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Y,nK 530.1 M-16 

COEKTP 4ACT~U B MO~M@~U~POBAHH00 HMCCM B PE~~ME C~]bH00 ~KABCK00 
CBH3M: OperrpHHT ~T8~ 8-00/ 

P.B.HeB30pOB, M.A.TPVCOB - M., 2000 - 32c. 

TeopeT1PIecKHit aHa.JlH3 pemeHHii ypaBHemrlt peHopMrpynIIbl MCCM, BbIXO,D;51llI,RX. Ha KBa3H­
<pHKCHpOBaHHyIO TO'IKy, nOKa3aJI, 'ITO Macca JIerqaAmero 6030Ha XHrrea B <:tTHX Mo,n;emIX He 
npeBOCXoAHT 94 ± 5 r::~B. 9TO 03Haql:j.eT, 'ITO 3Ha'lHTeJIhHa5l "tIaCTb napaMeTpHqeCKoro npo­
CTpaHCTBa B MHHHM8J1hHOH GYCI1 MO,!.l,eJIH IIpaKTH'IeCKH HCKJUOqeHa CYJIJ;eCTByIOJIJ;HMH 3Kcne­
pHMeHTaJIhHbIMH ,n;aHHhlMH LEPII. B HMCCM BepXHee orpaHHqeHHe Ha Maccy JIerqaHmerO 
XBrrCOBCKorO 6030Ha ,n;OCTHI'aeT CBoero MaKCHMaJIhHOrO 3HaqeHlffi B pejKBMC CHJIbHOi% IOKaB­
CKoA CB513H, Kor,rr,a IOKaBCKHe KOHCTaHThI cym;ecTBeHBO 60JIbilie KaJIH6pOBO"tlHbIX Ha IIIKBJIe Be­
JIHKOrO 06'he,D;HHeHHa. B ,D;aHHOii pa60Te H3)"TaeTC5f cneKTp qaCTl:m; B paMKax npocTeiimeit 
MOAH<pHKaIl,HH HMCCM, KOTOPaJl IIpHBO,wrr K CaMOCOI'JIacOBaHHOMy pemeHHIO B paCCMaTpH­
BaeMoA 06JIacTH napaMe'I'pHlJeCKorO npOCTpaHCTBa. MCCJIeAYeMaH MO,rr,eJlb n03BOJISIeT IIOJIY­
'IHTb mh I'"V 125 r3B YjKe npH CpaBHBTeJIbHO He60JIbillUX 3HaQeHHSlX tan.,8 2: 1.9. I1pH aHaJlH3e 
cueKTPa XlIrrCOBCKHX 6030H08 H He1iTpaJIHHO HCnOJIb3yeTCa paHee rrpe~IO)KeHHbIa MeTO,n; ,JJ,Ha­
rOH3..1UI3aJl,HH MacCOBbIX MaTpHIl,. Macca JIerqaAiliero 6030Ha XHrrca B HCCJIe,nyeMoA Mo,rr,eJIH 

.~~= He rrpeB.ocxoAHT 130..5 ± 3.5 r3B. 

Particle spectrum in the modified NMSSM in the strong
Yukawa coupling limit. 

R.B.Nevzorov, M.A.Trusov 

The theoretical analysis of the quasi fixed point solutions of the MSSM renormalization group 
equations shows that the lightest Higgs boson mass does not exceed 94 ± 5GeV. It means 
that the considerable part of the parameter space in the minimal SUSY model is almost 
excluded by existing LEPII data. In the NMSSM the upper bound on the lightest Higgs 
boson mass attains its maximum value in the strong Yukawa coupling limit when Yukawa 
couplings are essentially larger than gauge ones at the Grand Unification scale. We investigate 
the particle spectrum in the framework of the modified NMSSM which leads to the self 
consistent solution in the considered region of the parameter space. This model allows one 
to get mil 125GeV at moderate values of tan f3 :2: 1.9. The earlier proposed method off'"V 

the mass matrix diagonalization is used for the analysis of the spectrum of Higgs hosons 
and neutralinos. In the investigated model the lightest Higgs boson mass does not exceed 
130.5 ± 3.5GeV. 

PMc.-3, crr~COH B~T. - 44 Ha~M. 

