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BLmoB 11. u ap. P6 - 11848 
HayqeHiie pacuaaa 147Eu ~ 147 Sm 

B pacnaae 147Eu .. I47Sm uaMepgnHCb cneKTpLI y -nyqeii 11 3BK, 

e- y -COBl18,')C!ll!H, y-y -yrnOBble Koppel1SIUHH II BpeMe!la >KII3HII B036y>K-

Il€!1HbiX coc TOSIIJI!ri 147 Sm _ 06uapyx,eHbi HOBbie y -nepexonbl, ycraHOBl1CHbi 

11 n11 yro'IHCHLI MYilLTunonbHOCTH p11na y -nepexonoB, ycrauooneHbi cnHHbi 

HCKOTOpblX B036y>KilCHHbiX COCTOSIHiill 
147Sm H BB€1lCHbl HOBhiC 3HCpl'CTll-

'ICCKIIC ypOBHll, 

Pa6ora Bblll0l1HCH8 B na6oparopHII lt.QepHbiX npo6neM OH 5H1. 

npenp11Hl' 06bellHHeHHOl'O HHCl'HTyl'a S!llepHbiX HCCl18/lOB8HI!ll, lly6Ha 1978 

Vy!ov Ts. et al. P6 -11848 

Investigation of 147Eu -+ 
147

Sm Decay 

In the decay 147Eu-+ 147Sm spectra of y -rays and internal con
version electrons as well as e-y coincidences, y:y angular 
correlations and lifetimes of excited stales wore investigated. New 
y -ray transitions have been found, the multipolarities of several 
y -ray transitions were established or precisely deduced, spin 
values of some Hi Sm excited states were determincod and new 

energy levels have been oroposed. 

The investigation has been performed at the Laboratory 

of Nuclear Problems, JINR. 

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

BBE,li,EHHE 

Pacna,11;y 147 Eu -> 147·sm I T 1 2 = 24,1 OH./ nocBJIIUeH 

PJIA 3KcnepuMeHTanbHbiX pa6oT. 
CneKTPbl y - ny'leil npu pacna,11;e 

1 
·H t<:u uccne,D;osanucb 

c noMOIUbiO cneKTpoMeTpoB c Ge( Li) -,D;eTeKTopaMH B pa-
6oTax /I-S/. H3MepeHHJI cnexTpoB 3JieKTpOHOB BHyTpeHHeil 

KOHBepCHH /3BK/ npoBO,IJ;HJIBCb ABTopaMM pa60T 1,5-7/ • 

CneKTf nolHTpoHoB npu pacna,lle 147Eu H3y'lancJI A,D;aMOM 
H ,D;p/ I H rpoMOBbiM H tp/8/. Anb«lla-pacna,D; 147Eu uc-

cne,D;oBaJICJI B pa6oTel9 • B ,D;aHHOM JI,D;pe H3MepJIJIHCb 
y-y/1, 2, 5/ , e-y/1/ , {3 -y/1, 8/ cosna,D;eHHJI, y-y -
yrJIOBble KOppeJIJIUHH / 2, 6, lO, 11/, a TaK>Ke BpeMeHa )KH3HH 

HH3KOB036y)K,D;eHHbiX COCTOJIHHB 147Sm /2, 12, 13/ 

CsoilcTBa B036y)K.IJ;eHHbiX yposueil 147 Sm Hly'laJIHCb 

B OfibiTaX no KYJIOHOBCKOMY B036y)K,D;eHHIO/I 4, l!i/, B Jl,D;ep

HbiX peaKUHJIX THfia (p, p')/16/, (d, d'}f17/ H (d, t)/17/ 

06cy)K,D;eHHe pe3yJILTaTOB, nony'leHHbiX ,IJ;JIJI .11,11;pa 147 Sm , 

npBBO,IJ;BTCJI B pa6oTe/ 18/. 
HecMoTpJI Ha BMeiOIUHBCJI ,IJ;OBOJibHO o6wupHbiB 3Kcne

pHMeHTaJibHbiB MaTepaaJI, CJie,D;yeT OTMeTBTb, 'ITO CXeMa 

pacna,11;a 147 Eu Hly'leHa ,D;aneKo He nonHo. 
)l.o CBX nop He 6biJIB ycTpaHeHbl HeKOTOpble npOTBBOpe • 

'IBJI 0 3aCeJieHHOCTJIX OCHOBHOrO B HB)KHBX B036y)K,D;eHHbiX 

COCTOJIHBB 147 'Sm , B CXeMe pacna,lla He y,D;aBaJIOCb pal-

MeCTBTb MHOrBe y ·nepeXO,IJ;bl, 

nepexo,lloB 6wna ycTaHoBneHbl 

pbiM B036y)K,D;eHHbiM ypOBHJIM 

H03Ha'IHO npHllBCaTb CfiBH B 

Y - ny'leil npu pacna,11;e 
147

Eu 

MYJibTHfiOJibHOCTB pJI,D;a y -
HeTO'IHO, fi03TOMY HeKOTO· 
147 Sm HeJib3JI 6wno 0,11;

'leTHOCTb. HHTeHCHBHOCTB 
H3MepJIJIHCb B pa6oTax/6, 10/ • 
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TaK KaK aBTOpbl 3THX pa6oT He npuaenu norpelllHOCTe~ 

pe3ynbTaToB H He onucanu ycnoau~ 3KcnepuMeHTa, nonh3o
BaThCR ux ~aHHbiMH TPY~Ho. 

C u.enbiO yyoqHeHHR HMelOIJ.{HXCR ~aHHbiX H ~nR BbiJICHe
HHJI BblllleynOMJIHYTbiX npOTHBOpequ~ HaMH H3MepJinHCh 
cneKTPbl y -nyqe~. 3BK, e-y -coana~eHH~, y-r -yrnoBhie 
KOppenJIU.HH U BpeMeHa :>KH3HH B036y:>K~eHHhiX COCTOJIHU~ 
147 Sm 

1. PA,l(HOAKTHBHhiE HCTOlJHHKH 

H3oTon 147 Eu nonyqancJI B peaKU.HH r ny6oKoro pac-
menneHHJI TaHTana u 3p6HJI npoToHaMH c 3Heprue~ 660 M:JB 
Ha BHyTpeHHeM nyqKe CHHXPOU.HKnOTpOHa Jla6opaTOpHH JI~ep
HbiX npo6neM OHJIH. Ilpo~OJI)!(HTeJihHOCTh o6nyqeuu~ co
cTaBJIJIJia 6- 15 t~. Ilocne o6nyqeHHJI xpoMa Torpaclluqe CKHM 
MeTo~oM I 191 Bbl~enRnacb cllpaKU.HR eaponuR, KOTopaJI pa3-
~enJinacb no MaccaM Ha 3neKTpoMarHHTHOM Macc-cenapa
Tope/20/. B xo~e cenapupoaaHHR HOHbl 147 Eu BHe~pJIJIHCh 
a aniOMHHHeByiO cllonbry. Ilpu uccne~oaaHHJIX y - r -yr no
BbiX KoppenRU.HH cllonbra c 147 Eu pacTaopJinach a IIC f , 
T. e. HCTOqHHKH npHMeHJIJIHCb B BH~e BO~HOrO paCTBOpa 
147 Euce3 . 

