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EyTD8B B.C., rpoMOB K.H., KanHHBHKOB B.r., 
M opoaoa B.A., MyMHHOB T.M., Xann11:ynoa A.E. P6-6651 

137 · 
3acenenne ypoaaell Ce sneKTpOHHblM 38XB8TOM H 8MHCcnell 
noanTpoHOB npn pacnalle JJ7 Pr. 

HccneJloaaao uanyqeaue 137Pr, nonyqeaaoro a peaxuun rny6oxoro pac-
. menneHHSI ranonHBHSI 6blCTpblMH npoTOBSMH ( E, .. 660. Maa). HaMepeaw 
c 6onbwoll ToqaocTb10 auepruu n HHTeucnaaocTu 120 y-nepexonoa. YcTa
aoi:ineHbl THnw MYnbTHnonbHOCTell plllla nepexonoa. Onpelleneaa rpaanqaaH 
aaeprull ncnycKaeMblX noanTpoaoa ( 1680:!:,10 11:aa). B npennaraeMy10 cxeMy 
BB8Jl8Hbl HOBbl8 ypOBBH: 1105,2; 1258,9; 1271,5; 1288,5; 1476,6; 1925,2; 
1933,9; 2113,4; 2347,2:u 2480,0 K8B. Cy111eCTBOBaHHe ypOBHell llOJlTB8plKJla-
8TCSI yy -COBD8Jl8BlUIMH. H3Mepeuo Bp8Mll lKH3HH COCTOSIHHSI 160,32 K8B 
( T ½ • 0, 79:,.0, 14 uce11:), 

IlpenpHHT ~eeHOI'O HHCTHTyTa Jl,nepHblX HCCJie,noeamdt. 

,l\y6Ha, 1972 

Butsev V.S., Gromov K,Ya.,Kalinnikov V.G., P6-6651 
Morozov V,A., Muminov T.M., Khalikulov A.B. 

137 C • 
e Level Population by Electron Capture 

and Positron Emission at 137 Pr Decay 

It is studied the 
137

Pr radiation produced in the re
action of deep splitting of gadolinium by fast protons 
( E,= 660 MeV). The energies and intensities of 120 y -tran
sitions are measured with great accuracy. The multipole 
types are determined for a number of transitions. The ma
ximum energy of emitted positrons is determined to be 
(1680 ± 10 keV). To the scheme suggested there are introdu
ced new levels:1105.2; 1258.9; 1271.5; 1288.5; 1476.6; 
1925.2; 1933,9; 2113.4; 2347.2 and 2480.0 keV. The exis
t:ence of the levels is proved by ,yy -coi'ncidences. The 
life-time of 160:s·:2 keV state ls measured (Ty,= 0.79 ± 

_._:!__Q_J4 ns_ec). ·-=-:-----=,-~-- _ ____ • 
Preprint. Joint Institute for_ Nuclear Research. 

Dubna; 1972 



HaCTOH~aH pa6clTa COCTann.sreT tJaCTL nporpaMMbl Hccne)];oBaHHH 

HeHTPOHOJJ:eqJHII;HTHLIX HJJ:ep ·Nd , Pr H Ce . TaKHe HJJ:pa .srnn.sr10Tc.sr ne -

peXO)];HblMH Me:>KJJ:Y "MarHtJeCKHMH" C "N =82, z 1> 50 H H)];paMH B TaK 

Ha3LIBaeMOH "HOBOH" o6nacTH )];eqiopMaI.I;HH /nerKHe H30TOnbl -Ba ' La ' 
Ce/. HeKOTOpLie ceoiicTna "Marn11ecKHx" HJJ:ep 061,.srcHHJOTCH Mo.D:enb10 

06ono11eK • .D;n.sr 061..srcHeHHH CBOHCTB H)];ep C N . .< 82 CTaHOBHTCH Heo6xo

)];HMLIM BKn1011aTL B noTeHI.I;Han MO)];enH 06ono11eK "ocTaTOtJHOe" BJaHMO· 

JJ:eiicTeHe Me>KJJ:Y HYKnoHaMH 11 - 3 / . IloMHMO OJJ:H011acrH11HL1x cocTOHHHii 

B H)];pax C He'IeTHblM A MO)];enH_ npe)];cKa3bIBalOT TaK:>Ke TpeXKBa3H • 

11acTH1IHhie H KonneKTHBHble COCTOHHHH. 

MbI H3y'lanH CBOHCTBa HyKnH)];OBC MaCCOBbIM tJHCnOM A =137' re

HeTH'leCKH CBH3aHHblX pa)];HOaKTHBHblM pacna)];oM: 

34 tJac 
137 Ce------

" 137 40 MHH 137 76.6 MlIH 137 9 'lac 137 
Nd ____ .... Pr------+ Ce----- La 

lionLllIOH 061.eM JKcnepHMeHTanLHLIX CBe)];eHHH, nony11eHHLIX HaMH 

06 :non "ueno11Ke" H3oTonon, He yKna.D:LIBaeTc.sr n paMKH OJJ:Horo coo6-

~eHHH. 

HaM n~e)];CTaBnHeTCH B03MO:>KHLIM B HaCTOH~HH MOMeHT CQQ6~HTL 

0 pacna)];e
13 Pr H O B036Y>KJJ:aeMLIX npH JTOM pacnap,/ YPOBHHx 137Ce . 

