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. " Bb!IIOB u., rpoMOB K.H., 3eiiHHCKH A., 
.. Jy6ep K., 3y6ep H:, Ky3HenoB B,B,, 

noTeMia A.B., <l>oMHHblX B.H. 

Bo35y)l{.!leHHble COCTOSIHHSI 157Dy 1 3acenSJeMble npH 
pacnane 157Ho ( T1; 2 = 14 MHH) 

P6 - 6441 

HccnenosanHCb cneKTpbl raMMa-nyctell, KOHBepcHOHHbiX sneKTpoHoB, 
raMMa-raMMa-cosnaneHi!ll npH pacnane · 157Ho , 06Ha~ylKeHo 6one~ 
50 nepex·onos, ·npennaraeTcSI cxeMa pacnana -15ho .. 15 

Dy • Ha6mona
nHcb ypoBHH c sHeprnell 0 KSB (3/2-); 60,8 KSB (5/2-); 147,8 KSB H 
257,4 KSB (9/2-) pOT8JlHOHHOll llOIIOCbl OCHOBHOrO COCTOSIHHll 

157
Dy 5/2-

/521/ H ypOBHH 841,1 K'SB (5/2-:'), 420,4 KSB (7/2-) H 515,6 KSB (9/2-) 
poTallHOHHOll nonoCbl 5/2- /523/, Ha6monanHcb TaKlKe ypoBHH 897,0 ( 5/2-) 
H 990,4 (7/2-) poTanHoHHOll nonocbi 5/2- /512/, Pe3ynbTaTbi o6cylK!iaiOTcSI 
H cpaBHHB8IOTCSI C COCeLlHHM SILlPOM 

159
Dy H C TeopeTH'IeCKHMH pac'l:eTSMHo 

fipenpHHT OObeAJ{HeHHOrO HHCTHTyTa SAepHNX HCCJie,llOBaHHA. 

,Lbr6Ha, 1972 

Vylov Ts. , Gromov K. Ya. , Zelinsky A. , P6 - 6441 
Zuber K. , Kuznetsov V. V. , Potempa A. V, , Fomi:nych V. r. 

Excited States of 157Dy Populated at 
157Ho ( ·r i/2 c 14 min) Decay 

... --Gamma-ray spectra, conversioneiectron spectra and 
gamma-gamma coincidence spectra were investi~ated in the 
decay of 157 Ho ·• More than 50 transitions were found out. 
The decay scheme 157Ho .. 157Dy · is suggested. The levels with 
the energies of 0 keV (3/2-); 60.8 keV (5/2-); 147.8keV 
(7 /2-) and 257.4 keV (9/2-) for the 157Dy ground state ro
tational band 5/2- (521) and the levels of 341.1 keV (5/2-)' 
420.4 keV (7/2-) and 515.6 keV (9/2-) for the rotational 
band 5/2- (523) were observed as well as the levels 897.0 
(5/2-) and 990.4 (7/2-) for the rotational Band 5/2- (512). 
The results are discussed and compared with the neighbour ... 
ing nucleus 159Dy a!ld. with ~he theoret_ical calculations. 

Preprint. Joint Institute· ·for Nuclear Research . . 
Dubna.,_ 1972 

n 1s1n n}lpO 66 y 91 H8XO, 

o6nacTn lle<PopMaultil: n Sill. 

Bos6y)KJleHHbie cocTc 

fpoTJlansr n Jlp, lli.B ( d 

)KeHHbie B aToil: pa6oTe BO 

unsr npeJlcTaBneHhi Ha puc. 

cneJloBanncb B peaKunn 15 i 

CH ll30MepHbiil: ypoBeHb 1' 

na 11 I 2, 1112- I 5051, KO' 

CTORHIIR 157Dy C aHeprnsr~ 

npe}lCTaBnRIDT IIHTep 

B pa6oTe. :>KnsoHa n Jlp, I 
157 

nonypacnaJla Ho • OH 

HccneJloBaHHH cneKTpoB r1 

pacnaJle 157Ho paHee He 

ClleKTpOB KOHBepCUOHHb!X : 

JleHnil: npn pacnaJle . 1 ~ 7Hc 



B eeneune 

Hnpo 
11JDy 91 uaxonnTcn ua rpaunue Me~ny nnpaMn nepexonuo~ 

o5nacTn ne~opMaunfi n nnpaMn o5nacTn cnnbHofi ne~opMaunn c N > 90. 

Bos5y~neHHbie cocTonunn 
157Dy nccnenoeannch pauee B pa5oTe 

fpoTnann n np. I 11 B ( d , p ) n ( d , t ) nnepHbiX peaKunnx. 05uapy

~eHHbie B 9TOfi pa5oTe BOs5y~neHHbl9 COCTORHHR 157Dy H HX HliTepnpeTa

UHR npencTaBneHbl Ha pnc. 1. B 121 BOG5y~A9lilib!9 COCTOSIHHSI 15~y HC -

cnenoeannch B peaKunn 
157.Gd ( 3 

He, n 157Dy • ABTopaMn 121 ua5monan

cn HSOMepHblfi ypOB9lib 157Dy C 9Heprne~ 199 K9B ( T 1/2 = 21 MCeK) TH

na 1112, 1112- 15051, KOTOpbiit paspg~aeTcn B HH~Hne Bos5y~neHHbie co

CTORHHSI 157Dy C 9HeprHRMH 185, 161, 148 H 61 K9Bo 

157H 157 flpencTaenmoT HHTepec ceeneHnn o pacnane o ua ypoeun Dy • 
I . 

B pa5oTe )Knsoua n np. 131, )Keneea n np. 41 5bm onpeneneu nepnon 
157 +2 ' 

nonypacnana Ho • 0H paBeJI 13 :!;_ 1 MHH ll 18 -4 MHH, COOTB9TCTB9HHO. 

