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nonyqeHO TQqHOe rrpeacTaBneHI!e ang M8CCOBOrO orreparopa OaHoqac

TifqHolf asyxspeMeHHOli <jlyHKUIIII fp11Ha B Moaenl! Xa66apaa. Ehm Hcrronb30BaH 
<jlopManii3M TeOp1111 crrnaBOB, IT03BOnHBlliHlf rronyqi!Tb 0606ll!eHHOe IIHTeprro

nWI!OHHOe pell!eHHe Moaenll Xa66apaa, aa10mee rrpasl!nhHoe rroseaeHHe menH, 
Meroa no3BOnHeT rronyq11Th CHCTeMaTHqecKHM o6pa30M nonpaBKII 3a cqer 

pa3nl!qHbiX a<jl<jleKTOB paccegHI!H, 

Pa6ora BbiiTOnHeHa B fla6oparop1111 reopeTI!qecKoli <jlH3HKH OH5H1. 

C006UleHHe 061.eAHHeHHOrO HHCTHTyTa JIAepHbiX HCCJieAOBaHJdi 

,ay6Ha 1975 

Kuzemsky A.L. Pl7 - 9239 
A Selfconsistent Theory of the Strong Correlation 

in the Hubbard Model 

The exact representation for the self-energy of the 
one-particle two-time Green function of the Hubbard model 
was derived. This derivation was based on the alloy ana
logy and generalized interpol~tion solution of the Hub
bard model was obtained. By this method the scattering 
corrections and resonance broadening corrections can be 
obtained in a very systematic way. 

Communication of the Joint Institute for Nuclear Research 
Dubna 1975 
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1. Hoc•aHoeKa 3aOa'lu 

B HacTOJI~eii pa6oTe MW npo.QOJDKHM H&'I&TOe B pa6o

Te/ I/ C&MOCornaCOBaHHOe BW'IHCneHHe O.QHO'IaCTH'IHWX .QBYX
BpeMeHHWX TeMnepaTypHWX c)yHK.UHii rpHHa/2, 3/ B MO,QenB 

Xa66ap.Qa I 4/. ocHOB&HHoe Ha MeTO.QHKe BBe.QeHHJI Henpuso
AHMWX c)yHK.u;H:ii rpHHa/S, 6/. PaCCM&TpHBaeMWii MeTO.Q 

D03BOH.IIeT, He DpH6eraJI IC TOMy HHH HHOMY CDOC06y o6pWBa 

.u;eDO'IICH 3&J.J;eDHJIIO~XCJI yp&BHeHHii .QHJI c)yHK.u;Hii rpHHa, 
3&DHC&TJ. ypasHeHHe ,naiicoHa H nony'IHTJ. TO'IHOe aHanu

TH'Iecxoe npe.QcTasneHHe .QnJI Maccosoro onepaTopa. Hc
xo.QJI H3 c)opManJ.Horo peweHHJI ypasHeHHJI ,naiicoHa c TO'I

HWM MaccoswM onepaTopoM, y.Qo6Ho KOHCTpyuposaTJ. npu-

6JIJDKeHHwe peWeHHJI 3&,Q&'IH, HCDOHJ.3Y.II ODpe.QeneHHWe npH-

6nBlKeHHJI .QHJI uaccosoro onepaTopa. 
MeTO.Q BWBO.Q& ypaBHeHHJI ,naiiCOHa C DOMO~IO BBe.Qe

HHJI HeDpHBO.QHMWX c)yHJC.I.J;HB rpHH& JIBHJieTCJI o6o6~eHHeM 
no.QXo.Qa, pa3BHsaswerocJI B pa6oTax IO.A.UepxoBHHKo
sa/7/, B.reTJ.{e /8,9/ H B p.II.Qe ,QpyrHX. 06o6~eHHe COCTOHT 

B TOM, 'ITO BMeCTO HCTHHHOB c)yHK.u;HH rpHH& Hynesoro 

DOP.II.QIC& HCDOHJ.3yeTCJI nepeHOpMHPOB&HH&JI c)yHK.u;HJI rpHH&, 

B xoTopoA y)l(e y'ITeHw see peHop:wupoBKH cpe.QHero non.11. 

Bse,QeHHe T&ICOB cllYHK.UHH rpuHa "Hynesoro nopJI.QKa" OTBe
'l&eT onpe.QeneHHoMy cnoco6y npoexTHpOBaHHJI/IO/c)yHK.u;HH 

rpHH& BWCWero DOP.IIAJC& H& HCXO.QHWe, 'ITO 31CBHB&HeHTHO 
o6pWBY .u;eDO'IICH 3~eDH.IIIO~XCJI yp&BHeHHB. 0.QH&JCO B 
A&HHOM MeTO.Qe J.J;eDO'IIC& He o6pWB&eTCJI, DOCICOHJ.KY T& 
'I&CTJ. BWCWeii ~yHK.I.J;HH rpHH&, ICOTOp&.ll He npoeKTHpyeTCJI, 

OTHOCHTCJI 1C M&CCOBOMY onepaTopy, H,T&KHM o6pa30M, .QnJI 

nocne.QHero nonyqaeTCJI TO'IHoe npe.QcTasneHHe. Hecxon~oxo 
BHOii sapH&HT 3Toro MeTo.Qa 6wn paHee npe.Qno)l(eH B pa6oTax 
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no TeopHH wepMH-CHCTeM H.A.KBaCHHKOBa c COTPYAHHKa

MH I 12
• 

131 , s KOTOphlx BBo~anac& ~teno'IKa ypasHeHHB ~JIJI 
HenpHBOAHMhlx /perynJipHhiX/ qacTes ~syxspeMeHHhlx WYHK

ItHB rpaHa, n03BOJIJIIOIQaJI nOJIY'IHTh /B •COOTBeTCTBYJOIQeM 

npH6JIH)KeHHH/ 3aMKHYThle CHCTeMhl ypaBHeHHB MJI O~HO
'IaCTH'IHOB WYHKitHH rpHHa H nocTpOHTh BhlpWKeHHJI ~JIJI 
MaCCOBhiX onepaTOpOB. 

Mhl 6y~eM paccMaTpHBaT& CHCTeMy 3JieKTpoHOB, npa

Ha~JielKaiQHX OAUOB Y3KOB s - 30He, OnHChiBaeMyiO raMHJih

TOHHaHOM Xa66ap~a/ 2/ 

}{ = L t a+ a 
ija ij ia ja 

u + -l n n 
2 ia ia i-a 

/1/ 

r~e a ta H a ia- wepMH-onepaTophl po~eHHJI H YHH'ITO

)I(eHHJI 'laCTHJl CO CnHHOM (J (cr = ± l) B COCTOJIHHH C BOJIHOBOB 

WYHK~taes BaH&e ¢ (? - R i), ~teHTpaposaHHOB B y3ne pe

meTKH, 3a~asaeMOM pa~aycoM-BeKTOPOM R i; nia = ata a ia . 
Ko 3~HitHeHThl t ij JIBJIJIIOTCJI Ma TPH'IHhiMH 3JieMeHTaMa 

nepeXOM MelK~y Y3JiaMH i H j H CBJI3aHhl C 30HHOB 3Hep-

rHeB 6JIOXOBCKHX 3JieKTpOHOB f COOTHOWeHHeM . q 

t .. 
lJ 

-1 -> -> 

N l <-> expliq(R .- R.) l. q q 1 J 
/2/ 

r~e N - nonHoe 'IHCJIO Y3JIOB pemeTKH. .by~eM C'IHTaT&, 

'ITO BCe 3HeprHH OTC'IHThiBaiOTCJI OT ~teHTpa T Jl)l(eCTH 30Hhl, 

T.e., 'ITO t ii = L f q=0.BTOpOB 'IJieH B raMHJihTOHHaHe /2/ 
OnHChiBaeT KyJidHOBCKOe OTTaJIKHBaHHe ~YX 3JieKTpOHOB 