2. HCCHEAOBAHHX y-HYlJEH 

CneKTphi y-nyqe~ npu pacna~e 1 ~~ Fu H3MepJIJIUCh 
c noMomhiO cneKTpoMeTpoa c Ge- H Ge ( Li) - ~eTeK
TopaMH. HH3K03HepreTuqe cKaJI qacTh )' - cneKTpa IE J' __ 

:::::200 K:JBI H3yqaJiaCh C nOMOIJ.{blO peHTreHOBCKHX cneKT
poMeTpOB c Ge- , Ce( Li) -~eTeKTopaMH o6'beMaMH 0,7 
H 0,8 CM 3, 3HepreTuqeCKOe pa3 pellleHHe KOTOphiX Ha JIHHHH 
122K3B 5t 0 coCTaBJIRJIO 500 H 550 3B COOTBeTCTBeHHO. 
)l(ecTKaR o6nacTb y-cneKTpa H3MepRnacb Ge(Li)-~e-

TeKTopaMH C qyBCTBHTeJibHbiMH OO'beMaMH 37, 38 H 50 CM 
3 

c 3HepreTuqecKHM pa3pellleHHeM 2,1; 1 ,9; 2,1 K3B Ha nu
HHH 1332 K3B 6° Co COOTBeTCTBeHHO. 

4 

H3MepeHHR cneKTpoa y -nyqe~ npoao~unucb no MeTo
~uKe, onucaHHo~ a pa6oTax12I-27/. HHcllopMaU.HJI HaKannu
aanacb B naMRTH aHanu3aTopa TRIDAC-C H DIDAC , 
3anucb1Banacb Ha MarHHTHYIO neHTY MarHHToclloua RG-23 H 
nepe~aaanacb Ha 3BM MuHcK-2. 06pa6oTKa cneKTpoa npo
ao~unacb c noMo~biO 3BM MuHcK-2 H MuHcK-22 no npo
rpaMMe "KaToK" 28/, a Kanu6poBKa ocymecTBnRnacb no 

1 23 I nporpaMMaM i 

,nnR onpe~el"ieHHJI 3Hepru~ Y -nyqe~ 147Eu B Ka-
qecTBe Kanu6poaoqHbiX ucyoqHHKOB ucnonb3oaanucb 

241 
Am, 

139 Ce , I82Ta , 137cs , 54Mn , 88 y , 207Bi H 

!4~ Ce. ,nnR onpe~eneHHR 3cl><lleKTHBHOCTH perucTpau.uu H3-
nyqeHH~ cneKTpOMeTpOB npHMeHJinHCb HCTOqHHKH y-nyqe~ 
C H3BeCTHO~ aKTHBHOCTblO IOCrHI H HCTOqHHKH C XOpOlllO 
H3BeCTHbiMH OTHOCHTenbHbiMH 
qe~/27/. 

HHTeHCHBHOCTJIMH y -ny-

XapaKTepHble annapaTypHble cneKTpbi, H3MepeHHble c no-
MOIJ.{biO cneKTpoMeTpoa c Ge ( Li) - ~eTeKTopawu 10,8 H 
38 eM 3 I, npuae~eHbl Ha puc. 1 u 2. 

IlonyqeHHble uaMH 3KcnepBMeHTanbHble ~aHHble o y -ny
qax, ucnycKaeMbiX B pacna~e 147 Eu .... 147 Sm, npuae~eHbl 
a 111a6A. 1 a KonoHKax 1 l3uepruu y -KBaHTOB, Ey I H 4 
loTHOCBTenbHble HHTeHCHBHOCTB, IY 1. Hallin ~aHHble JIB
JIJIIOTCR cpe~HeB3BellleHHbiMH 3HaqeHHJIMH pe3ynbTaTOB, no
nyqeHHbiX a 20 cepuRx B3MepeHH~, npo~enaHHblX c ue
CKOnbKHMH MOHOH30TOnHbiMH HCTOqHHKaMH 

147 
Eu, Ha pa3-

HbiX cneKTpOMeTpBqeCKHX TpaKTaX. 
HToru uccne~oaauuii y- cneKTpa 147Eu cne~yiOIJ.{Be: 
a. 0THOCHTeJibHble HHTeHCHBHOCTH k X -nyqe~ onpe~ene

Hbl C TOqHOCThlO S 30/o. Ilo cpaBHeHBIO C HalllHMB ~,HHbiMH 
OTHOCHTeJihHble HHTeHCHBHOCTH k X- Jiyqeif B pa6oTe 6

/ 3a

BblllleHbl npuMepHo Ha 1000/o. 
6. YToqHeHbl 3HaqeHHR 3HeprH~ H OTHOCHTenhHbiX HH

TeHCHBHOCTe~ pJI~a y -nepexo~oa. B HalllHX H3MepeHf?. 
He Ha6niO~aA'Cb cne~yiOIJ.{He y -nepexo~bl: 885,7 K3B 

1 
; 

550,2 K3B 3 ; 160,8; 166,3; 553,3; 611 ,35; 738,2 H 
1029,0 K3B/ 4/. 3TH nepeXO~bl npORBBnHCh, no-BH~HMOMy, 
3a cqey npuMece~ coce~HHX H3oTonoa Eu H Gd. 

B. 06Hapy:>KeHO 25 ManOHHTeHCHBHblX y - nepexo~OB B 06-
JiaCTH 3HeprH~ OT 250 ~0 1650 K3B. 
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H HX cpaBHeHHe 
C ~aHHLIMH 

pa6oT /1,4,5,7/, 
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c. 2~1(4) 
Q,,: (1:) c.~> I3I7,62 
0,73(7) I449,11 121,2I" 
14,G3(<7) J!(+.!:lr4J3,:21 121,016 
C,2.~(5) 

(.,2(2) ~.11. :; 1-171,4.f. :.:~ ,2:1: 
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4,W{II) :~: • .;:! :S41.l,53 I~I,.Zl£ 
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0,06(2) 
0,03(1) 
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CpasHeHHe HaiiiHX ,IJ.aHHbiX c ,IJ.aHHLIMH pa6oT/I,4,5/ npu
se,IJ.eHo B 1/la6A. 1 /KOnOHKH 2,3,5,6/. 

