
OB'DE,aMHEHHblt1 MHCTMTYT H,aEPHbiX MCCJIE,aOBAHMt1 
nAEOPATOPIH! .RLlEPHbiX nPOEnEM 

c 3'-1 I. 2J 
K- ?/9_ 

B.B.Ky3Heuoe 

7 • 3789 

HCCRE~OBAHHE PACnA~A 
HEWTPOHO~E~HUHTHMX H30TOllOB 

152 Tb, 151 Tb, 149 Tb, 150Tb,l49Gd w149Eu 

CneuKaJibHOCTh - 055 - cl>H3HKa aTOMHoro jJ~pa 

H KOCMHqeCKHX Jiyqe~ 

ABTOpe~epaT L1HCCepT8UHH Ha COHCK8HHe yq~aoa 
CTeneHH K8HL1HL18T8 ¢H3HKO-M8T9M8THqeCKHX Hay~ 

.Lly6aa 1968 



Pa6oTa Bblllonueua B fla6opaTopuu HaepHhiX npo6neM 06'be-

auueuuoro HuCTHTyTa HaepubiX uccneaoaauull. 

Hay'luhill pyKoaonuTenb: 

npo¢ecccp K.3.AneKcauaep 

O¢uuu~nbHbie onnoueHTbi: noKTop ¢uauKo-MaTeMaTH'IeCKHX uayK 

C .M • f1onHK8HOB 

KauauaaT ¢uaHKO-MaTeMaTH'IeCKHX uayK 

B.B.f1awKeBH'l 

BenywHl! HBY'IH~HccneaoaaTenbCKHll HHCTHTyT: ¢H3H'IeCKHll 

HHCTHTYT AH CCCP HM. n.H.fle6eaeaa. 

AaTope¢epaT paaocnau 

3awHT8 J:lHCCepT8UHH COCTOHTCH 

1968 r. 

1968 r. ua 

aaceaaHHH Y'l~Horo coaeTa fla6opaTopuu HaepHbiX npo6neM 06'be

J:li!Heuuoro uucTHTyTa HnepHhiX uccneaoaauuA, r.Lly6ua, MocKOBCKoA 

o6naCTH, 06'beJ:li!HeHHbill HHCTHTyT HnepHbiX HCCneaOB8HHll. 

C aHccepTauueA MO}I{i!O oauaKoMHTbCH B 6u6nuoTeKe Ol1Hl1. 

Y'l~HbiA ceKpeTapb coaeTa 

KBHJ:lHJ:l8T $H3HKO-M8TeMaTH'!eCKIIX HSYK 

O.A.3al!MHilopora 

\ 

~ 
\D 
~ 

~ 

B.B.Kpuel.IOB 

MCCnE~OBAHHE PACllA~A 

HEHTPOHO~E~~UHTHMX M30TOll« 
152Tb, 151Tb, 149 Tb, 150Tb,l49Gd H. 

Cnel.IHaJibHOCTb - 055 - 4Ju3HKa aTOMHOr<J 

H KOCMHqeCKHX Jiyqe~ 

ABTope~epST aHccepTBUHH HB COHCKBHHe 

CT9fl9HH K8H.OHJl8T8 ~H3HKO-M8T9MHTHtt:9CK 



', 

B· na6opaTOpHH l'!ll9pHbiX npo6neM 06'he

HCCn9liOB8HHit. 

" 

/ 

·' 
ljlH3HKO-M8T9M8TH'i9CKHX H8yK 

C.M.nonHKaaoB 

KBHliHliBT ljlH3HKO-M8T9M8TH'i9CKHX H8YK 

B;B.llaiiiK9BH'i 

ib-HCCn9liOB8T9nbCKHit HHCTHTYT! $H3H'i9CKHit. 

HMo n.H.ne6eile.sa. 

COCTOIITCll "· 

1968 r •. 

1968 r. aa 

smepllbiX npo6n_e,M -~ 06'he_- . 

HnepHbiX- l!ccnenoeaaHit, r.ny6aa, MocKoBcKoit 

HnepllbiX · HccnenoeaaHit. 

oaaaKoMHTbCll B 6u6nHoTeKe OH.RH. 

I' 

aayK 

/ 

0.~.3aitMHliOpOra 

/ 

\i 

,.·· 

~ 

~ 
\.!) 

0.... 

~ 

7 ·- 3789 

.· B.B.Ky3He~os 

J1CCJIE~OBAHJ1E PACllA~A 

HEWrPOHO~E~J1UJ1THMX J130TOllOB 
152Tb 151Tb 149Tb 150Tbl49GdJ1149E~ ' ·. '~ ' ' . ·~ 

Cnei\HaJibHOCTb - 055. - 4J1!311Ka aTOMHOI'o _ll.llpa 

II KOCMII'ieCKIIX Jiy'ieH· 

ABTOpe~epaT anccepT8UHH Ha COHCK8HHe yq~HOfi 
CTeneHH K8HllRriara ¢R3HKO-MaTeMaTuqeCKHX HBYK 

~ .. ·. 

