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CeoHcTea eo36ymAeHH~X cocTORHHH He4eTHO-npoTaHHoro Rffa 
161 Eu HCCJleAOBaJlHCb B RAePH~X peaKLIHRX (d,d')

111
, (p, t)1 

, 
(p, 2n) IS/ , (p, p') /4,6/ H npH pacnaAe 151Qd /8-11/, 

3a HCKJ1~4eHHeM KBaHTOB~X xapaKTepHCTHK ypOBHeH 196,2 H 
196,5 K3B, pe3yJlbTaT~ HaH6onee nonH~x pa6oT 14•6•81 cornacy~T
CR MemAy C060H /eM. Ta6n.1/. AnR YT04HeHHR YPOBHeH 196,2 H 
196,5 K38, a TaKme AJ1R HCCJleAOBaHHR pacnaAa 151Gd C npHMeHe
HI1eM 6011ee COBpeMeHHOH TeXHI1K11 11 MeTOA11KI1 112•131 npeAnPI1HRT~ 
HaCTOR~I1e 3KCnepHMeHT~. 

3KCOEP14MEHTbl 

11CCJ1eAOBaHI1R npOBOA11J111Cb C paAJAOaKTIABHbiM11 11CT04HJAKaMJA 161Gd • 
nony4eHH~MI1 e peaK'-11111 rny6oKoro pac~enneHI1R MI1WeHI1 TaHTana np11 
o6ny4eHI111 ee npoToHaMI1 c 3Hepr11eH 660 M3B Ha CI1HXPOLIHKJ10TPOHe 
011RI1,1A nOcJ1eAY~~I1M paA110XI1MH4eCKHM B~AeJleHHeM H30Tanoe r~OJ1H
HI1R 11 ~x pa3AeJ1eHI1eM Ha 3JleKTpoMarHI1THOM Macc-cenapaTope 121• 

CneKTp~ y-ny4eH HccneAOBaJ111Cb c noMO~b~ nonynpoBoAHI1Kae~x 

AeTeKTOPOB, xapaKTePHCTHKIA KOTOO~X noJAseneH~ B Ta6n.2. MeTa-

Ta6nHQa I 

Bo36YJK)J;eHHble COCTOHHHH 161Eu H HX KBaHTOBble 

xapaKTepHCTHKH 

in.•• I" BrP.uB 1" B,p.aB 
I· If /i v 

0 S/2. 0 5/2 •. 0 
2I,6 7/2+ 21,54 7/2+ 21,5& 

Ii6,6 I/z+ 196,24 II/'T 196,21 
196,5 II/'T 196,45 3/2+ 196,46 
243,0 (7/T) 243,1 7/T 243,22 

- - - - 260,« 
8,8 3/2+ 307,0 - 8,99 
- - 307,45 - 3l7,45 

- - - - 349,76 - - - - 353,56 

~,1 .. ·~~=~: . ' ~' ~ .,.., t 
"'"~"''''. . .. ., .. ..... c""' ' tiiW'I .. ~· • •\' · •,' .•;HI'-~ 

t::·. ;~ lt.· ::~) -f ;.::.iiA -....... . 

I" 

/8/ 
5/~ 
7/2+ 

II/'T 
(I/2+) 
7/2-

(3/~9/2)+ 
(3/2+) 

(3/~7/2)+ 
9/2-

S/T,7/2-

l 



Ta6nH~a 2 

XapaKTepHCTHKH rronyrrpoBOAHHKOBb~ AeTeKTOpOB 

JleT8KTOp 06'1.811 3HepreTnecaoe pa.apemeue 

,ll8T8KTOpa 6,5KaB I22KaB I332KaB 

Si(Li) BCM(2x4MM 290aB 600aB -
Ge 2r.-.2Xful IfAJaB 500aB -
Ge(Li) 2ocu.2xEMM 240aB 5fAJaB I,6KaB 
Ge(Li) I,3cu3 - 600aB I,6KaB 

