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B nannoii pa6oTe MeTonoM aanep>IWnJ·, .. Ix r- }' - 11 " - }' -connn11e- · 

nnii H3MepeHLI nepuonhi nonypacnti/Hl no;Juy>I(JlCIIIII.JX rorTDIIIfflil c ···>lft•prlll'ii 

41, 109, 129 K9B B H/lpO lr,a (;,J. • 3nal.JCIIIIO liC(liiO/IIl IIDllYfliiCflll/HI I' ::mep-

rneii 109 KaB onpeneneno BHepn·~.m. 3n:I'JPIIIIIJ T • 
/]/ 

129 K9B COrllllCYJOTCSJ C pe:JyliLTIITIII\111 pauDThl 

/!Jill YIH>IIIIf'ii ·11, 

no <mCnopllMOIITllllhfl hiM ~lfiii'IOII 1'11!\1 IICflii0/1011 11011)" (liiC:IIII/111 110/W'IIITIIII f,l 

npnnencHHhie nopoHTnocTII IWJIC?XO/Ion Tun:• M I IIII)'T(ll1 (liJTitlliJIJII:-

110ii fi0110Chl 0 OTKYilll liD f;ODTIIO'liCIIJnl!\1 oGofiiiWIIIIOii !\16/11.'1111 IIOli)''ICfii,J 31111-

'10111111 lliiYTflCIIIIIIX 1\llllil(lYIIOnJ,Ifi,JX !\10:\teiiTIIH 0 Jl:lllflf,J(' 0 l"llJll.>'~lll'IIIITIII.IX OT

IIOIIICIIIISIX KOllliCKTIIlli!OT'O II· Hll~"f(H'IIIIt'l."O /llll!ii\CII!Iii n 11/1(•1.' J:,:l(;cJ 

IJpO!IOliii_1'CII ,O,U<:;)'i!\/!CHI,IC pc3ynJ,TIITDll ll (Ill :I.IIWX 0/IIID'IIICTII'HI(!.ii f-10/lC-. 

1111 il1111LCCOII.1 • 
: . ~. '' 

·-. :. 

. 3,KC11Cflii:1.1011Tnllhii(HI ~HJCTb 

.. I 53 
'' lbi'\tr:pennsJ. npononnmJcb c I!CTO'IIIHKOM pa/li!OfJJ<Timnoro· H30TOfla Tb· 

noiryqenni;IM · npi1' o6nyqenliii B Te•wHne 2-x cyToK MIIUie!m . 1!3 Eu · C 5 1. Eu -

- 98%) anb•l•a-"qacTnua:-..ui c aneprneif 40 Man (. J. · = ·s· MKa) fia 
ny'lKa 

UIIKIIorpoHe AH Ka3CCP n AnMa-ATe. K naqany II3MnpeHIIH n ncTo'lHIIKe 

· npllcyTcTnonann 1!30TOITLI . 
152 Tb II 

154 Tb , .no 11x npnMecb 6Lma .nene~ 

m1Ka ( < 4%), KpoMe aToro, aTn II30TOIThi ne Memanii H3MepenmiM ncnen

CTBIIe 6onbrno» pa3HIIUhi B anepriiSJX lf3y'laBIUlfXCSJ naMII cocTOHHIIii. 
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f1ep!!OLibl rronypacrraga COCTOHHIIH C 9!IBpl'II51Mll 41,6 l! 109,8 K9B Ob!ITH 

1!3Mepeuw Ha MnoroKaHan&HoM auann3aTope c rrpeo6pa3bBaTeneM t ~ A 
, , . 

