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fny60KOHeynpyrue neDTOH-81lpOHHbl9 llp0119CCbl B KanH6pOBO'IHblX 

MOilenSIX C M8CCHBHblMH BeKTOpHbiMH rmOOH8MH 

PaccMaTpHB89TCSI Knacc MOileneli CHnbHbiX B38HMOileiiCTBHii, B KOTOpblX 

UBeTHbie KB8pKH B38HMOileACTBYIOT C M8CCHBHbiMH HeATpanbHbiMH BeKTOpHblMH 

rniOOHaMH. Bee sexropHbie rniOOHbi nony'la!OT MaCCbi npu noMOIUH Mexauua

Ma Xurrca. 8TH MOilenH He SIBnSIIOTCSI 8CHMllTOTH'IeCKH CB060ilHbiMH. 

B o6naCTH 6CnbWHX npocTpaHCTBeHHOnOil06HbiX HMnynbCOB acjMjleKTHBH8SI 

K8nH6pOBO'IH8SI KOHCT8HT8 CBSI3H a CTpeMHTCSI K Hyn!O, 8 3cjMjleKTHBH8SI 

KOHCT8HTa CBSI3H 'leTBepHOro B38HMOileliCTBHSI XHrrCOBCKHX CKangpOB h -
K KOHe'IHOMy 3Ha'leHHIO. AHanH3HpyeTCSI llOBelleHHe MOMeHTOB llnSI CTpyKTypHbl 

$yHKUHA rny6oKoueynpyrux nenron-allpOHHbiX npoueccos B o6nacra 6onbWHX 

Q 
2
• noKa3aHO, 'ITO 6bepKeHOBCKHH CKelinHHr HapywaeTCSI norapHij>MH'IeCKHM 

o6paaoM. 

Pa6oTa BbinOnHeHa B fla6opaTOpHH TeopeTH'IeCKOli <!JH3HKH 0115111. 
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Morozov P.T., Stamenov D.B. P2 • 11173 

Deep Inelastic Lepton Hadron Scattering in Massive 
Vector Gauge Models 

A class of strong interaction models in which interactions 
between coloured quarks are mediated by massive neutral vector 
~luons is considered. All the vector gluons acquire masses by the 
Higgs mechanism. These models are not asymptotically free. The 
effective gauge coupling constant a vanishes asymptotically and 
the effective quartic self-coupling ii tends to a finite asymptotic 
value. The large Q 2 behaviour of the moments of the deep inelastic 
lepton -hadron structure functions is analysed. It is shown that 

Bjorken scaling is violated by powers of logarithms. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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BBE,l(EHHE 

3a nocneAHHe HeCKOnbKO neT KBaHTOBaS TeOpHS nons 

nonyqana HOBOe pa3BHTBe. C OTKpYTHeM aCHMnT?T,qeCKOH 

cao6oAY a Hea6eneaYx Kana6poaoqayx Teopaax 
1 

ao3po

AHnacL HaAe)I()J.a onacaTb CHnbHYe B3aHMOAeBCTBHS npH 

6onLWBX 3Heprasx H 6onLWBX nepeAaqax HMnynLca B paMKax 

KB&HTOBOH TeopHH nons. EcnH Ans onacaHH.II npoueccos 

C yqaCTHeM CHnbHYX B3aHMOAeHCTBHH npHMeHSIDTCS Teo

pHH TaKoro THna, TO MO)KHO noACqHTaTb HeKOTOpYe AHHa

MHqecKHe aenaqaHY, xapaKTepa3yromae 3TH npoueccbl, nonL-

3ySCb nepTyp6aUHOHHbiMH MeTOA&MB, ynyqweHHYMH npH 

nOMOU(H peHOpMrpynnY. 3TH HAeH 6YnH y)Ke HCnOnb30BaHbl 
AnS H3yqeHHS 3neKTpoa-n03HTpOHHOH &HHBrHnSUHB/2/H no

BeAeHHS CTPYKTYPHYX q,yHKUBH B rny6oKoHeynpyrHx nenToH

aAPOHHbiX npoueccax /3.4/, a T&K)Ke MS o6'bscHeHHS sane

HHH, CBS3aHHbiX C OTKpbiTHeM HOBYX qaCTHil /MaCCOBYH 

cneKTp, wapHHY, pacnaAY H T.A.//5-7/. Bo scex 3THX pa6o

Tax B3&HMOAeHCTBHe 6e3MaCCOBYX HeiiTpanltHWX BeKTOp

HbiX rniDOHOB C UBeTHYMH KB&pKaMH HCnOnb30B&JIOCb K&K 

MOAenb CHnbHYX B3aHMOAeHCTBHH. 3Ta MOAeJib nonyqana 

H&3BaHHe KBaHTOBOH XpOMOABH&YBKH. B ee OCHOBe ne)KHT 

npHBJieK&TenbH&B HAeB 0 TOM, qTo UBeTH&JI CBMMeTpHS 

.IIBnJleTca Toqaoit noKanLHoit cawweTpBei H no:nowy B npa

poAe, ao-nepBYX, HeT KB&pKOB B 6e3MaCCOBWX rniDOHOB 

B CB060AHOM COCTOSHHB, BO-BTOpYX, B03MO)KHY TOnbKO 

6ecuseTHYe /caarneTHYe no oTHoweHaro K useTHoi rpynne/ 

COCTOSHHS - 6ecuBeTHYe aApOHY. Tpe6yeTCJI, OAHaKO, 

AHH&MHqecKoe o6'b.IICHeHHe 3THX npeAnono)KeHHH. MHoro 
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Ha~e)l(~ ~JUI 06'bJICHeHBJI 3anapaHBJI KBapKOB B U.BeTHblX 

rrrwonoB B03naranocL ua canLHLie au~paKpacnble pacxo

~BMOCTB B KBauToaoil xpoMo~auaMBKe. B nocne~uee BpeMJI, 

O~HaKO, B03HBKnB CepLe3Hble COMHeHBJI no nOBO~y TaKOH 

B03M0)1(HOCTB, nOCKOJlLKY 6wno noKa3aHo, qTO Jie:JKaiiJ.He Bee 

OCHOBe BHI)paKpaCHble paCXO)J.BMOCTB MOryT 6WTL YCTpa

HeHLI B rrw6oM nop.IIJJ.Ke Teopaa B03Mymeuail /s/. KpoMe 

TOrO, ~aneKO He JICHO, )J.eHCTBBTeJILHO JIB He06XO~BMLI 

6e3MaccoBwe BeKTopuble rrrwoubl ~n.11 o6'b.IICHCHBJI 3anapa

HBJI KBapKOB, TaK KaK MO)J.i!JILHLIMH BLiqHCJieHBJIMB 6LIJIO no

Ka3aHO, qTo 3anapaHBJI MO)I(HO JJ.06BTLCJI npa nOMO~B 
MaCCBBHLIX CKaJIJipHblX rJIIOOHOB /9/. 

