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sr,nepHbiX MCCJie,ItOBaHMit 

HTyTa HllepHb!X HCC.Jl91lOBa
(HHMH. 0HH H31l8JOTCH .. B CO-

rHTOB OT COD6UleHHfi 38KnJO-. 

l31lCTBHII BOCI1pOH3BeneR B 

M c6opHnK·e. 

ry6miKaUHH Ol1HI1 HMeroT 
OCT8BJllllOIUY10 IlOC.Il91lHHe · 

5orTb rrpencTaBneR B 3 Ba-
"'-

'iiHfiCKOM ll3blK8Xo 

~· TO.IlbKO B CTpSHbl-Y'IBCT-
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TH'I9CKHX KaTeropHfi H3Jl8-

'IllM. 
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.r H. coo6rueRHSI OI1HI1 Mol 

opa, nanee - coKpameRRoe 

H r"Oil H31l8HHl'lo 
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ApnbT P., Eal!ep r., Ky3aeuoa B.B., Hol!6epT B., 
noTeMna A.B., XareMaHH Y., XeppM8HH 3. 

P6-5681 

Hccne.aoaaaag·KopoTKO~Haywax H30Mepoa H3oTonoa Tep6HH 
148 Tb, 149 Tb, 16~Tb 162 Tb 

06aapy~eH pH.a HOBbiX raMMa-nepexo.aoa, B03HHK8JOWHX npH pacna.ae 
H3oMepoB 149 Tb H 1 ~ 2 Tb ,a TaK~e npH pacna.ae HeH3BeCTHbiX .ao cax 

nop H3oMepoB H
0 Tb '(. T~~ = (6,0:!:,0,1) MHH), a 148 Tb( T ll .. (2,1:!:, 

:!:,0,1) MHH,) 
npe,anaraJOTCH ljlparMeHTbl CXeMbl p8Cfi8,[18 .[lfiH HCCne.ayeMbiX H30Me-

poa. 

fipenpKHT O&.e,QJIIIeBBoro IIIIC'1'KTYTB J,Qepm.a Hcc.te,llOBBHKI. 

,Qy&la, 1971 

.. 
Arlt R., Beyer G., Kuznetsov v.v., Neubert V., 
Potempa A.V., Hagemann U., Herrmann E. 

Investigation of Short-Lived Isomers of the Terbium 
Isotopes - 148 Tb, 149 Tb, 1 ~ 0 Tb , 1 ~ 2 Tb 

P6-568 

~. A number of new y - transitions produced in the decay of 
149 Tb and 1 ~ 2 Tb isomers as well as in the decay of unknown 

till n?w isomers 100 Tb ( T ~~ • (6.0 '!:_0.1) min), and 
14 ~b ("T ll • 

.. (2.1 :!:_0.1) min) is observed. 
· The fragments of the decay scheme for the investigated 

is~top.es are suggested. 

Preprint. Joint Inetitnte for Naelear Reeeareh. 
Dubu, 1971 



KopoTKO:llmayume H30TOllbi Tep6ns nonyqanHcb B HJlepHbiX peaKunstx 

pacmennennst .nncnpo3HSI na anemneM nyqKe npoTOHOB c aneprnet! 680 Maa 

cnnxpounKnoTpona na6opaTopnn stJlepnbiX npo6neM Ol1Hl1 c nocne.nyiOmHM 
. 139 ( 16 

pa.nnoxnMn'leCKHM Bbl.r:tenenneM H B n.nepHbiX peaKUHstX La 0 , x n ) 
148

-
1112 

Tb .n . 141 
Pr (12 C, xn) 

148
-

1110Tb na ycKopnTene Tst»<enbiX nonoB 

Y-300 na6opaTOpHH HJlepHbiX peaKUHtl Ol1Hl1. 

Mnuienn B BHile nopomKoo6pa3Horo KoMnneKca [ (N 11 4 ) 2 ( Oy ~nTPA)]x/ 
aecoM 1,0 r o6nyqanncb B Teqenne 5 MHHYT na BHemneM nyqKe npoT?HoB. ~ 

TpancnopTHpoBKa aMnynbi c aemecTBOM Mnmenn llO''MecTa XHMH'IecKoro 

pa3Jlenennst ocymecTBnnnacb c noMO!I!biO nneaMaTnqecKot! no'ITbi. TexnnK~ 
I 1 2/ 

aKcnepnMeHTa noJlpo6no onncana B ' • nocne o6nyqennst Mnmenb pacTBo-

pstnacb B 25 Mn BOJlblo npo.r:tyKTbl pacmenneHnst, II8XOJliiB!I!JfeCst B He3aKOMll

neKCOB8HHOti ¢opMe B BHJle TpexaaneHTHbiX HOHOB pe.r:tK03eMenbHbiX aneMeH

TOB cop6HpOB8nHCb K8THOHHTOM naySKC 50 X 8. 1Jepe3 2 MHHyTbi nocne 

Konua o6nytieHHst cMona OTJlenstnacb oT. pacTBopa uenTpn¢yrnpoaanneM, 

npoMbiBanacb ao.noii H nanocnnacb na xpoMaTorpa¢nqecKyiO KononKy ( 2 x 

x 100 MM) c aToll »<e cMonot! B N H 4 - ¢opMe. B KaqecTBe aniOeHTa. 