3. H3MEPEHHJI CIIEKTPOB 
3JIEKTPOHOB BHYT P EHHEif KOHBEPCHH 

CneKTpbi 3BK uccne,IJ.osanucL c noMOll.\LlO cneKTpoMeT
pos c Si(Li) -,IJ.eTeKTopaMu/2 l/ a TaK)I(C c Si(Li) -
,D,eTeKTOpOM, llOMCI.UCHHbiM .B O,ll.HOpO,IJ.HOe MarHHTHOe flO
ne/21/ Hanp1nKeHHOCThiO H 1 = 250 H H 2= 750 rc. 

XapaKTepHLie annapaTypHbie cneKTpbl 3BK 147 Eu , 
H3MepeHHble C llOMOil(blO 060HX ClleKTpOMCTpOB, npHBe,IJ.eHbl 
Ha pUC. 3 H 4. )J,aHHble 06 OTHOCHTenbHbiX HHTeHCHBHOCTHX 
K -nHHHH 3BK co6paHbl s 111a6A. 1, r,IJ.e .IJ.nH cpasHeHH11 npu
se,IJ.eubl pe3ynLTaTbl, nony'leHHble s pa6oTax7I,7/. Ha6nro
,IJ.aeTCH cornacue HaiiiHX ,IJ.aHHbiX c ,IJ.aHHbiMH pa6oT/I ,4,5,7/ . 
0,IJ.HaKO B pa6oTe/I/ He llpHBe,IJ.eHbl norpeiiiHOCTH OTHOCH
TenbHbiX HHTeHCHBHOCTeH 3BK H BBe,IJ.eHbl y -nepeXO,IJ.bl C 
3HeprHJIMH 828,9; 885,7; 963,9; 1158; 1542 1<3B, KOTOpble 
He 06Hapy>KeHbl HH B HaCTOHll.\eH pa60Te, HH B pa6oTe/7/ . 
0THOCHTenLHble HHTeHCHBHOCTH K601,43; K933,01; 
K1077,03 H K1196,83 K3B/J/ cunLHO oTnuqaroTcH OT ,IJ.aH-
HbiX AsoTHHOH H .IJ.p/7/ H HacTo11meil pa6oTbl. 

B HaiiiHX 3KcnepuMeHTax s o6nacTH 250-1200 K:JB 
BnepBble onpe,IJ.eneHbl OTHOCHTenLHble HHTeHCHBHOCTH K -
3neKTpOHOB 10 y -nepeXO,IJ.OB. 

)J,n11 PR.IJ.a y - nepexo,IJ.os 147 Eu pacc'IHTaHbl K03cWIH
UHeHTbl BHYTPeHHeil KOHBepcua (a k ). Ilpu HOPMHposxe 3Ha
'leHHH a k ucnonL3osanc11 TOT cllaKT, 'ITO y - nepexo,IJ. 
197,27 KJ:B HBn11eTC11 'IHCTbiM E2 16 ,7 I H ,IJ.n11 Hero ak == 
= 0,157 29~ IJorpeiiiHOCTH BKniO'lalOT B ce611 norpeiiiHOCTH 
OTHOCHTenLHbiX HHTeHCBBHOCTeH Y -nyqeif B 3BK, a TaK>Ke 
norpeiiiHoCTL uop:w:apoBKB. 

Ilony'leHBble BaMB 3Ha'leHBS K03cWIKQBeHTOB ak 
pe,IJ.eneHHWe llO 3TBM 3Ha'leHBHM :w:ynLTBllOnLHOCTB 
pexo,IJ.OB B l47Eu ,IJ.aBW B •a6A. 1. 
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4. HCCJIEJ{OBAHH.Jl CIIEKTPOB 
( c-y) - COBIIAJ{EHHH 

J1CCJlC)l.OBaHHH npOBO)l.HJlHCb Ha yCTaHOBI<C /30/, C06paH
uoH. ua 6a3e 6e 3)f(ene 3Horo {-3 - cnei<TpoMeTpa c Topou)l.anb
HbiM MarHHTHbiM non eM H Ge ( Li) - .D.eTei<Topa o6oeMoM 
40 CM 3 C 3HepreTH'ICCI<HM pa3pCUICHHCM 3,5 K3B Ha JlHHHH 
1332 K3B 60 Co. Pa3pelllaiOmee apeMH 6wcTpoH. cxeMbi 
coana)l.eHHH 6wno paBHbiM 50 He. l.lucno cny'laHHbiX coana
.D.CHHH COCTaBJlHJlO :..:; 3o/o OT 'IHCJla HCTHHHbiX COBna)l.CHHH. 

B 3I<CnepuMeHTax perucTpupoaanHCb cnei<Tpbl y-ny'leH 
147Eu B coana.D.eHHHX c Lt 121,2; M 121,2 H K 197,3-
3J1CKTpouaMH. CneKTpbi, nony'leHHbie B O.D.HOM H3 onbiTOB, 

noKa3aHbl ua puc. 5. 
.HH~OpMaUHH HaKannuaanaCb B naMHTH 4096-KaHaJlbHO

ro auanu3aTopa ICA-70, a o6pa6oTKa cnei<Tpoa y -ny'leH 
H cneKTpOB COBna)l.CHHH npoBO)l.HJlaCb Ha 3BM MHHCK-2 
no nporpaMMC "KaTOI<" / 2S/ 0THOCBTCJlbHbiC BHTCHCHBHO
CTH ( e-y) - COBDa)l.eHHH, nony'ICHHbiC B 3I<CnepHMCHTC H pac
C'IHTaHHble ua ocuoae npe)l.naraeMOH uaMH cxeMbl pacna.D.a, 

npe)l.CTaBJlCHbl B ma6A. 2. 
113 Ta6JIHUbl BH)l.HO, 'ITO nony'leHHbiC HaMH 3I<CDCpHMeH

TaJibHbiC )l.aHHbiC B OCHOBHOM cornacyiOTCH C pe3yJlbTaTa
MH paC'ICTOB H C )l.aHHbiMH pa60Tbl /t/, 

Cne.D.yeT no.D.'Iepi<HYTb, 'ITO B cnei<Tpe e-y - coana.D.eHHH 
npoxanxeTcJI nepexo.D. c 3HeprueH. 675,69 K3B. HalliH pe-
3YJlbTaTbi .D.OI<a3biBaiOT, 'ITO nepexo.D. 675,69 K3B 3acenJieT 
ypoaeHb 197, 278 K3B. Ecnu 6w 3TOT nepexo.D. 3acenxn 
)l.pyroH ypOBCHb, HanpHMep 798,72 K3B, TOr)l.a OTHOCH
TCJlbHaH HHTeHCHBHOCTb nuKa K197 ,3 - y 675,69 paauJI
nacb 6bl 0,11±0,01, a 3TO npoTHBope'IHT pe3ynbTaTaM 
3KcnepuMeHTa. B 6onee pauuux pa6oTax nHI< a 3TOH o6-
nacTH OTHOCHJlH, no HallleMy MHCHHIO, I< cny'laHHbiM COBna
)l.CHHHM K197 ,3 - y 677,5 K3B. 

