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OB:rn;A5I XAPAKTEPMCTMKA PABOTbI 

AKTyaJibHOCTb TeMbI. )J;nccepTal\H.H IIOCB.HID;eIIa HCCJie,II,OBatIIUO rrnpaJihHOH 

,Il)1Ha:tvrnKH KBapK-aHTHKBapKOBbIX CHCTeM, o6Jm,rr,amr:o;Hx ::i¢¢eKTHBHbIMH JIO

KaJibHbIMH MHOro¢epMHOHHblMH B3aHMO,II,eHCTBH5IMH. )J;anna.H TeMaTHKa rrpe,rr,

CTaBJI.HeT HHTepec B CB513H c MHOrO'-IHCJieHHbIMH JCHJIH.HMH crre:o;HaJIHCTOB rro

II.HTb H MaTei.VtaTH'-IeCKH orrncaTb ¢a30By10 CTPYKTYPY ocHoBnoro cocTO.HHH.H 

rrnaHTOBOH xpoMO,II,HHaMHKH (KX,.n). 06JiaCTb HCCJie,II,OBaHH.H HaCTOJlbKO 06-

nrnpna H CJIO)KHa, '-ITO K HaCTO.HID;eMy BpeMeHH y::rKe C.JIO:JKHJIHCb :o;eJibie narrpaB

.neI-IH5I, KOTOpbre CHJibHO pa3JI:W-IaIOTC5I MeTO,II,alVIH, BbI6paHHbIMH ,D;Jrn perneHH5I 

3a,rr,a'IH. KX,lI, npaBHJia cyMM, Kamr6poBa'-rnbre TeopHH na perneTKe, HHCTaH

TOirna.H MO,II,eJib BaKyyMa KX,11,, MHoro'-rncnerrnhre KBapKOBbre Mo,rr,enn BOT 

,rr,aJieKO ne IIOJIHbIH rrepe'-IeHb M8TO,II,OB, aKTHBHO pa3BHBaeMbIX Ha rrpOT5I:JK8HHH 

y::rr<:e HeCKOJihKHx ,n;ec.HTmreTHH. BJiaro,n;ap.H 8THM HCCJie,n;oBaHH5IM, rrocTerreH

no Bh1p11coBhrnaeTC.H o6m;a5I KapTmra a,n;pomroro BaKyyMa H OTBe'-raror:o;rre eii 

,n;eTaJIH ¢rr3HKH a,n;pOHOB. 

B 8THX 11ccne,n;oBaHH.HX MO,D;eJrnM c MHoroKBapKOBhIMH B3aHMo,n;eiicTBH5IMH 

OTBe,n;ena oco6a5I poJib. Hx 3a,rr;a11a - ynoBHTb rnaBHbre '-repTbI ::i¢¢eKTHBHOii 

nenepTyp6aTHBHOH ,IJ;HHaMHKH, OTB8TCTBe1-rnoii: 3a ,IJ;HHaMIPieCKOe napyrnemre 

rrnpaJibHOH CHMM8TpHH. )J;aBHO H3B8CTHO, qTo 'I8Tbipex¢epMHOHHbie KHpaJib

Hbl8 B3aHMO,n;e:ti:CTBH5I cnoco6Hbl npnBeCTH K B03HHKHOBemuo r:o;eJIH B cneKTpe 

6e3MaccoBbIX ¢epMHOHOB. I1MeHHO 8TOT Mexan113M 6hrJI ncnoJib30BaH HaM6y H 

lfona-fla3HHHO (HHn) ,IJ;JI.H OIIHCaHH.H HYKJIOHOB, KaK B036y:JK,n;eHHbIX KBa3H

'-IaCTHIJ;. B 8TO :>Ke BpeM.H BbIIIIJIH pa60Tbl B.r. BaKca H A.H. napKHHa, a TaK:>Ke 

B.A. Ap6y3oBa, A.H. TaBxeJIH,II;3e rr P.H. <PaycToBa, B KOTOphrx o6cy:JK,n;aJiocb 

rrpHMeHeHHe MeTO,IJ;OB Teop1rn CBepxnpOBO,II;HMOCTH K 113yqemuo BOIIpoca 0 reHe

pa:o;HH Mace y aJieMeHTapHbIX 'Iacn1:o;. ITo3,n;Hee no.HBHJIHCb KBapKOBa.H BepcH5I 

Mo,n;eJIH HHn, a TaK:JKe ee pacrnrrpeHH5I, KaK no rpyrrrre KHpaJihHO:ti: CHMMeT

pHH, TaK H no THIIY KBapKOBbIX B3aHMo,n;e:ti:cTBHii:. IIpe,n;Jio:JKeHHaH B 1961 ro,n;y 

er:o;e 3a,II;OJirO ,n;o II05IBJI8HH5I KBaHTOBOH xpOMO,IJ;HHaMHKH, MO,II;eJib He yTpaTHJia 

CBOe:ti: aKTyaJibHOCTH H B HaCTOHmee BpeM5I, npe,n;cTaBJIH5I co6o:ti: npH8MJieMyIO 

6a3y ,IJ,JIH MO,II;eJIHpOBaHH5I H H3Y''I8HH5I BOIIpOCOB CIIOHTaHHOrO H 5IBHOrO Hapy

III8HH5I KHpaJibHOH CHMMeTpHFI, a,n;pOHH3aIJ;HH KBapKOB, OIIHCaHH5I HH3K08Hep

reTHqecKOH Me30HHOM cpH3HKH, IIOBe,n,eHHH KBapKOBOH CHCTeMbl B IIJIOTHOH H 

rop51qe:ti: cpe,n;ax, BHeillHHX 8JieKTpHqecKOM H MarHHTHOM IIOJI5IX. 

Mo,n;emr c MHOrOKBapKOBbIMH B3aHMo,rr;e:ti:cTBH.HMH B rrocJie,rr;nee BpeM.H aK

THBHO HCIIOJib3YIOTC5I H ,IJ;JI5I OIIHCaHH5I KBapK-rJIIOOHHOH IIJia3MbI (B npe,n;rroJIO

:JK8HHH, qTo rJIIOOHHbie a¢¢eKTbl y:>Ke a6cop6HpOBaHbI B MHOrOKBapKOBbIX Bep

IlIHHax). 9Ta aKTHBHOCTb oTqacnr MOTHBHpOBaHa ::iKcnepHMeHTaMH c yJihTpa

peJI5ITHBHCTCKHM paccemrneM T5DKeJibrx HOHOB, npoBO,II;HMbIX B UEPH (SPS) 

H BpyKxeiiBeHe (RHIC), H O/KH,n;aHHHMH, CB5I3aHHhIMH c nycKOM JIHneiinoro 
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a,n;poHHoro KOJIJia:H:,n;epa B UEPH. 

I1poCJI€}KFIBaIOTC.H ,II;Be OCHOBHbie TeH,n;eHI.I,HH B COBpeMeHHOM pa3BHTHe MO

,n;emi: HI1JI. 0,n;Ha H3 HHX CB5I3aHa c pacCMOTpeHHeM HeJIOKaJibHbIX B3aHMO

,n;e:HCTBHH. I1MeHHO TaKHe BepIIIHHbI B03HMKaIOT H3 HHCTaHTOHHOH KapTHHbI 

KX,I( BaKyyMa (~.11. ,I(MIKOHOB, 8.B. lllyp.HK) HJIH B TeopHH BaKyyMHbIX Kop

peJI.HTopoB rmooHHhIX rroJieli (IO .A. CnMOHOB). B rrocJie,n;HeM cJiyqae ,n;a}Ke 

HeT Heo6xo,n;HMOCTH KOHKpeTH3HpOBaTb BH,Il; TOIIOJIOrHqecKHX 3ap5I,1.I,OB, rrpH

cyTCTBYIOII.I,HX B a,n;pOHHOM BaKyyMe, - HHTerpnpyg ITO IIOJI.HM rJIIOOHOB B 

rrpOH3BO,lJ;.HII.I,eM cpyHKIJ;HOHaJie KX,I(, MbI rroJiyqaeM s¢¢eKTHBHbIH KBapKOBhIH 

JiarpaH}KHaH, co,n;ep2KaII.I,MH 6eCKOHeqHblH Ha6op HeJIOKaJibHbIX MHOrOKBapKO

BbIX BeprnHH. HeJIOKaJihHhre paCIIIHpeHH.H Mo,n;eJIH Heo6xo,n;HMbI ,11,JI.H omi:caHH.H 

M830HHblX pa,n;MaJibHbIX B036y)K,1.I,€HHH H IlO-BH,Il;HMOMY ,II;JI.H KOH¢afiHMMpOBa

HH5I KBapKOB. 

,I(pyra.H T€H,Il;€HI.1,H.H 3aKJIIO"'IaeTC.H B MOTHBHpOBaHHOM ,n;o6aBJI8HMH HOBbIX 

KBapKOBbIX MJIH rJIIOOHHhIX BepIIIHH. TaK rro.HBHJIHCb o6o6II.I,eH:a.H, co.n;ep2KaII.I,He 

qeTb!pexKBapKOBbie B3aHM0,1.I,€HCTBH5I, reHepnpyIOII.I,He qq KyrrepOBCKHe rrapbl 

B xoJI0,1.1,HOfi ITJIOTHOH KBapKoBo:H cpe,n;e; CTPYHY IloJI.HKOBa, accoI.I,HHpyeMyro c 

s¢¢eKTOM rJIIOOHHblX IIOJie:H H OTB€TCTB€HHYIO 3a Il05IBJI€HHe B TeOpHM na

paMeTpa nop5I,n;Ka, OIIHCbIBaIOII.I,ero cPa30BbIH rrepexo.n; KOHcf>a:H:HMeHT - .n;e

KOHcf>aliHM€HT npH KOHeqHQH TeMnepaType; T'xocpTOBCKHe rneCTHKBapKOBbie 

B3aHMo,n;elicTBM.H, yqMThIBaIOII.I,:ae aHOMaJibHOe Hapyrnemrn aKCHaJibHOM U(l)A 
CMMMeTpMH. 06m;a.H CTPYKTypa MO.JJ;eJie:H: c MHOrOKBapKOBblMH KBa3HJIOKaJib

HbIMH B3aHMo.n;eficTBH.HMH n3yqanacb B pa6oTax A.A. AH.n;pnaHoBa H B.A. AH

.n;pnaHoBa. Mcxo,n;.H H3 He6oJibmoro qflcJia npe,n;noJio2KeHHH ( 1 / Nc-pa3JI02KeHne, 

MaCIIITa6Ha5I HHBapHaHTHOCTb)' MM y,n;aJIOCb KJiaCCHcPHD;HpOBaTb BepIIIHHbl s<P

cf>eKTHBHOH TeOpMH, OTB€TCTB€HHbie 3a ,Il;HHaMH""IeCKOe HapymeHHe KHpaJibHOM 

CHMMeTpHH, H IIOKa3aTb, ""ITO ,II;OMHHHpyroru;HMH B TaKOH TeOpHH 5IBJI5IIOTC5I 

TOJibKO ""I€Tb!pex, meCTH H BOCbMHKBapKOBbie B3aHMO,ll;8HCTBll5I. 

Bonpoc 0 pOJm, KOTopyro MOrJill 6bI HrpaTb BbICIIIHe MHOrOKBapKOBbie CB5I-

3H B cpH3llKe a,1.1,pOHHOro BaKyyMa H3y""IeH H€,IJ;OCTaToqHo: H€5ICHO KaKOBbI cpll3H

'i€CKHe CJI€,lJ;CTBH5I 9TllX B3allMO,IJ;8HCTBHM, M02KHO JIM ysn,n;eTb llX np05IBJI€HlHI 

B COBpeMeHHbIX mm 6y.n;ym;nx 9KCrrepHM€HTax, cyru;eCTByeT JIH nepapXH.H MHO

rOKBapKOBblX CB5I3eH H qeM OHa Bbl3BaHa, B03M02KHO JIM IIOCTpOeHMe Herrpo

TllBOpe'iHBOM TeOpll.H MHOrOKBapKOBbIX CHJI? Bee 9TM BOIIpOCbI aKTYaJibHbI ll 

Tpe6yroT TID;aTeJibHOrO H3Y"'I€Hll5I. 

He .HCHa H rrpnpo.n;a B03HHKHOBeHn.H rnrroTeTn'ieCKHx MHoroKBapKOBbIX Bep

IIIMH. MMeIOTC.H pac"CJeTbI, noKa3hrnaroru;ne qTo OHH MoryT 6bITb BbI3BaHbI npn

cyTCTBHeM MHCTaHTOHOB B a.n;pOHHOM BaKyyMe: B H:HCTaHTOHHOH KapTHHe Ba

KyyMa KX~ s¢¢eKTHBHbie KBapKOBbie B3aHMo,n;elicTBH.H T'Xocf>Ta B03HHKaIOT 

B Y3KOM CJIOe B6JIH3H IlOBepXHOCTll <I>epMH ll Be.n;yT K ,ll;llHaMnqecKOMY HapyIIIe-
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muo IrnpaJibHO:ti: CH!vIMeTpHH, a HeHyJieBbie MO,JJ;b! orrepaTopa gHpaKa B HHCTaH

TOHHOM IIOJie OTBeTCTBeHHbI 3a B03HHKHOB8HH8 OCTa.TibHbIX MHOrOKBapKOBbIX 

CHJI. P8aJibHa5I KapT:rrna KX,IJ; BaKyyMa no-BII,Il;HMOMY CJio:arne8. 

He BHHKa5I B rrprrpo,IJ;y B03HIIKHOBeHH5I MHOrOKBapKOBbIX B3amvIO,Il;8HCTBII:ti:, 

MO/KHO rrpOCTO IIp8,Il;IIOJIO/KI:ITb, 'ITO B OCHOB8 3cpcpeKTHBHOrO M830HHOro Jiar

pmDKIIaHa na neKOTOpOM 6oJiee rJiy6oKOM ypOBH8 fIOIUIMaHH5I nenepTyp6aTIIB

noti: IrnapK-rmoomro:ti: ,I\HfiaMHKH Jie/KHT ,I1pyra5I 3cpcp8KTHBHa5I T80pH5I, KOTO

pa5I MO/KeT 6bITb omrcaHa H8JIHH8HHbIM KBapKOBbIM JiarpaH/KHaHOM I1 KOTO

pa5I 5IBJI5I€TC5I 8CT8CTB€HHbIM rrpOM8/KJT0-'IHbIM rnaroM Ha rryTH H3BJ181'..J8HI15I 

cpenoMeHoJiorwiecKHX CJie,IJ;CTBn:ti: KX,IJ; B o6JiacTn: HH3KHX 3HeprHH:. B HacTo-

5IllJ;e8 Bp8M5I TOJibKO HaI!IJIIbIBaIOTC5I IIYTH ,IJ;JI5I IIeIIpOTHBOpe-.:urnoro IIOCTp0-

8mrn 3cpcpeKTHBHO:H Teop1rn IIOJI5I MHOI'OKBapKOBbIX B3aHMo,n;eH:cTBHti:. TaKo:H 

IIOHCK OCJI!I8CTBJI5I8TC5I Ha 6ase cpeHOM8HOJIOI'H1'..JeCKI1 MOTHBHpOBaHHbIX M0,11;8-

Jieti: H H3BeCTHbIX 1rnrrepTyp6aTHBHbIX MeTO,IIOB (1rnrrp11Mep CM.: S. Weinberg, 

PRD, Vol. 56, (1997) p. 2303) H rrocTerreHHO ymy6JI5IeT Hanrn rrpe,n;cTaBJieHII5I 

o CTPYKType 9cpcpeKTIIBHbIX KBapKOBbIX Bepurnn. 

