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Hccnertosaane csoficTB RAep nepexoAHOH o5nacTn c qncnoM aefiTpo

HOB N · = 83-89 no3BonReT nonyqaTh samHbie cBEiAeiinR o· npouecce nsMe

a·~~HR nx pas"aosecaofi '!jJopMbi oT c!jlepnqecKofi. K.. snnnrici:)naan&aott.' B csR

sn c 9THM saaqnTenhHhlH HHTepec npeACTaBnRe; nsyqeane oco5eHHOCTefi 

AByxqacTnqai,xx ypoBHefi RAep . sTofi o5nacTn c qeTHb~M MaccoBbiM.· qncnoM 

J' H 50nblliHM CITHHOM1 T8K K8K H.X CTpyKTypa B MeHbllleti CTeneHH 38BH

CHT OT ~eKTOB C~elliHB8HllR KOH!jJRI'ypaUHH, .feM Y ypo'BHett RA~p C M8nbiM 

cnnaoM n, ~neAOBaTenbHo, c 5onblllefi onpeAeneHHOCTbiD oan AeMoHc~pHpy

roT, KaKaR ns cxeM yposaefi nyqllle nx oTpamaeT - cxeMa Hnnbccoaa AnR 

Ae!IJopMnpoBaHHbiX RAep nnn cxeMa Matiepa AnR c!jlepnqecKnx RAep; 

npnMeHeanecxeMbi Mafiepa IT03BDnReT npeACK838Tb, qTo y "aeqeTHO

HeqeTHblX RAep sTofi o5nacTn n B oco5eaaocTn y' RAep, ~pnB.eAeHHbiX B 

Ta5nHUe 1,, MOI'Y.T cymecTBOBa:rb HH3Klle H30MepHbie COCTORHHR C KoH!jJHI'y-

+ 
c I =I "= 9 max 

-3; 

3 

npn 1;_ 3; N = 83; 85; 



B paMKaX MOJlenH c«J>epH'l:eCKHX HJlep. ' yKa3aHHbie H30~epHbie COCTOH- . 

HHH, ecnH 9TO SHepreTH'l:ecim. JlOllyCTHM0 0 • MOI'yT HCllbiTbiBaTb pa3pemeHHblii . . ' ., 

. 6eTa-pacmiJl c .ManbiM a~aqeuneM lg {t .::; 6 Ha JlByxqacT~'l:Hbie ueATpou-

Hble ypoBHH Jloqep~Hx_ qeTHO_..;.qeTHbiX HJlep THna I nz'(h:
9

/
2

) i~2 ({ 
7
/2.)!:3 

.·· · 8+ · 1 rh ·.J 1 ·rr ·J-3 1· ··1" ·1~ z ·c I"= /~a,.. = "·:HnH ni_ 9/2 n2 7/2 c = mu-

(a aToM cnyqae 6eTa-nepexoJl CB.H3b!BaeT cocTo.HHH.H p( h11j;hn(h9;2J, npH'l:eM 

!11 = 1 ) • B To )Ke apeM.H npnMeHeHH~ cxeMbi ypoBHeA Hnnbccoua · Jln.H Jle~ 
. . 

. «J>opMHpOBaHHbiX .Hilep ·He MO)KeT npHBeCTH K npeJlCKa3aHHID ·c-ymeCTBOBaHH.H 
. .. . .. , .. - ·1

11 
. 8+ 7+ - ---

OilHoTHnHbix HH3KHX H30MepHbiX ,COCTO.HHHH .C = ; · . B TaKOH 6onb-

liiOfi rpynne He.'l:eTHo-He'l:eTHbiX .HJlep. c paal:(H'IHbiMH 3Ha'l:eHH.HMH Z H N • 

B CB.H3H CO .CKa3aHHbiM Bbiliie .B 06'beJlHHeHHOM HHCTHTyTe' .HJlepHbiX 

HCCneJlOBaHHii 6binH npeJlllpHH.HTbl llOHCKH B He'l:eTHO-He'l:eTHbiX ·Hilpax, llOJl-

qepKHyTbie B Ta6nnue .J, 

. eA p(h 11/2Jv1 n( !7/2 }v2 

OJlHOTHllHbiX 

c 111 = 9+ . . 
H30MepHbiX COCTO.HHHii · C KOH«J>HrypaUH- . 

+ 
8 1 a B JlO'l:epHHX 'l:eTHO-'l:eTHbiX .Hil-

pax - llOHCKH JlBYX'IaCTH'l:HbiX HeiiTpOHHbiX ypOBHeH THna 
·1 . 

n1 (h 912 )1 
n2 (/7/2/' 

I TT + + c =·8 ; 7 • 

B uacToHmeH: pa6oTe Mbi nonbiTaeMc.H noKaaaTb, 'ITO o6Hapy)KeHHbie 

HeJlaBHO KOpOTKO)KHBymHe H30MepHbl~ COCTO.HHH.H 
148 

Tb ( T J/~ 2, 1 MHH); · 

(. Ill 152 . . 11 21 154 
15°Tb T1; 2= 6,0 MHH) ; Tb ( T1j2= 4 MHH) • , a TaK)Ke Ho 

13 41 
' CKopee Bcero .HBn.HIOTC.H HMeHHO TaKHMH H30MepHbiMH CC!CTO.HHH.HMH. 
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Ill 
B · npnneneHbi JlaHHbie '? raMMa~nyqax, conpoBo)K 

