
A- so 
j_f-83/.t· t'f 

B.A.AJIHKOB, H.BaBpb~yK, K.H.rpoMOB, r . .H.JIH3ypei1, 
M.M.MaJIHKOB, T.M.MyMHHOB, UI.OMaHoB, P.P.YcMaHOB 

PACilM l51Dy ____.I 51Th . 

.H30MEP ISlmTb 



2783/2-77 np. 

\

AnHKOB,E.A.H ~P· 
- 1$1 lSI 
p Pacna.~ Dy _,. Ih 
977 P6-IO 578 

P6 - 10578 

B.A.AJIHKOB, 1 H.BaBphlllzyK, K.H.rpoMOB, r J1.J1H3ypeif, 
M.M.MWIHKos,2 T.M.MyMHHOB, 1 IU.OMaHoB, 1 P.P.YcMaHOB 1 

PACnM l51Dy __.I 51Th. 

J130MEP lSlmTb 

Hanpae/leHo e"H36eCIIUA AH CCCP" jeep. fju3./ 

1 CaMapKaH~CKHii rocy~apcTBeHHLiii YHHBepcHTeT. 
2 HHCTHTYT JI~epHo:ii cllHJHKH AH YJCCP. 



AnHKOB B.A. H ap. P6 - 10578 

Pacnaa 151Dy-+ 151 Tb. HaoMep 
151

mTb 

npH pacnaae 151Dy-+ 151'fb H3MepSinHCb cneKTpbi y-ny'leil, 
aneKTpOHOB BHyTpeHHeil KOHBepCHH, e-y- H y-y -COBDSAeHHil H BpeMeH­
Hhle pacnpeaeneHHH HH3K03HepreTH'!eCKHX COBDSAeHHil, 3KCDepHMeHT8nbHWe 
peaynbTaTbi noaBonHnH nocrpoHTb cxeMy pacnaaa 151 Dy _. 

15
1 Tb, 

o6HapylKHTb H30MepHOe COCTOHHHe 1S1m 'fb H ycTSHOBHTb BpeMeHa lKH3HH 
HHlKHHX B036yJKAeHHbiX COCTOHHHH, 

Pa6oTa BbinOnHOH8 B na6opaTOpHH HAOpHbiX npo6neM 011HH, 

flpenpBHT 061oeJlHHeHHOrO BBCTBTYT& •AepBWX BCCJieJlOB&BBI • Jly6B& 1977 

Alikov B.A. et al. 
P6 - 10578 

The Decay 151Dy _. 151 Tb. The Isomer 
151

m Tb 

The spectra of y -rays, of inner conversion electrons 
and of e-y and y-y coincidences as well as the time 
distributions of the low-energy coincidences were measured 
in the decay 151 Dy -+ 

151 'lb. The experimental results allow 

one to construct the decay scheme 151 Dy -+ 
151 'Ib, to 

observe the isomer state ISim'Ib, and to determine the life­

time of lower excited states. 

The investigation has been performed at the 

Laboratory of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 19'1'1 
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BeeoeHue 

PaAHOaKTHBHLIH pacnaA 
151

Dyl T ~ = 16,90±0,05 MUH14f 
uccneAo,ancJI B PJIAe pa6oT /I-7/.JionLwaJI qacTL 3THX pa-
6oT /l-/ ~CBJIII(eHa H3y'leHHIO a -pacnaAa, H TOllLKO B pa-
6oTaX 5-

7 uccneAOBancJI pacnaA 15 1Dy ... l 51Tb. 
3ueprHJI pacnaAa 151Dy ... 151Tb, no oneHKaM/10<cocTas­

nJieT 3,0 l M 3B. CnHHLI ocuoBHLIX cocTOJIHHi 151Dy I I = 7121 
H 

15 ~b I I = 1121 HJMepeuLI MeTOAOM MarHHTHoro peJo­
uauca aTOMHoro ny'IKa /8,9 I. 

151 B pa6oTax ApnLTa H Ap./5/ H 3y6epa H Ap./6/ K pacnaAy 
Dy 6Lino OTHeceuo 57 y-nepexoAoB B AHanaJoHe 3Heprui 

OT 176 AO 1779 K3B H Ha OCHOBe peJynLTaTOB H3y'leHHJI 
y-y- COBnaAeHHH npeAllO>KeHa CXeMa B036y)I(AeHHLIX COCTOJI• 
uui 151 Tb. 0AHaKo B pa6oTe ToTa H AP· 171 B raMMa­
cneKTpe 151 Dy 6Lin o6uapy>Keu nepexoA c 3Hepruei 22,95 K3B, 
nonuaJI HHTeucHBHOCTL KOToporo II t ~ 65~ ua pacnaA, one­
ueua no ly = 2,3~ 171 I JHa'IHTenLHO npeBLiwaeT HHTeHCHB­
HOCTH BCeX APYrHX H3BeCTHLIX nepeXO~OB B 151 Tb.EcTeCT· 
seuuo, 'ITO cxeMa yposuei 151 Tb / 5,6/, He BKmo'laJOII(aJI B 
ce6JI 3TOT nepeXOA, He COOTBeTCTByeT 3KCnepHMeHTallLHLIM 
AaHHLIM. ' 

B llHTepaType OTCYTCTByeT HHcllopManHJI 0 KOHBepCHOH· 
HLIX 3lleKTpouax 3lleKTpOMarHHTHLIX nepeXOAOB B 151 Tb. 

