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1. BBE,llEHHE 

9ap~qHTbl cxeMbl pacnaAa 153Tb - 153Gd npeAnaran~cb B pa6o
i"ax 1-9/ Ha OCHOBe aHaili.13a cneKTPOB y-ny4e~, 3IleKTpOHOB BHYT
peHHe~ KOHBepc~~ /38K/ ~ n03~TpOHOB, ~3Y4eH~R ))- ~ ey-cosna
AeH~~, yrnoBbiX yy-KoppenRLt~~ ~ yrnoBbiX pacnpeAeneH~~ y-.l)Y4e~ 
OT op~eHT~pOBaHHbiX RAep. 0AHaKO CilO>KHOCTb cneKTPOB J.13Ily4eHJ.1R 
153Tb s PRAe cny4aes npHBOA~Ila K pa3Il~4HRM np1-1 ~HTepnpeTaLt~H 

3Kcnep~MeHTailbHbiX AaHHbiX J.1 np~ BBeAeH!-11-1 B036Y>KAeHHbiX ypoBHe~ 
153Gd nPH pacnaAe 153Tb, 5/2+ /T1;2 = 2,34 CYT /. 

C ~.tenb~ YT04HeHHR AaHHbiX o6 3HeprHRX 1-1 HHTeHCHBHoCTRX y-ne
pexoAoB np~ pacnaAe 153Tb, nony4eHHH cseAeHH~ o6 HX pa3Me~e
H~H B CXeMe pacnaAa HaMH nPOAOil>KeHo ~CCileAOBaHHe cneKTpOB y-ny-
4e~ 1-1 ey~cosnaAeHH~. 

2. 3KCnEPHMEHTAnbHAR AnnAPATYPA 
H METO,llbl 06PA60TKH CnEKTPOB 

153Tb nony4ancR s peaKLtl-1~ rny6oKoro pac~enneHHR TaHTana 
npoToHaMH e 3HeprHe~ 660 M38 Ha cHHXPOLtHKiloTpoHe OH~H. H3 o6-
IlY4eHHo~ MHWeHI-1 paAHOXJ.1MJ.14eCKJ.1M MeTOAOM/IO/ BbiAeilRilCR Tep6~~. 
P aA~OaKT~BHble HYKil~Abl 153Tb BHeAPRil~Cb B Ma~IlapoBY~ nneH KY 
TOil~~Ho~ 0,68 Mr/cM2 np1-1 noMa~~ 3IleKTpoMarHHTHoro cenapaTopa 
~30TOnosl II I np~ YCKOPR~eM noTeHLt~ane 20 KB. np~MeC.I-1 APY rHX 
J.130TOnOB Tep6HR B ~CT04H~Ke 153Tb OJ.teHHBailHCb J.1 6biilJ.1 no aKT~B·
HOCT~ MeHbWe 0,1%. 

CneKTPbl y-ny4e~ 153Tb H3MePRilHCb npl-1 noMOIJ4~ cneKTPoMeTpos 
c Ge(Li)-AeTeKTopaMH o6beMoM 1,3 cM3 /6E =.600 38 np~ Ey = 
= 122 K38 57Co/ 1-1 38 CM3 ! /6E = 1 ,9 K38 np~ Ey = 1332 K3B 6 °Co/. 

nepeA Ha4ailOM H3MepeHH~ cneKTPOB y-ny4eH npoBOA~IlHCb ~ccne
AOBaHHR HeilHHe~HOCT~ ~ 3~~eKTHBHOCTJ.1 cneKTpoMeTpOB C J.teilb~ 

Bb16opa onTHMailbHbiX 3HepreTH4eCK~X AHana3oHoB /AilR pa3peweHHR 
~ 3~eKTJ.1BHOCTJ.1/ J.13MepeH~~. BonpOCbl HCCileAOBaHI-17 Heil~HeHHOCTI-1 
cneKTpoMeTp~4ecKo~ aimapaTYPbl H3IlO>KeHbl B pa6oTe IZ/. OnopHble 
~OTOni-1K~ Bbl6~pail~Cb TaKHM o6pa30M, 4T06bl pa3HOCTb KaHailOB Me>K
AY H~MI-1 COCTaBilRila He MeHee 2500-3000 KaHailOB.B Ka4eCTBe onop
HbiX T04eK ~CnOilb30Bail~Cb 3Ha4eHJ.1R 3Hepr~~ 279,185/6/ K38 
f2°3Hg/ H 1332,485/5/. K3B f60Co/. Hen~He~HOCTb cneKTPoMeTpa 

abJ.cnf.li~:-uulo&A KHCTHTYi \ 
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C 38 CM3 Ge(Li)-.qeTeKTOPOM HCCJle.qosanacb C noMOlllbiO HCT04HI-1KOB 
QCrH, 152Eu, 207Bi 1-1 110ffiAg, a 3$$eKTI-1BHOCTb cneKTPOMeTpa -. 
c noMOlllbio I-1CT04HI-1KOB 75Se, 182Ta, 152Eu, 160Tb, 192Ir, 110ffiAg 
1-1 56Co. 3HeprHH y-IlY4e~ Kail!-16pOB04HWX I-1CT04HI-1KOB 1-13BeCTHW 
•c T04HOCTbiO BnilOTb .qo 5 38 B meCTKO~ 06IlaCTI-1 3HeprH~, a HH-
TeHCHBHOCTI-1 - C T04~0CTbiO .qo 2~3%. . . 

H3MepeHHR cneKTpos ey-cosna.qeHH~ ocyllleCTBilRilHCb Ha ycTaHos
Kel13l, co6paHHo~ Ha 6a3e cseToCHilbHoro 6eTa-cneKTpoMeTpa 
c ~opoH.qanbHbiM MarHHTHbiM noneMI 141 1-1 cneKTpot-ieTpa· c Ge(Li)-.qe
TeKTOPOM o6beMoM 35 cM3 /!J.E = 3,5.K38 nPH Ey = 1332 K38 6°Co/. 

