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B pa6oTe [1) HaMH npe~cTaBneHhl pe3ynhTaTu 3KcnepHMeH

TOB no H3y'-IeHHIO pacna~a 157Dy ➔ 157Tb H IlOCTpoeHa cxeMa 

pacna~a. HH~e npHBO~HTCH o6cy~~eHHe CTPYKTYPhl B036y~~eHHhlX 

COCTOHHH8 157Tb. 

1. o6cy~~eHHe pe3ynhTaToB 

MO~HO C'-IHTaTb, '-ITO H~eHTHct>HKaUHH ypoBHe8 poTaUHOHHh!X 

nonoc 3/2+[411] (0 K3B - 3/2+; 60.88 K3B - 5/2+, 143.92 K3B 

- 7/2+ }; 5/2-[532] (326.35 K3B - 5/2-, 357.66 K3B - 7/2-); 

l/2+[411) (597.38 K3B - 1/2+, 637.36 K3B - 3/2+, 697.29 K3B 

- 5/2+} H 3/2+ [411) + Q
201 

(991.70 K3B - 3/2+, 1044.35 K3B 
+ - 5/2 ), B036y~~aeMhlX npH ~-pacna~e, HBnHeTCH O~H03Ha'-IH08. 

3HeprHH ocTaBWHXCH ypOBHe8 H B03MO~Hhle 3Ha'-IeHHH HX 

CITHHOB H '-!eTHOCTH Il03BORHIOT ycTaHOBHTh poTaUHOHHYIO nonocy 

COCTOHHHH 1/2+ [420) : 895. 06 - 1/2+ H 925. 29 K3B - 3/2+ H 

nonocy 1/2-[541]: 883.32 - 1/2-, 970.38 K3B - 3/2-. 

YpoBHHM c 3HeprHe8 1096.49, 1102.36 H 1160.71 K3B MO~

HO npHITHCaTb HHRbCCOHOBCKHe xapaKTepHCTHKH 1/2-1/2- [550), 

3/2-1/2-[550] H 5/2-1/2-[550], COOTBeTCTBeHHO. 

YpoBHH 1275.51 H 1318.62 K3B HMeIOT, BepOHTHO, xapaKTe

pHCTHKH 3/2 3/2- [541) H 5/2-3/2- [541). H3 3HeprHH nepBhlX 

~BYX (Kor~a K;tl/2) HRH nepBblX Tp~x (Kor~a K=l/2) ypoBHe8 

poTaUHOHHhlX nonoc onpe~eneHbl HHepUHOHHbl8 napaMeTp A=h~/2J H 

napaMeTp pa3BH3blBaHHH a, C noMomhIO KOTOpblX Bhl'-IHCneHM 3Hep

rHH BhlWe pacnono~eHHhlX ypoBHe8, CM.Ti6n.1. CpaBHHBaH Bbl'-IHC

neHHble 3Ha'-IeHHH 3HeprHH C 3KcnepHMeHTanhHMMH, Ha6nIO~aeM He

nnoxoe cornacHe ~nH Bcex poTaUHOHHMX nonoc, 3a HCKRIO'-IeHHeM 

nonochl 5/2-[53~]. 

HecKORbKO MeHee onpe~eneHHhlM HBRHeTCH npHITHCaHHe 

HHRbCCOHOBCKHX KBaHTOBblX '-IHcen ~nH ypoBHe8 c 3HeprHe8 BblWe 
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TAERHUA 1 

Krr [Nn A] 
z 

157Tb· 5/2- 7/2- 1/2-

[532] [523] [550] 

A[K3B] 4.4744 15.267 6.8003 

a 0 0 -0.7152 

(El/Z)3KC. 1096.55 

(El /z) Bhl'L . =1096.55 

(E3/z)exp 1102.36 

(E3/z) Bhlt:J. =1102.36 

(E5/Z)3KC. 326.339 1160.68 

(E5/Z)Bhlt:J. = 326.339 =1160.68 

(E7/Z)3KC. 357.66 571. 7 

(E7/z)Bhlt:J. = 357.66 = 571. 7 1174.24 

(Eg/z)3KC. 425.9 709.1 

(Eg/z)Bhlt:J. 397.93 = 709.1 1279.21· 

(E~ 1 /z) 3KC. 517.6 860.6 

( E 1 1 / z ) B hlt:J . 447.15 877.03 1300.52 

(E13/z)9KC. 647.9 

(E13/z)Bhlt:J. 505.32 1075.5 

(E15/Z)3KC. 783.0 

(E15/Z)Bhlt:J. 572 .4 

(El.7 /z) 3KC. 975 

( E 1 7 / z ) B hlt:J . 648.5 

(EI9/Z)3KC. 1142 

(E19/z)Bhlt:J. 733.5 

2 

3/2- 1/2 
-

[541] [541] 

8.6280 9.7440 

0 1. 9782 

883.32 

= 883.32 

=1275.46 970.38 

1275.46 = 970.38 

=1318. 6 922. 72 

1318.6 = 922.72 
I 

1379.0 1125.9 

1456.7 1040.1 

1451.6 1359.3 

1235.4 
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TAEAHUA 1 (nponon~eHHe) 

Krr [Nn Al 
z 

157Tb 3/2+ 5/2+ 1/2+ 3/2+ 1/2+ 

[411] [413) {3/2+[411]-27} [4 lll +Q201 [411) 

A[K3B) 12.1764 11. 466 12.657 10.528 17.21 

. 
a 0 0 0.05301 0 -0.4134 

(E1/2)3KC. 597.376 895.06 

(E1/2)Bbl'¾. "'597.376 "' 895.06 

(E3/2)3KC. 0 637.36 991.70 925. 35 

(E3 /2) Bbl'¾. "' 0 = 637.36 "'991.70 "'925.35 

(E5/2)3KC. 60.882 327.65 697.29 1044.34 1047 

(Es /2) Bbl'¾. "'60.882 =327.64 = 697.29 =1044.34 =1047 

(E1/2)3KC. 143.922 407.9 793.52 1120 

(E7 /2) Bbl'¾. 146.117 =407.9 790.6 1118.04 1118 

(Eg/z)3KC. 252.8 513.8 896 1238 

(E9 /2) Bbl'{. 255.70 511.1 898.5 1212.8 1337 

(E11/2)3KC. 377 .4 643.5 

(El I /2) Bbl'¾. 389.65 637.2 1045.1 1328. 6 1448 

(E13/2)3KC. 531. 8 

(El 3 /2) Bbl'{. 547.9 786.3 

(E,s/z)3KC. 693.3 

(El 5 /2) Bbl'{. 730.6 958.3 

(E11/2)3KC. 890 

(El 7 /2) Bbl'¾. 937.6 

(E19/2)3KC. 1082 

(E19/z)Bbl'i. 1168. 9 
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TH,HKaUHH Krr[Nn A] MM HCX0nHnH H3 pe3ynhTaT0B HnepHMX peaK-z n 

UHfi, CM. Ta6n. 2. npH onpeneneHHH nonocu 1/2- [541] MM nanH 

npenno,neHHe pa6oTe [ 5] ( B pa6oTe [ 4 l naHa nHWh npenB a pH -

TenbHaH HneHTH,HKaUHH 3T0H nonocM nnH ypoBHefi npyrHX 3Hep

rHfi). 3HeprHH ypoBHefi H HX CI1HH-qeTH0CTb, onpeneneHHMe Ha

MH, I103B0flHIDT cqHTaTb HneHTH,HKaUHID nonocM l/2+[420], ycTa

H0BneHHYID B pa6oTe [4] (1/2+ [411] ), 6onee Bep0HTH0H, qeM B 

pa6oTe [5], CM. Ta6n. 2. PacqeTM 3HeprHfi H CTPYKTypM KBa3H

qacTHqHo,oH0HHMX C0CT0HHHH 157Tb noKa3anH [6], qTQ BT0poe 

C0CT0HHHe c Krr=l/2+ HBnHeTCH CHflbH0 CMewaHMM C0CT0HHHeM c 

npeo6nanaIDWHM K0MIT0HeHT0M l/2+[420]-61%, CM.Ta6n.3. *HPHMM 

wpH,T0M npHBeneHM B 3T0H Ta6nHue 3KcnepHMeHTanbHMe 3HaqeHHH 

3HeprHfi YP0BHefi, no6aBneHHMX HaMH. HneHTH,HKaUHH poTaUH0H

HhlX nonoc 1/2-[550] H 3/2-[541], K0T0phle He 6MnH o6HapyxeHM 

B HnepHMX peaKUHHX, naHa HaMH B C00TBeTCTBHH C pa60TOH [6]. 

PacqeTM c napaMeTpaMH ne,opMaUHH ~20=0.269 H ~40=0.046 He 

nonTBepxnaIDT 0TH0CHTenbH0 HH3KYID 3HeprHID C0CT0HHHH 

1/2- [541], ycTaH0BneHHYID 3KcnepHMeHTanbH0. OnHaKo H3BeCTH0 

[7], qTo paBH0BecHaH ne,opMaUHH C0CT0HHHH 1/2-[541] cymec

TBeHH0 6onbwe, qeM ne,opMaUHH, HCI10flb30BaHHaH B pacqeTax 

[6], qTQ M0XeT npHBeCTH K [10HHXeHHID 3HeprHH YP0BHH 

1/2-[541]. B03M0XHO, qTQ poTaUH0HHaH nonoca , C0CT0HWaH H3 

ypoBHefi 883.32 K3B - 1/2-,1/2- H 970.38 K3B - 3/2-,1/2 

HBnHeTCH 7-BH6paUHOHHMM C0CT0HHHeM l/2-{5/2-[532]-Q221}. 

