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§ 1,BBe,neime 

Iloc~e,zurn:e ro,ll;bl B SKCIT8pHM8HTaX ITO HeyrrpyroMy pacceHID'IJO 

s~eKTpOHOB Ha H,Iq)ax /1/ o6Hapy~eHo K0~~8KTHBHOe COCTOHID'Ie 

K~=1+ BO MHOrHX H,Iq)ax ~e(IJopMHpOBaHHOtt oO~aCTll.Tairne MO,ll;bl 

B030YJK,D;8HllH OITllCUBaJOTCH B pas~'lllli.X rro~o~ax /2-6/. 

,ll.JrH nsyqeID'.[H Hea~aOaTttqHOCTll B CIT8KTp8 p0T8LUIOHHUX rro~oc ll 

, 0 ,s~eKTpOM8rHllTHUX X8V8RT8pllCTllK8X Hll3KO~emalllllX ypOBHett ITO~O~T8~bHOtt 

qeTHOCTll H8Mll Ou~a paspaOoTaHa q)eHOM8HO~ornqecKaH MO~e~b 

/7,8(, _paccMaTpUBaJOmaH.KOpllO~COBY CBR3b COCTOHHUtt OCHOBH0:£1:, {3-,,-

. ::sio~i.m6mru~ K K'1{;=1+-rro~oc. B pesy~bTaTe llCC~e~OBaHUtt ITOK83aHo,qTo 

CM8illllB8Hll8 TaKHX rro~oc rrepeHOPMllpY8T MOM8HT llH8Pl.UIU H,Iq)a, ·rrplIBO~T 

. R . HE>8~a08TITTHOCTRM E2- ll ITOHB~8Hll!O M1 - rrepeXO~OB U3 {3- ll 1-

' BllOpaLUIOHHI:lX rro~oc. 
160,162,164 172,174,176 

B HaCTOHili88 Bp8MH B U30TOIT8X Dy H Yb 

3RCIT6pnM8HT8~HO Ha~eHU H8CRO~bKO 

COOTB8TCTBY!OmH8 SHaqeID'.[H B (M1 ) /9/. - B CBH3H C STHM rrpe~CT8B~H8T 

HHTepec HsyqHTb B~HHll8 STHX COCTOHHUtt Ha CB0:0:CTBa Hll3KO~emalljHX 

ypoBHe:0:. 

B ~aHHo:0: paOOTe J,'13JlialOTCH CB0:0:CTBa K0~8KTHBHUX COCTOHHUtt 
160,162,164 

ITO~O~T8~bH0:0: qeTHOCTH B R,Iq)ax Dy. 0IlllCUB8JOTCH 

Hea~aOaTHqttOCTH 8~9KTPITT9CKHX RBa,Iq)yrrO~bHUX rrepexo~OB ll3 ,

BHOpaLUIOHHOtt rro~ocu H OU8HHB8JOTCH 3HaqeHllH B(E2) H3 COCTOHliUtt K'1{;=1+_ 

rro~oc, a TaK~e R081JXPMUH8HThl CM8Cll MY~bTHITO~e:0: a(1+1-2+ogr). 



§ 2. Mo,o;eJib. CneKTP 8Heprmr 

)l.rrH HsyqeHHH CBOttCTB KO~~6KTHBHHX COCTOHHlitt ITO~OlKHT6~hHOtt 

qeTHOCTH H30TOITOB Dy HCITO~h3Y6M ql6HOM6HO~OrHqecKyro MO,l(6~b /7,8/, 

paccMaTpHBaromyro KOpHO~COBO B38HMO,nettCTBHe Yl)OBHett gr-.~-.,- H 

K~=1+- rro~oc, cornacHo KOTopott HamnneM ra~hTOHHaH H~a 
,. ,. . 
H= Hrot+~,K' 

( 1 ) 

~,I<'= u\caK,K' -Wrot (I)' (jx)K,K' •X (I,K) ,aK,K • ±1 • 

r.ne u\c-ro~omrn:e 9HeprHH rro~oc, wrot (I)-yr~oBaH qacToTa BpameHHH 

OCT(,Ba, (jx)K,K·- MaTpITTHHe 9~6M6HTl:1, OIIl'ICl:1B8IDII\H6 KOpHO~COBO 

B3aHMo,nettcTBHe MelK,ll;y cocTOHHHHMH K-H K:rro~oc H 

3,necb 

X(I,0)=1; X(I, 1 )= f1- r~n] 

BOJIHOBYID ~YHKJ..J;llO raMH~hTOHHaHa Hll\6M B BH,l\6 /7/ 

'2I+1 ' { I I 
IIMK>= / ----: -1S. !ligr,K DM,O 

167C"' 

I 
Qi • 

\ K,K 
+ L --• - X 

K-/ 1+a • K,O 

x[ DM,K' bK, + (-1) DM,-K' b_K,] 
I + I+K I + } 

IO>. 

