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llOCTpoeH 3$tPeKTHBHhIn I1arpaH)Kllan, OUHChlBa.IOUlnii KXR KaK B nepTyp6aTMBHoif 

06nacTH, TaK II B 06naCTH Konq.aHHMeHTa. IlepTyp6anJBHaJI qaCTb JIarpaH)KnaHa BOC­

npoH'3BeIleHa nyTeM 'l14CJIeHHOrO pemeHH.lI ypaBHeHl1.lI peHopMrpynnhI B 'lCThlpeXneTJle­

BOM npH6mnKeHIIH TeoPIIH B03Mymeml:1I ,UJIR ,B-$YHKUIUt:. OcymeCTBJIena 3KCTpallO­

JUlUIUI lIony'leHHoro narpa.R:lKHaRa 113 uepTyp6aTHBHoi 06JIacTH B HenepTyp6aT.I1BHylO 

B npe.urrOJIO)KeHKR CYllleC1'BOBamUI He1'pHBHaJlbHOrO MHHHMyMa 3<P$eK1'MBHoro n01'eR­

UHaJIa rrpK p2 = f'J -1= 0 (F2 == F!.IIFill' r,ne Fill - TeH30p HaUpX:lKeUHOCTR l'JIIOOHHOro 

nOJISl). 31'01' MMHIIMyM COOTBeTcTByeT rnlOOHHOMY KOH.n;eHcaTy. nOKa3aHO, 'ITO apR 

rJIa..uKOM CllHlBaJlHI4 06JlacTeti Bemnllua fJIIOoHHOro KOHlIeuca1'a YllOBJIe1'BOpJleT ycno­

BlllO: FJ ~ 0.4 r3B4
. 

The perturbative part of the effective QeD Lagrangian was constructed by the 
renormalization group approach in the 4-100p approximation. It was extrapolated 
in the non-perturbative region under the assumption of the existence of gluon con­
densate at (Ft.y = FJ. The result is: }'6 :::::;: 0.4 GeV4 

• 

P~e. - 7, en~eOK ~MT. - 30 HaEM. 

~e-mail: pasba@helon.itep.ru 
1(.....mail: laper@heron.itep.ru 

mailto:laper@heron.itep.ru
mailto:pasba@helon.itep.ru


1.	 BBe,neHHe 

HaCTOKllJ,aJI: pa&>Ta nOCB~eHa nocTpoeHlno 3<p<lJeKTKBHo1'O JIarpamKHaHa KBaHTOBOH XpOMD­

,D;HHaMHKH (KXll) KaK B 06JIacTlr aCHMIITOTH"tJeCKOH CBo60.z:u,l, Tax H B 06JHl.CTH KOH<lJaRHMeHTa. 

TIepTyp6anmHaJl llaCTh 3'1'01'0 JIarpam:ImaHa., COOTBeTCTByIOmaJI acHMII'1'OTHlleCKOH cB06o.n;e, 

CO;n;CpJKHT MarryIO 3<lJepeKTHBHylO KOHCTaHTy CB1£3llI geff (CXeff = g;ff /41r < 1). HCIIOJIb3YH 

cBoikTBO llHBapHaHTHOCTH 34>q,eKTHBHoro JIarpaHXCHaHa OTHOCHTeJfbHO rrpe06pa30BaHHH pe­

HOpMaJIH3anDOHHOH rpynIILI (pr), MOlKHO nocTpoHTh ero nepTyp6aTHBHYIO qaCTh nyTcM pac­

cMoTpeHHK ypaBHeRIt:l£ peHopMrpyTIIIbl (YPr). B llaRHOK pa60Te pemanocb ypaBHemre reJIJI­

MaliHa-noy B paMKaX "tJeTI.IpeXneTJIeBo1'O npH6JIH1KeHRH TeopHH B03Myru;emrH llml [J- q,yBK­

nHH KaJIJIaHa-CliIMaH3HKa. 

BnepBhIe npHMeHeBJiIe MeTOlla pr .nml no.rryqeHHH 3et>«PeKHIBHoro JlarpaHJKHana KXLI 6bIJIO 

oCYIllecTBJIeHO B pa.60re [1], B KOTOpOH paCCMaTpHBa.J1OCb o.nHoneTJIeBOe IIpH6JBI1KeHfIe llIHI [3­
q,YHKnBll:. B pa60Te [2] TaKH(e aaaJIH3HpOBaJICa: MeTO.n; pr B npHMeHeHHllI K 5Iar-MHJIITCOBCKllIM 

TeOpHJlM. B 3TOH PaOOTe 6hl.JIa paCCMOTpeHa B03M01KIlOCTh B03HHKHOBeHHjJ BCTpHBHa.TlJ.Horo 

BaRYYMa - rJIIOOHHoro ROH.n;eHca.Ta - no aHaJIOrHH C jJBJIeHHeM 4>eppoMarrrenI3Ma.. 

MbI HcnOJIh30BaJIH qeTl.IpexneTJleBoe IIpHMH:lKemre TeopIDf B03Myru;eHl!IH llJIK [J-q,yHKnHH 

c ueJIhIO np0.Ll,8HHYThCJl B 06JIacTh Ha.H60JIbillHX 34><lJeKTHBHhlX IWHCTa.HT CBJl3H, .Ll,OnycTHMbIX 

ypr, H OKa3aThCK B6JIH3H 06naCTI-I KOHepaBHMeHTa. IIocTpoeml.e HenepTyp6aTHBHoH qaCTH 

3«p<peKTRBHoro JIarpaHlKHaHa KXn ocymeCTBJIjJJIOCb n COOTBeTCTBIDf co cueHapHeM KOH¢an­

HMeHTa, rrpe.n;JJO:lKeHllhIM B pa60Tax [3]-[4]. 
CnC,llyeT OTMeTHTh, qTO .n;aHHaJI pa60Ta npe.n;CTaBJHleT C060K HaqanO HCCJIe.n;oBaH1UJ, no­

CB~ellHoro nepecMoTpy TaK Ha3hIBaeMOH "):{H3JIeKTpRqeCKOH MO.n;eJIH", npe.ncTaBJJemlOH B 

0630pa.x [5J-[8]. KOHeqnOH n;eJlhlO noro HCCJIe.nOBamUf .llBJIlleTCJl llOJIyqeHRe cTpynhI !{Xn B 

paMKax cnellYIOmero rro.n;xo.ua: XPOMO.llH3JIeKTpHllecK~epymc:qRSI i(x), CBjl3bIBalOI.IJ:aJI XpOMo­

3JIeKTpHqecKylO IlII.nYKUHIO D(x) C nBeTHhlM :meKTpH'tIeCKHM nOJIeM E(x) : D( x) = c(x)E(x), 
He "rro.urO"~eTC.ll no.a CTpyHy", KaK B pa60re [7], a BbIqHCJIa:eTCH c .nocTaTOqHOH C'reueHhIO 

TOqHOCTJI llI3 nOJIy'leHHoro 3epepeKTHBHoro JJarpaH1KHaHa. <l>yHKD;H1l to(x) OTBeTCTBeHHa 3a. 