B O~HOM H TOM lKe y3Jie C 3HeprHeB B3aHMO~eBCTBHJI, paD

HOB U • Bcne~CTBHe npHHitHna HCKJIIO'IeHHJI IlayJIH cnHHhl 

3JieKTpoHoB HMeiOT npoTasonoJiolKHoe HanpaBJieHHe. He

CMOTPJI Ha cxeMaTH3M, raMHJihTOHHaH Xa66ap~a /2/ y~o-
6eH, nOCKOJihKY B HeM COXpaHJIIOTCJI OCHOBHhle qepThl MO

~eJIH nOJIHOCThiO KOJIJieKTHBH3HpOBaHHhiX 3JieKTpOHOB H MO

~eJIH JIOKaJIH30BaHHhiX CnHHOB. Ilpe~eJihHhle CJiy'laH ~OCTH

raiOTCJI H3MeHeHHeM OAUoro napaMeTpa z = ~/U, r~e 

~=(N-1l\t..\2)1/2. 
ij lj 

/3/ 

TaKHM o6pa3oM, BWKHeimes 3a~aqes Mo~eJIH Xa66ap~a 
JIBJIJieTCJI noJiy'leHHe HHTepnOJIJIJlHOHHOrO pemeHHJI, CnpaBe~-

4 

JIHBoro B DJHpoKoM HHTepsane 3Ha'leHHB napaMeTpa z • 

HeCMOTpJI Ha pa3H006pa3He MeTO~OB TeOpHB MHOrHX TeJI, 

npBMeHJIBWHXCJI 3~ec&, 3Ta 3a~aqa eiQe He noJiy'IHJia CKOJih

HH6y~& y~oBJieTBOpHTeJI&Horo pemeHHJI /eM., Hanpa

Mep, I 13- 15/ / .)J;alKe npe~eJI&Hhle cnyqaa - 30HHhiB, Kor~a 
z >> l, H, B OC06eHHOCTH, aTOMHhiB, KOr~a z-> 0, eiQe He 

nonyqHJIH noJIHOCT&IO y~osneTsopaTeJihHOB TpaKTOBKH. B 

3TOM CMhiCJie HaJIH'IHe TO'IHOrO BhlpWKeHHJI ~JIJI MaCCOBOrO 

onepaTopa, CnpaBe~JIHBOrO npH npOH3BOJihHOM 3Ha'leHHH 

DapaMeTpa z, •MOlKeT nOCJiylKHTh OCHOBOB MJI CHCTeMaTH

qecKoro nOCTpOeHHJI H~elKHhiX HHTepnOJIJIJlHOHHhiX pemeHHB 

Mo~eJIH Xa66ap~a. B npe~hi~YIQei pa6oTe I I/ Mhl noJiy'IHJIH 

TO'IHoe npe~cTasneHae MJI Maccosoro onepaTopa, cnpa

Be~soe npH npOH3BOJihHhiX 3Ha'leHHJIX Z . 3TO npe~CTaB

JieHHe, OAUaKo, 6onee y~o6Ho MJI nony'leHHJI npa6JIH)KeHHhlx 

pemeHHB B 30HHOM npe~ene. B HacTOJIIQes pa6oTe Mhl nony

'IHM TO'IHOe npe~CTaBJieHHe MJI MaCCOBOrO onepaTopa, 

TaKlKe cnpase~JIHBoe npH npoH3BOJI&HhiX z, KOTopoe 6onee 

Y~06HO MJI noJiy'leHHJI npH6JIH)KeHHhiX pemeHHB B a TOMHOM 

npe~ene, T. e. npH z -.0. HMeHHo 3TOT cnyqas, KaK noKa3aHo 

B pafiOTax/13-17/scTpeqaeT HaH60JihWHe"''pyAUOCTH, nOCKOJI&

KY TeOpHJI B03MYIQeHHB no napaMeTpy z He JIBJIJieTCJI 

perynJipHoi. KaK OTMe'leHo B pa6oTax /1 4- 17 I, 3TO CBJI3aHo 

C HaJIH'IHeM MHOrOKpaTHOrO BhlpO~eHHJI B CHCTeMe, a 

TaKlKe c TeM, 'ITO npe~eJI&HhiB nepexo~ K z = 0 He JIBJIJieT

CJI HenpephiBHhiM. 

2. OnucaHue KoppeAJiflUU Ha JI31>1Ke •eopuu cnAa606 

H3BeCTHO /! 3- 17('1TO nepsoHa'laJI&Hoe pemeHHe Xa66ap~a. 
MHHOe HM B pa6oTe/ 4/, Hey~OBJieTBOpHTeJihHO CO MHOrHX 

TO'IeK 3peHHJI. bOJiee TO'IHaJI TeOpHJI, ~aiOIQaJI npaBHJihHYJO 

CTPYKTYPY pemeHHJI, 6hlna pa3BHTa HM B pa6oTe/I8/. Pe

meaae, nonyqeaaoe is 3TOB pa6oTe, npHHJITO Ha3hiBaTh 

"Xa66ap~ I II". B 3Ha'IHTeJihHOB Mepe 3TOT yen ex o6JI3aH 

HCnOJih30BaHHIO MJI OUHCaHHJI CHJihHOB KOppeJIJIItHH WOpMa

JIH3Ma TeOpHH CnJiaBoB/18, 19/, n03BOJIJIIOIQero O'leHh KOM

naKTHO yqecT& pa3JIH'IHhle npo~tecchl pacceJIHHJI B cacTeMe 

3JieKTpOHOB H ~hlpOK. 
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Ilepexo,n K ODHCaHKIO Ha JI3WKe TeOpBB CDJiaBOB OCHO

BaH sa sse.neuss onepaTopos npoe~BOHI(oro TBna/18/ <\aa : 

d. = n ~ a. (a = ±) ; n: = n. , 1aa 1 -a 1U 1U 1U n. =0-n.) 
IU IU 

:lna=1·nanf3=o na (af3=±)·:ld =a· 
a ia ' ia ia af3 ia ' ' a icu 1a /4/ 

OnepaTopw d iaa B d Jf3a y,noBJieTBop.RIOT cne.nYJOIIUIM KOM-

MyTa.QHOHHWM COOTHOWeHHJIM 

[ d 
iaa 

+ ] 
' d j{17 

a 
=o .. oa,Jii-a 

1) p /5/ 

Y.no6cTBO Bse.neuaa onepaTopos diWJ" oco6eHHo xopowo BH,n

HO H3 ypaBHeHHJI .ZJ;BH)I(eHHJI .ZJ;JIJI HHX 

i d iaa = Ea diaa + :l t .. l n .a a . + a a . b · · l , 
j,ii IJ 1-a JG lU ij, -U /6/ 

r.ne 

E+= U, 
+ + E = 0 ; b.. = (a. a. - a. a. ) . 

