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BaeneHHe 

Xopowo H3BeCTHo, 'ITO aapuaUI!OHHbill MeTOA a 3ana'laX Ha co6cTaeHHbie 

3Ha'leHIISI naeT npH6nl!lKeHHbie aeni!'II!Hbl nnSI ypoaaell 9Hepl"l!l!, nelKaiUHe 

CTpOI"O C OliHOll CTOpOHbl ( CBepxy) OT. TO'!Hb!X, 3 TO CBSI3aHO C B03MOlKHOCTb!O 

caecTI! a naaHOM cnyqae pewe1111e ypaaaeHI!SI WpeAI!Hl"epa K 3aAa'le aa MII

HIIMYM <jlyHKUIIOHana, I!Me!OIUel"O CMbiCn IICKOMOir 9Hepl"l!ll. 8 3aAa'laX Henpe

pblBHOI"O cneKTpa CI!TyaUI!SI pe~KO MeHSieTCSI! Bapl!aUI!OHHble npi!HUI!nbl HOCSIT 

ni!Wb xapaKTep ycnOBIISI CTaUI!OHapHOCTII <jlyHKUIIOHana, Aa!OIUel"O 3Ha'leHI!e 

aMnni!TYllbi pacceSIHIISI /1,2 I. To'IHOMY 3Ha'!eHIIIO aMnnHTYAbi cooTaeTcTayeT 

He 9KCTpeMyM, a ni!Wb "TO'!Ka nepel"l!6a" <\JyHKUIIOHana, npii'II!Ha TaKOI"O pa3-

ni!'IIISI 3aKn!O'!aeTCSI B TOM, 'ITO COOTBeTCTBYIOWI!ll <jlyHKUIIOHan B nepBOM cny

qae o6nanaeT 3HaKoonpeneneHHOCTb!O ll npocTpaacTae npo6HhiX <jlyHKUIIll, a 

BO BTOpOM - HeT, 8 CBOIO O'!epellb 1 9TO CBOllCTBO 3HaKOOnpeneneHHOCTII CBSI-

3aHO co cneny!OIUIIM o6cTOSITenbCTBOM! nelKaT. n11 3Ha'leHI!SI 3Hepl"llll E 

AnSI BCeX B03MOlKHblX COCTOSIHIIH CI!CTeMbl TOnbKO C OliHOH CTOpOHbl OT 3Hep-

I"HII E 0 
, np11 KOTopoll Mbl I!IUeM pewe1111e ( 11 TO!" A a np11 nepe6ope npocT-

paHCTBa np06HblX <jlyHKUI!ll 3HaK <jlyHKUIIOHana He MeHSieTCSI) 1 l!nl! no o6e CTO

pOHbl oT E 0 • 

3HaKOOnpeneneHHOCTb BO BTOpOM cnyqae MOlKeT 6b!Tb BCe lKe l\OCTI!I"Hy

Ta, ecnR no6aBI!Tb ycnOBIISI opTOI"OHanbHOCTII npocTpaHCTBa npo6Hb!X tPYHKUI!ll 

BCeM COCTOSIHIISIM
1 

nelKaiUIIM C OliHOll CTOpOHbl OT I!CKOMOI"O, 3TI!M ycnOBH

SIM MOlKHO ynoaneTBOpi!Tb, KOI"lla 'll!CnO TaKIIX COCTOSIHIIH KOHe'IHO, KaK 9TO 

!!MeeT MeCTO B 3aAa'!e Ha CBSI3aHHble COCTOSIHIISI II B npenenbHOM cnyqae 

3aAa'll! paCCeSIHIISI - onpeneneHI!II Ani!Hbl paCCeSIHI!SI, KOI"Aa Hl!lKe COCTOSIHIISI 

c k~O pacnona!"aeTcst ni!IUb AIICKpeTHbill cneKTp, ecn11 oa cyxuecTayeT. 
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VIMeHHO no3TOMY OAHOCTOpOHHHe OUeHKK B aana'lfe pacCeSIHHSI CHa'lfana 6bWH 