B uacTOJIII(ei pa6oTe 6LinH npoBeAeHLI uccneAoBaHHJI 
cneKTPOB y-nyqei, 3lleKTpOHOB BHyTpeuuei KOHBepCHH, 
e-y-u y-y -cosnaAeHHi H speMeHHLIX pacnpeAeneuui cosna­
AeHHH Me)I(Ay HH3K03HepreTH'IeCKHMH H3lly'leHHJIMH npH pac­
naAe 

151
Dy B 151Tb. PeJynLTaTLI 3TBX sccneAOBaHHi noJBo­

nsns npeAnO>KHTL cxeMy pacnaAa 15loy ... 15I'Ib, BLIJIBHTL H30 -
.11 =-

Mepuoe COCTOJIHHe C I = 1112 H onpeAellHTL BpeMeHa 
>KH3HB HH>KHHX B036y)I(AeHHLIX COCTOJIHBH B JIApe 151Tb. 
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PaouoaK111U6Hble uclllot~HuKu 

HccneAoBaHHB npoBOAHnHcL c paAHOaKTHBHhlMH ucToq­
HHKaMH 151Dy, nonyqeHHhlMH B peaKUHH rny6oKoro paciUen­
neHHB Ta npoToHaMH c 3Heprue:H 660 M3B Ha cuuxpouuK­
noTpoue OHJIH. ,D;ns 6hlcTporo nonyqeuus HCToquuKoB o6ny­
qeHHhle Ha BHemHeM nyqKe npOTOHOB TaHTanOBhle MHllieHH, 
6e3 XBMBqecKOH o6pa60TKB, pa3AensnBCL no H306apaM Ha 
3neKTpOMarHBTHOM Macc-cenapaTope. qaCTL HCcneAOBaHHH 
6hlna Bhlnonueua c HCToqHHKaMB, nonyqeHHhlMH nyTeM o6ny­
qeHBB MBllieHeH Ha BHyTpeHHeM nyqKe npOTOHOB yCKOpHTe­
ns. H3 3TBX MHmeue:H paABOXBMBqecKBMB MeTOAaMB BhlAe­
nsnucL B30TOnhl Dy, KOTOphle 3aTeM pa3AensnucL no 
MaccaM npu noMOIUB 3neKTpoMarHBTHoro Macc-cenapaTo­
pa. Ha Macc-cenapaTope BOHhl Dy BHeApsnucL B <t>onLry 
H3 Al TOniUBHOH 10 M KM BnB B TOHKBe CUBHTBnnupyiOIUBe 
nneHKB Tuna NE104 TOniUBHOH 100 MKM. 

Bcero B uccneAOBauusx ucnonL30BanocL 6onee 150 
paABOaKTBBHhlX BCTOqHBKOB. 

YcAoeu.R u pe3yAb1/la1/lbl 3KcnepuMeH1!1a 

CneKTphl y -nyqe:H B3MepsnucL c noMOIULIO ABYX Ge(Li)­
AeTeKTopoB C qyBCTBBTenLHhlMB 06'beMaMH 0,8 H 38 CM 3 B 
3HepreTuqecKBM pa3pemeuueM 0,5 K3B ua EY = 122 K3B 
H 2,5 K3B Ha Ey = 1332 K3B COOTBeTCTBeHHO. 

3neKTpOHhl BHyTpeHHeH KOHBepCHH HCCneAOBanBCL C no­
MOIULIO MarHBTHO-nBH30BOro f3 -cneKTPOMeTpa / 11/ , 
f3 - cneKTpOMeTpa C TOpOHAanLHhlM MarHHTHhlM non eM /12/, 
a TaK)Ke cneKTpoMeTpa c Si (Li). AeTeKTopoM, noMeiUeHHhlM 
B OAHOPOAHOe MarHHTHOe none /13/. 

B pe3ynLTaTe 3THX uccneAoBaHHH K pacnaAy 151Dy 6hlno 
OTHeCeHO -170 nepeXOAOB B AHana30He 3HeprBH OT 22 AO 
2100 K3B. B HB3K03HepreTuqecKo:H o6nacTH, noMBMO u3-
BeCTHoro nepexoAa c Ey = 22,9 K3B, 6hlnH o6Hapy)KeHhl 
HHTeHCHBHhle nepeXOAi.J: C 3HeprHBMB 27,1 B 49,5 K3B. 

Ha puc. la,6 u 2 npuBeAeHhl y-cneKTp u HB3K03Hep­
reTuqecKas o6nacTL uccneAoBaHHoro cneKTpa KOHBepcuoH­
HhlX 3neKTpOHOB. 3HaqeHHB 3HeprBH B BHTeHCBBHOCTeH 
npeAcTaBneHhl B 111a6A. 1. CBeAeHBB o6. HHTeHCBBHOCTBX 
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IlpoooAJICeHue ma6A. 1 

E1(z.&E1) 1jCz. 411) E1Ct.lE1) I1(J:.411) E1(z.li)) 11(1. 411) 

K3B B "' aa pacn. K3B a• Ha pacn. 1t3B B f, aa pacn. 