06pa30BaHHe CTpyRhI Me)K.ay ,UByMjJ BHeIIIRJ2[MlI. XpOM03JIeKTpHQeCKHMH 1apaJJ:aMH, BHeceH­

HblMH B HaMarHH<leHHYlO cpe;n;y BaKyyMa KXll : cTpyHa B03HHKaeT, eCJIiI cymecTByeT yCTOH­

'lHBoe COJIHTOBHoe pcmemle ypaBHeHHH rmoO,llHHaMJiIRR, ,UeMOHCTpHpyromee CHJIhHOe C)KaTHe 

XpOM03JJeKTpH"tJeCKoro nomf B.IJ:OJIh JIHHlIIH, coe.IlHIDIlOmeH BHeITIHHe D;BeTHbIe 3apH,llbl. ITpc,IJ;BapH­

TCJIhHhIe paCQeThl, OCHOBaHHhIe Ha IIOJIyqeHHOM B ,UaHHOH pa60TC 3qxpeKTHBHoM JIarpaIDKIIaHe, 

I'OBOpaT B IIOJIh3Y cymecTBOBaHJiUI cTpyH KXn. O.lIHaKO llOKa3aTeJIbCTBO 3TOro YTBep1K.lleHH.ll 

oy.Ll,eT npe,UcTaBJIeHO B uocnenylOIIlHx pa60Tax. 

2 •	 34P4PeKTHBHhIH IIOTeHUHaJI KXn H B03HHKHOBeHHe r JIIO­

OHHOrO KOH,neHCaTa 

OCHOBHhIe HenepTyp6aTHBHhle 1I.BJIeHR.ll KBaHToBoH XpOMO,lJ,HHaMHKH (KoH.n;eHcaT, a.n;pOHHbIe 

COCTO.llHlHI H T .,ll.) ,lla.n:eKH OT OIIHCa.RRH <pYH,llaMeHTaJJhHhIM JIarpaH:iKHaHOM l\:xn : 

(1 ) 
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r,ue 

(2) 

(3) 

llBJIKIOTCS: TeH30pOM Ha.rrpjI)J(eHHOCTII rJIIOOHHoro IIOJIX At H KOB&PBaHTHOH npOII3BOAHOH, co­

OTBeTCTBeHHO. B cllopMyJIe (3) IICnOJIb30BaHO CJIe.n:YlOlUee 0603HaqeHBe : 

A >.j.
A =-AJ (4)I' - 2 p' 

r;ue roJIaJI KOnCTaHTa CB.l!31I 9 a6cop6IIpOB&s:a BeKTOp-nOTeHIUIa.rrOM rmooHHoro nOJIJIj )..i ­

SU(3) MaTpHIU>I reJIJl-MaIIHa. <l>opMYJIa (2) co~eplKHT CTPYKTypHbIe KOHCTaHThI jike rpYIIIIhI /'
 

SU(3)j j,k,l = 1, •. ,8 - 11H;ueKCbI UBeTa, a J.L,v = 0,1,2,3. B cllopMyne (1) j-Hu.n:eKC apOMaTa
 

H eyMMa 6epeTc.II no BeeM apOMaTaM f KBapKoBhIx nOJIe» 1/Jf; a m / - Macca KBapKa copTa f.
 
C UeJJhIO onHCaJmX HenepTyp6aTHBHhIX 3.pq>eKl'OB KXll6y.n;eM HCXO,lUITh H3 paCCMOTpeHl'Ill 

rrpOH3BO;U1IlllerO lPyHKUHOHaJIa, npe.zxCTaBJIeHHoro KOIITHHYaJIhHhIM HHTerpa.rrOM B CBKJIH,llOBOM 

npOCTpaHCTBe: 

(5) 

r.n:e .n:eHCTBue S: 

(6) 

co.n;ep:lKHT lPyn,ZJ;aMeHTaJIbm..rii JIarpaU.>KHaH (1) B eBKJUUI;OBOM npoeTpaHCTBe. 

B <p0PMYlIC (5) BCTO'IRHK Jt - no BHemmrH rJIKK>HHblR TOK. OCyIIJ;ecTBlm HHTerpHpOBaJme 

no BeeM KBapKOBhIM nOJIS:M tP/ II .(fif> Mbl nOJIyqaeM 3«P4>cKTRBHoe neikTBHe rJIIOO.1UIHaMRKR, 

I<OTOpoe y'UlThlBaeT BKJIa.,IJ;hI Bcex KBapKOBhlX neTeJIh npn B03.lleHCTBIIH KJIaCCRQeCKoro rmo­

OHHOro nOJIjJ At Ha KBapK-aHTHKBapKoBhlR BaKYyM: 

(7) 

B pe3YJIhTaTe nomIpH3anmr BaxyyMa 3a c-qeT KBapK-aHTHKBapKoBhlx llap .neiicTBHe (6) I!3­

MeHJleTCS:. COOTBeTCTByIOLUaJI 3qxpeKTHBHaJI rJIIOO;UHHaMHK& OUHChIBaeTCH B rrpOCTpaHCTBe 

MHRKoacKoro 3<P<PeKTIDlHblM n:arpaR:lKHa.HOM cne.n)'IOm;ero Bn;ua: 

(8)£eJ/ = 
rue 

p2 == }~lJF~lJ' (9) 

JIarpaH2KJilaR (8) co;ueplKIiT CJIe,nyIOIUYJO BeJIHQHHY : 

O'efJ 
g~ff 

=~, (10) 

KOTOpaJl: B o6meM c.nY'fae }1BJIHeTCJI cnO:4mOU (HeJTHHeiiHoii) ¢YHKIl,HCH rJIIDOHHbIX llOJIeH, a B 

rrepTyp6aTliBHoli 06naCTH MaJlhIX O-cff COBna.n;aeT C 6erymell (no 1"2 == /14) KOHCT3HTOll CBJI3F1 
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EXIt 061IlIiH 8H,ll; JIarpa.Ra;UaHa (8) BbITeKaeT H3 Tpe60BaHHH KaJIu6pOBOQHOR IIHBaprraHTHO­

eTH n nepeHopMMpyeMocTII TeopHH, OIIlICb[BaIOIUeH :)qJ<peKTHBHyIO fJIIOO.l/.I1HaMRKY. BeJIHtIHHa 

(9) npe.n;cTaBnJleT co6oH rrepBhlH U.I:!SapHaHT KXLl. CTpeMJIeHRe COXpaHl1Tb TeOpl1IO ncpCHOp­

MHpyeMoi!: rrpllBO,llRT K OTCyTCTBHIO 3aBnCRMOCTll rrarpaH)KHaHa (8) 0'1' BTOporo lUlBapHaHTa. 

({XlI 1: 

r,lle 

(11) 

(12) 

- .nYaJIhHhIH TCH30Pj e"vpu - eAHlll1'lm:.rii: nOJIaOCTbIO a.HTHCIfMMeTpHqlIhIH TeH30p qeTBepTOrO 

paRra. 

Tpe60BaHHe IIepeHop~m:pYCMOCTH.KXn He A0.lI:lKHO HapymaTbcil, IIO KpaHaeH Mepe, Ha 

MacIDTa6ax MeHbIDe nJIaHKOBCKHX, T .e. ,ltO BKJIIO'leHIIK rpaBHTaUHOHHoro B3aHMo.ueHCTBHH. 

