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I. BBellellll!e 
06J:racn HJlep c HneTH!IM MaCCOB!IM HOMepoM A'd30 - I40 npellCTaB

JIJieT 3HaliH.T8JI:&m.rli BHTepec, TaR RU B TrutHX R.n,paX HB.p.a.;D;y C O.IUIOKB8.3H

~CTH~&MH COCTOHHRHMH 06Hap~eHH ypOBHH,CBOftCTBa KOTOPHX COrJiaCJIDTCR 

C ITpe~CRS3aHZRMB MO~BJIH cna6ott CBH3H O~O~CTRqgoro ~HMeHRH HBCTiapBH

HOrO HYKHOHa C BR6~H ~BTHO-~BTHOro OCTOBa. 

0.IUIO H3 rrepBHX yRa3aHBi Ha cymeCTBOBaHHB B ~ax ~HOM o6naCTB 

Mace ypOBHeft OTMe~eHHoft BHme ITpRpO)lH 6axo rranyqeHO B III.ABTOp.fii 

1'!3M8EilJII'l BpeMH l<ll3111'1 ypoBrut !004 RaB B. 137La : T112 ,;0,4 HC ( corJiac

HO I I T112 = 0,48 HC ). OTCJOlla cJie)lOBaJIO,'ITO pa3pHJ<81001lll\ Y,POBeHh 
E3-rrepeXO)l 994 ROB 3aM8THO YCROP8Hol'l ITOOTOMy 6HJI Cll8JI8H /17 BHBOll 0 

3Ha~TeJihHOll ROJIJI8RTI'!Bil8aiiRI'l COCTOliHHH !004 RaB ( WOHOH r + 't· p. ) • 

BoraTyiD I!H<POpMai1111D o cBolicTBaX Slllep c He~eTHHMI'! A"- 130-i- 140 
llaJII'l 1'!CCJie)lOB8Hilll pea!Oli'!JI rrepe)la~ llJII'l ITO)lXBaTa HYRJIOHa (d ,p; c/, t ; 
p,d; 3He,o/.. R T.n. ). EWIO OTMB't!BHO,'t!TO .n;axe npPI H860JI:bffiHX 3Hepnmx 
B036'j'!t.II;eH.RH HMBBT MBCTO ipparMBHTauM ypQBHelt KaK O,ltHORB8.3Ktia.CTiJ:1lliHX, 

Tat< H 60JI89 CJIOZHOil ITpl'lpO)lH. 
B HacToamell pa6oTe RayqaJicll palli'!DaRTRBHHli pacrra)l RsoTorroB I 37ce 

H 139Pr C UBJI:&ID HCCJIB.llOBaHHH npapo~ HH3ROJieza~HX COCTORHH~ B JlO't!Bp

HHX )lllpaX. 

H30TOTI I37ce KMBBT ~ .llO~O~HB~X COCTOHHBH: OCHOBHOe C I~= 
I 

+ . ,. 
3 2 , T112 = 9,0 ± 0,3 ~ac 1'1 M30MepHoe c I = III2-, T112 = 34,4 ± 
0,3 ~ac. 06a COCTOHHBH ITyTeM aneKTpOHHOrO 38XBaTa paCrtanaDTCR Ha 

ypOBHH I3?La / 3/. H30MepHOe COCTOHHHe~gpOMe TOro
1
pa3pHEaeTCH B OCHOB

H06 M4- rrepexo)loM 254,3 Hall. 
raMMa-H3~8HHe • M9RTPOHH BHYTP9HHell ROHBepCI'!H I3?m, t Ce Bnep

BUe ITO~po6HO H3yqeHH B / 4/ C ITOMO~DID ITanyTipOBO~RHROBHX ~eTeKTOpOB. 
TaM lite rrpe)lJIOllteHa cxeMa pacrra)la 13?•· 3 Ce ~ 137 La. 3HeprM pacrr'1l!a 

I3?!Ce _I37La orrpe)leJieHa M3 OTHOmeHM Kif->+: Q~= 1200 ± 30 R3E / 51. 
Han6o~ee aHTeHCRBHO s~eRTPOHHHM 3aXBaTOM aace~eTCR yponeHb I37La 

C SHeprueH !0,5 H3B H lft = 5/2+. BpeMR Mn3HH 3TOrO COCTOHHRH COCTaB

Jill9T T112 = 89 + 4 HCI61. ITepexo)l 10,5 R3B OTHOCI'!TCll R t-sarrpe~eHHHM 
THITa d~,~~~ B 77/ C006maJIOCh 06 ~eRTe aHOMaJ!hHOH ROHBepCHH llJill 

)laHHoro nepexo)la ( rrapaMeTp rrpoHI'!RHOBeHHH A= IO ± 5 ). 
HaH60Jiee .n;eTaJIDHO f- R3JIY"tt6HHe ~ SJieKTpOHH BHyTpeHHe:M ROHBepCZPI 

1'130MepoB 137 Ce ··~·HH reHpH H llP/81. B 3TOlt pa6oTe 06Hap:YJ<8HO Hec
KO~RO HeH3BeCTHHX paaee f- nepexo~OB. BHCORSH -TOqfiOCTb B orrpe.n;e~eHHm 

SHeprH~ ~- ITepeXO)lOB TI03BOJIRJia aBTOp~SI CROHCTPYI'!POBaTb CXOMH pac

Tia)la 137"'% Ce, BRJ!lD~aJOllll'e Bee o6Hap:YJ<8HHH8 r- nepexo)lH. Bo36y>tlleHHHe 
COCTOHHRH I37La B 181 06C~Cll B paMRax MO)lOJII'l CJia6olt CBll3M COCTo
RHH~ He~eTHOrO npoTOHa C BH6pauzHMH OCTOBa. 
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llos)l.Hee rpi!HBY.U 191 ,U1IIl 60JThll!HHCTBa r- rrepeXO,UOB 137""! Ce 113.08-
PM SHallBimR SHeprd C TO'tffiOCTl>ID,IIpeBOCXO;:r.Fnnei.f pesyJII.TaTI:l /B/. 0,JlHaKO 
OT.D;BJibHI:iB .UOBOJThHO HHTBHCMBHllB r- nepeXO.IUl, Ha6,;mo.n;eHIW:e B /S/, He ripH-
BO~TCR TpHHBY.UOM. I 

B CBH3H C STHM MH BHnanHRHZ HCUHB.UOBaHHR crreKTpOB J -~eM, 
SJIBKTpOHOB BHyTpeHHBft KOHBBpCHH,TI03~TpOHOB H e-J-COBTI~BHA~ ~ KOHC
TpyllpOBaHM 60Jiee 060CHOBaHHOrO Bapl!aHTa CXSMH pacrra.ua 137"''1 Ce. 

CocTOHHBR BH6P8umoHHoro xapaKTepa nneHTH~HnHPOEBHH H B 139ce 
rrpH I!CCJJSllOBaHIIII pa,UI!OaKTIIBHOrO pacrra.ua 139 Pr /lO/ 11 pearo:m:fi ( d , t ) 
II ( 3He,o() /II/. PesyJJl>TaTH /I07 B OCHOBHOM corJJaCyiDTCS! c JlaHHHMII 
3anyuROrO II np./12/ • J\OIIOJ!HilTSJ!hHO B / 12/ C006llla8~CR 0 HSCHOJ!hHIIX CJJa-
6~X 1-rrepexoJJ;ax.O,IUia.Ko B OTHO!lleinm B036YJlU(eHI!R B 13~ce JIPII 6eTa-pacrra
JJ;e 139Pr ( 1:f = 5/2+ ) no~~ OTpllllaTSJ!hHO~ 'ISTHOCTbRl ( 7/2- ) I!MS-
IOTC.fi paSHOrJiaCIDI MeJit.ItY O H 

12
/. ITOSTOMY Ha.MH clWHl BbiiiOJIHBIDl ,Il;OTIOJI-

HHTBJII,Hl:l9 HCCJIB.UOBaHM pacrra,na l39pr . 

2. Y CJIOBM -~@MM9H'@_!!_a!!_Q_TI~:!p~1~f!TM1>J.ill!LJ2Eill·lf2~/!TI! 
2.1. lloJJY'IeHae rrperrapaToB -r:37"'7ce 11 TI9rr 

MsoTOITH 137ce 11 
139rr 6HJJH IIOJJY'ISHH B peaRITIIII rJJY60Roro pacmerr

JJeHI!H rrpl!po)l.Horo ap61!H HJJII ra.uoJJI!HHR rrpoTOHaMH c sHeprHefi 660 MsB.06-
.rryqeuMe J'Y1IDUBHH ( 2 r ) IIpOBO,IJ;HJIOC:b B T8"!!8HH8 2 - 8 '!JaCOB Ha BH~rTp8H
H8M Ilytil\8 IIPOTOHOB CHHXpOUIIIRJIOTpOHa OllitYI. P8JI.HOXID.ml!BC1\8JI o6pa60TKa 
06JiyqeHHO~ MHIDBHH 3aHKMaJia 01\0JIO 2 ~C. XpoMaTorp&pH'!J8CRH (!3/ BU,n;e
JI8HHH8 ~paRium uepHH z rrpaaeo~RMa sareM paa,n;e~HC:h Ha HaoClapH c rro
MomDro aJIBRTpoMarHzTHoro Macc-cerraparopa. 

