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BaegeHHe 

Y'IeT KOH6'IHbiX pa3MepOB HApa B TeopHH BHyTpeHHeii KOHBepCHH rrpH

BOAHT K TOMY 1 'ITO B ~OpMynax AnH K09~~HUH6HTOB BHyTpeHH6H KOHBepCHH 

( KBK-) rroHBn51IOTCH HAepHbie MaTpH'IHbie aneMeHThi, o6ycnoanHB8IOIUHe 

saaHCHMOCTb KBK oT cTpyKTYPbi 51Apa ( AHHBMH'IeCKHH a~~eKT B TeopHH 

KBK), 3TH MaTpH'IHbie aneMeHTbi HBnHIOTCH rrpSIMbiM cneACTBHeM rrpoHHKHOBeHHH 

KOHBepCHOHHOI"'O aneKTpOH8 BHyTpb o6naCTH 51A6pHbiX 38pHAOB H TOKOB rrepeXOA8 

H B nHTepaType rrony'IHnH H83B8HH6 MaTpH'IHbiX aneMeHTOB "rrpOHHKH0B6HHSI~ 

·H~ BHyTpHHAepHOH KOHBepcHH, HcHo, 'ITO OU6HKY BHyTpHSIAepHbiX KOHBep-

CHOHHbiX M8TpH'IHbiX aneMeHTOB MO)f{HO CAenaTb nHIUb B paMK8X OITpeAeneH

HOH SIAepHOH MOAenH, B cymecTayiOIUHX Ta6nHuax KBK AHHaMH'IeCKHH 

a~~eKT y'IHTbiBaeTC51 rrpH6nH)f{8HHO HnH Ha ocHoae MOAenH CnHaa rroaepxHocT-

/1/ /2-4/ 
HbiX TOKOB 1 HnH B MOAenH Poysa "HeiTpOHHK810IU6!"'0" aneKTpoHa 

rrpH'IeM a rrocneAHeM cnyqa~ 51AepHbie MaTpH'IHbie aneMeHThi aoo6me HCKniO

'IaiOTC51 H3 TeOpHH, 0AH8K01 K8K 6binO ITOK838HO B pa6oTe I.Jepqa H 

/5/ 
BeHesepa , B cnyqae y - rrepeXOAOB, CHnbHO saTopMO)f{eHHbiX no 

Cp8BH8HHIO C OAHO'I8CTH'IHOii OU6HKOH apeMeHH )f{!i3HH, BKnaA BHyTpH51A6pHOit 

KOHBepcHH B aenH'IHHY KBK MO)f{eT ao MHoro pas rrpeabiiUaTb Ty oueHKY, 

KOTopag rrony'IeHa rrpH y'IeTe AHHaMH'IeCKoro a<fl<fleKTa a Ta6nHuax KBK 

( aHoManHH a KBK). 3To CB513aHo c TeM, 'ITO orrepaTOpbi BHyTpH51AepHoil 
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KOHBepCHH H y - uany'leHHSI HMeJOT paaay10 crpyKTYPY, noaToMy cooT-

BeTCTBYIOII1He MaTpH'IHbie aneMeHTbl MOI"'YT TIOJl'lHH>JTbCSI COBep WeiiiiO 

pa3HhiM npanunaM or6opa, TorAa anSI noSinneHHSI aHOI\tamtn B KBK aeo6xo-

AHMO, 'IT06b! npaB!tna OT6opa npHBOJllllll! K yMeHbllleHI!IO BepOSITIIOCTH }' -

uany'leHHSI, ao He yMeHbwanu unu yMeHbwamJ B MeHbweti creneHu 1\taTpnq

HhJe aneMeHTbi "npoHnKHoeeHHSI". CymecTeoeaaue crpyKTypaoi; 3aencuMoCTH 

KOa<jl<jlHUHeHTOB KOHBepCHI! naeT HOBblH nyTb HCCnenoBaHHSl H)lpa: 113 cpaeHe

HHSI H3MepeHHhiX KBK c ra6nu'lHbiMII aaxonHTb eme onna ann HaepHbiX !\taT-

pH'IHhlX aneMeHTOB aaanOI"'H'IHO TOMy, K8K H8XOilSITCSl SI)lepHbie 1\18TpH'IHh!e 

aneMeHTbi y -nany'leHHi1, f3 - pacnaAa 11 .. EO - KOHBepcnu. Cpanaeaue 

aKCnepHMeHTanbHWX 3H8'leHHH MaTpH'IHhlX aneMeHTOB "npOHI!KHOBeHI!Sl" 

C TeopeTH'leCKilMH MO)KeT cny)KHTb npoeepKOH pa3nH'IHb!X MOnenbHb!X npeJl-

craeneHHi1 o SIJlpe, 

3a nocneaaee aeCSITHneTHe aKcnepHMeHTanbHoe noarnepiKJleHne a<jl<jleK

Ta Yep'la-Beaeaepa 6bJnO nony'leao B pSIIle pa6oT, AHoManHH B KBK CltnbHO 

aanpemeHHhiX E 1-nepeXOAOB o6aapy)KeHhi B CHnbHO ae<jlopMuponaHHhiX HApax 

" 161 " 171 " 181 
rpaacypaaoeoH u peAK03eMenbHOH o6nacTeH, Heaaeao B Ha 

OCfiOBe naHHbiX aTHX pa6oT 6bJnH nonyqeHbl aKCTiepi!MeHTanbHble 3Ha'leHHSI 

, " 6 191 
MaTpH'IHhiX aneMeHTOB IIpOHHKHOBeHH51 , a B pa OTe Aenani!Cb CODOC-

TaBneHHSI aKCIIepHMeHTa H TeOpHH Ha OCHOBe 0/lHO'laCTH'IHhiX BOnHOBblX 

~ " I 1 0-12 I 
06 

" " ) 
~yHKUHI! , II1Hil HTO!"' TaKHX COIIOCTaeneHHI! cnenyJOII1HH: a anSI 

TSJ)KenbJX Slllep TeopeTH'leCKHe 3Ha'leHHSI MaTpH'IHbiX aneMeHTOB ( M,a,), 

"IIpOHHKHOBeHH SI" MeHbllle aKcnepHMeHTanbHbJX B 1,5-2 pa3a )la);<e JlRSI 

a<jl<jl CB06 
9 I 9 = 1; 6) B o6nacru peAKHX aeMenb OAHO'laCTH'IHaSI 

• • 
TeOpHSI cornacyeTCSI C aKCIIepHMeHTOM YAOBneTBOpHTeRbHOi B) TIOCKORbKY 

paCCMSTpHBaeMhie y - nepeXO)lbl SIBnSIJOTCSI 3anpell1eHHb!MH no aCHMIIOTo-

TH'IeCKHM KBSHTOBbiM 'IHCRaM, OllHO'IaCTH'IHbie M,a, y - H3Ry'leHHSI CHRbHO 

OTnH'IaJOTCSI OT aKCTiepHMeHT8nbHblXi t') Jl8RbHeHII1ee YTO'IHeHHe TeopeTH'leC-

KHX peaynbTaTOB CBSI3aHo C yny'IllleHHeM CXeMbl CpenHet'O IIORSI0 yqeTOM 

4 i_ 

napHhlX KOppeRSIUHH, KOnneKTHBHbiX a<jl<jleKTOB H BRI!SIHHSI B38H 

Kopuonuca. B AaHHOii pa6ore npeAnpuHHMaeTC51 nonbiTKa yny'l 

reop1111 c aKcnepuMeHTOM B Bbiweo6oaHa'IeHHOM CMbiCne. B Kl 

aero non51 6epeTcSI noTeHUHan CaKCOHa-Bynca, nn51 Koroporo 

Hbl8 aHepl"'l!H 11 BOnHOBbl8 <jlyHKUHH ARH pa3HbiX o6naCTeH Ae<jlc 

113 141 
npHBeAeHbl B pa6oTaX ' , nanee Ha 6a3e aTOI"'O TIOTeHU~ 

pl!BaeTC51 BRHSIHHe napHbiX K0ppen51UI!ll H B3aHMOJl8HCTBHSI KOI 

MaTpH'IHbie aneMeHTbl, BXOJlS!II1H8 B TeOpl!!O, 8 KOHUe pa60Tbl 

TeOpHl! C aKCnepHM8HTOM HaXOASITCSI 

E 1- KOHnepcHOHHbiX nepexoAOB, 

g s - <jlaKTOpbl JlRSI paCI 

§ 1. MaTpH'IHhie aneMeHTbi "npoHHKHoeeHH51" e noTeH: 

