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I. B.Be~eime 

B COB,PeMeBllO~ JIOKBJll>llO~ XBaHTOBOA TeOp:m! no.na: (KTII) npB 

npaMOM Bli'lll:CJl~mm BHCimtX llOpimKOB B PH.DY Teopo B03MYlllemm 

:imeeT MeCTO pacxo~OCT:& HHTerpaJIOB no BHp'cya.JI:&miM m.myJI&caM 

B neTJieB!llC .n;ll:arµ:i.MMax. IIpH<ieM , B c.nyt1ae Ta& HaSHBaeMhtX nepe­

Hopr..mpyeMWC Teopmt nyTeM BBe~emr.a B Jiar:pa.HJ!!l!aH KOHe-cmoro 'lll:c­

Jia. KOHTp'iJ!eHOB y~eTcH YCTPaHRT:& Bee pacxo.ItHMOCTl!r. IlpH aToM 

Ha llpOMeJKYTOlJHOM 3Tane !IpHXO~TCH one:pilpo:BaT:b pacxO,ll;ffil1IDllHCH 

HHTerpaJia.MH , lJTO MaTeM9.Tl!rlJeCKH HeKoppeKTHO , TeM 60Jiee , 'CITO 

HCllOJI:&3yeMOe o6pe3a.HP!e no m.myJI:&CaM B TeOpH!O He 3aJIOlKeHO. K 

TOMY .ire, B00611!8 rOBOPfl, 6eCKOHe"tIHHe KOH'rpltlleim JililllalOT TaKRe 

BeJlK'IliWH, RaK ~ffi!:cTBHe, KaRoro-J!ll6o ~KsRtJ:ecxoro co~ePJ!!B.HJIIJ! . 

CJie,IJyeT yxasaT:& , l!TO B Hl!3llll!X nop.R;IJ;RaX TeopmI Bos1~elnrli 

pacxo~OCTR He B03H!Ilta!OT, a pesyJibTaTH pac~eTOB KOHKPeTH!lx 

nponeccoB B rrpe~e.rra.x TO't!HOCTH 3TKX npH6JIIDKeHKii xopomo corJJacy­

mTc.<1 c 3KCIIepmJJeHTOM .2:, llOOKOJffiKY CJie.rry~e rrop;mxH Teop:im: 

B03MYll.lemrll: ,I(OJllKHH ,lla.BaTI> JJIDJ:l.b He3Ha'Il!TeJThHh!e no.u:prrB:rm, MOJKIW 

npe~OJIOlKJ:ITh , ~TO Ha caMOM ~eJie B rro~,HHTerpaJI:&Hhte Bl:l:pa.~eHRB: 
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;ri;>Ia!'pa.MM Ka.KiIM-TO o6pa30M H3Hatm.ll.bHO BXO,WiT ®'HK~. .n;e.nannae 

HX KOHellllli:MR. A 3TO 03Ha.'18.eT ''ITO Teopru:r CTaHOBHTCSI HMOKaJihHOit •. 

K TOlzy ~e _HeJIOKa.J!bHOCTh B03HHKaeT y;Ke B TaK Ba3.blllaeMWC Hene-

1 peHOPMHPYeMHx Teop:ID!x, B KOTOpHe ,IJ;J.llI ycTpaHeHIDI pacxO,IJ;HMOCTett 

Hyll!HO BBO.n;RT:b B Jiarpa.IDKHaH 6ecKOHe'lHhlli PJm KOHTp'tJJ.!eHOB, .slllJIHlO­

mWi:cH, ITO CY!lleCTBy, pa3JIOllteHHeM HeKOTOporo HeJ!O~oro Bbl~e­

HHH. Il03TOMY npe.n;CTaBJIJleTCH ecTeCTBeHHHM H3 BCex H~eHll!H B 

KTII, IT:pH3BaHHI:IX H3JKHTh pacxo,n;RMOCTH, ocTaHOBHThC.ff Ha H,IJ;ee HeJio~ 

Ka.llliHOCTH, rro.n;pasyMeBaialleii Ha.Jilf'l1l:e Tott K.lm HHOtt CTPYKTYPH BO 

BSaHMo.n;eil:CTBR!IX -.m.CTHIJ;, BJIB.lUlHe .ROTOpo:ii Ha CBepXMa.JlblX paccTOH ... 

HHHX MO~eT OR.a38ThCH C.Ylll0CTB0HHHM. 

0,IJ;Ha.KO .n;~e B mm:60Jiee paspa60TaHHO:ii.ceii'la.C HeJIOKa.J!bHOtt 

K8Jl [I] H3 pacxo~CH B J!OR.aJll>HOM CJiy'Iae ,n;RarpaMM CXO,IJ;HTCH 

JIIDllD Te, KOTOpble co.n;epJKaT BH,Il;OH3MeHeHHblii,BCAe.n;cTBHe HeJIORaJIDHO~ 

ro o6o6meHIDI 06bl'lHOH .J!OKaADHO:ii KaJlll6pOBO'lHOH HHBapHa.HTHOCTH, 

nporraraTop ~oToHa. JlHarpa.MMa ~e 

~ (I.I) 

rro-rrpeJKHeMY paCXO.n;RTCH. 

B .u,amroil: pa6oTe nocTYJlllPYeTcH n:p:muimi HeJIOitaJILHott KaJm6po­

BO'IHOR HHBapHaHTHOCTH, c ITOMOIJlDD KOToporo y.n;aeTCH H36a.BKThC.ff 

:>T y.Jll>Tpa(flMoJieToBHx pacxo,IO!MocTeii, npucy111Hx JIOI<aJD>Hoit KBaHTo­

.aott Teopmr IlOJIH. KpoMe Toro, B HOBOtt TeO:pHl'l ITOsmJI.R:ll'l'Cll BsaRMO­

.n;eiicTBWI, lil:C'l:e38D!lRe B JIOKa.llDHOM npe.n;eJie. 