VlcTO'tffiHKM137g Ce llplU'OTB.BJmBa..JIHCD Ha "cTapmc:" rrperrapaToB 137Nd , 
IIOJIY'!J8HHHX B peayJil>TaTe OdJIY'!JBHHH TBX ~e MHID8H8~ Gd RHH Er ·H IIOCJIB
,n;yx:tl{ero XFIMH"!!BCKOrO Bhl'.U8JI8HM 'flpamnm Nd III ee pa3,U8JI8HHH IIPH IlOMOl.IW 
Macc-cerraparopa. HaKOITJieH:I~e 137 g Ce rrpo.Hcxo,n;ruro rr~eM "uerro'tiKPI'' rrpe
BpameHHil 137Nd( 38 MIIH )-137Pr ( 76 MHH )-l 7gCe. 

2.2. raw~a- H peHTreHOBCKOe H3~8HHe 137ce 
CrreKTpu peHTreHoBCKHX H 1-Jiyqe~ 137ce HaMepeHH rrpH rroMo~a cneK

TDOMeTpoB C Ge (Li )-.n;eTe.KTOpa.MH OCl'beMOM 0,5; 1,3 t1 38 CM3• Paapeme
HH8 CIIBKTPOMeTpOB COOTaRnHJIO 0,6-0,8 KaB ( 5?Co ) ~ nepBHX ,n;ByX ~e
TeR'rOpOB M 2,3 H3B ( 6°Co) JJ;Jl!I CITeKTpOMSTpa C JlSTSKTOpoM 06MMOM 
38 CM3 • lf18TO,UVJKa H3Mepemrn: H oClpaClOTRM }-CJI8KTpOB OJIMCaHa B /!4:/. 

C K~ HCTO"!!HHKOM l3?Ce IIpOBO~OC:b H8CKOJI:bKO oepHfi H3M8p8HHli 
CJI8KTpOB ,1-Jiyqe:M C TBM,l!TOCli:l ITO rrepHOJJY JIOJiypacrra,n;a YCTaHOBHT:b IIpH
Ha,UJI8>EOCTh 1-rrepexonoB.lloJJY'IeHH~e HaMR cBeneHIIR o 1-~ 137ce rrpa
Be.neHbi B raClJI. I, r,n;e OHI'I cpaBHRBaiOTCR c pesyJIDTaTaMH I 8 ' 91. Haru.w cBe
~eHHH 06 ~HTBHCHBHOCTRX J-.nyqefi y~o~eTBOpHT8JI:bHO COrJiacyiDTCH C ~aH
HHMH/S/. B J-crreRTpax MH HaClJIID.JJ;aJIE BCe MaJIOHHTeHCHBHHe rrepeXO~, 
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Tacim!ua I 
CBe.nemm o raMMa-JI~ax I3?m,€{:.e. 

PaCIIa.I\ I3~ce 

"'10,45 10,56:!;0,04a) 10, 539:!;0, 027al 
148,83:!;0,08 O,Sj:0,2 148, 7I1;t0,097 0,46;t0,I8 

217,03:!;0,05 2,2±0,3 2I7,067:!;0,067 2,4:!:0,4 

433,2~0,lJ5 433,22:!;0,09 29,I:i;I,5 433 I 83+0 064 . -. 27,2~1,3 

436,63:!;0,05 436,59:!;0,09 I49;t5 436, 595:!;0, OI 8 153+3 

447 ,IB:!;0,05' 447,I5:!;0,08 "1000 447,134:!;0,020 ,;IQQtf) 
479 479. I2;t0. 10 6,7,:t,0,3 479,I27;t0,067 6,4:!;0,3 

482,5I;t0,05 482,47;tO,IU 25, 7:t.O, 9 482. 468:!;0. 024 26,7;t0,6 

493,Il;t0,05 493,03;tO,IO 5;9;t0,3 493, 0613:!;0, 074 6, I;t0,5 

(529,3:!;0,2) 0,2:t.O,I 529,14;t0,24 0,2:!:,0,1 

631,10;t0,05 631,33±,0,06 7,5:!:,0..,6 631,299;t0,05I 7,3:!:,0,4 

678,26:!;0,12 0,5:!;.0,2 678,40;tO,I5 0,65:!;0,20 

698, 72;tO,II 17. 5:!;0. 9 69d,703;t0,032 16,0:!;0,9 

709, 72;t0, II 0,6.:!:;0,1 709,25:!;0,15 0,65;tO,I3 

724,4;t0,3 0,4:t.Dr2 724,4;t0,3 0,39:!;0,I2 

770,97:!;0,10 3,4:t0,2 77I,035;t0,090 3,6:!:,0,4 

7dl. 54:!;0. 10 7cll,57;tO,I3 I,7;tD,2 781,40;tO,I5 2,2:,t0,4 

9I6 9I5,80;tO,I3 28,9;ti,O 9I5,8I2;t0,022 28,6.±,1,1 

926, 3I;t0, 05 926,36:!;0,13 19,0.±0,7 926,364:!;0,039 17,2:!;I,2 

U6U,64;t0,20 1160,85_!0,22 0,84:!;0,08 1160,592;tO,I79 0,87:!;0,IO 

PaCTIBJi 137 'be 
"10,45 10,5G;t0,04 10,539:!;0,027 

d7,2:t0,2 2U;t3 87,39I;tO,I68 2I,O:t5,0 

I69,28:!;0,05 169,26:!;0,04 995:!;60 I69,3IB:!;0,022 II35:t65 

254,<9:!;0,05 24800;t900 254,:J44;t0,024 26110;tl300 

76<::,IO:t.U,05 76<,30:!;0,10 435:!;20 762,II9:t0,022 430:!;25 

cl24,79:t0,05 824,82;t0,12 =1000 824,796:t0T018 =1000 

835,3l;tU,05 835 38-tO 12 . - . 234:!;10 835. 390:t0. 041 230;tl5 

9U6,d9:tO,I5 906,84:!;0,16 6,3:tl,I 906. 8:!;0. 2 7,2;tl,d 

917,45:!;0,17 29:!;6 9I7,5;t0,2 37:!;7 

993,94:!;0,05 993,dl;t0,2I 4, 5:!:,0,6 993,8:!;0,3 6,0.:!:,1,8 

1004, 5tJ:t0,05 1004. 49:t0. 20 5I;t6 I004,8I3;t0,129 6I;t9 

X) Rna PaBHOB9CHOrO COCTORHRH I$254 3/Ip447 I ~ 5,I :!; 0,2 • 
a)3Ha~eHHe rroxyqeHo H3 paSHOCTH SHePrnH nepexo~OB 447,13 H 436,59 KaB. 
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0 .KOTOpi:lX C006~0Cl> .n.HUlb TeHp.H H )JJJ/B/ ilOCJ:WJih.KY Ha.MH HCIIOJI:b30BaHa 
,UJIJI IIOJIYiiBHM 

37
Ce HHBJI,'T.IBM B /J/, pea.R'IIPrJI,TO Ha6JE:OJf.8HY!e Ta.KHX nepe

XO~OB RBnff8TCH ~OITO~HTBJihHHM aprYMBHTOM ~ RX IIpaiTHCaHRH .K pacnany 
fl30M8pOB 137Ce. 0TM8THM,~TO .IJ;OCTHrnYTBR HaMR TO~OCTb onpe~e.neHHH aHeprRfi ~-~yqeli rrpeBOeXO~HT TOOHOeT~ pesy~TaTOB/d,~/. 

B CITBRTpe peHTrBHOBCRHX ~e~ KpOMB HHTBHCHBHHX rrepeXO,Il;OB K-cepHH 
B H,llpe La Mh1 Ha6mo.n;wm Kcx\, -JmHHH B .ff.llpe Ce. CtrnraeM, ttTO aTH JIHHHH 
rrpoRBKRHCl> 3a Ctt8T K-ROHB8pCHH H30M8pHoro rrepexo.n;a Go4,~ R3b. 
J.\llfi HHTSHCHBHOeTefi ll0~9HO OTHOlll6HH9 J](.,,,,._{Ce/ J1254 4,0 t0,2. 
C ytiBTOM HHTBHCHBHOCTH K JlJ -JIHHIDi: H BHXO.IJ;a qlmoopeCUBJmal'l: (c) R = 0, 93 H3 
yRa38HHOro OTHOlli8HHH ITO~BM BBJIH~HY K03~HUH8HTa KOHBBpCHH nepexo.n;a 
254,3 R3B: o(E = 5,50 + 0,50. YCT~OBnBHHaH Ta&HM MBTO,Il;OM BB~~Ha ORasanae• 6~H3ROn R TeopeTaqeeROMy/15 sHaqeHamo(R (M4) = 5,54. 

