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1. Bae~eHHe 

Pa6oTa IIOCBKUJ;eHa 11oyqemno acp<peKTOB HelIOKaJil,HOCTll rlIIOOHHoro KOHp;eH

caTa B ;a;nyxTOKOBbIX IIpaBllllax cyMM (ITC) p;lIK BOlIHOBbIX cpyHKn;Im (B<l>) IIll
OHa (n ;a;pyrnx rrerxnx MeooHoB). Herroxam,m,m: naxyyMHblii xo:a:;a;eHcaT BIIep

Bhle, IIO-Bllp;llMOMJ, 6blll BBe;a;eH B pa6oTax [1], a aKCIIOHeHD;llalll,HbIH 0aKOH 

ero c11a;a;aHHK 110 xoop;a;nHaTaM 11orry'leH B peweTo'IHbIX pac"!eTax [2]. 3a 

llCTeKwee BpeMK IIpllWlIO OCO0HaHlle IIpllHD;llllllalll,HOH BaJKHOCTll HelIOKam,

HOCTll KOHp;eHCaTa (HK) p;lIK OllllCaHHK paoHbIX, cyw;ecTBeHHO. HeIIepTyp6a

TllBHhIX a;a;poHHbIX xapaKTepllCTllK ll CBOHCTB: BOlIHOBbIX cpyifKn;Irii:, arreKTpo

MarHIITHbIX cpopM<paKTopoB, CTPYKTYPbI IIOTeHn;narra TK:>KellbIX KBapKOHlleB, 

pacceJIHHK a;a;poHoB, KoHcpaiiHMeHTa. ITepe'IHCllllM HeKoTop@e nexn 11ccrre;a;o

BaHIIH. 

B pa6oTe [3] 6@rra ycTaHOBlleHa p;OMllHHpy10w;aJI pom, HelIOKallbHOCTll 

KBapxonoro KoHp;eHcaTa p;M 011pe;a;erreHllK B<l> MeooHoB MeTop;oM Kx,r( ITC. B 
aBpllCTII'leCKll n;eHHOH pa6oTe [4] n B IIOCllep;JIOlll;llX pa6oTax [5] rlIIOOHHbIH (a 

oaTeM n KBapxon@ii) HK nc11orrboonarrcK p;M Mo;a;errnpoBaHHK 110MepoHHoro 

o6MeHa B · a;a;poH-a;a;poHHOM pacceKHllll llpll MallbIX t. B cepllll 0aMe'laTellb

HbIX pa6oT V.Simonov, G.Dosch [6] n CnMOHOBa [7] 11pn ;a;onorrt.Ho o6w;nx 

11pe;a;11orro:>KeHHKX o rrr100HHOM HK 6@rrH ycTaHOBlleHbl cnoiicTBa BHllbCOHO

BCKHX IIeTellb H BOCIIpo1mne;a;eH pacTyrruti'r IIOTeHD;Hall p;lIK TK:>KellbIX KBap

KOHHeB. Ha aTOM OCHOBaHHH 6blllll IIpo;a;orr:>KeHbl Bbl'IHClleHHK a;a;poH - a;a;

pOHHOro pacceKHHK [8] c y'leTOM Hea6erreBOCTH BOaHMo;a;eiicTBHK. B pa6o

'rax [9],[10] 6bllIH HaHp;eHLI IIpKMble <peHOMeHOlIOrH'leCKlle IIpOKBlleHHK HelIO

KallbHOCTll KBapKOBbIX KOHp;eHCaTOB p;lIK cpopM<paKTOpOB :>KeCTKllX rrpon;ecCOB ,*,* -+ 7rO n: ,•1r0 -+ 1r° COOTBeTCTBeHHO. HaxoHen;, B pa6oTe [11] 6@rra no- . 

rry'leHa cpyHKD;llK IIcrypa-Baiica p;M rrerxo-TK:>Kerroii cncTeM@, nn:;a; KOTopoii 

IIO'ITH IIOlIHOCTblO OIIpe;a;eMeTCK KBapKOBbIM HK. .IJ:M 6apHOHOB aTOT 110µ;

xo;a; 11pn:MeHeH B pa6oTe[12]. 

O;a;Haxo B pa6oTax no KX.IJ: ITC c IIHOHOM BKrra;a; rrr100HHoro HK lIH6o OT

cyTcTByeT, lIH60 <pHrypHpyeT B MOp;ellbHOH cpopMe [3, 9, 10], 'ITO orrpaBp;bl

BalIOCb lIHWb ero qncrreHHoii MarrOSTbIO. Tax, HarrpHMep, rrr100HHbIH BKrra;a; B 

BOlIHOBYIO <l>YHKD;HIO llllOHa TBHCTa 2- <I>a(x) MOp;ll<pllD;HpOBalICK HO CTaHp;ap

THOro Bblpa:>KeHHK [3, 13] 

(a8 G2){6(x) + 6(1-x) 6(x->.b/M2
) + 6(1-x->.b/M2)} = J2q,mO<Vl 1) 

2471" Af2 -+ Af2 1r G ~ • 

IIO aHarrornn C IIpocTeHWllM MexaHllt3MOM llt3MeHeHHK KBapKOBOro BKrra;a;a OT 

HK. 3;a;ecb >.2;- cpe;a;ffj[Jl BHPTYallbHOCTb "naxyyMHbIX rrr100HoB", x - ;a;oM 

IIpop;ollbHOro llMIIYllbCa o;a;Horo Im KBapKOB Me0OHa. 
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,I(aHHM CTaTMl lIMeeT Ka.I{ TeopeTII'IeCKYIO, TaK II TeXHII'IecKyro n;errn, 

.HBllll.llCb ecTeCTBeHHhlM npo;a;orr2KeHIIeM pa6oT [3, 9, 13], B Ko;opbix u'ccrre..: 

p;OBalIHCb ocpcpeKThl HeD;0KalibHOCTH KBapK0BhlX K0Hp;eHCaTOB .. C o;a;Hon: CTO

pOHhl, 6yp;eT npe;a;rro2KeJI0.1Ip1I6lIH2KeHHoe perneHHe p;lI.H <I>c(x) IIHOHa, .IIOOBO

lI.HIOW,ee 06ocHOBaTb,1IpHMeHeH1Ie cpopMylihl (1.1) p;lI.H Bhl'IllClieHII.H MOMeHTOB 

({N)G = JJ <I>c(x )(2x - 1 )If dx. ,I(ocTOlIHCTBo oToro perneaII.H - HBHoe oT;a;erre-, 

Hlie o6w,ero BIIp;a perneHH.H OT npo6rre:Mhl Bhl6opa KOHKpeTaoro aHoan;a p;lI.H 

rlIIOoaaoro HK. C ;a;pyron CTOpOHhl, 6yp;eT no;a;po6ao paccMoTpeaa TexHH

-.:iecKrur CTOpoaa. pac-.:ieTOB. Ilo;a;o 6HM TeXHHKa MO)KeT 6hlTb npHM~HeHa 11 

K ;a;pyrnM npon;eccaM, r;a;e polib rlIIO0HHblX KOHp;eHcaT0B O'IeHb BelIHKa, Ta

K~, HanpHMep, Ka.I{ rHP cpOTOHOB [14]. Tor;a;a y-.:ieT HelIOKalibHOCT.Hp;OlI2KeH 

cyw,ecTBeHao BlIII.HTb Ha IIQlIHhln peoyrrbTaT ( a B KOHKpeTHOM npnMepe 11 

pacrnnpIITb o6rraCTb npHMeHIIMOCTH on;eHKH ;a;M cTpyKTypHon: cpyHKD;HH F2 ). 

OTMeTHM, "ITO B ;a;arrbHenrneM,Mhl 6yp;eM pa6oTaTb c ITC Henocpe;a;cTDCHHO 

;a;M Bet>, Ka.I{ OTO 61,1rro npe;a;rro2KeHo B [3] (BI1epBhle TaKon: no;a;xo;a; paccMaTpn

Barrc.H B [15]). 8TO p;OCTIIraeTC.H 1IpHMeHeH1IeM 6opelICBCKO~O (.B(M2)) H 06-

paTH0rO MerrrrnaoBcKoro (M(x)) npeo6paooBaHnn K o6hl"!HhlM Kopperr.HTopaM 

ew.e ;a;o npoBep;eHII.ll lIHTerpnpoBaHII.H B IICTlI.HX ( CM. cpopMyrrpi npHlI0)KCHH.H 

B). 
Crre;a;yrow.nn pao;a;err HOCH'l' rrpe;a;BapHTerrbHhln xapaKT..!p. C11e;a;yH [6, 7], 

Mhl paccMaTpHBaeM cTpYKTYPY rrrrooHHoro ;a;ByxTo"le"!Horo KOHp;eHcaTa. B 

TpeTbeM pao;a;erre nccrre;a;yeTc.H CKarr.HpHrur Moµ;errb "rrrrooHHoro BKrra;a;a" B <I>c(x), 
Bhl.HBlI.HIOW.M HeK0Top1,1e Ba2KHhle cBoncTBa KXJ(-crry"laJI. B "leTBepToM pao

;a;erre, B. Ka"leCTBe lililIIOCTpan;IIH TeXHIIKH, BOCrrponmio;a;HTCH HOBeCTHhlll pe

oyrrbTaT. ;a;M CTaHp;apTHoro BKrra;a;a B <I>c(x) B HH2Kanrnen: paoMepHocTII rro 

KOHp;eHCaTaM (Q2). 3aTeM ,Bhl"lHClI.lle1:C.H BKliap; OT HelIHp;Hpyrow,en paoMep

HOCTH 11 ycTaHaBlilIBaIOTCH ero CHMMeTpHnHhle CBOHCTBa ;a;rrH a6erreBOll 1I He

a6erreBOH 'IaCTe:ii:. HaKoaen;,B pao;a;erre 5 rrpoBop;HTC~ on;eHKa BKrra;a;a B <I>c(x) 
OT aea6erreBon: -.:iaCTH HK 11 ero -.:i~crreaaoe cpaBaeane c cp~pMYrroii (1.1). B 

. 0aI{lIJO'IeHHlI rrepe'IHClieHhl OCH0B_Hhle peoylibTaThl CTaTbH. 