2. Il:pK~ HMO:kaJl:.oHOH KaJIH6poBO'tfHOH mma.pHaHTHOCTH. 

Ko:sapmi.HTHble ~p.ra. )leil:CTBKe 

JlOKaJIDHM KaJIH6poBO'lHM HHBapml.HTHOCT:b B o6H"!HOil: K8Jl 03-

Ha.1:raeT, 'ITO TeOpHH mma:pHaHTHa OTHOClil:T0J!DHO rrpeo6pasoBaHHil: 

lf '(x)= exp( l.il(x)) · lfJ(x) } 

+I , -t 7 f (X)"exp(-Litcx))· lJJ (X) 
(2.Ia) 

I 1 
.A,µ(x) =.flj4(x) + e;-a.I' lt(x) , (2.16) 

r.n;e \f'(x) H .Api (X) COOTBeTCTBeHHo IlOJieBaJI rWHKIJ;WI 3apmKemrott 

tra.CTHI!Jl H KaJLH6poBO'lHOe ( MeKTpOMa!'HHTHOe) IlOJie; ea - 3apB;D; 

ll:8CTHI!Jl, a A (X) - rrpoH3BOJn.HWI qiyHKIJ;wI. ( 3.n;ech H HUe paccMa­

Tp:ima.eTc.a: Crm:HO:pHM K8Jl). Ilpeo6pa30:aaHH.ff (2.Ia) OCTa:BJI.iIIOT HeHs­

MeHHblM II_POH3Be.n;eHHe tp+(X) lj}(x) • F.cJm BBeCTH B paccMOTpeHHe 

BeKTOp rH.l!.b6epTOBa rrpocTpaHCTBa 

llf>= jlfo<)jx>d 4 x, (2.2) 

r.n;e 

't' ( x) - nOJie i:mcTHIU>I, 

{1 x)} - oprouopmpo:aammtt 6a3HC KOOp,IJ;HHaTHOro Ilpe.IJ:CTaBJieHHH, 

nplil:'leM, no onpe.n;eJieHHD: 

(I lf > t = <lf I ; 
<xix')"' o(x-x'); 

TO :mmHO, 'ITO npeo6pa3oB8.Hl'tll (2.Ia) aBTOM8Tlil:'leCKl'I: He MeHJim H 

CRa.1111pHOe llp0H3Be.n;eHHe 

(y; I'+')= ~'+'+(x)lf<x)d4 x. (2.3) 
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0,WJ:a:KO (2.3) mrna.IJHa.HTHO OTHOCHTeJr:&HO 60Jiee nm:pOKOH rpymm He­

JIORa.JII:iHIDC Ra.JIH6poBO'IllliX npeo6pa30Ba.mtii 

'f'cx) =A(x,x')lfi(x') } 

tf 1(x) == f\x')A(x:X) ' 
(2.4) 

r.n;e 

-t * A (x,x')'=Acx;x) . (2.5) 

(3,n;ec:r, R B .n;a.JIIiHe:liimeM no IlOBTOPffiO!I\l!:MCH KOOp.n;mm.THHM nepeMe~ 

llO,ll;pg.syMeBaeTCH RHTerpHpoBa:im:e). ll3 :wraapmuITHOCTH (2.3) OTHO­

CRTeJlliHO (2.4) C.Jie.n;yeT COOTHOileHRe YHHT8.pHOCTH 

. + 
Acx,x')A(x;x") =5(x-x"). (2.6) 

IlOCKOJ!bKy npH BHCOKHX aHeprHHX 38.BHCKMOCTI:i @1!3H'!eCKHX BeJlH'IKH 

(HB.nplllMep, ce't{emtii) OT IlOJieH HBJif!eTCH HHTerpg.J!bHOH (Tax, B 06-

ll{ellIJHHHTHX MeTo,nax KBaHTOBa.HHH s - Ma.TpH'Illlie aJieMeHTH 38.BHCJl:T 

OT .n;eliCTBHH CKCTeMH nOJieli). a JIOI<BJll>HHe BHpruKerum TIDl8. lf'+(x) ~(X) 

He IDJleIDT Henocpe.n;cTBeHHoro \Pli3K'!eCKOrO·CMHCJia, TO ecTecTBeHHO 

0606111HTI:i Teopmo • IlOCTYJ!HPYH ee HHBapHaHTHOCTb OTHOCHTeJ!bHO 

npeo6pa30BaHKH (2.4), COxpaHHKI!lKX CKa.J!HpHOe npoR3Be.n;eHRe (2. 3) 

B I'H.lII:i6epTOBOM npocTpaHCTBe BeRTOpoB (2.2). 

llcXO,Il;H R3 rrpRHizy!I!a COOTBeTCTBKJI c JIOKaJ.lliHOH Teopn eli , rrpn­

MeM, 't{TO A<.x,x') 38.BRCRT OT rrapaMeTpa e ' nrpalOUlero pOJr:& He­

KOTopoii 3JleMeHT8.pHOH .n;JlRHH, nJ'm'l:eJi IUJR e _,_ 0 , a TaIOKe llPH 
- " 

x HJIH x' - oo 

A\x,x')-A(x)o(x-x') 
jA(x)\ = 1 

(H.H. ) 03Ha'IaeT - HeT HHTerpnpoBD.lGIH. 
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(JUL) (2.7) 

lls (2.4) R (2.7) ll!MeeM 

aµ ~(x)= [a.µA(x,x') t~A(x,x')]'l'<x')+A(x,x')a~ 'f(x'), (2.8) 

r.n;e 

ct - 8 
a..Jll = axCl. 