ncnonb30Bancst 0,5 M pacTBOp anb¢a-oKcnn3o6yTnpaTa aMMonnn. CKopocTb 

BbiM~IBaHnst - 1 Kannst-/ 15 ceK •. ¥13oTonbt Tep6nst nonyqanncb cnycTst 11 MH

HYT nocne KoHua o6nyqennn B o6~eMe 0,1 Mn. 

x/ 
nTP A - JlH9THnei~TpH8MHHlleHTayKcycnast KncnoTa •• 

3 



XnMJI'IeCKaSI MeToJlnKa BbiJleneHnSI npoJlyKTOB pacmennemm ns Mnmeuefi 

[ ** . /3/ BIIJla (NH 4) 2 (RE -llTPA)] onncaua B pa6oTe • 

HsMepeHnSI raMMa-cneKTpoB nsoTonoB Tep6nSI npoBOJlnnnch B nsMepn

TenhHOM ueHTpe na6opaTopnn SIJlepHhiX npo6neM c noMOillhiO auannsaTopoB 

3 AH-4098 c Ge ( Li) -nonynpoBoJlHliKOBbiMll JleTeKTopaMn .8,3 n 38 eM c 

sHepreTnqecKnM paspemeHneM B o6onx cnyqagx 4 K3B JlnSI raMMa-nyqefi 

60 Co • 

EcTeCTBeHao, no cna)ly aKTIIBHOCTH raMMa-nsnyqeHHSI nsoTonoB Tep-

6nSI Bo MHornx cnyqaSix TPYilHO 6bmo npoBecTH OJlHosHaqHyro nJleHTmjmKaunro 

llpliHaJlne)!(HOCTH raMMa-nyqefi K TOMy HnH JlpyroMy li30TOI1Yo f1o3TOMY 110-

nyqeHHe COOTBeTCTBYIOillHX H30TOI10B Tep6HSI B SIJlepHbiX peaKUHSIX 
1. 16 162-14!l... . . 141 12 . _t50-14$.. 39

La( O,xn) Tb npn E1a0max = 141 MsBn· Pr( C,xnJ lb 

npn E 12c = 81 M 3B Ha YCKOpHTene TSI)!(enbiX HOIIOB y -300 na6opaTopim 
max 

SipepHhiX peaKunfi OH.HH nosBonnno npn conocTaBneunn pesynhTaToB HaJle)!(

iio HJleHTHqmunpoBaTh raMMa-nyqn KopoTKO)!(HBYillHX nsoTonoB Tep6nSI •. Bbi-

6op npenMymecTBeHnoro KaHana peaKunn JlnSI nonyqeHHSI Heo6xo)lnMoro nso-

16 Tona Tep6nSI ocymecTBnSincSI nsMeHeHneM sHeprnn uaneTaromnx qacTHU 0 
12 ( . " 139 141p ) 

n C JlnSI Mnmeuen La n r , cooTBeTCTBeHHO c noMOillhiO 

tjlonhr ns anroMHIIHSI. 

TonmnHa MnmeHefi ns MeTannnqecKoro npaseoJlnMa cocTaBnSina 

2 MrlcM
2

, a TonmnHa Mnmeuefi IH3 MeTannnqecKoro naHTaHa -( 4.,.8) MrlcM2• 

BpeMSI o6nyqeHHSI B )laHHhiX 3KcnepnMeHTaX COCTaBnSino 1-5 MHHyT .B 3aBH

CHMOCTH OT nsyqaeMoro li30TOI1a. HsMepeHHe CI19KTpOB CllyCTSI 2-3 MHHYTbl 

nocne KoHua o6nyqeunSI ocymecTBnSinoch c noMOillhiO auannsaTopa AH-4098 
3 c Ge (Li l-JleTeKTopaMn c qyBcTBnTenhHhiM o6'beMoM 33 H 10 eM n paspe-

UieuneM Hll raMMa-nyqax 
6
° Co"' 4,5 H 4,0 K3B1 COOTB9TCTBeHHOo 

x/ 
RE -peJlK03eMenhHhie sneMeHThi. 

4 

162 Tb • B HJlepHOfi I 

raMMa-nyqn, llHTeHCHBHOCT 

B Ta6nnue 1 cBeJleHhi pes~ 

JlaeMbiX npH pacnaJle nsoM• 

Ha ocHoBaHHH aHanns 
' 

sKcnepnMeHTax, HccneJloBa 

150 Sm(a,2n) 152Gd /4/ 

1641 lo , nsyqeHHoro B peal 

148Sm (I 18, 5n) 154 H~ 151
, 11 

' . . 
. . 139 19 . 