PBHee THIT My~nTzrro~DHOCTH rrepexo~ 254,3 RaB 6~ ycTaHoBneH Ta~e 
ITO Be~~Heo(R C yqeTOM H3MepeHHOrO OTHOlll9HRH K/~ + M (eM. o6sop / 3/). 
B pa60T€ /!6/ e UOMOIIU>Il 6eTa-crreRTpOM9Tpa TI!Ua 'lif2' l!SMepeHH eoOTHome
HRH KHTSHCHBHOcTe~ ROHBepcaoHHHx a~eRTpoHOB rrepexo~ 254,3 KaB: KILr= 
5,6 :!:. I,2 ; L.r I L.rr = 3, 7:!:. I,6 ; Lr! L,= 1,92:!:. 0,63. c~eMH BHBo~. 
~o rrepexo~ RMeeT MY~»TKITOXLHOCTD M4 ( B03MOXHBH rrpm~ecD MY~THIT~b
HOeTH E5 MeHee 9% ). 

2.3. 3~eRTPOHH BHYTPOHH9fi ROHBepcHH 137ce 
Hc~e~oBaHHH erreRTpOB a.eRTpOHOB BHYTP9HHeA ROHBepcHH ( 3BK ) 

BmiOJIHSHll C IIOMOiltHO MariUlTHOrO 6eT8-CII9KTpOM9Tpa Tm:J8 7iof2' (pa,IU~YC 
paBHOBeCHOii Op611TH eJI9KTp0M9Tpa to = 50 CM H pasp9llleHHO 0,16% !IpH 
CBSTOCMe U, 3;6) • 

McTOOHHKll 137ce ~ 6eTa-erreRTpoMeTpa Tli!Ia r,tf Bgpesa.ae• zs amo
MHHHeBofi ~ORDrH TO~Hon !5 MRM,B ROTOPJD C ITOMOmhD Macc-cenapaTopa BHe~panHe• l!OHH I37ce. TaRofi HeToqJIJIR HMe~ pasMepH 1,5 x 1,5 MM. 

Ferae~ arreRTpoHoB B aToM cneKTpoMeTpe npoaaBo~c» cqeT~
KOM re~epa-M~epa,OKHO ROTOporo 6RHO 3aKpHTO KO~O~SBO! nHSHRO~ 
TOJ!lllliHOfi 40 MRr/ e~. llpl! li3Meperum erreRTpa 3BK B o6JiaeTII Ee < 20 KaB R l!CTOOHHRY !Ipl!Kn~CH ~OITO~Te~hHSA llOTeHUHanlf = 6 Ktl ~ yeRo
peHHH aHSRTPOHOB,qTQ cymeCTBSHHO ITOBHmaHO ~SRTHBHOCTD RX perHCTpa
nHR B y&a3aHHOfi 06naCTH SH9pr.Ka. 3aBHCmMOCTh ~eRTHBHOCTR CITe.K
TpoMera B 06JracTRI E < 20 .K3B OT 3HeprJIH 3Jie.KTpOHOB 6:wra YCTB.HOBJieHa 
B /I7 ITpll HSyqeHHD ;lleKTpOB 8B]( 169Yb a 171Lu , a Ta~e B orraTax 
npPI pa3.liP.I'tiHEIX 3HS1i9HPIHX YC.KOpm:l!Itero IIOT9HI:UlaJia V . 

HsMepeHPIH Ha1iHHanHCD CITYCTH 30 1iaC IIOC~e o6nyqeHHH MHW8HH H rrpo
~O~anHCD B TeqeHPie 150 1ISC. fiurryqeHHHe ~aHHH8 o6 HHTeHCHBHOCTRX 3BK 
o6ollx naoMepoB 137ce rrpencT~eHH B Ta~.2. ITP.e~BaPHTe~hHHe pesy~bTaTH Hruunx nee~e~oBaHHn 6KnH orry6Rl!ROBaHH B /I87. 
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Ta6Jnrua 2 
3JI8l\Tp0Hb! BHYTp8HHeii KOHBepCL:Hi l37m, gCe 

E,r,KaB JlliHI!il I x) 
8

, OTH.8,Il. o(e, 3KCTI. A. 

! 
137m 

Pacrra.u Ce 
169,3 

I 
K 0,33:!;0,04 0,042:!;0,007 El 

254,3 K rooo "'-5,54 
L 330::20 
I\·~ 76t5 
N 20t2 

Pacrra.u I37gce 

10,5 1111 330t40 
iil2 33:!;4 
M3 8, 5:!:2, 0 MI+ 

M4 5 I,6j:0,5 
"0,006%E2 

• 
N 7&+8 
0 15:!:2 

433,2 K 0,005tO,U01 0. 019:!:0. 005 Ml+E2 

436,6 K 0 025+0 003 . -. 0,017:!;0,003 Ml+E2 

447,1 K 0,15:!:_0,02 0. 0156:!;0. 0023 MI+E2 

x) illKa;ra 1
8 

,II,JI.FI o6oHx M3oMepoB o6~ •. HHTeHCHBHOCTLI JIRHRti 

rrpHBe.neHH Ha BpeMHt =70~c. nocne ~eneHnR nperrapaTa, T.e. 

~.paBHOB8CHOTO COCTOHHRR 060HX H30M8pOB. YKa3aHHb!8 1
8 

n ono MOHBJIDHN ~CJIY pacrranoB K~OTO H30Mepa B OT,Il8~0HOCTR. 

M1l0.6 

r~ 

36 37 39 

5 

PI! c. I. M-, N- II Q-JIIIHl<II rrepe
xo~a IO,ti KaB, BosHHKaromero ITpH 

pacna.ne 137m,gce. 



MaHan T~a acToqaz~oB,cpaBHHTeHDHO HE3KHH WoH c~eTqaRa (7 HMIIYJILCOB aa IOO ceK) a .llOCTaTo'!RM axTHllHOCT:& rrpenapaTOB (~IOOMJ<K) 
IT03BO~ H8droo,ll8TL cna6ae KOHBepcHOHEHe RHHHH,HaiipHMep K433 H K436, HHTeHCHBHOCTL ROTOpax COCTaBnHeT~5·I0-4% ~Hcna paCIIa,llOB I 3?g Ce. 

Ilpa paape~el! ci:roco6HocTII npa6opa 0, 3% B o6JiaCTH Ee ~ IO KaB M-JlllliHH nepexo,lla IO, 5 KaB paa,lleJI1!Jll!cL HerroJIHOCThiO ( pac. I) , 'ITO IIplllleJIO R ~OTIO~HTB~ rrorpemHOCTHM B OITpe~e~eHR~ HX OTHOCHTB~DHHX HHTBHCHBHOCTeJ!. lla H311epeHHoro OTHODieHM M1 :M2 :M3 :M4 5 = I00:(I~I):(2,6± 0,7): (0,50 +O,I5) CJie,llyeT,'ITO nepexo.ll I0,5 xaB HMeeT MYJILTHIIOJILHOCTL MI c IIpHM;CW E2 MOHLDie 0,006% ( H3 OTHomeHRI! M2;'M1: o2 <f O,OI%, M3;'M1: o2 ~ 0,006%, M4 ~I : o 2 <f 0,03%). 
Ilo OTHOCIITOJI1HaM IIHTOHCHJlHOCTHM JIHHIIR K254,3 II M1I0,5 6NJIO onpe,llOJ!OHO ~cJio nepeXO,llOB I0,5 xaB Ha pacna,ll 137g Ce: 
R (l0 5)= "P. (m~) I<M1t0,5). i+ o<,uo,s>. c<.cm.~J . .k..;._b_ n ' " ' l{KZ5tj,3) 1 + o{.,(:z.S~,?) cX.111 (10,5) 'Az 

r,lle \,a A,- nocTOHHHae pacna,lla I37m Ce H I37g ce, P,(254,3)=99,2% 
(pHC.5).0THOllieHHe I(M1I0,5)/I(K254,3) = 0,33 ±0,04 ( Ta6JI.2).KO~HUHeHTa BHYTpeHHel! KOHBOpCHH .llJIH nepeXO,llOB 254,3 II 10,5 ROB IIPHHHTa pae
IWMJI TeopeTmec!G'!M 3Ha~eJml!M"'I5/ (cXK(M4)= 5,54 II cXM (MI)= 20,0). 0T-c~a rro~eM Pn (I0,5) = (I05 ± I2)%. I 