CaKCOHa-Bygca 

Bhipa)KeHHe nnSI KBK E 1-nepexonoe Ha 

181 
q - o6ono'!Ke 

n n106oi1 Moaenu, HMeeT eun 

a(E!)=!. 
q K 

N(E!)+i(lE!) -8(E11yl2· 
qK qK qK 

3AeCb K ;;; K I - KBaHTOBOe 'li!CRO, X8p8KTepH3yJOII1ee 
(E!) (E!) (E!) 

cno6oAHoro ::.neKTpoHa; N qK = Re N qK + i lm N qK 

( HOpManbHbie) KOHBepCHOHHble M8TpH'IHbl8 aneMeHTbi, Bbl'lHCR 

KOHe'lHb!X pa3MepOB HApa B MOAeRH 

1151 
H C y'IeTOM aKpaHHpoBaHHSI ; 

CHH B eenH'lHHY KBK: 

!!( El) A A(!) B 1\(2) 
q K = OK + 0 K 

CnHea noeepxHoCTHhlX TC 

(E l) 
/l qK - BKRall BHyTpH 

paBHbiH B MOAenu CnHea 
(E l) ) 

8 K =!.(AnKfn+BnK V q n An 

-Koa<jl<jll!UHeHTbi 0 38BHCSIII1He TORbKO OT aneKTpOHHhiX BORHOBbl 

Ill 
( aneKTpOHH.bie napaMeTpbi), 0HH Ta6ynHpOB8Hbl B pa6oTe 

IIpHBeAeHhl 'lHCReHHhle 3H8'1eHHSI ~ H V 
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rrapHb!X KOppenHUHH 0 KOnneKTHBHb!X 9$$eKTOB H BnHHHHH B38HMOJleHCTBHH 

Kop 11 onHca. B Jl8HHOi1 pa5oTe rrpeArrpHHHMaeTcsr rrOIIbiTKa yny'lll!HTb cornacHe 

TeopHH c sKcrrepHMeHTOM B Bbill!eo5oaHa'leHHOM CMbiCne. B Ka'leCTBe cpeA

Hero rronsr 5epeTCH IIOTeHUHan CaKCOHa-ByAca, AnH KOTOpOI'O OJlHO'IaCTH'I

Hbie :mepi'HH H BOnHOBbie !lJyHKUHH )lnH p83Hb!X o5naCTefi Ae!lJopMaUHH 

/13,14/ 
npHBeaeHN B pa50T8X , nanee H8 5a3e 9TOI'O IIOTeHUHana paCCM8T-

pHB88TCH anHHHHe rrapHbiX KoppensruHfl H B3aHMOAei1cTBHH KopHOnHca Ha 

I\!8TpH'IHbie sneMeHTbi 0 BXOJlHll!He B TeOpH!O, 8 KOHUe pa50Tbl H3 CpaBHeHHR 

TeOpHH C 9KCIIepHMeHTOM HaXOJlHTCH g s - !lJaKTOpbl )lnH paCCMaTpHBaeMb!X 

E 1- KOUBepCHOHHhiX rrepeXOJlOB, 

§ 1. MaTpH'IHhie sneMe,I{Thi "rrpoHHKHOBeHHst" B rroTeHUHane 

CaKCOHa-Bynca 

8hipa1KeHHe ansr KBK El-rrepeXOJlOB Ha 

/8/ 
q - o5ono'IKe, cnpaseAnHsoe 

B mo5oi1 MoaenH, HMeeT BHJl 

(E 11 =I 
aq K 

N(Ell+i(lEll -8(Ell)l2· 
qK qK qK 

(1) 

3aeCb K = K f - KB8HTOBOe 'IHCno, xapaKTepH3yJOll!ee COCTORHHe 
(Ell (Ell (Ell 

cao5oaHoro :;,neKTpoHa; N qK = Re N q K + i lm N q K - Ta5nH'IHbie 

( HOpManbHbie) KOHBepCHOHHbie MaTpH'IHbie sneMeHTbi 0 Bbl'IHCneHHbie C y'leTOM 

KOHe'IHb!X pa3MepOB HJlp8 B MOJlenH CnHB8 IIOBepXHOCTHbiX TOKOB rrepeXOJl8 

/15/ (Ell 
H C y'leTOM 3KpaHHpOB8HHH i ~ qK - BKna)l BHyTpHRAepHOH KOHBep-

CHH B senH'IHHY KBK: 

~r Ell= A A(ll B A(21 
q K OK + 0 K ' 

(2) 

paBHhifi B MoaenH CnHBa .,(Eli_~(A t +B v) 
u K - k nK n nK q n AnK BnK-

-K09tP$HUHeHThi, 38BHCHIUHe TOnbKO OT sneKTpOHHbiX BOnHOBb!X tPYHKUHH 

/16/ 
( sneKTpOHH.hie rrapaMeTpb!). 0HH Ta5ynHpoBaHbi B pa5oTe • TaM IKe 

IIpHBeAeHbl 'IHCneHHbie 3Ha'leHHH fn H V 
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r 

A Is I = < M Is I •> / < Uy ( E l ) ·> - smepHbie rrapaMeTpbi, o6ycnos-

m:~BaJOmHe 38BHCHMOCTb KBK OT cTpyKTypbi SIApa, f'Ae orrepaTOpbi BHYTPHH

Aepuoi\ KOHBepC!ili liMeJOT BHA: 

M111 (El).(R/R0 f ~~ tJ21(El)- tJ21 M 121 
- 0 +TJ 2 I 

M1: 1-(R/R0 )"+
1 l(l/2) 1 /2 Y1~ -[L+-;alj)4}(3+n);]Y;:1 * }. (3) 

• -3 ~ 1/3 .,. 
B Bbipa)KeHHSIX (3) R 0 = 3.11 10 ·A • h/ me - paAHYC HApa, 

c - orrepaTop op6HTanbHOf'O MOMeHTa, a - BeKTOp DaynH, y LM H 
-. lA I 
Y LM- wapoBbie H wapOBbie seKTopHbie ~yHKUHH, p. 9~~ = g /2 £ 9~~ ( f'Ae 

fiE~ =l-l/A H T,A.), TJ= -0,3 (a l ),
2 

9 
181 115 161 

B pa6oTe Ha OCHOBe ~OpMyn {1-2) 1i Ta6nHU 
1 

6bJn CAenaH 

auanH3 HMeJOmHXCSI 9KCI1epHMeHTanbHbiX aaHHbiX no aHoManH 5IM s KBK 
( sl 

I <M > I • 0Kaaanocb, 
9KC • 

E 1 • Alsl 
-rrepeXOAOB H H81:1AeHbl 1:1 

9KC, 
I II 121 

·-.'ITO smepHbie rrapaMeTpbi A << /\ , 'ITO COf'nacyeTCSI C HX TeopeTH'IeCKOH 

191 u 

OUeHKOii B OAHO'I8C TJ:I'IHbiX 110TeHUHanax • C ~H3H'IeCKOli TO'IKH 3peH HSI 

9TO 06'bSICHS!eTCSI TeM, 'ITO M8Tp!i'IHblll aneMeHT < t.t121·> CB.II38H CO CI1HHOBbiMI: 

TOK8MH rrepeXOA8 1 Hf'p8!0lliHMii orrpe Aen.IIJOWYJO pC11b B B03HHKHOBeHHii 

117 I . 
aHoManHii B KBK • B CB.II3H c 9THM B AanhHeiiweM 6yAeT auanH3HposaTb-

C.II TOnbKO 9TOT BHyTpHSIAepHblll KOHBepCHOHHbiH M8TpH'1HbiH aneMeHT, 

83SIB OAHO'I8CTH'IHYJO BOnHOBYIO ~yHKUHIO Ae~OpMHpOB8HHOf'O .I!Apa 

(2) ·(2) u 
o6bi'1HbiM o6paaoM, AnSI A = < M >I< y ·> rronyqaeM: 

<Uy >=<f!l Uy(El) II i>=a(JI J,lc)<K,l p Ytk IK 1>, 
(7) 

<M 
12 

I ·> = < L > + g < s ·> = < Ill L II i ·> + g <Ill s 1.1 i ·> ' • • 

6 

....... 