·2 . . TeH30pHruI CTPYKTypa HeJIOKailbHoro 

rn:IOoHHoro KOH~eHcaTa 

Harnen oap;a'IeII op;ecb 6yp;eT Bhl'IHClleHHe K0ppelI.HTOpa p;lI.H <P'll'(x) B KOH

p;eHCaTHOM rrrrooaaoM rrorre Aµ- B rrepBoM aeIIC'Ieoarow,eM rrop.H;a;Ke Boa11-
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Mo;a;eiiCTBHe rlIIO0HHoro KOHp;eHCaTa C KBapKOBhlMII T0KaMII Y'IlIThlBaeTC.ll C 

II0MOlll,bIO ;a;onOlIHHTellbHO:ii: "HerrepTyp6aTHBHOH 'IaCTlI" y o6hl'IHOro rrp11-

'IH~IIOro rrporraraTopa, BOOHlIKaIOW,eII Ka.I{ K0ppelI.HTOp rlIIO0HHblX norreii IIO 

aerrepTyp6aTHBHOMY BaKyyMy: 

0ab 
(: A~(y)At(z) :} = (Nl ~ l)Dµ.,(y,z) 

B KarrH6poBKe <l>oKa-lIIBHHrepa ( <l>III) [16] (yP Ai(y) = 0) p;lI.H Dµ 11 rrorry-.:iaeM. 

II0BeCTH0e rrpe;a;cTaBrreHIIe 

fo
l . 

Dµ 11(y,z) = dttdss yPz" • (: G~p(yt)G~u(zs) :) . (2.1) 
. 0 

B Hea6erreBOM crry-.:iae K0ppelI.HT0p no;a; IIHTerparroM B (2.1) He HBlI.HeTc.H, KO:.. 

He'IH0, KalIII6pono'IHO-IIHBapHaHTHhlM, TaK KaK y HaI1p.H2KeHHOCTeII pao;a;BII

HYThl apryMeHThl. O;a;HaKo B-<l>III- KarrII6poBKe 0TOT KoppelI.HTop coBrra;a;aeT 

C KaJIH6pOBO'IHO-HHBapHaHTHhlM K0ppelI.HT0p0M Kµp,11<1, B K0T0p0M Hailp.lI

)KeHHOCTlI coe;a;11HeH1,1 P- ynop.H;a;o-.:ieHHon oKcnoHeHTOII 

- (G2) 
(: G~p(v)E06

( v, 0, u)Gtu(u) :) = D(D- l) Kµp,vu(v, u) . (2.2) 

3;a;ecb (G2} = (: Gi.,Gi., :}, D- paoMepH0CTb Ilp0CTpaHCTBa, _Eab( V, 0, U) = 
P exp{ i g Jc A,( z) dz'Y} ab, A~b - rrrrooHHoe rrorre B rrpHcoe;a;nHeHH0M rrpe;a;cTaBrre

HHH, C- KOHTYP, coe;a;IIH.HIOW.HH TO"IKH v, u II rrpoxo;a;.HW.IIH -.:iepeo TO'IKY cpHK

can;HH Karru6ponKII. B HarneM crry-.:iae OTOT KOHTYP - lIOMaHaJI c neprnHHaMII 

V, 0, U , TOrp;a _Eab( V, 0, U) = oab. ,I(arree Mhl 6yp;eM paCCMaTpIIBaTb IIMeHHO 

KoppelIHT0p Kµp,vu( v, u ), ;a;orrycKaroW,IIn, B c1my Karrn6poBO"lHOlI HHBapIIaH- · 

TH0CTII, q>HOH'IeCKII 0CO0HaHHhle aH0aD;hl. O6'beKThl TIIIla (2,2) rro;a;po6HO 

IIccrre;a;onarrncb B cepnII pa6oT [6] II [7],r;a;e 61,1rro rrpe;a;rro2KeHo o6w,ee rrpe;a;

cTanrreHIIe ;a;M Kµp,vu "lepeo ;a;na cpopMcpaKTopa D II D1: 

_ ( ' 2 ) dD1(.6.2
) Kµp, 11u(v, u) - Qµp,vu · D(v, u) + D1(.6. ) + Pµp,vu · d(.6.2 ) · (2.3) 

Qµp,11<1 = 9µv9pu - 9pv9µui .6. = U - Vj 

Pµp,11<1 = 9pu.6.µ.6.v + 9µ11.6.p.6.u - 9pv.6.µ.6.u - 9µu.6.p.6..,. 

KaK 61,1rro II0KalJaH0 B [7]' 'IlleHbI,rrporropn;IIOHaJibHhle D1' aBTOMaTII'IeCKII 

yp;onllCTDOp.HIOT a6erreBblM T02K;a;ecTBaM Bb.HHKII II Bhlpa2KaIOT co6oro "a6e

rreBy -.:iacTb" Kopperr.HTopa. 8TII 2Ke -.:irreHhl He _o6ecrre'IIIBaIOT oaKoH rrnow.a;a;en 

n rreTrre BIIrrbcoHa [6], a ;a;aroT BKrra;a;1,1 TIIrra rrepIIMeTpa. Hao6opoT, -.:irreH c 
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D(v,u) BhlpruKaeT "nea6erreny '!aCTh" KoppelI.lITopa, napyrnaeT a6erren1,1 To

)K;a;ecTBa BMIHKII II iipIIBO~llT K naKony rrrrorn.a;a;eu. Panrro)KeHIIe no naKyyM

HI,IM cpe;a;HIIM (BC) p;lI.lI Kµp,va ;a;o panMepnocTII 6 IInnecTHO ;a;anno [19] II ;a;aeT 

p;lI.lI q>0pMcpaKTopoB D II D1 BhlpruKerura: 

D(v,u) = (gJG3) 6,_2 
(G2) . T + ... ; D1(6.2) = 1- (g2j2) fl2 

(G2) · 6 + · .. (2.4) 

TaKllM o6panoM, n nemI;a;IIpyrorn.eu panMepHOCTII cpopMcpaKTOphI Dhipa)Ka

IOTClI 'Iepen ;a;na BC: (g2j2) = (g2jµjµ), (gfG3) = (gf°bcG~ 11GtPGiµ), rrocn:e

p;Hllll rro;a;Tnep)K;a;aeT nea6erren xapaKTep cpopMcpaKTopa D. OTMeTIIM, 'ITO 

eClIII TO'!Ka O ( TO'IKa cpuKcan:uu KalIII6pOBKII) n:e)KIIT Ha IIp.llMOll, coe;a;IIH.lIIO

rn.eu v, u ' TO O'leBIIp;HO D(v, u) = D(6.). B IIHhIX CllY'la.lIX TpaHCll.lIU:lIOHHaH 

IIHDapIIaHTHOCTh D HapyrnaeTC.lI KalIII6poDO'IHhIM ycrronueM. Ko3cpcpun:neHThl 

rrpn 6. 2 / 4 n D II D 1 na;a;aroT xapaKTepHhle MacrnTa6hl y6hrnaHH.lI Koppen:.lITo

pon C 6.2 [7], Hea6erren -AJvA II a6erren ->.~ COOTBeTCTBeHHO: 

dD 2 dt).2 ~>.NA= 
(gJG3) 
~>0; 

dD 2 (g2j2) 
d.6.~ ~ >.~ = -3 (G2) > O. (2.5) 

Hu)Ke 3TH ;a;na ClIY'la.lI 6y;a;yT paCCMOTpeHhl pan;a;errhHO. 3;a;ech lIIIllJh OTMeTIIM, 

'ITO llCIIOllh:JOBaHIIe TOllhKO Hea6errenou 'laCTII D( V; u) ::::: D( .6.2) KOppen:.aTopa 

Dµv, 'ITO CIICTeMaTII'IeCKll rrponop;IITCJI, HarrpuMep, n pa6oTax [8], p;Oll)KHO 

rrpIIBOp;IITh K .lIBHO KarrII6poBO'IHO - HeIIHBapIIaHTHhIM penyn:hTaTaM ( CM. pan

;a;en: 4). 
KaKOBhl 'IIIClleHHhle on:eHKH )];lI.lI o6paTHhIX KoppelI.lIU:IIOHHhIX )];lIIIH >.A, n 

ANA? BerrII'IllHa a6errena MacrnTa6a >.~ Bhlpa)KaeTc.a 'Iepen BC HH:JKIIX pan

MepHocTen, II03TOMy II0BeCTHa C TOM )Ke TO'IHOCThIO: 

>.~=-~(g
2
j2) :::::~ 2(iiu)

2 ~ 
3 (G2) 99 (G2) ~ 0.03 - 0.04 f3B2 (2.6) 

II Marra no cpanHeHuro c >.~. ,Il;n:H Hea6en:ena MacrnTa6a cyrn;ecTnyeT n:en:hln 

CIIeKTp on:eHoK. TaK, crre;a;y.a cpopMyrraM pa6oThI [6] ;a;n:.lI HaT.lI)KeHH.lI CTPYHhI 

u = 1/(21r) f3n2 B crry'Iae ·rayccona aHnan:a ;a;rr.lI D(u, v), rrorry'IHM 

>. 1v A = 0.01 7 I'3B4 ~ ::::: 0.21 I'3B2 . 
(1 

(2.7) 

C ;a;pyroii CTOpOHhl, ecTeCTBeHHO 6hlll0 6hl npe;a;rrolIO)KHTh, 'ITO cpe;a;Hne BHp

TyallhHOCTH BaKyyMHhIX KBapKOB lI rn:IOOHOB paBHhl, T .e. 

