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33 Ce aa cenapHpoaaHHhiX no Mac 

caM HCTO'IHHKax, OnpeJleJieHbJ KBK pSILia raMMa-nepexonoa B SIJlpe 133 Ce , 
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. f h 133p InvestigatJ.on o t e Decay of r (6. 5 min) 
l33 I33 

The decay scheme Pr .. Ce has been investigated 
using mass-separated sources. The internal conversion 
coefficients of a number of y -transitions in the 133 Ce 
nucleus have been determined. The first version of the 
decay scheme 133 Pr .. 133Ce was suggested. 
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1. Baeaeaae 

133 
11aoTon Pr 6bm anepBbie o6Hapy)!{eH B pa6oTe A6nypa3aKoBa 11 np/1 I. 

. IU . 
. Ebmo ycTaHoaneHo, 'ITO npH pacnane Pr. B03HHKaiOT raMMa-ny'IH c aHep-

tlJ 
rHSIMH 1331 241 H 310 KaB. Y*e Torna 6bmo SICHO, .'ITO pacnaa Pr · conpo-

BO*llaeTCSI 3H8'IHTenbHO 6onbllllfM 'IHCnOM raMMa-nepeXOAOB 1 OA1!8KO yaepeHH8SI 

HA9HT1ilf>HK8UHSI HX Obina H9B03MO)!{H8 1 T8K K8K B K8'lec"Tae HCTO'IHHK8 ncnonb':" 

30~anacb CYMM8 1130TOllOB npa3eOAHM8 1 o6pa30B8BliiHXCSI npH o6ny'l9HHH. MH

lii9HII npOTOH8MII C 9Heprneft 660 MaB H BbiAeneHHbiX XIIMH'IQCKIIe J1cnonb30B8H-

1 I . . 134-139 
· ·Hbie a1 HCTO'IHHKH coaep)!(ana 6onhwHe npHMeca H30Tonoa · Pr: 

B - 6 . . lJJp HaCTOSIIIleH pa oTe nponon*eHbi H~cnenoaaHHSI pacnaaa r c Hcnonb-

soaaaneM aneKTpoMarHHTHoro cenapaTopa H30Tonoa. 3Ta pa6oTa SIBnSieTCSI 

'IBCTbiO HCCneAOB8HIIft CBOftCTB ynaneHHbiX OT nonoC.bl 6eTa-CTa6nnbHOCTH SIAep 

B na6opaTOpHII SIAepHb!X npo6neM 0J1.HJ1 (nporpaMMa .HCHADD) • J13y'leHHe 

B030Y*ll9HHb!X COCTOSIHHft HeftTpOHOlle!f>HUHTHbiX H30TOllOB. B o6naCTH uepHSI -

npa3eOAHM8 npeACTaBnSieT HHTepec, TaK KaK eCTb YK~38HHSI H8"T01 •'IT0·3A9Cb 

IIMeiO~CSI SIAPBI OTAenbHbie B036Y*ASHHbi9 COCTOSIHHSI KOTOpb!X o6naA8IOT CHnbHO 

pa3nH'l8101IlHMHCSI. BenH'IIIHBMH ae!flopMaUHHo 3TO OOCTOSITenbCTBO M0)!{9T npn- . 

BOAHTb. K a!fl!fleKTaM H30MepHH · !flopMbl / 2 -4/ • 

2. J13rOTOBneHHe HCTO'IHHKOB 

. 133p ,. 
11cTO'IHHKR r 6binH nony'leHbi MeToaoM, aaanorH'IHbiM on.ncaHHOMy 

a/5/: MHllleHb(NH }fGJ '.llTP ~ H
2 
0 o6nyqanacb aa BbiBeAeHHOM ny'!Ke npoToHoa. 

42 . 

