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B rrocne~HHe ro~U 3Ha~HTeRbHOe BHHMaHHe y~enHeTCH 3KCrrepHMeH-
146 . 

Tanh HUM H . TeopeTH~ecKHM Hccne~oBaHHHM CTPYKTypu ypoBHeH Gd .H 

coce~HHX,c HHM,H~ep [1]. YcTaHoBneH pH~ ¢aKTOB, CBH~eTenhCTBY~lliHX 
0 ~BaJK~U , MarH~eCKOH 1 rrp.Hpo~e 

146
Gd ., O• MarH~HOCTH ·.~Hcna rrpOTOHOB . "a . .. 

Z=64 B 3TOM· H~pe; O~HH H3 BaJKHUX·· apryMeHTOB,. B 00Rh3Y 3TOrO 

3aKmo~eHHH COCTOHT B · II0~06HH CTpyKTypu HHJKHHX. B036yJK~~HHUX 
146 . . . 

COCTOHHHH Gd · CTpyKType · B036yJK~~HHUX . COCTOHHHH B, ~BaJK~hl 

MarH~eCKHX H~p~X 208
Pb , 

132
Sn H ~p, 

. 82 126 50 82 

TaK,· [l;KnaliHXaHHU .H· ~p.[2;3] ·>:H3y~anH. yrnOBhle ·KOppenHUHH 
. . ,146 

'1-ny~eH rrpH 3aceneHHH· H pa3pH~Ke .. ypOBHH 1579 K3B·, B. "· Gd, H3MepHnH 

K03¢¢HUHeHT BHyTpeHHeH. KOHBepCHH '1-ny~eH 1579 .· K3B, H BpeMH 1 JKH3HH 

ypOBHH 1579, K3B. BURO. IIOKa3aHO, ~TO, .KaK H , B ~08Pb,. rrepBUH 

B036YJK~~HHilli ypoaeHh. HMeeT In=3-, H E3-rrepexo~ c Hero· ycKopeH. 1no 

CpaBHeHH~ c, O~HO~aCTH~HUMH. OUeHKaMH 6onee, · ~eM B .. 30: pa3 ;··<.P. .. lKYRHH 

H ~p. [ 4] H3MepHRH OTHOWeHHe. ·aK
216

/a:K
1579

>1 00 · H. ~OKa3anH TaKHM 

o6pa3oM, ~To. '1-,rrepexo~.;2165K3B B 
1~6Gd.Tima, EO, a :ypoBeHh 2165 

HMeeT' In=O+. '3TH •pe3yiihTaTU rrony~eHU npH I .B036yJK~eHHH ·ypoBHeli 
1 ~6 Gd B peaKUHHX (a:Xn)[2,3] H (·

3
He,2n)[4]. B' HaCTmiweli:·pa6oTe 

BllBo~u o MY nhTHrronhHOCTH rrepexo~oB H cmme. ·H ~~THOCTn ypoBHeli 

1579 H 2165 K3B rrony~eHu npH Hccne~oBaHHH ~-pacrra~a H3ciMepoB 
146 . n + n · - • · 
. Tb:·r =1 · 'T =8 c H'I =5 .T '=23 c.'· 

• 112 . • 1/2 

Pacna~ H3oMepa 
146

Tb c· T • =23 c H3y~ancsr: CTu~eHeM H ~p; [5]. 
' ' . 1/2 

06HapyJKeH pH~· '1-IIepexo~oB, ~pe~noJKeHa cxeMa · pacna~a,. liHTeHCHB-

HOCTh·'1-ny~eli 1579 K3B rrpeBOCXO~HT cyMMapHy~ HHTeHCHBHOCTh ~pyrHX 

'1-ny~eli, · Ha6n~~aeMux rrpH .pacrra~e -~46Tb(23 ·c) •. 3To II03BonHno 

3aKJI~~HTh, ~TO 7-rrepexo~ 1579:K3B.DpOHCXO~HT:B OCHOBHOe. COCTOHHHe 
146

Gd H. orrpe~enHeT 3HeprH~ . rrepaoro" B036yJK~~HHOrO . COCTOHHHH. 