Pa3J1araH 3¢¢eKTmmoe .u.eHCTBHe B <PYHKUHOHanhHhIR PK.lI T3:H:JIOpa: 

- '"' 1 1-14 d4 r(n)jt, ...jn( )Sell - L...-;J a-xl,,' X'" /A1 ... lJn Xl,···, X n 

(13) 

r.lle r(n) - nepUll1HHaK <PYHKIUIH, HerrpRBO.ll:HM<UI OTHOCRTCJIhHO O,ltHo-.:raCTHQULlX neJIeHRH, MOJKHO 

BblT-IHCJlRTh Blman Jl1060ro KOJUItIeCTBa KBapKOBbIX rreTCJIb B 3<{:lq.eKTHBHoe .ueRcTBHe [9], [10J. 
O,n;HaKo HH:lKe, OllHCbIBaJI rrepTyp6aTHBH}'IO qaCTh 3lP¢eKTIIBHoro JTarpaH:lKRa.ua, Mbl orpaHH­

'-lHMCH 'lCThIpeXrreTJIeBhIM npH6JIHJKeImeM TeOpRH B03MYlllelmi, ytIHTblBaJI He TOJIbKO BKJIa,Uhl 

q,epMHOHHhlX IICTeJTh, HO R Bli.na.nbI rJIIOOHHbIX rreTeJTL; a TaJOKe ~XOB <t>anuee:Ra.-IToIIOBa. 

06hl'IHaJI rrponenypa BbI'U1CJIeHlI.sr KOHTHHYaJThHhlX HllTerpanOB (5) B (7) OCHOllaHa Ha 

TOM, 'ITO B lIHTerpane no nYTjIM nOMIIHHpylOT MaKcHMyMhI neI1CTBHJI. llJIjI aCHMIITOTH'-le­

CUI CBo60.llHhIX TeopItii:, K KOTOphlM OTHOCHTC.sr· KXIl, MaKCHMYM34>¢CKTHBHoro .nenCTllJHI 

(T.e. MHHHMyM 3qxpeKTlIBHoro rrOTeHIJ;HaJla) Y)KC He COOTBcTcTByeT ImaCCB'leCKoMy BaKYYM)' 

}~v == O. KBaUTOBhIC qJJlYKTyauHll B pe:lKllMe CHJIhHOR CBJl3H (<:tell > 1) llpHBO,lOlT K cnOH­

TaHHoMy HaMal'HH'UiBaHIiIlO BaKyyMa, KaK 3TO 6bIJIO nOKa3aHO B pa60Tax [11,(2). B03HBKaeT 

rJIlOOHHbIR	 KOH)].eHcaT. 

PaCCMOTplfM <PYHKUHIO: 

(14) 

KOTOpasl COBII~aeT C 3eJ><l>eKTlffiHhIM llOTeHUHaJIOM KXl( B CJIy'lae OTCyTcTBBH B narpaHJKliaue 

KHBeTnqeCKHX 'lITeUOB, KOr.l:la B qJopMyrrc (2) OTCyTCTBylOT IIpOH3BonHhIe ITO BpeMCHli 11 KOOp­

nHHaTaM. IIpn 3TOM BCKTOp - nOTeHUHaJILI PIlOOHHOro nOJIH At nOCTOll:HHhI, H MhI HMeeM: 

(15) 

HeTpH.lU1aJIbHblH BaKyyM - rrrlOOHHbIH KOII.ueHcaT - COOTBcTcTByeT MHHHM)'MY 3<pq>CKTHB­

HOro IIOTellUlIana (14) npa 3Ha'leHHH 

(16) 

l~)TO yTBepn.::)J.€HUe c:onepjf\lITCSl R pa60Tc [1]. 
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KaK 6LlJIO lIOKa3aHo B pa60Tax [1] ,(2], B BaKyyMe OTJIHQHO OT nymI JUIlllb xpOMOMarHRTHOC 

none; BaKyyM HecTa6HJIeH B npHcyTcTBHH xpoMOOJIeKTpH"IOCrwro IIOJI1l, IIOp0)K.Z!:arom:ero l\RapK­

a.HTHKBapKOBhIe naphl. 

IIpaBHJIa CYMM KXJI, paCCMOTpeHHhIe B pa60Tax [11]-[13J. CBjl3hIBaIOT cBoikTBa HR3K()­

JIe2KalJ.U{X pe30HaHCOB C BeJIJlI"IHHOH BaKYyMHoro O)J(H,D:aHHK < 01 Ft"F~" I0 >, KOTOpoe COOT­

BeTcTByeT rJIIOOHHOMY KOHneBcRTy (16). Pe3YJIhTaT, nonY"leHHhTH al\TOpal\fJf :)TllX paOOT, 

npHBo.D;HT K cne.nYIOIUei BeJIKtmBe TJIIOOHHOro KOBneHcaTa : 

(17) 

AHamI3 ceMeRcTB J/t/J H 'l'-Me30HoB, ocymeCTBJIeHHbIB B pa60Tax (14],(15], IlpenCKa3bIBacT 

oom,mee 3HaqeHHe rJIlOOHHoro KoHneHcaTa: 

(18) 

3TOT pe3ynhTaT He cosna.,v;aeT C pe3yJIhTaTOM (17). 
HH2KC MhI 3KCTpanomlJ>yeM IlOBe,ueRHe 34J4JeKTHBRoro nOTeRUHaJIa, nonyqeHHoro nYTeM 

pemeHHS: YPf B tIeThIpexneTJIeBOM npH6nH:lKeHHH TeOpIm B03MymeHHH, B 06JIaCTh KOHq,aHH­

MeHTa H IiICCJIenyeM rrOJIO}KeHIiIe Ml!IIHIMyMR 3$<l>eKTIiIBHoro IIOTeHUHaJIa KXil. :::ho n03BOJIKeT 

HaM On;eHIiITb BeJIJl['IHHY rmOOHRoro KOH,UeHCaTa (eM. HHJKe). 

3.	 YpaBHeHlfe peHopMrpynnhl If oerymaJI KOHCTaHTa B3aH­

Mo,neHcTBUJl KXn 

3<M>eKTHBHoe neiCTBHe KX.Il, cQllep.lKamee .:xM>eKTIiIBHhIB JIarpaJDKHa.H (8): 

(19) 

npHBO,UHT K npaBHJIhHO:H BeJIH"IHHe KOH4JOpMHoH aHOMamUI: mnyp TeH30pa 3Hepnl..lt - HM­

nyJIhCa ()jJ,v OTJIH"IeH OT HyJIlI. B 06JIacTli TeopHH B03MymeH1~H (O:eff < 1) HMeeM (2]: 

(20) 

rile 9 == geJ], a (3(g) - tPYHKIUiJI: KanJIaBa-CHMa.H3HKa. TIpe,nrrOJIaraa HHBapHaHTHOCTl> .:><M>eK­

TllBHOro lleHcTBHlI OTHOCHTeJll>.I:lO Ilpe06pa30BaHHE: Pf (a TaK:lKe KaJI1iJ6pOBOtffiyJO HHSapHaHT­

HOCTh) MO:JKHO BOcnOJIh30SaTLCjf ypaBHeHueM OBCjfHHHKOBa-KaJIJTaHa-CHMaH3HKi:L (161,[17]: 

0
2 )0 (fat 0) _j (21)

[f.lRaIJJt +f3(g f}g +7 g) xAl'lSAi SefJ -0, 

r.ue ')'(g) - 3'1'0 aBOMaJIhHaJI pa3MepHOCTh rmOOHHoro nomI, .uJIH KOTOpOff IIMeeT Mec!'o CJIe.uy­

IOWee COOTHOmeIme: f3 = -g')'. KaK 6bIJIO IIOKa3aHO B pa60Te (1], U3 yp. (21) BbITeKaeT ypr, 
KOTOpoe OIUlChIBaeT 3aBHCHMOCTl> BeJIH"IHHhI O. = g2/4rr 0'1' nepeMeHHoR t: 

1 F2 _ J.L2 
t =	 ;-In 4 = In """"To (22) 

2 J.LR f.lR 
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::ho PI' ypaBHeHue JiMeeT CJIe.uYIOw.llll ~H.Il: 

dIn O's(t) = p. (0' ) (23)dt .• , 

r.lle <pyHK:u;mo (1(0.. ) MO)KHO pa3JIaraTb B p>m TCOPlIH B03MymeHuH ITO BeJIll'tJliHe UoO' eCJIH 

rrOCJJeJ\HSISI < 1. B epOpMyJJax (21) H(22) II - 3HepreTll'tJecKax rrepeMeHHaSI, a f.tR - peHOp­

MaJIH3anHOHHaJI Macca, 3aBIiCHIJJ;aJI 0'1' BhI60pa TO<JKR HOpMHpOBKH. . 

