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Ax6apoa A. H np. P4 - 11969 

Ka'leCTBeHHbie xapaKTepHCTHK" CTpyxTypbi BbiCoxocnnHOBbiX 

COCTOSIHIIii He'leTHbiX nnep 

06Cylt<n8IOTCSI BOITpOCb! CTpyKTypbl II CBOliCTB8 Bb!COKOCITHHOBbiX COCTOSI

HHII He'leTHbiX smep. Ka'lcCTBeHHbie anannTn'leCKHe oueHKH acponTHocTell 

sneXTpOMarHHTllbiX nepeXOUOB Cp8BHHBalOTCSI C peaynhTaTaMH 'IHCITe!IHbiX pac

'leTOB, XOTOpbie npOBOUSITCSI B paMKBX nonyMI!KpOCKOITH'IeCKOii MOileiTH He'leT

ROrO srnpa c y'leTOM cMelllHBaHnSI cocTOSIHHII c pa3HbiMH K. Bap11aUHH MOMeH

TOB RRepUHH, onpeneneHHble t)>eHOMeHOITOrH'IeCKII, cpaBHHB8IOTCSI C pe3ynhT8T8-

MR p8C'IeTOB ITO MHKpOCKOITH'IeCKOH MOUeiTH HC'IeTHb!X S!Uep, 

Pa60T8 BbiiTOITHeHa B na6opaTOpHH TeopeTH'IeCKOH <jJH3HKH 0115111. 

npenpHRT 06beUKReRROrO HRCTKTyT8 SlnepHb!X KCCrreUOB8HKll. lly6Ra 1978 

Akbarov A. et al, P4 - 11969 

Qualitative Characteristics of High Spin 
State Structure in Odd-Mass Nuclei 

The structure and properties of high-spin states in 
an odd-mass nucleus are discussed. The qualitative anali
tic estimations of the probabilities of electromagnetic 
transitions are compared with calculations made on the 
basis of semi-phenomenological model in which the mixing 
of states with different K-values is taken into account 
Variations of the momenta of inertia calculated phenome
nologically are compared with the results of the micro
scopical model of odd-mass nucleus, 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

~·1. BeeoeHue 

llpH yrnoBbiX MOMeHTax I::: 1011 Knaccuct>uKaUH.II coc-

TO.IIHHii Hel.feTHbiX .IIJJ.ep DO JJ.OMHHHPYIOIUeii KOMDOHeHTe 

C ci>HKCHpOBRHHbiM 3HR1.feHHeM npoeKUHH yrnoaoro MOMeHTa 

Ha OCb RKCHanbHOH CHMMeTpHH Tep.lleT CMbiCn. 0JJ.HRKO 

B cneKTpanLHbiX xapaKTepHCTHKax .IIJJ.ep coxpau.ReTC.II onpe

.n.eneuua.R peryn.llpHOCTb, yKRJbiBRIOlUR.II Ha BOJMO>KHOCTb 

HHOH, JJ.OCTRTO'IHO OpOCTOH, KnaccHci>HKRUHH COCTO.IIHHH. B 
JKCDepHMeHTRX npeHMyiUeCTBeHHO ua6n10JJ.RIOTC.II )' -KBaH

Tbl, KOTOpble COOTBeTCTBYIOT nepeXOJJ.RM Me>KJJ.Y COCTO.IIHH.II

MH C yrnOBblMH MOMeHTRMH, paJnH'IRIOlUHMHC.II Ha 2fl. 3TO 

DpHBOJJ.HT K TOMY, 'ITO OJJ.HR pOTRUHOHHR.II nonoca pa36HBa

eTC.II HR JJ.Be, JJ.n.ll KOTOpbiX BenH'IHHa (-1)1 t-1/2 HMeeT 

o.n.uuaKOBYIO l.feTHOCTb. KonneKTHBHoe ycuneuHe B ( E2 ) 
cl>aKTOpOB JJ.n.ll JTHX nepeXOJJ.OB CBHJJ.eTenbCTByeT 0 6nH30C

TH BHyTpeHHHX CBOHCTB COCTO.IIHHH C OJJ.HHRKOBOH l.feTHOC

TbiO (-1)1+112 /1 

B .n.auuoii pa6oTe noKa>KeM, 'ITO auyTpeuuue ci>YHKUHH 

CHnbHO pa3B.II3RHHbiX nonoc Hel.feTHblX .IIJJ.ep OpH 6onbWHX 

3HR1.feHH.IIX yrnOBOrO MOMeHTR YJJ.06HO 3RDHCbiBRTb B co6-

CTBeHHOM npe.n.cTaaneHHH onepaTopa KonneKTHBHoro yrno

aoro MOMeuTa: 

~2 (I~ -:-..?. R c" - J r /1/ 

r.n.e I H j - onepaTopbl nonuoro H auyTpeuuero yrnoaoro 

MOMeHTOB. B JTOM npe.n.cTaaneHHH auanHTHl.fecKoe Bblpa>Ke

HHe JJ.n.ll MRTpH'IHbiX JneMeHTOB /M.J./ onepaTOpOB BHeWHHX 

noneii HMeeT oco6euuo npocToii BHJJ.. llonLJy.llcb auanHTH-
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'ICCKHMH Bblpa)I(CHH11MH :Z. ,l).JI11 COfiCTBCHHbiX BOJIHOBbiX <iJynK-
~ •) 

un~ onepaTopa R' npn I'·-1, nony'IHM acnMnTOTH'iecKoe 

Bbipa)l(enue .IJ.JI11 M.3. onepaTopa £2-nepexo.IJ.a. AcnMnToTu

qecKne OUCHKH Bl£21 <iJaKTOpOB cpaBHHM C Bbl'iHCJICHHbiMH 

B paMKaX peaJIHCTH'iCCKO~ MO,!J.CJIH, B KOTOpO~ poTaUHOH

Ha11 ~aCTb 3HeprHH napaMeTpH3YCTC11 B npe,!J.CTaBJICHHH, 

r.IJ.e R:z .IJ.Haronanen. 