148,150 . 
H30MepoB Tb H llOKa3aH0 1 'ITO B JlO'l:epHeM .Hllpe 

C.H ypOBHH 784 K9B( 

HH 638 K9B ( [TT 

+ + 
JTT = 2 ) H ;1415 K9B ( JTT • = .4 ), a 

+ + • 
2 ), 1288 K9B ( / 17 = 4 ); 1134 .KSB 

1700 K9B ( f" = 5-) • 
. F11 

HH)Ke Mbl llOllbiTaeMCH Ha OCHOBaHHH JlaHHbiX noc 
148 150 .. . . . -

nomibie .cxe·Mbi yponueH: • Gd H npoauami3HpoBaTb nx 
. • 148 

B. 'ocuoBuoM cocTo~IHHH 64Gd84 cnepx aanonueuuoi 

"6ono'l:KH · Z = 64 H ueii:TpouuoH: ofiono'l:KH. N: = 82 ;iiMe.IOTc 

JieiiTpOHa Ha ypoBHe { 7/2 . B cneKTpe yponueH: TaKoii: JlB 

c!JnrypaUHH n( { 7/2) 2 HHTepBan Me)KJly COCeJlHIIMII' ypOBHSIMll 

CIIJIHa JlOli)KeH yMeHbliiaTbCSI XI (puc. 1 ,;.: CITeKTp ~30;0~0·1 
146 Sm ) • 3To rroanonSieT c ueKoTopoil: CT.em~HhiO Jl~CTOBE 

62 84 .. 

a 148 Gd rrono)Keune raMMa-'rrepexoixa 396 · Ks~ n 
+ 64 84 . + . 

6- ) • Yponeub c 117 = 6 BMeCTe cC HIDKIUIMH-ypoBfl 

B8Th 

( I" 

2 + j 0 + o6paayeT. My llhTIIIIneT KOHc!JnrypaUHH n ( { 7/2 ) 2;. 

Ha6niOJleHlle nirTeHCIIBfibiX raMMa-nyqefi c 8Heprneil: ~ 

. e .. T BBeCTII ypoBe!Ib 2693 K9Bo. ilaH!Ibie 06 HHTeHCIIBHOCTStX 

IIOKa3b!BaiOT 1 'JTO. 9TO Han6onee Hli3KHii ypoBeHh 1 IIHTeHCIIB 

CSI IIpH 6eTa-pacrrane 148 Tb .. C lg {t .~ 5,0 ( ecmr HCIIO,flb3C 

Q 13 - .5 Man). M~noe auaireuue lg ft cnuneTenbcTnyeT o To 

, Ta'-IIepexon .. CBSI3biBaeT COCTOSIHIISI npOTOHa II HefiTpOHa - q 

Tanbuoro · Jly6neTa. B · o6nacTl! auaqe.unii Z = 64; 65 n N 

TOllbKO O~IIH TaKOH Jly6neTp(h1Jj2)~n(hqj2/ TaK KaK 'B OCHC 

SIX SIJlep aToii o6nacTII · 83 II 81 ueiiTpOHbi uaxoJlSITCSI ua ypc 

xl 
·3To BbiT~KaeT ·KaK na TeopeTn'l:ecKoro auannaa, T< 

1\IE'HTallbHbD{: UaHHbiX · 0 CIIeKTpax KOHc!JIII_'YPBUIIii TaKoro ·TIIf 



87; 

flble H30MepHbie COCTOH- . 

cnbiTbiBaTb ··.paapemeHHbiA 
. . 

U~yxqacTJI"IHbie aeATpoH-

z'(h.9/2.) ·i~2 ( f ~/2./:J. 
l: c' 1" ='~r:nu -1 

'dH·p( h11j;hn(h9; 2), npH'IeM 

maeH: HHnbccoaa ·llnH Jle-

838HH~ ·cyrueCTBOBBHHH 

8+; 7+ ·• B TaKoA 6onb

: 3H8'19HHHMH z H N'· • 

OM·· HHCTHTyTe1 SlllepHbiX 

>-He'leTHbiX 1Hilpax, noll

ocToHHHA · c Koa<fmrypauH- . 

pHHi. '19TH0-'19THbiX. Stil-
i . ·t, . 

THna n1 (h 9f2) n2 (/7/2? · 

lTb1 'ITO o6Hapy>KeHHbl9 

48
Tb . CT I/~ 2,1 MHH); 

11 2/ . 154 
' . , a TaK>Ke Ho 

MepHbiMH C~CTOHHHHMH, 

B
/11 npHBelleHbi llBHHbie '? raMMa-nyqax, conpo:ao>Kila~mnx pacnall 

nsoMepo:a 148
'
150 Tb u rroKaaaao, 'ITO :a llOtiepaeM Hllpe 

1
:=cd aace.nH~T

cH ypoBHH 784 Ka:a( I 11 = 2+) H .1415 K:3B ( I"·= _4+), a B 
1 ~~Gd86 - ypo:a-

+ + . 
HH 638 K:3B (ITT 2 ) 1 1288 K:3B ( I 11 = 4 ); 1134 .K:3B ( I 11 = 3"":) H 

1700 K:3B ( I" ':' 5-). 
Ill 

Hn>Ke Mbi nonbiTaeMcH 11a oc11o:aa11HH JlaHHbiX nocTpoHTb 6onee 
. 148, 150 

rromibre .cxeMbi ypo:a11eti Gd u npoa11amisnpo:aaTb nx ·cTpyKTypy. 
148 · ' 

B 'oc1IOB1IOM cocTOH11HH G4Gd84 c:aepx sanom1e11110fi npoTo11ltoti. nollo-

6onO'IKH .. z = 64 II 119HTp011110H o6ono'IKH N .. = 82 'iiMe~TCH To'nbKO n:a~ 

11eiiTpo11a 11a ypo:a11e f 1f2. • B crreKTpe ypo:aHefi TaKoii llByxqacTH'IHDii KOH

<flnrypaunn n( f 1 j 2 ) 2 HHTep:aan M9>KJ1Y CDC9liHHMH ypDBIIHMH C pDCTOM liX 

emma non>KeH yMeHbWaTbCH x/ ( pnc. 1 - crreKTp nsoTo~oB 144 N d n • . 60 84 

1 :~ Sm 
84 

) • 3To rros:aonHeT c HeKoTopoti cTerre11b~ nocToBepuocTH cpnKcnpo-

BaTh :a 148 Gd nono>KeHHe raMMa-'nepexolla 396 KaB 11 ypon11w 1811 KaB 

( I" 
+ 64. 84 + . + 

6 ) • Ypo:aeHb c ITT = 6 BMecTe c HmKHHMH ypoBHHMII c I 11 = 4 ; . 