I 

(2) 

Qi• - 8MIIJIHTY.nH K,K CM6IIrnB8HHH 683HCHl:1X COCTOHHlitt H3 

2 

~ 

' 

• 
f 
i 
! 

~ 

•. 
I 

(3+v)- rro~oc ( v- qnc~o 1+ -COCTOHHlitt): OCHOBHOfi H O,nHO~HOHHl:IX 

+ + K~ o+ 0+ + A + b~=2KIO>=bKIO> c = ~•~ H 1v (~-.r- H 1v- rro~oc1:1 cooTBeTCTBeHHo). 

PernaH ypaBHeHHe llipe,nHHrepa 

H !li1 = c 1 !li1 
K,n K,n n K,n (3) 

orrpe,ne~HeM CO6CTB6HHl:16 BOJIHOBl:16 ~YHKl.llIB H 9HeprHH COCTOHHlitt 

ITO~OllillT6~hHOfi qeTHOCTH. 

IToJIHaH 3HeprHH COCTOHHHH orrpe,ne~H8TCH ~PMY~Ofi 

En(I)=Erot(I)+En(I), (4) 

3HeprHro BpamaromerocH OCTOBa Erot(I) orrpe,ne~HeM, HCITO~b3YH 

napaMeTpH381.lllID Xappnca ,l(~H yr~OBoro MOM8HT8 H 3HeprHH /11/: 

r---~ ~ 

-/ I(I+1 )=Jo•W(I)+J1 ,w~(I), 

2 3 
Erot(I)= -2 Jo•W (I)+ 4 4 J

1 
•W (I), 

(5) 

r.ne J O H J 1-HHepl.llloHHl:1e napaMeTp1:1 BpamaromerocH ocToBa. 

3HaqeHHH 9THX napaMeTpOB orrpe,ue~H~ ITO (5), J!CITO~b3YH 
SKCII • 

3KCIT6pHM6HT8~hHH6 9HeprHH E (I) MH OCHOBHOfi ITO~OCl:1 ,UO I~. . gr 

KOTOpl:Ie rrpe.ncTaB~eHl:1 B Tad~~e 1. 

ro~OBHl:16 3HeprHH gr- H ~- no~oc dpa~Cb H3 9KCIT8PHM8HTa, T8K KaK 

OHH He BO3MYll\6Hl:1 Kop110n11c0Bb!Ml1 CH~aMH. ro~OElill6 3HeprHH 1 +_ 
1 60, 1 62, 1 64 

rro~oc ,U~H Dy orrpe,ue~H~Cb HS BKcnepHMeHTa: 

SKCII. 
w = E (I=1 )-E (I=1) , 

1 1 _ rot 
V V 

0 160,162 164 
V=3 ,l(~H Dy H V=7 ,l(~H Dy /9/. 
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Dy 3KCITepHMeHT8JibHO He oOHapy~eHH 1+ -KOJIJieKTHBHH6 

COCTO.ffHH.ff, IT03TOMY B OasHCHHe COCTO.ffHH.ff raMHJibTOHHaHa BKJIIOq:0:M O,I(HY 

1+-ITOJIOCY, C~Ta.ff W1= 3 MaB. 
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MaTpHqHHe 3JI6M6HTH (jx)K,K' H roJIOBHa.ff 3H6prH.ff ,- ITOJIOCH w, 
no,n;OHpaJIHcb HS HaHJiy'Illlero corJiacH.ff TeopeTnqecKoro crreKTpa sHeprHH 

COCTOmntlt ITOJIOJKHT6JibHOn qeTHOCTH C 3KCil6pHM6HTOM. IlpH 3TOM 

c~TaJIH, qTo ( jx) i, 1
1 
= (jx >i, 1

2 
=. · ·= (jx >i, 1 v 

B ITOJIOC8X 1 + H6T 3KcrrepHM6HT8JibHHX ypoBHen, 

(i=gr,~ R 1), T8K K8K 

KPQMe rrepBoro /9/. 