Pe3YilbTaTw aHam13a cneKTpos ey'-cosna.qeHH~· npe.qcTasneHbl 
so s;opo~ 4aCTH pa6oTb" I 6 I. 

--3. 3KCnEPHMEHTA.nbHbiE PE3YllbTATbl 

npose.qeHHble HCCile.qoBaHHR cneKTpOB y:..11y4e~ 1-1 ey-cosna.qeHH~ 
nPH pacna.qe 153Tb no3BOI1HI1H HaM o6HapymHTb.6onee 300 y-nepe
xo.qos B 153Gd, npH 3TOM CYilleCTBeHHO YT04HI-1Tb 3Ha4eHHR HX 3Hep
rH~ 1-1 HHTeHCHBHOCTe~. 3Ha4eHHR 3HeprHM H HHTeHCHBHOCTeM y-ny-
4eH onpe.qenRilHCb KaK cpe.qHeB3BeweHHwe senH4HHbl 1-13 He MeHee 4eM 
4eTwpex He3aBHCI-1MWX cepHH I-13MepeH~H. 

8 Ta611H'-Ie npHBe.qeHbl 3Ha4eHHR 3HeprH~, OTHOCHTeilbHbiX HHTeH
CHBHOCTeM y-ny4e~, nOilHble HHTeHCHBHOCT.I-1, MYilbTHnOilbHOCTI-1 y-ne
pexo.qos, HX pa3MellleHHe s cxeMe pacna.qa 153Tb -- 153 Gd~ 8 no
cne.qHe~ rpa<)>e Ta6nH'-Ibl OTpameH · $aKT Ha6I1K).qeHHR cosna.qeHH~, 
Ha ocHose KoToporo c.qenaHo 3aKI1104eHHe o pa3MellleHHH y-nepexo.qa 
·a cxeMe pa cna.qa 153Tb - 1 53Gd. 

AHaill-13 cneKTpos coana.qeHHH yKa3biBaeT Ha To, 4TO ·6onee 4eM 
50 y-nepexo.qos - cno>KHble, 1-1 oHH .qoilmHbl 6b1Tb pa3MellleHbl s '.qsyx 
MecTax cxeMbl yposHeM 153Gd, B,oT.qenbHbiX cny4afiX HaM y.qanocb 
O'-leHHTb HHTeHCHBHOCTI-1 KOMnOHeHTOB 3TI-1X CilOmHbiX y-·nepeXOAOB . 
Ha ocHose ey-cosna.qeH!-1~. 

npH pac4eTe K03$$H'-IHeHTOB BHYTpeHHe~ KOHBepCI-1~ y-nepexo.qos 
npHHHManocb, 4TO MYil,TH?OilbHOCTb y-n.epexo.qa c ·~HeprHe~ . . 
212,0 K38 TH·na El /ak 15 = 3,4·10-2/. HHTeHCHBHoCTH 38K nepe-

x~~os B;RT~I 1-13 pa6oTIT~2~: MynbTHnonb~OCTI-1 y-nepexo.qos c 3Hep
rHeH 41 ,56; 51,79; 68,19; 1-1 87,62 K38 B?RTbl 1-13 pa6oTb/ I I. 

, npH .qononHHTenbHOM aHanH3e cneKTPorpaMM 38K, nony~eHHbiX0 
Ha 6e)a-cneKTporpa$ax111, s o6nacTH 3HeprH~ Ee < 100 K38 HaMH 
o6Hapy~eHbl L1-, L2, 1-1 L3-nHHHH 38K Hosoro y-nepexo.qa, c 3Hep
rHe~ 53,6 K38, HHTeHCHBHOCTH IL1 =.0,80(6), IL2 = 0,10(2) 
"' IL = 0,25(5) e.q, /s e.qHHH'-IaX Ik212 = 3,4 e.q., Iy212 = .. 
= 100 e.q,/. no COOTHOWeHI-110 HHTeHCHBHocTe~ L-IlHHI-1~ nepexo.qa · 
C 3HeprHe~ 53,6 K38 L11L2 = 8,0(20), L1IL3 = 3,2(7) H t2ILs = 
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I 
J 

Ta6.11U11a 

3Heprm·I H HHTeHCHBHOCTH y-nyqeft 153Tb, MYnbTHIIOnbHOCTH 
y-rrepexogoB H HX pasMellleHHe B cxeMe ypoBHeli 153Gd 

J;;y (AJ;;y) 12' (Aiy) In (Ain) HVm.nm. ~A~JIUo;H~.ii;; COBII.A.Q. 

1 2 3 4 5 6 

l(a1 167(6) 

~ 11115(1111) 

1411 52{2) 

1412 13(1) 
1 ,a <5,1118, . 95,1:5 93,31 

16,4 :s sa <:5> r) 1119,7:5 93.31 
' r) . 19,4 1:5,6<28> E~+1.1 6"l.Mt 129,16 11119 1 75 . ey 

41 ,:56<1) 12111(1111)~) H1+6,4%E2 41,55 a 
51,79(2) 1 '75<15) 27(5) H1+3 1 2%E2 93,31 41,55 ey 

53,6111(2) 5
1
5(5) B) H2 95,15 41 ,5:5 

54,23(2) liJ,3!(2) 1,&<3) E1 1&3,46 129,16 ey 

66,15{5) lil,liJ9(2) 0,8(2) E1 249,53 183,46 ey, 

68,l9<2> 1,3111 (4) 12,0<2> M1+5 1 1%E2 11119,75 41,55 ey,yy 

82,85<1) 21,2(5) 29(3) E1 212,1111 129,16. ey,ey 

87,62(2~ 5,15Ct5) .. 16(2) Mt+01 t'/,E1 129, ~6. 41,55 1!!2'. 