CpaBHOHHeM IIHTOHCHBHOCTe~ 3BK II J-Jiyqel! YCTaHOBJ!eHa KO~OHTa BHYTpeHHe! KOHBepcHH nepeXO,llOB 169,3; 433,2; 436,6 ~ 447,I KSB (Ta6JI 2). HopMHpOlll<ll WKliJI e,lliiHHll IJ H Ie BWOJIHOH8 IIO llOJ!II~He o(K254,3 (M4) = 
5,54. B Ta6JI.2 yxaaaaa noJiyqeHEHe Ha sTI!X ,llaHHax BaBO.lla o MYJILTIIIIOJibaocTHx 1-nepexo,llOll, 

2.4. IloaHTpoHHal! crreKTP I3'7ce 
Cne.KTp TI03HTpOHOB H3MepeH 6e3JiteJIB3HliM 6eTa-cne.KTpOMBTPOM C TOPOH,llaJILHaM MBIHHTHaM IIOJieM /I97. llcToqaaKH ,llJIH 6eTa-cneKTpOMeTpa 6anz noJiyqOHH IIYTOM llHe,llpeHM C IIOMODI:E.Bl Maco-cenapaTopa HOHOll 137 Ce B BJ!IlMHHH38pOBal!liylO Mal!JiapoByro <Penry TOJ!DiliHOll 0,68 Mr/cy2. 
Ha pmc.2 IIpHBe,lleH ~·-cnexrp I 37ce Hero rp~x ~epMH-KDpu.Cpe.llHeBaBemeHHoe aua~eHHe ~on 3HeprKH rroaHTpOHoB orrpe~eneHo KaR 

E = ( I89,5 + I ,6 ) KaB • .!LJIR: OOOTHOlleHHH IIHTOHCHBHOCTell ~· -OII8RTpa a~-RoHBepcmoHHoll J!IIHHH nepexo.lla 447,1 xaB rrOJiyqeHo 3Ba~eHHe 0,35±0,03. 2.5.3JieRTPOH-raAwa-coBrr8.lleHHH npa pacna,lle I37ce 
ll3MepeHRH e-J- OOBIIa,lleHHll BaiiOJIHOHa Ha YCTaHOBRe / 20/,COS,llaHHOll Ha 6aae 6eTa-crreKTpoMeTpa c Topo~an»HHM MarHHTHHM no~eM H raMMacneKTpoMeTpa 0 Ge(Li)- ,llOTeKTOpOM 06>eMOM 35 CM3, 
SJieKTpoaa MI0,5 o6aapyxHBaDT coBna,lleHHH c J-nepexo,llaMH 436,6; 482,5;698,7; 771,0; 824,8; 915,8 R3B, a ~epea KaCR~ Taame H c nepexo,llaMII I69,3 H 433,2 xaB. CorJiaCHO / 8/ HO~ Ha~8TLCH COBIIa,llOHHH 
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PHc.3.CrreRTP BPeMeHHHX 
uacrruerreneH!lft coBITarreHHft 

MeJIUIY KX~ H ROHBeD

CHOHHHMM aH8KTPOHaMH rre
pexorra M,N 10,5 xaB I~7ce: 

a) 3KCII8DJo1M8HTaJIDHHfi: 

CII8R'l'P; 6) BWIT8H 

lj>oH. 

'I 
Pnc. 4. Y'fficTKH /-cneRT~ I39Pr. 

a) m.oeeTCR aarpaaHeHRe 3811lp,., 

L,O~"':_:_,_. _.'_. ~·;;';:;;-· _·J. \r,i:,;;---,t,;~ 6) ~m.oeC:h 1 J8~Dp,. ITO aKTHBIIOCTil 
2-102 .... )::' 

2100 21so 2s2o 2GJO MeHee O,OI%. 
HOMEP KAHAJlA 
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(MI0,5)(}63I,8).0~axo ua~aTh Hx HaM He ~anoc• us-sa ue6o~>moa 
CTaTWCTHKR,HadpaHHO! ~ CITBKTpa e-]-COBITanBHKfi. 

2.6. BpeMH lii!3Hlll COCTOS!J!lll< 10,5 xaB I37 Lo. 
llsMepeHHe BpeMeHH DSHH ypoBWI IO, 5 xaB B I 31.a rrpoBOlJ,llJ!cc• ua 

MHOrOKBHaH~HOM BpeMSHHOM aHaiTR3STOpe,codpaHHOM Ha 6ase ~syx CUHHT~
I.ij:~Om!I:lX Cfi9KTpOM9TpOB C fiJiaCTHqeCKBMH CUHHTHJIJIHTOpa.MH TIIIIa N E 104 
(.0 25xiO MM) H NE III ( ~ I5x O,I MM). 

Bpewr ><PISHH ypoBWI IO, 5 asB 6wro onpe.n:a.euo 1!3Mep8ID!eM coBna.n:e
HHa M8X.D:Y Kx-~,conpOBOZ.D:BEWEMR S -saXBaT I 37m,gCe, H CYMMapHHM HS
~eHHeM J-~ea H KOHB8pCHOHHHX ~eKTpoHOB nepexo.n;a I0,5 RaB. Kx~ 
perHCTpRpOBMHCh C~THAnRTOpOMNE I04, a J-~ H 3~8KTpOHH ROHBSPCHH 
- c~Ti!JIJ!ll:ll>loHHo:ll 1L1IeHKOll: N E III. KpHBaR: sa.n:epJit8.lll!Hx coBna.n;eHHli: 
(Kx)(J ,M N 10,5) o6pa6ari<Ballac• no rrporpaMMe LIPrnl2I/ Ha 3BM CJ(C-6500. 
llepno.n; n~acna.n;a YPOBWI I0,5 RSB HaMR onpe.D:MeH KaR T1; 2=9I,Izi,o HC 
(pee. 3). 3TO SHa'IOHHe Y'fO'IWIOT pesy~TaT Py6R H .n:p/6/, 

2. 7. raMMa-~ 139p,. 
il~HHHe HaMH CBO.D:OHHH 0 1-~ I 39Pr npHBe.n;eHH B Ta~.3,r.n;e 

OHH CpeBlii!Bam'CII C peSy.JIIoTaTaMH/10,I2/, B~O,'ITO Hallll! .n;amme COrMcy
IJ'l'CII C /I0,I2/, Y;JlW!OC. Ha6.lm.lJ:IlTh HOJ!OTOpHO CM6Jie J-~,OTH9COHHHe 
R pecna.n:y I39Pr 3aJryrumM H .n:p.f12/ (Ej= 354,0;587,4;1065,7 xsB). 

Cn9tti!!IJI1o!IOO Bl!BMaRl!O Y.llW!SHO pe:IIOHY 1-Jf1IBJI!.H 1090 J!aB(pJtc.4). 
PaueeflO/ 6axa ua~eua 1-RHBJt& c E~ I091,4 J<aB H I~ IJ±3 oTH.e.n;. 
B HS!J!JtX H:mepeHIII!x ara DHRR: O.ICa3!lJiaCh ymupeHHoil no cpeBHOHIIII c coce.n:
HHMR ~HIIJ!MJ'l H 6Wia pe3.liOliteHa Ha .D:Ba UBJ!a;c EJ = 1088,7:!; 0,7 l!SB 
( I 1 = 6,6 :!;2,3 OTH,e.n;.) H EJ = 109I,4 RsB ( 11 = 6,6 :!;2,3 OTH,O.JJ:,), 
~OTOniR C EJ = 1088,7 J!sB HMOOT HHTOHCHBHOCTD,B HeCR~J<O pes MeH~, 
qeM B /12/. BTopoll: UHK C E1 = 109I,4 RSB,UO H8m8My MHOHilll,HanReTaH 
UBJ!OM CYMMH HaH6o~ee HHTOHCIIBHHX H8XO.D:Hilll!XCII B llaCHS,llO. J-nepexo.n;OB 138~ Pr c E1 = 302,7 H 788,7 J!BB, He6M>moe SarpHSHeHI!e npenapeTa I 39p,. 
naoTonoM I 38m Pr- JDieJio MecTo B xo.D;e Macc-cenapa!U'IH. 0TMeTJIM, 'llTO c 
6Mee 'II!ICT!lMll HCTO'IHI!RaMH 139h (npHMec• 13S, Pr no aKTHBHOCTI! MeHee 
O,OI%) m He Ha~ nm<a I081,4 Kl>B (pnc. 46). 

Ha CpaBH9HI!R: KHTeHCHBHOCTeft J-~yqett 255,2 KaB I 39Pr H 165,9 RaB 
.D:O'IOpHero I 39ce OnpO,IIOJltlHa HHTeHCHBHOCU }-JlY'IOfk I 39Pr B % Ha pecna.n; 
( OM. Ta~.3) .Be~ I 1 (B % Ha pecna.n;) UO.D:TBe]ll!r.llOHH HSMepSHRR:MH 
J-ciieKTpOB I3gmN d B YMOBKI!X, KOI'.D:II aRTHBHOCTH 139Nd H 139Pr H8XO.D:MHC• 
B ~qecROM paBHOBSCBB. 