'JA (2.9) 

llJIR ll0JIY't{0HHH KOBapRa.HTHOro BHpaJJteHHH BBe.n;eM 6RJIOK8.JII:iHOe ITOJle 

qµcx,x') , KOTopoe npeo6pasyeTcsi: KaK 

ct,<x,x') =A(x,x,)G_,.,(x,1 x2)A(xex)+(-Ve.)[aJ"J\.(x,xv +a,,)t(><,x,J]A+(xf ). (2 . IO) 

Hs (2.8) H (2 . IO) cJie.nyeT, 'l:TO ROBapHa.HTHa.JI rrpOH3BO,Wia.JI pa.BHa 

~ lfJ(x) = a.fllfJ(x)-Le0 G_µ(x,x')l/)(x 1). (2.II) 

IlpHBe.n;eM Ta.IOKe BHpa.JKeHHe .n;JIH KOBapHa.IITHOtt ~OPMH , COCT8.BJI0HHOH 

H3 6RJIORa.JII:iHOro ITOJIH ~ (X, x ') 

~~ (x,x'):::: avs,cx,x')+ a~a,.. cx,x)-a..,c,,cx,x)-a;o~cx,x)+ 
(2 . I2) 

+ ~eo ( G.,.i (x,x,) G~(x, ,x') -c;:i (x, X1) C.,., (x1, x) ). 

TB.KHM o6pa30M, .n;eftcTBHe CHCT0MH ITOJieH, liliBapHa.HTgoe OTHOCHTeJII:i· 

HO npeo6pa30BaHRH (2.4), c Y't{0TOM rrpH.Hl.(IDia COOTB0TCTBHH c JlO­

RaJII:iHOH Teopneli HMeeT C.Jie,nyRJ!I1KH BH.n;: 

- - 1 ~ s = L lf/(x) ~JI' V'.}' 'f(x)- m \j)(X)'f(x)- 4 Jl.(f)G_,u,,(x,x) c>' (x;-*i)} (2 . I3) 

·r.n;e ~(x) = If .hH 0 , a .il ( e) - H0ROTOPHH pa3MepH!::fil MHOJKKTe.JII:i, 

CMHCJI KOTOporo BH.l!CHR0TCf:! HIDKe. 
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3. CBH3b 6:wroKaJ.IbHI:lX rroJieli c JIOKaJ.IbHHMH 

IlpeJKJJ:e i:reM rrpHCTyimTb K KBaHTOBaID'IHl CRCT6MH, YCTaHOBHM 

CBJ!Sb 6:wtOKa.JlbHOrO UO.Jlf[ G_,.(x,x') c JlORa.Jll>HblM 3Jl6KTPOMar:imT­

HhlM rroJieM. By,n;eM Ci:rRTaTb, 'ITO Gy (X)X') ITO aHaJIOI'lm c KOHetIHO­

MepHHMM Hea6eJieB.l:lMR KaJIR6poBO'IHHMR TeOpHliMH RBJJ.H6TCH HerrpHBO,Il;R~ 

MHM rrpHC06,n;HH6HHHM rrpe,n;cTaBJieHHeM 6eCKOH61{HOMepHOR KaJI11I6pOBO'l:­

HOtt rpyIIIIH rrpeo6pasoBa.HHR (2.4). Tor,n;a 

~ (x,x') = p (X)X~ X5 )JlJ'(Xs), (3.I) 

r.n;e j)(Xix: Xs) - H6H3B6CTHaJI (Ha ,n;aHHOM 3Tarre T60pRR) qiyHKUM 

Tpex rrepeMeHHmC (3aBHCJim9Ji K TOMJ .lite OT 3Jl6M6HTapHOH ,n;JIHHH e ), 
KOTOpyro cJie,nyeT C'IHTaTb 6eCKOH6'tffiOM6pHHM aHaJIOrOM reHepaTOpOB 

KOH6'IBOM6PHHX Hea6eJieBHX rpyrrn. IlepBHe ,]4Be KOOp,n;HHa.TH eyMepyIOT 

COOTB6TCTB6HHO CTpOKR H CTOJ16Wi 6eCKOH6'tffiOM6pHOH Ma.TpRUH, a 

TpeTbH rrpe,n;CTaB.Jlf[6T co6oli HOMep reHepaTOpa rpyrrIIH. ID:;K BR,Il;HO 

H3 (3.I), pa3MepHOCTH ~yH,n;aMeHTaJIDHOro H rrpHCOe,n;HHeHHoro rrpe,n;­

CTaBJieHHli COB~KJT H paBH!l MOIIUiOCTR Toi:reK rrpOCTpaHCTBa-BpeMe­

IDI. c TO'IKH speHHH rrpmni;ana COOTB6TCTBRH rroJie J}.(Xs) B (3.I) 

CJie,n;yeT Ci:rHTaTb JlOKaJlbHHM 3Jl6KTpOMa.I'HPrTHHM rroJieM~ Ilo aHaJIOrRH 

c r~HepaTOPaMH KOH6'tffiOMepH!lX rpynrr .lIR qrrpe,n;eJIHM CJ16,Dyl00llil6 CBOtt­

CTBa qiyHKUIDI p(x,x', Xs) : 

~ 
pcx,x;xs).P( x; x, X~)"' F o( Xs - x~); 

¥ I I ) .P (.X,X1Xs) =p(x,X,Xs ; 

(3.2) 