PoTaUHOHHaH nonoca 0CH0BHoro C0CT0HHHH 3/2+[411} 

rr / + -HaMH BBeneH ypoBeHb 252.58 K3B c I =9 2 , K0T0pMH 

pa3pHxaeTCH nepexonoM 108.6 K3B. cymecTBeHH0 YT0qHeHM E7 H 

I7 nepexonoB, CBH3aHHMX C pa3pHnK0H ypoBHefi 5/2+ H 7 /2+ 

naHHOH poTaUH0HH0H nonocM. HCI10flb3YH 3TH naHHhle H npennona

raH, qTo BMI10flHHIDTCH ycnoBHH anHa6aTHqHQCTH poTaUH0HH0ro 

nBHXeHHH Hnpa H BHyTpeHHero nBHXeHHH HyKn0H0B, MM onpenenH

eM 0TH0WeHHe s 2
=(gK-gR) 2 /Qo 2 no ,apMyne, 
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TABJIHUA 2 

HacT□ RmaR pa6oTa (3He,d) [SJ (3He,d) [4] 

Eyp□ BHR Irr [NnzAL] Eyp□ BHR Irr [NnzAL] Eyp□BHR Irr[NnzAL] 
[K3B] [K3B] [K3B] 

839.70 5/2+[4021'] 839 S/2+[4021'] 837 5/2+[4021'] 

883.32 1/2- [541,1,l 887 1/2 - [541,1,l 

895.06 l/2+[4201'] . 889 
922.72 s/2- [541,1,l 926 5/2- [541,1,l 

923.D.) 1/2+ [411,1,l 

925.31 3/2+[4201'] 3/2+[541,1,l 

1/2~ [411,1,l * 970.38 3/2- [541,1,l 969.D.) 
3/2 [541,1,l 965 1/2- [541,1,l 

3/2+ [4il,1,l * (1005.43) 1005 1004 

1044.35 S/2+(4111']+ 
+Q/3 

(1046.37) 5/2+(4201'] 1052 9/2- (541,1,l 1047 s;2+ (411,1,l 

(1061.16) 7/2+[4201'] 1067 7/2+(411,1,l 

s/2+ [411,1,l * 1077 

1096.49 1/2-(5501'] 1100 

1102.36 3/2-(5501'] 1119 1109 

1160. 71 5/2-(5501'] 

(1166.05) 7 /2- [54_1,1,l 1164 7 /2 - [541,1,l 

1190 1198 

.n) nepexo.n HMeeT .ns □8Hoe pacnonoxeHHe. 
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TA6RHUA 3 

EYPOBHH [K3B] CTpyKTypa COCTOHHHA B 157Tb, % K 
3Kcnep. BU'l. 

3/2+ 0 0 4111' 93 411,1,+O221 4 5411'+Q301 0.3 

5321'+Q311 0.1 5501'+0311 0.03 

5/2- 326 378 5321' 94 413,1,+O301 0.4 4111'+Q311 0.1 

7/2- 572 409 5231' 94 404,1,+O301 0.2 413,1,+O311 0.03 

5/2+ 328 550 413,1, 97 5321'+Q301 0.5 5231'+Q301 0.5 

1/2+ 598 682 411,1, 70 4111'+Q221 24 413,1,+O221 3 

3/2- 1275 1126 5411' 80 4111'+Q301 6 5501'+Q221 4 . 
4201'+Q311 2 413,1,+O311 1.9 

1/2- 1096 1241 5501' 41 5321'+Q221 46 5411'+Q221 7 

4201'+Q301 1. 7 

5/2+ 838 1423 4021' 46 413,1,+O201 35 5231'+Q311 8 

5321'+Q301 3 6601'+Q221 3 

3/2+ 993 1353 4111'+Q201 98' 

1/2+ 895 1444 4201' 61 5321'+Q321 13 4111'+Q221 5 

413,1,+O221 5 5411'+Q311 4 

422,1,+O221 3 5501'+0301 2.5 

7/2+ 659 1513 404,1, 90 5231'+Q301 4 _5321'+0311 1.8 

1/2- 883 541,1, 
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x { I 7 (I➔I-1) [ E7 (I➔I-2)] 
I (I➔I-2) E (I➔I-1) 

7 7 

------::::---------1 
(I+l} (I-K-1) (I+K-1) } 

2K2 (2I-l) 
(1) 

E rroncTaBnHeTCH B M3B. nnH ypoBHH C 3HeprHeA 143.944 K3B H 7 
rr + 2 

I =7/2 MU rronyq11n11 3HaqeHHe 1s1;21=0.151(7). OTHOllieHHe SI 

MO~HO BUqHCRHTh H3 3KCITepHMeHTanbHoro 3HaqeHHH rrapaMeTpa 

CMelliHBaHHH o 2 (E2/Ml8I,K➔I-l,K) rro ~OpMyne 

2 
E (I➔ I-1) -2 

sr
2

= 
7 

o (E2/Ml8I,K➔I-l,K). (2) 
l.148(I+l) (I-1} 

Torna npHHHMaH, qTo 0
2

(60.882 K3B,5/2+➔3/2+) paBHO 0.011(3) 

[3], rronyq11M I s 512 1 =0. 24 (3), qTo cornacyeTcH co 3HaqeHHeM 

1s712 1 TonhKo a rrpenenax 3a. 

B pa6oTe, [BJ H3MepeHO BpeMH ~H3HH Tl/2 ypoBHH 60. 882 K3B, 

OHO paBHO 0.49(12) HCeK. npHHHMaH 3TO 3HaqeHHe H HCITORh3YH 
COOTHOllieHHe 

e
2

Q~ =5.687•10-l3 
X 

fl 
X 

2 5 
<Ii K 2 01rf K> E7 Tl/2(ypoBHH) ) (l+o:tot. 

(3) 

(3necb E7 B [M3B], Tl/2 B [ceK.]}, KOTOpoe 3aITHCaHo nnH 

1-ro B036y~neHHOro ypoBHH, MM rronyqHnH HBHO CHRhHO 3aHH~eH

HOe 3HaqeHHe Qo=2 .1 (3) b. no3TOMY MM ITOilUTaRHCh YTOqHHTh 

oTnenbHMe 3KcrrepHMeHTanbHUe aenHqHHU fl H (Xtot' KOTopue 

axonHT B ~OpMyny (3}. B pa6oTe [9] 6unH H3MepeHU OTHOCH

TeRbHMe HHTeHCHBHOCTH Ll, L2 H L3 KOHBepcHOHHUX 3ReKTpOHOB 

rrepexona 60.882 K3B. YqHTUBaH 3TH 3HaqeHHH H 3HaqeHHH, rro

nyqeHHMe B pa6oTe [3], rrpHHHMaeM, B COOTBeTCTBHH c [10], 

cpenHeB3BemeHHUe 3HaqeHHH IL1=208(18), IL2=30(4) H IL3= 

23 (3) . liT06M ycTpaHHTh B03MO~HUe HeToqHOCTH, B03HHKalOU1He 

7 



npH HHTepnonHUHH Ta6nHqHux naHHMX TeopeTHqecKHX K03~~HUHeH

TOB KOHBepcHH, MU HCnunb30BanH BUqHcneHHMe no nporpaMMe HX 

3HaqeHHH nnH 3HeprHH 60. 882 K3B [11] . C yqeTOM 3THX naHHMX 
H COOTHOUJeHHH 

exLj (Ml) -exLk (Ml) [IL/ILk] exp. 

tij 'k= 
[ IL/ILk] exp_ [exLk (E2) -exLk (Ml)] - [exLj (E2) -exLk (Ml)] 

[ex ] = (1-ti) ex 
tot exp. 

(Ml) + ti ex 
tot 

(E2), 
tot 

(4) 

rne j,k=l,2,3, MM 3aHOBO onpenenHnH napaMeTp CMell!HBaHHH 

L'l=0.014(4) H [ext t(60.882 K3B)] =9.77(11). noncTaBnHH o exp. 
3TH 3HaqeHHH B ~OpMyny (3), nonyqHM Qo=2.3(3)b, T.e. MM 

HeCKOnbKO npH6nH3HnHcb K m1rnnaeM0My 3HaqeHHIO Qo= (7 .5±l)b, 

onHaKO CHnbHOe pacxoX<neHHe coxpaHHnOcb. B03MOX<HO, qTo OT

BeTCTBeHHOCTb 3a 3TO pacxoX<neHHe HeceT npHMepHO Ha nopHnOK 

3aBMUJeHHOe 3HaqeHHe Tl/2(ypOBHH 60.882 K3B), onHaKo He HC

KnIOqeHo I qTo H B onpeneneHHH OTHOCHTenbHMX HHTeHCHBHOCTe.11 

ILj HMeeTCH CHCTeMaTHqecKaH OUJH6Ka, KOTopaH 3aHHX<aeT 3Haqe

HHe napaMeTpa CMeUJHBaHHH. Hcnonb3YH HOBOe 3HaqeHHe napaMeT

pa L'l=0.014(4) YTOqHHeM, qTo 1s5;21=0.21(3). no BpeMeHH X<H3-

HH ypOBHH 60.882 K3B MOX<HO BUqHcnHTb 3HaqeHHe npHaeneHHOH 

BepOHTHOCTH B(Ml,5/2+➔7/2+) H pa3HOCTb rHpOMarHHTHMX OTHO

llleHHH (gK-gR) . 