C SHeprHeft 660 MaB H HHTeHCHBHOCTb!O . "' 10ll p/ceK CM2 B Te'leHHe 15MH-

HyT. TiponyKTbi peaKUHH rny6oKoro pacmenneHHSI ranonHHHSI Bbi)lenstnncb H3 Mllllle..; 

.llTP A- 'A119THneHTpnaMnHneHTayKcycHaSI KncnoTa 

3 



1111 JI pasnemmJicb no aneMeHTaM. 3aTeM rrpoJISBOAHnocb pasneneHJie l}lpaKUHH 

rrpaseOAHMa Ha Macc-cerrapaTOpe/6 ,?/, BpeMSI OT KOHUa o5nyqeHHSI MHIU9Hll 

no Haqana JiccnenoBaimti crreKTpoB HsnyqeHIISI - 25 MHHyT, BhiXon· rrpoueccoB 

XIIMIIqeCKOt'O II IIOH30TOIIHOI'O pasneneHHSI 
133 

B HCTOqHHKaX Pr COCTaBnSinii He 5onee 

134 
cocTaBnSin "' 25%. ITpHMeCH Pr 

133-
0,l %. HcToqHIIKII .Pr conep/Kanii, 

• 13lc 
9CT9CTB9HH01 3HaqHTenhHOe KOniiqeCTBO noqepHeii aKTHBHOCTII e, 

3, !13M9piiTenbH8SI TeXHIIKa II pesynbT8Tbl 9KCIIepHM9HTOB 

!13MepeHIISI raMM8-CII9KTpOB H CII9KTpOB KOHBepCIIOHHbiX aneKTpOHOB IIpO

II3BOAIInHCb rrpn IIOMOIUH rronyrrpOBOAHHKOBbiX neTeKTOpoB: Si ( Li) -neTeKTOpa 

c ToniUHHOH qyBCTBnTenhHoro cnoSI 1 MM H Ge(Li) - neTeKTopoB c qyBCTBII

TenbHbiMH o5'beMaMn 1,8; 28 JI 38,5 cM3 • ITonyqeHHhie crreKTpbi o5pa5aTbiBa

nHCb C IIOMOIIlbiO 38M C,llC 1604 A, ,llnSI HSyqeHHSI raMMa-raMM8-COBII8A9Hifll 

JICIIOnb30BanaCb ycTaHOBKa, COCTOSIIUaSI II3 CUJIHTHnnSIUliOHHOt'O cqeTqHKa ·C 

KPHCTannoM NaJ ( T I) ( ,5 4x4 cM3 ) · H l}loToyMHO/KJITeneM <P8Y -36 li 

G e (L;) -neTeKTOpa (28 CM3). .llnSI TQqHoro orrpeneneHHSI nepHOAa rronypacrra

;a 133 Prrro CII8AY IIHTeHCIIBHOCTll II03JITpOHHOt'O HSnyqeHHSI I1pHM9HSinCSI IIpO

IIOpUilOHanhHblll cqeTqHK. Bonee rronpo5Hoe orrHcaHJie HSMepHTenhHoti arrrrapa-
" 15 8 9/ 

Typbl li M9TOAOB o5pa50TKH rronyqeHIIbiX A8HHbiX MO/KHO HaRTH B ' ' , 

CneKTpbi raMMa-nyqeti JI KOHBepcHOHHbiX aneKTpOHOB 
133 Pr rrpencTaBne

Hbi Ha pHc, 1 'H 2, B Ta6nHuax 1 H 2 naHbi pesynhTaTbi o5pa6oTKH 9THX crreKT-. 

poB, HsMepeHHbiH rrepHOA nonypacrrana -
133 Pr paBeH T!-2 =6,5:!;_0,3 MIIH. Koal}l

I}JHUHeHThl BHyTpeHH9ll KOHBepCllll raMMa-nyqefi OiipeneneHbl Ha OCHOBe OAHO

BpeMeHHOt'O H3MepeHHSI CII9KTpOB raMMa-nyqeti H KOHBepCHOHHhlX aneKTpOHOB 

( cM/
51

). IT pH HsyqeH~ll raMMa-raMMa-coBrraneHJiti 6bmo ycTaHoBneHo, qTo 

I'8MMa-nyqH C 9HeprJieti 134,3 K9B COBII8AaiOT C raMMa-nyqaMH 330,8; 362,6 

H qaCTJiqHo C 315,6 · K9B ( HHT9HCIIBIIOCTH B CIIeKTpe COBII8A91IIlll "' 20%, COOT

B9TCTB9HHO), )KepiUenb H np/ 10,11/ ycTaHOBHnH, q'J'o CyiUeCTByiOT H30MepHbi9 

COCTOSIHHSI 133 Ce c rrepnonoM rronypacrrana T !-2 =97 MHH .ll T !-2 =5,8 qac, 

Hs HaiUHX nccnenoBa!mti cnenye:r, qTo rrpH pacrrane 
133 Pr ( T !-2 =6,5 MnH) 

o6pai3ye'l'cn TOnhKO, nnJI rnaBJibiM. o6pasoM, ,cocTOSIHHe 
133 Ce c T !-2 =97 MJI!l, 

4 

.. 