nony'leHhi nmr k = 0 131, B cny'lfae >Ke k > 0 CHTyauHH cymecTBeHHO yc-

no>KHSieTCSI TeM, 'ITO HH>Ke COCTOSIHHSI k > 0 pacnonaraeTCSI §eCKOHe'lHOe 

'lKCno COCTOSIHKl! - 'laCTb Henpepb!BHOI'O CneKTpa, 8 peuteHKe 3TOl! 3aAa'lH 

BHeCnH Ba>KHhiii BKnaA SpnJch C COTPYAHHKaMH /4/, 0HH AOKaaanH Teope-

MY 06 OAHOCTOpOHHHX OUeHKaX Ha K-MaTpHuy nnH pacceHHHSI 6ea nepepac-

npeAeneHKSI 'laCTHU, B AaHHOl! pa6oTe aHanOI'K'IfHaSI TeopeMa noKa3biBaeTCSI 

AnSI peaKUHl! C H3MeHeHHeM COCTaBa 'lfaCTKU, 

nocTaHOBKa 3aAa'lfH 

nng npOCTOTbl H3nO>KeHHSI Ol'paHK'IfHMCSI npHMepOM CKCTeMbl Tpex Ten, 

npe MeHbuteM 'lHCne 'laCTKU peaKUHH C nepepacnpeAeU.HHeM npOCTO HeB03-

MO>KHbl0 a A06aBneHHe K CHCTeMe 'lfeTBepTol!, nSITOl! K T,A, 'lfaCTKU He BHOCHT 

HH'lero npHHUKnHanbHO HOBOI'O B AaHHY~ npo6neMy, 

PaCCMOTpHM cny'lal!, KOI'Aa B3aHMOAel!CTBKSI Me>KAy 'laCTHUaMH H 3Hep-

I'HSI CHCTeMbl TaKOBbl 0 'ITO OTKpb!Tbl nHutb ABa KaHana, OTnH'Ia~utHeCSI COCTa

BOM !j>parMeHTOB (rpynnepOBKOl! 'laCTHU): I+ (23) H 2+ (13). nng npoueccoB 

6onee o6utero THna OAHOCTOpOHHHe OUeHKH Ha K -MaTpHUy npOBOASITCSI aHa-

norn'IHO, 

ACHMllTOTH'IfeCKHe ycnOBHSI Ha BOnHOBy~ !j>yHKUH~ CHCTeMbl 6yneM aa-

AaBaTb B BHAe CTOSI'IHX BOnH, HanpHMep, B i -OM OTKpb!TOM KaHane ( C 

rpynnHpOBKOl! 'lfaCTHU a : 

'1'.,-1- [aa1 sin(k(a)I(aJ_k_)+b1a1 cos(k(aii!al -k)]V, (0I1aJl<1> 1a 1 • 
I (a 1 I t 2 1 t 2 "'lm t ( 1 ) 

3necb I (a) 
H k (a) -

I 

ABH>KeHKSI !j>par<tleHTOB, a 

KOOpAHHaTbl H BOnHOBOe 'lfHCnO OTHOCHTenbHOI'O 

<J>Ial 
I 

- !j>yHKUHSI HX BHyTpeHHero COCTOSIHHSI, 

K -Marpuua CBH3hiBaeT H3BecTHbie KOa!jJcjleuueHThi a
1 

, aanasaeMbie 

npouaBonbHO (c OAHHM ycnoBHeM I a~ = 1 ) c aMnneTyAaMH bl ,Ko-

TOpbJe onpenenSI~TCSI H3 peuteHHSI ypaBHeHHSI llJpeAHHrepa: 