COT'JIaCHO pa60TaM [18]-[23] ,B-rpYHl(Il~HI~ co.n:ePJKalllaJIOI B yp.(23) fi£3BeCTHa. B QCTbIpeXne­

TJICBOM np1l6JUDKeHllH TeOpHH B03MymeHRll: 

(3(0'.•) = - ~o~ + f't (~r + f'2 (~)3 + /33 (~f + ...J 
(24) 

= -{ioii(1 + b10: +b2 o. 2 + b3 a3 + ...), 
r.n;e a ~ os/4rr, a bi = /3;//30, 

llBa rrepBbIX 'lJIeHa pa3JIOlKemfjI (24) ,lJ,JIJI <PYHKI~RIl p(as ) He 3aBHC.lIT 0'1' cnoco6a rrepeHOp­

MUpOBKH Ii co.ueplKaT CJIe.n:YIOIlJ]fe KOHCTallThI [18]-[21]: 

2
/30 = 11 - "3Nj, (25) 

38 
/31 = 102 - TNJ' (26) 

Ho 'lJIeHbI 60JICC BbIcOKOro IIop2,llKa, CO.llep:lKallJlIe /32 H/33, 3aBRCSlT 0'1' peHOpMaJIM3alIHOH­

HoB: CXCMbJ: [24]. B paMKax 06mellp111iSlTOH cxeMhI nepeHopMIIpOBKll NIB (modified minimal 

subtraction scheme [25],[26]) aBTOpaMlJ pa.60Tl.I [22J 6bIJI nOJIytIeH CJIC.uyIOlIU1H pe3YJIbTaT: 

'- ~857 _ 5033 N 325 N 2 (27)(3
2 - 2 18 j + 54 j' 

a B pa60Te [23] 6bIJIa BhI'lRCJIeHa KOHCTaHTa (33: 

;33 = (149:53 + 3564(3) - eOI~~61 + 6~~8(3) Nf + 

+ (5?~~5 + 6:I2(3) NJ + 17°:; NJ. 
(28) 

B <popMyJIe (28) co.n;ep)KHTOl 3Ha'leHlle (3 = 1.202056903 .. , .G3eTa,-epyHKIIHH PHMaHa (,., a 

Nf - 'tJlIcno KBapKoB PMJIl!PIHblX COpTOB C MaCCON m j < f.l. 
ITOJIb3YHCh 0603Ua'lenUeM f.l2 = F = .jiF2T, paCCMoTpHM ypr (23) B liIHTerpaJILHoH ¢opMe 

[2}: 
2<>.(p ) d 

t - / _o:_~_ (29) 
- 0:.11(0:.. )" 

o,(Pk) 

.l1cnonh3YjI <popMynhI (24)-(28), MOJKHO 6e3 Tpy.n;a Bhl~HCJIRTh J1HTerpaJI (29) 'B TpeA"lIeTJIeBOM 

UpU6JUDKeIIMH. Pe3YJILTaT TaKOl'O llIlTerpl1pOBaHU&, OCyuxeCTBJIeHHoro 6e3 npH6JlIiJKeHJIIH, 

npnBO,ZlUT K CJIe,ZlYlOI.UeMY BhIpa2KeHllIO .n;JIJI o6paTHoii BeJIH'IHHbI nOCT05!HHOH KXll: 

-J (t) I "..."., -1 + &t + ~l 1 Ctt2+>'1Cl'ti+>.~+ 
Cts . 3-1oop ""'" a:R 411' '2 n CtR2+>'lrzRl+>.~ 

(30)
A?-2A~ .• t J4AK(l-Cl'RU;l)+ ~alc,an i \~ 

V 4>'~->'? (2+A 10'JU'R}tX t +Al+2"'2 UR' 
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rne BBe,nelIhI CJIe.nYlOUUIe 0603Ha'ieHulI.: 

O's(t) == at, as(J.L~) == aR, 

1,81 2 1,82 
>'1 = 4rr ,80 ' A2 = (47r)2 (30 . 

linK Bcex 3HaqeWlB: Nj (0'1' Nf = O,no NF = 6) TpexneTneBaJI (3-<PYHKIlIDI 06nanaeT nBYMH 

KOMTIJIeKCHhIMH lIynHMH IIO as, qeM H 06bHCHJleTCH IlOHBJIeUHe $YIIKIum arctan B 4>opMyrre 

(30). OqeBH,ll:BO, 'ITO nep'1'yp6a'1'HBli<:IJI. <!>opMyrra (30) BepRa. JlHillh B 06na.c'1'H He60JIhIllRX 

0 .. (as < 1), Kor.n;a PJl",lJ: (24) HMee'1' CMblCJI. , 

l1ByxneTJIeBoe npH6nRiKeHHe ,nJIH IPYHKL\IDI a;I(t), KOTOpoe MOiKHO nOJIyqRTh nyTeM '1'0"1­

Hore Bbl"'lHCJIeImH HH'1'erpana (29) IIpH (32 = (33 == 0, JIerKO BhI'1'eKaeT 9:3 <!>OPMyJIbI (30) B 

npe.n:eJIe Az -+ 0: 

-11 -1 f30 \ lOtI + Al 
as 2-100p ~ aR + -4 t + 1\1 n -1 . ' (31)

7r aR + Al 
IhTepaUKoHHaJI upoue.n.ypa., upRMeHHeMaJI Is:: BhIpa:lKeHHW (31), CBo,mnca K 1l0.n;C'1'aHOBKe B 

norapH4>M ~.nIlone'1'neBoro npH6.rnnKeHHH: 

-let)! '" -I+f30 t (32)as II-loop rv an 47T 

If npHBO'ulfT K CJIenylOIIleMy .n;ByxneTneBOMY npK6JIH}KeHHIO nIDI <pyHKIUm a;l(t): 

-I( )1 -1 (30 \ I (1 (3oan ) (33)a.~ t 2-100p ~ aR + 47r t + 1\1 n + 47T(1 + AlaR) t . 