2 2 -13 µ 0 (gK-gR) = 1.651·10 x 

X 
(1-L'I) 

2 2 3 . (5) 

K <Ii K 1 Ojif K> E7 (l+ext) Tl/2(ypoBHH) 

OTcIOna nonyqaeM 3HaqeHHe jgK-gRj=0.48(12). EcnH npennono

X<HTb, qTo Qo=7.5(1) b nnH poTaUHOHHOH nonocu OCHOBHoro coc

TOHHHH, Tor na I s 512 1 "'0. 06, qTo npHMepHo B 2. 4 pa3a MeHbll!e 

3HaqeHHH I s 7 ; 2 1 . BenHqHHa I gK-gR I, auqHcneHHaH no ~opMyne 
(5), cna6o 3aBHCHT OT ToqHOCTH onpeneneHHH .ti, onHaKO npH

MepHoro paBeHcTaa aenHqHH I s
512

1 H I s
712

1 MOX<Ho nocTHqb, 

ecnH Tl/2 (ypOBHH 60.882) 6yneT B 6 pa3 MeHbll!e. 
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npennonaraeM, qTo Ha6nIOnaeMoe HecooTBeTCTBHe 

3KCnepHMeHTanbHOMY 3HaqeHHIO Qo MOX<HO o6oHCHHTb HeonH03Haq

HMMH ycnoBHHMH npH H3MepeHHH BpeMeHH X<H3HH ypoBHH 60. 882 

K3B B pa6oTe [8]. B 3TOH pa6oTe H3MepHnHCb 3anepX<aHHRe COB

naneHHH MeX<ny L-KOHBepCHOHHRMH 3neKTpOHaMH nepexona 60.882 

K3B, BRneneHHRMH MarHHTHO-nHH30BRM 6eTa-cneKTpOMeTpOM H 

7-nyqaMH, KOTopue perHCTpHpOBanHCb CUHHTHnnHTOpOM THna NE-

104. BBHny 3Toro TpynHo HCKnIOqHTb BnHHHHe 7-nyqe.!1, KOTOphle 

3acenHIOT pacnonoX<eHHMe BRUJe ypoBHH, ecnH OHR HMelOT Tl/2 B 

nHana30He H3MepHeMMX BpeMeH, T.e. nonyqeHHRH pe3ynbTaT MO

X<eT 6MTb o6ycnoaneH apeMeHeM X<H3HH npyroro ypoBHH, H Ha ca

MOM nene Tl/2 ypoBHH 60.882 K3B Ha MHOro MeHbll!e. 3T? npen

nonoX<eHHe nonTaepX<naeTcH onpeneneHHeM TOnbKO aepxHe.11 rpaHH

UM Tl/2 ypOBHH 60.882 K3B < 0.42 HCeK, nonyqeHHOH Ha cnao

eHHOM MarHHTHO-nHH30BOM cneKTpoMeTpe npH H3MepeHHH KaCKan

HRX nepexonoa L61-K83 [12]. YcnOBHH H3MepeHHH nnH Tl/~ 

ypoBHH 60.882 K3B B pa6oTe [12] HBnHnHCb cymecTBeHHO 6onee 

onpeneneHHRMH, qeM B pa6oTe [8]. 

PoTaUHOHHaH nonoca 5/2-[532] 

TTpH ~-pacnane B036yX<naIOTCH TOnbKO nBa ypoBHH Irr=5/2- H 

7/2- 3TOH poTaUHOHHOH nonocu, KOTOphle pa3pHX<alOTCH El-nepe

xonaMH Ha nonocy OCHOBHOro COCTOHHHH 3/2+[411]. HaMH cymec

TBeHHO yToqHeHR E7 H I7 nnH 3THX nepexonoa H BBonHTCH BHy

TpHnonOCHOH nepexon 31.316 K3B (7/2-➔5/2-), y KoToporo yna

nocb onpenenHTb nHlllb BepXHIOIO rpaHHUY nonHOH HHTeHCHBHOCTH 

Itot~ 0.0097%. DpH cpaBHeHHH OTHOUJeHHH npHBeneHHhlX BepOHT

HOCTe.11 B (El) -nepexonoB, HnymHx c ypoBHH 5/2-, c npaBHnaMH 

AnarH, Ha6nIOnaeTcH cHnbHoe 3aMenneHHe nepexona 5/2-➔5/2+ B 

126 pa3, CM. Ta6n. 4. 3TO OTKnoHeHHe MOX<eT 6RTb · o6oHCHeHO 

CBH3bl0 BpamaTenbHOro H BHyTpeHHero DBHX<eHHH, KOTOpaH npHBO

nHT K H3MeHeHHIO BOnHOBRX ~YHKUHH H noHBneHHIO npHMeCHRX KOM

noHeHT. nnH nepexonoa 5/2-[532] ➔3/2+[411] HMeeT MecTo H3Me-

9 



TA6fl11UA 4 

B(E1,5/2-➔3/2+) B (E1, 5/2-➔5/2+) 

3KcnepHMeHT = 1.00(1) 0.00341(3) 

Anara = 1.0 

MHxa8JIOB = 1.0 

HBM = 1.0 

K<l>M = 1.0 

HBM+K<l>M = 1.0 

f ➔ i mfi (El) 
xl0- 2 

[efm] 

413j,-532j -2.7 

402j-532j 0.69 

411j-532j -1.45 

0.43 

0.0078 

0.43 

0.43 

0.0126 

TA6RHUA 5 

5/2-5/2-[532] ➔1;3/2+[411] 

5/2-➔ 3/2+ 5/2-➔ 5/2+ 

aifmfi aifmfi aif 
xl0- 2 

aif 
xl0- 2, 

[efm] [efm] 

HBM 

0.038 -0.103 

0.026 0.018 

0 .813 -1 .. 179 b.531 -0.770 

B(E1,5/2-➔7/2+) 

0.0819(18) 

0.071 

0.084 

0.0744 

0.0765 

0.0654 

5/2-➔ 7/2+ 

aifmfi aif 
xl0- 2 

[efm] 

0.037 -0.100 

0.025 0.018 

0.216 -0.313 

411j-541j 1.1 -0.044 -0.048 0.043 -0.047 0.059 0.065 

411j-550j -0.95 0.000 0.000 -0.005 0.005 0.005 -0.005 

420j-541j -3.25 0.002 -0.006 0.003 -0.010 0.002 -0.006 

n 
-1.23xl0- 2 -2 -2 m(El, 5/2-➔ If fl -0.8lx10 -0.34x10 

n 
1.52xl0- 6 -7 B(El,5/2-➔ Iff) 6.60xl0- 7 1.16x10 

F 0.40 0.0032 0.43 

K<I>M 

n 
m(El,5/2-➔ r/> -2 -2 -2 0.47x10 0.31x10 0.13x10 

n 
B(El,5/2-➔ 1/) 2.2lxl0- 7 9.6lx10 -8 1.69x10 -8 

F 2.76 0.022 2.96 
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f ➔ i 
mfi(El) 
xl0- 2 

[efm] 

413j,-532j 6.4 

402j-532j 13.0 

411j-532j 0.6 

411j-541j -17.4 

411j-55oj 1. 3 
420j-541j 3.7 

n 
m(El,5/2-➔ Iff) 

n 
B(El,5/2-➔ r/J 

F 

n 
B(El,5/2-➔ r/) 

B(El,Ii➔If)3Kcn. 
Fa B(El,Ii➔If)BUq. 

TA6RHUA 5 (npoaonxeHHe) 

5/2-5/2-[532] ➔1;3/2~[411] 

5/2-➔ 3/2+ 5/2-➔ 5/2+ 

aifmfi aifmfi aif 
xl0- 2 

aif 
xl0- 2 

[efm] [efm] 

HBM+K<I>M 

0.038 0.24 

0.026 0.33 

0. 813 0.47 0.531 0.31 

-0.044 0.77 0.043 -0.75 

0.000 0.00 -0.005 -0.01 
0.002 0.01 0.003 0.01 

1. 25x 10 -2 0.14x10 -2 

1.56x10 -6 l.96x10 -8 

0.39 0.11 

3Kcnep11MeHT 

6.1(12)xl0- 7 2.1(4),.,10 -9 

5/2-➔ 7/2+ 

aifmfi aif 
xl0- 2 

[efm] 

0.037 0.24 

0.025 0.32 

0.216 0.13 

0.059 -1.02 

0.005 0.01 

0.002 0.01 

-0.32x10 -2 

l.02x10 -7 

0.49 

. 
5.0(lO)xl0- 8 

I f I . 
aif=CKf CKii< Ii+ Ki 1 µ IIf Kf > 
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HeHHe aK=-1, aN=-1, anz=-2, aA=-1, aL=O, no3TOMY OHH HBnH

IOTCH 3anpe1UeHHhlMH nepeXO,!laMH no aCHMnTOTH'!eCKHM KBaHTOBhIM 

'!HCnaM (.!lnH pa3peilleHHhIX nepeXO.!lOB C aK=±l ,!lonycTHMhl: aN=±l, 

anz=O, aA=-1, aL=O). npHMeCH, COOTBeTCTBYIOIUHe pa3perneHHhlM 

nepeXO,!laM, CHnhHO BnHHIOT Ha HHTeHCHBHOCTH paccMaTpHBaeMhIX 

nepeXO,!lOB. BnHHHHe OTKnOHeHHH OT a.!!Ha6aTH'!HOCTH Ha npHBe

.!lE!HHhle BepoHTHOCTH, B o6meM cnyqae, Y'!TeHO MHXaAnoBhlM [12]. 