2.8.ITos1!TpoHHHn cneJ<Tp 139Pr 
Paaee rpaeaqnan aueprWR nosHTpoHOB 139pr 6wra onpe.n:a.n:eua pauuoft 

Erp = I090 +20 xsn/22/ H 1090 +10 asH 110/.llaMepe~ ~·-cneRTpa 6HnB 
BliliMHeHH C -UOMO!I!l>ll CllJIHT~OHHOro CUOJ!TpOMerpa/22/ H 6eTa-cneRTpo
MOTpa C TOPOH.D:W!•HHM MarHHTHHM UM~10/. IToMe~ 6aTa-CIIOKTPOMeTp 
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Ta6JIIll1a 3 
CBe~eHER o 1-xyqax 139Pr 

BbLJ!oB H 1\P .flO/ 3~J)m ~ IW·/12/ .llaHHM pa6oTa 

E(t:.E), KaB I( III) , OTH. E(t:.E),KaB I (III) , OTH. E(l>E),Kaaa) I(bi),oT~: 

-
526C44) I 

- - Kx (Ce) 2,17(22)105 
255,15(2) 255,II(2) 498(14) 255,2(1) 526(44) 

- - 354,00(10) 25(5) 354,0(5) 17(6) 

- - 5II,OO 35,0(8)103 5II,O 32,4(1,6)10~ 
- - i 587 ,37(15) 15(5) 587,4(5) 14(5) 

- - 664,60(15) 8(2) 664,6 >6 

- - 696,01(10) 9(5) 696,0 ~6 

754,2(2) 26(4) 754,24(8) 30(5) 754,2(2) 26(4) 
824,0(2) 28(5) - - 824,0(2) 28(5) 

- - 1065,32(20) 7(4) 1065,7(7) 5,2(2,6) 

- - I088,70(IO) 22(5) 1088,7(7) 6,6(2,3) 
1091,4(7) 13(3) - - 1091,4(7) <'3 
1320,0(3) 122(14) 1320,24(2) 147(2) 1320,0(3) 122(14) 
1340,9(5) 20(6) 1341,50(9) 10(5) 1340,9(5) 20(6) 
1346,9(3) rooo 1347 ,33(1) 1000 1346,9(3) 1000 
1375,7(2) 318(16) 1375,56(3) 325(15) 1375,7(2) 318(16) 

- - [r5r7 ,2o(35R [5(27>1 1517 *4 
1563,3(3) 94(13) 1563,38(2) 88(5) 1563,3(3) 94(13) 
1596,3(3) 73(9) 1596, 58(2) 72(6) 1596,3(3) 73(9) 
1630,5(2) 699(53) 1630,67(2) 725(20) 1630,5(2) 699(53) 
1652,4(4) 78(Il) 1652,58(2) 82(5) 1652,4(4) 78(II) 

- - (1678,53(26)) (3(1)) 1679 ~3 

- - 1710,27(24) 3,6(9) I?IO ~3 

1729,4(4) 16(4) 1729,89(9) 19(3) 1729,4(4) 19(3) 
1818,5(3) 60(6) 1818,30(4) 65(4) 1818, 5(3) 65(4) 
1907 ,5(4) 35(4) 1907,61(5) 36(4) 1907,5(4) 36(4) 

- - 1965,66(44) 1,2(5) 1966 ~!,5 

- - 1985, 04(28) 1,6(5) 1985 !SI,5 

2016,4(5) 25(3) 2016,25(4) 25(3) 2016,4(5) 25(3) 
- - - - 2090r) ~I,O 

a) 3HaqeHiffi E H I CMDHElX -rre exo OB HHfiTl:l IIO a6oTef.l.U/ 'X 1= 1 P ~liP 
6) I OTH.e~.=(2,74i0,14)·IO-~ Ha pacrr~ 39Pr. 

p 

B) Y.Ka38.Ha HHTeHCHi3HOCTb TI03HTpOHOB. 

r) Bo3MOJK!lliii rrepexo~ c ypoBHJI 2090,5 KaB, I~3/2+,5/2+,B036:!1<JleHHoro 
B (cl ,t)-peaKUH#II/ · 
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6WI BCI!OJ!t.SOBB.H H B H8liii!X HSMO~. lic'rO'IHI!IGI l!M cneKTpOMOTpli 6Wll! 
npHrOTOBKOHH BHO~HH8M HOHOB 39Pr B amDMHRRSHpoBaHHYD MalnapOBYD 1!01!
JlOJ&I<f T~OII 0,68 Mr/c.iG •. 

I'paHH'<HM asep!'IIR nouTpoHOB YCT8.Hoaxesa paBHoli ~ =(IIO? ;t3) nB. 
liHTeHCHBHOCTt. D03HTPOHOB 139pr HSMepesa Ge(Li )-CDOI!'r]lOMeTpoM DO rrzey 
8.HHKrKm<OHOHHOrO HaJryq9KHH (OM. Ta6K.3).Ko~on.eHT C~OTHOCTH UOSHTpo
HOB 6Wi 0Dpei!OJI9H 1131l0peHBOM ( B TOll JtO reOMOTpHH J1 C TOM liS <jJIIJioTpOM) 
)-cllOBTpe RaJIH6poBO'<HOrO HCTO'IHI!Ra 22Na. C ~OTOM 3800JlOHHH OCHOBHOrO 
cocTCNmM 139ce II.IIOJITpOH!IHM 3al<BaTOM (pac.6) l!M ~ -nepexona Ha Hero 
HBXOI!HM BOTBJIO!II!O f./10' = 10,2 ;t1,I. 3To 3HQ~HH9 6JIHSKO R TOOpeTnec
KOMf 1231 ( F./fo')Teop = II,25 ;!:0,17 .IWI pe•pe~~eHHoro 6era-nepexona. 

3,06cJXge~e pe3YHI.TQTOB 

3.1. CxeMH pacnana l3?m Ce a 137g Ce 
lipe~o&eHHUe Ha OCHOBSHBH BaWHX ~aHHHX CXSMH pacn~ E30MepOB 137m,gce rrpzBeneHH sa pac.5. MH cytllecTseHHo yro'<HJWI sHa~eHHe aHeprHK 

(0-pacnana 137g Ce ( Q~ = 1220,0 :!: 1,6 gaB). YcTaHODIIJlH M}'JlbTJmOJlOHOCTt. 
rrepexoJU< 169,3 1<aB (EI). PaSMODieHI!e B cxeMe 60Jlt.llJHHCTBa nepexo;llOB o6oc
HosaHo pe3yHt.TaT8MB HSMepeHKa e-1-coBI!QJleHHl!. ITO;llTHep!JlOHO Cytll9CTB0Ba
HH9 BOeX ypouell 137t..a,BseneHHHX B /8/. 

HeJU\BHo HaM cTana xasecTHH pe3yHt.TaTH /Z4/ zs~eKHR ypoBHell 137La 
B peal!!Ulll 13~(p,2n ) II Ilpii p -pacnane 137ce. 3TH peayJILraTli s oc
HOJli!OM oorJracym"Cil C H!lllmliii J!aHHIIMII II pe60Toilb/ II I!OilOJII!JDJT I!X. O,llllaKO 
l!M~T<;Ii peaHOrJlBCIIJi DO BOilpoCY 0 peSp!l;ll;l<e OOCTOJilll!JI 926,3 Hall. CorJra<l-' 
Hrf 241 I 143.fiJgz6=U,b(tt(l,I3,TO:f1!8 RaH no HalliiiM ,l\8.HHHM ;/ti/ STO OTHome
HH8 CCC1'al!JII!M 1,58:!: 0,19. B / 24/ OOCTOIIIIJ!S 926,3 nB BHCBO'IIIll!lOTCH 
TaRHe }-uepeXO;llOM 145,2 KaB. B HSMOpeHHOM HaMH )'-cneBTpe HMe9TCH I!J!R 
o E)'= 144,9:!: 0,1 KoB, HHTe,CHijHOCTt. KOTOporo ( r1 = 2,7:!: 0,5 OTH.en) 
corJracyeTCH c SHaUHIIJIWI 11 

241 Tpex .lij)yrHX rrepexonoB c ypollHH 926,3 
KoB. 0JUlQIIO ll,l\6H1'~ ]-J!IIIIHH 144,9 nB B l1811leA pe60T9 He OKO~
T8Jlr.ll8., OTiieTBM, ~~ B /S/ CHa HO Ha~OHa, XOTI! o6HapYJtOHa 
60Jiee ~ nBBK~~ c x1 = 148,8 xeB. 