(3.3) 

r,n;e e - M6M6HTapHall ,n;JIRHa. MHOJKMT6J!D ( 1/ flt ) B (3.2) MO.lKHO 

rrpe,n;cTaBHTb B BH.n;e HHTerpaJia i:i)ypbe: 
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d4K ;,. = ~ C(K 2 f 11) exp ( LKne )(2sr)4 , 
(3.4) 

r,n;e '1p - H6KOTOPHH e~ B6RTOp; eCJm IIpH f -- 0 qiyHimWI 

C(i<. 2e2)-1 ' TO BeCb HHTerpaJI B (3.4)- 0 (0) (B COOTBeTCTmm 

c (3.16) (cM.HH.llte) ). Hcxo,n;a H3 BHIDeR3J!OllteHHoro,MOJJtHO orrpe,n;e­

JlllTD BHpa.JlteHRe ,lT,JUI ROMMy-TaTopa 

,P(XJX,, X5)p(x 1,x;x~)-p(x,x1 ,x~)p(X1)x; Xs)"' Lf (X5,X~,xi),p(x,x: X1), ( 3. 5) 

r.n;e f(x51 X~ 1 x,) orrpe,n;eJIHeTM o,n;H03Ha'l:Ho RaR 

,f( . I II) ·t4 ( I II r I ) ( I ( I I ,1 J X5,Xs,Xs =-L .P X,X,Xs)t.P(X,X1,Xs:f> x,,x,xs)-p X,X,,Xs).P(X,,X,Xs)J. 
(3.6) 

3Ta qiyHRD;Wl aHaJIO!'H'IHa CTPYRTYPHllM RORCTaHTaM ROHe'!HOMepHHX 

aJll'e6p JJH. IlpRMeM, 'ITO qiyHKUWI .f(><,x';x5 ) l'IRBapmiHTHa OTROCH­

TeJIDHO Heo.n;Hopo.n;Ro:lt rpylIIIl:l liope~. Tor,n;a HS TpaHCJll'ID;ROHHoli 

HHBa.pnaHTHOCTR aTo:lt qiyHltUWI CJie,nyeT, "ITO 

.P(X,X~Xs) = R(x-Xs,X'-Xs). (3.7) 

Hs (3,6) R (3.7) HeTpy,n;Ho llORaSaTb, ~TO qiyHKIU'IJI f I ") (Xs ,Xs ,Xs 

' TB.Rllte 38.BRCRT TOJ!DRO OT ,14Byx paSHOCTe:lt ROOp,nRH:aT, T.e. 

..f( I IJ ( 11 I ") J X5 ,X5 ,X5 );;:: F X5 -X 51 X5 -X5 (3,8) 

K R TOMY xe aHTHClilMMeTpH'!Ha OTHOCRTeJibHO nepe?TaHOBKI! JI106HX 

CBOKX nepeMeHHI:CJt. CAe,n;yeT ,n;o6aBRTb, ~TO B006111e rOBOpR:, cpyHKIJ;ldH 

p(x,x; X5 ) R f(x,,x~,x~) HBJIHPJTCH 0606111eHHHMH ~YHKIU!liMH · 

Ilo,n;CTaBJ!HH (3 .I) B (2 .12) , IIOJiyi:mM 
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;r 

~~(X, X
1
) == T; (x 1x'.><s)~ (X 5) - lj,(X;X~X5).Av(X5) + p(XJX~Xs) /j".y (x,) -

- eop(x,x;xs)f(X~X~;Xs)~ (X~).fly(x;) I (3.9) 

r~e 

s s 
f).v (Xs) = 8¥ .Aµ ( Xs) - By .Av (Xs), (3.IO) 

r. ( I ) ( I I I s ' (3 II) p. X)X,Xs = OJ-1.P X,X,Xs)+ a.flp(x,X,Xs) + 8.f'p(X;X,Xs). • 

!13 (3.7) l! (3.II) ~e.n:yeT, ~TO 

~ (x;x;xs) <00, (3.I2) 

TaIGiM o6pasoM HMeeM: 

Cy\> (x1x1
) ==p(x,x;xs){ FJU~(Xs)-e.,f (x~,x~x5 ) .AJ'A (x~) .A~ (x;)} . (3.I3) 

IIo.n;cTa.B.JIIDI ( 3. I3) B ( 2. I3) l'I IIcno~i,sy.FI ( 3. 2) , a TaIOKe ITpl!H.ffB 

~ COOTB8TCTBHR c ~OKa.JThHOH TeOpl'Ieli, ~TO MHOJKHTe~b 4(e)=e 4 • 

~ noJIHoro ~eHCTBWI IlO~'lliM C~8.D:YKll!188 BHpallteHl!e: 
• - JJ. - 1 FJJ.~ 

S=Llf(x)~ ~lfi(x)-rnlj}(x)ljJ(x)- 4Fy~(x) (:><) + 

Bo .r. ( • 11 X ) r ( ) n.J'l , y 11 ( 3 I 4) 
t 2 J Xs ,Xs 1 s ~Y Xs Jl (Xs) .A (x5) - • 

e~f ( I II ) f I II .A ( I ).Aµ( 1 .Ay " .A 11 -Lt Xs,Xs,Xs (H5 !:i5 Xs) '.fl Xs ~s) (~s)• v(Xs). 
UpHMeM, ~TO, KaK l! B KOHe~HOMepHOM C~tra.e, MaTpl!IJY l!HqJHHHT83l!-

Ma.7U>HOro npeo6pa30:Ba.Hli.ff 6eCKOHe~oMepHOR ~6pOBO~OH rpyillIH 

Acx,x') Mo.JKHo sammaTn B BJ[)J;e: 