06rn:errpIUUl'1'O BBO,ZUJTh B paccMOTpeHl:le pa3MepHylO Be.rIW'lHHy A, KOTopaa He 3aBHCHT 0'1' 

TOqKH HOpM:HpOBKH P.R, llpld :nOM, B3aMeH <!>0PMYJIbl (32), HMeeM CJI~IOUlee Bblpa*elUle .nJUI 

o,nHoneTJIeBoro npH6mnKeH1HI: 

-1( 2)1 ,80 I (p,2) (34)rv 
as p, l-loop "" 47T U A2 ' 

B 3'1'OM CJIyqae aCHMIITOT:HqecKoe Bhlpa>KeHHe ,nByxneTJIeBOro rrpH6mDKeHIHI ,nnH a;l(t) rrpR 

In (p.2 / A 2) » 1 rrpe.n;cTaBJIHe'1'CH cJTe.QyromeH IPopMyrroi: 

-J . 2 "",80 Jl2 p.? 
a. (jJ )12-loop "" 411' In A2 + Ai lnln A2' (35) 

(NJ )
O,ZJ;HaKO napaMeTp A 3aBHCliT OT Nf' YqH'1'hlBaa :ny 3aBHCHMOCTh, lIMeeM Pa3JIH'iHhle Am 

B paMKax Mo.neJIH M S, B qaCTHOCTH: 

A~)s ~ 300 M3Bj A~ ~ 270 M3B; A<;/s ~ 200 M3B. (36) 

MOi.KHO nOJIYlJlITb nOBeneRHe 6erymeii KOHCTaHThl KXli a:.(/t2 
) B ,nByxnC'1'JIeBOM npH6JIH)KemIH 

TeOpHH B03MymeuD, HCnOJIh3Y.ll <pOpMyJIy (16) H pa..1JTaraa B P1l.II no nepeMeHHoH In(Jl2 / A:l) » 
1: 

[1( 2) _. 41T _~ In In ~ 
as J.t - Boln~ (30 In~ + 

(32 (( 2 1)2 5) ] 
(37) 

+I3tIn2 (~) In In ~ - 2 - 4" + ... 



7
 

4. qHcneHHoe HCCJIe,n;OBaHHe pemeHHJI ypr 

B ,lJ,aHHOH pa60Te ,lJ;JUI fiaJIee IIOJIHOro OIIHCaHIUI HBJIeHHM KXll B03HHKJIa rreo6XO,lJ,HMOeTl> If3Y­

qeHIU 3aBHCE:MOCTH O;I(t) He TOJIhKO B 06JIaCTH Kparmei1: aCHMIITOTHqeCKOH CBo6o,lJ,hl, HO H 

B 06JIaCTH MaKCHMaJIhHhIX 3HaqeHHH as < 1, KOTophIe ,lJ,0IIYcKaIOTcR qeTblpeXIleTJIeBhIM npH­

6JIH)KeHReM (24)- (28) ,lJ,JnI 'o-tPYHKn;HH. C :nOR: n;eJIbIO rrOBe,lJ,emIe a;1 (t) BocnpOH3BO,llllJIOCb. Me­

TO,lJ,aMR KOMIIbIOTepHoro B~BCJIeHHH. IIpH 3TOM HCnoJIb30BaJIOCb CJIe.nyIOmee Pf-ypaBHeHliJe, 

BhITeKaro:rn;ee liJ3 q,opMyJIhI (23): 

'(38) 

IIpE: 'llICJIeHHOM pemeJnIliJ yp.(38) npe,lJ,nOqnITeJIeH MeTO.n BhI60pa TOqKH HOpMHpOBKli j.i.R. 
B KaqeCTBe peHOpMaJIH3aUHOHHoii HOpMHPOBOqHOM MacChI J-lR BhI6HparraCb Macca Z-6030Ha 

[27]: 
J-lR = Mz ::::: 91.187 ± 0.007 f3B. (39) 

IIpH :noE: Ma.cee C xopoIlIei1: CTerreHbIO TOqflOCTH H3BeCTHO 3KCnepliJMeHTaJIbHoe 3HaQeHHC IIo­

CToHHHon KXU [27]: 
a,,(Mz) = 0.118 ± 0.003. (40) 

l'ICIIOJIb3YH 3HaqemISI J-lR = Mz H OR = a,,(Mz ), rryTeM KOMIIbIOTepHhIX BhIqIlCJIeHHH JIerKO 

BocnpOH3BeCTH XO,lJ, t!>YHKUIDI a;l(t), MemIH 3HaqeRI!IH N! OT N! = 6 npH J-l > mt ,lIO N! = 3 
npl1 p. < me, r,lIe mt 1'1 me - MaCChI t- II C-KBapKOB, COOTBeTCTBeHHO. ol:JeBH,lJ,HO, "ITO N!~1 

B 06JIaCTHme < J-l < mb (r,lIe mb - Macca b-KBapKa) If N! = 5 B HHTepBaJIe mb < It « mt. 
MO)KHO l'OBOPl1Tb 0 BKJIa..n;e XHrrCOBCKHX 6030HOB npH I" > M z. OnHaKO R .n;aHIIoH pa60Te 

HCIIOJIb3yeTcH JH'IIIIb 06JIacTb p. :s; M z • CTapTyH OT TO'IKH J-l = J-lR = Mz npH N! = ,5, MbI 

crrYCKaJlHCh nOlIIKaJIe J-l, MeHH1I N! OT 5.no 3 2
• 

TaI<oe omlca.Hl~e 'o-tPYHKUHH B CTaH,lJ,apTHOM cxeMe MS npHBO,lIHT K TOMy, 'ITO tPYHKUII1I 

0'; 1(t) HBJIHeTCH HenpepbIBHOH., a ee HP0113BO.lIHM MeHHeTC1I cKa'IKo06pa3Ho. O.lIHaKO KOMilbIO­

TepHble paCqeTbI .lIeMOHCTpHpyIOT He3HaQHTeJIbHOCTb 3TOro 3$<l>cKTa. B Ta6JIHUe I npHBe­

.neHbI 3Ha'ICH1U CO,lJep:lKa.IIJ)IXCH B <popMyJIe (24) K03qxpHUHeHToB 130 H bj , KOTophIe nOJIyqeHhI 

rrpJiI Pa3JIlI'IHhIX 3Ha'IeHHJlX N! COrJIa.cHO <pOpMyJIaM (25)-(28). 

Ta6nuua I 

N! 130 b1 = ,Br/13o b2 = 132/.00 b3 = 133/130 
0 
1 
2 
3 
4 
5 
6 

11 

31/3 
29/3 
9 
25/3 
23/3 

7 

9.2727 
8.6452 
7.9310 
7.1111 
6.1600 
5.0435 
3.7143 

129,864 
111.765 
92.416 
71.537 
48.762 
23.597 
-4.643 

2658.45 
2197.09 
1756.83 
1343.38 
964.22 
629.50 
353.18 

~-

3TH K03<p<puuneHTbI .lIeMOHCTpIIpyJOT CBOHCTB3 pjIJI3 (24), KOTOphIH srBJHleTCSI aCHMTITOTM­

'1eCKRM. 

2 N,f ~ 2 COOTBeTcTByeT 06JIaCTJI KOHlj}aHBMeHTa, D KOTOpoii yp. (38) HerrpUMeHHMO. 
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·lipH KOMIIbIOTepnOM nOHCKe peWeHHil YPf (38) FICrrOJlh30BarIHCb CJIe.n.YIOIQHC 3HaqeHHJl 

Macc e- H b-KBapKoB [27]: 

me = 1.3 ± 0.3 r~B;	 (41) 

Ha pRc.1 1'1 pHc.2 rrpenCTaBJIelILI qeThIpe KpHBhIe 1, •.. ,4, OllHChIBaIOIIJ;He 3aBHCHMOCTH a,;1 (j.L) 

H as(ji) B l1epTyp6anIBHoH 06JIacTH (as < 1). OHn COOTBeTcTByIOT n-neTIIeBOMY npH6mDKe­

HHIO TeopIilH B03Mymemm. .nIDI ,B-<pYHKIUnI, Kor.na n MenileTCil 0'1' 1 .no 4. ITo Mepe YBeJ1H-.:remUI 

'IRena neTeJIb KpRBaK a,;l(t) C.D;BHTaeTCil BllpaBO, rrpOilBJIilX TeH.lleHIl;J'lIO 06pa.IIJ;eHIU: B HOJIb 

npH OOJIbIlIHX 3naqenIililX j.L = j.Lp' KpHBhIe nocTpoellhI nIDI UeHTPaJIbHhIX 3HaqeHIIH ~KcnepR­

MeHTaJIbHhlX napaMeTpOB as(Mz), mb H me, 3anaHHbIX yp.(40) H (41). 