B 24/ npm .pacnane 137 Ce o6Hap,xeHH coBIIBJl'l!!'J'! 1-JIYTJ.e'A 169 KoB 
c 17?I.JJ;m otlMCHIIHlll! ooimQJlaHHl! llpeJlDOJraraeTCI!" Z4/ CytllOCTBOBaHIIe ne
pexo;lla ti4 HOB MeKJ!Y ypoBHI!MH 835,4 KS1l,9/2+ H 71J1,b HaB,7/z+,ll 3TOM 
~ }-uepexonu 771,0 II 7lll,4 HOB AOJj!il\li IlpiiHQJlH01E8.T1> pa~ 
13 "'oe, ~0 !IpOTi!BOpe~T HBlllliM )laHIIHM ,tllt .ITpH TaROM BapllaHTe pa3MelllO
!IIIH /-Depexo)la ti4 HaB ero n0Jlli81! l!HTeHaliBHOCTI> nClJll<Ha 6urr, He MelWIIe 
Cy>llM!i liHTBHC!!BHOCTeJI )'-rrepexOJ!OB 771 II '!til H3B.0,llllaKO,IlO HalliiiM ;llaHHHM, 
1noJIH(54,0; M1 IIJII! E2) ~ 0, 7 ( !1771 + IJ781 ). B CBli311 c OTIIM M!l oT
RaS&SaeMCR OT BBeneHEH rrepexo~a 54 KOB II xapaKTepRCTHK 7/2+ y ypOBHH 781,5 J<aB. 
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Klla!!TOBHO lffiPaRT8PllCT!i1Klll B036YJ!\llO!IlillM COCTOJn!ili!M 137 La HOM>'! 

ITPRITllCaHH Ha OCHOBBHllH MY~TRITnnDHOCTett 6-nePexorrOB,BarrH~ log ft 

COOTB6TCTB~X ~-rrepeXO.IIOB. TaKZe ~C~ COOTHOW9HRfl KHTeHC~ 

HOCTel J-nepeXOliOB B T9X cnyqaKX,Rorna yOOBHB EHCB9~B8DTCH B OCHOB

HOe H nepBOe B036YJ!\llOHBOe COCTOllllm! 137 La , 

llaH60Jiee HBTeHCl!BIIO npH paCTIMe 1J7gce sace.IDIOTC>l Y:POBeHl> . 

IO,O xsB.Ero aace.n:eHHe rrpOHCXO.I(HT B oCI-IOBHOM sa c11eT a.rreKT:pOHHoro sa

XBaTa.l!s IISMepeHBOro HaMil OTHOlllOHIIJ!Jp+ /,J K4:!:?,=0,3b;t0,03 HaJ<O)IHM 

BHTeHCliBIIOCTI> TI03HTpOHOB J~'=(I,OA ~ 0,18)•!0 '% Ha pacTIB,l(, BeTBneHI!e 

C j;o+ = ( 9,00 ~ 1,50 )• I03 .zpll! ;uaHBoro nepeXO;ua HOCR~RO MaJIO 

no Cpam!OIIJII} c TeOPeTH'!OCl<I!M 1231 ( c I~·) Teop = II. 5· I03 • Ilo BeJII!'<Illle. 

log ft= 5,3? MOZHO 3a.RJIIO'ImT!J,qoro B .IIaHHOM c.n:yqae P9SJm3Y9Tc.fl rrpeBU8JI19-

HI!eJ"d 512-v d 312 >I yPOBIII!J 10,5 RaB CJIOJLVOT ITPIDlllCaTio KOH@HryPaumD 

'lid 5/2' 
YpQBeHD !0,5 R3B ERCB9~630H MI-nepexonoM B OCHOBH09 COCTOHHZe, 

cnHH HOTOPOrO Z3M9PeH( 1 = 7/2 )1 I .Torna OCHOBHOMY COCTORHHID ITPMll~CH

BaeM I" = 7 /2+ ll pacCMaTPHBaeM ero KaR o;uHo'<aCTH'!HHil yooBeHl>'7fg 7 ; 2 • 

iPaRTOpY TOPMOl<OHIIliF 
9 

(MI)= 550 >I :i (E2) ;. 1,5 nepexo.ua 10,5 K9B 

COOTBeTCTBJDT CBOilCTBaM nepeXO.UOB Mei:uY HROHIIMH yPOBHHMR 5/2+ H 7/2+ 

B HO'!OTIIHX TIO TipOTOHaM JI,I(paJ< B o6JracTH 51< Z < 63 ( CKa3HBaeTC>I (-san

neT TIJIIl 1-nepexo:ua Mel<.UY cocT(lRJ!I!HMI{ 2o.,12 " rg 712 ). O)J.I!oqacTH'!HM 

ITPRPQnB OCHOBHOro COCTOHHRff R COCTOHHEH 10,5 R3g ITO~TBe~eHa HaKBM Z 

IIP/25/ B peaRTID I~(o<,t ), 

RpoMe 3THX nayx COOT~ nnH Re~eTHOrO npOTORa .B l~?La C~enyeT 

Ol<H;uaTD ·o;uHO'<aCTH'!HHX ypoBHeJI 2o. 3(,2 ,:Jsi/2 I! lhn;2 ,ITPH'!OM IIO]m,JtOR 

Mx CJie,IJ;OBBHllf[ MOJE.eT 6HT::& "rreueiiYTSH '. 

YpoBeHL 1004.68 K3B !!MeeT r" = II/2-'" ero IUl8HTHW>'lTIPrP0~25/ 
B peaRIIIIH (oi,t ) Ka1t COCTOJ'IHIIO C .UQM>'!HHPyiOOlOii KOMIIOHOHTO~ h Il/2 • 

BHcBe~e aToT yooBeH" nepexonu 993,8 " 1004,8 xoB I!MeDT 

3BM9THOe YCIWPeHHe no E3-ROMIIOHeHTe ( B ~ 9 H ~ 5 PS3 COOTBeTCTBeHHO), 

'<TO vJ<B.simaeT sa SBMeTHHl! Blt7lllTI B aTo cocTOJ<Hile RORPnrYJ)a1111li 'lid 5/' ® y 
II ~~I<~ 31 ( 31 -ORTyoO~Ha!! Bl!6paiJ;i!JI ROpa)

4 
El-nepeXO;uH 169,3 Jl 

A7,4 RaB HanHDTCH 3aTOpMOE8HBHMll Ha <flaKTop 10 ,'<TO COOTBeTCTBYOT CHC

T8MaTHRe CBOfiCTB EI-nepeXO.UOB C COCTOJ<Hil~ II/z- Ha ypoi!Hll B1!6panHOH

HOro xapaRTepa. Ilpl'l pacna.ue l 3'mlce Ha :fPOBOHl> 1004,7 RaB,BepOHTHO,HMe

eT MecTo 6eTa-nepexo.u Ji hn;2 ~ v hii/2·!\oB~Ho 60Jii>iliV!O Be.Jm'<HB:f log ft 

= 7,34 3TOro ~-rrepeXO,IJ;a MaRHO o6~CHHT::& TeM,~O B R30M9PHOM OOCTORHKH 

137mce BMaTI KORPI!ryp!lllllll (!rhn;2 l~ HeBeJmK, a no.uo60JIO'!Ra (Y hii/2) 

B 13? C e IIPaRTH'!OCRH 3aTI0JIHSHa. 

Mo;ue~ CJia6o~ CBH3JI H8'<8TROrO I!pOTORa I! BH6paTI!IOHHOrO OCTod26/ 

.upe.ucKas><BaeT TIJIIl He60JI:oumx oHeprnll B036yl<,UeHllli 137r.a cJie.UyJO!l1l'le ypoB

HH: 'II g? 12 + 2]' H 'Ji d S/2 + 2I ( 3)(801> 2]' - I!epBHlt KBa.uPYTIOJil>HHil <fJOHOH-

II 



HHH yPOBOHh OCTOBa: Y I~Ba 8Q yPOBOHh 2r HMOOT SHeprmo 818,5 K3B ), 
B COOTBSTCTBHH C STOfi MO.Ue~ro omnnaroTCR: O.UHH YPOB9Hb C xapaxTepHCTH
KaMH II/G+, no rrBa ypoBHR c 9/2+,7/2+,o/2+,3/2+ H o~ ypoBeHh c I/2+. 

'Pa3yr.,'!Ho OTHecTH yooBeH:& 762, I .KsB, I~ = II/zl; .K MYJThTlliiJieTy 

1ig712+ 2~ • a ypoBeHD 641,8 KaB,Ih = I/2~- K MYJII>THIIJISTY 91d
512 

+ 2; 

"'La 57 80 

137m 137g 
PHc.S. Cxerm,r pacna.na Ce H Ce. 