.... :• 

~(oo;::;~"J'~npqfj =;;~r:;~~ n-
1

1 '~"i'-4.'-\ -..'-11 ,.~·· .,. .. .,..o~.L ~t,;,., \: 

• [!'If'""'~ [jt;;:UJ'""l1("lf"i2,'"d> t '! "f--'-'-.>;:"'L ' .._._,H.._,_ 'i..><o ...... ! I 

! , IC::r'>'f."' ~1!'1./!.'-'·-,;··;~.';.1 ''0-' l) L:.:V.:~ .... c.t uJ .~ 6..-..J I!.;"" .. · 
~,-~-· . rx-r' --zy,.., -=e·-·· 

r 



. .) 

HayqeHHe CBOftCTB Rnep H neftCTBYIDWHX BHyTpH Rupa CHn . ( 

nyTeM . HccnenosaHHR HanyqeHHA, HcnycKaeMbiX aoa6yJKneHHbiMH 

RnpaMH, npHBeno B' aacTcmmee BpeMR K ycnemHoMy paaBHTHro Mc;>

nenbHbiX npencTaaneimA o cTpoeHHH smpa. 3KcnepHMeHTanhHbie -

~ naHHble o6 aaepreTHqeCKOM pacnonoJKeHHH H CBOACTBSX ypoBHeft 

Boa6yJKneHHbiX 11nep, HaKonneHHbie B. nocnenaHe ronbi TpynaMH MHo

rHx HCCnenoBaTeneA, ll03BOnRIDT ~aKJKe CIICTeMaTH311pOB8Tb CBOA-

CTBa Rnep B 38BIICIIMOCTH OT qHcna npOTOHOB H HeftTpOHOB Ho 

TaKHM o6pa30M1 npocnenHTb 113MeHeHHe CBOftCTB OT RUpa K RUPY• 

EonbwHe ycnexH UOCTHrHYTbl' np11 •HayqeHIIH H HHTepnpeTannn CBOA

CTB B036yJKneiiHbiX ypOBHeft 6onbwOft rpynnbi HeftTpOHOUe¢HUHTHbiX 

H30TOllOB ·peUK03eMenbHbiX aneMeHTOB B o6naCTH ·ne¢opMHpOBSHiibiX 

Rnep~ 3TH ycneitH llOC~YJKHnH onHOft 113 npHqHH pa3BHTHR pRU,a 

MoneneA Rnpa, noRBneHHR HOBbiX aarnRUOB Ha nponecc neneHHR 

H npHMeHeHHR nneA TeOpHH CBepxnpoBOUHMOCTH K RUepHOMY Be

meCTBy. T~opeTHqe.cKHe npencKaaaHHR, .noaaon~~romHe B p11ne cny

qaea•pacqHThlBSTb C nocTaToqaoA TOqHOCTbiD aaepreTHqeCKHe pacno-. . r 
nOJKeHHR ypOBH,eft Ruep. H HHTeHCHBHOCTH nepeXOUOB MeJKny HHMH, 

npeU'bRBHnH HOBble Tpe60B8H,HR K MeTOUSM 3KCnepHMeHT8nbHOrO 

HCCnenoBaHHR. CneKTpbi B036yJKUeHHbiX COCTORHHA Rnep, HSXOUR~HXCR 

BHe o6naCTH 'CTSTHqecKoft' ne¢opM8UHH1 HO HenocpencTBeHHO npH

MbiKaro.mHX K Heft, noKa. MeHee ·nOHRTHbi C TeopeTHqeCKOA TQqKH 

apeHHRo 

HayqeHHe 11nep nepexoriaoA o6nac;H (A= 140-150), caoA

CTBa KOTOpbiX B 60nbWOft Mepe onpenenRIDTCR COOTHOWeHHeM· MeJK-
o . 

UY CHnaMH cnapnBSHHR 1 CTp~MRWHMHCR npHUSTb RUPY c¢epHq~CKYID 
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cfloPMYo H IIOIIllpH3YIOWHMH CHIISMH, JlBHCTBYIOmHMH CO CTOpOBbl . ' 

ByKnOHOB B8381IOIIBBBBOH 060nO'IKH, CTp8MliWHMHCll ne¢QpMHpOB8Tb 
. . . . 

gJipo, npencTaBnlleT. 6on&woA HHTepec c. TO'IKH ape.BHll coapeMennoA· ... ' . . 

