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Teop1rn B3aHMO~eHCTBIHI 6hICTpbIX 'IaCTHU C srnpaMH, pa3BHTaSI B pa-
/lt-3/ 

6oTax rnay6epa , nony'IHna y6enHTenbHOe nonTaep*neHHe npH cpaa-

Hemrn npencKa3aHHH TeopHH C SKCnepHMeHTanbHblMH naHHblMH l
4
t-B/. BBH­

ny Toro, 'ITO nepaoHa'IanbHbiii BbIBOJl cpopMyn rnay6epa 6bm naH a paMKax 

noTeHuHanbHOH TeOpHH, He npHMeHHMOH nnsr onHCB.HHSI B3aHMOJleHCTBHSI ane­

MeHTapHbIX qaCTHU 6onblllHX aHeprH.ii, B nocnenHee apeMSI 6hm npennpHHSIT 
. /9t-13/-

psrn nonhITOK nony'IHTb cpopMyny rnay6epa a paMKax 6onee o6meH TeopHH • 

B 6onblllHHCTBe STHX pa6oT no cymeCTBY ycTaHaBnHaanacb nHillb TO)K­

necTBeHHOCTb a npenene 6onblllHX aHeprHti qneHOB O)lHOKpaTHOI'O ii: nayKpaT­

HOI'O paccesrHHSI 'lac.THU Ha nefiTpOHe a TeOpHH rnay6epa H aHanorH'IHb!X 

'IneHOB B cpopManH3Me ~anneeaa HnH B pensrTHBHCTCKOfi )lHarpaMMHOfi Tex­
/9,10/ 

HH'Ke 
/14/ 

flHillb a pa6oTe PeMnepa a paMKaX TeOpHH BaTCOHa 6bm paCCMOT-

peH aonpoc B38HMO)l€HCTBHSI aneMeHTapHbIX 'ISCTHU C CHCT€MOH · n HyKno-

HOB. · TI pH cneny10mHX npennono)KeHHsrx: 

1) BbmonHHMOCTb HMnynbCHOI'O npH6nH)K€HHSI, T.e. BO3MO)KHOCTb npe­

He6pe'Ib noTeHUHanbHOfi aHeprHefi B38HMO)l€HCTBHSI HyKnOHOB no cpaaHeHHIO 

c aHeprHefi HaneTa10mefi 'IaCTHUhI a npouecce ee aaa.HMonefiCTBHSI c ayKno­

HaMH MHill8HH j 
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.2) OTCyTCTBHe 38BHCHMOCTH aMnnHTYll B38HMO/l9HCTBHSI OT BHyTpeH­

HHX CTeneHeil: CB060llbl pacceHBaeMOH 'laCTHUhI, 'ITO 3KBHBaneHTHO HX KOM-
1 

MyTaTHBHOCTH; 

3) BO3MO)KHOCTb npeHe6pe'lb 6eCKOH9'1HhIM 'IHCnOM qneHOB pMa BaT­

COHa, Y'IHTbIBaIOIUHX 6onee 'leM O/lHH aKT B38HMO/l9HCTBHSI 'laCTHllbl C KaKHM­

nH60 HyKnOHOM MHlll9HH -

PeMnep IlOKasan, 'ITO OCTaBlIIHeCSI 'lneHbI, OilHCbIBaIOIUHe He 6onee 

tJeM O/lHO B38HMO/l9HCTBHe tJaCTHUhl C K8)K/lb!M H3 HyKnOHOB, HM9IOT Ty )K9 

CTpyKTYPY, 'ITO Ha TeopHH rnay6epa. 

HH)Ke IlpHBelleH Bb!BO/l qJO})MynhI rnay6epa 6es ynOMSIHYThIX Bhlllle or­

paHH'leHHH 2), 3). 

i. 

§1. AMilnHTyna pacceSIHHSI 'laCTHUhl SillpOM 

B TeopH~ B.aTcoHa 

B TeopHH. BaTc6Ha -·MaTpH'IHhifi aneMeHT pacceSIHHSI 'laCTHUhl CHCTeMOH 

· n HyKnOHOB npe/lCTaBnSieTCSI 6eCKOHe'IHhIM pSI/lOM no CTeneHSIM aMnnH-

TYll B38HMO/l9HCTBHSI' tJaCTHUhl C OT/lenbHhIMH HyKnOHaMH ! 