YpOBHBM C I~ = 9/2+ HCXOllH H3 COOTH0lli8HKR ~HTSHCHBHOCTeM paa
~aromHX HX ~2-rrenexo~oB t~ ITPHITHCUBaeM, RaR H B 181, BO~oBue WYHKUEH 
(0,82)1/2 (~ d512 + 2~) + ( 0,18)1/2(9ig7/ 2+ 2~)- COCTOI!HHJO 835,4 RoB, 
(0,18)112 (~ d512 + 2:j ) + ( 0,82)112 (r. g

712
+ 2~)- COCTOI!HHJO 9I7,4 K3B. 

YpoBHH 447,I KoB,I~ = 5/2; a 493,0 KSB,I~ = 3/2+,yqMT~Bai! xapaK
Tep HX pa3~RI1,HHT8piTp8THpyeM RRK COCTOHHIDI ft~;z+ 2; H 9id5/Z + 2; 
COOTBSTCTBSHHO. BSJII.Pm:Ha log ft = 6,53 {0- rrepeXO,Ua Ha ypOBSHb 

447,1 KSB yxaa:r.maeT Ha rrpHM.eCI:. B ero BOJIHOBOf1 iPyHKI.J;IDI O.IUW't!aCT:w.rHOro 
COCTOHHllH .fi d 0/2 ( ~ 6%) • 

Hanm: a.KcrrepHMeHTaJII>HHe .n;aHHHe He II03BOJmiOT c.n;eJiaTI> o,n;Ho-qacTWmoro 
B~60pa M~ xapaKTOpaCTHKaMH 3/2+ H 5/2+ ~ yPOBHefi 70",2 H 
7bi,b KaB H B~O,l1a 06 HX CTpyxType. 

12 



YpoBHD 926,3 R8B ITO MY~TKnorrbHOCTRM EHCBe~X J-rrepexo~OE 

MOl<!!O rrpRIIllCaTI> I'~"~ 3/z+ ,5/2+ ,B / 8/ OTlta!IO rrPe,IUIO'JTeJme I"~ 3/2+, 

a B 1251- r'~" ~ 5/2+. EeTa-rreuexo~ Ha oTo cocTOHHHe moeeT logft :6,?8, 
0TCID.II:a MO!tHO rroe.n;IIOJio:u!T:& • 'qTQ B era BOJIHOBYJO (f}YH.KUJm BHOCHT BMSJI P.:OH

diHrypailJIH'lid 512<"' 3%). XavaJ<Tep pa3lli!JU<ll yooBRH 926,~ RoB rroaBOMeT 

ape,IUI6Jro;mTI>, 'JTO ero ~OMI!HllpYDJlOH KOMIIOHeHTOlt JffiJ!!!eTCJl " d 5/2 + 2r. 

linn nenexo~oB,ROTOPHMH BHCBe~eTCR YDOB~ II7I 13 RsB, He YCTa

HOBn9HH MY~LTKnarrbHOCTHaYPOB6HL 3BCenH8TCH Da3DBW6HHHM ~-TI6P6XOli.OM. 

0TCYTCTBH6 J-rrepexo~a B OCHOBH08 COCTOHHHe ITO~O B /B/ OCHOBBHH8M 

rrpRIIllcaTI> "MY I*=I/4+ II HBTepnpeTI!pQBaTb ero KaK~SI/;.;•11pll TaKOli KOJ$!

rypa,IlHH He rme;n.cTa.BJI.HeTCJI B03M01UIIDJI od'baCWlT:D BeJIJJ:t!liiHY log ft = 6, I5. 

ITue,IUIO'JTHT~ee rrpHRHTI> y YPOBRH II71,3 xaB I~~ 3/2+ H ~onycTHTI> 

BMall COCTo.HHJ'J.Jl 'X d ¥/Z • 
CocTORHRH 7/2 ,OZJm86MDl:e TIO Yfi0Ma:HYT011: BHIIIe MO,neJIH. TIPH aHeprWIX 

?flO- 900 R8B,He yna.nOCI> M6HT!!<l>RIIllPO:BaT1>.3TO H€ynHHHT~¢, TaR KaR 

ITPHMRMH 6eTa-neuexo~aMa raKHe cocTOHHRH aacenHIDTCJI RPaiiHe cna6o (a1~2). 

Ha 3TH yPOBHH B03MOJ!tHH J-nepexo;II):l C COCTOHHR1i 9/2: KOTOpHe.o.zuumo, 

He MoryT KOHKypHpOBaTI> c Ha6mo~aeMHMR E2-neoexo~ma c yaoBHeil 9/2+ 
Ha ~Ba CaMID< Hl'll<HI'IX COCTQRIIRI! . 137 La , 

TaRHM odpaSOM,MO,nanL cna6on CBH3K He~eTHOrO UPOTOHa R B~6PauHOH

HOrO OCToBBi267 XOTR M OITHCHBaeT yno~eTBOPMT6~:bHO CBOilCTBa HH3ROH8Xa

~X COCTOHHHft 
137 Lo ,o~aKO He. MaReT rrpe~cRaaaTb COCTOHHHH 5/2+ llPH 

CT= HIISROll 9H8PrHH,Killl Y YPOBJ!Jl 447 ,I KaB,Bes Jlltl!D'l8HI!J'l B paccMOTPe

HHe O~O'!aCTII'IIIhlX COCTOHHHfi 2 d J/2 1! 3 S I/2 He ynaeTCJI 06""'cl!aTb ITOHB

JieHHe ;IU~yx yuoBHell c I~ ~ Vz+ " 5/2+ noB aaeprHHX 709,2 l'l ?BI, 5 KaB. 

ITna 06~CHOHRH CROPOCTelt Ha6mQllaeMHX~-ll9P8XO~OJl H806XO~O ilOilyCTHTb 

3Ha'IIITWH'IIl !)iparMeHT8lli!!O COCTOilliJ!l! d fi/2 H d 3/z IIO "(JS!II..V yOOBRel!. 

3,2. CxeMa pacn~a I:l9 Pr · · 

~a OCHOBY CXeM!l nacmma l39Pr-139Ce (pHC,6) llPJlRHT BBPi!aHT 1!9 

Hamel! 60Jl88 PaHH8Ji IIY6JIIIRanHH /IO/, nonOJ!lli!TMbHO B /I2/ 6Will BBe~e!W 
HOB!re ypOBHII 1842,9 H 1965,5 R8B H W"""'IIlfllm cna6He )'-nepeXO)l)i 354,0; 

587 ,4; 664,6 H Ifl65, 7 ROB MeEUY liOB8CT!IHMil COCTOiiiiiiJIMII, 

Orroe~aneHHe mHTeHCHBHOCTefi 1-nepexo~oB B % ua pacr.~ nos~o 
YCTaHOBHTb saceJieHHOCTl'l ypoBHell 139ce ~eKTpoHBHM saxBaTOM H c YTO'llleH

IIIIM 9HB'18JmOM Q~ ~ 2129:!; 3 ROB BH""MHTJ> BeJIII'IIIIILl log ft COOTBeTCTBVll

IllRX ~ -nepexonoB. 

3Ha~eHHe log ft = 5,62 6eTa-rrepexo~a B OCHOBHOe COCTOHHHe CBKne

T9~CTBY8T,~TO B HCXO~HOe H ROHe~oe COCTOHHHH ~OMHHKp~ B~ BHo

CJlT COOTBOTCTBOHHO 1i d5/2 l'l ~ d 3/2 -I, 
YpoBeH:b 255,15 RSB BHCB8tm:Ba6TCJI B OCHOBHOe COCTOf.lHae nepexo~OM, 

MYJibTHITOJ!bHOCTI> KOToporo ycTa.HoBJieHa /IS/ xax MI + .{, IO% E2 aaMepe-

13 



HI! eM CT]lyJ<TY]l!< L...mumi!. llo CBOJ[M CBOfrCTB8M ( F Sail (MI )= 63) )laHHlill 
rrepexon cooTBeTcTByeT t -sarrpemeHHliM rrepexonaM TilDa ~ s112 =~d312 • 

0.I(HO~CTH'tJHh131 xapaKTep OCHOBHOrO ( d J/Z -i ) , rrepBOrO B036YJK,U8H
HOro ( SI/Z i),a TaK*S COCTORHRR 754,2 R3B ( hii/Z-1 ) ITO)ITB8~8H 

1 M3J'I8HH8M B036)1l<,USHRR STHX COCTOIIHI!li B ]lSaRUI!!IX ( d ,t ) H ( 3He lo(. /li~. 
Bmrre sHennll I MsB B I 39ce B036)'l<.Uellli ITyTeM 6eTa-pacrrana 3~p. 