£10CKORhKY OCHOBHOe COCTOHHHe ~~THO-~~THOrO H~pa·. 146Gd .. HMeeT 
n + 

I =0 , MYJihTHDOJibHOCTb nepexo;ta 1579 K3B OJlH03Ha'IHO onpe;teJIHeT 

CDHH H ~~THOCTh YPOBHH 1579 K3B • 
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J{JHI H3MepeHIHI K03tptpHUHei!Ta BHyTpeHHefl ,KOHBepCHH o-rrepexo.na 

1579 K3B Mil HCITOJ!b30BaJIH ~-CITeKTpOMeTp C MarHHTH!lM tpHJibTpOM THITa 

MHHH-aiTeJibCHH [6]. KOpOTKO~HBYlliHe Hef!TpOHO.UetpHUHTH!le HYKJI~.ll!l 

ITOJiy'iaJIH Ha 3KCrrepHMeHTaJibHOM 1130Jih-KOMITJieKce .HCHAllll-2 [ 7] rrpH 

o6Jiy'ieHHH TaHTaJIOBOf! MHllleHH Ha B!lBe.UeHHOM rrpOTOHHOM EP=660 M3B 

nyqKe !pa3oTpoHa Ol1.Hl1. 110H!l c A=146 OT Macc-cerrapaTopa B Te'ieHHe 

40 C C06HpaJIHCb Ha KOJIJieKTOp ( MOHeTy) MOHeTHOro aBTOMa Ta, 3a TeM 

MOHeTa c6paC!lBaJiacb B H3MepHTeJibHY~ IT03HUH~ (ITOJIO~eHHe HCTO'iHHKa) 

~-crreKTpOMeTpa, H. B. Te'ieHHe 120 C rrpOBO.llHJIHCb · H3MepeHHSI crreKTpa 

3JieKTpOHOB BHyTpeHHefl' 'KOHBepcHH. ( 3BK). 3TOT UHKJI H3MepeHHfl 

ITOBTOpSIJICSI 100 pa3. : PaCCTOSIHHe OT ·. MOHeT!l-HCTOqHHKa 3BK .UO 

UeHTpaJibHOf! ITJIOCKOCTH TOp a· MHHH-arreJibCHHa. 6!lJIO -25 MM ,' paCCTOSIHHe 

OT HCTOtiHHKa .llO .neTeKTOpa· .-,'.:.50 MM, . J{JISI perHCTpaUHH 3JieKTpOHOB 

HCITOJ!b30BaH · .neTeKTOp H3 CBepX'iHCTOrO repMaHHSI . C KpHCTaJIJIOM 

o6'b~MOM 2 CM
3 

H .r(~aMeTpOM 18 MM. JleTeKTOp 3.JI~KTpOHOB 6!lJI' qacTH'iHO 

3all1Hlli~H. OT IIpS!MOrti rrona.naHHSI 6-Jiyqef! QT:HCTO'iHHKa-rrorJIOTHTeJieM,H3 

BOJ!btppaMa·~HaMefpoM· 12 MM· H .llJIHHOf! 24: MM.· llOCKOJ!bKY .UHaMeTp 

ITOrJIOTHTeJISI 6!lJI··MeHbllle .UHaMeTpa '.lleTeKTOpa,• B H3MepeHH!lX CITeKTpaX 

BMeCTe C . JIHHHSIMW 3BK Ha6JI~.UaJIHCb . JIHHHH 0 -Jiyqef!; HpGe- .neTeKTOp 

paCITOJiaraJICSI . B KpHOCTaTe C OKHOM :H3 'THTaHOBOf! tpOJihrH. TOJ!lliHHOf! 
. 2 ' 

12 Mr/CM : 3HepreTH'ieCKOe p~3pellleHHe .neTeKTOpa .llJISI 3BK .B 06JiaCTH 

1-2 M3B'6!lJIO'OKOJIO '12 K3B; •.UJIH 0 -Jiyqef!·-. 2•5 'K3B .. 
' - . ,, . 