Do Mep8 ycJIO/KHemrn cpopMbI 9cpcpeKTIIBHoro KBapKoBoro Jiarpan/KIIaHa 

B03HIIKaeT He06XO,IJ,MMOCTb B pa3BI1TIIII a,II,eKBaTHOrO MaTeMaTrrqecKOI'O arma

paTa Teopnrr. 8JieranTnoe MaTeManrqecKoe perneHrre, B03HMK<tIDI!Iee rrprr pac

CMOTpeHHH KaKOH-JIII6o cpH3FJ:qecKOH npo6JieMbI, np8,IJ,CTaBJI5IeTC.H He M8Hee IIH

TepeCHbIM ,n;eJIOM, q8M caM cp1rnrrqecKIIH pe3yJibTaT. 8To ofrh5ICH5IeTC.H TeM, qTO 

o6JiaCTb rrpIIMenenII.H pa3BIITbIX MaTeMaTrrqecKIIX CX8M qacTO BbIXO,Il;HT ,IJ;aJieKO 

3a paMKH KOHKpeTHOH MO,IJ;eJUI II B 9TOM lIX caMOCT05ITeJibHa5I :o;eHHOCTb. 

TaKHM o6pa30M 3a,n;aqa IIOCTp08HH5I II II3yq8HII5I MO,IJ;eJI8H c MHOrOKBap

KOBbIMII CB5I35IMII npe,II,CTaBJI5IeTC5I H806XO,Il;IIMbIM, Ba)KHbIM II aKTyaJihHbIM Ha

npaBJI8HIIeM B TeOpIIII CHJihHbIX B3aIIMO,Il;8HCTBIIH. HoBbie II,IJ;eII II MeTO,Il;hI, pa3-

BIITbie B ,n;rrccepTa:o;1rn, 5I Ha,n;eIOCh, HaH:,n;yT CBOe rrpIIMeHeHIIe B 6y,z:i;yr:o;eH: e¢

¢eKTIIBHOH TeOpIIII HeJIIIHeti:HbIX MHOrOKBapKOBbIX CIIJI. 

IJ;eJib pa60TbI. rJiaBHOH :o;eJihIO pa60ThI 5IBJI5IeTC5I ,n;eTaJibHOe HCCJie,IJ;OBaHII8 

3¢cpeKTIIBHOH ,n;:irnaMHKII KBapKOBbIX CIICTeM c IIOJIIIHOMIIaJihHbIMH MHOrocpep

MHOHHbIMII B3aIIMO,n;e:HCTBIUIMII BOChMOH CTenemI II HH/Ke H pa3BIITIIe Heo6xo

,Il,IIMbIX MaTeMaTIIqeCKIIX MeTO,LI;OB ,LJ;JI5I npoBe,I1eHH5I IIOCJie)J,OBaT8JihHbIX Teo

peTIIqecKIIX paC'-IeTOB B o6JiaCTII HII3K09HepreTII1'..IeCKOH Me30HHOH cpII3IIKII Ha 

OCHOBe Tairn:X MO)J,8JieH:. 

3a)J,a'rn pa6oTbI. B ,n;IIccepTa:o;nII paccMaTpHBaIOTC5I cJie,rr,yIDI!IHe Bonpoc11: 

1) I1cxO,,IJ;5I II3 9cpcpeKTIIBHOro ,n;e:ti:CTBH5I 6o30HI13HpOBaHHOH TeOpHH, BKJIIO

-.:.ra10nr8rO O,LJ;HOII8TJI8BOH cpepMHOHHbIH BKJia,,IJ; B BH,IJ;e Jioraprr¢Ma cpopMaJibHOro 

)J;eTepMHnmITa ,n;mpcp8pemwaJibHoro orr8paTopa BToporo nop.>I,IJ;Ka, cTaBIITC5I 

3a,,IJ;aqa pa3BIITII5I MeTO,,IJ;a ,Il;JI5I BbiqHCJI8HIIH npOH3BOJihHbIX MaTpW-IHbIX 3Jie

M8HTOB COCTaBHbIX KBapK-aHTHKBapKOBbIX COCT05IHHH B JIII,D;HpyIOI!IeM rrop5I,II;-
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Ke 1/ Ne pa3JIO)Kemur c yqeTOM IIOJIHOM HMITYJibCHOM 3aBHCHMOCTH Me30HHbIX 

Beprmrn. 

2) C¢opMyJIHpoBaHHbIH MeTo,n; HCITOJih3yeTca ,n;Jia HCCJie,n;oBaHHR 3¢¢e1<

TOB, Bbl3BaHHbIX 5IBHblM HapyIIIeHHeM KHpaJibHOH CHMMeTpHH B rrpou;eccax 

ynpyroro 7r7r pacceRHHR (BbJqHCJI5IeTCR aMIIJIHTy,n;a, HH3IIIHe ,IJ;JIHHbI pacceR

HHR H rrapaMeTpbI 3¢¢eKTHBHOH o6JiaCTH B3aHMO,n;ei1:CTBH5I) H cPOTOpO)K,ll;eHHH 

IIHOHOB '"'('"'/ ~ 7f7r ( Bbl'-IHCJIRIOTCR ce1:rnHH5I npou;eccoB, IIOJIRpH3yeMOCTH 3apa

)KeHHbIX II HeH:TpaJihHbIX IIHOHOB). 

3) <fro6bI CB5I3aTb o6m;Hi1 pe3yJibTaT, IIOJiyi:.IeHHbIH rrpe,n;JIO)KeHHbIM 3,n;ecb 

MeT0,11,0M, c pe3yJibTaTaMH rrpH6JimKeHHbIX paci:.reTOB, HCIIOJib3YIOm;Hx ,D;JIHH

HOBOJIHOBOe pa3JIO)KeHHe 3cPcPeKTHBHOro ,rr,efiCTBHR MO,D;eJIH, peIIIaeTC5I 3a,n;a'-Ia 

IIOCTpoemrn KHpaJibHbIX pa3JIO)KeHHH B TeOpHH c MHoro¢epMHOHHbIMH B3aH

MO,II,eficTBHRMH. 

4) ilccJie,n;yroTCR aJibTepHaTHBHbie cPOPMYJIHpOBI<H HOBOro MeTo,n;a, HCIIOJib-

3yroru;He KaK JIHHefiHyro, TaK H H8JIHH8HHYIO peaJIH3aD;HH KHpaJibHOH CHMMeT

pHH npH BBe,n;emm KOJIJieKTHBHbIX CTeneHeH CB06o,n;bl. lfayqaeTCR BOrrpoc He3a

BHCHMOCTH cPH3H'-leCKoro pe3yJibTaTa OT cnoco6a peaJIH3aD;HH KHpaJibHOH CHM

MeTpHH. 

5) B paMKax MeTo,n;a llIBHHrepa - ,D;eBHTTa HID;eTca o6o6ru;eHHe ,n;Jia pa3-

JIO)KeHH5l cPYHKD;HH TeIIJIOBOrO a,rr,pa no o6paTHbIM CTerreH5IM TSDKeJibIX Mace 

COCTaBJI5IIOID;HX KBapKOB Ha cJiyqaH:, Kor,n;a KHpaJibHa5I CHMMeTpHSI HapymeHa 

SIBHO, a Macchi TOKOBhIX KBapKOB pa3JIHi:.ra10Tca. Bh1qHcJisr10Tc5l nepBbie i:.rJie

HbI ,n;aHHOro pa,n;a. HoBoe pa3JIO)KeHHe HCIIOJib3YeTCSI ,Il;JIR TIOJiyi:.reHHSI 3¢¢eK

THBHOro KHpaJibHOro JiarpaH)KHaHa H OTIHCaHHR cPH3HKH HH3lliHX Me30HHbIX 

COCT05IHHH rrpH HH3KHX 3HeprH5IX. 

6) ilccJie,n;yeTC5l npo6JieMa, B03HHKarom;asi B 3¢¢eKTHBHbIX Mo,n;eJISIX KX,D; 

c i:.reTb1pexKBapKOBbIMH U(3)L ® U(3)R KHpaJibHO CHMMeTpH'-IHbIMH B3aHMO

,n;eficTBHSIMH rrp:a HapymeHHH He)KeJiaTeJibHOH rJio6aJibHOfi U(l)A CHMMeTpHH 

3a ci:.reT ,n;eTepMHHaHTa T'Xo¢Ta, KOTOpaa 3aKJIIOqaeTCR B TOM, '-ITO 3¢¢eKTHB

HblH IIOTeHn;HaJI TaKOH TeopHH HeorpaHH'-leH CHH3y. llm;eTCSI B03MO)KHOe peme

HHe npo6JieMbI CTa6HJibHOCTH OCHOBHOro COCTOSIHHSI, OCHOBaHHOe Ha rl'IIIOTe3e 

0 cyru;eCTBOBaHHH e¢¢eKTHBHblX BOCbMHKBapKOBblX B3aHMO,n;eftCTBHH. 

7) Ha OCHOBe MeTo,n;a cPYHKil;I-IOHaJibHOro HHTerpHpOBaHHSI ,n;eTaJibHO HC

CJie,n;yeTCSI npou;e,n;ypa 6o30HH3all;HH BOCbMHKBapKOBbIX BepmHH. c 3TOH u;e

JlbIO H3yi:.raeTC5l CHCTeMa HeJIHHeHHbIX ypaBHeHHH CTan;noHapHOH ¢a3bl H ,n;o

Ka3bIBaeTCSI ee COBMeCTHOCTb npH onpe,n;eJieHHbIX ycJIOBHSIX, HaJIO)KeHHblX Ha 

K03cPcPHIJ;HeHThI. llcxo,n;sr H3 o6ru;ero BH,n;a pememrn, cTpOHTCSI peKypeHTHasr 

u;enoqKa ypaBHeHHH ,n;m1 orrpe,n;eJieHHSI CTall;HOHapHOH TpaeKTOpHH H HID;YTCSI 

ycJIOBHSI, KOTOpbIM ,Il;OJl)l(Hbl y,n;OBJieTBOpSITb KOHCTaHTbI MHOrOKBapKOBblX B3a

HMO,n;e:itCTBHH, '-IT06bI CTau;noHapHaR TpaeKTOpHR OTBe'9:aJia TeOpHH HMerom;eH: 
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r.no6aJibHblll JVHIHHMyM. 

8) HccJie,n;yIOTCR B03MO)KHbie ¢erroMeHOJiorwrec1rne rrpo.HBJiemrn BOCbMII

rrnapKOBbIX B3aIIMO,D:8HCTBIIH, ,LI;JI5I -.:.rero BbFHICJI5I8TC5I crreKTp Me30HHbIX Mace, 

npHBJI8KaIOTC5I H3B8CTHbie 3MIIHpHt.IeCKH€ ,n;aHHbie II c HX IIOMOIIIbIO cpHKCHpy

IOTC5I rrapaMeTpbI 3cpcpeKTHBHOH MO,D:€.JIH. 

9) Hsy-.:.iaeTC5I BJIIIm-rne BOCbMHKBapKOBbIX CHJI na CBOHCTBa TpexcpJI9HBOp

HOH KBapKOBOii: CI:ICT€MbI, HaXO,LI,5II.!I€HC5I B IIOCT05IHHOM MarHHTHOM IIOJie, B 

t.JaCTHOCTH, I-Ia IIPO!I€CC MarHI:ITHOro KaTaJIH3a CIIOHTaHHOrO napyrneHH5I KH

paJibHOH CHMMeTpIIH. 

10) HccJie,n:yeTC5I BJIH5IHHe BOCbMIIKBapKOBbIX B3aIIMo,n:ei1cTBIIH na cpa3o

BbIH rrepexo,n:, BOCCTaHaBJIIIBaIOIIIlIH KHpaJibHYIO CHMM€TpIIIO npII KOHet.IIIbIX 

T€MIIepaTypax ( npII6JIH)KeHHe 6e3J.VIaCCOBbIX KBapKOB); aHaJIH3HpyeTC5I TaK)Ke 

6oJiee peaJIIICTifl.IHbIM CJiylfa:H MaCCIIBHbIX TOKOBbIX KBapKOB. 

Hay-.:.rna.H 3HaqI:IMOCTb pa6oTbI. B ,1wccepTa1IHH rrpe,LI,JimKeno o6o6IIIeHHe MO

,n;eJIH HM.TI, KOTopoe noMHMO cTan,n:apTHbIX U(3)L Q9 U(3)R KHpaJibHO CIIMMeT

pH"IHbIX lf8TbipeXKBapKOBbIX B3aHMO,IJ;8HCTBHH H IJieCTHKBapKOBbIX B3aHMO,LI8H

CTBHH T'XocpTa BKJIIOlfaeT BOCbMHKBapKOBbie scpcpeKTHBHbie BepIIIHHbI. TaKoe 

o6o6IIIenHe ycTparr.HeT BHyTpennee rrponrnope"IMe, rrpHcyIIIee ,LI,annoMy rrnaccy 

MO,LI,eJieH HM.TI - OTCYTCTBHe rJio6aJibHOrO BaKyyMnoro COCTO.HHH.51. 

ilOMHMO 3TOro pa3BHT arrrrapaT, II03BOJ15IIOIIIIIH rrpOBO,LI;HTb IIOCJI8,LI;OBaTeJib

Hbie paClf8TbI B TeOpII.HX c 6030HH3HpOBaHHbIMII MHOrOKBapKOBbIMH B3aMMO

,n;e:HCTBH.5IMH. c ero IlOMOIIIhlO BrrepBbie BbilfHCJieHbI rrorrpaBKH (JIH,LI;HPYIOIIIHH 

rro 1 /Ne BKJia,n:), o6ycJIOBJieHHbre .HBHhIM napyIJienneM KHpaJibHOH CHMMeTpHH 

B MO,LieJIH HMJI. 9TH rrorrpaBKH ,LIOITOJIH.HIOT KapTHHy, rroJiylfae1v1ym II3 KHpa.n:h

no:H Teop1rn B03MYll!8HIIH (KTB). 

CJie,n;yeT oco6o OTMeTHTh 3HalfHMOCTb rro.HBJieHH.H ¢op1v1yJihI ,LIJI5I ,LIJIIIHHO

BOJIHOBoro pa3JIO)K8HH5I peaJibHOH lfaCTH cpepMHOHHOro ,LieTepMHHaHTa rrpn 

pa3JIHqa10:rn;HXC5I Maccax cpepMHOHOB. B ee OTCYTCTBHH TaKoro po;:i;a pa3JIO

)K8HH5I rrpOBO,LIHJIHCb 3BpHCTJiqecKHMH rrpHeMaMH H c IIOTepe:H CBOHCTBa IIHBa

pHaHTHOCTH y K09cpcpnu;neHTOB pa3JI0)K8HH5I. 

Hayqna.H HOBH3Ha pa6oTbI. B ,n;nccepTaIIIrn ,LieTaJibHO HCCJie,LI,oBaHbI Borrpo

ChI 6o30HH3au;mI MHOrOKBapKOBbIX B3aHMO,LI€HCTBHH Ha OCHOBe MeTO,LI;a cpyHK

IIHOHaJibHOrO HHTerpHpOBaHH.H; pa3BHTbI HOBbie MeTO,LibI ,LI,JI5I pa60TbI c O,LI;HO

rreTJieBbIM KHpaJibHbIM ,n;eTepMIU-IaHTOM; BbICKa3aHa H ,LI8TaJibHO HCCJI8,LI;OBa

Ha rHIIOTe3a 0 B03MO:>KHOH pOJIH BOCbMHKBapKOBbIX B3aHMO,LI8HCTBHH B HH3K0-

3HepreTHlf8CKOH M830HHOH cpH3HKe. 