N 

41 -~1~
3 

~3, 
10 78Jl ::A 

5·10
3 

130.6 

1492 
{ }\.. 

~ ' 
.::1'\llJ.,~ 

102 

102!11417 ' • 
., ..... 0 ";-

5-101 /\ ..... "·· ·'-'"' •. ·. , ·:":::..~ ... ~~:~:.~ 

IKlO. 
1700. 

P HC, 1. CneKTP · raMMa-: 
13_3 Pr 6,5 MHH,.. 

CHS!Tblfi rrpH IIOMO!UH' ra 
38,5 C~), (3aiUTpHXOB< 

... 



.unocb pasAeneane ljlpaKUHH 

KOHUa o6nyqeHHR MHWeHH 

i. MHHyT. BbiXoA· rrpoueccoB 
134 

;m "' 25%. ITpnMecn Pr 
1 3'S ' 

;TO"'HUKU .Pr COAep)Kanu, 

tKTHBHOCTU 

,J 9KCilepHM9HTOB 

!pCUOHHb!X aneKTpOHOB llpO

ropoB: Si ( Li) -AeTeKTopa 

~ AeTeKTOpOB C "'YBCTBU

Hb!e crreKTpbi o6pa6aTbiBa

raMMa-raMMa-coBnaAeHHli 

;mnRUHOHHOI"O ClJeT"'HK8 ··C 

IHO)KHTeneM <PSY-36 u 

!nenug rreprroAa rronypacrra

my"'eHHR rrpnMeagncg rrpo

le nsMepnTenhao:l!: arrrrapa

MO)KHO H8HTH B IB,B,g/ • 

tTpOHOB 
133 Pr rrpeACTaBne

:tTbi o6pa60TKH 9THX Cll9KT

: T~ =6,5;!:.0,3 MHH. Koa¢

ieneHbi Ha OCHOBe OAHQ

:OHBepCHOHHh!X aneKTpOHOB 

I 6binO YCT8HOBneH0 1 'ITO 

~M:a-ny"'aMH · 330,8; 362,6 

COBilaAeHJIH "' . 20%, COOT

ro cyrueCTBYJOT H30MepHbJe 

=97 MHH .H T ~ =5,8 qac. 

133 Pr ( T~ =6,5 MHH) 

me 
133 

Ce c T ~ =97 MJIH, 

r 
~/ 
I 

133 Pr 

300 4(0 500 600 
800 900 1000 1200 

TIOO · '1800 1900 2000 2100 
KAHAIIbl 

Pnc. 1. CneKTp· raMMa-nyqeli, B03HHKaiOmnx npn pacnaAEi 
13.3 Pr 6,5 MHH 133Ce 96 MHH 133La1 . 

CHS!TbiH npn llOMOI!lH' raMMa-cneKTpOMeTpa c Ge (Li) -AeTeKTOpOM ( o6'beM 
38,5 c~). (3alllTpHXOBaHHbl~ nepeXOAbl OTHOCSITCH K pacllaAy 133 •Ce ), 

•. 
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!iOO 

N 

'£00 

500 

0 

·,·' .. 

K97,3 

L76,6 

., I .. ,.. 

K134,3 

K149,2 

133Pr 
e-
Si(Lil 1MM 

LM 134,3 K 315,6 

~83,4. K 24\9 ? I K330,9 
' I . I . 