PaHee/4-7/ coo6_~anHcL cne.D:eHHH o pacna.D:e 
7Pr . K MoMeHTY 

Ha11ana HallIHX HCcne)];OBaHHH 6Lmo H3BeCTHO, 1ITO: 

1. IlepHOJJ: nonypacna)];a 137 Pr cocTann.sreT 76,62±1,54 MHH /no 

,y 836/ H 74,92±0,16 MHH /no ,y ±f•/7/ . 
2. Pacna)];137Pr conpOBO:>K)];aeTCH HcnycKaHHeM no3HTpOHOB c rpa

HH'IHOH JHeprneii _1700±30 KJB 16 1 , f74O+5O• KJn/7 I II OTHOUieHHeM 

BeTneii k/fJ+ =2,05 ±0,30141 _, 2,5±0,2177 . 
. -. 
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3. K pacna.n;y 137Pr 6bmo 0THeceao 30 r.aMMa·nepe~o.n;on. 
·4_ Baa XH3e H .n;p: / 7/ ·npe.n;rto,irnnH cxeMy pacna.n;a 137 Pr-!+3 7ce, 

yp0BHH B I<OTOpoii o6ocHOBbIBanHCb H3MepeHHeM ,y-•y -conna.n;eHHH·. 
O.n;aa1<0 HMenw:uxcH cne.n;eHHH 0blno ae.n;ocTaToquo .n;nH auanHJa 

CBOHCTB B036y)IC,n;eHHbIX COCTOHHHH 137 Ce H I< T0MY )l(e Me)IC,n;y 3I<Cne
PHMeHTanbHbIMH ,n;aHHblMH HMenHCb HeI<0T0pbie pa3HornacHH. 

Bblil0nHeHHhle HaMH BCeCTOpOHHHe HCcne.n;onaHHH cneI<Tp0B ,y -
nyqeii, 3ne1<Tp0H0B BHyTpeHHeii I<0HBepCHH, Il03HTP0HH0ro H3nyqeHHH, 
,y-y - coana.n;euaij, a Ta1<*e H3MepeHHe apeMeHH )ICH3HH nepaoro B03 -
6y)IC,n;euuoro yp0BHH 137 Ce Il03B0nHnH HaM CI<0HCTpyHpoaa Tb 6onee non
HYIO cxeMy pacna.n;J37 Pr H H.D;eHTH4>HUHpOBa Tb npHpo.n;y HeI<0T0PbIX ypoa-
Heii 137ce . · 

I I. 31<crr_e_nuMeHT 

2.1. 1Ipuzomoe11e11ue ucmo'lHUKoe 
· . ·lfaoTon 137Pr nonyqancH a peaI<UHH rny601<oro paciuenneHH.!IGd 

6bICTPhIMH npoT.OHaMH / E p =660 M3B/. :hlHweHb H3 MeTannHqecI<oro 
ra.n;onHHHH aecoM 2 r o6nyqanacb B TeqeHHe 2 qacoa Ha BHYTpeaaeM 
nyqJ<e np0T0H0B CHHXP0UHI<n0TP0Ha OHJIH ./HHTeHCHBHOCTb nyqJ<a 
- 1014 npOTOH/ceI< /. - MHWeHb B 4JopMe nopow1<006pa3HOrO I<0Mil· 
ne1<ca (NH4)2 ['GdDTPA] · BeC0M 0,5-0,7 r 06ny1mnacb B TeqeHHe 20, 
MHH Ha l3bJBe.n;eHH0M nyqJ<e npoT0H0B /HHTeHCHBHOCTb 4~1011 np/ceI</. 

Pa.n;HOXHMHqeCI<H H3 o6nyqeHHbIX MHWeHeii BbI,n;enHnHCb npo.n;yI<Tbl 
paciuenneHHH H MeTo,n;oM xpoMa Torpa4JHH/B/ npHroTaBnHnanacb 4>pa1<UHH 
H30T0il0B npa3e0,D;HMa. C Il0M

0

0°}blO 3ne1<Tp0MarHHTHoro cenapaTopa/9,10/ 
H3 4>pa1<UHH BhI.D;enHnCH _H30T0il . 37 Pr .. H0Hbi137 Pr co6HpanHCb Ha anro
MHHHeByIO HnH Maiinapoayro no,n;n0)ICJ<Y TOnIUHHOH 15-20 MI<M H 5-10 MI<M, 
C00TBeTCTBeHH0. TaI<He no,n;n0)ICJ<H C IlHTH0M pa.n;HoaI<THBHOCTH pa3MepoM 
1,5x1O MM cny)l(HnH HCT0qHHI<0M .n;n.11 ·cne1<TpoMeTp0B c n_onynpoB0.D;HH· 
l<0BbIMH 'Ge(Li) • H S.i(Li) -.n;eTeI<T0paMH, a TaI<)l(e .n;nH H3MepeHHH 
·Y-:Y - conna.n;eHHH. 

,[l;nH H3MepeHHH npeMeHH )ICH3HH HCil0nb30BancH Mace -cenapHpo
BaHHblH HCToqHHI< H30Tona 137Nd , nonyqeHHbiiino aaanorHqaoii c HCToq
HHI<0M 137Pr MeTo.n;HI<e. H3MepeHHH aaqliaanHCb qepe3 2,5 qaca nocne 
I<0HUa cenapHpoaaHHH, I< 3T0MY BpeMeHH aKTHBH0CTb HCT0qHHI<a, B oc
H0BH0M; o6ycnoanHnanacb pacna.n;oM .n;oqepHero. 137 Pr . 

