1 I, 4TO AIIR 
4eTH~x 3Ha4eHio1H nonHoro yrnoaoro MoMeHTa J Mbl AOillKHbl pewaTb 
ypaaHeHHR nc~ AIIR H(+) lo1 AIIR He4eTH~X 3Ha4eHI1H J pa6oTaeT H(-). 
Aanbwe lo13BeCTHO, 4TO ace peweHio1fl ypaaHeHio1H nc~ aaaHMHO opToro
HailbH~. Ha 3Toro cneAyeT, 4To ace HopManbH~e MOA~ (X,\ , P,\ ) 
c 6.1 A .f, 0 opTOroHanbH~ MOAe (0 <1>, J ~1 > ) : [ Q A , j z] = 0 I c T04HOCTbiO 
AO aToporo nOPRAKa no 6030HaMI. no3TOMY 

T, e. CPeAHHe 3Ha4eHI1fl KOMnOHeHT~ J z yrnoaoro MOMeHTa a OAHOillO
HOHHOM COCTORHio111 11 a COOTaeTCTay~eM COCTORHio11o1 lo1pacT-I1HHI111 pae
H~. 3TH CllaKT~ aMecTe c KpeHKHHr-ycnoaHeM <0 I J I 0> .. v' J(J + 1) 
onpaaA~aatOT 11HTepnpeTa41110 peweHHH nC~ cnoco60M, noKa3aHHbiM Ha 
PHC. 1 • 

CneAyeT oTMeTHTb, 4TO 3Ta HHTepnpeTa41o1R cTaHoaHTCR 6onee 
T04HOH c aoapacTaHHeM yrnoaoro MOMeHTa J, TaK KaK KpeHKHHr-yc
noaHe ablnOIIHReTCR XOPOWO AflA 6oi1bWHX J. 

8 

J 

0: 
:s: 
L 
Q. 

w 
::r 
IT) 

0 
Cnlo1H J(tl) 

j-roNJCA. ( K"~~"=CJ;l 
~=2 

f-ll<WX:A ( ~ =2;) 
~=1 

Iii PACT 

PHc.l. CxeMa HHTepnpeT~ OAHO~OHOHHb~ cocTonHHH s6nH3H 
HpacT-nHHHH B MOAenH ITBX~B + rrc~ AnH HH3KOCUHHOBOH o6-
naCTH. 

0CHOablaaRCb Ha lo1HTepnpeTa41111, abiTeKatO~eH 113 Plo1C. 1, Mbl 3aKI110-
4aeM, 4TO 3HeprHio1, KOTOp~e MOlKHO CpaaHio1BaTb C 3KCneplo1MeHTai1b
H~Mio1, paBHbl: 

rAe J = .\, AIIR 4eTHoro 3Ha4eHio1fl J 11 J = J O ± 1 AIIR He4eTHOro J, 
h6.1,\ (Jo) 11 (J o) - COOTBeTCTBeHHO, 3Heprlo1R nC~ MOA~ (X,\, p,\ ) 11 Mo
MeHT lo1Hep41111 RAPa 1181, B~pa>KeHH~H 4~pe3 KBa31o14aCTio14H~e MaTplo14-
H~e 3I1eMeHT~ 1o1 3Heprlo1H, nony4eHH~e np11 peweHHio1 3aAa411 X~6 c 4ac
TOTOH epa~eHHR, OTBe4a~eH CnHHY J0 • 

2.5. !JPHBeAeHH~e eepo.RTHOCTio1 E2-nepexpAoB 

npHBeAeHH~M eepoRTHOCTRM E2-nepeXOAOB B paMKax MOAei111 
/8 8 37/ . + nC~ nOCBR~eH~ pa60T~ ' ' , rAe KOI1114eCTBeHH~M o6pa30M 

ofiDRCHeH~ nepeXOA~ Me>KAY COCTORHI1RMI1 C 60I1bWI1Mio1 Cnlo1HaM11. 
pe3yi1bTaTaM pa6oT~/S?~MOlKHO pa3Aei111Tb nepeXOAbl CI1eAY~I1M 
30M; 

nBX~6+ 
6~Illo1 

CneAYR 
o6pa-

9 



1/ nepeXOA~ B paMKaX HpacT-nHHHH: 