· • · lloJiy'leHH!lf! CITeKTp. rrpe.ncTaBJieH Ha·. pHC. 1 •. BH.UH!l JIHHHH 3BK :H 

•-nyqef!. 'rrepexo.noa · 1079 , H 1579 K3B, · B03HHKa~mHe · npii · pacrra.ne 

H30~epa:. 14•6Tb C·,T
1
/2=23· C,• 1i JIHHHH, 3BK .EO.,.rrepexo.na.:.2165 .K3B• rrpH 

.pacrra.ne 
14~Tb c ~ T =8 .c.· . 

1/2' 
.,· ·!· .l '! 

JlJI,H KaJIH6pOBKH : CITeK.TpOMe.Tpa :ITQ .. 3tptpeKTHBHOCTH HCITOJ!b30BaH!l 

o-rrepeXO.ll!l C H3BeCTH!lMH 3Ha'ieHHSIMH K93tptpHUHeHTOB BHy.TpeHHef!cKOH-

BepCHH ( aK), B03HHKa~mHe, rrpH pacrra.ne.·· Ko'poTKO~HBYlliHX, HYKJIH.UOB 
142 147 149 149 ... 
. . Eu,. Tb, .. Tb H Dy (Ta6JI.1-).· CITeKTp!l,·3BK. H, o_-Jiyqef!,.3THX 

HYKJIH.UOB 6!lJIH H3MepeH!l B . Tex · ~e <YCJIOB.H.HX, 'iTO H crrexTp HYKJIH.UOB . c 

A=146 IlpH COOTBeTCTBYllleM HX rrepHO.UaM ITOJiypacrra.na~B!l6ope ~KCIT03H

UHfl HaKOITJieHHSI. aKTHBHOCTH H, H3MepeHHfl;; llOJIY'i~HH!le . B :3TH X H3Mepe

HHSIX pe3yJihTaT!l· ITJ!Ollla.UH ITHKOB ;3BK,,- ,SK, H ITHKOB~ .6-:.JIY'ief! :-::.'S
0 

( Ta6JI. 1 )· 'HCITOJ!b30BaH!l . .llJISI.;: ITOCTpOeHHSI . KaJIH6pOBO'iHOrO .. ,rpatpHKa 
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Ta6JIHUa 1. OTHOllleHHe 3tptpeKTHBHOCTef! perHCTpaUHH KOHBepCHOH~!lx·· 
. . s c . . . 
• K K 

3JieKTpOH_OB, H 0 -Jiyqef! Z(EK )=s--;a=-C- Ha ~-CITeKTpOMeTp,e 
. D . K i D 

C MarHHTH!lM tpHJibTpOM THITa MHHH-aiTeJibCHH. Orrpe.neJieHHe 

MYJihTHITOJihHOCTH o.:.rrepexo:Uoa 1579 H 2165 K3B B 
146

Gd 

Pacrra.n, T
1

/
2 

I· 

E 
•• EK 

142 Eu~ 1 ·42 Sm~·· 7681 722 

T ~1;2 MHH 1023 977 
I/ 2 

I 
4 7 T~ I ·4 7 

Gd 113 9 7113 4 7 

T =1.8 MHH 1798 1748 
I/ 2 

149 Tb~149Gcll 7961 746 

T =4.16MHH 
I/ Z 

<TL 

E2 

E2 

M1 

M1 

3KcrrepHMeHTaJihH!le .naHH!le 

a*. w-3~ · I 
k · S ·10~ 3 ~ S ·10-

3 1 Z(E) 
K · · · o · ·. K 

3.78 1~;08(12)12.18(6) ·11.31(15) 

2.02 2.68(12) 1.50(5) 890~50) 

1.77 12.00(13)11.72(5,) 1630(50) 

0.99 0.10(S) 0.24(2). 420(200) 

M1 I 6.73 9:80(70> l6.izclo> l22s(2o)'· 

,,,,. 

149 Dy~149 Tb,1776,17251 E1 I 0.374,0.16(4) 

T
1

/
2
=4.1 MHH 1806 1754 Mi~E2. 1.11., 0.'31(5) 

0.86(4) 

0.55(3) 
'·'' 

490(110) 

500~9b) I . 

146T~146 Gdl107911029 E2 I ,1.99 13:~(2) I 1.99(6). 