B peaKUHH La ( 9F,4n) 

MepHoro COCTOSIHHSI 
152 T 

nyqn c s11eprnefi 282,5 Ks: 

BaTh OTBeTCTB9HHh!MH sa , 

102 
Tb ' ToKo npH HCCne)l 

/8/ ... 
17,4±..0,2 qaca) nepBbiM 
+ . 

2 c sueprnefi 344,4 K3B •. • 

Han6onee BepoSITHo 1 

152 + 
My COCTOSIIIHIO Tb -5 . 

np11 pacnaJle H3oMepuoro c 

MOMY, saceneHneM c JlpyrJ 

)lnSI cpaBHeHHSI IlpHBe)leHa 
/5/ 

B3SITaSI ns pa6oThl • Ka: 

)lOB He pasMellleHa B cxe~ 

log fr IlpHHSIT01 qTO H301'. 
162* . 

a pasuocTh Mace Tb -· 
160 
=.IlL .. B SI)lepHbiX . I= 

(12c 3 > .150 . , n 
65Tb ua6m 

na c nepnoJlOM nonypacn~ 



TOB pacmenneanR na Mnmeaefi 
. /3/ 

pa6oTe • 

p6nR npoBoannncb B naMepn

M b noMomhro aaannaaTopoB 

eKTOpBMH 6,3 ll 38 CM
3 

C 

" 4 KSB anH I'BMMa-ny'leM 

ta-nany'leHMH H30TOITOB Tep-: 

t oaaoaaaqayro naeaTmjJnKaunro 

I'OMY ll30TOny. nosTOMY no

RaepHbiX peaKUHRX 

M
. . · 141 P < 12c ··>100-14$, 
SB n · r ,xn Tb 

lbiX HOHOB Y -300 fla6opBTOpliH 

·aBneann peaynhTaToB naaem

rmnx naoTonoB Tep6nR. Bbt

onyqeanR aeo6xoanMoro nao

·nn aaneTaromnx tJacTnu 16 0 

rBeTcTBeaao) c noMomhro 

aaeonnMa cocTaBnRna 
2 

KOI'O. naHTBHa - (4-6) MI'fCM • 

:TaBimno 1-5 MMUyT .B 3BBll

:rr.eKTpOB cnyCTH 2-3 MHHYTbl 

O~bro aaannaaTopa AH-4096 
' .. · 3 

10M 33 n 10 eM n paape-

, I:;ODTBeTCTBeUHO, 

t 
l 

152 .Tb B • 139 L ( 16 O 3 ) 152 Tb 6 • Haepnon peaKunn 07 a 8 , n 6 5 o napymeHhi 

raMMa-nytJn, nnTencnBHOCTh KDTOpbiX cnaaana c T Y:l = ( 3,9±.0,2) MHH, 

B Ta6nnue 1 cBeneHbi peaynhTBThi anannaa crreKTpa raMMa-nyqefi, na6nro

aaeMbiX npn pacnaae naoMepa Tep6nR-152, 

Ha OCUOBBHHH anannaa llHTeHCHBHOCTeM I'BMMa-nyqeM B HBCTORmMX 
I 

6 15aGd SKCITepnMeHTBX1 nccneAOBBUHR B03 ymneH!IbiX COCTORUIIM B peBKUHH 

150 Sm (a, 2 n ) 152 Gd 
141, cpaBneanR c pacnaaoM naoMepnoro cocTOHHIIR 

15 4 148 ( 10 ) 154 H /5/ Ho , nayqeaaoro B peaKUIIRX Sm B, 4 n o n 

148SmeiB,5n) 104 Ho 151 , II liCCnenoBBHHR B036y>KneHUhiX COCTOHHHM 
154

Dy 
139 19 154 /5/ 

B peaKunn La ( 9 F, 4 n ) Dy npeanaraeTCH cxeMa pacnana nao-

Mepaoro COCTOHHMR 152 Tb ( pnc, 1), Ha6nroaaeMbie HHTeUCliBHbie I'BMMB

ny'lli C 9HeprneM 282,5 K9B ( Ta6n, 1) 1 IIO-BHAliMOMy1 cnenyeT paCCMBTpH-

BBTb OTBeTCTBeHHbiMH 38 pacnaa H30Mepa 
152 

Tb B OCHOBHOe COCTOSIHHe 

152Tb 152Tb(TIJ/z --' T,K, npii liCCneaoBBHliH pacnana OCUOBHOI'O COCTOS!HliR 12 

/6/ 17,4±_0,2 qaca) nepBbiM B036y>KneHHbiM COCTORHHeM S!BnSJeTCR ypoBeHb 

2+ c auepriieM 344,4 K9B, " 

Han6onee BepOHTHO IIpHITHCBTb KBBHTOBbie xapaKTepliCTHKli li30Mepuo-
152 + + . 