' ..,,_,i~...,..._->,./L.,w-..•W..·A:.-.;:..'~ 

so 100 150 200 250 300 350 
KAHAAbl 

P11c •. 2, CneKTp KOHaepCHOHIIblX sneKTpOHOB, B03HHKaJOIUI!X np11 pacnaL\e 

l33p~·6,5 MHH 133 Ce 96 MHH 133 'La , 'Si(Li) -L\ST~KTop- 1 MM X 50 M~. 
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SHeprMM H oTHoc~ 

npH pacm 

E~ KSB 

74 
.134,3 
149,2 
183,4 
223,2 
241,9 
276,7 
315,6 

330,8 
362,6 
370,8 
436,1 
460,5 
465,0 
487,3 
496,1 
5II 
522,5 
530,7 
537,6 
617,4 
621,0 
644,9 
657,2 
700,6 
704,7. 
779,6 
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-

Tac5mn~a I 

SHepnm H OTHOC~Te1.I:&Hble HHTeHCHBHOCTH raMMa-Jiyqej;t 

npH pacna.l{e 133Pr 6,15 MHH ~ 133ce 

E~ K3B r~TH.e.l{. E)l R3B I~o .. ~H.e.l{. 

?4 ?4 814,4 cnac5. v . 134,3 IOO 826,2 2,8 

''1 
I49,2 8 834,8 2,0 

f 183,4 3,5 839,8 1,0 IM 

223,2 5,0 843,? I,4 
241,9 40 .853,6 3,2 
2?6,? 6,4 88? ,9· cJiac5. 
3I5,6 85 898,0 . I~3 

.l{BOttHaH 
330,8 43 9?2,4 I,3 
362,6 I2 9?6,3 2,5 
3?0,8 2,2 I046,8 I,4 0,9 
436,1 2,2 II4?,? 2,5 
460,5 I? 1320,9 1,4 ;~.~~ ... -...'<'(~ 
465,0 50 1323,3 0,9 

-q· 48? ,3 I,4 ~343,5 I,8 300 350 
IHAI\bl 496,1 5,5 1406,5' 1,4 

f] SII I?S 1451,9 I ,9. 
522,5 I ,I I46I,O 3,2 

IIIX np11 pacna.Qe 530,? 1,4 I494,8 ?,8 
p - 1 ~fM X 50 M~, 53? ,6 5,3 1625,6 I,8 

6I?,4 3,5 .. I639,I 1,4 I .. 

62! ,o cJia6. I803,3 3,2 
644,9 IO I8I2,5. 2,8 
65?,2 1,4 I83I ,2 3,5 
?00,6 I,9 I864,I 5 
?04,? 2,0 I8?5,5 4,2 
??9,6 I,5 I949,? 2,2 

202! ,I 0,? 
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4. Cxe 

133 
CxeMa paena.na 

'cTOHlllliX ueene.noBaHHH, I 

134,3 K9B HaH50nee HHTE 

H01 H.QeT e ypOBHR e TO 

raMMa~nyqeif 134,3 K9B ( 

HH e 9HeprHRMH 465,0 U 

aaa'InTenhHO ena5ee, ~eM 

e 'IeM eBR38Hbl 9TH eOBnl 

, Hblll ( HanpHMep1 LIBOllHOll: 
. . . 

r6 xacxa.na. npyrueyp~ 

CHBHOeTeH raMMa-nepeX 

KaK Bll.llHO ua Ta5n 

paena.ne 
133 

Pr (6,5 MuH] 

Ma-nyqeif 134,3 K9B. B . 

npuMepuo 1,8 auuurungu 
133 . 

Pr Benuxa: Q =4,9 M~ 

XBaTa H· noauTpouaoro p1 

0,1.9. Bee sTo noaBon~e~ 

Ha ypoBeHh C HyneBOH 91 

e raMMa-ny'IaMH 134,3 K 

5y)K.QeHHble eoeTORHHR. f\ 

(6,5 MHH) 1 yenOBHO npe; 

eoeTOllHllll. fi ony'IeHbl en 

c 

log It =5,9; 496,5 K9 

. Kax 5omo yxaaaao 

T ~ =96 MHH H T ~ .. 

TanhHbiX .QaHHbiX 0 pa3HC 

Hun. B pa5oTax :>Kepmen 

5,4 qaea - OeHOBHOe B 

c T11 · =96 MHH - naoMeJ 
12 . 