C03JWIIIIbiM liB oa3e MBI'Hl!TIIOI'O OBTB-CITBKTpOMBTpa THITB CITBKTpOMBTpB fep

j'J/ 
XOITbMB '- 1 B pe)!mMe 38):1Bp)!(Bfl!lb!X e - y -COBITBJIBIIl!H, 3nepi'BTil'IBCKOB 

pa3peweHne CITBKTpOMBTpa B LIBHHOM OIThlTB OhliTO pBBHO R ;::; 1,5%. MeTo-

JIIIKB II3MepeiiHH ObinB cneayiOWeli: C ITOMOlllb!O MBI'fll!THOI'O 6eTa-CITBKTpO

MeTpa BbJ):Iemml!Cb KOHiiepCIIOIIIIbJe aneKTpOHbl c 9Heprneli Ee =33,2 K 9B 

( L - 41,6); E e =59,6 K9B ( K - 109,8) l! E =79,2 K9B ( K 129,2+ . e 

+ L 87,6); raMMa-KBBHTbi perncTpllpoBanncb B gnarra30!Ie OT 200 go 

000 K9B C ITOMO!flb!O ITITBCTll'IBCKOI'O CUllHTl!ITITIITOpB II cpOTOyMHO)KIITenSI 
. ' 

·x1> -102o. 

ilnil KB)KJIOro nccnegyeMoro KacKaga cfiHMannc& Kplm6Ie MrnoBeHHhiX ' 

conrrageiinli. liB ncTotJHHKe 
6° Co ,· n3roronHe1IiiOM · aneKTpomrTntJecK'nM 

crr.ocoooM, 

f1epl!OJI rronypaCITBJIB COCTOHflll5! 129;2 K9B OITpet:teiTSIITCH HB yCTBHOBKe . 

gmt li3Mepeiiiiii . BpeMeH )Kll3HII MeTOJIOM 3BJiep>KBHIIb!X y - y -COBITBJieiiii/.S/ 

!13MBpSHIIII :rrpOII3BOJilliTIICb ITO CITBJIYIOUiefi MeTOJIHKe: B OJIHOM• 1!3 KBHBITOB · .. 

BbJJieiTHJIIICb, raMMB-ITY'lll C ·91Ieprnefi 87 K9B 1 B JlpyroM - C 9Heprnefi 

105 K.9Bo ilnH JIBHHOI'O KBCKBJIB ITpll Tex )Ke yCITOBlliiX CHl!MBITBCb. KpiiBBSI, 

• 22 N 
MI'IIOBBIIIIb!X: COBITBJieHIIll OT l!CT:l'li!HKB , a · 

Kpl!Bbie 3a.uep)!(Bf!HbiX coBrraaeunii, ytiacTKn . crreKTpoB KOHBepcnouubiX 

aneKT;JOIIOB1 Y'IBCTOK CIIC!KTpB I'BMMB-nyqefi C BbJ)leneHHb!Mll .liB HeM OKHBMH1 

153 
a T3K)Ke cjlparMeHTaMn cxeMbi pacrrana Tb rrpegcTanne~bi liB pnc,1,2. 

KpnnaSI coBrrageunR ( L - .. 41,6) COCTOIIT.ll3 9KCITOl!eHUIIBITbHOll ll MI'HO~ 

neHJWii •wcTcil. f1pncyTcTnne rrocnem~eil: o6ycnoBneuo coBrragennSIMII aneKT-

pOHOB O.>K'e c raMMB-KBBHTBMII, pa3pmKBIOllll!MII 
, . '\ ·..;10. ,, ,, . ' 
T '~ ·; · 0, 1•10 ceK) •. 3KcrroHeHunan&uaSI 

BbJWene.>KaUil!e COCTOSIHHSI 

'lBCTh KpllBOH OTHOCIITCSI.K 

paCITAJIY CO~TORH~A 41,6 K9B, 
;, 

'•·-

'1 



MruoseuHaSI "'aCTb Kpnsoil cosrrageunil K -. 109) ~ y o5ycnosne-

Ha BKnagoM oT cosrrageunil ( K ...:103) - y T~ "' 0,25·10-
10

ceK -

sepxmril npegen nepnoga nonypacnaga cocTOSIHHSI 212 E:ss), · 3Kcrroueuimanb~biil: 

cKnou nonyqaeTCSI B pesynhTaTe conrrageunil ( K -109) - y . , 

05pa50TK8 9KCnepHM91IT81lbHbiX KpHBbiX npoBO.l:IH118Cb IIO M9TO.l:IY II8HM91Ib

ll1HX KBanpaTOB (nnn 9KCnOH91IUH81lb!IOll KpHBOll) H no MeTony MOM91ITOB, DpH 

·9TOM rronyqeHO: 