ABTopoM BrrepBbie rroJiyqenhr n BhIHOC5ITC5.l na 3all!HTy: 

1) HoBbIH TeopeTJiqecKHH MeTo,LI,, IT03BOJI.HIOIIIHH BhilfHCJI5ITh o;:i;norreTJie

Bbre n-lfaCTHlfHbie aMITJIHTY,LibI B TeopHH COCTaBI-IbIX -.:.racTHII c ylfeTOM ITOJIHOH 

HMIIYJibCHOH 3aBHCHMOCTH 3cpcpeKTHBHbIX M830HHbIX BepIJIHH B JII:I,LI,Hpyrorn;eM 
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nop?l:,ZI,I<e 1 /Ne pa3JIO:tKeHH5I. 

2) Hemrneii:Ha5I ¢opMyJI:npoBKa MeT0,11,a, n BbIB0,11, o rromrn:it 8KB1rnaJieHTHO

CTn J!HH8MHOfO H HeJIHHeii:Horo IlOlI,X0,11,0B Ha MaCCOBOM IlOBepxHOCTH COCTaBHbIX 

Me30HHbIX IIOJieii:. 

3) BrrepBbie rro.Tiy'!eHHbie B JVIOl},e.TI:n HI1J1 Bbipa:rKeHH5I l},JIR aMnJIHTYll, 7r7f

paccemrnR H /I __, nn B6JI:n3:n nopora, I<OTOpbre B JIHll,IIpymII:i,eM rropRl},Ke 

1 /Ne pa3.Tio:>KeHHR rro.TIHOCTbIO yq:nThIBaioT HMnyJibCHyro 3aBHCHMOCTb 8¢¢eK

THBHbIX Me30HHbIX BepIIIHH, a TaK:rKe paCLIHTaHHbie Ha HX OCHOBe l},JIHHbI pac

C85IHH5I, rrapaMeTphI 8¢¢eKTHBHOH o6JiaCTH, l},HflO.TibHbie HOJI5IpH3yeMOCTH IlH

OHOB. 

4) AcHMIITOTWieCKOe pa3JI02KeHne no CTerreH5IM o6paTHhIX Mace 'l'H:tKeJihIX 

KBapKOB l},.TI5I cPYHKI!HH TerrJIOBoro 5Il},pa 9JIJIHIITH'!eCKOro caMOCOilp5I2KeHHOfO 

orrepaTopa BTOporo rrop.H:,ZI,Ka ,6,., B Teopmrx c HapyrneHHOH (5IBHbIM H CITOHTaH

HhIM o6pa3oM) rrnpa.TibHOH CHMMeTprreii:, KOTopoe o6o6IIIaeT H3B8CTHOe pa3.TIO

}K8HHe B MeT0,11,e illBnHrepa - )J;eBnTTa ll,JIR C.TIY'IaR paBHhIX Mace. AHaJIHTH

LiecKne Bbipa:rKeHH5I l},JI5I rrepBhIX Lf8Thipex 'I.Tl€HOB p5Il},a, KOTOpbie 5IBJI5IIOTC5I 

o6o6IIIeHHeM K08cPcPHI!HeHTOB CrrJI:n - ,II,eBHTTa. 

5) Halil},emiyro CB5I3h Me:rKll,Y cyIIIeCTBOBaHHeM el},HHCTBeHHoro l},eHCTBII

TeJihHoro peIIIeHH5I y CHCT8MhI ypaBHeHIIM CTa!IIIOHapHOH ¢a3bI, orrpel},eJI5IIO

III€H KBa3IIK.TiaCCIILI8CKYIO TpaeKTOpHIO rrpH 6o30HH3a!IHH MHOro¢epMIIOHHhIX 

B3aHMOlJ€HCTBIIM, II CTa6IIJihHOCThIO OCHOBHOfO COCT05IHII5I TeOpHH. 

6) PeKypeHTHhie cPOPMYJihI f!JI5I IIOCTpOeHH5I pernemrn CHCT8MbI ypaBHe

HIIH CTaII,HOHapHOH ¢a3hI, B03HHKaIOIII€H rrpII 6030HII3a!IHH MHoro¢epMHOH

HhIX B3aIIMOll,€MCTBHM M€TOf!OM cPYHKIIIIOHaJibHOrO IIHTerpHpOBaHmL 

7) ,Il,oKa3aTeJ1hCTBO, LITO Hapyrnemre U(l)A CHMMeTprrH, ocyIIIeCTBJIHeMoe 

f!eTepM!irnaHTOM T'Xo¢Ta, B MOf!eJJH HI1J1 c LI€Thipex¢epMHOHHhIMII U(3)L ® 
U(3)R KHpa.TihHO CHMMeTpHLIHhIMH B3aHMOll,€HCTBH5IMH, Bef!eT K Teoprrrr, 8cP

¢eKTHBHbIH IIOTeHI!Ha.TI KOTOpoii He orpaHJiILI€H CHH3y. 

8) Pernemrn rrpo6JieMhI HecTa6HJ1bHOCTII BbIIIIeyKa3aHHOH TeopHH, ocHoBaH

Hoe Ha paCCMOTpeHHH f!OIIOJIHJiIT€J1bHhIX JIOKa.TihHbIX BOChMHKBapKOBhIX B3aH

MOf!€MCTBHH. 

9) <DopMyJibI f!JI5I crreKTpa J1€fKHX M€30HOB H, B LiaCTHOCTH, 0606III€HHe 

¢opMyJihI BHTTeHa - BeHeI!HaHo ll,.TI5.I MaCChI r/ rrprr HaJIH"'-rne BOChMHKBapKo

BhIX CHJI. 

10) TeopeTHLiecKoe rrpel},cKasaHrre B03MmKHOCTH ocyIIIeCTB.TieHHR BTOpH'I

Horo MarHIITHOro KaTaJIH3a B CHCTeMe, KOTOpa5I TIOMHMO Lf€Thipex¢epMHOH

HhIX o6Jia,11,aeT III€CTH H BOChMH¢epMHOHHhIMH B3aHMOf!8MCTBH5IMH, a HM€HHO: 

cnoco6HOCTII TaKHX B3aIIMOl},e:HcTBHH IIpII KBa3HCTaTHLI€CKOM yBemrqeHHH Mar

HHTHOro IIO.TI5I ,11,€CTa6HJIH3HpOBaTh BaKyyMHOe COCT05IHH€ CIICT€MhI, KaTa.TIH3JiI

poBaHHOe CJia6bIM MarHMTHbIM IlO.TieM. 
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11) 9¢cpeKT IIOHH/K8HIUI Tel\imepa'l'YPI>I rrnpaJibHOrO rrepexo,n;a c poCTOM 

HHT8HCHBHOCTII BOCbMIIKBapKOBbIX CIIJI. 

12) BbIBOA 0 TOM, qTo BOCbMIIIrnapKOBbie B3aHMO,n;e:HCTBH5I, 1rnpyIIIaIOIIJ;Ii8 

rrpaBHJIO 1.J;Be:Hra, BJIII5IIOT Ha nm cpa30BOro nepexo,n;a B MHOrOKBapKOBOH CH

CTeMe c 5IBHO napyIIIeHHOH KIIpaJibHOH CHMMeTpHe:ti:, a IIM8HHO: B 3aBIICHMO

CTII OT CHJibI BOCbMHKBapKOBbIX B3ainv10,n;efiCTBHH B CIICTeMe c N1 = 3 MmKeT 

ocyrn;ecTBJI5ITbC5I JIH6o 6bICTpbIH KpOCCOBep nepexo,n;, JIII6o cpa30BhIH nepexo,n; 

rrepBoro po,n;a. 

13) Bbrno,n; o IIMe10m;eil:c5I CB5I3H Me}K,l:W nnTeHCIIBHOCTbIO BOChMIIKBapr<o

BbIX B3aHMO,n;eHCTBIIll, HapyIIIaIOID;IIX rrpaBIIJIO 1.J;Beil:ra, II MexaHII3MOM AIIHaMH

'IeCKOro HapyIIIeHII5I KHpaJibHOH CIIMMeTpHII: Haqrma5I c H8KOTOporo «KpIITII'Ie

CKOI'O» 3Hac.reHH5I KOHCTaHTbI 8q-CB5I3H 3a CIIOHTaHHOe HapyIIIeHIIe CIIMMeTpIIII 

OTB8TCTB8HHbI 6q-B3aHMO,II;8HCTBII5I T'XocpTa, a He 4q-B3aIIMO,n:eti:CTBII5I, KOTO

pbie BbI3hrnaIOT ,n:aHHbiti: rrpoIIecc npII CJia6b1x 8q-cIIJiax. 

,II;ocToBepHOCTb pe3yJihTaToB. BhI"<IHCJieHH5I, rrpo,n:eJiaHHhie B ,n:IIccepTaIIIIII, 

ocHOBbIBaIOTC5I na IICIIO.Jih30BaHIIII CTar-r,n:apTHhrx MeTo,n:oB TeopIIII IIOJI5I. Bee 

HOBbie pe3yJibTaTbl rrpoBep5IJIIICb Ha npe,n:MeT COOTB8TCTBII5I (AJI5I p5I,n:a npe

,n:eJibHbIX CJiyqaeB) Il3B8CTHbIM KJiaCCIILieCKIIM ,JJ;OCTIDK8HII5IM B ,n:aHHOll o6Jia

CTII TeopeTHqeCKOH cPH3HKH. I1MeHHO c 3TOH II8JibIO B qacTHOCTH 6bIJI pa3BIIT 

crreIIMaJibHbIH arrrrapaT KIIpaJihHhIX pa3JimKeHMfi. IToMMMO 9TOro, B CJiyc_ra5Ix 

BbJC.IHCJieHII5I cPYHK!IllOHaJihHhIX HHTerpaJIOB, ,II;JI5I Jiyqrnero KaqeCTB8HHOrO rro

HHMaHH5I 3a,n:a"<III, rrpe,n:BapHT€JlhHO aKTIIBHO IICIIOJih30BaJIIICh IIX KOHeqnoMep

Hhie aHaJIOI'II (CM. HarrpIIMep §4.2 ,il;IICCepTaIIIIII). 

ITpaKTII"<IeCKa5I 1I8HHOCTh pa6oThI. B ,n:IIccepTaIIIIII II3JimKeHa JiorIIqecKn 3a

MKHyTa5I II HerrpOTIIBOpe"<IIIBa5I 3cpcpeKTHBHa5I TeopII5I, KOTOpa5I MO:>KeT 6bITh 

HCI10Jlh30BaHa (H "<JaCTIIqHO y:>Ke IICITOJib30BaJiaCb B ,JJ;HCCepTaIIIIII) ,il;Jl5I II3y

"<I8HII5I cpa3oBofi CTPYKTypbI KX,II; BaKyyMa, 3cpcpeKTOB 5IBHoro II crroHTaHHOro 

HapyrneHII5I KMpaJihHOH CIIMMeTpHII BO BH8IllH8M 3JI€KTpOMarHIITHOM ITOJie, rrpII 

KOHeqHhIX TeMrrepaTypax II B ITJIOTHhIX cpe,n:ax, a TaK}Ke ,II;JI5I OITHCaHII5I HH3K0-

9HepreTH"<I8CKHX rrpoIIeccoB a,n:poHHOfi cpH3HKII. BochMHKBapKOBhie B3anMo,n;efi

CTBII5I, KaK II B3aHMO,ll;8HCTBH5I T'XocpTa, co,n:ep}KaT BepIIIHHhI, HapyrnaIOru;IIe 

rrpaBHJIO 1.J;Beil:ra, H T8M caMhIM MO,JJ;8Jih I103BOJI5I€T TaK}K€ HCCJie,n:oBaTh cpe

HOM€HOJIOrliqecKHe rrpo5IBJieHII.a TaKoro HapyIIIeHH5I. IT paKTH"<IecKa.a IIeHHOCTh 

,n:Byx MaTeMaTIIqecKIIX MeTo,n:oB, yrroM.aHyThie BhIIIIe B rryHKTax 1-2) II 4), BhI

xo,n:HT 3a paMKII II3y"<IaeMofi B ,n:11ccepTaIIHII Mo,n:eJIII. Hx o6JiaCTh rrpnMeHeHH5I, 

KaK BC.HKOI'O MaTeMaTHC.JeCKOro arrrrapaTa, 3Ha'IHT8JihHO nrnpe. 

Arrpo6aIIII.a pa6oThI. MaTepnaJI, II3JIOMeHHbIH B ,n:IIccepTaIIIIII, ,n:oKJia,IJ;hI

BaJic.a n o6cy}K,II;aJic5I Ha ceMnnapax J1a6opaTopHII .a,n:epHbIX rrpo6JieM OHHH, 

.na6opaTopH11 TeopeTII'IecKo:H cpII3HKII OI15II1, Ha TeopeTnqecKIIx ceMIIHapax 

3apy6eMHbIX nayc_rnbIX II€HTpOB: yn11BepcIITeT r. KyIIM6pa (ITopTyraJIII.a), yHH-
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Bepc:wreT r. TiopTo (TiopTyraJUI5I), ymmepcwreT HM . .J1y:rrca ITacTepa r. CTpac-
6ypr ( <Dpanu:1rn), yH:rrBepcwreT r. Perenc6ypr (fepMaI-rn.H); Ha p.H,n;e Me:tK,nyna
po,n;HhIX KOH¢epeHIIHH H pa60'-UIX COBeII!aH:m:rx: 

•"The Quark Confinement and the Hadron Spectrum 2008", 1-6 Sept 2008, 
Mainz, Germany. 

• The XIII International Conference "Selected Problems of Modern Theo
retical Physics" (SPMTP08), June 23-27, 2008, Dubna, Russia. 

• "Scadron'70" Workshop on Scalar Mesons and Related Topics, February 
11-16, 2008, Lisbon, Portugal. 

•"Quark Matter 2008" 20th International Conference on Ultra-Relativistic 
Nucleus Nucleus Collisions, February 4-10, 2008, Jaipur, India. 

•The 7th International Conference on Symmetry in Nonlinear Mathematical 
Physics (SNMP 07), 24-30 June 2007, Kyiv, Ukraine. 

• The Hadronth06 ·workshop, 7-9 September 2006, Pefiiscola, Spain. 
• The Quark Confinement and the Hadron Spectrum VII, 2-7 September 

(2006), Azores, Portugal. 
• The International Meeting on Topics in Quantum Field Theory, 10-14 

April 2006, Belo Horizonte, BH, Brazil; 
•The 6th International Conference on Symmetry in Nonlinear Mathematical 

Physics (SNMP 05), 20-26 June 2005, Kyiv, Ukraine. 
• The International Conference on High Energy and Mathematical Physics, 

4-7 April 2005, Marrakech, Morocco. 
•The 8th Workshop on Nonperturbative Quantum Chromodynamics, 7-11 

June 2004, Paris, France. 
•The 5th International Conference on Symmetry in Nonlinear Mathematical 

Physics (SNMP 03), 23-29 June 2003, Kyiv, Ukraine. 
•The International Conference on Many-Body Physics, Sept. 20-25, 1993, 

Coimbra, Portugal. 
H T.,n; .. CcbIJIKH Ha rroJiyqeHHbie B ,n;:rrccepTau;1rn pe3yJibTaTbI MO:tKHO HaliTH 

B u;eHTpaJibHbIX eBporreliCKHX ll aMepHKaHCKHX cpH3HqecKHX :tKypHaJiax, BKJIIO
'-Ia5! o63opbr B "Physics Reports" 11 "Ycrrexn <l>n3:rrqecKnx HayK". 