B(TA,Ii➔If)=<Ii A Ki±n Kf-Ki+n!If Kf>
2 

x 

(Ii +Ki)! 
X 

(Ii±Ki)! 

(I. ±K. +n) ! I. +1/2 
i i { i x M (1+aJ + (-1) 

0 (Ii+Ki+n) ! 
X 

If+l/2 2 
x (Ii +l/2) M1 oK l/2 + (-1) (If+l/2) M2 oKfl/2 } 

a=[If(If+l)-Ii(Ii+l)]a (6) 

BepXHHA 3HaK B ~OpMyne (6) OTHOCHTCH K cny'!a!O Ki<Kf' a HH~

HHA K cny'!a!O Ki> Kf. Bblpa~eHHe (6) npHMeHHMO KaK ,!lnH K-pa3-

perneHHhlX nepexo,!loB (n=O), TaK H .!lnH K- 3anpemeHHhlX nepexo

.!!OB, npH 3TOM: 

aK~A, aK=IKi-Kfl=A+n, n~o. (7) 

Kor.Ila npHMeCH B HCXO,!lHOM H KOHe'!HOM COCTOHHHHX He paBHhl no 

a6conIOTHOA BenH'!HHe (OHH npoTHBOnono~Hhl no 3HaKy), TOr,!la 

Bhlpa~eHHe (6) ,!lnH a HY~HO ,!lOnonHHTh cnaraeMhlMH: 

o o o ) + +[If(If+l)+Ii(Ii+l)] (-2q LA,E2 + aR TA,Ml Iiif 

2 
+ [If(If+l)-Ii(Ii+l)] q oTA,E2 (8) 

B HarneM cnyqae y.!laeTCH onpe.!lenHTh, c 6onhrnoA ornH6KoA H 
2 

6onhillHM XI nHmb 0.!!HH napaMeTp a, CM.Ta6n.7, r,!le Bhl'!HCneH-

Hhle B(El) c napaMeTpoM a=-1.3 MO~HO cpaBHHTh c 3KcnepHMeH

TOM. nepeXO.!! 5/2-➔5/2+ 3aMe,!lneH B 2.3 pa3a, a 5/2-➔7/2+ B 

1.02 pa3a. 0.!!HaKo no TeOpHH B03MYIUeHHA, HCnonh30BaHHOA MH

xaAnOBhlM, HeB03MO~HO orrpe,!lenHTh BenH'!HHY npHMeceA B BOnHO

BhlX ~YHKUHHX ypoBHeA. 

Eonee ,!leTanhHhlA aHanH3 paccMaTpHBaeMh!X npHBe,!lE!HHhlX 

12 

( 

!' i] 
ij 

l 
I 
} 
I' 

l 

BepOHTHOCTeA y.!laeTCH npOH3BeCTH, ecnH y'!eCTh KOpHOnHCOBO 

(Hea,!lHa6aTH'!eCKaH BpamaTenbHaH MO,!lenb - HBM) H KBa3H'!aCTH'!

HO-~OHOHHOe B3aHMO.!leACTBHH (KBa3H'!aCTH'!HO - ~OHOHHaH MO,!lenh 

H,!lpa - K<llM) Tor,!la npHBe,!leHHaH BepoHTHOCTh 3neKTpH'!ecKoro 

nepeXO,!la MO~eT 6h1Th 3anHcaHa B BH,!le 

rri rrf rri rrf 2 
B(EA,I, ➔ If l=lm(EA,I. ➔ If) I 

1 1 I 

r,!le 

= I: 
Kini 
Kfnf 

X < 

rri rrf 
m(EA,Ii ➔ If)= 

Ii If 
CK CK· {<I, K. A Kf-K. !If Kf> x 

ini fnf i i i 

rrf rri 
Kf nfl lm(EA,µ=Kf-Ki) I !Ki 

I.+K. 

n. > + 
i 

i i I + (-1) (1-oK ) <I. -K. A K. +Kf If Kf> x 
i,O i i i 

rrf rr. 
x < Kf nfllm(EA,µ=Kf+KilllKi

1 
ni>} i (9) 

3,!leCh n- nopH,!lKOBhlA HOMep HepoTaUHOHHOro COCTOHHHH. MaTpH'!-
rrf ~ rr. 

HhlA 3neMeHT <Kf I lm(EA,µ) I 1Ki 1 > B K<llM co,!lep~HT qneHhl, cooT-

BeTcTBYIOIUHe rrepexo,!ly c po~eHHeM (rrornomeHHeM) ~OHOHa. 

HMeHHO '!epe3 HHX OKTynonhHhle BH6paUHOHHhle rrpHMeCH B BOnHo

BOA ~YHKUHH BnHHIOT Ha CHny El- nepeXO,!lOB. B Ta6n.5, OCHO

BaHHOA Ha Bhl'!HcneHHHX rrpe,!lcTaBneHI!hlX B pa6oTe [6], 3Kcne

pHMeHTanhHhle 3Ha'!eHHH B(El,Ii➔If) nonyqHnH, HCITOnh3YH Tl/2 

(ypoBeHh 326 K3B)=0.20(4) [2] H HaillH ,!laHHhie 06 HHTeHCH·BHOC

THX a- rrepexo,!lOB. Ha OCHOBe pac'!eTOB E.A.AnHKOBa H ,!lp. [6], 
- - + npHBO,!lHTCH a6conIOTHhie 3Ha'!eHHH B(El,5/2 5/2 ➔If3/2), rrony-

'!eHHhle B paMKax Hea,!lHa6aTH'!eCKOA BpamaTenhHOA MO,!lenH, KBa-

3H'!aCTH'!HO~OHOHHOA MO,!lenH H rrpH 0,!lHOBpeMeHHOM y'!eTe KOpHO

nHco,a H KBa3H'{aCTH'{HO-~OHOHHOro B3aHMO,!leACTBHA. H3 Ta6nHUhl 

BH,!lHO, '!TO TOnhKO npH O,!lHOBpeMeHHOM yqeTe 3THX .!lBYX B3aHMO

.!l8HCTBHA nony'!eHhl B (El, I - ➔If) 1 6nH3KHe K 3KCTiepHMeH-
i ca c. 

TanhHhlM 3HaqeHHHM, XOT.fI rronHoro car nacHH ,!lOCTH'{h He y ,!la-
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noc~. TaKHe ~e BUBonu MO~HO cnenaTb H paccMaTpHBaH OTHOCH

TenhHhle 3HaqeHHH npHBeneHHhlX BepoHTHOCTeH, CM.Ta6n.4. 

PoTaUHOHHaH nonoca 1/2+[411] + 1/2+{3/2+[411]+Q221 } 

HaMH npenBapHTenhHO BBeneH ypoBeHb 7/2+ 3TOH nonochl, 

B036y~naIDmHwcH npH ~-pacnane, H MU Ha6nIDnanH nepexon 493.44 

K3B, KOTOphlH pa3pH~aeT ypoBeHb 3/2+. BnepBhle ycTaHOBneH 

MynhTHnOnhHhlH COCTaB nepexonoB 597.376, 576.475, 553.374 H 

697.290 K3B. Bee a-nepexonu, pa3pH~aIDmHe ypoBHH naHHOH no

nochl, HanpaBneHhl Ha ypoBHH poTaUHOHHOH nonocu OCHOBHoro 

COCTOHHHH. EcnH 6u paccMaTpHBaeMaH poTaUHOHHaH nonoca npH

Hanne~ana qHCTOMY o-BH6paUHOHHOMY COCTOHHHID 3/2+[411]+Q221' 

Torna nepexonu, pa3pH~aIDmHe 3TY nonocy H HnymHe Ha ypoBHH 

nonocu 3/2+[411], non~Hhl 6hlnH 6hl HMeTb HHTeHCHBHYID E2-KOM

noHeHTy. HaMH ycTaHoBneHo, qTo nepexonhl 636.41 (3/2+, 1/2+➔ 

3/2+,3/2+) H 637.36 K3B (5/2+,1/2+➔ 5/2+,3/2+) HMeIDT Ml

MynhTHnonhHO.CTh, a ·nepexom,r 576. 475 (3/2+, 1/2+ ➔ 5/2+, 3/2+) 

H 597.376 K3B (l/2+,1/2+➔ 3/2+,3/2+) HMeIDT 58(5)% H 35(7)% 

npHMecH Ml-KoMnOHeHThl, COOTBeTCTBeHHO. He HCKnIDqeHa npHMeCh 

Ml -MynhTHnOnhHOCTH y nepexonoB 697. 290 (5/2+, 1/2+ ➔ 3/2+, 

3/2+) -40 (40) % H 553. 374 K3B (5/2+, 1/2+➔7 /2+; 3/2+) -10 (10) % , 

COOTBeTCTBeHHO. 