--------

AHKa H3MepeHHR H 06pa60TKH peaynbTaTOB nOAP06HO H3nameHa 
B /12,16/, 3Ha4eHHR 3HeprHH H OTHOCHTenbHbiX HHTeHCHBHOCTeH 
y -ny4eH B 16 cepHRX H3MepeHHH npHBeAeHbl B Ta6n.3. HaMH Bnep
Bble 06HapymeHbl TPH HOBbiX nepeXOAa C 3HeprHRMH 109,74; 195,18 
H 284,72 K36. npeAnomeHHble B pa6oTe 161 nepeXOAbl 394,8 H 
416,3 K3B He Ha6n~AanHCb. KpoMe Taro, 3Ha4eHHR 3HeprHH B pa-
60T~I7/ CHCTeMaTH4eCKH 3aBbiWeHbl OTHOCHTenbHO HaWHX AaHHbiX. 

CneKTPbl 3BK HccneAOBanHcb c noMOIJib~ Si(Li) -AeTeKTOpoa1121• 
H peaynbTaTbl 15' cepHH H3MepeHHH TaKme npHBeAeHbl B Ta6n. 3. Ko3<!>
<!>H~HeHT CBR3H OTHOCHTenbHbiX HHTeHCHBHOCTeH y-ny4eH H 3BK on
peAeneH c noMOIJib~ H3MepeHHbiX HaMH KBK AnR 4eTblpex nepeXOAOB 
ln •• /11:;~ f../=n u?f..lnl· n •• /17u 7/=1 7':1.1/u'l./· n.-I?L'l. 'l.l= 

=O,fi202~~j H ~K /3Qj,§/=0:~6~5j~~//·~-p~B~~~TCR-·- -·-· 

Kc =0,818~0,020. 

I-13MepeHHR cneKTpOB 6y -coenaAeHHH npOBOAHnHCb Ha ycTaHOBKe' 13; 
coaAaHHOi1 Ha 6aae 6eamene3Horo 6eTa-cneKTpoMeTpa c TOPOHAanbHbiM 
MarHHTHbiM noneM H cneKTpoMeTpa c Ge(Li) -AeTeKTopoM. Paape
wa~Uiee BpeMR 6biCTPOH CXeMbl COBnaAeHHH COCTaBnRnO 2r0 =50 HC. 
PeaynbTaTbl HccneAOBaHHH npeACTaeneHbl B Ta6n.4. Pac4eT HHTeH
CHBHOCTei1 COBnaAeHHH OCHOBaH Ha npeAnOmeHHOH HaMH CXeMe pacna
Aa. nony4eHHble AaHHble nOATBepmAa~T H AOnOnHR~T peaynbTaTbl pa-
60Tbl/14( BnepBble HccneAOBaHbl coenaAeHHR L1 21 ,5 K3B c y-ne
peXOAOM 195,18 K3B. 

MeTOAOM aaAepmaHHbiX ey-coenaAeHHH H3MepeHo epeMR mH3HH 
COCTORHHR 21,5 K3B B 151 Gd, 3KcnepHMeHTbl npOBOAHnHCb Ha YCTa
HOBK~/15/ C ABYMR C~HHTHnnRqHOHHbiMH AeTeKTOpaMH C HCnOnb30Ba
HHeM <!>3Y XP-1020.6 11 cTapTOBOM 11 KaHane perHcTpHpoeanocb KaMnTo
HOBCKOe pacnpeAeneHHe y -ny4ei1 c 3HeprHei1 Ey>60 K3B, a B 11cTon 11

-

KaHane - y4acTOK cneKTpa 3BK. nony4eHHOe 3Ha4eHHe 
TIA =/9' 75~0' 10/ HC 

a npeAenax norpewHocTei1 cornacyeTcR c AaHHbiMH pa6oTbl/6(. 

