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BaeaeuRe 

B aauuofi pa6oTe npeacTaaneHhi pesynhTaThi RSy'leHRH uyKnRllOB ueoaR

. Ma H npaseollHMa c A =138, cocTaBnHIOIUero 'laCTb nporpaMMhi Rccneaoaa

HHH caoficTB uefiTpouoae<iJHURTHhiX gaep c 'IHCl'lOM uefiTpouoa, 6nH3KRM K 

N =82. 

HaeHTR!lJRKaUHH RSoTona 188 Nd ( T J.-2 =5,2±.0, 1 qac
11 1

) abmonueua. ' 
/1 2 3/ ~ . 

B pe6oTax ' ' • Ob!110 noKasauo, 'ITO npR ero pacnaae aos6y>KaaeTCH · 
+ . 141 

COCTOHHHe C aHeprHeil 326 K9B ( J TT =1 ) • ll>K)':1lH8H H cJ>eccnep 

ll0ll01lHRTe1lbHO TpH B036y>KlleHHbiX COCTOHHRH C SHepriiHMH 193,6; 199,0 H 

540,5 KSB. 
/1 2 3/ 

B pa6oTax ' ' · 6bmH HSy'leHhi raMMa-ny'IH, aneKTpOHhi auyTpeuueil 

KOHBepcHn H nosHTpouuoe usnyqeuHe 
138

Pr 
/2 3/ 

( T J.-2 =1,50±.0,15 MHII, 

Q R+ =4437±.10 KaB ' ) H npeano>Keua cxeMa aos6y>Kll9HIIh1X 

llfii.;. " + + . + CtnYPOBHH787 ,1 (2 ) , 1473,8(0 ) u 1510 KaB (2 ) ). 

COCTOHIIHil 

YpoBIIH Hllpa 188 Ce aos6y>Kll8IOTCH TaK>Ke npu pacnaae 
138

'1'r ( T J,-2 = 
/5/ 

2,1 qac, Q ,g+=4800±.20 KSB ) • H£!H6onee nonllaH cxeMa pacnaaa 
/56/ 

npeano>Keua B pa6oTax ' 

CneayeT oTMeTHTh, 'ITO aocToaepuag nlle!ITH<IJHKBUHH nepexoaoa 

138 Nd + 138 Pr 6bma saTpya11eua, nocKonbKY ucnonbsoaaawuecg pauee 

3 



- /1 2 3 6/ 
B Ramen pa6oTe ' ' ' npenapaTbi collep*ann, KpoMe 138Nd (5,2 qac), 

TaK)Ke lf30TOfi 
139

Nd , HMeiOilllfii 6nH3KHii nepHOll nonypacnalla ( 5,5 qac). 

noll06HaSI ClfTyaUifSI cymeCTBOBana H npH HCCnellOBSHifll 
138

mPr H3-3a 
.137 ) 

npHcyTCTBHSI B npenapaTaX H30Tona Pr ( T ~ =1,3 qac • 11cnonb:-

30BaHne B HaCTOSIIllefi pa6oTe cenapHpOBaHHbiX no MaccaM lf30TOnOB HeOllHMa 

H npaaeollHMa no3Bonnno npeolloneTb oTMe'leHHhie TPYllHOCTH. 

I. YcnoBHSI aKcnepnMeHTa .: 

I130TOnbi• 
138 

Nd 
138@1 138m 

Pr H Pr nonyqanncb B peaKUHH rny6oKoro 

OTmenneHHSI 'Gd E P =660 MaB). MnmeHb Bee oM 2 r o6nyqanacb 2 qaca 

Ha BHyTpeHHeM ny'IKe CHHXpounKnoTpoaa 011.HI1. PellK03eMenbHhie aneMeHTbi -

- npOllYKTbl peaKUHH - 6bJnll BbilleneHbl XHMH'leCKH H 3aTeM pa3lleneHbl no 
171 

<iJpaKUHSIM XpOMaTOI'pa<lJH'leCKHM MeTOllOM • llnSI HCCnellOBaHHSI raMMa-H3-

ny'leHHSI npenapaTOB HeOllHMa H npa3eOllHMa 6bJnO BbinOnHeHO HX pa3lleneHHe 
/8/ . 

no MaccaM aa aneKTpoMai'HHTHOM Macc-cenapaTope • 11ay'leHne aneKTpo-

HOB BHyTpeHHeii: KOHBepCHH (8BK) H90llHMa H npa3eOllHMa. npOH3BOllHnOCb 

C HCTO'IHHKaMH H3 Hepa3lleneHHblX <iJpaKUHii. 

J13MepeHHSI cneKTpOB I'aMMa-nyqefi BbinOnHeHbl Ha cneKTpOMeTpe C 

'Ge(Li) -lleTeKTopoM. B pa6oTe ncnonq30Banncb llBa lleTeKTOpa KOaKcnanb-
3 . 