B(E2, Jyr .... J - 2yr) = e 2 I (J022I J -20) v' 2<0IQ~) I 0> + 

+ (J020IJ-20) <OIQ~) 10>1 2
, 

/25/ 

rAe 10> - COCTORHHe Ha HpacT-nHHHH C 4aCTOTOH BpatqeHHR 0, OT
Be4a~~qe.:1 cnHHy J, 

2/ nepeXOA~ HS OAHO$OHOHHOrO COCTORHHR C nonO*HTeflbHOH CHrHa
TYPOH, OTBe4a~eH 4eTHOMY CnHHY J, Ha COCTORHHe HpacT-nHHHH 
(M = r = 0, ± 2) 

B(E2, J..\ ... J +r yr) = e 2 1 (J o 2 o I J +r o) I P !~) q ~ e ~frn + 
tf 

(..\) 1+ (eff) · (..\) 2+ (err) 
+2(J021IJ+r1) I Xtf qtf etf +2(J022IJ+r2) I Ptf qtf etf 

tf kf 

3/ nepeXOA~ HS OAHO$QHOHHOrO COCTORHHR C OTPH~aTeflbHOH CHrHa
Typo.:i, OTBe4a~eH He4eTHOMY cnHHY J, Ha COCTORHHe HpacT-nHHHH: 

2 (eff) m(A) 1- ;;;{..\) -1-
B(E2,JA ... J±lyr)•e I(J021I·J±11)4I ekf (Jkf qkf-Jtf qtf)+ 

tf 

, .. """ I .. ... nn' • ~ - (ern , •. (A) ~ :: (..\) - ~ " 2 
1271 

T \" ""'"'' " ~ "'"'' ~ ~ "'tf v~ tf 'i tf 1" A tf 'i tf 1 1 • 
tf 

4/ nepeXOA~ B paMKaX OAHO~OHOHHOH nonoc~ 6es H3MeHeHHR CHr
HaTyp~ /T.e. f!.J = 2/_: 

B(E2,J..\ ... J-2.\) .. e2 1 1 <OIQ(+) IO>[(JKA22IJ-2K..\+2)+ 
v'2 2 /28/ 

+ (JKA2- 21 J -2K A -2)] + <01 g~+) I 0>( JKA 201 J-2KA) I 

rAe K..\ - npoeK~HR MOMeHTa J Ha BHyTpeHH~~ OCb Z /OCb CHMMeTpHH 
RApa/, xapaKTepHaR AnR AaHHOH OAHO$OHOHHOH nonoc~ A npH Man~x 
SHa4eHHRX J, 

B e~pa*eHHRx /26/ H /27/ eirrn osHa4aeT 3~~eKTHBH~.:1 saPRA AnR 
HeHTPOHa /KOrAa HHAeKC~~ OTHOCRTCR K HeHTPOHH~M YPOBHRM/ HflH 
AnR npoTOHa /KOrAa HHAeKC~ kf OTHOCRTCR K npOTOHH~M ypOBHRM/ • 
B 4HcneHH~X pac4eTax M~ a cornacHH c pa6oTol1 1381 e~6HpanH: e(eff) 

= 0,2 AnR He.:iTpoHoB H e<•ff) = 1,2 AnR npoToHoB. 
CneAyeT saMeTHTb, 4TO AnR onpeAeneHHR acex ocTanbH~x eosMo*

H~x nepeXOAOB, He BKfl~4eHH~X B /25/, /26/, /27/ H /28/, HaAO 
B~HTH Sa paMKH nC~ /T.e. Sa paMKH OAH060SOHHOro npH6flH*eHHR 
a raMHnbTOHHaHe H onepaTopax nepexoAa/. 