A(x,x') = 6 (x-x') + LJ> (xJx; Xs) 11. (Xs), (3.15) 

r~e .i't. (Xs) - HeKOTOpaH rrpOl!3BO~Ha.ff qJyHKUKI!. JJ.;m COOTB8TCTBM c 

( 2. 7) He06XO.n;HMO, '!T06H B nOKaJll>HOM ~~e ( e -.. Q ) 

IO 

.f (X1x;x5)-6(x-Xs) o(x'-xs). (H.!1.) (3.I6) 

Ilpl! 8TOM BHilOJIH.ff6TC.ff IlPfillIJ;l!Il COOTBeTCTBHR c ~OKa.JThHOR TeOpl!eR, 

ITOCKOJll>KY MOJKHO ITOK8.3aTb, ~TO B 8TOM rrpe~e~e 

f(xs,X~,x~')-0, (3.I7) 

A(x,x')- exp(Ut.(x))·cS(x-x'), (I-I.11. ) (3.18) 

l! BHpallteHRe (3.I4) nepexO.n;HT B 06J:ll!H08 ~eHCTBl!e ~OKa.JibHOH K3~. 

BHIIBll.leM Heo6xo~HMHe ~ ~~nHelimero IIHWHHHT63l!M~nHHe Ka.JIII6po­

BO'tJllle rrpeo6pa30BaHID! (~(X) «I). 

Ilo~CTa.BJ.l.llll (3.15) B ypaEH8Hl!e (2.IO) H rrpeHe6peraR '1Jl8Ha.MH BHC-

mero no PJI,IJ;Ka no .fl , n MJ"!IDA 

~(X5) ==-Ap.<xs)+f(x~,x;,xs).il(x;).A"(X~)+ i0 a~Jl.(Xs). 

4. KBaliTOBaHl!8. IlpOH3BO.IJIIlJ!llli qJyHKI.~IWHM. 

)lHarpaMMa T>l:Ka 

(3.I9) 

KBaHTOBaHRe CHCT8Mlil 6y~eM rrpOK3BO.n;HT:b c IlOMomnro M8TO~a KOH­

THH:ya.JThHOro l!HTerpHpoBaHH.ff B qJyHKll;l'!:OHMbHOM npocTpaHCTBe rro~eft. 

l1cxo,nR: H3 npmru;mra COOTB8TCTBM, rrpHMeM, ~TO aMITJIBTY.D:Y Ba:eyyM­

-BaKYYMHOro nepexo~a H rrp0l!3BO~ qJyHKUIIO~ MO.lKHO samrcaTb 

B B~e Me~IOi!IHX KOHTHHy~HHX HHTerpa.JIOB ( 1i == c = 1 . 

< o Io>= N- 1 S exp (i.S (~ ,4', \jj)) G (.A.JU)· :lJA · :tJiiJ · iJlfl (4.I ) 

II 



Z [::1, ~, ~] "° N-1 S expi.{ S (.A.r<, 41, qi)+ :Z., (X).A"'<xJ t f <x)~(x) +~(x)IJJ(x)} x 

x G (Ap)·.:D.A-~ljj·JZJ4!, (4.2) 

r)'.(e N - HeKoTop~ nocTOBHmrll MHOJKKTeJil>, a ipy~oHaJI Q(.A_,.) 

CBB38.H c BH60pOM noBepXHOCTR B MHoroo6pas:irn: Ka.JIH6pOBO'!HbIX no­

~ett, O)'.(HOKpaTHO nepeceRa.K111eliCB c Op6KTa.Ml'! 6eCKOHe"1HOMepHott Ka­

.mt6poBOtniOl1 rpynnH. B npe)'.(Me e-o (4.1), (4.2) nepexo,wrT B 

COOTBeTCTBYIOllVrle BHpa;KSHKB ~ORaJ!l>HOtt Teop:irn:. 

IlpOH3BO~ W°HKJJ;KOHB.Jl (4.2) 6y)'.(eM BH'DI~l> B ~OpeHI:(eB­

CKOH Ka.Jm6poBKe 

. dJ' ~ (X):: 0. (4.3) 

Tor)'.(a ipy~oHaJI G ( .A.f) , HCRJ.tKJtra.IDnl!rll: KHTerpxpo13a.lme no Ka­

.mi:6poBO'llli0-3KBKB~eHTHHM IlOJ!BM K He3aBRCBnl!rll: OT BH6opa noBepx-

HOCTR f (.R) (B ,I113.HHOM CJJy'tffi.e f(.R)=a~.Ap(x) ), B npocTpaHCT• 

Be n~ett 6y)'.(eT RMeTl> BK.I(: 

G (-AJA) =det M · Q S (a.I" .AJ"(x)), (4.4) 

r)'.(e lv1 - 6ecK0He11HoMepHaB MaTpHrr,a nepexo)'.(a OT nepeMeHHott f (.R) 

K. W'HKUID! .it (x) Ra..Jm6poBo"1Horo npeo6paaoBa.mur. lfa (3. 19) Me­

'lJYeT: 

a~Ji~(X) = aJ".AJA(x) +To o26(x-~).it(~) + a;f (x,x;~)A,..(XJil(~), ( 4.5·) 

OTicy')'.(a 

M (X1~):; a2o(x-~) + eoa; f(x,x; ~) J1Jll (X') . (4.6) 
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C TO'l!HOCTl>IO .IJ;O IlOCTomIHOrO MHODTeJI.H, CBJl3a.HllOrO C det 8 2 o(X-~) t 

det M: cl.et ( O(x-~)- eo-Z)o(x-z)a; ;f (Z!,X~~)~ (X'J)' ( 4. 7) 

r)'.(e 
~ . d 4 K 

.iJo(X) == ~ Ka+i.e. exp(-r..Kx)(Z9T)'+ . 