HOI'O THna C 06'beMaMH 10 H 30 CM H C pa3pelllaiOmeii: cnoco6HOCTblO. COOT-

. B9TCTBeHHo3,5 ll 5,5 K8B npH 8Hepi'HH raMMa-nyqefi E y "' 1 MaB. 8BK nc-

cnellOBanHCb Ha Mai'HHTHhlX 6eTa-cneKTpOMeTpaX C llBOii:HOii <iJoKyCHpOBKOfi 

ny'IKa aa yron rn/2 n 2TT.../2 c npn6opaoii: paapemaromeii: cnoco6HOCTbiO 

COOTBeTCTB9HHO 0,12% H 0,20%. J1CTO'IHifKif llnSI 6eTa-cneKTpOMeTpOB llpHI'O

TaBnHBanHCb aneKTpOnHTif'l9CKHM OCa)Kll9HHe~ aKTHBHOCTH Ha 30nOTYIO <!Jonbi'Y 

Tonmnaoii: ,5 MKM. 

4 

I 
I 
I 

2. PeaynbTaThi H3MepeHnii: 

PeaynbTaThi nccnellOBaHHSI raMMa-nyqeft H aneKTpOHOI 

138N 138m,g p 
KOHBepCHH d H . . r npellCTaBneHbl B Ta6n. 1 H 

1· H 2a,6 npnBelleHbi yqacTKH cneKTpoB raMMa-nyqeii: 
138 

N1 

0Tll9nbHbie KOHBepCHOHHbie nHHHH 
138

Nd H306pa*eHbi Ha 

30BaHH9 Macc-cenapHpOBaHHblX npenapaTOB ll03BOnHnO llOCT 
138 138 

¢nunpoBaTb pHil raMMa-nepeXOllOB Nd + Pr • Onpell 

aaeprnii: EK-EL nnn Ey-EK llano B03M0)KHOCTb yeT 

Hllpa, B KOTOpOM KOHBepTHPYIOT nepeXOllble npn HlleHTH<iJHKE 

peXOllOB 
138 

Pr Mbl npHHSinH BO BHHMSHHe TaK:lKe TOT <iJaK 

Mace 
138

Nd H 
188 ( 

Pr HeBennKa "' 1 MaB). nony'IE 

HHTeHCHBHOCTSIX raMMa-nyqefi H 8BK n03BOnHnH ycTaHOBHT 

BHyTpeHHeii: KOHBepcnn ( KBK) HeKOTOpbiX nepexollOB H onp 

HX MynbTHnOnbHOCTeii:. 

K pacnally 138 m Pr OTHeceHhi paaee Helf3BeCTHbie raJ 

635,7; 1238,9 H npellnono*HTenbHO 447,7 K8B, He o6aapy')l< 

XOllbl C HHTeHCifBHOCTblO 6onee 0,5% Ha pacnall B o6naCTH 

1,24-2,5 MaB. 

138 138 
3. C x eM a p a c n all a Nd -> Pr 

Ha OCHOBaHHH.llaHHbiX 06 8Hepi'HSIX, HHTeHCHBHOCTSIX 
138 

TSIX nepexollOB npellnaraeTCSI cxeMa pacnalla Nd (pnc. 

'leHHSI 8HeprHfi nepeXOllOB tt03BOnHnlf llOnonHHTenbHO BB9CT: 
- /3,4/ 

326,94 K8B, 6nH3KHH K paHee H3BeCTHOMY 325,76 K8B 

- 138 p 3aceneHHSI ypOBHeH r aneKTpOHHbiM 3aXBaTOM ycTaHO 

HHTeHCHBHOCTeii: I'aMMa-nepeXOllOBo J1HT9HCHBHOCTH I'aMMa

Ha pacnall 138 Nd ) onpelleneHhi na cp~~HeHHSI nx c HHTef. 

Ma-nepexolla 788,7 K8B (3,15% aa pacnall 
138 

Pr ). 3aa• 

138 138 . 
Mace Nd H Pr npHHSITO paBHbiM 1133 K8B no ne 



Me 
138

Nd (5,2 'lac), 

~onypacnana (5,5 'lac). 

HH' 
138

m Pr H3-3a 

=1,3. 'lac). l1cnonh-

ccaM nsoTonon HeonnMa 

•YJlHOCTH, 

!Ch n peaKUHH ~ny60KO~O 

2 r o6ny'lanach 2 'laca 

K03eMenhHbie aneMeHThi -

saTeM pasneneHhi no 

cnenonaHHSI ~aMMa-ns-

InonHeno nx pasneneane 
3/ 

• l1sy'leHne aneKTpo-

)JlHMa nponsnonnnoch 

Ha cneKTpOMeTpe C 

a neTeKTOpa KOaKCHanh

leH cnoco6HOCThiO. COOT- . 