BbI6.HpaJI KpaHHHe cnTya.IlHR yqeTa norperrmoCTR napaMeTpOB as, mb H me, BBe,lleM 060­

3Ha1J:eHHe "ueHTp.3H.±(1", KOTOpoe 03na1J:aeT CIIe.nYIOIIJ;HH QIlHOBpeMeHHblH BbI60p napaMeTpOB; 

as) ( 0.118 ) ( 0.?03 )
"ueHTp.3H. ± (1" : me = 1.3 ± 0.3 . (42)

( 
mb 4.3 0.2 

Ha PHc.3npencTci.Bn:eHa 3aBIilCHMOCTb a s (F2) B nepTyp6aTHBHoH 06JIaCTH C YKa3aHl1eM KOp­

pH.llopa O.IIIH:60K (~10%), cooTBeTcByIOmero Bbl60py (42). HMeJl. :ny 3aBHCIIMOCTL, neTpy.n;no 

BOCCTaHOBl1Tb xo.n; <pyHKUHH U(F2 
), OImCbIBaeMOH yp.(14). OHa npe,L(CTaBJIeHa Ha PHcA, Ha 

KOTOpOM T01J:KaMl1 YKa3aJIbI 3Ha1J:eHHH as = 0.33; 0.35 R 004. 
B Ta6IIHue II npHse.n;eHhI COOTHomeHIDI BKJIa,n:OB Pa3JIH1J:HhIX TTCTJleBblX npH6Jlll:lKCHD npH 

YKa3aHHbIX 3HaqeHHj1X KOHCTaHThI KXlI as. KaK .neMOHcTpHpyeT Ta.6.rmua II, nepTyp6aTHB­

Hbtii pg,n; (24) nIIoxo CXO,nHTCSI y>Ke npH a. > 0.4. IIo~TOMY HaM He rrp~CTaBJUIeTCHB03MO>K­

HhIM HCnOJIb30BaTb pemeHHe ypr npH 66IIbillHX 3HaqeHlUX as' 

Ta(SnHua II 

as ~:~ ~~~~~, % 
B TO'IKC 

CIIIHBaHIUI. 

4/3 3/2 

4/1 3/1 

2/1 

0.33 52% 21% 

1.7% 3.1% 

16% 

0.35 55% 22% 

2% 3.8% 

17.2% 

0.4 60% 32% 

4.3% 7.2% 
23% 

O,nHaKO PHc.l HBllO .neMOBcTpHpyeT rroBopoT KpHBhIX 2-4, CBHneTenhcTBYIOIUItiI 0 B03MO)K­

BOCT.H HX rrepeceqCBHH C :mepreTH1J:eCKOH OCbIO j.L rrpH j.L = j.Lp =f O.. T.fCTbTpeXneTIIeBOC rrpH6JIH­

JKeHlIe nJHI. <PYHKUHH o:;l(l) YKa3bIBaeT Ha rrepece~eIDIe rrpH 3HaQCREJIX j.Lp, KOTopble 60IIblIle 

'1eM ,nnx .nsyx- H TpeXneTJleBoro npH6mIiKeBHj1. B6JU13H TO'iKH j.L = j.Lp G~I'ymaH 3<P<J:lcKTHBHaSJ 

KOHCTaHTa o:s(ji) BeOrpaHHqCHHO pacTCT. 3'1'0 - 06JIacTb KOBepaHBMCHTa, KOTopaH He M02KeT 

OIlHChIBaThCH TcopHen B03MymeHHH. ITPH 3TOM B03HKT<aIOT nBe B03MO:lKHOCTH llcpeXO.lla H3 

nepTyp6aTHBHOM: 06JIaCTH KXn: B Hf'rrepTyp6aTHBHyIO: 

1.	 KPMBaJI. o:;l(t) nJIaBHO nepeceKaeT OCb j.L, eCJIH B To-.:rKe j.L = j.Lp HeT <pa.30BOro uepexona. 

"KOHepaHBMeBT-neKOHq>aiiBMeHT". B)TOM cJTy1J:ae KOHCTaUTa CBK3H KXLI .LlOCTHraeT 

6eCKOHeQHO 60JIbllIHX 3Ha1J:eHHH B OKpeCTHOCTH TOqKH Jl. = jtp' 
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2.	 <PYUKllIUl a:;l(t) MeBJleTCll CKatIKOM, ecnn B TOtIKe It = /lp ITMeeT MeCTO epa.'JORhlR rrepexo.n: 

I po.n;a. ITPH 3TOM I<OHCTaHTa as Hl1Kor,na He .n;oc-l'llraeT 6CCKOHCtIHO 6oJlbIIllIx3HatIeHHH. 

06e B03MO){(HOCTH He HCKJIIO'laIQT B03HHKHOBeHIUI cTpyn KXn, HO npHBo,nllT K pa3JlII'IIDO 

HX CBOHCTB. HanpllMep, np1::l rJla.n;KOM CmHBaHI::lH HenepTyp6aTHBlIOH 06JIacTH O's C rrepTYP­

6aTRBHOH Bpj{,ll JIll CJIe.n;yeTO)f{H.D;a.TL, 'ITO "C'rpYHhI" l1MeIOT CTporo O'lCpqCHHhIC rpaHIUJ;hI. ITo 

Bce.a acpOJlTHOCTH, ORB COOTBeTCTBylOT BHXpJlM A6pJdKoCOBa-HI:IJIbCeUa-OJleCeHa [28]. Tor.n;a 

l(aK BTOpaJl B03MO:lKHOCTb, COOTBeTCTByIOllIaJI epa30BOMY rrepcxo.n;y I po.n;a, 6JIH3I<a K Mo.n;enll 

a.npOll.l:iblX MemKOB, II "CTpyHI.I" KXlI - 3TO BhI'l'HHyTble MClIII<H KXlI, 06JIa..llaroIUuc rpa­

lIHuaM11. 

Tal{HM 06pa30M, rrepTyp6aTHBHoe orrHcaHHe rrOBe,neHHR a:;l(t) CBH,UeTeJIbCTByeT B ll0J1b3Y 

TOro, 'lTO rrpH mo6oa 1::13 .l(Byx BbIlueoTMetIeHHblX B03MO)f{HOC'l'eH <PYliKUIUl 0;1(t) MCllJlCT 3HaK 

rrpH !J. = J.tp =1= O. 
3aMeTHM, 'tJTO B ,naRHOH KapnrHe omrcaHHR KXn H3MeHeHHe 3HaKa q>YHKIlHH O;l(t) He 

03HaQaeT MHHMOCTR KOHCTaHTbI CBJl3H CIDIbHblX B3aHMo.n;eHCTBHH, a JIHillL 3aMeny CHJl 0'1'­

TaJIKHBaHHll Ha CHJIhI npHTJI)J{eHHR. 3epq>eKTHBHOH KOHCTaHTOH KXll gBJIJleTCg aOCOJIIOTHOe 

3HaqeHHe BeJIHqHHbl as(t), co.n;eplKa!UeHCg B JIarpaH)I(HaHe (8). 
BTOPaJI B03MO)l(HOCTb - ¢MoBhIR rrepexo.n; "KoHepaHHMeHT-.n;eKoH$a.HHMCHT" 1 pona - 06cy­

2K,UaeTCR B KO!IUe .lla.HHOH CTaTbH. 