,_ ➔ ➔ n n 

< (, k 'I T I i,' k •> = < f, k '1
1
~

1 
_l Ix: + ii/ Ix G l jx + 

n 

+ 2 l G.t G t 0 + + 
11' j Ix jx i.x 

-Ji_f · · ··, ➔ 
~ G G G. ·•·k + -, l l J l O t + \ ... ·I l, > , 

. 1 ;t:J Ix x i.x ·. m . • • 
j ,'f,f,' m 

( 1 ) 

I'lle 
➔ ➔ 

k ·, · k ' - HMnynbChl '18CTHUhl x· . llO H nocne pacceSIHHSI, a HH/leKChl 

i • f xapaKTepH3YIOT HatJanbHOe H ·KoHe'i:HOe COCTOSIHHe 5Illp8'. BeilH'IHHhl 

t ,x· B ( l) npeacTaBnSIIOT · onepaTOphl B38HMO/l9HCTBHSI '18CTllllbl . X co 

-hIM CBSI38HHh!M HyKnOHOM, a BenH'IHHhl G - TO'IHhie qiyHKUHH· pac­

npoCTpaHeHHSI, Y'IH ThIBaIOIUHe asaHMOlleil:cTBHe HyKnOHOB Me)K/ly co6oil:. 

4 

i / 

/) 
i. 

/i 
•·1 

I 

i 

. .:/, \. 

•' 

11MnynbCHOe npH6nH)K9HHe, npHMeHHMOCTb KOTOpOI'O npH 6onblIIHX. 

3HepI'HSIX Mb! 6yaeM npeanonaraTb; COCTOHT B saMeHe aenH'IHH l l,k H G 

HX HyneBhIM no IlOTeHUHanbHOH 3HepI'HH B38HMO/leil:CTBHSI HyKnOHOB IlpH6~ 

nH)K9l.IH9M, 

TaKHM o6pa3oM, 6yaeM npeanonaraTb, ·'ITO B (1) t, . SIBnSIIOTCSI 

aMilnHTyllaMH pacceSIHHSI qaCTHUhl Ha CB060llHhIX HyKnOHax, a 

HblMH qiyHKUHSIMH 'fpHHa, 

G - cao6oa-

nnSI npoCTOThl 6yaeM npeHe6peraTb T8K)K9 38BHCHMOCTblO BenH'IHH 

t,. H G OT HMnynbCOB HyKnOHOB, Y'IHThIBaSI HX ManoCTb no cpaaHeHHIO 

c HMnynbCaMH k- H . k ; • pacceHaaeMoil: qacTHUhI, 3To nosaonSieT nepenH-

qiopMe: ca Tb· Bhlpa)K9HHe ( 1) B cneay10mefi npoCTOH . SIBHOfi 

. _ _ f. · I n -i(k '-k)r-j , 
< £·, k 'IT I i, k '>= 11> * ( r , r , .. , r · ) 2 e t ( k ', k ) + 

. r 1 2 · n l=t . 1 

_n ·J expl-i(k'-~);j,..i{9-1);f lt,(k:q)tf (q,k)· d3 . 
+2 . . . q + 

,·-/ii' (21d2E(q} [E(k)--E(q) +i,d 
(2) 

+}: f··exp{-i(k'-q2)~-;-i(q:.-q1)ij-i(ql~krre1t 1<1<:q~)tl(q1,q2)t2(<i2J> 3· 3 
t1J . e . . d qt d 
iiH . (2") 2E(q 

1
)2E(q

2 
)[E(k)-E(q 

1
)+i d[E(k)-E(q

2 
)+id 

+ •••J 11> 1 (r 1,r 2 , ... ·• r
0 

)dr 1 dr 2 ••• dr
0 

I 

I'll9
1 

HanpHMep, E(q) =y m2 ·+q 2 - 3HepI'HSI pacceHBaeMOfi 'laCTHUhI, 

➔· 

COOTBeTCTBYIOIUaSI HMnynbCY q 11>, a 11> r - BOnHOBhle qiyHKUHH HatJam 

HOI'O H KOHetJHOI'O COCTOSIHHH n -HyKnOHHOfi CHCTeMhl B KOOp/lHHaTHOM 

npeacTaBneHHH. AMnnHTYllhI t r B (2) HopMHpoBaHhI ycnoaHeM · • 

du1 1. . 2 -·=-·It J dll (411) 2 J • 
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§2. IT onrrnmre <bopMYnhI f.1rav6epa 

AMnnn:TYJ:lhl t 1 ·B BhlpaR<eHirn .(2) BOo6me onn:Ch!BaIOT paccesrnn:e 

BHe sHepre.Tn:'IeCKoii noBepxHocTn: I k 111 q I , I q-1 I ,' I q 2 If. -:1 k I ll 38BUCU-

MOCTh n:x OT CJ:lBllI'OB C 9HepreTn:'IeCKoii·noBepXHOCTll Hen:3BeCTHa. 