Hccne.n;oBaHHH cneI<Tp0B 3ne1<Tp0H0B BHyTpeHHeii I<0HBepcHH H no-
3HTp0H0B Bblil0nHHnHC.b H Ha MarHHTHhlX 6eTa·cne1<Tp0MeTpax C HCToq-
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HHKaMH, npHrOTOBneHHhIMH H3 qipaKIJ;HH Pr . AKTHBHOCTh HaHOCHnacL 
Ha nna THHOBYIO npononoqKy AHaMeTpOM O, 1 MM 3IleKTponHTHqeCKiiM 
ocamAeHHeM/l l/ ' nu6o BLIIIapH_BanacL Ha anIOMHHHeByIO noAnOmKy. 

2.2. H3Mepe1me ,y -AytJeii 
CneKTphl ,y -nyqe:ii 6LmH H3MepeHLI Ha cneKTpOMeTpax C 'Ge(l.Ji)

AeTeKTOpaMII KOaKCHanLHOrO TIIIIa 06beMOM 10, 27 H 40 CM 3 . 3Hepre
THqeCKOe pa3pemeHHe cneKTPOMeTpOB COCTanmIno, COOTBeTCTBPHHO, 
2,2, 2,9 H 2,5 K3B Ha ,y-nHHmix 6° Co . 

M3MepHTenLHaH TeXHHKa H MeTOAIIKa o6pa6oTKll cneKTPOB onuca
Hhl B /12,13/. 

MAeHTHqJHKal(HH ,y -nyqe:ii npOH3BOAHnaCL no nepHOAY y6LIBaHHH 
HX HHTeHCHBHOCTH. KoHTponnponanocL npncyTCTBIIe B HCTOqHHKax B Ka -
11ecTBe npHMeceii 137Nd 11 138 Pr. 

K pacnaAY 137Pr OTHeceHo oKono 120 ,y -nepexoAOB. 3HeprHH u 
HHTeHCHBHOCTH ,y -ny11eii np1rneAeHhl B Ta6JJ. 1. IlpeACTanneHHhIH Ha 
pnc. 1 cneKTP ,y - ny11eii naMH II3Mepen c ropa3AO ny11m11M, 11eM B /7 I 
pa3pemeHHeM. 3TO no3Bommo o6HapymHTh OKono 80 paHee HeH3BeCTHhIX 
nepeXOAOB, B TOM 'IHCne AOBOilhHO HHTeHCHBHhie nepeXOAhI C E,y = 
=1096,9; 1105,2; 1110,9; 1125,0; 1180,0; 1679,8 K3B HAP. 

McnonL3 onaHne cne1<TpoMeTpa peHTreHOBCKIIX ny~eii c 'Ge (Li) -
;:i;°eTeKTOpOM 061,eMOM 0,5 CM3114! no3BOnuno HaM OAH03Ha'IHO ycTa
HOBIITh ~_anH'Ilie B cneKTpe /puc. 2/ nepeXOAa 514,0 K3B H C 6onhlllOH 
TO'IHOCTLIO onpeAenHTb ero HHTeHCHBHOCTb. 

· 2.3. 3/leKmpoHbl <mympe1111eii Ko110epcuu /3BK/ 
MccneAOBaHHe cne1<Tpa 3BK BhIIIOilHHilOCh Ha MarHHTHhIX 6eTa

cneKTpOMeTpax c qio1<ycupon1<oii ny111<a Ha yron 1n/2 II 2rry 2 , 6eTa • 
cneKTporpaqiax c OAHOPOAHLIM MarHHTHhIM noneM, a TaKme 6 eTa - cneKT • 
POMeTpe C OAHOPOAHLIM MarHHTHbIM noneM' BhIIIOnHeHHOM na 6a3 e 
'Si(Li) ·AeTeKTOpa/15/ . Pa3pemeHHe cneKTpOMeTpOB Tuna rrv'2 H 

2m/2 cocTaBnHno, cooTneicTnenHo, 0,15n0,25o/o, /3 -cneKTporpaqion -
0,06o/o, a cneKTpOMeTpa c Si(Li )· AeTeKTOpOM - 2 ,5-3,0 K3B B o6nacTH 
3HeprHH AO 400 K3B. 

· 137 
B Ta6n. 2 npnneAeHLI pe3ynLTaTLI nccneAOBaHHH 3BK Pr 

3AeCL me yKa3aHLI ycTaHOBneHHLie HaMH THnhI MYilbTHnonLHOCTeii PHAa 
nepeXOAOB. BLIBOALI O MYilbTHnonLHOCTHX CAenaHbl na OCHOBaHHH cpan
nemrn TeopeTH'IeCKHX H 3KCnepHMeHTanLHhlX 3Haqenuii a k • 3Kcnepu
MeHTanLHLie 3uaqe1rnH a k ycTaHoBneHbl 113 IIHTeHCHBHOCTeii 3neKTpo
HOB Konnepcuu u ,y -ny11eii /Ta6n. 1 11 2/. HopMupona1rne 0Tnoc11TenL-

·HLIX HHTeHCHBHOCTeii J, H J k BhIIIOnneno no fBK nepeXOAa 160,3 K3B, 
MYilbTHnonLHOCTh KOTOJjoro naMH ycTanonnena 113 COOTHOIUemrn HHTeu-
CHBHOCTeii K -, L - H M ·nIIHHH - Ml+ ~ 10o/oE2. 
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" 
ta<SDna I 

