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1. BBE.l\EH~E 

nporpeCC 8 I-1CCil€,QOBaHJ.1RX CBO~CTB H€1..1€THO-H€1..1€THbiX Agep B 

nOCJ1€,QH11€ rO,Qbl CBR3b1BS€TCA C B03MO>KHOCTbiO lo1HTepnpeTa~Hio1 IIIX 

CSMblX HH>KHitiX COCTOAHJ.1~ KaK l.JJ1€H08 npOTQH-H€1/iTpOHHbiX MYJlbTI-1-

nneTOB. TaKoe npegcTaeneHJ.1e oco6eHHO npHeMneMo ,QJl.A A,Qep e6nJ.13J.1 
sanonHeHHbiX o6onol.leK /Hanpi-1Mep, e6nH3H 20S Pb I. O.QHaKo ·3Kcne
PI-1MeHTSilbHble I-1CCJ1e,qoeaHlr1A He4eTHo-He4eTHb1X A,Qep c A=130 7140, 
8blnOI1H€HHbl€ B nOCJ1€,QHI-1€ rO,Qbl, nOKS3Silltl, 4TO 8 3TOIIi 06!1SCH1 

,QS)f{€ CSMbl€ HVOKHM€ ypOBHitl H€ BCer,qa Y.QS€TC.A Oni-1CSTb npOTOH

HeihpOHHbiM!II MYilbTI-1nneTaMH. TaK, npH f3- pacna,qe 4€THO-Ll€THbiX 

A,Qep 8 ,Q0'-1€PHJ.1X .A,qpax B036y>K,QS€TC.A 60JlbWO€ KOJ1J.14€CTBO COCTO.A
Hitllli C 117

"" 1 + .ni-1Wb H€KOTOpbl€ 1113 Hill X npe,QCTSBitiilOCb B03MQ}I(HbiM IIIH

TepnpeTIIIPOBaTb B paMKaX MO,Q€DIII o60nO~€K KaK ABYXKBa3!11~aCTIII~

Hbl€. no3TOMy A€JlaJl!IICb nOnbiTKIII paccMaTpiiiBaTb TaKIII€ ypOBHIII B 

paMKaX M0A€Illll CBFI3111 Blll6pal..IIIIOHHOrO OCTOBa C OAHO~aCTIII~HbiMit1 co

CTOFIHIIIFIMit1 HecnapeHHbiX HYKJlOHOB. 8 APYriiiX pa6oTax A!lfl 06bFICHe

HIIIFI CBO~CTB He~eTHO-H€~€THbiX FIA€P AaHHO~ 06JlaCTIII MaCCOBbiX ~~~~

C€!1 .Qenanocb npeAnono*eHIIIe o6 111x 3aMeTHO~ Ae¢opMal..lllllll. 

8 AaHHO~ pa6oTe lt13y~eH paA!IIOaKTIIIBHbl~ pacnaA HYKDIII,QOB 

136,138Nd 111 134Ce 1t1 nonyll€Hbl HOBbl€ AaHHbl€ 0 CBOi1CTBax AOll€PHIIIX 

H€ll€THO-H€4€TH~X RA€p. 

PacnaA 
138

Nd /T u =5,2+0, 1 ll/ !llccne.qoeancR paHee e /
1 •21. 

12 - 1/ 
6b!Jl0 06HapymeHO H€CKOilbKO y -nepeXOAOB. 8' IIICCJl€AOBaHbl TaKH<€ 

3Il€KTP0Hbl BHYTP€HHei1 KOHBepCIIIIII. npeAilOH<€HHbl€ B '1 I Ill /2,' saplllaH

Tbl cxeMbl pacnaAa 138 Nd __, 1 38 Pr 6niii3KIII, OAHaKo HY*AaiOTCR e noA

Teepm.QeHIIII-1 peay!lbTaTaM¥1 ¥13MepeHIIIi1 y-y- IIIIllll e-y -coena.QeH!IIi:1. 

~3I1Yll€HIII€ 136 Nd /Ty; =50,65+0,33 M¥1H/ ,QeTailbHO 1113yllaJlOCb 

s pa6oTax ·' 3 •4-'. K pacna.Q~ 3TOro "i13oTona OTHeceHo 6onbwoe lliiiCilO 

y - IlyYei:1. Y Haiii60Jl€€ lt!HT€HC\t!BHbiX nepeXOAOB 1113MepeHbl 3Jl€KTP0Hbl 

BHYTP€HH€i1 KOHB€pCIIIIII/3.'. npe,QJlOH<€HHb!~ 8 pa60Te-' 3 / eap!llaHT CX€Mbl 

pacna,Qa 136Nd OTJl!lllla€TC.A OT CX€Mbl B/
4

<5p03111 Ill AP/
4

-' 060CHOBaJl!ll 

CX€MY B036YH<.Q€HHbiX COCTO.AH!IIi1 136 Pr lt13M€P€HIII.AM!II )-y -coena,Q€HIIIi1 

111, KpOMe TOro, 06HapyH<It1Jllt1 MaCKit1POBaHHbli1 Kx -nyllaM!II )' -nepe

XOA 40,1 K38, llTO C!IIJlbHO nOBJl!IIFiflO Ha KOHCTpyi-1pOBaHIII€ CX€Mbl. 

Y ,QByX COCTOFIH~-ti1 136Pr 1-13M€P€Hb! epeMeHa }!(~-t3HIII: Ty; =9,4+ 
_2:.0,2 HC -' 4; 5, - ,Q!l.A YPOBHFI 40,1 K38 1-1 T if:! .S 0,8 HC/J/ Ill -

::S. 0, 2 HC ' 5· - ,Qfl.A YPOBH.A 149 K38. 

I 
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Hany4eH"e 134 ce /T~ =75,9~0,9 4/ noAP06Ho "ay4anocb 
B pa60Te fpVIHBy,Qa Ill ,qp/61. 06Hapy>KeHO OKOJlO 30 y-nepeXO,QOB, 
J.1HTeHCIIIBH0CTVI KOTOpbtX /B % Ha pacna,q/ YCTSHOBJleHbl no y-nVlHI-l~M 
,Q04epHero 134La. Ha OCHOBSHJ.1J.1 H3MepeHio1~ cneKTpOB y -ny4eC1 
111 y-y -cosna,qeHJ..1i1 npe,qnomeHa cxeMa soa6y>K,qeHHbiX coCTORHI-1C1 134La. 

2. YCnOBH!! OnbiTOB 

HealrTpOHO,Qe¢HU.HTHble HYKI1H,Qb1 HeO,Qit1Ma 1-1 u,ep11R 6bt11VI nony4eHbl 
a peaKU,IIIIII rny6oKoro pac~enneHIIIR ra,qo.niiiHIIIR npoToHaMVI c 3Hep
rV1eH 660 MaB. M111weHb H3 MeTannH4eCKoro Gd secoM 2 r o6ny4anacb 
Ha BHyTpeHHeM ny4Ke npoTOHOB CVIHXPOU.VIKJlOTpoHa OHRH. BpeMR o6-
ny4eHHR COCTSBJlRilO 1-2 4. ~JlR nolly4eHIIIR ,QOJlrO>KHBy~ero lS4Ce 
MJ.1WeHb o6ny4anacb 12 4. 

CyMMY pe,qKoaeMe!lbHbtX pa,qHoHyKm1,qoe Bbt,qen.AnH H3 MI-1WeHH MeTo
AOM aHIIIOH006MeHHO~ XPOMSTorpa$~H. 3aTeM npOH3BOA~J10Cb pS3Aene
HYI~ JlSHTSHYIAOB Ha OTA€11bHbt€ ¢paK~HH M€TOAOM K8THOH006M€HHOi1 
xpoMaTorpa$HYI. 

~CT04HYIKYI AI1R cneKTpoMeTpos npHrOTOBilRJlHCb 1113 ctJpaK~YI~ Nd "' 
Ce nyTeM paaAeneHJ.1R HX Ha Hao6apbt c noMOll.lbiO 3neKTPOMarHHTHoro 
Macc-cenapaTopa. ~OH~ B6YIBSJ1HCb B SJ110MHHYI€B~e nOATIO~KH TQJ1-
ll.IJ.1HOI'r 15-20 MKM VtnH 8 MS~TJSPOBble- TOTI\.LIHHO~ 5-10 MKM. 

AnR HccneAosaHHR Ha 6eTa-cneKTporpa¢e cneKTpa aneKTPOHOB 
BHYTP€HHeH KOHsepCVIH 134Ce YICTOI.JHYIK npJ.1rOTSBJ1\IIB8TJCR 3JleKTpo
TIY130M 1-13 ¢paK~HYI 4ep111R. noAnO~KoH cnymHna nnaTHHOBaA npoeonol.l
Ka AYISMeTpOM 0,1 MM. 

raMMa-J.13Jlyl.leHHe nOilyl.leHHbiX npenapaTOB HCCJleAOB8HO npH nOMO
IJ.II-1 cneKTpOMeTpOB C ·Ge(Li) -AeTeKTopaMH 06"beMOM 0,8 \.1 38 CM3 
c 3Hepren-11.leCKHM paapeweHHeM 0,6 K3B (

57Co) H 2,2 K3B (
6°Co). 

COOTB€TCTB€HHQ, noAp06HOCTYI M€TOAV1KY! V13MepeHHA VI 06pa60TKV1 y
cneKTpOB \.13110meHbt B /7/. 

CneKTpbt 3neKTPOHOB BHYTPeHHeH KOHsepcHH H3oTonos Nd H3YI.le
Hbl npH nOMOll.IV1 6eTa-cneKTpOMeTpa C TOpOV1A8JlbHbtM MarHHTHbiM no
neM IS! VI cneKTpoMeTpa c Si(Li) - AeTeKTopoM, noMeiJ.IeHHbtM 
B OAHOPOAHOe MarHHTHOe none I?~ CneKTpOMeTp THna 11AnenbCHH 11 

6bt11 HaCTpoeH Ha paapeweHV1e 0, 8% np1-1 cseTOCV1Jle 15%. CneKTPOMeTp 
c Si(Li) -AeTeKTopoM HMen paapeweHwe 2,2 KaB npw Ee~500 K3B. 