06cy,!J.HM TaK)I(C nepenopMHpOBKY MOMCHTOB HHCPUHH 

IM.H.I COCT011HH~ HC'iCTHbiX 11,!J.Cp, BBJIBIOlUHXCB napaMCTpa

MH raMHJibTOHHaHa, H ee BJIHBHHC Ha CTpyKTypy COCTOBHH~. 
Bapuauuu M.H., onpe.IJ.eJieHHble <iJenoMenonoruqecKH, cpas

HHM C pe3yJibTaTaMH paC'iCTOB flO <iJopMyJiaM MHKpOCKOllH

'iCCKO~ TeOpHH ' 4 . 

§2. TaMU/lbmoHuaH He<~emHozo JH)pa u onepamopbl 
6Heumux no/leu 

I'aMHJibTOHHaH B,!J.pa 3allHilleM B BH,!J.e 

H - Hrot + H intr 121 

nonaraJI, 'ITO onepaTop Ilintr .IJ.eiicTsyeT JIHillb B npocTpan

CTBe BHyTpeHHHX nepeMCHHbiX JI,!J.pa H 'ITO 

1 Hrot . R. 2 I = o. 13/ 

Tor.IJ.a 
q,IM 

CYlUCCTBYIOT BOJIHOBbiC 4JyHKUHH HC'iCTHOrO JI,!J.pa 

Y .IJ.OBJICTBOp1110lUHC CJie,!J.yiOIUHM COOTHOillCHHJIM: 
I' 

R2 q,IM = [r )<I>IM 
l' l' I' 

/4/ 
H IM _ IM 

rot <I> 11 - [h 11 1 <1> 1, 

YpaBHCHHJI 131, /4/ BblllOJIHJIIOTCJI B lllHPOKOM Kpyre JI.IJ.ep

HbiX MO,D,eneii, BKJIIO'iaiOIUHX MO.IJ.CJib KepMana, r.IJ.e ~-ot = AR2. 
KaK 6hlno noKaJano s pa6oTe ill H 6y.IJ.eT TaK:lKe npo,D,eMon

CTpuposauo noJ,D,Hee B ,!J.annoii pa6oTe, cooTHOilleHHJI I 41 
JIBJIJIIOTCJI Y.IJ.06noB: ocnosoii .IJ.JIB napaMeTpHJauuu JaBHCB

meii oT yrnosoro MoMenTa qacTH raMHJILTOHHana ne'leTnoro 

4 

B.IJ.pa. B npe.IJ.CTasnenuu cllYHKUHH c <iJuKcuposanHhlMH 3Ha'le

HH11MH npoeKUHH yrJIOBOrO MOMCHTa Ha BHyTpeHHIOIO OCb 

JI,!J.pa cllYHKUHH <f>rM HMeiOT BH,!J. 

<I> I M = l a I I I Mil > . 
'' a 11a ''"a 151 

KaK npasuno, B MO.D.eJIJIX ne'ieTnoro JI.IJ.pa ,D,eBCTBHe 

raMHJILTonuana 121 onpe.IJ.eneuo B npocTpaucTBe orpauu

qeuuoro 'iHCJia BHyTpeHHHX COCTOJIHHB, KOTOpoe He JIBJIJieT

CJI JaMKHYThlM YTHOCHTeJILHO .IJ.eiicTBHJI onepaTopos yrno

soro MOMenTa i± .fi03TOMY llOCTpOeHHe C06CTBeHHbiX <lJynK

UHB $ 1M s ananHTH'iecKoM BH.D.e o6bi'IHO nesoJMO:lKHO. 
I' 

0.IJ.HHM H3 HCKJIIO'iHTeJILHbiX CJiyqaeB, KOr,D,a <i>YHKUHH <f>,~M 
MOryT fibiTb HaB,D,eHbl aHaJIHTH\feCKH, JIBJIJieTCJI MO,!J.eJIL, 

paCCMOTpeHHaB ll.cltoreJieM /2~ C BOJIHOBbiMH <i>YHKUHJIMH 

xjK (-j_;:: K:Sj). ~JIBJIJIIOIUHMHCJI co6cTBeHHbiMH <l>YHKUHJIMH 

onepaTopos j 2 H j . B 3TOM cnyqae 
3 

rv= R"(Rv+l), R = 2 [ I-j + 1]. 2[1-j+l 1+2, ... ,[ l+j ]; 
2 2 2 

al =CIK2 
~·a R

0
oj K

2 

/5' I 

IK 
npH'ICM CRojK - K034><l>HUHCHTbl BCKTOpHoro CJIO:lKeHHJI; 

[A] - uenaJI qacTL 'IHCJia A. ~ 
Co6cTsennble <l>YHKUHH nonnoro raMHJILTOHHana H MO:lKHO 

l}aBTH nu6o B npe.IJ.cTasnenuu I IMK" lnpe.IJ.cTasnenue 

Hintr ): 

H IIIIM - I Iff IM 
-ra-Ea-ra 

IM I 
'I' = l b (3 I IMK (3 > . a {3 a 

JIH60 <I>IM ,, lnpe.IJ.cTasnenue R2 /: 

'I' IM = l f I <I> IM 
a l' Ul' F 

B cuny nonnoTbl 6aJuca c <l>YHKUHJIMH 

I IMK > = l a I * <I> IM 
a ,., ap 1..1 ' 

<lJIM 
I' 

161 

171 

HMeeM 

181 
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a TaK>Ke 

I I* I r =I.a {:3bf3. 
/9/ 

av {3 a v 

I I I b =I.a r
13

. 
af3 v av v 

CooTBeTcTaeuuo .n.nH MaTpuqublx 3neMeHTOB onepaTopoB 
auewuux noneii F(,\ 1L) /uanpuMep, .n.n.11 onepaTopa 3neKT
puqecKoro HnH MarHHTHOrO MOMeHTa C MynbTHnOnbHOCTblO 
Ap. I MO)I(HO 3anuca Tb Bblpa)l(euue 