303,52 215,95 eY,YY 
88,30(2). __ 1,48(6)' 6,1it(3) E2. 183,46 95,15 ey 

':53&,49 442 1 19t} ey 

9111,15(2) 1,16(5) 1 '7111(3) El 183,46 .:93,31 ey 

91,54(2) ·''111,79(4) 2,311(4) H1+E2 31113.,5:2 212,1HJ. t't' 
; 

93,36(2) 0,49<3>. 2,11<2,> E2 93,~1 111 
" 11112;26(1) 21,9(5) 29(3) E1 21:2,lillit 109,75 ey,yy 

11116,86(3) 0,12(2) 111,22(4) H1+E2 290,36 183,46 Yt' 
I 

109, 76(1) 23,0(5) 55,5(2:5) H1 11it9,?:5 a 
1211~22(~). 111,118(2) 0,18(4) :sa:s,:52 183,46 t'lt't•lt' 
126, i2(3) 0,36(3) 0,73(4) H1 442!19 316,~ lt't',et' 

. ,• ~, 

219~32. 93,31 t't't•t' 

129,l7(2) 1,93(6) ._,,_, 3,6(2) H1 129,16 II 

132,55(1). 0,49(2) 1,1<1> H1 316,1114 183,46 t't't&t' 

139,82(2) 111,45~2) 111,9<1.> H1 249,53 11119,75 •t'•t't' 
141;92(1) 3,45(7) 4,3(2) E1 183,46 41,55 l!!t' 

147,66(3) 111,07(2) 111,13(2) :508,79 361,63 t't'tet' 

" 
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1 2 3 

151,86(3) 0,33(2) 
152173(5)a) 0 110(2) 

166,92(3) 0,15(2) 

170,45(2) 19,0(4) 

174,40(1) . 4,45(15) 

0,48(5) 

0,11 (2) 

0,19(2) 

20,3(4) 

3,4(2)· 

2,0(4) 

0,32(3) 

3,03(6) 

0,14(2) 

0,33(4) 

0,16 (3) 

0,1118(2) 

1,1.4(2) 

3,2(1) 

0,27(2) 

0,1117(2) 

111,78(5) 

2,3(2) 

4,2(2) 

178,14(2) 

183,4'6(1) 

186,11(4) 

186,85(3) 

192,82(6) 

193,80(1) 

195,18(2) 

197,18(6) 

198,88(5) 

206,27(2) 

21118,09' 1) 

210;27(2) 

212!1110(1) 

216,1117(4) 

223,62(3) 

226,15 (6) 

229,61(5) 
232,7(3) 6 ) 

233,87(3) 

239,76(4) 

248,77(2) 

249,55 (1) 
258,65(3) 
·' . .261 198CU 

266,82(5) 

273,42(7) 

274,11(1) 

275,15(2) 

278,52(3) 

./ 

0,30(2) 

2,80(6) 

0,11 (2) 

0,46(2) 

. 0,0!(2) 

1,1119(3) 

2,6~,<8). 

111,26(2) 

0,1117(2) 

0,73(4) 

1,90(7) 

4,1(2) 

11110,0 

0,20(2) 

0,16(2) 

0,15(3) 

.... ,) ,''>. 

11114(2) 

111,22(2) 

0,17(2) 

111,16(3) 

111,07(2) 0,08(2) 

111,09(4) 111,09(4) 

0,27(2) 0,27(2) 

111,21(3) 111,22(3) 

1,111(1) 1,1(1) 

7,5(2) - 8,6(2) 

111,28(2). 0,34(2) 

2,111(1) 2,1(2) 

11,19(3) 0,22(3) 

8,19(3) 111,20(3) 

111,28(3) 8,21(3) 

8,88(3) 0,97(3) 

0,30(2) 0,32(2) 

« 

4 

E2 

M1+E2 

E1 

M1+CE2> 

CEU 

E1 
...; E1 

M1+E2 

E1 

4 

E1 

M1+E2 

E1 

E1 

M1 

E1 

E1 

M1 

E1 

CM1+E2) 

E1 

E2 

M1 

. M1 

E1 

M1 

M1+E2 

M1 

M1 

. 5 

442,19 

368,64 

482,75 

212,111111 

215,95 

303._52 

6 

290 136 yy,ey 

215,95 

316 104 rr 
41 1 55 e,-

41155 ey 

129 116 e,-

361,59 183,46 ,-y 

183,46 0 

315,24 

316,04 

436,31 

442,19 

31113,52 

29111,36 

:il12,91 

448,42 

316,1114 

249,53 

303,52 

212,1110 

215,95 

129116 ey, 

129,16 ,-y 

249,5;se>er 

249,53 ey 

11119,75 e,-,,-:1' 
95,15 8:1'•"" 

215 19sf:>e,-

249,53 

109,75 

41,55 

93,31 

0 

111 

yy,ey 

ey,yy 

ey 

ey 

636 148 412,91 yy,ey 

71118 19111 482 18111 er,rr 
442,19 

412,91 

215,95 

183,46 

448,42 215,95 

yy,ey 

ey 

ey 

782,53 

368,64 

290,36 

249,53 

548 1 51 ,-y1e:l' 

129 116 &:t'•YY 

41 1 55 ey 

Iii 

442,19. 183,4? yy,ey 

31113,52 41,55 ey 

7118,90 

315,22 

316,1114 

442,19 :I'Y 

41,55_ tty 

41,55 

368,64 93,31 ey 

782,53 584,0111 yy 

' I 
? 

·i 

1 
r 

• 
281,1(3) 

285,1(2) 

290,5(3) 

291,74(3) 

292,25(5) 

299,64(2) 

2' 

111,05(2) 

0,05(2). 