CneKTp aneKTPOHOB KOHaepCHH 134Ce V13yl.leH c noMOll.lbiO 6eTa-cneKT
porpactJa c nocTORHHbtM MarHV1THbtM noneM /9/ np111 paapeweHV1H 0, 05%. 
noc!leAOBaTeJlbHble 3KCn03H~HVI ¢OTOnllaCTHHOK, Bb1n0JlH€HHbl€ ·a Te4e
HVI€ 5 CYTOK, n03BOJlV1JlVI VIA€HTV1$H4VIPOB8Tb Ha61110A€HH~e KOHBep
CVIOHHble JlVIH\IIH. 

CneKTpbt e-y -cosnaAeHVIH Hayl.leHbt Ha ycTaHOBKe 1101 , c03A8HHol-1 
Ha 6a3e 6eTa-cneKTpOMeTpa C TOpOVIA8JlbHbJM MarHHTHbiM norteM VI 
y -cneKTpOMeTpa c Ge(Li) -AeTeKTopoM o6DeMoM 35 eM 3 • B Haw1-1x 

011b!T8X pa3peWatO~J.~€€ speMR yCTSHOBKH 6btTIO 2r =50 HC, 

2 



Ta6m-r~a 1 

CBeAeHHR 0 y-nyqax H 3neKTPOHax BHyTpeHHeH KOHBepCHH 138 Nd 

Ei a) olr~e~) J!HHilll I e B) ot_. 

" 
.!_ TIOJIH.6) 

K3 OTH, e,ll. 8KCII. OTH, e,ll. 

I 2 3 4 5 6 7 

K o( 1,.t (Pr) 2350±250 

K ~; (Pr} 300±40 

K ~~ (l'r) OO±I5 

62,6±CJ,4 I,2±CJ,4 K I620±2IO 4,0.±I,8 MI+~6%E2 7,21J±2,42 

L 260±30 0,64;t0,29 

M+N 68±8 

II6,3±CJ,2 3,6±_0,4 K 990±IOO 0,82;t(J,I7 MI+<2,3%E2 7,09;t0,79 

L I02±I5 (8,4±2,2) (-2) 

M+N 30±5 

I26,I4;t(J,05 4,6±CJ,6 K IOOO±IOO 0,65±Q,I5 MI+<IO%E2 7,73±I,OI 

L I2I±I4 (7,8±2,0)(-2) 

M+N 25±5 

I32, 73±0,05 7,3±CJ,9 K I230±I25 0,50,±0,II MI+,25%E2 II, 66;t0, 96 

L 207±27 (8,4±2,I}(-2) 

M+N 33±7 

' 

"' 



.. 
ilpOAOfl*eHHe Ta6n. J 

l 1 e " I <; c 7 I68;ti r) 0,6±0,2 ! 

! (0, 78;t0,26) 3 ) 
25z5 ' (6_!:3) (-2) I EI !,2±0,4 

I?8,5.ti,O !,2,±0,4 K ! 
I I94,2I;t(l,05 I0,6,:t0,6 K 550.!;55 0, I54;t0, 022 ' MI I2,67;t(J,72 

L 75;tiO (2,I;t0,4) (-2) ' I !99,50±0,05 22,9±.1,2 K 964;t96 0 ,I25±Q ,020 ' MI+<22%E2 27,28.:ti,43 ' L I65;t20 (2,I±Q,5)(-2) ·, 

M+N 4!±6 ; 
2I4,I3;t(J,06 3,0,:!:0,8 K 2IO;t3o.ll) 0,2I±Q,09 ' MI+(E2) 3,46;t(J,92 2I5,3I;t0,06 I2,0.:ti,3 K 390;t50~) (9,6;t2,2)(-2) E2+(MI) I3,8.:ti,5 234±I r) 0,9z0,3 I ' 0,9±CJ,3 

I 
284,3;t0,7 I,6;t_0,5 K 30±6 (5,6±2,8) (-2) 

' 
MI+E2 1,7±0,5 

! 325. 76;t0 • 05 I22±3 K I600tiiO (3,9±Q,4)(-2) ' MI+E2 I28,2;t3,2 l 220;t30 
' 

(5,4;t(J,9)(-3) 
M+N 50;t8 

I 
326 9+0 6r) 

' I,Oz0,3 
' I,O.:t0,3 

. -. 
341,65±0,05 I7,2.:tl,7 K I95;t25 (3,4;t(J,8) (-2) MI+E2 IB,O.:ti,B 

1., 42±7 (7,2±2,0)(-3) 



<11 

IIpo.noJI.lKemre Ta6JI:mJ;H I 

I 2 3 4 5 6 

541,0~.3 i,?j:0,5 K I3j:3 
i 

(2,4;ti,2) (-2) MI 
553 6+0 5e) I ~0,6 K 33;t6 ~0,!6 EO . -. 

I 

I 
581 0+0 5~) 2,2,:t0.5 K I .(5,3 ~0.007 EI, E2 . -. 

I =wo+l 788, 7±_0,1+) =roo+l i( "'2,97(-3) E2 

a) EoJI:Oll!HHCTBO 3Hal.!eH~ Ej 3aJIMCTBOBa.Ho H3 /I/. 
6) I or.en. =(0,0233;t0,0033lg Ha pacrrau <1'1787=(2,33~,33)% Ha pacrrau /I/). 
a) I or.en. =(6,92;ti,04) ro-% Ha pacrran. 
r) llepexonH Ha6JI~eHH B e-1-coBna.IJ;eHHRX. 
nl I K B3HTU 1!3 1. 

7 

I,7;t0,5 

I 
2,2_±0,5 

I00,3 

e) Ilepexo.n H86JI~eH TOJibKO B CTI8KTpe SJieKTpOHOB BHYTpeHHeil KOHBepCHH H Tpe6yeTCR TIOJJ;TB8P*n8HHe era 
npMHa.rr.;rernocru pacrra& I38pr

~) Mo~eT npHHan;re~Tb 13~r- /I/. 
s) IIpHHHT 3a MI-nepexo.u cor;racHo cxeMe pacnaJJ;a. 
+) HOPMMPOBO~He 3Hal.!eHJIR. 



3. PE3YilbTATbl 3KCnEPHMEHTOB 

3.1. PacnaA !38Nd ~ 13Bp, 

PeayilbTSTbl HaWit1X Hccne,qoeaHit1~ cneKTpoe y -ny4eH 1t1 3neKTpo-
HOB BHyTpeHHet1 KOHBepCVIVI npe.QCTaBJ1€Hbl B TS6Jl. 1 • 0npe,qeJ1€HI-1e paaHocTeH 3HeprVtt1 KOHaepcV1oHHbrx IlVIHI-1i1 EK-E L vtilH pa3HOCTet1 Ey-EK n03BOJ1HJ10 YCTSHOBHTb H30TOnHy~ nplt1HS.Qil€~HOCTb y-nepeXO.QOB. 3aKJ1~4€HHR 06 H30TOnHOt1 npHHS,QJlemHOCTH y-nepeXO.QOB ,QeJlailHCb TSKme 1-13 pe3yilbTSTOB lt1CCJ1€.Q08SHH.R e-y -cosna,QeHHH. K pacna,qy 138 Nd OTHeceHbl paHee HeHaeeCTHble y -nepexo,qbr c Ey =62,6; 168; 178,5; 234; 284,3 ~ 326,9 K38. an~ 6onbW~HCT
sa y -nepeXO.QOB YCTSHOBJ1€Hbl n1nbl MYilbn1nOilbHOCTet1. 8biBO.Qbl o MYilbTI-1nonbHOCTRX y -nepexo,qos c,qenaHbl nyTeM cpasHeH'-'I.R 3Kcne
PJ.1MeHTSllbHbiX 3HS4€HI-1i1 K03$¢HLI,H€HTOB KOHB€PCVII-1 aK 1.1 a L C CQQTB€TCTBYIOU4J.1Mr.1 TeopeTH4eCKHMH senH4HHSMH no Xarepy "' 3ellb4epy ll/. HaMepeHHR e-y -cosnaAeHvtH no3BOJlltlllltl ycTaHOBHTb PFIA KacKaAOB coanaAa~~Hx y -nepexoAos /Ta6n. 2/. 

3.2. PacnaA 136 Nd ~ l38 Pr 

B Ta6Jl, 3 npHBeAeH~ nOJlY4eHH~e B HSWHX 3KCnepHMeHTSX AaHHble o y-ny4ax 1-1 aneKTPOHax BHYTPeHHei-1 KoHsepcHVJ 136 Nd. HaMepeHHFI pa3HOCTeH Ey-EK' EK-EL, a TaKme e-y -cosnaAeHHt;:i 

6 

Ta6nm.~;a 2 

CBe,ll.eHHfl o e-y -cosna,rJ;eHHnx 138Nd 

3 B K 3HePrHR H HHTeHCHBHOCTb CQBn~~X r-nepeXOnOB 

K 62,2 116,3: 132,7: 168: 194,2: 234: 284,3: 326,9: 
K 116~3 132,7: 168: 194,2: 
K 126,1 199,5 

K 132,7 116,3: 194,2: 214,1 
K 194,2 /116,3/: 132,7: /214,1/ 
K 199,5 126,1: 341,6 
K 214,1} 
K 215,3 /132,7/: 194,2: 325,5 

8 CK05K8X yK838Hbl 3HeprMM nepexO.lJ;OB, He O'leHb y5e.11.11TeJibHO npOJ'IBHB
WMXCJ'I B COBDS,neHHJ'IX, 



Ta6nm~a 3 

CBeAeHHR 0 y -nyqax H 3JieKTpOHax BHYTpeHHeH KOHBepCHH 136Nd 

E It" ' I. -: l OOJIH. A. Kol OTH. en. JlHHHff I 
OTH. en. de 3KCO, . OTH. en. 

