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1-kcne,qoea HHe ~ 169L e - y-coena,qeHHH npH pacna,qe u 

Ha ocHoee H3MepeHHH e-y-coena,qeHHH npoaHaJlH3HpoeaHa 
169 cxeMa pacna,qa Lu, H3BeCTHaR H3 JlHTepaTyp~, H nocTpoeHa 

ee HOBaR 4aCTb. 

Pa6oTa B~nOJlHeHa B na6opaTOPHH RAePH~X npo6neM OHRH. 

npenpBHT 0f51>8l1HHeHHOrO HRCTHTYT8 SUl8pHblX HCCnellOB8HHA. ,ay6H8 1979 
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169 
Investigation of e-y-Coincidences at the Lu 

Decay 

The 
169

Lu decay scheme, pub! ished earlier, has been 
analysed on the basis of e- y -coincidence measurements. 
The scheme new section is constructed. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 
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169 
CxeMa pacna,~~;a Lu BeCbMa cno>KHa, oHa co,~~;ep>KHT He MeHee 

5 0 B036y>K,D;eHHbiX COCTO.IIHHB / 1•2 1 . B Te'leHHe MHOrHX JieT npe,D;Jia-
u 169 y b -r anHCb pa3JIH'IHble aapHaHTbl ypoBHeH c 3HeprBeH BbiWe 

1 M3B 13 •4 8 ,11;p. · . O,~~;HaKo H3MepeHH.II yy -coana,D;eHHii1 1•51 no,D;

TBep,D;HJIH TOJibKO HeCKOJibKO B3 paHee npe,D;JiaraeMbiX ypOBHeii 

H n03BOJIHJIH 06Hapy>KHTb 15 HOBbiX COCTO.IIHHB . TeM He MeHee, 

H 3THX ,D;aHHbiX OKa3aJIOCb He,D;OCTaTO'IHO, TaK KaK B yy -coBna,D;e

HH.IIX He npO.IIBHJIBCb COBna,D;eHH.II C M.llrKHMH y -ny'laMH, OTBeT

CTBeHHbiMH 3a pa3p.II,D;Ky HB>KHHX poTaUHOHHbiX nonoc 169 Yb .,ll;JI.II 

BOCnOJIHeHH.II 3TOrO npo6eJia Mbl npe,D;npHH.IIJIH H3MepeHH.II cneKTpOB 

e y -coBna,D;eHHB, pe3yJibTaTaM KOTOpbiX nOCB.IIIUeHa HaCTO.IIIUa.ll 

• pa6oTa . 

YCJIOBH.R Ollb/T A 

l li9 
HcTO'IHHKH Lu nonyqaJIHCb npH o6ny'leHHH TaHTanoaoii 

MHWeHH npoToHaMH c E P = 660 M3B Ha CHHXPOUHKJioTpoHe OHRH. 

cJ>paKUH.II JIJOTeUH.II Bbi,D;eJI.IIJiaCb H3 MHWeHH XpOMaTorpacllH'IeCKHM 

MeTo,D;oM H 3aTeM pa3,D;en.llnacb no H30TonaM Ha Macc-cenapaTope . 

H3MepeHH.II cneKTpoB e y -coana,D;eHBii npoBO,II;HJIHCb Ha ycTaHoB

Ke 
16 1

, co6paHHoii Ha 6a3e caeTOCHJILHoro 6e3>Kene3Horo {3 -cneKT

poMeTpa c TopoH,D;aJibHbiM MarHHTHbiM non eM, H Ge (Li) - ,D;eTeKTopa 

o6'beMOM 40 cM 3/R = 3,5 K3BnpH Ey = 1,332 M3B/ . BpeMeHHOe 

pa3peweHHe 6biCTpoii cxeMbl coana,D;eHHii paBH.IIJIOCb 50 HC. He

CJie,D;yeMble CneKTpbl HaKafiJIHBaJIHCb B naM.IITH 4096-KaHaJibHOrO 

aHaJIH3a Topa ICA -70 c nocne,D;yJOmeii nepe,~~;aqeii BHcllopMaUHH Ha 

3BM "MHHCK-2". 06pa60TKa cneKTPOB y -nyqeii H e}' -coana,D;eHHB 

npoBO,D;Hnacb no nporpaMMe "KaToK" 1 1 1. 

3. 



PE3YJihTATM H3MEPEHHil H HX OECY)J(,4EHHE 

Pe3yJibTaThl o6pa6oTKB cneKTpos e y ·cosna,Aeuuii 169 Lu 

npe,AcTasneuhl B •a6.tt. 1, r,Ae .AaHHhle crpynnuposauhl no cosna

,AeHBJIM C KOHBepCBOHHhlMB JIBHBJIMB nepeXO,AOB, pa3p .IDKaiOlllHX 

onpe,Aeneuu~a~e yposuu poTauaouu~a~x nonoc: L 62 , L 75 , K 156 , 

K 165 COOTBeTCTBeHHO ypOBHB 312-, 512-, 712- , 912 - DOJIOChl 

112- 1521/; L , M70, K 90 , ypOBHB 912 +B 1112 + DOJIOChl 712 +16331; 
K 91, K 87 , K 110 COOTBeTCTBeHHO YPOBHB 512-, 712- , 912- DOJIOChl 

512-15121 . l.J.BtPPhl B CK06KaX OTpa)l(aiOT KOJIBqecTseHHYIO Ol{eHKY 

COBDa,AeHBH, paBHYJO OTHOWeHBIO DJIOllla,AB DBKa B COBDa,AeHBJIX 

K nnoma.AB y -nepexo,Aa. llpa 3TOM npaKTuqecKH so s cex cnyqaJix 

cnyqaau~a~e cosna,AeHBJI 6hlJIB npBMepuo ua ,Asa nopJI,AKa cna6ee 

BCTBHHhlX . 