BoT noqeMy MLI cqaTaeM, qTo paccMoTpeuae Mo.n.eneil, 

B KOTOPLIX U.BeTHble KBapKB B3aHMO)J.eHCTBYIOT C MaCCBBHW· 

MB BeKTOpHbl.MB HOJIJI.MB Jlura- Mannca, npe)J.CTaBJIJieT on

pe~eneHHLIH BHTepec. E~HCTBCHHLIH cnoco6 npanacaTL 

BeKTOpHLIM nOJIJI.M MaCChi, COXpaHJIJI nepeuopMapyeMOCTL 

MO)J.CJIH - 3TO BCllOJlL30BaTL MeXaHH3M CnOHTaHHoro Hapy

WeHBJI Xarrca /to/. TaKOH MeXaHB3M OCHOBLIBaeTCJI Ha BBe

~CHHB HOBLIX CKanJIPHLIX n<meil B BX CaMo~eHCTBHJI. B pa-

6oTaX /3,11/ BCCJJC)J.OBaJlCJI WBpOKHH Knacc KaJIH6poBoqHLIX 

MOJJ.eneil CO CnOHTaHHLIM HapyweHBCM CBMMeTpBH npa no

MOIIJ.H MCXaHH3Ma Xarrca. liblJIO noKa3aHO, qTo HCT ~H3H
qecKB HpHe.MneMOH MO)J.ena, B KOTOPOH aCBMnTOTHqecKaJI 

CB060M COXpauJieTCJI /B TOM CMLICJie, qyo BCe 3~CKTHBHble 
KOHCTaHTLI CBJI3H CTpCMJITCJI K HYJIIO B o6naCTB 60JILWHX 

npOCTpaHCTBeHHOnOJJ.06HWX H.MnyJILCOB/. B OCHOBHOM npo6-

JlCMa 3aKJliOqaeTCJI B TOM, qTo aCB.MDTOTHqecKaJI CB06o~a 

Tpe6yeT 6onLWHx Kana6poBoquLix rpynn a npe.n.cTaBnenail 

cxanJJ:poB c ae6onJ.woi pa3MepuoeTJ.IO. O~aKo eena ac

nonL3YJOTCJI TaKae npe~CTaBJieHHJI, TO He BCe BCKTOpHWe 

Me30HLI npao6peTaiOT .MaCC.LI. H.MeJI B BHJJ.Y Bee 3TO, aBTOpbl 

OTKa3aJIHCL OT HenOJIL30BaHHJI TaKHX MO)J.eneil B KaqeCTBe 

MO~enei eHJIJ.HWX B3aHMO)J.eHeTBHH. B pa6oTe ft2/ 06CY:JK• 

)J.aJIOCL YJlloTpa~HOJieTOBOe DOBe,ZtCBHe TaK Ha3LIBae.MWX Bpe

Meuuono.n.o6uwx :w:o.n.enei. B 3THX :w:o.n.en•x Bee BeKTopuwe 

Me30HLI MaeeHBHLI B Bee 3~KTHBH:We kOHCTaHTLI CBJI3B 

/Ka.DB6poBO'IJiaJI KOHCTaHTa eBJI3H B KOHCTaHTLI eBJI3H X:&rr· 

eOBeKHX eKanJJ:pOB/ npa DO,ZtXO)J.JiliJ.e.M 1BW6ope HX HaqanLHLIX 

3Haqeuai CTpe.MJITCJI k HYJIIO B HeKOTOpoil o6naCTH 60JILWH:X 

npocTpaucTBennono.n.o6uwx HMnynLCOB. B 3Toil o6naeTa 
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ynLTpa~aoneToaoe noBe.n.euae npa6nB)I(aeTeJI K noBe~eHHIO 

acaMnToTHqecKa CBo6o.n.uoil Teopaa. Ilpa .n.anLue:HweM yBe

JiaqeHBB HMnyJILCOB, O)J.HakO, 3c1MlleKTBBHLie KOHeTaHTLI CBJI• 

3B BLIXO)J.JIT B3 o6naCTH cna60H eBJI3H, H HBqero HeJIL3JI 

CKa3aTL 06 yJILTpa~J;IOJieTOBOM nOBe)J.eHHH B pa.MKaX TeOpHH 

B03MYIIJ.eHBH. 

B uacTOJIIIJ.eil pa6oTe o6cy)I(JJ.aeTCJI ynLTpa~aoneToBoe 

noae.n.euae Kana6poaoquwx Mo~eneil co cnouTaHHLIM uapywe

HBeM CHMMeTpHil npa no.MOIIJ.B .MexaHB3.Ma Xarrca, B KOTO

PLIX 3c1MlleKTBBHaJI KOHCTaHTa CBJI3B XBrrCOBCKBX qaCTHU. 

CTpeMBTCJI K He60JILWO.My KOHeqnoMy 3HaqeHHIO h << 1 
a Kana6pOBOqHaJI KOHCTaHTa CBJI3B a CTpeMBTCJI

00 

K HYJIIO 

B 06JiaCTH 60JILWHX npOCTpaHCTBeHHOnOJJ.06HWX HMnyJILCOB. 