1 2 ' 
40,2±0,1 60±5 L 140±14 2,33±0,47 1 237±15 M1+/0,17±0,04/%E2 

M 29,6±3,0 ' N 7.7±0,8 i 
63,0±0,2a/ ' L 0,43±0,08 ' M 0,15±0,03 
100.54±0,11 4,4±0,4 K 3,92±0,39 0,89±0,18 9.0±0,6 M1 

L 0,50±0,10 O,ll::f-0,04 

M 0,14±0,05 
108,90±0,10 =100 K 88,3±4,4 " 0,883 i 206±6 M1+/2,84±0,25/%E2 

L 13,4±1,3 0 J 134±0 J 013 
M 3,30±0,35 
N 0,70±0,14 

130,54±0,13 1,70.±:0,17 K o, 70±0,10 /4,1±1,0/-1 2,9±0,2 E2+/M1/ 
L 0,35±0,07 /2',1±0,6/-1 
M+N 0,19±0,06 

139,3±0,5a/ 0,65±0,15 .... 1,0 
144,28±0,15 4;0±0,6 K CJIOliC. 5,6±0, 7 

L 0,23±0,04 /5,8±2,0/-2 M1 
149,1±0,1 22;0±2,0 K 6,3±0,9 /2,86±0, 72/C} 30,0±2,3 M1 

L 1,0±0,1 /4,5±0,9/-2 
M+N 0,20±0,03 

I 
..., 



00 

flpO)l0JilK8HH8 Ta6JIHI.U>! 3 
-1~- 2 I 4 
184,5±0,2 1,5±0,3 ' K 1,7±0,3 I CJIO)I( 

L /2,7±1,3/-2 /1,8±1,0/-2 I M1 204,3±0,5 0,45±0,09 K /6,0±1,5/-2 /1,33+0,60/-1 0,52±0,10 E2+Ml 211,6±0,5 0,50±0l5 0,50±0,15 
219,5±1,0 0,18±0,08 0,18±0,08 
240, 4±0,5 0,50±0,15 K /5,0±1,3/-2 0,10±0,05 0,56±0,16 Ml,E2 252, 7±0, 3a/ 0,90±0,15 K /8,0±0,9/-2 /8,9±1,3/-2 1,0±0,2 Ml,E2 
292 ,4±0,5 0,65±0,15 K /2,4±Q,6/-2 /3,7±1,8/-2 0,68±0,16 E2+/M1/ 294,6±0,2 2,10±0,25 K /8,8±0,9/-2 /4,2±0,8/-2 2,20j:0,26 E2+/Ml/ 

L /1,0±0,2/-2 /4,8±1,7/-3 
336,0±0,3 1-, 50±0, 30 K /7,2±0,7/-2 /4,8±1,6/-2 1,6±0,3 Ml+/E2/ 390,3±0,2 2,40±0,40 K /6, 0±0, 6/-2 /2,5±0, 7/-2 2,4±0,4 Ml+/E2/ 425,9±0,3 0,60±0,10 K /8 ±2 /-3 /1 J 3±0 J 5/-2 0,60±0,10 E2,/M1/ 436,5±0,4 0,60±015 K /1,3±0,2/-2 /2 J 2±0' 9/-2 0,60±0,15 M1,/E2/ 476,7±0,2 4,0±0,4 I K /5,6±0,5/-2 /1, 4±0, 3/-2 4,0±0,4 M1,/E2/ 

L /9 ±2 /-3 /2, 3±0, 8/-3 
488,6±0,5 0,55±0;l5 K 

i /6,2±1,8/-2 /1,1±0,5/-2 0,55±0;l5 I Ml,E2 498,7±0,5 0,80±0,25 

i 
- 0, 80±0,24 523,6+0, 4 0,55±0,15 K /8,2±2,1/-3 /1,5±0,7/-2 o,55±0,15 I Ml,E2 525,9-a/ ~0,15 

I 
~ 0,15 528,5±0,5 0,25±0,08 

0,25±0,08 534,9±0,4 2,3±0,4 K 

I 
/1,70±0,26/-2 /7,4±2,4/ 2,3±0,4 

I 
E2+/M1/ 574,8±0,1 33,0±3,0 K 0,336±0,034 /1,0±0,2/-2 33,4±3,0 Ml+/E2/ 



-c 

ITpO~ORX8HH8 T86RHUhl 3 

2 ' 4 6 
I l /4,4±0,4/-2 /1,3±0,3/-3 
i M+N /1.40±0,14/-2 

605,7±0,4 1,6±0,2 K /1,40±0,14/-2 /8,5±2,0/-3 1,6±0,2 Ml+/E2/ 
632,4±0,5 0,8±0,2 K /3,8±1,0/-3 /4,8±2,4/-3 0,8±0,2 E2+/M1/ 
643,9±0,4 1,5±0,3 K /7,8±1,0/-3 /5,2±1,7/-3 1,5±0~3 E2+/M1/ 
652,9±0,5 1,0±0,2 K /8,5±1,3/-3 /8,5±3,0/-3 1,0±0~2 Ml+/E2/ 
672,4±0,5 0,9±0,2 K /4,0±1,2/-3 I /4,4±2,2/-3 0,9±0,2 E2+/M1/ ' 
755,2±0,3 1,45±0,20 K /5,9±1,2/-3 /4,1±1,4/-3 1,45±0,20 E2+/M1/ 
841,3±0,5 0,30±0,08 

I 
0,30±0,08 

855,5±0,5 0,5±0,2 K /1,8±0,9/-3 -3,6-3 0,5±0,2 /E2,M1/ 
900,3±0,5 1,1±0,2 

I 
K /3,0±1,2/-3 /2,8±1,4/-3 1,1±0~2 E2,/M1/ 

921,9±0, 5 0,8±0,2 K /1,8±0,6/-3 /2' 3±1' 2/-3 0,8±0,2 E2,/Ml/ 
940,3±0,5 1,7±0,2 K /3,7±1,2/-3 /2,2±0,9/-3 1,7±0,2 E2,/Ml/ 
972,3±0,5 2,9±0,4 K /8,0±1,6/c3 /2,8±1,0/-3 2,9±0,4 M1,/E2/ 
1013,1±0.5 0!8±0,2 K /•7/-4 0,8±0,2 
1021,5±0,5 0,85±0,20 K /1,0±0,5/-3 0,85±~·~0 
1031,5±0,5 0,8±0,2 K /1, 7±0 '71-3 /2,1±1,2/-3 0 ,8±0 ,2 
1041,4±0,6 1,0±0,2 K /2,7±0,9/-3 /2,7±1,3/-3 1,0:t<J,2 
1062,5±0,6 0,65±0,15 K /8±4/-4 0,65±0,15 
1184 ,0±0,8 0,9±0,3 K /6±3/-4 0,9.±0,3 
1489,0±0,7 0,70±0,25 K /1,1±0,5/-3 0, 70±0,25 

a/ ITepexon He pa3MemeH B ~xeMe pacnana. 5/ 1 OT.en.=/0,317±0,016/% Ha pacn~. 3anHcD THna /5,8±2,0/-2 
03H8488T /5,8±2,0/ 10~ 
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3.3. PacnaA 134Ce ~ 134La 

Pac. 1 • CTPYKTypa L -nHHHH nepe
xo~a 40,2 K3B npH pacrraAe 
136Nd -+ 136pr. 

/Ta6n. 4/noaaon~nH OAH03Ha4HO 
ycTaHOBHTb np~t~HaA11e*HOCTb K pac
naAy 136Nd PfiAa y -nepexoAoa, 
OTHeceHHbiX paHee /3/ K pacnaAy 
ll'-'eno4KI-1., 136Nd .... 136 Pr -+ tssce. 

B Ta6n. 3 ,qnR 6onbWHHCTBa 
y -nepeXOAOB yKa3aHbl YCTaHOB
neHH~e HaMH THnbl MYJlbTHnOJlbHQC
TeH, 8biB0Abl 0 MyJlbTHnOJlbHOCTfiX 
6b1IH1 CAeJlaHbl B pe3y1lbTaTe H3-
MepeHvti1 BeJ1H4Y1H a K HJlH a L, !11-160 
nyTeM HCCne,qosaHHR CTPYKTYP~ 
L -nHHHM. HanpHMep, A!lR nepexo
,qa 40,2 KaB H3MepeHbl Ha 6eTa
cneKTpOMeTpe nma "Anenbei-1H 11 

COOTHOWeHHR HHTeHCHBHOCTe~ 
L 1 I Lm =23,0.:!_),0; L 1/Lu = 
=9,2~0,9 /eM. P"C· 1/. 0TC~Aa 
C!leAyeT, 4TO nepeXOA HMeeT 
MY!lbTHnonbHOCTb Ml c He6onbwoH 
np"Mec•~ E2 /0, 17+0, 04%/. 