2+; 0+ o6pasyeT MynbTHnneT Koucpurypaunn n( ! 7; 2 J2. 

Ha6moneHne HfiT9HCHBHbiX raMMa-nyqeif c al!eprneii 882. K 3B IID3BOnH

. eT BB9CTH ypDB9Hb 2693 KaB, llaHHbl9 06 HHT9HCHBHOCT51X rllMMa-nyqefi 

IIOK83hlBa~T 1 qTD :3TD HaH6onee HH3KHH ypDB9Hb 1 HHT9HCIIBIIO sacenH~Wll~-

cH. rrpH 6eTa-pacriane 148 Tb.' c lg ft .::; 5,0 ( ecn~ ncrronh30BaTb_ ouenKy 

Q 
13

- .5 Ma:a). M~noe 3HaqeHne lg ft CBHileTenbcT:ayeT o ToM, 'ITO aTo: 6e'.:.: 

,Ta-rrepSXOil.CBH3~BaeT COCTOHHHH llpOTOHa H HBHTpDI!8 - 'lnBI!hl ciiillii-Op6if~ 

TanbHoro_ ny6neTa. B · o6nacTH sHa'leHHll Z = 64; 65 n N = 84, 83 ecTb 

TOnbKO OllHH TaKOH ny6neTp(h lJ/2 )-m(hqj2 / TaK KOK •B OCHDBHblX CDCTOHIIII

HX Hnep aToA o6nacTn·83 H 81 HeiiTpOHhl naxonnTCHHa ypo:aue f7/2 •• 

xl 3TO BbiT~KBBT KaK 113 TeopeTH'IBCKDI'D aHanll38 1 TaK II 113 9l<CIIBp11-
MeHTanbHblX. nannbiX o cneKTpax KOHcPU~ypaiinii TaKoro Tnrra :a npyrnx Hnpax. 

5 
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Manoe aaaqeane lg f t 6eTa-nepexoaa noasonHeT <flnK 

HYIO KOHqJHrypaUIIIO {p(hjJ/2)
1

n(f7/2")'} B 
1 :~Tb 83 II KOHe'l 

{ ( )
1 . )1 l . 148 

UIIIO n1 h 
912 

n2( { 
712 

1. ypOBHS'I' 2693 KSB B Sl)lpe 64G 

)lnSI oqpeaeneHIISI CfillHOB Hll*HIIX ypOBHeH MynbTHnneTOB n 
1T + 148 . 1T . - + 148 -

cniiHbi I 
1 

= 9 ( Tb)u I 1 = 8 ( Gd) .• 

11TaK1 Mbl npiiXOi:IIIM K BbiBOJly, 'ITO llBYX'laCTII'lHbiH I 

BeHb TIIna {n/~f2)1 nfft/2) 1 l ci
17

= Sf B 
1!!GJ84 nMeeT 91 

naHHbl8 06 IIHT8HCIIBHOCTII raMMa-nepexoaa 1394 Ka: 

cnposaTb yposeHh 148 'Gd c aaeprnefi 4087 KaB, a ~anoe 
- 64 84 . 

yKaabmaeT, 'ITO 6eTa-,nepexoa Ha aero Tuna p (h,1 ~~2 hn(h9 
ypOB8Hb 4087 KSB OTnii'laeTCH OT paCCMOTpeHHOrO Bbiiiie l 

+ . . 
ypoBHH c 1.77 = 8 soa6y*JleHIIeM napbi npoToHoB •• Tora"a 1 

1394 KaB Mo*eT 6biTb aaanoriPieH raMMa-nepexoay 1580 
+ 1T + . 146 

MY ypoBHII c / 77 = 2 u I - = 0 B -· 64'Gd82 , -a ypoBeHb 

HO, eCTb 'l8Tblp8X'laCTH'lHbiH ypoBeHb Tllfia {p (~= 2 ); [n 
. + . + + . 1 

c I 17 .= 10 {soaMo*Ho, ·I"~ 9; 8 ). ·-

TaK KaK ll3B8CTHO, 'ITO aaepriiH OJlHOTllfiHbiX nsyxqa 

Mano M8HSI8TCSI npll nepexoae K COC8JlHIIM HJlpaM, MO*HO 
. . /5/ 

neHbiO BepOHTHOCTH 38KniO'lllTb, 'ITO o6Hapy*eHHbiH B 
+ 

2737,6 KaB c I 17 = 8 TaK*e HBnHeTcH asyxqacTII'lHbiM 

{ n/h9/2 )1n2 ( {7/2 )1 .}. . 