Auana3 3KcnepuMeuTaJibHhlX pe3yJibTaToB I ma6.tt. 11 noKa3an, 

qTo : 

1. llO.ATBep)I(,AaiOTCJI BCe ypOBHB, npOJIBJIJIIOlllBeC.Il B y y • COBDa • 

,AeHBJIX I 11 . Pa3pJI,AKa HeKOTOphlX 83 HHX ,AODOJIHJieTCJI Ha OCHOBa • 

HBB •a6.tt. 1: c ypoBHJI 1689 K3B uanpasneu y -nepexo,A 1425 K3B 

ua yposeub 264 K3B (y 1425- K165); c yposuJI9Ir1554 K3Bua 

yposeub 9IT 70 K3B uanpasneu y -nepexo.D; 1484 K3B, MYJibTB· 

nonbHOCTb ero B03MO)I(Ha E 1 1 21 
; c yposuJI 1781 K3B ua yposeub 

264 K3B uanpasneu Y ·nepexo.D; 1517 K3B (y 1 517-K165).)J,auu~a~B: 
nepexo,A, TaKBM o6pa30M, CJIO)I(eH u BMeeT ,Asoauoe pa3Memeuue, 

B 060BX cnyqaJIX DO,ATBep)I(.AaeMhlH COBDa,AeHBJIMH: 1708 • 191 K3B 

/y y , ey l B 1781 • 264 K3B /ey/.C ypoBHJI 1781 K3B Ha ypos eub 

70 K3B TaK)I(e uanpasneu y -nepexo,A 1710 K3B (y1710-·L,M70). 

Pa3Memeuae pJI.D;a y -nepexo,Aos, pa3pJI)I(aiOlllHX yposua, B3BecT· 

HbiX B3 auaJIB3a cneKTpOB yy ·cosna,AeHBH, DO,ATBep.D;BJIOCb Tenepb 

s e y - cosna,AeHB.IIX I •a6.tt. 21. 

2. H3 B3secTuwx pauee yposueii 
169 

Yb , ue npoJisuswux cJI 
u / 11 

B CDeKTpax Y Y • COBDa,AeHBB , DO.D;TBep,ABJIBCb e y • COBDa,AeHBJI· 

MB: ypoBHB 312-659 K3B ( y 560- L75, L62; y 572-L62) H 512-722 K3B 

(y 622-L62; y 635- L62) DOJIOCbl 312-15211; yposuu 712+ 647 K3B 

( y 576- L ,M70) B 912 +707 K 3B (y 545-K90; L,M70; y 63"6-- L , M 70 ) nonocw 

512 + 16421, a TaK)I(e cocTOJIHBe 1973 K3B ( y 895- K 90 : y 1584 - KUO). 

4 

KOHB, 
mmRII 

KaB 

L -62 

L-75 

Ta6.ttuija 1 

169 Pe3yJibTaThl e y -cosna,Aeuuii Lu 

EJ KSB 

I44(2,J±I,2),I56(4.4±I.8),I~5(3,~I.9),243+244(0~66±0~27)! 

248(0,7±0,4),258(0,30±0,07),29I(0.27±0~07),369(0,27±0,03), 

378(0~24±0,02),404(I~~0~5),456(0,25±0~04),470(0,6f0~~), 

482(2,J±0.7),505(I,7ti~0),543(I~~I~0)!548(0~9stO~I4)! 

560(0.8±0.4),562(0.5±0,3)!572(I,I±9,3),622(0~~0,2I)! 

635(I,3f0.4),655(0,6±0,3),676(0,6!P.4),?07(0,82f0,2I), _ . 

(879(0,2+0.I)),I060(0,33+0,04),I068(2,9+I,5),I073(0,39+0,09) - - - . - . - . ' - - .-
II33(I,5±~·5),II62(I.2±0,3)!II7!(0,3I±O,O~)!II80(0.9t0,5), 

II84(0,33±0~05),II99(0,86fO,I9~,I206(I,q2±0~I3),I2I9 

(I,20±0,22),I258+I260(0.~0.I~,I276(I.~0,7~,I290(0.83,tO.O~) 

I326(0,5±P,3),I338(0,27±0.~3),I350(0~~0~3)!I379(0,II±0~02)! 

I392(0,I5±0~05),I4I2(0.~,4),I425(I,It0,6),I43?(0,2I±Q.07),1 

I466(0,20±0,02),(I497(0,2±0,I)),I5I7(0,25±0,06),I524 
. . . . • . • - . - i 

(O,I7f0,04),(I5?5(I,5±0,8),I590(0,25±9,04),I607(I,Jt0,4), 

I682(0,95±0.I3),I707(I,J±P.7), 

I44(3~6±I~8),I65(4.4!R,5),2~3(3,Dti,0),248~I.S±P~9~, , . 

29I(0,9t0,3),369(0,66±0,II),378(0~5~0,06),404~I~0#9•4), 

456(0,7±0,I)!470(2~0f0~3),484(2,319,7),505(0,9±0,4), 

543(4,?±2,5),548(3,9±I~~),560(I~5±0,8),562(0,7f0,4), - . . -
622(3,0f0,8),(642(5t3)),65~(5±3),707~3~It0~~),IOI?(2,~.~)! 

I060(0,6I±Q,08),I068(4,Jt2.2),I0?3(I,I±0•3),(II33(I.5+0,7)), 
. . . . . ' ... - . ~ ' .-

II62(4,J±2,I),II?I~0~5Q±O.I6),II80(4~?±2•2),~I~~I~29±P.I2), 

II99(5t3),I206(I,4±0~4),I2I9(2.I±0•6)!I244(2~9ti.5~!I258+ 

I260(0~8±P·4),I2?2(0~7±9•2),I276(5±3),I290(4.G;0~4), . . 