My cocToRanro Tb- 5 . Ha6nroneune ypoBHH 8 c aueprnefi 1745,6KaB 

152 Tb npii pacnane II3oMepaoro cocTOHHMH cnenyeT o6~RCHHTh, no-Bnan-

MoMy~ aaceneuneM c lipyrnx Boa6y>KaeHHhiX cocTORHIIM 
152 

Gd • Ha pnc. 1 

anH cpaBHeUHH rrpnBeneua TBK>Ke cxeMa pacnaaa 
154 

Ho ( T ~ = 3,25 Mnu), 
/5/ 

B3RTBR H3 pa60Tbl , KaK BIIAHO li3 pncyUKB H Ta6niiUbl 1, 'lBCTb nepexo-
152* 152 

noB ae pa3Memeaa B cxeMe pacnaaa Tb- Gd • npli paC'l~Te 3HB1IeHHH 

Jog fr rrpliHRTO, 'ITO li30MepHbiM nepexon C auepriieM 282,5 K9B THITB M4, 
152* 102 /6/ 

a paauocTb Mace Tb- Gd, cornacuo pa6oTe , paBua == 4100 K9B, 
100 139 16 150 ..:..:.:.Th.. · B gnepHbiX peaKUHHX 57 La ( 0, 5n) Tb H 

141 p 
59 r 

( 12 C 3.n) 150Tb 6 , 
65 

HB nroaanMCb I'BMMa-ny'lH 1 IIHTeHCIIBIIOCTb KOTOpblX cnana-

na c rrepnonoM rronypacn~aa, paBHhiM ( 6,0±.0, 2 MHH,). 

5 



"" Th 

Ta6nKua I 

311CJlf'lfH II OTIIOCUTOnbJII>IO HHTOHCH:BHOCTH f'BMMa-nyqeji 

upn potctttt/lO KopoTT<Oii\Unywux l-I.:Joronos 
152

Tb , 
150 

Th 

too Tb 148 Tb 

•) 1·., • iCJB I 1 •· u·rnoc. E r 1K3B ~*) xxxJ I y OTI!OC. E y ,KJB 1 y OTHOC • 

2)6,0' 

. '1'7 ,5 

... '5 

.:A'• ,4 

552,0 

_._;(i ,o 
411,2 

4t,;;,o 

471,0 

511,0 

519,0 

527,5 

5o6,o 

650,0 

)31,0 

IBO,O· 

1306,0 

2184,0 

;•_;O±.CO 

200±.100 

3000±.400 

1000 

75±.;5 

17lJt.SO 

JOQ±.150 

<100 

450!,70 

1540±.200 

(I fl +~86Q±.l00) 

.1.60+_50 

2.:0t_50 

190±.60 

100±,50 
.. 25 

240±.100 

1;;0+_5o 

140±.50 

.. 

I6I,O 

3113,0 

'•l.S,O 
lf.J8,0 

455,0 

4:>6,0 

W±.,-'0 

~50±_.5 

150±.-0 

420±.40 

90±.25 

<:75±?0 

511,0 600±.150 

< 'fl •: 33Q±.JO) 

566 ,o 230±.20 

63d,0 

650,0 

(3,3,0 

12'/d,O 

1694,0 

1000 

870j;.JO 

450±.50 

.~ 35 

~ 15 

396,0 

51I ,0 

631,0 

752,0 

7J4,0 

.;.J2,0 

13J4,0 

1794,0 

;:.00±.100 

500!,150 

ufl. e<:JO±:J5) 

~00±.100 

6QLcO 

1000 

900+_100 

300±.50 

50±.10 

npuMettanue: flpn paCttere OTitOCHTOlJbHhiX HHTOHCHI\IWCTefl ra~l~la-nyqell H3D

TOrtOB rep6ust He y1.fTCHT·I n::>rperuuocrn npn onpenenenun Kpu
aon 3!fl¢eKTHBHOCTH per'HCTpBUHH f'D::\I:-..Ia-H3lJy'-leHlH1 li.eTOKTOpa-

1\lll "" lOo-o. 3neprHH raMMa-:ny'-leii onpenenstnHcb c HCnonh-
aonaHneM Kanu6ponoqnoro ucTottnnKa 226Ra • To'-tHOCTb onpe-
n.eneuuSJ sueprufi B o6nacTu no 1000 KSB He xyJKe ±.1 KSB. 

x/11HTeHCHBHOCTb raMMa-nyqel! C SHepruel! 344,4 KSB npUHQT8 Sa 1000 etm

HHU. 

xx/ 11 HTeucuauocn. raMMa-ny'leli c sueprueil 638,0 KSB npHHQTa sa 1000 ea. 

xx/ 11 HTeHCHBHOCTb raMMa-ny'leli c suepruell 784,0 KSB upnH>~Ta. sa I 000 ea. 