Mb! 6ygeM rtpegnonaraTh, 'ITO Benn:'IllHhl t 1 ( q-1 ~ q~ ) B npegene 

6onhWUX 9Heprn:ii 38BUCSIT B OCHOBHOM OT llHBapn:aHTHh!X nepeMeHHhlX 

( 
I 2 2 • / 2 2 -2· ( - - ) 2 t =- v '1 + m - v q + m J- q -q . 

1 2 1 2 '. 

2 . 2 s .. 2,Jq +m M, 
1 

I'J:(e M - Macca 'IaCTUU Mn:WeHn:, n: cna6o 38BUCSIT OT nepeMe.HHhlX, xapaK-

Tepn:ayIOIIlllX sHepreTn:'IecKoe noBeJ:leHn:e. TaKoe npegnonoR<·eHn:e, no-Bn:itn:­

MOMY' COI'nacye'I'CSI C COBpeMeHHh!Mll, TeopeTn:'IeCKllMll npeJ:lCTaBlleHUSIMll n:, 

B 'I8CTHOCTn:, C MO,nenbIO nonIOCOB Pe.nR<e. 

ITocKOnhKY npn: 6ollhllillX 9HepI'llSIX aMnnn:TyJ:lhl pacceSIHUSI SIBnSIIOTCSI 

6b1CTpoy6h1BaI01IlllMll <pyHKllllSIMll llHBapn:aHTHOii nepega'In: , TO OCHOBHOH 

BKna.n B. HHTerpanb1 _B BhrpaR<eHn:n: ·(2) JlaeT o6nacTh, cooT'.BeTCTBYIOIIlaSI Ma­

nbIM HHBapn:aHTHhIM nepe.na'IaM B K8R<.t{OM aKTe pacceSIHHH. 3Ta o6naCTh, 

KaK nel"KO .BH.tteTh, onpe.nenseTCH COOTHOW9HHSIMll 

(q - ft) k➔ .. 0 , ( q 
1 
~ q 

2 
) k-.. 0 

11 T • .n., n: B STOll o6naCTH HHBapn:aHTHhie nepe.na'IH n:MnynhCOB · COBna.naIOT 
... .· , 

C nonepe'IHh!MH ( opTOI'OHanhHh!Mll K HanpaaneHn:IO n:Mnynhca k ➔ HaneTaIO-

meii 'IaCTllllhI,_ B.ttoni. KOTopor,o B .nallhHeiiweM 6y.neT HanpaBneHa OCh Z 

nepe.na'IaMn: n:MnynhCOB. 3To CBH38HO C KOMneHcaun:eii npn: k, q ·>> ·m KB8J:l-

paTOB BpeMeHHOll n: npo.nonhHOii KOMnOHeHT nepe,na'In: n:Mnynbca B npe.nene 

Bh!COKUX 9Heprn:ii n: ManbIX nepe/la'I. TaKn:M o6pa30M, B cymeCTBeHHOii 06-

nacTH llHTeI'pn:poBaHUSI aMnnn:Ty/lhl 

noHeHT nepe.na'I n:MnynbCOB 

Ix 38BllCSIT nn:Wh OT nonepe'IHhlX KOM-

6 

I,. 

.'~ 

·t··_,_ 

f 
,) 
'1 

~. " 

I r 
/Ii,, 
~ ·. ' 

-~ 

,!) 
't 

'I 
.1 

!-

! 
J. :i 

rj 
i·. 
0·· : ,i;. 
l ·1 

,Ii 
,-:1 

!t 
.;:.) 

·,. 

t {-q-· • q- ) =t (q-.l-q ., ). 
Ix' 1 2 Ix' 1 · 2..1. · 

3HaMeHaTenn: )1(9 no.nn:HTeI'panhHhIX BbipaR<eHn:ii B (2) B TOH )1(9 o6nacTn: aa-

BUCSIT B OCHOBHOM OT npo.nonhHhIX nepe/la'I. 