H~eJI 0 nOCTpOeHHH nO)J.06HWX MO)J.eneil CHJILHLIX B3aBMO· 

~eilcTBHH 6Lina BLICKa3aua BnepBwe B pa6oTax Its/. 3Ta 

B)J.eJI y)l(e HCnOJIL30BanaCL HaMB npB H3yqeHHH noBe~CHBJI 

MOMeHTOB )J.JIJI CTpyxTypHLIX lYHKIJ.HH rny6oxoueynpyroro 

pacceJIHBJI B Mo~ena Ka66na
11

: B uaweil pa6oTe pacc.MaTpa

BaeTCJI KJiaCC MOJJ.eneil CBJILHLIX B3aHMO)J.eHCTBBH, B KOTO • 

pLIX U.BeTHLie KBapKB B3aBMO)J.eHCTBYIOT C MaCCBBHLIMH 

ueiiTpanLHLIMB BeKTOPHLIMB rniOOHaMa. BexTopuwe rrrwoubl 

npao6peTaiOT Maccw npa noMOIIJ.B MexaHH3Ma Xarrca. Bee 

xarrcoBcxae qacTBU.LI ueiiTpanLHbl a MaccaBHLI. noxanLHaJI 

U.BeTHaJI CBMMeTpHJI Hapyweua, H eCJIB CHJILHble B3aBMO· 

)J.eHCTBBJI OnBCWBaiOTCJI B paMKaX TaKBX MO)J.CJlCH, TO Bnpa· 

po.n.e ~OJI)I(HLI ua6niO)J.aTLCJI U.BeTHLie a.n.pOHbl, a Tak)l(e 

xBapxa, ueiiTpanLHble BCKTopuwe rniOonw a ueiiTpanLnwe 

CKaJIJipHwe qacTHU.W B CB060)J.HOM COCTOJIHHB. TaKaJI HHTC

pecnaJI B03MO)KHOCTL o6cy)K.n.aeTcJI B pa6oTe /15/. Haweil 

u.enLro JJ:BnJJ:eTcJI auana3 rny6oxoueynpyrax nenTon-a.n.pon

HLIX npOU.eCCOB B npe~nOJIO)KCHHB 0 TOM, qTo B o6naCTB 

6onLwax npocTpaucTBeuuono.n.o6uwx HMnynJ.COB 34Mtlex· 

TBBHaJI KOHCTaHTa CBJI3H fi qeTBepuoro B3aHMO)J.eHCTBHJI 

cxanJJ:puwx qacTHU. CTpeMHTCJI K xoueqnoMy 3uaqeuHIO 

hoo <<1, a KanB6pOBoquaJI KOHCTaHTa a CTpeMHTCJI KHyniO. 

1Ioxa3auo, qTo 6LepxeuoBcxail cxeilnaur JJ.JIJI MoMeHTOB 

CTPYKTYPHLIX l)yuxu.a:H uapywaeTCJI norapH~MaqecKBM o6pa-

30M. 
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KBAHTOBO- IIOJIEBAR MO,[(EJih CHJihHMX 
B3AHMO,[(EHCTBHH C MACCHBHMMH TJIJOOHAMH 

PaeeMoTpHM noxanLHyro UBeTHYIO rpynny SUe (n) e 
xana6poBO'IHLIMH non.HMH V~ (x) · XarreoBexae exan.Hpbl, 
'lbH OTnH'IHble OT Hyn.H BaKyyMHLie epe.IJ;HHe reHepHpYJOT 
Maeebl BeKTOpHLIX noneii: 6naro,IJ;ap.H enOHTaHHOMy Hapy
WeHHIO eHMMeTpHH, npeo6pa3y10Te.H KaK m KOMnneKeHble 
~YH.IJ;aMeHTanLHLie npe.IJ;eTaBneHH.H rpynnLI SU c (n). Hx 

MO)I(HO JanHeaTb KOMllaKTHO KaK MaTpHUY cjJ nxm , KOTOpa.H 
TpaHe~OpMHpyeTe.H OTHOeHTenbHO noKanbHOH Kana6pOB01.f· 
HOB rpynnbl SU (n) eneBa, a OTHOeHTenbHO HOBOH rno-
6anbHOH rpynn~ SU '(m) - enpaBa. Bee xana6poBO'IHLie 
BeKTOpHble non.H H KBapKH RBn.HJOTe.H eHHrneTaMH OTHOeH
TenbHO 3TOH HOBOH rpynnbl SU' ( m) . Y enoBae m ~ n- 1 
.IJ;OeTaTO'IHO, 'IT06bl Bee BeKTOpHLie 'laeTHULI llpH06penH 
Maeebl /16/. rpynna noxanLHOH UBeTHOH eHMMeTpHH SU c (n ) 
KOMMYTHpyeT e 06bl1.fHOH rpynnoii: llpH6nH)I(eHHOH eBMMeT
PHH eHnbHLIX BlaHMO.IJ;eHeTBHH, KOTOpaJI eeii:qae, no Beeii: 
BH.IJ;HMOeTH, JIBnJleTeJI rpynnoii: SU ( 4). fi03TOMy Bee BeK· 
TOpHble rnJOOHW H XHrreoBeKHe qaeTBUW SBnJIIOTeJI 3neKT
puqeeKH Heii:TpanLHLIMH. KBapxu MO)I(HO JanueaTL KaK KoMn
neKeHyiO MaTpBUY t/J nx4. reHepaTOpbl rpynnbl SU c(n) 
npeo6paly10T eTpOKH, a reHepaTOPLI rpynnbl SU ( 4) -
eTon6Ubl 3TOH MaTpHULI. 3anHWeM narpaH)I(HaH eHnbHblX 
BlaBMO,IJ;eHeTBBH B BH,IJ;e: 

2 1 a llV + m 0 
5::> = - 4 FW Fa + Tr lv ll ¢ ) (V ll ¢) I+ 2 Tr!¢ + ¢ l -

- _!-_ h tl Tr ( ¢ + ¢) !2 - _! h 2 Tr !(¢ +¢)1 + 
4 4 

. - 4 a(i) (i) 
+ 1 t{I y ll D ll tjJ - i~l mi t/I tf!a /1/ 

r,IJ;e 

a a a abc b c 
F llV = all v v - a v v ~ + g r v ll v v . 

6 

a a 
Vll¢ =all¢ -igVIlF ¢, 

/2/ 
Dll t/I = all t/I - i g VIa Ta t/1 . 

B ~opMyne /2/ fabc - eTpyKTYPHMe KOHeTaHTW anre6pw 
na rpynnLI SUc(n)' a Fa H Ta- MaTpHULI npe,IJ;eTaBneHHH, 
eOOTBeTeTBY1011\He eKan.HpHMM H ~epMHOHHLIM MynLTHnne

TaM. 
fioene enOHTaHHOrO HapyWeHH.H eHMMeTpHH £ OeTaeTe.li 

HHBapHaHTHMM OTHOeHTenLHO rno6anbHOH rpynnW SU ( m) , 
xoTopa.H .HBn.HeTe.H no.IJ;rpynnoii: rpynnw SU c (n) x SU '(m ) 
3a HeKn101.feHHeM 6e3MaeeOBLIX ron.IJ;eTOYHOBeKHX 6030HOB, 
KOTOpble llO.IJ;XO.IJ;.Hil\HM BW60p0M KanH6pOBKH MOryT 6WTb 
B00611\e yeTpaHeHW Hl eneKTpa ~H3H1.feeKHX eoeTO.IIHHH, Bee 
oeTanLHWe XHrreoBeKHe eKan.HpHWe qaeTHULI MaeeHBHM . 
Mw 6y.IJ;eM e'IHTaTL, 'ITO Bee MaeeoBLie napaMeTpbl B nar
paH:>KHaHe /Maeebl BeKTOpHWX rniOOHOB H XHrreoBeKHX qae
THU nonyqeHLI Bene.IJ;eTBHe enOHTaHHOrO HapyWeHH.H, a 
TaK)I(e H Maeebl KBapKOB/ Manbl, He 6onee 1-2 T3B. 