952,33(22) 0,45(7) Il96,77(16) 1,09(7) 1530,19(6) 0,95(4) 

960,86(20) 0,39(7) 1200,86(41) 0,32(5) 1538,08(5) 2,28(7) 

970,77(10) . 0,'14(5) 1239,21(31) 0,21(4) 1542,16(17) 0,45('4) 

983,73(3) 2,37(7) l24ii,90(22) 0,22(4) 1546,4 7 (20) 0,21(3) 

992,37(22) 0,25(4) 1256,06(10) 1,25(7) 1593,10(4) 3,00(10) 

995,92(7) 0,'17(5) IC59,20(43) 0,20(4) 16~,68(17) 0,40(4) 

IOU0,36(JI) 0,1'7(5) 1264,2'7(26) 0,21(4) 16Il,00(33) 0,1ii(6) 

IO:i.O, 37(3) 3,52(II) 1200,22(13) 0,92(5) 1652,08(4) 1,65(5) 

IOI6, 60(10) 0,89(5) 1290,80(10) 0,5'7(4) 1659,53(16) 0,25(4) 

1020,38(7) 0,98(5) DIJ,07(12) 0,15(3) 1678,00(20) 0,32(4) 

1029,38(17) 0,'13(5) IJJI•,31(I2) 0,51(4) 1696,33(20) 0,43(3) 

1036,'18(24) 0,34(4) 1340,00(20) 0,34(4) 1701,56(3) 5,26(14) 

!040,16(~ [) 0,14(4) 1347,56(23) 0,21(4) 17lii,43(50) 0,14(7) 

1050,43(1P.) 0,68(8) 1355,53(12) 0,38(4) 1721,66(8) 0,77(4) 

1058,50(20) 0,92(8) 1361,8'/(U) 0,21J(4) 1728,07(31) 0,26(1) 

1062,50(16) I,IGJI) I31U,I9(I6) 0,43(5) 1740,80(II) 0,45(2) 
10'/1), 60(10) 1 •'12(13) 1410,00(10) 0,43(4) 1753,12(19) 0,05(1) 

!096,0'/(4) ?,03(7) 1422,06(13) 0,31(4) 1769,69(7) 0,36(2) 

lll'1,?.6(J) 3,07(1!) 1430,80(26) 0,25(3) 1779,91(23) O,IJ(I) 
rr:~", 00(17) 0,42(5) 1438,53(48) 0,10(3) 1798,60(30) 0,15(2) 

II29, 78(3) 2,63(10) !1142,00(37) 0,12~3) 1808,70(50) 0,10(2) 
ll4I,80(IO) 2. 32(16) 1460,37(21) 0,16(4) 1835,10(10) 0,53(6) 

II~>4 ,·07(16) 0,47(12) H75,'13(4) 2,46(10) 1903,80(50) 0,17(5) 

11'15, 52(6) 1,15(8) 1479,47(48) 0,16(4) 1908,90(20) 0,09(2) 
Il'/8,26(4"0) 0,25(5) 1493,11(21) 0,32(5) 1999,30('30) 0,09(2) 

II85,60(D) o, 5:1('/) 1510, 6I (16) 0,44(6) 2008, 70(10) 0,28(4) 
II90, 58(26) 0,48(6) J525,0o(5) 1,72(6) 

• TaMMa·ny<~H, B03HHKaiOIUHe npH 
COCTORHHR 1S1m Tb. 

~-pacna~e H30MepHoro 

CneKTPLI e-y - coana~eHHii H3MepRnHcL Ha ycTaHOBKax, 

co6paHHLIX DO npHH~Hny fiLICTpO • Me~neHHLIX COBna~eHHB 

Ha 6a3e MarHHTHO"llHH30BOro ~-cneKTpOMeTpa H 'Ge(Li)· 

~eTeKTOpa/14/ H Ha 6a3e C~HHTHllllJI~HOHHOrO ~eTeKTOpa /c 

HCllOllL30BaHHeM B Ka'leCTBe C~HHTHllllRTopa C~HHTHnnR· 

~HOHHLIX nneHOK C BHe~peHHLIMH HCTO'IHHKaMH H 4JoTOYMHO • 
>KHTeneii XP1021 I H Ge(Li) - ~eTeKTopa c qyacTBHTenLHLIM 

Ofi'LeMOM 40 CM 3 H 3HepreTH'IeCKHM pa3peiUeHHeM 3 K3B 
Ha Ey = 1332 K3B. 3TH ycTaHOBKH HCDOllL30BanHCL ~nR HC" 

cne~oaaHHR coana~eHHii y -nyqeii c nepexo~aMH 23,27, 49 
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Puc. 2. HuarwaHepzemu'lecKuu y'lacmoK cneKmpa 3BK npu 
pacnaoe Isioy .... ISITb. 