KaqecTBeHHOe o6~HcHeHHe cnenyeT H3 npennono~eHHH, qTo 

ypoBeHb 597.376 K3B HBnHeTCH CMelliaHHhlM COCTOHHHeM 1/2+[411] 

H .1/2+ {3/2+ [411] + Q221}. Ilepexonu M~~ny COCTOHHHHMH 

I + + 1 2 [411] ➔ 3/2 [411] c MynhTHnonbHOCThID Ml pa3pemeHhl no 

acHMnTOTHqecKHM KBaHTOBhlM qHcnaM. rrpennono~eHHe O CHnhHOM 

CMelliHBaHHH COCTOHHHH nonTBep~naeTCH H TeopeTHqecKHMH pac

cqeTaMH [6], rne cTpyKTypa ypoBHH 597. 376 K3B ycTaHoBneHa 

KaK: 70% - 1/2+ [411] + 24% - 1/2+ {3/2+ [411] + Q
221

} + 3% -

1/2+{5/2+[413] + Q221}. 

MaTpHqHue 3neMeHThl nepexona Me~ny nByMH COCTOHHHHMH B 

ne¢opMHpOBaHHOM Hnpe BhJqHcnHIDTCH no ¢opMyne 

14 

Ai 

<Kfifl IM(i\) I I Ki Ii>= 

1/2 ' 
=(2Ii+l) {<IiKii\ (Kf-Ki) IIfKf><KflM (i\,V=Kf-KilKi?+ 

Ii +Ki ' - 2 
+(-1) <Ii-Kii\ (Kf+Ki) IIfKe<KflM (i\,v=Kf+KilKi>} . ,10) 

BTopow qneH o6pamaeTcH B Hanh, Karna i\ > Ki+Kf. llnH HeqeT

HhlX Hnep nnH nepexonoB C MynhTHilOnhHOCThID El HnH Ml MaTpHq

HhlH 3neMeHT <KflM
1 

(i\,v=Kf+KilKi>~O, Karna Ki=Kf=l/2, H nnH 

nepexonoB E2 OH He paBeH HynID, Karna Ki=Kf=l/2 HnH Ki=l/2 H 

Kf=3/2, HnH Ki =3/2 H Kf=l/2. IlpHBeneHHYID BepOHTHOCTh nm1 

nepexonoB, Me~ny nepeqHcneHHMMH BMwe nonocaMH, MO~Ho 3anH

caTh B BHne 
. If+Kf 

B(~ i\,Ii Ki)={<Ii i\ Ki (Kf-Ki) I If Kf> Ql+(-1) x 

2 
x <Ii i\ Ki (-Kf-Ki) I If-Ke 02} (ll) 

Torna B nepByID oqepenh Hy~HO BhJqHcnHTh MaTpHqHhJe 3neMeHThl 

Ql H Q2 HnH HX OTHOllieHHe q=Q2/Ql. 

3KcnepHMeHTanhHOe OTHOllieHHe npHBeneHHhlX BepoHTHOCTeH E2-

nepexonoB BhJqHcnHeM no ¢opMyne 

B(E2,Ii➔If) Io(Ii➔If) fJ. (Ii➔If) 
{ 

8
1 (Ii➔I~) r 

I = I I 

B(E2,Ii➔If) Io (Ii➔If) fJ. (Ii➔If) E7 (Ii➔If) 

+ + llnH nepexonoB, HnymHx c ypoBHH 3/2 » 5/2 , 

COOTHOllieHHH (11) H (12), nonyqHM ypaBHeHHH: 

[ 

l-4q 

2-q 

2 

) = 325(55) H 
[ 

3-2q 

1+2q 

2 

) = 0.15(10) 

(12) 

Hcnonh3YH 

(13) 

KOTOphlM ynoBneTBOpHIDT pellieHHH ql=l.68(2), q2=2.50(6) H 

ql=0.94(15), q2=2.8(6) He TpynHo y6enHThCH, qTo 3HaqeHHH 

BTOphlX KOpHeH nepeKphlBaIDTCH B npenenax lcr, H HX cpenHee 

B3BellieHHOe 3HaqeHHe paBHO q=2.50(6). B Ta6n. 6 cpaBHHBa~TCH 

3KcnepHMeHTanhHhle H BhJqHcneHHhle OTHOllieHHH B (E2) C pa3HhlMH 

3HaqeHHHMH q. H3 Ta6nHUhl BHnHo, qTo xopomero cornacHH MO~HO 

nocTHqh npHHHMaH q=2.50. 
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TAEJIHUA 6 

POTaUHOHHOe 
0THOWeHHe COCTOllHHe 3KcnepHMeH- Anara npHBe.neHHblK 

TanbHOe 
02=0 01=0 Kin[N~~A] ➔Kfn[NnzA] BepOllTHOCTeA 

3Ha'!e1rne nepexo.noe 
01"0 02"0 

B(E2,3/2, ➔S/2) 
65 (11) 0.05 3.20 

l/2+(411)+ B(E2,3/2, ➔7/2) 

+l/2+{3/2+[411)+ B(E2,S/2, ➔3/2) 
0.05(3) 2.7 0.30 

+0221}➔3/2+[411) B(E2,S/2, ➔7/2) 
;1?=3700 ;/=SO 

1/2-(541.] ➔ B(El,1/2, ➔3/2) 
1.1(4) 2.0 0.5 

➔l/2+(411)+ B(El,1/2, ➔l/2) 

+l/2+{3/2+[411)+ B(El,3/2, ➔l/2) 
6.4 (11) 5.0 0.312 

+0 221} B(El,3/2, ➔3/2) 

B(El,3/2, ➔S/2) 
9.3(24) 9.0 0.562 

B(El,3/2, ➔3/2) 
~:2al.2 :i:2=20 

B(El,l/2, ➔3/2) 
0.298(24) 2.0 0.5 

1/2-[550) ➔ B(El, 1/2, ➔l/2) 

➔l/2+[411)+ B(El,3/2, ➔l/2) 
30(13) 5.0 0.312 

+l/2+{3/2+[411)+ B(El,3/2, ➔3/2) 
+0 221} B(El,3/2, ➔5/2) 220(100) 9.0 0.562 

B(El,3/2, ➔3/2) x2=39 X2=12 

1/2-(550) ➔1/2+[420] B(El,1/2, ➔3/2) 5.6(28) 2.0 0.5 

B(El,1/2, ➔l/2) x2 =13 x2 =410 

16 

, 

02 
q=-

01 

65 (11) 

0.036(6) 

x2 =0.20 

0=2.50(6) 

2 .12 (7) 

6.7(12) 

10.8(11) 

x2-8.7 

q=-0.04(2) 

0.28(7) 

3.5(1) ' 

0.09(2) 

x2
=30 

q=-1.11 (2) 

5.6(28) 

q 1 =-0.41(15) 

q2=-0.87(4) 

npyrHe poTaUHOHHHe nonocu 

PoTaUHOHHaH nonoca 1/2-(541] HneHTH~HUHpoBaHa HaMH npH 

~-pacnane anepaue. Ha6nnnanTcH naa ypoBHH c 3HeprHeH 883.32 

H 970.38 K3B, KOTOphle pa3pHXaDTCH TpeMH nepexonaMH Ha poTa

UHOHHyn nonocy OCHOBHoro COCTOHHHH. MynbTHnonbHOCTb El nnH 

nayx H3 HHX 883.32 H 909.49 K3B HaMH ycTaHoaneHa Bnepaue. 

06HapyxeHo 5 nepexonoa, KOTopue CBH3HBaDT paccMaTpHaaeMMe 

YPOBHH c poTaUHOHHOH nonocoa 1/2 (411] +1/2 3/2 (411]+ + +{ + 

+Q221}· Bee 3TH nepexonu nonXHhl HMeTb MynbTHnOnbHOCTb El, 

Torna, Y'-IHThlBaH xapaKTep pa3pHnKH YPOBHeH 883.32 H 970.38 

K3B, onH03Ha'-IHO npHnHChlBaeM HM cnHH H '-IeTHOCTb 1/2- H 3/2-, 
COOTBeTCTBeHHO. 