I30I(5t3),I326(!,J±P•2),I338(0.8G,i0.08),I~50(3,2±I•!>, 

I392(0,6I±0,09),I425(6±3),I437(0,69tO.I6),I466(0,53lP,04}, 
I5I?(I.OQ±O,I6),I524(0.56±0.I?),I590(0,88±0.i4),I682(3±I), 

I707(0,6±0,3),I763(0,6±0•2). 

5 
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llpoi:JOAJICeHue aa6AUIII>I 1 

K-156 l243(2.8,t1.5),404(4.6±I.5),505(7±4),562(2~~·5),65~ , . 

(1.6±0~9),667~4,2±2.5),6?6~6±3),1099(?±5),1!33(4.9±1~1~, .

II62(3~J±1~1),1180(1~1±0~4),1184(0.J0±0,0~),1206(4~~~5), 

1219(4~6~.7),1290(1.0±0.1),1296(5,2±2•7),1311(3.9±1.5), 

1412(3.8±1.5). 

K-165 l222(1.st1.1),248(1~3±9.6),383(1~9±Q~9),484(0,9±Q.3)~ . 

543(1,4±0,7),65~(1,2±Q~4),903(1.8±1.o) , 1I42~2.1±1.~), 

(1I56(~.4±0.8)),1162(0.~~~),I180~0.~~~),1184~0!18±9!02) 

I199(1,0±Q.1),1276(2.5±1.3),1~90(1,1~.~)~13~1(1,3±Q,6), 

1392(0,06±Q.01),1425(1,6±Q,8),1517(0,IO±Q,02). 

~.M-701207(6 ±3 ),227(6±3~,545(2,9±9~6),562(2,0±0~5),576(2,5±0•3 

617(2,7±P.8),636(3~J±1,6),670(1.~0~5),690(3~0to~6)! 

725(3~4jJ.0),761(2,1±0.6)!767(3.6±1.o),B02(0~9±Q~5)! 

8I5(1.s,tP.8),889(2,7~.2),916(2.9±P·~)~99~(3.8±0~6~, .~ 

1007(2,8±P.2),1gG0(0.~~2),1~73(0,6~.2),~~06(3,7~1.I), . . 

1184(0.36±0~06),1212(2~7~0,5~!1272(2~5~0~5),1379(1,7~.1), 

1392(0,7~.11),1484(2,3~·?),1618(2,7~~2),1636(3,2±0.6), 

1645(3,2±1,1),1710(0.4±9.2),1959(2.J±0.4), 

K-90 I227(2.Jt0.6),545(1.7±0~2),562(1~0±0~1),(587(1~8±P·9)), 

617(1,2±0.3),659(1~2~.5),670(1.6±0~),(703(0.6±0.~)), 

725(3,2±0,5),767(3,7±9.9),(895(0.5±q.3)),908(3.0±1•5) 

916(3.Q±0,2),1025(2,7±1.5),I043(0.B±0.4),(1726(4.4±2•4)). 

K-91 I198(1.1±9!4),244(1,3±9.4),258(1.J±0.3),291(I.7±0,3), 

359(1,1±9.4),369(1.9±0.2),378(1.7±0.1),456(1.8±P.2), 

470(0,9±0.2),511(0.27±9.10),879(1,1±9.3),1060(1.60±0~15), 

1065(1.3±0.9),1073(1.2±0.3),1151(1.5±0.7),1165(1.9±9,8), 

1171(2,3±0.4),1184(1.7tO.I),I258+1260(2.0±0~6), 

1272(1.5±0.4),I326(1.~.3),1338(1,50±9.15),I379(0.70±9.07) 

1392(1.40+0,!4),1429(I,I±P.4),1437(1.1±0,2),1466(1.60±P.12) 

... 

• 

llpoi:JoAJtCeHue •a6AUIII>I 1 

I497(2.4±0.5),I502(0.9±0.3),I5I7(I.6±Q.3),I524(I.5±Q.4), 

I590(I.3±Q.2),I763(I,7±0•5) • 

K-87 I9I(I.07±Q.07),244(I.0±0.4),258(I.O±Q~2),29I(I.B±0.2), 

359(I.2±Q,3),369(I.6±0.I),4?0(0.7!P.I),IOI7(I.4±0.~), 
. -

I060(I.I±O.I),I065(I,2±Q.6),I073(I.O±Q.I),II5I(O.B±0.4), 

II65(0.9±Q.4),II7I(I,B±0.3),II84(I.5±0.I),I260(I.6±0.8), 

(I267(2.2±I.I)),I326(I.07±P.I4),I379(0.60±P.I4),I392(1.0±0•1 , 

1429(1.4±0.4),1437(I.2±P.2),1502(1.1±0.4),(I630(2.7±I.4), 

1676(1.5±0.8). 

K-110 191(0.80±0.04),207(1.2±0.2),258(1.8±0.3),278(1.0±0.3), 

359(1.9±9.5),1017(I.S±0.5),I060(2.2±9.1),I073(2.30f0.15), 

1I51(1.4±0.6),1165(2.Q±0.8),1260(0.6±0.3),1267(5.0±2.5), . 

(I318(3,1±I.5)),1326(2,6±0.4),I392(2,1±0.2),1584(1.6±0.B). 

3. ~aaawe •a6A. 1 yxa3woaJOT aa cymecToooaaBe 6om.woro 
169 

'IBCJla HOBhiX COCTO.RHBB Yb. B •a6A. 3 Mhl DpBBO.li.BM CDBCOIC 

3TBX ypooae:ii c yxa3aHBeM cnoco6oo BX pa3p.R.IJ.KB B e y ·coona.IJ.e· 

BBB, Ha OCHOBe ICOTOphiX ORB BBe.IJ.eHhl. 