'i 

a(J1 J, /c) TJ. £a~«P 
<L>= <K,i(f1 -£,)(£1 +f,+l)(p+- 2 2y7 MwoRo 

<S·>=- 3 .a(J1 J,Ic)<K,l(p+_! . TJ 
2 

p 3){; 

4£ ~~ 3 Mw R 
9't''t' 0 0 

k ~ ~ 
f'Ae a(JIJ,Ic)-(-1) (2JI+l) <JI1J, lKII-Ic>' P= M o(L 

M-Macca HyKnoua, cu 0 = 48,5,A-I/J Mas, 4>opMynbi Anf 

< Uy > c BOnHOBbiMH ~YHKUHSIMH I K ·> = I a ~e I In e; I K•> I 

118,191 
npHBOAHnHCb HeoAHOKpaTHO (eM., uarrpHMep, ). Pac 

auanof'H'IeH pacqeTy < Uy •> • HH)Ke npHBOAHTCSI ~opMyna 

<S •> : 

< K, IP L+n a Y~0;*1 K I>= (-l) 't3!2 TT)
112

• (2L+ 1) X 

~ K 1 Kf 
k a o •a o 

n£1 niLIIf nfLflf 
I I I 

1/2 1/2 
(2;, +l) • (2£

1
+ l) ·<f

1
L 

n f e, If 

(

1/2 e, ;, ) 
< ; I L ; , I K I ' -lc ·> • 1/2 e I ; I • < n, e I; I I /+n I n If I 

1 L L 

(2) 
nng pac'l:eTa M8TpH'IHbiX aneMeHTOB <M > H <Uy(El 

naM (7-8) 6bJnH HCI10nb30B8Hbl BOnHOBbie ~yHKUHH 1 rronyqe 

UHane CaKcoua-ByJlca AnH MaccOBbiX 'IHCen A = 181 H A 
113-141 

orry6nHKOsaHHbie s • PeaynbTaTbi Bbi'IHcneHHii <Uy( 
(21 

< M '>c._ 8 • npHse}leHbi s Ta6n. 1 H 2. TaM )Ke JlaHbi a Ken 

18 201 
3Ha'leHHSI 9THX MaTpH'IHbiX aneMeHTOB H3 pa60T 

1 
H 

191 
KHe aua'leHHSI s rroTeHuHane HHnhCcoua H3 • 

EcnH npeJlnOnO)KHTb, 'ITO OllHo'laCTH'IHaH TeopHH }lael 

(2 I A) 
aHaK JlnH < M ·> , To H3 Ta6nHUbi 1 BHJlHo, 'ITO auaK 

A) 
DpH H3y'leHHH uecox~aHeHHH 'leTHOCTH s M 1-nepexoLtax G 

orrpeJlenHeTC.IIH3 A 1 =<M 101 >/<Uy(Ml)" IIJ\1€'11HO 

npeJlnono)KeHHH/21 I. aKcn. 
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""" 

IMJ· 

Tb-

,i 

a( J 1 J1 lc) . 77 • £ a«P«P 
<L>= <K 1 1(f1 -f1 )(i1 +i1+1)(p+- 2 

2y7 M wo Ro 
P

3 )Y* ·1K •>, 
lie I 

<S·>=- 3 .a(J1 J1 1c)<K1 I(p+l. 77 p 3)aYl0
'*1K.>, 

4£ 3 M R 2 lie I aq,q, w o o 
le ~ ~ ~ 

l"'Jle a(J 1 J1 1c)=(-1) (2J 1 +l) <J11J1 1K11 -Ic>, P=M .w 0 .RI 

M-Macca HyKnoua, (u 0 = 48,5.A-l/J Maa. !l>opMynbi JlnSI pac'leTa 

< Uy > c BOnHOBbiMH «PYHKUHSIMH I K ·> .. I a ~e I In e i I K·> B nHTepaType 

/18 19/ 
rrpHBOJlHnHcb ueoJlHOKpaTHO (eM., uarrpHMep, ' ) • Pac'leT < L ·> 

auanol"'H'IeH pac'leTy .< U y •> • HH}I{e npHBOJlHTCSI «tJopMyna JlnSI Bbi'IHCneHHSI 

< s •> : 

< K f IP L+n a Y~0~* I K I>= (-1) ~3/2 1T l 12 • (2L + l) X 

I 
n If 1 11 
n 1f 1 11 

K 1 Kf 1/2 1/2 
a n • a 0 • (2 i I + 1) • (2 e I+ 1) ·<f L f f I 00 ·> X (8) 

n 1 r. 1 11 nfr.flf I 

(

1/2 

< i I L I, I K I I -lc ·> • 1 ;2 e, ;, ) 
e I i I • < n I e I i f I p L+n I n ,e I i I ·> • 
L L 

(2' 
Ll.nH pac'leTa MaTpH'IHblX ::meMeHTOB .<M > H .<Uy(El) ·> ITO 4JopMy-

naM (7-8) 6binH HCITOnb30B8Hbl BOnHOBbie <jJyHKUHH 1 rrony'leHHbie B llOTeH

UHane CaKcoua-ByJlca JlnSI MaccOBbiX 'IHCen A = 181 H A = 239 H 

/13-14/ 
orry6nHKOBaHHbie B • PeaynbTaTbi Bbi'IHcnenHA <Uy( E 1) •>c .-s. H 

(2} < M '>c .-s. rrpHBeJleHbi e Ta6n. 1 H 2. TaM }1{9 JlSHbi aKcrrepHMeHTanbHbie 

/8,20/ 
3H8'19HHSI STHX MaTpH'IHblX ::meMeHTOB H3 pa60T H HX TeopeTH'IeC-

/9/ 
KHe 3H8'19HHSI B ITOTeHUHane HHnhCCOHa H3 • 

EcnH npeJlrronO}I{HTb, 'ITO OJlHO'IaCTH'IHaSI TeopHSI JlaeT rrpaBHnbHbiii 

(2} A) 
3H8K JlnSI <M ·> , TO H3 Ta6nHUbl 1 BHJlH01 'ITO 3H8K <Uy '>c.-BinS! 

A) 
DpH H3y'leHHH uecoxpaneHHSI 'leTHOCTH B Ml-rrepexoJlax anaK <Uy(Ml)·-.. 