2 

; 

iJ 
I 

~ 
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Ta6nH~a 3 

XapaKTepHCTHKH 3neKTpoMarHHTHb~ rrepexoAOB 151Gd 

11(u1),aB 11(4!1) x_<Aiz> 'a<A.fx> (jl ~ ..... ~ •• ai 
2I,497(I3) 58,8(14) - - MI..O,~ 21,48 0 

K112 412(9) - - - - -
K.t1 733(14) - - - - -
Kfl 227(5) - - - - -
K.2 58,1(!5) - - - - -106,566(4) 1,42(4) 1,89(5) 1,09(12) MI,B2 349,&!0 243,293 

!09,74(4) 0,046(23) - - - 306,226 196,494 
110,5!(7) 0,2;.!(5) - - - 353,639 243,293 
153,605(4) IOO,O(IB) 5!,3(7) 0,426(13) III 349,800 196,194 
174,697(4) 47,3(10) 100,0(14) I,73I(43) M2 !!16,194 21,48 
195,!8(14) O,OI4(5) - - - 216,66 2!,48 
196, 494(22) 0,425(29) O,II(3) 0,2011(59) III,.Ba 196,494 .o 
221,82(9) 0,037(8) - - - 243,293 21,48 
239,01(9) 1,32(9) 0,133(8) 0,083(11) .IZ 260,460 2!,48 
243,293(!4) 89,8(18) 2,196(:.!8) 0,0202(6) II 243,293 0 
2at,46(8) 0,66(5) 0,076(5) 0,094(14) .III,B2 260,460 0 
284, 72I (23) 0,035(10) - - - 306,:a6 2!,48 
2136,098(14) 1,619(39) 0,.14.<!(9) 0,0719(88) III 307.~1 21,48 
298, 968(26) 0,040(16) - - - - -307,500(9) 17,42(34) 1,341(39) 0,0605(20) III 307,521 0 
328,310(10) 1,346(34) 0,029(6) 0,0177(41) II 349,820 21,48 
332,097(27) 0,133(10) 0,004(1) 0,0240(63) (II) 353,639 21,48 
338,50(9) 0,026(5) - - - - -349, 853(34) 0,053(3) - - - 349,820 0 
02r~ L"tt:.lfOI'I""'\ n ""'"I-~ 

I --·--·-· I ~.WWJ I - I U,WJ.ll\1:1} I IU I 353,656 I 0 I 

E1,xaB 

!06,5? 
II0,51 
1?4, '70 
239,0! 
286,!0 
328,31 

Ta6nH~a 4 

Pe3ynbTaTbi ey -coBrraAeHHH 151 Gd 

L.r_21, 5 K243,3 
1e1 axcn. 1e1 pacq. Ie1 axcn. 1e1 pac11. 

- - 100(II} !00,0(28} 
- - ?,1(48} !5,5(35} 

IOO(I?) I00,0(2I} - -
2,21(28) 2,?9(19) - -
3,31(3!} 3,42(8} - -
2,48(20) 2,85(?} - -

I 

I 
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CXEMA PACnAAA 

Ha ocHoeaH~~ aHan~3a cneKTpoe y-ny4eH, 3BK ~ ey-coena,Qe
H~H npe.QnaraeTc~ cxeMa pacna,Qa 151Gd /Ta6n.5/, e KOTopoH pa3-
MellleHbl 18 nepexo,QOB ~3 20 Ha6niO,QaeMbiX. Cn~Hbl ~ 4eTHOCT~ ypoe
HeH lSlEu np~H~Tbl Ha OCHOBe MynbT~nOnbHOCTeH 3neKTpOMarH~T
HbiX nepeXO,QOB, pa3MellleHHbiX B CXeMe pacna,Qa, ~ C y4eTOM ,QaHHbiX 
no yy(O) -yrnoBbiM Koppen~LI~~M /5/. B pac4eTax np~H~Man~, 4TO 
QE =/482:!_7/ K3B/17/ ~ BbiXOA <t>nyopecl..leHLI~~ Ha K -o6ono4Ke 
eepom1~ W~=O ,9J/18(. 1-iHTeHC~BHOCTb 6eTa-pacna,Qa B OCHOBHOe co
CTO~H~e 1 lEu onpe.QeneHa c noMOlllbiO Kx-ny4eH. 3a 100% pacna,Qos 
1&10dnp~H~Ta CYMMa ~HTeHC~BHOCTeH 3neKTpOMarH~THbiX nepeXO,QOB 
~ 6eTa-pacna,Qa B OCHOBHOe COCTO~H~e lSlEu.CoOTHOWeH~~ eepo~T
HOCTeA 3neKTPOHHOrO 3axeaTa Ha pa3HbiX o6on04KaX aTOMa B3~Tbl 