Ilo~oOpamrue rrapaMeTpH MO,n;eJIH rrpe,n;cTaBJieHH B TaOJlHll,e 1. Ha 

pHc.1 (a-,n;) rrpHBe,n;eHH CIT6KTPH TeopeTnqecKHX H 3KCIT6pHMeHT8JibHHX 
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IlapaMeTpH,HCITO~h30B8HHH8 B pacqeTaX 

A w~ w, (jx)gr,1 (jx) f3, 1 (jx\, 1 Jo 

156 0.676 0.781 0.495 0.887 1 -49 20.26 

158 0.991 0.867 1 -457 2.454 1.59 29.99 

160 1.280 0.891 0.276 1.256 0.75 34-23 

162 1.400 0.816 0.233 1.768 0.925 37.0 

164 1 .655 0.687 0.212 0.212 0.65 40.68 

wv- rrapaMeTpH ro~OBHHX 3Hepr:mt rro~oc (B MsB), 

(jx)K,K'- M.3. KOpHOJilICOBO B38HMO~encTBHH, 

J J 1- HHepunoHHHe rrapaMeTpH BpamaromerocH ocToBa o, 

(n2 /MsB, n4/MsB3 ). 

Tae5.mma 1 

J1 

281.97 

98.92 

120.6 

90.42 

104.68 

T~~JIHUa 2 

3HaqeHHH rrapaMeTpOB ~ H BHYTP8HH8PO 

KBa~yrro~hHoro MOM8HT8 Oo /12/ 

m m, m2 Qo 
A 0 

ea ea ea ea 
156 0.15 -0.80 -0.30 6.12 

158 -0.21 -1.0 -0.28 6.83 

160 -0.14 -0.30 -0.25 7-75 

162 -0.14 -0.27 -0.24 7.36 

164 -0.23 -0.25 -0.26 7-42 
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§ 3, 3JleKTpH"IecKHe KBa,D;pynOJlbHl,le nepexo,l!J,I 

Bh1'illCJI8HH 3JI8KTpHqecrore E2- rrepexo,l!J,I H3 KOJIJI8KTHBHHX 

COCTOffilltlt OCHOBHOtt IlOJIOCh1 /8/: 

{ 
r----, r If Ii IfO 

B(E2;I,K,-+-IfK=O )= _, 5 eQ ID ID K CI 0·20 + 
1 1 gr , - o gr,gr gr, i i , 

167C 

IDii 
<2+V)I I I K r I <2 +V) ~n Kn,Ki 
+ \ID f ID i c f n ]+ r-' ID f \ -----~----_-_ L Kn,gr Kn,Ki IiKn;20 ¥ 2 gr,gr L~ 

n - n 1' 1+<lK 0 

(2+V) 
Ii 

+IDgr,Ki I 
n 

If 
~ WK ,gr 

n n 
-_-_ -_ -_ -_ -----.- C IfKn ] }2 
~ Ii0;2Kn • 

¥ 1+<lK 0 
n' 

n' 

IfO 
CI K •2-K + 

in' n 

(6) 

3.n;ecb Qo - _ BHyTpeHHHtt KBa.n:pyrroJibHHtt MOM8HT .H,1]Jl8, mk - H8KOTOph18 

'lliCJI8HHh18 KOHCT8HTh1, orrpe,n:eJI.H8M118 H3 3KCrrepHM8HT8JlbHHX .l(8HHh1X. 

nJI.H pacqeTOB 3HaqeHH.H Q
0 

CpaJIHCb ll3 3KCIT8pHM8HT8. IlapaM8TPh1 

mo H m2orrpe.n;eJI.HJIH TaKme H3 3KCIT8pHM8HT8 /12/, HCITOJib3Y.H !fJoPMYJlh1 

,l(JI.H IIpHB8.l(8HHh1X Bepo.HTHOCTett E2-rrepexo.n:oB B 8.n;H808THqecKOM 

rrpll0J!Hm8HHH /8/. 

8KcrrepHM8HT8JibHO H8H3B8CTHH 3HaqeHH.H B(E2) H3 1+-ITOJIOC, Il03TOMY, 

cqHT8.H B (E2) ll3 COCTO.Hlilltt 1 + -ITOJIOC Ha ypoBHH OCHOBHO:tl: IlOJIOCh1 

O.n;HH8KOBHMH B a,n:HaCaTHqecKOM IIpHCJIHmeHHH (T.e. m1=m1=m1=···), 
1 2 

rrapaMeTp m1 orrpe.n;eJI.HJIH H3 HaHJ1yqmero corJiaCH.H BHi:rn:cJieHHHx sHaqelilltt 

