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1. Bee.nem1e 

Hcc~e.n;oBaHHIO CBOHCTB COCTOHHHH OTPHUaTe~bHOH 4eTHOCTH B 
.n;eqiopMHPOBaHHl:lX H.n;pax nocBHIJ(eHl:l pa60Thl · /1-10/. · Mo.n;e~H, 
OCHOBaHHhle Ha KOPHO~HCOBOM CMeillHBamrn OKTyno~bHl:lX no~oc, 61:l~H 
Hcno~b30BaHl:l KaK .n;~fl H.n;ep TpaHcypaHOBOM o6~aCTH /6,7/, Tai( H 
.n;~H pe.n;Ko3eMe~bHl:lX H,nep /8-10/. OHH y.n;a4HO 06'bHCHHIOT 
HeKoTopue Hea.n;Ha6aTwrnocTH, npoHB~HeMl:le B cneKTpe sHeprHA H B 

BepOHTHOCTHX .n;HnO~bHl:lX s~eKTPH4eCKHX nepexo.n;OB. Bl:lCOKHe 

SHeprHH B036y~.n;eHHfl H 6~H30CTb ro~OBHHX YPOBHett BpamaTe~bHHX 
no~oc OTPHUaTe~bHOtt 4eTHOCTH B pe.n;Ko3eMe~bHblX H.n;pax npHBO)l;flT 
K CH~bHOMY CMeillHBaHHIO COCTOHHHH M Hea.n;Ma6aTM4HOCTHM 

nepeXO,l\OB. 3TO yc~o~HHeT K~aCCMqJHKaUMIO YPOBHett no K- npoeKUMM 
yr~OBOro MOMeHTa Ha OCb CMMMeTPHH H.n;pa H .n;e~aeT aKTya~bHHMM 
TeopeTH4eCKHe HCC~e.n;oBaHHfl B STOH o6~acTH. 

B )l;aHHOH pa6oTe M3y4aJOTCfl CBOHCTBa 

OTPHUaTe~bHOM 4eTHOCTH B 156Gd. Bl:l4MC~fleTCfl 
onHCHBaIDTCfl OTHOmeHMfl BepOHTHOCTett E1- nepexo.n;oB. 
3Ha4eHHfl B(E1) M3 COCTOHHHtt OKTYnO~bHHX no~oc. 

2. CneKTP 3Hepruu OKTynonLHYX nonoc 

COCTOHHMtt 
SHeprirn M 

oueHHBaIDTCSI 

MaTPM4Hl:ltt s~eMeHT KOPMO~HCOBa cMeillHBaHMH HanttmeM B BH.n;e 
/6,9/ 

,., 
<IK+1IH IIK>=-w t(I)<K+1lj IK>-~(I,K) , (1) cor ro x 



v(I K)-[1- K(K+1)]!2 
'\. , - I( 1+1) • 

Bpall\aTeJibHYIO SHeprY110 OCTOBa onpe,H,eJIHeM, KaK B /10,11/, 
YICnOJib3YH napaMeTpY13aUY1!0 XappY1ca, YI YIH8PUYIOHHHe napaMeTpH 

OCTOBa Jo YI J1 onpe,lJ,8JIYIM, YICnOJib3YH SKcnepHM8HTaJibHYIO SHeprY110 
OCHOBHOH noJIOCH (CM./11/). 

PaCCMOTPHM KOPYIOJIYICOBO CM8lliY1BaHY1e COCTOHHYIH c KX=o-, 1-, 
rv1 3- OKTynOJibHHX noJIOC. B OTJIW-rne OT aBTOpOB /9/ C'-rnTaeM, 
4TO Bee nOJIOCH YIM810T 0,lJ,YIHaKOBHH MOM8HT YIH8PUYIYI. IlapaMeTpaMH 

MO,lJ,8JIH HBJIHIOTCH I'OJIOBHHe SHeprYIYI WK noJIOC YI MaTPYl4HHe 
8JI8M8HTH, onY1CHBal011\Y18 KOpYIOJIYICOBO CM8lliY1BaHY1e COCTOHHYIH 
<K+113 IK>. fOJIOBHYIO SHeprYIIO 3- noJIOCH ~YIKCYIPOBaJIYI, noJiaraH, X . 