Ha oeHOBe H3MepeHHll BJ 

npnmmr K BhiBo.ny, 'ITO 
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133 133 
4. CxeMa p8cna11.a Pr - Ce 

133 133 
CxeM8 patn811.a Pr~ Ce, npe!J.JI8~aeM8SI H8 ocuoae peaynbT8TOBHa-

CTOSIIIU!X HCCJ191J.OB8HI1fi, Up91J.CT8BJI9H8 HB pHC, 3, faMM8-rtepeX'OIJ. C 9Hep~iieii 
133 p 134,3 K9B H8a6onee HHTeHCHBHbiii npu pacn81J.e r 11 noaToMy ou, otieBHIJ.-

Ho, HIJ.eT c ypoBHSI c Toii )ICe aHep~neii B . ocHoBH:oe cocTOSIHHe, Coana11.eHn:SI 

r8MMa-Jiyqeii 134,3 K9B C ~8MM8-JIY'l8MH 330,8 If 362,6 K9B onpeAeJISUOT ypOB

HH c 9Hep~I15IMH 465,0 n: 496,5 K9B, T8K KaK coana!J.eHn:SI 134,3 -315,6 KaB 

3H8'lHTenbHO cna6ee 1 "'19M 9TO~O CJie!J.OB8JIO 6b! Ollii111.8Tb, UOK8 Tpy!J.HO CK838Tb 0 

c '!eM CBH3aHbi aTu coan8AeHHSI, BoaMomHo, 'ITO ~8MM8-III1K. 315,6 K9B - cnom

Hhiii ( H8npnMep, aaoiiHoii) a.im coanaaeHH.Il B03HI1KaiOT B peaynbT8Te He npHMO

~o K8CKa)la, llpy~n:e ypoBHI1 BB911.9Hhl H8 OCHOBe 6aJI8HC8 9Hep~n:ii n: HIIT911-

CHBHOCTeii ~8MM8-nepeXO!J.OB, 

K8K BH!J.IIO H3 Ta6JIHUbl 1, HIIT9HCHBIIOCTb U03HTpOHOB 1 . B031111K810llli1X np11 
133 

p8CU8lle Pr (6,5 MHII), He O'leHb BeJII1K8: OH8 Mellbiiie HHTeiiCHBIIOCTH ~aM-

M8-ny'leii 134,3 Kaa. B 118IIIHX ycnoBHSIX ~ 8MM8-cneKTpoMeTp pe~ncTpn:poaan 

npaMepHO 1,8 8HHH~HJISIUHOHHhiX KB8HTOB 118 O!J.HII U03HTpOH, 811ep~US! p8CU811.8 
133 

Pr aenuKa: Q =4,9 Maa112/, 0THOIIIeHue nHTeHCHBHOCT.eii aneKTpOHIIo~o aa-
• • • > + 

xaaTa H· noanTpoHHo~o pacna11.a npu auep~nu noauTpOHOB 3,9 Maa paa11o K/(3 = 
0,1.9. Bee 9To noaaonSieT npe11.nonomnTh, '!To HIITeiiCHBIIOCTb pacna11.a 733 Pr 

ua ypoaeHb c Hyneaoii aaep~ueii Ha puc. 3 11eaenn:Ka no cpaa11ennro, llanpnMep, 

C ~8MM8-JIY'l8MH 134,3 K9B 0 TO 9CTb pacna)l HIJ.9T1 ~J18BHbiM o6pa30M1 118 B03-

6 M I It IJ.nSI 6eT8-pac~n·al1.8 133 Pr Ylli!J.9IIIIb19 COCTOS!IIHSI, bl OU91111JIII 3118'19HHSI og 

( 6,5 MUll) 1 YCJIOBHO npe!J.UOJI8~aSI1 . 'ITO p8Cll81J. llll9T TOJibKO 118 B'036ylli!J.911Hb19 

cocTOSIHHSI, Dony'lellbi cne11.yromue 3Ha'leHuSI: 74 K9B log It< 6,6; 134,3 K9B 

log It =5,9; 496,5 K9B ~ 6,6; 972,4 K9B - 6,1. 

K8K 6bmo yKaaaHo Bbillle, cymecTayroT IJ.B8 n:aoMepllbiX cocTOSIHMSI 
133 Ce 

c T ~ =96 MHH n: ·T ~ . =5,8 qac, 011.118KO 11eT HHK8KIIX npSIMbiX aKcnepiiMeu-. 