Aaanorn'IHbie coo6pa*eHIIH MoryT 6biTb ncnonbaosaJ 

saauu pacnaaa naoMepa ~:~r~ 85 aa ypoBHH 
156~Gd86 , xc 

B nocneaaeM qeTbipex H8HTpOHOB aa ypOBHe f 7/2 xapaKT8J 

HaSI KapTIIHa, B03MO*HO, H8CKOnbKO IICKa*eHa KOnneKTIIBJ 

naHHbl8 06 HHT8HCHBHOCTS'IX Ha6niO)laiOIIIHXCSI raMMa· 
150 . 150 

- pacnaae Tb noasonHIOT ssecTH B 64Gd86. ypoBeHh 25! 
148 d . HbiH ypoBHIO 2693 B 64G _ 84 • 3TOT ypOB8Hb. HHT8HCIIBHO 

. . 150 . -
6eTa-pacnaae II31?Mepa Tb • Manoe aaaqeane lg ft-

7 
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~anoe aHa~eHne lgft 6eTa-nepexoaa nosnonHeT ¢nKcnpoBaTb ncxoa

HYIO KOH¢nrypaUHIO {p( h iJ/2 )
1 

n( f1 /2 )
1

} B 
1 !~Tb 83 . H KOHe~HyiO' KoH¢nrypa-

{ ( )
1 )1 l 148 . . 

UHIO n
1 

h 
912 

n
2
({

712 
ypOBHH' 2893 KSB B gape 64Gd84 1 a npaBHna 

ang oqpeaeneHHH COHHOB HH)I{HHX ypOBHeii MynbTHnneTOB npeaCK83biB810T HX 

cnHHbi I~ = 9+ ( 148Tb) H I~ = 8+ (
148

Gd} • 

l1TaK1 Mbl npHXO.iiHM K BbiBoayl ~TO aByX~aCTH~Hbiii HeiiTpOHHbiii .ypo-
. 1T + . . 

neHb THna ln/~12 ) 1 nffti
2
J11 c I = 8' B 

1
!:Gd84 nMeeT aaeprnro 2893 KaB. 

,llaHHbie o6 HHTeHCHBHOCTH raMMa-nepexoaa 1394 KSB il03BOnHIOT ¢n.K

CHpOBaTb ypoBeHb 148'Gd c aaeprneii 4087 KaB1 a Manoe ."'}aa~eane lg f t-510 
- 64 84 .. 

yKaahmaeT1 ~To 6eTa~nepexoa aa aero Tnna p (h,1112 J...n{h912 lBosMomao 1 ~To 

ypoBeHb 4087 KSB OTnH~aeTCH OT pacCMOTpeHHOI'O Bhlllie aByxaeiiTpOHHOI'O 

ypoBHH c 1.17 = 8+ noa6ymaeaneM napbl npoToaoB •• Toraa raMMa-nepexoa 

1394 KaB MomeT 6biTb aaanorw1e11 raMMa-nepexoay 1580 KSB1 cnsiabiBarome-
+ ' 1T + 146 

MY ypoBHH c I" = 2 n I · = 0 B · 6pd82 1 ·a yponeab 4087 KaB1 nepoHT-

H01 ecTb ~eTbipex~acTH~Hhiii yponeab Tuna {p(0,= 2 ); [n (hI ) 1
n (f I Jl]B+j + + . 1 92 2 72 

c 1 17 .= 10+ (nosMomH01 ·ITT= 9; 8 ). . 

TaK KaK . nanecTH01 ~To aaeprHH oaaoTnnHhiX anyx~acTH~HbiX yponaeii 

Mano M9HHeTCH npH nepexoae K COC9AHHM HapaM1 MO)I{HO C 6onblliOii CTe-. 
/5/ . 14~ 

neHb!O BepOHTHOCTH aaKn!O~HTb1 ~TO o6HapymeHHhiii B ypoBeHb 62'Sm 84 

+ 2737
1
8 KaB c I 17 = 8 TaKme HBnHeTcH anyx~acTH~IIhiM ypoBHeM· Tuna 

{ n/h9/2 )1n2 ( f7/2 )1 .1:_ 
AaanorH~Hbi9 coo6pameHHH MoryT 6b!Tb HCnOnb30B8Hbl npH KOHCTpynpo-

BaHHH pacnaaa nsoMepa 1;~r~ 
85 

aa ypoBHH z:;6~Gd86 1 xoTR na-sa aann~ug · 

B nocneaHeM ~eTbipex HeiiTpOHOB Ha ypoBHe [ 7j 2 xapaKTepHaH KB83H~8CTH~·· 

118H K8pTHH81 B03MO)I{H01 HeCKOnbKO HCKameaa KOnneKTHBHbiMH a¢¢eKT8MH, 

,llaHHbie o6 HHTeHCHBHOCTHX Ha6nroaaiOlliHXCH raMMa-nepexoaoB npH 

150 150 pacnaae Tb noanonHIOT BBecTH B 64Gd86 ypoBeHb_2554 KaB1 aaanorn~-

Hbiii ypoBHIO 2893 B 1!!Gd84 • 8TOT ypoBeHb HHTeHCHBHO aacenHeTCH npH 

6eTa-pacnaae HS'?Mepa 150 Tb • ~anoe a~a~eaue· lg fi- 51 KaK H B npeAI>I-

7 
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• ' 150.;., LlYIII9M cnyqa_e, IIOK83biB8eT, 'ITO KOHq:mrypaUU.H H30MepHOI'O COCTOSIHIHI 
65

1 o
85 

I p(h 11/2)'z n(f~/2 j,
3 l ( I"= 9+),· a Ko~$IIr"ypamm ypoBHSI 2554 KaB s 

I50 . I )3 I( 1T +) SILlpe 64Gd86 I n/ h 912 ) n ( f 7/2 I z: 8 • 

YpoBeHb 2554 Kas c fTT = 8+ paspmKaeTcst Ha yposeHb 1288 .Kas c + .: . . ' . ' . . . . . . : 
[_TT = 4 KaCKBLlOM II3 LlByX I'aMMa-rrepeXOLlOB 828 ·II 438 K9Bo OopSILlOK 

. . ., 
.IIx ·nanyqeHIISI no HaWIIM aKcrrepiiMeHTanbHhiM .JlaHHhiM TpyaHo ycTaHOBIITb, 
... ;· ., ... \' . . . I 51(. ) ·I50 d 16/ .. 

oaHaKo To o6cToSITenbCTBo, 'ITo B peaKuiiii Eu p, 2n · · G Ha6moaa-

~TCSI raMMa-rrepexoa 828 KaB (II HeT rr~pexoaa .438 Kas), rrossonSieT rrpea

rrono)KIITb, .}ITO OH SIBliSieTCSI HII)KHIIM IIepeXOLlOM KBCKBLlB II I109TOMy cneay-
. TT + . . 

eT ssecTn ypoBeHb 2116 c I = 6 • Mbii. oaHaKo! He MO)KeM rronH_OCTbiO 

IICKJIIO'IIITb IIpOTIIBOIIOliO)I(Hhlll IlOPSILlOK cneaoBaHIISI 9TIIX IIepeXOLlOB 828 II 
. . + . 