B Ta6n. 7 cpaBHHBaeM OTHorneHHH npHBeneHHHX BepOHTHOC

TeH El-nepexonoa 909.49 H 970.4 K3B, nony'-IeHHue H3 3KcnepH

MeHTa H Bhl'-IHcneHHHe no npaBHnaM AnarH. nepexon 3/2-1/2(541] 
+ 

➔ 3/2 3/2[411] 3aTOPMOXeH npHMepHo B 28 pa3 no cpaBHeHHD c 

nepexonoM 3/2-1/2[541] ➔ 3/2+3/2[411]. 3TH nepexonM HBnHnT

CH TpexKpaTHO 3anpemeHHhlMH no acHMnTOTH'-IeCKHM KBaHTOBhlM 

'-IHcnaM, TaK KaK nnH pa3perneHHHX nepexonoa El, ~K=l nonxHM 

BhlnonHHTbCH ycnOBHH: ~N=±l, ~n =0, ~A=O. nono6HHH 3anpeT no z 
aCHMnTOTH'-IeCKHM KBaHTOBhlM '-IHcnaM nnH nepexonoa 5/2-5/2[532] 

➔ If3/2+[411] npHaen K TOpMOXeHHD nepexona Mexny YPOBHHMH c 

I - + onHHaKOBHM cnHHOM (5 2 ➔5/2) B 126 pa3, CM. Burne. 

IlpHBeneHHhle BepOHTHOCTH B(El) nnH nepexonoa, CBH3hlBa-
- + + nmHx YPOBHH poTaUHOHHhlX nonoc 1/2 (541] ➔ 1/2 (411] + 1/2 

{3/2+[411]+Q221}, c xopornea TO'-IHOCTbD ynoaneTBOpHDT npaBH

naM AnarH, CM.Ta6n.7. TaK KaK nnH Ha'-IanbHhlX H KOHe'-IHhlX coc

TOHHHH Ki=Kf=l/2, TO nnH El-nepexonoa "noaopOTHhlH" MaTpH'-I

HhlH 3neMeHT Q2 MOXeT 6HTb He paBeH Hynn. B Ta6n.6 cpaBHHBa

eM 3KCnepHMeHTanbH@e 3Ha'-IeHHH OTHOilleHHH B(El) C Bhl'-IHCneHHhl

MH 3Ha'-IeHHHMH B npennonoxeHHH pa3HHX BenH'-IHH Ql,Q2. HaHny'-I

rnee cornacHe Bhl'-IHcneHH@x H 3KcnepHMeHTanhHHX 3Ha'-IeHHH nony
'-IeHo nnH q= Q2 /Q

1
= -0.04(2). 
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TA6nHUA 7 TA6nHUA 7 (11po11omice1rne) 

POTaUHOHHOe OTHOWeHHe 3KCnepHMeH- Anara MHxai\JIOB COCTOHHHe n pHae,n!!HHl,IX TaJibHOe n , ' , n B epoHTHOCTelt 3Ha'leHHe Ki [NnzA] ➔Kf [NnzA] n eoexo.noa 

PoTaUHOHHOe OTHOWeHHe 3KcnepHMeH-COCTOHHHe npuae11!!11111,1x AJ1ara MuxaAnoa 

Kirr(N~~Ai ➔Kfrr[NnzA] aepOHTHOCTeA TaJibHOe 

neoexonoa 3Ha'leHHe 
, 

B(Ml,3/2 ➔5/2) 0.76(8) 1.5 0.75(25) 
B(Ml,3/2, ➔3/2) 

1/2+ [411] + 
B(Ml,5/2, ➔3/~ 0.146 0.24(4) +l/2+{3/2+[411]+ 0.06(6) 
B(Ml,5/2, ➔5/2) 

+Q221}➔3/2+[411] 
B(Ml,5/2, ➔7/2) 0 .36 (20) 0.15(15) 1.04 
B(Ml,5/2, ➔5/2) 

:1:2-7 .5 x2=2.9 

B(E2,3/2, ➔5/2) 65 (11) 0.05 65(12) 
B(E2,3/2, ➔7/2) 

B(E2,5/2, ➔3/2) 0.05(3) 2.7 29(2) 
B(E2,5/2, ➔7/2) 

x 2 =3700 x 2 =180 

B(Ml,5/2, ➔7/2) 0.9(7) l.85 0.75(25) 

3/2+[411]+0201➔ B (Ml, 5/2, ➔5/2) x 2=2.3 
B(E2,3/2, ➔5/2) 

➔3/2+ (411] B(E2,3/2, ➔7/2) 
2.26(7) l.80 2.06(12) 

B(E2,5/2, ➔3/2) 
l.15 (30) l.20 l.49 (13) 

B(E2,5/2, ➔7/2) 

B(E2,5/2, ➔9/2) 0.99(27) 1.25 l.05(9) 

B(E2,5/2, ➔7/2) 
x

2
=l4.3 x 2=3.l 

a=-0.009(4) 
B(El,3/2, ➔5/2) 

2.05(8) l.5 2.00(2) 
B(El,3_/2• ➔3/2) 

l/2-(550] ➔3/2+(411] B(El,5/2, ➔3/2) 0.81(34) 0.146 0.104(16) . 
a--0.082(16) 

B(El,5/2 ➔5/2) 

B(El,1/2, ➔3/2) 1.1 (4) 2.0 1.76(15) 
1/2-[54}.] ➔ B(El,1/2, ➔l/2) 

B(El,5/2, ➔7/2) 0.89(31) 1.04 l.55 (23) 
B (El, 5/2 • ➔5/2) 

x 2=29.3 :t2=3.l 

➔1/2+ [411] + 
, 

B(El,3/2 ➔1/2) 6.4 (11) 5.0 5.6 (4) 
+l/2+{3/2+[~11]+ B.(El,3/2, ➔3/2) 
+Q221}. B(El,3/2, ➔5/2) 9 .3 (24) 9.0 7 .2 (11) 

B(El,3/2, ➔3/2) 
x2=1. 2 x 2=0.82 

a= 0.031(13) 
B(E2,3/2, ➔5/2) 

0.892(12) l.33 0.90(8) 

l/2-[550] ➔5/2-(532] 
B(E2,3/2, ➔7/2) 

B (E2, 5/2 • ➔7 /2) l.75(19) 2.37 3. 7 (4) 

B(E2,5/2• ➔5/2) 
x

2
=720 x 2 =45 

a--0.021(13) \ 
a= 0.036(11) 

B(Ml,3/2, ➔5/2) 0. 7 (4) 1.5 
B(Ml,3/2, ➔3/2) 

x2-2.8 
l/2+[420] ➔3/2+[411] 

B(E2,3/2, ➔5/2) 2.8(14) 1.05 
B(E2,3/2, ➔7/2) 

x2-26 

B(El,3/2, ➔5/2) 0.582(26) 0.667 0.585(24) 
B(El,3/2, ➔3/2) 

3/2-[541] ➔3/2+[411] 
'B(El,5/2, ➔3/2) 1.16 (16) 1. 04 1.17(4) 
B(El,5/2, ➔5/2) 

B (El, 5/2' ➔7 /2) 1.8 (6) 1.85 1. 54 (9) 

B (El, 5/2, ➔5/2) x2=2.9 x 2 =0.12 

B (El, l/2, ➔3/2) 
0.298(24) 2.0 3.1(6) 

1/2-(550] ➔ 
B(El,l/2, ➔l/2) 

➔l/2+(411]+ B(El,3/2, ➔l/2) 30(13) 5.0 2.8(9) 
+l/2+{3/2+(411]+ B(El,3/2, ➔3/2) 
+0221> B(El,3/2, ➔5/2) 220 (100) 9.0 18.0(5) 

B(El,3/2, ➔3/2) x 2 =39 :i=44 

a= 0.08(4) 

l/2-(550] ➔1/2+(420] B(El, 1/2• ➔3/2) 5.6(28) 2.0 

B(El,l/2, ➔1/2) X2=l3 

l/2-(541] ➔3/2+[411] B(El,3/2, ➔5/2) 27.8(28) l.5 . 
B(El,3/2 ➔3/2) 

x
2

=7000 

a--0.013(4) 
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PoTaUHOHHaH nonoca l/2+[420), conepxamaH ypoBHH 895.055 

H 925.293 K3B, Ha6nnnanach HaMH npH ~-pacnane anepaue, KaK 

H ace nHTh nepexonoa, KOTOpUe 3TH ypoBHH pa3pHxanT. MU yc

TaHOBHnH MynhTHnonhHOCTh Ml nnH nepexona 925.35 K3B H CMeCb 

MynhTHnonhHOCTeH Ml+E2 nnH nepexonoa 864. 42 H 895. 06 K3B, 

KOTOpue CBH3UBaIDT paccMaTpHaaeMUe ypoBHH C ypOBHHMH nonocu 

OCHOBHoro COCTOHHHH. TaKHM o6pa30M I onH03Hatrno onpenenem,1 

qeTHOCTH o60HX ypoaHeH H cnHH 3/2+ nnH ypoBHH 925.293 K3B. 

OTHOllieHHe npHaeneHH@X aepOHTHOCTeH B(Ml) H B(E2) nnH nepe

xonoa, pa3pHxanmHx naHH@e ypoBHH, npHMepHo a npenenax 2<T 

COOTBeTCTByeT npaaHnaM AnarH, CM.Ta6n.7. 