- ij,U 10 )a JG 10 /7/ 

Ha OCHOBaHHH ypaBHeHHJI /6/ MO)I(HO ODHCbiBaTL CHCTeMy 

KaK cocToJI~yro Hl .nsyx THnos aTOMOB c ypoBHJIMH E+a E_, 
KOTOpble o6pa3yiOT .ZJ;Ba THDa pacceHBaiOIIUIX .QeHTpOB. ~Ba 
'IJieHa, CTOJIIIUie B ~HrypHbiX CK06KaX /6/, ODHCbiBaiOT, 

COOTBeTCTBeHHO, .ZJ;Ba THDa 3~~eKTOB pacceJIHH.R, a HMeHHO: 

1/ pacceJIHHe BCJieACTBHe HeynopJI,IJ.O'IeHHOCTH CHCTeMbl H 

2/ pacceJIHHe BCJie.ZJ;CTBHe C06CTBeHHOrO .ZJ;BH)I(eHH.R 3JieKT· 

pOHOB CO CDHHOM (-a ) .Ba)I(Heiwei OC06eHHOCTLIO peWeHHJI 

"Xa66ap.n I I I" JIBJIJieTCJI npaBHJILHoe noBeAeHHe ~eJIH 
B CDeKTpe KBa3H'IaCTH'IHbiX COCTOJIHHB, a HMeHHO - HC'IeJ

HOBeHHe ~eJIH npH U--" 0. TaKoe noBe,neuae onpe.nenJieTCJI 

~YHK.QHOHaJILHoi CTPYKTypoi nonyqeuuoro ~eweHHJI ,nnJI 

~ypLe·o6pa3a O.ZJ;HO'IaCTB'IHOB ~YHK.QHH rpHHa 2 •3/; 

+ 
00 

dw -iwt 
g .. (w) =«a. Ia. » = f -e 1-0(t)<[a. (t) ,a.+ J > l= 

1) 1a JCT W -oo 2rr 10 JCT + 

00 

dw -iwt -1 
= J - e • N :l g ( q, w) exp 1- i q ( R i - R j ) l, 
-oo 2rr q /8/ 

6 

KOTOpaJI BMeeT xapaKTepHbiB .ZJ;BYXDOJDOCHWB BB,n /
18

• 19( 

g(q,w) =IF (w) -f 1-l, 
a q 

/9/ 

F~1 
(w) 

w - ( n~,E _ + n~ E +) - A 

' + ) + - ,\2 (w-E+-n:U ,\)(w-t_ -n-aA -n-a0 -a /10/ 

r.ne A - onpe.neneuuaJI ~YHK.QHJI/ 19/ JaBHCJI~aJI oT napa

MeTpoB CHCTeMbl. ECJIH A MaJIO (A-;\ • 0), TO /10/ DpH-

HHMaeT BH.ZJ; 
- ~~ 

F -I ((d) = __ __:_~----- I ---~~---
(J "' - E - n 

1 A "' - I< - n- A 
- -IT I -a 

KOTOpbli COOTBeTCTByeT .ZJ;BYM C.ZJ;BHHYTbiM 30HaM. EcJIH 

A BeJIHKO, TOr Aa DOJIY'IHM 

-1 ,\ 
F u ((d) ~ ----------------- ,~ 

l ( uJ- E _) n -=:,, 1 ( (d - E ~ ) n ~' I A u;- ( n ~)': 1 + n :, E_) 

3TO peweHHe COOTBeTCTByeT eAHHH'IHOB 30He DpH 3HeprHH, 

paBHoi cpeAHei 3HeprHH .nsyx JOH, T. e. npH <o =· n ~' I i 
BoJHHKHOBeHHe ~YHKUHOHanLHoi CTPYKTypw /10/ nerKo 

noHJITL B paMKax TeopHH cnnaBoB / ' 9 '. B caMoM .nene, ecna 

BBeCTH ABa THDa DOTeHUHaJIOB pacceJIHHJI t + H t _ , rAe 

t + ·~ (u,- E + )-
1 , To MO)I(HO BBeCTH ABe t -MaTpH.Qbl T+ H 

T~, ypaBHeHHJI .ZJ;JIJI KOTOpbiX MO)I(HO CXeMaTH'IeCKH JaDHCaTL 

KaK 

T = t + t co T + t co T 
+ + + ++ + + +- -' 

T t + t C0 T + t C0 T , - _..._ - - -+ + 
/11/ 

rAe G~{f>DHcwsaeT cso6o.nuoe pacnpocTpaueuae KBalH'IaCTH.Q 

Me)I(.ZJ;y YJJiaMB THDOB /+/ H /·/. PeweHHe ypaBHeHHB /11/ 
HMeeT BRA 
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T± 

t +t G t_ 
± ± ± + 

(l- t+G++)(l -t_G __ ) -C-+G+'-t+ t_ 

-1 G t+ + ± 

(t~1 -G++) (t-=:_1 -G __ )- G_+G+-
/12/ 

TaKBM o6pa3oM, cpaBHBBaJI /12/ B /10/, MOlKHO ,naTL 
HarnJIAHYID BHTepnpeTa~ ~YH~BOHanLHOB CTPYKTypw 
ypaBHeHBJI /10/, BBOAJI AOUOnHBTenLHOe npB6JIIDKeHBe 
t"' n+ T + n- T .Mw He 6y,neu 6onee no.npo6uo ocTaHaBnB-

-a + -a -
BaTLCJI Ha ~OpManB3Me TeOpBB cnnaBOB, KOTOphli 3AeCL 
npBBneKaeTcJI TonLKO .QnJI o6ner'leHBJI uarnJIAHOi BHTepnpe
TalUIB Tex pemeHBi, KOTopwe 6y,nyT nony'leHw HIDKe. lionee 
TO'IHOe B no,npo6uoe Bccne,noBaHBe uo,nenB Xa66ap,na ua 
ocHoBe cBe,neHBJI ee K 3a,na'le o cnnaBe 6wno npoBe,neuo 
ue,naBHO B cepBB BHTepecuwx pa6oT B.Bennepa c coTpy,n
HHKaMB I 20 I . 

3. Bbleoo ypaeHeHUJI ,4aucoHa 

Ha OCHOBe ~OpManB3Ma TeopBB cnnaBOB OAHO'IaCTB'IHYID 
~YHKIUIID rpBHa gi/w) MOlKHO npe,ncTaBBTL B BRAe 

g .. (w) =~«d. \d:~ » = ~ G~~(w), /13/ 
IJ a{3 1aa lt-"-' w a{3 IJ 

r,ne 'G~~(w)- MaTpB'IHaJI ~YHK~BJI rpBHa 
IJ 

( 

+ d ld: »] «d I d . » « i +a J-O i+a J+ 0 
d + + 

_ i +a d. ) » = + 
G .. (w)=<<( ) I (dj+a J-a w d ld~ »«~-aldj_if>> ' 

IJ di-a « i-a J+O 

/14/ 

ypaBHeHBe ABB:>KeHHJI .QnJI KOMUOHeHT KOTOpoi BMeeT BRA: 

a{3 a a + 
(w-E ) G .. (w) =i'i .. o r.<n +~ t.k<<n. ak +aa. b.k I d.~» ·/15/ 

a 'l IJ a~'"' -a k;o/'i 1 1-a a 10 1 ,-d lt-'-' w 

8 

... 