~ MHCTMTYT TeOpeTHQeCKOA M 8KcnepMUeHTaAbHOA ~H3HKH, 2000 



1. BBe,n;euue 

TIOHCK 6030Ha XHrrca ocmeTCR O,IJ;HOH H3 np:l'JOpRTeTHbIX 3a)J.atI, CTOHIIl.HX ne­

pe)J. y)Ke )J.e'RcTBylOllJ,RMM H TOJIhKO rrpoeKTHpyeMhIMH yCKopHTeJHIMM. 9TO o6y­

CJlOBJIeHO TeM, tITO nOc.rre)J.HM:A: HrpaeT KJIlOtIeBYlO POJIh B CTaH)J.apTHOn MO,lJ,eJIH 

(OM), KOTopaR C BbICOKOH TOtIHOCThIO onHCbIBaeT Bce MMeIOIII;HeCR Ha cerO)J.HHlII­

H.H.jt .n.eHb 3KcrrepHMeHT8.1IbHbIe ,lJ,aHHbIe. B pe3YJIbTaTe cnOHTaHHoro HapyrneHlU:1 

SU(2) x U(l) CMMMeTpHH XHrrCOBCKHH CKaJl5IP npHo6peTaeT HeHyJIeBOe BaKyyM­

Hoe cpe,n;Hee, He Hapyrna5I npM aTOM JIopeHIJ, HHBapHaHTHOCTM, M reHepHpyeT Mac­

ChI Bcex <pepMHOHOB M BeKTopHhiX 6030HOB. AHaJIM3 aKcrrepHMeHTaJIbHbIX ,n;aH­

HbIX B OM IIOKa3aJI, ~no C 95% Bep05ITHOCThlO ero Macca He TIpeBocxo,lJ,HT 245 faB 

[1]. B TO )l{e BpeM5I, npe)l,nOJIara5I OTCyTcTBHe HOBhIX IIoJ1eA H B3aHMO,lI.e"ttCTBMR, 

a TaKJKe nOJIIoca JIaH)J.ay B peIIIeHMM ypaBHeHHil peHopMrpynnbI )J.JI5I KOHCTaH­

TbI caMo,n;ei1:cTBH5I XHrrCOBCKHX TIOJIeR BTIJIOTh ,n;o IIIKaJIbI Mpi ~ 2.4 . 1018 faB, 

MO)KHO nOKa3aTb, lITO mh < 180 faB [2]-[3]. TIPM aTOM <pH3HtIeCKHH BaKyyM 

OKa3hIBaeTC}l CTa6HJIbHhIM TOJIbKO npH yCJIOBHH, qTO Macca 6030Ha XHrrca 60JIb­

me 135 faB [2]-[6]. CJle,n;yeT OTMeTMTb o,n;HaKO, lITO TaKa5I yrrpOIIl.eHHaSi M0,lJ,eJIb 

He npHBo,n;HT K 06'be,lI.MHeHHIO KaJIH6pOBO"tJHhIX KOHCTaHT [7] M perneHlIIO npo6JIe­

MhI' HepapXHR [8]. B pe3YJIhTaTe nOCTpoeHHe peaJIHCTHtIeCKo:R TeopMM, 06'be,lJ,H­

H5IlO~e:A: Bce TIOJI5I M B..'3aHMo,n;eHcTBH5I, npe,n;CTaBJI5IeTC5I B ,n;aHHOM CJIytIae BeChMa 

npo6JleMaTH"tIHbIM. 

06'be,lI.HHeHMe KaJIM6pOBO"tIHhIX KOHCTaHT eCTeCTBeHHbIM 06pa30M B03HMKaeT 

Ha mKaJIe Mx ~ 3· 1016 faB B paMKax cyrrepcMMMeTpH"tIHOrO o606:w;eHIDI CM ­

MHHHMa.rrbHOH: cyrrepcHMMeTpHqHoiit (CYCM) CTaH,LJ,apTHOn MO,LJ,eJIH (MCCM) [7]. 
,lI,JI5I Toro, tITo6bI B M CCM Bce (pYH,n;aMeHTaJIbHble <pePMI10HbI IIOJIytIHJIH Maccy, 

Heo6xo,lI.HMO BBeCTH B TeopliIO He O,n;HH, a ,lI.Ba. XHrrCOBCKHX ,ny6Jlem HI Ii H2, 

