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3 a XBaT 11 -Me30HOB Sl.llp8MH npoHCXO.llHT c K -op6HTbl M930BTOM8. npH'19M M 9308TOJI.< 

MO>K9T H8XO.llHThCSI B O.llHOM H3 .llBYX COCTOIIHHA CB9pXTOHKOI CTpyKTypbi- CO C OHHOM 

J 1- cnHH 11.npa. YpOBHH c sepXTOHKoA c TpyKTypbl ( F + H F 

cenHIDTCR COrnaCHO CT8THCTHqeckHM B9C8M. 

Vfa-aa 838HMO.ll91CTBHII MBrHRTHOrO MOM9HT8 11 -M930H8 C MBrHRTHbiM M OM eHT OM R.npa 

npoHc xo.nHT pacll(enneHH e ypoBHeA c sepxTOHKOA C TPYKTyphl. B c nyqae non O>KHTenhHoro Mar-

ypoaeHb F + ne>KHT B biWe ypoBHSI F _ • s cnyq ae 

0 -Hao6opoT. EcnH pacLUenneHHe tSonbw e aHeprHH CB113H :meKTp o H a , T O npo HaoA.neT 

KOHB9pcH11 :fln9KTpOHB H M9308TOM Oepel.neT B HH3Wee :f!Hepre TH'19CK09 COC T OIIHH e H C T8TH C

rH'IeC K B SI aaceneHHOCTb HapywHTCSI. B cnyqae 6 onbwoll sepORTHOCTH KOHBepc HH 6 y .neT aa ;,

neH T OnbKO HH3WHli ypoBeHb. 

B c ne.ncTBHe c nHHOBOA aasHCHM OCTH M IOoH-HyKnOHHoro B3BHM o .nel!cTBHSI sepm iTHOCTb 

31U.B8T8 11 -Me30H8 H3 Onpe.ne n e HH OrO COCTOIIHHSI C B 9 pXT OHKOft CTpyKTypbl M9308T OM 8 

38BHCHT OT p 83Hb1X KOM6HH 8UHA KOHCTBHT. no:f!TOMY H 3 y'leHHe 3 8XB B T B H3 T8KHX COC T OIIHHl! 

MO>KeT .llBTb HOBYIO HHcj:>O pMBUHIO 0 KOHC T 8HT8X B 38H M O.ll9liC TBH II. 

nyc Tb H C XO.llHBSI CHCT9MB - M93 08TOM - HBXO.llH T C SI B onp e.nen e HH OM COC T OSIHHH F 
F 

CKCT9MY 6y.neM OOKCbiB B Tb C OOMO LLl b iO COHH-TeH30p OB TkK , M8TpH'1Hbl e aneMeHTbl KOT OpbiX 

CBSI38Hbl C MBTpH'IHbiMK a neM9HTBMH COHH OB OI MBTpHUbl nnOTHOCTbiO p 
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3HBII H C XO.llHYIO MBTpHUY OnOTHOCTH pI (F) H rBMHnbT OHH B II B38HMO.ll9 l!C TBHA J( 1 II, nony-

'IHM M B TpHUY n n OTIIOCTK C H C T9Mbl, o6p B30B BBW 9RCII nocne 38XBBT8 /1-_ M 930H 8 
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p r ( F ) = 2 rr < ( E , ) J( p
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( F ) J( ( 2 ) 

r.n e < ( E r ) = q ~____!l_g_ 
dE, 

l.IHCn O K OHe q:HbJX COCTORHKR H B 9.UKHJf'LfH OR KHTepsan 

MaTpH'IHhiA aneMeKT raMHnbTOHH a H a s aaH Mo.nellcTBHR paB e H 
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p a6oT e , C OIIR 8 ,14 8 10T C 0603H 8'19 HHSIMH o n ocne R OllCT8HOIIItH ( 3 ) H ( 4) II ( 2) H CYMMHp0118-

HHSI n o ny'<HM cnss-Te s aopbl GbtlllO'Iepse ro Rllpa: 

F 8 - - - --· A 

GbtJ = 4(aZ m,) <(Ef) v --];( 2F + 1) I < ilK L-M : bf3 > y 2ii+ 1YL,J.q)TN< 
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ecnH b+il=2n + 1, 
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X apaxTepKCTHXH n apusanbHb1X n epexo.a.oa senocpeacTIIeHHo CBR38Hbl co cnss-TeHaopaM;a 

HJIH 

r ae 

Gb /3 B e p o RTHOCTb 3 8XB8Tll sa C OC TORHKR F p811H8 

W = y 2J + 1 f G d 0 
F 00 
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WF= 4(aZmp.) l( E t ) __3l_:!:_!_ A 
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+ 2F++ 1 • + 1 n+ 1 a+l 
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B enK'IRHa n C BR3 8Ha c o 

a c nyq ae n e p exo.a. o 11 2,3 H 

r o aanpeTa n npH HH 

P accM o T p HM .a.eTaJ:tblt 

pacqeTa llep oRTHocT e a nep 

'<9CKOM 38CeneKH R ( W ' 

K 8 r11Hllll 0 C T H ORyllleHbl '<li E 

Manb1 H HrpaJOT p onb non p . 