• TBOp~H l1Jlp8~ 'nocneJlHHe JlOCTH~aHHll B TBXHHKB 3KCIIepHMBHT8 -

npuMeilenue Ge( Li) - nonynpoBOJlHHKOBbiX neTeKTopoB :nnll uc

cnenoBaHHll y -uanyqeHHll uaoTonoB, nporpecc B ~eTonax uccne~ 

JlOBBH~H liJlBpBbiX peaKUHH B IlpHMBHBHHH K llllBpHo-cneKTpoMeTpH

qaCKIIM HCCII8JlOB8HHliM H T,Jl, - Il03BOillUOT IIOIIY'IHTb UBHHb18 CBe-
~ ' 

neHHll Jlllll IlpOBepKH cymeCTBYIOWHX MOJlBilbHbiX 1Ip8JlCT8Bil8HHH_O 

gnpe. Ueli&ro uacToRmell pa6oThi 6bmo uccnenoBaHHe uanyqeHHll 

H30TOIIOB _Tep6Hll US Th: , 150 Tb • IUTb H 162 Tb C HCIIOilb30B8HHBM 

paanH'IHbiX npu6opoB, c npuMeHeHHeM Ge( Li) - neTeKTopa H 

Mac·c..:cenapaTopa, y- y- H e - y -TexHHKH i::oBnaneHHH H fJ -cneK-

TpOM8TpOBo t> 

Peayn&T8Tbl pa6oT, BOWBJlWHX B JlliHHyiO JlHCCCpT8UHio, ony6-

IIHKOB8Hbl B Il8'18TH/l-4/. 

1. MeTollHKa ua:MepeauA . 

Mccneno~aaue uanyqeHHll H30TOIIOB Tep6Hll _npo~onunoc& a 

OCHOBHOM C HCIIOIIb30B8HHBM MOHOH30TOIIHbiX HCTO'IHHKOB, IIOIIY

. qeHHbiX c noMom&ro .Macc-cenapa:ropa·. 

npH HCCIICJlOB8HHH HCIIOilb30B81l!iCb cflu:;mqeCK8ll 8Illl8p8Typa: 

~) 6eTa-ciieKTpOMCTp C TpeXKpaTHOli cfloKyCHpOBKOI.nyqKa 

aneKT~OHOB/5/; 
6) 6eTa-cneKTpOMCTp C JlBOliHOfi cfloKycHpoBKOfi/1/; 

B) TOpOHJl81lbHblli WCCTH3830pHblli 6eT8~IlCKTpOMBTp . . . ( TH-
/61 . ' . 

na !' Anen&cuu"); 

r) CUHHTHilllliUHOHH8ll YCT8HOBK8 Jlllll H3Y'IBHHll raMMa-cneKT

pOB, · cneKTpoB Y - Y - u {J +- y - coBnaneuunl 1 I; 

n) TOpOHJl81lbHbiA wecTH3830pHbiH 6eTa-cneKTpoMeTp CO CUHH-

·r ~!. 

·'·· 

.............. - ..... THnnliUHOHHbiM .. raMMa-cneKTpoMeTpoM_ nmL nccnenoBaHHll .. e_~_ Y.~ .. H ......... _____________ __ 

fJ +- y COBnSilBHHli; 
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e) MHOrOK81l811bHblll: aMnmiTYJlHbiA 8H81IH38Top. C Ge ( Li) -no.;. 

nynpOBOJlHHKOBbiM JlBTBKTOpOM llllll H3Y'IBHHll raMMa-ciiCKTpOBo 

·MaoTonhl Tep6Hll n ranonHHHll nonyqanuc& B peayn&TaTe peaK

uuu'rny6oKoro_pacmenneHHll Rnep TaHTana non nellcTBneM npoTo

HOB C aneprueA 660 MaB H8 CHHXpOUHKIIOTpone 06bellHHCHHoro HH-
' 

CTHTyTa liJlepilbiX H.CCIIBJlOBBHHllo 

MuweHH TSHTana o6nyqanuc& B Teqenue 2 .. 10 qacoB. Ma o6-

ny-ieHHbiX MHWBHeli XHMH'IBCKHM MBTOilOM Bb!Jl81lllll8Cb rpynna pen

K03CMCilbHbiX aneMBHTOBo 

Tep6HeB8ll II rallOIIHHHBBSll cflpaKUHH Bhlll81IllllHCb_H3_ CMBCH 

penKoaeMen&HbiX aneMeHTOB xpoMaTorpa¢IiqecKHM MeTonoMI7 I. . . 

PaaneneHHB BblllBIIBHHQl! cflp8KUHH Tep6Hll. C IIOMOWbiO MSCC-

cenapaTOpa uaoTon~BI~I npoBonnnoc& (cnycTll -~ 15 qacoB nocne 
. ' . 

XHMH'lecKoro paanenenun B Dy6ne) B MncTHTyTe Hun&ca Eopa ·a 

Konenr~reue. 

MccnenoBaHue uaoTonoB Tep6nn H ranonunun npoBonunoc& Ha 

npu6opax OM.HM H MncTHTYTB H~n&ca Eopa. 