BBOAJI Mil.TpB'IHyJO 3aBBCL 

_ (w-E+ 0 1 _ l n ~a 0 l 
E= B <I>= 

0 w-E 0 n-- -a 

/16/ 

nepenBWeM ypaBBeHBe /15/ B ~opue 

- - -
IE·G .. (w) -<Po .. l~r~= ~ t.k<<n~ ak +aa. b.k I d;r.< » /17/ 

I) IJ UfJ k~i I I-0 0 W I , -a JtJO (J), 

BBe,neM TenepL, cne,nyJI pa~~Jaul s,61. uaTpB'IHYID uenpBBo-

ABM}'JO ~yHKIUIID rpBHa D ik (w): 

. [«n: a +a. b. Jd:t- » «n.+ a +a. b. \d~ » 1 -( u) _ ,-a ka 10 1k,- J+O w 1-a ka 10 1k,-a 1-a w 
D - -

ik - + - + <<n. a -a. b.k ldu. » «n. ak -a. b.k \d · » 1-a -ka tO 1 ,-al J'a w 1-a a 10 1 ,-a J-a w 

, 
a 

, 
+a 

Aik [ , '1 \ ,~ [ , ']l a+ a- +a a+ a-

x G ij G ij - :;, X G kj G kj ' /18/ 
-~ 

, 
-a 

Aik 

K03~BIUieHThl Aik B I\i onpe,nenJIIDTCJI B3 ycnoBBJI 

[ 
-( ir) + ] 

< I D .k l ~-< , d. r.:~ > ""o. 
I a/'"' J/'"'0 + 

/19/ 

Bhi'IBCnJIJI COOTBeTCTBYIDutBe KOMMyTaTOphl B /19/ B npB
paBHBBaJI ue>KAY co6oi 'lneHhl, nponoplUIOHanLHhle oii B 
D jk COOTBeTCTBeHH8, nony'IBM ( i ~ k) : 

t Aik l af3 = 

a(<d+ a >+<d 
i{3-a k-a i-{3-a 

+ > 
ak-a /20/ 

{3 
n -a 
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I Bki I a.{3 
<nkf3 n.a >+atl(<a. a:+ ak ak+>-<a. a. a+k ak+ >) -a 1-a I" 1a 1-a -q a • 1a 1-a -a a 

{3 
"-a /21/ 

H3 onpe,neneHR.& /18/ cne,nyeT, 'ITO HenpRBO,nHMa.a 4lYHKI(R.& 

rpRHa He co.nep*BT peHopMRpoBox cpe,nHero non.a. C no

MOII(&IO BBe,neHR.R HeDpRBO,nHMOH 'laCTR 4JYHKI(HH rpRHa 

6onee BLICOKOrO DOp.&,nKa npeACTaBll.RIOTC.R B BRAe CYMMLI 

.nBYX 'laCTeii - TOR 'laCTR, KOTOpa.a Mo.>KeT 6LIT& npeACTaB

neHa 11epe3 4JyHKI(RR rpRHa HR3Wero DOp.RAKa,R OCTan&HOH 

q&CTR, KOTOpa.a He MO~eT 6LIT& BLip~eHa qepe3 HR3WRe 

4lYHKilHR rpRHa R Ha3LIBaeTC.R HenpRBO,nHMOH. Ty 'faCT&, 

KOTOpyiO MLI BLipa3RllR 'lepe 3 RCXOAHLie 4JyHKI(HH rpRHa, 

YA06HO 3aDRCaT& C DOMOII(&IO BBeAeHR.R 4JyHKI(RR rpRHa 

"HyneBoro nop.a.nxa", COAep>Kall(eii see peHopMRPOBKH cpeA

Hero non.a 

- - -
IE· G0 .. -<llo .. I tl 

lj I] a/--' 

= .l t.{[A~t] (c~;;c~:d rB~~·] [c~;: G~:~l 
k 

, lk , )( , J( 
a A-a - R-a 

ik ki 

C DOMOII(&IO npeo6pa30BaHH.R «<»yp&e 

c .. =N-I.leiq<Rr-H/c 
011 q Oq 

MO*BO HaRTH .RBHLIH BRA Ma TpRI(LI GO q: 

c~: (w) 
+-

G Oq (w) 

-+ 
G0 q (w) G ~~(w) 

10 

n+ b 
-a 

+ 
"-ac 

n d -a 

n a -a 

• ( ab - cd) -l . 

/22/ 

/23/ 

., 

Ko34M)RilHeHTLI a, b, c,d paBHLI: 

a = ( w - E + - N -I .l £ r ( A ++ (- r) - 8 + + ( r - q) ) , 
T 

b =(w-E_ -N-1 Lt:r(A--(-r) -R--(r-q)), 
T 

-1 -+ -+ 
c=N .lt:

7
(A (-r)-B (r-q)); 

T 

-I +- +-
d=N .lt:

7
(A (-r)-B (r-q)) . 

T 

fiOACTaBRB /23/ B /18/, DOllY'IRM: 

--I 
G ((<J) = G

0 
(uJ) + G(J (uJ) • <fJ • D 

1 
(uJ) , 

q 'I q q 

rAe 11 ( i rl ~ . 
1 a I , ,. J) [ d .. I • D (uJ) = 1<· . ..:;, 1 ·k ik u J·[1u <o 'I I 'I k I , 

/24/ 

/25/ 

TaKRM o6pa30M, An.& nonyqeHR.& ypaBHeHR.a ,naiicoHa HaM 

Re06XO,nHMO BLI'IRCllRT& MaTpRI(y J)lq( <o).,nn.a 3TOrO npo

.nHcPllepeRI(RpyeM 3TY MaTpR'IHYIO 4JyHKI(HIO rpHHa DO BTOpOMY 

BpeMeHH 

.d ,.· (ir) ~ " 
-1-·.· • .l_ ,_kn .k ; d ·r'J (t) '/ dt k I I ,U J -,(J 

/26/ 

BLIAen.a.a Tenep& B ypaBHeHHH /26/, aHanorH'IHO /22/, He

npHBO.nHMYIO DO npaBLIM ODepaTopaM ciiYHKI(HIO rpHHa, 6yAeM 

HMeT&, C yqeTOM /19/, 

- - -
D ( uJ) • E - D ( uJ) 

l' ij 2, ij 

= .l t . 
mf:3' ffi] 

+{3' 
DI .. ,I] 

o-W 
I, ij 

X 

+/)" + -{3' +i 
[!Ami l !Ami I J 

+{3' 
Dl. ,Jm 

o-f3' 
l,im 

+{3' + -{3' + 
[I Bjm l fB jm I ] 