Ka)K,lI.bI:A: H3 KOTOphIX npH06peTaeT HeHyJIeBOe BaKyyMHoe cpe,n;Hee VI Ii V2, npH­
2tIeM v = VI + v~ = (246 faB)2. CneKTp XMrrCOBCKoro ceKTopa MCCM co,n;ep­

JKliT "tIeThipe MaCCHBHbIX COCT05IHHR: ,lI.Ba CP-qeTHhIX, O,lI.RO CP-HeqeTHOe Ii O,LJ,HO 

3ap5I:>KeHHoe. BaJKHoR OTJIM"tJHTeJIhHott tIepToti CYCM Mo,n;eJIe"l1 5IBJI5IeTC5I H8.rIH­

~Hfe JIerKOrO XHrrCOBCKoro 6030Ha B CP-LleTHoM ceKTope. BepxHee OrpaHHtIeHHe 

Ha ero Maccy B 3HaQHTeJIhHOH Mepe OIIpe~eJUIeTC5I 3Hay:eHHeM tanf3 = V2!Vl. B 
,lI.peBeCHOM npR6JII1)1{eHHH Macca JICry:aMllIero 6030Ha XRrrca B MCCM He rrpe­

BbIlIIaeT MaCChI Z-6030Ha (Mz ~ 91.2 f3B): mh :s; Mz cos 2fJ 19]. YqeT BKJIa,lI.a 

neTJIeBhIX nonpaBOK K 3¢¢eKTHBHoMy rrOTeHIJ,MaJIy B3aHMo,n;eikTBH5I XI-irrCOB­
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CKHX nOJIeit OT t-KBapKa HerO cynepilapTHepOB CYllJ,eCTBeHHO nO,ll;HHMaeT BepXHee 

OI'paHHqeHHe Ha ero Maccy: 

mh ~ JMl Cos
2 2{3 +!:.i.1 + D..2· (1) 

3Aecb D..l MD..2 - O~HOneTJIeBble [10] H ,lJ;ByxneTJIeBble [11] nonpaBKM. BeJIHqHHbI 

aTHX IIorrpaBOK IIponop~HOHaJIbHbImt, rAe mt 6erYllJ,aH Macca t-KBapKa, JIOffi­

pH<pMHqeCKH 3aBHCSlT OT MacrnTOOa HapYllleHH5I cynepCHMMeTpHH Ms H npaK­

TH"tJeCKH He 3aBHCHT OT BhI60pa tan{3. B pa60Tax [3] H [5]-[6] COnOCTaBJIHJUlCb 

OrpaHHqeHIDI Ha Maccy 6030Ha XHI'rca B MHHHM8JIbHbIX cTaHAapTHoii H cynep­

cHMMeTpHqHoit MO~eJIIDC. BepXHee OrpaHHqeHHe Ha Maccy JIerKOrO CP-qeTHOrO 

XHrrCOBCKoro 6030Ha B MCCM pacTeT C YBeJIHqeH:KeM tan {3 H npH tan {3 » 1 B 

peaJIHCTIPlecKHx CYCR MO~eJI.HX C l'ttfs :::; 1000 faB ,1l.0CTHraeT 125-128 faB. 

TeM He MeHee npOBe,1l.eHHbIH B pa60Tax [12]-[13] TeopeTWlecKHtt aHaJIH3 rro­

K3.3aJI, qTO ,lJ,JI5I lllHpOKoro KJIaCCa pemeHHii ypaBHeHHf% peHopMrpyrrilbI MCCM, 

COOTBeTCTBYIOIIJ;HX pe)KHMy HH<ppaKpacHo-A: KBa3H<pHKcHpoBaHHoM TOqKH, BeJIH­

qHHa tan {3 3aKJIIOqeHa B HHTepBaJIe OT 1.3 ,1l.0 1.8. TaKHe CpaBHHTeJIbHO He60JIb­

lime 3HaqeHH5I tan f3 rrpHBO,1J.R.T K cym,eCTBeHHO 60JIee )KeCTKHM OrpaHHqeHH5lM 

Ha Maccy JIerqaAmero 6030Ha XHrrca. TIo6Ie~HHe HCCJIe,lJ,OBaHM5I, IIpOBe~eHHbIe 
B pa60Tax [13], IIOKa3aJIH, qTO ero Macca He rrpeBOCxO,ll;HT 94 ± 5 faB, qTO Ha 