2. MccnenoBanue pacnana · 
162 

Th 

MaMepeHbl CIIBKTpbl y -nyqel!, KOHBepCHOHHblX aneKTpOHOB 

II n03HTpOHOB0 cneKTpbl y- y-, e- y - H. {J+ -y-· COBnaneHHl! 

npu pacnane -162 Th 11;21 • 

B peayn&T8T8 HCCIICJlOB8HHll O~Hapy~eHO 18 HOBhlX nepeXOJlOB 

B S!Jlpe 
162 

Gd IIpH HCCIICJlOBSHHH HS {J - cneKTpoMeTpe THna . . . ' . (' . . .. 
"Anen&cuu" H 6onee- 20 nepexonoB Ha ,B -cneKT~oMeTpe c TpeXKpaT-

HOH cfloKyCHpb.BKOli H fJ -· cnexTpoMeTpe, c .llBy~paTnoll · ¢oxycupoB-

KOfi nyqxa anexTponoB. npenno~ena H o6cy~aeTcll cxeMa.pacnana 

162 162 ( ) Th ... . .Gd puc~ 1 , onpeneneHbi MynhTnnon&HOCTH 6onh-

mHHCTBa nepexonoB; H, B. pnne cnyqaeB BnepBbie npennoJKeHbi cnnnw 
. . 152 . 

H qeTHOCTH B036y~CHHbiX COCTOSIHHA Gd • 

Bblcxaaano _npennonOl!IElHHe, ... 'lTO. nepexon_Hl4,9_ KaB_RBnneTcn 

.nepCXOJlOM THII8 EO • OnpeneneHbl OTHOCHT81lbHbl8 HHTBHCHBHOCTH. 
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162Gd , , y -nepexonos aa yposnn , • nonyqenw sxcnepnMenTan&H&Ie 

aHa'leHHH OTHOlli9HHA HHT9HCHBHOCTefi sneKTpOHHOro 38XB8T8 nno-

3HTpOHHOrO pacnana ~ k I f3 + > • na ~oa6y1Knennwe yposnn IU Gd, 

xoTOpble cpasnnsaroTcn c TeopeTH'leCKHMH. Ha6nronaroTCH ~Ha'IH-

TellbHble OTKnonennn. sxcnep~MeHTan&HbiX an~'ICHHlt · k I {3 + OT 

TeopeTn'leCKHX nnn paapemeHHbiX nepexonos. Anann3 sxcnepnMeH-

T81lbHbiX nannwx · yxaa&tsaeT na TOI ~'ITO. cymecTByiDT Tpn yposnn 

C SHeprHHMH OKOIIO 1315 Ksj: 1~15 (1":"), 13J8,6.KSB t52Gd 

+ 
( 1,2 ) H 1320 KSB (3+), TOilbKO onHH H3 KOTOpbiX (1315 KSB J~) 

panee na6nronancn B 
162 

Gd npn pacnane 152 Eu. 

Ha ·ocaosaHHII aaannaa e- y - cosnaneanli swcxaaano npen

nono1KeHHe o qymecTBoBaann nepexona c sneprneli 270,8 KSB 

( I y • 10 en), paaMemeHHOrO MelKJ:ty ypOBHHMH 1318,6 KSB ,H, 

1047,9 KSB, 'ITO nonTBepnnnoc& 6onee noanneA paooTdlt npyrnx 

aBTopoB/9/, 

Cnenan BbiBon, 'ITO cn!IH' ypoBHH 755,6 KSB - 4+, Ananna 

OTHOCHTellbHblX HliT9HCHBHOCTefi /3. -nepexoi:toB ,H 'cxeMbl pacnana 

llOK83biB89T1 'ITO CUIIH II 'IEiTHOCTb OCHOBHOrO COCTOHHIIH 
1
U Tb 

1-. flpoBeneno cpaBHeHIIe·'IEiTHO-'leTHbiX nnep ranoniiHIIH 152 Gd, 

154 Gd,, 158 Gd II 180 Gd II caMapiiH _160 Sm II 152 Sm II cne-

nano 38KniO'l9HIIe 0 'na6nroneHHII B nnpe 152Gd . KB83llpOT8UHOHHOfi 

nonOCbl OCHOBHOrO. COCTOHHIIH1 KB831!6eT8-B1!6paUIIOHllbiX llOilOC H 

KBaanraMMa -Bn6paunonnoa' ,nonocw (pic.' 2,3;4,5, 6). 
' . 152 

YpoBHll ll0~,8 KSB (~) •• n 1320 KSB (3+) B nnpe Gd 

paCCM8TpiiB8IDTCH K8K 'llteHbl ·f - BH6paUIIOIIHOA UOilOCbl C K =2, 

na6nronasmnAcn ypoBeH& -1547 KSB B pa6oTe/IO/, .no-BnnnMOMY~ c;,;y-

nyeT paccMaTpiiBBTb qnenoM sToii nonoc&I. co cnnnoM n '!eTHOCTbiD 

~4+, T,K, nocnenHHH XOpOlliO YK118llb;BaeTCH H8 Kp~BYID. 38BIICIIMOCTH 

4 +-yposneA nnsr cocennn~ nnep' rancinnnnsr · ( pnc •. 3). 