5. HCCJIEJ{OBAHH.Jl }-Y- YTJIOBb/X KOPPEJI.Jl~HH 

raMMa- raMMa yrnOBbiC I<OppenH.UHH npH pacna)l.e 
147

Eu-+ 
-+ l47 Sm H3MepJI11HCb Ha aBTOMaTH3HpOBaHHOM cnei<Tpo-

13 
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PeJynhTaTbl Hccne)l.oBaHH.ft. e-y -coBna)l.eHHB npH pacna)l.e 

l47Eu. 

OTBOCIITM:&RHe IIIIT8BCDBOCTJI e-)'-cosnaneRJII npll pacnane 
147

Eir !
4
? S1r1 

E)' , lt8B 
Lr -I2I K-!97 

e-r axe. e-r pac'l. e-1 axe. e-r J;aC'I, 

I 2 3 4 5 

60I,43 93,4(34) 6I,5(62) I000(62) I000(46) 

675,69 6,3(7) 3,9(5) 36,6(64) 57. !(63) 

677,5I I 000 (I 9 ) I 000 ( 36 ) - -
846,22 I,0(2) 0,66(7) 10, !(30) 10, 77(60) 

856,94 42,3(19) 27,9(29) 453(28) 454(22) 

879,75 3,5(2) 2, 0!(24) 38,0(42) 32,7(I5) 

933,0! 355(I7) 354(36) - -
942,I9 12,7(27) 17,3(6) - -
955,82 390(20) 394(9) - -
1059,03 7,I9(55) 7,39(17) - -
II20,38 2,7(10) I,9(2) 29,0(30) 3I, !(IS) 

II96,83 28,I(I2) 28,3(29) - -
I25I,86 I,69(25) 0,85(10) 12,53(32) I3,8!(99) 

I255,9I 18,7(I6) 9,24(95) 156(10) I50(7) 

I274,58 0,93(15) 0,54(6) 9,2(2I) 8,84(5I) 

133!,99 33,8(32) 33,16(62) - -
I350,2I !2,8(39) 14,25(40) - -
1427,38 I3, !(12) II,59(26) - -

Ta6Aut~a 2 



MeTpe/ 31 ~ c GE (Li) - J].eTeKTopoM c '-IYBCTBHTeJibHblM o6oe

MOM 38 CM 3 H 3HepreTH'-IeCKHM pa3pellleHHeM 4,5 K3B 

Ha JIHHHH 1332 K3B 6°Co H c JJ.BYM.JI NaJ(Tf) -JJ.eTeKTo

paMH I 40x40 MMI. ,l(n.JI yMeHbllleHH.II 3<ixlJeKToo pacce.JIHH.JI 

y -KBaHTOB J].eTeKTOpbl Jai.QHI.QaJIHCb KOHycoo6pa3HblMH KOJI

JIHMaTopaMH 110 MM Pb; 0,5 MM Cd H 0,5 MM Cu 1. Bpe

MeHHOe pa3perneHHe cneKTpOMeTpa COCTaBJI.JIJIO 80 HC. 

lfHI}JOpMaiJ;H.JI HaKallJIHBaJiaCb B naM.JITH 1024-KaHaJibHOrO 

aHaJIH3aTopa NTA -512 B. 
llpH o6pa6oTKe 3KCnepHMeHTaJibHbiX JJ.aHHbiX Y'-IHTbloa

JIHCb nonpaBKH Ha reoMeTpHIO J].eTeKTOpOB, CJiy'-laHHble COB

naJ].eHH.JI H COBllaJ].eHH.JI C KOMllTOHOBCKHM pacnpeJ].eJieHHeM 
y -nyqeii. 

reoMeTpuqecKHe nonpaBKH onpe.IJ.eJI.JIJIHCb cor nacHo pa-

6oTaM1
32

/ H 1 33~JI.JI NaJ<TP>- H Ge(Li) -.D.eTeKTopooco

OTBeTCTBeHHO. 

CnyqaiiHble coona.D.eHH.II y- KBaHTOB ou;eHHBaJIHCb no HH

TeHCHBHOCT.JIM llHKOB 798,7 H 1077,0 K3B, llpO.IIBJI.JIIOI.QHXC.JI 

B cneKTpax coonaJ].eHHii. B HarnHx 3KcnepHMeHTax '-IHCJIO 

CJiyqaiiHblX COBllaJ].eHHH He npeBbllllaJIO 1 o/o OT '-IHCJia HCTHH

HblX COBllaJ].eHHH. 

lf3MepeHH.JI y-y -yrJIOBbiX KOppeJIJIIlHH llpOBOJ].HJIHCb C 

y -nepeXOJ].aMH 121,2 H 197,3 K3B, KOTOpble BblJ].eJI.JIJIHCb 

JJ.HI}Ii}lepeHu;HaJibHbiMH J].HCKPHMHHa TopaMH B N a J ( T e) -TpaK

TaX. ,l(JIJI onpeJ].eJieHHJI 31}1i}leKTOB, CBJI3aHHbiX C pacceJIHHeM, 

H3Mep.JIJIHCb TaiOKe COBllaJ].eHHJI y -KBaHTOB C i}IOHOM B o6-

JiaCTH 3HeprHH -(140-170) K3B R-(230-270)K3B. 

PeJyJibTaTbl HarnHx H3MepeHHii y-y -yrnooblx KoppenJI-

u;uii o 
147

Eu ... 
147Srn JJ.aHbl B 11106/1.3. TaM )Ke npHBOJJ.HM 

JJ.aHHble pa6oT/ lO, ll/, 

,l(JI.JI cpaBHeHH.JI 3KCllepHMeHTaJibHblX J].aHHblX C TeOpHeH 

HCllOJib30BaJIHCb Ta6JIHIJ;bl, ony6JIHKOBaHHble B pa6oTe/34/ . 

TeopeTH'-IeCKHe JHa'-leHHJI K031}11}1Hu;HeHTOB A 22 H A 44 pac

C'-IHTaHbl JJ.JI.JI HeKOTOpblx y - KacKa.IJ.oB I 11106/1. 31 npu cne
.Il.YIOI.QHX YCJIOBH.JIX: 

a. llepeXOJ].bl 197 ,3; 601 ,4; 856,9; 933,0 H 955,8 K3B 

JIBJIJIJOTC.JI '-IHCTblMH E2- , Ml-, El- , El- H Ml-nepexo-

JJ.aMH COOTBeTCTBeHHO. 

6. MyJibTHDQJI;HoCTb nepexo.D.a 121,2 K3B .JIBJI.JieTCJI 

Ml+ 01±2)'7c E2 17 IT.e. Q = 0,11(2) , 82 
= 0,124(23) , 
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/8/ = 0,352(16)). IlapuuaJILHbiH K034K}JHUHeHT KOppeJIJIUHH 
,IJ.JIJI y -nepexo.na 121,2 K:JB Tor.na paseu: 

A 2<121) 

A2<121) 

A4 <121) 

-0,280 (42) 

+0,590(44) 

+0,013 (2) 

8(121)< 0, 

8 (121) > 0, 

8 (121) ~ 0. 