B Ta6.n. 4 np~o .. ;BeAeHbl pe3y.nb
TSTbl HaWHX lt13MepeHH~ e-y -coa
na,qeHHI-1. 

no.ny4€HHbl€ HSMH CB€A€HJ.1~ 0 y -lt13IlY4€HHH 134 Ce npHB€A€Hbl B 
Ta6n. s. An.R CPSBH€HHR TaM >Ke np~t~B€A€Hbl pe3yJ1bTaTbl rpJ.1HBYAS 
J.1 AP· /f.f/. B Ta6n. 6 Mbl npHBO,qi1M HSWI-1 ASHHble o6 3J1€KTPOHax 
BHYTPeHHel-1 KOHBepclll!ll 134 Ce.06Hapy>KeHbl K-, L- VI M-m1Hitllt1 nepe-
XOAOB 130,15" 162,30 K3B. KpoMe TOro, o6Hapy>KeHbl L 1 -,Lu-l1 L 11f KOHB€P010HHble m1Hlt1VI HeVI3B€CTHOrO paHee nepeXOAa 32,07 K38. nepe
XOAY 130,15 K38, HCXOAR H3 COOTHOW€HHR HHT€HCHBHOCTel-1 K1 L

1
-

L11 -H l\1-m1HMH, cneAyeT npHnY!caTb MYilbTit1n011bHOCTb Ml. BenH4HHY aK(Ml) 3TOrO nepeXOAa HCnOI1b3Y€M AI1R HOpMHPOBSHJ.1R HHT€HCHB
HOCTei1 Y- I1Y4ei1 J.1 3!1€KTPOHOB BHYTP€HH€i1 KOHBepCHH. 

CooTHOWeHitle I-1HT€HCHBHocTeC1 L- IH·1HHH nepexoAa 32,07 K3B 
L I : L n: L III =1:.::: 0 '56: :.:: o·, 78 Havt6onee 6Jlvt31<0 I< Teopen14eCI<OMy 
.Q!lR 4vtcToro El -n-ma /1: 0,40: 0,59/, no3TOMY s npeAsapvtTenb
HOM C006[4eHVIVI/12/ 3TOMy nepeXOAY 6bllla npVtnVICaHa MYllbTVfnOJlbHOCTb 
El. 0AHaKO OU,eHKa aLI> 1,9 VICKJll04aeT TVIn E! Ja Lt0,36J VI TVIn 
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Ta5JIHD;a 4 

CBe,r:r;eHHH o e-y -coBna,r:r;eHH.fiX 136 Nd 

3 8 K 3HeprHR H HHT8HCHBHOCTb COBn~aDOOHX r-nepexOAQB 

L 4o .-2--+--1-o-o:.., 9--1-08:--,-9-1:-4:-4-, 5--2-94-,-7-3-'-3-6-, o-'--3-'-90-,:-4_::___4:-3-6-, -3---

K 100,9 

K 108,9 

/5,0/ /=100/ /3,9/ /2,5/ /2,0/ /2,0/ /1,6/ 

499,3 535,1 605,7 632,7 645,3 /653,4/ /724,8/ 
/0,8/ /2,2/ /1,5/ /1.0/ /1,2/ /~0,6/ /•0,6/ 

754,8 855,9 900,1 
/•1,0/ /•0,8/ /•1,0/ 

336,0 653,5 921,9 
/1,6/ /0,9/ /0,8/ 

523,9 645,3 855,9 
/·1,0/ /1,2/ /•0,8/ 

8 CK06Kax yKa3aHbl 3HeprHH r-nepeXO)lOB, He 0\18Hb y6e,IJJIT8JibHO OpOR:BHB

MMXCR: B COBna.rteHHR:X. 

E2 laLt0,96! ~ He npoT~sope4\.1T MYilbT\tlnOilbHOCTI-1 Ml /aL =3,24/ 
1-1!1111 Ml +E2. ~3 CTPYKTYPbl L-Ili-IHI-IVI 111 o~eHKI-1 aL13aKI1104aek, l.ITO 
nepexo,q 32,07 K38- nma M1+3,0% E2. 

nepexo,qy 162,2 K38 Ha OCHOBaHI-11-1 Beil~l.I~H a K ~ K/L I npl,1nl-1ca
Ha MYilbTI-1nOilbHOCTb Ml. 

4. 06CYmAEH~E PE3YnbTATOB 
4. 1. CxeMa pacnaAa 138Nd 

Ha OCHOBaHVIVI nony4eHHbiX ,QaHHbiX 0 y -ny4aX, 3JleKTPOHaX BHyT-
peHHeVI KoHaepcvrVI vr e-y-cosna,qeH~Rx HaMill npe,qnaraeTCR cxeMa 
pacna,qa 138 Nd /pV!c.2/.Bce nepexo,qbl, OTHeceHHble K pacna,qy 138 Nd, 
pa3Mell.leHbi e cxeMe. Bse,qeHb1 HOBble ypoeHI-1 138 Pr: 389,5; 505,8; 
624; 6 73,8 111 719 K38. 3aceneHHOCTV! ypoeHeVI 138 Pr 3IleKTPOHHbiM 
3aXBaTOM YCTaHOBileHbl 1113 6ailaHCa \.1HTeHCI-1B.HOCTeii\ y -nepeXO,QOB. 

3HeprVIR .a+-pacna,qa 138Nd He ycTaHoeneHa. Pa3Ill-11.lHb1e ¢loPM.)'Ilbl 
Mace AaiOT Ail~ Qf3+ ( 138 Nd) 3Ha4eH"~ OT 1000 1131 AO 2500 K3il' HI. 
~3 O~eHK\.1 BepxHero npeAena \t!HTeHCI-iBHOCTI-1 aHHI-1ri-1IlR~HOHHOro I-13-
Ily4eHI-1R 138Nd nony4eHo 115/ .QilR senl-1'-llrlHbl %+-:;_ 1750 K3B. 8 ,qanb-
HeVtweM ,QilR Beili-14V!Hbl pa3HOCTYI Mace lSSNd -} lSSgpr npi-1HI-1MaeM, 
COrJlaCHO CI-1CTeMaTJ.1Ke /pHC. 5/: ·Q€=1020 K38 /TOI.lHOCTb He 
Xy>Ke 30 K38/. C 3TJ.1M 3Ha4eHI-1eM Bbll.li-1CJ1eHbl BMI-1414Hbl lgft {3-ne
peXO,QOB 138Nd. 

ll 



Ta5mnJ;a 5 

CBe,IJ;eHHH 0 raMMa-Jiyg:ax ts•ce 

I'pHHBY.ll H ,llp./6/ H8l!:IH ,llaHHDie 
E OTH. OI oi 
22,7 < 22 
Kx/£.1 72300 3600 
31,89 <50 
33,08 <150 
54,65 0,06 16,9 2,4 54,8 0,3 14?0 2,8 59,04 0,20 0,21 0,10 
61,88 0,14 3,6 0,8 
/66,26/ 0,20 0,12 0,06 
68,55 0,16 0,76 0,25 
70,85 0,12 1,21 0,20 
90,18 0,06 5,5 0,5 90,3 0,5 4,5 1,5 93,47 0,16 0,93 0,25 
102,998 0,010 25,3 2,5 103,0 0,1 21,3 3,2 104,53 0,08 2,14 0,281104,7 0,5 2,0 0,6 107,34 0,04 6,1 0,4 107,4 0,2 6,8 1,4 116,19 0,04 2?68 0,27 116,2 0,5 2,6 0,8 130,414 0,015 209 15 130,4 0,1 200 15 131.93 0,05 17,1 1,7 132,0 0,2 20,3 3,0 150,20 0,04 3, 76 0,40 150,3 0,5 4,0 1,6 157,785 0,010 39,1 2,7 i 158,8 o, 1 42,1 4,2 162,306 0,010 230 16 162,3 0' 1 230 168,453 0,025 12,2 0,9 ! 168' 4 0,5 13,0 3,0 187,013 0,012 21,8 1,5 187,0 0,2 23,9 3,5 193,157 0,012 40,4 2,8 193,2 0,2 43,1 4,3 197,891 0?025 13,6 1,0 197,8 0,3 11,9 2,3 200,60 0,08 1,61 0,24 I 200,5 0,6 2,0 0,7 205,27 0,06 4,2 0,5 1205,5 0,5 5,0 1' 2 220,56 0,05 4,6 0,6 22.0,5 0,5 4,6 1,2 239,650 0,020 13,1 1,0 f239,6 0,3 16,7 3,3 252,54 0,07 3,7 0,5 !252,5 0,5 4' 1 1' 2 262,26 0,10 3,4 0,5 262,5 0, 7 3,0 1,0 265,54 0,07 3,9 0,5 •I •I 294,264 0,015 54 4 294,3 0,2 47 5 300,884 0,015 88 7 300,9 0,2 88 9 323,59 0,05 15,6 1,6 323,5 0,5 12,1 3,1 355,54 0,05 8,8 0,9 355,5 0,5 7,0 1 ,.[2 

Jt- HaKJiagwBaeTc.R JIHHH.R 135 Ce. 
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T a6nau;a 6 

CBep;eHHR 00 3neKTpOHaX BHyTpeHHeH KOHBepCHH HeKOTOphlX 
rrepexop;oB 134 Ce 

E 0Tf!OCHTeJThf!aJl Hf!Tef!CHBf!OCT:& a; 
o(, MyJibTHDOJib-/K3~/ 

K Lr c, Lo M 3KCn. f!OCTb 

32,07±0,05 - 9 ·5 ~7 - >1,961 M1 

130,15±0,05 9 1,3 <0,2 <0,1 0,3 0,45 M1 

162,20±0,05 7 1 <0,2 0,23 0,25 0,32±0,10 M1 

a/ TmlHocn B onpe.neJ:teHHH OTHOII!eHHR LI: L! : Lii!. He xy1Ke 15% 
TiorpeiiiHOCT:& B onpe,neJieHHH HHTeHCHBHOCTeR CHJibf!hlX JIHHHR OKOJIO 20%, 
a cna6blX- 50%. 