6 

M 

• ~ 
1 

Pnc. 1 ... CxeMa pacnana 
ypOBHS!Mll lH Dy /5/. 



l"BMMa-nyqefi 

Tb, JOo Tb 

us Tb 

E y 1 K3B 'r 
XXX)OTHOC, 

396,0 ,:.00±.100 

51I ,o 500±.150 

(Il-l+ ~:<:JQ±.J5) 

631,0 ~00±.100 

752,0 60t.cO 

7J4,0 1000 

,;.jz,o 900±:100 

l3J4,0 300+_50 

i794,0 50±.10 

~llhHMX HHTencut\IIOCTen rttM~Io-nyqeft: uao
HI·I ··n::>rpewna<:;:ru. npu onpenenenu:u KPH
rucTpauuu ro\t~ta-H3nyqeuusr JieTeKTopa
ra~n •. fa"":nyqeii onpe.nensrnucb c ucnonh-

:oro HCTO\JHUKa 226Ra • ToqnocTh onpe-
nacTu ao 1000 K3B ne xy>+<e :!:.1 K3B, 

cpuHRTa aa 1000 eau-

npHHRTa aa 1000 ea. 

npHHRTa.aa 1000 ea. 

l 
l 

~·--1· r,.,u•c 
ubir .fii''us-r1oCI-

I 

,.(_ 
17lJ(ItJI} 
WtlfiDJ 
ao.r•J 
... (210) 
1806lt:IO) 
lf84CIIDJ 

Tr 

1661 J,Ui <1.5 -· 
11».4 

951 llllllD 
•CI 

Pn:c, 1,· CxeMa pacrraaa a 2*Tb -+ 
152 Gd 

ypoBHHMII 1 H Dy I 51, 

B CpaBHeHllll C B036y)KJleHHhlMII 

7 



B Ta6nnue .1 rrpuBeneHhi snepruu u DTHocuTe.'IbHhie UHT~HCUBHOcTu 
150* 

raMMa-nyqeli, na6monaeMhiX rrpu pacrrane Tb • Hau6onee UHTencuB-

Ilhie raM~w-nyqu c sneprUHMu 438, 496, 566, 638, 650 u 826 K9B na6mo

ll810TCH TaK:»<e "f3 CIJeKTpe raMMa~nyqeli U30TOI10B Tep6usi, rronyqaeMbiX 

B HJleplibiX peaKUUHX rny6oKoro pacmerrnenuH • 

. Ha puc. 2 rrpennaraeTcH nau6onee BepoHTHhili <jlparMeHT cxeMhi pac-
150 

rrana ll3oMepnoro cocTOHHUH Tb 
+ . . -

YpoBelib 2 c siieprlleli 638 K9B u ypoBeHb_3 c siieprueli 1134 K9B 
150 

Gd 6binU BBeneiihi panee rrpu uccnenoBaiiuu pacrrana ocnoBHoro cocTo-
150 . . . 171 

HHHSI . Tb ( T ·J-2 = 3,5 'laca ~ • Oepexon c. sneprueli 566 KsB nau6o-

nee BepOSITIJO pa3MeCTUTb Me~ny, ypOBHHMU C aneprueli 1700 K9B ( 5-) 

. ( -) /7/ U 1134 K 9B 3 1 . 'IT01 IIO-BUJlUMOMy 1 UCK.Ill0'18eT BBe)leHHhlll B pa6oTe 
+ 

ypoBelib 4 c aneprueli 1204 KaB. 

148 T . 1a9L ('6 ) 148 T :.:.:Ih..: B HJleplihiX peaKUUHX 
57 

a. 0, 7 n b u 
-12 148 

(~· 6 C, 5 n ) Tb o6IIapy~eHhi raMMa-nyqu, unTencuBnocTb KoTophiX crrana-

141 Pr 
59 

na. c rrepuonoM rronypa~rrana T !~ = ( 2, 1±_0, 1) MUll. 

0THOCUTenbHbie UHTeHCUBHOCTU raMMa-ny'leli CBe)leHbl B Ta6n. 1. 

148 * ~parMeHThl CXeM pacrrana U30Mepnoro COCTOHliUH Tb U OCHOB-
148 . . 

liOPO COCTOHHliH Tb I10K838Hbl Ha puc. 3, 

+ I /8/ 
YpoBelib 2 c anepruefi 784 KaB BBenen B pa6oTe , a na6n10-

nenue . raMMa-nyqefi c aneprueif 631 I<aB B nacToHmeif pa6oTe KaK rrpu 

. 148 
pacrrane U30Mepnoro COCTOHHUH1 T8K U OCHOBHOrO COCTOHHUH Tb I103BO-

.IlSieT BBeCTU ypoBelib C 91Ieprueli 1415 K9B C BepOHTHhiMU 3H8'191JUHMU CIIU
+ ll8 H '19THOCTH 4 • 

149 ' 139 16 1 !h.. 141 12 149 
---.!!!..:B HnepnhiX peaKUHHX La ( 0, 6 n ) 4 Tb u Pr ( C, 4n) Tb 

lia6n10Jl8.1lHCb raMMa-ny'IU C 9Hepruefi 164,511 H 796 K9B C HHTeHCUBliOCTH

MH B COOTliOWeliUU 150:500:1000, COOTBeTCTBeHHO. 