(ll} M (O} I u (Ml) ;')K('IJ, 
OripeJlenSieTCSI H3 J\ = < >; .< y ,-., 111\JE'IIHO np11 TriKOJ\1 

npeJliTOnO)K9HHH/21/, SKCIT. 
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I 

1-

L 

El-nepeXOAOB s aKTHHHAaX cosnaAaeT c axcnepHMeHTanbHbiM s oTnH'IHe oT 

<r)y·~J • <l>aKTOpbi aanpeTa F= I<Uy> /< Uy > 1
2 

Ansi npoToHos 
nHnbc. Teop. axcn. 

s cxeMe Caxcoaa-ByAca F.c 8 onH}Ke K eAHHHUe, 'leM FH , TorAa xaK .- " HnbC, 

AnH HeATpOHOB CHTYBUHH OopaTH8H, 

Kax cneAyeT H3 if>opMynhi (7}, MaTpH'IHbie aneMeHTbi "npoaHKHOBeHH H" 

38BHCHT OT senH'IHHbl g s - lf>aKTOpa, llnH TOro, 'ITOObl nOKa38Tb 9TY 
(2) 

aasHCHMOCTb, AnH < M ·> c .-s. B Taon, 2 A89TCH AB8 Haoopa Bbi'IHCneHHif: 

cso6. 
AnH 9 s • g s H AnH g - g a4>4> = 0 6 

S S I 

CBOO 
g • • BHAHO, 'ITO 

175 
AnH Lu H 177HI senH'IHHbi 

(2) 
< M ·>c._ 8 . , Bbi'IHcneHHbie npH 

a4>4> 
g •"" g. • 

onH3KH K 
(2) CBOO, 

<M '> H , nony'leHHbiM npH g = g , a AnH TH}Ke-
Hnbc. • • 

(2) (~) (2) 
< M ·>c 8 scerAa 6onbllle < M ·> H H 6nH)I<e K <M > • 

.- · HnhC, axcn. 
nbiX HAep 

§2. Y,eT napHbiX xoppenHud 

Tenepb paccMoTpHM snHHHHe napHbiX xoppenHUHfi Ha H3yqaeMbie MaTpH'I.,. 
.'22 23/ 

Hhie aneMeHTbi. Kax snepBhie noxaaaHo s paooTax ' , snHHHHe csepxTexy-

'IHX CBOi!:CTB Ha sepOHTHOCTb y - H3ny'leHHH CBOAHTCH K KOppenHUHOH-

..a_oMy if>axTopy Ry ,..( u 1 u 
1 

± v1 v 1 )
2 

( B oolllenpHHHThiX o6oaaa'leHHHx, rAe 

aaax MHayc oTaocH TCH K E L - , aaax nmoc K M L - nepexoAaM), Ha 

KOTOpb!i!: AOMH0}1(89TCH sepOHTHOCTb y - nepeXOA81 Bbi'IHCneHH8H B 

OAHO'IaCTH'IHOM noTeHuHane. Y 'leT Ry AnH 3aTopMO}K9HHhiX E 1-nepexoAos 

C DoK = :!:. 1 B H9'19THblX Aelf>opMHpOB8HHblX HApax B oOnblliHHCTBe cny'laes 
/18/, /24-26/ 

yny'llllaeT cornacHe TeopHH c axcnepHMeHTOM • llnH BbiHCHe-

HHH aaanorH'IHOH KOppenHU HOHHOi!: nonpaBKH B cny'l:ae BHyTpHRAepaoi!: KOHBepCHH 

paccMoTpHM noseAeHHe oneparopa M(~~ npH o6 pallleHHH speMeHH H apMH

TOBOM conpH}KeHHH, rax xax HMeHao aTH csoii:cTsa onpeAenmor 3HaK B Ry. 
lleii:CTBHTenbHO, M0}KH0 nOK838Tb 0 '!:TO AnH npHBeAeHHOrO MaTpH'IHOrO aneMeH-

A 

Ta reaaopaoro onepaTopa M paara L B csepxTeKy'l:ei!: MOAenH nony-

'189M ( 093 y'leTa 9~Jif>eKT8 onOKHPOBKH): 

. ( T+a+1 
<J1 [IML.fl } 1 '>napH.= u1 u 1 +(-l) v,v,}<J,IIML!IJ,·>oAHO'I, (9) 

8 

~;i!: ---

f'Ae if>a3bi r H a onpeAenH~TCH CBOHCTB8MH onepaTOpa 

OopallleHHH BpeMeHH H 9pMHTOBOM COnpH}KeHHH: 

-1 T+ 1 
TM uAT .. (-l J M L-1t11 

+ a+1 
MLM - (-) ML-M I 

/27/ 
a onepaTop T-npeo6paaosaHHH HMeeT BHA : 

1--ia K, K'l' (t)= 'l'*(t). 
y 

~CnOnb3YH COOTHOllleHHH 

-.__.(.\)* ->->()\) 

(LYLM )r=-LYLM I 

...... (.\)* ...... (.\) 
(a y LM ) r=- a YLM I 

->-o(.\J*+ ...... (.\) ---
(LYLM) =LYLM +v'L(L+l)YLM'8.\o . ' 

...(.\)* -o(i\J -.(.\J* l+A+ M -> (.\) 

(C: YL"' J+ =a YL"' I Y LM =(-lJ YL-/tll 

+ 
(Y(M)T .. (Y(MJ =YLM' 

rAe M r = TM T- 1 , nonyqaeM AnH E L- H3ny'l:eHHH y}Ke 

peaynbTaT: a= r = 0 , a AnH E L - sayTpHSIAepaoit KOH 

(.\=0) OK83biBaeTCH, 'ITO a= J r = 0 • TorAa llnH su 

pa A(2 J s aToii: MOAenH nony'laeM: 

(2) 
A napa= 

(2) 
9!+ < M ·>OAHO'I:, (2) 

=9!A 
9l <U (ElJ.> OAHO'I:, - y 01-(HO'I, 

TaKHM o6pa30M, csepxTeKy'IHe csoi!:cTsa AApa no-pa3HOMY snH 
(2) 

pH'IHhie aneMeHTbi < M •> H Uy( EL) , noaTOMY csepxTexy'l 

9!+ H 9!_ ae coxpama~T llpyr Apyra H AAepHbiit napaMeTp 

llOMHO}KaeTCH H8 KOppenHUHOHHhii!: lf>aKTOp R .. 9!+ I 9!_ • 31 

aaanorH'IHbli!: aaanH3 M8I'HHTHOi!: KOHBepCHH AnH COOTBeTCTBYK 

Horo napaMeTpa A(OJ .. <M(OJ ·>/<Uy(ML) ·> (I 

9 



rJle 4Ja3bi H a onpeJlensnoTCSI caoikTBBMH onepaTopa M LM npu 

o6pallleHIIII BpeMeHII II 9pMHTOBOM COllpSI>KeHHH: 

-1 T+ I 
TMLMT ,.(-l) ML-M1 

+ a+l 
MLM- (-) ML-M I ( 10) 

/27/ 
a onepaTop T-npeo6paaoaaHHSI HMeeT BHJl : 

T .. -iayKI K'P(t)= 'P*(t). (11) 

llcnOllb3YSI COOTHOllleHHSI 

_, _, (A 1 * ... _,(A I 
(L y LM )T -=-LYLM 

... _, (AI* ... ... (A I 
(a Y LM ) r=- a YLM 1 

->-+(AI*+ ...... (AI ---
(LYLM) = LYLM +v'L(L+ l)YLM'8A o . ' (12) 

_, ... (AI*+ _, ->(AI -o(AI* l+A+M ->(AI 
(aYLM) .. aYLMIYLM=(-l) YL-MI 

+ 
(Yt .. )T ... (Y t .. J .. YLM I 

rlle M r= TM r- 1 , nonyt~aeM .llliSI E L- uanyt~eHHSI y>Ke H3BeCTHhiH 

peaynbTaT: a= r = 0 , a .llliH E L - BHYTPHSIIlepaoA KOHBepCHH 

(A=0) OK83b!B8eTCH, 'ITO a=J r = 0 • Tor.Qa .llliSI SIJlepHoro napaMeT-

pa A (2 1 
a 9Toii MOileliH nonyt~aeM: 

(2) (2} m M ·>ollHO'I. m A 
Jl + < = Jl OJlHO'I, 

(2} 

A napH= m <U (Elb OiJHO'I, 
Jl_ y 

(13) 