B. Ilepexo.n 76,1 K:JB- cMemaHHbiH M1+ (30±3)'7< E2/7
1 

( Q = 0,30 (3), 8 2 = 0,4~ (45)). 3To ueua6mo.naeMbiH nepexo.n 
a TpoHHbiX KoppeJIJIUHJIX 2,4,8 - ma6A. 3. Ko34K}lnuueHTbl KOf" 
peJIJIUHH vk ,IJ.JIJI nepexo.na 76,1 K3B npH 3TOM paBHbl/34, : 

v 2 (76)- 0,513(22), v 4(76) = 0. 

Ha ocuose nonyqeHHLIX pe3yJILTaToB .nenaeM cne.nyiOIUHe 

3aKJIIOqeHHJI. 
1. 3KenepHMeHTaJILHLie 3HaqeHHJI K034K}lnuueHTOB A 22u 

A ,IJ.JIJI KaeKa.nos 601-197 H 857-197 K:JBxopomoeorna-
44 eyiOTeJI e TeopeTHqeeKHMH OUeHKaMH. 3TOT BbiBO,IJ. eJie,IJ.yeT 

H3 ma6A. 3 H puc. 6. 

2. B enyqae KaeKa.nos 677,5-121,2; 933-121,2 H 955,8-
121,2 K:JB auaJIH3 nonyqeHHbiX 3HaqeHHH A 22 npose.neu 
MeTo,IJ.oM napaMeTpnqeeKHX rpai}IHKOB Apnea- Bu.neu6eKaf35/.. 
puc. 7. Y.nosneTsopuTeJILHoe eornaeue pe3yJILTaToB H3· 
MepeHHH y-y ·KoppeJIJIUHH e ,IJ.aHHLIMH no 3BK nonyqaeTeJI 
npu o ( 121) < 0 - puc. 7. ,[J,JIJI sepxuux nepexo.nos B 3THX 
KaeKa.nax nonyqaeTeJI: 

677,5 K3B: D + ( lfl ± 4) '7t Q 3/'2 ... 5/2, 
933,0 K3B: D + ( :::: 1 o/c Q) 3/2 -> 5/2, 
955,8 K:JB: D + (< :1')) Q) 5/2 ... 51.2, 

r.ne D H Q o603HaqaJOT ,IJ.HnOJILHbiH H KBa,IJ.pynoJILHbiH KOM
nOHeHTbl y·H3JiyqeHHJI eOOTBeTeTBeHHO. IlpH 0 ( 121) > 0 
Ha6JIIO,IJ.aeTeJI paeXO*,IJ.eHHe Me*.D.Y K034K}JHUHeHTaMH eMeeH 
MyJILTHnOJILHOeTeH, BbiTeKaiOIUHM ,IJ.JIJI paeeMaTpHBaeMLIX 
nepexo.nos H3 H3MepeHHH y-y ·KoppeJIJIUHH H 3BK. OKon
qaTeJILHO MO*HO npHHJITL ene):WIOIUHe MYJILTHnOJILHOeTH yKa-
3aHHbiX nepexo.nos: 
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121,2 K:JB M1 + (11 ± 2)% E2 
677,5 K:JB M1 + <15 ± 3)% E2 
933,0 K3B E 1 ( + s 1% M 2) ' 
955,8 K:JB MI + <3% E2 

3TH BLIBO,IJ.bl eornaeyiOTeJI e ,IJ.aHHbiMH pa60TLI/I I/. 

8 < 0, 
8 < 0, 

8 < 0. 

3. KaeKa,IJ.b1601-/76/·121 H857-/76/-121 K3B/ma6A.3/ 
y.noaneTaopHTeJILHO eornaeyroTeJI e npHHJITbiMH pauLme 3Ha
qeHHJIMB K034K}JBUHeHTOB eMeeH MYJILTHllOJILHOeTeH ,IJ.JIJI ne • 
pexo.nos 121,2 H 76,1 K:JB. 

4. Ha oeuose H3Mepeuuil KBK I ma6A. 1/ HH*eyKa3au-
HbiM nepexo.naM ene.nyeT npunueaTL MYJILTBnonLuoeTH: 

1120,4 K3B M1 + ::;68'7< E2, 
1196,8 K:JB M1 + (92~~8 )% E2, 
1255,9 H 1332,0 K:JB M 1 B03MO*HO TO*e E 2, M 1+E2), 
1350,2; 1427,4 K:JB M 1, E 2, M 1+E 2 (M 2 ?) , 

qTo eornaeyeTeJI e Bblao.naMH pa6oT/l ,5-7 I. 
AuaJIH3HPYJI nonyqeuuble ,IJ.JIJI 3THx nepexo.noa Ko3~P~Pn

UBeHTbl A 22 yrnoablx KoppeJIJIUHH, Mbl npHlliJIH K ene.nyro
IUHM 3aKJIIOqeHBJIM: 

4a. CnBH ypOBHJI 1317,67 K3B MO*eT 6b1TL 1/2, 3/2, 
HO He 5/2 - eM. puc. 6. 

46. ,[J,JIJI KaeKa.na 1197-121 K:JB nonyqunoeL A22:::A 44::::: 0. 
0TeiO,IJ.a eJie,IJ.yeT, qTo napuBaJILHbiH K03IPIPHUBeHT KOppeJIJI• 
UBH A 2<1197)::: 0. Bau.ny 3Toro enuu ypoBHJI 1318,06 K:JB, 
uexo.nuoro ,IJ.JIJI nepexo.na 1196,8 K:JB, paaeu 3/2, 5/2, 
7 /2; MYJILTBnOJILHOeTL nepexo.na 1196,8 K:JB: E 2 + S 10'7< M 1. 

4B. IlepeXO,IJ.bl 1332,0 H 1255,9 K3B pa3pJI*aiOT ypoBeHL 
1453,21 K:JB /ma6A. 3/. Ko3IPIPHUBeHTbl A 22, nonyqeuuble 
HaMB ,IJ.JIJI KaeKa,IJ.OB 1332-121 B 1256-197 K:JB, oqeHL xo
pOlliO eornaeyiOTeJI e npunueauueM ypoauro 1453,21 K:JB 
enuua 1/2, eenu npHHJITL, qTo nepexo.n 1255,9 - Tuna M 1 , 
1332,0 - Tuna E2 /eM. puc. 6u 8/. Ho TaK KaK o6a nepe-
xo.na Tuna M 1 e ue6oJILlliOH npBMeeLIO E 2 - KOMnoueuTa, 
ene.nyeT npBHJITL, qTo enuu ypoBHJI 1453,21 K:JB paaeu 
3/2, 5/2. 