4 

l 

~' 

l 

bj K 1 1 at · 
(2) 

nng OnHCaHHSI peaKUHii B paMKaX TeOpHH CHnbHOH CBSI3H KaHanoB BOCnOnbayeM

CSI !j>OpManH3MOM 0 pa3BHTbiM B pa60Te /5/: BbiAenSieM B 'I' B SIBHOM BHAe 

aCHMnTOTHKY KaHana C OAHHM COCTaBOM '!aCTHU "a"qlla) =(M+Nlta))<J>Ial, 

a ocTaToK X o~ 'I'- 'I' 1 a 1 ace, paanaraeM no co6cTBeHHhiM !j>yHKUHSIM raMHnb-

TOHHaHa BHyTpeHHero ABH>KeHHSI !j>parMeHTOB <J>:~) C ApyrHM COCTaBOM 

'laCTHU ~ f, a : 

'I'= (M + Nb1a 1 )<1>1a
1 + I 

I 

F 1~ 1 ( I 1~ 1 )<1> 1 ~ 1 
I l (3) 

3necb, cornaCHO ycnOBHSIM 3aAa'lH, BCe 'lneHhl non 3HaKOM CyMMbl 0 KpOMe nep-

BOI'O, COOTBeTCTBYJOT 3aKpbiTblM KaHanaM, 

Hama uenb - BbrSICHHTb, K:aK BnHSieT y'lfeT aTHX aaKpbiThiX KaHanoB Ha 

K -MaTpuuy. Hl!lKe 6yneT noKaaaHo, 'ITO o6pbiB paanolKeHHSI B (3) npuBo-

AHT K OAHOCTOpOHHeMy CABHI'Y HeKOTOpblX KOM6HHaUHii aneMeHTOB K -MaT-

pH Ubi, 

l{ T06bl HautH pacCylKAeHH Sl He 6binH CnHll!KOM rpOM03AKHMH, npOBeAeM 

AOKa3aTenbCTBO COOTBeTCTByJOuteii TeopeMbl AnSI cny'lall, KOI'Aa non 3HaKOM 

CyMMbl B (3) HMeeTCSI nHutb ABa 'lneHa (OAHH OTKpb!Tblli H OAHH 3aKpb!Tb!H 

KaHanbi); T,e, BbiSICHHM BnHSIHHe OAHOI'O aaKpbiTOI'O KaHana, noKa3aTenbCTBO 

B o6uteM cny'lae npOBOAHTCSI aHanOI'H'IHO, V!MeSI B BRAY nony'IHTb ypaBH8HHSI 

nng b(a); F~1 (I(~ I); F~fl 1 ( r(~l) , noncTaBnHeM (3) B ypaBHeHHe lllpe

AHHrepa; CHa'lana yMHOlKaeM nony'leHHoe ypaBHeHHe cneBa 

H HHTerpHpyeM no BCeM nepeMeHHbiM : ( N <1>
1
a 

1 
, ••••• ) 

Ha N <l>(aJ 

o nBa ApyrHe ypaB-

HeHHSI nony'lfaJOTCSI YMHOlKeHHeM ypaBHeHHSI llJpeAHHrepa Ha <J>~~~ H <l> ~~) 
H HHTei'pHpOBaHI!eM no TeM nepeMeHHbiM, OT KOTOpbiX 3aBHCHT <J>\~) H 

<~>;.~) , npH'IeM IIO I ( {-l) HHTerpHpOBaHHe He npOH3BOAHTCSI: ( ctJf>, · · · · ){~" 
TaKHM o6paaoM, nonyqaeM anre6paH'IecKoe ypaBHeHHe AnSI b(a) II AHcV-

!jlepeHUHanbHhle ypaBH8HHSI Ha Fl~l H p<f3> 
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(N <l>lal ,(H-E)(F'f'<t>~/3! +Ffl <~>'fl + M <~>'a l +blaiN <l>lal >a 0 

[ L I "'- - 1- tl t 1/31 - ( E -(1) I F 11{3){ t.C/3l)+ v F_f3l 
2M 11 I 

+V Fl/3l_J ( 1/3!) 
12 2 - I t I 

(4) 