TaKHM o6paaoM,caepxTeKyt~ue caoAcTaa RJlpa no-pa3HOMy BliHSI~T Ha MaT

(21 
PH'IHhie aneMeHTbi < M •> H Uy( EL) , noaTOMy caepxTeKyt~ue nonpaBKH 

(2) 
~+ H ~ _ He coKpama~T .llpyr .llpyra 11 Sl)lepHbiH napaMeTp A 

O.llHO'Io 

JlOMHO>KaeTCSI Ha KOppeliSIUHOHHbiH <lJaKTOp R .. ~+I~- • 3aMeTHM, 'ITO 

8H8liOI'H'IHblH 8H8liH3 M8l'HHTHOH KOHBepCHH .llliSI COOTBeTCTBy~mero Slllep-

Horo napaMeTpa A(OJ .. <M(OJ ·>/.< Uy(ML) ·> (a o6oanat~eHHSIX 

9 



I 

/28/ 
pa6oTbi ) .oaeT R = 1, TaK KaK .om1 onepaTopa 

M(O) 
LM 0 B KOTOpb!ti 

BXO.OSIT wapOBhl9 B9KTOpHhl9 <l!YHKUHH C A = t_ 1, <jlaahi a = 0 H T = 1 

H csepxTeKy'IHe nonpaBKH coKpamaJOTCSI, 3ToT BhiBO.O o aeaasHCHMOCTH KBK 

MEII'HHTHOti MYnbTHnOnbHOCTH OT CB9pXT9KY'IHX nonpaBOK 06Cy >K.[lanCSI B 

/29/ 
pa6oTe KHCCnHHrepa , o.oaaKo oH pacnpocTpaHSinCSI TaK>Ke aa cny'lati 

aneKTPH'IeCKOl!: KOHBepCHH, 'ITO, KEIK BH.OHO H:? ( 13) 0 HeBepHO, Pa3Hblti xa

paKTep snHSIHHSI napHbiX KOppenSIUHA Ha EL -H ML - BHYTPHSI.oepHyJO KOHBep-
(2) (0) 

CHJO SIBnSieTcSI, no-sH.OHMOMY, o.oaon H3 npH'IHH Toro, 'ITO A ·:::o> A • 
(
2 

J aKcn. aKcn. 

3Ha'leHHSI < Uy (El )> H < M •> .onSI H3Y'IaeMhiX E1-nepe-
napa. napa. 

XO.OOB B paMKEIX CBepXTeKy'leti MO.OenH Sl.l:\pa npHB9.09Hbl B Ta6n, 1 H 2, 

K oppenSIUHOHHhil!: <iJaKTOp 9{ ± Bhi'IHCnSinc SI e y'leTOM a<tJ<iJeKTa 6nOKHpOBKH 

/30/ /13,14/ 
( CM, <tJopMynhi s ) Ha ocaose cxeMhi yposaea cpe.oaero nonSI H3 • 

Jlng Haxo>K.oeHHSI csepxTeKy'IHX xapaKTepHCTHK C H A pemanacb aa.oa'la 

napHhiX KOppenSIUHl!:, npH aTOM cyMMHpOB8HHe npOH3BO.OHnOCb no 45 ypOBHSIM 0 

B3SIThiM CHMM9TpH'IHO OTHOCHTenbHO nosepXHOCTH cllepMH, a KOHCTEIHThl nap-

HOI'O saaHMo.oettcTsHR G z H GH .onR Hccne.oyeMhiX Sl.l:\ep Bhi6HpanHCb 

/31 I (2 
Ha OCHOBe .oaHHbiX pa60Tbl • TaK KaK 9{ + "' o.e + 1,0, TO.< M ) •> 

0.1:\HO'Io 

~MeKbwaeTCSI He3Ha'IHT9nbHO H H3MeHeHHe senH'IHHhi Sl.l:\epaoro napaMeTpa 
• (2) 
A B OCHOBHOM o6SI38HO <iJaKTOpy 9{ _ 

HHe < Uy •> npou.aowno .onR E 1-nepexo.oa. 

• HaH6onee CHnbHOe yMeHbwe

B 
239 Pu , TaK KaK B aToM 

cny'lae H.09T CHnbHO 3aTopMO>K9HHb!A nepexo.o THna "'18CTHUa- .1:\hlpKa" H 

237 
A 1 H A 1 aaxooRTCSI Me>K.oy E 1 H E 1 • llnSI Hp nony'laeTCSI 

uaseCTHbil!: peaynbTaT, Kor.oa y'leT napHhiX KoppenRUHA .ong E 1-nepexo.oos c 
. /26/ 

ll K .. 0 yxy.omaeT cornacHe c aKCI:IepHMeHTOM 

§3. Y'leT aaaHMogdcTsHSI KopHOnHca 

BnHSIHHe saaHMo.oeAcTBHSI o.oHo'IBCTH'IHoro H spamaTenbaoro .O.BH>KaHHA 

Ha H3y'laeMbi9 M8TpH'IHh19 aneMeHThl 6hinO HaMH Y'IT9HO Ha OCHOBe MO.[lenH, 

10 

.:,., 
i : ~~.' 1 

,'·· 
,i' I 

_;, i 

•'.', I 

· .. :~ 

1
·1·i 

.:.\' ' 
~ !{ 
IJ ~ 
~~ I 
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tl ; ~ 
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~~; 
' "· 

~ 
j: 

' ' J 

/32/ 
pa3BHTOl!: s pa6oTe • Bbi6op .oaaaon Mo.oenH o6'hRCHReTcSI 

OHa Y'IHThiBaeT B npH6nH>K9HHH CT8TH'19CKOI'O cnapHBEIHHSI Hea 

a~eKThi oT s3aHMo.oeiiCTBHSI KopHonHca, KOTOPbie, KaK Hasec1 

CHnbHhi .[lnSI 0.1:\HO'IEICTH'IHh!X COCTOSIHHA, npHHB.[lne>KaiUHX 0.1:\HC 

nooo6onO'IK9 C 6onbliiHM j • TaKHMH COCTOSIHHSIMH B HaweM I 

. 111 237 H 
cg cocTOSIHHSI H3 no.oo6ono'leK • 13 ; 2 .ong HI H p , h1 

i Js/2 .onSI 
239 Pu • Jlng aaxo>KaeHHSI aea.oua6aTH'IaCKOA sonHOE 

I CJK:IK·> 
K 

r.oe C JK - aMnnHTY.Ohl K - cMeliiHBaHI 

8.1:\Ha6aTH'I9CK8SI KB83H'I8CTH'IH8SI 4lYHKUHSI H3 §2, B .1:\aHHOti M 

9TCSI M9TO.[l TO'IHOl!: .t:\H8I'OHanH38UHH · MaTpHUbl B38HMO.OetiCTE 

npH aTOM .o.ng onucaHHSI auepreTHKH spamaTenbHhiX nonoc HCI 

.osa napaMeTpa: spamarenbHhiA - t2/2J H a4J4JeKTHBH8SI Cll 

G .4-.4- • TipH ucnonhaosaHHH aKcnepHMeHTanbHhiX .o.aHHbi:ll 
a'l"t'. 