Ha pnc, 4 noxaaano naMe!lenne nnepunan&noro napaMeTpa A 

B aaxonoMepnocTH pacnono1KCHHH ypoBneii· AI ( I+ 1) nm1 nnep 
160 < 152 152 154 158 . < • < 

_ Sill, _s!", , Gd , .. Gd u __ Gd ~ XapaxTep pacllono1Kennsr 

ypoBneA · 
150 

Sm noxo1K na xapaKTep pacnono1KeHHn ypoBHeii 152 
Gd. 

3To' cnenyeT. T8K1KC na Cp8BHeHHH 8H8110rii'IHbiX c.OCTOHHIIfi STHX 
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srnep/ 12• 17/, C npyrolt ~TOp0Hbl1 11Cll01lb3YH ll8HHble'·pa6o;flJ-J4/ 

n TeopeTn'!ecxoe paccMoTpenne, nposenennoe_B pa6o~e/15~'npen~ 

CT8BnH9TCH 5Q3MO}Kllb!M paCCM8TpiiB8Tb H81111'1He poTBUIIOHHbiX COC

TOHHHil: B srnpe , 150 Sm ; 

B nenaBno ony6nnxoBannolt pa6oTe/IO/ nccnenosanncb ypoBnn 
< • • • • < 152 ( , ) 

'IEiTHO-'leTnwx nnep ranonnnnn. B ·peaxunn , Gd d • d no cnex-

. TpaM paccennl!&Ix neliTponoB non paan&IMH yrnaMn nnenTll!jinunpoBa-

liHCb ypOBHH 
1
UGd: 0+, 343 KSB (2+), 754 KSB (4+) K8K Upll-

. 162 
H81llle1Karnlle poT8UIIOHHOfi_.nonoce OOHOBHoro COCTOHHliH Gd, 

614 xss (o+), 930 KsB (2+) n 1280 KsB (4+). -KaK npllnanneJKamHe 

{3 -B116paUIIOHHOfi UOIIOC91 ll21 KSB, (3-); 1314 KSB'( J"":)H }467 KSB 

( 5-) - UOilOCe OKTYUOilbHOro Bll6paUIIOHHOro . B036y}KlleHIIH C K =0, 

Ha p11_c •. 3,5,6 noxaaano noaene1111e xonneKTHBnwx ypoBneli, 

np11Hanne1Kam11x poTaUIIOHH&IM nonocaM, nma, 'IEiTno-'leTHbiX nnep ra

nonnnnn 11 caMapllg, 

Ha p11c. 5 npe_ncTannena sn~preTH'!ecxan aaBIICIIMOCTb noBe

neHIIn· yponneli pOT8UIIOHHbiX nonoc ann srnep ranonnnnsr. ITo Mepe· 
.. -~-

ynaneHIISI OT c4>epii'ICCKIIX 'Hil9p SHeprllll. 2+':'• 4+ ~ ll 6',- · ypOBHeii 

pOT8UIIOIIHOH UOilOCbl OCHOBHOrO COCTO,HHIISI y6&IB810T1 T0!'ll8 KaK 

O+_:', 2+- II 4+-COCTOHHHfi {3 - B1!6paUHOH~OH UOilOCbl B03pacTa-

JOT n yJKe nnsr SJnpa 
180 

Gd SKCllepiiM9HT81lbHO He. Ha6niOli810TCSI, 
160 

3T01 UO:-BlllliiMOMY1 06'bSICHSI9TCSI TCM, 'ITO .nnpo Gd o6nanaeT 

na116onbmeii cTa611nbHOCTbro. ne4>opMaun11 , 'ITO aaTpynaSieT ·npoliB-

nenne noa6yJKnennii Taxoro xapaKTepa. 

113 Cp8BHeHIISI. OTHOlli9HIIif Upi!BCil9HHbiX BCpOS!THOCTeii rie~o-
, ' :-t 

noB c aaanorn'IHbiX yponneii nnn gnep 1(~ 2 Gd, 11!0 Sm, 164 Gd ·11 162sm 

cnenyeT, 'ITO paapsrnKa COCTO.S!HIIll BHyTpH llOilOC llOXOJKa llllSI STI!X 

! .nnep~ C Apyroii cTopoH~I, na6nronaeTcn, no-BnnnMoMy, 3H8'111Ten&noe 

ocna6nennc B.( E 2 , 2 + .. 0 + ·) npn nepexone. oT gnp~ 154 Gd . K 152cd 

'162 
II OT Sm .K 

160
Sm. 3T01 llO-BHiliiMOMy, CBSI38HO C p83Hb!MII 

ne4>opM8UIISIMI! 
•. + . . . .· .· ',, 152 

2 f3. 7" COCTOS!Hl!SI II OCHOBHOrO COCTOSIHIISI Hllep Gd 

. H 
150 Sm. 