438 Kas. B aToM cnyqae rrpo:\le)KyToqHhifi ypoBeHb c I 77 = 6 II MeeT E . 

1726 K9B. 
Yr 

+ Opearronara~TCSI, 'ITO ypoBeHb 2554 KaB c / 77 = 8 · paspSI)KaeTcSI ·T~K-

)Ke KaCK8.QOM H3. LlBYX I'8MM8-IIe peXOLlOB 343 II 511 K 9B Ha ypoBeHb 1700 K 9B 

C fTT = .5- (qepe3 BBelleHHblll HaMII ypoBeHb 2211 K9B). 
' ' ' 

. 15oGd 
OepeXOLl C 9Hepriiefi 510,5 K9B B Cy!I(eCTByeT, TaK KaK OH OOHa-

py)KeH rrpii IIccneaonaHIIII KoiinepciioHHhiX 9neKTpoRoB n peaKUIIII 15 I Eu ( p, 2n ) 

15o Gd · 
16

/. Opearrono)KeH~SI o ToM, 'ITo ·y · 511 - ecTb RII)KRIIfi rrepexon 
' . . 

KacKaaa,cornacyeTcSI c TeM, 'ITo· nepxuiifi rrepexoa 343 KaB B yKasaunofi 

peaKuiiii ue o6Hapy)KeR. BosMO)I(Ro, 'ITO yponeRb . 2211 Kas BMecTe c ypoBRSI-. 

ITT - ( [TT -
MII 1134 K9B ( = 3 ) II 1700 K9B = 5 ) COCTaBnSieT IIO~OCy II 

eMy MOI'yT Ob!Tb IIpiiiiiiCaHbl CIIIIR II 'I9TROCTb f.TT = 7-. 
150 

CrreKTp yposuefi 64 Gd86 MO)KeT ObiTb corrocTanneR co crreKTpoM. ypon
I48 

2 Sm 6 , xoTSI cneayeT O)KIILlaTb, 'ITO IIs-sa uesarronReRROCTII 6 . 8 . 
Hefi II30TOI1a 

IIpOTORROH· IIOLlOOOliO'IKII Z = 64 BO BTOpOM II3 HIIX ponb KOllli9KTIIBRbiX ·G!jl;_ 

. !jleKTOB MO)KeT ObiTb 

B 151 I48Sm 

+ 62 86 

6onbwe, qeM B rrepnoM. 

rrpearrono)KIITenbHO nneaeu yponeHb 2545,3 KaB c 
-·~0 

I". = 8 • Ecnn 
OR aefi<;:TBIITenbHO Cy!I(eCTByeT,· TO HarrpaWIIBaeTCSI 3aKniO-

. :o~ 

8 

J;: 
!¥ 
It 

l
r· 

l 
... I] r 

a· 
~'·~·. 
~~· ../ 

~I 

\r, 
t 

~
' ~- . 

. I' 
·~ 

J~ \ 
'"( 

\,' 

,II 

r I~ ·:l 

l ·I . 

·'·.!. 
. " ~ ,. 

., 

qeHIIe 0 ero CXOLlCTB.e C Ll!=IYX'IaCTII'IRbiM HefiTpOHHbiM ypoE 
150 Gd. TT + . . 
·64 . 86 c I ·. =. 8 ,· TeM 6onee, 'ITO on BhiiiaaaeT ns 

I10Cli9LlOBaTenbHOCTII, xapaKTepHOll LlliSI KBa31IpoTaUIIORROll I 

Tep_san.hl Me )Kay COC9LlRIIMII ypOBHSIMII pacTyT. C YB9liii'I9HIIE 

. 0TMeTIIM, HaKoHeu, 'ITO B _z 48 Sm , KaK n B 150 Gd 
62 86 6'4 86 

cymecTnyeT rronoca yponRefi c I 77 = 3-; 5-; 7-; 9-.: OaR1 

BBliO O)KI!LlaTb, B rrepBOM Il3 9TIIX SILlep ORa OOllbWe IIOXO)Ke 

KB83IIpOTauiiOHHYIO IIOliOCy ( IIRTepBallbl Me )Kay ypoBRSIMII pa 

CIIIIRa) • 

121 
B nponeaeRo 6onee nonRoe, qeM y Rae nccneaonl 

I 52Tb ·r · 4 II30MepROI'O COCTOSIRI!SI • C Il2 =' MIIR·.II IIOCTpOeRa 

' ) . . /2/ 
naaa ( pnc. 3 • l1s aHalinsa csonx aaRRbiX aBTOpbi , ; cae1 

II30M9pRoe COCTOSIHI!e i52Tb CKOpee Bcero IIMeeT CIIIIR fTT 

naeT 6eTa-pacnaa c ManhiM 3Ra'IeRneM·lg f t 

RefiTpORRhlll ypoB.eRb I~~Gd88 2394,5 K9B C 

4,7-Ra LIB 

+ 1 TT = 7 • As 

'II!liii 1 'ITO 9TOT rrepeXOLl CBSI3biBaeT COCTOSIRIIe ·ae$opM1IpOBa 

. + a 
lp 3IT 15321 n 111r 1505/ ; · / 77 =:8 1~1 n312-IS32, 

+ . . 
I 

77 
= 7 I ( 6eTa-nepexo.il p 5lr 15321->n 312- 1532 I ·). 3a 

'ITO cniiRhi o6oux cocTOSIHIIfi n · Manoe snaqeRne lg f t Mor 

KIIM )1(9 YCI19XOM OlliiCaRbl B pa.MKaX MOLlejm c!jlepii'I9CKOI'.O 

MaH:epa) · 

l[p(h. 1•/ n(f I T 3
] /

77 =1 77 -1=8+1 Pl[n(h 
1
.) In([ I) 