Hb!X nonocax, noCTpOeHHhiX Ha H3y'la~Mb!X COCTOSIHHSIX, H3 pf 

paMKax .o.auuofi Mo.oenu HaMH 6hinH ual!:.oeHhi aMnnHTY.O.hl C Jl 

(2) 
.1:\HMhie .o.nR pac'leTa MaTpH'IHhiX aneMeHTOB < Uy '> H.< M ·> 

OKaaanocb, 'ITo: 

1. BpamaTeni:ilbie napaMeTpbl t 2 /2J no senH'IHHe 

aKCnepHMeHTanbHbiM 3H8'19HHSIM .O.nSI spamaTenbHbiX nonoc Ha 

COCTOSIHH SIX B COC9.0HHX '19THO -'laTHblX SI.O.pax; 

2. BenH'IHHa napaMeTpa G 9~ .o.nR cocTOSIHHfi c 6on 

yMeKbwaeTcSI aa 10-20% no cpasueHHJO c senH'IHHaMH, Hcnoll 

.o.nSI pac'leTa c o.ouoKsaaH'IaCTH'IHhiMH <l!YHKUHSIMH B §2. TaKa 

Ka G 9~, no-BH.OHMOMy, ue RBnReTCSI s .oaHHOM cny'lae ell 

aHTHcnapusaTenbuoro a~eKTa cHn KopHonHca, a nony'laeTcR 

/32/ 
TOI'O, 'ITO B MO.O.anH He y'IT9Hbl nongpH3aUHOHHbl9 9~1 

MoryT s onpe.o.eneHHofi cTeneHH ocna6HTb saaHMO.oeficTBHe K· 

3TOT BbiBO.O Henocpe.O.CTB9HHO cne.o.yeT H3 Cp8BH9HHSI HaWHX 

.onR nonochi 9/2+ [624] B 
177 HI c peaynbTaTaMH, nony'l 
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li 

/32/ 
paasuToll: B pa6oTe • Bbi6op t:taHHoll: MOt:temi o6'bSICHSieTCSI TeM, 'ITO 

oHa y'lHTbiBaeT B npu6nH*eHHH CTaTH'leCKOrO cnapHB8HHSI Heat:tua6aTH'leCKHe 

a<fJ<fleKTbl OT B38HMOt:teii:CTBHSI Kopuonuca, KOTOpbie, K8K H3BeCTHO, H8H6onee 

cunbHbl t:tnSI OtlHO'l8CTH'lHbiX COCTOSIHHll:, tipHHat:tne*aiiiHX OtlHOll: c<flepH'leCKOll: 

tiOJl06onO'lKe C 60nbiiiHM j • TaKHMH COCTOSIHHSIMH B HaWeM cnyqae SIBnSIIOT-

• 177 237 175 
cSI cocTOSIHHSI ua noao6onoqeK • 13 ; 2 t:tnSI HI H Hp , hll ; 2 anSI Lu u 

i 15/2 anSI 
239 p U • .llnSI HSXO*JleHHSI Heat:tua6aTH'leCKOl!: BOnHOBOl!: <flyHKUHH 

I CJK:IK·> 
K 

, rae ( JK - aMnnHTYtlbl K - CMeWHBSHHSI, I K ·> 

8JlH868TH'leCK8SI KB83H'l8CTH'lH8SI <flyHKUHSI H3 §2, B tl8HHOl!: MOt:tenu HCtiOnb3y-

8TCSI MeTOA TO'lHOl!: .uuaroHanuaauuu . MaTpHUhi saauMonel!:cTBHSI Kopuonuca, 

npu aTOM anSI onucaHHSI aHepreTHKH spamaTenhHbiX nonoc ucnonbayeTCSI 

nsa napaMeTpa: spamaTenhHbill: - j;2 /2J H a<fl<fleKTHBH851 CHna cnapHB8HHSI 

G "'"' • Tipu RCtiOnh30BaHHH aKcnepHMeHTanhHbiX naHHbiX o apamaTenh-

9"'"'• /33-36/ 
Hb!X nonocax, tiOCTpOeHHbiX Ha H3yqa~Mb!X COCTOSIHHSIX, H3 pa60T B 

paMK8X Jl8HHOll: MOt:tenH HaMH 6bJnH Hal!:t:teHbl aMnnHTYtlhl ( JK , He06X0-
(2) 

JlHMbie anSI pacqeTa MaTpH'lHhiX aneMeHTOB < Uy '> H.< M ·> • TipH aTOM 

OKaaanocb, qTo: 

1. BpamaTen!:ilhie napaMeTpbi i 2 
/2J no aenu'lHHe 6nH3KH K 

aKcnepHMeHTSnbHbiM 3H8'18HHSIM t:tnSI BpaiiiaTenbHbiX nonoc Ha OCHOBHbiX 

COCTOSIHH SIX B COCet:tHHX 'leTHO -'leTHbiX Slt:tpax; 

2. BenH'lHHa napaMeTpa G a<!><!> t:tnH cocTOSIHHl!: c 60nbWHM 

yMeHbiiiSeTCH H8 10-20% no cpaBHeHHIO C BenH'lHH8MII 0 HCtiOnb30B8HHbiMH 

anSI pac'leTa c ot:tHOKB83H'laCTH'lHhiMH <flyHKUHHMH B §2. TaKaH nepeHopMupoa-

Ka G a<!><!>' no-BHAHMOMy, He HBnSieTCH B aaHHOM cny'lae cnet:tcTBHeM 

aHTHcnapuaaTenbHOI'O s<l><!>eKTa cun Kopuonuca, a nony'laeTcH scnPJlCTBHe 

/32/ 
TOI'O, 'ITO B MOt:tenH He y'lT8Hbl nongpH38UHOHHbl8 a4J<I>eKTbl 0 KOT0pb18 

MoryT a onpe.ueneHHOA cTeneHH ocna6HTb saauMo.uell:cTBHe Kopuonuca. 

3TOT BbiBO.U Henocpe.UCTB8HHO cne.nyeT H3 cpaBH8HHH HaWHX peaynbT8TOB 

nnH nonOCbi 9/2 + [ 624] B 177 HI c peaynbTaTaMH, nony'leHHhiMII B 
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/37/ /38/ 
pa6oTe Ha OCHOBe MOJleJIH , B KOTOpoil: 9TH aq$eKTbi Y'ITeHbJ

0 

H rae G 9~~ He RBIIReTCR 6onbme napaMeTpoM, 

3, 8KII8Jl OCHOBHOH KOMnOHeHTbl B 60JibillHHCTBe Clly'laes npeBbiillaeT 

90%. 
(2) 

3Ha'leHHR MaTpH'IHhiX aneMeHTos < Uy > H < M > c y'leToM K-

npuMecell: npuseaeHhi s Ta6n, 1 H 2. OaHo'laCTH'IHbie MaTpH'IHbie aneMeHTbi 

. I 32/ Bbi'IHCIIRIIHCb TaK >Ke, KaK s §2, Ro c G ~· nonyqaeMou H3 MoaenH 
177 

9 
/37/ 

nnH HI 3Ha'leHHR G 9~~ H CJK 6paiiHCb H3 pa60Tbl • 113 

Ta6n. 1 cneayeT, 'ITO y'leT saanMoaell:cTsHR Kopuonuca s 6onbmuHcTse 

cnyqaes ynyqmaeT cornacHe .< Uy > c < Uy > • OaaaKo an H 175 Lu 
177 Teop. aKcn. 

u HI He yaaeTcR o6~RCHHTb HHTeHCHBHOCTell:, 'ITO CBR3aHO C 

60IIbillHMH 3Ha'leHHRMH < Uy > JliiR nepeXOJlOB Ha OCHOBHbie COCTOHHHR B 
Teop. 

9THX RJlpax. TaK>Ke He yaaeTcg o6~RCHHTb H3MeHeHue 3HaKa < uy > JliiR nepe-
175 

xoaa 396,3 Kas s Lu • 3TH peaynbTaTbi SIBIIHIOTCR cneacTsueM He3Ha-

'IHTellbHoro BKIIaJla npHMeCHblX KOMnOH9HT B nepeXOJlbl Ha OCHOBHOe COCTOR

HHe H npHBOJlHT K BbiBOJlY 0 He06XOJlHMOCTH y'leTa KOIIJieKTHBHbiX 9~KTOB B 

/33/ Jl8HHhiXnepeXOJlaX, 3TOT BbiBOJl nOJlTBep>KaaeTCR pe3yllbTaTaMu pa60Tbi , 

B KO~opoll: Ha OCHOBe RV - M0Jl911H JliiR < uy > B cnyqae177 HI 6blll0 

nony'leHo yaosneT·sopuTellbHOe cornacHe c aKcnepuMeHTOM, BnHRHHe saa

HMoaeil:cTsuSI Kopuonuca Ha MaTpH'IHhie aneMeHThi "npoHHKHOBeHHSI", KaK 

cneayeT ua Ta6n, 2, s 6onbillHHCTse cnyqaes He3Ha'IHTenbHo. fnaBHhiM o6pa-

(21 30M aTo CBR3aHo c TeM, 'ITO npHMeCHhie OJlHO'Iac TH'IHhie 3Ha'leHHR < M •> 
(2) 23 7 