Tiy6mmau;nu: H JIHqHhili BKJia,n; aBTopa. Pe3yJibTaTbI ,n;nccepTa1lHH orry6mI
KOBaHbI B BH,LJ;e 32 CTaTeti B Be,n;yII!HX Pocc:rrlieKHX ll 3apy6e:tKHbIX )KypHaJiaX. 
Bee oeHOBHhie pe3yJihTaThI, rrpe,n;eTaBJI8HHhre B ,n;nceepTa!IIrn, orry6mIKOBaHhI 
B :tKypttaJiax H3 rrepeqi-rn BAK. 

BKJia,n; aBTopa BO Bee rroJiy'-reHHbie pe3yJihTaThI .HBJI.HeTc.H oeHOBHbIM. ABTO
poM oeyJIIeCTBJI5IJIHeb: ¢opMyJIHpOBKa 3a,n;aq, pa3pa60TKa rryTeti ll MeTO,Il;OB HX 
pernemrn:, pa3BHTHe Heo6xo,n;11Moro MaTeMaTwrncKoro a1rnapaTa, rro,n;roTOBKa 
TeKeTOB rry6JIHKau;11li, a TaK:tKe rrepemICKa e pe,n;aKI!H5IMH HaJ'-IHbIX :tKypHa.JIOB 
ll peu:eH38HTaMH. 
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CTpyKTypa H ofrbeM pa60Tbl. ,lJ;HccepTau;mr COCTOHT H3 BBe,n;eHH.H, rneCTH 

r.naB, 3a1rnroLiemrn, Tpex rrpIIJIO)l<:emIH M cnIIcKa JIHTepaTypbI. MaTepIIaJI H3-

JimKeH Ha 215 CTpaHHIJ,ax, BKJIIO'IaeT 27 pHCYHI<OB, 16 Ta6mnJ,, 246 6H6mrorpa

cpI-PieCI<HX CCbIJIOK. 

KPATKOE CO,D;EP)KAHME PABOTbl 

BBe,JJ,eI:IIIe. 3,n;ecb o6ocHOBbrnae'rC5I aKTyaJibHOCTh TeMhI ,n;nccepTaIJ,HM, ¢op

l\1Y.IIMpyIOTC5I OCHOBHa.H IJ,eJib M 3a,JJ,a'UI B03HHKaIOIIJ,Me rrpM ee peIIIeHmI, o6cy)K

,JJ,aeTC5I HayLIHa5I HOBM3Ha rrpe,n;cTaBJie:HHbIX HCCJI8,JJ,OBaHHH. 

fJiaBa 1. B nepBOH rnaBe ,n;Hcceprnu;mr c¢opMyJinpoBaH MeTo,n;, II03BOJI5I

IOIIJ,IIH Bbr<-JHCJI.HTb npOII3BOJibHbie n-'!aCTH'IHbie Me30HHbie aMIIJIHTy,D,hI, HCXO

,n;.H M3 I-IeJIOKaJibHOro O,II;HOIIeT.JieBoro 3cpcpeKTMBHOro ,n;e:i1CTBM5I, no.nrramuwro

C5I rrpH 6o30HH3aIJ,MM H8JIIIHeHHbIX cpepMHOHHbIX Beprmrn. ,lJ;JI.H onpe,n;eJieHHO

CTII paccMaTpHBaeTCH rrpocTeHIIIMH BapnaHT Mo,n;eJIM HHJI c .narpamKHaHOM 

B3aHMO,JJ,8HCTBH5I, MHBapMaHTHbIM OTHOCHT8JihHO npeo6pa30BaHHH KHpaJihHOH 

rpyrrnhr U(2)L 0 U(2)R· CTapTOBOH TO"-IKOH .HB.JI5IeTC5I ¢opMa.JihHOe Bhrpa:>Ke

HHe ¢epMMOHHOro ,n;eTepMMHaHTa - pe3yJihTaT BhI'IMCJieHH5I cPYHKIJ,MOHaJihHO

ro IIHTerpaJia rayccoBa Tnrra no ITO.JI.HM KBapKOB. 

PeIIIa5I 3a,n;at.1y H3BJieLieHM5I II3 ¢epMMOHHoro ,n;eTepMIIHaHTa no.JIHOH HH

¢opMaIJ,HH 06 HMIIJ.JibCHOH 3aBMCMMOCTH M€30HHbIX aMIIJIIITY,II; ( B .JIII,1J;Hpym

IIJ,8M rrop5I,n;Ke 1 /Ne pa3.JIO:>KeHII5I), MbI CTpOHM crreIJ,HaJibHbre npeo6pa3oBaHH5I 

¢ypbe-o6pa30B KOJI.JieKTIIBHbIX 6o30HHbIX rro.neli. HoBbie rrepeMeHHbie OTBe

LiaIOT COCTaBHbIM COCT05IHH5IM, 'ITO rrp05IB.JI5!8TC5I B IIMIIYJibCHOH 3aBHCHMOCTH 

MaCCOBOH cPYHKIJ,HH COOTB8TCTBYIOIIJ,IIX HM rrporraraTOpOB. 

'lfro6bI .HCHO CcPOPMYJIHpOBaTb 3a,n;aqy, peIIIaeMyIO B ,n;aHHOH rJiaBe ,IJ,HCCep

Tau;nn, H YBH,IJ,8Tb pa3HHII;Y M8)K,D,Y CTaH,n;apTHbIMH M8TO,IJ,aMH H HOBbIM, Mb! 

KpaTKO OCTaHaBJIHBaeMC5I Ha cyTH CTaH,n;apTHOro IIO,Il;XO,IJ,a, ocyIIJ,eCTB.JI5I5I rrpII 

3TOM HCTOpH'I8CKHH 3KCKypc B TeOpHIO ,n;aHHOro BOIIpoca. 

Ifayqemre ,n;nHaMHKH KOJIJieKTHBHbIX B036y)K,IJ,€HIIH, rryTeM 5IBHOro BbI,IJ,e

JieHH5I KOJIJieKTIIBHbIX CTerreHeli CBo6o,IJ,bI B Mo,n;eJI:rr HHJI Ha ocHOBe MeTo,n;a 

cPYHKIJ,HOHaJibHOro HHTerpnpoBaHH5I, 6bIJIO BrrepBbie rrpe,IJ,rrpHH.HTO B 1976 r. 

B pa6oTax Ery'IH, Kyro n KIIKKaBbI. B CBOHX BhI'IHCJieHH.HX OHH rrpn6era.n:rr 

K JIOKa.JibHOMY pa3.JI0)K8HHIO BeplllIIH, Bbl,IJ;8JI.H.H TOJibKO paCXO,IJ,5IIIJ,H8C.H 'IaCTH 

KBapKOBhIX rreT8Jlb H rrpeHe6pera5I KOHet.IHbIMH 'I.JieHaMII. 8TOT MeTO,D, IIOJIJ'IHJI 

CBOe ,n;aJihH8HIIIee pa3BHTII8 B naqaJie 1980 ro,n;OB H 6bIJI IIOJIO)K8H B OCHOBY MHO

rOt.IHCJieHHbIX ¢eHOMeHOJIOrff<-IeCKHX IIOCTpoeHHH, 'ITO rrpe:>K,IJ,e BCero CB.H3aHO 

c HMeHaMH M.K. BoJIKOBa n ,LL. 86eprn. 

Bbr,n;eJieHHe pacxo,n;.HIIJ,eii:c5I '-IaCTH y ,IJ,elicTBM.H KOJIJieKTIIBHbIX rroJie:i1 .HB.JI.H

eTC.H rrpH6JIH)K8HHeM, rrpII3BaHHbIM rrpOHJIJIIOCTpIIpoBaTb HM€IOIIJ,JIOC5I CB.H3b 

Me)K,Il;Y MO,D,eJihIO HI1J1 n p.H,IJ;OM M3BeCTHhIX ¢ettoMeHOJIOrH"IeCKMX rrnpaJihHhIX 
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narpaH:rKHaHOE. BbIJIO 3arv1e1:reHo, '-ITO B ceKTope cKamrpHhIX H rrceB,IJPCKamrp

HbIX Me30HOB B03HHKaeT mrnefiHa.H CHrMa MO,IIe.Jib, ,JJ;JI5I BeKTOpHbIX Me30HOB 

rroJrrraeTC.H JiarpaH:rKHaH Tima Sh-rra - MHn.nca, a paccMoTpeHHe 9JieKTp01v1ar

HHTHbIX B3a.tt:MO,II€MCTBHM Me30HOB rrpHBO,IIHT K KapTHI·Ie BeKTOpHOM ,IIOJVUIHaJI'r

HOCTH. O,n:naKo B ,n:annoM rrpn6Jin:rKeHHH KOJIJieKTHBHbie MO,IIbI 9.JieMeirrapHbr: 

XOT5I HHQ:>OpMaD;H5I 0 KBapKOBOM rrpnpo,n:e Me30HOB co,n:epi-KHTC.H B KOHCTaHTax 

HX B3aHMO,IIeitCTBHM H Maccax B BH,IIe rrapaMeTpa m -- rvrnCCbI COC'l'aB.JI5IIOIII,ero 

KBap1rn, CTPYKT'ypHa.H '-IaCTb, 3aKmo'-1e1rna51 B Kone1u:1b1x '-IJierrax pa3JimKeHH.H, 

IIOJIHOCTbIO HrHopnpyeTcH. B pe3yJibTaTe M€30HHbie rrporraraTOpbI orrncbrnaroT 

pacrrpOCTpaHeHHe TU'-Ie'-IHbIX o6'beKTOB. 

'-lTo6bI y1:1eCTb CTpyKTypny10 "laCTb ,IIeMCTBH.H, 6hIJIO rrpe,IIJimKeHO 3JieraHT

HOe pernemre, HCIIOJib3YIOIII,ee MeTO,II TeIIJIOBoro .H,IIpa (A. Dhar, R. Shankar, 

S.R. Wadia, D. Ebert, H. Reinhardt). MeTO,II II03BOJiaeT n:errocpe,n;cTBen:no B 

KOOp,IIHHaTHOM rrpOCTpaHCTBe nafiTH H€CKOJibKO rrepBbIX '-IJI€HOB B pa3JI01-K€

HHH s¢¢eKTHBHOro Me30HHOrO ,II€HCTBH.H, HO K cmKaJieHHIO c ero IIOMOIII,bIO 

HeB03MO/KHO BbI'-IHCJIHTb IIOJIHbIM Brrna,n;, 3aKJIIO':I€HHbIM B KBapKOBbIX II€TJI5IX. 

KaK aJIIoTepnaTHBa BbillleyKa3aHHOMY HarrpaBJieHHIO uccJie,n;oBannfi B Kon:u;e 

BOCbMH,n;ec.HTbIX ro,n;oB B paMKax MO,IIeJIH HHJI MHTeHCHBHO H3J"IaJIHCb crreKTp 

H KOHCTaHTbI rrnapK-Me30HHbIX B3aHMO,IJ;€HCTBHH c IIOMOIII,bIO M€TO,n;a XapTpH 

- <I>oKa (U. Meissner, V. Bernard, W. Weise, S.P. Klevansky, T. Hatsuda, 

T. K unihiro n T.,n;.), KOTOpnrl:i: 3KBMBaJieHTeH JIMneapH3a:o;1m 11eTnrpexKBapKo

BbIX Bepnnrn JiarpaHIKHana rrocpe,n;CTBOM CaMOCOrJiaCOBaHHOro BBe,n;eHH.H 6o-

30HHbIX rrepeMeHHbIX. TiporraraTOpbl 6030HHbIX IIOJie:l:i: orrpe,n;emIJIHCb B pesyJib

TaTe cyMMHpOBaHH.H p.H,n;a, COCTO.HIII,ero H3 :o;erro11eK O,IIHOIIeTJI€BbIX KBapKOBblX 

,n;11arpaMM. Ou narrpHMep BhITeKaeT H3 ypaBHeHH.H BeTe - ComrnTepa, HarrH

caHHoro ,[IJI.H KaHa.Jia qq -+ qq. 
lfaJiaraeMbIH B ,n;aHHOM r.JiaBe ¢opMa.JIH3M ITO cyTH 3KBHBaJI€HT€H xapTpH

Q:>oKOBCKOMY rro,n;xo,n;y. ,[l;eilcTBIIT€JibHO, OKa3bIBaeTC5I, 'ITO rrpe,n;JIO/K€HHOe Ha

MH rrpeo6pas0Bam:1e ocyIII,eCTBJI5IeT rrepexo,n; K 6osoHHOMY rroJIIO, rrporraraTop 

KOTOporo B TO"IHOCTII COBrra,n;aeT c H3BeCTHbIM pesyJibTaTOM BbI"IHCJieHHH B 

MeTO,n;e XapTpH-<I>oKa (C.M. Shakin). Ilpn 3TOM o,n;naKo uerrocpe,n;cTBenuoro 

cyMMHpoBaHH.H O,LI;HOIIeTJieBbIX ,LI;HarpaMM B HarneM IIO,IIXO,D;e ne npOH3BO,IJ;IIT

C5I, a BC5! rrpo:o;e,n;ypa JierKO YKJia,IJ;hIBaeTC5I B paMKH MeTo,n;a cpyHKIJ;HOHaJibHOro 

HHTerpnpoBamrn. 

3aTeM na OCHOBe ypaBHemrn III,eJIH H ypaBHeHH5I Ha Macey mroua HaXO,IJ;.HTC.H 

KHpaJibHhie pasJio:rKeHII5I ( B ,n:annoM cJiy11ae no p.H,IIbI T::i:l:i:Jiopa no CTeneH5IM 

TOKOBOH MaCCbI KBapKOB) ,IIJUI OCHOBHbIX cpH3H'-I€CKHX BeJIH'-IHH. 0HH BbICTY

rraIOT CB5l3YIOIIl,HM 3B€HOM npH cpaBHeHHH pesyJibTaTOB pa3BHBaeMoro 3,LI;eCb 

rro,n;xo,n;a c H3BeCTHbIMH pe3yJibTaTaMH, IIOJiy'-IeHHbIMII MeTO,LI;OM aCHMIITOTH':Ie

CKOrO pasJio:rKemrn TeIIJIOBofr cpyHKI.J.HH. CpaBnenHe rrosBomi:eT rrpoBepMTh ca-
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MOCOrJiaCOBaHHOCTb HOBOro M8TO,n:a, a TaKrKe yccraHOBHTb HaCKOJibKO 6bICTp0 

CXO,Il;HTC5I KHpaJihHbIH p5I,IJ;. 

l.fro6bI HCCJie,II;OBaTb a¢¢eKTbI' CB5I3aHHbie c 5IBHhIM 1rnpyme1rneM rrnpaJib

HOH CHMMeTpHH H y6e,n;HTbCS! B HenpOTHBOpeqHBOCTH M8TO)J;a B u,eJIOM, Bb1q11c

JI5IIOTCS! aMITJIHTy,n;a 7r7r paccesrHH5I, napaMeTpbI a¢¢eKTHBHOH o6JiaCTH H ,IJ;JIH

HbI paccemurn. HccJie,n;yeTcsr npou,ecc II ---+ 7r7r 11 BbP-IHCJI5IIOTC5I ,D;IIITOJibHbre 

3.ITeK'I'pWrecKa.H H MarHIITHa5I IlOJI5IpII3yeJVIOC'fH TIHOHOB. lloJiyr-IeHbI Ce'-IeHirn 

rrpou,eccoB II ---+ Jr0 7r0 rr /"'/ ---+ 7r+7r- B OKOJronoporoBoiI o6JiaCTII. 

fJiaBa 2. Bo BTopoiI rnaBe Me'l'O,IJ; pacnpocTpan.HeTC.H rra cJiyqafi pacnrnpen

Hoti Mo,n:eJrn HH.JI. TaKa.H Mo,n;eJib rroMHMO rrceB,n;ocKaJI.HpHbrx II cr<:aJI.HpHbIX 

Me3onon co,n:epEKIIT neKTopnhre n aKcIIaJI-BeKTopnbre cocTO.HHH.H. B pe3yJII:>TaTe 

B03HHKaIOT CM8IIIHBaHirn MeEK,n;y rrceB,IJ;OCKaJI.HpHbIMH H aKCHaJI-B8KTOpHbIMH 

MO,D;aMn, a TaK£Ke M8)I{,!J;Y CKaJI5IpHOti H B8KTOpnoti KOMITOH8HTaMH. ,II;naro

HaJIH3a1l,H5I COOTB8TCTBYIOI1l,HX ,IJ;BYX'IaCTH"'IHbIX cPYHKIJ,HM ocyru;eCTBJI5I8TC5I B 

HMIIYJibCHOM npocTpancTBe. B ocTaJibHOM Bbr<-rncJieHHSI anaJiorHqHbI cJiy-c-raro, 

paCCMOTpeHHOMY B rrepBOM rJiaBe. 