>.2 _ (GG;o.;o.) 
q - (G2) , Tor;a;a c y'IeTOM (2.6), AJvA::::: >.U2. 

4 

.) 

3To ;a;aeT rrpnMepHo TY ;-Ke on:eHKY ;a;n:.a AJv A ( rrpII HII)KHeU on:eHKe p;lI.lI >.~::::: 

0.4 f3B2 [20]), 'ITO n n (2.7). Ifa trn;a;erru II0MepoHHOro o6MeHa aBTOphl pa-

6oThl [5] rron:y'Illllll 0Ha'IIITellhHO 6on:hrnee :JHa'IeHIIe 0.52 ~ >-iv ~ 2.6 f3B
2

. 

BmmKa.lI K 3TOMY on:eHKa 6hllla rron:y'IeHa D Hep;anHHX pac'!eTaX Ha perneTKe 

[2] >.1 ::::: 3.2 f3B2. 

3. IlpOCTruI CKaT.U[pHruI MO~eJib rJIIOOHHOro BKJia~a 

TaK KaK IIOlIHhie BhI'IHcn:emrn D KX,Il; nechMa rpoMon;a;Kn, ocHoBHhie u;a;eo

n:orw1ecKI1e II TeXHII'IeCKlle 3n:eMeHThl pac'!eTa rrrrooHHoro BKrra;a;a y;a;o 6Ho 

rrpocn:e;a;IITh Ha np11Mepe npoCTOll cKan:.apHOII Mo;a;en:n. To'IHO TaK )Ke, KaK II 

n crry,:me CKalI.lipHhIX "KnapKODhIX" KOHl];CHCaTOB, paCCM0TpeHHhlX n pa6oTe 

[3] (cM. pan;a;en: 2 TaM), on:eHIIM n;a;ech pon:h "rn:IOOHHhIX" nonpaDOK K Koppe

ll.lITOPY CKall.llpHhIX TOKOD j N =: 'lj;* ( i no) N 'lj; : ' HMIITHpyrorn.eMy "rn:IOOHHhlll" 

BKn:a;a; <I>c(:r) )];ll.lI B<l> "nnoHa''' COCTO.lll.l.l;ero U:3 rraphl CKall.lipHhIX KBapKOB: 

<I>g(x) ~ B(P2-M2) M((uk)N-6(.r-nk)l(n;)N j eipz (jN(O)jo(z))dDz. (3.1) 

3;a;ech n- npo1Innon:hHhIH cneTorro;a;o6HhIH neKTop, n ;a;allhHenrneM rrolIO)KIIM 

)];ll.lI y;a;o6cTBa np = l, P 2 = -p2 > 0. 
JlarpamKllaH B:JalIMO)];eUCTDll.lI CKall.lipHhIX rn:IOOHOB lp C KBapKOBhlM KOM-

IllleKCHhIM 6enMaccoBhIM non:eM 'lj; ('1/,1*) na;a;a;a;HM B TpnrrHHeHHOH cpopMe 

Lint = [g'lj;*'lj; • ¢] D' r;a;e D- panMepHOCTh npocTpaHCTDa. 

,Il;ll.lI ;a;allhHeHI1Jero l];OCTaTO'IHO paCCMOTpCTh TOllhKO DKllcl.p; µ;narpaMM Ha 

puc.1, r;a;e npephlDHCTOii lllIHIIeII IIOKa:JaH rlIIOOHHhlll KOH)];eHCaT (: g2¢(:; )¢(0) ~-

B cn:y•me lIOKaJihHOrO KOH;a;eHcaTa (: g2¢(::)¢(0) :) -+ (: g2¢(0)¢(0) :) penyn:h

TaT ;a;ll.lI 6opemmonaHHoro Koppell.lITopa B (3.1) (nponopn:uoHanhHoro <I>9 (x)) 
0Ka0hIDaCTC.lI cnnryn:.lipHhIM npu ;i: = 0, 1 u HOpMnponKa <l>g(:r) OTCYTCTDYCT 

(cM. npnn:o)Kenue A, cpopMyn:hI (A.I, A.2): n;a;ech II ;a;aJiee ;r = 1 - i:, o6rn.uii 

cpaKTOp (: (g2 /41r2)¢(0)¢(0) :) = (<P2
) 6y;a;eM orrycKaTh ). 

D=4 D=6 

<l>g(x) ~ -21~1;2 +(x-+ :i:) 
l i 

2M'2x+(x-+x) (3.2) 

3ToT 3cpq>eKT - crre;a;cTDIIe "cpopMaJihHoro" npuMcHeHII.lI rrpon:eµ;yphl cpax

Topnnan:nn nirna;a;on OT MallhlX pac'CTO!IIIHII ( K03cpqmn:neHTHhIC cpyHKU:1111) 
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fg(l/o:) . 
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a) 

P~x 

b) 

fg{l/o:) 

¥ ¥ 

r;J + ... 

c) 

· Puc. 1: JJ:uarpaMMbl "rJIIOOHHoro BKJia)l;a" n MO)l;eJibHYI<> B<t>. 3)l;ecb © 060:matJaeT 

cocTaBHOH onepaTop B nepwuue ; nepe'IepKHYTaJI JIUHil11 - nponaraTop, 11enoi1 nepwu

HOH KOToporo 11Bl111eTC11 COCTaBHOH onepaTop, :J)l;eCb, B IlMilYllbCHOM npe)l;CTaBJieHUil, clTO 

· c5( x - kn) · S( k ), r)J;e k- nMnynbc Ha mm1m; MHoroTotJ11e - )l;UarpaMMbl, :1epxanbHO

cnMMeTpU'IHble K )l;aHHbIM 

n 6orrhlllIIX paccTo.srHn:ii ( cpeµ;m1e OT mrnhCOHODCKHX onepaTopon-BC). 

llMeHHo, npeµ;norraraeTc.sr, 'ITO nee n11pTyam,HocTn n neTrre Ha pnc.l ( q>op

M11py10~eii KOaq>q>IIIl;HeHTHJIO q>yHK~HIO ) DelIHKH, HO ynycKaeTC.lI D03MO)K

HOCTb O)];HOH 113 lIHHHII (HanpHMep, DepxHeii) HMeTb Marry10 DHPTYallhHOCTb. 

HopMnpyeMOCTh <I?g(x) n (3.2) DOCCTaHanmmaeTc.sr, eCllll ycreCTb "nhl~rnTa

TellbHhle 'IJieHhl" [17]. MoJKHO, HanpHMep, DDeCTII peryrr.srp11ny10~nii napa

MeTp - Macey cKarr.srpHoro KnapKa m. Ilocrre aToro noTpe6yeTc.H yqecTh 

e~e o;a;Hy ;a;narpaMMY Ha pnc.lb) c nepepanJI0)KeHneM (Kor;a;a mta'leHne m He 

Marro) KDapKonoro KoHµ;eHcaTa (: 1/J*'lj,, :) no I'lIIO0HHoMy (</;2) a'la Broadhurst 

and Generalis [17]. 3Ta ;a;narpaMMa He panHa HJJIIO npn m,He paBHOM Hyrr10,n 

oaneplllaeT BllllhCOHOBCKOe pa3lIO)KeHHe }];ll.ll Kopperr.srTopa. 3aTeM, n IIOlIHOM 

OTBeTe, perylI.llpnnyIO~IO Macey m MO.lKHO ycTpeMIITh K Hymo, II Bhlpa)Ke

HIDI (3.2) npno6peTyT q>opMy [ ... ]+ - pacnpeµ;erreH11ii (cM. npnrrmKemxe A). 

D=4 D=6 

-2if4 ([;2L-S(x)) + (x-+ x) 
x 1 

2M2 b·L + (x -+ x) (3.3) 

Te )Ke peoyrrhTaThl MO)KHO IIOlIJ'IIITh, ecmI DMeCTO peryrr.srpnny10~eii :r.rnccbl 

m nponeCTlI panMepHyIO perym1p11na~1110. OTMeTIIM, 'ITO C IIOXO)Kell rrpo-

. 6rreMo:ii Mhl CTaJIKIIBaeMc.sr H B KX,I(, Kor;a;a npn nhr'l11crreH1111 BKrraµ;a B f,, 
( T .e. HOpMIIpOBKII <I>,,( X)) OT I'JIIOOHHOI'0 KOHµ;eHCaTa CTapTyeM C MaCCIIBHhlX 

KnapKoB, a II0TOM nepexoµ;nM K npeµ;erry m -+ 0. Ben yqeTa µ;narpaMM Tnna 

pnc.ln) TaKOH nepexo;a; He peryrr.srpeH, 11 Mhl 6bl II0lIJ'IIIlIII penyJibTaT, npo

TllBOilOJIO)KHblH TIO 3HaKy nepHOMY (Ha GTOT a<f>q>eKT 6blll0 JKMaHO B [18]). 