6/ YK838HO 3Ha"'eHHe o/._Lr" 

a• 52"P& 

"' saNd,. ' 

E,k38 £,% lgt 

PHc. 2. CxeMa pacnap;a 138 Nd. 
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CnHHW H 4eTHOCTH B036Y~AeHH~X COCTORHHH lSBPr YCTSHOBJleH~ 
Ha OCHOBaHYU1 MYilbTY1nOilbHOCTet1 Y -nepeXOAOB 1-1 BeJ1\.14YIH lgft co-
OTBeTCTBYIO!qHX ,8-nepeXOAOB. npH 3TOM 6biJH1 npHH.ATbl pe3yJlbTBTbi/!S/ 
H3MepeHHI'r MeTOAOM aTOMHbJX ny4KOB CnJ.1HOB 138 Nd (I"" 0) H !38gp, (I= 1). 

8eJ1H4HHa lgft =5,05 6eTa-nepeXOAS Me~AY OCHOBHbiMH COCTORHHRMVI !S~d ~ lSS Pr xapar<TepHa 8 3TOi:1 o6nacnt MaCCOBbiX. 41t1Ce11 
AllR 6eTa-npo~ecca ;r(d5'f1) 

4 
v(d 3/2 ) . no3TOMY COCTORHHIO 

lSBgpr Mbl, KSK H paHee 1 , npl•1nHCbiBaeM ABYXKBa3H4aCTH4HYIO KOH
<I>"rypa4"10 ["(d 5; 2 ), v (d 3; 2 )ll+. B cxeMe soa6y}I(AeHHbiX 
COCTORHHt1 13Spr HMeeTCR etqe HeCt<OilbKO YPOBHei:1, KOTOpbiM Mbl 
np"n"can" I" =1 +: 325,7; 505,8; 541,1 "673,8 K3B. O.qHaKo 3TH YPOBHH ropa3AO cna6ee, 4eM OCHOBHOe COCTORHHe, 3aCeilRIOTCR 
311eKTPOHHbiM aaxeaTOM I lgft =6,2 77,3/. 

COCTORHHR 194,2; 199,5; 326,9 " 389,5 K36 3JleKTpOHHbiM 3ax
aaTOM npaKTH4eCKH He aacenR~TCR. Ha MynbT~t~nonbHOCTe~ y-nepe
XOAOB, KOTOPbiMH OHH BbiCBe4HBa~TCR, cneAYeT np1-1m1caTb 3THM 
4eT~peM COCTORHHRM nonomHTenbHY~ 4eTHOCTb. XapaKTepHCTHKH I 77 =1+ A11R HHX Mbl HCKn104SeM, TaK KaK BeJ1H4HHbl lgft COOTBeT-
C'TBY~UIHX f3 -nepeXOAOB ,QOBOJlbHO senHKH /> 7,6/. no3TOMy 8 pac-
CMOTpeHHVI cneAyeT OCTaBHTb I 77 =0 + J.1 z+, HMeR B SHAY, 4TO ctJep
MHeSCKHe f3-nepeXOAbl 0+ .... Q + CYLI.IeCTBe~HO aaTOPMO>KeHbl scne,qcT
BHe 3anpeTa no H30TOnH4eCKOMY CnHHy. 

8 paMKSX MO,qenH o6ono4eK He npe,qCTSBJlReTCR HHKaKHX B03Mo>K-
H0CTeH AIU~ KOHCTPYHPOBBHHR ABYXKBa3H4aCTVI4HbiX KOH¢lHrypaLIH~ 
C I 77=0 +, a A11R COCTORHHt1 2 + MOmHO npeAnOJ10H(I.1Tb cne,qyiOlJ.IHe KOH-
<!>Hrypa4""' [n-(g 712 ), v(do/ 2 )12+ ["(d 512 ). v(d 312 )12+ 

J.1[1T (d5/2 ), vtS 1/2 )) 2 • nepSble ,qse KOH¢lHrypat.p1H, no-
BH,QVIMOMy, MO>KHO conocTaBHTb C ypOBHRMH 194,2 H 199,5 K38, 
a TpeTb~ - C ypOBHeM 326,9 HJlH 389,5 K38. npH 3TOM HB61110AaiOTCR 
y -nepeXOAbl B OCHOBHOe COCTORHHe, no csoeH npHpo,qe 611H3KHe 
K o,qH04aCTH4HbiM nepexo,qaM rr(g 712 ) 4 rr (d 512 ) , v(s 1; 2 ) .... v(d 3; 2 ), 
J1H60 BHyTpHMYJlbTHnOJlbHbiH nepexo,q [ rr (d 5; 2 ) , V (d 3; 2 )] 2+ 4 ..[" (d 5; 2 ) , v (d 3; 2 ) 1 1 + . CocTORH"R 389,5 " 326,9 K3B 
CBR3aHbl Ml-nepexo,qoM 62,6 K38' no3TOMY xapaKTepHCTHKH I 1T = o+ 
He MOryT 6bJTb y 0601-'!X YPOBHeH. 8epORTH0 1 4TO 177 =2+ HMeeT 
yposeHb 326,9 K3B, a 389,5 K3B - I"= o+. 

Cpe,qH HH3Konemali.IHX cocTORHHH 
138 Pr HMeiOTCR ypoBHH H c oTpYI-

4aTellbHO~ 4eTHOCTbiO. 3TO - H30MepHOe COCTORHHe npH 3HeprHH 363+23 K38 C I 77 =7, OTHeceHHOe HaMH paHee/1/ K ABYXKBa3H4aCTH4-
HOMY MyllbTHnr.eTy [rr(d5/2 ), v (h 1112 )] • YpOBHIO npH 3HeprHH 719 K38 Mbl npHnHcanH 177 =1-, HCXOAR H3 MYJlbTHnOJlbHOCTH El Bb1C-
·ae4HBB101Qero ero nepexo,qa 178 K38 H senH4HHbl lgft =7 ,4 cooT-
aeTCTBYIOLI.Iero (3 -nepexo,qa. ,ltayXKBa3H4aCTH4HbiX COCTORHH~ C I"= 1- no Mo,qenH o6ono4eK He omJ.ot,qaeTcR. 
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OnpeAe.neHHbr~ nporpecc a noHHMaHHH CTPYKTYPbl HH3Ko.nemautHX 

cocTORHI-1~ 138 Pr I c I rr = 1 + H 0 + I CBR3aH c npeAno.nomeHHeM 1 11, 
4TO nORBJleHHe H€KOTOpb1X 143 HHX 06R3aHO CBR3J.1 BH6pa~H~ 4eTH0-

4eTHOrO OCTOSa C OAH04aCTJ.14HbiM ABH>KeHHeM HecnapeHHbiX HYK110HOB. 

TaKYIM OCTOBOM AI1R l:~ Pr 79 6yAeT l::Ge 78 , y KOTOporo nepsoe 

BH6pa4HOHHOe COCTORHYie 2+ YIMeeT 3HeprH~ 552 K38. no3TOMy y>Ke 

npltl He60J1bWHX 3HeprHRX B036Y>KAeHHfl B 138 Pr MO>KHO O>KHAaTb co

CTORHHR THna (rr(d 5; 2 ® 2+), v(d3/2 )) 0+, 1+ ,, .. · "11" 
( rr(d 5/2 ) v(d 3/2 ® 2 +)) 0+, 1 +. ... Hellb3R HCKJliO""Tb 

nORBJleHHR B o6.naCTH 3HeprH~ HH>Ke 1 M38 H COCTORHHH THna 

[rr(d 
512

® 3-) v(d 
312 

))C, .. 

HOBble CBeAeHHfl 0 y-.ny4aX 1 3JleKTpOHaX BHyTpeHHe~ KOHBepCHH 

Yl e-y-coanaAeHHRX n03BOJ1HJ1H CyiJ.IeCTBeHHO YT04HHTb CXeMy pac

naAa 
136 Nd lp~t~c. 31. B cxeMy aaeAeHbr HOBble ypOBHH l36 Pr: 

130,5; 1005,0; 1062,5; 11]1 ,9; 1184,0" 1489,0 K36. 60JlbW"HcT

BO HX BBeAeHO Ha OCHOBaHHH Ha6Jl~AeHHbiX e-y -coanaAeHH~. n~t~Wb 

YPOBHH 130,5; 1184,0 H 1489,0 K36 BBeAeHbl no 6anaHCY 3Hepr•i1 

y -nepexOAOB. OcTa.n~t~cb HepaaMeuteHHbtMH a cxeMe ypoaHeH 136 Pr 
HeCKOJlbKO cna6biX y -nepeXOAOB /63,0; 139,3; 252,7; 525,9 K36/. 

~Q2HC 

91 HC 
131MHH 

lFl = 
1' 

(1+) 
1' 
1' 

1' 

1' 

1' 

1' 

136Pr 
59 77 

PHc. 3. CxeMa pacrra~a 136
Nd. 

136
Nd o· 60 

r ~ 50_6MHH 
· j Q=2170~so 

>. 
11.890 066(1!) 6.0 

0.441101 6.5 
0.63 10 6.4 
0.7~101 6.1. 