·Ha cpaBHeHIISI OTHCJWeifiiif rlpHBeneHHbiX' BepOS!THOCTeii cnenye_T, 

'ITO o+ - ypoBHII IM7,9 KSB 
152 

Gd .. 'I! 1255,5 K3B 160
Sm o6na-

7 



' . 

ll810T noXO)KIIMII CBOl!CTBSMH. B pa6oTe llJenaltHa H llP/ 16/, B Htlpe 

160 Sm, HS0lll01l8ll0Cb lle¢opMHpOB8HHoe COCTOSIHHe o+-B o6nacTH 

sHeprult 1200 KSB, B Hllpe Ull Gd COCTOSIHHe 1047,9 KSB (0+) 

S!BllS!eTCSI~ no.,-BHilHMOMy,. T8K)Ke lle¢opMnpoBaHHhlM~ Ecnu. STO 

· '- r· 8 5 + 1•2 
TaK, TO 38EbiWeHHOe 3H8'1eHHe "'I r• • -0,

3 
Ha· STOT ypo-

BeHb cnellY'-'T OO'bSICHHTb TeM, 'ITO OCHOBHOe ~ COCTOSIHHe 162 Tb ( 1 -·) 

S!BllSI eTCSI, no-BHilHMOMY, ccjlepH'IeCKHM . COCTOSIHHeM, 

YpoBeHb 1318,6 KSB (2+); no-BHilHMOMy: S!BliSieTCSI BTOpblM 
. ..;- . 

'lneHoM fJ -au6paunoHHolt nonocbl c · K =0, nepBbiM SIBllHeTCH 

fjypoBeHb 1047,9 KSB (0+) (eM, paccy)KJleHHSI B/17/), 

0 6on&wnHCTBe ypoaHeA, pacnono)KeHHbiX BbiWe 1,3 Mae, 

noKa TpyllHO onpeneneaao BbiCKaaaT&cH. 06palllaeT Ha ce6SI BHH-

162 ' 
M8HHe TO, . 'ITO HH)KHHe ypOBHH Gd p8CfiOliO)KeH~I, B OCHOBHOM, 

HH)Ke, '!:eM COOTBeTCTBYIOIIIHe ypOBHH 
160 

Sm • tt 

8To1 no-BHilHMOMy, CBSiaaao c TeM, 'ITO Hllpo lila Gd Jia'xollHT

CH 6nH>Ke K 00li8CTH CHllbHOile¢QpMHpOB8HHblX Slllep no Cp8BHeHHIO 

C S!llpOM 
160 

Sm • 

0TCyTCTBHe .fi03HTpOHOB Ha ypoBeHb 755,6 KSB (4+) fi03BO

liSieT npunucaTb OCHOBHOMY COCTOSIHHIO . 162 Tb .KBSHTOBbie xapaKTepH

CTHKH _1-. 8TOMy 38KliiO"'eHHIO He npOTHBOpe'IHT 8H8liH3 3Ha'leHHit 

fg f r Ha llpyrne ypoBHH 
162 

Gd • ·K T8KOMY ~e 38KliiO'IeHHIO 

0 cnnHe H 'leTHOCTH OCHOBHOro COCTOSIHHSI 
162 

Tb : · npHlllllH 8BTOpbl 

paooTbl/181. · 

3. McdtelloBa.ane pacnalla u 1 Tb 

MaMepeHbl cneKTpbl y -ny'leit, KOHBepcnoHHbiX_ sneKTpOHOB, 

· 
161 Tb B cneKTpbi e- y .,... .coanallenult npn pacn~lle · • · peayn&-

TaTe uccnelloBaHHll o6Hapy)Kea,o 7 HOBblX nepexolloB, npellnO)KeHa 

n o5cy)KJlaeTcR cxeMa aoa5yiKileHHbiX ypoaaell 
151 

Gd ( pnc. ·7), 

onpelleneHbl Myn&Tnnon&HOCTH 6on&WHHCTBa "nepexolloB, - npellllO)Ke-· 
- . - 161 -

"l 

I 
I 
I 

' 0 
MH Ul Gd H 

148 
Gd. 06palllaeT Ha ceog BHHMSHHe CXOilCTBO 

cxeM ypOBHelt Slllep 1U Nd, HJ Sm , , , HI Gd H 161 Gd. , IlepBhle 

·TpH H3 HHX HMeiOT no TpH HeltTpoHa BHe OOOliO'IKH N =82, a 151 Gd 

HMe-eT nuT& ·HeltTpoHoB BHe o6ono'IKH · N =82. YpoBHH .sTnx Hllep 
. . . - - . ±8 