[L :=--1-t~ l/3! -(E-£ )]F
1{31(/{31

l+V Fl/3l +V Fl/3l =J (r'l/31) 
2 2M t 2 2 22 2 21 I 2 1 ' 

rne 

J =(<ll(a) ,(E-H)(M+b(a)N)<I> 1a))a;-
l I 1-' 

v = ( <1>1/31 ' v ( /31 <I> ( {3) ) 
ll I l {3 

v' {3 1 - B3ai!Monel!cTaHe MelKAY <jlparMeHTaMI! B KaHan ax "{3 " • CneuHqmKa 

Olli!C8HIIH peaKUHA C nepepacnpeneneHHeM qaCTHU COCTOHT B TOM, qro B CI!C

TeMe (4) noHanHeTCH anre6pal!qecKoe ypaBHeHHe • .ilnH 3anaq 6e3 nepepac

npeneneHI!H /4/ I!MeroTCH TOJibKO AHq,q,epeHUI!ailbHhie ypaaHeHHH. 

AnH HCcnenoaaHHH anHHHHH o6phiBa a (4) rpeTbero ypaaHeHHH I!Cnonb-

3yeM npl!eM ~aenpephiBHoro BKnroqeHHH~ 3aKpbiToro KaHana, npenno*eH-

Hhiil B 141 • C 9TOA uenbro B CI!CTeMe ypaBHeHHH (4) B K09<jl<jli!UHeHTbi 1 ocy-

UISCTBJIHroUIHe 3auenneHHe nepBbiX ABYX ypaaHeHHA C TpeTbi!M1 BBOAIITCH MHO-

i/2 ( ) )I{I!T8Jib ,\ • np11 ,\ = 1 I!MeeM CI!CTeMy 4 , llpll ,\ = 0 ypaaHeHI!H 

AJIH b 11 F
1 

ornenS!roTCSI or F 
2 

• MeHSIH A HenpepbiBHO or I no 

0, Mhi nenaeM npouenypy raKoro pacuenneHHH CHCTeMhi raKlKe HenpephiBHoil. 

EnaronapS! 9TOMY MOlKHO pa36HTb npouecc pacuenneHHH Ha 6ecKoHeqaoe 

qi!C/10 9Tanoa, Ha KalKAOM 113 KOTOpbiX A MSHHeTCH Ha 6eCKOHeqHo MaJiyro 

HSJII!qi!Hy d A • BnHSIHHe lKe TaKoro \.lanoro 1!3MeHeHHSI oKa3hiBaercH 3Ha-

qiiTeJibHO npome HCcnenoaaTb. H11JKe 6yner noKa3aHo, qro gng KaJKgoro 

A np11 3aMeHe ero aa A+ d A aenHqHaa a • K a 1 I"AS a BSKTOp-

6 

I ., 
j, 

'l 

il 

J 
~ 
~.' 

8Millii!TYA a 
(eM. ( 1)), 6yner MeH51TbCH ace apeMH a ogay cropoay : 

0 :::_A :::_ 1 • TaKHM o6pa30M MOlKHO cnenaTb 
[ d - -
--(a·KAa)'O 
dA 

BbiBOA
1 

qyo II llpll 3aMeHe 3H8"!8HIISI A = 1 aa A= 0 

HHe a·Ka B ry lKe cropoay, raK qro aeJIH"!I!Ha 

rrpoH3oilaer H3Meae

a. Kc a I nonyqae-

MaS! npll BIJ"!I!CJISHIIII o6opBaHHOH CI!CTSMW, CJIYlKIIT HI!)I{H8H rpaHI!UeA AilS! 

a·K 1 a 

.ilOK838T8JibCTBO T80p8Mhl 06 OllHOCTOpOHHeH 

oueaKe IW a. K a 

nepellii!USM CIICTSMY (4) C MHOlKIIT811HMII, 38BIIC5IUIIIMII OT A 

(N <l>(a), (H-E )(F 1f3'{A, I l/3! )<1> 1{3! +A Ih F 1{3 1(A, I l{:ll)<l> 1
{:l) + M<l>

1 
a)+ 

1 ' 1 ?. 7. 