4r. Ilepexo.n 1255,9 K3B BCCJie,IJ.OBaJieJI ,IJ.B~,IJ.bl: B,IJ.BOH· 
HOM KaCKa,IJ.e 1256-197 K3B jeM. Bblllie, 4B/ B TpOHHOM 
KaeKa,IJ.e 1256-/76/ ·121 K:JB. IlapUBaJILHLii K03IPIPBUBeHT 
KoppeJIJIUBB ,IJ.JIJI nepexo.na 1255,9 K3B, awqucneBHLIH B3 
A 22 ,IJ.JIJI .naoiiuoro KacKa.na <A 2 U256) = 0,56±0,14/, 
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0 0.2 0.~ 

1). 601 - 197 
2). 857- 197 
3).1120- 197 
1,) 125&- 197 
:1) 1256-(76)-121 

A2{&01) • -o. 39(4) 
A2 (857) • -0.406(84) 
A 2(1120) • -0.84 (28) 
A2 (1256)• 056(14) 
A2 (125G) • 007(1/o) 

r 
·m. 
1ri2 

0.6 0.8 1.0 'Q(i) 

JlaHHble 1.-13 113MepeH~ot171 :3BK: 

• 601 K3B M1 

• 85;7 KJB E1 

1120 K3B M1 • '&sr. E2 

Puc. 6. Cpa6HeHue noAy~eHHbiX 6 3KcnepuMeHme napijuaA&
HbiX Ko3(/J(JUijUeH1/I06 A 2 yzAo6biX KoppeAJiijuil c npeocKa-
3aHUJIMU ~eopU1U. ,l(aHHble /a/ u /6/ O/IJI A2 0256) 63J1111bl 
U3 pa6om· 11,36; coom6emcm6eHHO. 
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HaMHoro 6oJILIUe, '-I eM B cnyqae TpoH:Horo KacKa)l.a (A 2 = 

= 0,07±0,14). 3Ha'-leHHe A,2(1256) = 0,07(14) xopoiUo corna

cyeTCH c ,IJ.aHHhiMH pa6oT/ II ,36/ - puc. 6. YnoMHHyToe 

3,IJ.ecb pacxo~,IJ.eHHe pe3yJILTaToB ,IJ.JIH nepexo,IJ.a 1255,9 K3B 
MO~HO, llO- BH,!J.HMOMY, Ofi'bHCHHTb He,IJ.OCTaTO'-IHbiM HafiopOM 

CTaTHCTHKH H3MepeHHH. 

4)].. Ha OCHOBe pe3yJILTaTOB H3MepeHHH KOppeJI.HUHH 

)].JIJI KaCKa)l.OB 1350-121 H 1427-121 K3B O,!J.H03Ha'-IHOrO 
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1>0 

Puc. 7. rpa(JUKU ApHca- BuoeH6eKa 0/IJI Y--Y - Y2/106biX Kop
pe/IJiijUU nepexooa 121,23 K3B c nepexooaMu 677,51; 933,01; 
955,82 K3B 6 I47srn. 
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BblBO.IJ.a C.IJ.enaTh uenL3B /eM. puc. 8/, Bcne.IJ.CTBHe qero 

CllHHhl HCXO.IJ.HbiX ypOBHeB B 3THX KaCKa.IJ.aX MOryT 6b1Tb 

paBHblMH 3/2, 5/2, 7/2, a nepeXO.IJ.bl 1350,2 H 1427,4 K3B • 
Tuna Ml, E2 , Ml+E2. 
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Puc. 8. Tpa(JuKu ApHca· BuoeH6eKa OII.R y-y - yzllo6biX Kop
peii.RliUU nepexooa 121,23 K3B c nepexooaMu 1350,21 u 
1331,99 K3B 6 147 Sm. 

6. H3MEPEHH.H BPEMEH )J(H3HH 

BpeMeua >KH3HH HH3KOB036Y>K.IJ.eHHblX cocTO.BHHB 147 Sm 

H3MepBnHCh MeTO.Il.OM e-y • 3a.IJ.ep>KaHHblX COBlla.IJ.eHHB Ha yc • 
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TaHOBKe, C06paHHOH Ha 6a3e MarHHTHO·nHH30BOrO {3 ·cneKT· 
pOMeTpa H CI(HHTHnnBI(HOHHOrO y ·cneKTpOMeTpa/37/. 

B o6oux TpaKTax npuMeHBnHCh clloToyMHO>KHTenu XP 1020 
u CI(HHTHnnBTOpbl NE 104. 

Ha puc. 9 npuBe.IJ.eHhl BpeMeHHLie pacnpe.IJ.eneHHB coB· 

na.IJ.eHHii y ·nyqe:ii c KOHBepcuoHHLIMH 3neKTpoHaMH K 121,2 
u K 197 ,3. Ha BCTaBKe puc. 9 noKa3aH yqacToK cneKTpa 
3BK 147 Eu. 

TionyqeHHLie 3HaqeHHB nepuo.IJ.OB nonypacna.IJ.a .IJ.nB ypoB· 

Heii 121,2 K3B/T 1; 2 =0,83±0,03 HC/H197,3K3B/T 1; 2 = 
= 1130±0,05 Hc/ xoporno cornacyiOTCB c .IJ.aHHhiMH pa-
6oy/2, 12,13/. 
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Puc. 9. BpeMeHHble pacnpeoe/leHu.R coenaoeHuii K197·y u 
K121· 6 147Sm. 
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CornacHo .naHHblM pa6oTbl/ 5/ nepexo.naM c 3HeprHHMH 
1196,8; 1255,9; 1274,6; 1317 ,8; 1332,0; 1350,2; 1427,4 
H 1449,1 K3B npHnHcblaaeTcH MynLTHnonLHOCTb M 2 HnH 
E 1 + M 2. no HaWHM .naHHblM HeKOTOpbiM 83 3TH X nepe-
XO.Ll.OB TO:>Ke MO:>KHO npHllHCaTb MynLTHUOnbHOCTb M2, BMeCTO 
Ml, E2 HnH Ml+E2. 3Ta Heonpe.neneHHOCTb CBH3aHa coT
HOCHTenLHO ManOR HHTeHCHBHOCTbiO paCCMa TpHBaeMblX ne
pexo.noa. 

CornacHo o.nHoqacTHqHoil oueHKe napuuanLHblil nepuo.n 
nonypacna.na .nnH nepexo.na THna M2 c 3Heprueil - 1200 K 3B 

paaeH T112 ::$ 3,5 c. OTc10.na cne.nyeT, qTo HeKoTopbie ypoa
HH 147 Sm c 3HeprHeil 1300 K3B .non:>KHbi 6biTb H30Mep
HLIMH. 