Kax 6wno noxalaHo B pa6oTe /!5~ 3TO npe.IJ;nono)l(eHHe 
He llpOTHBOpe'IHT TOMY, 'ITO Maeebl rnJOOHOB H KBapKOB 
B eB060.IJ;HOM eoeTO.HHHH MoryT OKalaTbe.H O'leHb 6onLWHMH. 
B ,IJ;anLHeii:weM Mbl orpaHH'IHMe.H paeeMoTpeHHeM rpynnhl 
SUe (3) B Ka'leeTBe rpynnbl UBeTHOH eHMMeTpHH, T .e. 
6y.IJ;eM e'IHTaTb, 'ITO 06bl1.fHble a,IJ;pOHbl eTpO.HTe.H Hl 1.feTLipex 
UBeTHLIX TpHnneTOB KBapKOB, a BlaHMO.IJ;eHeTBHe nepeHo· 
eHTe.H OKTeTOM UBeTHblX MaeeHBHblX rnJOOHOB, BlaHMO.IJ;eii:
eTBYIOil\HX e xarreoBeKHMH qaeTHUaMH. XapaxTep Beex 
nony'leHHLIX peJynLTaTOB, O,IJ;HaKO, He 3aBHeHT OT 3TOrO 
KOHKpeTHOrO Bbl6opa rpynnbl UBeTHOH eHMMeTpHH. 

r JIYliOKOHE YIIPYTHE JIEIITOH- A,[(POHHbiE 
IIPOaECCM B PAMKAX MO,[(EJIH 
C MACCHBHMMH TJIIOOHAMH 

lloBe.IJ;eHue ee'leHHH rny6oKoHeynpyrax nenToH-a.IJ;poH
Hwx npoueeeoB onpe.IJ;enJleTes noBe.IJ;eHHeM eTpyKTYPHMX 

u 2 2 2 Q
2 

~YHKUBH Fk (x ,Q ) B o6naeTB Q =-q --- , v --> oo , a x = 2Mv 
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<}luxcupoBaHo I k = 1,2 - ,IJ,nJJ. :meKTpoH- a,D,pOHHbiX H k .. 1.2 ,3 -
,IJ,nJJ. HeBTPHHo-a,IJ,pOHHbiX npoueccoB/. 3TH <}lyHKUHH onpe

,IJ,enJJ.IOTCJJ. npH UOMOIUH MaTpH'IHOrO 3neMCHTa KOMMyTaTopa 

,IJ,BYX 3nCKTpOMarHHTHbiX HnH cna6biX a,D,pOHHbiX TOKOB. 

HcnonL3YJJ. pa3nmKeHHe BHnLcoHa I 17 ~nJJ. npoH3Be,IJ,eHHJJ. .D.BYX 

TOKOB Ha CBCTOBOM KOHyce, MO:lKHO nony'IHTL/18/ npaBHna 

cyMM .D.mi cTpyKTYPHLIX <}lyHKUHB B o6nacTH 6onLwHx Q 2 

j Q 2 » M 2 • r ,IJ,e M - Mace a a,D,poHa/. B paMxax paccMa TPH

BaeMOB HaMH MO,IJ,enH OHH npHHHMaiOT cne,IJ,YIOIUHB BH,IJ, B 

cny'lae rny6oKoHeynpyroro 3neKTpoH-a,IJ,pOHHoro pacceJJ.HHJJ.: 

1 
(n} 2 n-2 2 

Mk ~ Q ) = f dx x Fk (x, Q ) = 
0 

2 
2 

= <e > I ln) ( 2) E ~n) ( _9_ ; g2 'h ) + 
i 1 11 1k 2 11 11 

fL 

2 2 (n) (n) Q
2 

2 M
2 

+I ( e -<e >) c E ( -- ; g , h ) t-0 ( --) . 
a a a NSk 

11
2 11 11 Q2 

n = 2,4, ... , k =1,2, =V .¢ ,S. /3/ 

B <}lopMyne /3/ 

2 2 F
1 

( x, Q ) = 2Mx W 1 ( x, Q ) , 
2 2 F

2 
(x,Q )=vW2 (x,Q ) , 

r,IJ,e w 1 H w 2 - o6w'IHLie CTPYKTYPHble <}lyHKUHH, a e a- 3apJJ.,D,bl 

KBapKOB. . 
2 

B KOHCTaHTaX C \Pi) ( {L ) 3aKnJO'IeHa ,IJ,HHaMHKa CHnL-

HLIX B3aHMO,IJ,CBCTBHB B o6naCTH 6onLWHX paCCTOJIHHB H 

Manwx nepe,D,a'l HMnynLcoB, a B <}lyHKUHJJ.X E UMs) k - .D.H

HaMHKa CHnLHLIX B3aHMO,IJ,CBCTBHB B o6naCTH ManLIX pac

CTOJIHHB H 6onLWHX nepe,IJ,a'l HMnynLCOB. XapaKTepHaJJ. 

,IJ,nHHa 1/ fL OT,IJ,CJIJICT 3TH ,IJ,BC o6naCTH · 11 JJ.BnJJ.eTCJI 

HCH3BCCTHLIM napaMeTpOM TeOpHH, KOTOpLIB ,IJ,OIDKeH onpe

,IJ,enHTLCJJ. H3 3KcnepHMeHTa. HeH3BecTHLie KOHCTaHTLI eN~) 
onpe,D,enJJ.~TCJJ. a,D,poHHLIMH Ma TPH'IHbiMH 3neMeHTaMH on epa-

1 a 
TOPOB 0 . 