( M' ~ IM 
<'I',J, I F(A)j \(1 v > I. < I 'M , K , , I F(;.J I IMK ~ b!': ,b I = 

a a' a a l' a t'a 

I. < <l>I'~' IF(.\) I ct>IM > fi :*, fi 
, y y v y vy 

yy 

/10/ 

MaTpuqubie 3neMeHTbi suewuux noneii o6bJquo 3a.IJ.aiOTCJI 
a 6a3uce I IMK>. O.n.uaKo npu 6onbwux yrnos~x MOMeu
Tax COCTaB ~ C06CTBeHHblX 4!yHKUHH onepaTopa H B npe.n.
CTaBneHHH H intr secbMa cno)l(eH. B TO )l(e speMJI B p.R.n.e 
cnyqaes, npe.n.cTaBnHIOUlHX npaKTuqecKuii HHTepec, npu 
I >> lfl oKa3blBaiOTCJI BbmonHHMbiMH npu6nu)l(eHHbie pa-

BeHCTBa 

I r v Y " o,l Y . /11/ 

CooTuoweuue /11/ BblnonuJieTCJI npu .n.ocTaToquo 6onbwux 
yrnoBbiX MOMeHTax B Mo.n.enu <l>oren.11. B 3TOM cnyqae 

HMeeM 

< <1> I~ p:fin tr 
y 

IM 1 lei> >=o ,E.K I R +0(--L y yy J, = - y 21 

r.n.e EjK - co6cTBeHHbie 3Hepruu Hintr B 6onee o6-
meM cnyqae BbmonueuuJI /11/ MO)I(HO O)I(H.IJ.aTb, ecnu suyT
peuuue cocTOJIHHJI, cHnbHO CBJI3aHHble cunaMH Kopuonuca, 
pa3nuqaJOTCJI no 3uepruu cymecTseuuo MeHb~e, qeM pa3-
nuqubie co6cTBeHHble 3uaqeHHJI onepaTopa Hrot (h1, ). 

6 

,A.n11 auanu3a TaKHX cuTyauuii none3Ho ucnonb30BaTb BTopoe 
H3 Bblpa)l(eHHH .IJ.nJI M.3. B 4!opMyne /10/. llpH 3TOM nonyqHM 

I'M' 
<'I' , 

I' 

IM I'M' 
j F (.\ )\ W,, ~ "' ·A>

1
,, IF (,\)i <1> IM 

, I' /12/ 

06mee Bblpa)l(euue .n.n.11 M.3. a 41opMyne /12/ uMeeT BH.IJ. 

I'M' ~ IM I'* ~ 
<CI>, IF(A)\<l>y ~=~a, ,a <l'M'K ,IF(A)\IMK 

Y ' aa ' a y ay a a ~ ·/13/ 

121 B pa6oTe npuse.n.euo Bblpa)l(euue .n.n.11 M.3. /13/ B cny-
qae, Kor.n.a cnpase.n.nuao ypaaueuue /5 /, .n.n.11 onepaTopa 
KOnneKTHBHOrO 3neKTpuqeCKOrO MynbTHDOnbHOrO MOMeHTa, 
HMe10mero au.n. 

nA F ( Atd = M;. j 1w (n). 

B 3TOM cnyqae uMeeM 

<l2R2\1 F(A) II I 1Rl > 
MA(-1l-j-I ~~Il +1X21 2 +1) 

/2R +l=--
2 

I 
I 2 I 1 A R20 

X IC 
R 

1
R

2 
j R 1oAO 

/14/ 

X 

/15/ 

llpu Ii , Ri ~-.. A,j 41opMyna /15/ ynpomaeTCJI, .n.onycKaJI 
KaqecTBeHHbiH auanu3 M.3. BBO.IJ.JI o6o3uaqeHHJI 

Ri=li -j+ni ( i = 1, 2 ; Ri - qeTuoe qucno) 

l
2
-l

1
=r, 

/16/ 

n 2 -n 1 =Lln, 
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nonyqaeM .D.JIJI n 2 >. n 1 
pa)KeHHJI I 15/: 

aCHMOTOTH'IeCI<YIO OU.eHI<Y ' 3 / Bbl" 

<I2n2[[F(..\)[[11n1 > 
(A-An-r )/2 (21 1 + 1) (21 2 +1) 

M ,\ ( -1) --------- ·---:--- X 

(2R2 +1)1/2 (21 1 )l+~n 

x --;------~~ + ~-+A_~)~---- -------ll_l2!~~j-n t)~(-~-::.'Y 
2 (An)! (~2"-~-1:.~~)!(~-:_r ;~~--)! 11

1 !(2j-n2 )!(..\+r)! 

1 

j"2(1+0Cfn. 

/17/ 

PaccMoTpeuue nocne.n.ueu ~opMynbl noJoonJieT npocne.n.HTb 

OCHOBHble Jai<OHOMepHOCTH ,li.JIJI M. 3. I<OJIJiei<THBHbiX nepe

XO,li.OB B He'leTHbiX ai<CHaJibHbiX Jl,ll.pax npH 60JiblllHX CnHHaX: 

1. Hu.n.ei<c n HMeeT CMbiCJI uoMepa I<onnei<THouou nono

Cbl, COCTOJIHHJI I<OTOpOH CBJIJaHbl I<OJIJiei<THBH3HpOBaHHbiMH 

3J1ei<TpH'IeCI<HMH nepexo,ll.aMH. 

2. lloci<OJibi<Y Ri o ~opMyne /5 I HMeiOT JIHlllb 'leTHble 

JHa'leHHJI, B O,li.HOH I<OJIJ1ei<THBHOH nonoce npucyTCTBYIOT 

COCTOJIHHJI C O,li.HHai<OBOH 'leTHOCTbiO BeJIH'IHHbl (-l)l+l;! 

/eM. ~opMyny I 16/ I. 
3. B/E2/ ~ai<Topbl nepexo.n.oo Me)K.n.y nonocaMu, 

paJHH'IaiO~HMHCJI no n ua \n e.n.uuuu., no.n.asneubl no cpao

ueHHIO c nepexo.n.aMH BHYTPH nonocbl. ~ai<Top no.n.aoneuuo

CTH HMeeT nopJI,li.OI< (tf2l) 2 \n 
B cne.n.y10~ux paJ)l.enax Mbl npHBO.D.HM npuMepbl pacqe

TOB cnei<TpOB H pa,li.HaU.HOHHbiX Xapai<TepHCTHI< He'leTHbiX 

Jl.ll.ep B paMI<aX peanHCTH'IeCI<OH MO,ll.eJIH. 3TH npHMepbl 

noi<aJWBaiOT BOJMO)KHOCTb ,ll.eTaJibHOro ODHCaHHJI 3I<Cne

pHMeHTaJ1bHbiX cnei<TpOB npH HCnOJ1b30BaHHH He60JiblllOro 

'IHCna napaMerpoo, onpe.n.enJIIO~Hx onepaTop ~ 01 ~B 
~opMyne /2/. Kaqecroeuuwe owoo.n.w, c~opMynupooauuwe 
Bblllle, nO,li.TBep)K,ll.aiOTCJI peJyJibTaTaMH pac'leTOB. 