CBe~eHHa o rawa-nyqax, B03BHitallll!HX npH pacna.ite ~'1Pr 

ii Jf:.OTH 
D 

E~(JJ:3Bl Y~ o:i:u IIII £ ~ (~Hl IIII 

I r, 2 3 I 2 3 

I. 160,3~0,09 4,43.t0,48. 25. 706, 41.tO, 18 O, 20.tO, 03 

2. 251, 62.tO, 20 O, IO.t0,03. 26. 71'.3, 25 .,tO, I9 0,25.,t0,02 

3. 273, 64.tO, 50 o,20.t0,04 27. (734tI9.t0,42) 0,04.,tO, OI 

4. (3I0,4I.,t0,45) O,II.t0,04 28. 745, 38.,tO, I5 o, 86.,tO, 04 

5. 329, 04.tO, 16 0,80.,t0,14 29. 753, 86.,tO, 47 o, 09,t0,02 

6. (337, 54,tO, 20) o, I5.,t0, 05 30. 763, 18.,tO, 13 0.86.t0,04 

7. 353, 69,tO, I5 2,64.,t0,27 31. 825, 59.,tO, 21 o, 230.,tO, 025 

8. 482, 36.,tO, 23 o, 29.,tO, 03 32. 836,65j;O,I3 = 8,I 

9. 416, 31.tO, 36 0,37,t0,04 33. 856, 40.,tO, 28 0,08.t0,02 

IO. 433, 89.,tO, 14 5, 84.tO, 52 34. 866,52.,tO, 12 1; 12.,t0,05 

II. 5II, 02,tO, 09 ,.l= II5.tI5 35. 921, 23,tO, 13 o, 77.t0,05 

12. 513, 98,tO, 22 4,93.t0,50 36. 933, 54,tO, 18 0,28.,t0,03 

13. 573, 25.,tO, 50 o, 18.:!;0, 02 37. 944, 57.tO, 57 O, 043.,tO, 017 

14. 584, 06.,tO, 42 o, 045.:tO, 015 38. 953, 62.,tO, 27 0,095,tO,OD 

15. 590, 25,tO, 20 o, 24.:tO, 02 39. (963,26.,t0,51) <0,02._+0,0I 

16. 602, 63.tO, II I,41.,tO, II 40. 973, 46j:0~57 0,06.t0,02 

17. 609,89.t0,36 o,1~0,02 41. 1001, 61.tD, 13 o, 52.,tO, 04 

18. (646,88.t0,35) 0,08.t0,02 42. 1019,22...+0,21 o,20.t0,03 

19. 654, 36.:tO, 27 o,14.t0,02 43. (1028, 87.,tO, 50) 0,05.tD,OI 

20. 665, 16.:!;0, I9 0,53.,t0,04 44. 1056,66,t0,31 o, 13.,tO, 02 

21. 671, 24.tO, 29 C,15.t0,02 45. 1066,79.,t0,32 o, 06.,tO, 02 

22. (676,44.,t0,42) O, 06,tO, 03 46. 1088,64.tD,I~ 1,90.,t0,10 

23. 695, 32.tO, 46 0,06.tD,02 47. 1096, 89 .tO, 13 0,92j;0,06 

24. (699,41,t0,48) 0,06,t0,03 ft8. II05, 2I.tO, 'J:l 0,41,t0,04 
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TaOnHna I (npo~onxeHHe) 