HccnenoeaHHSI cneKTpoB raMMa-nyqefi n KoueepcnounbiX aneKTpouoe npH 

pacnane 
157

Ho pauee He npoeonnnncb~ HaMn npoeeneuo nccnenoeaune 

CUeKTpOB KOHBepCHOHlib!X M9KTpOIIOB, raMMa-nyqe~ H raMMa-raMM8-COBUa

A91IHH npn pacnane . 
1 ~ 7Ho • 05uapy~euo 5onee 50 nepexonoB. Ha ocuo-

3 



i· lilUO-

1i§UQ-

m...m· 555-n" 
112"15301 

lli,M" 

:JI1VJT ~· ,VI5321 17'1<001 m.w· 
~-

mB • 
II!U1!)" .lrt'IWI•n"/6$# 

.n/TISD51 a.sa· 

(Q} 

~-

1£2/.l-

IUIZ. 

LJ/1." 
3/T/5211 

·u: 
liQ-1512/ 

~-

m.m· 
~-

5/.1-1523 

1570 
66 !lg, 

~ 

~
~-

+§ljJJ
IIZ"/5211 

I 

i~•ll1ff} 

I~ 

I~ 

'i!IQ1l!J1 

YH(ff; 

I ~05/1 ~) 
m.::.= 
148 l/2. I 
§.1._J2:_ I 
_Q____}fL 

J/2"152~ I 
I~) I 

-- __L_ 

&.l!l" 

5U1T 
Ll!.l
J/TJ521 

I C) 

1Zl1-

gQ_ 

~ 

~ 

~ 

~~ I§L_ 

Puc. 1. Cpaaaeane Boa6y)KJlaHHhiX cocTOSIHHil: 157Dy , aa6mo)laeMbiX npn 
pacna)le 157Ho n na peaKunil: ( d, p ), ( d, t) Ill u(3He,3n)121: 

a) peaynbTaTbi pa6oTbi fpoTJlanSI n Jlp. I 1 I, a) peaynbTaTbi pa6oTi.I Bop
rpnaa n CneTTeaa 121, c) peaynbTaTbi aarneil: pa6oTbi. 

4 

aaann aaannaa aKcnepnMel 

6y)KJlaHHhiX ypoaaeil: 157 DJ 

pnTenbHbie peaynbTaTbi on: 

a) Tionyqeane 
157 

11cTO'IHHKH Ho 

~ 

pl 

no1 

o6pa30BaHHOrO B peaKUHH 

=· 81 M aB a a BbiBeJleHHClM 

paTopnn SIJlepHbiX peaKimii 

unn JlnSI nony'leHHSI naoTon 

'laCTHU 12 C C nOMOIIIb• 

Mnrneab naroTaannaanacb 

MHHHeByiO cf>onbry - · noJlno: 

cocTaBnSino 20 MHHyT. 11a~ 

ny'leHHSI. nnSI H3y'leHHSI ra 

+ 157Ho , TaK n 157Ho 

TipHMaHSinHCb T8K)Ke 

pacmennemm TaHTana npo1 

Ke CHHXpOUHKnOTpoHa 011H 

naoTonoa aa Macc-cenapa1 
157 

11anyqeane Ho nee 
157 

Er ( 11/2 = 24 MHH), 

BbiJleneHHOro XHMH'laCKHM 

JleneHHSI H30TOnOB ap6HSI H. 

6) MeToJlnKa HaJ 

peaynbTaTbi 

11aMepeHHSI cneKTpOB 

aMnnnTyJlHoro MHoroKaHam 



I 

j~~Wf) 

,,~ 

,g 
I 

)511 

I 
I 
I 
I 

_l__. 

UU!f 
!i/2'15121--

mW) 

ICI 

'Dy , aa5monaeMbiX npu 
t ) I 1 I .u ( 3 He; 3 n) I 21: 

>eaynhTBTbi pa5oTi>I Bop-
5oTh!, 

BaHIIII ananuaa sKcnepnMeHTanbHhiX peaynhTaToB npennaraeTcH cxeMa Boa-

157Dy 157Ho IT 5y:>K.IleHHbix ypoBHet!: , aacenHeMhiX npu pacnane , penBa-

pnTenbHbie peaynhTaTbi ony5nnKoBaHhi B pa5oTe 151, 

3KcnepnMeHTanbHaH qacTh 

a) ITonyqenue 
157 

palliiOaKTIIBHhlX IICToqHIIKOB 

HcToqnnKn Ho noayqanncb 
157 

npii pacnane Er T1j2 = 24 MIIH), 

o5paaoBaHHoro B peaKUIIII 149Sm 12 C, 4n ) 157Er npu E12Cmax 

= 81 M 9B Ha Bb!BelleHHOM rryqKe yCKOpiiTenH TH)KenhiX IIOHOB Y -300 na5o

paTOpiiii HllepHbix peaKuiit!: OH.HH. Bbi6op npeiiMymecTBeHHoro KaHana peaK-
157 

UIIII llrrH nonyqeHIIH II30Tona Er ocymecTBrrHrrCH II3MeaenneM aaepruu 

qacTIIU 12 C C llOMOmbiO I}Jonbrii II3 arr!OMIIHIIH TonmiiHOfi: 2,5 MrlcM2, 

MIImeHb II3rOT8BniiBarraCb MeTOllOM OCa)KlleHIIH OKIICII CaMapiiH-149 Ha BriiO

MIIHIIeByiO I}Jonbry -. ITOllriOmKy Torrm II HOt!: - 6 Mrl CM2, BpeMH o6nyqeHIIH ) 

cocTaBnHno 20 MIIHyT, HaMepeHIIH Haqnnaniicb qepea 5-10 MHHyT nocne o6-. 

nyqeHIIH, llnH IIayqeHIIH raMMa-cneKTpa ucnonbaoBanncb KaK cMecb 157Er + 

+ 1S7
Ho , TaK II 157

Ho , Bb!lleneHHb!l!: XIIMIIqecKII II3 sp51IH /61, 

ITpiiMeHHniiCb TaK)Ke IICToqHIIKH 157Er + 157llo , nonyqeHHhie npu 

pacmenneHIIII TaHTana npOTOHaMII C 9Hepr1Iel!: 660 M 9B Ha BHyTpeHHeM rryq

Ke cunxpounKnoTpoaa OHHH, B aToM cnyqae npoiiGBOlliirrocb paanenenne 

II30TonoB Ha Macc-cenapaTope l7 I.-
157 

HanyqeHIIe Ho IICcnenoBanocb KaK B paBHoBecun c MaTepnHCKIIM 
157 . 157 . 