. E }' ... 1 Man, 8BK nc

lnoiiaoii liJoKycnponKoii 

~a10meii cnoco6aocThiO 

t-cneKTpOMeTpon npH~O

IOCTH Ha sonoTyiO 4Jonh~y 

2. PesynhTaTbi nsMepeHnii 

PesynhTaThi uccnenonannSI ~aMMa-ny'leii n aneKTponon nnyTpenneii 

138Nd 138m,g p 6 1 2 H KOHnepCHH H r npencTanneHbl n Ta n, H • a pHCyHKaX 

2 _ 138Nd n 138g Pr • 1 n a,6 npuneneHhi y'laCTKH cneKTpon ~aMMa-ny'leH 

OTnenhHbie KonnepcnoHHbie nnann 
138

Nd nso6pa1KeHhi aa puc. 3. l1cnonh-

sonaHne Macc-cenapnponaHHhiX npenapaTon nosnonnno nocTonepHo nneHTH-

138 Nd + 1a8 Pr O 4JnuuponaTh pSIJl ~aMMa-nepexonon • npenenenne pasaocTH 

nano B03MOIKHOCTh ycTaH<:lnnTh sapSIJl 

SIJlpa, n KOTOpOM KOHnepTHpyiOT nepeXOJlbi, fipn HJleHTHiiJiiKaUHH ~aMMa-ne

pexonon 138 Pr Mbl npHHSinH no nHHMaHne TaK/Ke TOT liJaKT, 'ITO pa3HOCTh 

Mace 138 
Nd H 

13 8 Pr HenennKa ( .. 1 Man). rr ony'leHI'!ble naHHbie o6 

HHTeHCHnHOCTSIX ~aMMa-ny'leH H 8BK nosnonnnn ycTaHOnHTh KOaliJ!lJnuneHTbl 

nHyTpenneii Konnepcnn (KBK) HeKoTophiX nepexonon n onpenennTh Tun 

HX MynhTHnOnbHOCTeii. .. 
K pacnany 138

m Pr oTneceHhi panee HensnecTHhie ~aMMa-nepeXOJlhi 

635,7; 1238,9 n npennonoJKnTenhHO 447,7 Kan. He o6napy1KeHbi ~aMMa-nepe-

XOJlbl C HHTeHCHnHOCThiO 6onee 0,5% Ha pacnan n o6naCTH aHep~HH 

I ,24-2,5 Man, 

3, CxeMa pacnana 
138 

Nd ... 
138 

Pr 

E = y 

Ha OCHOnaHHH. Jl8HHbiX 06 anep~HSIX, HHTeHCHnHOCTSIX H MynhTHnOnhHOC-
138 

TSIX nepexonon npenna~aeTCSI cxeMa pacnana Nd (puc. 4). To'IHbie sua-

'leHHSI aHep~nii nepexonoB nosnonnnn nononHnTenhHO nnecTn ypoBeHh 

326,94 KaB, 6nn3KHH K paHee nsBecTHOMY 325,76 KaB
13

•
41

• BepoSITHOCTH 

saceneanSI ypoBneii 
138 Pr aneKTpoHHhiM saxB~TOM ycTaHonneHhi us 6anaHca 

HHTeHCHnHOCTeii ~aMMa-rrepeXOJlOB, l1HTeHCHBHOCTH ~aMMa-';lepeXOJlOB ( B % 

aa pacnan 138 
Nd ) onpeneneHbi us cp~~HeHHSI nx c nHTeHCHBHOCThiO ~aM-

Ma-nepexona 788,7 KaB (3,15% Ha pacnan 
138 Pr ). 3Ha'leHne pasaocTH 

Mace 
138 

Nd n 
138 Pr npnHSITO panHhiM 1133 KaB no flenu

191
• 

5 



i 
I 

l 

Bos6y*t:leHHbiM cocTOSIHIHIM 
138 

Pr rrpnrrncaHbi KBai{TOBbie xapaKTe-

pHCTHKll Ha OCHOBilHHH MynhTHIIOnhHOCTeH raMMa-rrepeXO}:IOB ll BenuqnH 

138 1T + 
logft cooraercrayiOIIIHX 6era-rrepexo.noa Nd ( J =0 }, 

n - 138 p 
nSI nHreprrperaunn ypoBHen r 

MO}:Ienu o6onoqeK, 0CHOBHOMY COCTOSIHHIO 

BOCIIOnhsyeMCSI IIpe}:ICTaBneHHS!Mll 

138 Pr (1 +) cooraercrayer 
59 79 

KOHljlnrypaUIISI p( d 5 j 2 ) n(d 3 ; 2 ) • llpu raKoR·KoHljlurypaunn era-

HOBSITCSI IIOHSITHblMII ·aepOS!THOCTH 6eTa-nepeXOJlOB MeMJlY OCHOBHb!Mll COCTOSI-

138 138 138 138 ; ) 
1111 SIMH Nd -> Pr u Pr -> Ce ( rrpeapameHne p ( d ·5 1 2 -> 

->n (tl3/2) ). 