I 2 3 I 2 3 

49. IIIO, 92.;tO, I9 0,39..t0,04 79.(I560,27.t0,62) 0,03.;t0,02 

50. II25,0~.;t0,56 o, 27..:tO, 05 80. I568,95.t0,36 0,04..tO,0I 

5I. II28, 56.t0, 32 0, I9.;t0, 04 8I.(I6I2,94.t0,95) 0,06,±0,02 

52. II70, 65,±0, 20 0,27..t0,03 82. I~I9, 28..tO, 24 0,33,±0,05 

53. II8o, 00.±0, 20 . 0,37..t0,05 83. I638,98.t0,6I 0,I7.t0,02 

54. 1200, 02,±0, 47 0,06,±0,02 84, 1679,82,±0,24 0,23.±0,0J 

55. 1246,54..t0,29 o, I2.:t0,02 85. 1693, 30..tO, .35 0~D.±0,0i 

56. 1258,85.:t0,48 0,05.:t0,02 86~ 1699, 76.±0, I8 o, 58.±0, 96 

57. 1260,06.:t0,49 0,035,t0,IB 87. I7I8, 37.±0, 65 0,04..t0,02 

58. I27I,58,±0,34 0, 080,±0, 0I5 88. 1727, 57..tO, 24 o, I5.t0,03 

59. I276,75.:t0,I7 0,27,±0,03 89.(I742,32.±0,68) b,os.±0,02 

60. I282,06.t0,35 0,06,±0,02 90. I764,8I.t0,69 0,06.±0,02 

6I. I286,46.t0,20 0,21,±0,02 9I.(I774,29.,t0,79) o, 030,±0, 025 

62. I288,20.t0,52 0,06.t0,02 92. 1792,63.t0,36 0,II.±0,03 

63. 1300,42..t0,56 o, 020.±0, 000 93. I800,9~..0,I8 o, 74.,tO, 06 

64. 050, 22,±0, 60 0,07,±0,02 94.(I8I9,29.,t0,4I) 0,I0,±0,04 

65. D66, 2I,±O, 46 0,06.t0,02 95. 1833, 60.,tO, 48 0,06.±0,CD 

66. I'.372, 75,±0, 56 0,06,±0,02 96. I84I, 09.,tO, 19 o, 06.,tO, 03 

67. I4I8, 88,±0, IO 0,37.t0,04 97. 1852,77..t0,47 0,07.t0,02 

68.(I435,2.,t0,05) < 0,09 98.(I864,09.±0,86) 0, 030,±0, 0I5 

69. I437,3.l,±0,I6 I, 12.t0,08 99. I87I,D.,t0,39 0,09,±0,02 

70. 1453, 17,±0, 3I 0,23.±0,03 IOO. 1887, 88,±0, 29 0,35,±0,07 

71. 1467,59,±0,42 0,05..t0,02 IOI. I893,8I,±0,35 0,I0.±0,03 

72. 1476, 66,±0, 52 0,06,±0,0I I02. I9I2,87,±0,64 0,I2.±0,04 

73. I499, 50,±0, 20 0,37..t0,04 I0:3. I934, 54,±0, 50 0,09.±0,02 

74. I505, 66,±0, 52 0, I0.,tO, 03 104. I952, 6~..0, 38 0,D,±0,04 

75. I5II,85,±0,3I 0, I8.t0,04 I05. 1966,6~,±0,84 0;06,±0,02 

76. 1517,54,±0,23 o, 28,±0, 04 I06.(I974,22,±0,56) 0;03,±0,0I 

77.(1532,95.t0,44) 0,03,±0,0I 107 • (1992:22,±0, 72) 0,02.±0,010 

78.(I54I,73,±0,64) 0,04,±0,02 
7 

108. 2114,42.t0,37 0,28,±0,05 



.. 
Ta6xHna I (upo~oxzeHxe) 

I 2 3 I 2 3 

109. 2II5,35,.:t(),5I O,D.t(),04 IIS. 2275, 48.;tO, 75 O, rJ7 J;O, 02 

IIO. 2127,91.;t0,52 o, 08.;tO, 02 II6. 2304, 39.;tO, 70 0,05.;t0,02 

III~ 2134,52.;t0,42 o, 23.;tO, 05 117.(2.120,3~0,77) O, 03.;tO,OI 

112. 2145,36.;t0,69 o, 041.;tO, 015 IIB. 2347,62.;t0,56 O, lil9.;tO, 03 
. 

113. 2152,95.;t0,53 o, II.;tO, 03 119. 2479,2IJ;0,58 o, 00.;tO, 01 

II4.· 2186,89.t0,86 . o, 03.;tO, 01 120. 2517,98.;t0,59 o, 03.;tO, 01 

8 



! ·,:: ..:Jv. 
Jt3B 

160,32 

• 329,04 

353,69 

402,36 

433,89 ,. 

50,98 . 
836,56 

IOOS,64 

1096,89 

TaoJWita 2 
N~ .· 

K onpe~eBeHHD My1lLTHnOnbHOcrei uexoropwx ra.w.ia-nepexOJ.tOB B · -Cc. 

.lr, r Teopxa .J,:, cl..., . , . 
OU O?H axcn EI MI 

4, 43.;t0, 48 :IOOO =0,293 0,293 

15-f_.= 9,I.±I,8 .· 9,35 · 7,9 

S{_ ;.O,3 
M 

9,I I4,6 

Vz~4,0 ,±0,8 3,7 4,4 

0,80,±0,I4 29.;t3 ( 4, 7.;!0, 8)Io-2 8, 7(-3: 3,95(:-2) 

2, 64.;tO, 27 6I.;t6 (3, 0.;t0, 6) ro-2 7,0(-3. 3, 2(-2) 
' ~I,8.;t0,5)I0~2 2,J(-2) 0, 29.t0,03 4, I,:0,8 5,2(-3. 

I 

I, 6.,t0, 3) ro-2 5,84.,t0,52 73.;t7 4,4(-3 I,9(-2) 

4,93.,t0,50 39.±4 ,I, 0,±0, 2)I0-2 2,9(-3: I,25(-2) 

B,I 0,5.±2, I '2 2+0 4)Io-3 
' - ' I,0(-3 3,9(-3) 

I,90.;t0,I0 3,0.t0,8 '2, o.±o, 7) ro-3 
6, 0(-4' 2,I(-3) 

0,92.,t0,06 2, I.t0, 7 ,3, 0.:tI, o)ro-3 6,0(-4. 2,I(-3) 

Bl-.ll30J.t o 

E2 
li]JiLrH- . 
ll01lbHOCTH 

I0,6 

I,06 "1 t~< 40'{ El, 

I,30 

J,0(-2) YI 

2,3(-2~ MI,E2 

I,65(-2) 11I,E2 

I,J(-2) MI,E2 

8,5(-3) MI,E2 

2,6(-3) E2 

I,4(-3) YI,E2 

I,4(-3) MI / 
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2.4. OnpeoeAe11ue 2pa11u'-111oii 311ep2uu u u11me11cue11ocmu no3umpo1111020 
. . .... . . 

U3AY'-le HUJl ; , + . · 
MLI CTaBHJIH 3a,n;aqy yToqHeHHH rpaHHqHoii :rneprHH f3 • cne~Tpa 

nyTCM ero H3MCpCHHH Ha HH3I<OcpOHOBOM cneI<TpOMCTpe THna. 21Ty2. 
I'pacpHI< <l>epMH·KropH cne:t<Tpa noI<a3aH·Ha pHC. 3. I'paHHqHaH 3HeprHH 
noJHTPOHOB onpe,n;eneHa MeTO,Il;OM HaHMeHbWHX I<Ba,n;paTOB H paBHa 
1680±10 I<3B. IlpHnHCaHHe noJ.HTpOHHOrO HJnyqeJIHH pacna,n;y137Pr C,IJ;e ~ 
nano no na6mo,n;eHHIO 3a y6LIBaHHeM BO BpeMeHH ero HHTeHCHBHOCTH 
/ T ½ = 1,37±0,05 qac, pHc. 4/. · 

liHTeHCHBHOCTh nOJHTpOHHOro H3JiyqeJIHH HaMH onpe,n;enena H3 
HHTeHCHBHOCTH nu1<a anHHtHJIHUHOHHhIX ,y - I<Ba.HTOB /Ta6n. 1/. 