1 a1 ... an i(a) (n) 2 
--I <p,s!O (O)!p,s>=Ci(a) (p. )Pa ···Pa t- ... 
2 S-+u a1 ... an 1 n 

--12 /4/ 

8 

MHoroTO'IHeM B <}lopMyne /4/ o6o3Ha'leHLI qneHbl, KOTOpble 

2 
,IJ,aJOT BKna,IJ, B 0 ( _M__) B <}lopMyne /3/. ,lJ.nJJ. pa3nH'IHLIX a,IJ,-

Q2 

poHoB K03<}1<}1HUHeHTbl c ~n) pa3nH'IHLI. Kanu6poBO'IHO- HHBa

pHaHTHbiC onepaTOPLI Oj~~~ .an , ,IJ,aiOIUHC OCHOBHOB BKna,IJ, 

B onepaTOpHOe pa3nO:lKCHHC npOH3BC,IJ,CHHJI .IJ.BYX TOKOB, 

HMCIOT BH,IJ,: 

V in a 
0 =--SITrFaaVa···Va Fa I - ... , /5a/ 

a1 ... an 2 1 2 n-1 n 

0¢ 
n-14 - D 

_ 2_ I S I t/Ja Ya
1 

a2 -2 a=1 
... D ¢ I- ... , /56/ 

a a 
n a1 ... an 

s 
0 
a1 ... an 

a 
0 
a . .. a 

1 n 

n m 
= .!__ .I s I q/~ V 

2 1=1 1 a 1 

v ¢· 1- .... a 1 
n 

n-1 
=L-s {fay D ... D ¢al 

2 
a a a 

1 2 n 

- ••• t 

/5B/ 

/5r/ 

r,IJ,e V a H )) a - COOTBCTCTBYIOIUHC KOBapHaHTHbiC npOH3-

BO,IJ,Hble, a S 03Ha'laeT nonHyiO CHMMCTpH3aUHIO HH,IJ,CKCOB. 

B <}lopMyne /5r/ cyMMHpoBaHHe no a He no,IJ,pa3yMeBaeTcJJ.. 

Cne,IJ, Bcex onepaTopoB paBeH HynJO. 3To ycnoBHe o6ecne

'IHBaeTCJJ. qneHaMH, o6o3Ha'leHHLIMH MHoroTO'IHeM. Hx BKna,IJ, 

B MoMeHT cTpyKTypHLIX <}lyHKUHB /eM. 1}1-ny /3/ I - nopJJ.,D,-

2 
xa 0 ( .!L) 

Q2 

Ko3<}1<}1Hn;HeHTLI c ~(J)( 11 2 ) Bwpa:>KaJOTCJJ. qepe3 <}lyHKUHH 

pacnpe,D,eneHHJJ. napTOHOB B a,IJ,poHe cne.D.YIOIUHM o6pa30M: 

1 
(n) n-1 2 

c 1 ( 11 ) = Jdx x f 1 (x, 11 ) ,IJ,nJJ. i =V,S, /6/ 
0 

9 



(n) 2 1 n-1 2 2 
ca (J1) = fdx x lfa(x,l1) +fa: (x,/1 ) I , 

0 

(n) ( 2) _ ~ (n) 2 ) ct/1 11 _fca~11 , 

r,ne fv , fg , fa , fa - COOTBeTCTBeHHo4JyHKI.{HHpacnpe
.D;eJieHHJI rJDOOHOB, XHrrCOBCKHX CKaJIJlpOB, KBapKOB H aHTH
KBapKOB B a.npoue npu nepe,naqe HMnynbca Q 2 

= 11 2 . 

(n) Q2 
cl»yHKI.{HH E i(NS)k (- ; a l1, h l1 ) , KOTOpble JIBJIJIIOTCJI 

112 

4Jypbe-o6pa3aMH K034lcllHI.{HeHTHbiX 4JYHKI.{HH B onepaTOpHOM 
pa3JIO)KeHHH npOH3Be,D;eHHJI .D;BYX TOKOB Ha CBeTOBOM KOHyce 
H B KOTOpbiX 3aKJIIO'IeHa .D;HHaMHKa CHJibHbiX B3aHMO,D;eH
CTBHH npu 6onbwo:H nepe,naqe HMnynbca, y,noBJieTBOPJIIOT 
cne,nyiOil.{HM ypaBHeHHJIM peuopMrpynnhl npu ycJIOBHH, 'ITO 
Q 2 ~ 11 2 >> m2 I m o6o3Ha'laeT Bee Mac coBble napaMeTpbl 
B narpaH)KHaue /1//: 

[ a a a ( - - {3 (a , h ) --- - {3 (a , h ) --) o . . + at a 11 11 aa h 11 11 ah 1J 
11 11 

2 
(n) (n) ( Q . h ) 

+ Y j i ] E j(k) -;2 ' a 11' 11 0, /7a/ 

( ..,L - {3 ( a , h ) ~- - {3 ( a , h ) _()__ + 
at a 11 11 aa h 11 11 ah 

11 J1 

2 
(n) (n) ~- . h ) = 0 ' 

+ Y NS) ENS(k)(- 2 ' a 11' 11 
11 

/76/ 

r.ne t = ! fn Q
2/ 11

2 , a 11 = g~/4". 

10 

~ 
~ 

·' J 

B ypaBueuuu /7a/ y JIBJIJleTCJI MaTpuue:H auoMaJibHbiX 
pa3MepHOCTeH CHHrJieTHbiX onepaTOpOB OaV,t/J 'aS C 3Jie-1· .. n 
MeHTaMH 

y t?) = 2y i 0 i j + b ~~) /8/ 

r.ne 

. (a ,h ) = ~~!.~l!~E!_ I (L =2t) /9/ 
Y 1 ll IL a L L=o 

- auoMaJibHble pa3MepuocTH none:H v , tjJ H ¢, a b~j) <;lllpe
,neJIJIIOTCJI MaTpH'IHbiMH 3JieMeHTaMH onepaTOpOB <lz\ ... an 
cne,nyroll.{HM o6pa3oM: 

(n) ( b .. p ... p + ga 
1J a 1 an a ) = 

j 

j (L,a 11, h 11)_/ ar<l> i<l> jOa L~ ~---- L=O 

-- aL /10/ 

B 4JopMyne /9/ 
4JyHKUHH rpuua 

l<f>. <I>. 0 j 

di - 6e3pa3Mepuble peuopMupoBaHHhle 
none:H V , tjJ , ¢, a B 4JopMyne /10/ 

- CJie,nyiOil.{He BepWHHHble 4JyHKUHH: 
1 1 a1 ... an 

r J. = < o 1 T c <t> . c -P) o j (O) <1> i (P)) 1 o >A . 
"' "' 1 a 1 ... an '¥.'¥.0 

1 1 a 1 ... an /11/ 

3,necb Mbl HCllOJib30BaJIH 0603Ha'leHH.II ({> 1 = V , <1> 2 = t/J , 
<1> 3 = ¢ . y ~J B ypaBHeHHH /76/ JIBJIJieTCJI aHOMaJibHOH 
pa3MepHOCTbiO HeCHHrJieTHOrO onepaTopa 0aa1 ... an H 
paBuJleTcJI y i)n) npu i = j = t/1 . 