H 176 K3B. H3MepeHHR Ha nepaoii ycTaHOBKe o6ycnoanuaa­

nHcL BLICOKHM OTHOIUeHHeM B ClleKTpe COBna~eHHB 'IHCna 

HCTHHHLIX COBUa~eHHB K Clly'laBHLIM, a Ha BTOpoii • fiOllLWOB 

34MtleKTHBHOCTLIO perucTpa~HH coana~eHHB. Ha puc. 3npHae­

~eHLI cneKTpLI e-y - coana~eHHii, nony<~eHHLie B o~Hoii H3 
cepHii H3MepeHHB. 

Hccne~oBaHHJI coana~eHHii Me>K~y nepexo~aMH a BLICOKO-
3HepreTH'IeCKOB 'laCTH y "ClleKTpa llpOBO~HllHCL B pe>KHMe 

~BYXMepHoro aHanH3a Ha ycTaHOBKe C ~BYMJI 'Ge (Li) • ~e • 
TeKTopaMH, pa6oTaiOIUeii Ha nHHHH c 3BM HP2116C /I 5/ 

H3MepeHHR coana~eHHii BLinonHJinHcL npH pa3pewaro­

IUHX apeMeHax ycTaHOBOK 30-60 Hc. Pe3ynLTaTLI aHanH3a 

cneKTpOB e-y- H y-y • COBDa~eHHB npHBe~eHLI B •a6A. 3. 
BpeMeHHLie H3MepeHHJI npoao~HnHcL a pe>KHMe e-y-H 

e-e-coana~eHHii Ha ~ayx apeMeHHLIX cneKTpoMeTpax, co-

6paHHLIX Ha 6a3e MarHHTHO"llHH30BOrO ~-cneKTpOMeTpa H 

9 



10 

~ 
c:s 
::t 
:s 
~ 
~ 

\0 
co 

.J::I 
!::-< 

...... "' tn\0 

= = 0 
"t 
0 
~ 
Q) 
Q, 
Q) 

= 
= 1-< 
u 
0 = ,.Q 
~ 
0 

= = 1-< 
,.Q 
~ 
>­
)! 

= 
~~ 

= "" = 1-< 
u 
0 = : 
u = Q) 

1-< 

:i! 

_J 

"0 

::<:''b 
IXIt-4 

::0:: H 

:J 
,...... Cl 

• u 
1-4 a 
<I 
'-' ., 

u • 
1-4 • 

~ 
C') 

~': 

..J 
"'0 

... 

:J 
·CI ,...... u 

D ct 
1-4 a, 

~ ~ 
HDliR, 

::.:: 
lXI 
(') 

~': ... 

~ ,...... 
0 

~ 
~ 
'-' 
+ 

!iii 

~ 

!iii 

,-,. 

~ 
~ !iii !iii + !iii !iii 

!iii 

,...... ,...... 
0 ~ 
C\1 

8 ,-,. ,-,. 
C\1..0 ,-,. 

It\ ....._, 
,...,. ,...,. ,...,. 

C\1 
'-' 

...... ........., .._, ~ C"'' C"'' 
'-' '-' '-' ~ 

::> co C\1 '-' 
....._, ....._, 

~ ~ C\J ...... .. \0 
C"'' C\1 1.0 C"'' 

0 
~ 

10 10 0'1 
H C\1 C\1 

,-,. ,-,. 
0 0 ,...... ,-,. ,...._ 
~ C"'' C\1 ~ ,-,. 0 ,...,. 

..... ~ 
'-' '-' 

,...... 
It\ C\1 ~ ~ C\1 0'1 

'-' '-' '-' '-' '-' ....._, 
C\1 1.0 
0\ It\ 
1-4 t-

1-4 C"'' co 1.0 It\ H 
10 0'1 C"'' 1.0 
0 C"'' ~ .... 8 b 

; 0 0 0 0 0 ~ 

0 
~ 

0 

::.:: ~ ::.:: ::.:: ....J ::.:: ::.:: ::.:: 

~ 

IS) 
t-
1-4 

lit" ,-,. 

s 
~ 

c;. 
+ ~ 

~ 

!iile&!l 

C"'' .... 

~ ..0 
C\1 co 
C\1 C"'' 

,...... ,...,. 
~C0'88-M 
.:t-CO.:t-1-1<"'1 ........., ...._, ........_, ...._, '-" 
COIO.:t-.:t-C\1 
"!t-:~~"l 
C"''t-C"''It\C"'' 
1.0 t-4 

_ ..... 
-l..J-1::.% 

0\ 
~ 

C\1 
C\1 

C\1 0'1 ~ 
~ ~ ~ 

~ 10 
C"'' 
~ 

~ 

C"'' 
rz:l 

~ ~ 

,...._,...,. 
.... It\ ,...,. ,-,. 

co~~Q!~ 
........ '-''-"'-'....._, 
~t-4~C\JC"'' 

00\t-.:t-CO .. .. .. ... -
<<"''t-COo-t 

1-4 t-4 

- ... Iii 
...J..J_l::.z: 

H 
~ 

t­
C\1 

,...,. 
It\ .... ....._, 

C\1 
~ 
C\1 

0 

:X: 

..0 .. 
10 
t­
~ 

~ ,...,. 
C"'' 

5 
....._, 
+ 

!iii 

,...,. 