&?5/l~J ~~ 
1.66(13) 6.1 

793.3 1.05{13) 6.5 

E,K3B E% logft 
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3aceJleHHOCTYI YPOBHetlr 136
pr 3IleKTPOHHbiM 36XBSTOM yCTSHOBileHbl 

J.13 6anaHCa HHTeHCI-IBHOCTeH y -nepexOAOB C y4eTOM ,QSHHbl?( 0 Kx -ny4ax. 
BenH41-1Ha Q

8 ( 136 Nd) paHee 6btna onpe,qen.eHa e pa6oTe/3/ no 
Ha6rno,QeHIIIIO no3~t~TPOHOB 136 Nd c E rp. :::900 K38 H e pa6oTe 141 
e peayilbTaTe vt3MepeHHR eeTsneHHR K/f3 +, Mbl npoY1aeem1 6onee T~aTeJlbHYIO o6pa60TKY npemHHX H3MepeHH~ n03HTPOHHOrO cneKTpa 136 Nd \.1 yT04HH.m1 rpaHH4HYIO 3Hepnuo: E rp =1 000+50 K3B. npJ.1HJ.1-
MaR BO BHI-1MSHHe TO, 4TO no3J.1TpOHbl aaceiJRIOT B ""''SS Pr ypoeeHb 149,1 K36, HaXOA"M Qfl( 136 Nd) =2170+50 K36. C 3T"M 3Ha4e-
HJ.1eM Bbl'-lYIClleHbl BeJ11.14HHbl lgft {3 -nepex'O,qoe 

136 Nd. 
3HSHHe TY!nOe MyllbTHnOJlbHOCTeH y PRAS y-nepeXOAOB, a TSKme 

Be.m1YI-1H lgft C00TBeTCTBYIOL1.114X {3 -nepeXO,QOB, n03BOJ1ReT HaM 
npeAnomHTb xapaKTepHCTHKH I" =1+ npaKTH4eCKH acex ypoaHeH 
136 Pr I PH C. 81. XOTR HeT CBeAeHHH 0 MyDbTHnODbHOCTRX y-nepeXOAOB, pa3pR>KaiOLil"X ypOBH" 1005,0; 11]1,9; 1184,0; 1489,0 K36, 
OAHaKO 3THM COCTORHHRM Mbl npHnHCbiBaeM TaKme xapaKTepHCTHKH I" =1+, TaK KaK (3 -nepeXOAbl Ha HHX AOBOilbHO 6biCTpble (lgft 
=6, 0 7 7, 4 ) • 5anaHC HHTeHCVIBHOCTei1 y -nepeXOAOB AOnycKaeT 
3aceneHHe yp08HR 40,2 K38 3DeKTPOHHbiM 3aXBaTOM (If < 5%, lg ft > 6, 21, VI TPYAHO CAenaTb 3aKI1104eHII!e 0 THne COOT8eTCTByiQ
ll.\€rO (3 -nepeXOAa. XapaKTepHCTHKH I" =2 + AI1R 3TOrO COCTORHHR Mbl npHHRDH nO pa6oTe 5p03H H AP·/ 4 /.0CH08HOe COCTORHHe, cor
naCHO Hawe~ pa6oTe/3I,TaKme HMeeT I" =2+.3TOT pe3YI1bTaT noA
T8epmA€H HenocpeACT8€HHbiM VI3MepeHH€M cnHHa 

136 
Pr I I =21 a pa-6oTe I 16/. 

HaV16onee HHTeHCHBHO I IE+ (:3+ =74%1 8 pacnaAe 136 
Nd 3acem~eTCR yp08€Hb 149, 1 K3B. 5eTa-nepeXOA Ha Hero - pa3peweHHbli1, He3a

TOPM0)1{€HHb1H I lg ft =5, 01. TaKoC1 6eTa-npo~ecc 8 paMKax MOAenH 
060I104€K MO)I{HO 06bRCHHTb np€8pa~€HH€M ;rf (d 512 )} 2

0 + _.,. 
..._. [ 77 (d 512 ) , l'(d 3 ; 2 )] 1 + • ~3 0~€HKYI BP€M€HH >K\.13HH Co-

CTORHHR 149,1 K38 (T%~0,2 HC 'S/) CI1€AY€T, 4TO ¢aKTOpbl 
TOpMOm€HHR M1-nepeXOAOB 168,9 VI 149,1 K3B 6YAYT COOT8€TCTBeH-
HO :; 25 "' :S 310. TaKHe ¢aKTOpbl MO>KHO o6bRCHio1Tb, np1o1n1o1cas 
COCTORHI-110 40,2 K3B KOH¢1o1rypa~1o110 frr(d 5; 2 ), '-' (S 112 )]2+ ,a oc-
HOBHOMY COCTORHHIO - (rr(g 7/2 ), v(d 2 ;2 )} 2 + 8 TaKOM 
CI1y4ae nepeXOA 40,2 AOI1>K€H 6b1Tb Clo1IlbHO 3aTopMO>K€H lo6a HecnapeHHbiX HYKilOHa lo13M€HRIOT C80io1 OP61o1Tbll. ~3 8p€M€Hio1 >151o13Hio1 COCTOR-
HHR 40,2 K3B (T ih =9, 1 HC /4, 5 /) CI1€AY€T, LITO nepeXOA 8 oc-
H08HO€ COCTORHI-1€ 3aTOPMO)I{€H H€3HaLtHT€IlbH0 (f3 =100). ~I1R 06bRCH€Hio1R TSKOro ¢aKTopa 0CH08HOMy COCTORHI-110 CI1€AY€T np1o1n1o1caTb 
KOH¢H1rypa4H10 [rr(ds/2), v (d S/2 )) 2+ • 0AHSKO 8 3TOM CDy4S€ 
HapywaiOTCR npaBio111S 5peHHSHa-5epHwTeHHa. 

no3TOMY paHee IS/ 6biDO CAeilaHO npeAnOI10>K€Hio1€ 0 He60JlbWOi1 
Ae¢opMa41-11o1 RAPS 136pr (€.:::0,1 117,'). C VICnOI1b30BaHI-1eM Hlo1IlbCCO-
H08CKI-1X OAH04aCTio14HbiX yp08H€H 8blnOI1H€Hbl pac4€Tbl 8€pORTHOCTeH 

16 



3Il€KTPOMarHHTHblX nepexo,QOB /Ta6n. 7 I. KaK BVIAHO vt3 3Tot1 Ta6-

I1VIU,bl, AilR Ml -KoMnoHeHT paccMaTpvteaeMblX y -nepexo,Qos ¢aKTOPbl 

F~ H€3Ha4HT€11bHO OTI1H4aiOTCR OT 1/F:f::: 0,1 70,2/, a E2 -KoMno

H€HTbl CHJlbHO YCKOpeHbl /B 10 4 -10 5 pa3/. 

l-13 pacna,Qa 136 Nd e RAP€ 
136 Pr e o6nacTH 3Heprvo:1 .... 0,5-:-

-:- 1,5 M3B B036y}I(,QaeTCR 3Ha4VIT€IlbHO€ 41o1CI10 COCTORHitl~ C 1
77 =1 + 

MO}I(HO npe,QnOJlQ}I(HTb, 4TO H€KOTOpbl€ 1-13 HHX B03HHKaiOT BCI1€,QCTBV1€ 

HaJlO}I(€HV1R BV16paLJ,V1~ 4€THQ-4€THOrO OCTOBa /e AaHHOM CJ1y4ae 

1~§:Ce 76 , HV1»<at1WV1€ 2 + -sH6paLJ,HOHHbl€ COCTORHHR KOTOpOrO \.1M€10T 

3HeprvtH 409 V1 965 K38/ Ha O,QH04aCTI44Hbl€ COCT0RHV1R HecnapeH

HblX HYKilOHOB. 

4. 3. CxeMa pacna,Qa 134 Ce 

3a OCHOBY CX€Mbl B036y>t<A€HHbiX COCTORH\.1~ 134 
La/PV1C. 4/ HaMI-l 

nplo1HRT saplo1aHT pa6oTbt rpltlHBYAa 1-1 AP· / 6 /. 06HapymeHHbtl4 nepexo.Q 

32, 07 K38 (Ml + E2) Mbl Hanpa8J1R€M 8 OCH08HO€ COCTORHI-1€ ill T€M 

caMbiM .QOKa3bteaeM CYLl\€CT808aHV1e YPOBHR 32,07 K3B, Bee,QeHHOro 
8/ 6 / Ha OCHOBaHV1V1 KOCB€HHbiX apryMeHTOB. 1-13 6aJJaHCa J.1HT€HCV18-

HOCTet1 y -nepeXOAOB CI1€.QY€T, 4TO 3TO COCTORHI-1€ 3JJ€KTpOHHbiM 

3axeaTOM H€ 3aC€IlR€TCR. Tor,Qa Ha OCHOBaHI-11-1 MYilbTvtnOilbHOCTVI 

nepexO,Qa 1-1 VI38€CTHOrO CnHHa OCHOBHOrO COCTORHVIR 134 La(l 77=1+) 

ypoeHIO np~t~nvtcbteaeM 177 = 2+. 