Er ( '11 I 2 = 24 MIIH), TaK II c IIcnorrb3oBaHIIeM _npenapaTa Ho 

157 
BhillerreHHOro XIIMIIqeCKIIM MeTOllOM II3 Er qepea 40 MIIHyT ITOCrre paa-

nenef!liH II30TorroB sp61IH na Macc-cenapaTope. 

6) MeTOlliiKa II3MepeHIIt!: u sKcnepnMenTanbHbie 

peaynbTaThi 

HaMepeHIIH cneKTpoB raMMa-nyqefi: 157Ho npoBOlliiniicb c rroMombiO 

aMnnnTynnoro MHoroKaHanhnoro aaanuaaTopa AH-4096 c ucnonhaoBalmeM 

5 



'Ge ( l.Ji ) - JleTeKTOpOB C 'IyBCTBHTenbllbiMH 06'beMaMH 0,5 CMg (paspeme-

aRe O, 7 K9B B o6nacTH aaeprHfi 100 KaB H 1, 7 KaB aa raMMa-nyqax 

6° Co ) . 181 H 10cM3 ( paspeweaHe 2, 1 KaB aa .raMMa-nyqax 6° Co. ) 191• 

YfsMepeaHe KOHBepCHOllllbiX aneKTpOHOB npOBOilHnOCb C nOMOIIIbiO aMnnHTYil

HOI'O MaoroKaaanbaoro aaanHsaTopa Al1-4096 c HcnonbsoaaaHeM Si ( Au )

JleTeKTopa c ToniiiHHofi 'IYBCTBHTenbaoro cno.~~: 2 MM H nnomallbiO too· MM2 
. . 152 /10/ 

(paspeweaHe 2,0 KaB aa aneKTpoaax K ( 121) KaB Eu ) • 

B Ta6nHue 1 cBelleHbl pesynbTaTbi aHanHsa cneKTpoB raMMa-nyqefi 

H KOHBepCHOllllbiX aneKTpOHOB BHyTpeaaefi KOHBepCHH H MynbTHnOnbHOCTH 

Jln.H p.Hila nepexolloB. ITpn pac'IeTe aKcnepHMeaTanbllbiX saa'!eHHfi Koa¢qmuH

eaToB BHyTpeaHetl KOHBepcHH a K , a L , aM npnaHManocb, 'ITO nepexoll 

C aaeprHelt 60,8 K9B HMeeT MynbTHnonbHOCTb THna M 1 / 2/ ( a L Teop= 

1,410). 

l1ccnelloBaHHe cneKTpoB raMMa-raMMa-coanaJleHHlt npoBollHnocb c 

noMOIIIbiO llBYXMepaoro aaanHsaTopa 1 11/ aa 6ase 3BM "MnacK-2 .. H llByx 

'Ge ( l.Ji ) -lleTeKTopoB c 'IYBCTBHTenbHbiMH o6'beMaMH 24 H 25 cM3. B aToM 

cny'Iae HCnOnbSOBanc.H pa/lHOaKTHBHbifi HCTO'IHHK 
157 Er , nony'IeHHbifi B 

. 149 12 157 
peaKUHH Sm ( C, An ) Er • l1sMepeaH.H cneKTpoB raMMa-raMMa-

157 
coBnaJleHH!t npH pacnalle Ho aa'IHHanHcb qepes 10 MHHYT nocne o6nyqe-

157 . 
HH.H H npO/lOn>KanHCb C 0/ll!HM HCTO'IHHKOM Er 1 SaTeM nOCTynan Jlpyrolt 

HCTO'IHHK 157Er nocne cnellyromero o6ny'IeHH.H, Bcero 6bmo Hcnonbsoaaao 

B HSMepeHH.HX 'IeTbipe HCTO'IHHKa, no6aBneane 8KTHBHOCTH 157Er B npo

uecce onbiTa ocymecTBn.Hnocb aBToMaTH'IeCKH: o6nyqeaaa.~~: OKHCb caMapH.H 

-149 B BHile cycneHSHH B aMHnaueTaTe nocTeneHao ocamllanacb B cneuHanb

aolt cTeKn.Haaotl rtpo6HpKe B patton pacnonomeHH.H 'Ge ( l.Ji ) - JleTeKTopoB, 

Bbt6op aHepreTH'IeCKHX oKoa lln.H npoBelleHH.H aKcnepHMeHTa raMMa-raMMa

coBnaJleaH!t npoBollHnc.H sapaHee no nporpaMMe, paspa6oTaHHotl M.l1. 4>oMH

HbiX. PesynbTaTbi aaanHsa raMMa-raMMa-coanalleHHti: npn pacnalle 157Ho 

npHBelleHbl B Ta6nHue 2, KpeCTHKaMH OTMe'IeHbi COBnaJlaiOIIIHe l'aMMa-nepe-

XOilbi, 

6 

I \ I 

SaeprHH x oraoc 
CKOHHYX 3JieltrpO 

II 

Er Jr 

I ~ :3 

I. 40,0 X 6 

2. 60,8;tO,I 
)( 

25,0;t0;5 

:3. 87 ,O;tO,I x 29,I;t0,5 

4. II0,:3.;t0,2 x :3,I;t0,:3 

5. I27,I.;t0,2 
')( 

I,I.;t0,:3 

6. I47,8.;t0,2x 8,9;t0,5 

7. 15:3, I .;tO, I 
)( 

I:3,2.;t0,6 

B. I62,2.;t0,:3 J( 6,I.;t0,9 

9. I79,8.;tO,I x 2,7;t0,4 

IO. I82,4.;t0,2 >~ :3,2.;tO,? 