Cne.IJ.yeT OTMeTBTL, 'ITO aexoTopwe cna6we o cnexTpax y ·ny

'leA DBKB 6oJiee 'leTKO npO.RBJl.RJOTC.R B CDeKTpax COBDa.IJ.eHBH, OCO • 

6eHHO B TOM CJiy'lae, eCJIB ORB o6pa3YJOT Dp.RMOB xacKa.IJ.. Tax, 

aanpBMep, cna6wA nepexo.IJ. 248 K3B y6e.IJ.BTeJILHO npo.RBBJIC.R o 

COBDa.IJ.eHB.RX C K165 /puc. 1a/, 'ITO .IJ.aJIO HaM OCHOBaHBe BBeCTB 

npB pacna.11.e 
169 

Lu B3oecTHhlii B3 .R.IJ.epawx peaxuB:ii poTaUBOHHhiB 

ypooeHL 512 K3B13/2-,1/2-/521/ 121 . 

HOBhiB ypooeHL 886 K3B 9/2+ DO.IJ.KpeDJI.ReTC.R y ·nepeXO.IJ.OM 

562 K3B coepxy /7/2-1449 • 9/2+886 K3B/, npo.RBJI.RJOIUBMC.R B 

cnexTpax y y B e y- coona.IJ.eHBii ( y 562- K 90; y 562- y 725; y 562- y su{ 1). 

~aHHhiB nepexo.IJ. - cno>KeH. BTopoe ero pacnono>KeHBe 7/2-806 • 
7/2-243 K3B TaK>Ke DO.IJ.TBep)I(.IJ.aeTC.R yy B ey·COBDa.IJ.eHB.RMB. 

/ 5 / 
MynLTBDOJILHOCTL cno>KHoro nepexo.IJ.a - E 2 . no aawBM oueaxaM 

MYJILTBDOJILHOCTL O.IJ.Horo B3 nepexo.IJ.OB B03MO>KHa E 1, a BToporo -

- M 1. CocTo.RHBe 886 K3B, no- BB.IJ.BMOMY, .RBJI.ReTc.R poTaUBOHBhiM 
+ I ll 

DOJIOChl 3/2 /651/ · Pa3p.R.IJ.Ka ero, KaK B OCTaJILBhiX ypoBHeB 

7 



Ta6Auf4a 2 

Ilo~Tsep)l(~euae ey - cosna~eHBAMB pa3MemeHBJI PA~a nepexo~oa 

B B3BeCTHWX ypcBHJIX 
169 

Yb 1 11 

EJ KaB 

222 

505 

548 

670 

675 

707 

908 

9I6 

999 

II65 

I2I2 

1272 

I3II 

1350 

1379 

1502 

1630 

1636 

1645 

1676 

1682 

8 

E yp Ha'! -- E yp KOH, K8B 

487 

748 

648 

832 

919 

006 

1070 

1078 

1070 

1554 

1283 

1463 

1554 

1449 

1449 

1781 

1908 

1707 

17J6 

1954 

1781 

264 

243 

99 

161 

243 

99 

161 ' 

161 

70 

389 

70 

191 

243 

99 

70 

278 

278 

70 

70 

278 

99 

eJ-coBII. 

K 165 

K 156, i.-75, L62 

L75 , L62 

K 90; L ,M 70 

K 156, .(..62 

L 75 , L 62 

K 90 

K .90; J.., ,M 70 

Jv)M 70 

K 91, K IIO, K 87 

i.,_. M 70 

K 91 

K ! 56 

L 75, .~v 62 

L ,M 70 

K 87, I< 91 

K 87 

L' M 70 
L, M 70 

(K 87) 

1.. 75, L62 

• 

' ~ 
~ 
~ -...... 

:~ 
u 

300 

200 

100 

a) 
l 
48.0 

cf) 

~o-r c K1ss ~ •-r c K go 

1- 600 t-----+~ 

767.55 

2~2. 70 . 725.07 l 
~c-h. . ! l'ooc--~ ~ 
··JI-_..-.-_ .. ) t.-. !\ II 

. . · . .. , 200~} l .. ; -J· I r-. .. . -... ~ \ ......... -.~ . · .... 

400 450 750 800 
HCJti.EP KAHA /lA 

Puc. 1. /a/ tPpazMeHJI cneKmpa e y - coenac}eHuil c K 165 
/6/ tPpazMeH1ff cneKI/Ipa ey - coenac}eHuil c K 90 . 

~aHHOB DOJIOCbl, B~eT TOJihKO Ha ypOBHB DOJIOCbl OCHOBHOro CO

CTOAHBJI. IIapaMeTp BHepuaa, nony'!aeMwii B ~aHHOM cny'lae I A 1,4 = 

= 7,94 K3B/, 6JJB30K K 3Ha'leHBJO A 1 2 = 8,35 K3B~JJJI~aHHOB 
I ll ' 

DOJIOCbl 

Mw Ha6mo~aJJB BHTeHCBBHble COBDa~eHBJI y 767 - K 90 

/puc. 16/, 'ITO ~aJJO HaM DOBO~ DOJJaraTh , 'ITO 3TO npJIMOB KaCKa~ 

Ha ypoBeHh 161 K3B 11/2 +B, TaKBM o6pa30M, ~OJI)I(eH CYmeCTBO

BaTh ypoBeHh 929 K3B. C Hero HanpaBJJeHO eme HeCKOJihKO Y 

nepexo~oa I •a6A. 3/, npu'leM y 659 K 3B TaK)I(e npoJIBJJJieTcJI B 

COBDa~eHBJIX C K 90. B CDeKTpax KOHBepCBB 3TOT nepexo~ He 

Ha6mo~aJJCJI 1 21, 'ITO DpB 3aMeTHOB BHTeHCBBHOCTB ero l y = 0,81 1 5 1 

MO)I(eT CBB~eTe·JJhCTBOBaTh B D0Jih3Y MYJJhTBDOJihHOCTB E 1 . Csepxy 
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HoBble ypoBHB 