§3. IlapaMempu3a~UJI zaMUAbiiiOHUaHa Hrot 

lfJy'leHHe CBOHCTB He'leTHbiX Jl,ll.ep Ha OCHOBe MO,li.CJIH 

KepMaua yi<aJano ua ueo6xo.li.HMOCTb ooe.n.euuJI Jaoucu-

8 

• 

MOCTH I<ai< OT BHYTPCHHero COCTOJIHHJI, Tal< H OT CDHHa 

B raMHJlbTOHHaH CBJIJH Bpa~eHHJI ~ BHyTpCHHHX B036Y*" 

.n.~uuii. llapaMeTpHJaU.HJI onepaTopa Hrot B npe.n.cTasneuuu 

Hintr DpH 3TOM OI<aJbiBaeTCJI CHO*HOB H HeO,li.HOJHa'IHOB 

onepauueii, Tai< I<ai<: 

1. BoJHHI<aeT ueo6xo.n.HMOCTb uue.n.eHHJI ueJaBHCHMbiX 

napaMeTpou u paJnH'IHble 3neMeHTbl ue.n.uarouanbuoii MaT

PHUbl. ~ai<TH'IeCI<H HeJaBHCHMble napaMeTpbl BBO.li.JITCJI B 

.li.HarouanLHble H coce.n.uue c .li.HarouanbHbiMH 3neMeHTbl 

MaTpHUbl Hrot ,Janucauuoii B npe.li.CTauneHHH Hintr' HMe

I<!_TCJI yi<aJaHHJI/ 4/ Ha He06XO.li.HMOCTb y'leTa 3J1eMeHTOB 

H CBJIJbiBaiO~Hx cocTOJIHHJI c [ ~ K[ 2. 2. 
rot • 

2. TepJieTCJI I<OHTponb Ja 3PMHTOBOCTbiO Hrot 
TOrOHaJibHOCTbiO pa3J1H'IHbiX pellleHHB. 

Hop-

Mw ua.n.eeMCJI ycTpauuTb TPY.li.HOCTH, OTMe'leuuwe Bblllle, 

HCOOJ1b3YJI ~OpMyny /4/, Ha OCHOBaHHH I<OTOpOii MOlKHO 

yroep)K,ll.aTb, 'ITO~ Hrot HMeeT 6noi<- .n.uarouanbHYIO crpyi<

TYPY B 6aJuce R2 . B ualllHX pac'lerax I<a)K)l.oMy JHa'leHHIO 

r,, COOTBeTCTByeT J1Hlllb O,li.HO BHyTpeuuee COCTOJIHHe, H Mbl 

nonaraeM, 'ITO 

<I',,'[H 1 'ti,/ >=8
11

,/'i ,h (r ). 
ro I'll l' v /18/ 

Bue.n.euue .li.OnonuurenbHOH JaBHCHMOCTH or I u ~pMyny 
/18/ MO*eT OI<aJaTbCJI HY)I(HbiM TOJibi<O npH HeMOHOTOHHOB 

JaBHCHMOCTH r ,. or I. B pac'leTax Mbl nonbJyeMCJI an

npoi<CHMau.ueu h
1

, (r,. ), onpo6ouauuoii pauee Ill 

2J1• (h1, + 2Bh 1~ ) = r, .. /19/ 

HanH'IHe JaBHCHMOCTH napaMeTpa Jv OT COCTOJIHHJI OI<aJbl• 

uaeTCJI Heo6XO,li.HMbiM .li.JIJI OnHCaHHJI nepece'leHHJI I<OJ1J1CI<· 

THBHbiX nonoc. llapaMeTp 8 COOTBeTCTBYCT Y'ICTy OTI<no

HCHHJI 3HeprHH COCTOJIHHJI OCTOBa OT Jai<OHa I ( I + 1 ). 
B npoue.n.euuwx pac'leTax napaMeTp B Bbl6upancJI nocTOJIH

HWM ,li.JIJI BCeX l' • 
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§4. PomaijUOHH&Ie noAOCbl e u3omonax 
159

· 
161 

Dy 

llpu pacqeTe 3uepruil epa~aTenbHbiX nonoc B J<aqecTBe 
6a3HCHbiX COCTOSHHH, no KOTOpbiM npOBO~HnOCb pa3nO*e
HHe HCKOMOH BOnHOBOH 4JYHK~HH, Bb16upanHCb 6 COCTOSHHH: 
112+ [4001 ' 112 I \660\ '312 + f402] '3l2tl65ll '512 +:642L 
112+ [633]. BuyTpeuuuil raMHnbTouuau c y'leToM ocTaTo'I

HbiX cun 
....... ....... ...... ....... 

H. -=H +H . .•HQQ 1ntr av pair 
/201 

~uarouanuJyeTcs TaK *e, KaK u B pa6oTe .,, · Co6cTseuuble 
3Ha'leHHS raMHnbTOHHaHa KOnneKTHBHOrO Bpa~eHHB onpe
~enSIOTCJJ. peweuueM ypasueHHJI I 19 I. llapaMeTpbl 1 '2J ,. 
u B. a TaK*e cnoco6bl Bbi'IHcneuus M.3. yrnosoro MoMeuTa 
onucaubl B pa6oTax '1.6 .· )l;ns s~pa 161Dy. 'IT06bi ynyqwuTb 
cornacue Teopuu c 3KcnepuMeHTOM, nepeuopMuposanucb 
cne~yro~ue M.3. yrnosoro MOMeuTa: 

< 112+[66011 j + 1112 + [660]> = 2.392 

<5/2+[64211 j+ 13/2+ [651]> = 4.267 

<7/2+ [63311 j +15/2 +[6421 "' 2.90 

locTanbuble npuse~eubl B l6l I. 
11uep~uouuble napaMeTpbi a,, ~ll2J,, B npe~cTasneuuu 

R2 u uaqano poTa~uouuwx nonoc E,,. KoTopble ucnonbJo
sanucb B J<aqecTBe co6cTBeHHbiX Juaqeuuil suyTpeuuero 
raMHnbTouuaua ~ns 161Dy, npuse~eubl B ma6A. 1. Buy
Tpeuuue BOnHOBble 4JyHK~HH TaKHe )l(e, KaK H B pa6oTe 6 

r. 