10 

3. 4HCnEHH~E PE3YnbTAT~ 

B Ta6n.1 npHBeAeH~ cHnoe~e KOHCTaHT~ K"("=0,1,2) H Gr(r= N,P), 
HCnOflbSOBaHH~e npH pac4eTe. YcnOBHR CHMMeTpHH /3/ npeAOCTaBnR~T 
BOSMO*HOCTb onpeAenHTb TOflbKO KOHCTaHTY K1 /CM, /17/ H /22a//. 
OcTanbH~e K~HcTaHT~JKO H K2 , 6~nH onpeAeneH~ HS 3KcnepHMeHTanb
H~x SHa4eHHH HaHHHSWHX 3HeprHH B {J- H y -nonocax H 6~nH sa~HK
CHPOBaH~ AnR BCeX CnHHOB. /TaKOH cnoco6 HCnonbSOBaH TaK*e B pa-
6oTe 1121/. B Ta6nH~e cTon6e~ AflR KoHcTaHT '~, o6osHa4eHH~H X~6, 
COAeP*HT SHa4eHHR, nony4eHH~e HS 3KcnepHMeHTanbH~X napH~X 3Hep
rH~, H B CTOn6~e, 060SHa4eHHOM nC~, HaXOARTCR SHa4eHHR Oro nony-
4eHH~e HS ycnOBHR /17/. 0KaS~BaeTCR, 4TO KOHCTaHT~ K 1 H (Qr)nc¢ 
npaKTH4eCKH He SaBHCRT OT CnHHa /B paMKaX 0,5%/, H n03TOMY 
B Ta6nH~e AaHo TOnbKO OAHO SHa4eHHe AnR Ka*Aoro RAPa IAnR cnH
Ha J = 2/. 

Ta6JIHQa I 

0,616 0,774 1,514 0,1341 0,119 

0,633 1,602 0,111 0,093 0,135 0,123 ----- ______ ....,,...;. __ , ..... __ 
3aBHCHMOCTb MOMeHTa HHepQHH OT CnHHa 

Ta6JIHQa 2 

~--- --r--r---
~nu 0 2 3 - 5 6 7 6 -- - --· ~-
~66 ~4 [1/hJB] 27,97 29,35 32,97 u,eo 62,0§ 

Er -t \1/Mt._~ 56,SC: 
Cc4 .. ~{~1 27,97 29,02 26,55 31,68 32,19 37,412 )6,07 

-
~56 i. [i~hJ8} 26,97 29,241 36,56 65,411 

DJ 
-~~~-

26,97 26,71t SO,Oit llt,Oit Jlt,63 52,415 ~w•~[t;J - -
ll 



~ 
•zma 

~. 
iU2ltf 
~ti§. 
~,mQ1 
3KCn TEOP. 

Ku=2; 
3KCn TEOP. 

K'~~=o; 
J;!l§_jQ. 1432 r~ 14n ~ .. M!.i. 

318 4+ 

~: 
Kli'=Oi 

~·1269 ti~ 
1111 s•.!lli!... 
~·..l!!M.. 
89LJ·~ 
~·..BZL 
3KCn TEOP. 

Ku=2~ 

3KCn TEOP. 

Kn=o; 

3KCn TEOP. 

Kn=o; 

PHc. 2. TeopeTH'IeCKHe H sKcnepHMeHTBJtbHbie Bpma
TeJibHble nonoCbi c nonmKHTenbHOH qeTHOCTbiO B 16 Er. 
3KcnepHMeHTBJtbHbie p;aHHble B3HTbl H3 pa60T I 16, 17 I , 

.2505 

~ .! 
""<".A 4 ~ 

1959 ~\ 
1928 \ ~ 

\m! \ 
~ 

3KCn TEOP. 

3KCn TEOP. 31<Cn. TEOP. 

KlT=O~ KlT=2i 

s·~ 

s• 2288 

2108 4+ 2032 , __ 
3KCn. TEOP. 

KiT=4! 

PHc.3, TeopeTH'IeCKHe H sKcnepHMeHTBJtbHbie Bp~aTenb
Hbie nonOCbi c nonmKHTeJibHOH qeTHOCTbiO B 168 Dy. 
3KcnepHMeHTBJtbHbie p;aHHble B3HTbl H3 l211. 