4TO w3 =1.8 ~SB. MaTpH~HHe SJieMeHTH KOPHOJIHCOBa 
B3aYIMO,lJ,8HCTBYIH <1-ljxl2->, <2-ljxl3-> YI roJIOBHHe SHeprHYI w1, 
w2 KX=1-,2- noJIOC COOTB8TCTB8HHO no,H,6v1paJIY1Cb no MeTO,lJ,Y ~2 

Yl3 HaYIJiyqmero corJiaCYIH pacqeTHHX SHeprYIH C SKcnepYIM8HTOM ,lJ,JIH 

COCTOHHYIH C qeTHHMYI cnY1HaMY1 I. fOJIOBHaH SHeprYIH o- noJIOCH WO 

YI MaTpH4HHH SJI8M8HT <0- lj I 1-> no,H,6Y1paJIY1Cb TaKllte no ~2 J,13 
X 

Jiyqmero corJiaCYIH SHeprYIH ,lJ,JIH COCTOHHHH C H848THHMJ,1 I. 
IlOJIY48HHH8 3Ha4eHHH napaMeTpOB nepe4YICJI8HH B Ta6JIYIU8 1. 

BH411CJI8HHHe 3Ha4eHl1H SHeprHH Ha p11c.1 cpaBHHBaIOTCH C 

8Kcnepl1M8HTOM. Ha PHC.1 npe,H,cTaBJieHO TaKllte cpaBH8Hl1e 
TeopeTYl48CKYIX 3Ha48HHH SHepr11H OCHOBHOH noJIOCH C 
SKcnep11MeHTOM. 0TMeTl1M, 4TO Bpall\aTeJibHHe 8Hepr1111 STOH noJIOCH 

BH4YICJieHH no ~OPMYJI8 Xapp11ca C BHmeonpe,lJ,eJieHHHMYI 3Ha4eHYIHMl1 

Ta6JIHUa 1 

WO (1)1 w2 w3 
(MaB) (MaB) (MaB) (MaB) 

(j)o1 (j)12 (jx) 23 Jo 
h2/MaB 

J1 
h4/MsB3 

1.258 1.260 1.662 1.80 1. 681 1. 635 1.122 

IlapaMeTpH, YICnOJib30BaHHHe B pacqeTax 
Ilp11Meqatt11e: 

WK - I'OJIOBHHe SHeprHYI noJioc; 

31. 75 221.1 

(jx)K,K'- MaTpH4HHe SJieMeHTH KOPl10JIHCOBa B3aYIMO,H,eHCTBYIH; 
Jo• J1 - HHepuv10HHHe napaMeTPH OCTOBa 
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Jo H J1 (CM. Ta6~. 1) H CMeWHBaHHe OCHOBHOH no~OCH c APYrHMH 

COCTOHHHHMH no~O~HTe~I,HOH 4eTHOCTH He Y4HTHBaeTcH. KaK BHAHO 

H3 PHC. 1, ~OAe~I, Ka4eCTBeHHO onHCHBaeT SHeprHH KX=o-,1- H 2-
no~oc • .ll~H no~OCH 3- HMeeTCH HeKOTopoe pas~Hl!He. 3To,BepoHTHO, 

CBH3aHo C TeM, l!TO B HAPe 
156Gd SKcnepttMeHTa~bHO Ha6~10Aa~oc1 

HeCKO~bKO YPOBHeM C K'.)(=3-' HO B 6a3HCHHe COCTOHHHH 

raMH~bTOHHaHa HaMH BK~!Ol!eHa BCero OAHa no~oca c Kx=3-. 
B Ta6~11ue 2 npeACTaB~eHa CTPYKTypa COCTOHHHM K'.Jt=o-,1- H 2-

no~oc. HaK BHAHO H3 Ta6~HUH 2, H3-3a 6~H30CTH ro~OBHHX 

YPOBHeM o- H 1- no~oc nptt HH3KHX cnttHax HAeT CH~bHaH 

rn6pHAH3auirn COCTOHHHM STHX no~oc H C POCTOM I B COCTOHHHHX 
o- no~ocH yMeHhmaeTcH ljJ1- KOMnoHeHTa, a B 

WO - KOMnOHeHTa. B COCTOHHHHX o- H 1 
HB~HeTCH !J,2-KOMnoHeHTa, KOTOpaH pacTeT co 

COCTOHHHHX 1-nO~OCH -

TaK~e cymecTBeHHOM 

cnHHOM I. 

3. BepoHTHOCTH El- w E2- nepexo~OB 

11cc~eAyeM BepOHTHOCTH E1-nepeXOAOB H3 OKTyno~b-HHX 

COCTOHHHM Ha YPOBHH OCHOBHOH no~OCH. B paMKax MOAe~H A~H 

TaKHX nepeXOAOB HMeeM c~eAY10my10 ~OpMy~y: 

B(E1;I.K-- IfO )=l<O+IM(E1)0->l 2 x 
l. gr 

[ 
I IfO r;::-' I IfO ] 2 

ljJOK cI.0;10 - J 2 ·Z·ljJ1K cI.1;1-1 ' 
l. l. 

( 2) 

rAe 

Z=<O+IM(E1) l1->/<0+IM(E1) 10-> . 

3AeCb ljJ6K , ljJ7K- aMn~HTYAH CMellHBaHHH K'.Jt=0-,1- no~oc B 
COCTOHHHHX K- no~OCH. 