>( 

- ~ 

/27/ 

II 



r.Q:e 

1-D l - <~ D(irl ~~ I (ir) \+ • 
2 .. a-< k t.k "k k t . D . a >> ' 

, IJ at-' k 1 1 ,a m mJ IDJ,tJ w 
1281 

OTKy.Q:a Henocpe.Q:CTBeHHO cne,Q:yeT, 'ITO 

- - - - -
Gq (w) =Go Jw) + Goq (w) • P q ((J)) ·Go q(w) 1291 

r.Q:e 

- -1- -1 p ((J)) = ¢- . D2 ((J)) .¢-
q ,q 

1301 

aueeT cuwcn pa.Q:BaiUIOHHoro onepaTopa/5
,
6
/. Maccosw:ii: 

onepaTop Mq ((J)) nonHo:ii: ciiYHimBB rpaHa, onpe.Q:enJieMwii 
ypaBBeHBeM ~a:ii:coHa 

- - - - -
Gq((J)) = G0 q((J)) + G0 q ((J)) ·M q(w) ·Gq ((J)), 1311 

CBJI3aH c onepaTopoM P q (w) ypaBHeHBeM 

Pq(w)=Mq(w) -,-Mq(w)G 0 q(w)Pq((J)), 1321 

H3 1321 cne.Q:yeT, 'ITO Mq(w) npe.Q:cTaBnJieTco6_!>:ii:co6cTBeH
HYIO BnB CBnhHO CBJI3aHHYIO 'laCTh onepaTopa p q (w) 

M <(J)) =f><dc(J))~-1 ·1Lt. t .«iJ~ir)ID(ir_)+>)c)l·<ii-1 ,/331 
q q km Ik IDJ Ik IDJ W q 

He co.Q:ep)l(amyro qacTe:ii:, coe.Q:BHeHHWX o.Q:Ho:ii: naHHe:ii: Goq((J)). 

«<»opuan~.Hoe pemeHBe ypasHeHBJI ~a:ii:coHa 1311 aueeT BB.Q:: 

- --1 - -l 
Gq ((J)) = IGoq ((J)) - Mq ((J)) l = 

12 

1 

--1 -
det(G 0 q -Mq) 

b --
<-=--Mq (w)) 

n -a 

c -+ 
(---::-+ M q ((J))) 

n_a 

d +-
(- + M q ((J))) 

n+ 
-a 

( 
a ++ --:r- - M q ((J)) ) 
n_a 

/341 

~ 
I 

t 

TaKBM o6pa30M, 3a,Q:a'la HaXO>K,AeHBJI ciiYHICIJ;BB rpaHa 
csenac~o K BW'IBcneHBIO 3neMeHTOB MaTp.an G 0~ B Mq(w). 
llo.Q:'IepKHeM e~e pa3, 'ITO nony'leHHoe npe.Q:cTasneHHe .Q:nJI 
uaccosoro onepaTopa 1331 JIBn.l!.,eTCJI '!_O'IHWM. llepe:ii:.Q:eM 
Tenep& K paccuoTpeHBIO waTp.an Goq B M q • 

4. tPyHKIIUJI FpuHa "HyAeoozo nop.IIOKa" 

H3 ypasHeHHJI IJ:21 cne.Q:yeT, 'ITO ciiYHimBJI rpaua "Hy
nesoro nopJI.Q:Ka" Goq ( (J)) npe.Q:cTasnJieT co6o:ii:, cornacHo 
TepMBHOnOrBH, npBHJITOH B pa6oTe /21/ lcM. Ta.IOKe /3/ I, 
pemeHBe ypasHeHBJI 117 I B o6o6~eHHOM npa6JUDKeHHH XapT
pa-«<»oKa IOllX~I. llonuaJI ciiYHimBJI rpaHa Hynesoro nopJI.Q:
Ka g0 (q, (J)) , cor nacHo I 131, pasHa 

( ) ( ) -l ( - + - + g 
0 

q, w = ab- cd n a + n b + n d + n c) = -a -a -a -a 

(J) - (n~a E_ + n=aE +) - ,\ (q) 

((J)- E +- n _=-a,\ 1 (q)) (w-E _-n~a ,\2 (q) )-n_=-a n_+a ,\3 (q),\ iq) 

r.n.e 

1 1 ++ ++ 
A

2
(q) = -_-L< (A-- (-r) -s--(r-q)), 

3 
,\4 ( q) 

,\ ( q) 

n+ T T 
-a 
1 + + + + 

=-L<r(A- (-t)-8- (r-q)), 
n+ T 
-a 

= (n=:a)2 (,\1 +A3) +(n~a)2 (,\2 +A4). 

1351 

1361 

TaKBM o6pa3oM, • Hama ciiYHKIUIJI rpaua "Hynesoro no
pJI.Q:Ka" aueeT .Q:Byx:qonrocHyro CTPYKTYPY, o'leHh 6na3KYIO 
K pemeHBIO "Xa66ap.Q: I I I". HueeTCJI, o.Q:HaKo, o.Q:Ho cy
~ecTBeHHoe OTnB'IBe, Ha KOTOpoe He06XO.Q:BMO o6paTBTh 
BHBMaHBe. PemeHBe "Xa66ap.Q: III" B aTOMHOM npe.Q:ene 
nepexo.Q:BT B pemeHBe 
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g(uJ) = 
<u- Un~a 

(<,J-10 (JJ 

/37/ 

,~~;uarouan~auoe B y3nosoM npe,~~;cTasneuuu. B · oTnH'IHe OT 
3Toro cny'laJI, uawa WYHKUHJI rpuua "uynesoro nopJI.IJ;Ka•• 
/35/ 3RBHCHT OT KBR3HHMDynbCa DpH nJ06biX CKOnb yrO,IJ;HO 
Manblx 3Ha'leHHJIX z ... 0, T .e. coxpauJieT ue,~~;uarouan~auyro 

CTPYKTYPY. KaK H3BecTuo, TeopH.II B03MyiUeHHii, onuparo
IURJICJI ua ucnon~a3osauue WYHKUHH rpuua "uynesoro no
pJI,II;Ka" B?a /37/, npHBO,II;HT K HenpaBHnbHbiM pe3ynbTa
TRM /! 4-lo · 3TBM npe,~~;naraeMbiB DO,II;XO,II; OTnH'IaeTCJI OT 
MeTO,IJ;a pa60T / 22• 21/, B KOTOpbiX DpH BbiBO,IJ;e ypaBHeHHJI 
,D.aiicoua HCDOnb3yeTCJI Ha'lanLHRJI WYHKUHJI rpuua /37 I. 

Ypasueuue ,IJ;nJI DOnJOCOB WYHKUHH rpuua /35/ HMeeT 
BH,II; 

-1 + + ++ _, -- --
!((IJ-F+ -N Ltr (A (-r) -B (r-<1)(<v-F _-N 2'r (A. (-r)-B (r-q))-

T T 

-1 -+ -+ -r +- +-- N Lf r (A (-r)- H (r-q) ). N Lf T ( .\ (_,..) -ll (r-q)) 1=0. 
T T 

/38/ 

CneKTp KBR3H'IRCTH'IHbiX B036y)I(,IJ;eHHB 6y.IJ;eT COCTOJITL H3 
,IJ;BYX BeTBeii 

<ul,2(q)= ~!(E++f:_+a 1 +b 1 )±[(E++f:_-a 1-b 1 ) 2 -·kdJ
112 t ./39/ 

r,~~;e 

a 1 = <u - E + - a ; b 
1 

= <d - E _ - b . 