Hati:,n:errhr MacmTa6tto HHBapnaHTHbie cooTrromenns:r, CBSI3brnaroru;ne CBOii:

CTBa rrHona c xapaKTepncTHKaMM neKTOpHbIX H aKcrrnJI-BeKTopnhrx qacTn:u;. B 

qacTHOCTH, ycTaHOBJieHbI ¢opMyJII>r, KOTOpbre o6o6ru;aroT H3BeCTHoe KSFR co

OTnornenn:e H Baii:H6eproBCKHe rrpaBHJia cyMM Ha CJiyqati: COCTaBHbIX qacT1m;. 

MaCCbl B8KTOpHbIX H aKCHaJI-BeKTOpHblX M830HOB JieEKaT B o6JraCTH "-' 1 raB, 

II03TOMY ney,n;HBHT8JlbHO, '-ITO MMeHHO )J;Jrn HHX BaEKeH yqeT qJieHOB c BbIC

IIIHMH rrpOH3BO,D;HbIMH. 0,n;HaKO 3,D;8Cb HaqnnaeT npOSIBJIS!TbCSI ,n;eKorr¢ati:HMeHT 

KBapKOB, T.e. aMITJIHTY,IJ;bI IIOJiyqaroT He¢H3WieCKHe MHIIMbie qacTII, qTo cyru;e

CTB8HHO cy)I{aeT o6JiaCTb rrpIIMeHIIMOCTII MeTo,n;a. 

TeM He MeHee HM8IOTCSI BCe OCHOBaHMSI ,JJ;JI.H HCIIOJib30BaHirn BeKTOpHbIX H 

aKCMaJI-BeKTOpHbIX M0,11; B Ka'-JeCTBe BHpTyaJibHbIX COCTOSIHIIM rrpII Hsyqemrn 

cPH3IIKH IIIIOHOB H KaOHOB. 

KaK II B rrpe,n;hr,n;yru;eti: rnaBe, rro,n;po6Ho aHaJIII3npyroTC.H cJie,IJ;CTBHSI .HBHO

ro rrapyrneHmI KHpaJibHOM CHMMeTpHH. llocTpOeHbI KHpaJibHbie pa3JIO)I{eHirn 

,LJ;JISI ocnoBHI>rx ¢n3IT'-recrrnx BeJIHqIIn B npncyTCTBIIe qacTIII1 crrnna-1. IIoKa-

3ano, qTo B Mo,n;eJIH HI1JI c BeKTOpHbIMH Me3oHaMH yJiy-r_rmaeTCSI cxo,n;IIMOCTb 

KHpaJII>Horo ps:r,n;a. 

3aTeM MbI IIOBTOpSieM pacqeT aMITJIHTY,lJ;bI yrrpyroro IIHOH-IlllOHHOro pacce

.HHHSI, qT06bI BKJIIO'-IHTb BKJia,IJ;hI BllpTyaJibHbIX BeKTOpHhIX qacTHI1, II H3BJie

KaeM H3 nee Hn¢opMau;nro o ¢a3ax, )J;JIIIHax pacce.HHHSI n napaMeTpax a¢¢eK

TIIBHOti o6JiaCTM B3aHMO,IJ;eii:CTBH.H. 

B 3aKJIIO''IeHHe MeTo,n; pacrrpocTpaH.HeTc.H Ha cJiyqafi c HeJIHHefiHoti: peaJIH

sau;Heti: rrnpaJibHOti CHMM€Tpim, ,n;mr qero IICIIOJib3Y€TC.H CTaH,n;apTHa.H TeXHHKa 

HH,n;yu,npoBaHHbIX rrpe,n;cTaBJI€HHM. 0'-IeBH,IJ;HO, qTO cPH3HqecKHe pe3yJihTaTbI He 
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MoryT 3aBl'ICeTb OT Bb16opa aCHMllTOT:WieCKHX llOJie:H. I13MeH.aeTC.H TOJlbKO ,II,Ha

rpaMHOe CO,II,ep)l<ami:e TeOpirn ll llOBe,II,eHl:Ie aMllJIHTY,II, BHe MaCCOBOH llOBepXHO

CTH. TaK 3aMeHa 11epeMeHHbIX, rrpeo6pa3yro.n:.i;nxc.a no JIHHefiHOMY npe,n;cTaBJie

Hnro KnpaJihHOfi rpyrrrrhI, Ha rrepeMeHHhie, 11peo6pa3yrom;nec.a 110 HemrneitHoMy 

3aKOHy, nOJIHOCTbIO H3MeH.aeT KapTHHY BHPTYaJibHblX BKJia,II,OB B aMnJIHTY,II,Y 

7r7r pacce.HHH.H, O,II,HaKO HX llOJIHa.a cyMMa Ha MaCCOBOM IIOBepxHOCTll nHOHOB 

OCTaeTC.H npe)KHeit. 

fJiaBa 3. B TpeTbefi rnaBe CTponTC.H acnMnTOTHKa cpepMHOHHoro ,II,eTepMn

HaHTa ,II,JI.H CJiy11a.H HeBbipmK,II,eHHOit MaCCOBOit MaTpm:i;hI. OT11paBHbIM nyHKTOM 

.HBJI.HeTC.H 3HaMeHHTOe rrpe,n;cTaBJieHne ,II,eTepMHHaHTa 3JIJIHIITll'-IeCKOrO 011epa

Topa B BH,II,e HHTerpaJia no co6cTBeHHOMY BpeMeHrr. 0Ho H3BeCTHO, KaK cpop

MyJia lllBrrHrepa - ,neBnTTa 

00 

W[Y] = -ln I det DI~~ j ~t p(t, A2) Tr ( e-tDtD) + const. (1) 

0 

3.n;ecb onepaTop ,nnpaKa D 3aBHCHT OT aCHMllTOTH"9:eCKHX llOJieit, KOTOpbie 

rrpn 11epexo,II,e K 9pMHTOBY ,II,mpcpepem~:n:aJibHOMY 9JIJIHIITH'1eCKOMY onepaTopy 

BTOporo po,II,a nt D = M 2 - [J2 + y co6paHhl BY, MeTpnKa eBKJIH,II,OBa. BbI

q:ncJieH:n:e cPYHKIJ;HOHaJibHOro rn11ypa Be,II,eT K B03HHKHOBeHnIO CHHryJrnpHOCTefi 

B llHTerpaJie no t, KOTOpbie a6cop6:npyroT YJibTpa¢nOJieTOBbie paCXO,II,HMOCTll 

O,II,HOneTJI8BbIX ¢epMHOHHbIX .n;narpaMM, 11p:n ycJIOBHH, "ITO HHTerp:npoBaHne 

110 co6CTB8HHOMY BpeMeHH ocyin;ecTBJI.HeTC.H B llOCJie,IJ;HIOIO 011epe,n;h. qT06bI 

HHTerpaJI no t cxo,II,HJICH, B Bhipa)KeH:ne (1) BBe,II,eH peryJI.aTOp p( t, A 2). Pe3yJih

TaTbI ,II,aHHOfi rJiaBbI OCTaIOTC5I B CHJie He3aBHCHMO OT KOHKpeTHOrO BH,D;a 9TOH 

cPYHKD;HH, co,II,ep)Krun;efi 11apaMeTp 06pe3amrn A. 
<I>opMaJIH3M «C06CTBeHHOro BpeMeH:n» <I>oKa - lliBHHrepa 1103BOJI.HeT c11pa

BllTbC5.I c 3a,II,a'1eM aCHMllTOTll'18CKOe pasJIO)KeH:n:e acpcpeKTHBHOro ,II,8HCTBH5.I 

W[Y] no CTerreHHM co6cTBeHHoro BpeMeH:n c Koscpqrn:n;neHTaMn Cmrn: - ,neB:nT

Ta an, aKKYMYJIHpyIOIIJ;llMll B ce6e BCIO saBHCHMOCTb OT cpOHOBbIX llOJiefi. 3aMe

qaTeJibHO, "ITO ,II,JI51 KmK,II,OrO 3Ha'1eH:n5.I (n = 0, 1, 2 ... ) Bbipa)KeH:n:e tr( an) HH

Bapl:IaHTHO OTHOCHTeJibHO ,II,€HCTBH5.I rpyIIllbI BHyTp8HH€M CHMMeTpHH. cho BbI

TeKaeT :ns 06.n:.i;eli KOBapHaHTHOCTH ¢opMaJIH3Ma. B HaCTOHIIJ;ee BpeMH acHMll

TOTH11ecK:ne K03cpcpn:~HeHTbI an xoporno ll3BeCTHbI ,II,O 3Ha'1eHHH n = 5 ,II,JI.H 

11pOH3BOJibHOro onepaTopa JiallJiaCOBCKOrO Tlllla. 

B CJiy11ae MaCCHBHbIX KBaHTOBbIX noJieit c BbipmK,II,8HHOit MaCCOBOit MaT

p:nn;efi M = diag(m, m, .. . ) HecJIO)KHO rrepeitTn OT pa3JIO)KeHn:.H 110 cTe11eH.HM 

co6CTB8HHOro BpeMeHH K pa3JIO)KeH:nIO no o6paTHbIM CTe11eH5.IM m 2' TaK KaK 3a

BHCHMOCTb OT MaCCbl JierKO cpaKTOp:nsyeTc.a, a llOCJie,n;yIOin;ee llHTerpn:poBamre 

110 co6cTBeHHOMY BpeMem1 Be,II,eT K )KeJiaeMoMy pe3yJihTaTy. AcnMIITOTH'-IeCKne 

K03cpcpn:~:n:eHTbI an rrpll 3TOM He ll3M8H.HIOTC.H. 
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Ecm1 B TeopHH .HBHO ttapyrnetta KHpaJibHa.H CHMMeTpH.H, TO MaccoBa.H MaT

pm~a HeBbipo:>K,n;etta M = diag( m 1 ~ m 2, ... ) H ee ITOJIHa.H ¢aKTOpH3aIJ,H.H neBo3-

MO:>KHa H3-3a HeKOMMyTaTHBHOCTH M c ocTaJibHOJ!i: t.IaCTbIO 3JI.1nmTHt.IeCKoro 

orrepaTopa. Hairntta.H )Ke ¢aKTOpH3aU,H5I rro '-IaCT.Hrvr pa3pymaeT KOBap1rnHT

HOCTb K03cP¢Hu,HeHTOB acHMITTOTwrecKoro p.H,n:a. Bo3HHKaeT ecTeCTBeHHbIJ!i: BO

rrpoc: H8Jib3.H JIM ocy~eCTBIITb ¢aKTOpH3au,mo MaCCOBOJ!i: 3aBHCIIMOCTH, coxpa

mrn rrpII 3TOM CBOHCTBO KOBap1rnHTHOCTII K03cPCPIII~J:IeHTOB Ha I<a:>K,1I,OM mare 

acmvIITTOTH'-IeCKOro pa3JIO)K8HmI? 

B ,n:aHHOJ!i: rJJaBe rroKa3ano, qTo ccpopMyJIIIpoBaHHa.H 3a,n:a'-m HMeeT rrpocToe 

perneHHe, KOTOpoe Mb! IlOJiycraeM Ha OCHOBe peKypeHTHOrO HCIIOJib30BaHm·I cne-

11,HaJihHO rrpe,n:JIO:>K8HHOH cPOPMYJibI 

J1(mJ) - Jz(mn = f 2~~\ [lz+n(mT) - (-ltlz+n(mJ)], (2) 
n. 

n=l 

r,n:e Llij = mr - mJ, a HHTerpaJihI Jn(m2 ) HM8IOT BH,il; 

00 

!~ -tm2 ( A2) 
2 e pt, t -n 

0 

2 ( J d4p A 1 
- 16n f n + 1) (27r ) 4 PA (p2 + m2)n+1. (3) 

Bb16op cpaKTOpH3yeMOH KOM6HHaU,HH, COCTaBJieHHOH H3 cpyHKIJ,lIH Ji ( mJ)' B 

BH,1I,8 

- 1 ~ 2) Ii = N ~ Ji(m1 . 
f j=l 

(4) 

Be,n:eT K :>KeJiaeMoMy pe3yJihTaTy. Mhr rroKa3hrnaeM, qTo c rroMo~hIO cPOPMYJihI 

(2) y,n:aeTC5I npOH3B8CTII nepecTpOHKY pR,n:a no CTerreH.HM co6CTB8I-IHOrO BpeMe

HH, TaK t.ITO ero '-IJI8HbI aBTOMaTH'-I8CKH co6npaIOTC.H B KHpaJihHO KOBapnaHT

Hbie KOM6HI-Ial1,HH 

(5) 

B nTore Ka:>K,1I,bIH mar pa3JimKeHH.H coxpaHReT TpaHc<j)opMaU,HOHHbie CBOHCTBa 

Hcxo,n:Horo ,n:e:Ei:CTBHR W[Y], qTO Ba:>KHO rrpH rrpoBe,n:eHHH rrpH6Jin:>KeHHhIX BhI

qncJieHHH, c TO'-IHOCTbIO ,DP n-ro rnara B ,D;JIHHHOBOJIHOBOM pa3JIO:>K8HlIH 3¢cpeK

THBHOI'O ,rr,eiiCTBHR. HoBbie K03cPcPHI~HeHTbI pa3JIO)K8HHH bi .HBJIRIOTC5I o6o6IIJ,e

mreM H3B8CTHbIX K03cp¢11u,11eHTOB CnJIH - ,I(eBHTTa. B cJiycrae N1 = 3 rrepBbie 
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'IeTbipe I<03cpcpnu;HeI-ITa I:IlVIeIOT Bll,Il, 

y2 .6. 1 
bo = 1, b1 = -Y, b') = - + -E.,\3Y + /0 (.6.13 + .6.23) >-sY, 

~ 2 2 2v 3 

Y 3 1 1 
b3 = -- - -(8Y)2 - -.6.12 (.6.31 + .6.32) A3Y 

3! 12 12 
1 

+ 12J3 [.6.13(.6.21 + .6.23) + .6.23(.6.12 + .6.B)] AsY 

1 ( 2 1 2 + 4y13 .6.31 + .6.32) .\sY + 4.6.21\3Y .. (6) 

IIpe:rK,II,e BCero, O'IeBH,II,HO, '-ITO B rrpe,II,eJibHOM c.nycrne paBHhIX Mace m 1 = 
'ITT2 = ... = mNj pe3yJihTaT COBITa,II,aeT c KJiaCCH'-IeCKHM pa3JIOEKeHH€M IliBHH

repa - ,Il;eBHTTa. EcJIH MaCChI He paBHhI, p21,ri; (5) 5IBJIHeTc21 o6o6rn;eHneM n3-

BeCTHoro pesyJihTaTa. Ha MeCTO acnMIITOTir'IecKnx K03cpcpnu;neHTOB Cmrn -

,Il;eBllTTa an rrpHXO,IJ,5IT K03cpcpnu;neHTbl bn. ,Il;aJiee MOEKHO y6e,ri;HTbC5l, '-ITO eCJIH 

orrepa'l'Op Dt D rrpeo6pasyeTC5I no rrpu:coe,n,nHeHHOMY rrpep;cTaBJieHHIO rpyrrrrhr: 

6(Dt D) = i[w, DT DJ, TO bn B (6) TaK)Ke KOBapnaHTHhI, T.e. 6bn = i[w, bn], r,ri;e 

w = a: + 15/3 - rrapaMeTphr rJio6aJihHhIX u:mpnmuesnMaJII:>Hbrx rrpeo6pasoBa

Hnfi. 