PeweHHJI ypaBueuu:H peuopMrpynnhl /7a, 76/ HMeiOT 
BH,D;: 

(n) 2 t Q (n) - - (n) - -
Ei(k) (-2,a ,h) =ITexp-Jy (a,h)dxljiEj(k)(l,a,h), 

11 llJl 0 
/12a/ 

( n) Q2 
E (-,a 

NS(k) 2 11 
J1 

t 
h) =exp1-.[nyt/l (~,h)dxiE(n) (l,a,h). 

11 0 tjJt/1 NS(k) 
/126/ 

11 



Iloae.n;euue 4JyuK:u;HB: E \n(k) , E ~~ (k) B o6nacTH 6onLwux 
Q2onpe,n;enseTCR DOBe.n;eHHeM 34J4leKTHBH~X KOHCTaHT CBR-
3H a H -h B 3TOH o6naCTH. B CBOIO O'lepe,n;L, DOBe,n;eHHe 
a Hli onpe,n;enseTCR ynLTpa4JuoneTOB~MH CTa6HnLHLIMH TO'I" 
KaMH cne.n;yroi:u;eB: cucTeM~ ypaaueuuB: peuopMrpynn~: 

d;_; (t,a ,h
11

) 
--~ 

dt 

- h ) 
d h ~!4L-!..-=4!-
--- dt 

=f3a(a,h), 

f3 h (a , h ') 

C Ha'lanLH~MH ycnOBHRMH 

-a (O,a ,h )=a 
11 11 11 

h(O,a ,h )=h . 
11 11 11 

/13/ 

/14/ 

0TMeTHM, 'ITO ,n;ns OpOCTOT~ M~ npe,n;nOnO)KHnH, 'ITO B 
narpaH)KHaHe /1/ h 1 = h 2 =' h · 34J4leKTHBH~e 3aps,n;~ a H 
fi COBDa,n;aiOT C aCHMDTOTH'IeCKHM' H'BapHaHTH~MH 3aps

,n;aMH B TaK Ha3~BaeMOH A -cxeMe 19 .B KOTOpOH BCe 6e3-
pa3MepH~e 4JyHKIJ;HH rpuHa y,n;oaneTBOpXIOT ycnOBHIO HOp· 
MHPOBKH 

1(aik
2
,a,,h,)l 2 2 =1, /15/ 

r r k =~1 

r.n;e 112 - TO'IKa B~'IHTaHHR. B 3TOH cxeMe 4JyHKUHH f3a H 
{3 h B ypa_BHeHHXX /13/ onpe,n;enXIOTCR npH DOMOI:u;H 

d a ( t • a u. hu ) 
{3 (a , h ) = ----40-.--4-- I 

a 11 11 dt t=O 

{3 (a , h ) = ~h (t~~L 
h IL 11 dt 

I 
It= 0 

/16a/ 

/166/ 

H MOryT 6~TL nony'leH~ B paMKaX TeopHH B03Myi:u;eHHH 
a au.n;e ps.n;a no a u li: 

- - 2. -2 -3 
{3a(a,h)=-a [b 0 -f(h )]+O(a) /17a/ 

-- - - -- -2 
f3 h (a , h) = {3 0( h ) + 0 (a h , a ) . /176/ 

12 

B 4JopMyne /17a/ 4JyuK:u;ueB: f(n
2

) o6oJHa'laeTcs BKna.n; 
B nu.n;upyromuB: qneH oT caMo,n;eB:cTBHR xurrcoBCKHX CKans
poa, a B 4JopMyne /176/ 4JyuK:u;ueB: {3 0 (h) o6oJHa'leH BKna.n; 
B {3 h TOnLKO OT CaMO,ll;eHCTBHR XHrrCOBCKHX CKanspOB. 
Ko34l4JH:u;HeHT b 0 B 4JopMyne /17a/ xopowo HJBecTeH /3.4 I 

1 11 4 1 1 b =--(-C (G)--T(R)--T(S)), 18/ 
2rr 3 2 3 3 

u B uaweB: Mo.n;enu b 0 = - 2~ • ecnu 'IHCno xurrcoBCKHX 

MynbTHnneTOB m=2 (C 2(G)=3, T(R)=2, T(S)=1). 
Ilpe,n;nonO)KHM, KaK H B pa6oTaX /1 3 •141, 'ITO 4JyHKIJ;HR 

{3
0 

(h) HMeeT ynLTpa4JuoneTOB~H CTa6HnLH~H HOnL h 00 ;f 0 , 
T.e. • 

f3o(h"") = o H 

Tor.n;a, ecnu 

b
0

- f(h!) > o , 

~~ lh=hoo < O. 
dh 

/19/ 

/20/ 

TO TO'IKa a = 0, h = h 00 RBnReTCR ynLTpa4JuoneTOBOH CTa-
6HnLHOH TO'IKOH peHOpMrpynDOB~X ypaBHeHHH /17a, 176/ 
DpH ,li;OCTaTO'IHO ManOM 3Ha'leHHH h H B o6naCTH Q2> 112 >>m2 

00 -

- a 
a (t) = ----1L----- , 

1 +(b
0 

-f(h 2 )a t 

h(t) -+ hoo 

txJ 11 

2 

(t =1..fu-g_) 2 . 
2 ll 

/21/ 

B paccMaTpuaaeMoB: HaMH Mo.n;enu MaTpu:u;aauoManLHLIX 
pa3MepHOCTeH y(n) ( ;_; , h ) npHHHMaeT cne,n;yroll.\HH BH,ll; 
B o6naCTH 6onLWHX Q 2 ·: 

nyV+F(h2) 

(n)_-
Y (a,h)= 

vv "" 

n t/1 y 
vv 

nyS 
vv 

n V 
y t/Jt/1 

nyt/1 
tjlt/1 

0 nyS 
ss 

n V 
Yss 

0 

h + _""ny ,g 
a SS 

a +O(a 2 ) 

/22/ 

13 



r.n.e lPYHI<UHeii F (h~) o6o3HaqeH BI<na.n. B nyJv OT xurr

coBCI<HX CI<aJIJipOB, a BCe OCTaJibHble MaTpHqHbJe 3JieMeHTbl 

H3BeCTHbl H3 pa60T /3, 4 • 12/ o Tor.n.a ,IJ.JIJI peweHHJI CHCTeMbl 

ypaBHeHHH I 12a/ ,IJ.JIJI lPYHI<UHH E iw) B o6nacTH 60JibWHX 

Q 2 nonyqaeM 

;{~) (h:) 
1 

(- h 2 - b 2 E (n) Q2 
V(k) . .2 • a

11
, ) =I ( a (h ) p.- r p. . -) oo 

(P(n)(h2 )) 
1
(1+0(;;))+ 

i oo VIi' 1=1 a 11 

n ,S _ n S I b (h2 ) 
+(_£) Yss x (~) Yss ""O(;a2 ) . 