~3 pa6oTbl 1191 • 
OcHOBHble BbiBO.Qbl: 
a/ Ha ocHoaaH~~ aHan~3a ey -coena.QeH~A snepable see.QeH ypo

seHb 216,66 K3B. BB~AY cna6oA ~HTeHc~BHOCT~ onpe,Qen~Tb Mynb
T~nonbHOCTb nepeXO,Qa 195,18 K36 TPYAHO, cne,QOBaTenbHO, cn~H 
COCTO~H~~ TaK>Ke; 

Ta6mu~a 5 

CxeMa pacrrap;a 15 1ad ... 151Eu 

-~--

Byp. <•En>.> irr E. <AE> PA3PJIJlKA 

uB % pacu. 
lsft 

11,uB 1DOJI. 6L Eyp .• uB 

0 5/2+ 25(8) 7,8 - - - -
21,48(5) 7/2+ 60(8) 7,4 21,497 I.l09(136) 111.a, oaauz 0 
196, 194(14) II/2- 0,24 9,3 174,697 !50(6) liZ :.!1,48 
196, 494(22) (I/2+. 3/2+) 0,023(6) 10,3 196,494 0,50(5) loii+E2 0 
216,66(14) - o,oor II,O 195,18 0,014(5) - 21,48 
243,293(15) 7/[ 5,0(2) 7,8 243,293 9:.!(2) BI 0 

221,817 0,037(8) - 21,48 
260,460(II) 5/2+ 0,122(10) 9,3 260,459 0,72(6) 111,12 0 

239,013 1,43(II) gz 21,48 
al6,226(31) (7/2+) 0,05(2) \1,5 109,74 0,05(2) - 196,494 

284,721 0,035(10) - 21,48 
307.521 (37) 512+,9;2+ 1,15(5) 8,1 Xf/,500 18,6(4) iii 0 

286,0\18 1,74(5) III 21,48 
349,820(28) 9/2- 8,94(35) 6,8 349,853 0,035(3) - 0 

328,310 I, 34(4) BI 21,48 
153,605 154(4) III 196,194 
106,566 2,97(22) III,gz 243,293 

353,639(29) 5/2-,7/2- 0,126(6) 8,7 353,656 2,09(5) BI 0 
332,097 0,14(1) (BI) 21,48 
11:0,514 0,22(6) - 243,293 

4 

... , 
I 
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6/ Ha ocHoaaH~~ aHan~3a ey-coena,QeH~H no,QTsep>K,QaeM paHee 
BBe,QeHHble YPOBH~: 260,5; 307,5; 349,8; 353,6 ~ 416,3 K36; 

a/ nepeXO,Q 110,5 K36 pa3MellleH MelK.QY ypOBH~M~ 353,6 /5/2- , 
7/2 -; K3B ~ 24 3, 3/7/2- I K3B. PaHee !6! ero pa3Melllan~ Me>KAY 
ypOBH~M~ 307,0 ~ 196,5 K3B . 