LleiiCTBn:TenhHO, C TO'IHOCThlO .no qneHOB, KBa.npaTn:'IHhlX no ManhrM 

Benn:'In:HaM q · - k- , 

E(ij) [.E(O-E (q) .+J £] .. flk -q-) + i ·t = 

(3) 

"'k(k-q +id. 
z 

3To noaBonseT pas.nenn:Th llHTeI'pn:poBaHn:e no npO/lOnhHh!M n: nonepe'IHhlM 

COCTaBnSIIOIIlllM npoMe)KyTO'IHhIX n:MnynhCOB q 1,2•· •• ; • flpn: 9TOM llHTeI'pn:-

poBaHn:e no npOJlOnhHhIM COCTaBnSIIOIIlllM B np_Oll3BOnhHOM .'Ineae pSI.na (2) 

BhIIIOnHSieTCSI aenocpe,nCTBeHHO n: npn:BO.t{llT K Bb!pa)KeHUIO Bn:.na 

/3.(z -z-)®(z -z 0 )8(z0 -z ) ... 0(z -z )0(z.-z ), (4) 
I . j l r. · r. m P · r r " 

➔ 

r.ne z I ;i ... - npo.nonhHbie KOMnOHeHThl pa.nn:yc-BeKTOpOB rl, l, 

Ecnn: XOTh napa n:3 n:H.neKCOB j, j, f , ... , r ,·s COBna.naeT, TO Bblpa)Kettn:e 

( 4) o6pamaeTCH B aynh. 

3TO 03Ha'IaeT, 'ITO 'I8CTUU8 X He MO)K9T 6onee 'IeM o.nn:H pas 

pacceSIThCSI Ha 0.t{HOM n: TOM R<e HyKnOHe MUWeHn:. 3TOT peaynhTaT, xapaK-: 

TepHhrii .nns Teopmr rnay6epa, B aaweM ,BhIBOrte qiopManhHO SIBnSieTCSI cnell­

CTBn:eM He3aBUCUMOCTll aMnnn:Ty.n t Ix _OT npo.nonhHhIX nepe.na'I n:MnynhCOB. 
/15/ 

Ecnn:- npe.nnonoR<n:Th, KaK sTo c.nenaao B pa6oTe , 'ITO aunnn:Ty.tthI t Ix 

3_8BllCSIT OT Tp'exMepaoii nepe/la'Ill n:Mnynhca 

➔ ➔- 2 -
(q-q )=(q -q 

1 2 1z 2z 

2 
)2 + (ii 1.l - q~J. ) • 
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a He OT HHBapnaHTHOH nepena'ln, KoTopag cymecTBeHHo·nonepe'IHa npn 

Mam,IX nepena'laX, TO nony'IHTCg Ka'leCTBeHHO HHOH pesyJlbTaT, llM9f1:HO: 

_BKnan B nonHyIO aMnnHTyAY 'lneHOB MHO_I'OKpaTHOI'O paccegHng, Y'IHTbIBaIO­

lllHX HeCKOnbKO pas B3aHMOA9HCTBHe paccenBaeMOH 'laCTHllbl C OAHHM H T9M 

)Ke HyKnoHoM MHllleHn, He nc<JesaeT B npenene 60JlblllllX SHeprnn. nng no­

ny'leHng <jJopMynhI rnay6epa H3 Bb~pa)KeHHg (2) Heo6XOAHMO eme Bhmon­

HHTb HHTerpnpoBaHne no nepe'IHhIM COCTaBngJOlllllM npoMe)KyTO'IHhIX HM­

nynbCOB q . 3To npome BCero AOCTHI'aeTcg BBeneHneM <jJyHKUHH rrpocjm-

ng r1" ( b"> ,_ g3ng10mnxcg no cymecTBY AByMepHhIMn <jJypbe-o6pasaMH 

aMnnnTy A t Ix" ( q 1.l. - q 2 .L )". 