0,1113(1) 

111,22(1) 

0,1119 ( 1) 

0,~0(2) 

31113,111(2) 6 ) 

303,51(1) 3,18(2) 

310,5(1) 

315,19(~) 

316,1114(2) 

318,90(8) 
319,36

) 

320,00(2) 

325,29(5) 

327,18(2) 

332,62(3) 

334,19(4) 

340,43(3) 

346,23(4) 

348,75(4) 

353,42(~) 

355,1116(3) 

361,68(4) 

'3&'.2, 9 (2) 
365,4(3) 

368,66(4) 

371,3111(5) 

379,32(9) 
387,1 (2) G") 

392,6(2) 

•393,4(3) 

398,8(7) 

488,6111(3) 

0,12(1) 

1,9111(5) 

1,74(3) 

0,20(2) 

1,25(10~ 

0,16(2) 

111,92(4) 

0,57(3) 

111,15(2) 

0,95(4) 

0,22(1) 

0,23(1) 

0,13(2) 

0,83(4) 

0,76(4) 

0, 14(3) 
0,02(1) 

0,17(1) 

0,33(2) 

0 106<2) 

111,04(1) 

111,12(3) 

0,32(2) 

8,1114 {1) 

0,53(2) 

.3 

111,05(2) 

0,1115(1) 

111,03 (1) 

111,23(1) 

111,10(1) 

0,53(2) 

0,10(1) 

3,13(2) 

0,13(1) 

2,0(1) 

1,76(5) 

0,21(2) 

1,35(20) 

111,17(2) 

111,98(4) 

111,41(3) 

111,18(3) 

111,16(2) 

1,1112(4) 

111,23(1) 

0,24(1) 

0,13(3) 

0,88(4) 

0,81(4) 

01 15GH 
0,02(1) 

0,18(1) 

0,34~2) 

0,1116(3) 

111,04 (1). 

0,12(3) 

0,33(2) 

0,84(2) 

0,54(3) 

5 

4 

M1 

E1 

M1+E2 

M1+E2 

E1 

M1 

E1 

M1 

CEU 

M1+E2 

E1 

El 
El 
M1 

M1 

Ml+E2 

E1 

M1 

E2 

Ml 
M1 

El 

5• 6 

53111,49 249 153 ey 

504,00 219,32 ey 

290,36 0 

607,45 316,04 

775,14 482,75 

482,75 183,46 

782,53. 482,75 

rr. 
er 
rr,er 
yy 

412191 1091 75 ey,yy 

31113,52 0 

1131,67 

315,22 

316,04 

731,60 

448,42 

361,63 

508,79 

857,50 

327,15 
442,19 

548,51 

821,27 ey 

0 

111 

412 1 91e>ey 

129 1 16 . ey 

41 1 55 ey 

1f!31 46 ey 

530,49 .. rr,er 
0 

109175 e:I'•YY 
215,9s&>ey 

782153_ 448 1 42 yy1 ey 

782,53 442119 yy,ey 

782,53 436,31 yy 

636,48 290,36 ey,yy 

442 1 19 93 1 31 ey.yy 

482 1 75 129 1 16 ey · 

448 142 93131 ey.yy 

361,63 . 0 
731 16111 368164 ey 

548151 183 1 46 ey 

368,64 Ill 

412 1 91 41 1 55 ey 

51118 179 129~168>ey 
636,47 249,s3e).,_ 

788 1 90 31611114 yy1 ey 

708,90 315,24 yy 

847 1 66 448,42 ey 

442 1 19 41,55 ey 



1 

41115,65(2) 
41116,81(8) 

41111,88(6) 

413,4(5) 
417,2111(5) 
418,5(3) 6 ;, 

42111,4111(4) 

423,3<1) 

436,29(2) 

441,2(3) 6 ;, 

442,16 (4) 

448,46(3) 
451,5(:2) 

455,35(2) 

459,3(2) 
462,4(2) 
466,5(2) 6 ;, 

467, 18(2) 

47111,64(9) 

'· 

2 

Ill, 11 (3) 
111,32(2) 

Ill, 13 (2) 

111,1115(3) 
111,21(2) 
111,1115(2) 
111,21 (1) 

111,1118(2) 

2,111(3) 

8,7111(5) 

111,55(5) 
111,09(2) 

1,14(4) 

111,1117(2) 
111,1118(1) 

1 ,42(1) 

111,07(1) 
479,15(6) 111,1117(3) 
482,17(5) 111,26(2) 
482,9(2) 

484,111111(6) 111,25(2) 
488,98(5) 111,32(2) 

494,32(5) 111,23(1) 
496,61(3) 111,9111(5) 
51113,111(2) 6 ;,· 

51114,111(1) 

51114,6(2) 111,5:2(2) 
51117,4(3) 111,51<2) 

51118,56(8) 1,2111(3) 
514,2(5) 111,3111(3) 
515,5(3) 111,17(3) 

3 

111,11 (3) 

"'·33(2) 
111,13(2) 

111,1115(3) 
111,21(2) 
111,1115(2) 

D,13<U 
111,1119(1) 

111,1119(2) 

2,1 (3) 

111,71(5) 

111,56(5) 
111,1119(2) 

1,18(4) 

111,1117(2) 

111,08(2) 

1,45(2) 

111,1117 (1) 

111,1117(3) 
111,26(2) 

111,25(2) 
111,32(2) 

111,23(1) 
111,93(5) 

111,52(2) 
111,52(3) 

1,2111 (3) 
111,3111(3) 
Ill, 17(3) 

6 

_,; 

4 

M1 
M1 

M1 

E1 

E2 

M1 

E1 

M1+E2 
Ml 
M1 

E1 
M1+E2 

M1+E2 

E1 

E1 

E1 

E1 
M1 

M1+E2 

E2 
E1 

5 6 

847,66 442,19e>er 
448 1 42 41 1 55 ey 
51114,111111 

412,91 
636,48 
71118,9111 
636,48 

53111,49 

865,56 

436,31 
945,16 
945,16 

442,19 

448,42 
955,51 

548,51 

782,53 

71118,9111 
51114,111111 
782,53 
782,53 
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1328,21 

93,31 
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219,2111 
29111,36 
215,95 

11119,75 

442,19 

Ill 

er 

rr,er 
ey 
ey,yy 
ey 

51118,79 rr,er 
51114,111111 er 

Ill 

" 51114,1110 ~r 

93 1 31 ey 
327, 15 rr, ey 
249 1 53 ey,yy 

41 1 55 ey· 
316 1 1!14 ey 
315 1 22 I"Y 

41 1 55 er 
857,5~>e,.. 