Ta611Ufla 3 

169 Lu - 169Yb , 

ey -coBna,neHBB 

E(t>.E)yp,KaB I ;>I' E,1KaB 

512,022(30) 13/2- 247,766 a 

886.79(5) 9/2+ 815,95 

725.07 

9II,44(8) 5/2- 824,70 

667,59 

632,79 
929,07(II) II/2- 767.55 

659,10 

539,37 
406,03 

II67,77(9) 7/2-;"(9/2-) 1068,54 

903,42 

247,2 

520,02 & 
II76,99(9) 9/2+ II77,7 a 

II06.II 

10!5,4 a 

529,7 ! 
1343,67(6) 7/2- 1343,56 

1272,46 6 

1244,24 

1099,89 

1065,09 

432.27 

272.66 

1406,33(6) 7/2-;"(9/2-) 1307.20 6 

II62.49 6 

II41,96 

!215,28 

10 

cne.nYJOIIUie B3 pe3ynLTaToB 

My;n,T . Eyp, I" 
KOH,K3BKOH, 

e1 

E2 264 9/2- KI65,l..75,l62 

E2+MI 70 9/2+ L.,M70 

E2+W 161 II/2~ K90 ,l..,M70 

MI 86 3/2'":' 

243 7/2: KI56 

MI , E2 278 7/2-
EI IS! II/2+ K90,l.,M70 

(EI) 269 13/2+ K90 

389 9/2~ 

MI 523 II/2'":' 

E2 99 5/2':" l. 75 ,LS2 

E2,MI 264 9/2- KI65 

M1 919 9/2: 

E2 648 7/2-

E2,M1 0 7/2+ 

M1 70 9/2+ L.,M70 
161 II/2+ 

E2,M1 647 7/2+ 

0 7/2+ 

EI 70 9/2+ L.,M70 

MI 99 5/2':" L75 

E2 243 7/2: KI56 

MI 278 7/2':" K87,K91 

E2, E2+MI 9II 5/2-

EI 1070 7/2+ 

E2 99 5/2'":' 

M1 243 7/2'":' KI56,L75,LS2 

M1 264 9/2- KI65 

E2 191 5/2-

Ilpooo/IJICeHue aa6/1Uflbl 3 

657,86 M1 ,E2 749 9/2-

' 1406 ,23 E1 0 7/2+ 

1420.29(13) 7/2- 1321,53 6 99 5/2-

II76,48 a ID+E2 243 7/2'":' 

II56,03 264 9/2- (KI65) 

1426. 82(8) 7/2-;"9/2- II62,49 6 M1 264 9/2: KI65,L75,L62 

939.7 E2 487 II/2-

II48 .• 0 a M1+E2 278 7/2-

1037,49 a E2 389 9/2'":' 

857,15 a MI,E2 569 5/2-: 

466,1 a E2 960 7/2':" 

1444,74(6) 9/2;(7/2-) 1201,0 a 243 7/2-

II00,45 M1 264 9/2'":' KI65,KI56,Ln 

796,93 E2 648 7/2-

1656.27(11) 7/2-;"9/2~5/2- 1556.68 99 5/2'":' 

1412.39 MI 243 7/2'":' K156,1..62 

1392.27 6 E2 264 9/2'":' KI65 

1266,68 a E2 389 9/2: KilO 

934,5 E2 722 5/2'":' 

1694 . 43(7) 5/2+ 1607,51 E1 86 3/2'":' /.., 62 

!595.2 a EI 99 5/2-

1694.38 M1 0 7/2+ 

!887,97(7) 7/2'!"9/2+ 1817,!2 MI 70 9/2+ 

1726.30 161 II/2+ K90 

1055,8 (~,MI) 832 7/2+ 

II27.1 a 761 5/z+ 

8!7,6 a E2+(MI) 1070 7/2~ 

1972,30(10) 9/2-;"(11/2-) 1707,94 MI,E2 264 9/2':" l. 75,1..62 

1043,20 M1 929 II/2- K90 
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1902.1 a 

1810.64 

!223.07 6 

j2o30.00(7) 7/2- 2030.00 

!959.24 

!838.30 

1751.2 

!223.07 6 

!!09.99 

862.4 a 

llpoooiiJICeHue 11a6AUI#I>I 3 

He M2 

EI 

E1 

70 9/2+ 

!6! II/2+ 

749 9/2-

0 7/2+ 

70 9/2+ l..,M70 

!91 5/2-:' 

278 7/2-:' 

007 7/2-

MI 9!9 9/2-

!!67 7/2";(9/2-) 

lipHMetUUme: "a" - Ey COOTBeTCTByeT llaHHHM pa60TH [21 
"6" - J nepex(),l( pasMemeH B CXeMe 169Yb B ,llByx MeCTax 

ypoaeu~o 929 K3B 3acenJieTc.ll y -nepexo,naMH 1043 K:JB /1972 -

929 K3B/ H 1025 K3B (E2) /7/2- - 1954- 929 K3B/ , TaKJKe 

npo.IIBn.IIJOIQHMHC.II B coana,nenn.llx c K 90 . Ilpu Tax oM pacnonoJKeuuu 

Y 659 K3B H y 1025 K3B cnHH ypOBH.II 929 K3B ,nonJKeH 6b1Tb o,nuo -

3Ha'IHO 11/2-. Oueuxa aepoJITHOCTH f3 -nepexo,na ua nero .nana 

BenH'IHHY log ft =8, 9, 'ITO COOTBeTCTByeT 3Ha'leHHJIM log f t 

= 8,5±0,5 ,nn.11 yuuxanJ.HbiX {3-nepexo,noa. B pac'leTax o,nno'lac

TH'IHbiX HeHTpOHHbiX COCTOJIHHH Ha OCHOBe noTeHUHana CaiCCOHa 

By,nca c y'leToM xaa.n.PynonJ.HbiX H rexca.nexanonJ.HbiX. ,neljlopMa

UHH I BI B o6naCTH A =165 -173 COCTOJIHHe 11/2-/505/ cne,nyeT 

Henocpe,nCTBeHHO 3a COCTOJIHHJIMH 3/2-/521/ H 3/2+ /651/. B 169 Yb 

3TH YPOBHH COOTBeTC'I'BeHHO HMeiOT 3HeprHIO 659 H 720 K3B. Bec~o-

Ma BepO.IITHO, 'ITO ypoaeu~o 929 K3B .IIBn.lleTC.II COCTO.IIHHeM 
11/2 -/505/. 