(a) (a) 

+ b A N <I> ) \, 0 

L F1{3 1(A ;t{-ll)+V F 1{:l!(A ;!(}~_, A1/2V F 1{:ll (A ;lf:ll) = J (;l{:l! .A) 
1 ' 11 1 ' 1?. 1?. ' 1 

(5) 

L F 1{3' (A ; i{:l l) + A V F If} 1 (A ; !{:l!) + A1/ 2 V F l(-l 1 (A [lf:l') 
2 2 ' 22 2 ' 21 1 ' 

= A II 2 ( ct><fl', ( E-H)( M + b 1{' 1 
N ) (} <I> 

1
a 

1
• 

.ilnH llOK838T8JibCTB8 TeopeMbl yno6HO npeo6pa30B8Tb CI!CTSMY (5) CJI8/1YIO-

f1{3l <jlopMallbHO 1!3 TpeTbSI"O ypaBHeHIIH qepe3 
z UIIIM o6p830M: Bb!p83l!M 

h1 ") II F 1 {}! 
1 

~ 1 I 2 
F 111 '= ___ :__~--- l ( <1> 1{-ll ,(E-H)(M +h1fl 1N)<I>

1
a'l{:rV p<{il) 

z L +AV 2 A 21 1 
2 2 2 

(6) 
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H I!OACT8BHM B rrepBbie AB8 ypaBHeHHSI B (5): 

(N <~~'a 1, (H-E) l pl/31<111,81 + <111,81 __ A __ [ ( <111,81, ( E-H) 
I I 2 L2 +A v22 2 

• ( M + b1; 1 N ) <II (a 
1 

) ,B - V 
2 1 

F ~,Bl 1 + ( M + h'~ 1 N ) <II (a 
1 I ) a 0 

(7) 

f3 pi,Bl+ v 
L F

1 1
+VII I 12 L +AV22 1 I 2 

A [- v pl/31 
21 1 + 

( <111 ,B 1 ( E H ) ( M + b 1 a) N ) <ll1a 1 ) ] - J ( A ) + 2 ' - A ,B - I. 

Hac HHTepecyeT BenH~HHa 
d - - d -

--(a·KA a) =-(a• bA ) .• l:!To6bl ee HCcne-
dA dA 

AOB8Tb, paCCMOTpHM ee CBH3b C KOS~~HUHeHTSMH, ocyweCTBnHIDWHMH 3auen

neHHe ypaBHeHHH B CHCTeMe (7) (npHnOJKeHHe (n3) ): 

d - + • 
(a· -- K A a) = < M C M > • 

dA 

8 HSUHCaHHOM COOTHOilleHHH cpeAHee OT onepaTopa B npaBOH ~aCTH no He-

KOTOpb!M ~YHKUHSIM q, MOlKHO, HCI10nb3YH CBOHCTBO conpHJKeHHOCTH onepa-

TopoB M H M+ 
~ 

CBeCTH K CpeAHeMy OT C 
d 

C8MbiM, AnSI 3HaKOOnpeAeneHHOCTH (iA" KA 
,, 

T8KOBYID AnSI C 

no ~YHKUHHM Mq, TeM 

AOCT8TO~HO ycTaHOBHTb 

nonoJKaTenbHOCl'b < C > cneAyeT (eM. (ns), (n7), (nS)) H3 Toro, 

~To cpeAHee OT L2 no ~YHKUHHM, opTOI"OHanbHbiM <11\,Bl , nonOJKHTenb-

Ho, H H3 AOilOnHHTenbHO!"O Tpe60B8HHH OpTOI'OHanbHOCTH qr(a) ace. K <fl~,Bl 

8 

'i. 

,, 
:: ~! 