MHOro MeHbme senH'IHHhi < M > ang OCHOBHoro nepexoaa. B cny'lae Hp 
(2) 

E y = 26,4 Kas, saMeTHoe ysenu'leHHe <M ·> o6Rsaao sKnaay oT nepexoaa 

512- [ 523]-+ 7/2 + [ 633] , anR KOToporo < Ml21·> nonHOCTbiO paapemeH no 

8CHMnTOTH'I9CKHM KBaHTOBhlM 'IHCIIaM, 

TaKHM o6pasoM, y'leT ssaHMoaell:cTsHR KopHonHca, KaK H y'leT 

KOppeiiSIUHll:, B OCHOBHOM H3MeHReT < Uy ( E J) 1>, OCTaBJIRR B9JIH'IHHy 

npaKTH'I9CKH 6ea H3MeHeHHH, 

12 

napHbiX 

<Ml2J·> 

§4. OnpeaeneHHe !l. - dlaKTopos 

B bimenpHseaeHHhi ti aHaiiH3 E 1-sHyTpH HaepHoil: KOHsepcKH noKa 
• (2) . 

'ITO MaTpH'IHhie aneMeHThi "npoHnKHOBeHHH" < M •>=.<L•>+g.<S•> H 

He3H8'1UT911bHO npK yqeTe napHbiX KOppeiiSIUHH H B3aHMOJl9HCTBHSI ~ 

HO CHIIbHO 3aBHCHT, KaK cneayeT H3 Ta6n, 2, OT BeiiH'IHHhl g s

J1cnOIIb3YSI aTy 3aBHCHMOCTb 0 MO>KHO H8HTH "aKcnepHM9HTallbHhie" 

iE 11 ua cpasHeHHH <Mf21 ·> c < Ml21 •> • PesynbTaTbi TaK 
s Teop. 9KCn, 

cpasHeHHR npHseaeHhi s Ta6n, 3. H apSIJlY c nepexoaaMH, aaanusup 
177 179 

Bbime, s Ta6n. 3 BKIIIO'IeHo eme asa El-nepexoaa s Lu H Tc 

KOTOpbiX TaK>Ke HM9IOTCSI 9KCnepuMeHTallbHbl9 aaHHbl9 no aHOMaiiHl 

/8/ 
KBK . KsaHTOBhie xapaKTepucTHKH aTux nepexoaos Te >Ke, 'IT< 

175 
E1-nepexoaa s Lu , J1 HTepeCHO OTM9THTb 0 'ITO BeiiH'lHHhl 

(, 
g. 

175 L 237H 
U H p nonyqaiOTC51 H3 JlBYX He3aBHCHMhlX onbiTOB ,QII51 IT 

- + 
Ha ypOBHH poTaUHOHHOll: nOIIOCbi 0 

a ,ang nepexoaa 9/2 [ 514]-+ 7/2 

cso6. 
g s nony'laeTCSI O,QHHaKOBOil: a~ I g. Tpex g,apax senH'InHa 

aenax aKcnepuMeHTallbHhiX norpemaocTell: u npH6nusuTellbHO pasHa 

OepeHOpMHpOBKa g s - ~aKTOpa B cnyqae MarHHTHbiX MOM9HTOB 
I /3g 

XO.D.OB B IIHTepaType 06Cy/K,QallaCb H90,QHOKpaTHO (HanpHMep, B 

/40/ 
'laCTHOCTH, B pa6oTe noKa3aHO, 'ITO y'leT MarHHTHhiX ,QHnOIII:: 

aeil:cTsuti s ae'leTHhiX ae~opMuposaHHhiX g,apax npusoauT K y,aosne 

HhiM peaynbTaTaM anSI g • - ~aKTopos, B csgau c TeM, 'ITO us ~ 

TanbHhiX aaHHhiX no aHoManH51M s KBK MO>KHO ussne'lb g. - ~ 

911eKTpH'I9CKHX ,D.HnOIIbHb!X nepeXOJlOB, BCTaeT sonpoc 0 Bbl'IHCIIeHI! 

B MHKpOCKOnH'19CKHX MOJleiiRX, J1CXOJlR H3 BUlla onepaTOpa El-BH) 

KOHBepCHH (3), MO>KHO npeJliTOIIO>KHTb 0 'ITO JliiSI o6~RCHeHH51 nepeH< 

(El} g s He06XOJlHM y'leT OCT8TO'IHhiX cnuH-JlUITOIIbHbiX B3aHMOJleil:C1 

KOTOpb19 reHepupyiOT B ;'feTHO-'IeTHb!X g,apaX COCT051HUSI OTpHUa 

a~~ cso6. 
'leTHOCTu. TaK KaK g I g < J , TO MO>KHO saKIIIO'IHT: • • 
KOHCTaHT8 9THX CHII OTpHU8T911bHa, K8K H JliiSI JlHITOIIbHbiX MarHH 
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§4. Onpegeneane 9 • - dlaKTopos 

BhilllenpnseaeHHhiH aaanna E 1-sayTpHSIJlepaol!: KOHsepcnH noKa3hiBaeT, 

•ITO MaTpH'lHhie sneMeHThi. "npoHHKHOBeHHSI" < M(l) •> ... <L•>+g<S•> H3MeHSIIOTCSI • 
aeaHa'lHTenbHO npH y'leTe napHbiX KoppenSIUHH H B3aHMOJlel!:cTBHSI KopnonHca, 

HO CHJlbHO 3aBHCSIT, KaK cneayeT H3 Ta6n, 2, OT BeJlH'lHHbl g • - cPaKTOpa, 

!1CITOJ1b3YSI 3TY 3aBHCHMOCTb 1 MO>KHO Hal!:TH ,3KCnepHMeHTaJ1bHhle" 3Ha'leHHSI 

g(EIJH3 cpasaeHHSI <M'21 ·> c <M(lJ,> • PeaynbTaThl TaKoro 
s Teop. 3KCn, 

cpasaeHHSI npnseaeHhi s Ta6n. 3. HapSillY c nepexoJlaMH, aaanH3HpyeMhiMH 
177 179 

Bhillle, s Ta6n, 3 BKJIIO'leao ewe asa El-nepexoaa s Lu H Ta , anSI 

KOTOpblX TaK>Ke HMeiOTCSI 3KCnepHMeHTaJlbHble JlaHHble no aHOMaJlHSIM B 

/8/ 
KBK • KsaHTOBbie xapaKTepHCTiiKH 3THX nepexoaos Te >Ke, 'ITO H anSI 

, J1 HTepeCHO OTMeTHTb, 'ITO BeJlH'lHHhl g (E I) JlJlSI • 
175 

E1-nepexoaa s Lu 
11sL 237H 

U H p nonyqaiOTCSI H3 JlBYX He3aBHCHMhiX OnhiTOB JlJlSI nepeXOllOB 

- + 
Ha ypOBHH pOTaUHOHHOH nonOCbl 0 a JlJlSI nepeXOJla 9/2 ( 514)-o7/2 (404) B 

Tpex SIJlpax senH'lHHa 
acP4> I cso6. g• 9 s nonyqaeTCSI OJlHHBKOBOl!: B npe-

aenax 3KCnepHMeHTaJ1bHhlX norpelliHOCTel!: H npH6J1H3HTeJ1bHO pasHa 0,6, 

nepeHOpMHpOBKa g s - .PaKTOpa B cnyqae Mai'HHTHhlX MOMeHTOB H M1-nepe-
/39 40/ 

xoaos s nHTepaType o6cy>Kaanacb HeOJlHOKpaTHO ( aanpHMep, s ' ) • B 

1401 
'lBCTHOCTH, B pa6oTe nOKa3aHO, 'ITO yqeT Mai'HHTHhlX JlHnOJlbHhlX B3aHMO-

Jlel!:CTBHH s ae'leTHhiX ae.PopMHposanHhiX S!Jlpax npHBOllHT K yJlosneTsopnTenb-

HhiM peaynbTaTaM anSI g • - cl>aKTopos, B CBSI3H c TeM, 'ITO H3 3KCnepHMeH-

TanbHhiX aaHHhiX no aHoManHSIM s KBK MO>KHO H3sne'lb g s - cPaKTOpbl llJlSI 

8JleKTpH'leCKHX llHnOJlbHbiX nepeXOllOB, BCTaeT sonpoC 0 Bhl'lHCJleHHSIX g (E I) s 