CJie,nyeT TaK)Ke OTM€THTh, t.iTo, cTporo roBopa, rroJiyt.ieHHhifi pap; He 21B

JI21eTC5I IIOCJiep;oBaTeJibHbIM pa3JIO)KeHHeM ITO o6paTHbIM CT8I1€H5IM :rvracc: XOT5I 

Ka)K,Il,blll II3 HHTerpaJIOB ]z rrpH l ~ 1 ll o6Jia,II,aeT Heo6xo,II,HMbIM ,l],JI5I 3TOro 

aCHMIITOTHt.I€CKHM IIOB€,LJ;€HH€M ]z+I ( m;) rv m;-21 , K03cpcPHII;H€HTbl bz 3aBHC5IT 

OT pa3HOCTII Mace. TaKHM o6pa30M rrpOHCXO,II,HT nepecTpOHKa p5I,II,a B COOTBeT

CTBHH c o6:ru;nM Tpe6oBaHH€M KHpaJibHOH CHMMeTpHH, KOTOpoe rrpep;cTaBJI5I

eTC5I HaM 6oJiee cepb83HbIM apryMeHTOM, H€)K8JIH CKpyrryJie3HOe CJI8,II,OBaHHe 

H,II,ee 1 / m 2 pa3Jio:>KeHII5I. 

rnaBa 4. 3,II,eCb CcpOpMyJIHpOBaHHblll B rrpe,IJ,bI,IJ;y:ru;efi rJiaBe M8TO,LJ; I1pHM€H5I

€TC5I )J;JI5I IIOJiyt.iemur 9cpcpeKTHBHOrO ,n;eitCTBII5I TeOpHH co CIIOHTaHI-IO-HapyrneHHOfi 

CHMMeTpHe:ti B ee ,II,JIHHHOBOJIHOBOM pe:IK:HMe. B Ka'-recTBe ¢ytt,II,aMeHTaJihHOii 

TeOpllH HCIIOJib3J€TC5l MO,ll,€Jib HI1J1 c JiarpamKHaHOM 1'.J:8TbipexKBapKOBbIX B3a

HMO,II,€HCTBHM, UHBapHaHTHbIX OTHOCHTeJibHO npeo6pa3oBaHHM KHpaJibHOH U(3)L@ 
U(3)R rpyrrrrhr, H rnecTHKBapKOBbIX ssanMo,n;eiicTBHii T'Xo¢Ta, OTBeTCTBeH

HhIX sa Hapyrne:irn:e aKcHaJII:>Hoii U(l)A CHMMeTpirn. Maccnr JierKHX KBapKOB 

BbI6Mpa10Tc21 TaKHM o6pa3oM, '-IT06hr Teopn21 o6Jia,n,aJia SU(2) f <PJieiiBopHo:ti 

CHMM8TpHefi, T.e. MaCCOBa5I MaTpHll,a 6brna H8BbipOEK,II,€Ha mu = md # m8 • 

BJiaro,n;ap5I CIIOHTaHI-IOMY Hapyrnemno KHpaJibHOH CHMMeTpHH, ,n,aHHa5I MaC

COBa5I MaTpHu;a rrepeii,II,eT B H8Bblp0:1K:,IJ;€HHJIO MaCCOBYIO MaTpun,y T5I)K€JibIX 

COCTaBJI5IIO:ru;nx KBapKOB, T.e. B03HHKaIOT OCHOBamrn ,II,JI51 pa3JI0)K€HII5I TeOpllH 

ITO CTerreH5IM o6paTHbIX Mace H rronyi:reHH5I COOTB€TCTBJIOrn;ero 9cp¢eKTHBHOro 

M830HHOrO JiarpaH)KHaHa. 
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B .JIHTepaType HMeeTC?I HeCKOJihKO pa3JIWmhIX rro,II,xo,1:ipB ,II,JIH perneHHH ,II,aH

HOti: 3a,II,a'UI (D. Ebert H H. Reinhardt, 1986; D. Espriu, E. de Rafael HJ. Taron, 

1990; J. Bijnens, C. Bruno HE. de Rafael, 1993). MeTO,n:, ncrroJib3yeMhIH 3,II,ech, 

HMeeT PHA rrpeHMYliieCTB: 

(a) Bo30HH3aLWH ocyu~eCTBJIHeTCH crepe3 ¢y1rn:r~HOIIaJibHOe H:HTerpHpOBa

I-rne I1 3,D;eCb MhI CJliieCTBeHHO pa3mrnaeM anaJIHTIFieCKYIO CTOpOI-IY rro,n:xo,n:a, 

rrepBOHa"'-IaJihHO rrpe,n:.rro:rKennoro B pa6oTe (H. Reinhardt H R. Alkofer, 1988). 

CyTh MeTO,II,a 3aKJIIO'"IaeTcH B TOM, '"ITO B rrpOI13BO,Il,HliIHI1 cPYHKI!HOHaJibHbIH HH

Terpa.rr BBO,Il,HTCH ,Il,OIIOJIHHTeJibHbie 6030HHbie nepervreHHbie, KOTOpbie HCKJIIO'-Ia

IDT Bee ¢epMHOHHbie BepIIIHHhI JiarpamKHaHa CTerreHb KOTOpbIX BbIIIIe BTOpo:H. 

BMecTo n11x rroHBmnoTCH 6o30HHbie BeprnHHhI, 3aBHCHliIHe OT BCIIOMoraTeJih

HhIX IIOJie:H. lfa6bITO'"IHhie rrepeMeHHbie ycTpaHHIOTCH rrpH6JII1)KeHHbIM HHTe

rpHpOBaHHeM c I1CIIOJih30BairneM MeTO,II,a CTaI!HOHapnoti: ¢a3hI. CTau;HoHapnhre 

TpaeKTOpmr Y,II,OBJI€TBOpHIOT CI1CTeMe H3 BOCeMna,n;IIaTH Ky6nqeCKHX ypaBHe

HHH, KOTOpbre COBMeCTHbI, HO I1M€IOT 60.rree O,Il,HOro ,If,8HCTBI1TeJihHOro KOpH5I. 

Mhr rroKa3brnaeM, qTo np11cyTCTBne cn:HrymrpHoro KOpHH ,n;ecTa6nmI3MpyeT Ba

KYYMHoe COCTOHHHe. IIpo6JieMa necTa6HJihHOCTH rro,n;po6no n3yqaeTCH B CJie,II,y

lOliI8ll rJiaBe, a 3,Il,€Cb BbI6npaeTCH peIIIeHHe, OTBe'!aIOliiee rrepecyMMI1pOBaHHIO 

p.a,n;a TeOpHH B03MYliieHHH no KOHCTaHTe T'Xo¢Ta. 

(6) 8¢¢eKTI1BHOe ,n;eitCTBHe BbiqHCJIHeTCH rryTeM I1HBap11aHTHOro pa3JIO

)KeHHH TerrJioBoro H,n;pa. B 3Tofi '"IaCTH Hallin BhI"'-IHCJieHHH rroJIHOCThIO opHnr

naJihHhI H OCHOBbIBaIOTCH Ha MaTep11aJie rrpe,n;bI,Il,JliI8it rJiaBbl. 

IIoJiy'IeHHoe TaKHM o6pa30M ac11MTOTHqecKoe pa3.JIO)KeHne 3¢¢eKTHBHO

ro JiarpaH)KHaHa HCIIOJih3J8TCH ,Il,J15I BbiqMCJI€HH5I Me30HHOro crreKTpa Mace H 

KOHCTaHT CJia6oro pacrra,n;a ,If,JIH qJieHOB HOHeTa IIC8B,Il,OCKaJI5IpHhIX Me30HOB. 

IIoKa3aHo, qTo ,JJ;JI5I TJ-TJ1 COCTOHHMH MO,JJ;eJib Be,n;eT K KapTHHe c ,Il,BYMH yrJiaMH 

CMennrnanM.a. 

fJiaBa 5. B IIHTOll rJiaBe H3yqaeTCH BOIIpoc CTa6HJibHOCTM OCHOBHOro co

CT05IHI15I y cncTeMbI c MHOrOKBapKOBhIMH B3aHMo,n;eitcTBHHMM. B KaqecTBe Ma

TeMaTH'IecKoro amrapaTa HCIIOJib3yeTC5I M8TO,JJ; 3¢¢eKTI1BHOro IIOTeHI!HaJia. 

IIoTeHI~HaJI MhI rro.JlycraeM '"Iepe3 cPYHKI~HoHaJibHoe HHTerpMpoBaHHe MeTo,n;oM 

cTaI!HOHapHoit ¢a3hI B .JlH,D;HPYIOliieM rrpH6JIH)K8HHH. IIoKa3aHo, 'ITO B cJiy•:me 

SU(3) ® SU(3) 1rnpa.JlbHOfi CMMMeTpHH T'xo¢TOBCKHit ,n;eTepMHHaHT ,n;ecTa6H

JIH3HpyeT BaKyyM MO,D;e.JlM HHJI. ,.z:I,ecTa6HJII13aI!HH Bhrpa)KaeTcH B O'rcyTCTBMM 

a6comOTHOro MI1HHMyMa y 3¢¢eKTHBHOro IIOTeHI~HaJia TeOpHH. 0,n;HaKO HaJIH

"'-II18 BOCbMI1KBapKOBhIX CHJI MQ)K8T ncrrpaBHTb CHTyau;HIO. JiarpaH)KHaH HaH-

60.Jlee o6Illero BH,n;a, KOTOpbill OIII1CbIBaeT 6e3CIIHHOBbie 8q-B3aHMO,n;eitCTBH5I, a 

HMeHHO OHH Ba)KHhI ,ll;JIH ¢opMHpOBa:HH5I 3cPcP8KTI1BHOrO IIOTeHIII1aJia, co,n;ep-
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(1) (2) 
>KHT ,n;Ba "CJJieHa: .C8q = .C8q + .C8q , r,n;e 

.c~V = 891 [(qiPRqm)(qmPLqi)] 2 ) 

.C~i_ = 1692 [(qiPRqm)(ii.mPLqj)(qjPRqk)(qkPLqi)]. 

(7) 

(8) 

OH CHMMeTpnqeH OTHOCHTeJibHO rrpeo6pa3oBaHHli U(3)L ® U(3)R rpyrrrrhI H 

co,n;ep>KHT B .c~V BepnrnHhI, HapyUiaroru;ne rrpaBHJIO l.I,Belira. 

TipOH3BO,l1..HII.I;HH cpyHKrt;HOHaJI TeOpHH z IIOCJie mrneapn3art;HH KBapKOBhIX 

BepUIHH HMeeT BH,ll; 

Z = J DqDq II Vera IT V<f>a exp (if d4x.Cq(q, q, cr, ¢)) 
a a 

+oo 

X J II Dsa IT DPa exp (if d4x.Cr(O", ¢, ..6.; s,p)), (9) 
_ 00 a a 

r,n;e 

.Cq = q(i1µ8µ - m - er - hs</J)q, 

G ( 2 2) .Cr = sa(CTa + ..6.a) + Pa<Pa + 2 Sa+ Pa 

K A ( ) 91 ( 2 2)2 + 32 abcSa SbSc - 3PbPc + S Sa +Pa 

+ ~ [dabedcde (saSbScSd + 2saSbPcPd + PaPbPcPd) 

+ 4J acefbdeSaSbPcPd] · 

(10) 

(11) 

3,n;ecb ..6.a = ma - ma, Aabc - IIOJIHOCTbIO CHMMeTpH"l!Hbie KOHCTaHTbI, KOTO

pbie CB.H3aHbI co CTpyKTypHbIMH KOHCTaHTaMH u ( 3) rpyIIIIbI. Bo30HHbie IIOJI.H 

cra H <Pa OIIHChIBaIOT CKaJISipHbIH H TIC€B,11;0CKaJIHpHbIH HOH8TbI H II03,]];Hee H,n;eH

THcpHrt;HpyIOTCH c COOTBeTCTBYIOII.I;HMH cpH3H"C:JeCKHMH COCTO.HHHSIMH. BcrrOMO

raTeJibHbie rrepeMeHHbie Sa H Pa ,n;oJUKHbI 6bITh JiICKJIIO"C:JeHbI H3 3cpcpeKTHBHoro 

Me30HHOro narpaH:>KHaHa .Cr. 
lfro6hI HaliTH KBa3HKJiaCcHqecKyIO aCHMIITOTHKY cpyHKrt;HOHaJibHOro HH

Terpana rrpH HHTerpHpOBaHJiIH no rrepeMeHHbIM Sa, Pa B (9), HIIzyTC5I CTart;HO

HapHbie TpaeKTOpHH s~t = Sa ( O", ¢)' p~t = Pa ( cr, <P)' HBJIHIOII.I;JiieC.H peUieHHeM 

ypaBHeHJiIH ,11.BH:>KeHJHI 

8.Cr _ O 
OSa - ' 

(12) 

PeUieHHe rrpe,n;cTaBJI.HeTC.H B BH,n;e pa3JIO:>KeHHH no CTerreH.HM BHeUIHHX Me30H

HbIX IIOJieil: O"a, <Pa, 

(13) 
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KcncpcpIUJ:HeHTbI h~i·)· 3aBHC5IT OT KOHCTaHT MHOrOKBapKOBbIX B3aHMO,D;eHCTBIIH 

G, K,, 91 , 92 n Mace KBap1<0B ,6..a· Ko3cj_)cj_)m.i:IIeHTbI 6oJiee BbICOKOro rropa,n;r<a 

h~~~. peKypeHTHO CB5I3anhr c MJrn,n;rmIMH K03cPcPHIJ:HeHTaMH. CaMbie HH311me H3 

HIIX ha y,n;OBJieTBOp5IIOT CHCTeMe rqfo.r<-recrrnx ypaBHeHHH 

TaKHM o6pa3oM, 3a,ri;a-'-rn CBO,Ll;IITC.a K rroHcKy pemennli CIICTeMbI anre6pa

H'·IeCKIIX ypam1e1rnli, rrorpy:lI<eHHhIX B ,n;eB.aTHMep1rne rrpocTpancTBO anre6pbI 

JTH rpym1bI U(3). TioxmKaH CHCTeivra H3yqaJiacb panee TialicoM (Pais, 1968) B 

CB5I3H c BorrpocoM HapymeHH5I SU(3) rpyrrrrhI CHJibHbIX B3aIIMo,n;elicTBIIH. 

Mhr rro,n;po6no o6cy)I(,n;aeM ycJIOBII5I rroJIHOTbI CIICTeMbI II ycTanaBJIIIBaeM, 

'ITO npH CJie,IJ;yIOI1IIIX ycJIOBH5IX, HaJIO:tI<eHHblX na KOHCTaHTbl MHOrorrnapKOBhIX 

CB5I3eti, 

91 > 0, 91 + 392 > 0, G>- -1 ( /'), ) 2 

91 16 
(15) 

CHCTeMa ypaBHeHHH CTaIJ:HOHapHOH ¢a3hl COBMeCTHa, HMeeT JIHIIIb O,Ll;HO ,z:i:eli

CTBIIT8JibHOe pemeHHe, II, 6naro,n;ap.a 9TOMy, MO,Il;8Jlb o6na,n;aeT CTa6HJibHbIM 

BaKyyMHbIM COCT05IHH8M. 