3ae~C~MOCTb MOMeHTa ~Hep~~~ Jx OT yrnoeoro MOMeHTa npeACTae
neHa B Ta6n.2. AflR cpaeHeH~R B 3TOH Ta6n~~e AaH~ TaKme 3Ha4eH~R 
MOMeHTOB ~Hep~~~ •. B~4~CneHH~X B COOTBeTCTB~~ C $OPMYflOH 6enRe
Ba /391 • 
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CpaeHeH~e TeopeT~4ecKoro ~ 3Kcnep~MeHTanbHoro cneKTPOB npoee
AeHo Ha p~c.2 IAnR 168 Er; ~ 3 IAnR 168DYJ. nocKOflbKY pe3yflbTaT~ 
npaKT~4eCK~ He 3aB~CRT OT TOrO, ~CnOflb3yeM fl~ M~ B pac4eTe 3Ha-
4eH~R (Gr >xqx> ~n~ (G,.>nc<P , Ha p~c. 2 H 3 np~eeAeH~ pe3ynbTaT~ 
C np~MeHeH~eM TOflbKO (Qr )nc<!J, ,llnR on~eAeneH~R COOTBeTCTB~R B~-
4~CfleHH~X ~ 3Kcnep~MeHTanbH~x 3Hepr~~ M~ ~cnonb30BanH $opMyny 
/24/ H Tpe6oBaH~e, 4T06~ CTPYKTypa $OHOHOB, COCTaBflR~HX OAHY 
epa~aTenbHY~ nonocy, MeAneHHO MeHRnacb co cn~HOM /ycnoeHe aAHa-
6aTH4HOCTH/. 

H3 p~c.2 H 3 BHAH0,4TO BCeM peWeHHRM nC$ ypaeHeH~H COOTBeTCT
BY~T 3KCnepHMeHTaflbHO Ha6n~AaeM~e ypOBHH H MOmHO 3aKfl~4HTb,4TO 
MeTOA nBX$6+nC$ AaeT Ka4ecTeeHHo xopowee cornac~e c 3Kcnep~MeH
TOM B H~3K03HepreT~4eCKOH o6nacT~.EA~HCTBeHHOe HCKfl~4eH~e npeA-

+ 168E · 1161. -cTaenReT nonoca K = 3 
1 

e r, Ha6n~AaeMaR e 3Kcnep~MeHTe ,Y KO 

TOPOH HeT TeopeT~4eCKOro napTHepa B nOAXOAe nB$X6+nC$ ~ n03TOMY 
OHa He BKfl~4eHa B pHC.2. 

TeopeT~4eCKHe 3Ha4eHHR B(E2)-nepe><oAOB e 168 Er ~ 158 Dy, no
ny4eHH~e no $opMynaM /25/-/28/, cpaeH~Ba~TCR c 3Kcnep~MeHTanb
HbiMH 3Ha4eH~RMH e Ta6n. 3 H 4. A6con~TH~e 3Ha4eH~R B(E2) (9Kcn .) 
/3-H CTOn6e~ B Ta6n.3 ~ 4/ nony4a~TCR 1.13 OTHOCHTeflbH~X B(E2)(:3KCn,) 
/4-H cTon6e~/ nyTeM o6pa6oTK~, on~caHHOH e 1 1S~T.e. e pe3YflbTaTe 
~cnonb3oeaH~R npaa~n Anar~ BHYTP~ AaHHOH nonoc~ npH npeAnonome
H~~. 4TO BHyTpeHH~H KBaAPYnOflbH~H MOMeHT Q0 AflR AaHHOH nonoc~ 
COBna~aeT C MOMeHTOM OCHOBHOrO COCTORHHR /QO = ]60 $M 2 AflR 
168...,. 401 .. A ~ £nl • .0. .. 2 ~-~ 1t;An •• 141/l n 

-• r1 ~o- VJ""T 't"M fltJin '-'J I• U ICJ\ \..JIY"1di1J\J t\UII4d 

cpeAH E2-nepeXOAOB ~3 AaHHOro COCTORHHR He 6~no nepeXOAOB B paM
KaX OAHOH nonoc~, T.e. a6con~THaR HopMan~3a~~R He YAanacb, 
B Ta6n. 3 ~ 4 np~BeAeH~ TOflbKO OTHOCHTeflbH~e 3Ha4eHHR 8(E2) (SKCll ,') 