B - 138 p 
cxeMe ypoanen r HMeiOTCSI eme JlBa COCTO~HHSI C KB8HT0Bb!MH 

xapaKrepncTHKaMu J "= I+ • OnHaKo He npencraanSiercg B03MOX<HbiM a paMKax 

1\IOAenu o6onoqeK CKOHcrpyupoaarh nayxqacruqnyiO KOHljlnrypauui0 1 c rro

MOlllhiO KOTOpofi HHTeprrpeTHpOBanUCh 6w HMeiOIIIHeCSI·JlBa "aHOM8nhHhlX" 

COCTOHHHSI C J" "' I+, 

Ypoauu 
138 Pr c orpuuarenhHoR qerHOCThlO raKMe HeB03MOMHO orru-

caTh B paMK8X t:IByxqacrnqHOH MOAenn. numb OJlHO COCTOHHUe C J 1T = 2-

MQ)KI!O OTOMJleCTBUTh C KOHljlurypauuefi p ( g T /
2

) 1 D ( h 
1 1

; 2 ) o KOTOpym, 

no-BHAHMOMy, cnenyer npnnucarh yponHm 194,2 KSB. CxeMa yponHeR Meuep 

He II03BOn5IeT KOHCTpyupOBilHIJe AByxqacTI-!'IHblX COCTOmiHii C J 1T =I- • 

4, Pacnan 
13811

Pr-> 
138

Ce 

Ha OCHOB8HHU SHepreruqecKHX COOTHOIIleHIIH If 6anaHC8 HHTeHCUBHOCTeR 
. . . + + 

raMMa-rrepeXOJlOB BBeAeHbl JlOIIOnHUTenbi!O ypOBHII, C SHeprHHMU 2236,8(1 ,2 } 1 

+ + + + 
2906 13(1 , 2 }, 3028 12 (1 , 2 ) n npenrronoMurenhHO 2470,4 KSB (puc. 5). 

J1X KB811TOBbie XapaKTepiiCTIIKH rrpet:~nOlKeHbl Ha OCHOB8HII,II aepOHTHOCTeli 

6era-nepexonoa 
138 Pr (1+) • Hawn naHHbie nbnraepMAilJOT cymecraoaatme 

' + /3/ 
ypOBHSI 1510,9 KSB (2 ) ll yroqHSIJOT IIHTeHCIIBHOCTII raMMil-IIepeXOJlOB, 

/4/ 
KOTOpbiMII on Bbicaequaaercn. ilMynnau H .«Peccnep 

ero CyllleCTBOB8HHe. ll 0-BUJll!MOMy 1 TOT Me ypoBeHh 

. 6 

TOKlKe IIOATBepMt:I8!0T 

(E =1,51 Msa) 

/10 11/ 8 
aos6yM.nancg B peaKUHSIX 

1 
• YpoBHH 13 Ce c sHe 

+ /12/ /11/ 
,H 2046 KSB (2 ·} (nnll 2058 KSB } , KOTOpbie BBen 

Hllll H3yqeH!Hl peaKUHH 
139 ·La ( p, 2 n) 

MH o pacnane .t
38 Pr ( 1 + ) • 

1 He ~OATBepMAa: 

p 8CCMOTpeHue HIIMHUX B036yMJleHHb!X COCTOHHIIH 

• 6 /2 13,13/ B 
UHOHHOH MO,llenn BbiiiOnHeHO B pa OT8X , qaCTHI 

B(Eo,o+'_, o+) 
npeACK83biBaer nnn napaMerpa X = -------g- y 

B(E2, o+'_, 2:) 
3HaqeHHe "'0,04-0,06, . Y!s HalllHX pesynhraroa cnenye1 

t.,OI04. 

138!IIn 138 
5, CxeMa pacnat:~a rr-> Cc 

llpennaraeMa£ HBMH cxeMa pacnana usoMepHoro cc 

T ~ =2,1 qac} npnneneHa Ha· puc, 5, B cxeMe pa3M( 

BeCTHbie raMMa-nepeXO.llbl 635,7 II 1238,9 KSB. Pa3Meme 

835,7 KSB IIOJlTBeplKJl8eT CyllleCTBOB8Hile ypOBIIH 2764,8 
/14/ . -

B H8 OCHOB8Hllll Ha6nJO,lleHH SI COBII8JleiiHU ( y 389 )( y 54 
/8/ . 

He IIOATBeplKJl8eTCSI ypoBeHh 2371,8 KSB , 

Bos6yMAeHHbiM cocrommnM 
138 Ce c sHeprnnMu 221 

Mbl IIpiiiiiiCbiBOeM KB8HTOBJ.Ie XapaKTepUCTIIKII J 1T =5- ll . 

IICXO}:ISI H3 MynhTIIIIOnhHOCTeH PBMMa-rrepeXOJlOB II Benuql 

XOJlOB H3 
138 Pr (8-) 

CucreMaTuKa caoucra qerHo-qerHbiX nnep c N =E 

T01 qro COCTOSIHHSI C BbiCOKIIMll CIIIIH8Mll cnenyeT paCCMt 

neKTUBHbie Hnu llBYXHeiiTpOHHbie, 

YpoaeHh 2129 12 KSB (7-) no. nayxqac.rnqnoR MO~ 

HUM COCTOSIHUeM MynbTHIInera n
1
(d

3
;

2 
)-

1
, n

2
(h

11
;

2
)-l 

+ /5/ 
1828,5 K 8 B ( 4 } B pa6oTe paCCMa TpUBaeTCH KaK ABY 

cocroP.HHe Konljlnrypaunu n 1(d aji )-
1

1 n
2
(g 

7
;

2 
)-.I. Be 

7 



C8Hbl KB8HT0Bbl9 XapaKTe-

.-nepeXOllOB H BenH'IHH 

( j TT =0+), 

mb3yeMCSI npeJlCTaBneHHSIMH 

r (1 +) . COOTBSTCTByeT 
79,, 

T8KOH'KOH~HrypaUHH CTa-

B MSIKllY OCHOD!Ib!MH COCTOSI-

( npeapameHue p ( d '6 12 ) ... 