T~ 
-9 

=(4,11±.0,24)•10 ceK nnn ypOBIISI 41,6 K9B 1 9KCn 

T~ 
-9 

9Kcn 
=(1,97±.0,23)•10 ceK .nnSI ypoBHSI 109,8 K9B1 

T~ = (2,84.t_0,21) ·10-
9 

ceK 
9KCII 

nnn ypoBHSI 129,2 K9B, 

norpelli!IOCTb orrpegeneHHSI T~ BK111QqaeT B ce6n 1 KpOM9 CT8THC-

TH"'9CKOll OliiH6Kll 1 OliiH5Ky K8liH5pOBKH Bp9M91IIIOI'O 8H8llll38TOpa, 

A11anns pesynbTaToB 9KcrrepnMeHTa 

a) YposeH b 41,6K9B 

Dpn a11annse aKcnepnMeHTanbHbiX pesynbTaToB Mbi ncxonnnn us gall-. 

6 
/4,5/ 

Hb!X pa OT 1 COI'll8C!IO KOTOpbiM ll9p9XO.(I C B036y:»<.(I9HIIOI'O COCTOSIIIHSI 

41,6 KaB B gnpe 1 ~ 3 Gd npencTasnSieT cMecb MynbTHIIOllbHOCTeil: Ml + E2. 

DpnunMaSI· TaKHM o6pa30M MyllbTHnonbHOCTb rrepexogos, Mbi IIO.l:IC"'HTann 

rrapUH8llbHbl9 ll9pHO.l:lbl nonypacnaga H npHB9.(19HHb19 BepOSITIIOCTH no Cll9flYIOIUHM 

ljJopMynaMi 

(I) 

5 



rAe 

·}' 9KCII 2 
Tv· · ( M 1) = T 11 (1 +a )(l + 8 ) ; 

/2 /2. . tot · 

·56,3 

B ( E2) sKcrr = T (E2 )ceK Ey 
% . 

(e 
2 

5apn2 ) ; 
K9B 

B(MI) 

a 
·tot 

3,96 .10-
6 

( e-li_. ) 2 ; 

9KCII T% (M1)ceKE.y KaB· 2m,c 

1 2 
( a ( M 1) + 8 .a (E 2)) -

1+ 82 

( 2) 

( 3) 

(4) 

(4a) 

rronni,ili ·Kria¢¢imneni BHyTpenneli KoHBepcnn c y'leToM BKnalla na K , - L ,-. 
' . /8/ 

M -o5ono'IKax • 
.. . ' ~. • ' 141 ·. /5/ 

B pa5oTax XapMaTua n BnnbCKoro rrpeArronaraeTcn, 'ITO ypo~ 

BeHb '41;8 K9B :'rrpH.iia]l;JemHT K pOT8UHOHHOH rr'orioce OCHOBHOI"O COCTOHHHH 
158· . ,. ' "'' • ... . . ' . . ', ' . ' 

Gd•. HcxollH ns' sT6ro,· rr6 nssecTHbiM <f>opMyriaM 

0
0 

= -' 16rr 9KC V .-5-

l r ml 

(slleCb C ll m
2 

20 

H 

s < E 2 )aKc 
5apn 

j m 2 
[ C r t {' ] 

l1 m2 20 

- Kos¢¢nuneHT Kne5wa-·fopJloHa) 

8 

, ( 5)' 



y 1 + 

2 9KC 
2.10 .Q 0 . ...:...,----1 

1,44 • Z • A t/3 ( 6) 

( z :- 3apSin Sinpa, A - aToMHbifi HoMep Sinpa) orrpeneneHbi 3Ha'leHHSI 

Qo
9KC 

BHyTp9HH9r 0 KBanpyiiOJlhHOrO MOM9HT8 . ll rrapaMeTpa necpopM8Ullll 

153 
64 Gd s9 • 0 . OCHOBHDrO COCTOSIHHSI S!Apa 

9KC 

no 3H8'l9llll10 B ( M 1) AJISI COCTOSIHHSI 41,6 K9B HafineHa B9Jlll'lllH8 

g -g 
K R 

= + y ~. 0 +1 )(21 +3) B(M1 __ ) ----

- 3 K2 (1+K+I)(I-K+1) 2m c 
( 7) 

BenH'lllHa rnpoMarHllTHOro OTHOW9HMSI KOJIJI9KTHBHOro ABH~9HllSI orrpe~ 

nenSieTCSI B o6o6weHnofi Monenn KaK g 
z 

153 Gd 
64 89 

171 
• CornacHo pa6oTe 

~aT B ·rrpenenax 0,31 5 g R :S 0,47. 