II. 187,9.;t0,1 l( I6,6.;t0,6 

!2. 19:3,.3.;t0,2~ .31, 6.;t0,8 

D. I96,6.;t0,3.>( 2,5+0,4 

14. 209,0.;t0,2 If 5,8.;t0,2 

15. 258,2.;t0,2 
)( 

4,7z0,5 

16. 267,0.;t0,4 
)( 2,4.;ti,2 

. ){ 
17. 272,:3.;t0,1 I8,6.;tl,5 

18. 280, I .;tO, I 
~ IOO,O.;t2,8 

19. 297 ,2.;t0, I :3, 5.;t0,2 

20. :309,2.;t0,.3 

21. :320,8z0,.3 X 7,0.;t2,4 

22. 'J:37,4.;t0,4 

2:3. :341,4.;tO,I 
)( 

74,6,!1,8 



MaMH 0,5 cM3 ( paapewe-

~a aa raMMa-nyqax 

~MMa-nyqax 6° Co. ) 191• 

ICb. C UOMOWb!O aMnnHTY.Il

:cnonb30BBl!HeM Si ( Au ) -

~<tM u nnoma.nbro too· MM2 

152 E ) I 10/ IB u • 

cneKTpoa raMMa-nyqetl: 

:HH H MynbTHUOnbliOCTH 

IbllbiX aaaqeautl: Koacp!Jmuu-

IpHliHManoch, "'TO nepexo.n 

/2/ ( 
Ia M 1 a L Teop= 

a.neautl: npoao.nunocb c 

! 3BM .. MHliCK-2 .. H .nayx 

:aMH · 24 H 25 cM3. B aToM 

, nonyqeaabttl: a 

cneKTpoa raMMa-raMMa-

~ 10 MHllyT nocne o6nyqe-

' aaTeM nocTynan .npyrotl: 

Bcero 6btno ucnonbaoaaao 

THBHOCTH 157Er B npo

ny"'elll!BH OKHCb CaMapHH 

10 oca~.nanacb a cneuuanb

'Ge ( Li ) - .neTeKTopoa. 

IepuMeHTa raMMa-raMMa

laapa6oTaHHotl: M.H. ll>oMH

!HHtl: npH pacna.ne 157Ho. 

:oana.naromue raMMa-nepe-

. l 

.! 

I \ I 

Ta6JIHUa I 

3aeprHH H OtHOCHteJI»HWe HHteHCHBHOCTH rawwa-Jiyqel H KOHBep
CHOHHHX aJiexrpoaoB npx pacn~e I57Ho.KBK H BWBo~w o MYJILTH

noJILHocrax.nepexo~oB B I5717~ 

I 

I. 
2. 

2 

40,0 X 
)( 

60,8.:tO,I 

3. 87, O.:tO, I x 

4. II0,3.:t0,2 x 

5. 127,1.:t0,2 )( 

6. 147 ,8.:t0,2 x 

7. 153,I.:t0,1x 

8. I62,2.:t0,3 )( 

9. I79,8.:tO,I x 

10. I82,4.:t0,2 >~ 

II. 187,9.:tO,Ix 

!2. I93,3.:t0,2 x 

D. I96,6.:t0,3 x 

!4. 209,0.:t0,21f 

·- IS. 258,2.:t0,2l< 

!6. 

!7. 

18. 

)( 267,0.:t0,4 
)( 

272,3.:tO,I 
)( 

280,l.:tO,I 

19. 297,2.:t0,1 

20. 309,2.:t0,3 
Jl 2!. 320, 8.:t0,3 

22. 'J'J7,4.:t0,4 

J~~. J DOJIH • 

4 5 6 

6 

35,25.:ti,O 300,0 

7 

(I,4I)** 

lly.i!LTH
DOJIL
HOCtL 

8 

25,0.:t0,5 

29,l.:t0,5 

3,I.:t0,3 

I2,94.:t0,79 I40,9 (0,44.:!;0,04) 

MI 

MI 

I,l.:tO,J 

8,9.:t0,5 

I3,2.:t0,6 2,82.:t0,24 

6, I.:t0,9 

2,7.±.0,4 0,33.:tO,OB 

3,2.±.0,5 

16,2 

I6,6.:t0,6 0,68.:t0,06 I7,4 

3I,6.:t0,8 I0,50.:tO,I3 I,08.:tO,I4 43,4 

2,5+0,4 

5,8.:t0,2 0,70.:tO,II 

4,7.:t0,5 

2,4.:ti,2 

6,5 

E2 

EI 

E2 

O, 04 I.:tO, 005 EI 

0,330.:t0,020 MI 

0,129,!0,026 E2 

18,6.:ti,5 I,78.:tO,I1 O,I9.:t0,05 20,6 O,IOI.:t0,020 KI 
IOO,O.:t2,8 9,75.:tO,I6 1,44.±.0,06 I1I,2 0,098.:t0,004 MI 

3,5.:t0,2 

7,0.:t2,4 

)( 
23. 'J41,4.:tO,I 74,6.:tl,8 4,I3.:t0,07 0,66.:t0,6 79,4 0,055.:t0,002 MI+E2 
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npo~onxewxe ra6nHuu I 

I 2 J 4 5 6 7 8 

24. :35:3,7!;_0,2 1,5!;_0,:3 lro 
)( H 

25. :359,6!;_0,2 4,7!;_0,:3 0,26!;_0,08 5,0 o, 424!;_0, 086 10 
:JJ 

26. :367,1!;_0,2 I,9!;_0,J ::t 
Ill 

27. J79 ,2!;.0,2 )( 
IIC 

0,8!;_0,1 '0 It' 

28. :388;6!;.0,2}1 1,7!;_0,2 
:! 
Q) 

29. 400,4!;_0,:3 I • = X 1,2!;_0,.3 
Q) 

JO. 420, 6!;.012 " l\0 IIC 
)( :n. 429,5!;.0,:3· 0,6 0 

I=( 
0 

J2. 449,6!;_0,:3 I Pc 
t:: 

JJ. 462,9!;.0,4 
)( 

1,5!;_0,:3 

Jlt. 466,9!;.0,:3 )( I, 7!;_0,.3 

:35~· .476, 7.:!;Q,2 )( 2,:3!;_0,2 

J6~ 50:3,5!;_0,4 0,8!;_0,:3 0,084!;_0,02 0,9 0,107!;_0,020 Y2 
. )( 

. :37. 508, 6!;_0, 2 10,4!;_0,5 0,16!;_0,04 10,6 0,016!;.0,00:3 E2 
• X 

J8. 555,7.!0,1 12,3!;_0,4 O,J2!;.01 0J 12,7. 0,0196!;_0,0050 YI I ·~ 
39. 570,1!;_0,2)( 2,2!;_0,:3 

40. 649,0.!0,:3 X 1,4!;_0,:3· 

41. 685,5!;_0,2 :3,0!;_0,2 
X ~ H 

42. 688,5.!0,2 2,4.!0,2 .. .. 
0 0 

4J. 70J' 4.!0, J 0,6!;_0,2 "" +I +I 
~ t"--.. .. 