158Dy AaeT He TaKoH 6oraT~H 3KcnepHMeHTanbH~H MaTep~an AflR 
~ccneAoBaHHR B(E2) -3Ha4eH~H, KaK 168Er. TeM H·e MeHee MomHo 3a
Kn~4~Tb, 4To AflR 158 Dy cornac~e TeopeT~4eCK~X 3Ha4eH~H B(E2) 
c 3Kcnep~MeHTanbH~M~ ny4we, 4eM 168 Er. 3To, HaeepHoe, e~3BaHo 
6onbW~M~ aHrapMOH~4eCK~M~ 3$$eKTaM~ B 168 Er, 0 KOTOp~X roeop~T
CR e 118• 141 ~ y4eT KOTOP~X B MOAen~ nBX$6+nC$ 03Ha4aeT B~XOA 3a 
paMK~ nC$. HHTepeCHO, 4TO ~CnOflb30BaHHaR MOAeflb OTpamaeT ~ TOT 
3KCnep~MeHTaflbH~H $aKT, 4TO B 0Tfl~4He OT 168 Dy AflR 168 Er 3Ha-
4eH~R B(E2)-nepeXOAOB ~3 f3 -nonoc~ Ha OCHOBHy~ OKa3~Ba~TCR Ha 
OA~H-ABa nopRAKa MeHbWe 3Ha4eHHH B(E2) -nepeXOAOB H3 y-nonoc~ 
Ha OCHOBHy~. 

60flbWaR pa3HH~a Me*Ay OTHOWeH~RMH np~BeAeHH~X BepORTHOCTeH 
E2-nepeXOAOB, ~AY~HX H3 AaHHOro COCTORHHR OAHO$OHOHHOH nonoc~ 
/{3 HnH y I Ha eceeo3MOmH~e /no npaeHnaM oT6opa/ cocTORHHR 
~pacT-n~H~~,no cpaeHeHH~ C COOTBeTCTBY~HMH OTHOWeHHRMH AnarH 
CBHAeTeflbCTByeT 0 60flbWOM OTKflOHeHHH OT aKCHaflbHOro npeAena 
/6onhwoe AK -cMeWHBaHHe/. 
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Ta6mru;a 3 
IlpHBe,o.eHHble BepmtTHoCTH B(E2, 11 K1 -+ IrKr) B 168 Er · · 

--~---,....-----~------,....._-
I 2 3 4 5 6 - x)B(F2)2icn. --~-B(F2.~i&cn. B(F2.~jeop. B(l2),i'op. 

[.K. 1kl 4 • • 
[ e2cllM4] [e2cllM4] OTHOCIIT. OTHOCIIT. ------__ __, ___ ----.- ------1---

22+ OOi 259,2 54,I 163,6 J4,3 
I 

20i 479,2 1oo,o 477,6 1oo,o 

~ 32,6 6,6 166,7 J4,9 

32+ 
I rot 533,5 1oo,o 1n,o 10010 

qo+ 
I 346,6 65,4 42,6 J7,7 

421 2<>i 108,4 1,6 II713 115 

[\ 
qo+ 

1 551,4 611 427,4 5,6 
60+ 

I 75,9 111 140,4 116 
22+ 

1 6839,9 wo,o 7633,9 roo,o 
52+ 

1 
40+ 

I 3~5,9 2,9 lf05,I 3,3 
60+ 

I 394,3 3,6 232,6 1,9 

32~ 10968.7 100.0 12241.6 100.0 ... 
62+ 

1 
lj()+ 

I 59,9 o,4 52,5 o,35 
60+ 

I 515,9 J,s 76,8 0,5 

so• 
I 183,7 1,4 4J,7 0,29 

42+ 
I D499 19 roo,o 15071,7 roo,o 

72+ 60+ 184,6 1,2 1090,9 I 6,5 I I 
so• 

I 502,0 3,3 296,1 1,s 
52+ 

I I5152,9 Ioo,o 169I7,I Ioo,o 
-

82+ 
1 

60+ 
1 29I,o I,B I65,9 ! 0,9 

I 
ao• 1 825,I 5,I 705,9 ' J,9 

1 ! 