HanOMHH810T KOMnOHeHTbl KOHcjlnrypaUHOHHOro MyllbTHMeTa ( f7/2) • 

Eon&waSI npnMec& E2 LlliH nepexopa 108,1 MsB (M1/E2-1,6) 

roaopHT a"nollb3Y KonneKTHBHolt npnpollbl ypoBHH c sHeprnell 

108,1 KSB (5/2~) U!Gd. 'B TO )!{e. BpeMSI HHcjlOpM8IIHH ellle HeLI.OCTa-

TO'IHO, 'iTOObl YTBep)KJl8Tb 00 OllH03H8'1HOCTH npHnHCSHHSI KB8HTO-

' · - 161 G 
BblX xapaKTepHCTHK · B030Y)KileHHbiM ypoBHSIM _ d • 0LIH8K01 

ecnH npHnHC8Tb OCHOBHOMY COCTOSIHHIO l6l Tb , OCHOBbiB8S!Cb Ha 

'MOLienH OOOllO'IeK H H3 COnOCT8BneHHSI C 161 Pm, KB8HTOBbie xapaK-

TepHCTHKH 3/2+ 0 (5/~ ) (d 3/2 ; d 5/'J.) , TO STO He npOTHBO-- . . -
Ul" 

pe'IHT npellllO)KeHHbiM CfiHHaM B030Y)KJlel!HbiX COCTOSIHHlt Gd. 

XapaKTep p83pS!IlKH. ypOBHSI -·1191 KSB HanOMHHaeT OKTynOllbHbllt 

. ( -) ' 162 /2/ ypoaeH& _1123,8 KSB 3 B. 'laTao-'laTHoM Rllpe Gd ._. • YpoBHH 

C fiOliO)KHTenbHOlt 'laTHOCTbiO Ha6niOJi8IOTCR T8K)Ke y Rlljia 
10 

Sm 
82 88 

H. 147 Sm /20,21/, 01lH8KO )]aHHblX 06 ypoBHSIX C fiOliO)KHTenb'-
02 86 

Holl 'laTHOCTbiO y TaKnx Rllep noKa HellOCTaTo'IHO, 'ITOObi CllenaT& 

. onpeLieneHHblll BbiBOil' 06 HX npHpOile. 

.38Bb~llleHl!Oe- 3H8'1eHne KOScjlcjlnuHeHTa BHyTpeHHeit KOHBepCHH 

nepexoLia 443,8 KSB u aHanna e - y -coanallenult • npnaenn K 

BbiBOilYo itTO nepeXOil 443,8 KSB1 nO-BHili!MOMYo TUna (E2 +EO). 

C llpyroit. CTOpOHbi0 ecnH paCCM8TpHB8Tb OTHOllleHHe npHBelleH

HbiX BepOS!THOCTel! nepeXOilOB0 paapS1)!{8roiiiHX ypotleHb 8S9,3 KSB 

(:3/2":") 

B(EO, 3/2- -o3/2-,443,8) 
(2) .. 0,06 

B( E2, 3/2_(';>. -o3/2 , 44 3,8) 

.. ;• 

• Hbl-CfiHHbl-H~'IeTHOCTH-B030Y)KlleHHhlX:-COCTOSIHHA--Gd .• _llpoBelleHO -= . 1 61-------~-
---~--~---~--~------------~- ------~--------------::-B-Hilpe--. ·-Gd,-TO·-oHo- 6nnaKo ·K-oTHoweHHSIM·-·--------------------~ 

cpaaHeHne He'laTHbiX Hllep rallOliHHHH, JieoLIHMa H caMapnH/19/ c Hllpa- , . ' 
8 
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tf 

+ + 
B(E0,2

2
_ .. 2

1 
586,7) 

B(E2, '2
2
+ .. 2

1 
+ 586,7 ) 

B 'I~THO-'IeTHOM 112Cd /2/u 

B(EO ,2; .. 2-t;712,2) J 

B(E 2, 2~ .. 2+ ,712,2) 

_.o,o5 

-0,05 

B -'I~Tao...,'leTHOM ~Go Sm 1121. 

B~ cnyqae AetjlopMHpOBSHHOro S!llpa IU Gd HSOlllOASeTCSI' ypo-

Beil:b 592,6 KaB (3/2-) {J -BHopauuoaaoi nplipoAf>i/22,23/. Cne-- . 
AYeT TSK~e oopaTHTb,BBHMSBHe HS TO, 'ITO 3BaqeaHe OTHOWeHHSI 

npHBeAeHHhiX BepoHTBOCTei• 

B(E2, 3/2- .. 3/i -,443,8). 
- -0,35 

B(E2, 3/2- .. 3/2- ,251,8) 

AliSI f -nepeXOAOB, pa3pS1~8IOWHX ypOBeHb 839,3' K3B (3/2-) 

.B SlApe l5l Gd, OliH3KO K 

B(E2, 3/2- .. 3/2 -, 592,8) 
- 0,23 

B(E2, 3/2- .. 3/2- ,532,5) 

llliSI f -nepeXOAOB, pa3pS1~8IOIUHX ypoBeBb 592,8 K3B (3/2-) B 

SlApe . IIGGd .-. Bee 3TH paccy:lKlleHHSI TOBOpSIT ~ UOllb3Y {J -BHopa

UHOBBOi!: npHpOAhl ypoBHSI. 839,3 KaB (3/2-). noKa TPYllBO .BhiCKS--

- - u• Gd n . 
38TbCSI 0 npHpOAe ApyrHX ypOBBei • ; _liS! 3TOrD Tpe• 

oyiOTCSI ASllbBei!:WHe HCCllellOBSHHSI aTOro S!Apa ApyrHMH MeTOASMH. 