HIITeiicHBHOCTb raMMa-nyqeif crranana c rrepuonoM rronypacrrana 

T J-2 = ( 4,5±_0, 2) MUll. 
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Puc. 2. ~parMeHT c 



ITe.'IbHbie HHTeHCIIBHOCTII 

l'b • Ha1I5onee HHTenciiB-

138, 650 II 826 K9B Ha5mo

B Tep51IH1 IIOJiy"iaeMbiX 

!Ibiii ljlparMeHT cxeMbi pac-

b 3- c 9Hepr1Ieii 1134 K9B 

'8CII8Jl8 OCHOBHOf'O COCTO-

-aHepriieii 566 K9B Haii5o

~epriieii 1700 K9B (5-) 
17/ 

!T BBe.UeHHblll B pa6oTe 

II 
141 p 
~9 r 

'IICIIBHOCTb KOTOpbiX CII8Jl8-

MIIII. 

!H CBe.UeHbl B Ta5n. 1. 

rostHIHI 
148 * Tb II ocnoB-

18/ 
pa6oTe , a na5mo-

CTostmeii pa6oTe KaK npii 

0 COCTOSIHIISJ
148

Tb II03BO-

- ' • I 

postTI!biMII aHa"iEii!IISJMII cnii-

796 K9B C IIHTei!CIIBHOCTSI-

>. 

mo.noM nonypacna.ua 

t5oTb 
65 85 
~"""---T~• 6,0 1'1UH 

T}23,5'fac 

.. 

t5oGd 
64 86 

PIIc. 2. cf>parMeHT cxeMbl pacna.ua II30Mepnoro cocTOSIIIIISI ao Tb • 

g 



148Tb 
65 . 83 

-:T-r----T~ ·2,1 M u H 

•• Le • ••• • T1,2•66 MUH 

4·---~"--4. (V 1415 

2• "'o~' 

0 0 
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2·--...:1 

148Gd 
64 84 

0 
0 

g 
~ 

784 

. 148 
Pnc, 3, <f>parMeHTbl CXeM p8CII8,ll8 1130MepHOI'O II OCHOBHOI'O COCTOHHIIH T~, 
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Ha piic. 4 rrpe.ncTt 

B /9,10/ rrpii 

149* 
My COCTOHHIIIO Tb 

CIIIIHa II ~eTHOCTII 11/2" 

faMMa-ny~~ c. aHe 

cne.noBaaiisrx, BeposrTHo, 

796 .KSB B OCHOBHOe CDC 

IIHTeHCIIBHOCTII I'8MM8-ll 

rrepBb!tl B035yJK.neHHb!tl ) 

raMMa-ny~II c aHeprne 

149* 
HOB Tb 1TO 113 OTIIOU 

796 KaB cne.nyeT Er1 
149G 

-d 5y.neT .. 3520 
I 

CHII C ,ll8llllb!MII pa5oTbl 

3na~eHIIe lg r r 

H ~eTHOCTII 9/2-ypoBHIO 

npH pac~~Te 3H8qE 

llpOHCXO.llHT1 B OCHOBHOM 
149 

Gd, He ncKnro~ena I 

rnM rrepexo.noM. na ypoa1 

5bmo Tpy.nno Bbi.QenHTb : 

raMMa-ny~el!: coce.nner 

TaKHM o5pasoM1Ha 

H30MepHb!X COCTOHHHI!:. H4 

1~2 
II Tb rroaa.onnno npe 

KaK BH.QHo ns Ta5nHUbi 

mea B cxeMax pacrra.na 

aa.na~H H aHanHaa soa5y 

MeTO,llbl SKCIIepHMeHTanb. 



b83 
__ T1(!•2

1
1MUH r·l .... M"" 

4 

. 148 TL 
H 9CHOBIIOI'O COCTOSIHHSI ~. 