JlBa COCT05\IIHSI C KB81ITOBb!MH 

lnSISTCSI B03MOIKHbiM B paMKaX 

'ID KOH~HrypaUHID1 C no-

mecSI ~naa "aHoManbHbiX" 

riD TBKIKS 119D03MOIKIIO OnH-

HO. COCT05111H9 C J 17 = 2-

1 n ( h 
1112 

) 1 KOTOpyi0 1 

K3B. CxeMa ypoo11eil Meilep 

:ocTo5lunil c J 17 = 1- , 

1 H 6ananca HIITSIICHDIIOCTeft 

+' + 
n, c. aneprnHMII 2238,8( 1 ,2 ) , 

~nhHO 2470,4 K9D (p!IC, 5), 

lCHOD8HI!ll BOpOHTHOCTOil 
l 

sepli(JlBIOT cymecTo.oaanne 

·, \ 

DIIOCTH raMMa7 nepOXOJlOB 1 

141 
ep 'I'BK)KO nO)lTD9piKJlaiOT 

(E =1,51 Man) 

/1011/ + 
aoa6yJKJlancg B peaKuuHX ' , YpoBHu 

138 Ce c aueprnHMH 1545 (2 ) 

''ll 2046 ·K~B (2+)/121
(unll 2058 K~a1111 ), C "' "' KOTOpbte aaen aKaH Ha ocnoria-

HllH H3Y'I9HHSI peaKUHH 
139·La(p,2n) 

MH o pacna]le 
138 Pr ( l + ) , 

1 He ':'0JlTB9p1KJl8IOTCSI 118IllllMH Jl8llll,bl-

PacCMOTpeHHe HHIKHHX B036yJKJl9HHbiX COCTOHHHH 
138 Ce no Bll6pa-

• 6 /2,3,13/ 
UHOHHOH MOJlenu BbtnOnHeHO B pa OT8X , B 'I8CTHOCTII 1 TBK8SI MOJlenb 

X __ B(Eo,o+',. o!_> 
npeJlCKa3biBaeT JlnH napaMeTpa y HJlep Jla·unoil o6nacTn 

B ( E2 , 0 +' ... 2 : ) 

"'0,04-0,08,. 113 nalllux peaynbTaTOB cneJlyeT X =0,28+ 
3KCn -

3Ha'Ienue 

t_0,04. 

5, CxeMa pacnaJla 
138 "Pr ... 138

Ce 

138 
npeJlnaraeMaSI H8Mll cxeMa pacrra]la H30Mepnoro COCT05ll!IIH Pr 

Tv =2,1 'lac) rrpuoene11a Ha puc, 5, B cxeMe pa3MOillOIIhi pauee uen3-
/2 • 

aecT.Hhte raMMa-nepexoJlbi 835,7 u 1238,9 K3D, Pa3~temenne rrepexoJla. 

835,7 K3B nOJlTB9p1KJlaeT CYlll9CTBOB8lllle ypOBIISI 2764,8 K3B 1 DDOllOIIHOrO 
1141 ~ 

a aa ocaoaaauu Ha6niDJlennH coarraJleHni't (y 389)(y 546) • TeM caMbiM 

/8/ 
lie QOJlTBep1KJl89TCH ypODOllb 2371,8 K3B , 

Bo36yJKJleHHhiM cocToHHHHM 
138 Ce c snepru HMII 2217,4 u 2784,8 K3B 

Mbl llpiiiiJIChiDaeM KBaHTOilhie XapaKTepi!CTHKII J 17 =5- ll .7- COOTBOTCTBOHH0
1 

ncxoJlSI 113 MynbTunonbHOCTeil raMMa-nepeXOJlOB 11 oemt'Inn log ft 6eTa-nepe-

XOJlOB H3 
13 8 Pr ( 8-) 

CncTeMaTHKa caoilCTB 'I~THO-'I~Tnhlx Hllep c N =80 yKa3btBaeT Ha 

TO, 'ITO COCTOHHHSI C BbiCOKHMH CIIHli8Mll cnenyeT paCCMaTpHB8Tb K8K KOn

neKTHBHhie unu JlByxneilTpOHHbte, 

YpoaeHb 2129,2 K9B (7-) ITO. JlBYX'IaC.TH'IIIOH MOJlenu ~IBnHeTCSI HHIK

HIIM cocTOHHHeM MynbTHrrneTa n ( d 312 )- 1 
, n (h I )- 1 , Co c To H H u~e 

+ 151 I 2 11 2 , 

1828,5 K 3 B ( 4 ) B pa6oTe paCCM8TpHB89TCSI KaK JlBYXKB83HH9HTpOHHOe 

COCT05JHH9 KOH~HrypaUHH n I (d 312 )-I , n 
2
(g 712 )-.I , BepOSITilOCTb E'3 -ne-