31!8'l9111ISI 

DpHHHM8SI 

n paBHa fl,4 17. JtnSI swpa 

· y lUl9p C ,\ ~ 153 

g R =0,39.:!:..0, 08, Mbl 

IIOAC'lllT8JIH 3H8'l9HHSI rHpOMarHHTHOrO OTHOW9HHSI BHyTpennero ABri~9HHSI 

gK 

ne-

fpaHH'lHbl9 3H8'l9HHSI MarHHTHOrO MOM9HT8 /1 O OCHOBHOrO COCTOSI-

HHSI pOT8UHOHHOH IIOJIOCbl C MOM9HTOM f o OU9H9Hbl ITO cpopMyne 

Jlo ( 8) 

Pe~ynhT8Tbi Bhl'll!Cneanfi no ljlopMynaM ( 1) -( 8) rrpencTaBneHbi B 

· Ta6n. 1. 

7 



6) YpoBeHh 109,7 KaB 

npn onpeneneHHH MynhTHIIOnhHOCTH nepeXO/lOB1 pa3pSDK810UUIX COCTOSI-
. /4 5/ 

nne 109,7 KaB, naMn ncnonhaoBannch naHHbte • o6 aneKTponax BHyTpen-

nefi KORBe penn. MynhTnnonhnocTh nepexona c aneprnefi 109,7 KaB - M I, 

nepeXO/l c aneprnefi 68,2. K9B - CMewaHHbiH; ( MI + E2 ) ( 8.
2 

=0,28). 

Torna napunanhHbte nepno/lhi nonypacnana onpenensriOTCH IIa BbtpaiKeHnfi 
y 9KC . -2 -1 

T 11 (E2)=T 11 O+a )(1+8 )R ; (9) 
12 12 tot · I 

y 
Th 

9KC 
(MI)=TJ;. (l+a 

•2 tot 
)(l + 8 2 ) R -1 

I. ( 10) 

atot onpenensreTcsr no (4a); 
-1 j 

R =I+ I 
I n=1 

I~ (l+ a t:t) 

JY (1 +a iot) 
8n1 - Koa$-

I I 

(8 = I 
0
'' 

nl I , 
. -. I= n 

i ;6 n ¢nuiiei!T paapsr/lKII ypoBH~ no -nepexony 

OTHOCHTenbH8H IIHTeHCIIBHOCTb COOTB8TCTBYIOlliero raMMa-nepeXO/l8~ 

npiiB8/l8HHhle BepOHTHOCTH B ( E 2 ) .3KC II B(M I) onpenensriiiicb no 

¢opMynaM (3)-(4)·COOTB8TCTB8HHOo 

Hcxonsr II3 · nawiix nanHhiX ( Q 
0 

9KC 
8 ) 

9KC 
MOiKHO npennonOiKHTb. 

JlnSI COCTOHHIISI 109,7 K9B KOH¢nrypaUHIO 5/2- (523) .j, 
/4,8/ :< . 