IIo.srnrreHne HeIIIITerpnpyeMhlX oco6eHHOCTeii n <I>g(x) rrpn q>OpMarrhHOM IIO

CTpoeHillI I'lIIOOHHhlX rronpaBOK K KOppelI.lITopy He .lIBll.lleTC.lI cne~nq>HKOH pac-

6 

CMOTpeHHhlX CKall.lipHhlX Mo;a;erre:ii. Ilpn norryqeHlIIl <I>a(x)-BKJiaµ;a B B<l> IIII
OHa B 6em.rncconoii KX,I( TaKne )Ke npo6rreMhl nonHIIKaIOT non.lKe, B Herrnµ;n:

py101QeM qrreHe panrro)KeIIIDI no I'lIIOOHHhlM BC ( CM. crre;a;yIO~IIH pan~err). 

KaK ImMeHnT peoyrrhTaThl (3.2) yqeT HerroKarrhHOCTlI Kon;a;encaTa? Onpe

µ;err11M, KaK II B KBapKOBOM crryqae [3], q>yHK~IlIO I'llIOOHHOI'O BaKYYMHOI'0 pac

rrpe;a;erreHIDI f g( o:) 1 

roo z2 
(: (g2/41r2)cp(z)cp(0) :) = (¢2) Jo exp{ 4o:} fg(o:)do: .. (3.4) 

CTaH;a;apTHOMY npe;a;erry lIOKallhHhIX KOHµ;eHCaTOB, oqemr;a;no, OTBeqaeT pac

rrpeµ;erreHne fg(o:) = 8(a), rrpocTeiillleMy (raycconoMy) uerroKaJihHOMY aHna~y 

- fg(o:) = 8(0: - ,\~) [3], [13]. BocnOllbOOBaBllllICh q>OpMyrraMII IIHTerp11pona

Hlill 113 rrpIIJIO)KeHIDI A HeTpyµ;Ho IIOlIJ'IllTh µ;rr.sr BKJiaµ;a .;a;uarpaMM Ha pnc.l 

0TBeT D crryqa.srx: 

D=4 

__ 1_ [0(,\ > x > 0)] 0(,\ > x > 0) + 0(x > ,\) +( _) 
M 2 ~ ,\x + - 2,\2 2x2 »g x -+ x (3.5) 

D=6 

- 0(,\ > x) _(l x ) S(x) 0(x > ,\) [l + ,\x] + ![0(x > >.)] 
'' 2). X - 3,\ - 4 - 2 3x2 2 X + »g 

+(x-+ x) (3.6) 

3µ;ecb ~ ( ... ) » onHaqaeT ycpeµ;HeHne no BaKJYMHOMY ( I'lIIOOHHOMY) pac-

rrpeµ;erreHnIO: 

~ ( ... ) »g= koo d,\fg(M2>.)- ( ... ) . (3.7) 

3aMeTnM, 'ITO npoCTOTa Mo;a;erru lI03BOJI.lleT IIOlIJ'lllTh penyrrhTaThl 6en 

IIcnorrhnonann.sr KOHKpeTHoro anna~a. Ilo.srnrrenue S(x) B (3.6), KaK u [ .. -l+
pacrrpeµ;errem1ii, 06.srnano TOllhK0 Bhl'IIITaTeJibHhlM qrreHaM II3 µ;uarpaMMhl 

puc.lb).CpanHHBa.ll (3.2) c HeJIOKallbHhlMII Bhlpa,KeHIDIMII (3.5,3.6),BII)l;IIM: 

• q>OpMJllhl ::rna'IIITeJibHO JCJIO)KHIIJIIICh, 

• CTeneHb CIIHI'JlI.llpHOCTII npII x = 0 CHI12KaeTC.H Ha 1 na C'leT HelIOKallbHO

CTII KOHµ;eHCaTa B 06e11x Moµ;elI.lIX, II OTBeT IIOlIHOCTbIO nepecTpaIIBaeTC.lI 

B o6rracTn x < ,\, 
1IlpH BblBop;e p;aHHE,IX npaBHJI cyMM acerp;a MOlKHO cp;enaTb BHKOBCKHH noaopoT, T.e. C'iHTaTb ace KOOp

p;HHaTu eBKllHp;OBUMH: z 2 < 0 
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• n o6rraCTII x > .X nocnpom:mo;a;nTCJI (c OTKJIOHeHHJIMil ~ .X) JIOKaJibHaJI 

qiopMa OTBeTa (cM.nocrre;a;Hne crraraeM1>Ie B (3.5, 3.6)). 

8TOT aqiqieKT Ka'!eCTBeHH0 JICeH. Y'IeT HeJIOKaJibH0CTil JIBH0 BB0µ;HT napa

MeTp .x, :Ja;a;arorn;IIn: MaCUITa6 ( 0THOCHTeJibH0 M 2 ) naxyyMHhlX qirryKTYaIJ;IIH. 

Ha paccT0JIHHJIX, 3aMeTH0 MeHblllIIX pa3Mepa qirryKTyan;nn, aqiq>eKTbI He

JIOKaJibH0CTII He ;a;omKHhl CKa3bIDaTbCJI. IIoaTOMY rrpn 60JiblllHX OTH0CIITelib

HhlX nMrryrrbcax IIHTerpIIponaHHJI k B rreTrre: -j, = x > .X ( cooTBeTcTnyrorn;nx 

KBapKaM Ha MaJihlX paccTOJIIIID[X) HeJI0KaJII,H0CTb K0Hµ;eHCaTa He "'IYBCTBy

eTCJI" KOGq>q>IID;IIeHTHOH q>yHKD;IIen: II 0TBeT 6JIII30K K JI0KaJibH0My. OTMeTIIM, 

'ITO_ n JI0KaJibHOM rrpe;a;erre >. -+ 0 Bee paCCTOHHHH n IIeTJie - "Mam.re". Ko

r;a;a )Ke X :5 A , xapaKTepHhle paCCTOJIHHJI B rreTJie cpaBHHMbI C pa3MepoM 

qirryKTyan;IIH II pe3yJibTaT rrepecTpannaeTCJI IIOJIH0CTbIO. 

4. ThrooHHbIH BKJia~ B cny'Iae KX,Il;: 
u u 

JIOKaJibHbIH rJIIOOHHblH KOH~eHCaT 

BKJiaµ; rmoonnoro KOHµ;encaTa paoMepHOCTH 4. B xoppeJIJITop Dµv 

BKrra;a; ~ (g2G2) BH0CHT T0JibKo Q - rrepBM TeH30pHM, cTpyxTypa n (2.3), 

rrpn aToM D + DI -+ 1. ThrooHHbIH nxrra;a; B B<P -<I>c reHepnpyeTcJI, o'!enn

;a;Ho, TpeMH ;a;narpaMMaMH Ha pnc.2a),b),c) . .I(narpaMMhl pnc.2a),b) n aToM 

crryqae rrpnno;a;JIT K e;a;HHCTBeHHOMY HHTerparry ( o6~HH q>aKTOp (asG2) / (247r) 

6y;a;eM ;a;arree orrycKaTb) 

<I>a+b( ) _ iJ M [- ·Jd4kN(N - I)(kn)N+1(I - kn)] _ 
G X - (M2) (x) i k4(p-k)4 -

iJ [- ·jdk8(x- kn)(kn)3(1-kn)]" = 
(M2) i k6(p - k )2 xx 

[
0(1 > x > 0)xx]" _ 8(x) + 8(x) _ 0(1 > x > 0) 

2M4 xx - 2M4 M4 ( 4.1) 

MHTerparrbI, TIIIIa rrpe;a;cTaBJieHHoro B KBa;a;paTHbIX CK06Kax, rrpnne;a;eHhl n 

rrpHJIO)KeHirn A ( qiopMyrra ( A. l)). .IJ:ne rrp0H3BOp;Hhle no qipaKD;HH X C00TBeT

CTBYIOT, B rrpe;a;cTanrreHHH N-MoMeHTOB ((xN)) OT <I>a , 'IJieHy c N(N - 1) • 

(nk)(N- 2), T.e. paBHhl Hyrrro rrepnhle ;a;na MoMeHTa OT Bhlpa)KeHHJI (4.1 )(Ha

II0MHIIM, Mhl rrpIIMeHnrriI o6paTHoe MeJIJIIIH0DCKoe rrpeo6pa:JonaHIIe M(x) K 

orrepaTopy C oµ;HOCT0p0HHIIMII IIp0H3B0p;HbIMII (n.D)N) . .IJ:n:arpaMMa pnc.2n), 

corrpH)KeHHaJI 2a), 0TneqaeT rrpn:coe;a;IIHeHHIO naKyyMHbIX rmooH0B K TOH II3 

CIIHHOpHbIX JIHHIIH, Ha KOTopyro He ;a;en:CTByeT orrepaTop ( nf>)N' B GTOM crry

qae 0TBeT paneH HYJIIO, 
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I) I I 