,...... 
..0 
~ 
'-' 

~ 
~ 
C"'' 

0 

::.:: 

C"'' .. 
10 

$. 

t>G8';i\ 
C"''IOt-H '-" ...._, ...._, ........, 
0'11::-.:t-C\J 
~COO\.:t-.. .. .. .. 
ji-IO'IC\1 

... 
-l 1:1 
+_ ..J * z 
...J 

It\ 

0\ .,. 

" 

CUBHTBRn.UBOHHOrO ~eTeKTOpa/ll/ B Ha 6a3e ~BYX CUBH­
TBJIJI.I:UBOHHWX ~eTeKTOpOB C BCDOJih30BaHBeM B O~OM 
B3 HBX CUBHTBRnBpyro~eH DJieHKB C BHe~peHHWM BCTOqHB­
KOM B 4loToyMHOlKHTen.a XP1021, a B ~pyroM - CUBHTBJI­
JI.aTopa NE104 ti 25 x 5 MM. 

lbMepeHHwe speMeHHwe pacnpe~eneHB.a cosna~eHBH 
B3JiyqeHBH 151 Dy C 3JieKTPOHaMB KOHBepCBB nepexo~OB 
23, 27, 49 B 176 K3B npase~eHw Ha puc. 4 a 5. TaM lKe, 
Ha BCTaBKaX, 
3JieKTpOHOB. 

npe~cTasneHw cneKTpw peracTpapyeMwx 

CxeMa pacnaoa 151Dy ... 151Tb. 
HaoMep 151m Tb 

llP-elK~e qeM nepeATB K o6cy~eHBJO cxeMw pacna~a 
151Dy->151

Tb, He06XO~BMO OTMeTBT~, qTo DO aHaJiorBR C co­
ce~HBMB .a~paMB 149Tb/l 6/R 153 Tlf 17f B ·~pe 151 Tb cne~yeT 
OlKB~aT:r. cy~eCTBOBaHB.a B30MepHoro cocTo.aHa• c I" = 
= 1112-.llORCKR 3TOrO COCTO.HB.I:, npe~npBH.I:TWe B pa6o­
Te /6/, s ~Rana3oHe speMeH 1<r8 + 10-5 c oKoHqansc:r. 6e3-
pe3yn:r.TaTHO. H3 caMwx o6~x coo6palKeHBH cne~yeT OlKB­
~aT:r. ~n• nepao~a nonypacna~a B 3Heprss B30MepHoro 
ypoBH• 151 m Tb 3HaqeHBH, JielKa~x Me~y 3HaqeHB.I:MB 
COOTBeTCTBYJO~BX BensqBH ~· 149m Tb IE yp "' 40 K3B, 
T ~ = 4,3 "'UH/18/j B 153mTm / EYP• = 163 K3B, T ~ = 
= 173 MKd111 I. 

BnonHe sepo.aTHO, qTo o6HapylKeHHWH B cneKTpe B3-
nyqeHBH 151 Dy E3 -nepexo~ c 3HeprseA 27 K3B cs.alaH c 
pacna~OM BlOMepHoro COCTO.I:BB.I: 151 mTb C ] 17 = 11/2-
Ha B036y~eHHoe cocTo.&:HBe c I" = 512 +. B 3TOM cnyqae, 
scxo~• B3 o~oqacTaqHoA oueHKB napusan:r.Horo nepso~a 
nonypacna~a 3Toro nepexo~a T ~ Sp I E3, 27 K3B/ = 
= 6·10 5 c B B03MOlKHWX 3HaqeHBH 41it.KTOpOB TOpMOlKeHB.I: 
.F Sp(E3) "'l<r1-10, xapaKTepHWX ~· TaKBX nepexo~OB B 3TOH 
o6JiaCTB .a~ep, ~· 151mTb CJie~yeT o~aT:r. 3HaqeHBH 
T ~- 1+I02 c • 
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Ta6AU!Ja 3 

E,., •• a 22,9 49,5 176,4 386.1 476.6 546.3 E,, .. a ?2,9 49.5 176.4 ~86.1 476,6 546,3 

49 5 • • • 755 6 H • 
160,4 • 768 9 • • 
163.0 • 788.1 0 • 
176,4 • • 814 I • • 
204,0 0 • 833,9 • H 
226,3 • 845 5 • • 
230.9 0 0 855,8 0 

283.9 • 870.4 • 0 

292,2 0 0 • 917.0 0 0 

300,0 • 936,3 0 0 • 
303,0 • 983.7 • ! 

337,8 • • 0 • 995.9 • 
371,1 • 1010.4 • • H 
386.1 1016.6 • 
413,3 0 • 1062.5 • • • 
432,2 • 1070.6 • • • 
436.9 • I0%.1 • 
463 2 • • • 1ll4 .3 • • • 
476 6 • • 1IC9, 8 • • 0 

546,3 ll44.1 • 
561.0 • II75.5 0 0 • 
570,7 • • • li85 6 • • • 
5%.8 • H 12~6.1 • 
614.3 • • 1288.1 • 
639,5 • • 1475.7 • • • 
653.2 0 • 1493.3 0 0 • 
663,7 • 1525,1 0 • • 

_6_89.2 • 1558.1 • • 
700,3 • 1593.1 • • • 
712.0 • 0 1652,1 0 • 
745.4 • 1701.6 • ···-·· 