06CYmAEHHE 3KCnEPHMEHTAnbHMX PE3YnbTATOB 

B nocne,QHee speM~ no~e~nc~ PHA pa6oT 120•211, e KOTOPbiX 
CBOHCTBa B036y>K,QeHHbiX COCTO~H~H He4eTHo-npOTOHHbiX ~,Qep cN=88 
~ccne,Qoean~cb e ~.QepHblx peaKLI~Hx. Pe3ynbTaTbl 3T~X ~ccne,Qoea
H~A noKa3an~, 4TO H~3KOne>Kalll~e O,QH04aCT~4Hble COCTO~H~~ ~BnfliOT

C~ ,Qe$OpM~poeaHHbiM~. 

lkcne,QoeaH~fl pacna,Qa 153oy npoeo,Q~n~cb e pa6oTe 1221 , aBTOPbl 
KOTOpOH ,OCHOBbiBa~Cb Ha 3KCnep~MeHTanbHbiX pe3ynbTaTaX /yy(O), 
T1h ~ .Qp./, a TaK>Ke np~eneKaR ,QaHHble 120,21, 23/, npoeen~ ~H
TepnpeTali~<~IO ceoAcTB R.Qpa 153 Tb /~<~30TOH 151 Eu I e paMKax Hea,Q~<~a-
6aT~4ecKoA MO.QenM, y4~Tblaa10111eA a3a~Mo.QeAcTB~<~e Kop~on~ca 124/, 
Hcnonb3YH MeTOA o6ono4e4HOA nonpaeK~ CTpyT~HcKoro 12 51 , OH~ npo
een~ pac4eTbl paBHOBeCHOH CTaT~CT~4eCKOH ,Qe$OpMalll<1~ OCHOBHbiX 
cocTO~H~<~H ~.Qep Eu, Tb, Ho /eM. p~cyHoK/. KaK e~.QHO, ~.Qpo 
151 Eu C N=88 B OCHOBHOM COCTO~HI<l~ HMeeT eenH4HHY KBa,Qpynonb
HOH .Qe<t>opMall~<~~<~ E 2 - 0, 2. 

CpaeHeHHe xapaKTeP~<~CTI<IK ypoaHeA 151Eu ~ 153Tb,cnoco6oe ~<~X 
pa3p~,QKH, MynbTHnOnbHOCTeH nepeXO,QOB nOKa3ano, 4TO COCTO~HH~ 
- - ·-·--'-· __ ,.- ... ~-·--+-1 19tl •r-:-tr'O 
U K~D /';)/£. 1 ~ )UU,L "-'='D JJ/L 1 t) .-.~-~.:..u Mvmnv ""'"'~...,,,..,v 

THPOBaTb KaK spaUiaTenbHYIO nonocy 5/2+ (402] OCHOBHOrO COCTO~
HH~,a YPOBHH 21,5 K36 /7/2+/ 1<1 307,5 K3B /9/2+/ ~en~IOTCR pOTa
LIHOHHOH nonocoA ,Qe$OpMHPOBaHHOro COCTO~H~~ 7/2+ (404]. npH4eM 
OHH ~CnbiTbiBaiOT C~nbHOe KOp~OnHCOBOe CMeW~BaHHe, KOTOpOe npHaO
,QHT K HCKa>KeH~IO HX 3HepreT~KH. Henocpe,QCTBeHHO paC4eTbl /22/ 
,Qe$OpMali~H COCTO~HHH 5/2+ (402] 1<1 7/2+(404] noKa3anH, 4TO 
KBa,QpynOnbHaR ,Qe$OpMaLIH~ OCHOBHOrO 1<1 nepeoro B036y>K,QeHHOrO 
COCTO~HHH pasHa E 2 -0, 17. 

AHanH3 CBOHCTB B036y>K,QeHHbiX COCTO~HHH 151 Eu noKa3biBaeT, 
4TO cocTOHHH~ 196,49 K3B /3/2 + I, 307,5 K3B /5/2 +; no ceoeH 
np~po.Qe I 1", pa3p~.QKa/ cooTeeTCTByiOT cocTo~H~~M 147,6 K3B 
/3/2+/, 240,5 K36 /5/2+/ 153Tb, KOTOpble HHTepnpeTHPYIOTC~ KaK 
COCTO~H~R nonOCbl 3/2+(411),. 