TaKHM o6pa3oM, cneKTpan~auaJI HHTeHCHBHOCTb cllYHKUHH 
rpuua "Hynesoro DOp.II,II;Ka" 6y,IJ;eT HMeTb ,IJ;Ba DHKa, pac
CTOJIHHe Me)I(,IJ;y KOTOpbiMH paBHO 

2 I/2 (al-bl) 
w 1 (q)-cu 2(q)=IW-ai-bi) -cdl ~trO- ll )+O(z)-/40/ 

Hawe ,IJ;Byxnonrocuoe npe,IJ;CTaBneuue .IJ;n.ll WYHKUHH rpuua 
"uynesoro DOpJI,IJ;Ka" /35/, B KOTOpOM OTCYMMHpOBaHbl 
see peuopMHPOBKH cpe,~~;uero non.11, y)l(e co,~~;ep)I(BT ,~~;oson~auo 
MHoro uucllopMauuu o cucTeMe. HeKoTopble npH6nB)I(eHHble 
peWeHHJI DOnyqaJOTCJI H3 /35/ KRK 'IRCTHble cnyqaH. flo
Ka)l(eM, KaK H3 /35/ MO)I(BO nony'IHTb peweuue "Xa66ap,11; I" 

14 

DpB z -> 0. 4>yHK.UB10 r pBHa Goq (w) /23/ MO)I(HO nepenucaTb 
B BB,IJ;e 

db - 1c l-1 l-t_b __ -1 
l-1 1-a __ da c 

+ + a n- -n_a n n_a 

I 
-a -a 

c
0 

q ( u.,) = 

I /41/ 
-1 1 

b 
-1 -1 ~~-a __ db c ~- da c 1-- -I 

b n+ n+ - -n n -a -a -a -a 

OTKy,IJ;a nony'IHM 

n+ (l + c/b) n- (l + d/a) 
( ) -a -a 

go q,w = + ------
a - db-1 c b- ca - 1 d 

/42/ 

Y'IHTbiBaJI TOT cllaKT, 'ITO npu z _, 0, cne.IJ;yJI pa6oTaM 123-25~ 
MO)I(HO C'IHTRTb, 'ITO 

a{3 a(3 ++ + -- - ± + 
A <<B ; B ~, -n , B "" -n , B = 0, 

ik ki -a -a 

nepenuweM ypasueuue /42/ B cllopMe 

+ 
n (l + c/b) 
-a 

/43/ 

go(q,w)= --------------------+ -I ++ ++ -I 

+ 

(w-E - N 2 t: , (A ( q '- q) - B ( q ') ) -db c + . q' q --q 

n_:::-a( l + d/a) 

-1 -- -- -1 
<u- E_-N ~'q'--q(A (q'-q) -B (q')) -ca d 

q 

+ 
(JJ- { (l + 0( z) 

q - n_a) • 

l- "-a 
w-U-fqn-a 

/44/ 



Peweuae /44/ BnepBwe 6wno nonyqeuo Xa66apAOM B pa-

6oTe / 4/. • 
TaKBM o6pa30M, acnonL30BaHBe B KaqecTBe c)yHKIUIB 

rpaua "uyneBoro nop.IIAKa" npeACTaBneHBJI /35/ AaeT 6onL
wue npeHMymecTsa. llpaBB»LHa.ll c)yHKD.BOHanLHa.ll CTPYKTy
pa, KaK BBAHO B3 cpaBHeHBJI C /10/, aBTOMaTBqeCKB o6ec
neqaBaeT npaBBnLHoe noBeAeHBe mena B cneKTpe KBa3B
qacTBqawx COCTOJIHBB. llpB 3TOM, OAHaKO, 6onee TOqHO 
yqBTWBaiDTCJI HeABaroHa»LHWe 3neMeHTW c)yHKIUIB rpBHa, 
qeM B peweHHH "Xa66apA I I I". 3aMeTBM, qyo napaMeTpw 
/.. i (q) ue coAep>KaT 3aBBCBMOCTB oT qacTOTW. TaKa.ll 3a-

BBCBMOCTL, o6ycnosneuua.11 ueynpyrHMB npo~eccaMB pac
ce.IIHBJI, KaK 6yAeT UOKa3aHO HH>Ke, B03HBKaeT 3a cqeT 
MaccoBoro onepaTopa, qyo no3BOnJieT B .IIBHOM BRAe yqecTL 
nonpaBKB 3a cqeT 3c)c)eKTOB pacce.IIHBJI KBa3BqacT~. 

5. HonpaaKu 3a c~e• Maccoaozo onepa•opa 

llepeuopMBposaHHWi 3a cqeT yaccoBoro onepaTopa 
cneKTp CBCTeMW 6yAeT 3aAaBaTLCJI ypaBHeHBeM 

0 =(-a--M++ (w) ( _L- M--(w) -(-c-+M -+(w) ( ~ +M+q(w)) /45/ 
n+ q n- q n- q n 
-a •·-a -a -a 

B cymecTBeHHO onpeAenJITLCJI xapaKTepoM npa6nH>KeHBi, 
acnonL30BaHHWX A»JI BwqacneHBJI MaccoBoro onepaTopa. 
llonHaJI c)yHK~BJI rpaHa g(q,w) 6yAeT BMeTL BRA: 

1 1 + ++ 
g(q,w) = 1-(a-n M (w)) + 

-1- + -aq 
det(G -

0 
- M (w)) n a q -

+ - 1-(b-n- M--(w))+~(d+n+ M+lw))+-1-(c+n- M-+(w)) I= 
n .=-a . -a q n -a -a q n .=-a -a q 

+ - ~ 
w-(ILaE-+11..(1E+)- /..(q,w) 

(w-E -n- ~ 1 (q,w))(w-- E -n + ~ 
2
(q ,w)) -n- n + 5:3 (q,w) A 4(q ,w) 

+ -a - -a -a -a 

/46/ 
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I 

[ 

rAe 

+ 
-1 l n-a ++ 
>. 2 (q,w) =A2(q) - -i-M~-(w), 

ILa 

+ 
-3 3 ILa ++ /47/ 
/.. 4 (q~w) = t..4(q) + -+ -Mq (w), 

n -=-a 

A(q,w) = /..(q) +n~an_:::-a(M~+(w) +M~lw) -M;+(w) -M~-(w)). 