1ct -;; >"t 
\x (ql-l- -q2.1)=2ik Jr Ix. (b)e t 2 d2b 

B TepMnHaX STllX <l>YHKllllH Bbipa)K0HHe (2) nepenHCbIBaeTCg B BHAe 

. ➔ ➔ J -l(f' -k-, 
<r;k 'I.Tl i,k>i:2ik ,d

2 b e • 

I n n 

X I. r (b-sl )- k e (z 
1~1 tx·_ lp'j I 

n 

)bJ-<l>*·(r ,r2 
f 1 

-z 
l 

) r (b-:-;_; 
tx· I 

, .,.., , r ) X 
n 

>r Cb .... ; > + 
lx J 

+ I. 
11' l 

@ (z -z )e (z · -z )r (h-s- )r (b _; )r (b-s- >--
1 . l j f Ix l Jx j fx f 

j i& f -••• }I> , (,, . ,, : ... , , •" ) d •, d, ., .... d, " , 

➔ 

(5) 

(6) 

I'Ae- s 1 . - nonepe'!Hag K6¾IJoHeHTa paAnyca-BeKTopa r 1 • Bb1pa)KeHne 

(6) eCTb <jJopMyna fnay6epa Jing o6mero cny<Jag HeKOMMYTHPYIOlllllX Benn-

'lllH r tx· • E CnH 3aBHCllMOCTbIO f' Ix· OT CnllHa. H ll30CnHHa pacceHBae-

MOH 'laCTllllbl MO)KHO npeHe6pe'lb, TaK 'ITO BCe -f' Ix MO>KHO C'IHTaTb ICOM-

MYTllpyIOlllHMH, TO, Y'IHThIBag TQ)KJ:{eCTBO 

I. e < z ..;. z .> e < z - z O > ••• -e < z -z > a! 1, 
1,'J I' j J L r ,. 

. J,'_f (7) 
·.-1 .. 

, 
8 

, I 

: ~: ' .. 

ns (6) nerKo nony'IHTh <jJo~~yny fnay6epa B Han6onee nonyngpHon ¢op11,1e: 

➔ J . -1c'k'-k>b 
<f,1':jT I i,k->oo2ik d 2 be X 

xJ<t>* (r ,r , .. ,r} 1-TI[l-f' (b-; )] <I> (r ,.r ,,.,r. )dr dr ... dr 1 
n · i· · · (8) 

f 1 2 n 1.,;1 Ix · . I · I 1 2 n 1 2 n 

I1HTepeCHO OTMeTHTh; 'ITO ecnn B Bblpa)K_eHHH (2) nponaI'aTOpb! 
-1 . . ·- ; 

[E(k)-E(q)+ifJ saMeHnTh Ha - i11S (E(k)-E(q)), KaK ·aTo HHOI'Aa nenaeTcg 

~ • /12 13/ npn BhlBOAe Bblpa)KeHng ABYKpaTHOI'O paccegHng Ha AeHTpOHe ' , TO 

XOTg 6eCKOHe'IHhlll pgn (2) He o6pbIBaeTcg, BCe )!{9 AnSI ero cyMMhl MO)KHO 

sanncaTh saMK Hy,Toe Bhipa)KeHne ( B 6eccnnHoBoM cny<Jae): 

-. - f -l(k '-iZ> b J < f, k 'IT I i, k > .. 2 i k d 2b e <I>* (r , r , ... , r )x 
r 1 2 n 

: ½x (b -s 1)/2 
1 - .::.. 

I 1..-1 1- rlx. ( b - s I ) / ·2 I .. 
x 1------------. ¢ (r. ,r , .. ,r )dr dr .. ;dr . 

n rl ( b - 51 ) / 2 I . 1 2 .. n 1 2 n 1 + I. __ x ___ _ 

(9) 

1;,1 1 + f' ( b-s )/2 
Ix I 

TaKoe Bblpa)KeHne B noTeHunanhHOH TeOpHH MO)KHO nony'IHTb, ecnn rrpenno­

nO)KHT_h annHTHBHOCTb He <jJa30BhlX CABHI'OB, KaK STO CAenan rnay6ep, a llX 

TaiireHCOB, nnn, 'ITO OAHO H TO )Ke, MaTpH'IHbIX aneMeHTOB K -MaTpHUhI. 

ABTOpbi npn3HaT_enhHhl n.H. J1annAycy sa IIOCTOgHHOe BHHMaHne K pa-

6oTe ll.KPHTH'leCKHe 3aMe'laang. 0AHH ll3 aBTOpOB (A.T.) 6naroAapHT 

T .M. KonennalllBnnn sa o6cy)KneHne nony'leHHhIX pesynhTaToB. 
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