2.5. H3Mepe11ue •y-,y - coenaoe11uii 
PaHee / 7/ •y-,y. • COBna,n;eHHH H3yqanHCh C nOMOI.l.(hJO ycTaHOBI<H 

c ,n;ByMH I<PHCTannaMH ·Na] . MLI npoBeJIH onhlThI Ta1<oro po,n;a na ye -
TaHOBI<e C ,IJ;BYMH 'Ge(LiJ-,n;eTeI<TopaMH 1161 . li3MepeHLI COBna,n;eHHH ,j, -
I<BaHTOB 160,3 H 353,7 I<JB c ,y -nyqaMH c Ey.< 1050 I<JB. qeT1<0 yc

•TaHOBJieHLI CJie,n;yJOI.l.(He I<acI<a,IJ;bI: 

(y 160 )(,y1354; ({)3, 665,827,921, 1019) 

H 

(,y1354) (,y l(f)' 665,921). 

• OTMeTHM, qT(~ HHTeHCHBH0CTH nHI<OB 665 H 921 B cneI<Tpe coena,n;eHHH 
c ,y160 HMeJOT HHTeHCHBHOCTh B 2,5 pa3a M~HhIIIYIO, qeM B O,IJ;HIIOqJIOM 
cneI<Tpe. 3ToT cpa1<T o6'bHCHHeTCH npe,n;naraeMoii HH'.>Ke cxeMoii pacna,n;a. 

2.6. H3Mepe11ue epeMe11u J/CU3HU ypoe11J1 160, 31<3e 
BpeMH -'.>KH3HH HH'.>KHero B036y'.>K,n;ennoro COCTOHHHH 160,3 I<3B 

137 Ce 6Lmo H3MepeHO Ha MHOrOI<aHanhHOM BpeMeHHOM aHaJIH3aTope C 
npeo6pa30BaTeneM THna "BpeMH·aMnJIHTy,n;a" B pe'.>KHMe e -y · C0Bna· 
,n;eHHii/171. · · . 

BpeMH '.>KH3HH YPOBH.H HJMepeHO B COBna,n;eHH.HX I<OHBepCHOHHLIX 
3JieI<TpOHOB K16O,3 c,y- nyqaMH c 3Hepnieii Bhlllle 300 I<3B. 3HaqeHHe 
nepuo,n;a nonypacna,n;a T ½ =0,79±0,14 Hce1< onpe,n;eneHo no J1<cncrnen
UHaJILHOMy' cna,n;y I<pHBOH 3a,n;ep'.>KaHHhIX COBna,n;eHHH MeTO,Il;OM HaHMeHh • 
IIIHX I<Ba,n;paTOB. IlorpelIIHOCTh B onpe,n;eneHHH nepno,n;a BI<JIJOqae·T CTa
THCTHqecI<yJO OIIIH6I<y u. OIIIH6I<y 1<ami6pOBI<H ueHhi I<aHaJia BpeMeHHOro 
ananHJaTopa. BpeMeHHoii cne1<Tp npuBe,n;eH Ha puc. 5. 

12 
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. 137 137 
I I I. CxeM~a pacnap;a Pr ➔ Ce 

._ 
3.1. Ko11cmpyupoea11ue cxeMbt 

Ilo.D;aBnHJOIQee 60fibIIIHHCTBO ,y -nepexo.D;0B, yI<a3aHHbIX B Ta6n. 1, 
pa3MeIQeHo B npe,D;naraeMyro cxeMy pacna,D;a 137 Pr - 137 Ce/PHC. 6/. 
IlpH Il0CTpoeHHH cxeMbl HCil0nb30BaHbl CBe,D;eHHH 06 3HeprHHX H HHTeH
CHBH0CTHX f3 - H ,y -nep~X0.D;0B, 0THOIIIeHIIe (£/[3+ JTeop. =2,65 ,D;nH 6e
Ta-nepexo,D;a Me)K,D;Y 0CH0BHbIMH COCTOHHHHMH, BbIB0Abl 0 MynbTHil0nb
HOCTHX ,y -nepexo,D;0B, a TaI<)Ke HaIIIH H H3 pa6oTbl/~/ ,D;aHHbie 0 ·Y-Y -
C0Bila.D;eHHHX. 