25-30 faB HH.>Ke a6cOJIIOTHOrO BepXHero OrpaHHqeHHH B MRHHMaJIbHOtt eYCR 

M0,ll;eJUI. IIoJIyqeHHoe OrpaHHQeHHe Ha Maccy JIerqaArnero XHrrCOBCKoro 6030­

Ha HaxO,1J,HTCH B rrpe,1l.eJIax ,1l.OCTIDKRMOCTH LEPII. TIOCKOJIbKY Ha cero,n,HSlwHHtt 

,n,eHb 3HaQHTeJlbHa5J. 'tJaCTb pemeHldt, BbIXO,1l.5J.llJ,HX Ha HH<ppaKpacHyIO KBa3H<pHK­

cMpoBaHHyIO TOqKY B MCCM, rrpaKTHqeCKH HCKJIIOqeHa cYIIJ;ecTBYIOm;HMH aKC­

rrepHMeHTaJIbHbIMH ,n.aHHbIMH, aTO cTHMyJIHpyeT TeOpeTH'tJecKHe HCCJlep;0BaHHH 

XI1rrCOBCKoro ceKTopa B 60JIee CJlO)KHbIX GYCM MO,1l.eJISlx. 

fIpocTeitwHM paClli.HpeHHeM MCCM, II03BOJl5J.1OIIJ;HM coxpaHHTb o6be,n.HHeHHe 

KaJlH6pOBOqHhIX KOHCTaHT H rro,n.H5ITb BepxHee OrpaHHqeHHe Ha Maccy JIer"laHrne­

ro XHrrCOBCKOrO 6030Ha, HBJI5J.eTC.H lleMHHHMaJIbHaH cyrrepCI1MMeTpaqHaH CTaH­

,n.apTHM Mo,n.eJIb (HMCCM) [14]-{16]. XHrrcoBcKHH ceKTop aTOM Mo,n.eJUi HapR)J,y 

c ,n.y6JIeTaMH HI H H 2 co.n,ep)KHT ~OrrOJIHHTeJIbHOe CHHrJIeTHOe no OTHoweHHIO 

K SU(2) x U(l) KaJIH6pOBO"lJHbIM B3aHMO,l1,e11:cTBHRM cyrreprroJIe Y. HaJ.l60JIee 

IIpHBJIeKaTeJIbHOH C TO'tJKH 3peHH5J. TeopeTH'tJecKoro aHaJIH3a .HBJI5IeTC.H 06JIaCTb 

napaMeTpH"lJeCKOrO rrpocTpaHcTBa HMCCM, cooTBeTcTByIOllJ,aJI rrpe,1l.eJly CHJIb­

Hofi lOKaBCKOlf CB5J.3H, KOr,1l.a IOKaBCKHe KOHCTaHTbl Ha llIKaJIe BeJIHKOrO 06'be,ZJ;H­

HemHI M x cym;ecTBeHHo 60JIhrne KaJIH6pOBOqHO:A: KOHCTaHTbI gCUT. MMeHHo B 

3TOM 06JIaCTH BepxHee orpaHH'tJeHHe Ha MacCy JIerqatlmero 6030Ha XHrrca ,1l.0­

CTHraeT CBoeI'O MaKCHM3JIbHOI'O 3HaQemiH, KOTopoe na HeCKOJIbKO faB 60JIbrne 
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COOTBeTCTBYIOI.QerO a6COJIlOTHOrO Orpam:fqemlH B MCCM. KpoMe TOrO B paCCMa­

TpllBaeMOM CJIyqae MO)f{HO nO)J,06paTb KOHC'ffiHTbI BSaHMO,IJ;eiicTBIIH TaKIIM 06pa­

SOM, qT06bI nOJIyqHTh 061>e)J,HHeHHe IOKaBCKHX KOHCTaHT b-KBapKa H T-JIen1'OHa 

Ha IIlKaJIe Mx, 06bPlHO BOSHIIKaJOw;ee B TeopHHX BeJIIIKOrO 061>e,n;HHeHHH [17]. 
B Hamme npe,ll.bI,IIyW;HX pa60Tax [18] MhI nOKaSaJIH, 'ITO B pe)f{HMe CHJIbHOn 