OTHOmelilltt IIpHB8.l(8HHh1X Bepo.HTHOCTett E2- rrepexo.n;oB H3 COCTOmntlt ,

IlOJIOCH C 3KCII8pHM8HT8JibHHMH .n;aHHHMH. IloJiyqeHHHe 3HaqeHH.H ~ H 

HCITOJib30B8HHh18 3KCIT8pHM8HT8JlbHH8 3HaqeHH.H Qo rrpe,n:CT8BJI8HH B 

T80JIHU8 2. B TaOJI. 3,4 rrpHBe,n:eHH BH'illCJI8HHh18 3HaqeHH.H OTHOmelilltt 

rrpHBe.n;eHHHX BepO.HTHOCTett E2- rrepexo.n;oB H3 ,- BHOpa~OHHOtt IlOJIOCh1 

,!(JI.fl Bmnerrepei:rn:cJieHHh1X .H,l(ep. PesyJibT8TH paClI8TOB cpaBHHBaIOTC.H C 

3KCil8pHM8HT8JlbHHMH 3HaqeHH.HMH R;Kcrr./13-19/, TaKme BH'illCJI8HHh1MM 
1' 

10 

no a,n:HaOaTHqecKo:tl: lf)opMYJI8 AJiarH. KaK BH,l(HO H3 Tao~, MO,l(8Jlb. 

y,n:oBJI8TBOpHT8JibHO OITHCHB88T OTKJIOH8HHR R;~crr. OT rrpaBHJla AJiarn. 

3HaqeHHR rrapaMeTpa m1 , xapaKTepH3YlO!l\ero E2- rrepexo.l(H H3 

ypoBHett 1 + -ITOJIOC, ,l(Jlfl 156 ' 158Dy Ol{a38.lil1Cb 60Jiblll8, lI8M ,IJ,JI.f.!
160

' 
162

' 
164n,,,. 

0THOlli8HHfl IlpHB8,l(8HHh1X BepORTHOCTett E2-rrepexo.n;OB 

B(E2;I1 -+I1gr)/B(E2;I')' --.I2gr) 

- ------ -. -1 5 6D; . - -- ·- 1 58Dy 

I I1 12 >---·--- r-·------ t-- - ---- -- -- .. --· ---- -

8KCIT. /1·3/ Teop. SKCrr./14/ Teop. 

TaO~a 3 

---- ----

A.JIAI'A 

----- I--· - ·-·--- ---- - ------ --------

I 

2 0 2 0.60(9) 0.53 0-44(9) 0.55 

3 2 4 0.37(6) 1.2 1. 72 (35) 1.20-

4 2 4 0.15(2) 0.21 0.21 (4). 0.22 

5 4 6 0.21 (2) 0.62 o. 77 (15) 0.58 

6 4 6 0.20(3) 0.17 o.26 (10) 0.12 

8 6 8 0.18(2) 0.18 -- 0.03 

9 8 10 0.07(2) 0.31 -- 0.24 

0THOlli8HHfl rrpHB8,l(8HHh1X B8POflTHOCTe:tl: E2-rrepexo,n:OB 

B(E2;I1 --➔I 1 gr)/B(E2;I1 - ➔I2gr) 

160Dy l 162Dy 164Dy 
! 

0.7 

2.5 

0.34 

1.57 

0.27 

0.24 

1. 38 

T_80J1HUa 4 

A.JIAI'A I1 I2 
mwrr/15/ Teop. Sl(crr/1 6. 17 / Teop. excrr/18,19/ Teop 

,__ I- --<---- --- -------- --,_ 
2 0 2 0.58(6) 0.59 0.56(2) 0.58 0.55 (3) 0.55 0.7 

3 2 4 1 .5 (2) 1 .64 .1 .61 (7) 1.58 1 .35(15) 1.33 2.5 

4 2 4 0.22(4) 0.23 0.20(1) 0.21 0.30(4) 0.19 0.34 

5 4 6 0.83(14) 0.93 0.92(6) 0.87 0.5 0.69 1.75 

6 4 6 0.17 (5) o.15 0.16(3) 0.13 0.22(2) 0.10 0.27 

2 4 2 0.06 (1) 0.08 0.07 (1) 0.08 0.11 ( 1 ) 0.08 0.05 
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3TO CBH38HO C T8M, qTQ ~JIH H30TOITOB 156 • 158Dy B 683HCH!18 COCTOHHMH 

raMMJibTOHM8Ha BKJIIOqHJil'l TOJibKO o~y ITOJIOCY C K%=1+, XOTH He 

oOHapymeH 3TOT YPOB8Hb B 3KCIT8pMM8HTe, TOr~a K8K B 3KCIT8l)MM8HT8 ~JIH 

160• 162 •164ny Hatt~eH!l H8CKOJibKO 1~COCTOH~- BOJiblli08 3HaqeIDJ:e m1 B 

pacqeTaX YK83HB88T na B03MOmHOCTb cymecTBOB8HMH H8CKOJibKMX ypoBHett 

1+ H B H~ax 156 • 158Dy. 