I 1: 
~ 
'· 

~ 

l 
~~ 

:.l 
•l 
t 
~!i 

' 

4. HccneAOBaHHe uany'leHHH 
150 

Tb H "' Tb, 
148 Gd, 141

Eu 

HccminoBanHcb cneKTphl y -ny'lei!:,· KOHBepCHOBHhiX aneKTpO

·aoB H U03HTpOBOB, CneKTpbi · y- y- H {J +_f - COBUSAeBHi npH 

pacnaAe 
150 

Tb H - _
149 

Tb ; cneKTphl y -ny'lei 149 Gd H 14~~ 

H- cneKTphl y -· y ·..; ·_coB~aneHHi npH pac~aAe . 
1

" Gd /4/. 

B peaynbTaTe_HccneAoBaBHSI npoBene~a onaoaHS'IHSSI HAeBTHtjJH-

KSUHSI npHBSAlle~HOCTH nepeXOAOB npH pacnane IGO Tb H l40 Tb • 

" 9Gd -+ l.O Eu .. l.O Sm 

HccnenoBaa~e pacnaAa U9Tb 
... 

-.. IUEu 

B reHeTH'IeCKOi CBSI3H U03B0l1Hll0 onpeAeliHTb KOliH'IeCTBeBBO AOliH 
. . - - 141 . . 

aneKTpOBHOrO 38XBST8 BS B030Y~AeHHble COCTOSIHHSI · Gd ,H 

UOSm, 
UD' -

a -· pacnaAa Tb · ( 13±..: 4%) 8 TSK~e AOliiO (pHc.8). 

OnpeneneBhl AOliH noaHTpoaoB npH pacnaAe uo Tb (20%) H141 Tb 

( 5%) .' BhiAen~Hhl. KOMnoaeHThl no_a~TpoaoB npH pacnaAe uo Th 
C aaeprHSIMH E rp. (J+= 3700 ;!:_ 40 KaB H ~p.(J+= 3040;!:_60 K3Bo 

Ooaapy~eaa aaoManH~ k/ [J+ $, 8 aa aoaoy:lKlleaah!i!: ypoBeBb 
m + . . . 

639 KaB Gd ( k 1 {J 'l'eop. = 0, 7 nnH paapeweaaoro {J -:-nepexo-

na). BBeAeBBhiM ypoBHH~ 1138 H 1209 KaB B uo Gd : npHnHcaHhl 

cn~B H 'leTHOCTb 3--~ 4+, COOTBeTCT~eHBO: CBeAeHHSI 0 n~3HTpOH-
HOM pacnane U03BOliHliH oueHHTb 3Ha'leHHSI fg f r AnSI, pac-
, ' "+ 
nana UO Tb -H~ OCHOBHOe COCTOSIBHe (0 ) . H nepB9e B03oy~AeH-

HOe COCTOSIHHe ( 2+) uo' Gd •- 0HH paBHhl 7 ,4;!:_0,3 H },6;!:_0,3, COOT

~TCTBeHHOo 3TH nepexOAhl nepBoro nopSIAKS aanpeweHHSI (A I. =0, 1. 

AS), a OCIJOBHOe COCTOSIHHe. 110 Tb, O'leBHAHO, HMeeT KBSHTOBble xa

paKTepHCTHKH 1"". Ha pHc. 9 npHBeAeaa cxeMa Boaoy:lKlleBHhiX ypoB-r . . 
aei!: uo Gd B cp~BHeHHH co cxeMoll:_ ypoBaeA 148 sm. OnpeAeneahl 

MyllbTHUOllbHOCTH nepeXOAOB1 llGliH aneKTpOHHOrD 38XBST8 H_3HS'Ie-

HHSI fg f r HS B03oy~AeHHhle ypOBBH IU Eu 

BeAeHO cpaBHeHHe coceAHHX S!Aep Ul Eu , l4l Eu 

H HOSm. npo

H UTEu. 

TaKHM oop830M1 _ ·nonyqeHHhle CBeAeHHSI UOATBep~ASIOT TOT tjlaKT0 

'ITO nepeXOA OT netjlopMHpOBSHHhiX S!Aep _ K ctjlepH'IeCKHM npoHCXOAHT" 

, ------------------------______ -=:::_-_::::::::::::::_:_:_::~~::;_:_:::_::~:::_:::ge>rai::pe3Ko;::Ka:K::aT<>_ .npennonaranocb::HeCKOll-bKO_:_:neT:_ii_I:\_:o!~A• no - ----- - --- ------

HeKOTOpblM CBOiCTBSM B030y:lKlleHHhiX ypOBHei SIAep yAaeTCSI npo-

--~---------~------ ------------ -- ... ------------~----

r<~ 
cneAHTb1 'ITO aTOT nepeXOA npOHCXOAHT UliSBHO. 
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