HaWH ,QaHHble, OTHOC~UIHeCR K 3aceneHHIO 1<1 pa3pfl,QKe COCTO~H~~ 
196,20 K3B, nO.QTBep>K.QaiOT ero H30MepHbiH xapaKTep. B pacna,Qe 
151 0d Mbl TaK>Ke Ha6niO,QanH APYrHe COCTO~HH~ OTPHLiaTenbHOH 4eT

HOCTH: 243,29 K38 /7/2/; 349,82 K36 /9/2/ 1<1 353,64 K36 /5/2, 
7/2/. CpaaHeHHe C aHanor~4HbiMH COCTO~H~RM~ OTPHLiaTenbHOH 4eT
HOCT~ B 153Tb noKa3biBaeT, 4TO OHH OTHOC~TC~ K CHnbHO CMeWaHHbiM 
KOp~on~COBbiM B3a~MO,QeHCTBH~M cep~H COCTO~HHH, HCXO.Q~lli~X 1<13 
no,Qo6ono4KH h 1112 
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-6 

E/M3B/ 

T~ 

£/M3B/ 
2j 

Ho 

-6 

-02 -01 0 01 02 03 -02 -01 0 01 02 03 -02 -01 0 01 02 03 
-£, -£, -£, 

CTaTHCTH'IeCKHe p;eclJopMan;HH ocHoBHbiX cocTOHHHH Hp;ep Eu, Tb, Ho. 
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6aAanoe H.6. HAP· H3y4eHHe pacnaAa 161Qd ~ 151Eu P6-82-8 

C nOMO~bQ nonynpOBOAHHKOBbiX AeTeKTOpOB H cneKTPOMeTpa COBnaAeHHH Ha 6a3e 
6e3lf(ene3HOrO MarHHTHOrO 6eTa-cneKTPOMeTpa THna "AnenbCHH11 H Qt(Li) -AeTeKTO 
pa HccneAOBaHbl cneKTPbl raMMa-ny4eH, 3BK H ey -coenaAeHHH npH pacnaAe 1610d. 
HcnOnb30BaH MOHOH30TOnHbiH npenapaT lfilQd, 06Hapylf(eHbl TpH HOBbiX nepeXOAa 
C 3HeprHRMH 109,74; 195,18 H 284,72 K38. Bnep&ble C BbiCOKOH T04HOCTbQ H3Me
peHbl KBK AnR 4eTblpex 3neKTpOMarHHTHbiX nepexoAOB. Ha ocHoee aHanH3a coeoKyn
HOCTH 3Kcnepa.tMeHTanbHbiX AaHHbiX nocTpoeHa cxeMa pacnaAa 151 Gd ~ 161 Eu. BeeAeH 
HOBbiH ypoeeHb 216,66 K38 H nOATBep*AeHbl paHee BBeAeHHble ypOBHH! 260,5; 
307,5; 349,8; 358,6 H 416,3 K38. npoBeAeH ~H3H4eCKHH aHanH3 nony4eHHbiX 
pe3ynbTaTOB. 

Pa6oTa BblnonHeHa e fla6opaTOPHH RAePHbiX npo6neM OHRH. 

C~eHHe 06~AHHeHHOro HHCTHTyTa RAePHWX MCCneAoaaHHH. AY6Ha 1982 

Badalov N.B. et al. The 161Gd-+ 161Eu Decay Study P6-82-8 

By means of semiconductor detectors and a coincidence spectrometer on 
the base of iron-free magnetic beta -spectrometer of "Orange" type and a 
Oe(Li)-detector spectra of gamma-rays,of ICE and of ey -coincidences at tbe 
lfilQddecay are studied. A monoisotopic 161Qd specimen is used. Three ne~:~ 

transitions with 109.74; 195.18 and 284.72 keV energies have been discover
ed. For the first time with a high accuracy EIC have been measured for four 
electromagnetic transitions. On the basis of analysing an assembly of ex
perimental data a scheme of 16 1Qd~1 61Eudecay is constructed. A new level 
216.66 keV is introduced, and previously introduced 260.5; 307.5; 349.8; 
358.6 and 416.3 keV levels are confirmed. Physical analysis of obtained 
results is performed. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1982 
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