1 /I 
( 

( 

fa 
)f: ¥ 

G + u + ©1 
' I [ I 

* * 
a) b) c) 

~ ~(g/G3
) 

~ I 

G:1: ~6 
d) 

Pnc. 2: ,ll1rnrpaMMbl rmooHHoro axnaAa B mmHHYIO B<l>. IIMnynhcbl .paccTaaneHbl All.II 

cnyqa.11 "nHTepBanbHOro npn6nnlKeHil.ll" y HellOXMbHbIX rnIOOHHbIX KOHAeHCaTOB 

.I(IIarpaMMa Ha pIIc.2c) rrp:i:rno;a;IIT TaK)Ke K O'IeHb rrpocTOMY CHMMeTpII'I

H0MY Dbipa)KeHIIIO: 

<I>b(x) = iJ(M
2

) [-if d4kb(x - kn)(kn)(I - kn)] _ 0(1 > x > 0) 
k4(p-k)4 - M4 · 

(4.2) 

CoxpaHeHn:e ( x -+ x )-cIIMMeTpIIII n Ka)K;a;011 1m ;a;IIarpaMM CIIrHaJIII3IIpyeT 

0 coxpaHeHJ:III TpaHCJIJID;IIOHHOII IIHnapIIaHTHOCTII OTDeTa, rrorry'IeHHoro rrpn 

HaJimKeHirn JIBHO TpaHCJIJID;IIOHHO·- HeIIHBapnaHTHOH Karrn6pOBKII . .I(rrJI GTOr0, 

noo6~e ronopH, ;a;ocTaTO'IHO Y'IlITbIDaTb Karrn6pOBO'IHO- IIHnapnaHTHhlll Ha-

6op ;a;narpaMM. IlorrHhlH oTneT (4.1) + (4.2) = <I>G(loc)(x) xoporno II:JnecTeH 

[21], [15] H ;a;aeT He 3aDHCJIID;Ue OT N MOMeHThl: 

<I>a(loc/x) = (8(x) + 6(x))/(2M4); (€N)G = ~ 4 

BKnaµ;bI r:mooHHOro KOHµ;encaTa paoMepHOCTH 6. 8TH BKJiaµ;hl IIH

TepeCHhl TeM, 'ITO ;a;eMOHCTIJIIpyroT Da)KHbie CIIMMeTpIIHHhle CBOHCTDa rJIIOOH

HOII B<P. PaccMoTpIIM rrpe2K;a;e BKrra;a; OT TeH30pHon: cTpyKTYPhl Q n (2.3), 

cnJI:Jannon: KaK c a6errenoi1,TaK u c Hea6errenoii qacTJIMH KopperrJITopa. Ilpo

no;a;JI arreMeHTapHoe HHTerp11ponam1e n qiopMyrre (2.1 ) c J:Icrrorrb:JOBamieM 

pa3JIO)Kemrn (2.4) n onpe;a;erreHHH (2.5), rrorrrraeM Bbipa)Kem1e ;a;rrH Q- nKrra;a;a 

D Dµv 

~(.X}.rA + >.~). (gµ,,(y;:) - y,,z,,). ¼[(y- z)2 + ½(y2 + ,:2)] . (4.3) 
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l:lcnom,oy.!l ( 4.3 ), Ii peoyllI>TaTe HeCJI02KHhIX, HO rpOM0OAKIIX BbIKllaA0K (npo

BCACHHbIX c noMonu,10 cucTeMbl REDUCE) nony'lBM p;ll.ll BKJiaA0B ABarpaMM 

puc.2a),u),c) BbipruKeBlUl (HWKe 6)'AeM onycxaTb o6lll,Ull cpaxTop 8/27-(>..'}{ A unu >..~)) 

4>attA)(x) 

q>G(NA)(x) 

= · -3[0~ + (x-+ x)]-21[0~[ -9[ex[,, +3[9(x - x}[£4.4) 

9 XI I 

= -15--= + 15[0-=] - 9[0] ( 4.5) 
XX. X " "• 

3AeCb 9 o6ooHa'laeT 9(1 > x > 0). IlpelKAC ucero 0TMCTHM, 'ITO nO.llBUlIHCb 

HCHHTerpupyeMble oco6eHHOCTH, npupoAa KOTOpbIX y2Ke paccMaTpUBaJiaCb u 

paoAene 3. 3µ;ec1, MhI ue 6)'AeM oaunMaTLC.ll peryll.llpnoauneii OTUX oco6eHHo

cTeii u noJiy'leHUeM IlOlIBOCTblO KoppeXTHOro OTBeTa, xax OTO 6bIJIO cµ;enaHO 
B cxaJI.llpHoii MoAenn, a cxom:teBTpnpyeMC.!l Ha cnMMeTpllllBhIX caoiicTBax pe

oym,TaTOB. Mo cpaaHeHll.ll (4.4) u (4.5) BHAHO, 'ITO (x-+ x)-cHMMeTpll.!l cyM
MapHoro peoynLTaTa, a ·cneAoBaTellbHO, II TpaBCll.llUHOHHall llHBapuauTHOCTb, 

HapyweHbl y2Ke B rnaaBblX cuaryll.llpHbIX 'lneHax OT µ;uarpaMMhl puc.2a),b) 

-21[0~]: 

u µ;uarpaMMhl puc.2c) 

15[0;[ 

COOTBeTCTBeHBO. CUMMeTpll.!l µ;on)I{Ba BOCCTaBOBllTbC.![ All.ll Hea6eneuoii 'la

CTU, ecnu npHH.!lTb uo BHJIMaHHe µ;uarpaMMbI c TpeM.ll G -DCTaBXaMH (cM.pnc.2d)), 

nponopIUIOBanbHble (g/G3): 8TH µ;uarpa.MMhl µ;ononB.llIOT rpynny ncxoµ;BhIX 

µ;uarpaMM µ;o xanu6poBO'IBO-UBBapnaBTBOB. Iloµ;o 6Hoe CBOBCTBO All.ll BOp

MUpOBXU 4>a(x) 6hlno YCTaBOBJieBO u (19) xax CBOHCTBO Be0aBIICHMOCTll pe

oynbTaTa OT zo n XaJIU6pouxe (x - zo)PAµ(x) = 0. Oµ;aaxo µ;uarpaMMbl THlla 

puc.4d) Be MoryT BOOHJIXHYTL BU no xaxoro 6n:noxan1,Boro xoppell.llTOpa Dµv, 
ll llOOTOMY l];ll.ll nony'leHJI.ll TpaBCll.llUHOHHO- HHBapnauTBOro (T.u.) peoynb

TaTa B riopaµ;xe ).(NA) noTpe6yeTC.ll BBeµ;enue TplllIOKaJibBblX Koppell.llTOpOB 

BIIµ;a (: Aµ(y)At(z)Ap(x) :). Ilocneµ;nnx, B cumo 0'1epeµ;1,, oxruKeTc.ll neµ;ocTa

TO'IB0 ~ll.ll coxpaueulll[ T.H. n cneµ;y10meM nop.nµ;xe no ).(NA) u T.µ;. TaxHM 06-

paooM, B cuny uea6eneBOCTB, HeB03M0:lKBO o6opnaTb :a;eno'IXY n-TO'le'IBbIX 

Koppell.llT0pon, ~e napywHB xanu6pono'lnoii UBBapnanTBOCTH n nocneµ;neM 

nop.nµ;xe no ).(NA)· A OTO BapyweHHe 6)'AeT DpO.!lBJI.![TbCJI oµ;ecb, »·'laCTH0CTH, 

xax uapyweHHe (x-+ x)- CHMMeTpnn peoym,TaTa µ;JI.I[ 4>0 (x) (n:na napywe-

nne T;u.). 

PaccMc>Tpru.i Tenepb peoynLTaTbl p;ll.ll a6eneuoii 'lacTu 4>a(x). Ilponoµ;.11 

Bbl'lncnelllI.11 c TenoopoM P (nponopunonanLHOe ).(A) BTopoe cnaraeMoe B 

IO 

JJ 

'\'} 
l 

I 

( 2.3) ), DO BCeM aHarrorII'IHhle rrpe;a;1,1µ;y~IIM, a TaK2Ke Y'IIIThlBaJI 'llleHhl (~.4) 
II (4.5)), rrorry'IIIM ;a;rur a6errena nxrra;a;a B <I>c(A): 

,T,a+b 
'±' G(A) 

<I>G(A) 

18[0 :2 + (x-> x)]- 18[0~( +crraraeMhle nma(8(x),8(.x),8'(x)(4.6-) 

= -18~ + 1s[0;]' + crraraeMhle TIIna(8(x), 8(x), 8'(x), .. . ) . ( 4.7) 
XX X :r: 

MmKHO y6eµ;HTbCK, 'ITO (x-. x)- CIIMMeTpHK B0CCTaHaBlIIIBaeTCK TOllbKO B' 

cyMMe Dhlpa2KeHHH ( 4.6) II ( 4. 7) µ;rur panHhlX µ;IIarpaMM. 3µ;ecb n Bhlpa2KeHIIH 

µ;rrK <I>c(A) Bhlµ;erreHhl ITIIlllb Han6orree CIIHryrurpHbre 'lrreHhl (xoTophle oxaoa
rrIIch lI Han:6orree rrpocThlMII). 