41t. 708 1 8!;_01 2 X 5,6!;_0,2 
,t,. N 0 

• )f 
I,J!;_O,J .:;o.:: X 45. 749,2.!0,:3 

N N 
46. 779,2.!0,2 I, 8.!01:3 

.. .. 
·o 0 

47. 79I 1:3!;.01 Jx 0,8!;_0,2 
+I +I 

"" ~ 
N .. .. 

48. 828,6.!0,2}1 2,5.!0,2 0\ "" C\1·\0 
)( 

4,5!;_0,2 
0\ 0 

49. 8:35,8!;_0,2 H 

50. 87~,:3.!0,2 )( .J, 6!;.0,:3 • • 
H N "" . . )( IJ') IJ') 

51. 897,0.!0,1 16,0!;_0,4 

8 



U) 

~ ~ \J1 0 ~ .. .. .. 0'1 )=o .....:J 0'1 \0 0 0 
~ 
M 0 0 0 CD .. .. ~ 

0 a:: s 0 H .. a:: H 0 ~ CD \0 0'1 .....:J 1\) 
IC'I I+ I+ 1f ... + 0 0 .....:J I» 0 .. .. 

9 0. .. 0 2 ~ 0 8 @ :s: @ 0 s: 
0'\ II: 0 

H 

IS (X) 
II: ~ ll5 H 

------~ --~~ I 

npo)to~zeaxe ta6~KUY I 

I 6 7 8 

52. 929,3;t0,2 
)f 

2,4;t0,4 

53. I063,4.::t0,2 )( 0,7,::!:0,1 
)( 3,6,!0,4 54. II49,9+0,2 

' -
55. 12II, O;t0,2 )( 9,7,::!:0,4 

56. I379,9.::t0,2 I, 7,!0,2 

57. I459,3.::t0,4 1,3,!0,2 
-

IlpHMetlaHKe: * IIepexoAY, pa3MenteHHYe B cxewe pacna;ta 157Ho. 

**npx pact~ete K031f.xPHUKeHl'OB BHytpeHHel XOHBepCKH 
CX.K ( OCvt) npHHHMaJlOC.b t ti!O nepeXO)t C 3HeprHel 60,84 

:s:aB rHna JU (otL =I,4I). 
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c noMOIUhlO :3BM - "MHJ 

0'6tr9 ·I + I nporpaMMbi 'KATOK' I J 

llBHHbiX npeAnaraeTCH ex 

L.'~~~ 

' 
+ + + I Kpy>KKBMH noMe'leHbl K8C 

tr'ItrC I I 
Ma-raMMa-coana~:teaHt!:. < 

~1 
aaepreTH'IecKoro 6an~ac 

B'OcC I + I HHti: M It npHHHMano 

2310 KaB I 181 • . 
I'OBc + 

c'cL?. + + ' 
Bos6v)KneHHbie ' 

naMM. I 141. 'Hcnom 

0 'L.9'e I + I qeT paaaoaecaoA Ae~opM 

C\1 I I 
OT E H t 4 ( E H f:4 

3 c'C6I + + I ~OpM8UHH 1 COOTBeTCTBeH. 

IIC 
-: 
"0 I B'L.BI I tl! + 

B'6L.I I .HilpO £ 

+ ;t c'~I ' + I 157Dy ,, 0,216 

I'C~I \ + I 
159 Dy 0,236 
161Dy 0,251 

B'L.tri ) I 
163' 0,260 + + Dy 

165Dy 0,267 

I 
co 0 co C\1 co co C\1 "' 1-4 co ~ .. .. .. .. .... • .. ... ... ... ... 
0 I:' I:' ~ 0\ I:' "' C\1 0 0 1-4 

' 
Cornacao naMMy, \0 co .::t' I:' co 0\ I:' co C\1 .::t' 

1-4 1-4 1-t 1-4 1-4 C\1 C\1 "' "' paKTepHCTHKH 312- ·1521 

(312) noATBepmAeaa aKc 

. 
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CneKTpbl raMMa-nyqefi n KOliBepcnoliHbiX aneKTpoaoB o6pa6aTbJBanncb 

c noMOIIlblO 3BM - "MnacK-2" c ncnonhaoBaaneM cBeToBoro Kapaaaawa n 

nporpaMMbl "KATOK' 1121• Ha ocaoBaann aaannaa aKcnepnMearanbllblX · 
' 157 157 

aallllb!X npeanaraeTcR cxeMa pacnaaa Ho -+ Dy ( pnc, 2). Ha pncyaKe 

Kpy)KK8MH llOM9'19llbl K8CK8Jlbl raMMa-nyqefi, BB9Jl9llllbl9 lla OCliOB8liHH raM

Ma-raMM8-COBll8Jl9liHHo 0cTanbllb19 ypoBliH 157Dy BB9Jl9llbl lla OCliOB8liHH 

aaeprernqecKoro 6anaaca n 6anaaca nareacnBaocreH:, ITpn pacqere aaaqe-

anH: lg f t npnanManoch, 'ITo paaHOCTb Macc157Ho -+ 
157Dy paBaa 

2310 K9B 1131, 

B 6 . 157Dy 6 03 Y)KL19l!Hbl9 COCTORliHSI _ H 0 cy)KL19l1He pe:3YnhT8TOB 

naMM. I 141. 'ncnonb3YR M9TOJl Beca n lliHMaliCKoro I 151 i npoBen pac

qeT paBHOB9CliOH Jl9~0pMaUHH JlnR li9'19Tllb1X RJlep JlHCllp03H.II B 3aBHCHMOCTH 

OT £ n £4 ( £ n ~: 4 -sHa'lellnR KBaapynonhaofi: n reKcaaeKanonhaofi: ~ ae-
~opMaunn, coorBeTCTBeaHo), PesynhTaTbl 9Tnx pacqeroB aaHbl B ra6n. 3, 