Ha pHc.2(a,6,B) rrpe~CT8BJI8Hll 38BHCMMOCTH B(E2) OT yrJIOBOro 

MOM8HT8 I MH rrepexo~OB H3 COCTO~ K%=1~ ITOJIOCH H30TOITOB 

160 • 162 • 164ny. 3HaqeIDJ:H B(E2) rrpH HM3KMX CITMH8X 38M8THH H C pocTOM 

I YM8Hblli8IOTCH. 

B a~adaTHqecKOM rrpHOJil'lmeHMM OTHOlli8HM8 IIPHB8~8HHHX B8pOHTHOCTett 

M1 - rrepexo~OB H3 1 + -YTIOBHett P8BHO B (M1 ; 11 --+20) /B (M1 ; 11 -~O ) =0, 5. 
i- gr· 

~CITOJib3YH 3KCIT8pMM8HT8JibH!18 3HaqeIDJ:H B(M1;11- -~o ) /9/, BHqHCJIH8M gr 

K08[pqJM1.(118HTbl CM8Cl1 MyJihTl1TIOJI8M: 

· IBTE2;11-➔20gr)' [ MsB ea ] (7) 
tl(11-+20gr)=O.BJJ E,y ~-B(M1 ;11~~20;~/ µH 1 

r~e 

B(E2;11-+20 )={ID
2 

(m1 ID1
1 1 + 1-5-= Q ID

1 
1 )}

2
, 

gr gr,gr V V V ~-32% 0 gr, V 

BuqHCJI8HH!18 sHaqemm a rrpe~CT8BJI8H!l B TaO.mme 5. KaK B~O, E2-

rrepexo~ HBJIRIOTCR cpaBHMMHMM c M1- rrepexo~aMM. 

PesyJibT8TH rrpoBe~eHH!lX HCCJI8~0B8~ ITOK83HB8IOT B03MOmHOCTb 

CYm8CTBOB8HMR YPOBHett C K%=1+ H B H~ax 156 • 158Dy. Hea~aOaT~OCTH 

B CIT8KTpe 3HeprID1 H OTHOlli8HMRX E2-rrepexo~oB CBR38H!l C KOpHOJil'ICOBHM 

CM8lliHB8HM8M ypoBHe:tt pOT81.(HOHH!lX ITOJIOC. KBa~yrrOJibH!18 rre-pexo~ H3 

COCTO~ 1+-ITOJIOC HBJIRIOTCR cpaBHMMHMM c ~OJibH!lMM MarHMTH!lMM 

rrepexo,IlaMl1. 
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PHc.2. BepoRTHOCTH E2- rrepexo~oB HS COCTO~ 1t-rroJIOCH 

( e2. f.M") 

x----x - B(E2;I1 1 --➔ (I+1 )0gr) 

- B(E2;I1 1 --➔ (I-1 )0gr) 

- B(E2;I1 1 --➔IOgr). 
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TaoJIHua 5 

Kos¢¢11u11eHTNCM8CH MY~hTHIIO~en a ~~fl rrepexo~OB H3 1+-COCTOmntll: 

Ha YPOB8Hb 1=2 OCHOBHOH nonocu 

-
3KcrrepHM8HT /9/ 

H.npo E* B(M1;0gr--➔1+1) a(1+1 --➔2+gr) 1+ 
(µ2) (MaB) .fl 

160Dy 2.822 1.09 ± 0.13 0.62 

2.864 1 .03 ± 0.12 0.64 

3.061 0.30 ± 0.05 1.28 

----------
162Dy 2.395 0.54 ± 0.07 0.67 

2.900 1 .60 ± 0.18 0.48 

3.061 0.8 ± 0.2 0.71 

---
164 -

Dy 2.530 0.36 ± 0.05 0.81 

2.539 0.30 ± 0.04 0.89 

2.578 0.48 ± 0.06 0.71 

2.694 0.53 ± 0.06 0.71 

3.112 1.04±0.12 0.59 
3.159 1.16 ± 0.14 0.57 
3.173 0.95 ± 0.11 0.63 

B 3aKnID~8Hl18 OTM8THM, ~TO 3KCIT8PHM8HT8~hHH8 HCC~enoB8HHfl 

3~8KTpOMarHHTHHX CB08CTB COCTOmntll: 1+-rro~oc CUJIH Cu ~e~aTe~bHil n~fl 

~ononHl1T8nbHOH IlpOBepKH peaJIHCTH~OCTH naHHo8 MoneJIH. 
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