5. ThrooHHbIH BKJia~ B cnyqae KX,[(: 
•V V 

HeJIOKaJibHbIH rJIIOOHHbIH KOH~eHcaT 

B rrpeµ;hlµ;y~eM pan;a;erre 6hlrro rroxaoaHo, 'ITO Hea6erren nxrra;a; B <I>c( x) Henoo

MOMHO BBeCTII TOllbKO c IIOMO~bIO 6urroxam,Horo KOpperurTopa Dµv u coxpa

HIITb B TO Me npeMK (x-> x)- CIIMMeTpIIIO B rropKµ;Ke AJvA B curry HapyllleHHK 

xamr6poBO'IHoii IIHBapnaHTHOCTII. Borree Toro, 3TO HeB03M02KHO c;a;erraTb II 

)J;lIK rr106oro KOHe'!HOro Ha6opa IIOlIIIlIOKallbHhlX orrepaTopoB. Oµ;naxo Hea-

6erren BKrraµ; n o6paTHYIO xopperurn;IIOHHYIO µ;rruny, IIO•BH)J;IIMOMy, KBlUieTCK 

;a;oMIIHIIpy10~11M ( CM. paoµ;err 2). IloaToMy Hallla ;a;arr1,neiilllrur cTpaTerHK 

HarrpanrreHa Ha norry'IeHne lIIIlllb Ka'leCTBeHHhlX on;eHOK ;a;rur aq>q>eKTOB He

lIOKallbHOCTII, IIHµ;yu;uponaHHbIX q>opMq>aKTOpOM D( u, V) , H µ;eMOHCTpan;HIO 

COOTBeTCTBYIO~eii TeXHOlIOrIIII. 

OcTaBlIKK B (2.3) TOllbKO Hea6erreny '!aCTb D1(Ll.2)-> 1 (>.;i_-> 0), IIOlIY'IIIM 

Kµp,~u( v, u) = Qµp,vu · ( D( v, u) + 1 ), (5.1) 

Y'IIITbIBM, ;a;arree, )J;OMlIHHpyIO~IO 0aBIICIIMOCTb Dµv B (4.3) OT HHTepnarra 

(y- z)2 D rropKµ;Ke AJvA, B0CIIOllb3yeMCK "rrnTepBallbHbIM" npII6lIH2KeHHeM 

D _ puQ {l ANA[(y-z)
2 ]+ ~ µv - Y Z µp,v,u · + - 9- 4 + .. • .. , ~ 

l'° exp [(y ~ z)\i] fc(a)da} . (5.2) 

3µ;ec1,, KaK o6hl'IHO, BBep;eHa q>yHKD;IIK pacrrpe;a;erreHIIK BaxyyMHhlX rlIIOOHOB 

fc(a). Cpany OTMeTIIM, 'ITO nxrrap;hl B <I>c(x) ,cBK0aHHhle c rrenon '!acTbIO 

panencTBa (5.2), rrponopu;noHallbHhle (y - z)2/4, TaKMe rrpHB0)J;KT K (x -> 

II 



.x)-neclIMMeTpWIHOMY peoyrrhTaTy (cM. Ta6rrm~y.). PaccMoTplIM, KaK c He
rroKaJihHOCThIO Kon;a;encaTa rrpeo6paoyroTC.ll 1IHTerparrb1 (4.1) (<1>2;) II (4.2) 
(<I>&), ;a;arorn;1Ie cTan;a;apTHhln: rrpe;a;err. OnlI, o;a;naKo, ne IIC'IeprrhlBaIOT Terreph 
ncex BKrra;a;on OT µ;1IarpaMM p1Ic.2a),b),c) (cM. TeKcT rrocrre q>opMyrrhl (5.5) 
II Ta6rrm~y). BocIIOJihDOBaBWIICh rrpe;a;cTaBJieHIIeM (5.2) II q>opMyrraMII IIH
. Terp1IpoBaHII.ll B rrplIJIO)KeHIIII B, rrpmm;a;IIM K Mop;1Iq>IIU1IponaHHOMY BKrra;a;y 
( 4.1) 

<I>a() iJ [fa4zd4k6(x-kn)(kn)2(1-kn)(nl); ((k-l)2)],, = 
G X -+ (M2) k4/2(p- k)2 JG xx 

[ xx2 xx A ]" ~ 0(A > x > 0) 2A + 0(1 > x > A) 2 {1- 3x) »a xx· (5.3) 

3;a;ecb j a-q>yHKUII.ll pacrrpe;a;erreHII.ll n IIMIIYJihCHOM rrpe;a;cTaBJieHIIII, ~ ( ... ) »a 
- ycpe;a;HeHIIe no rJIIOOHHOMY BaKyyMHOMY pacrrpe;a;erreHIIIO fa, BBeµ;eHHOe B 
(3.7). Ilocrre p;IIq>q>epeHUIIPOBaHIIJI B (5.3) IIOJIY'IIIM OKOH'laTeJihHOe Bblpa:iKe
HIIe p;ll.ll <J>o( X): 

[
A - x ( x x2

)] 1 A _ ~ 0(.X > x > 0) ~- 3x-2 A2 -0(1 > x >A)+ 2(1- 3)8(x) »a.(5.4) 

0TMe'I'IIM, 'ITO IIplI .X-+ 0 rrepnoe crraraeMoe n (5.4) IIMIITIIpyeT 8-q>yHKUIIIO: 

0(.X > x > 0) [A;/ - (3x- 2~:)]-+ ½o(x)-i (58(x) + 8'(x)) + ... , 

II TaK BOCIIpOIIDBOp;IITCJI rrpe;a;errbHhln'. JIOKaJibHhln'. peoyJihTaT. Ilo;a;o6Hble IIMII
TaTOphl IIOJIBJIJIIOTC.ll II B ;a;pyrlIX BKrra;a;ax. CpaBHIIBaJI Bhipa)KeHIIe (5.4) C rrpe
;a;errhHhlM crryqaeM B (4.l),y6e)K;a;aeMcJI,'ITO ypoKII cKarrHpHon: Mo;a;errn o;a;ech 
IIOJIHOCThIO orrpaBp;bIBaIOTC.ll: 

· b(x) rrepexoµ;IIT B cnon: HerrpephIBHhln: aHarror B o6rracTII x ::; A (nepnoe 
crraraeMoe B (5.4)), a B o6rracTII x > .X BOCIIpOIIDBOp;IITC.ll rrpe;a;errhHhln'. crry
'lan: c OTKJIOHeHIIJIMII ~ A. 

CorrpJI)KeHHaJI µ;1IarpaMMa Ha pnc.2~;a;aeT HYITh p;ll.ll "IIHTepnarrhHoro" rrpII-
6rr1I)KeH1I.ll (5.2) rrpII rr1060M fa, KaK II n lIOKaJibHOM rrpe;a;erre. HaKOHeu, IIHTe
rparr ( 4.2) rrepexoµ;IIT B Bhlpa)KeHIIe 

;J;.c() !:.B- jd4/d4k8(x-kn)(l-kn)(2nl-nk)f- ((k-l)2)+( -)·= 
'l'G X -+ 2 (M2) k2[2(p-k)4 G X-+X 

0(1 > x > .X) J _ ) 
~ 

2 
(1-:r)»c+(x-+x), (5.5 

12 



=
 

~
 

' 
~
 

.. 
l 

~
 

.-----, 
Iii 

~ 
Iii 

s 
s 

;;-
I\ 

I\ 
s 

i:Il 
Ii 

Ii 
l'!i 

~
 

Ii 
" 

Ii 
I\ 

I\ 
I\ 

.. :i: ... 

~ 
0 

.-(::t:l 
Ii 

.... 
.... 

oqo 
I\ 

lf 
~
 

~
 

I 
.____. 

.... 
Cl. 

"I'"' 
"I'"' 

.._, 
ti 

.. :i:::t:i 
.. :i: ::t:l 

..!!L
. 

·= 
.-( 

co 
.-( .., 

l 
:a 

I 
I 

.. :i:::t:i 
=

 
.-( 

oqo 
,II 

::i 
,. 

=
 

Ill 
.-

-
-
-
, 

ij 
Ii 

s 
;-

.!.!!_ 
i:Il 

0 
I\ 

.. 
I\ .. 

0 
0 

Ii 
.. 

E:. 
Ii ::t:l 

/\ ::t:l 
0 

I\ 
C'-1 

. 
.... 

.... 
~
 

~
 

.____. 

• 
~
 

'ii. 
A

 
• 

t 
~
 

~
 

Ii 
.-( 

.. 
=

 
A

 
.._, 

I\ 
~
 

+
 

Ii 
A

 
... ,~ 

l:l 
I\ 

....... 
A

 
.... 

.-( ,~ 
.-( 

....... 
<ii' 

,..._ 
.-( I~ 

.-( 

t 
I 

I\ 
,..._ 

I 
.... 

.-
(
 

....... 
E< 

.._, 
Ii 

I\ 
~1, .. 

,II 
.~

IC
'-1 

I\ 
....... 

~
 

Ii 
.-( 

....... 
,c

 
13 

.-( 
Q

:, 
I\ 

I\ 
I\ 

+
 

l:l 
.... 

Iii 
Cl. 

A
 

~
 

fl 
....... 