T8J1bllb!X IJ.8Hllb!X 0 pa3!10CTH 9llep~1Ifi II B38HMHOM paCUOJIOlli911HH 9THX COCT05l-

11Hii, B pa6oT8X )!(epiiienb .u 11.p,
110•11 1 

yTaeplli!J.8JIOCb, 'ITO cocTOSIIIHe c T~ = 

5,4 qaca - ocuoa!loe B 133 Ce n HMeeT cnnu II 'l~TIIOCTb J I lii •cocTOSIIIHe 

c T~· =96 MHH - naoMepuoe c pr = 9t 2"":::.. 011.H8KO b858mi<8HOB n 11.p/191 

6 .,. 133 La H8 OCHOB9 H3MepeHHSI Bpe~eH )!{H3HH B03 y)!C!J.911Hb!X COCTOS!IIHn B S!IJ.P9 

npHWJIH. K Bb!BOIJ.Y 1 'ITO COCTOSIHUe C T ~ = 96 _MHH B S!IJ.pe 
133 Ce HM99T 
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.· 1· 17 "' Jf2 + 1 a COCTOSIHHe C 1~ 

TenbCTBa SaTPYilHSIIOT aHanus CX9Mbl 
13 . 1':13 

H a1 1 
1 'ITO COCTOS!IlHe Ce C 

-=5,4. 'Iaca - I 17 "'9 I 2-. 3TH o6cToSI-
J33 

pacna/la Pr • ·TaK, ecnu npuHSITb, KaK . . + 
T ~ =96 MHH HMeeT I 17 "' J I 2 , To Ha 

OCHOBe CHCTeMaTHKH aHepi'eTH'I9CKOI'O HHTepBana M9)KJlY COCTOSIHHSIMH 2c131~ 
u 3~_ 112 B He'I~THbiX Sl/lpax B6nusu 'Z =58, a TaK)I{e us-sa MynbTHnonbnoc

TH I'aMMa-m3pexoJla 134,8 KaB MO)I{HO CJlenaTb saKniO'IeHue, 'ITO ypoBeHb c 

anep~Hell }34,3 K3B Ua puc, 3 CBS!SaH C COCTOS!IlH9M 2cl 31; o 11s SH8'I9llHSI 

log It -=5,9 JlnSI 6eTa-pacna/la na aToT ypoBeHb cneJlyeT, 'ITO ocnoBnoe coc-
. ' l 33 ·. . . 17 + 

TOSIHHe Pr (6,5 MHH) HMeeT cnun u 'I~THOCTb I = 512 • 
. C llPYI'Oll CTOp0Hbi1 ecnu BbiBOJlhi 1 C)lena.H.Hb!e B pa6oTaX )!{epwenb H 

. . . 133 -
Jlp/10,11!, npaaHnbHbi, TO COCTOSIHHe B S!/lpe Pr C 1~ =6,5 MHH /lOm:mo 

HMeTb oTpuuaTenhHYIO 'I~TnocTb u I > 512 
ABTOpbi I'ny6oKo npusnaTenbHhi 8.11. PanKo, B.A. EhiCTpoBy, KonneKTHBY· 

HSMepuTe~bHOI'O ueHTpa n5in' 011HI1, E.IO. CeMeHO~y. E.n. OcuneHKO H 

M.E. fnywKOBCKOMY sa 6onhwyiO noMOWb npu npoBeJleHHH onucaHHbiX BhiWe 
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I 17 = 9 I r. 8TH o6CTOSI-

· • ·TaK, ecnu npHHSITb, KaK 

HMeeT I 17 = 'J I 2 ~ TO na 
.1:, 

~e)KllY COCTOSIHHSIMH 2c/31~ .. 
:)Ke H3-38 MynbTHI10nbHOC

KniO'l:eHHe1 'ITO ypoBeHb C 

M 2c/ Jl; • l13 3H8'l:eHHSI 

:e.[lyeT, 'ITO OCHOBHOe COC-

117 == 512 +. 
e a pa6oTax )Kep~enb H 
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flpiiMO'IBHlle np11 ~oppeKType 

KaK noKaabraaroT npenaapnTenbHbie, peaynbTBTbi rpynnbi nnunrpeua no 

113MepeHlllO CllllHa OCHOBHbiX COCTOS!Hlll!. pS!AS ll30TOI10B Pr 11 Nd 1141, CllllH 

OCHOBHOro COCTOSIH!HI 
133 

Pr llMOeT 3H8'16HIIe l = 5/2. 
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