PoTaUHOHHaH nonoca 3/2+[4ll]+Q201 . npH ~-pacnane ao3-

6yxnanTcH ypoBHH c Irr=3/2+ H 5/2+ 3TOH nonoc@. Mu Ha6nnnanH 

anepaue 4 7-nepexona, KOTop@e pa3pHxanT 3TH ypoaHH. Bnepa@e 

6unH onpeneneHu MynhTHnonbHOCTh E2 nnH nepexonoa 847. 75 H 

930.82 K3B H napaMeTp CMeCH MynhTHnOnhHOCTH Ml+E2 nnH nepe

xona c 3HeprHeH 900.43 K3B. CnHHU H qeTHOCTH paccMaTpHaae

MUX ypoaHeH 991.699 H 1044.349 K3B paBHU 3/2+ H 5/2+, COOT

aeTCTBeHHO, H onpeneneHU onH03HaqHo no npHMeCH MynhTHnOnh

HOCTH EO nepexonoa 991.70 H 983.50 K3B. 

3KcnepHMeHTanhHOe OTHOllieHHe npHaeneHHUX aepOHTHOCTeH 

B(E2) nepexonoa, CBH3@BaIDmHx ypoBHH 3TOH nonocu C ypoBHHMH 
+ nonocu 3/2 [411), 6nH3KO K auqHcneHHoMy no npaaHnaM AnarH 

2 (x =14). Eme nyqwee cornacHe c 3KcnepHMeHTOM nonyqaeM, Kar-

na 3TH OTHoweHHH a@qHcneHu no cpopMyne MHxa8noaa (x
2 =3 .1) . 

TT03TOMY npennonaraeM, qTo HHTeHCHBHOCTH E2 KOMnoHeHT 

7-nepexonoa 991.703(3/2
1

➔3/2) H 983.50 K3B (5/2
1

➔5/2) MOXHO 

a@qHcnHTh, Hcnonh3YH npaBHna AnarH HnH cpopMyny MHxa8noaa. 

BnH nepaoro nepexona nonyqaeM I (E2)=4.2(3) HnH 4.8(3), qTo 
7 

npeauwaeT 3KcnepHMeHTanhHOe 3HaqeHHe HHTeHCHBHOCTH (I7= 

3. 45 ( 9) ) , no3TOMY npennonaraeM, qTo nnH nepexona 991. 703 

K3B HMeeT MeCTO CMeCb MynhTHnOnhHOCTH E2+EO. nnH BTOporo 

nepexona M@ nonyqHnH I (E2)=0.099(8) HnH 0.093(5). Torna 
7 

npHHHMaH nepaoe 3HaqeHHe I (E2) nnH onpeneneHHH aepoHTHo8 
7 

CMeCH MynhTHnOnhHOCTeH nepexona 983.50 K3B,nonyqHM 86(2)%Ml 

20 

+ 14 (2) %E2 + EO. Hcnonh3YH Bf>l•rncneHHYIO Bf>tme HHTeHCHBHOCTh 

KOMnoHeHT@ nepexona 983. 50 K3B (5/2 ' ➔5/2) H HHTeHCHBHOCTh 

Ml KOMnOHeHTU nepexona 900.43 K3B (5/2
1 

➔7/2), nonyqHM B npe

nenax 2<T cornacHe 3KcnepHMeHTanhHoro 3HaqeHHH OTHoweHHH 

npHaeneHH@X aepOHTHOCTeH B (Ml) C auqHcneHHUM no npaBHnaM 
~ 

AnarH, CM. Ta6n.7. 

POTaUHOHHYID nonocy 1/2-[550] M@ nononHHnH 

1160.713 K3B, nnH KoToporo onHo3HaqHo onpenenHnH 

CnHHU H qeTHOCTH ypoaHeH c 3HeprHe8 1102.362 

y_poaHeM 

Irr=5/2-. 

3/2- H 

1096. 492 - 1/2 onpeneneHU HaMH TaKxe onH03HaqHQ. YpOBHH 

3TOH poTaUHOHHOH nonocu pa3pHXaIDTCH 20 nepexonaMH (H3 HHX 

14 o6HapyxeHo anepaue H nnH 4 H3 HHX onpeneneHa MynhTHnonh-
+ ·-HOCTh) Ha ypoBHH poTaUHOHH@X nonoc 3/2 [411] , 5/2 [532] , 

l/2+[411) + 1/2+{3/2+[411] + Q
221

} H l/2+[420]. 

3KcnepHMeHTanhH@e OTHOllieHHH npHaeneHHUX aepOHTHOCTeH 

El-nepexonoa, HnymHx Ha ypoBHH poTaUHOHHOH nonoc@ OCHOBHOro 

COCTOHHHH, 6nH3KH K a@qHcneHH@M no npaBHnaM AnarH (x2 =29), H 

cornacHe Mexny HHMH ynyqwaeTCH, Karna TeopeTHqecKHe oTHowe

HHH a@qHcnHeM no cpopMyne MHxaflnoaa (x2=3.l), cM.Ta6n.7. 

HecKonhKO xyxe COOTBeTCTBHe Mexny 

nnH OTHoweHHH B(E2) nnH nepexonoa, 

OHHOH nonocu 5/2-[532],cM. Ta6n. 

3KcnepHMeHTOM H TeopHeH 

HnymHx Ha ypoBHH poTaUH-

7. CpaBHHBaH 3KcnepHMeH-

TanhH@e H a@qHcneHH@e OTHOllieHHH B(El) nnH nepexonoa, CBH3@

aanmHx ypoaHH paccMaTpHaaeMo8 nonocu c ypoBHHMH nonoc@ 

l/2+[411] + l/2+{3/2+[4ll]+p221 }, MOXHO BHneTh, qTo nepexo-
2 · 2 

nH OT npaaHn AnarH (x =39) K cpopMyne MHxa8noaa (x =44) co-

rnacHe 3KcnepHMeHTanbH@X H a@qHcneHH@X OTHOllieHHH He y~yqwa

eTCH. npHaeneHH@e aepoHTHOCTH B(El) nnH 3THX nepexonoa MO

ryT 3aBHCeTh H oT aenHqHHU "noaopoTHoro" MaTpHqHoro 3neMeH

Ta. B npe~nonoxeHHH, qTQ npHMOH MaTpHqHI,tH sneMeHT paBeH Hyn10, 

cornacHe Mexny 3KcnepHMeHTanhHUMH H a@qHcneHH@MH OTHOllieHHH

MH B(El) HecKonhKO ynyqmaeTCH (x2 =12), CM. Ta6n.6. 

3KcnepHMeHTanhHO H3BeCTHO nHllih onHo OTHOllieHHe B(El) 

nnH nepexonoa,HnymHx Ha ypoaHH nonoc@ l/2+[420]. OHo 6nHxe 

K B@qHcneHHOMY B npennonoxeHHH, qTo rrpHMOH MaTpHqH@H 3ne-
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MeHT He paBeH HYDID H "noBOpOTHhlH" MaTpHqHhlH 3DeMeHT paBeH 

HYDID, qeM Karna npennonaraeM o6paTHDe Q2 ~o,Q1 =0, cM.Ta6n.6. 

POTaUHOHHaH nonoca 3/2-[541] 6una HaMH HneHTH~HUHpOBa

Ha BnepBhle. HaMH BBeneH BTOpOH B036YlKBeHHhlH ypoBeHb 3TOH 

nonocu c 3HeprHeH 1318.62 K3B H ycTaHOBDeHhl ero B03MOlKHh!e 
+ + + 

3HaqeHHH cnHHa H qeTHOCTH 3/2 I 5/2-' 7 /2 . .UDH roDOBHOro 

YPDBHH c 3HeprHeH 1275.507 K3B Mhl onpenenHDH, qTo B03MOlKHhl 
Tl - -I =3/2 , 5/2 . YpDBHH paccMaTpHBaeMDH nonoch! pa3pHlKaIDTCH 5 

nepexonaMH (H3 HHX TpH Mhl Ha6nIDnanH BnepBhle H BDH BBYX cne
nyIDmHx BnepBh!e onpeneneHa MYDbTHnODbHOCTb El) Ha ypoBHH 

poTaUHOHHOH noDOChl OCHOBHOro COCTOHHHH. OBHH nepexon 949.20 

K3B C MYDbTHnDDbHOCTbID Ml, KOTOphlH TaKlKe o6HapylKeH BnepBhle, 

HanpaBDHeTCH H3 YPDBHH 3/2-,3/2-[541] Ha ypoBeHb 5/2-, 

5/2-[532]. 3KcnepHMeHTaDbHhle 3HaqeHHH OTHOllieHHH npHBeneH

HhlX BepOHTHOCTeH B (El) El-nepexonoB xopomo cornacyIDTCH C 

BI,IqHcDeHHh!MH no npaBHDaM ADarH 3HaqeHHHMH (::1?=2. 9) , H eme 

6onee 6DH3KHe. 3HaqeHHH Bh!qHcDeHhl no ~OpMyDe MHXaHDOBa 

(:~?=o .12), cM. Ta6n'. 7. 

3aKDIDqeHHe 

cymecTBeHHh!M o6pa3oM·nononHeHa H yToqHeBa cxeMa pacna-
157 157 aa Dy ➔ Tb, CM. Bhlllie. BceM ypoBHHM, Ha6nIDaaeMh!M npH 

6eTa-pacnaae, npHnHcaHhl HHDbCCOHOBCKHe KBaHTOBhle qHcDa. 