7 



pexoAa 302,7 K:3B Me:lKAY :3TIIMll ypOBHHMII 1 6nii3Kasi K OAHO'l8CTII'IHOll1 llOA

TBep~AaeT !IX npupOAY· 

YpoaeHb 2217,4 K:3B (5-), B03MO~H0 1 HBnHeTCSl HII~HIIM COCTOHH!IeM 

MynhTIInnera n> (h I )- 1
, n 

2
(s 

1
;

2 
)+

1
,. 0AHaKo aenh3H nonHOCTblO IICKnl0-

'1 11 2 . 
' ( ,-1 ) 1 

'IUTb BKnaA B :31'0 COCTOHHlle KOH!lJIIrypaUIIII n 1 h 11/z t n 2 ( d 3 ; 2 - • 

BepoHTHOCTb 6era-nepexoAa (log ft = 5,6) Ha ypoaeHh 2129,1 K:3B (7-) 

nosaonHeT AOCTOBepHO ycTaHOBIITb KBaHTOBhle XapaKTepllCTIIKll II30MepHOI'O 

TT - (d ) ( ) /15/ • 
COCTOHHIISl J =8 P a/2. • n h 11/2 • 

B 3aKn10tteHIIe MO~HO C)lenaTb HeKOTOpbie BbiBOJlbl 0 CB0llCTB8X II3Y

'18Blli!IXC5l B pa6oTe HAep. 
' 138 

B ae<Ierao-He'leTHOM stApe Pr IIAeHTII¢1IUIIPOBaHO HeCKOnbKO coc-

TOHH!Ill
1 

KOTOpbie OAH03H8'IHO Oll!IChiBalOTCSl B paMK8X MO)len!I o6ono'leK K8K 

ABYXKB83!I'l8CTII'IHbie. 0AH8KO HY~HO OTMeT!ITb, 'ITO pstA, COCTOHH!Ill C 
+ . 

J ,rr =1 II HeKOTOpbie COCTOHHIIH C OTp!IU8TenhHOll, 'leTHOCTblO He npeACTaB-

nHeTCSl B03MO~HbiM Oll!ICaTb B paMKilX yKa3aHHOll MO)len!Io 

YpoaHn ,, , 138 Ce a o6nacrn aaepriifi, aos6y~AeHIIH E ·> 2 ,M:3B 

MO~HO !IHTepnpeTHpOB8Tb KaK ABYXKB83IIHefiTpOHHbie COCTOHHHH. H II~HHe 

ypoBHII 138 Ce yAo6Ho paccMarpnaaTh KaK IIMeromiie an6paUHOHHY10 npii-

poAy. HecKOnbKO He06bi'IHbiM C TaKOll TO'IKII speHII'st OKa3biB8eTC5l aenH'IIIHa 

napaMerpa X= B (E 0 ) AnH ypoaHH J rr =0 + 
1

• 
B(E2) 

YKasaHHbie !lJaKThi npeAcraanstlOT onpeAeneHHbifi IIHTepec H rpe6yror reope-

TU'leCKOI'O paCCMOTpeHIISlo 

Aarophi Bhipa)!(alOT 6naroJlapHOCTh B. EoHoaofi: sa noMOllih npii o6pa-

6oTKe :3KCllepHMeHT8nbHblX pesynbTaTOB, 

8 
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OpiiMettaHIIe npH Kopp~KTYpe: HaMH npoaegeHo H3y'leHHe T'aMMa-raMMa
. 138 coanageHuii npH pacnage gPr • Ha6moganHCb coanageHHH (y 688) ( y 789 ) 

(y789)(y688) , (y789)(y723) , (y789)(yl551) u (yl55l)(y789) • PeaynbT8Thi 
138 

H3MepeHni1 nogTaep*llD.10T r:pennmKeHHYIO cxeMy ypoeHeii · Ce • 

10 

i 
I 

. L,\ 
•, '(' \ 
\l 

Ta6nuua 1 
t 38- . I 

raMMa-nepeXOllbl Nd H H8XOJlSIIUei'OCSI c IIIIM B pc 

ElR3B 

126,14±.0,05 a) 

341 ,65±.0 ,05 a) 

541,0±.0,3 

581 ,6±.0 ,5 B) 

688 2+0 I a) 
' - t 

722,7±_0,5 

(756 ,3±.0 ,5 )B) 

788 7+0 I a) ' - ' 
1248±.1 

1429 ,5±.0 ,5 

1432 ,6±_0 ,5 

1447,3±_0,3 

1476,9+0,28 ) 

! 

Jf,.OTH 

5,5±.0,6 

- 3 ,8±.0,9 

6 ,5±.1 ,3 
I 

138 Pr (1,5 MUll) 

. J e:.:, · OTH 

K 740±_90 
Lr 98±_20 
M 28±.10 

K 1255±.185 

L,I 142±.35 

K 4tJO:t,50 

l{ %4±.100 

K 210±.,30 

K 390±.50 

K 1600±.IIO 
L, 208t_32 

K 190±.20 

K 18±_8 

cit 3KCn •. 