•i 

.. 'X'i 
~~ i 

''~.: ~.·. ·f " ,.,,, II 

'J 
Ji 

l 
,) 

,\ 

3 a K n ID ~ e H H e 

MeTOA nony~eHHH rpaHHU Ha napaMeTpbi pacceHHHH, npeAnoJKeHHbiA 8 /4/ 

H o6o6WeHHbiA B ABHHOA pa6oTe, He pemaeT OKOH~aTenbHO 38A8~y CTpOI'HX 

OUeHOK H8 napaMeTpbl paCCeHHHH, TaKHe Bei!H~HHbi 0 KBK, HanpHMep, ljla30BbiA 

CABHI' l) , onpeAei!HIDTCH IlHillb C TO~HOCTbiD AO n IT , H yTBeplKA9HHe, 

~TO l) yBei!H~HB8eTCH 0 He HBI!HeTCSI AOCT8TO~HO onpeAeneHHbiM, T,K, H9H3-

BeCTHbl KpHTepHH TOI"O, nepeXOAHT IlK npH 9TOM 8 ~epe3 3Ha~eHHe, KpaT-

HOe IT , 3TOT ~aKT AOI!JKeH CTHMYI!HpOB8Tb npOAOI!lKeHHe HCCI19AOB8HHA B 

A8HHOM HanpaBneHHH, 

HyJKHO T8KJKe OTMeTHTb, ~TO paCCMOTpeHHbiA MeTOA He ABeT rpaHHUbl 

AIIH Bcex sneMeHTOB K -MaTpHUbi, a nHillb Ha He3aBHCHMbre KOM6HHaUHH 

ee sneMeHTOB (a· Ka ) , nony~aeMbte npa pa3nH~HoM Bbr6ope a 

npo5neMy ~HKCHpOBaHHH ·HeonpeAeneHHOCTH pe3ynbTaTOB B MHO!"OKaHai!b• 

aoii TeopHH pacceHHHH MOJKHO nbiTaTbCH pemHTb H APYI'HM nyTeM 
111 • 

lloKa3aHHYID TeopeMy MOJKHO pacnpocTpaHHTb Ha MeTOA K -rapMOHHK 

B 3aAa~aX HenpepbiBHO!"O cneKTpa /6/, npa~eM DpH SHepl"HH, HeAOCTaTO~HOA 

AnH pa3sana CHCTeMbi ( E < 0 ) , K OAHOCTOpOHHeMy CABHI"Y 6yAeT npHBOAHTb 

OT6paCbiB8HHe niD60!"0 ~neHa pa3nOJKeHHSI 'l' no l"Hnepc~epH~ecKHM ~YHKUHHM, 

T,K, COOTBeTCTBYIDWHA onepaTOp L 2 6yAeT nonOlKHTerreH Ha niD6b!X ~YHK

UHHX, 3TOT BOnpoc 6yAeT n03AHee /8/ paCCMOTpeH. 6onee I10Ap06HO, 

npeACTSBnHeTCH 3aMaH~HBbiM HCnOnb30B8Tb paCCMOTpeHHyiD ~ /4/ H B 

STOA pa6oTe npoUeAypy 'aenpepb!BHO!"O OTUenneHHH' KaHai!OB (BBeAeHHe na-

paMeTpa A ) AnSI aHanH3a ~H3H~eCKHX CBOACTB CI!OlKHblX MHO!"O~aCTH~HbiX 

CHCTeM, 

ABTOpbl BbipaJKaiDT 6nal"OAapHOCTb B,n, )KH!"YHOBy, AHCKyCCHH C KOTOpblM 

B 3Ha~HTenbHOA CTeneHH CTHMynHpOBanH HCCneAOBaHHH B ASHHOM HanpaBneHHH, 

a TaKJKe 0. nxarBa, B.n. lliMoaaay, C.A. Has3rynoBy, B.A. llyay aa none3-

Hbre 06CYlKAeHHH, 
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DpllnolKeHI!e 