.Hapo ( 

157Dy 0,216 

159 Dy· 0,236 

161Dy 0,251 
163 

Dy 0,260 

165Dy 0,267 

Ta6nnua 3 

-0,022 

-0,018 

-0,010 

-0,001 

0,009 

KBaliTOBbJe 
xapaKTepHCTHKH 

~12 1521/ 

312 15211 

512 16421 

512 1523/ 

712 16331 

CornaCliO na.MMy, OCliOBHOe COCTO.IIliHe 157
Dy HMeeT KB8liTOBbl9 xa

paKTepHCTHKH 312- ·1521/, BenH'IHHa CllHlla OCliOBliOro COCTOHliHH 157 Dy 

(312) noaTBep)KJJella aKcnepnMeliTanbHO A. PoaeHoM 11 ap. 1161, 

1 1 
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a) Boa6ymlleHHhi 

OCHOBHOro COCTOHHI 

ITpH HccnelloBaHHH H 

I 505/) B 157Dy (pH Co 2) 

nepexollOB c"aaeprHeft 61 

148 KaB - THna E2. 3TH 

aHeprHeft 148 KSB (7/2-) 

COCTOHHHH l57Dy ~/2- / 

. T., fpOTll8ltb H llP· I 

157Dy H 156Dy ( d t p ) 

HOBHOro COCTOHHHH 3/2-

(5/2-), 147 KSB (7/2-) I 

. 157.H 
pacnalle o TaKme Haf 

60,8 KSB (5/2-), 147,8 K 

nonOCbl OCHOBHOrO COCTOSi 

6) Boa 6 y m ll e H H hi 

5/2- /528/ 

T. fpoTllan& H llP• ' ' 
157 ypoBHH Dy c aHeprHHlli 

(9/2-) poTaUHOHHOft nono 

Ma-cosnalleHHft H Myn&THI 

aHeprHHMH 341,1 Kas.(5/ 

nonochx •. 06oaHa"'eHHbift n: 

( 9/2-) 1 BepOHTH01 HBnHe~ 

s) YpoBHH c n1 

Ha aaanHaa aKcnepl 

SHeprHeft 187,8 KSB (5/2' 

Ha6mollanii ypoBHH c aHeJ 

STHX ypOBHeft 8BTOpbl / 1l 
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a) B o 3 6 y )I{ ll e H H bl e C 0 C T 0 SI H H Sl p 0 TaU H 0 H H 0 fi n 0 n 0 C bl 

OCHOBHOI'O COCTOSIHHSI 312- 15211 

ITpn nccneaosaHHH H30Mepuoro cocTOSIHHSI c aueprnefi 199 KaB (1112-

/5051) B 
157Dy (pHCo 2) B pa6oTe 

121 
nony'leHo, 'ITO MynbTHnOnbHOCTH 

nepexoaos c aueprnefi 61 H 87 KaB Tnna M 1 , a nepexoaa c aueprnefi 

148 K9B - THna E2. 3TH nepeXOllbl pa3pSimaiOT B036ymJleHHbie COCTOSIHHSI C 

aHeprHefi 148 K9B (712-) H 61 K9B (512-) poTaUHOHHOfi nonOCbl OCHOBHOI'O 

COCTOSIHHSI l5 7Dy ~~2- 15211. 

T. fpoTJlanb H llP• 1 11 npn H3y'leHHH HllepHbiX peaKunfi 
158Dy ( d , t·) 

157Dy H 
156

Dy ( d p ) 157
Dy ua6n10Jlann TaKme poTaunoHHyiO nonocy oc-

HOBHoro COCTOSIHHSI 312- 15211 157Dy C 9Hepi'HSIMH 0 K9B (312-), 60 K9B 

(512-), 147 KaB (712-) H 257 KaB (912-). B uamnx nccneaosaHHSIX npn 

157,H 6 6 pacnaae 0 TaKme Ha n!Oll810TCSI B03 y mJleHHbi9 COCTOSIHHSI C 9HeprHSIMH 

60,8 K9B (512-), 147,8 K9B (712-) H 258,1 (912-) - ypoBHH pOT8UHOHH?fi 

nonOCbl OCHOBHOI'O COCTOSIHHSI 312- 15211 157
Dy 

6) B o 3 6 y )I{ ll e H H bl e C 0 C T 0 SI H H SI p 0 TaU H 0 H H 0 fi n 0 n 0 C bl 

512- 15231 

T. fpoTaanb H ap. 1 11 B ( d , t ) n ( d , p ) peaKUHHX ua6ni0Jlann 

ypoBHH 
157Dy C aHeprHSIMH 340 K9B (512-), 418 K9B (7/2-) H 517 K9B 

( 912-) poTaunouuofi nonoCbi 512- 15231. 113 auann3a cneKTpoa raMMa-raM

Ma-cosnaaeHHfi H MynbTHnOnbHOCTeli: nepeXOllOB H8MH BBeJleHbl ypOBHH C 

aHeprHSIMH 341,1 K9B (512-) H 420,4 K9B (712-), 'lneHbl 9TOfi pOT8UHOHHOfi 

nonoCbi. 06o3Ha'leHHbifi nyHKTHpHofi nHHHefi ypoBeHb c aueprnell: 515,6 KaB 

( 912-) t BepOHTHOt HBnSieTCSI T8K)Ke 'lneHOM nonOCbl 512- 15231 • 

a) YpoBHH c nonomnTenbHOfi 'leTHOCTbiO 

113 auann3a aKcnepnMeHTanl>HbiX aaHHbiX HaMH aaeaeH ypoBeHb c 

aueprnefi 187,8 K9B (512+). B peaKUHHX ( d , t ) fpoTJlanb H Jlp, 111 

ua6n!OllanH ypoBHH c aueprHHMH 187 H 209 KaB. OaHaKo o cnnue H 'leTHOCTH 

aTHX yposuell: aBTOpbi I 11 He BbiCKa3biBaroTcSI. 