IIonpaBKB 3a cqeT MaccoBoro onepaTopa BXOAJIT B /47/ KaK 
aMHTHBHWe A06aBKH, qyo oqeuL YA06uo npu o~eHKe BKna
AOB pa3naqawx 3c)c)eKTOB pacceJIHHJI. Peweuue /46/ JisnJI
eTCJI TOqHWM npeACTaBneHHeM A»JI c)yHKD.HH rpHHa g(q, w) , 
onpeAenJIIDmHMCJI JIHWL cnoco6oM aw6opa c)yHKD.HH rpuua 
"uyneaoro nopJIAKa" /35/. llo3TOMY peweuue "Xa66apA I I I" 
JisnJieTCJI nuwL qacTHWM cnyqaeM peweHH.II I 46/. IIocKonLKY 
peweHHe /46/ cnpaBeA»HBO M.ll npoH3BOnLHWX z, ero 
MO>KHO HCUO»L30BaTL UpH UOCTpOeHHH UpH6nH>KeHHWX HH
TepnonJIIUIOHHWX una npeAenLHWX pemeuHi. ,IVI.11 3Toro 
YA06Ho 3anucaTL 3neMeHTW MaTpH~w Mq (w) qepe3 Kop-
penJIJU~OHHwe c)yHKIUIB /5,6, 1/ · 

lm M ;I _ Joo dw' ( w'/0 l) Joo dt -iw'tN -1 ~ -iq( R.-R.) 
'1"1 •'l' {3- --, e - -e "'"' e 1 J x 

q a -<X> w-w -«> 2rr ijkm 

+(ir) (ir) (c) 
xt.kt .<D .f3(t)D.k > 

I ffij ffi)o • I ,a 
/48/ 

C UOMOII(LID BBeAeHBJI HenpHBOAHMWX qacTeii c)yHKD.HB rpa
Ha MW OTAenHnB BCe OAHOBpeMeHHWe cnapHBaHBJI. Boc
nonL3yeMCJI TenepL MeTOAOM, npeAnO>KeHHWM B pa6oTe / 6/ , 

a HMeHHO - npOBeAeM B03MO>KHWe pa3HOBpeMeHHWe cna
pHBaHHJI MJI KOppenJIIU~OHHOH c)yHK~HH B npaBOB qacTH 
ypaaueuuJI /48/. TorAa nonyqay: 

+( ir),c ( ir) (c) + f3 a + a {:3 
<Dmj,p' t) Dik,a > ""<~( t)aka><nj_J t)ni-a>+<~( t)ni-a><nj-a( t)~if+ 
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.+ +a + a + 
+/1<b . (t)aka><a. (t)n. >+fkb. (t)n. ><a. (t}ak > + 

ffiJ,-(1 1a 1-a ffiJ,-a 1-a , ]a a 

+ ' 6 ( + ~ 
+u<'\tW'J( t} aia ?<n i-a t) bik,-o >+a <'\no( t) bik, -a ><nj-a ( t} b ik, -a > + 

+ + + + 
+ufi<b. (t)a. ><a. (t)b.k >+a{i<b . (t)b.k ><a. (t)a. >. 

mJ,--iT 1 a Y' 1 ,-a mJ,-a 1 ,-a p 1a 

/49/ 
BXO,I\JIII.Uie B /49/ BenB'IHHLI MO>KHO HHTepnpeTHpOBaTL ua 
JI3LIKe Teopuu cnnaaoa KaK nonpaBKH pacceJIHHJI acne,!\
CTBHe QeynopJI.I\O'IenuocTH, nonpaBKH pe3ouaucuoro ywupe
HHJI H HHTepct,epeHltHOHHLie nonpaBKH. 

B Ka'leCTBe npnMepa BLI'IHCnHM nonpaBKY, o6ycnoa
neuuyro HeynopJI,I\O'IeHHOCTLIO CHCTeMLI, T .e. 6y,l\eM C'IH
TaTL, 'ITO 

+(ir) (ir) (.-) + {3 u 
< D rn j' /J l ) D i k ' u > co < a rna ( t ) a k a > < n j - J l ) n i - a > 

+ ( ) f-3 u =<a t a •. In n 
mu ka -a -a 

~ K u(3 ( l) l , 
I] 

/50/ 

rAe 
a{-3 

K . ( t) 
lj 

0 N u u . 
·.(n. (1)-n )(n. -n ) 

I -(T -0 I -(1 -(J 

llepawi 'lneu B ypaaueuuu /50/ onucwaaeT pacceJiuue 
KBa3H'IaCTH'IHLIX B036y)K,I\eHHB CO CDHHOM rT B cpe,I\HeM 
none n_a , BTopoi - ,1\ononuaTenLHYIO nepe,l\a'ly HMnynL
ca npa pacceJIHHH. )J,nJI Ka'leCTBeuuoi oueuKH BToporo 3ciJ
clleKTa MO>KHO BOCDOnL30BaTLCJI CTaTH'IeCKHM npa6JIJDKeHHeM 
K ~{1 ( 1) "" K~f ( 1 = 0) /cpa~ua /o/ I. lloACTaanJIJI /50/ B /48/, 
nonyqaM 

I¢·M .¢1 = t dw' (ew'/0 -1} t i!_e-iw'tN-1 L e -iq(Ri-Ri~ 
q af3 -oo w - w' -oo 2rr ··k IJ m 

oo dw l iw
1 

t 

xtiktmr}"" wl/{J -1 e 
e 

I 1 ( . I p a a{3 
-;-lmgmk w]+Id (n-on-a+Kij (0)), 

/51/ 

18 

YpaaueHHJI /46/ H /51/ npe,l\cTaansroT co6oi cauocorna
coaauuyro CHCT-eMy ypaBHeHHB ,1\nJI 0,1\HO'IaCTH'IHOi cllYHKUHH 
rpaua g( q' 01 ). Bw6upaJI TO BHH BHOe Ha'lanLHOe npe,I\CTaa
neHHe ,1\nJI cllYHKilBB g m k ( W + ic ) B npaBOB 'laCTH /51/, 
MLI MO>KeM BLI'tHCnHTL cllYHKUHIO rpuua g( q, w) /46/. 3aTeM, 
DO,I\CTaBnJIJI DOny'leHHLIR pe3ynLTaT CHOBa B /51/, MO>KHO 
uaiTH, B npauuune, 6onee TO'Inoe peweHHe. ,lJ,nJI o:u;euKH 
~KTOB pacceJIHHJI BCne,I\CTBHe HeynopJI,I\O'IeHHOCTH B npe
,1\ene z-> 0, B03LMeM B Ka'leCTBe "3aTpaBO'IHOro" npe,I\CTaB
neHHe ,1\nJI gmk ( iv) B BH,I\e /44/. Tor ,!\a, DO,I\CTaBJIJIJI /44/ 
B /51/, DOny'IHM 

- -l 2 a{3 f3 a 
l<l>·Mq·<l>lafi"' N ~ kq-q'l IKq'+ n_ 17 n_a1 x 

q 

x I n -a 

w-U 
I' + 

-f ,. n 
q- q -a 

W-E ,(1-n) 
q- q -a' 