Ha pnc. 4 npeacTaanena cxeMa 

B /9,10/ npn nccneaoaamm 

149* ' pacnaaa naoMepHoro cocTosrHnsr 1b. 
149 

anh!jla-pacnaaa Tb naoMepHo-

My COCTOSIIIH10 
149 

* Tb ( T ~ = 4,3 MnH) npunncaHbi aeposrTHbte aHa•zeHnsr 

cnnHa n qeTHOCTH 11/2-. 

faMMa-nyq~ c aHeprneli 796 KaB, Ha5ntoaaall!necsr a uacTosrmnx nc

cneaoaannsrx, aeposrTHo, oTBe<~atoT aa paapsraKy cocTosrHnsr 9/2- c aHeprneli r 

796 KSB B OCIIOBHOe COCTOSIHHe 7/2- 149 Gd • 0T!IOCI!TenbHO cna6bte no 

HHTeHCHBHOCTH 1'8MMa-nyqn C 9Heprneli 164 KSB, flO-BHJ:lHMDMy, paapmK810T 
- 149 /7/ 

nepBbtli aoa6y>KaeHHbtll: ypoaeHh 5/2 B Gd • Ecnn npnHSITb, <~To 

raMMa-nyqn c 

149*Tb 

aHeprneli 511 KSB aoannKatoT npn annnrnnsrunn noanTpo
+ 

K//3 "'3,5 aac~nenna ypoansr c aneprneli HOB ,TO H3 OTIIOll!eHHSI 

149 * 796 KSB cneayeT Erp/3+ = 1700 KaB, n Toraa paaHOCTh Mace Tb-

-
149

Gd 6yaeT "' 3520 KaB, 'ITO H8XOJ:lHTCSI B YllDBneTBOpHTenhHOM corna
/7/ 

CHH C ]:l8HHblMH pa60Tbl , 

3uaqenne lg f r , pannoe "' 4,2, He npoTnaope'IHT npnnHcanHto cnHHa 

H 'leTHOCTH 9/2-ypOBHlO C 9Heprnell: 796 KSB, 

npn paC'I~Te 3H8'1eHHSI Jgfr npeanonaranocb, 'ITO pacnaa 

llpOHCXO]:lHT, B OCHOBHOM, D B036y>K::teHHOe COCTOHHHe C SHeprHell: 796 K9B 
149 ' 

Gd, He HcKnto<~eHa paapsraKa ypoBHH c aneprHell: 796 KaB TaK>Ke apy-

rnM nepexoaoM Ha ypoBeHb c aneprnen 164 KSB 149 Gd , B uall!eM cnyqae 

149 6bmo Tpynuo BbtllenHTh aToT nepexon na-aa npncyTCTBHH B cneKTpe Tb 

raMMa-nyqell: coceanero naoTona 148 Tb 

TaKHM o6paaoM, ua5ntoaeHne cneKTpoB raMMa-nyqell: npH pacnane 

6 148Tb 1GOTb H30MepHblX COCTOSIHHll: He'leTHO-He'leTHblX sraep Tep HSI 

H 162 Tb "' noanonHno npeano>KHTh 't'parMeHTbl cxeM pacnana STHX sraep. 

KaK BHllHO na Ta6nHUbi 1, psrn na6ntoaaeMbiX raMMa-nepexonoa He paaMe-

meH B cxeMaX pacnaaa 
1

G
2 

Tb • 
160

Tb II 
148 

Tb. nmi pell!eHHSI STOll 

38ll8'1H H anannaa B036y>K!leHHblX COCTOHHHli 3TIIX Slllep Heo6XOllHMbl llpyrne 

Me TOll hi aKcnepMMeHTanhHbiX. uccnenonanuli, 

11 



149 
6s Tbe, 

1~-T}2•4,5 MUH 

(~2.~·~"' Tl2•4,1 'I ac 

I I 

o/2-~796.0 

r I 
~ 

Pnc, 4, CxeMa pacnana naoMepnoro cocToHHllH 
149 

Tb. 

12 

Ecnn paccMaTpllB 

87)-l!: nel!:Tpon -na of 

OCHOBHblX COCTOHHllfi 

nnn 1-, llaiiiibl9 pa6oT' 

Hb!X COCTOHHllfi 9TllX Hi 

Ecnn paccMaTpllB 

nel!:TpOHbi -. na o6o. 

COCTOHIIllfi 
148 

Tb I '
150 

yKa3aH01 lliiT9HCllBHblfi 

CBH38H C pa3pHilKOfi ll< 

aKcnepnMenTanbnoro 3J 

152 Tb T ~ = 3,9 9KCU, 
nnH E y= 282,5 KaB n 

IIOrO COCTOHHllH nyqrue 

nepexoaa 282,5 ·KaB -

o6paaoM1 MD*Ho npenn 
+ cnnn n qeTHOCTb 5 • H 

E 4+ .... 2+/E2+ .... o+ yBeJJ 
152 

nb "' 1,2 nnn Gd 

B036Y*Il9HHbl9 COCTOHH 

¢ononnyro npnpoay, a t 

no'IKll ( N = 82) n Uf 

152 
c N > 90 y Hllpa . Gd ll 

nnep. He ncKnro'I~Ho, .., 

6eTa-pacnaaa KopoTKO~ 

CBH3ano c K -aanpeTo 

c K = 0 
15 2

Gd • 

B aaKnroqenne aB 

rpynnbt aoKTopa qmanKc 



' _ TJl.2•4,5MUH 

~ Tl2•4,1 'I ac 

DCTDSIHIISI 
149 Tb. 