• - coana,IJ;eHHJI, 0 - cna6ble coana,IJ;eHH.II, H - cna6ble 
Heo6'hJICHeHHble coana.IJ;eHH.II. 
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C Apyroi CTOpOHW, B BCCHeAOBaHHOM y·cneXTpe o6-
HapylKeHW nepexoAw Ey= 326, 379, 504, 522 B 830 K3B, 
BHTeHCBBHOCTB XOTOpWX cnaAaiOT C T Yz "" 17 MUH B XOTO· 
pwe MOlKHO BAeHTBcliBilBPOBaTJ. C nepeXOAaMB, pa3pJilKaiO· 
UUIMB poTaQBOHHWe COCTOJIHBJI 1210 K3B 11112 -~, 901 K3B 
11312 -I, 784 K3B 11112-I B 379 K3B 1912 -I, nocTpoeH­
HWe Ha ypoBHJIX noAo6ono"'xB h II/2 ,xoTopwe o6HapylKeH~ 
npa B3y"'eHBB CTJlYXTypw ypoBHei 151 Gdo peaxn&JIX (a,3nyY 1o/ 
Ilpa ~ -pacnaAe 151

gTb I 177 = 112 +I Bo36y)I(AeHae yxa3aH­
Hwx COCTOJIHBB He Ha6niOAaeTCJI (20/, II03TOMY cneAyeT 
3axniO"'BTL, "'TO ~y~necToyeT ~-pacnaA 151m Tb. 

Pe3ynLTaTw accneAoBaHBi cnexTpoo e-y -coonaAeHai 
B BX BpeMeHHWX pacnpeAeneHBB no3BOHJIIOT YCTaHOBBTL 
cneAYIOIQBe. nocneAOBa TenLHOCTB AHJI HB3X03HepreTB"'eC­
xax nepexoAOB: 176 ... so .... 22, 27 _, 50 _, 22. H3 3Toro ow­
TexaeT cneAYIOIQaJI nocneAOBaTenLHOCTL HBlKHHX COCTOJI· 
&Hi 

151
Tb: 0; 22,9; 72,4; 99,5 H 248, 8 K3B. Y"'HTWBaJI 

MYHLTHnOHLHOCTH 3THX nepeXOAOB H 3Ha"'eHHJI CnHHOBAHJI 
151g + 151m - · 

Tb<l/2 ) H Th<ll/2 ), COCTOJIHHJIM 0; 22,9; 72,4 H 
99,5 K3B MOlKHO ~pBDBC&TL COOTBeTCTBeHHO cneAYIOUUie 
xapaxTepHCTHXB: I 77 

= 112 +, 312 +, 512 + a 1112 -. 
Taxaw o6pa3ou, MOlKHo C"'HT&TL, "'TO &3oMepHoe co­

CTOJIHHe 
151

m Tb aweeT 3HeprBIO 99,5 K3B. B cnexTpe 
y -ny"'ei npenapaTa Tb, nony"'eHHoro 6wcTpwu paAHOXHMH­
'Iecxau BWAeneH&eU H3 HCTO'IHHX& l51Dy , H&MH He 6wna 
o6HapylKeHw nepexOAW, CBJ13aHHWe c pacnaAOM 151 mTh.c 
y'leTOM YCHOBHi 3TOrO OnWTa MOlKHO 3aXniO"'HTL, "'TO ne • 
pHOA nonypacnaAa 151 m Tb T %< 1 MUH. 

Cxeua swcoxonelK&UUIX yposHei IE >250 K3BI 6wna 
nocTpoeHa no pe3ynLTaTau cosnaAeHHi c y'leTou 6anaHca 
3Hepr&i H HHTeHCHBHOCTei nepeXOAOB. 

H3 172 y ·nepeXOAOB, OTHeceHHWX X ~ ·pacn&AY 151Dy, 
B CXeMy BXniO"'eH 101 nepeXOA C HHTeHCHBHOCTLIO, COCTaB· 
HJIIOinei 90~ OT nonHOi HHTeHCHBHOCTH BCex nepeXOAOB. 
3Ha"'eHHJI HHlKHHx rpaHan lg(ft) yposHei onpeAeneHw no 
6anaHCY HHTeHCHBHOCTei Y ·nepeXOAOB. C y"'eTOM 3THX 
3H&'IeHHi lg(ft) MOlKHO 3aXniO"'HTL, "'TO 6onLWHHCTBO 
BWCOXOHelKallUix COCTOJIHHi 151Th HMeiOT 3Ha"'eHHJI CnBHOB: 
I = 512, 712, 912. 

IlocTpoeHHwe cxeuw pacnaAa 151 ny .... 15~b a 151 mTbl 51Gd 
np&BeAeHw Ha puc. 6a,6. 

14. 