CTa6nJIH3HPYIOI1lIIH s<P<PeKT - He e,n;rrHCTBenHoe B03MO)I(HOe cne,n;cTBHe 

OT «BKJIIO"-IeHH.a~ BOCbMHKsapKOBbIX B3aHMo,n;elicTBHH. B ,n;anno:H rnase MbI 

HaXO,Il;HM, qTO eCJIH TaKHe CHJihI CYI1I8CTBYIOT, TO 0,11,HHM H3 HHTepeCHhIX HX 

rrp05IBJI8HHH MO:tKeT 6bITb 0,11,HOBpeMennoe COCYil18CTBOBaHHe ,n;syx JIOKaJihHbIX 

MHHHMYMOB, T.e. ,11,BYX KHpaJihHhIX ¢a3: CHMMeTpHqHOH BHrnep-BefiJieBCKOH H 

acHMMeTprrqnot.i: HaM6y-ron,n;cToyHoBcKo:H. B ,n;annoM cnyqae HHTeHCHBHOCTb 

B3aHM0,11,eHCTBH5I T'Xo<PTa 5.IBJI5I8TC5I rrprrqrrnoti: ,11,HHaMrrqecKoro HapymeHH5I 

KHpaJibHOH CHMMeTpHH. cho HOBOe CBOHCTBO MO,Ll;8Jlb IIpH06peTaeT TOJibKO 6Jia

ro,n;ap5I BOCblvIHKBapKOBblM B3aHMO,Il;8HCTBH5IM. 

B 3aKJIIOqenrre ,n;anno:H rJiaBhI MhI o6paI1laeMc.a K pacCMOTpenmo crreKTpa 

M830HHblX Mace H pOJIH, KOTOpyIO 3,Ll;8Ch rrrpaIOT BOCbMHKBapKOBhie CHJibI. I13 
IIOJiyqenHbIX cPOPMYJI CJie,n;yeT, qTo BOChMHKBapKOBbie B3aHMO,Il;8HCTBH5I, XOT5I 

H ,n;aIOT CBOM mrna,n; B ypaBH8HH5I ,Il;JI5I Mace rrceB,Il;OCKaJI5IpOB, ,n;eJiaIOT OHH 3TO 

TaK, "-ITO e,n;HHCTBeHI·IbIM ,Ll;OMHHHpyIOIIIHM BKJia,D;OlvI 3,IJ;eCb no-rrpe}KHeMy OCTa

eTC5I BKJia,n; T 1XOCpTOBCKIIX CHJI. TirrKaHTHOCTb CHTyar.i:nH 3aKJIIoqaeTC5.I B TOM, 

"-ITO cj_)opMaJibHO HX BKJia,n; B cPOPMYJihI JvIQ)K8T HMeTh TOT }Ke 1/ NcrrOp5I,ll;OK, 

qTo II BKJia,11, OT B3aHMO,ll;8HCTBHH T 1Xo¢Ta, HO HeCMOTp.a na 3TO o6CT05.IT8Jlb

CTBO HX m1,n;11pyIOI1IHe BKJia)J;bI B MaCCOBbie cPOPMYJihl ITOJIHOCTbIO KOMITeHCH

pyIOTC5I M8}K,11,Y co6o:ti. 

EIIIe 0,D;HO HHTepeCHOe na6JIIO)J;8HHe CB5I3aHO c cj_)opMyJio:ti, OIIHChIBaIOil18H 
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pacrn;errnemie .rvracc r;-r/ Me30HOB 

, 2 _, 2 _ 8(rn]( - m;) 2 + 3cq 
mT/ - mo 9( 2 - , 2) , m'r/, m0 

(16) 

r,n;e m6 = i(4m]< - m;), qTo 5IBJrneTC5I II3BeCTHhIM pe3yJihTaTOM feJIJI-Mamra 

-- 0Ky6o ,r~JI5I .rvracchr r;-Me3oHa. BhrtrnTaeMoe Be,n;eT K ,n;orroJIHIITeJibHOMY pac

n~ermerrnro Me/KAY COCT05IHII5IMH T/ .H r;') If rrpe,n;cTaBJI.HeT co6o:ti 9¢¢eKT OT 

ttapymemrn SU(3) CIIMiVIeTpHII BO BTopo:rvr nop5I,IJ;Ke rro rvracce TOKOBhIX rrnap

KOB. Ko9<:J.:>qmu;11eHT c9 3aBHCIIT KpoMe Toro 11 OT mecTH 11 BOChMIIKBapKOBhIX 

Brrna,IIOB. <DopMyJia (16) rrprr cq =J. 0 o6o6rn;aeT H3Becnm:tl: pe3yJihTaT BeHe

wrnHo, BKJIIOcia5I norrpaBKH, CB5I3aHHhie c HapymeuHeM SU(3) CHMMeTpHH BbI-

3BaIIHbIM np:HCyTCTBHeM T'XOcPTOBCKIIX If BOCbMIIKBapKOBbIX B3aHMO,IIe:tiCTBHH. 

LIHcJieHHO m0 = 565 M9B JIHillh Hervrnoro 6oJibme 9KcrrepIIM€HTam,Horo 3Ha

'-IeHH5I m'r/ = 547.30 ± 0.12 M9B. ITorrpaBKa BHTTeHa - Beueu;HaHo (BTOpoe 

CJiaraeMOe rv (mJ< - m;)2) CBR3aHa C TOIIOJIOrHcieCKOH BOCilpHHM-.:.IHBOCTbIO H 

no BeJI11qrrHe r,n;e-To B qeTbrpe pa3a rrpeBocxo,IIHT Tpe6yeMoe 3Ha'!eH11e. TaK 

Mbl ITOJiyqaeM, '(.ITO m'f/ ~ 496 M9B. 8Ta B8JIJ1qJ1Ha KOppeKTHpyeTC5I BKJia,n;aMH 

OT meCTH If BOCbMHKBapKOBblX B3aMMO,II8HCTBHH, co6paHHbIMH B Cq, K CO:/Ka

JI€HHIO He yJiycrma5I corJiacIIe c 9Kcrrep11MeHTOM. B rrTore MbI rroJiyqaeM, qTo 

mT/ = 486 M::>B. 8TOT pe3yJihTaT rOBOpHT 0 Heo6xo,n;MMOCTH 6oJiee TOHKOrO orrrr

caHH5I 9<:J.:><:J.:>eKTOB, CB5I3aHHblX c 5IBHblM HapymeHH€M KHpaJibHOH CHMM€TpHH. 

fJiaBa 6. IllecTa5I rJiaBa TIOCB5III1;€Ha HCCJI€,IJ;OBaHHIO B03M0)KHhIX crreu;11¢11-

'CJ€CKHX rrp05IBJI€HHH BOCbMHKBapKOBhIX CHJI rrprr ¢a30BbIX rrepexo,n;ax MHOrO

KBapKOBO:ti CIICT8Mhl. AHaJIII3 OCHOBbIBaeTCR Ha H3Y"CJ8HIIH pemeHHH ypaBH8HH.H 

IIJ;8JIH, COOTB8TCTByrorn;ero KOHKpeTHOH CIITyau;:rrn, H paCCMOTpemrn 9<:J.:><:J.:>eKTHB-

Horo rroTeHu;rraJia Teoprrrr. 

B pa3,n;eJie 6.1 rr3yqaeTc.H rrpo:u;ecc ,n;rrHaMwrncKoro HapymeHrr.H KrrpaJibHOi1: 

CMMMeTprrII, BhI3BaHHbIH ,n;eH:cTBrreM rrocT05IHHoro MarHHTHoro IIOJI5I. B Ka'lle

CTBe Mo,n;enrr Bhr6paH JiarpaminraH HHJ1, K KOTopoMy ,n;o6aBJieHbI B3aHMO,IIeH:

CTBH5I T'Xo¢Ta H BOCbMHKBapKOBhie CHJibl. Xopomo H3B€CTHO, 'ITO B 2 + 1 H 

3+1 H3MepeHH5IX IIOCT05IHHOe H O,Il;HOpO,IIHOe MarHHTHOe IIOJie H =J. 0 rrpHBO,IIHT 

K ,IIHHaMWI€CKOMy Hapyrneiuno KIIpaJibHOH CHMMeTpIIII H B03HHKHOB8HHIO Mac

Cbl y <:J.:>epMHOHa rrprr HaJIH1.IH€ CKOJih yrO,IIHO MaJioro rrpHT5IrHBaIOru;ero LJ:€Thl

pex¢epMHOHHOro B3aHMO,Il€HCTBH5I M€:/K,IIY qacTm~aMH H CHMM€TpH5I He MO:/K€T 

6bITb BOCCTaHOBJieHa rrprr JII06blX CKOJih yro,n;Ho 60JibllIHX 3HaLJ:eHH5IX H. 
Bhr-.:.rn:cJieHH5I ocyru;ecTBJIRIOTCR cHacraJia ,D;JI5I CTaI-r,IIapnroro cJiy-.:.ra.H, T.e. B 

OTCYTCTBHH 6q II 8q B3aHMO,II€HCTBHH (pa3,II€JI 6.1.2). 8To CB5I3aHO c TeM, qTo 

HCITOJih3yeMa5I HaMH peryJI5IpH3aIJ;H.H OTJirrqaeTC5I OT peryJI5IpH3a:u;rr:ti ,IIpyrHX 

aBTOpOB. Y6e,IIHBIDHCb, -.:.rTo OHa a,IIeKBaTHO orrHChrnaeT xoporno M3yqeHHYIO 

CHTya:u;mo, Mbl B pa3,II8Jie 6.1.3 o6paru;aeMC.5I Herrocpe,IICTB€HHO K BbUICH€HHIO 

pomI HOBbIX B3aHMO,Il€HCTBHH. 
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IT0J1ycrn:B ypaBHeH:rre m;eJrn H H3Y'IIIB ero perueHH51, MbI rroKa3brnaeM, 'ITO 

rueCTII II BOCbMHKBapKOBbie B3aFIMO,II;eMCTBII51 cnoco6HbI pa3pylIIIITb JIOKaJib

HbIM MHHIIMYM, KaTaJIH3IIpOBaILHhIH ,n;efiCTBIIeM IIOCT051I-IHOro MarHHTHOro IIO

JI.H. 9TO B03MO)KHO, Hanpmvrep, KOr,n;a KOHCTaHTbI MHOI'OI<BapKOBbIX B3amvro

,n;eli:CTBHH o6ecrrff<IHBaIOT pe)KHM, npn KOTopoM Mo,n;eJib o6Jia,n;aeT 6oJiee '-IeM 

o,n;HHM JIOKa.llbHbIM MHHHMYMOM npn H = 0, XOT51 3TO JIHlIIb ,n;ocTaTO'-rnoe 

ycJioBne: ,n;a)Ke B cJiycrae rrn:mpnrypau,nn, o6Jia,n;arom;e:ti: O,Il;HIIM JIOKaJihHhIM MII

HIIMYMOM, rrpH IIOMem;e1urn CHCT8Mbl B CHJibHOe MarHHTHOe rro.rre B03MO)KHO 

o6pa3oBattne BToporo 3HepreTH'IeCKH 6oJiee Bbrro,n;Horo JIOKaJibHoro MHHHMY

Ma. 

B pa3,n;eJie 6.2 H3ycraeTC5I TeMrrepaTypHOe IIOBe,n;emre CHCTe!vlbI 6e3MaCCOBbIX 

1rnapKOB. TeMrrepaTyptta51 3aBHCHMOCTb BBO,Il;HTC5I MeTo,n;oM Mau,y6apbI. A1-m

JIH311py51 IIOB8,Il;8HII51 scpcpeKTHBHOro IIOTeHD,HaJia Mb! orrpe,n;eJI518lvl TeMrrepaTypy 

rrpII KOTOpOH rrpOHCXO,Il;HT BOCCTaHOBJI8HHe KHpaJibHOH ClIMMeTpIIH H ,Il;eJiaeM 

BbIBO,II;, '-ITO HamI'IIIe BOChMIIKBapKOBbIX B3aIIMO,II;eii:CTBHH ne,n;eT K yMeHbllle

HHIO B8JillqlIHbI KpHTH'IeCKOit TeMrrepaTypbI. 

B pa3,n;eJie 6.3 IIpIIHIIMaeTC5I BO BHIIMaHIIe KOHeqHOCTb Mace TOKOBbIX rrnap

KOB. 9To I103BOJI518T o6paTHThC5I K 113yqeHHIO 6oJiee peaJIIICTH'-IeCKOro CJiyqa5J. 

B '-IaCTHOCTII, qmKc:rrpoBaTb napaMeTphI Mo,n;eJIII no sKcrrepHMeHTaJihHhIM ,n;aH

HbIM. Mbr ucnoJib3yeM ,Il;JI5I aToro II3BeCTHhre 3Ha'leHII5I Mace rrceB,n;ocKaJI5IpHhIX 

H CKaJI5IpHbIX Me30HOB, a TaK)K8 KOHCTaHTbI CJia6bIX pacrra,n;oB !1[ II fK· <PnT 

Be,n;eT K KoppeJI5II!IIH M8)K,Il;Y BeJIHT.J:HIIaMH He3aBHCHMbIX KOHCTaHT G II 91: rrpn 

yMeHhllleHirn G KOHCTaHTa 91 pacTeT, rrpn: STOM cneKTP rrpaKTHT.J:eCKII He noKa-

3hrnaeT KaKux JIII6o cyll!eCTBeHHbIX II3MeHettu:ti:. 

AHaJIII3 T.J:IICJieHHbIX pemeHn:ti: ypanHeHH5I ll!8JIII II03BOJI5IeT 3aKJIIO'-IHTb, T.J:TO 

B3aIIMO,Il;8HCTBII5I, Hapymaro:ru;He rrpaBIIJIO :Unell:ra, :nrpaIOT Ba)KHYIO pOJib ,Il;JI5I 

noHHMaH:n5I rrpHpO,IJ;hI TeMnepaTypHoro cpa3oBoro nepexo,n;a. EcJI:n OHH MaJibI, 

cpa30Bhr:ti: nepexo,n; 6y,n;eT 6bICTpbIM KpoccoBep nepexo,n;oM. O,n;narm, KaK TOJihKO 

KOHCTaHTa BOCblvllIKBapKOBhIX B3aIIMO,II;8HCTBHH 91 rrpeBbICIIT H8KOTopyro KpH

TIIqecKyIO BeJIIIT.J:IIHy, THn nepexo,n;a MeH51eTC5I Ha cpa30BbIH nepexo,n; rrepBoro 

po,n;a. 

3aKJIIO'-IeHHe. 3,n;ecb KpaTKO cyMMIIPYIOTC5I OCHOBHhie naycIHhie pe3yJibTa

TbI, rrpe,n;cTaBJI8HHbie B ,n;:nccepTaU,IIOHI-IO:ti: pa6oTe, KOTOpbre BhIHOC5ITC5I Ha 3a

ll!IITy. ITpHBO,Il;IITC.H H8IIOJIHbIH CIIHCOK C8lvlIIHapoB H Hay<IHbIX KOHcpepeHI!HH, 

r,n;e ,n;oKJia,n;hrnaJIHCb :n o6cpK,n;aJIHCh ocnoBnhre pe3yJihTaTbI ,n;nccepTaI!IIH. Bhr

paMaIOTC5I 6Jiaro,n;apHOCTH KOJIJieraM ITO COBMeCTHOH pa6oTe. 