'rKCTHtt8CKOrO 38ceneHKSI K 

6HH8UHH !( ~GP-G )
2 

3 A 

MOCTb B 9 pO!IT HOC TH 3 8 XB8T8 

F _ a c nyqae nepex o.a.oB 1~ 0 

B e ,a.eHHbiX R p HM9p OII H 8 H60l 

F 19~ O 19 
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8 BepOIITHOCTb 38XII8T8 

K CC118Jl0118 HK9 3 THX n epexc 

Te. 
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nonb3yeMble B H8CTORWell 

H (4) B (2) H CYMMHpOsa-

b +A= 2n, (5) '/ 

cno>KeHHH.: 

:LO ·>. 

(6) 

1138Hbl CO CDHH-T9H30p8)o(ll 

(7) 

(8) 

- 2 
Lp. (-n-1)] + 

u+l 

(9a) 

[ ( n+ 2)] 
2
1 - ,. ..... , 

o,. (-n-1)] 
u+l 
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(96) 

!) [ (n+2)] l 
- llu+l 

BenH'IHHa n CBR3aHa co cTeneHbiO 3anpeTa: B cnyqae pa3peweHHhiX nepexo.noa n = 0 

B c nyqae nepeXOJlOB 2,3 R Tollo 38Dp8TOB n = 2,3 R T.Jl., COOTB9TCTB8HHOo B Cnyqae nepso-

ro 3anpeTa DpHHRM8"'T JlB8 3H8'18HHR: + 1 H -1. 

PaccMoTpHM .neTanbHee pa3peU1eHH&Ie nepexo.nhl. B Ta!SnHue 

p8C'I8T8 B8pORTHOCTell DepeXOJlOB B Tp9X Cny'IBRX: R3 COCTORHRR 

'18CKOM 38C8119HHR ( W = J I+ 
1 

W + + ~ W _) 
21t+ 1 2J,+1 

F + , F R npH cTaTRCTH-

npH'IeM Jl11H ti011bW911 

K a rnR,l:UIOCTH ODY!Ll91ibl '1119Hbl, 38BH C HU!H9 OT C KOpOCTR, KOTOpb!9 B HCC119.llY9MbiX c ny'IBRX 

MaJlhl H Hrp810T p011b DODp880K. l-13 DpHB8.D.8HHblX pe3y11bTBTOB c ne,llyeT, 'ITO B C11y'l8 9 CTB-

'f KCTH'lleCKOrO 38ceneUHSI. KOiiCT8HT8 HH.ll.YilHpOB8HHOrO llC9BJJ,OCK8nRpa BCer.na BXO.Q M'T '8 KOM-

I 2 2 2 l 
6 KHBUHH ( T G P- G A) + 9 G p , 'ITO " o6ycnasnHsaeT OTHOCHTen bHO cna6y10 3 8BHCH -

MOCTb sepOHTHOCTH 38XB8T8 OT GP. HaH6onee KpRTH'IHbl K s e nH'IHHe GP n e p exoJl&l 113 cOC T OHHHII 

F _s c nyqae nepexoJlOB 1~0,1- ~ i- H F _ B cnyqae 1~2, f~ _.;, -t~ .5.z5lo-sH.nHMOMy, H3 s cex n pH-

s .. .aeHHblX DpHMepOB H8H6011bWRII HHTepec MOryT npe,llCTBBHTb nepeXOJlbl C ~~ B 
18 

H 

F 19~ O t9 
, TBK KAK B 3TKX C11y'I8RX ypOB8Hb F 119>KRT HH>K9 ypOBHH F + ' 

2 
8 BepORTHOCTb 38XB8T8 w nponopuHoHanbHa G p • no3TOMY 3KCD9pHM9HT811bH09 

H CC118JlOB8HRe 3THX D8p9XO.llOB MO>K9T .D.BTb .D.OD011HRT811bHYIO HHtPOpM8UHIO 06 3TOII KOHCT8H-

Te. 

B 38K11JO'IeHHe BBTOphl Bblp8>K8JOT rny6oxy10 6narOJl8pHocTb B.B.6anawosy 38 none3-

HyiV .llHCKyCCHIOe 

D H T 9 p a T V 0 a 

1. M.Morita, A. Fujii. Phys. Rev.. 118, 606 ( 19 60). 

PyxonHcb nocTynRna B H3.D.aTenbCKHII oT.nen 
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• y.f,(l•jrf'.)J';f(,..,J- J;- }';·7 [1'"'"1'1} 

3. J'n•t (-n.-t) =- JJ,..:3 '[-J, .J-b3• 3 
'[ln.n.•tj - fJ- ,;;;:-; {on•f n•tpj -

-lv }H {f+J'Pi,f(")ff{Jlf!iftn•.tn•t•J- Jf!!;-:;[ln..A•(-J-

-{Jt,cJ,j-fH ftii'( jjff'[fn•.tn•l•} + Ji:;---. {fii.A•f-J} f-

T-!;-ff {<n•' "'f1· 
ft. f•.,(nt!.}= Ji!:3 ,[J, j~·T[fn•tn.•f}+ !.; /n.•£[on•ffl•fpj-

-d" fH {l~pJ' .. )}
11J' {/£.:] ftn•.tn•f+l-lJ:•~[mn•t-]}f 

+(!A -rJP} 1~ ff( Jf!B [tn•.t. n•tfj + Jlif; {f!LII.fl-}}+ 