Mcn~syB RSBeCTHy!O WOPMYJlY 

detM = exp~penM, (4.8) 

RMeeM 

j} 
det M "'exp Jp ( L - 2 + · .. ) , (4. 9) 

r )'.(e 

L(X1!:/)"' -eo Zlo(X-~ ) a; f(z,x;y ) ~ (.><') · (4. ID l 

B COOTBeTCTBID'I c (3.8) , a TalOKe c TeM, ~TO W°Pl>e-06pas qJyint-

F(v -x" I " ) ~ "S s »<s -Xs o6Jla,n;aeT CBOHCTBOM 

f (O,K)=-F(K10):0, (4.ni 
IlOJzy'IB.eM 

- . ~-Jp L - ~ 1.eo~fl!Oo (~) F ( q.,o).Ap(o\2mlf - O · (4.12~ 

C~e)'.(OBaTe.'ll>HO, ec.JII! onpe)'.(eJm:T~ 3WPeRTHBHOe ~eHCTBRe Ka.K 

Seu= S- ~;5pen(1+ L), (4.13~ 

TO B npoR3BO;n;mqeM w-~oHaJ.Ie HyJllHO yinITHBaTl> 'V!eHlil B (4.9), 

Ha~ co BToporo.JJ:eTePMlllffil!T Ma.Tplml:l M (4.6) MO.imo BH:p:i­

sxu ~epea KOHTmzya.n:&mrtt RH'l'e~ .no !f:mt'l'JIBHHM mtTmtOMMyTl!pY!O-

T~ -



llll™ CKaJIRpHl:.lM noJJ.IIM ( ",nyxaM") C (x), C(x): 

det M = I .vc .t>Cexp ( LC(x)M(x) y) C(y)) = 
S (4.I4) 

= s JDC .YJC exp L [c<X)d 2
C(X) + eoC(x)a; f ( X,1X~ Y) .fl}' (x ') C(IJ)]. 

i1cnOJI&3y.a: npe.n;CTaBJiemre .IJ;Jlff 6 - tlJyHKUIIP.! B ( 4. 4) 

1 . 2) 
8 (a!' J),<x)) = eim r:2m2 exp (- ;c:L (a.fl .A}' cxv) J 

ol-+-0 -29h<i. c (4.I5) 

-t Fpr> 
a TaIOKe npeodpa3y.a: 'IJieH -4~~(X) (X) B (3.I4) H BBO,I:tll TORK 

~(x), ~ex) .!WI noJieii ".n;yxoB" Ccx) , ccx), rroJzytraeM 

Z [ J,11., ~.~,I]= N-
1 ~exp (i..Seff) Z).fl .VtjjtJ lj):l>C t)C, (4.I6) 

:c.n;e 

Seff =So+ S1 

- - i r 2 ~ "" , 1 _µ ~].A So-:Ltp(Xn_µa,u\f(x)-mttJ<xJlfi(x)+ a-.A~(X)La~" -a a +~oa li" (X)"' 

. · (4.I7) 
- 2 ~ - - - -

+ C(x)o C(x)+JJJ(x).A (x)+ ~(x)tp(x)+lp(x)'l,(X)t- C(X)~(X)+~Cx)C(x), 

Sr= €o~(x)t'p(x,X',Xs).Aµ(Xs) \f (X')+ eof(x5,x~,X~)a~.Aµ (Xs).AJl'(x~)A~(x~)-
2 

eo f ( I 
11 )f I II I II ,.,.JIA I V II - lt Xs,Xs,Xs (~s,y5 ,Xs).A}l(X5).Av(Xs)Jf (!15).A (~s) t 

+ eo Ccx)a; f ( x> x', y) .AJA (x') Ccy). (4.IB) 

f?aMeHRB B SI II0.71.fI :sap~OHHHMR IIpOH3BO~P.! ITO COOTBeTCTBy!O­

IIIRM TOKaM R npoBo.n;.a: KOHTHHyaJI&Hoe HHTerpP.!poBa.HHe B (4.I6),HMeeM 

I4 

(B RMrryJI:bCHOM rrpe.n;cTaBJieHID'I) 

Z~ - -1 . (. 4d . )4 0 '(~"'\4 5 'fc r\40 ;1 ,\4 sit l::t, 7 ,ri.,~,~ =expLSI-L(29T)s:1pc-1<>' i(esr o~(-1<)'-"<.0v 0?.(·1<)' •~sy0~<-1<J'-""8r1qry 

( i s d4K ) ><exp - 2 1y(-K):l'J_µ~(t<}:Jy(K) (29T)4 )( 

d 4 K 
x exp(-ifri(-K)50 (K)'l(I<:) (W)4)x 

r- d4K.) 
)( exp(-i j ~(-K).1J(K)~ ('<) (W)4 ' (4.I9) 

L'.n;e 

· S (.A w w - ) . rd4K1d4Ked~t<3 - Ji 
L r ')f''J T)c,c =ieo j (cfiT)B IJJ(K1)~ R(t<1,K2).A.r.<K3)o/(Ke)D(K, .. Ka'"K3)+ 

( d4
1<1d4 K2d4

K3 /IA i> 
+eo j (297)8 K3~F(K~,K1).R.f"(K3).A (-K.).A (Ke)c5(K,t-K2+K3)-

;,e~ sd41<,d4K2d4Kad4
1<4 

-4 ( 2sr)'a F(1<,,1<e)F(K3JK,.).Ap(1<,).Av(Kz.).«(1<3)Ri>(K4)5(1<:,•Ke'"1<3t-~-

s d
4K,d.4Ke.d 4

1<3 ' - .f'I 
-eo (ear)B K'.f'F(K1,l<z.)C(K1).A (K2)C(K3)0(K1+K2t-K3) (4.20) 

IIpoBO,I:tll .n;HqxpepeHIJ;P.!pOBaHP.!e B (4.I9), IIOJiy1!aeM CJie,JJy!O!l1He IIpaBHJia 

.n;HarpaMMHOH TeXHHKH: 

K 
~ 

,,,. ~ 

K 

I< 
... - -->-- .... 