)J.nH llOHCKa TaKHX H30MepHblX COCTOHHHH HaMH H3MepH
nHCb y- X - 3a,nep:>KaHHble COBna,neHHH. )J.eTeKTOpaMH CIIY
:>KHnH NaJ( Tr) -cuuHTHnnHTOpbl l40x40 MMI a coqeTaHHH 
c tiJoTOYMHO.:>KHTenHMH ~3Y- 93. B cTapTOBOM KaHane apeMeH
Horo cneKTpoMeTpa aw.nenHnHCb y -nepexo.nw c 3Heprueil 
Ey 2: 960 K3B, B cTonoaoM xaHane kx -nyqu 147 Sm. B pe-
3ynLTaTe 3THX H3YepeHHH Mbl y6e.nHnHcb, qTo a H,npe 147 Sm 
He cyweCTByeT COCTOJIHBH C 3HeprHeH B036y:>K,neHHH 
2:,1000 K3B H apeMeHeM :>KH3HH T l/2 2. 20 HC. Ha ocHoae 
3Toro AenaeM 3axnJOqeHHe, qTo aonpeKH pe3ynLTaTaM pa-
6oTw/5/ y -nepexo.nw c 3HeprHHMH 1317 ,82; 1449,08; 
1255,91; 1331,99 K3B He HBnHIOTCH M2-nepexo,naMH. 

7. CXEMA PACllA,4A 147Eu .... 147 Sm 

npH pacqeTax 6anaHca HHTeucuauocTeil y - nepexo.noa 
H .noneil 3IIeKTpouHoro 3axaa Ta, 3acenH10wero 3HepreTH
qecKHe ypoBHH 147 Sm, Hcnoiib30BaJIHCb nonuble HHTeucua
HOCTH xapaKTepHCTHqeCKOrO peHTreHOBCKOrO H3nyqeHHH. 
npHHHManocL, qTo Bhlxo.n t1Jnyopl3c8~euuuu ua k -o6onoqKe 
aTOMa CaMapHH paBeH Wk = 0,92 .COOTHOWeHHe BepOHT
HOCTeH 3neKTpOHHOrO 3axaa Ta Ha pa3JIHqHblX o6onoqKaX a TO
Ma B3HTbl H3 pafiOTbl/39/, 

Ha OCHOBe 6anaHca 3HeprHH H HHTeHCHBHOCTeil y - nepe-
XO.Ll.OB, e-y -coana,neHHH, a TaK:>Ke Ha OCHOBe .LJ.aHHblX 0 
y- y- H [3-+:...y - coana.neHHHx/1 •5•8/ nocTpoeHa cxeMa 

147 
pacna.na Eu. 
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B 3TOH cxeMe I 111a6A. 41 pa3MeweHo 49 H3 68 Ha6JIIO,nae
MblX HaMH y -nepeXO.Ll.OB B 147Eu. CyMMapHaH HHTeHCHBHOCTb 
Hepa3MeweHHwx y -nepexo.noa cocTaanHeT < 1~ Ha pacna.n. 
npe.nnaraeMaH cxeMa co.nep:>KHT 25 B036y:>K,neHHLIX ypoaHeil; 
oHa y.noaneTaopHTenLHO cornacyeTcH co cxeMaMH, ony6-
nHKOBaHHWMH B pafioTax/1,5/. 

Ha ocHoae aHanH3a cneKTpoa e-y -coana.neHHil H 6a
nauca 3HeprHH H HHTeHCHBHOCTeH y-nyqeif BBO.Ll.HM HOBble 
B036y:>K,neHHble COCTOHHHH C 3HeprHHMH: 872,97; 1317 ,67; 
1317 ,82; 1471,87 H 1629,88 K3B. KpaTKHe xapaxTepHCTHKH 
npe.nnaraeMbiX ypoaHeil cne.nyJOIUHe: 

1. YpoBeHb 872,97 K3B BBO.Ll.HTCH Ha OCHOBe o6uapy
:>KeHHH y -nepexo.na c 3Heprueil 675,69 K3B B y - cneKTpe 
147 Eu H cneKTpe e-y - coana.neHHH c K 197,3 3neKTpo
uaMH I 111a6A. 1 H 2, puc. 5/. CnHH npe.nnaraeMoro ypoBHH 
Henb3JI ycTaHOBHTb BBH.Ll.Y OTCYTCTBHH ,naHHblX 0 MynbTH
llOJibHOCTH y -nepexo,na 675,69 K3B. 

2. BMecTo /s'Hee H3BeCTHoro o.nHoro ypoBHH 1319 K3B/I/ 

HnH 1318 K3B 5 BBO.Ll.HM 3 ypOBHH C 3HeprHHMH 1317 ,67; 
1317,82 H 1318,06 K3BHaocHoae6anauca3Hepruil y-nyqeif. 

2a. YpoaeHL 1317,67 K3B pa3pH:>KaeTcH .Ll.BYMH y -nepe
xo.naMH 1120,38 H 518,91 K3B. HMeH B BH.Ll.Y MynLTHnonL
HOCTH 3THX nepexo.noa ( Ml) , pe3ynLTaTbl y-y -yrnoablx 
KOppenHUHH, 3HaqeHHe log ft ,nnH ,naHHOrO ypOBHH H OT
CYTCTBHe y -nepexo.na B OCHOBHOe COCTOHHHe 147 Sm, npu
llHCblBaeM 3TOMY ypoBHIO cnHH H qeTHOCTb 312- lycTa
HoaneHHble 3HaqeHHH logft , no uaweMy MHeHHIO, HCKJIIO
qaJOT 3HaqeHHH CllHHOB 112, 912 H 6onLWe ,nnH BCeX ypoa
HeH 147sm I. 

26. YpoaeHb 1317,82 K3B pa3pH:>KaeTCH npHMblM y -ne
pexo.noM Ha OCHOBHOe COCTOHHHe 147Sm. no HaWHM ,naH
HblM H3MepeHHH cneKTpoa 3BK 3TOT nepexo.n THna M2 , 
qTo, O.Ll.HaKO, He llO.Ll.TBep:>K,naeTCH H3MepeHHHMH BpeMeH :>KH3-
HH. no3TOMY MynLTHnonLHOCTb nepexo.na 1317,82 K3B, B03-
MO:>KHO, THna Ml , E2. Bau.ny BLiwecKa3aHHoro O.Ll.H03HaqHo 
onpe,nenHTb CllHH H qeTHOCTb ypOBHH 1317,82 K3B Henb3H. 