C uoaoro ypoau.11 1343 K3B /lla6A. 3/ uanpaaneu y -nepexo.n 

1272 K3B. ,lJ;aHHbiH nepexo.n cnoJKeu. BTopoe ero pacnonoJKeuue: 

7/2-, 9/2- 1463 - 5/2-191 K3B Tai()Ke no,nTBepJK,naeTC.II coana.ne

HH.IIMH yy 
1 11 

H ey I •a6A. 2/. Myn~oTunon~ouocTb 3Toro cnoJKuoro 

nepexo,na E 2 1 5 ~ Oueuxu noKa3anu, 'ITO B cny'lae nepaoro pacno-

12 

noJKeHHJI B03MOJKHa MynbTHnOnbHOCTb E 1 y 1272 K3B, a npH BTO

pOM - M1 (E2). 0TCIO,na cne,nyeT BbiBO,n, 'ITO cnHH ypOBHJI 1463 K3B 

6onee a epoJITeu 7/2 - . a ue 9/2- . 

4 . ,lJ;aHHble no e y -coana,nenH.IIM He no,nTBepJK,naJOT pJI,n ypos

Heii, sse,neHHbiX pauee no 3HepreTH'IecxoMy 6anaHcy. Tax, uanpu

Mep, ua6nJO,naiOTCJI npOTHBOpe'IHJI ,nnJI ypOBHJI 1065 K3B 9/2 + 1 1
-

41 
, 

ICOTOpOMY 6blna npunucaua CTpyKTypa 9/2 +/624/. ,lJ;eiiCTBHTenbHO, 

np.IIMOH nepexo,n C. nero y 1065 K3B 'leTICO npO.IIBnJieTCJI B COBna

,neHHJIX c K87 , K 91 , u , Ta iCHM o6pa30M , .nonJKeH 6b1Tb Hanpasneu 

ua y poaeub 278 K:JB. 3To pacnonoJKeuue ocyiQeCTBnJieTCJI B HOBOM 

xac x a.ne 1343 - 278 K:JB f•a6A . 3/ . raMMa-nepexo.n 903 K:JB 

/1 065 - 161 K3B/ He ,naeT COBna,neHHH C K 90 , HO 3aMeTeH B 

COBna,neHHJIX C K 165. 3 TO 0 3Ha'laeT , 'ITO OH, ICaiC BeCbMa cna6biH, 

,nonJKeu · u,nTH npJIMO ua yposeub 264 K:JB. OH pa3MeiQeu naMH 

MeJK,ny ypoBHJIMH 1167 - 264 K3B l•a6A. 3/. TpeTHii y -nepexo.n 

993 K3B, pa3p.IIJKaiOIQHH ypoBeHb 1065 K3J! Ha nonocy OCHOBHOro 

COCTOJIHHJI, pacnonoJKeH eiQe C 1954 - 960 K 3B C XOpOWHM 3Hepre- . 

TH'IeCICHM 6anaHCOM, npH'IeM ypoBeHb 1954 K3B no,nTBepJK,naeTCJI 

yy u e y -coana,neHH.IIMH. TaxuM o6pa3oM, ace nepe'lncneuuoe 

BbiWe ,nenaeT ypoBeHb 1065 K3B cna6oapryMeHTHpOBaHHbiM. C ,npy

r oii CTOpOHbl, COCTOJIHHe 9/2 + /624/ ,nOnJKHO B036yJK,naTbCJI npH 
169 

pacna.ne Lu . Bo3MOJKHO, HM JIBnJieTC.II ypooeub 1176 K:JB, 

npO.IIBHJIIOIQHHCJI B e y -coona,neHHJIX j11a6A. 3/. 3Ha'leHHe log f t= 8,8 

,nn.11 /3 -nepexo.na ua Hero ue npoTuoope'IHT 3Ha'leUHJIM oepoJITHo

cTeii. ,nn.11 N- 3anpeiQeHHbiX {3 -nepexo.noa. 

. B pa6oTe 1 11 Mbl BBenH ypOBHH 1199, 1466, 1732, 2138 K3B, 

KOTOpble HMeJOT ue Menee 'leTblpex c~·H c onopHbiMH ypoBH.IIMH, 

H 3HeprHH ICOTOpbiX 6nH3ICH IC 3HeprH.IIM COCTOJIHHH, B036yJK,naJO

IQHXCJI B TeX HnH HHbiX JI,nepHbiX peaiCUHJIX. ,lJ;aHHble no e y - COBna

~HHJIM He no,nTBepJK,naJOT 3THX ypoo~eii. ,lJ;eHCTBHTenbHO, Ha6nJO

,naiOTCJI npOTHBOpe'IHJI ,nn.11 pa3MeiQeHHJI y 1099 K3B 1999 - 99 K3B, 

T.IC. HMeiOTCJI COBna,neHHJI y 1099 -K156, H ,nn.11 y 934 K3B /1199 -

264 K3B/, ICOTOpble He npO.IIBH.IIIOTCJI B COBna,neHHJIX C K 165. raM

Ma-nepexo,n 1223 K3B 3aMeTHOH HHTeHCHBHOCTH He o6uapyJKeH 

B coona,neHHJIX c K156 /1466 - 243 K3B/; y 659 K3B /1466 -

806 K:JB/ ,naeT coana.neuH.II c K 90 u ue MOJKeT 6b1Tb 3,necb pac

nonoJKeu; y 1367 K3B /1466 - 99 K:JB/ ue npoJIBnJieTC.II o coona,ne-

13 



HBJIX c L75 . C ypoBHJI 1732 K3B 6LlJJ uanpaaneu y ·nepexo.A 

1343 K3B /1732 • 389 K3B/, HO OH He .l{aeT COBDa.l{euaii c K 110 ; 

y 1142 K3B /1732 · 590 K3B/ DpOJIBJIJieTCJI B COBDa.l{eHBJIX C K 165 
a ue MO)I(eT 6LlTb 3.AeCb pacnoJIO)I(eu; y 667 K3B TaJOKe .AaeT co ana