lOKaBCKOH CBHSH pemeHHH ypaBHeHHH peHopMrpynnbI HMCCM npHTHrHBaJOTCH 

K KBa3HqmKcHpoBaHHbIM JIHHHHM HJIH nOBepXHOCTHM B rrpOCTpaHCTBe IOKaBCKHX 

KOHCTaHT. IIpHqeM rrpM Yi (0) -+ 00 Bce pcmeHIIH KOHIJ,eHTpHpylOTCH B6JIIISH 

KBa3HcPHKcMpoBaHHblx TOqeK. 9TH TOqKH 06pa3ylOTcH B pesyJIbTaTe rrepeceqe­

HHH XHJIJIOBCKIIX JIMHHH MJIH rrOBepxHocTeii C MHBapHaHTHOn JIHHHeH, KOTopaH 

coe)J,HHHeT cTa6HJIhHyIO <pHKCMpoBaHHyJO TOqKY Ilpll Yi » Q'i C l-1H<ppaKpaCHoii 

cTa6HJIbHOH <pIIKCHpOBaHHOH TOYKOH. ITo Mepc Toro, KaK C YBeJIHqeHlleM Yi(O) 
JOKaBCKHC KOHCTaHTbI rrpH6JUIJKaJOTCH K KBa3HcPHKCHponaHHbIM TOqKaM, TpHJIH­

nciiHble KOHCTaHThI BsaHMo,n,eAcTBIIH CKaJUlpHbIX nOJicii Ai(t) H onpe,IJ;CJICHHbIC 

KOM6I1HaIJ,lnf Macc CKaJIHpHbIX qaCTHIJ, m;(t) rrepecTalOT saBHCCTh 01' HaqaJIh­

HhIX 3Hal.lcHIIM Ha mKaJIe BCJIHKOrO 061>C,IJ;HHCHHH. 

O)J,HaKO Macca JIerqaHrnerO 6030Ha XHrrca B HMCCM CYI.QCCTBCHHO OTJIH­

qaCTCH 0'1' CBoero BcpxHcro OrpaHllqeHHH [19]. B aToii CBHSM n HaCT051rn;eli: pa­

60TC paccMaTpHBaeTcH rrpocTeHwaH Mo,n,eJIb, B paMKax KOTOpOit mh ,n;OCTHraeT 

sepxHcro 'reOpeTHqeCKOrO IlpC)J,eJIa IlpH orrpe,n,CJICHHOM BbI60pe <pYH,lJ;aMeHTaJIh­

HbIX rrapaMeTpOB. BTa Mo,n,eJIb rrOJIy1.meTcH rryTcM MO)J,H<pIIKaIJ,HH HeMHHHMaJIb­

Hoii CYCI1 MO,n:CJIH It rrpMBo,n,HT K caMOCOrJIaCOBaHHoMy peWCHHIO B pe2KHMC 

CHJIhHOii JOKaBCKOit CBHSH. IIpHqeM Y2Ke rrpH cpaBHHTeJIbHO He6?JIbWRX 3Haqe­

HlUIX tan f3 2:: 1.9 Macca JIerqaHIIICrO Xl1rrCOBCKoro 60soHa B MO,n,H¢MIJ,HpOBaHHoit 

HMCCM M02KeT ,n:OCTHraTb 125 - 127 f3B. HecMoTpH Ha TO, 'lTO rrapaMeTpM­

qeCKOe rrpOCTpaHCTBO MCCJIe,n,yeMoH Mo,n:eJIII SHaqHTeJlbHO paCmMp51eTCH, TeOpH51 

lIe YTpaqllSaeT CBoeM rrpe,n,CKa3aTCJIbHOii CIIJIbI. B paMKax npC,ll.JIO)f{CHHOii MO,n,e­

Jill H3yyalOTCH OC06CHHOCTl1 crreKTpa cyrrcprrapTHepOB Ha6JIIO,n:aeMbIX qaC'rHIJ, M 

XllrrCOBCKltX 60S0HOB. Macca JICrqaMWerO XMrrCOBCKoro 6030Ha B aToll MO,lJ;eJIH 

He rrpeBocxo,n,I1T 130.5 ± 3.5 faB. 