I\ 
·~ 

I\ 
Jtl~ 

0 
'+I 

.... 
=

 
.... 

I 
"'I 

+
 

<ii' 
.._, 

,II 
Q

:, 
.... 

l:l 
+

 
::i 

.. 1~ 
.._, 

A
 

U
ik 

Ill 
.~

 
C'-1 

.~ 1.-( 
i 

....... 
....... 

C'-1 
0 

s 
.-( I fl 

I 
=

 
I\ 

" 
I 

.., 
fl 

Ii 
C

 
,~T~ 

" 
" 

~
 

~
 

~
 

" 
s 

Q
:, 

" 
Q

:, 
fl 

C'-1 
i 

i 
" 

lfl 

" 
I 

C
 

~
 

Q
:, V

 
Q

:, 

'V 
.____. 
.... f oqo 

ol 

~0~ 
,i 

:.() 
~(}: 

~ 
I 

Cl. 
!ii =

 
r::t: 



rrra.BHhlll BKllap; KOToporo c pocTOM .>. cµ;miraeTCJI Teneph K KpaJIM HHTep

narra [O, 1). Kp~Me paccMOTpeHHhlX oµ;ec1, IIHTerparron (5.4) II (5.5) o6e µ;11-

arpaMMhl µ;aroT BKllap;hl, nopo)Kµ;aeMhle co6CTBeHHO HellOKaIThHOCThIO. 8TH 

BKllap;hl IIMeIOT Blip; nepBhlX IIp0ll3D0;1J;HhlX OT HeKOTOphlX <pyHKIJ;IIH, Cllep;hl 

KOTOphlX y)Ke npIICYTCTBYIOT n Bhlpa)KeHIUIX ( 4.4) u ( 4.5) µ;rrJI BC paoMep

HOCTII 6. HopMIIpOBKa TaKIIX BKJiap;oB paBHa HYJIIO, a COOTBeTCTBYIOUl,IIe 

_IIM c;-MOMeHThl cTpeMJITCJI K O KaK O(.>.). B qacTHOCTII, TaKoii: BKrraµ; OT 

µ;narpaMMhl p11c.la) , nMIITIIpyroU1,1m paoHoCTh 8-<pyHKu;n11,cKOHIJ;eHTpIIpo

BaHHhlX n6mmII .>., np~rneµ;eH BO BTopoii: CTpoKe peoyrrhTIIpyrolll,eH Ta61IIIIJ;hl. 

TexHII'leCKII HaII6orree rpoMooµ;KIIIT pac'leT Tpe6yeTCJI µ;rrJI BKrraµ;on c nepnoii: 

npoIIOBOp;Hoii OT µ;IIarpaMMhl Ha pn:c.2c). Ilpn: :JTOM )];llJI pJI;a;a crraraeMhlX 

HHTerpIIpOBaHIIe ;a;o KOHIJ;a He CHHMaeTCJI ;a;a)Ke npII IICIIOJih0OBamm npo

CTeHUIIIX 8-o6paoHhlX aHoau;en. II00T0My penyrr1,TaT µ;rrJI HHX 6hlrr norryqeH 

IIpH6JIIVKCHHO ( CM. 'leTBepTyro CTpO'IKY Ta6mIIJ;hI). 

CyMMapHhrii penyrrhTaT BhI'IIIcrreu:uii <I>c(NA) ;a;onycKaeT rrpocTyro annpo

KCIIMau;III<1. OTMeTIIM,'ITO BKrraµ; n (c;N)G BHOCIIT TOlihKO (x -+ x)- CIIMMe~ 

TpII'IHaJI 'IaCTh <pyHKIJ;IIII <I>c(NA), T.e. (<I>c(NA)(x) + <I>c(NA)(x))/2. KcTaTII, 

IIMeHHO TaKOH CIIMMeTpII'IHhlll peoyrrhTaT Mb! 6hl norry'IIIlIII, ecllII 6hl BOC

IIOllh0OBallIICh µ;nycTopoHHIIMII npOII3BO)];HhlMII B Bepunrnax BMeCT0 op;HOCTO

poHHIIX ( nD)N. Ecrrn Tenep1, nocno111,oonaThCJI CTaHp;apTHhlM ( cM. [3], [13]) 
8-o6paoHhlM 4uoau;eM f a(v) = 8(v - >.b), TO oxanhlnaeTcJI, 'ITO npn nceM 

cneKTpe ou;eHoK )];ITJI >.b = A[NA/9 (cM. paop;err 2) MOMeHThI ((c; = x - x)N)c 
(N ::; 8) BeCbMa 61111:JKII K 0Ha'leHHJIM MOMeHTOB, µ;anaeMhIX npoCTOH. MO

p;ellhIO <I>c;od 

·f2<I>mod _ (asG2) 8(x - >.b/M2) + 8(x - >.bf M 2
) 

1r G -241[ M . 

TaKaJI 6mmOCTh Bhlr1III)];IIT ecTeCTBeHHOII, TaK KaK DCC npep;cTanrreHHhle n 

Ta6rrnu;e crraraeMhle CKOHIJ;CHTpnponaHhl Ha KpaJIX IIHTepnarra [O, 1], HO co 

CBOIIMII llIIIpHHaMII IlOpJI)];Ka A. 8Ta MO)];elih <l>cod ;::::: <l>G(N A) H HCilOlih0O

BaITaCh HaMH pauee [3], [13] )];lI.lI rpy6oro yqeTa :J<p<peKTOB HelIOKaIThHOCTH. 

Hn)Ke np1rneµ;eHhl rpa<pnKII nerrwrnH (c;2)c, (c;4)c KaK <J>ynKIJ;HH 6operrencKoro 

napaMeTpa M 2 npH .>.b = 0.1 f0B2 • 

6. 3aKJIIO'leHHe 

MeTop; KX,IJ; npannrr cyMM µ;rrJI norrnonoi <J>yHKIJ;IIH pacurnp.aeTcJI BKlIIO'leH:neM 

HeJIOKalihH0ro rJIIOOHHoro KOHp;encaTa. 

14 

14 
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\ 
\ <\2toc 

' ++ ' 
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++ ' ++ ....... 
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2 ~+++ ... ~---
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........ ______ __ 

V--+~+ -+++ +++++++t+++++++++ 
,::5 Non 
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07 H2 3.7 

Pnc. 3. IlyHKTHpH011 rrnHn:eii noxaoaHa oanncnMOCTh cTaHµ;apTHoro 

MOMeHTa (c; N)b0 c; KpecTa...\m ( +) - MOMeHThI no Mo;nerrhHOII <J>opMyrre (1 ); 
. llHHIIe:ii - pac'leT no BCeM BKllap;aM HO "Ta6nH~bl[. 
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1. 0q)(peKThl HenoKM1,HOCTBAU rmooHHoro BKnaµ;a <I>a(x) =< <I>a(x; ,\) :>g 
noµ;po 6uo paccMoTpelll>I ua npm.i:epe CKalIJ[pHOll MOµ;enn. 06HapyxeHo 
o6mee cnoncTno <I>a(x; .\), (npB .\ < 1) Bepuoe B B KX)l: eCnH OTHo
cnTem,Hhtll MacwTa6 HenoxanbBOCTB ,\ ( = Ab/ M2) MeBbwe MacwTa6a 
oTHocnTem,Horo m.i:nym,ca x (= k/ P), To B q>JHKIUIH <I>a(x; ,\) BoccTa
HaBnHBaeTCJI npeµ;em,uu q>opMa OTBeTa ( B uyneBOM nop.llAJte no A). 

2. Bhl'lllcnelll>I BxnaAbl BemJAHpJIOIUBX BC paoMepuocTn 6 B <I>a rmoHa. 
YcTaHoBneHo, 'ITO nxnaA B <I>a OT ·'lllcneHHo Han6onee ;:ma'IBMoii He
a6eneBon '!acTn D rmooHHoro xoppeuTopa He Mo3'eT 6htTb · nony'leH 
KanH6poBO'IHO - HHBapBaHTHhlM o6paooM. ,IJ;u BOCCTaH~BneHB.ll 1:ann-
6pOBO'IHOll HHBapna.HTHOCTB Heo6xoµ;BMo BKnIO'laTb B pac'leT nonnno
KanbHhte rmooHHble KOppen.llTOphl. 

3. Ha ocHoBe "HHTepBanbHoro npn6nnxeuu" nony'leHa oneHxa µ;na BKnaµ;a 
B <I>a OT Hea6em:»oii 'lacTn rmooHHoro HK. Ilpn aToM, B cnny Ha6n10µ;e
HWI 1, B <I>a ocTaIOTCJI cneµ;hl CTaHµ;apTBoro oTBeTa, nponopnaouam,Hhle 
6(x) n 6(:c), » npOTHBOnOJIO,KHOCTb HHTYBTHBHO .llCHOMY cny'laIO KBap-
KOBhlX HK 13]. . 

4. -Y:ncneHHhlii aHanna noKaoblnaeT, 'ITO nxnaµ; rn100HHoro HK B B<I> cy
mecTBeHHo MeBbWe lIOKMbHoro npeµ;ena n CTa6HJibHee no 6opelleBCKOMY 
napaMeTpy M2 ( CM. pnc.3) ( npn cymecTBYIOIUllX B nHTepaType oneHKax 
An.Ii .\b). n= oneHKB unawnx MOMeHTOB Ha.Hp;eHa yp;o6Has: annpoKCB
Manrur <l>cJ°"(x) («popMyna (1.1)). 