5. 06JIaCTb KOH.paHHMeHTa H BeJIHqHHa rJIIOOHHOro KOH­

,ZJ;eHcaTa 

KOHlleHTpHpys BRBMaHHe na B03M01KHOCTH HenpcpbIBHOro rrepexo.n;a H3 rrepTyp6aTMBHOH 06Jla.<:TH 

B 06naCTl. KOHepaHHMeHTa, COBepmHM 3KCTpanOmIUl1.l0 q>yHKUHH U(1"2), npe.n;CTaBJIeHHOH na 

PlicA, H3 06JIac'l'H, COOTBeTCTBYIOru:ei{ as = 0.3 70.4, .n;o nepeCeqeHHJI C OCblO J.t H orrpe.n:f>-JIHM 

!J.p. B .n:arrrroH pa.60Te 3KCTparrOJlgIlIHl ocyru:ecTBJIJlJIaCb C IIOMOIUbIO cJIe.n;yIOru:eH anrrpoKcHMa­

llHH: 
2 

U(P2) ~ ~ cn(F2 )n (43) 
n=O 

B KaqeCTBe To~eK CnHlBaHHJI BbI6HpaJIHCb TpH TO~KH, OTMe"leHHbIe Ha PHcA: 

as = 0.33; 0.35; 0.40.	 (44) 

Pe3YJlbTaT CIDHBaHliUl npc.n;CTaRJleH B Ta6JIMUe III, r.n:e IIpHBe,neHhI 3HaQeHIUJ rmooHHoro 

KoH,UeHcaTa B 3aBHCHMOCTH OT TO"leK ClliHBalmJl (44) H 3KcrrepHMeHTaJIbHhIX rrapaMeTpOH (42). 
B cK06Kax YKa3aHbI 3Ha'tJellH.SI nonyqCHHbIX J.tp. 

HeTpy,nao BlUl.eTb, 'tJTO F~ ~ 0.39 1'3B4. 
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Ta6J1H~a III 

~lH~HHarnIDOllnmu 

O:s KOH.n~HCaTa, FJ, r3B
4 

8 TO'IKe CIIIBBaHHJI (J.lp, r3B) 

+0­ central -0­

0.39 0.21 0.110.33 
(0.98) (0.84) (0.71) 
0.27 0.15 0.080.35 

(0.89) (0.77) (0.65) 
0.16 0.08 0.04DAD 

(0.78) (0.67) (0.55) 

rnaBHOn ~CJThlO .naHHOH pa60Thl enJIeTC.a nocTpoeHHe 3aORCHMOCTH U(F2 
), KOTOpaJI .naeTCJI 

yp.(14). COrJIacHo cneHapHlO KOHtPa.HBMeH'l'a, UpC,ACTaBneBHoMy B pa60Tax [3],[4], na tPyHK­

nu nomKHa y,uoBneTBopJlTL cnenYIOlI..I.HM Tpe60BaHHJIM: 

• U(P2 = 0) =0; 
• U(F2) HMeeT MHHHMyM npH F2::: FJj 
• B6m13H MHlllIMYMa epYHK1.I,HK U(F2) annpoKcHMHpyeTcJI nepBblMH 'lJIenaMH pa3nO)KeHIUf 

B PM T3iiJlOpa: 
3 

U(F2 
) ~ L an (F2 

- FJt. (45) 
n=O 

OqeBR,ZJ;HO, qTO al ::: 0 - 3TO pe3YJLbTaT cymecT80BamIJI MHHHMYMa TIpH F 2 = FJ. Y'CJTOBHe 

U(F2 = 0) = 0 rrpHBO.WIT K cne.nylOmeMY COOTHOmeKHIO: 

(46) 

OCTaBnmecR '1'pH napaMeTpa a'l, a3 H FJ onpe.neJljlIDTCJI yCJIOBHeM U(ltp) = 0 It 3HaqeHHJIMlI 

npOH3BO,IUIhIX Ut 
H Uti (no F2) 6 TO'IKe It", KOTopLIe 3a.,LlaHbl 3KcTpanoJUIUHeii: (43). 

Pe3YJIbTaT TaKOro nocTpoeBJ'lJ1 3a.BHCHMOCTH U( F'l) npHBCJl.eB: na PHc.5 J(nil CJlyqaK "neHTp.311 

+u" H TO'IKH crrmBaBIDl J.l = J.l.~p = \114.27 = 1.94 r::>B, COOTBcTCTBYIOmeH O:s ~ 0.33. Ha 

pHcynKe HBHO 0603HaQen MlIBlIMyM 3<!xPeKTHBBoro rrOTeBIUlaJIa. On COOTBeTCTBYeT BenH"'DIRe 

rJIIOOHHoro KOH,ZteHcaTa, 6JIH3KOH: K pe3yJILTaTy pa60T [11]-[13}: PJ ~ 0.39 r3B
1 

(cp. C semr­
'lHROH (17». IlpH 3TOM HMeeM: 

(47) 

OcnOBBOH pe3ynbTaT TaKoro HCCJ1e.n;OBaHHil roBOpHT 0 TOM, 'ITO B CJ1y-qa.e OTcyTCTBHH epa3Q­

8Oro nepexo,ua " KORepa.HHMCHT-.n.eKoB«paHBMeBT" , KOrJla 3cPcPeKTHBm.JH nal'paH.lKHaH H nOTCH­

rura..TJ JlBJUIiOTCH nenpephlBHbIMH epYHKllHilMH B6JlH3H TOllKH J.L = J.Lp, BeJm'IHHa rmooHlioro 
4

KOlU(eHca.Ta He MO:lKeT rrpeBbllJIaTb 3JTaqeHHJI 1'"'5 ~ 0.4 f.:>B , tl:TO HCKJTIOqa.eT pe3ynbTaT (18) 
pa60T [14],[15). 

HMejI 3aBHCHMOCTb U(F2) B 06na,CTH J.l < J.lsp (oHa npe,llCTaBneHa. na. P1ic.5), HeTpy.D.HO 

yCTaHOBHTJ. nOBelleHlle «PYJTKU11H O';l(rt} B 06JlaJ~TJf J1 < J.lsP' OBO npeJlCTaBJICHO Ha Pm;.6 
BMeCTe c ncpTyp6aTRBHbIM DOlieJleHHeM npH J.L > J.lsp. 
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YPf (38) He Ii-MeeT MCCTa B 06JlaCTH KOH<paHHMenTa: 0:5(P) -t 00 IIpli It -+ ftp' :)'1'0 

IIOBe.n.eHlle COOTBcTcTByeT pe3YJIhTaTaM pa.6oThI [29]. IIpH AaJIbHdiIllCJI.I YMCHhIllemm 11 < Pp 
YMelIhillaeTCB Ii »enU"IHHa. 0'5(P). naiKe B 06nacTu MHHlIMyMa IiMeeM: la51< 1 (CM., HarrpuMep, 

<popMyny (47». Ka.3aJIOCh 6bI, l:JTO "PI·I J1. -+ 0 HMee'l' MerTO IIOBe.l1eHIIC 0'5 -t 0 CorJIaeRO 

<popMyJIe (34). O,lUlaKO OIDIcaHHe [29J IIpe.nCKa.3hIBaeT cymecTBoBaHHe <pHKCHpOBaHHOH TOl:JKH 

0'* = a(F2 = 0) f. O. HCIIom,30BaJmaR IIaAm arrrrpoKCHMaUHj( (45) He,nOCTOBCpHO OTIHCbTBaeT 

06JIaCTh IIHeppaT{paCHOH pacXO.l1BMOCTH TTpH J1 -t 0, IIo:noMy MhI OrpaHH'IHJIHCh I!OBeJJ:eH:HeM 

a:;l(p.) B 06JIaCTH KOH<paHllMeHTa JIHWb B6nH3H MHHH:MyMa. 