,ll;nH y1<a3aHHbIX Ha cxeMe YPOBHeii xopoIII0 BbIIl0nHHeTCH 6anaHC 
JHeprHii H HHTeHCHBHOCTeii ,y -nep_@X0.D;0B. IIonytJ:eHHpie H3 6anaHca HH· 
TeHCHBHOCTeii aepoHTH0CTH 3aceneHHH YPOBHeii JneI<Tp0HHblM 3axaaT0M 
H. 13+-pacna,D;OM yI<a3aHbl Ha cxeMe. TaM )Ke yI<a3aHbl BenHtJ:HHbl eg ft 
C00TBeTCTBYIOIQHX f3 -nepexo,D;0B, BbI~rncneHHbie B npe,D;nono)KeHHH HX 
pa3peIIIeHHoro xapa1<Tepa. 
· Mb! cyIQecTBeHH0 nepecMoTpenH npe.D;no)KeHHbIH BaHXH3e H.D;p./ 71 
aapHaHT cxeMbl pacna.D;a13 Pr . B Hee. BBeMHbl paHee HeH3BeCTHble co -
CTOHHHH npH 3HeprHHX 1105,2; 1258,9; 1271,5; 1288,5; 1476,6; 1570,5; 
1693,3; 1925,8; 1933,9; 2113,4; 2347,2; 2480,0 1<3B, a cyIQeCTB0BaHHe, 
,JJ;pyrHX YPOBHeii Mbl o6oCHOBbIBaeM 6onbIIIHM I<0nHtJ:eCTB0M BbICBetJ:n:BaIO- . 
IQHX HX ,y -nepexo,D;0B. 

3HaHHe I<BaHT0BbIX xapaI<TepHCTHI< 0CHOBHbIX C0CT0HHHH 137 Pr H 
131c u . 

e ' MYnbTHil0nbH0CTeH nepexo,D;0B, a TaI<)Ke aenHtJ:HH e1 ft Il03B0· 
nHno IlpHilHCaTb HeI<0T0PbIM B036y)K,D;eHiiLIM C0CTOHHHHM 1 7Ce CilHHbl H 
tJ:eTH0CTb. 

3.2. 06cyJ1Coe11ue pe3y/lbmamoe . 
C u 13'l 137 

IlHHbl 0CH0BHblX C0CT0JIHHH Pr H 'Ce , a TaI<)Ke H30MepHoro 
COCTOHHHH 137ce H3MepeHbl MeT0.D;0M MarHIITH0ro pe30Hanca aT0MHoro 
nyq1<a/ls/ H cooTaeTcTaeuuo cocTaanHJOT 5/2, 3/2 H 11/2. 

Cornacuo M0,D;enH 06onoqe1<,y1<a3aHHbie YP0BHH M0)KH0 paccMaTpH-
BaTb I<aI< 0.D;H0tJ:aCTHtJ:Hbie C0CT0HHHH 2d,5;2 59- ro npoT0Ha H,D;pa 

137Pr H 2d:
312 

79-ro ueiiTpoHa 137ce .. CaoiicTBa f3 -nepexo,D;a 
(P_g ft Q)13+ ) Me)K.D;y ocuoBHbIMH cocTOHHHHMH

137 Pr H 137 Ce corna-
cyIOTCH /l 9 C npHilHCaHHeM yI<a3aHHbIX xapaI<TepHCTHI<. 

THn MynbTHil0nbH0CTH nepexo,D;a 160,3, a TaI<)Ke 0TCYTCTBHe 13+. 
pacna.D;a Ha ypoaeHb 16O,31<3B (eg fti>8,1) Il03BOnHIOTilPHilHCaTbypoa
HIO 'j 11 = l/2 + , 1IT0 COOTBeTCTByeT Il0 M0,D;enH 06onoqe1< C0CT0HHHIO 
13s_,1;2 HecnapeHnoro neiiTpona. 

16 
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lfJMepeHHOe BpeMH )KHJHH ypomrn 160,3 K3B / "T ½ =0,79± 0,14 
HCeK/ .n:aeT B03MO)KH0fTb npoaHaJIH3HPOBa Tb BepOHTHOCTb nepexo.n:a, 
CB113h1Ba10~ero 3TOT ypoaeHb C OCHOBHhIM COCTOHHHeM 137 Ce . Cornac
HO MO.D:eJIH 06ono11e1< ~11-nepexo.n: Me)K,n:y COCTOHHHHMH ·s112:Hd3{2 .n:on
)KeJI 6bITb Janpe~eHHbIM no op6HTaJibHOMY KBaHTOBOMY 1.J:HCJiy . 3Ha· 
11eH11n <tia1<-ropa JanpeTa (FaaM.(Ml)= 287) HKBa,n:paTaMaTpH11Horp Jne
MeHTa '.lll 2 (Ml) =0,07 .n:nn paccMaTpHaaeMoro nepexo.n:a cy~ecTBeHHO 
OTJIHlfaIOTCH OT 3HatJ:eHHH FaaM/Ml)::. 60 H ,n2 (Ml) ... o,s · · ·, xapaKTepHblX 
.n:nn Y •Janpe~eHHhIX nepexo.n:oa nma n(s1;z) ➔ ,n (dv.J;il, 

lfaae CTHhiii paHee HJOMepHbiii ypoaeHb 255 K3B / 11/2 - /, 1<aIc 
cne,n:yeT HJ HallJHX . ,naHHhIX, He B036y)K.IJ:aeTCH HJ pacna.n:a 137 Pt 
/ J £+ B+ < O,OO5o/o na pacna.n:/.- · 

. tlepexo.n:y 433,9 K3B, BblCBelfHBaIO~eMy ypoBeHh C TaKoii 3HeprHeii, 
MhI npHnHcamI MyJihTHnonhnocTb Tuna Ml ,E2. YponeHb cna6o 3acenn
eTcn f3 -pacna,n:oM / Ygft =7,55/. Ilo3TOMYB03MOiKHhlMHXapaKTepuc
THKaMH ypoBHH 6y,n:y-r 3/2+ , 5/2 + mm 7 /2 + • HanHtJ:He cna6oro ne
pexo.n:a Me)K.IJ:Y YPOBHHMH 433,9 H 160,3 K3B CBH,n:eTeJil,CTByeT O xapaK· 
TepHCTHKe 5/2 + , KaK HaH6onee npe.n:nolfTHTeJihHOH. 