ypOBHH KaK IIO~O~HT8~HOli,TaK ~ OTpHUaTSXbHQfi qeTHOCTB. B 3TOfi 06~aCTH 
3HeprHft ~~aiDTCH: O.I(HOKBaszqacTzqaoe COCTOHHH8 a 512-I H,rro MO.I(8~ 
CJiaCiofi CM3PI O.D;HO%CTH't:ffiUX COCTo.mntii: C BH6pa.I.UIRMM OCTOB8. 1- ypomm 
~ d 312 -I® 2I M ~ s112 -I ® 2t. KoHnpeTHlie pac'!er~ )JJlii I 39ce B paMRax 
yRasaHHoil MoneJJH BimoJJHeHli Xa!!noM " B]llOccapm/26/ .lu!aJJHs CBollcTB BN
coKOJie>KalUHX ypoBHell 139ce,B036)'l<.Ua8Ml<X li]lH pacrrane 139Pr,H cpaBHeJme 
C PaC'q8TaJ;111 XaJ:ma BiiiJDJIH8HH B Haruefi pa.mre:i1: rry6JIHRarum /!0~ 

139 R 
59 rao 

139( sa ea, 
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• 

C;n;eJiaeM HeC.KOJILKO 8a.M8~ B CBH3.3 C ITOJIBJI8HH8M pa6oTH /II/, 
B KOTOpoi\ ypOBID! 139Ce HCCJI9l\0Ballll B peai<IU!J!X ( d , t ) H ( ~Je,c(), a 

Taro<e co6paHH l\8HHU9 ~yrHX aBTOpOB 0 B036y.<l\9ID!H ypOBH9~ l39ce B pe
aKURHX ITO~XBaTa ~.III nepe~a~ H]KrrOHao CorJiaCHO /II/ BO~OBHe fuYHKURH 

cocTomrnild 5; 2 H g 7 ; 2 C\>pa:rMeHTHpOBBHH 110 PMY ypoBilell. !laH6oJiimm1 

BM!l,I\ OT COCTOJIIIJti! 6 512 JIM99T ypOB9!11> 1320,0 K3E, 38M9THYIO )lOJIX liM9IDT 

TaK<e ypOBID! B 06JiaCTR 2,0-2,1 MaE. GocTORHReg ?/2 ~pa:t'MeHTRPOBBHO' 

no rpyrrn:e ypoBHeli c aHeprnell B086Yl£,Il;eHHH :::::: 3 MaR, a era He6oJThlllon: 

BRJIBJJ; ,IJ;OJD!t8H co,n;eplKaT:&CB B ypoBHe 1346 , 9 RaB. 
YpoBHH c E"~ > 1300 .KaB xapa.KTePPISYJOTCR He60JI:bn:tm.m cneRTPocKorm:

~ecKKMH ~opaMR 110 cpaBHeHED c HR&eJiex~ YPOBHHMH. 3To corJiacye~

CJI C rrpe)lCTaBJI911Rf!MH MO)l9JIIl /26/ 06 RX BH6pamiOHHOfi IIPHPO)le. ilOJiyqeH

HH8 HSMR B~ log ft ~OOTBSTCTB~X 6eTa-nepeXO,IJ;OB ITO,n;xpennHIDT 

TaRO~ xapaRTep COCTOHHHfi ITOJIOMRTBn:&HO~ qeTHOCTH. 

YpoBHIO 1578,2 K3B J'B9p9HHO /IO/ IIDHIIHCBHH I" = 7/2-. E peaJ<l11111 

l40Ce( d,t ) /Il/TaKOe COCTORHHe,no-BH):\HMOMY.Taro<e Ha6mQnaeTCJI ( Ha 

Pl'!C,lC B /I!/ PJI.IJ;OM C IIHKOM 1,!198 MsE JIM99TCJI CJia6!111 H9M9HTae\>IIUl'l1JD

BaHHUV. IIHR ). CJia6oe B036YXneHHe B neaKUHH ( d,t ) Taxoro ynoBHH llo

HHTHo,ecna ITPMHHTD ero EHT8PIIP8TBUHID KaK COCTORHRff f?/Z• 
TpomeB z ,n;n./27/ Hamnz,~o rrpz pacnane o6paaoBaBmeroCH rrocJie 

38XBaTa HnPOM l~SCe T8nHOBOrO HefiTPOHa COCTOHHRH 139ce C I~= l/2+, 

R n= 7456 + 2? KaB CaM!Ie HHTeHcl'!BHUe 11epexonu 5476 H 4938 xoB sacenRIDT 

ynoBID! coo;BeTCTBeHHo .J p3; 2• 1900 ±. 30 xaB • V PrLz, 252n ±.30 &aB, a 

cJia6Hll nepexon 554n RaE saceJIHeT ynoBeH~ 1916 ±. 30 xaB. Harro IIOJiaraT~. 

~TO YOOBH9M ~ p3/2 B J!,Upe n 9Ce iiBJIH9TCJI COCTORHH9 I<i65,5 KsB. C TaKliM 

x.ap8.l{T6POM YPOB!Ul 1965,5 .RaB corJiacyroTc.a Bemi't!ID!a l'og ft= 8.05 COOTBeT

nTB:y10IIl8rO f.> -rreuexorra. rrue.wtO'tiTPITeJ:r:oHhlfi xapa.RTeu paspJuurn Ha cocT<l.IIlrne 

5 I/Z ( .R8l\ JII B .TI;Pyr'RX H30TOHax C N = 80 ) , a TaiOKe OTCYTCTBH8 COOTBeT

CTBYJOU{Sro eMy rm:.Ka B crre.RTnax TPHTOHOB B nearuum 140ce( d ,t ) • 

YPOBeH~ IR42,9 KaB,lr. =(7/2-) BB9l\9H B /IZ/.OH EHCBe~aeTCR lle

'08XO.llOM 1088.7 KaB Ha COCTO.f!HU6 II/2: ITo HaniHM Jl8.HHl:lM .HHT6HCH.BHOCT:b 

J-119P9XOJ\a I08R,7 KaE B H9CKOJThKO pas M9Hl>ll!9 .~eM B/l~(IToaTOMY Mil nac

CM8TPMBaeM BB8Jl6lffi8 YPOBHH 1842.9 K3B KaK ~0 060CHOBBHHOe.~pyroro 

ypOBHH C I A'='/ /4- KpOMe OTMe~eHHoro B!lllle COCTOR!Il!Jif ? jz B 8TOH 06JiaCTl! 

3H6prEf1 COr~aCHO /~O/ H6~3ff omMn8.Tb,8CHH TOJib.RO He TipHHHTb.~O P63.RO 

OTiyC.RaiOTCJI BID13 COCTO.IlliiDI BPICipatU10HHOro x.apaKTBPa TIDia 3- + q. p.• 

BUBO.rui 

137 I39 
I. E He'leTHo-llnoToHHOM MPe 57 La 00 f n =e 58ce81 ( c o;uHoll 

HefiTPOHHOii lUIP.ROii B 'q6TH0-l!6THOM OCTOB8 - ~gce82 } C8Mt:l6 H:IDKHH8 yOOB

H.l'I xouoruo ormcu:earoTcsr Ka.K onHoimaaz't!acTFnll:le. 
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;,;, lieKOTOphle COC1'0iii!l!JI B OTIDC lll(pal< llpH OHepi'IiJDC B006Yli\J18l!ID! .;; ~ MaJJ y;n;aeTCJ! lli!TepnpempoBan .RaK I!MeiOl!ll!e BH6pal1l!OHHyiO npnpo.uy (HaJIOJ:Ke.HHe IDI6pan;rui OCTOBa Ha O.UHO't!aCTWIHOe .UBUJKeHHS Hecrra:peHHOro HyKJIOHa). 
0TMS1!8HO CMI:oHOS OITYC.Ka.HHS COCTOJIHIDi T:mia 3- + g • P • 

3. Heo6XO.lliDJIO OTM8THTD CMJI:&HOS OIIYCRaHHS COCTO.HHH:fti :?.SlJZ H 2 d J/2 H OHa~Te~HyiO WparMOHTaumD cocToRHnfi 2d 5; 2 H zo 3; 2 n He~eTHo-rrpoTOHHOM H.Upe I 37 La. B H.llPe I 39ce Ha6JIJD,llaeTCJI CI!JlbHOe rj)par·MeHTHpOBaHHe 
COCTOIDUdl 1g7k H 2dsja. 1 ,1l;aiOll!89 B.E\JIB,U B yp0BHI1 OTHOCHT8JIDHO H8ciOJib!liOH 8H8prJU1 B036~eHJ1R. B TOM nee ii,Il;PS ITPI1 fO -pacrra,rr;e JJg Pr B03d:P..UaiOTCR "r.r:ry-60RO,ll1lpO'!Hl\le" COCTOHHM H

7
/ 2 H 2p312 • ABTOpH BilPB.ill:aiOT rJiytiORY'fO 6iiaro.n;apHOCTI> B.M.BaXTBJTIO aa TIOJI83Hhie 

odc~eHMR rroxyqeHHHx peay~TaToB. 
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