.AeHBJI c K165 a ue MO)I(eT B.ATB c 1732 · 1065 K3B. Bee nepe· 

'IBCJieHHLle BLlWe y ·nepeXO.l{Ll, KpOMe y 1367 K3B, paCDOJIO)I(eHLl 

uaMa B .Apyrax MeeT ax cxeMLl cornacuo .AaHHLlM e y · coana.l{euaii 

/Jta6A. 3/. qTO KacaeTCJI ypOBHJI 2138 K3B, TO raMMa·nepeXO.l{ 

939 K3B, pacnoJIO)I(eHHLlB Me)I(.AY 2138 · 1199 K3B, CJie.l{yeT BCKJIIO• 

'IBTb. B pe3yJibTaTe C Hero OCTaJOTCJI uanpaBJieHHLlMB 4 O'leHb 

CJia6LlX nepeXO.l{a, B Ha.l{e)I(HOCTb ypOBHJI 2138 K3B HeBeJIHKa. 

ManoaepoJITHLlM oxa3aJICJI a ypoaeu~o 2100 K3B 11•21 . HuTeu· 

CBBHLIB y ·nepeXO.A 2030 K3B, uanpaaJieHHLlB C 2100 • 70 K3B, 

He DpOJIBBJICJI B COBDa.l{eHBJIX C L , M 70 /a B .l{pyrax COBDa.l{eHBJIX 

TO)I(e/. Ou HanpaBJieH HaMB Ha OCHOBHOe COCTOJIHBe C HOBOrO ypoB· 

HJI 2030 K3B f•a6A. 3/. ~auuLle no e y ·coana.AeHBJIM npoTaaope· 

'faT TaK)I(e pa3Mell(eHBIO C Hero nepeXO.l{OB 484, 1106 H 1141 K3B. 

TaKBM o6pa3oM, c uero ocTaJOTCJI uanpaaneHHLlMB 4 cna6Llx 

nepexo.Aa, a ua.l{e)I(HOCTb YPOBHJI 2100 K3B aecbMa Mana. MLl ero 

BCKJIIO'IaeM, KaK B ypOBHB 1065, 1199, 1466, 1732, 2138. K3B. 

5. TaKBM o6pa3oM, npa auana3e Jta6A. 1 HaM Y.Aanocb o61.J1c· 

HBTb npaKTB'IeCKB BCe ua6mo.l{aeMLle e Y · COBDa.l{eHBJI. HCKJIIO'IeHBe 

COCTaBJIJIIOT COBDa.l{eBBJI y 1133 · K 156,62 · llo BX BHTeHCBBHOCTB, 

y ·nepeXO.A 1133 K3B MO)I(eT B.l{TB DpJIMO Ha ypoBeHb 243 K3B, 

HO DOJiy'laJOII(eeCJI npa 3TOM COCTOJIHBe 1377 K3B He DO.l{KpeDJIJieT· 

CJI HBKaKBMB .l{pyrBMB Y ·nepeXO.l{aMB. llODLlTKB 06"bJICHBTb 3TH 

COBna.l{eHBJI 'lepe3 KaKOB· BB6Y.Ab BHTeHCBBHLlB KaCKa.A TaK)I(e He 

.AaJIB ycnexa. 

BJJB0,41J 

169 
B cxeMe pacna.Aa Lu , npe.l(naraeMoA uaMB I Jta6A . 4/, ue 

. 169 
OCTaeTCJI B036y)l(.l(eHHLlX COCTOJIHBB Yb • ue DOATBep)l(.l(aeMLlX 

YY B ey -coBDa.l(eHBJIMB /BCKJIIO'IeHBe COCTaBJIJIIOT JIBWb rOJIOB· 

HOB ypoBeHb DOJIOCLl 3/2 + /651/ 720 K3B, XOpOWO B3BeCTHLlB H3 
) 121 

pea~aA ( n. Y I. Koue'luo, ocTancJI eme PJIA uepa3MemeuuLlx 

cna6Llx nepexoAoB /a paMxax uaweA cxeMLl pacnaAa c cyMMapuoli 
169 

uuTeucaauocTbiO ue 6onee 3,3~ ua pacnaA Ln I, KOTOpLle 

14 

CxeMa y poaueii 

KL•nJ'J 

7/2+(6331 

- -

I/2-l52Il 

5/2- [512] 

/ 

5/2- [5231 

5/2+(6421 

3/2-(52Il + 

I/2- [ 5211 Q22 

Ta6Aut~a 4 

169 
Yb • B036Y)I(AaJOmuxcJI npa pacnaAe 169Lu. 

I ,. E(AE)yp, K3B t. % l og tt ITOJlTB . COBIT 

7/2+ 0 
9/2+ 75 , 800(6) .... o 11. e'J 

II/ 2+ 161.647(7) ""o 11 ,e1 
v 

13/2"': 269.651 (27) ---o (e'J) 

I/2-:' 24.20(2) .-o (e'J) 