Bee napaMeTpbi u M.3., KOTOpbie ucnonbJosanucb B 

pacqeTax ~ns159 Dy, cosna~aJOT c onpe~eneuubiMH B pa6o
Te/ 11. 

3ueprHH H CTpyKTypa BOnHOBbiX 4JyHK~HH upacT-nOno
Cbl 159, 161 Dy npuBe~eHbl B ma6A. 2 H 3 COOTBeTCTBeHHO. 
IlpuqeM B ma6A. 2 cTpyKTypa npuse~eua B npe~cTaeneuuu 
R 2 , a B ma6A. 3 - B npe~cTasneuuu H i 11 tr lnpuse~eHbi 
BenH'IHHbl f l{cJ H b1 B 4JopMynax 191, COOTBeTCTBeHHOI. 

a > f.ll' 
B ma6A. 2 COCTOSHHJI pacnonO)I(eHbl DO Mepe B03paCTaHHS 
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Ta6Auija 1 
161 llapaMeTpbl pacqeTa ~ns Dy, B =0,06378 M:JB- 1 

Cocrommer· 

1 /2+ ( 4001 
1/2\- [6601 
3/2+ [ 4021 
3/2+ [651] 
5/2\-16421 
7/2+ f 6331 

<H> 
MeB 

3 

2 

E
1

, (M38) 

.7368 

.6809 

.5332 

.7557 
-.0134 

.503 

I 
I I 
r\ I 
II\ I / 

) )' I I 
II I\ 1/ 

I v \/ 
I~ 11'1 J.l 
1;~ I I 1 i 

) /. I I 
;I I I II 

~/// )' 
j} I I I~ 

1 1-' I I 
/1 '' I I 

// ;/ I I 1 

tl{ /1 I~ 
/( )./ I /It 

/ 1/ \ I I 
,,/ /r 1 1 1 

0 _,{'/I }I 
y /./~ I 

1'</ /i \I ;I 

A B !j( I 'I / 

>'>-..:"t '" // / v // 
/ :'>-"/'/ 

3 7 11 15 19 23 27 31 

a
1

, ( K38) 

13.100 
12.561 
13.100 
13.149 
13.551 
13.100 

A -112.[660] 
8 -312.[651] 
c -5/:1[642] 
D -712.[633] 

35 39 2xlh 

3aBUCUMOCIIIb OUQ20HQAbHbiX M.:J. nOAH020 2QMUAbiiiOHUa

HQ /nyHKIIIUpj U C06CIII8€HH020 3HQ'l€HUJI OAJI upacm- COCIIIOJI

HUJI 159 Dy jcnAOJUHQJI AUHUJI/ 0111 Y2A06020 MOM€HIIIQ. 
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~ 0 ~b~~\281rif2trigjgJ 
CIJHC\IC:IMMCOQ)t'-t'-00> ... . . . . . . . . . . . 

1-fH(Y)C\l 

t'-HS;C\IC\lt'-t'-C\IHO 
•[::Ol ~tngcolfl2~C\l 1::: 0(') <D ['-['- 8C\l 
~~~~'1~~~~t'; .<1! 
jl) HHMC\1 

I 
C\lC\lC\lC\lC\lC\lC\lC\lC\lC\lC\l 

~~~';:::t~~:::t~~~~ 
HHHC\IC\IC\1(')(') 

Ta6Aulla 3 

AMnnHT,Y .IJ.bl cMelllH8aHHJI HpacT- nonocbl 16 1 Dy 8 npe.u.cTa8-
neHHH Hintr 

Cmm :il H e p ) R B AMr!JmTY.na cMeunmamur 
(!.131J 

~·I ,)k(; fl. recP. j~\<~uc) I .l 1 ?. 'l ,, j .L - 1 
2 ~Go o: 'loz " b ~ \ 

,-' 
2 lb~1! 

"l• 
'T I•~~~ 

5 .o .0 -.001 .049 -.0!3 -.156 .986 
7 .044 .043 -.007 .082 -.017 -.233 .950 -.192 
9 .100 .103 .003 .163 -.024 -.305 .906 -.243 

II .184 .185 -.019 .151 -.028 -.341 .883 -.28I 
13 .267 .268 .004 .286 -.041 -.415 .818 -.275 
15 .407 .409,-.030 .207 -.035 -.417 .830 -.306 
17 .508 .507 .012 .388 -.050 -.492 .735 -.255 
19 .719 • 720 1-.039 .249 -.041 -.468 .788 -.309 
21 .826 .822 .0!3 .455 -.057 -.536 .668 -.235 
23 I.II8 I.II8 -.047 .279 -.045 -.506 .755 -.305 
25 1.222 1.217 .014 .498 -.061 -.563 .620 -.218 
27 1.601 1.600 .053 -.302 .048 .530 -.730 .:mo 
29 1.693 1.691 1 .013 .526 -.064 -.579 .584 -.205 
31 2.16! 2.160 i .058 -.319 .050 .549 -.?IO .295 
33 2.234 2.239 .013 .546 -.066 -.590 .558 -.195 
35 - 2.793 .062 -.332 .052 ,563 -.695 .290 
37 - 2.858 .012 .560 -.068 -.598 .539 -.187 
39 - 3.491 .066 -.342 .054 ,573 -.683 .285 
4I - 3.539 .012 .570 -.069 -.603 .523 -.180 
43 - 4.247 .068 -.350 .055 .582 -.673 .282 
45 - 4.277 .on .578 -.070 -.607 .5II -.175 

co6cT8eHHbiX JHa'leHHH r ,. . Ha pHcyuKe noKaJaHhl pac
C'IHTaHHhle JHa'leHHJI 3HeprHH HpacT-COCTOJIHHH 159Dy 