847,66 368,64 
731,6111 249,53 

ey 
ey 

482,75 Ill 

111114',9 53111,49 

53111,49 41,55 
937,36 . 448,42 

111111,6111 

9~5,16 

945,16 
504',1110 

111135,15 
548,51 

508,79 
607',45 

731,60 

61117,45 
448,42 
442,19 
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53111,49 
41,55 
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93,31 
215,95 

ey 
ey 
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er,rr 
er 

rr,er 
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er 

., 
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525,67(4) 
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591,4(1) 
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598,2(2) 
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. 607,5<1>' 

617,8(1) 

622,111(1) 
629,74(2) 
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638,2(1) 

111,1111< 1) 
111,13(2) 
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111,18(1) 

111,1111(1) 

111,1118(1) 
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111,28(2) 

111,36<2> 

641,7(2) 6
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- 647,1<2) 111,1119<1) 

65111,2(3) 6 ;, 111,1112(1) 

3 

111,31(2) 
B,13(2) 

ra,ra2c2> 
111,12(2) 

111,4111(2) 

111,35(2) 
111,36(1) 

B1 1117(2) 
111,27(7) 

111,1111(2) 
111,42(2) 
111,2111<1) 
111,11(1) 
111,31(2) 
111,46(2) 

111,1119(4) 
111,1111(1) 

111,13(2) 
111,18(2) 

111,26(3) 
<111,1115 

111,18(1) 

111,11(1) 

111,1118(1) 
111,1117 ( 1) 
1,3(1) 

111,29(2) 
111,21 (2) 
111,15(2) 
111,1115(1) 
111,1114(1) 
111,1119(1) 
111,1112(1) 

7 

M1 

E1 

M1 

M1 
E1 
E1 

4 

M1+E2 

<MU 
E1 

E1 

H1 

E1 

H1 

E2 

E1 

M1+E2 
E1 

5 6 

71118 1 9111 183,46 rr 
775 1 14 249,5~>e,.. 

636 1 47 11119,75 er,rr 
111135,15 51118,19 ,..,.. 

53111,49 Ill 

857,51!1 327,15 rr 
782,53 249 1 53 e,..,,..,.. 
636,48 95,1se>er 
857,51!1 
857,5111 
731,6111 

548,51 
865,56 

111111 ,611J 
847,66 

61117,4_5 
821,27 

71118,9111 

11iJ35,15 
775,14 

1452,33 
847,66 

71118,.~1!1 

316,1iJ4 1"1" 

315,22 er 
183,46 rr,er 

Ill 

316,1114 rr,er 
548,51 rr,er 
290,36 er.rr 

41 1 55 ey,yy 
249,53 er•YY 
129,16 . er.rr 
448,42 rr,ey 
183 1 46e>e,.. . ) 

. 857, 5ra£f er 
249,53 er.rr 
11119 1 75_ er,rr 

782 1 53 183 1 46 rr,er 
821,27. 215,95 Eir,rr 
607,45 Ill 

857,5111 249,.53e>a,.. 

945,16 327,15 rr 
731 1 6~ .. 11!19,~5 ey 
9451 16 315 1 22 yy,ey 
636,48 Ill 

731,6111 93,31 
821,27 183,46 
945,16 31113,52 

111114,9 . 368,64' 
937,35 '29111,36 

118111,59 "53111,49 
..--,-, 

ey 
er. 
er 
er. 
ey 

er 



1 2 

653,28(5) 0,51(2) 

665,23(6) 1,25(1111) 

666,2(2) 6
) 

667,3(2) 111,12(2) 
673,5(1) 0,35(1111) 
678,8111(8) 111,17(1) 

682,31(5) 0,1,3(1) 
69111,111(3) 111,82(6) 

695,33(6) 0,1115(2) 

711!5,85(1111) 111,1111(2) 

711,53(3) 111,36(2) 

718,47(8) 111;15(2) 

721,4111(6) 111,3111(1) 
727,8(2) 111,18(3) 
72S 1 6(2)a) 111 1 13(3) 
733,5(2) 111,11(1) 

736,41(4) 111,44(2) 

739,6(2) 
74111,8(2) 

744,5(2) 
748,111(2) 

75111,111(2) 
754,111111(5) 

755,84(5) 

761,83(6) 

771,9(3) 

,775,111(2) 
779,5 (1) 

'785,65(3) 

794,1 <2> 6
) 

795,4(2) 
. 798,8(1) 
81116,6(2) 

811,8(7) 

1,0(2) 
111,28(3) 

111,1112(1) 
111,1114(1) 

111,1114(1) 
111,17(1) 

0,49(3) 

111,29(4) 

111,1115(1) 

111,1115 (1) 

111,15(3) 

111,9<1) 

111,1115<1) 
111,13<1) 
111,25(1) 
111,11!24(7) 

111,1114(2) 

3 

111,51(2) 

1,25(1111) 

111,12(2) 

111,4<1> 
111,17(1) 

Ill, 13(1) 

111,82(6) 

0,1115(2) 

111,1111(2) 
111,36(2) 

111,11!8(2) 

111,1118(2) 

111,3111(1) 

"· 18(3) 
111,13(3) 
111,11(1) 

111,44(3) 

1 ,111 (2) 
111,:l8(3) 

0,1112(1) 
111,1114 (1) 

111,1114 (1) 
111,17(1) 