IloJIyqeHHoe OrpaHHqeHHe Ha Maccy ner'laiirnero 6030Ha XHrrca He HBJIHeTCH 

a6COJllOTHhIM BepXHHM OrpaHllqeHlleM B cyrrepcl1MMeTpHqHbIX MO,IJ;eJIHX. TaK B 

pa60Te [20] 6bIJIO IlOKa3aHO, 1.11'0 IIpH BBc,n,eHHH qeThlpex - rrHTH ,nonOJIHIITCJlb­

HhIX 5 + 5 MyJIbTHnJlCTOB MaTepllH BepXHee OrpaHllqeHMe Ha mh B HMCCM 

YBem;rqMBaeTCH ,n,o 155 faB. B rrOCJIe,lJ;Hee BpeMH aKTI1BHO 06cy)f(,lJ;aJIOCb BepxHee 

OrpaHHqeHHe Ha Maccy JIerqaMWerO XllrrCOBCKoro 6030Ha B 60Jlcc CJlO)KIIbIX pac­

nmpeHMHx MCCM [21]-[23]. B qaCTHOCTI1, HapH,IIy C CHHrJIeTOM B X11:rrCOBCKHM 

ceKTop CYCl1 MO,lJ;eJleii MO)KHO BBCCTH HeCKOJIbKO 3U(2) TpHrrJIeTOB. l1x rrmm­
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JIeHHe pa..'lpyrnaeT 06'be,lJ,HHeHHe KaJIH6pOBOY:HhIX KOHCTaHT npH BbICOKHX ::lHep­

rHIDC. )l.JUI 1'01'0 Y:T06bI BOCCTaHOBHTb nOCJle,lJ,Hee He06xo,LJ;HMO Hap~,ny C TpHnJIe­

TaMH ~06aBHTh HeCKo.nbKO MyJIhTHnJIeTOB MaTepHH, Hecyrn;HX U;BeToBoll 3ap~,n; 

- no rpynne SU(3), HO He npHHHMalOrn;HX y~acTHH B SU(2) x U(l) B3RHMO,lJ,eii­

CTBH~X, HanpHMep 4(3 + 3). tIHCJleUHbIii aHaJIH3, npOBe,n;eHHbIH B pa60Te [22], 
nOKa3aJI, ~TO 06be,lI.HHeHHe K8JlH6pOBOl:JHbIX KOHCTaHT npH 3TOM npOHCXO,lI.HT Ha 

I1IKaJIe Mx 1017 r3B, a Macca .ner-tIallIlIero 6030Ha XHrrca He npeBoCXO,lI.HTI"V 

190 r3B. TaK)Ke K 3Ha-qHTeJIhHOMY YBe.nH-qeHHIO BepXHero orpaHH-qeHI1.H Ha mh 

npHBO,lI.HT cymecTBoBamm Y:eTBepTOro nOKOJIeHH~ -qaCTHlI; B MCCM [23], BeChMa 

np06JIeMaTHl:JHOe C TO-qKH 3peHH5I H3BeCTHblX Ha CerO~H5IIIIHHH ,n.eHb 3KcnepH­

MeHTaJIhHbIX ,n.aHHbIX. TaKI1.M 06pa30M, POCT BepXHero OrpaHHl:JeHH5I Ha Maccy 

JIer-qaHrnero XHrrCOBCKoro 6030Ha B cynepcHMMeTpH'tJHbIX MO,n.eJIHX KaK npaBHJIO 

COnpOBO)K,n.aeTC5I cyrn;eCTBeHHbIM YBeJIH-qeHHeM -qI1CJ1a -qaCTHlI; B HHX, "'-{TO CJIe,ny­

eT OTHeCTH K qHCJIY Cepbe3HbIX He,lJ,OCTaTKOB TaKOrO po,n.a MO,lJ,eJIeii. B ,n.aHHoii 

pa6oTe, B OTJIHqHe 01' ynoM~HYTbIX BbIIIle, [20]-[23], HCCJle,nyeTC5I 3aBHCHMOCTb 

mh H cneKTpa qaCTHIJ, 01' <pyH,n.aMeHTaJIbHbIX napaMeTpoB MO,lI.HcPHU;HpoBaHHoH 

HeMHHHMaJIbHOii GYCM MO,lJ,eJIH B pe)KHMe CHJIbHOH IOKaBCKOH CB5I3H. 

2. BbI60p Mo,n;eJlll 

ITo nOCTpoeHHIO cynepnOTeHIJ,H8JlHeMHHHMaJIbHOH GYCM Mo,n;eJHI HHBapHaHTeH 
2i1r

no OTHOllIeHHIO K ,n.HCKpeTHbIM npe06pa30BaHillIM Y~ = e / 3Ya rpynllbI Z3 [15]. 
tIJIeH J-LH1H2 cynepnOTeHIJ,H8Jla MCeM He y~OBJIeTBOpHeT3TOMy Tpe60BaHHIO. 