8 Ja8HCHMOCTH oT yr no8oro MOMenTa 1 I cnnolllHaJI nHHHJII. 

TaM )l(e npH8e.IJ.eHbl .IJ.HarouanbHble M. 3. nonuoro raMHnbTo

uuaua lnyuKTHpHaJI nHHHJII 8 npe.u.cTa8neHHH Hintr . lb 
pucyuKa 8H.IJ.HO, 'ITO npH L>~ 1 .u.n11 I +1'2 'leTHbiX 8 CTpyK

Type 80nH08biX lilYHKl{HH llpHMeCH 512 + 16421 6y.!J,yT nH.!J,H

PYIOlltHMH, .u.n11 I+ 1 12 - ue'leTHbiX npHMecH 112+ 16601 
fiY.IJ.YT nH.IJ.HPYJOlltHMH. B Jl.IJ.pe 16 1Dy npocne)I(H8aeTCJI TaKaJI 

)l(e KapTHHa, HO .IJ.nJI 1+1/2 -qeTHbiX CTPYKTypa COCTOJI

HHH O'leHb ycno)I(HJieTCJI I 111a6A. 31 6naro.u.ap11 nepece'leHHIO 
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nonoc, COOTBCTCTBYIOU\HX COCTOJIHHJIM 3/2+ /651/ 
5/2+ /642/. 

H 

Taxoe ycnO)I{HeHae cTpyxTypbl cocTOJIHHii CBJI3aHo c 

KOpHOflHCOBblM CMCWHBaHHCM H C nepeHOpMHpOBKOH MOMCH

TOB HHepUHH /M.H./ AflJI pa3nH'IHblX COCTOJIHaii, 'ITO, B CBOIO 

O'ICPCAb, canbHO BflHJICT Ha paAHauaoHHble xapaKTepaCTaKa 

3THX COCTOJIHHH. 

TaK KaK AUJI ODHCaHHJI 3KCnepaMeHTanbHOH CaTyauaa 

HC06XOAHMa aMeHHO TaKaJI CTpyKTypa BOnHOBblX ~YHKUaii, 
TO MO)KHO CAenaTb 3aKniO'ICHae 0 TOM, 'ITO nepeHopMapOBKa 

M.a. AflJI pa3na'IHblX BHyTpCHHHX COCTOJIHHH HC'ICTHOro 

JIApa aMeeT ~H3H'ICCKHC npa'laHbl. 3TOT BOOpOC 6bln pac

CMOTpeH B MaKpOCKOOa'leCKOM OOAXOAC B pa6oTe /4/ rAe 

npaBeACHbl Bblpa)KeHaJI AnJI Hrot B npeACTasneaaa A;ntr . 

CneAYJI/ 4< B §5 l!_bl'lacnaM M.a. BHyTpeHHaX COCTOJIHaii 

B npeACTasneHaa Hintr B cpaBHaM ax C COOTBCTCTBYIOU\a

MH M.3. onepaTOpa M.a., KOTOpble OOPCACflJIIOTCAJI ax napa

MCTpa30BaHHblMa JHa'leHaBMa B npeACTasneaaa R2 . 

§5. flepeHOPMUp06Ka MOMeH11106 UHep[#UU 

Cpasaeaae nepeaopMapoaaHHblX M.a. /ana aaepua9HHbiX 

napaMeTpos (\, =112 J 1, / nposeAeM B npeACTaBneaaa Hintr , 
npa'leM cpaBHaM TOflbKO AHaroaanbHblC 3flCMCHTbl onepaTo

pa M.a. JIJ napaMeTpa30BaHHOH AaaroHaJibHOH MaTpaUbl 

[ av] MO)KCM onpeAenHTb nonay10 MaTpauy /eM. /4/ a 

/5//: 
IM IM * 

A '"" <flu [all l <l>fl' /21/ 

CnCAYCT OTMCTaTb, 'ITO MO)KHO onpeAenaTb a3 COCKTpa 

HC'ICTHblX JIACP TOJibKO HCKOTOpble av , a AnJI Apyrax COC

TOJIHaii acnonbJyeTCJI npa6na*eHHoe I cpeAHe- apa~MeTa
qecxoe/ /ma611. 1 a 111 I 3Ha'leHae, 'ITO npaAaeT npa6na

*CHHblii xapaxTep AonpeAeneaaiO /21/. )J,aaroaanbHble 3ne

MeHTbl MaTpaUbl Ayy B /21/ npaBCACHbl B nepBOH CTpOKe 

1110611. 4 npa HCCKOJibKaX ~aKCHpOBaHHblX 3Ha'ICHaJIX yrnoso

ro MOMCHTa. B Apyr~X CTpOKaX npaBeACHbl AaaroaanbHblC 

3flCMCHTbl Ma Tpaubl Ayy . KOTOpble Bbi'IHCneHbl B paMKaX 
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Ta6nuua 4 

CpaBHCHHe MOMCHTOB HHCpU.HH 
TCKCTe - §5/. 