111,49(3) 

111,29(4) 

111,1115(2) 

111,1115(1) 
0,15(3) 

111,3(1) 

0,6<1) 
0,05(1) 
a, 13U> 
0,25(1) 

0,024<7> 

111,1114(2) 

8 

4 

E1 

E1 

E1 
E1 

,.; 1'11 

E2 

E1 

E1 

E1 

1'11+E2 

E1· 
E1 
E1 
E1 

E1 .. 
E1 

H1+E2 

E1 

1'11 

1'11 

E1 

E1 
E1 

1 Ull 1 60 
782,53 

111111,6111 
955,51 

111135,15 
711!8,9111 

111135,15 
1387,5 

865,56 
731 ,611l 

945,16 

955,51 
821,27 

937,35 

'847,66 

937,35 
821,27 

1044,6 
775,14 

865,56 

5 6 

448,42 yy 

129 1 16 ey 
436 1 31 yy,ey 
29111 1 36 yy,ey 
368,64 .,.. 
41,5~>ey 

361 1 63 yy,ey 
711l8 1 9~>ey 
183,46 yy,ey 

41,55 er 
249,53 ey 
249,53 ey,yy 

11119,75 ey,yy 

219,19 yy,ey 

129,16 ey 

215,95 ey,yy. 
93 1 31 ey 

316,11!4 ey 
41,5~>ey 

129 1 16 ey,yy 

955 1 51 215,95 ey,yy 
111144,6 31113,528 >ey 

111135,15 2911!,36 ey 
857 1 5111 11119,75 ey 

1118,58 368,64 
937,35 

865,56 

945,16 

955,51 

775,14 
1328,21 

111111,6111 
111135,15 

141111,49 
111144,6 
111114,9 

99111,15 

1181/!,59 

183,46 yy,ey 

11119,75 ey,yy 

183,46 yy,ey 

183,46 yy 

111 
548,51 er 
316,1114 yy,e,.. 

249,53 .et'•YY 
61117,45 er 
249,5:s&>ey 
215,95 ey,yy 

183,46 ey 

368,68 

1 
l 

,J 

~ 
l 

1 2 

816,111111(4) 111,9(1) 

819,2<3> 6 ) 0,1115(2) 

821,4(3) 111,13(3) 
824,1(2) 111,15(3) 
826 1 3(2) s> 

827,25(5) 111,7(3) 

835,46(3) 3,5(2) 

842,3111(5) 111,1111(1) 
845,72(2) 1,1(2) 

852,1111(2) ·0,9111(6) 

857,55(3) 0,65(5) 
860,9111(6) 0,26(3) 

865,54(5) 111,65(5) 
869,2(2) 111,1118(2) 
871,2(3) 111,1119(2) 
88111,7111(6) 0,15(1) 

882,5111(5) 111,15(1) 

885,61:H6) 

89111,15(5) 

895,7(2) 

91113,62(3) 
91115,96(5) 

912,3(2) 
915,2(3) 

918,1118(4) 

925,45(2) 

931,111(2) 
937,38(4) 

945,24(3) 

948,3<1) 

955,6(2) 
956,54(6) 
964,67(6) 
972,55(6) 

Iii, 12(1) 

0,13(1) 

111,07(1) 

2,1117(8) 
1 ,45(7) 

111,11i5(6) 
0,1114(1) 
0,33(3) 

111,38(2) 

111,11122(6) 
111,41(3) 

2, 75(15) 

111,1117 (1) 

0,1117(3) 
111,13 (2) 
111,1111(1) 
1,06 (3) 

3. 

0,6(2) 

111,3<1) 
111,1115(2) 

111,13(3) 
111,15(3) 

<111,2 
0,7(3) 

3,5(2) 

111,10(1) 
1,1<2> 
111,9111(6) 

111,65(5) 
111,26(3) 

111,65(5) 

111,11!8(2) 
111,1119(2) 
111,15(1) 

0,1116<1) 
111,1119(1) 
Ill, 12(1) 

111,13(1) 

111,1117(1) 

2,1117(8) 

1,45(7) 

0,1115(1) 
0,1114(1) 

111,33(3) 
111,38(2) 

111,11122(6) 
111,41(3) 

<111,1118 

2,75(15) 

0,1117<1) 

0,1117(3) 
111,13 (2) 
0,1111<1) 
1,1i16(3) 

9 

4 

1'11+E2 

E1 

Ei 
.E1 

1'11+E2 
E1 

E1 

1'11 
E1 

E1 
E1 

E1 

857,50 

945,16 
1,11!35, 15 

821,2/ 
865,57 
955,51 
937,35 

945,16 

937,35 
955,51 

111111,60 

857,5111 
99111,15 

865,56 

1118,58 
141111,49 
99111,15 

1131,67 

111!66,45 

5 6 

41 ,5~ .,.. 

129,16 ey 
215,95 .,..,,..,.. 

Ill 

41,55 .,.. 
129,16. er 
109,75 ey,yy 

11119,75 ey,yt' 

95 1 15 · ey 
11119,75 ey,yy 

249,53 ey,yy 

e 
129,16 •Y•t't' 

111 
249,53 .,..,,..,.. 
53111,4~>ey 
11119,7:5 .,...,..,.. 
249,53 .,..,,..,.. 

183,46 ,..,.. 

E1 111!14,9111 129,16 ·ey,yt' 

1'11+E2 118111,59 29111,36 yy,ey 

E1 

E1 

.E1 

937,35 
945,16 

111135,15 

1'11-'€:2 1131,67 
1131,67 

. Mi 111111,6111 
E1 111135 1 15 

<H1 ,E2> 1180,59 
E1 111166 1 45 

937,35 

E1 945,16 
1387,5 

E1 1452,33: 

E1 955 1 51 
11i166,45 

E1 1181i1,59 
E1 111i11,60. 

41,55 er 
41,55 .,.. 