.ll~H OTHOlleHHH E1- nepeXOAOB HMeeM 

_ B(E1;IK -(I+1)0 r) _ 'W~K lli1 - Z W7Kil 
RIK- B(E1;IK--(I-1)0gr) - W~K .fr'+ z w7K lli1 r ( 3) 

B pa6orax /8,11,12/ SKcnepHMeHTa~bHO HCC~eAOBa~HCb TaKHe 

OTHOilleHHH E1-nepeXOAOB, HCnO~h3YH KOTOpHe MH onpeAe~H~H 

sMn11p114ecK11e aHaqellliR napaMerpa z. B ra6~11ue 3 npeAcTaB~eHH 
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8Mnttp11qecK11e 3HaqeHl1H Z(l) 11 BJ-:lq11cJieHHUe 3HaqeHl1H Ri~P- np11 

Z=0. 11, KOT0pue cpaBHttBaJOTCH c SKcnepttMeHTaJil>HUMH Ri~cn. 11 

BJ-:lqttcJieHHUMl1 R~K B a,l(11a6aT11qecKOM np116Jil1llCeH1111 ( npaBl1Jia 

AJiar11). 

B SKCnepttMeHTe no pacceHHl110 .- KBaHT0B Ha H,l(pax /13/ ,l(JIH 

HeCK0JibKHX ,lleipopMl1P0BaHHUX H,l(ep pe,l(K03eMeJibHOi1 o6JiaCTl1 6UJil1 

onpe,l(eJieHU 3HaqeH11H B(E1) 113 1- COCT0HHtti1. HcnoJib3YH 3HaqeHl1H 

B(E1;0gr ~11-)=(10.0±4.0)·10-3 e2-qtA2 ,l(JIH nepeXO,l(a C 8Hepr11ei1 

Ef =1. 243 MsB B 156Gd , no IP0PMY Jie ( 2) onpe,l(eJIHJll1Cb 3Ha qeHl1H 

napaMeTpoB <0+ IM( E1) I0-> tt <0+ IM( E1) 11->, K0Topue 0KasaJI11c1, 

paBHUMl1 <0+IM(E1) I0->= 12-10-2 e•<IM 11 <0+IM(E1)11->=1.3·10-2 

e. qJM. Ilptt 8T0M 6UJIO 11Cn0Jib30BaH0 BUmeyKasaHH0e 3HaqeHtte z. 
IiaKJI11H 11 .llP- /9/ ,l(JlH TaKl1X MaTpttqHl:lX 8JieMeHT0B ,l(aIOT 

<O+IM(E1) I0->=11·10-2 e•<IJM 

<0+IM(E1) 11->=0.82·10-2 e•<IM, 

~JIH 
158Gd B /14/ npttB0,l(HTCH 3HaqeH11H MaTpl14HUX 8JleMeHT0B 

<0+ IM( E1) I0->=10. 3 e • q:M, <0+ IM( E1) I 1->=0. 448 e • <IM- - Ilp11 

cpaBHemm MaTpttllHUX 8JleMeHT0B 156Gd 11 '158Gd M0lltH0 saMeTl1Tb, 

qTo M. 8. c l~K 1=1 c11J11Ho 0TJ111qa10TcH, B To BPeMH Kai\ M~ 8. c 

l~Kl=0 oKasuBaJOTCH 6Jitt3KttMtt. B pa6oTe /10/ nptt on11caH11tt 

OTH0DleHtti1 E1-nepeX0.ll0B .llJIH 164Er HaMtt 6UJI no,l(o6paH napaMeTp 

Z=0. 11( 2). 

Ha Pl1C. 2, 3 npe,l(CTaBJJeHll Buq11cJJeHHUe 3Ha4eHttH B( E1) l13 

1- tt 2- 0KTynoJJbHUX noJI0C ,l(JIH nepeX0.ll0B 1K-(l-1)0gr, 

IK-(1+1)0gr 11 IK-IOgr. KaK Bl1,l(H0 113 p11c.2,3,sHa\leHHH B(E1) 

,l(JJH nepexo,l(0B 11--(1±1)0gr HBJIHIOTCH cymecTBeHHUMl1. lJIH 

12--(1±1)0 nepeXO.ll0B OHl1 np11 Hl13K11X l OKa3aJil1CI, He60JJbDll1M11 gr 
11 C p0CT0M l YBeJIH\!11BalOTCH, TaK KaK lj,0- 11 lj,1- K0Mn0HeHTl:l B 

Kx=2- noJioce paCTYT co cn11H0M (CM. Ta6JJ. 2). 3Ha\leH11H B(E1) 

,l(JIH lK--10 nepexo,l(0B HBJIHIOTCH He3Ha\!11TeJibHUM11. 3T0 CBH3aHO gr 
c TeM, qTo E1- nepeXO.ll npol1CX0,l(l1T B 0CH0BH0M sa ClleT lj,0-

KOMn0HeHTl:l, K0TopaH B qeTHl:lX C0CT0HHl1HX i 1=1- tt 2- n0JI0C 

0TCYTCTBYeT. 