cocTOJIHHii I onucauue B 

I 

5/2 

7/2 

9/2 

13/2 

5/2 

7/2 

9/2 

13/2 

1/2+[400] 1/2+[660) J/2+(4021 
{A=159} 

J/2+ [651] 5/2+ [642] 7/2+ l633l 

.0139 

.0149 

.0147 

.0140 

.0149 

.0146 

.0140 

.0149 

.0145 

.0140 

.0149 

.0144 

.01)5 

.0139 

.01)4 

.01)4 

.01)5 

.01)0 

.0136 

.0125 

.0104 

.0136 

.0107 

.0043 

.0139 

.0149 

.0146 

.0139 

.0149 

.0146 

.01)9 

.0149 

.0145 

.0139 

.0149 

.0144 

A= 161} 

.0135 

.0141 

.01)9 

.0136 

.0134 

.0129 

.0136 

.0129 

.0119 

.0137 

.0117 

.0095 

.0145 

.0145 

.0145 

.0142 

.0136 

.01)4 

.0140 

.0131 

.0123 

.0139 

.0122 

.0100 

.0131 .0130 .0131 .0129 .0134 

.0138 .0129 .0138 .0130 .0134 

.0136 .0125 .0135 .0129 .0134 

.014U 

.0134 

.0142 

.0141 

.0129 

.0126 

.0141 

.0124 

.0102 

.0132 .0129 .01)2 .0129 .0133 .0132 

.0138 .0123 .0138 .0124 .0128 .0144 

.0135 .0122 .0135 .0122 .0125 .0131 

.0131 

.0138 

.0135 

.0132 

.0137 

.0134 

.01)0 

.0119 

.0103 

.0129 

.0107 

.0063 

.0132 

.0138 

.0134 

.0131 

.0138 

.0134 

.0129 

.0117 

.0113 

.0129 

.0104 

.0095 

.0131 

.0125 

.0117 

.0131 

.0119 

.0100 

•• 01)2 
.0123 
.0119 

.0132 

.0129 

.0101 

MOAena ' 1 JaMCTHM, 'ITO B 3TOH MOACJIH M.3. UOJIHOrO 

raMHflbTOHHaHa, C06CTBCHHblC 3Ha'ICHHJI KOTOporo cpaB

HHBaiOTCJI C 3KCUCpHMCHTaJibHbiMH CUCKTpaMH JIAep, onpe

.ll.CJIJIIOTCJI 

B • ' ' ,) , I A ~f (R:!), 
flP P fifl /22/ 

15 



r.ne onepaTop A~A0 :\ 1 ,; >.: 1 
, - clJyHKUHJI oT M.J. ,j + "· , pp , ,oP.. , 4 . -

enuua J u .nuenepeuu ·,0 11:.1 o-... 1 
; A0 - uuepuuoHHhiB 

napaMeTp 'leTHOrO oeTOBa. )J.nJI Bbi'IHeneHHJI ,nuarouanLHbiX 
JneMeHTOB MaTpHUhl A ciJYHKUHIO X~p MO>KHO Bhi'IHenHTL, 
uenonLJYJI BOnHOBble ciJyHKUHH BHyTpeHHero raMHnLTOHHaHa 
/20/ /6nHJKHe K JMnupuqeeKHM M.J. <.i + " I unu 6eJ 
yqeTa oeTa TO'IHhiX Q Q- eun. Bo BTopoii H TpeTLeii 
eTpoKax "'a6A. 4 npuue.neuhl M.J. 

- A . I ' APP - o\pp 
/23/ 

Bhi'IHeneuuhle e JMnupuqeeKHM /eM. §4 H '1/ I H KBaJH'Iae
TH'IHhiMH JHa'leHHJIMH M.3. onepaTopa .i+ , eOOTBeTeTBeHHO. 
llpu noM napaMeTphl .T 0 -=1 12 A0 u ~ 0 1 I :2 i 0" 6panueL 

paBHbiMH: 

A =159: 
-1 2 

J 0 = 33,25 (29,95) M3B • <Oil 1 o-... = 100,0, 

A= 161: J0 =36,045(36,08)M3B- 1
, <01 I 2 IO> = 110,0, 

r.ne B e~opKax npuue,neHhl JKenepuMeHTanLHble MoMeHThl 
I 9. n I 2 uuepuuu . ,...,uenepeHJI <0 I 1 O>, Bhi'IHeneuuaJI e no-

MOIULJO KBaJH'IaeTH'IHbiX BOnHOBbiX ciJYHKUHB, OKaJanaeL 
<0 I 12 I 0> ,. 100±10 ,nnJI paeeMaTpuuaeMbiX Jl,nep. 

CpaBHeHHe npOBOAHTeJI npH HHJKHX enHHaX, KOr,na oeTOB 
He BOJMYIUeH HnH O'leHL ena6o BOJMyll(eH, 'ITO npe,nnonara-

. I I 
noeL npu onpe.neneuuu uu.na ciJYHKUHH x pp' B pa6oTe

14 
. 

HJ lra6A. 4 BHAHO, 'ITO ua6nJO,naeTeJI Ka'leeTBeHHOe 
eornaeue npa HHJKHX enuuax, uo e yuenu'leHHeM yrnouoro 
MOMeHTa eornaeue yxy.nwaeTeJI, 'ITO o6'LJleHJleTeJI e.nenau
HLIMH npu6nH>KeHHJIMH 0 eBOBeTBaX eoeTOJIHHB 

141
. BHAHO 

TaK>Ke, 'ITO M.3. /23/ ,Bhi'IHeneHHLie e 3MnHpH'leeKHMH M.3. 
'h >, 6nu>Ke K JHa'leHHJIM, .nauaeMhiM ciJopMynoii /21/, 
'leM peJynLTaTbl e KBaJH'laeTH'IHbiMH M.3. <j ± '> 

159,161 
§6. B/E2/-f/Janopbl e po11a14UOHHbiX noAocax Dy 

llpaue.neuuhle uepoJITHOeTH E2-nepexo.nou u 159, 161 Dy 

.IJ,aHbl B 11a611. 4. 3TH oenH'IHHLI BLI'IHeneHLI e y'leTOM Kon-

16 

Ta6Auija 5 

B/E2/-cPaKTOphl B upaeT-nonoeax 

i. .---;. ~ l)(E2-) ! l.-~+ 

2.·r '- 2:Ii A=l59 ! A=I61 2-t~ I ni 

9 5 0.55 0.50 7 I 5 
13 9 1.36 !.20 9 7 
I? I3 0.16 !.64 II 

I I~ 2I I? 1.97 !.92 13 
25 21 2.07 2.09 15 I !3 
29 25 2.!3 2.181 I? 15 
33 29 2.16 2.24 19 I I? 
37 33 2.19 2.29 2I I 19 
41 37 2.21 2.31 23 ! 2I 
45 41 2.22 2.33 25 : 23 
II 7 0.88 

i 
0.87 27 i 25 

!5 II 1.30 I.33129 : 27 
!9 !5 !.50 !.57 31 : 29 
23 19 1.6! I.?I \33 i 3! 
27 23 !.68 !.80 \35 133 

3! 27 1.72 1.85 37 35 
35 3! !.76 !.89,39 37 
39 35 1.78 !.91 141 39 
43 39 !.80 1.93 43 41 

I 

159Dy H 161Dy. 