1 

1 
I 
! 

i 
i 

l 
( 

~I 
0 
II) 

..J 
X 
s 

N • 

52 .. CnEKTP 3BK 
Ji 

)'(100-300K3B)-K17615 PACnA.O.E u nPIII 
.J) T1f

2
$Q26 HC < 

151Dy .l!.!.!!I!..151Tb >.. 
c 
X 
s 

I wh I 

101·10-J I v II 
0 
II) 

X .o 

104~ .p -\ . , )\ l'fA Jl \~ ~ 
. J\,.-~~~"..,1':: 

10 

1d 

0 
100 

f (!150K3B)·l 22 

T¥2•4.3:!:0.4 HC 

200 

, 0.13 HC /KAH 

350 

300 400 
KAHA/\bl 

'r (!1100K3a)- L 50 

T,12• 0.93:!:0,05 HC 

KAHA/\bl 

Puc. 4. BpeMeHHble pacnpeoeAeHUJI 
coc•oJIHUU 151Tb. 

U3Ay'leHUU HUJICHUX 

15 



10 

10 

10
1 

151 

" •': -l 01 
• x10 

11'>- Dy 169 :; '7 0 11 

., \ LMN 50-L,M,N 22 \ .. 248.8 ---_:.;~,..---S/2+ 025HC 

\ T = 4.1! 0.1HC ~ -

~~ I ~N-., 1f'2 '-'IN so- 1 
""""" 99.5 '<2' 09"' 

I.J'IN 27 72.4 Ji;z' <.llH< 
'-v1n•o1 '· 2,. ~· 11.s. 

., 0.0 151Tb 

'-· ~~ ·2 # -=~ 
x10 • "e""fl • I"'\ rr·so ... J- '-'IN 22 • .,.. ..:. h 

# \... • Oil\• ••• 
• V.~T,._=Q.9!0.1HC •-.,. ~.L.o •• . " · .. ,.... . : 106n<,i<OH o • 

0 

•• • ',,,~J 0 •• 

I • 

r(>-50KJB)- L,M,N 50 

L)4)Ull•l7J-~£104 
L)l(ll•l7J XP 1020 

'"" .. 3BK 

1Q6nCjKOH 
1s1 Dy .IUJsu'!ITb 

·- KAHAA" .. 
1dl • L J.. . . I 

200 300 400 KAHAI\bl 

Puc. 5. BpeMeHHble pacnpeoeAeHu.R U3Ay'leuuu uuxuux co-
cmo.Ruuu I51Tb. 

16 

HUJKHUe COCIIIOJIHUJI 151 Tb 

151 
0CHOBHOe COCTOHHHe 65 Tb 86 HeB03MO)KH0 paCCMaT-

pHBaTb KaK OAHOqaCTHqHoe COCTOHHHe B C~epuqeCKH-CHM­
MeTpHqHOM noTeHuHane, T .K. a o6onoqKe c z = 50 ..;. 82 

3HaqeHHe I 77 = 1/2 + COOTBeTCTByeT COCTOHHHIO 3s ~ 
KOTOpOe AOn)KHO B036Y*AaTbCH npH 3HaqHTenhHO 60nhWHX 

3HeprHHX /no OTHOWeHHIO K 3HeprHH noaepXHOCTH <l>epMH/. 
CnHH H qeTHOCTh 151 g Tb (1

77 
= 1/2 +} MO)KHO o6'hHCHHTh, 

npeAnOnO)KHB, qTO B OCHOBHOM COCTOHHHH 
151 Tb HMeeT 

oTpuuaTenLHYIO Ae~opMaUHIO f3 , -0,10. B 3TOM cnyqae 

eMy He06XOAHMO npHnHCaTh xapaKTepHCTHKH 1/2+/420/. 

HH)KHHM ypoBHHM 22,9 K:JB /ITT = 3/2 +I H 72,4 K:JB 
I I 77 = 5/2 +I MO)KHO npunuca Th cooTBeTcTBeHHO xapaKTe­

pHCTHKH 3/2+/411/ H 5/2+ /402/. B ma6.11. 4 npHBeAeHhi 3K­

cnepHMeHTanhHble 3HaqeHHH npHBeAeHHblX BepOHTHOCTeH 

nepeXOAOB, CBH3biBaiOIUHX paCCMaTpHBaeMble COCTOHHHH, 

H HX OAHOqaCTHqHblX ~aKTOpOB TOpMO)KeHHH no MoWKOBCKO­

MY H HHnLccoHy. HecMOTPH Ha To, qTo cornacue oueHoK 

no HHnLccoHy c 3KcnepHMeHTanLHhiMH 3HaqeHHHMH aepoHT­

HOCTeH HeCKOnhKO nyqwe, qeM C OUeHKaMH no MOWKOBCKO­

MY, TeM He MeHee H ux pacxO*AeHHH cyiUeCTBeHHhi. Bo3-

MO)KHO, npu yqeTe anHHHHH B3aHMOAeilcTBHH Kopuonuca 

cornacue TeopHH c 3KcnepHMeHTOM ynyqwHTCH. He HCKnro­

qeHo, qTO COCTOHHHH 1/2 +/420/, 3/2 +/411/ H 5/2 + /402/ 

MOryT HMeTb pa3nHqHyiO Ae~opMaUHIO. 
C APYrOH CTOpOHhi, ypOBHH 22,9 H 72,4 K3B MO)KHO 

paccMaTpHBaTh KaK qneHbi poTaUHOHHOH nonOCbl OCHOBHOrO 

cocToHHHH 1/2 + /411/ I A = 8,8 K:JB, a = -0,13/. B noM 

cnyqae no aepoHTHOCTH E2-KoMnoHeHTLI nepexo.D.a 3/2+ ... 