·'' T =23 c 
I/ 2 1579115291 E3"*1 1. 77 2.61(11) 12.55_(6) 

I , . 
•'955(60) 

.. I .. I M1 I 1. 33 

''575(30) 

'_.770(40) 

M2 

E4 

3.01 

3.08 

'~30(16) 

._330(16) 

146T~146 Gdl2165l2115 

T . =8 c 

EO ** >500 10.2(5) I <0.03 .-400 · ..• ' 

I/ 2 

llpHMeqaHHe: 

!\·;·_ i-;-

* - a B!lqHcJieH!l .UJISI yKa3aHH!lX MYJihTHITOJihHOCTefl no 
K . . . ,· 

nporpaMMe, JI~6e3HO rrpe.nocTaBJieHHOf! HaM H~M.EaH.ll H 

M.E:Tp~aKOBCKOf! [8]; " 

*~ - MyJihTHITOJ!bHOCTH rrepeXO.llOB, 3KCrrepHMeHTaJihHO 

yeTaHOBJieHH!le B HaCTOS!lllefl pa6oTe. ·. 

: _; ; :; -~ L, 
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Pnc.l. CneKTp 3BK n r:-:-nyt~efi He:tl:Tpof!o.o;eqmrJ;IITHDIX HJKnn.o;os c A= 146, 
' 'II3MepeHH.blfi 'c .IIo'MO~biO 'j1-'cneKTpOMeTpa C MarHUTH.biM !lJIIJibTpOM 

TMIIa MIIHII-a~eJibCHH Ha'H30nh-KOMIIJieKce ~CHATITI-2 

Z(ExJ.1200F ;, :' . ,, ! 
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Pnc.2. 3asncnMOCTb Z(Ex)=Sr/(S?ax)=ex/£7 ,D;JIH P-cneKTpoM:eTpa c 

MarHUTHbiM !lJIInbTpoM Tuna MnHn-anerrbCIIH. Onpe.o;erreHIIe 
MYJibTUIIOJibHOCTII y-nepeXO.IJ;OB 1579 II 2165 K3B B 146Gd 
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~HC.~. Ha pHCYHKe 2 OTHOWeHHH S /S ~ aeneHH~e Ha H3BeCTH~e 3Ha-
,. " . • .... : . . , '' ·' . K, . . :~ .. . . ' ' . " 

4eHHH a COOTBeTCTBy~mHX 7-IIepexoaoB, npeacTaBneH~ B .3aBHCHMOCTH 
K · • ·. · s · · · · ·e · .; .·. ' · · · · 

. · K · KV 
OT.; 3HeprHH nHHHH _3BK. TaK KaK s-;a-=Z (E)=-e-· • . .eCTb: OTHOWeHHe 
.·. . . 7 K.. . D . " ' 
3!p!peKTHBHOCTeH perHCTpaUHH 3BK H' 7-nyqeH aeTeKTOpOM, TO an_H 

B~4Hc'neHHH a 7-nepexoaa HeH3BeCTHOH MyJibTHrionbHOCT.H ito'cTilT04HO 
r K •' '• • • • • / ; ''• • •_ • f 0 '~ •;' • , , ! : i- .- , , : '! 0 ~' •, ) ,-

pa3nenHTb H3MepeHHoe ·oTHoweHHe-·s /S' nnH 3Toro nep~xona Ha 
. K D 

BenH4HHY Z (EK) H3 rpa!pHKa . (pHC. 2). YKa3aHH~e Ha pHC. 2 OWH6KH 

seJJH4HH Z(EK) Y4HT~Ba~T norpewHOCTH onpeneneHHH nnomaneli SK H s
7 

H norpeWHOCTH B~'!HcneHHH a '( <27.) .. , '' 
. • K + 

nepexon .1579 • K3 B, KaK nepexon Ha yposeHb · c.: r1T=o , nonJKeH 

6~Tb IIO MynbTHITOJJbHOCTH 4HCT~M .. ( 6ecnpHMeCH~M) ·nepexonoM. • B • 3TOM 

cnyqae B03MOJKeH; • H, · .. npyroli . choco6 • Hcnonb'3oBaliHsr- • pH c. 2 • ·: nnH 