2B. YpoaeHb 1318,06 K3B pa3pH:>KaeTcH y -nepexo.noM 
C 3HeprHeil 1196,83 K3B Ha nepBblH B036y:>K,neHHbiH ypoBeHb. 
YqaTwaaH MynLTHnonLHOCTb 3Toro nepexo.na ( E2), .naHHble 
H3MepeHHH yrnOBbiX KOppenHUHH, 3HaqeHHe log ft .nnH 
3neKTpOHHOrO 3aXBaTa Ha ypoBeHb 1318,06 K3B H OTCyT-
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CocTOJIHHJI, uo36y)K.n.aeMble npu pacna.n.e 
pa3pJI.IJ.Ka 

Ta6Auija 4 

l47Eu, H HX 

~p( A !!ypl 1a £( A6) ~ft 
I'UJIQID 

aeB ,: -,..,_ E1 1IIGI ICJn'l'D. Byp 
2 :1 • 5 6 7 8 

0 7/2- 15,1(36) 8,48 - - - -
121,218(9) 5/T 20,9(20) 8,27 121,225 1'799 U+ll 0 
19'1, 2'18(15) 3/r 21,9<n> 8,21 19'1,2'12 1225 • 0 

76,066 135 Ill +II 121,218 
798, 72(2) 3/2"' 21,4(7) 7,79 798,700 214 • 0 

677,509 425 111+12 121,218 
601,428 262 Ill 19'1,2'18 

8'12, 9'1(9) 0,31(4) 9,3 675,69 14,8 - 19'1,2'18 
1006,67(2) 5/2"' 0,45(3) 9,4 1006,85 0,07 (111,12) 0 

809,383 1,75 Ill 19'1,2'18 
1043,50(3) 3/2- 0,066(3) 10,0 846,224 2,80 Ill 19'1,278 
1054,24(2) 3/2+ 6,3(2) 8,0 1054,12 0,26 (Ill, &'I) 0 

933,013 149 BI 121,218 
856,936 118 II 19'1,278 

1063,40(2) 5/2+ 0,34(1) 9,3 1063,37 6,92 II 0 
942,185 7,29 (II) 121,218 

1077 ,04(2) 5/2- 10,5(2) 7,8 1077 ,a!! 269 Ill 0 
955,822 167 Ill 121,218 
879,748 8,5 Ill 19'1,278 
278,317 3,2 Ill 798,72 

1180,23(4) 3/2- 0, 176(8) 9,4 II80,2I 7,5 • 0 
1059,03 3,II - 121,218 
982,98 0,32 - 19'1,278 

I22B,!ll(3) 0,031(2) IO,I Il06,86 1,32 - 121,218 
1303,73(2) 3/2+, 5/2+ 0, lll9(2) 9,5 505,007 3,8 BI 798,72 
1317 ,67(2) 3/2- 0,21(1) 9, I II20,38 8,07 lll(+Bi!) 19'1,278 

518, 9II 0,74 Ill 798,72 
1317,82(3) (3/2-7/2) (+ 0, 140(4) 9,3 1317 ,BIE 6,09 Ill 0 
1318,06(4) 3/2"', 5/2- 0,28(1) 9,0 II96, 82'i Il,9 • 121,218 
1449, Il(3) (3/2-7/2) 0,31(2) 8,6 1449,()7'; 9,29 Ill 0 

1327,84! 0,73 - 121,218 
1251,8~ 3,6 - 19'1,278 

1453,21(2) 3/2+, 5/2+ 1,25(5) 8,0 1453,22 1,04 - 0 
1331.~ 14,03 111(+12) 121,218 
1255,091 39,0 111(+12) 197,278 
654,45 0,36 - 798,72 

1471,44(3) 3/Z", 5/Z" 0,138(5) 8,9 !350,2~ 6,2 III,Bi! 121,218 
1471,90(6) 3/Z", 5/2"' 0,55(2) 9,3 1471,96 O,IO - 0 

1274,57 2,30 Ill 197,278 
1548,53(2) 3/Z", 5/Z" 0,54(2) 7,9 I427,;m 4,89 III,Bi! 121,218 

749,83 Il,8 • 798,72 
494,30! 1,59 III 1054,24 
471,475 2,58 (Kl) 1077,04 
368,28 3,50 Ill IIB0,23 

1588,19(16) 0,0010(2) 10,5 1588,18 0,045 - 0 
1601,00(4) 0,010(1) 9,4 !600,99 0,32 - 0 

1479,75 0,16 - 121,218 
1629,98(19) 0,002(1) 10,0 1629,87 0,019 - 0 

1511!, 78 0,05 - 121,218 
1658,39(13) 0,0012(4) 9,8 1658,38 0,07 - 0 

26 

CTBHe y·nepexo.n.a B OCHOBHOe COCTOJIHHe, 3aKJUOqaeM, 'ITO 
cnHH H 'leTHOCTL paccMaTpHBaeMoro ypoBHJI 3/2-, 5/2-. 

3. BMecTo ypoBHJI 1472 K3B, BBe.n.eHHoro B pa6oTe/I/ , 
npe.n.naraeM BBeCTH 2 YPOBHJI C JHeprHJIMH 14 71 ,44 H 
1471,87 K3B. 

3a. YpoBeHL 1471,44 K3B pa3pJI)KaeTCJI y -nepexo.n.oM 
1350,21 K3B (Ml, E2) Ha ypoBeHL 121, 218 K3B. YpoBHIO 
1471,44 K3B cne.n.yeT npHDHCaTL CllHH H 'leTHOCTL 3/2-, 
5/2-. 

36. YpoueHL 1471,87 K3B pa3pJI)KaeTcJI nepexo.n.aMH 
1471,96 H 1274,58 K3B Ha OCHOBHOe H BTOpoe B036y)K.IJ.eHHOe 
COCTOJIHHJI COOTBeTCTBeHHO. Ha OCHOBe MynLTHDOnLHOCTH 
nepexo.n.a 1274,58 K3B ( Ml) .n.nJI paccMaTpuuaeMoro YPOBHJI 
npe.n.naraeM cnuH 3/2-, 5/2-. 

4. YpoBeHL 1629,98 K3B pa3pJI)KaJOT y -nepexo.n.bl 
1629,87 H 1508,78 K3B B OCHOBHOe H nepBoe B036y)K,IJ.eHHOe 
COCTOJIHHJI 147Sm. 0 CllHHe JTOrO YPOBHJI HenL3JI c.n.enaTL 
onpe.n.eneHHOrO 3aKnJO'IeHHJI, TaK KaK MynLTHDOnLH~OCTH pa3-
pJI)KaJO~Hx ero Y-nepexo.n.ou He ycTaHouneHbl. 

Kax H3BeCTHO, JI.IJ.PO I47 Sm npuHa.n.ne)KHT nepexo.n.
HO:ii o6naCTH, llOJTOMY CBOHCTBa B036y)K,IJ.eHHbiX ypOBHe:ii 
JToro JI.n.pa TPY.IJ.HO o6'LJICHHTL B paMxax cy~ecTBYIOlJ.lHX 
Mo.n.ene:ii. 

B JaKJUO'IeHHe auTopbl Bblpa)KaiOT 6naro.n.apHOCTL npo4J. 
K.JI.rpoMOBY 3a llO.IJ..IJ.ep)KKy H llOCTOJIHHbiH HHTepec K pa6oTe. 
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