AHaDH3 OTHOllieHHH npHBeaeHHhlX BepOHTHOCTeH noKa3aD, qTQ 

anH nepexoaoB Ml, HaymHX' MelKay YPDBHHMH poTaUHDHHh!X nonoc 
1/2+ [411) ➔ · 3/2+ [411], 1/2+ [420) ➔ 3/2+ [411) H 3/2+ [411] + 

+Q201➔ 3/2+[411], Ha6nIDaaeTcH xopomee cornacHe MelKay BhlqHc

neHHh!MH 3HaqeHHHMH no npaBHDaM AnarH H 3KcnepHMeHTaDbHhlMH 

3HaqeHHHMH. Xopomee cornacHe B(E2) c B(E2) HMeeTCH 
· . 3KCn. Bhlq. + 

anH nepexoaoB MelKay ypoBHHMH poTaUHOHHh!X IIODOC 3/2 [411] + 

+Q
201 

➔ 3/2+ [411], 1/2+ [420) ➔ 3/2+ [411) . nnoxoe cornacHe 

3THX 3HaqeHHH npDHBDHeTCH anH nepexoaoa, KOTOph!e CBH3h!BaIDT 

ypoBHH poTaUHOHHh!X nonoc l/2+[411) ➔ 3/2+[411]. cornacHH B 

3TOM cnyqae MOlKHO aocTHqb, npHHHMaH OTHDllieHHe "noBDpOTHOro" 
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MaTpHqHoro 3DeMeHTa K rrpHMDMY paBHh!M q 7 Q2/Ql = 2.50. 

3KcrrepHMeHTaDbHh!e OTHDllieHHH B(El) 6DH3KH K BhlqHcDeHHh!M 

ITO rrpaBHDaM ADarH anH rrepexoaoa MeJKay ypoBHHMH poTaUHOHHh!X 

IIODOC 1/2- [541) . ➔ 1/2+ [411), 1/2- [550] ➔ 3/2+ [411), 

1/2- [550] ➔ 1/2+ [420] H 3/2- [541] ➔ 3/2+ [411] B cnyqae, 

Koraa HMeeT MecTo xopomee cornacHe 3KcrrepHMeHTaDbHh!X H Bhl

qHcneHHh!X no rrpaBHDaM AnarH 3Ha~eHHH OTHOllieHHH rrpHBeneHHh!X 

aepoHTHocTeH anH El; M~ H E2-nepexoaoa, TD 3TO cornacHe eme 

6oDbllie ynyqmaeTCH, Koraa anH BhJqHcneHHH HCIIODb3yeM ~OpMyny 

MHXaHDOBa (x2 
yMeHblliaeTCH OT 3 ao 20 pa3). 

3HaqHTeDbHOe HeCOOTBeTCTBHe MeJKay 3KCIIepHMeHTOM H Te

DpHeH (rrpaaHna AnarH) HMeeTcH anH El-rrepexonoa MeJKay·cocTo

HHHeM 5/2-[532] H YPDBHHMH poTaUHOHHOH IIODOChl OCHOBHoro 

COCTOHHHH. A6CODIDTHh!e 3HaqeHHH B(El) nnH TaKHX MelKIIODOCHh!X 

nepexo~oB 6~nH paccqHTaH~ c Hcnonh30BaHHeM Hea~Ha6aTHqecKoH 

Bpa~aTenhHOH MO~enH H MO~enH B3aHMO~eHCTBHH KBa3HqacTHQ C ~0-

HOHaMH. nonyqeHo Herrnoxoe cornacHe MeJKny TeopHeH H 3KcrrepH

MeHTOM, Koraa o6e 3TH MoneDH rrpHMeHHIDTCH onHoBpeMeHHO. 

ABTDphl cqHTaIDT CBOHM IIpHHTHh!M nonroM Bh!pa3HTb rny6oKyID 

IIpH3HaTeDbHOCTb B.O.HecTepeHKO ~a ueHHhle 3aMeqaHHH H 

B.M.ropolKaHKHHY 3a BHHMaTeDbHOe 03HaKOMDeHHe C pa60TOH. 

23 



JIHTepaTypa 

1. H.AJlaM, 3.A.Canex, B.r.KanHHHHKOB, A.H.npHeMhlllieB, 

B.c.npoHCKHX, B.H.CTera8noB, ID.A.BaraHOB, n_qanoyH, 

H.¢paHa, M.E. IDnnarnea, npenpHHT 

2. R.G.Helmer, Nuclear Data Sheets vol.55, N 1,1988,71. 

3. L.Persson,H.Ryde,K.Olsner-Ryde,ArkivFysik24(1962),151. 

4. J.S.Boyno,J.R.Huizenga.Phys.Rev.C6(1972),1411. 

5. J.C.Tippett,D.G.Burke,Can.J.Phys.50(1972)3152. 

6. B.A.Alikov, C.N.Badalov, J.Wawryscuk, V.O.Nesterenko, 

A.V.Sushkov, Z.Phys. A331(1988)265 

7. E.A.AnHKOB, K.3y6ep, B.B.narnKeBHq 

H3B. AH CCCP (cep. ~H3.) 48(1984)875. 

8. B.n.A~aHaCbeB, H.H.rpoMOBa, H.A.Jie6eneB, B.A.Mop030B, 

T.M.MyMHHOB, X.¢yH, A.E.XanHKynoB, ¢.lli.XaMpaeB, 

npenpHHT JINR-P6-6426,ny6Ha 1972. 

9. E.c.n~enenoB, B.3BOnbCKaH, H.3BOnbCKHH. nporpaMMa H 

Te3HChl noKnanoa 12-ro e~eronHoro coaemaHHH no HnepHoH 

cneKTpOCKOilHH B-JleHHHrpane, H3Jl. AH CCCP, MOCKBa, 1962. 

10. E.c.n~enenoB, r.¢.npaHHUHHa, H.3B0RbCKHH. H3o6apHhle 

Hnpa c MaCCOBhIM qJicnoM A=l57, H3Jl. HayKa, MOCKBa

JieHHHrpaJl 1966. 

11. M.Rysavy, O.Dragoun, M.Vinduska, Czech.J.Phys. 

B27(1977)538, 

12. B.M.MHXaHnOB. H3B. AH CCCP(cep. ~H3.)30(1966) 1334. 

13. H.M.EaHJl, M.E.Tp~aCKOBCKaH, Ta6nHUhl K03~HUHeHTOB

BHyTpeHHeH KOHBepCHH raMMa-nyqe8 Ha K~ L•H M

o6onoqKax. 10 < Z < 104, AH CCCP, JieHHHrpaJlCKHH 

HHCTHTYT HJlepHOH ~H3HKH. 

14. O.Dragoun, M.Rysavy, J.Phys.G:Nucl. Part. Phys. 

18(1992)1991. 

PyKOIIHCb nocrymma B Hl/1.aTeJJbCKHii OT.II.en 

22 cjiespam1 1996 ro.11.a. 

24 

,;-

-, 

AzlaM. 11: H Jl() .. _ ':' - , . ::-· ' 

-CTpy~Tipa: Boi6y)l<JleHHbix coc~oi~HH -157Tb 
- . ' . _,,__ - /'. 

P6-96-61 

: -- c 
_ .. ' ':._\_ --

-

, · BnepBble fihlriH ycTaHOBnellbl K~aHTOBble . xapaKTepHCTHKH . • J /2+.[420]-\ 

i' / 2:-(541 h lf 2-[550]-H 3;2\541 ]-ypoBttett 15.7Tb ,· sCJ:16~aeMb1x'. n~_H 6;Ta-pa~~

mme 157Dy: ~K~nepHMeHTaJJhHbJe ~rnowe11m1 npHBegeHtlblX- 'sepm1~_11oci~H 'B(M} )-, . I ( 
:s(E2)~ H B(El)~\lepexonoB )la tore~ B. cpaBHeHHH c npaBHJillMttAnarn H c pac11eTru.m, 
-C)le.na!fHblMH no' q:mpMyiie _Mit~aHJIOBa. TToKa3aHO; ';ITO spa~Kax MHKpOCK0£1HtJeCKOH-. 
MO)leJIH; BKnlOlJrul K~a3H'laCTH'!Hq-¢011oi'i't1yto MOJleJlb (K<l>M) H 11ea6tta~aTH'leCKYIO 
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AdanlJ. efat 
: Structure of Exci~eg St~te~ of_ 1~7T~ < : , 

.The I/2+[420t 1/r[541], i/Z-[550]and 3/Z-[54Ifi;velshave been 

jde-ntifiea fir.stI./in b'eta 'de~ay ~f 157Dy.'--The experimentalni~io' of,redu~ed -
probability B(Ml).°B(E2) and B(E-f) transitions was ~orripared with Alaga rules and· 
with calculations made ti~ing Michailov•~ formlllae. It is showri inthe· fra-mework 
of micro~copic appro~ch, includrng_ the quasiparticle-pho11on ,model (QP~) and 

,non-adiabatic rotational model (NRM) th'at the'_behaviour of EI transition~ from 

·_5/2-(532] and ':3;2+[411] rofaticmal kvels ca~ be clesc-;ibecl only wli~'n brith ~PM 
+ NJ>M interactions:are t~ken into acc-ountsirilultaneously; - . · . ··. • >. , . · 

- ',i--.-1- ' ,' . •,,, . ---',,,' -

'' 'fhe investigation has' beeri performed at the Laboratory of Nuclear Problems; 
JINR... - . - , . . 
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