· I 1 2 · '7 2 · max 9 2 7 2 

(6eTa-nepeXOLl p(httl~)->n(h 912}.j~ nerKo TaK)Ke BIILl9Tb, q 

R9HTpOHROI'O ypoBRSI B SILlp8X I'allOliiiRIISI C yBeliU'IeRUeM .'IUC 

noRn)KaeTcSI oT 2693 K~B s 
148

'Gd a·o 2664 E:an s 1 ~ 0 -Gd 

B I 
52

Gd ( Ta6nnua ·2). 3TO MO~eT CBIILleTellbCTBOB8Tb -0 C 
. . 

CTpyKTyphi. HaKaReu, TOllbKO cxeMa ypoBRefi Mail:epa Ho ue 

Ha MO)KeT o6i.SICHI!Tb cymeCTBOB8RIIe B Tpex II30TOIIaX; Tep6l 

0 



I50T.b 
OMepHOrO COCTORHHR 65 85 

IUHR ypOBHR 2554 K8B B 

H~ ypoBeHb 1288 KaB C 

!8·n 438 K8B. Oop~llO~ 

hiM Tpynao . ycTaHoBnTh, 

) · I5·o d I 6/. . . 
, 2n .. ' G Ha5mona-

38 KaB), nosBonReT npen

. cKana n noaToMy cneny-

He MO)I(eM nonHOCTbiD 

aTnx nepexonoB 828 n 
+ .. 

c I" = 6 nMeeT E . 
· Yl 

1T 8+. pa3pR>i<aeTCR ·T8K-
. ' 

K8B_ fl8 ypoBeHb 1700 K8B 

KaB) • 

:TByeT, _TaK K8K Of! o5ua

OB B peaKunn I 
51 Eu ( p, 2n) 

;.;. ecTh nmKnnil: nepe_xo~ .. 

: 343. KaB B yK838HIIOA_ 

211 K8B BMecTe C ypOBHR-. 

I COCTaBnR~T IIO~ocy H 

= 7.-. 

raBneH co cneKTpoM.ypoB

To•ns-sa neaanonuennocTn 

:x ponh KonneKTI!BHbiX -~<jl:.. 

poBeHb 2545,3 K8B C 

·o HarrpamnBaeTcR saKnro-
, .•• •.1,, ' 

, . 

q_·· . 
] 

.. 

'IeHne 0 ero CXOilCTBe C ll!3YX'I8CTH'IHb!M Heil:TpOHHb!M ypOBHeM 255.4 K8B B 
+ . 

I 5° Gd c / 77 = 8 ,· TeM 6onee, 'ITO oR BbiiianaeT na aRepreTIItiecKoil: 
64 86 

nocnenoBaTenbHOCTH, xapaKTepHOH llnR KB83HpOT8UHOHHOH nonOCbl (rne HH-

TepBanhi Me)l(ny cocenHnMn ypoBHRMn pacTyT c yBenn'leRneM cnnRa). . . ~ . 
0TMeTnM, HaKoHeu, 'ITO B _I 48 Sm , KaK n B I 5 ~ Gd , no-BnnnMqMy, 

62 86 64 86 

cymecTByeT nonoca ypoBHeil: c / 77 = 3 ; 5-; 7-; 9-. OnHaKo, KaK n cneno-

Bano 0)1(HJl8Th, B nepBOM H3 8THX Rllep OH8 5onbme IIOXO)I(a_ Ha THIIH'IHYID 

. KB83~pOT8UHOHHYID nonocy ( HHTepBanbi Me)I(JlY ypOBHRMI! pacTyT C pOCTOM 

cnnHa). 
/2/ 

B npoBeneHo 6onee nonHoe, '!eM y Hac nccnenoBanne pacnana 

I52Tb ·r nsoMepaoro cocTORHHR . · c Il2 = 4 MnH· n nocTpoena cxeMa ero pac-

nana (puc. 3). l-1s aHann;a cBonx nannhrx aBTopbi 
121 

cnenann Bb!Bon, 'ITo 

naoMepnoe cocToRHne i 52Tb cKopee Bcero nMeeT cnnu I" = 8 + n ncrrhiTbi-

BaeT 5eTa-pacnan c ManhiM sna'leHneM lg f t - 4, 7 .na nByxqacTH'IHbiil: 
+ /2/ 

2394,5 KaB c / 77 = 7 • ABTOpbi ueil:TpOHHhlfi ypoBef!b I52Gd 
64 88 

aaKnro-

'IHnn, 'ITO 8TOT rrepeXOil CBR3biBaeT COCTORHHe ne<!JopMHpOB8HIIblX Rnep 

I p 3IT I 532 I n 11/r I sos I I" = ~8+1J;L..I n 3lr /532 I n 111r I 5os I; 
+ . . 