129,16 .,...,..,.. 

219,32 ,..,..,.,.. 

215 1 95 e;-,,..,.. 
183,46 ,..,..,.,.. 

11i19 1 75 ey,yy 

249,53 .,.. 

1291 16 e,..,,..,.. 

Ill 

lit 

442,198 >e,.. 
51114,0eB> ey · 

Ill 

11i19 1 75 &t'tt'Y 
215,95 lft'tt't' 
129,16 .,...,..,.. 
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979,7111(6) 
982,9(1) 
99111,3(2) 

991,85(2) 

997,1117(8) 

1111111817(2) 
111112.,18 (6) 

111114,9111(4) 
111121,95(4) 
111124,6(1) 
111132,2(3) ~) 
111136,69(6) 

111144,2(5) 
111151,5111(6) 
111154,6(1) 
11116111,18(5) 

111166,7(2) 
111169,7(5) 
111177,2(3) 

111178,56(9) 
111185,6(2) 

11119111,25(15) 
1098,2(2) 

111111,69(3) 
1105,70(6) 
1111,8(2) 

1118,45(1111) 

1131 ,9(2) 
1139, 10(5) 
1144,4(2) . 
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0,09(1) 
0;,1113(1) 
111,1119(2) 

3,5(2) 

IIJ,UHU 
IIJ,£12(1) 

Ill' 111H 1) 
111,25(1) 
11J,31 ( 1) 
11J,IIJ4 (1) 
11J,IIJ3(1) 
111,16(2) 

11J,1113(1) 
111, 11 (2). 

111,1118(2) 

111 1 35UIIJ> 

111,13(2) 
111,1116(1) 
111,1115(3) 

111, 17<5>' 
111,1116(2) 

111,1114<1) 
111,1113<1> 

1,03(2) 
111,2111(2) 
111,1115(1) 

111,11(2) 

111,11110(5) 
111,18(3) 
111,1114(1) 

1157,7(1) 111,1112(1) 
1179,65(1111) 0,1117(2) 
1199,1115(5) 111,22<1> 

121112,8(3) 111,1112111(5) 

3 

III,IIJ9<1) 
0,1113(1) 
111,1119(2) 

3,5<2> 
IIJ,1111(1) 

0,1112<1) 
111,1111<1) 

111,25(1) 
111,31 (1) 
111,1114(1) 
111,1113(1) 
111,16(2) 

111,1113(1) 
Ill, 11 (2) 

0,1118(2) 
111,35<1111) 

111,13(2) 
111,06(1) 
111,1115(3) 

111,17(5) 
111,1116(2) 

111,1114(1) 
111,1113(1) 

1,1113(2) 
111,2111(2) 
111,1115<1) 

Ill, 11 (2) 

111,18(3) 
111,1114(1) 

111,1112<1> 
111,1117(2) 
111,22<1) 

<111,1115 
111,1112111(5) 
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4 

E1 
111+E2 

E1 

1199,1114 
1199,1114 
1426,7 

...! 

E1 

111 

111 

E1 
E1 
E1 

99111,15 

111111 ,611! 
118111,59 
1118,58 
1328,21 

111114,9111 
1131,67 
1118,58 
141111,49 
1131,67 

11114"4,6 
CE2> 118111,59 

CI11,E2> 1422,9 

E1 111111,6111 

E1 111166,45 
E1 118111,59 

1118,58 
E1 1328,21 

141111,49 

E1 1131,67 
141111,49 

E1 111111,6111 
<EU 1199,1114 

E1 1328,21 

E1 1118 1 58 

1131,67 
E1 1180,59 

CE1 > 1328,21 

1199,1114 
1272,6 
1328,21 

1199,1114 
1452,33 

E1 
E1 

E1 

5 6 

219,32 :t":t",e:t" 
215,95 e:t" 
436,31e>e:t" 

0 

11119,75 e:t"•:t":t" 

183,46 :t":t"te:t" 
11119,75 e:t" 
316 1 1114 :t":t",e:t" 

0 

11119,75 e:t"•:t":t" 
93,31 e:t" 

368,64 e:t" 

95,15 e:t" 

Ill 

129,16 e:t"o:t":t" 
368,64e>e:t" 

41,55 e:t" 

111 

109,75 e:t" 
41,sse>~w 

249,53 e:t"•:t":t" 
316,1114e>e:t" 

41,55 e:t" 
31113,5~>e:t" 

111 
93;31 e:t" 

215,95 e:t"•to:t" 
111 

Ill 
41,55 e:t" 

183,46 e:t" 

41,55 e:t" 
93,31 e:t" 

129,16 e:t",:t":t" 

Ill 
249,s:se>e:t" 

1 

121111,8(2) 

1218,48(5) 
1231,1115<5> 
1272,45(5) 

1291 1 5(3) IS) 

1294,8(5) 
1323,111(3) 

1328,8(3) 

1342,7(2) 
1347,111(3) 
1359,8(1) 

1381,6(2) 

1401,5(2) 

1426,7(1) 

2 

111,11115(5) 

111,1119(3) 
111,15(1) 

111,13(2) 

0,02<1) 
0,1114(1) 
111,1115(1) 

<111,1111 
"Ill, 1112 (1) 

111,1112(1) 

111,1118(1) 

<111,1111 

111,11112(5) 

<111,1111 

3 . 