onpeneneHHH MynbTHIIOnbHOCTH. nepexon~. BU4HCnHM:Be~H4HH~·Z(E~)-nnH 

nepexona. 1579 K3B; HCIIOnb3YH 3KCIIepHMeHTanbHoe·- OTHOWeHHe SK/Si H 

pacqeTH~e aK nnH E3, . , Ml j' M4 H E4 H apyrHX MynbTHIIO.nbHOCTeH 

( CM. Ta6n. 1 )0·; H HaHeCeM HX.· Ha ·pHC:2;' KaJKeTCH oqesHnH~M,. 4TO 

TOnbKO E3-MynbTHIIOnbHOCTb nepexona 1579 K3B 'corna6yeTCH C 

OlKHnaeMOH IIJJaBHOH '·3aBHCHMOCTbJO. z•· OT :E '· . KOfH~4HO·~·. B cnyqae ';cMeCH 
. . K 

MynbTHIIOnbHOCTeH E1+M2, BenH4HHa ·Z(E ')• nnH : .. tiepexoaa. 1579 '· K3B 
K 

MOrJia 6~; cornacoBaTbCH. C• n'miBHOH KpHBOH · Z(E~ ).' 'HO,' KaK•··oTMe4eHO 

B~we, CMecb MY nbTHnoneli nnH nepex'ona'' 1·579·, K3B' HcKn~qaeTCH. ',. •• 

, TaKm.f · o6pa3oM, · nonTsepJKnaeTcH E3-My nbTHnonbHOCTb' · nepexona 

1579' K3B 'H· .UOKa3aHO, '; 4TO _ypoBeHb 1579' K3B s· 1
,
46Gd HMeeT··cnHli:'3 H 

oTpHUaTenbHY~ 4!:!THOCTi..: .. · ... •' '' ,; '': •; 

BeTa-pacna.u 
146

Tb; Irr=1+; T =8 c H3y4ancH B [9,10]. 06Ha
I/2 

pylKeH.TOnbKO onHH 7-nepexon 1972 K3B C HHTeHCHBHOCTb~ 127. [9] HnH 

197. [ 1 o] Ha pacnan ,. onpeaenH~mHH 3HeprH~ B036yJKa!:!HHoro ypoBHH 
1l + . 

1972 K3B, I =2 , B [ 10] Ha6n~nanHCb K H L KOHBepcHOHH~e nHHHH 

nepexona 2165 K3B. OTCYTCTBHe 7-nyqeli 3TOH 3HeprHH II03BOnHno 

npennonOlKHTb, 4TO 3TO nepexoa THna EO C. HHT,eHCHBHOCTbio 2:0. 97. Ha 

pacnaa. 11cnonb3YH nnomanb nHHHH K2165 H sepxHHH npenen nnomanH 

nHHHH 72165 K3B (pHC.1 H Ta6n.1) H 3KCTpano~HpOBaHHOe 3Ha4eHHe 

Z(E ) .unH E =2165 • K3B, M~ 'oueHHBaeu': Ko3!p<PHUHeHT ·sHyTpeHHeH 
K D . .•' ' .. 

KOHBepCHH nepexoaa 2165 K3B KaK a >0. 5. CpaBHHBaH nonyqeHH.~H ~ 
K . . . . -3 

npeaen c pac4!:!TH~MH aK nnH E5-nepexoaa - 0.23·10 H anH M5-nepe-

5 



'' ' . 3 
xona - o:ss·10-, c yaepeHHOCTh~ yTaepxnaeM, qTo 3To nepexon THna 

Eo; a ypoBeHb 2165 K3B B 146Gd H~~ei· Irr,;o·. 
HaCTOHIJlaH pa6o:a BblllOJJHeHa npH !pHHaHCOBOH nonnepxKe PoccHii-

cKoro. !po~na !pyHnaMeHTaJJhHblx HccnenoaaHHii ( Kon rpaHTa 

.tf94-02:-0,4828a). A!JTOpbl Bbl~axa~T rny6oKy~ 6naronapHo~.Th 

B ~ E. ~ py naHHHY H B. lf. <DOMHHbiX 3 a. llOJJe3Hble. o6cyxneHHH. 
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