~~44~+t+t+tnrrn.----------2525 
' 
' 
1 -

~~~;~~ "<"<--, 
_, -----------2055 

t3'c 
~ 

76'!0C 

; : I ta7o 

___ ·- _ _ _ _ _ _ _ _ --- Lwt-- ---~~~~ ,. '" c;6% 

~;~~~"' ~ 
r I f:j-93.7 
t :~~ ~ 
: :~"" ~-546 

: Ill~ 32.o7 2· 

667rn..J. ___ _..L __ -L.,---Lil-....l.-.l.ffl.l.::- o 1+ 525 990% 
134l EI•>BI I" togft £ 
57 ° 

PHc. 4. CxeMa pacrra~a 134 Ce. 
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.... .. 

E'jp, K~! ' E, 
'T' '11., ~Ken 

K08 I 
I " 

40,2 40,2 
9,1/2/ 

149,2 149,2 I 
::; 0,2 i 

108,9 

TaonHI;a 7 
AHaiTH3 sepoaTHOCTeH y -nepexo,qoB 

Ha'\iMhHOe COCT, KOHe'-lHOe COCT. 
(;GQNnl. ") p.n 

', (2.QNnt1\) P·" 
1 K' ' I K~ 

5413/1400 i 3411/1400 
22+ 22+ 

3411/1400 3411/1400 
11+ 22+ 
3411/1400 

I 
5413/1400 

11+ 22+ 

I 

136p, B 

Myn:&TH-
llOJlbHOCTb 

M1 

M1 

M1 

B(GL) 
1i::Cil 

1,7/-2/1 

>6,1/-3/ 

>5,8/-2/ 

3anHch THOa 1, 1/+2/ 03Ha4aeT 1, l ·102 . BeJlHliHHhl B/Ml/ .r~aHbi a e.nHHHUax I eli /2Mc 2
;

2
• 

-r., 

1,1/+2/ 

<3,1/+2/ 

<2,5/+1/ 

r~ - ¢6KTOP TOPMO~eHHR no BaHCKOn¢y-MoWKOBCKOMy. FN -¢aKTOP TOPMO~eHHR no HHJlhCCOHY. 

f, T, 
1!."'1t ... ~-... li"' ,l ,.0.3 

2,0/-1/ 1,6/-3/ 

8,9/-2/ 8,0/-4/ 



COCTOHHHe 162,2 K38, KSK 3TO cne,qyeT 1-13 6anSHCa HHTeHCHB
HOCTe\.1 y -nepeXO,QOB, ,QOBOJlbHO 3SMeTHO 3SC€I1FI€TCfl 3Jl€KTpOHHbtM 

aaxsaToM. Y4111TbtBaFI aToT Q>aKT H MYJlbT~t~nonbHOCTI-1 nepexo,qos 
130,15 (Ml)" 162,20 K38, (Ml) YPOBHIO np"n"c~saeM xapaKTep"CT"
K\11 117 := t+, 

KpoMe COCTOFIHIII.R 162,2 1<38, 3Jl€KTpOHHblM 3SXBaTOM 3SMeTHO 

3SC€JlFI~TCFI TSK~e YPOBHIII 294,3 Ill 355,5 K38. nnFI npHnHCSHIIIFI 111M 
KBaHTOBbiX xapaKT€pHCTI-1K npJII OTCYTCTBHVI CB€,Q€HY1i1 0 MYilbTHnOJlb

HOCTFIX pa3pRma~~~~~X y-nepeXO,QOB npiiiXO,QIIITCFI nOJlb30BSTbCfl JliiiWb 
8€Jll.1l.IIIIHSMVI lgft COOTB€TCTBYIOW,HX f3 -nepeXO,QOB • 

.llm=t pac1..1eTa eem11..11-1H lg ft Heo6xo,QI-1MO 3HSTb 3Hepn110 pacna,qa 
134 Ce ...,. 134La. 6HpiOKOB 1-1 ,Qp. /lSI 1113 O~eHKI-1 COOTHOW€Hio1.A BepOfiT-

+60 'tO I HOCTei:1 L- 1-1 K-aaxsaTa nony4111Jllll QE" =120_
20 

K38. 8 pa6oTe' ~ 

H3MepeHO AJ1R paBHOB€CHOilt CM€CH 134Ce + 134La C00THOW€HJ.1€ 4HC€11 

peHTreHOBCKl-1X KBaHTOB K -cep~t~H IK(La) /I K (Ba) =2,43+ 0, 10. 
'1~' + - 134L C y4eToM AaHHbiX, ' o seilH4HHe K I (3 y A04epHero a 

nony4eHo AllR pacnaAa 
134Ce K/ E =0, 72+0, 08, OTKYAa cneAyeT: 

+90 -'19' Q E = 11 0 _ 
30 

K38, Eim13KO€ K p€3YJlbTaTy' ' COOTHOW€Hl-1€ 

!K(La) /!K (Ba) =2,49+0, 12 nony4eHO rp~HBYAOM ~ AP(B/ • 0AHaKO 
nony4eHHbte e 118,l9/ - sem141-1Hbl QE npon1eope4aT ¢aKTY Ha6mo.aeHI-1R 

8 pacnaAe 134Ce 4
134La y-ny4ei11 c Ey> 300 K3B. npH41-1Ha pac

XO~A€HI-1R COCTOI-lT B I-1CnOJ1b30BaHI-1H, Ha HaW B3rllRA, 3aH!-1meHHOrO 
OTHoweH"A K/{3+ ( 134 La) /18,201. 

134 
no3TOMY Allfl o~eHKI-1 3HepnH1 Q E ( Ce) socnonb3yeMCfl Cl-1CTeMa-

TI-1KOH 3Hepr~t~H G,a/plt1c. 5/. ¥13 p1-1c. 5 AllR 3Heprlt1l-1 QE nony4aeM 

sem141-1HY 390+ 10 K3B. 3To 3Ha4eHI-1e l-lcnonb30BaHo Allfl Bbi41-1CJ1€HI-1R 

B€111-141-lH lgft- j3-nepeXOAOB 134Ce. 
EieTa-nepeXOAbl Ha ypOBHIII 294,3 1-1 355,5 K38 xapaKT€PIII3YIOTCR 

3Ha4€HI-1fiMI-1 lgft =6,7 1-1 4,9 COOTB€TCTB€HHO. 060HM ypOBHRM 

npHnlt1CbiBaeM I 77 =1+. TaKI-lM o6pa30M, CP€Al-1 HH3KOJl€>KaUJ,I-1X yposHeilt 
134 La. KaK 1-1 8 COC€AHI-1X H€4€THO-H€4€THbiX RApax, I-1A€HTI-1¢1-l~l-1pO
BaHO HeCKOJlbKO COCTOfiHI-1ilt T~t~na 1+. (KOPOCTb 6eTa-nepeXOAa 8 oc

HOBHO€ COCTORHI-1€ lgft =5,25 COrnacyeTCfl C ero I-1HT€pnpeTa~Hei11 
KaK ABYXKBa31-14aCTI-14HOrO YPOBHR [rr(d 5/2) • v(ds/t-)J 1+ • 
B TO me epeMR 6eTa-nepeXOAbl Ha ypoBHH c I" =1 np1-1 3HeprHRx 

162,3 It! 294,3 K38 CYIJ1bHO 3aTOPMO>K€Hbl. 

4.4. 3aMe4aHHR o cxeMe pacnaAa 13 6 Pr 4 ts6ce 

C noMOUJ.biO 6eTa-cneKTPOMeTpa Ha 6a3e Si(Li) -AeTeKTopa, no

M€L1.1€HHOro 8 OAHOPOAHO€ MarHHTHOe none, I-13MepeHbl cneKTpbl 3Jl€KT

pOHOB BHyTp€HHeilt KOHBepC\.o11-1 /38K/ 
136

Pr. nony4€HHbl€ C8€A€H\riR 

o6 38K BMecTe C YT04H€HHbiMI-1 AaHHblM\11 /S/ 0 y -nyl.laX np\IIB€A€Hbl 
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Pnc.5. CacTeMaTHKa pasaocTeH 3Hepnn1: ~E MeJ!<Ay COCTOR-HHHMH Q+[ ,(d 512 ) 2 ) y R:;.:J;ep-H30TOHOB N =76, 78, 
80 H 1+ (,(d5/2 ), V (d 3/2 )) Y R:~ep-H30TOHOB 
N=77, 79, 81 • I 6.E cosrra.o;aeT c Q {3' ecnH 6eTa-nepexO,D;bi 
THrra o+: 1* peanbHO llpOHCXOART; B ,o;pyrHX CJiyqaRX ,o;o-
6aBJIReTCR: 3HeprHR B036~eHHOrO COCTORHHR 
1+ [,(ds/2), v (d 3/2 ) l B MaTepHHCKOM Hgpe/. B cnyqae 
180 I /a/ H 132 Cs /a/ npe,o;nonaraeTcR, 'liTO cocTORHHe 1 + 
Jie~T B6JIH3H OCHOBHOrO. 

a Ta6n. 8. TaM me yKa3aHbl BbiTeKatOUI~-te 1-13 3Tvtx AaHHbiX BbiBOAbl 
o My1lbTJ.1nonbHOCTRX HeKoTOPblx y -nepexoAOB s l36Ce. CoeoKyn-
HOCTb nony4eHHbiX CBeAeHI-1~ nOATBepmAaeT xapaKTepHCTHKI-1 1", npVInYIC8HHble a:l3/ YPOBHRM 136Ce. 
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Ta6JIHu;a 8 

CBe,IJ;eHHH 06 ::meKTpOHaX BHyTpeHHeti: KOHBepCHH HeKOTOpbiX 
y -nepexo,n;oB l36 Pr 

E _, - R. K. A K3l OT.e.r:t. OT.e.r:t /3K('.n/ 

552, 2±0,2 ~100 =1000 :0,0071 E2 
761,0±0,4 1,93±0,34 7,4±0,7 /2,7±0,7//-3/ E2 
974,2±0,5 0,45±0,06 2,5±0,5 /3,9±1,3//-3/ M1 
1000,8±0,3 6,6±0,3 17,5±1,7 /1,8±0,3//-3/ E2 
1992,0±0,5 24,4±1,2 45±5 /1,3±0,2//-3/ E2 
1ll3,8±0,6 0,062±0,021 o,4±-e,2 /4,6±3,6//-3/ /E2/ 
1203,P,±0,8 0,27±0,03 0,90±0,24 /2,4±0,8//-3/ M1 
1359,9±0,4 1,3±0,1 1,6±0,5 /8,7±3,5//-4/ /E2/ 