""'11<3 
-1<2AK1 

J1 iK1 
Kz.01<3 

. . ~ ( K,,., k~ \l 
dDJ'li> ( K) = - l<h LE. ~Joli> - J<e ( 1-al~, 

L 
) ~. ~So ( K = R: - m 

-"-· ~ Zl ( K) =: kz ,.. Le 

Leo ~JAR ( K1, Kc.), 

-eo [F(K0 Kz.)~YJ\(1<1-l<e)J'I t F(t<vK3)fj,,~(Kz-l<3)Jt t 

+ F(K3 1 K1)gµil.(Ka-K1h], 

15 

( 4. 2I) 

(4.22) 

(4.23) 

(4.24) 

(4.25) 



}.Ivy 
1<4J \ K3 

A J' 

A Ka 

1
K3;l '~Kt 

' ' . 

-Le! [F( K1,K2) F(K3, K4)(811.P8M. - 3vf 1/'lt) + 

+ F (K1,K3)F(K2,K11.) ((v 9plt_ 8J4A8~f) + 

+ F (K1,Kt,.) F(K2,K3)(t~lA - 9~.f 9~~1, 

e 0 F ( K1, Ke) K.1.f'. 

(4.26) 

(4.27) 

KpoMe T~ro, ruur,n;aa: aJieRTPOHHM rum: ".nyxoBa.JI" neTJIJI BXO.D;HT c 

MHOJ!tHTMeM ( -1) ' a no BCeM Heaamtcm&IM lIMDyJll,caM ,n;KarpaMMH 

HY.ll!HO npoBo~n RHTerpeyoBaHHe c BecoM d4 f(./(29T)4, YMHOJ!taR: pe­

syJThTaT Ha COOTBeTCTBytanIDf ROM6HIJ8.Topm MHOJ!GITeJTh, B noJIHoi! 

•aHaJIOrmi: c ROHeti:HOMepHHMH Hea6eJieBHMH TeOpli1l!MIJ HH,IJ;eRC npOHSBOJU-

Hott .D;Harpa.MMH (6es Y'lMa @'HRD;mt F z R · B Bepnnmax) paBeH 

3 
(A) = 4 - N~ - Ns - T Ne ) (4.28) 

r,n;e N11 , N~ H Ne cooTBeTCTBeHHo BHepume Jlljlilm qioToHoB, 

",n;yxoB" z MeRTPOHOB, OH nOJIOJmTeJieH ( O ~cu ~ 2 ) ~ CJie­

.IIYIWIRX npHMHTHBHblX ~rpa.MM 

~ --®-- -~·1>- A,A,AX (4.29) 

(0.) ( S) lg) (2) (a) (e) (xc) 

B 06H'IROtt JlO:Ka.JThHOR TeopHH Bonpoc 0 CXO,ll;lIMOCTH llpOH3BOJll>HOtt, 

CBH3HOtt ,D;Harpa.MMH (HMeeTca: B BH,lly CXO.Jtm.!OCTh no 60JThIIll!M BHP -

TYaJibHHM liMDyJll>caM B 3aMKIJyTIDC IJ;l'IRJiax) CB.fI3aH c ee RH,IJ;eKCOM 

I6 

I 

I 

I 

I 

l 

,ft 

' 

H Ha.Jll/I~eM (J1H60 OTCYTCTBHeM) B Heit pa.CXO,IJ;SDllRXCH no~ajloB. 

IIpH OTCYTCTBRR llOCJie,n;HIDC H O'rpKIJ,aTeJibHOM HH,IJ;exce ~rpa.MMa He 

co,n;epiIGIT B ce6e yJlbTpaifll!:OJieTOBblX pacxo,D;HMocTei!. Ta.KHM o6pasoM 

ecJIH ~~ (4.29) CXO.JJ;ffTM, TQ CXO)llilllliMIICH JlllJlffiOTC.ff JII06ble 

,D;Harpa.MMbl B P.ff.IIY TeOpHH BOSMYIIle:mril:. B CBOID o~epe,n;:o CXO,IJ;l!MOCTh 

,D;Harpa.MM B ( 4. 29) cBHsaaa c aclllMIITOT~ecrorM noBe,n;emi:eM ~ 

R (Kt ,Kz) H F (K1, K2) !!pH 60Jlb111IDC HMnyJlbcax B eBRJ1H,IJ;OBoli 06.nacTH. 

Ilepexo,IllI B (3~2), (3.3) H (3.6)R HMIJyJihCHOMY npe~cTaBJieHIDD (c 

~eTOM (3.7) H (3.8) ), llOJJy"laeM COOTBeTCTBeHHO (Bcrony HMeeTCR 

B BH.IIY eBRJ1H,1J;oBo HMIIYJlbCHoe npoc"rpaHcTBo): 

(' 2 d 4 K _ _ 1_. 
.)IRe(K,~-K)I (e5T)4- e4' 

"' Re(K1,K2)= Re(K2,K1), 

d.4p r, 
·fe(K1iK2)= -i.e4)cw)'+ f&(Kz+p, K,-p)Ri,(K,-p, p)Re (p, -r<:z-p)-

- Re( K1 +p, K2-p) Re( Kz-p, P) Re (p,- K1-P)] • 

(4.30) 

(4.31) 

(4.32) 