'IIIT /l8HIIb!M pa6oT • 

1 qTQ He npOTHBOpe-

B TaKoM npennonoiKeHIIII 6bmn onpeneneHbi • npnBenennhte ·aeposrTHOCTU 
-t - ,.,, . . ' 

nepeXO/lOB l'v!8iK/lY COCTOHHIISIMH 5/2- (523) J. 3/2- (521) 't no MO/lenH HnnbC-

/9/ cona • Bbxno npoaeneno cpaanenne aKcnepnMeHTanbHbiX B ( E 2 ) aKc n 

B (M I ) aKc c onnottacTnttHbiMII ouenKaMn no M QWKOBCKOMY, a 

TaKiKe no Monenn ·HIInhccona n onpeneneHbi ¢aKTOpbt aanpeTa·: F M (Ml ) ; 

FM (E2) ; F N(MI) ; .FN (E2). ~eaynhTaTbt pactt~ToB npnaeneHbt 

B Ta6n. 2. nepexO/lbl TIIna M I M8iK/lY COCTOSIHHSIMII 5/2- [523 l.~. -+3/2-[521] t .. -· 

aanpemeHbt no acnMnToTnttecKOMY KBanToBoMy ttncny A ( tl A =2), on-

. H8KO 8TII npaBnna CTporo BbtnOnHHIOTCSI /ln.ll CHnbHO ne¢opMIIpOB8HHblX srnep 

8 



8 =0,2of0,3), KOI'.Qa 38npeT no O.QHOMy H3 KB8HTOBhiX "'HCen npHBO.QHT 
2 

K aa.nepmKe .nnnonbHOI'o nepexo.na npnMepHo B 10 paa Ha eanHnuy aanpeTa 

no' cpaBHeHHIO c O.QH0"18CTH"'HblMH oueHKaMH, nmr Ml -nepexo.na c 9Hepi'Heti 
4 2 . ·~· 

. 109 KSB .nonmHa ObiTb aa.nepmxa 10 ,· a HaonJO.QaeMbifi aanpeT 10 .OTKnoHeHne . 

oT npaBnn oToopa no.QTBepm.naeT npe.nnonomeHne o ToM, "'TO B cna6o .ne<jlop

MHpoBaHHbiX H.Qp8X npaBHna OTOOpa no 8CHMnTOTH"'eCKHM KB8HTOBbiM "'HC.1I8M 

Bhin0.1IHSIIOTCSI .1Illlllb npnonnmeHHO, 

HaonJO.QaJOmeecsr ycKopeHne Ml -nepexo.na MoiKHo oo'hsrCHHTb · Bpama-

. ' ' TenbHhiMH npnMecsrMn, B03HHKBJOIUHMH Bcne.ncTBHe BaanMo.neficTBnsr Kopno-

nnca. OnepaTop 9TOI'O B38HMO.QetiCTBHH CMeUIIIBaeT COCTOHHHH CO cnHHaMII, 

OT.1IH"'810lllllMHCH Ha e.QHHHUY ( ~K= 1). B cny"'ae nepexo.na 5/2-[ 523.]~ -+3/2.!.[521] t 

aMnnHTy.Qa npnMeCH BpaiUaTenbHOI'O ypOBHH 5/2- . , OCHOB8HHOI'O Ha ypoB-

He 3/2- [521] t 
1 H8XO.QHTCH H3 COOTHOUieHHH 

" t "+ 
.. 

2 
<n 1 J 1 n -1 > < K 11 -I K-1> 

a =- -- - -------
. 2J . ~E . · ' ( 11) 

5/2- 523l.r 13/2- 521 ·> =_-1,1 

.:<5/2 II' -13/2 '>= ,j'5""; t /2J =8,32 K9B ~ E = 68,2K9B • 

a .= 30. 

npnBe.QeHH8H BepOHTHOCTb nepexo.na, C y"'eTOM BepOHTHOCTH nepexo.Qa 

aa C"'~T npnMecn, onpe.nensreTcsr na BhipameHnsr 

H(Ml ;.5/2--3/2) Teop = IBN (Ml, 5/2 .. 3/2)] li +a [B (Ml, 5/2 .. 5/2)sxclli .. I~. 

p2) 

B (Ml) - npnBeJleHHasr BepostTHOCTb nepexoJla, pacc"'nTaHHast no 'Hnnhcco

Hy/9(; B. ( Ml) aKc~ i::_ :llpnBeJle~Hast BepostTHOCTb Ha npnMecb nepexo.na. 
:-,· 

9 



ITo tWHHhiM Ta6rr. 1-2 II rro ¢opMynaM ( 11) -( 12) orrpeneneHhi aHatJeHIISI 

rrpiineneHHoii: nepoSITHOCTII rrepexona B (M l; 5/2 .... 3/2) : 
· Teop 

B(Ml) ::1,04 .10- 4 

Teop 
(~)2. 