3aMeHIIM s nepsoM ypasHeHI!II s (7) nepsy10 ¢yHKUIIIO N na 

(M+ bcfl! N) 
1
BbiqTeM 1!3 Hero aHanorl!qf!Oe ypasHeHI!e, B KOTOpOM TOnhKO 

A+clA 

npo113Benena 3aMena A -> A + d A • CnolKI!M nonyqeHHoe ypasneHI!e c 

ypasneHI!eM, nocrpoeHHhiM c noMOl!lhiO Jll!ljlljlepeHUI!anhHOro ypasHeHI!H s (7) 

cne!ly!Ol!li!M o6pa30M 141: YMHOlKI!M BTOpoe ypasHeHI!e B (7) Ha plf3l(A+dA, 
- {3 I 

I 1 f3>) 11 npoi!H'I'erp!!pyeM no d I 1 ) ; BbiqTeM 1!3 Hero TaKoe lKe ypaa-

HeHI!e, HO c 3aMeHoll A -> A + d A : 

r:~ r:~ 1'..·-cf!> {3 - {3 -'R -{3 !'..~cf3> {3 
f[-F11'\il+dA,I 11''l--r __ F 1 >(.\,r 1 'l+F'>(A,r 1 > )----F

1 
'(A+dA, 

. I 2M I I 2M I 

[ l/3> ) l d ; ( {3> + 

+((M+bca> N)li>1"',(H-E)(M+ b 1a'N)!I> 1a>) -
A+clA A a 

(a) (a) (a) (a) 
-((M+bA N)¢1 ,(H-E)(M+bA+dA)¢1 )a+ 

+ (Pfl(A+dA, ;c/~')· J I (A, ;cf3>)d;c{3>- fF:f3>(.\, -;cf3> ). J I (.\+d A ,;cfl>)d;cf3> + 

+ (( M + bA (+a :A N ) ¢I 1 
a > , ( H - E ) F 

1
; >(A , I 

1 f3> ) ¢I'/ > ) a -

-{{M+b1"' N)¢1 (H-E)Fc{3>(A+dA r 1/
3

>)q. 1f3>) l-A ' 1 ' 1 a 

- ( F1 {3 > (A + 1 .\ , ~ 1 {3 > ) V 
I 12 

-~-- v plf3> (.\, -;cf3>)d ;cf3> + 
21 

L2 +A V22 

10 

{3 - {3 A + dA {3 _ {3 _ {3 
+ fF

1 1 
(A, r 1 1 

)V ------ V F 1 1 (..\+dA, r 1 1 )d r 1 1 -
. I 12 L2 +(A+d..\)~2 21 I 

-((M+ h!al N)!l>!al (H-E)¢11/31 __ A __ V pl/31 (A ;c/31 )) + 
-A+dA 2 L , V 21 1 ' a 

2 +/\ 2 2 

+((M +h 1a 1 N)!l>1a 1 (H-E)¢1 1{31 ~-~-V F 1 {3 1 (..\+dA,r 1f3~)-
A 2 L +(..\+d..\) V 21 1 a 

2 22 

- f pi/31(A+ dA ;1/3 I V 
I ' 12 

A ( !1>~ 1 , (H-E )(M + b~al N)¢1 lal ){3d ~~{3 1 + 

L 2 +AY22 

- A +dA -
+I p:/31 (A, r 1/31 )VI2 ----- ( q.l/31 ,(H-E )(M+ blal N)<llal) d rl/31_ 

L2 +(A+dA) V 22 2 A+dA {3 

I a I .\ {3 
-((M+b N)!l> 1a 1 ,(H-E)¢11/3 1 ------(!1> 1 1

,(H-E)(M+b1a'N)!I>1a 1)) + 
A+dA 2 L , V 2 i' f3 a 

2 + 1\ 22 

+((M+blal N)!l>la> (H-E)¢11 f3l_~_::dA (¢11{3 1 (H-E)(M+blal N)· 
A ' 2 2 ' A+dA 

L 2+ (A+dA) V22 

I a) ) ) • ¢I {3 a 
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B Bhrpa)!(eHHH B qmrypHhrX CK06Kax B (0,1) rrepabrll qneH aaeT a1{3l _.,:;___ b 1{3 l I 
41 

a.\ A ' 