13 

~.' 



· .. 
---.:__ 

B cocenneM .HJlpe 
159

Dy 
1 1• 17•181 

naomonaroTc.H ypoBHM nono>KMTenb-

+ . + 
HOfi 'leTHOCTM C 9HeprMefi 177,6 K9B (512 ), 209,0 K9B (712 ) Ii 239,6 K9B 

( 912+). ITo Mon'emr HMnbccona 9TH ypoBHM MO>KHO paccMaTpMBaTb KaK qneHbi 

+ . 
poTauMonnofi nonoCbi 512 16421. 11s cpaaneHM.H cnenyeT, 'ITo naonronaeMbie 

11 17/ + 
ypOBHM 187 Ii 209 K9B B paooTe ' H ypOBHeM 187,8 K9B (512 ) B 

nawnx nccnenol3amr.Hx, aepo.HTHo, .HBn.HIOTC.H 'lnenaMH sTofi nonocbr. 

r) .llpyrMe ypoBHH 

YpoBHM c sneprMefi 162,2; 508,6; 527,4; 688,0; 1050,0 M 1211,2 KsB 

fiOKa TpyJlHO HHTepnpeTMpOB6Tbo 

. _ HaonronaeMbie ypoBHM 897,0 KsB ( 512-) M 990,4 KsB MHTepnpeTMpyroTc.H 

HaMM KaK 'lneHhl pOT6UMOHHOfi nonOChl 512- 15121. 
· Ill -

B paooTe HaonronanHCb T6K>Ke B030Y>KileHHbie COCTOSIHH.II C 9Hep-

I'Hefi 90 J, 985 H JJO 1 K9Bo .llByM nocne)lHMM COCTO.IIHM.IIM 6BTOpbl fipMITHCbiBa

IOT KBaHTOBbie xapaKTepHCTMKH 712-, 512 15121 Ii 912-, 512 15121,- COOT-

BeTCTBeHHOo 

Ha pMc. npMBe)lelibi OCHOBHbie pesynbT6Tbl aHanM::ia B030Y>KileHHbiX 

COCTO.IIHMfi 
157

Dy , nonyqeHHbiX B H6WMX MccnenoBaHM.HX, B peaKUH.HX ( d , 

t ) , ( d , p ) 1 11, a TaK>Ke Ms pa?nana nsoMepnoro cocTo.HHM.H 1112-

15051, nonyqennoro B peaKUMM ( 3 He,3n) 121. 

n) CnHH OCHOBHOI'O COCTO.IIHH.H 157Ho 

Henocpe)lCTBeHHOe Ii3MepeHHe CfiHHa OCHOBHOI'O COCTO.IIHM.H MeTOJlOM 

aToMHbiX ny'IKOB B paooTe 
1191 

nano sna'leHMe cn~na 712. ITo MonenM 

HHnbCCOH6 lln.H 67 npoTOHa B03MO>KlibiMM .HBn.HIOTC.II COCTOSIHMSI nMOO 712-
+ 15231, nM6o 712 14041. 

157 157 
11s ananMsa cxeMbi pacnana Ho -+ . Dy , sHa'leHMfi Ig It 

(pHCo 2) cnenyeT, 'ITO KB6HTOBhlMH xapaKTepMCTMK6MM OCHOBHOI'O COCTOSIHM.II 

157Ho s!Bn.IIIOTCSI 712- 15231. 

J13 cpaBHeHHSI TeopeTM'IeCKMX 3Ha'leHMfi ne$opM6UMM JlnSI 159 Dy Ii 

157 
Dy ( Taon. 3), nony'leHHbiX naMMOM I 141, O>KMnaeTcSI ananorM'IHoe no-

14' 

Conocraueue a 
B aJtcnepueare c OJI 

f 

KTI ~ 
I57n~ 

Hamx JtaHBwe · -
Jt31 -2 

'J/2- 0 

5/2+ 188 

'J/2+ 

5/2- 341 

'J/2+ 

I/2+ 

I/2+ 
'" I/2-

II/2- I99(a) 

i 
7/2+ 

3/2-

I/2-

5/2- 897 

7/2-
5/2+ 

'J/2-

DpiMetlaHxe: .a) 

... -----



>JlBIOTCH ypoaan rrono*nTenb-
. . + 

19,0 KaB (7/2 . ) H 23916 K3B 

mo paccMaTpnBaTb KaK qneHbi 

I cnenyeT, 'ITO Ha6nronaeMbie 

ieM 187,8 K3B ( 5/2+) B 

HaMn aTofi rronocbi. 

88,0; 1050,0 H 12111 2 KaB 

990,4 KaB HHTeprrpeTnpy!OTCH 

u. 
o:eHHbie COCTOHHHH C aHep-

:::TOHHHHM 8BTOpbi IIpHIIHCbiBa

·H 9/2-, 5/2 /512/ 1 • COOT-

hi aaannaa soa6y*JleHHhiX 

)B8HHHX1 B peaKUHHX ( d 1 

>Mepaoro COCTOHHHH 11/2-

Ho 

~DrO-COCTOHHHH MeTOJlOM 

:rrmia 7 I 2. rr 0 Monenn 

CH COCTDHHHH nn6o 7/2-

.. ,' aaaqeanfi Ig it 

~K8MH OCHDBHoro COCTOHHHH 

·opMaunn nnH 
159 Dy n 

r{nnaeTcH aaanorn.'taoe no-

t-
1 

i 

I 
l 

I57_n 159 
Kti :J (aitcn.) ]I:J(non/201) 