2m c ' 

aHatJeHIIe ¢aKTopa aanep~II Ml -rrepexona 

Faan (M l) = 1,83. 10-2 

I1 XOTSI B pactJeTe He YtJTeHO B!IIIS!HIIe rrapHb!X KOppenSIUHH 1 MO)KHO C f!OIIHOM 

ynepeHHOCTbro yTBep)KJl8Th 1 tJTo B naHHOM cnytJae rrepexon Ml 

= 1091 7 K9B) He II)leT 38 CtJeT BpamaTe!IbHOii: ITpHMeCII. · 

n) YponeHh 1291 2 Kan 

(E = . y 

MynhTIIrronhHOCTh mape~onon1 paapSI)Karomiix cocTOSIHIIe c aHepriieii: 
/4 5/ 

1291 2 k aB, II3BecTHa II3 pa6 oT 
1 

1 KaK M 1 

ITapuiianhHhJe rrepiiOJlhi rronypacrrana II rrpiineneHHhie nepoSITHOCTII rre

pexoAon 6binii rronctJIITaHhi rro ¢opMynaM ( 10) 1 ( 4) cooTBeTCTneuuo. IT pone-

neuo cpanHeune T Yz (M l) aKc c onuotJaCTIItJHhi~II oueuKaMH rro Mom-

KOBCKOMy 1 paCCtJIIT8HHh!MII C ytJeTOM CT8TIICTHtJeCKOrO MHO)KIITenSI. f1onytJeJI-

.Hbl9 aHatJeJIIISI T Yz ( M l ) ; B ( M 1 ) aKc II ¢aKTOphi aarrpeTa anSI rrepexonon 1 

( I rr I - Ill) pa3pS!)K8IDllliiX COCTOSIHHe 1291 2 K9B B rrpe)l!IO!IO)KeJIIIII = 3 2 1 

ITpHBO)lSITCSI B Ta6n. 3. 

YJa cpanJieJIHSI 9KCrrepiiMeJIT8!IbHh!X !IpiiBe)l9HHhlX nepOS!THOCTell C OJl

HOtJaCTHtJHb!MII oueuKaMII no M omKoBcKoMy cnenyeT 1 'ITO F M (Ml) 12 9 
4 . 2 . . 

= 1
1
1 •10 ; FM (Mlk74 10"10. TaKaS! aanep)!{Ka Ml -rrepexonon xapaK-

Tepua anSI K -aarrpemeJIJihiX rrepexonon n Sinpax c uetJeTJihiM tJHcnoM ueii:T-

/ 10/ 
pOHOB 

CnenyeT OTMeTIITh, tJTo anSI Ml -rrepexonon1 IIJlYllliiX ·c ypoBHSI c aHep

riieii: 129 1 2 K9B 1 Jia6nronaeTCSI OTKIIOJieJIIIe OT rrpaniina IIJIT9HCIIBHOCTeii:. 

10 



Teop 
B(Ml) (3/2-3/2) 

.9KC 
' B(Ml) 

12 9 .. 129 
------- = 2,9. w-2 

, ------------ = 1,5. 
Teop . 9KC 

B(Ml) 
_87 

B(Ml) 
87 

(3/2 -5/2) 

TaKnM o6pasoM 1 paccMoTpeune BepogTaocTefi rrepexonoB c cocToganfi 

. Ha Gd 109,8 n 129,2 K9B B rroKasano, 'ITO BbiBonaMn 'o6o6meuuofi Monemr 

gnpa c ncrronbsoBaHneM cxeMhl ypoBHefi Hnnhccoua nng gnep rrepexonuofi 

o6nacTn c ManbiMH rrapaMeTpaMn necpopMaunn ueo6xonnMo rronhsoBaTbCH c 

6onbll!OH OCTOpO)I<HOCTb!Oo 

B · saKnroqeane aBTOpbl Bbipa)l{aJOT 6naronapiiocTb K.·.H. fpoMoBy sa 
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