s MHKpocKonH'leCKHX MoaenSix, HcxoaSI H3 BHlla onepaTopa E1-sayTpHSIJlepaoi1 

KOHBepCHH (3), MO>KHO npeanOJ10>KHTb 1 'ITO llJlSI 06~SICHeHHSI nepeHOpMHpOBKH 

(E I) 
9 s He06XOJlHM yqeT OCTaTO'lHhlX CnHH-JlHnOJlbHblX B3aHMOJleHCTBHl!:, 

KOTOpbie I'eHepHpyiOT B ,qeTHO-'leTHblX Sill pax COCTOSIHH Sl OTpHUaTellbHOH 

acl>cl> cso6. 
'leTHOCTH, TaK KaK g I g < 1 , To MO>KHO aaKniO'lHTb, 'ITO 

• s 

KOHCTaHTa 3THX CHJl OTpHUaTeJlbHa, KaK H llJlSI JlHITOJlbHblX Mai'HHTHblX 
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~. 

B3BHMOAe.ifcTBHil:. B o6meM cnyqae aaanH3 9s - $aKTOpOB B 9neKTpHqec-

KHX nepeXOABX RBnReTCR BnOnHe CBMOCTORTenbHOH 3aAaqe.if H BbiXOAHT 38 

paMKH ABHHOil: pa60Thl, 

3aKnJ9qeaue 

Vf3yqeHHe BHyTpHRAepHOH KOHBepCHH pa36HBaeTCR Ha ABe CaMOCTORTenb-

Hbie 3aaaqu: oaaa H3 aux, cTaswaR y:lKe KnaccuqecKoil:, - aaanu3 MaTpH,HbiX 

9neMeHTOB Y - H3nyqeHHR, BTOpag - H3yqeHHe BHyTpngaepHbiX KOHBepCHOH

HbiX M8TpuqHbiX 9neMeHTOB, B AaHHOH pa6oTe 9TH 3aAaqu pewaJOTCR Ha 
~ 

OCHOBe llOTeHUHana CaKCOHa-Byaca C yqeTOM napHbiX KOppenRUHil: H B3aHMo-

AeHCTBHH Kopuonuca, DoKa3aHo, qTo yqeT nocneaaux $aKTopos Mano H3Me

HReT OAHOqaCTHqHbie MaTpHqHbie 9neMeHTbi "npOHHKHOBeHHH", HO CHnbHO 

snnHeT Ha < Uy (El) '> • CneayJOIUHlt war B u3yqeauu aaaaoro sonpoca CBH-

3aH C yqeTOM OCTaToqHbiX B3aHMOAeHCTBHH, BHA KOTOpb!X MO:lKeT 6b!Tb 

pa3HbiM npu aanbHeil:weM yToqaeauu < U y ( E 1) ·> u npH o6'bHCHeHHH nepeaop-

MHpOBKH g • - $aKTopos B E 1-nepexoaax. 

AsTOpbi npH3HaTenbHbi npo¢. B.r. ConosbeBy 3a HHTepec K pa6oTe, 

Mbi Bbipa:lKaeM HCKpeHHJOJO 6naroaapHOCTb H.H. 0HTOBY u B.H. Muxail:nosy 

3a none3Hb!e o6cy:lKAeHHH, a TaK:lKe COTpyAHHKaM rpynnbi TeOpHH HApa JIT<I> 
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T A E A .H U A I 
LlatpH1UI!.18 aneweHf!.l t -HSJl:y'leUHJI ~lJ .. (Ei)) • J.O :\ 

i!Jtpo K9 (Nn.A]c..-J .'J~ ~ '~ IE&<~, kt~,>~.l <~-l..- <U.? .. ~~-?. .... ~ .. ~. 
175 9/2- [514)-+7/2+ (404] 

9;2-.7;2 I 396.3 2.5otiJ.C8 -32.8 -16.9 -6.2J -6.SO 

Lw 9/2-.S/2 I 282.5 2.97j;(.J.07 -15.6 -a.o1 -3.9~ -7.85 
9/2-.11/il 144.8 2..68;j:li.IG -4.94 -2.54 -1.24 -4.28 

·177 9/2+ [624]~7/~- [514] I 
9/2 ... 7/2 I 321.3 1.91±Q.G8 1 -42.2 -101.1 ->G.j -18.6 

I 9/2~9/2 : 206.3 26.1±0.2 ; -20.1 -48.1 1 -14.~ -34.7 
; .Jit . I S/2 ... II(t., 71.6 18.6;tG.2 i -6.34 -1s.2 1 
I 

-4.56! -20.6 
I i 5/2 ... 5/2 59.6 5.6to.S -1.65 ·+5.97 l +3.03f 
123~ 5/2- f 523 }+ 5/2+ ( 642] : . , : I +5.31 

i p 5/2 .. 7/2 26.4 4.9to.7 : -1.04 j+3.81 +1.93! +7.82 

j239ft, 7/2- (743] .. 5/2+ { 622] 7/2 ... 5/2 i 106.1 3.¥.3 -1s.o +42.7 +1.07 +5.60 . I 

BAPP !E,IN&» j.al ~~---' ~11fl~ 
g) ~*) ~.,., 

K17f-L.-. ~1~ -L <'1P~.·8. ( ~ .... £.('m?_..._ 

175 3%.3 86lJt2 ... 2.22t(J.U8 -2.37 -3.85 -2.34 -2.32 -3.i:S5 -2.32 

L..u 282.5 -36Ut21..1 I.G7t(J.C7 -.1..13 -1.82 -1.II -1.10 -1.78 -1.09 

I44.o -3\J too o.r tD-2 ~.356 -....578 ..{).}48 -v.346 -o.5:J5 -ll.335 

177 32.1.3 II30t50 2.1stu.l5 -3.ui -4,42 -2..~5 -2.81 -4.~5 -2.90 

If 208.3 -20 t30 o.szto.78 -1.43 -2.1L. -1 • .)9 -1.i3 -1.66 -l1Sb5 

76.6 -3U f/C u.56ti.3 -v.452 -o.66:.i -o.430 -v.il9 -1..1.372 -o • .l.GB 

23); 
59.6 ,-I65t1L I v.~3:t\J.i..5 -u ... 66 -.a..43 -u.~75 -lJ.~.)j -i.)7 -v .... dv 

26.4 j -I7stl5 u.b6~.12 ~.420 -o.9I4 -u.6aJ ~.610 -I • .i6 j-v.77li 

I~P., rUG.r 1-rsutr5 v.52tiJ.Ub -o.6~li -1.29 -v.5ob -u.S'/~ -.l.~S -(;.:}63 i 
• Bafiacaeoa ,pa(.1JI:'j.:umoueau n.,»t ,.*f"f'. 's~!0,6 , :a o'fm&'llle of JJ.P:~rux cn:yqaell, 

itAPO 175L ... 177 Lu 179fo I77J~ 237NP 2.39FIJ 

aaepru {ae) 3%.3,282.5 150.3 30.7 3l1.> 5!:1.61 26.4 llJ6.1 

aifiJ·j cl~. u.56tlJ.03 u.65tu.l2 u.63fO.B G.3'l;t0.04 o.65tO.u5 () .58t(j .i.-E 
Ji ts I 