Q2 a ll 
ll 

/23a/ 

(n) 2 
A i (hoo) • 

2 - --2-
E(n) (.il.,a ,h )=I(~) b(hoo) (P (h 2 

)) (1+0(~))+ 
1/r(k) 112 ll 11 i= 1 all i oo t/Jt/1 

2 n 'S 
+ ( _1!:.._) y ss 

Q2 

2 
n S 1 b(h ) _ 2) 

- y SS oo 0 ( a a • 
a ) ll 

(- /236/ all 

(n) 2 
Ai (hcJ 

(n) Q 2 
E (-,a ,h )=I 

S(k) ll2 ll ll i=l 

( ~) b(h:) i -
0 (a) + 

14 

all 

n , S 

+(L) Yss 
Q2 

nys lb (h2 ) 
(__g_) SS 

00
0(a2), 

all ll 
/23B/ 

r.n.e 

(n) 2 1 n V 2 
A ( h ) = -- l y (h ) + 

1.2 = 2 vv "" 

+nyi/r ± y(nyi/r _nyV (h2 ))2+ 4 nyt/l nyV 
tj; 1/1 !/;1/r v v 00 v v 1/rt/1 

- C06CTBeHHble 3HaqeHHJI MaTpHUbl ;(n) 

n V (h2 ) 
Yvv "" 

n 1/J 
Yvv 

; (n) 
I 

n V n 1/r 
y 1/1!/J y 1/J' 'i' 

(n) 2 
a p i (hoo ) - npoeKIJ;HOHHble Ma TpHIJ;bl 

y (n) = I A(n) P (n) 
i i 

B lPOpMyJiaX /23-25/ Mbl HCDOJib30BaJIH 0603HaqeHHJI 

2 2 
b (h 00 ) = b 0 - f (h 00 ). 

n v(h2)_n v 2 
Yvv oo - Yvv + F(h""), 

r.n.e 

/24/ 

/25/ 

/26/ 

/27/ 

/28/ 

n 1 1 n V = _1_ [ lJ, _ ~ _ 12 +12 £-:-:- +-] o 

Yvv 2rr 3 n(n-1) (n+1)(n+2) j=2 J 3 
129

; 

Ilocne.n.au~ qneH B IPopMyne /29/ nopo)I(.IJ.aeTCJI xarrcoa

CI<HMH CKaJIJipaMH. 
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IlpH nony'leHHH pemeHHH /23/ MLI BOCnOJib30BaJIHCb 

pa3JIO:>KeHBeM filyHKUBH E (n) (1, a , h) B PJI~ TeopBH B03-
MyllleHHH: i(k) 

E(n) ( 1,a • ii) 
V(k) 

o(a) • 

E(n) (l,a,h) =1 +0(;_;), 
t/J(k) 

(n) - - -
E (1,a ,h) =0(a2). 

S(k) 

/30/ 

B HTore ~n.II CBHrJieTHOH 'laCTB MOMeHTOB CTfYKTypHbiX 

fllyHKUHH M~n~ ( Q2 ) B o6nacTH Q2 .? p. 2 »m2 , Q » M2 no-
nyqaeM < ) 

,.\ (n) 2 
i (h 00) 

M (n) 

S(k) 
(Q2) =< e2> ~ (~) b(h~) 

I all 

( c(n) ( 2) ( p(n) (h2 )) + 
V ll i oo Vt/J 

+ c~) (p. 2 ) (P~n) <( ),,,.,) x(1+0(a))(1+0( m
2

))+0( M), 
I 'I' 'I' Q2 Q2 

/31/ 

a MJI HeCBHrneTHOH 'laCTH 

n tjJ 

~ 
M(n) (Q2)=!. (e2 -<e2>) Jn)(/)(l) b(h:,) (1+0(a))+0( M2). 

NS(k) a a a a Q2 
ll 

/32/ 

Cne~oBaTenLHO, B paccMaTpasaeMoii HaMH MO~ena c Mac
CHBHLIMH BeKTOpHLIMH rmooHaMB 6LepKeHOBCKHH CKeHJIHHr 

HapymaeTCJI norapafilMB'IeCKHM o6pa30M. 0TMeTBM, 'ITO 

16 

nose~eHHe MOMeHTOB MJI CTPYKTYPHbiX filYHKUHii HeiiTp&Ho
a~poHHbiX npo:u;eccos &MeeT TaKoii :>Ke xapaKTep. XOTJI 

MO~eJib H He JIBJIJieTCJI aCHMnTOTH'IeCKH CB060,AHOH /no

CKOJlbKY He BCe :JcPclteKTHBHLie KOHCTaHTLI CBJI3H CTpeMJITC.II 

K Hymo B 06JiaCTH 60JibWHX npOCTpaHCTBeHHOn0~06HbiX 

HMnynbCOB/ xapaKTep nose~eHHJI MOMeHTOB ~JIJI CTPYKTyp

HbiX filyHKUHii COOTBeTCTByeT xapaKTepy noBe~eHHJI B aCHMn

TOTH'IeCKHX CB060~HLIX MOAeJIJIX. BKna~ OT XHrrCOBCKHX 

CKaJIJipOB B CHHrJieTHYID 'laCTb no~aBJieH. 0.ztHaKO, BMeCTO 

a , b 0 , nyVVV B pi(n) B ~pa:>KeHHJIX AJIJI MOMeHTOB /32,31/ 
B CJiy'lae aCHMnTOTH'Ie CKH CB060~HLIX MO~eneii, H3- 3a 