1 77 = 7 l ( 6eTa-nepexon p 512- 1532 I -+n 312- I 532 I ) • 3aMeTnM, onu?Ko, 

'ITO c:=rrnflbl o5onX COCTORIIHH H Manoe 3II8'1eHHe lg ft MoryT 5b!Tb C Ta-

· KHM )l(e ycnexoM orincaHbi B paMKax Monenn c<jlepuqecKoro R_npa ( cxeMbi 

'Mail:epa) · 

I[ (h. •/n(f. F3 ]117 =1 17 -l=B+l~l[n(h. )In([ r~J";.J" _z.;,7+1 
P · I 112 · 112 · max 9/2 712 max 

!.!? 

(5eTa-nepeXOil p(h 1112 )->n(h9l2)}• flerKO T8K>I(e BHileTb, 'ITO aneprHR llBYX

Reil:TpOHHOrO ypoBHR B Rllp8X ranonl!Hl!R C yBemr'leHI!eM .tmcna ReHTpOIIOB 

noHII)I(aeTcst oT 2693 KaB B 148
Gd no 2664 KaB B 

150
'Gd n 2394,5 KaB 

B I 52Gd ( Ta5niiU8 2), 8TO MO~eT CBHJleTenbCTBOB8Tb ·0 CXOilCTBe IIX . 

cTpyKTypbi, HaKaReu, TonhKo cxeMa ypoBHeil: Maiiepa no ne cxeMa Hnnhcco7 

JIB MO)I(eT o5'bRCJIIITb cymeCTBOB8Jil!e B Tpex U30TOnax:Tep5nR 5nl!3KUX IIO 
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.. 
oco6eHHOCT.IIM 6eTa-pacrrana II30MepHbiX ·COCTO.IIHIIfi C 6onbUJIIM CIIIIHOM II 

u I49 153 
oAIIHaKoBou qeTHOCTbJO. HarroMHHM TaKme, 'ITO B 65 Tb 84 II 65 Tb 88 

o6napymeHhi HII3KIIe II3oMepHbie cocTosiHH.II, rrpii'IeM y rrocnennero II3 HIIX 

I 17 = 11 I 2- , 3To MOJKHo IIOH.IITb TonbKo B paMKax cxeMbi · Mafiep. 
/3/ 

B 6bm nccnenoBaH pacrran II3oMepnoro cocTO.IIHH.II I 54Ho c. 
1 . 67 87 

T I/
2 

= 3, 25 MIIH x. TlocTpoeHHa.ll aBTopaMII. cxeMa pacrrana sToro IIao-

152Tb Mepa oqeHb rroxoma na cxeMy pacrrana H30Mepnoro.cocTO.IIHII.II 65 78 c 
. I 52 

TI/2· = 4 MIIH (piic. 4). TaK me KaK II Tb , II3oMepnoe cocTo.IIHHe 

I 54 1/o IIMeeT 6onbUJOH CIIIIH II, B OCHOBHOM, HCIIb!TbiBBeT 6eTa-pacrran H8 
'I54. ' + + 

ypoBeHb 
66 

Dy
88 

c sneprneii: 2474 KSB n/ 17 =7; 8 (eg[t"' 5). 3TII 
. . I52 

CBOHCTBB,tKBK U B snyqa: Tb, nerKO IIOH.IITb, ecnn yKa3aHHbifi rrepeXOA 
. . . I54 I54 

CB.II3biBaeT cocTOHHHH Ho n Dy • 

l[p(h 11 ; 2 l;3 n(f I r3 1l"=l" -l=B+J.Ji.l ,[n(h
9

; 2 Jin(f I r 31l"=l"-1=7+J 
7 2 max 7 2 max .. 

Koneqno, n B I
5'1fo paccMaTpnBaeM,bie oco6eaaocTH . 6eTa-rrepexona Mo-

ryT 6b!Tb TBKJKe IIDH51Tbl B paMKBX .CXeMbl HnnbCCOHa, onHaKO, naHHbJe 0 

cymecTBOBBHHH. H30MepOB C ·.6onbUJHM CIIHHOM B. I 5 I' JH' I 
55 Ho MOryT 6b!Tb 

rroHHThi TOnbKO B paMKax cxeMbi Mafi.epa n ny_qUJe cornacyroTCH c MonenhJO 

c~epnqecKoro Hnpa. 

B 
. 171 

3aKnroqenne oTMeTnM, 'ITO o6.Hapymennoe B n neTanbHO nccne- · 
/8/ . . 

noBaHHOe B H30MepHOe COCTO.IIHIIe B I46£u eme B onHOM smpe H3 
63 83 . ' . 

rpyrrrrhi, rrpnBenennofi B. Ta6.1}• 1, TaKme, rro-BnnnMo~y, nMe.eT KOH~IIrypa-

unro.lp(h 
1112

) n(f 7 j;J; 1 17
= 9+1. 

x/ · · I54 
· 3aKnroqenue o 6onbUJOM crrnne uaoMepa Ho BhJTeKaeT n3 anann-

aa ero ~yHKUIUI B036ymneHII.II. 3TO COCTO.IIHIIe CB5138HO TBKJKe anb~a-rrepexo
noM c Manofi aanepJKKofi ( T I/2 = 3, 25 MHH ) c onnnM ~3 HH3UJHX ypoBnefi 

:I!~Tb 
85 

o flo3TOMY. o6a OHH nonJKHbi HMeTb 6n1I3KYJO CTpyKTypy H •. 6onbUJOfi.· 

. rronyqaKimeec.11 rrpii anb~a-pacrrane cocTomiuei 
150

Tb 

.. c T I/2 = 6,0 MIIH , paccMaTpnnaeMOMY. B )IacTo.ll-
CIIIIHo flO-BIInHMOMy, 
nneHTH'IHO II30Mepy 
mefi pa6.oTe. 

12 

tO+ 2305 

a+ t7L8 

6• 122L 

,. iL1 

2+ 335 

ll 
I 

Q+ 0 
i 
' 

3.25ttuH 

~,._ 

r-:U) r-- &1'1'. 
~ .... 