B 3aKJIIO'IeHIie CJIe,nyeT OTMeTJI'l'h, 'tJTO 6oJIbwoe 3Ha'tJeHI1:e rJIIOOHHoro KOll)J,eHCaTa (18), 
IIOJIy'leHHOe B pa60Tax [14],[15J, COBMCCTHMO C rrepTyp6a.THBIILIM IIOBe.IleIIneM 3qxpeK'I'HBHoro 

JIarpaHiKHaHa (PHcA) JUlllIh IIpH epa.30BOM IIcpcxo,n:e "KoH<paHHMeHT-.n.eKoHq,aHHMeHT" I po.ua. 

n 3TOM CJIy'Iae B3aMCH nOBe.uenHJI U{F2
), IIpc.uCTaBJIeHHoro mI. PRc.5, 6yn:eT Ha6JIIO.ua'I'hC5I. 

cKa~n(Qo6pa3Boe H3MeHCBHe <PYHKll;J'tH U(F'l) IIpH ft = It", KOTOpoe npen:CTa.BJTeHO Ha PUC.I. 

C)'ll{ecTBOBaHRe <pa.30BOro IIcpeXOJ\a Tpo.ua IIpHBOn:nT TaJOKC H K cKa'<JKoo5pa3HoMy H3MeHeUHIO 

q>yHKUHH O'lF 2 ) .H 0::; 1(ft). 
OAHaKO HCCJIe.nOBaHHJl .iBJIeHHB KXn MeTo.uaMH MOHTc-!(apJlO He nO)J.TBep)l{.l1alOT l1aJIH'IHe 

jlpKO BhIpa~eHHoro <pa30BOro nepexoJla I pOJla n 06JIacTH KOH!PaiHMcHTa.. 

BbITeKaIOlIIHe H3 3qxpeKTHBHOl'O JIarpa.lDKHaHa (8) ypaaHCH.Hjl .ll.IU1~eHHjI: 

(i=1,o .. 8) , (48) 

r.ue j~ - 3TO TOK UBeTllbIX 1:JacTHU, co.uep)f(aT "XPOMO,lUl3JleKTplPICC'h'-YIO" $YHI.:IUIIO f(t), KD­

TOpaJI CBJl3a.Ha C O;l{t) CJlen:YIOIllHM COOTHOWeH.HeM: 

(49) 

H llBJIJIeTCSI CJIO}KIloiI (HCJIHHeii:HoiI) <pynKlllIe.H F2, HCTPY.l1HO RHJ\eTh, '{TO H BaKYYMC (npH 

F2 ::;; F~) 3Ta epYHKllBJI 06pamaeTcjJ B HOJIb: t(to) = O. TaKHM 06pa30M, R BaKyyMe cyruc­
cTRyeT TOJlhIW xpOMOMarHHTHoe none. 

<PyUKUlUI f{t) OTBeTCTBenHa 3a .B03Hl1KBOBeHHe CTpyH B KXil. 
IJpe,nBapHTeJIhHoe Hccnen:OBalHIe pcWCHHH yp.(48) c nOMomhIO llOJlyqeHBOi B .l1aFl'HOH pa.­

60Te epYHKllH.H t(t) roBopnT B rrOJIh3Y cymecTBOBaHHJI COJIHTOUHblX pelJleHHH, COOTBeTCTRyIO­

lIlHX CTpyRaM KXn. 

a

HacTOmuaJI pa.60Ta .nOJI02KeHa (II.A.K.) Ha Vln JIOMoHoconCKOH KOlI<l>epem:on~ IIO epH­

3HKe 3JICMCHTapHhIX 'IacTHU (MOCKsa, aarYCT 1997 r.) H co.nep)J(MTCJI B hep-ph/97lJ390. 

TIPH 3aBeprneHHH .uaRHoH C'.l'aTbH 6hIJIa ony6mfKoBaHa. pa.60Ta [30J, OnHChIBalOlllaJI nOBe,neHHe 

5 (p.) a nepTyp6aTHBHoH 06JIac'l'J:1 B 'tJcThIpeXIIeTJIeHOM npH6JIH:lKeHHH TOOpHH B03MymcHHH 

.uJIB fj-epynKI{lIH. O,nHaKO OHa He co.uep1KHT 6oJIhTIJHHCTBa. pe3YJlhTaTOB HacTOJIllleU paOOThI, 

IIpeCneD:)'IOIHeH HHwe n:CJIH. 

ABTOpbI rny60Ko 6JIaro.uapjlT B.B.BJIaD:HMHpCKoro 3a nocToRHHoe BHHMaHHe K pa60Te, 

urroro'tJHCJleHHbIC D:ffCKyCCIUI H ueHBbTe COHeThl. 

MhI 6.ilaro.uapHM TaKJKe P .E.HeR30pOBa. 33 BCCh:\fa IIOJIe3T1Ue o6cyil..;:n:CHl'fSJ pC3y.'IhTaTOB 

pa60ThI. 

ABTOpbl r.'ly6oKO 6naro.uapHhI INTAS 3a q.IIma.BconyJO TlOJI..llep;tI-.:J.;y: rpaHThI INTAS-~3­

:3316-ext If INTAS-RFBR-96-.567i. 
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PHc.2. '3aBllcll"IUClll n;llP) 11 0s(flj B /I-llCT;ICBOy\1 IlpllU.1U"+"l'lIHHln = 1.2,~~,4) 

TeopHI-I B03MymeHH}J }].JUI P-<PYHI\UHli. BepUIKaJIbHhIe JUUlHH COOTBCTCTBYIOT MitCcaM r. H b­
KBapKOB. 
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MeHTaJIbHhIX rrapaMCTpOB (42). 
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PHC.4. 3aBHCHMOCTb BeJUI'IHHhI U(F2) == ~F2, COOTBe'I'CTBYIOII~a.~ tIeThIpeXneTJle-

BOMY npn:6m'l'>KeHHIO TeOpRli B03MyrueHMH .n:JUI a .• == O'eJJ; B HhI,UeJIenm,IX TO'lKaX yKa3aUhI 

'iHCJTeHHble 3Ha'iCHHH COOTBeTCTBYIOTnlfX as­
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PRe.5. 3aBHcHMOCTb U(F 2 
), IIOJIyqeHHailnyTeM l'JIaAI<OI'O CllUIBallHJI B TOqKe J.L = Psp, rAe 

Q:.,(Psp) = 0.33, nepTyp6anunmH 06nacHi C HencpTyp6anmHoH C HCIIOJtb30BaHI:leM ¢l0pMym,I 
(43) npE: J.lp < fJ < IL sp Fl q,OpMyJIbI (45) upn 0 < J.l < }.lP' 



17
 

0';1 8
 

6
 

4
 

2
 

0 

-2 

-4 

-6
 

0.5 1 2 5 10 50 lJ,r3B
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) B cJIy-qae q>a30BOro nepexo,n;a "KoH«paiiHMeHT­

.n.eKoHq>aHHMeHT" Tpo.n.a. 
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