- 2 2 npHCYTCTBHJI XHrrCOBCKHX 'laCTHil HMeeM a (h
00

) , b (h 
00 

) , 

n""'~1h2 ) H p~n) (h2 ). onpe~eneHHLie npH noMOlllH paseHCTB 
IVV'-oo I oo 2 2 

/21, 26-28/. Ilpe~nOJIO)I(HM, 'ITO filYHKUHH f(h,>OJ H F(hoo) 
xopomo annpOKCHMHpyroTCJI HaHHH3WBMH nopJI.ztKaMH TeO
pHH B03MYllleHHH 

h 
f(h 2 ) = _Q_ ( -~l + ... t- /32'/ 

00 2rr 16rr2 

2 hoo 2 
F (h ) = ~ ( --) + ... , 

00 2rr 16rr2 /33/ 

r~e d = 3y + 2a. /TaK KaK p~LI /32:33/ acaMnTOTH'IeCKHe, 

3T.o npe~nono:>KeHHe cnpase~nBBO, ecna 3Ha'leHHe HapaMeT-

pa _!!,.,_ 
16rr 2 

~ocTaTO'IHO Mano/. Tor~a B paccMaTpasaeMoii 

HaMH MO~eJIH BMeiDTCJI ,nsa HeH3BeCTHbiX napaMeTpa: 
1 

.. 2 2 ---
A (A = ll e bap. ) 

hO<> 
B --, 3Ha'leHBJI KOTOpLIX MoryT 6LITb 

16rr 2 

onpe.zteneHLI B3 a&an&3a ~aHHLIX no rny6oKoHeynpyrBM 

nenToH-HYKJIOHHWM nponeccaM. B fllop:wynax /32~ 33/ y a 

~ - K03cPcltBUHeHTbl npH JlliHeHHOM norap&41MH'IeCKO.M 'lneHe 

fn Q2 1 ,2 B pa.ztaa:u;aoHHbiX nonpasKax nopJI.ztKa g 2 h2 K 
,- 1L ll 

6e3pa3MepHOH ABYXTO'Ie'IHOH filYHKUBB rpJIHa I puc. 1/ B K 

HOpMHpOBaHHOH CBMMeTpH'IHOB BepWBHHOH filyHK.UBB rnroo&

HOrO non.11 I puc. 2/, cooTBeTcTBeHHO. 0TMeTBM, 'ITO cl>aK

Topw THna rr B K03cPcltBilBeHTbl y B d He BXO~.IIT. MHoro
TO'IHeM Ha puc. 2 06o3Ha'leHbl nepeKpeCTHWe ~BarpaMMLI. 
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~-Q-~ 
Puc. 1. PaouaijuoHHr.re nonpaaKu K nponaza•opy ZAIOOHHo
zo noAJl nop.ROKa g~ h~. 

+ ... 1' ... 

Puc. 2. PaouaijUOHHr.re nonpaaKu K Hop.wupoaaHHou aep
WUHHOU ~YHKijUU ZAIOOHHOZO nOAJl nop.ROKa g2 h2 . 

11 11 

113 TO:>K):(eeTBa Yop):(a I3 d = 1"3 d I d - 6eJpa3MepHbiH 

nponaraTOp nons ):(yXOB «<»eHHMaHa-«!»a):():(eeBa, a r - HX 

BepWHHHaJI <}lyHKI.lHJI/ ene):(yeT, 'ITO a=- y H, ene):(OBa

TenbHO, B <}lopMyne /32/ d= y . 

3AKJIJOqEHHE 

HTaK, paeeMaTpHBaeTeJI Knaee MO):(eneii eHnbHbiX 

B3aHMO):(eiieTBHH, B KOTOpbiX l.lBeTHble KBapKH B3aHMO):(eii

eTBYIOT e MaeeHBHbiMH HeHTpanbHbiMH BeKTOpHbiMH rnroo

HaMH. Bee BeKTOpHble rniDOHbl nony'laiOT Maeebl npH llOMO

li.UI MexaHHJMa XHrrea. Bee xHrreoBeKHe qaeTHI.lbl HeiiT

panbHbl H MaeeHBHbl. 3TH MO):(enH He JIBnJIIOTeJI aeHMllTO

TH'IeeKH eB060):(HbiMH /noeKOnbKY He BCe 3<}lclleKTHBHble 

KOHeTaHTbl eBJI3H eTpeMJITeJI K HYniO B o6naeTH 60nbWHX 

18 

npocTpaHeTBeHHono):(o6HbiX HMnynbeoB/. H3 npe):(nono:>Ke

HBH /19,20/ cne):(yeT, 'ITO a eTpeMHTeJI K HyniO, a h -
K KOHe'IHOMY 3Ha'leHHIO h

00 
«1 /CM. /21//. AHanB3HpyeTCJI 

llOBe):(eHHe MOMeHTOB .z:(nJI eTpyKTypHbiX <}lyHKu;HH rny60KO

HeynpyrHX nenToH-a):(pOHHbiX npou;eecoB B o6nacTH 6onb

WBX Q 2. IloKa3aHO, 'ITO 6bepKeHOBeKHH eKeiinHHr Hapy

waeTeJI norapH<}lMH'IeCKHM o6pa30M, KaK H B enyqae aCHMU

TOTH'IeeKH eB060):(HbiX MO):(eneii. TO'IHOeTb 3KCnepHMeH

TanbHbiX ):(aHHbiX UO rny60KQHeynpyrHM neUTOH-a):(pOHHbiM 

npou;eecaM Ha eerO):(HJIWHHH ):(eBb TaKOBa, 'ITO Henb3JI 

OTnH"t(HTb 3TH ):(Ba pa3HbiX Knacca MO):(eneii, aHanH3Hpyg 

TonbKO Hx ynbTpa<}lHoneToBoe noBe):(eHHe. Cne):(OBaTenbHO, 

BOnpoe 0 TOM, KaKOH Knaee MO):(eneii HY:>KHO Bbi6HpaTb 

B Ka'leeTBe MO):(eneii CHnbHbiX B3aHMO):(eHCTBHH, OeTaeTCJI 

OTKpbiTbiM. 06Hapy:>KeHHe KBapKOB e ):(p06HbiMH 3apJI):(aMH 

HOBbiX HeHTpanbHbiX BeKTOpOB Me30HOB H eKanspHbiX HeiiT

panbHbiX qacTHI.l HnH . HX OTeyTeTBHe CBB):(eTenbCTBOBanO 

61>1 B nonbJY Toro HnH HHoro Knaeea MO):(eneii. 

ABTOpbl Bblpa:>KaiOT eBOIO HeKpeHHIOIO 6naro):(apHOeTb 

,lJ;.B.IIIHpKOBy, A.B.E<}lpeMOBy, A.B.Pa):(IOWKHHY H ,li;.H.Ka-

3aKoBy 3a eTHMynHpyromee o6ey:>K):(eHHe H none3Hble Ja

Me'laHHJI. 
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