£30 BTOpOM H TpeTbeM BKnan a(a) _<!__ b~ a) 

dA 
t:l810T (He COKp8IU810TCH) nRWb '!ne-

Hhi, conep)!(aJUHe onepaTop ~ I 1 a 1 , 'leTaepTbrll 'lneH coKpamaeTCH c wee-

- d -
TbrM, a nHTbrll c cet:th'>lbrM. TaKHM o6paaoM,aTa '!aCTh (0,1) naeT (a·d"".\-KAa). 

QcTaBmyiOCH '18CTb (0,!) MQ)!(HQ 38!IHC8Tb B MaTpH'IHOM BHt:te: 

fd~t(-llF:fh(A-tdA,r'{3l)+ (V12 

fdr'" 1 (Mrh'"' Nl o 
A-t <iA 

0 

{dpla! <Pial (H-E)<PI/3> 
2 

A A v 
L,rAV~, L 2 +AV 22 

A A 

L 2 +A V22. L 2 +A V 2 2 

F (A,rt(-ll) 

MrbA
1
"

1 
N 

?.1 
0 

{dp(a)<P{{3l (H-E)<P (a) 
2 

A Han orR'! Hoe 

Bbrpa)!(eHHe 

C 38MeHOfi 

A -• A + dA 

X 

(0.2) 

X 

3necb HHTerpHpOBBHHe !IpOH3BOLlHTCH IIO KOOpt:tHH8T8'>1 BHyTpeHHero t:lBJI)!(eHHH 

B KLlHOnax "a " , YaCTb (0 ,2), KOTopaH He BblliHC8H8 SIBHO, MQ)!(f!Q rrpeo6-

paaoHOTb TaK, 'lTO 01111 6yt:teT OTnH'I8TbC51 OT OCT8nhHOf'O Bblp8)l<eHHH nHWb 

3HMeHOM .\-oA+dA 

d A 

dA L
2

-tAV
22 

uony'lHM: 

TOnhKO a cpenHell MaTpHUe. l1crronh3YSI ¢lopMyny 

__ !_ __ L 

L +A V 
2 22 

12 

1 

L
2

+AV
22 

- d - +A 
(a·- K, a) = < M 1... M > 

dA " ' (n.S) 

rne 

c 
( 

L
2 

L
2 

) 

L2 L 2 
(0.4) 

1 ·---- v 0 
L +A V 21 

2 2 2 (0.5) 

M= 

0 1 - {3 ---- Jd pial <PI l (H-E) <PI a) 

L2 +A V22 

+ 
a M - onepaTop, corrpSilKeHHhiA M 

To, 'ITO ua nono>Kn1·enhHOA onpeneneHHOCTH L 2 cnenyeT To )l<e u nnH ,, 
C 1 MO>KHO IIOK838Tb TaK: 

<(~ > 

( 

X
1

) + ( L2 L2) ( X1) =<x LX >+ 
L L I 2 2 

x 2 2 2 X2 

(:1.6) 

+<x LX >+<x L 
I 2 2 2 

X >+<x LX >. 
I 2 2 2 

PaanaraH x no rronaoMy opToHopMi!poaaaHoMy aa6opy I ¢ I co6cT-
II 2 l n 

aeHHhiX ¢>yHKUHA onepaTopa L : (L ¢ = ,121 ¢ ; ,121 > 0 ) 
2 2 n n n n 

XI l: an¢n x2 l:bn¢n• (n.7) 
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I 

rrony'IaeM 

,, 
< c > = :£ ( ( 2) a2 + :£ ( ( 2) a b + :£ (( 2) b a + 

n n - n n n - n n 

(n.8) 

+ :£ ( ( 2) b2 = :£ ( ( 2) (a +b n )2 > 0 • 
n n - n n 
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