B paMKaX l1CnOJib3yeMoi1 M0,l(eJitt .llJIH npttBe,l(eHH0H Bep0HTH0CTl1 

E2-nepexo,l(OB Me:E.llY C0CT0HHl1HMl1 OTPttUaTeJibHOH \leTH0CTl1 ttMeeM 

CJ1e,l(Y10my10 topMyJiy: 
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no.nae c Rx= 2-

.8 

5 2 
B(E2;1Ki-(l-2)Kf) = Tbx Qo 2(41 2-1) 

3 
X 

x { w~Kiw~~: Jr(I-1)
1 

+ w~Kiw~~: J(I-2)(I+1)
1 

+ 

+ [ 
wr wr-2 L (I-1)2_4) (I2_4>' + 

Jr(I-1), 2Ki 2Kf • 

+ \J)I \J)I-2 J ( ( 1-1)2-9)( 12-9), ] 
3Ki 3Kf . 

2 

} ( 4) 

r~e Q -BHYTPeHHHM KBa~pyno.nbHHM MOMeHT, Q =6.76(3) 6 /15/. 
0 0 
B Ta6.n11ue 4 npHBeAeHH 3Ha4eHHH B(E2;1K--(l-2)K-), 

BHYHc.neHHHe no ~opMy.ne (4) AiH nepeXOAOB BHYTPH KX=o-,1- l1 2-
no.noe, KOTOpHe cpaBHHBa~TeH C aAHa6aTH4eCKl1Ml1 3Ha4eHHHMl1: 

BaA(E2·1K-(l-2)K)= 5 Q2 (cI-2K )2 (5) 
' 1bX O IK; 20 

KaK Bl1AHO 113 Ta6.nHUH, npl-1 Hl13Kl1X 3Ha4eHl1HX cmrna 0Hl1 
saMeTHO pacxo~HTCH l1 e yBe.n11YeH11eM l Bee 60.nee c6.n11za~TCH. 

l i 1=0-
Teoo. 

3 0.856 
5 1. 151 
7 1.302 
9 1.402 

11 1.466 
13 1. 508 
15 1. 538 

Ta6.n11ua 4 
IlpHBeAeHHHe BePOHTHOCTH E2-nepeXOAOB 

A.nH Kx=0-,1- 11 2- no.nae 

B(E2:1K-- l-2K-) e262 

Kx=1- Kx=2-

a.n11a6. Teon. a.n11a6. Teon. a.ntta6. 

1.170 0.916 0.780 - -
1.379 1. 281 1. 241 0.658 0.868 

1.470 1.407 1.400 1.075 1.200 

1_. 521 1.477 1.479 1.288 1.356 

1. 554 1.521 1.526 1.404 1.443 

1.577 1. 553 1. 557 1.472 1.497 

1.594 1. 575 1.579 1.516 1. 534 
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B 3aKJJID4eHHe MOJKHO OTMeTHTb, 4TO npoBe,n:eHHUH pac4eT 
no3BOJJHeT c,n:eJiaTb Ka4eCTBeHHUM aHaJJH3 COCTOHHHH OTPHUaTeJJbHOH 
4eTHOCTH 156Gd, onHCUBaH cneKTP 3HeprHM H o6tHCHHH OTKJIOHeHHH 
OTHOllleHHM npHBe,n:eHHUX BepoHTHOCTefi E1-nepexo,n:OB OT npaBHJJa 
AJJarH, 4TO , B CBOID 04epe,n:1 , yKa3UBaeT Ha B03MOlKHOCTb 
ocymecTBJJeHHH .n;HnOJJbHUX 3JJeKTpH4eCKHX nepexo,n:OB H3 YPOBHett 
Kx=2- noJJOCU Ha COCTOHHHH OCHOB~Ott POTaUHOHHOM noJJOCU. 

Eb!JJO 6bl HHTepeCHO npoBeCTH .n:onOJJHHTeJibHUe 3KCnepHMeH
TaJibHUe HCCJie,n:oBaHHH B(E1) ,JJ;JIH nepexo,n:OB H3 BpamaTeJibHUX 
ypoBHett KX=o-,1-,2- noJIOC H B(E2) ,JJ;JIH BHYTPHnOJIOCHUX 
nepexo,n:oB C ueJibID cpaBHeHHH HX C Bbl4HCJieHHUMH B .n:aHHOH pa6oTe 
3Ha4eHHHMH B(EA). 
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