1425,0±0,3 1,24±0,14 1,4±0,5 /8,0±3,2//-4/ /E2/ 
1514,8±0,4 2,52±0,27 4,C±0,8 /1,1±0,3//-3/ M1 
1602,8±0,3 5,17±0,41 6,5±1,3 /8,9±2,7//-4/ /M1/ 
1~65±1 <0, 17 0,60±0,25 >0,20 /EO/ 
1735,7±0,4 0,57±0,06 0,75±0,25 /9,3±3,7//-4/ M1,E2 
1899,0±0,5 I 1,24±0,28 0,90±0,22 /5,2±2,1//-4/ /E2,M1/ 
2042,7±0,5 0,97±0,07 0,60±0,25 /4,4±2,0//-4/ /E2,M1/ 
2066,8±0,3 3,93±0,21 2,3±0,6 /4,2±1,4//-4/ /E.?. ,M1/ 
2270,2±0,4 0,47±0,05 0,4±0,2 /6,0±3,6//-4/ /E2 ,Ml/ 

3am-'Cb nma /2,7±0,7//-3/ 03Ha'!aeT /2,7±0,7/·10-3 

Cne~lllailbHO ocTaHOBYIMC.R Ha J.1.Q€HTYI$111Ka~HH COCTO.RHJ.1fl I rr = o; 
s .R,qpe l36ce.B pa6oTe /3/ TaKa~ ypoaeHb npe,QnonaraeTCR np111 3Hep
r"'"' 1076,1 K3B "' BbiCBe4!11BaeTc.R nepexo.QOM 523,6 K38. O,qHaKo, 
cor nacHo pe3ynbTaTaM e--y -cosna,qeHIII~ 1Ta6n. 41, ,qaHHbl~ nepe
xo,Q np!IIHa,Qne*IIIT 

136 Nd. 
Cpe,QH y -nepexo,qoa 

136 
Pr IIIM€€TC.R EO -nepexo.Q c 3Hepr!llei1 

1665 K38. npe.QCTaBI1fi€TCfl B€CbMS BepO.RTHbiM BB€CTJ.1 8 136 Ce 
yposeHb c I"= 0~ np111 3Hepn1111 1665 K38. YpoaeHb BbiCBel.llo1BaeTc.R 
EO -nepeXO.QOM, a TaKme nepeXO.QOM 1113,8 K38 Ha COCTORHHe 2~ 
IB03MOmHbl~ y -nepeXO.Q HS COCTOfiHIII€ 2; C Ey =573 K38 MaCK!IIpo
BaH HHT€HCIIIBHbiM y-nepeXO.QOM 136 Nd C 3Hepr~t~ei1 574, 8 K38l. 

CoCTOfiHIIIe c I"= o+ npH 3Heprllllll 1665 K38 B 1~~Ce78 no,qo6Ho 

COCTORHIIIIO 1760 K38, 0+ B 134 Ba H CHill RBJlfiiOTCR, COrJlaCH0/21< 56 78 
l.!JleHaMIII Tpex$oHOHHOro MYilbTIIInneTa,onycTHBWIIIMIIIC.R 1113-3a 6onbwo~ 

MflrKOCTIII R.Qep I y =28 ° I 3aM€THO HYHKe .QBYX$OHOHHOrO o+ -cocToR
HIII.R. 
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s. Cl4cTeManrKa 8€nl4414H Q(J 6eTa-nepexoA08 Tl4na o+ ~ 1 + • 
o6.R38HHbiX npe8paw.eHl4to rr(d 5/2 ) .;'! v(d 3/2 ) 

CpeA14 6eTa-nepexoA08 RAeP 8 o6nacnt A ~ 130-:- 140 l4MeercR 
xapaKTepHbl~ 6era-nepeXOA MemAY 4neHaMl4 cnl4H-op6HTanbHOro 
AY6nera rr(d 5/2 ) -; v (d 3/2 ) . rpynna T8Kl4X 6era-nepexo-
A08 MemAY RAP8Mit1 c He4eTHbiMl4 A xapaKrepH3yeTCR eenH4HH8MH 
Ig ft =4,9-:- 5,2. npl4MepHo raKHe >+<e 8enl44HHbl /c y4eTOM nonpae
Kl-1 H8 napHbl€ KoppenR~l-114/ Ha6ntoA810TCR y 6era-nepeXOA08 yKa3aH
HOrO THna M€>KAY 4€TH0-4eTHbiMH l4 He4eTHO-H€4€THbiMl4 RAP8Ml4. 

PaHee 1221 HaMH 6brno ycTaH08neHo, 4TO 8 He4eTHbiX RApax 8e-
nH4HHbl Qf3 nepeXOA08 d 5; 2 ~ d 3; 2 K8K ¢YHK~Hl4 M8CC080rO 
4Hcna y RAeP-l430TOH08 xopowo yKnaAb18atorcR Ha npRMble. KaK 
8HAHO H3 p14C. 5, nOA06H8R 38KOHOMepHOCTb H86ntoAaeTCR 14 AnR 
6eTa-nepeXOAQB OTM€4€HHOrO THna Me>KAY 4eTH0..;4€THb1Ml4 H H€4eT
HO-He4€THb1Ml4 RAPaMl4. 

CYicTeMaTHKa eenH4HH Gf3 /pl4C. 5/, KaK noKa3aHo e cny4ae 
lSE:Nd H 134 Ce, n03BOI1ReT C XOpOWe~ T04HOCTbiO O~eHHB8Tb 3Hepr14H 

6era-pacnaA8 .RAep. 0Ha T8K>Ke OK83bfB8eTC.R none3HO~ AnR HA€HTH
¢14K8~Hl4 npl-1p0Abl HeKOTOpbiX YPOBHe~ 1+ B H€4€THO-H€4eTHbiX .RA
pax. ,Qn.R npHMepa paccMoTpHM pacnaA 130 Sn -~o 130Sb jp1.1c. 6/ /231. 
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B036Y>t<AaiOTCA ABa COCTOAHIIIA C I rr,1 +, f3-nepexo-

Abl Ha KOTOPble tttMeiOT lg ft :5. 5, 1 . ~3 p~t~C. 5 MO>KHO 3aKJ1104111Tb, 4TO 

COCTOAHII1€M 1+ (rr (d &/ 2 ), v(d S/ 2 )] AB11R€TCR ypOB€Hb 

697,2 K36 /ecn~t~ ~t~Cn011b30BaTb ypOBeHb 1042,3 K3B, TO 3Ha4eHllle 

Q/3 cyw,eCTBeHHO OTKJlOHReTCR OT nrRMO~ AilR 11130TOHOB N = 79/. 
PaccMoTpeHllle pacnaAa 130 Sn ~ 30 Sb 111 

134 Ce ~ 134
La BblAs

nReT BeCbMS np~t~Me4aTe11bHbl~ ¢aKT: nOMir1MO 6eTa-nepeXOAOB 

[•·(ds/2) Jg+ ·• [rr(d5/2 ),v(ds/2 )]1+ H 
[ v(d 512 )]2

0
+ [ rr(ct 512 ), v(d 312 )]

1
+ HH3KHe 3Ha-

4eHI4R lg ft Is. 5. 0 /lr1MeiOT 6eTa-nepexOAbl Ha yposHH 1042 K3B 

e 130Sb 111 355,5 K3B e 134 La, ne>t<aw,1r1e aero 11111Wb Ha 350 K3B 

BblWe COCTOAHII!R [ rr(d 5/ 2 ) 1 v(d 312 )] 1 + TaKaR CMTyaU.Mfl 

8CTpe4S€TCA '-'1 Ailfl APYrHX FIAep 3TO~ o6nacn1 MSCCOBbiX 41t1Ce11 

/pacnag 128 Ba, 128Sn, 134 Te/. 

6, BbiBOAbl 

COBOKynHoCtb nOilY4eHHbiX 3KCnepli1MeHTailbHbiX ASHHbiX 0 CBO~CT

sax He4eTHO-He4eTHbiX .RAep 136• 138 Pr Ill 
134

La npMBOAlllT HaC K 3a

KJ1104€Hir110: 

a/ ntttwb HeKOTOpble Hlti>KS~Witle COCTORHH.R YASeTCFI HHTepnpeTHpo

BSTb KSK 4IleHbl ABYXKBS31r14SCTH4HbiX p-n -MyilbTI.1nJ1eTOB. Ha6ni0-

ASIOTCA OTCTyn!leHHA OT npaBHil bpeHHSHa-bepHWTe~Ha np111 OnHCSHHIII 

XSpSKTepHCTHK OCHOBHOrO COCTOAHHA 1 36 Pr. 
6/ 0TAeilbHble HY13KOJ1€>KSW,ll1€ ypOBHlll MO>KHO paCCMaTplllBSTb KSK 

nOAXOAflW,Yie KSHAII!ASTbl A11R COCTOflHir1i1! Bll16pat.J.Y10HHOrO xapaKTepa 

/Ha!lO>KeH~t~e B~t~6pSt.J.li!J:1 OCTOBS Ha OAHOLISCTIII4Hble ABII1>K€Hli1A HecnapeH

HblX HYKJ10HOB/. 

e/ npeAI10>K€HHSR Cli1CT€MSTir1Ka B€111114111H Q/3 n038011ReT npeACKa-

3STb C xopoweJ:1 T04HOCTbiO 3Heprli!Y1 6eTa-pacnaAa .RAep VI BblFIBilFITb 

CP€AVI COBOKynHOCTir1 COCTOFIHI-1~ 1 + YPOBHI-1 Tlr1na 1+[ rr(d 5 / 2 ).v(d3/2 )]. 

r/ 3aCilY>Kio1BSeT BH\IIMSH\IIFI TQ4KS 3p€HHA 0 Ae¢OpMHpyeMOCTH .RA€P 

C A ~130 7140. 6 4SCTHOCTIII, SHOMSilbHO 60ilbWOe 4YICJ10 COCTORHVI~ 

1+ B 13Spr J.1134La MO>KeT 6b1Tb' reHeplllpOBSHO J.130B€KTOpHbiMJ.1 

CnVIHOBblMI-1 CVIJlSMVI Tlr1na Kd 102 7-\ ~2 C 8KI110'-IeHV1€M 8 paCCMOTpe-

Hitle flA€P /24 /, npVI 3TOM MOryT 6b1Tb o6"'b.RCHeHbl 6eTa-nepeXOAbl C 

Hlt13KVIMVI 3Ha4eHVIFIM14 lg ft. 

AeTopbl npHHOCFIT rny6oKyiO 6naroAapHOCTb A. H. BAOBMHY 3a none3-

Hble 06CY>KAeHY1A pe3yilbTSTOB pa60Tbl. 
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