! B (E 2) 
A =I 59 I A=l6I 

!.56 1.62 
1.25 1.38 
0.84 I. DO 
0.63 0.77 
0.37 0.50 

i 0.34 0.43 I 0.18 0.25 
0.2! 1 o.2? 

I 0,IQ I 0,13 
0.14 0.18 
0.06 0.07 

I O.IO 0.12 
0.04 0.04 
0.07 0.09 
0.02 0.02 
0.05 0.07 

l 0,01 0.02 I 0.04 ! 0.06 
1 o.oi 0.01 

JieKTHBHOB /KBa,npynonLHLIB MOMeHT Q0 =7 ,0 6apH .IJ,nJI 
O~OHX Jl,nep/, a TaK>Ke O.IJ.HO'IaeTH'IHOB /eBJIJaHHOB e M.3. 
di!(E22)/ I qaeTH npuue.neuublx uepoJITHoeTeii. M.J. 
<f I 'lll ( E22) I i > Bhi'IHenJlnHeL no uuyTpeuuuM uonuo

BLIM ciJYHKUHJIM e ciJoHOHHbiMH KOMnoueHTaMH /1.6 
'
71 . KaK 

BH.IJ.HO HJ "'a611. 4, e yaenH'leHHeM yrnouoro MoMeHTa 
Juaqeuue B/E2/ -cPaKTopou, eonpouo>K.IJ,aJOIUeeeJI HJMeueua
eM enHHa Ha 2tJ, eTa6HnHJHpyeTeJI, 'ITO MO>KHO 06'LJle
HHTL exo.IJ,eTBOM I ~n =0/ BHyTpeuueii eTpyKTYPhl uonuouhlx 
clJyHKUHB 3THX eoeTOJIHHB H nnaBHOB JaBHeHMOeTLIO HX OT 
yrnouoro MOMeHTa 1. llepexo.nhl e HJMeueuueM enuua 
ua 11\ eanLHO no.llaBneubl no epauueHHJO e nepexo.naMH 
e HJMeueuueM enuua ua 21'i, 'ITO a O>KH.IlanoeL HJ Teope
TH'IeeKoro auanuJa /eM. /17//. 3aMeTHM, 'ITO no.IJ,aoneu-
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HOCTb BIE21 ·4JaKTOpOB .I\JIJI nepexo,noB (l + 1/2) l!l'T. -~ 
-o(l +112) Hell. B 2 7 3 pa3a npeaocxo,nHT TaKoByJO .nn.11 nepe

XO.I\OB C (I + 1/2)He'l ·-o (I+ 1/2) l!t'T , 'ITO CBJI3aHO CO 

CBOBCTBaMH K034>4JHUHeHTOB Kne6ma- rop,noHa npH M.3. 

< f I :m (E2. ± 2) I i > . 
P a3JIH'IHble 3Ha'leHHJI Bl E21- 4JaKTopoa ,nn.11 

159 
Dy 

H 1610y C H3MeHeHHeM CllHHa Ha 11\ npH BblCOKHX 

CllHHaX 06'bJICHJIIOTCJI pa3JIH'IHOB CTpyKTypoi BOJIHOBblX 4JyHK

l{HB 3THX Jl,nep npH paCCMaTpHBaeMblX yrJIOBblX MOMeH· 

Tax. 11MeHHO TaKoi CTPYKTypoi cocTOJIHHii I 111a6.11. 31 
o6yCJIOBJieHO Ha6JIJO,neHHe y·KBaHTOB, CBB3aHHblX C nepe

xo,naMH C H3MeHeHHeM CllHHa Ha 11\ B .11,npe 161 Dy /8 : 

,na)l(e npH BblCOKHX I I =33121 cnaHax. 

O'leHL cna6ble JKcnepaMeHTaJILHble HHTeHCHBHOCTH ne

pexo.noa 3912 ---. 3512 H 4312 --- 3912 a .11,npe 

159 Dy cau,neTeJILCTBYJOT o pa3JIH'IHoi CTPYKType JTHX 

COCTOJIHHB, 'ITO MO)I(HO 06'bJICHHTb B Bb16paHHOB CXeMe 

paC'IeTa, eCJIH Bb16paTb 3Ha'leHHe M.H. ,nJIJI COCTOJIHHJI 

312+ 16511, HeCKOJibKO OTJIH'IaiOIIleeCJI OT 3Ha'leHHJI, npH

Be,neHHOrO B 111a6.11. 1. J1pH 3TOM ,nJIJI COCTOJIHHB C 1 =3912, 
4312, 4712, . . . nony'IHM CTPYKTYPY, a KOTopoi nu.nupyJO

Illei KOMllOHeHTOB BOJIHOBOB 4JyHKI.{HH 3THX COCTOJIHHB 

JIBJIJIIOTCJI npHMeCH 312+ 16511, 512+ 16421 H 112+ 16601 
COCTOJIHHB. B TO )l(e apeMJI npH I.- =3512 BKJia,n COCTOJIHHJI 

512+ 16421 6y,neT JIH.I\HPYIOIIlHM H HHTeHCHBHOCTH nepeXO.I\OB 

,nJIJI TaKHX pa3HOCTpyKTypHblX COCTOJIHHB OCJia6JIJIIOTCJI. 

B 3aKJIIO'IeHHe npuae,neM H3BeCTHble JKcnepaMeHTaJILHble 

3Ha'leHHJI/ 101 BIE21 -!l>aKTopoa a e,nHHHUax e 2. 6apH2: 

A =159 B(E2, (1) Ii = 7/2 ..... (1) 

A = 161 B(E2, (1) I i = 7/2 _,.. (1) 

B(E2, (1) Ii = 9/2 .... (1) 

B(E2, (2) I i = 3/2 _ _, (1) 

Ir =512) = 1,6 (1,56) 

Ir =512) =1.6 (1,6) 

I r = 5/2) =0,35 (,50) 

If =512)=0,048(.077). 

+ + 
r.ne 111 03Ha'laeT 512 16421, a 121 - 312 16511 H a cKo6-

Kax npuae.neHbl pacqeTHble 3Ha'leHHJI BIE21. 
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