YponeHb 514,O K3B pa3pH)l(aeTCH nepexo.n:aMH 353,7 H 514,0 K3B, 
MYJibTHnOJibllOCTH KOTOpbIX THna Ml HJIH E2. C y11eTOM COOTHOlllemrn 
HHTeHCHBHOCTeii nepexo,n:oB 353,7 H 514,0 K3B, a TaK)l(e Jacen.eHHH 
YPOBH11 3JieKTpOHHbIM. 3~XBaTOM Mhl npnnHCblBaeM 3TOMY COCTOHHHIO 

J 17 = 3/2+ •• 
CHJibHOe TOPMO)KeHne 6eTa·nep~xo.n:on Ha YPOBHH 433,9 H 514,0 

K3B, BOJMO)KHO, CBH3aHO C HX KOJIJieKTHBHOH npHpo,n:oii - THna KOJie6a
HHH tJ:eTHO•lfeTJIOrO OCTOBa nn10c o.n:1101.J:aCTlllfHOe COCTOHHHe necnapeu
Horo HYKJIOHa /HanpHMep, 2+ + d,'312 HJIH ·s112 /. 06 HHTepnpeTal.(HH 
HeKOTOPhIX yponueii TaKHX MYJibTimJieTOB D coce.n:nux HetJ:eTHblX n.n:pax 
MhI coo6~ann n/19/ • · 

PaJpn,n:Ka YPOBH1l 763,0 K3B npoHCXO.D:IIT 4 nepexo,n:aMH, MYJibTH· 
noJILHOCTh o.n:noro HJ HHX /329,0 K3B/ naMH ycTanonneua KaK MI. Y11H· 
ThIBaH nepOHTHOCTb JaCeJieHHH yponnn 3JieKTPOHHblM JaxaaTOM, Mbl npu
nHChIBaeM eMy J 17 =3/2 + . 

CHnTHe ao36y)K,n:e1rnn yponun 836,6 K3B nponcxo,n:HT BblcaetJ:HBanH· 
eM 3 nepexo.n:on, .n:mI .D:BYX H3HHXMbIYCTaH0BHJIH THnhl HX MYJibTHn0Jib• 
HocTeii: 402,4 /Ml, E2/ H 836,6 K3B /E2/. 

BepoJITHOCTb JaceneHHJI YP0BHH f3 -pacna,n:oM, C00TH0llleHHH 1111-

TeHCHBHOCTeii BblCBetJ:HBalO~HX ero ·Y -nepexo,n:oB CBH,n:eTeJibCTBYIOT 0 

ero xapa1<TepHCTHKax J 17=5/2 + • 
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. . . . 
C ypOBHjf 'I 925,2 ,K3B H,IJ;YT ,IJ;Ba nepexo.u;a, MYJibTHilOJil,HOCTL 0,IJ;HO-

ro H3 HHX -1088,6 K3B/ YCTaHOBJieHa/Ml HJIH E2/. COCTOjfHHe 3aceJijf
.. eTCjf f3 -nepexo.u;_oM, Be.Jill'IHHa flit KOTOporo 6,5. II03T0My YPOBlilO 
IlPHilHCaHbI KBaHT0Bbie xap_aKTepH,CTHKH 'J 17 =3/2 + HJIH 5/2 + . OT
MeTHM, t{TO 3TOT YPOBeHb He HMeeT nepexo.u;a Ha OCHOBHOe COCTOjfHHe. 

Bo3 6y)K,IJ;eHHOe COCTOjfHHe 1933 '9 K3B BbICBe'IHBaeTCji ,"6oJibIIIHM 
KonuqecTBOM ,y -nepexo,u;oB, B ,TOM qucne nepexo.u;<>M 1096,9 K3B /Ml 
unu E2/. CooTBeTCTBYIOlllHH f3 -nepexo.zi HMeeT fg ft =6,5. YpoBHIO 
npHilHCaHbl '] 17 ~3/2+ HilH 5/2+ . : · . 

,lJ;pyrHe yKa.3aHHbie H8. CXeMe YPOBHH 3aCeJijflOTCji /3 -nepexo,n;a.MH, 
· fg ft :K0TOPLIX HMeIOT 3Ha'ieHHjf OT 6,3 . .no 7 ,9. TaKHe 3Ha4eHHjf cooT
BeTCTBYIO.T 0,!J;HOKpaTHO •, 3anpemeHHbIM HJIH pa3pemeHHbIM 3a,u;ep)KaHHbIM 
n·epexo,n;aM. Il03TOMY 'HHTepnpeTHpOBaTb COCTOiHHjf 137•Ce·, HCXO,!J;ji H3 
Knaccmpirna.u;HH O,!J;HO'l8.CTH'IHbIX f3 -nepexo.u;t>B, 3aTpy,n;HHTeJibHO, T.K. 
He jfCHO, HaCKOilLKO B036y)K,IJ;eHHbie COCTOjfHHjf MO)KHO C'IHTaTb O,!J;HO -

. . .•• 

KBa3H'iaCTH'IHbIMH. 

ABTOpbI HCKpeHHe 6naro.u;apHbI .B.TI. Acl>aHacLeBy; H.H. rpoMoBoii, 
H.A.' Jie6e,u;eBy, u:: BbUIOBY, X. <l>ye; A.A. AneKcan.u;poBy, B .M. Mocg)Ky 
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