0,40±_0,] 

0,50±.0,: 

0 ,095±.0 1 1 

· 0 082+0 I 
. ' - ' 
I 0,069±.0,1 

(1,23.10 

0,0:50±.0 t 

O,I2±.0,p 

(8 ,4+.4 ,2 

_I3_8p.:::..:,.-~·~(1_Q_ ._MR_H_l_,.._I_3_8_Ce_ 

0,65t_O,l5 

34,2;t2,7 

2,7±.0,7 

~0,9 

"'100 

~1,4 

2,2t0,4 

2,0±_0,4 

4 ,5±_0, 7 

<0,5 I .· 

52±.5 

K =100 

K ~5 

K 65 

K~ 5 

K 300+2ozt) 

1..+ M 6It..9 ~) 
11 

(4 ,5t_0,8) 

(4,3t_0,7) 

2,97(-3 

>1,81 



Lre studies~ ViEmna,1969,p.57. 

)I1HI1, 8-4388, .lly5aa, 1989. 

a. _J. Phys.S?c• of Japan. 

y6aa, 1988. 

laTeJihCKHfi ornen 

rona. 

i3y'leHHe raMM8-I'8MM8-

CO~II8lleHHSI (y 688 )( y 789 ) 

y 1551)( y 789 ) • PeaynhT8Thl 
. 138 

ypoBHefi Ce 

,~r 
~ ' 

U. 
"""' 

E(KSB 

I26,I4:t.0,05 a) 

132, 73±.0,05 a) 

194,2I:t.O,U5 a) 

I99,50:t.0,05 a) 

2I4 113±.U ,06 a) 

2I5,3I:t.0,06 a) 

325 '76±.0 ,05 
a) 

341 ,65±.0 ,05 a) 

54I ,0±.0,3 

581 16±.0 ,5 B) 

688 2+0 I a) ' - ' 
722,7±.0,5 

(756 1 3±.0 15)B) 

788,7±.0,1 a) 

1248±.1 

1429,5±.0,5 

1432,6:t.0,5 

1447,3±.0,3 

14 76 ,9±.0 ,2a) 

Ta6nnua 1 

faMMa-nepeXOilhi ta8 Nd H H8X0Jl.SI1Ue["'OCH C HHM D pODIIODOCHH. 

138 Pr (1,5 Ml!H) 

Jf,OTH J e- ~:men. 
Tli!II 

OTit MYJl:&THIIOJI:&-
' HOCT!il 

5,5±.0,6 K 740±,90 0,40±.0,10 El+ ~ 9;bM2 
Lr 98±.20 
M 28±,10 

7 ,4±.0,8. K 1255±.185 0 ,50±,0,14 ': M1-,B2,i,ll+E2 

Lz 142±.35 

15,0±.2,0 K 4tlO;t50 0,095±.0,025 El+ (. 9'}bM2 

.35 ,0±.4 ,o l:{ %4±.100 0,0!:32±.0,020 El+ ~ 81oM2 

{ 11,0 ±:2.,0 
K 210±,30 I 0 ,069±.0 ,013 EI+ ~ 1o;~M2 

K 390±,50 (1,23.10""I)Ci) (Ml,E2) Ci) 

158±.16 K I600:t.IIO 0 ,0)0±,0 ,006 E2+ ~ 50%MI 
L 208:t.32 

. 3 ,8±.0,9 K 190±.20 0 ,12±.0,06 M2+~ 35;bu 

6 ,5±.1 ,3 K 18:t.8 l8 ,4+4 ,2)Io-3 ' E2,r:U 
i 

I3Bp,.. (I 5 MldH~ -. 138ce ·-'"-·- ·----
0,65:t.0,15 

34,2t.2,7 

2,7±.0,7 

~0,9 

=100 

~1 ,4 

2,2t0,4 

2,0±.0,4 

4 ,5±.0 '7 

I 
< 0,5 

52:t.5 

K =100 

K~5 

K ~5 

K~5 

K 300+2~) 
!..+ M 6It9 ]:() 

11 

(4 ,S:t.O,B)I0-3 

(4,3:t.0,7)I0-3r) 

2,97(-3) 

>I ,BI 

E2 

E2 

EO 



i 

~ j 
' I 
I 

' ! 

15!0,5+.0,3 

1551,4±.0,4 

(1806,0±.1,5) 

1894,5±.1 ,5 

2II5,3t0, 7 

2236,8±1 ,o 
2470,4±.1,0 ' 

(2644,2±_0,5) 

4,6±.0,7 

16,5±.1 '7 

~1,2 

2,55±.0,65 

2,35±.0,70 

4,0±_0,6 

2,4±_0 ,4 

~0,5 

i 5 ,3±.1 ,6 

~1~1.10-3 r) · E2,MI(E3) 

(9,5t_3,8)Io-4 i E2,M1(E3) 
! 

J' ! ! 

a) 8HeprHH nepexo,ztoB onpe,zteJJeHbl no SBK c !llcnon:caoBaHHeM B KatleCTBe 

BHYTpeHHHX penepoB 1{-JIHHHti nepexo~OB 165 g~±.O ,03 KSB 139ce, 

145 ,4.)±_0,02 K3B 
141 Nd..' 708,1±.0,1 KSB I3 Nd, 788, 7±.0,1 KSB 138p,., 

H 1903 ,15±_0 ,30 KSB 140Pr- • 

Ci) llp111 onpe~eJieHHH ~2.1~,1} npe,Itnonaranoc:c HCXO){SI n:a cxeMH pacna){a, tiTO. 

nepexo){ 215,31 K3B THna M1 HJIH E2. 