62~ 1 I6295,o mo,o HH94,7 IOO,O I 
I 
' 

+ -20! o<t 2,7 28,1 J,~ 39,5 

20i 6,9 71,9 1,2 14,8 

~ 9,6 roo,o a,1 roo,o 
-----
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~I)~~ 

60! 

+ 801 

20i 

40+ 
I 

60+ 
.1. 

I 

Ta6nHQa 3 /npo,o.onxeHHe/ 

----;--r-T---r~-~~-r-;--

20+ 
I 

lj()+ 
I 

601 
20+ 

I 

40! 
60+ 

I 
so• 

I 
lj()+ 

I 
60+ 

I 
so• 

I 
60+ 

I 
oo• 

I 
20+ 

I ·-· 'tV I 

20+ 
1 

lj()+ 
I 

60+ 
r 

40+ 
I 

60~ 
.1. 

so• 
I 

J, 0 

4,1 

33,7 

16415,7 

2,6 

I8,o 

12,9 

18080,2 

100,6 

Rtf lltCDe.I.Ue 

62Jit,6 

01 016 

o,.o25 

0,205 

roo,o 

o,ol4 

o,1oo 

o,on 
roo,o 

1,614 

1oo,o 

9,2 

46,1 

i\JU1u 

3,3 

roo,o 

II51 4 

7,2 

100,0 

44,5 

o,6 

1,3 

8,2 

IBJ2012 

1,6 

8,7 

2,9 

20184,5 

156,1 

219,1 

21132,2 

J,9 

8,2 

~,() 

o,3 

5,4 

5,J 

2,4 

10,4 

2,7 

o,ooa 

o,oo7 

o,o~ts 

roo,o 

o,006 
o,o4J 

01014 

1oo,o 

0,739 

1,037 

1oo,o 

19,0 

39,7 

luu1o 

4,2 

1oo,o 

99,2 

22,7 

1oo,o 

26,4 

____ ,!.._ 40: l__:_ __ L~5,3 j_~6·~-J88491o 
~22 r ooi - 10010 0 117 

20i - Il413 o,20 

2oi - 1oo,o 5,4 

1oo,o 

II7,o 

roo,o 

40j - 2015 117 J2,2 

422 I 20! I - I roo,o I J,7 100 ,o 
40I - 2JJ,I 5,9 160,5 _________ .....___ _ _ _,.___;; _ ___._.:..,._--.,_~ 
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-- .----..------,...--.---~-

J -~ 3 It 5 6 

52+ If()+ - Ioo,o J,2 1oo,o 
2 I 

60+ - 2II,8 7,3 226,7 1 

22+ oo+ - 62,5 o,16 90,4 
3 I 

20i - 1oo,o 0.17 1oo,o 

32+ 20+ 
2 I - Ioo,o 2,711 1oo,o 

If()+ 
I - 74,6 1,52 55,5 

-------L------'--- -
* 168 I 16·201 Hs sKcnepHMeHTanbHhlX pa6oT o Er caMaH nonHaH HH-

4JopMal.UfH npeACTaBneHa B 1 161 • 3Ha'leHHH B(E2) H3 pasHbiX sKcnepH
MeHTanbHhlX pa6oT C~eCTBeHHO He OTnH'I~TCH. llo3T0My B Ta6n.3 

1161 
npHBeAeHhl sKcnepHMeHTanbHhle sHa'leHHH H3 ,o6pa6oTaHHhle cno-
co6oM, OnHCaHHhlM B TeKCTe. 0mH6KH 3KCnepHMeHTanbHhlX AaHHhlX He 
npHBOAHTCH. 