(d ,p) X (d ,t)/IJ Ctpyuypa Haunt JtaRHse E yp COCTOJIHHi - %:' 
IE YD It3B E YD K3B It3B 

1 '2 J_ 4 5 

3/2- 0 0 0 3/2-/521/ 94 ' 

5/2+ 188 197 5/2+/642/ 97 

'J/2+ 235 240 'J/2./651/ 89 

5/2- 'J4I 340 290 5/2-/523/ 91 

3/2+ 306 'JOO 3/2+/402/ 72 

I/2+ 388 330 I/2!/400/ 63 

I/2+ 500 I/2./660/ 79 

I/2- 464 530 I/2-/521/ 55 

II/2- I99(a) 199 820 II/2-/505/ 99 

7/2+ 1000 7/2./633/ 64 

3/2- 399 1040 3/2-/532/ 80 

I/2- 555 IIOO I/2-/530/ 66 

5/2- 897 (901) 1200 5/2-/512/ 64 

7/2- 1270 7/2-/521/ +9 87 

5/2+. 1340 5/2+/400/ 68 

3/2- 1:)50 3/2-/521/+9 roo 

llpaueqau•e: .a) ypoB&Hh, uaOnmAa&Mwl B paOote 121• 

15 



B9Jl9HII9 0JlHO'I8CTH'IHbiX C 

Jl N H tn § 
aKcnepHMeHTanbHhiMH pea 

~ .::t" 8 OJlHO'I8CTH'IHhiX COCTOHHHf 0 .. .. .. .. 
TaHHbiMH 8BTOpaMH pa'ooT 

0 0 0 0 
I I I 

.tn CQ B TaonHue 5 npH~el 
(I) 

nonoc B 157Dy H. 159Dy 3 ~ 0 co "" N -< .. .. .. .. Ill N 0 H N 
~(I)=Ef+A[Ii 

.., H H H H '0 

~ IX\ 

Ill IQ 
Ha OCHOB9 9KCnepHM9HT8l t') 

-< r.4 
nnH ypoBHelt pOT8Ul ~ 

~ co -co · H H,.::t" "" ' aa~HMOJleltcTBHH Kopnon111 
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I 

paCC'IHT8HHbllt JlnH )lecjl?p: '· 4) H N "" .::t Ln "" "" '0\ I 

~ H C\1 "" "" Ln 1:', 
~ 

fi2 ~ A K, K+l = 2] I < K = . 
Ill 
Ill 

i TaKoe aHa'leiiHe MaTpH'IHI Ill I 
Q) Q) 

' ::r ... B38HMOJl9ltCTBliH Ha aHepi 

"' w 
Ill "' ~ 

Mb!X poTauHoHHhiX nonoc (I') 

~ ~ ~ • >4 ~ ~ ~ C\1 

I 
B aaKniO'IeHHe aBTOJ ::11 ~ N Ln 

¢eccopa r.H. ~nepoaa 38 =- Q) Ln .......... ........ = ::IIIII ........ ........ • Ill • 8 II "' ..... N C\1 
9KCnepHM9HTOB B naoop8' ... 0111 ~ • a a C\1 • a ~ ~ • ... ... 

~ ::r :r:o "" .. .. 38 noMOIIlb npH npoBeJleH: 0 QSIII .. .. I I I I I I I 0 ~ I ~~IN I I I I C\1 C\1 C\1 N C\1 C\J C\J 00p800TK9 peaynbTBTOB. £ C\J C\J C\J N N ' ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ 0\~ 0\ 

\0 

01 ~ ,~, 
~ fn8 ~ 

I I 1. T.Grotdal, K.Nyl: Ln H H 
Selsk. ,·. 37, No. 

2. J.Borggreen, G.E 
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B9A9HH9 OAHO~aCTH~HhlX COCTOHHH~ STHX HAep. 3TO ITOATBep~aeTCH TaK~e 

aKcnepHMeHTanhHbiMH peaynhTaTaMn. B Ta6nnue 4 Aano conocTaenemie 
. 157 

OAHO~aCTH~HbiX COCTOHHH~ Dy 1 nony~eHHbiX B aKcnepHMeHTe, C pacc~H-

TaHHblMH aBTOpaMH pa60Tbl /20/ OAHOiJaCTH~HbiMH COCTOHHHHMH 159 Dy • 

B Ta6nnue 5 npneeAeHbi aHa~eHHH A= 2~ H B AnH poTaUHOHHbiX 

nonoc e 157Dy n· 159Dy , pacc~nTaHHbie no !f>opMyne 

Ha OCHOBe SKCITepHMeHTanhHblX peaynhTaTOBo 

nnH ypoBHe~ poTaUHOHHblX nonoc 3/2- /521/ H 5/2- /523/ BnHHHHe 

eaanMoAe~CTBHH Kopnonnca Mano. MaTpH~Hbi~ aneMeHT eaanMoAe~cTBHH, 

pacc~nTaHHbi~ AnH Ae!f>opMaun1t c = 0, 2 n c 4 = 0, HMeeT Bbtpa~eHne 

tr2 
A K. K+1 = 2] I < K I J - I K + 1 > I & -1.339-. 

2] 

TaKoe 3Ha~ei1He MaTpH~Horo aneMeHTa yKa3biBaeT, ~To nnHHH,ne aToro 

eaanMoAe~cTBHH Ha aHepreTn~ecKoe pacnono~eHne ypoBHeil paccMaTpneae-

MbiX poTaunoHHbiX nonoc Mano • 

B aaKnro~eHne aBTOpbi c~nTaroT npHHTHbiM AonroM no6naroAapHTh npo

¢eccopa r.H. <t>nepoea aa npeAOCTaBneHHyro B03MO~HOCTh .npoee.AeHHH PHAa 

SKcnepHMeHTOB B na6opaTopHH HAepHhlX peaKuHil, A.BanaHAY H K. KpynHca 

38 ITOMOIUh npH npoBeAeliHH o6ny~eHHH MHIIIeHe~, n. lJepHbl 38 y~aCTHe B 

o6pa6oTKe peaynhTaTbe. 
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