TipnJIO)K8HII5I. ,LI;:nccepTaI!H5I HMeeT TPH npnJIO)K8HH5I. B rrpHJIOMeHIIH A co

,n;ep)KHTC5I BbIBO,II; peKypeHTHOro COOTHOlII8HII5I, :nrpaIOll!ero Ba)KHYIO pOJih np:n 

rroJiyqeHHH ocnoBnoro pe3yJihTaTa rJiaBbI 3. ITp:nJI0Me1rne B HOCIIT cnpaBOT.J:HbI:ti: 

xapaKTep: 3,n;ecb co6paHhI cpopMyJihI II ,n;aHhI orrpe,n;eJieHIIH, Heo6xo,n;IIMbie np:n 
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paCCMOTpeHliUI CMeunrnamr.H Me::rK,II,y CHHrJieT-OKTeTHhIMII KOMIIOHeI-ITaMII Me-

30HHhIX COCT05IHIIH. ,[(oKa3aTeJibCTBO COBMeCTHOCTII CIICTeMbI ypaBHemrit CTa

Il;IIOHaprroit cpa3hI, IIOJIJLieHHOH B r.rraBe 5 rrpII 6o30HII3aIVIH rvrnorocpepMIIOH

HhIX Bepurnn, rrpIIBO,II,IITC.H B rrprrno::rKennn: B. 

OCHOBHbIE PE3YJibTATbl I1 BbIBO,IJ;bl 

1. B ,II,IIccepTau;nn: rrpe,n;no:rKeHo HOBoe 1rnrrpaBnenIIe, cyTh KOToporo co

CTOIIT B II3y<IeHIIII HH3K03HepreTII"I8CKOH lVIe30HHOH cpH3HKH Ha 6a3e 3cpcpeK

TIIBHOro JiarpainKHana c JIOKaJibHhIMH MHOrOKBapKOBbIMH B3aHMO,II,CHCTBH51MH. 

HoBbIMII 5IBJimOTC5I: (a) pa3BIIThiit B ,n,n:ccepTau;n:n: :rvraTeMaTH"IeCKIIH arrrrapaT, 

I103BOJI5IIOIIJ;HH IIOCTpOIITh 9cpcpeKTHBHhIH Me30HHhIH JiarpaIDKHaH 6o30HH3IIpO

BaHHOH TeOpIIH B CJiy'-rae, KOr,n;a KHpaJibHa5I CIIMMeTpH5I B CIICTeMe HeJIIIHeHHO 

B3am.w,n;ei1CTBYIOIIJ;IIX cpepMHOHOB napymeHa 5IBHbIM II CIIOHTaHHbIM o6pa3oM; 

(6) MO,IJ,eJib, KOTOpa.H rrpe,n;rronaraeT cyru;eCTBOBann:e 3cpcpeKTHBHhIX BOCbMll

KBapKOBbIX B3aHMO,II,8HCTBHfi, I<:aK rrpaBIIJIO HrnopnpyeMbIX 60JibllilIHCTBOM 113-

BeCTHbIX IIO,II,XO,II,OB. BocbMHKBapKOBbie B3a11Mo,II,eilcTBH5I, KaK rroKa3ano B ,II,HC

cepTau;1111, Ba::rKHhI ,IJ,JI.H cpopM1IpOBanrrn CTa61IJibHOrO BaKyyMHOro COCTO.HHll.H 

MHOrOKBapKOBOH C1ICT8MbI H BJilUIIOT Ha xapaKTep rrpoTeKaHH.H cpa30BbIX rrpo

u;eccoB rrplI KOHelIHOH TeMrrepaType, IIJIOTHOCTH lI B rrpHCYTCTBIIlI BHeIIIHero 

MarHHTHOrO IIOJI.H. 

2. Pa3BlIT HOBhIH TeopeTH"lJeCKlIH MeTO,II,, IT03BOJI51IOIIJ;lIH Bb!'IHC.JI5.ITb O,II,

HOIIeTJieBbie n- ':IaCTlI'IHbie aMIIJIHTY,IJ;bI B TeOplIH COCTaBHbIX ':IaCTlIJJ; c y'Ie

TOM IIOJIHOH lIMIIYJihCHOH 3aBHClIMOCTH 3cpcpeKTHBHbIX M830HHbIX BepIIIHH B 

JIH,II,Hpyroru;eM rrop5.I,II,Ke 1/ Ne pa3JIO::rKeHH5.I. TaKHM o6pa30M rroJiy'IeHo HOBoe 

perneHHe 1I3BeCTHOH rrpo6JieMbI, OpHeHTHpOBaHHOe Ha HCIIOJib30BaIIHe B paM

Kax MeTO,II,a cpyHKIJ;HOHaJibHOro HHTerpaJia. IlpeHMyru;ecTBOM HOBoro pemeHH.H 

.HBJI5leTC5I ero rrpOCTOTa: OCHOBHaH H,II,e5.I 3aKJII0'1eHa B HeCJIO::rKHOM rrpeo6pa30-

BaHHll 6030HHbIX rrepeMeHHbIX, KOTOpoe 3KBirnaJieHTHO cyMMHpOBaHHIO 6eCKO

He':IHOH r:i;erro'IKH O,II,HOIIeTJieBbIX cpepMHOHHbIX rreTeJib B paMKax CTaH,n;apTHOro 

xapTpH-cPOKOBCKOro rro,n;xo,n;a. ,[(pyroe ero ,II,OCTOHHCTBO 3aKJII0'1aeTC.H B rH6KO

CTH cpoprvrynnpOBKH: B ,II,HCcepTaJJ;HH IIOCTpOeHa HeJIHHefiHa51 (3,II,8Cb HMeeTC5.I B 

BII,II,Y peamr3au;1rn rrpe,.rr,cTaBJieHII5.I KHpaJibHOH rpyrrrrhI CHMMeTprrn) BepCH.H Me

TO,II,a, lI c,n;eJiaH BbIBO,II, 0 IIOJIHOH 3KBIIBaJieHTHOCTH JIHHeHHOro II HeJIHHe:tinoro 

IIO,II,XO,II,OB Ha MaCCOBOH ITOBepxHOCTil COCTaBHbIX Me30HHbIX IIOJieit. 

3. Bnaro,n;ap5.I noBoMy MeTo,II,y BrrepBhie rronyqeHhI B MO,II,emr HMfl Bbipa::rKe

HH5.I ,D;JI5.I aMIIJilITY,II, 7r7r-pacce.HH1I5I 1I // -T 7T7T B6JIH31I rropora, KOTOpbie B JilI

,D;Hpyroru;eM rrop21,n;Ke 1 /Ne pa3Jio:rKeHHZI IIOJIHOCTbIO Y':IHTbIBaIOT HMIIYJibCHYIO 

3aBHCHMOCTb 3cpcpeKTHBHbIX Me30HHhIX BepIIIHH. Mcxo,n;5.I II3 rrony':IeHHhIX BbI

pa::rKeHIIil, paCC'-IIITaHbI ,D;JIIIHbI 7T7r-pacce5IHII5.I, rrapaMeTpbI acpcpeKTIIBHOH 06-

JiaCTII 7r7T B3aIIMO,II,8HCTBII5I, ,II,IIIIOJibHbie IIOJrnp1I3yeMOCTH IIIIOHOB. IlocTpOCHbI 
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KHpaJibHbie pa3JIO)Kemrn al\!rnJiwry,n; H IIOKa3aIIa CB5I3b rrepBbIX '-IJieHOB TaKoro 

pa3JIQ)Keirn5I c H3BeCTI:IbIMH pe3yJibTaTaMH, ycTaHOBJieHHbIMH paHee Ha OCHOBe 

3cp¢eKTHBHbIX KHpaJibHbIX JiarpamKHaHOB. 

4. Pa3BHT MaTeManrqecKHH ¢opMaJIH3M, KOTOpbIH MmKeT 6bITb HCIIOJib30-

BaH B I<a'-IeCTBe OCHOBHOrO arrrrapaTa rrpH IIOCTpoemrn IIHBapnaIITHOH aCHMIITO

THKH onepaTopa ,Ll;HpaKa B Teopmrx co,IJ,ep)KaIIwx T5I)KeJib1e ~rncTH:IJ;bI c pa3HbI

MH 3I-Ia'-IeHH5IMH rvracc B rrpHCJTCTBHH BHellIHHX IIOJieiI, rrpHHHMaIOIIJ,HX 3Ha

'-IeHH5I B aJire6pe JIM rpyrrrrbI U ( 3). MeTo,n; illBHHrepa -- ,LI;emrTTa B35IT 3a 

ocHoBy KOHCTPYKI1HH. CyIIIeCTBeHHO HOBbIM rvroMeHTOM aBJrneTca rrpo1Ie,n;ypa 

pecyMMHpOBarrna p.H,IJ,a, IIOJiy<-IeHHOro H3 pa3JIQ)Kemrn TeIIJIOBOro 5!,IJ,pa IIOCJie 

B3.HTH.H mITerpaJIOB no «co6cTBemrnMy BpeMeHII» <Dorm - illBHHrepa. ITepe

cTpoiIKa pa,IJ,a )J;HKTyeTC5I Tpe6oBaHH5IMII CHMMeTpHH I1 o6ecrre'-IHBaeT HHBapH

aHTHOCTb B03HHKaIOIIIero :=i¢¢eKTHBHOro ,IJ,eHCTBH5I Ha I<aJK,Il;OM mare pa3JIQ)Ke

HI15I. Tervr caMbIM HOBbIH MeTO)J; pacrrpOCTpaH.HeT CTaBIIIYIO yJKe 1rnacc:Hqec1<0i1 

T8XHIIKY illBHHrepa - ,Ll;eBI:ITTa Ha CJiyqaiI TeOpIIH co CITOHTaHHO HapyrueHHOH 

SU(NJ )L ® SU(NJ )R KHpaJibHO:H CHMMeTpIIII, Kor,n;a MaccoBa.H MaTPHIIa ¢ep

MIIOHHbIX ITOJiell: He rrpOIIOPIIIIOHaJibHa e,n;HHII'-IHOH, II B 3TOM rrpe,n;cTaBJI5I€TC5I 

ero OCHOBHa.H n;eHHOCTb. B ,II;I:ICCepTawrn: Hafi:,z:t;eHbI aHaJII:ITII'IeCKI:Ie BbipaJI<:eHI:I5I 

,z:t;mr rrepBbIX '-I€Tbipex KO::~cPcPHIIIIeHTOB HOBoro aCIIMITTOTIFieCKoro p5I,n;a. 

5. Ha:H,n;ena CB.H3b MeJK,z:t;y cyrn;ecTBOBaHI:IeM e,IJ,HHCTBeHrroro ,z:t;eH:cTBI:ITeJib

noro pemeHI:I5I y CIICT€Mbl ypaBH€HHH CTaI_i;HOHapHOH cpa3hl, orrpe,II.eJI.HIOin;e:H 

KBa3HKJiaCCHqecKyIO TpaeKTOpI:IIO rrpI:I 6o30HI:I3an;mr MHOro¢epMIIOHHbIX B3aII

MO,II;e:ti:CTBHH, II CTa6IIJibHOCTbIO OCHOBHOro COCT05IHI:I5I TeOpHI:I. Ha OCHOBe 3TO

ro pe3yJibTaTa ycTaHOBJieHo, 'ITO HapyrneHrre U(l)A CIIMMeTpIIII, ocyrn;ecTB

JI5IeMoe ,n;eTepMHHaHTOM T'Xo¢Ta, B MO,z:t;eJIH HI1JI c LieTbrpex¢epMIIOHHhIMII 

U(3)L 0 U(3)R KIIpaJibHO CHMMeTpHLIHhIMI:I B3aI:IMO,II.e:HcTBII5IMH, Be,n;eT K Teo

PIIII, 3cpcpeKTHBHblll IlOTeHu;IIaJI KOTOpo:H He orpaHII'I€H CHII3y. I1pe,z:t;JIO)K€HO 

pememrn rrpo6JieMhI H€CTa6I:IJibHOCTH BhimeyKa3aHHOH TeOpI:IH, OCHOBaHHOe Ha 

paCCMOTpeHHI:I ,Il;OIIOJIHHT€JibHbIX JIOKaJibHbIX BOCbMHKBapKOBbIX B3aI:IMO,z:t;e:H

CTBHH. 

6. C,n;eJiaHo TeopeTw-recKoe rrpe,n;cKasaHI:Ie B03MmKHOCTH ocyrn;ecTBJieHH5I 

BTOpHqHoro MarHI:ITHOrO KaTaJII:I3a B CHCTeMe, KOTOpa5I IIOMHMO 'I€Tbipexcpep

MI:IOHHbIX o6Jia,IJ,aeT meCTH H BOCbMI:IcpepMI:IOHHbIMI:I B3aHMO,z:t;eilCTBI:I.HMH, a IIM€H

HO: crroco6HOCTI:I TaKI:IX B3aI:IMO,II;€HCTBI:IH rrpI:I KBa3I:ICTaTJ:IqeCKOM yBeJIJ:IqeHHII 

MarHHTHOro IIOJI.H ,ri;ecTa6IIJIII3I:IpOBaTb BaKyyMHOe COCT05IHHe CI:ICTeMhI, KaTa

JII13I:IpOBaHHOe CJia6bIM MarmITHbIM IIOJieM. 

7. I1pe,n;cKa3aH 3¢¢eKT rroHHJKeHI:I.H TeMrrepaTypbr KI:IpaJihHoro rrepexo,ri;a 

c pOCTOM I:IHTeHCHBHOCTI:I BOCbMI:IKBapKOBbIX CI:IJI. 

8. PaccMoTpeHI:Ie BOCbMI:IKBapKOBbIX B3aHMo,ri;e:HcTBI:Iil no3BOJiaeT c,n;enaTb 

BbIBO,D;, 'ITO BepIIII:IHbI, napymarorn;I:Ie rrpaBI:IJIO 11;Bei1ra, BJII:I5IIOT Ha TI:III cpa-
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30BOro nepexo;.i;a B MHOI'OKBapKOBOM CHCTeMe c 5IBHO napymeHI-IOH KHpaJihHOH 
CHMMeTpHeM, a HMeHno: B 3aBHCHMOCTH OT CHJihI BOChMHKBapKOBhIX B3aIIMO
,rr,eiICTBIIH B CHCTeMe c N1 = 3 rrpII KOH8'IHOH TeMrrepaType rvm.rKeT ocyn~eCTB
JI5ITbC5l Jirr6o 6hICTphIM KpoccoBep rrepexo,IJ,, JIH6o cpa30BhIH rrepexo,rr, rrepnoro 
po,IJ,a. 

9. C,IJ,eJian BhIBOA o rrMeIOIJJ;eiicR CB5I3H Me.>KAY HHTeHCHBHOCThIO nochMH-
1rnapKOBhIX B3am.v10,II,eiicTBHiI, napymaIOIIJ;HX rrpaBHJIO UBeiira, H MexaHH3IvIOM 
!J:HHaMWieCKOI'O napymeHHS:I KHpaJibHOH CHMMeTpHH: Ha"IHHa2I c HeKOTOporo 
«KpHTWieCKOrO» 3Ha'IeHHS:I KOHCTaHThI BOCbMHKBapKOBhIX CB513eiI, 3a CIIOHTaH
HOe Hapyme1me CHMMeTpHH OTBeTCTB€HHbI B3aHMO,Il,€HCTBHS:I T'XocpTa, a He '-Ie
Thipex1rnapKOBble B3aHMO,IT,8HCTBH5l, KOTOpbie BbI3hIBaIOT ;:i:a:HI-IbIH rrpOI1eCc npH 
CJia6bIX BOCbMHKBapKOBbIX CHJiax. 
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