15LO 
66 Yea 

15L 
67H0 67 

0, .. 
r-:in 
0 N 
~--

•. (8+) p 

· 2L7[' c7•fn 

1659 (6+) 

1252 (L+) 

906 (2+). 

. . ·. 154 . 154 
Puc. 4, CxeMa pacrranlt Ho -+ Dy 

13 



t C 6onbUIHM CllHHOM H 

149Tb IHTb 
65 84 H 65 88 

~ y nocnennero na HHX 

LX cxeMhi · Maiiep. 

:oCTOSIHHSI 154Ho c 
67 87 

Ma pacna~a aToro nao

:> COCTOSIHHSI 'i:Tb 78 C 

, H30M9pH09 COCTOSIHHS 

:TbiBaeT 6eTa-pacnan na 
+ + . 

•7 ; 8 {fg ft"" 5), 3TH 

ecnu yKa3ai!Hhiii nepexon 

I 
) 1n ( f t 3]/17=/ 17 -1 =7+J 

9 2. · 7/2 max 

JCTH 6eTa-nepexona Mo

ona, onnaKo, naHHhie o 
ii,IH, 155 /lo MoryT 6b!Tb 

cornacyroTCSI c Monenbro 

171 B H neTanhi!O nccne-

eUie .B 'onnoM · Sinpe na . ; . ' 

4 . 
· Ho · DhiTeKaeT na anann-
mauo T_aKme anh¢a-nepexo
JDHHM H3_HH~UIHX ypOBHeii 

3KYID CTpyKTYPY ri. 6onhUIOif.' 

tcnane cocToSIJim:i 
150

Tb 
\1aTp1IB89MOMY. B Ji8CT051-

' ,· 
I' 

I 

i 
I 
I 
i 

I 
~~ 

t 

.·• 

10+ 2305 
,., 
r.: 
&n 
&n 

s• 1748 

6• 1224 

4+ 747 

2+ 335 

o• 0 

,· ·' 

154 
67 Ho87 

3.25MUH I -3 (8+) p(h1012) nCt112 ). 

.. 
(7+) n(h.g

12
)1 n (t11l3 2474 

1659 (6+) 

~ - 0 in 
CD 

r.: 
N - 0 N 
&n .... ~ 

.... 
1252 (4•) 

~ 
iD r.: 

C"o &n 906 (2+) 
~ 

.... 

154 
66 °Ys8 

. 1 . 
PHc. 4. CxeMa pacnantr 

54 Ho .... 154Dy . 

13 



\ 
i 

: 
·' 

IlfTaK; MO:lKHO KOHCTaTHpOB8Tb, 'iTO. B 6onbiUOjl: rpynne He'ieTHO-He'ieT

HblX SIJlep nepeXOJlHOii: o6naCTH o6Hapy:lKeHbi OJlHOTHllHhie n:::IOMepHbie COCTOSI-
. + + 

HHSI .c 6onbiUHM cnnaoM I" = 9 ; 8 ·, a B qeTHO-'ieTHbiX SIJlpax- OJlHOTHn-
" . + + 

Hbie JlByxqacTH'iHbie Heii:TpOHHhie ypoBHH c I = 8 ; 7 c qeTKO :nposmnSI-

romnMHCSI aaKoH,oMepaocTSIMH B xoae aaeprnii ( Ta6n. 2). 

Ta6itnua 2 

3aeprHH JlBYX'i8CTH'iHbiX HeHTpOHHbiX ypOBHeii: - HH:lKHHX KOMllOHeHT 

Myn"bT~lllieTOB KhwPnrypaunn { n. (h 
9
f2) 1 n .(.f. 

7
,
2 

) I;.3J B qeTHo-'ieTHhiX . , 
SIJlpax n~pexoaaoii:.o5nacin 

·z 
N\. 62 (Sm) · 64 (G_d) 66(Dy ) 

-

84 2738(1 17 =8+) 2693 (I",; 8+) 

86 2545 {1 17 = 8 +) 
. (" 

2554{1 17 = 8+) 

88 2395 {117 = 7+) 2474 {1 17 = 7 +) 

B COOTBeTCTBHH CO CK838HHhlM B Ha'iane CT8TbH 8TO CBHJleTenbCTByeT 0 

npeanoqTnTenbHOCTH Moaenn c<f!epnqecKHX ~riep anSI on.ncaHHSI paccMoTpea

HbiX B pa6oTe COCTOSIHHH. 

nnTepaTypa 

1. P.ApnbT, f. Baiiep, B.B.KyaaeuoB, B.Hoii:6epT, A.B.noTeMna, 
Y.XareMaHH, 3.XeppMaHH. npenpHHT 011.HI1, P8-5881, Dy6aa, 1971. 

2. w. W.DO\'lnan,T~T. Sugihara,F .R. Hamiter .Phys.Rev., 3c, 1271 
(1971). 

3. D.Ward,M .Neiman.Nuc~.l?hye. i A115,529 (1968). 

4. K.S.Toth,R.L.Hahn.Phys.Rev., 3c, 854 (1971). 

5. I.Adam,L.E.Froberg,J.Kowancki,H.Ryde,z:suj~ 
Rep. Research Inst-itute for Physics,Stokhol 

8. D.Kew1ey ,D.A.Eastham,_P.D.Forsyth~B. W.Renwic 
. tin,C.J .Gibbins,B.Byrne.Nucl.Phys. ,~, 56 

7. IO.n.PeMaeB n· ap. )KSTct> g 408 ( 1982). 

B. B. Hoii6epT, ct>.CTapn, Y.XareMaaa, B.lllynbue. Teancbi JO 
HHSI no SIJlepaoii: cneKTpocKonnn, KneB, 1972. 
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