· B~axmo'leHHe xo'ly no6narop;apnTb A.B.Paµ;10w1:HHa, nocTannnwero aTy aa
p;a'ly n npo.llBn.llBwero K Heii nocTo.llHHhlii nHTepec, A.r .I'poanHa n A.II.BaxyneBa 
oa nnop;oTnopHhte o 6cy:lKp;euu n P .Pyc1:ona n lI.MycaToBa oa o 6cyxp;eune 
n noMOll(b B pac'leTax. 

IlpHno.>KeHHe A. OcHOBHble 

HHTerpanbI cxanJipaoi M0J:\enH 

.II:= Bhl'lllCJieHB.ll BKnaµ;on B B<I> OT CTaHµ;apTHblX KOHl];eHCaTOB, KaK B cxa
n.llpHbIX Mop;ell.llX, Tax n B cny'lae KX.D:, p;ocTaTo'IHO nony'IHTb 6e0Maccon1:,1e 

. eBKnHl);OBbl llBTerpanbl p;Byx TllllOB : 

• [! 6(x - kn) D ] _ 7rD/2 (-)a+b(z)D/2-a-l(x)D/2-6-1 
B(M') (k2)a((p-k)2)6d k - r(D/2) (M2)a+6-D/2r(a)r(b) (A.1) 

16 

· [f 6(x-kn)P2 D ]- rrD/2(-)a+b+l(a+b-D/2-l)(x)D/2-a-l(x)D/2-6-t· 
B(M2) (k2)a((p- k)2)6d k - • f(D/2)(M2)(a+6-D/2-l)f(a)f(b) (A.2} 

BocnpmmBeµ;eM Tenepb peoynhTaT (3.3} npn noMomn peryll.llpnay10meii Macc1:,1 
m. 0neMeHTapu1:,1e Bbl'lncneuu, nponeµ;eHHble p;n.ll p;narpaMM pnc.la) n pnc.lb) 
( COOTBeTCTBCHHO nepBoe n BTOpoe cnaraeMble n KBaµ;paTBblX CKO 6Kax Hll:lKe), 
nptmoµ;.llT K peoynhTaTaM (D=4} 

· 1 [ 1 6(x} ] _ 1 [c~/z M2] 
-B(M2)2 (P2x + m2)2 - Ji'ImI - -™4 xr- - 6(x)m2 • 

PaccMoTpHM. Tenep1, npeµ;en CB.llTH.ll peryll.llpnoannn m2 / M 2 = a -+ 0, 
Torµ;a nocneµ;uee Bblpa:iKeune neno npeo6paoyeTC.ll K BHp;y (3.3) 

1 [e-o/z 6(x'] 1 { [e-o/z r' e-0/11 ] } 
-2M4 "x2-7 =-2M4 "x2-6(x)•10 yrdy -6(x) = 

- 2i[4•{[:bL -6(x)}. (A.3} 

BbI'IHCneane BKnaµ;oB µ;narpaMMbl pnc. la) C uenoKMbHbIMH KOHµ;eucaTaMU, 
onpeµ;eneBHblMH n (3.4) nocpeµ;cTBOM q>yBKI{llll pacnpeµ;eneBHJI /g(o}, CBO
l);IITC.ll n paoMepuoii perynHpnoannn (oµ;ecb E = (D1 - D}/2) K HHTerpany 
(onymeu o6mnii q>aKTop (¢2.)) 

(xx)D/2-2(Af2)D/2-3(µ2)< 

(D/2-1) 

l ~; Jg{),.M2) { 8(),. > x)[~ -1] + 8(,\ < x)[~ - 2(1- (11// x)D/2)]}~.4) 

.II:= oepKanbBO-CHMMeTpH'IHOH µ;narpaMMbl pnc.lc) OTBeT nony'laeTCJI DaMe
HOll (x-+ x) . .Il:nH BKnaµ;a µ;narpaMMbl pnc.lb) peoyn1,TaT paneu 

-°i:{f(D/2 - 2)f(3- D/2). fo00 

d,\/9 (..\)>.< 0 12- 3>(µ 2)' . (A.5) 

llcnon1,oonaane nocneµ;anx µ;nyx q>OpMJn npnnoµ;nT K peoyn1,TaTaM (3.5), 
(3.6), npn DTOM peryll.llpnay10mnii MaCWTa6 µ2 aaµ;o BD.llTb paBHbIM BHe
WHeMy MaCWTa6y M2. 
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IlpHJIO>KeHHe B. OcHOBHbie 

HHTerpan1:,1 KX,II; - Mo~eJIH 

.I(rur IIOJI)"IeHira Bcex BKJiaAOB OT AIIarpaMMhl pnc.2a) 11 "!aCTII BKJiaAOB AII

arpaMMhl pIIc.2c) AOCTaTO"IHO Bhl"IIICJIIITh 6atlOBhlH IIHTerparr 

_ A f 8(x-nk)-nk{nl} - . 2 (1-nk)dDkdD[ _ 
l(n,m,nk{nl})-B(M2) (k2)n+l(l2)m+l f((k-l) )(p-k)2 (2rr)2D -

(xx)D/2-1(-)n+m (M2)°/2-2-n-m l 
7rD/2r(n + l}f(m + 1) lo d,{,}'yD/2-2-m("y)mx 

roo 0( ! > i>-) (!-i>-)n >,md>. f(M2) . (B.l) 
lo x x >. >. 

Ilpo"!IIe BKJiaAhl OT AIIarpaMMhI p11c.2c) MO:iKHO rrorry"IIITh II3 6opeJIII30BaH
HOro IIHTerparra, COOTBeTCTBYIO~ero CKalI1lpHOH AIIarpaMMe puc.4 C COCTa
BHhIMII onepaTopaMn (nD)N B nepunrnax [3]. B o6~eM crry,:rne, Ka:iKAOII rrn
Hnn a AHarpaMMhl oTBe"!aeT nee / 0 (1/a): B crry"!ae cno6oAHoro rrporraraTopa 

fa= 1, "c)KaTon" rr,nmrn cooTBeTcTByeT / 0 (1/a) = 8(1/a). <!>eirnMaHOBCKIIH 

l:IHTerparr no a- napaMeTpaM paneH 

l(fa,fp,f,,ff/,f{) =M2 fo00 

8(x- ~) 8(y~ 'j5) 8(1-M2
~) x 

IIdad(3d,d71d~ (B.2) 
D2 

II= /a(l/a) fp(l/(3) f,(1/,) ff/(l/71) f{(l/~) 
D = (a+~ +,)((3+11+,)-,2, 
Aa = ~(13 + 1] + ,) + 177, Ap = 71(a+ ~ +-r) + 'Y~, 

A= aA0 + (3Ap = ~(D-Aa) + 71(D-Ap)-

fp(l/ (3) 

,(lh.1® 
l 

ff/(l/77) f{(l/0 

P1:1c.4 
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IiHTerparr (B.2) 6wrr pacCM0TpeH D CTaThe [3], 3p;ech rrpnnep;e~ JIHlllh OKOH-
"!aTeJibHhlII pe3yJihTaT: · 

I(x,y) = r• dadb0(b > a)0(y > x) + 0(b < a)0(y < x) x 
lo I xyab + yxba I 

J,(t =: M 2)fa(yM2/a)fp(xM2/a)f{(iiM2/b)frJ(xM2/b). (B.3) 

,I{rur Hawrrx AHarpaM1i c COCTaBHhlM orrepaTopoM B OAH~li nep~mrne A~CTa-
TO"IHO norry"IIITh JJ dyl(x,y). · 
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MnxaHJIOB C.B. P2-92-387 
HCJioKaJibHblH rJIIOOHHblH KOimettcaT. 
e KX.ll. npaenJiax cyMM AJISI BOJIHOBblX QJYHKU.HH 

HeJIOKaJlbHble rJIIOOHHhle KOimeHcaTbl BBOASITCSI B KX.ll.. ripaBnJia cyMM AJISI 
aoJiuoeon QJYHKU.HH nnoua. B ueKoropoM npn6J1m1<eunn noJiyqeuo Bblpa)KeHne 
AJISI <<Hea6CJieBOH 'laCTH>> ,KOimeHCaTHOro BKJiaAa e BOJIHOBYJO QJYHKU.HJO. Ilpo
BCAeH 'lnCJieHHblH auaJIH3 3QJ<PCKTOB HCJIOKaJihHOCTn l'JIIOOHHoro KOimeHcaTa. 

Pa6oTa BhlnOJIHCHa B Jla6oparopnn TeopeTH'leCKOH Q)H3HKH 0115111. 

TTpenpHHT O61.e)\1t1le1111oiu HIICTHcyTa H/\CpllblX HCCJIC/\0BallHl1, )fy611a 1992 

IlepesoA aaropa · .. 

Mikhailov S.V. P2-92:.387 
Nonlocal Gluonic Condensate 
in QCD Sum Rules for the Meson Wave Functions 

The nonlocal gluonic condensate is introduced into QCD sum rule for the 
pion (in general - light' mesons) wave functions. A «non-Abelian part>> of. the 
nonlocal condensates contribution to the wave function is obtained at some 
assumptions. The numerical analysis of a role of nonlocality gluon condensate 
has been performed.. . 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR . 
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