3/2-:" 86 ,930(24) ,... 0 e'J 
5/2- 99. 236(21) --- o e'J 
7/2-:' 243.821(17) ~ o 11, e'J 
9/2- 264.256 (23) "' 0 11, e'J 

v 
II/2-: 487 ,028(22 ) ~o 11, e'J 
13/2- 512,022(30 ) -o e'j 

5/2- I 9I ,2I6 (6) 2.2 8.5 11 ,e1 
7/2-:' 278, 594(9) I. 3 8,7 11,e1 v 
9/2-:' 389 . 526{ II) {I.o ~ 8. 7 11,e1 

II/2-:' 523.070(16) 0 ,17 9. 4 11,e1 
I 

5/2-:" 569.836(16) I.I 8.6 11,e1 
7/2- 647 ,848(16) I.8 8. 4 11,e1 v 
9/2- 748.98{4) 0,59 8.8 11,e1 
5/2+ 590.70(9) 0.48 9.0 11 
7/2+ 647.31{4) 0.47 8.9 ·e1 v 
9/2+ 707.08(6) 0.56 8.8 e1 
3/2- 659,53(13) (0.3 >9,1 e'J . 
5/2-:' 722,20(6) O.IO 9.6 e1 v 
7/2: 006,97(13) 0.44 8,9 11,e1 
9/2- 919,82(10) ,...O,I 9.5 11,e1 

;2.~ }'<...Q t 
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v 
(._.-

'J 

v 

v 

v 

v 
J 

Yv 

16 

llpo()oAxeHue 111a6AU!1bl 4 

3/2+ ?20.00(8) (0,!8 >9.3 
3/2+[65!] + 5/2+ ?6!, ?5(3) 0.25 9.2 11,e1 
7Jt;.+ '[oajl Q22 ?/2+ 832.038(28) 0.!8 9.2 11!e1 

9/2~ 800,?9(5) 0.32 9.0 11,e1 
I/2-[5!0}-1· Y-t'(}l .._ 5/2- 9II .44(8) o.n 9.4 e1 
II/2-[505] '-'( fi/2- 929.0?(!!) 0.33 8;9 e1 
?/2-[5!4) ?/2: 960.628(!8) 24 ?.0 u;e1 

9/2- !0?8.333(29) 3.0 ?.8 11,e1 
?/2+[633) 0 2o 7/2+ _ IQ?0,82(4) 0.?5 8.4 11,e1 

?/27(9/2-) !!6?,??(9) 0,35 8.? e1 
( 9/2+ [6241 ) 9/2+ !!?6.99(9) 0.2? 8,8 e1. 

?/2-: !283.30(5) 2.! ?,9 11,e1 
I 'Z/2- !343,6?(6) r.r 8,2 e1 

~(9/2-) !406.33(6) 0.50 8,4 e1 
I/2-[52!) Q20 'Z/2- . !420.29(!3) 0.!4 9.0 (e'J) 

?/2 ,9/2: !426~83(8) 0.42 8.4 e1 
9/27(?/2-) !444.?4(6) 0.32 8.6 e1 

(?/2-(503]) ?/2"": !449.?8(3) !4 6.9 11,e1 
9/2- /~ !554.89(5) 1.5 ?.? 11,e1 

?/2~ !463.40(4) 4.8 ?.3 ~~~e1 
9/2-: !540.69(4) 0.?2 a.r 11,e1 
?/2- !565.62(8) 0.35 8.4 11,e1 

~/2:9/27 ~~2' !656.2?(!!) 0.38 8,2 e1 
t 5/2+ !658.0?(4) 4.3 ?.I 11!e1 

?/2+ !?!5.99(4) !.6 7.5 11,e1 
7/2-~ !689.29(6) !.6 7.5 1J,e1 

5/2+ !694.43(5) o.rr 8.7 e1 
7/2~,9/2+ !?07.79(!0) 0.38 8,! ('jJ) ,e1 

7/27(9/2;5/2-) !708.47(9) 0.67 7,9 11,e1 

Jg 

llpo()oAJICeHue ma6AU11bl 4 

'Z/2- 1781. 72(6) 3.4 7.1 11,e1 
7/2 ... ,9/2+ 1887. 97(7) 0.39 7.8 e1 
5/2+ ~- 1908.63(8) 2.0 7.1 ~~~e1 

7/2- 1954.63(22) 0.62 7.5 11,e1 
n· 9/2- 1972.30(10) 0.43 ?.6 e1 
?/2-~ 19?3.98(20) 0.83 ?.4 eX 

7/2- 2030.00(?) 1.1 ?.I e1 
_... 

.;) ~ 
.IJ.OIDKHhl pa3p.ll)l(a Tb cna6oso36Y)I(.IJ.eHHhl~ ypoBHB 

169 
Yb, O.IJ.Haxo 

npB 6onbWOM KOnB'IeCTBe HB)I(HBX ypOBHeB 
169 

Yb Ha.IJ.e)I(HOCTb 

BBe.IJ.eHB.II BX HeBenBKa. 
TT v v 169 L 
,....n.ll yTO'IHeHHOB B .D.OnOnHeHHOB HaMB CXeMhl pacna.11.a U 

6hln nepeC'IBTaH no cpaBHeHBJO C I 1/ 6anaHC BHTeHCBBHOCTeii. 

B 11a6A. 4 npBBe.IJ.eHhl sepo.IITHOCTB 3aceneHB.II yposHeii 
169 

Yb s 

npoueHTaX Ha pacna:.11. 
169 Lu B COOTBeTCTBYIOIUBe 3Ha'leHB.II Bepo-

.IITHOCTeii {3 -~epeXO.D.OB Ha HBX •. 

B uenoM, B cxeMe pacna.11.a 
169 

Lu/ 111a6A. 4/ co.IJ.ep)I(BTC.II 60 

ypOBHeH, B3 HBX 31 COCTO.IIHBe HOBOe, 15 B3 KOTOphiX 06Hapy)l(eHbl 

HaMB no y y - cosna.D.eHB.IIM 
1 11 B 16 - no e y- cosna.D.eHB.IIM s Ha

CTO.IIIUeii pa6oTe . 
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