~XO~OCTh HHTerpa.JIOB B BIDilenpime,n;eHHblX yprumeHHHX HaRJla,IJJ:ma­

eT orpaHK'ieHlill: Ha acHMIIT6T~eciwe cBoil:cTBa ~ R (Kt, 1<2) • 

IlpH f-Q ,n;JIJI COOTBeTCTBHH C JlOKa.Jll,HOH TeOpHeli He06XO.D;HMO Bbl­

:rrOJlHeIDie CJie,n;yromroc ycJiomrti: 

R ( Kf, K2) -1 , (4.33) 

f(K1iK2)-0• (4.34: 
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Ec.m npe;woJIODTI>, 'ITO B eBK.JnmOBo:i1: 06.Jracrn !IPR 60JI]j11IIDC HM­

cym,cax ~ R(1<1JK2) :e: F(Kr,Kz) no .mo6o:ll: :e:s CBO:e:x nepeueH-
1 

HHX Be.zcrT ce6H Ka.K Kl•" , r.n:e c:l>O (.n;JIH ~ R(t<,, K2 ) 

l'!CXOM H3 ROHff'IlIOCTH HHTei'paJIOB B (4.30) H (4.32), Heo6XO,I(HMO 

.n:aze, 'lT06H ot.. 6HJIO 60Jibme e,u;mnm;H) 'TO MOJKHO IIORa3aTl>' 1ITO 

Bee He!IpHBO.n;IDvll:le .n::e:arpaMMiiI B (4.29) RBJI.filOTCH CXO.wnrtm.mCR. 

5. 3a.RJno11eHHe 

BiiimeHSJIOJJtewme OTJIH'tll3.eTCH OT 06I11e!IpIDUITbIX HeJIORaJII>HbIX Teo­

p:ali TeM, 'ITO, Bo-nepBHX, OI'pa.HH'leHHH Ha aCl'!MIITOT:l'I'leCROe IIOBe­

.n:eHHe <PoPM-ilaRTOpOB (cpypI>e-o6pa3H ROTOPHX B .D:aHHOM CJiy"<Jae 3a­

B1'1:CHT OT ,ItByx li!MIIYJil>COBJ HtULJ!a,n;mla!OTCR caMOii TeOpHe:i1:, a He 

IIPH:BHOCRTCH H3BHe, BO-BTOPHX, OCTa!OTCH HeH3MeHHHMH !IpOIIaraTop~ 

CB060.n;HHX -qacnru;, B-TpeTI>HX, B OT.Jm'!He OT CYilleCTBYK!lle:i1: HeJIO­

KaJl:&HO:ll: KS.IL [I J ' Ha pH;I(y c OCTa.J!I,HHMB: CXO.n;HTCH TaIOKe H .n::e:ar­
pa.MMa. (I.I). Ilp:e: aTOM ' UOCKOJII>Ry H3MeHJieTCR HeJIORaJibHHM 

o6pa30M Bepllll'IHa B3aHMO.n;e:i1:cTBIDI, ID/leeTCR B03M0.1ltHOCTI> H3y1leHHH 

HeJIORaJII>Holi CTPYKTYPH B aJieRTpoMarHHTHHX B3aHMo.n;e:i1:cTBH.aX. 

1ITo KacaeTcH cyI11eCTBOBaHID1: R(K1) K2) TO,HanpHMep, qiyHKQKR 

. e CK1-Ka)
2 e2 (en2)V2J . 

R(i<:1ei 1<2e)::: sr(1<1-Ko.)2~~~en 2)Y2 J~ exp[i.(K~ -K~)e2ct>(K1C)Kte)J,cs.r) 
16ST 

r.n;e e - aJieMeHTaPHaR ,IJ;JIHHa,a . q>(11:,E,Kae) - .IJ:OCTaTO"lHO !IpOH3-

BOJI]jHaR, cKMMeTp.11I1IHWI, mmapzaHTHaR BeI11eCTBeHHa.R: cpyHKQKR ... y.n;oB...i. 

JieTBOPffeT Heo6XO,I(HMHM YCJIOBWIM (4.30). (4.31)' (4.33) R (4.344. 

IS 

B UeJIOM xe 3TOT Borrpoc Tpe6yeT ~Helimero :e:cCJie,n:oBa.HR!l:. 

ECJIH B3RTI> (5.I) B Ka1I6CTBe reHepaTopa HeJIOKaJI:bHO:ll: :ita.Jm6-

pOB01lHO:ll: rpyrrITH (2.4) , TO M0'11HO IlORa3aTI> C y'leTOM (4.32),'lTO 

ii?~ f (K1) k2) o6~eT He06XO,IU!MHM ;IJ.JIR: CXO.n;HMOCTH .n;HarpaMM 

acHMJITOTH'leCKMM llOBe.n;eHHeM no Jiro6o:i1: H3 CBOKX nepeMeHHiiIX, np:e:­

'l9M, !IpH e -0 HC'l93a!OT .n;Harpa.MM!i, CO,IJ;epiK.antRe BepmHIJH , ( 4. 25 -

- 4.27). 

ABTOP Bbipa.JKaeT 6.Jraro.n:apHOCTI> MaTHHJiHY c.r. H CO'l'py.n;ImKaM 

TeopoT.n;eJia Epl?I1 sa nOJiesHHe 06cyJ1QJ;eHHH H ueHHHe saMetfaHH.II, a 

Ta.Kllte MaM1'1'.,ItJKaHHHY 8.A.' AcaTl'!aHH T.JI,' M1rarr,aKaHHHy 8.A. H 

AM6apIJYMllllY B.r. 3a co.n;eficTBHe, ~~eceyro IIO,IJ,,I(9PJKKY H IIOCTOHH­

HIDl: HHTepec K pa6oTe. 
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