->1/2+ MO)KHO onpeAenHTh 3HaqeHHH KBaApynonhHOrO MO­

MeHTa H napaMeTpa Ae~OpMaUHH: Q0 = 2,0±0,2 6 H f3 
= 0,09±0,01. 

3THM 3HaqeHHHM He npOTHBOpeqaT OUeHKH Q 0 < 5,7 6 

H f3 < 0,25, BhiTeKaiOIUHe H3 aepoHTHOCTH E2- KoMnoHeHThi 

nepeXOAa 5/2 +-> 3/2 +. 0AHaKO cna6aH HHTeHCHBHOCTb B03-

MO)KHOrO nepeXOAa 5/2 + ->1./2 + 72 K3B CTaBHT no)J. COMHe­

HHe OTHeCeHHe ypoBHH 72 K3B K poTaUHOHHOH nonoce. 
YqHTbiBaH, qTo H30MepHOe COCTOHHHe 151 Tb CBH3aHO 

c ablcoKocnHHOBLIMH poTaUHOHHhlMH cocTOHHHHMH I f3 ""' 
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-00 
Ta6Aur~a 4 Is 1.... 

BepoJITHOCTB 3JieiCTpoMarHBTH:wx nepexo.noB B 
6

51 b
86 

Eyp• UB E1, &~B 
aaqUitROt Jtoaeqaoe 

* f"(6L) 
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6L B(6L) F"(6L) IK"[Nn,A]- IKw[NnrA) 
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Puc. 66. CxeMa pacnaoa ISimTb __, IS!Gd. 

"'+0,29 /I
91; 151Gd, paJpeweHHhiMH [j-nepexo.u.aMu, MO)I(­

HO npe.u.nonO)I(HTh, 'ITO ypOBHH C OTpHI.I,aTenbHOH 'leTHOCThlO 
645,8 K:JB 1912-I u 485,6 K:JB 1712 -1, CB.HJaHHhle Me)l(.u.y 
C06oif H C H30MepHhiM COCTO.HHHeM lSlmTb CHnbHhiMH y -

nepexo.u.aMu, .HBn.HJOTc.H 'lnenaMu "cunhno paJB.HJannoii" 
poTal.I,HOHHOH nonocbl 151 mTb. 

C.u.enaTh 6onee onpe.u.eneHHhie BhiBO.!J.hi o tiJuJH'IecKoii 
DpHpO.!J.e B036Y)I(.lJ.eHHhiX COCTO.HHHH 151 Tb Ha OCHOBe HMeiO­
Il.I,HXC.H 3KCnepHMeHTanhHhiX .U.aHHhiX JaTpy.!J.HHTenhHO. 

B HaCTO.Hll.l,ee BpeM.H Be.U.YTC.H pac'leThl paBHoBeCHhiX 
.u.etiJopMal.I,HH O.!J.HO'IaCTH'IHhiX COCTO.HHHH B DOTeHI.I,Hane CaK­
COHa- By.u.ca u pac'leThi aepo.HTHOCTeii 3neKTpoMarHHTHhix 
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nepexo.u.oa B He'leTHhiX JI.U.pax Tb c A = 149 7157. IIpe.u.aa­
puTenhHhiH ananB3 peJynhTaTOB 3TBX Bhi'IBCneHBH DO.ll.TBep)I(­
.U.aeT npe.u.nonO)I(eHBe 06 OTpHI.I,aTenhHOH .u.etiJopMal.I,BB OCHOB­
HOrO cocTO.HHBJI 151 Tb I (_ = 0,091 u npe.u.nono)l(eHue o 
Cyll.l,eCTBOBaBHB B 3TOM JI.!J.pe pa3nB'IHhiX BB.U.OB .u.etiJopMa­
l.I,BH. PeJynhTaThl 3THX pac'leTOB 6y.u.yT ony6nuKoBaHhl 
a oT.u.enhHOH pa6oTe nocne npoae.u.eHBJI ux .u.eTanhuoro 

aHanuJa. 

B JaKJIJO'IeHue aBTOphl Bhlpa)l(aiOT rny6oKyro 6naro.u.ap­
HOCTh K.3y6epy u B.r.KanuHHHKOBY Ja noneJHhle o6cy)l(­
.u.enu.H, B.M.ropo)l(aHKBHy, B.B.KyJneuoay, H.3.Mapynoay, 
Y.C.Canux6aeBy u B.H.CTeraiinoay Ja noMOil.l,h B pa6oTe, 
H.H.rpoMoBoii, H.A.Jie6e.u.eay, lO.B.lOwKeBu'ly, 3.Xepp­
MaHHY u M.~XBMY Ja npuroTOBJieHue pa.u.uoaKTHBHhiX uc­

TO'IHBKOB. 
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PyKonucr. nocmynuAa e U30allleAr.cKuii omoeA 
11 anpeAJI 1977 zooa. 

HeT ~H npo6e~oa a BameH 6H6~HoTeKe? 
8bl MOlKeTe llOJIY'IHTb no llO'ITe nepe'IHCJieHHble HHlKe KHHrH, 

eCJIH OHH He 6biJIH 3a.K838Hbl paHee. 
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