I 
! 

I 

II 

Ecnii paccMaTpiiBaTb 65-fi npoToH ua o6ono•me d 5/2 , a 83 ( 85, 

87)-fi nefiTpon - na o6ono'IKe 

OCHOBHbiX COCTOSIHIIH 
148 Tb , 

Ill/ 
f 7/2 , TO B03MOJK!Ible 3Ha'IeHHSI Cl11fH8 

1- 6 /6,7/ 
HnH , naHHbie pa OT yK83b!BaiOT B nonb3y CniiJI8 II 'IeTHOCTII OCHOB-

HhiX CDCTDSIHIIH 9TIIX Sillep 1-, 

Ecnii paccMaTpiiBaTb 65-fi npoTon ua o6ono·rKe h 11/2 , a 83 { 85, 87) -if 
Ill/ 

UefiTpOHbi - Ua o6onO'IKe f 7/2 t TO B03MOlKHbie CniiHhl II30MepHbiX 
148 150 152 + + + 

cocToSIHIIii Tb , Tb II Tb MoryT 6biTh 9 , 8 ... 2 , KaK Bhlllm 

yKaaano, IIUTenciiBHbiH raMMa-nepexou c snepriieii 282,5 K9Bj aepoSITno, 

- 152 Tb C CBSI38H C pa3pSillKOH II30MepHOt'O COCTOSIHIISI B Slllpe , paBHeHHe 

9KcnepHMeHTanbHOt'O 3H8'IeHIISI BpeMeHII IKII3HII II30MepUOt'O CDCTOSIHIISI 
152 Tb T 39 ·1121 

)1; = , MIIH c TeopeTII'IeCKIIMII ouenKaMII no Mow!WBCKO!-:iy . 9KCn, 
unSI E y= 282,5 K9B noKa3biBaeT, 'ITO ana'Ieniie apeMenn JKH3HH naoMep-

noro cocTOSIHIISI ny'Irne acero cornacyeTcSI c MynbTHnonbHOCTbiO raMMa
-5 

nepexona 282,5 K9B - M4 ( F = 1,4,10 n F = 26), TaKIIM 
yCK E 3 · yCK M 4 H 

2 
. . 

o6paaoM, MOJKHO npennonoJKIITb, 'ITO naoMepnoe~cocTOSIHIIe Tb IIMeeT 
+ . 

cniin II 'IeTnocTb 5 • Ha6nronaeMoe oTnorneniie ana'Iennfi aneprnfi nepexonoa 
148. . 150''. 

E 4+ ... 2+/ E2+ ... o + yaenii'IHBaeTcSI oT "'0, 8 unSI . Gd ( "'1,0 nnSI · Gd ) 

nb "" 1, 2 unSI 

aoa6yJKnennbre 

152 
Gd • 3To, no-BHlliiMOMy, CBSiaano 

+ + 
COCTOSIHIISI 2 JI 4 C~epii'IeCKIIX Slllep 

C TeM, 'ITO nepBhle 

148 Gd n 150 Gd nMeroT 

~ononnyro npHpony, a no Mepe ynaneUIISI OT aanonnennofi nefiTpoJinofi o6o

no'IKII ( N = 82) II npii6niiJKeHIISI K o6nacTII ne~opMHpoBa!IHhiX· Sinep· 
. 152. 

c N >90 y Hnpa Gd naqnnaroT npoSIBnSITbCSI caoficTBa ne~opMnpoBa!IHhiX 

Sillep. He IICKnro'Ieno, 'ITO na6nronenne OTHDCIITenhHO Manofi ae.poSITHDCTH 
' + 152* 

6eTa-pacnana KopoTKOJKHBymero II3DMepa 5 Tb (puc. 5), no-BIIlliiMOMy, 

CBSI38HO C 

c K = 0 

K -aanpeToM rrpn pacrraue na ypoBHII KBaanpoTaunoHHhiX no,1oc 

15 2Gd • 

B aaKniO'IeHIIe aBTOphi npnnocSIT 6onbrnyro 6narouapnocTb coTpynnuKaM . 
rpyniihi uoKTopa ~H3l!Ko-MaTeMaTH'IecKnx nayK IO. OranecSina u coTpyuHIIKaM 
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rpynnbi K:aullnnaTa ¢nonKo...;MaTeMaTn'lecKnx uayK c .. MellBellSI . .3a npellOCTaB-
. . 

nenne noMepnTenhnofi annapaTypbi npn npoBelleunn aKcnepnMeuToB. ABTopbi 

6narollaplibi noKTopy ¢nonKo-MaTeMaTn'leCKnx uayK K • .H. fpoMoBy n llOKTopy 
' cPHOHKO-MaTeMaTH'IeCKHX uayK n.K. fleKepy Oa HHTepec K pa6oTe 1I Uelilibie 

oaMe'laliHSI. 
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