111,11115(5) 

0,1119(3) 
111,15(1) 
111,1116(2) 

111,07(2) 

111,1114(1) 
111,05 (1) 

111,02(1) 
111,1112<1) 

0,1118<1) 

111,11112(5) 

4 

111 
E1 

E1 

E1 
E1 

E1 

E1 

1426,7 

1328,21 
1272,6 
141111,49 

1272,6 
1401,49 
1387,5 
1452,33 

1328,21 

1452,33 
1387,5 
141111,49 

1422,9 

1401,49 

1426,7 

5 6 

215,9se>e:t" 

11119,75 e:t",:t":t" 
41,55 e:t" 

129,\6 e:t" 

Ia 

11119,75e>e:t" 
93,31e)e:t" 

129,16e>e:t" 

Ill 
111J9,75e>e:t" 
41,sse>e:t" 

41,55 e:t" 

41,55 

I1J 

Ill 

llHTeHCHBHOCTH -y-nyqelJ: HOpMHPOBaHbl K HHTeHCHBHOCTH -y-nyqelJ: 
c 3Hepruell: E

1 
= 212,0 K3B /I

1 
= 100 e~./. 

a/ 1-rrepexo~bl, rronyqeHHble rrpu o6pa6oTKe cno:>KHbiX rrHKOB B crreKT
pax -y-nyqelJ:. 

6/ -y-rrepexo~bl, rronyqeHHbJe rrpu auanH3e crreKTpoe e-y-coerr~eHull:. 
B/ IfHTeHCHBHOCTH -y-rrepexo~OB paCC'IHTaHbl Ha OCHOBe 6anaHCa HH

TeHCHBHOCTeH ypOBHH C 3Hepruell: 95,15 K3B B' npe~rrOilO:>KeHHH, 'ITO 

rrepexo~ c 3Hepruell: 53,6 K3B HMeeT MynbTHnonbHocTh THrra M2. 
r/ llHTeHcueHocTH -y-rrepexo~oB onpe~eneHbl ua ocHoBe auanu3a crreK
TpoB e-y-coerra~euull:. 

~/ llHTeHcHBHOCTb -y-rrepexo~a 41,6 K3B orrpe~eneua KaK cyMMa HH

TeHcHBHocTell: -y-nyqelJ: H 3JleKTpOHOB BHyTpeHHelJ: KOHBepCHH. HH

TeHCHBHOCTH 3BK rronyqeHbl ITPH H3MepeHHH Ha 6e3:>Keile3HOM 6eTa

crreKTPOMeTpe · C TOpO~anbHblM MarHHTHb!M rroneM. 

e/ 3aKmoqeHue o HOBOM pa3Me~eHHH -y-rrepexo~oB B cxeMe pacrr~a 
c~enaHo Ha ocHoee aHanuga crreKTpoe e-y-coerra~eHull:. 

= 0,40(11) [T~opHs/ 15 / AaeT·Anfl nepeXOAa THna M2:. L 1/L2 = 9,9, 
L1 /L3 = 3, 1 11 L2/L3 = 0, 31), CAeilaH BbiBOA 0 TOM, 4TO 3TOT -y-ne
peXOA. Tl1na M2; OH, eepoRTHee ecero, pa3Me~aeTCR Me>KAY ypoeHRMH 
95,15 K3B, 9/2+ 11 41,56 K3B, 5/2-. nonHaR 11HTeHC11BHOCTb nepe
XOAa C 3HeprHe~ 53,6 K3B COCTaBilfleT 5,5(5) eA. YpoeeHb C 3Hep
rl1e~ 95,15 K3B, 9/2+ AOil>KeH pa3pR>KaTbCfl ABYMR nepeXOAaMH: 
nepexoAoM c 3Heprl1e~ 53,6 K3B 11 nepexoAOM c 3Hepr~e~ 1 ,8 K3B, 
BBeAeHHbiM Ha OCHOBe aHai1113a cneKTPOB e-y-coenaAeHH~. 113 6anaH- , 
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ca HHTeHCHSHOCT~~ nepeXOAOS S CXeMe pacnaAa 153Tb -+ 153Gd 
cneAYeT CAeJldTb SbiSOA 0 TOM, 4TO HHTeHCHSHOCTb nepexoAa C 3Hep
rHe~ 1,8 K38 He, 6011ee 5,0 .eA., TaK,KaK HHTeHCHBHOCTb 3aCeile
HHR ypOSHR C 3HeprHe~ 95,15 K38, 9/2+, no11y4eHHaR H3 6anaHCa 
HHTeHCHSHOCTe~ nepeXOAOS, pasHa 9,6(9) eA., npH 3TOM, ecTecT
seHHO, 18+£ = 0 AilR 6eTa-nepexoAa 5/2+-- 9/2+. 

npH aHaJlH3e cneKTpa 3BK, H3MepeHHorq C nOMO~b~ 6eTa-cneKT
poMeTpa C TOPOHAailbHbiM MarHHTHbiM noneM/ 14/, HaMH onpeAeJleHa 
MYilbTHnOilbHOCTb nepexoAa c 3HeprHe~ 19,4 K3B KaK E2+1 ,6(6)%M1 
H3 3Ha4eHH~ COOTHOWeH~~ 1 1 /12 = ,0,012(6), 1;/13 = 0,J0(2), 
nony4eHHbiX s 3KcnepHMeHTe. CooTftowlHH/ senH4HH TeopeTH4eCKHX 
K03¢xpH~HeHTOS SHyTpeHHe~ KOHSepCI-11-1 IS 1 1 /12 1-1 1 1 /13 paSHbl 
AilR nepeXoAa THna E2 - 0,012 1-1 0,60, a AilR M1 - 9,66 1-1 4,84 
COOTSeTCTSeHHO. 

Ha pHCYHKe nPHSeAeH Y4aCTOK OAHoro 1-13 cneKTpos 3JleKTpoHos 
BHyTpeHHe~ KOHSepCHI-1, nOilY4eHHW~ npr-1 nOMO~I-1 6eTa-cneKTpOMeTpa 
C TOPOHAailbHbiM MarHHTHbiM noileM, Ha PHCYHKe OTMe4eHbl 3BK y-ne
peXOAOB, C KOTOPWMI-1 MW npoSOAI-1111-1 H3MepeH~R cneKTPOS COBnaAeHH~ 
c y-ny4aMH npr-1 pacnaAe 153Tb. 
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