/52/ 

OTKy,l\a MLI B JIBHOM BH,I\e MO>KeM HaRTH C,I\BHr 3HeprHH H 
3aTyxauue acne,I\CTBHe ueynpyroro pacceJIHHJI KBa3H'Iac
TH'IHLIX B036y)K,I\eHHB, 'ITO JIBJIJieTCJI 3Ha'IHTeJILHLIM npeu
MyiUeCTBOM no cpaaueuHIO c pa6oToii/ls/, rAe JIBnoe aw
qucneuue auannTB'IecKoro BHAa Maccoaoro onepaTopa AJIJI 
pa3JIH'IHLIX nonpaBOK BeCLMa 3aTpy,I\HHTenL~O. 3aMeTHM, 
'ITO BLI'IHCneuue KoppenJiuuouuoi ciJynKUBH K ~ Tpe6yeT oco-
6oro paccMoTpeuaJI a noToMy B ,1\auuoii paooTe ue npoao
.1\HTCJI. llO,I\06HLIM >Ke o6pa30M MO>KHO y'leCTL H nonpaBKH 
pe 3ouaucuoro ywupeuuJI. Mw npe,l\nonaraeM paccMoTpeTL 
3TOT BODpOC OT,I\enLHO. 3aMeTHM, 'ITO HanH'IHe JIBHOrO 
awpa>KeHHJI AJIJI nonpaaoK pacceJIHHJI /47 I no3BOnJieT yqecTL 
BnHJIHHe nocne,I\HHX ua KPHTepuii ciJeppoMarunTuoroynopJI
.1\0'IeHHJI B CHCTeMe, DOCKOJILKY CTaTH'IeCKaJI BOCDpHHM
'IHBOCTL CHCTeMLI X. BLipa>KaeTCJI 'lepe 3 ciJYHKUHIO g ( q, w) : 

') 00 

X=- -flJL ~ (signa)· _c!__l f dwn(w) Im g(q, w + id I I ·/53/ 
N qa dii -oo H=O 

Jionee no,l\po6uo 3TOT aonpoc 6yAeT paccMoTpeu B cneAYIO

IUei pa6oTe. 
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6. 06cyxoeHue 
. 

TaKHM o6pa3oM, B HacToJime:i pa6oTe YAAJIOCL o6o6muTL 
MeTOAUKY BBeAeHHJI HenpHBOAHMWX qacTe:i ~YHKUHB rpHHa 

AJIJI CJiyqaJI oqeHL CHJILHOB KOppeJIJIJliiH 3JieKTpOHOB H DOJiy• 
quTL o6mee peweHue MOAeJIH Xa66apAa, AaiOmee npaBHJIL· 
Hoe noBeAeHHe wenu B cneKTpe H JIBJIJIIOmeecJI o6o6meHHeM 
peweHHJI "Xa66apA III" H peweHHJI PoT/1 8,24/. B OTJIHque 
OT YKa3aHHWX pa60T, Haw MeTOA U03BOJIJieT DOCJieAOBa· 
TeJILHO paCCMOTpeTL BJIHJIHHe KOHeqHOrO BpeMeHH ~3HH 
KBa3HqacTHI{, KOTOpWM B 60JILWHHCTBe pa60T npeue6pera· 
eTCJI, H UOJiyqHTL JIBHWe aHaJIHTHqecKHe BWpa>KeHHJI AJIJI 
pa3JIHqHWX BKJiaAOB OT 3cW»eKTOB pacceJIHHJI. llpeHMymeCT· 
BOM MeTOAa JIBJIJieTCJI TaKlKe HCDOJIL30BaHHe B KaqecTBe 
~YHKI{HB rpuua "uyJieBoro DOPJIAKa" HeAHarOHaJILHOro B 
y3eJILHOM npeACTaBJieHHH swpalKeHHJI /35/. HaJIHque caMo· 
COrJiaCOBaHHOB CHCTeMW ypaBHeHHB /46/ H /51/, a TaKlKe 
Toquoro npeACTaBJieHHJI AJIJI Maccosoro onepaTopa oqeuL 
YA06HO DpH CHCTeMaTuqeCKOM UOCTpOeHHH npH6JIH)I(eHHWX 
HHTepUOJIJIJliiOHHWX peWeHHB. 

Pa3BHTW:i B uacToJime:i pa6oTe MeTOA secLMa 6JIH30K 
K MeTOAY PoT /24,26/ H MeTOAY MOMeHTOB/15,25, 27,28/ , 

OTJIHqaJICL OT HHX KOHKpeTHWM CDOC060M npoeKTHpOBaHHJI 
BWCWHX ~YHKI{HB rpuHa ua HCXOAUWe. KaK H MeTOAW /15,24-28~ 
HaW MeTOA He JIBJIJieTCJI UOJIHOCTLIO CaMOCOrJiaCOBaHHWM, 
B TOM CMWCJie, qTo He BCe B03HHKaiOmHe KOppeJIJII{HOHHWe 
~YHKI{HH MOlKHO BWqHCJIHTL qepe3 HC~OAHWe ~YHKUHH rpHHa, 
nocKOJILKY onepaTopw dia/3 H dj (:h ue o6pa3yiOT anre6py 
onepaTopoB. ,l(JIJI nocTpoeHHJI noJIHOCTLIO caMocornacosau
Horo peweHHJI ueo6xoAUMO, KaK yKa3auo B pa6oTax/22, ';!}/ , 
noJIL30BaTLCJI anre6po:i onepaTopoB !DI 

1 + . 
Di =ni~ait' 

5 + . 
D.= ai t a i~ ' I 

2 - . 
D =n. a.t, 

j I~ I 

6 . 
D.= aitai~ ' I 

3 + 4 -
D.=n.ta.; D.=n:ta.; 

I I~ I I I~ 

7 . 
D. =nit' I 

D~= 
I 

n. , 
I+ 

/54/ 

llpeACTaBJIJieT HHTepec DODWTaTLCJI 0606mHTL pa3BHTWB 
DOAXOA AJIJI anre6pw onepaTopoB !DI /54/. MeTOA TaKlKe 
AonycKaeT pacwupeuue AJIJI cnyqaJI MOAeJIH AHAepcoHa, AJIJI 
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KOTOpO~ HeAaBHO 6WJia pa3BHTa TeopHJI KOppeJIJIJliiH/30/Ha 
OCHOBe ypaBHeHHJI ,l(a:iCOHa C "HyJieBo:i" ~YHKUHe:i rpuua 
BHAa /37 I. laMeTHM, HaKoHel{, qTo He npeACTaBJIJieT oco· 
6oro TPYAa o6o6meuue Aauuo:i TeXHHKH Ha cnyqa:i ucnoJIL· 
30BaHHJI onepaTopoB Xa66apAa 1 X~q 11311. 

B 3aKJIIOqeuue aBTop BWpWKaeT rny60KYIO 6naroAapHOCTL 
npo4le ccopy BOJIL~raury r eTI{e 3a CTHMYJIHPYIOmBe ABC· 
KYCCHH, B pe3yJILTaTe KOTOpWX DOJIBHJiaCL 3Ta pa6oTa. 
ABTop HCKpeHHe npH3HaTeneu H.M.llnaKUAe 3a BHHMaHHe 
K pa6oTe H HHTepecuwe 06CYlKAeHHJI, a TaKlKe ,l(.H.XoM· 
cKoMy, K.A.KHKOHHY, B.A.KanycTHHy, IO.Wpa:i6epy 3anpo
qTeHHe pyKOUHCH H UOJie3HWe KpHTHqecKHe 3aMeqaHHJI. 
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