Ta6nHn;a 4 

ITpHBeAeHHhle BepOHTHOCTH B(E2, Ii Ki-+ lrKr) B 168Dy 

------- -----
I 2 3 4 5 6 -- ---- --

62+ 
2 

If()+ 
I ao,~t 0,18 77,2 

f/J+ 
I Ioo,o o,23 1oo,o 

44i 20+ I 5,2 0,39 7,98 

40+ 
I Ioo,o 4,88 Ioo,o 

,_.._ _____ _ 
ll)B(R2)a&ent B(R2)a""n1 B(R2~reop. B(R2)raopl 

4 1 I ~ 
[e 2 ~41 oraocu. [e 2 ~ 41 oraocn. --- -- ----...-.--- . 
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Ta~nHn;a 4 /npoAonEeHHe/ * __ __.;._ --- ~--- r----1 2 3 4 5 6 ---- -----r-----1------------22i ooi 298,0 30,3 I98,3 20,9 
20+ I 983,I Ioo,o 945,3 IOO,O 
If()+ 

I 18,5 1,9 I0,7 I,I4 

32+ I 20+ 1 - 1oo,o 111,5 1oo,o 
40+ 

1 - 70,3 8,7 60,4 

112+ 
1 20+ 1 - 12,0 80,1 9,12 

40+ 
1 - 1oo,o 678,0 1oo,o 

60+ 
l - IJ,6 69,6 7,93 

52i If()+ 
I 304,0 3,3 1182,4 4,4 

60+ 
I 479,0 5,2 246,4 2,2 

32+ 
1 9I72,7 Ioo,o I0993,2 1oo,o 

20+ 2 oo• l 106,0 I7,3 94,2 8,._9I 
20+ 

I I79,0 19,3 96,6 9,2 
40+ 

I 6II16 Ioo,o 1055,5 roo,o 

ItO ... 
2 20 ... 

I - I9,0 66,7 15,8 
ItO+ 

I - I6,6 73,4 17,3 
60+ 

I - roo,o 423,3 100,0 

J22 20+ 
l - 3,9 o,oi 6,8 

40+ I - 100,.0 0,16 Ioo,o 

422 20+ I - 24,6 2,26 24,9 
40+ I - 60,4 4,51 49,7 

60i - 1oo,o 9,08 roo,o 

* B Ka'leCTBe 3KcnepHMeHTanbHhlX sHa'leHHfl B(E2) (sKcn .)npHBeAeHhl 
3Ha'leHHH, nony'leHHhle H3 HHTeHCHBHOCTen E2-nepexoAOB B1211 
H o6pa6oTaHHhle CllOC060M, OnHCaHHhlM B TeKCTe, 0mH6KH 3KCnepHMeH
TanbHhlX 3Ha'leHHll He npHBOAHM• 

4. 3AKJ104EHHE 

Hawa pa6oTa nOATBeP*AaeT TOT ~aKT, 4TO MOAenb nBX~6+nC~, 
nepeoHa4aflbHO BBeAeHHaR AflR onHCaHHR COCTORHHH C fiOflbWHM CnHHOM, 
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MOmeT AaTb ~ OTHOC~TenbHO XOPOW~e peaynbTaT~ AnR H~3KOCn~HOBO~ 
o6nacT~ cocTORH~~ e6n~3~ ~pacT-n~H~~. 4To6~ yny4W~Tb cornacHe 
C 3KCnepHMeHTanbH~MH AaHH~MH, np~AeTCR B~~TH 3a paMKH nC~ H 
y4eCTb B raMHnbTOH~aHe 4neH~ e~cwero nopRAKa B 6oaoHHOM paano
meHHH, KOTOp~e, B CBO~ 04epeAb, BeAYT K CMeW~BaHH~ COCTORH~~ 
C pa3HO~ CHrHaTypo~ H KOTOp~e, KaK MOmHO om~AaTb, 6YAYT npORB
nRTbCR HMeHHO B o6naCTH HH3KHX CnHHOB. BKn~4eH~e B MOAeflb OCTa
T04H~X B3aHMOAe~CTBH~, OTBe4a~~X T04HOMY BOCCTaHoBneHH~ Bpa~a
TenbHO~ CHMMeTpH~ nonHoro raMHnbTOHHaHa /CM, /S4/ /, TaKme MOmeT 
yny4WHTb peaynbTaT~. 
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