B) He HCKJIIOtleHo, 'liTO yKaaaHHble nepexo,Itbl npHHa,ItJieJKaT 138NcL 
r) KoscfxiJHIUfeHT d-KISfO onpe,zteJieH 1113 .ztaHHhiX OC5 JeK (722) t JeK.(1510) t 

oLJt722=(4,3±.0, 7) .I0-3 /II/ H HaWHX ,1t8HHbiX OC5 HHTeHCHBHOCTHX COOT

BCTCTBYIOll(li!X raMMa-Jiy'lleft • 

.&) B pac5oTe /
3
/ Dplll OC5paOOTKe 3KCnepiiiMCHT8J1l>HllX pesyJII>T8TOB BKp8JI8Cl> 

OWIIIOKa, 'liTO npiiiBCJIO K 38HH~eHHOMy 3H8'1leHJ/110 HHTCHCIIIBHOCTH EO-nepeXO,lta. 

12 

Ta6nHua 2 
138 ' faMMa!.ny'IH Pr ( T ~ =2,1 qac) 

E~ rreB 

302,7±.0,1 

390,9±.0,1 

(447,7±.1,0) 

5ll ,o <p:) 
547 ,5±.0,1 

635, 7±.0,1 

788 7+0 1+> 
t - ' 

1037 B+O 1+) 
t - ' 

1090,3 o) 

jl OTH;' 

85±.10 

5 ,8±.0 ,6 

0 ,8f.O ,2 

30±.6 a) 

4,bt.0,5 

2 ,3±.0 ,3 

=. 100 

100±.6 

1238,9±.1,3 l 1,1±.0,2 

1340,4 Ci) 

1826,5 C5) 

j~ OTH. I ~·.::men. 

siOOO 1,23.10-1 

I 2,8±.0,6 • (.4,3±.1,5).10-3 

I 

4 ,5±.0 ,9 co ,9±.0,3 J .1o-3 

I ,1±.0 ,5 (4,8£2,4).10-3 

.56±.7 (3 ,6±.0 t 7) .lo-3 

My: 

i 

I -
I 

I r'· 
E 

E 

a) 3HaqeHHe J6t- ycTaHOBJICHO llO HHTCHCHBI!OCTH-IIHit8 aHI!!! 

o)I1111K CYMMHpOB8Hl1H HaXO,lVlll(li!XCH B K3CK3,ne 1'3MMa-nepcXOAC 

+)3HaqeHHH SHeprHii B3flTbl H3 pa60Tbl /
4/. 
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C,I.I0-3 r) · E2,MI(E3) 

,5fP,8)Io-4 E2,MI(E3) 

I 
! ' 

HnSOBSHHeM B KatieCTBe 

~+0,03 KSB 139ce, 
NJ, 788, ?±.0 ,I KSB I38pl" 

.ztSI Ra cxeuu pacna.zta, .. qro 

tneJitaT I38Nd.. 

J~K(722)' Je~~.(I5IO)' 
06 HHTeHCHBHOCTffX COOT·-

IX pesyJII>T8TOB BKpanacn 

HHTeHCHBHOCTH EO-nepexo.zta. 

r I 

Ta6m!Ua 2 

faMMa!.ny'lli !38 Pr ( T ~=2,1 'lac) 

~ I\SB j1 OTH. j~ OTH. c4 SKCJ1. 

-r 'l'111n 
MYJJI>TIIIllOJlLH. 

I ,23.10-1 I 

302,?±.0,1 85t10 :1000 I f'" - ~.) 

390,9±.0,1 5 ,8±.0,6 2,8±.0,6 ' (.4,B±.I ,s) .ro-3 I l•:l 

(447,7±.1,0) 0,8±.0,2 I. 
511 ,o <r= > 30±.6 a) I 
547 ,5±.0 ,I 4 ,6±.0 ,5 4,5±.0,9 co ,9±.0,3 J .ro-5 E2, Ml 

635, 7±.0,1 2 ,3±.0 ,3 I,lf0,5 (4,8£2,4).10-3 E2 (:AI) 

788 7+0 r+> ' - ' ::roo .56±.7 (3,6±.0,7).10-3 12 

ro37 Sto 1+> ' - ' 100±.6 

1090,3 o) 

123& ,9±.1 ,3 1,1±.0,2 

1340,4 C5) 

1826,5 o) 

a) 8H8ti6Hl/16 Je,"' YCT8HOBJICHO !10 IIIHTCHCIIIBI!OCTIII-lli-1It8 8Hil!-iri/IJJ!il~l-111. 

o)J1HK CY.MMI1pOB8IIl1fl H8XO,Itfl!i.UIJXCH B H3CK3,ItC 1'3MMa-nepCXO/.iOB. 

-t )3HatieHIIIl( SHeprHii B3f1Tbl 1118 paCiO'l'bl /
4/. 

!3 
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