ITo 3TO.1t npHl:JHHe B HMCCM BBO,n;HTC5I ,n;OllOJIHHTeJIbHOe CHHrJIeTHOe no OTHo­

IlleHHIO K SU(2) x U(I) KaJII1.6POBOl:JHbIM B3aHMo,n.etkTBHHM cynepnOJIe Y. Cy­

nepllOTeHIJ,HaJI XHrrCOBCKoro ceKTopa HMCCM [14J-[16J HMeeT CJle,nyIOrn;Htt BH,n;: 

Wh = AY(H1H2) + i y3 . (2) 

B pe3YJIbTaTe C110HTaHHoro HapYIlIeHH5I SU(2) x U(l) CHMMeTpHH nOJIe Y npH­

06pemeT BaKyyMHoe cpe,z:r.Hee « Y >= Y/ y'2) H reHepHpyeTc~ 3<p<peKTHBHwH 

jl-Y:JIeH (IL = AY/ V2) . 
Hap~,!JY C IOKaBCKHMH KOHCTaHTaMH A H x, a TaK)Ke KOHCTaHTaMH CM, HeMI1­

HHMaJIbHaH CYCR Mo,n.eJIb co,n;ep)i'OiT 60JIblliOe t.IHCJIO HeH3BeCTHblX napaMeTpOB. 

91'0 TaK Ha3bIBaeMble napaMeTpbI M5IrKOrO HapyllIeHHH CYCH, KOTopble Heo6xo­

,n.HMbI ,lJ,JIH nOJIyqeHH5I npHeM.neMoro C <l>eHoMeHOJIOrH-qecKoH TOY:KI1 3peHH5I cneK­

Tpa cynepnapTHepOB Ha6mo,u,aeMbIX qaCTHII,. fHnOTe3a 06 yHHBepca.nbHOCTH 3THX 

KOHCTaHT Ha llIKaJle BeJIHKOrO 06'be~HHeHHH n03BOJI5IeT YMeHhllIHTb HX -qHCJlO B 



5 

HMCCM )];0 TpeX: rnO - MaCCa BCeX CKaJI.HpHbIX ~·mcnn~, M1/ 2 - Macca KaJIH­

6pHHO H A - TpRJIHHeHHa.H KOHCTd.HTd. B3aRMO)];ei1cTBH.H CK3JUlpHbIX no.nen. lXJI.H 

Toro '-IT06bI H36e)KaTb CRJIhHOrO CP-HapYllIeHH:.H, a TaK)Ke crrOHTaHHoro Hapy­

rneHH.H KaJIH6pOBOQHOji CHMMeTpHH: npH BhICOKHX 3HeprH.HX (Mpl » E » mt), B 

pe3YJIhTaTe KOToporo CK<l.JI.HpHble cynepnapTHepbI JIenTOHOB H KBapKOB npH06pe­

JIH 6bI HeHyJIeBble BaKyyMHbIe cpe,n;fIHe, KOMnJIeKCHble cPa3bI napaMeTpOB M5fT­

Koro Hapyrner-UUI CYCM rrOJIaraIOT paBHhIMH HyJIIO H paccMaTpHBalOT TOJIhKO 

rrOJIO)KHTeJIhHble 3HaQeHH.H m5. ECTecTBeHHbIM 06pa30M YHl1BepCaJlbHhle napa­

MeTpbI HapymeHH.H CYCI1 B03Hl1KalOT B MHHHMaJIbHO.£i CYfPA [24}, a T3K)KC B 

p.H,l(e CTpyHHbIX Mo,n;eJIe1t [25]. Y:>Ke B 06JIaCTM HH3KHX ::meprl1~ rMllOTe3a 06 yHH­

BepCaJIbHOCTR <pYH,n;aMeH'raJIbHbIX napaMeTpOB n03BOJUIeT 1136eiKaTb n05IBJleHHR 

HeiiTpaJIbHbIX TOKOB C 113MeHeHHeM 4>JI3~:BOpaH MaKCI1MaJIbHO ynpo~aeT aHaJIH3 

eneKTpa QaCTHLJ;. Orrpe,IJ,eJIeHHble TaKHM 06pa30M Ha llIKaJIe BeJUiKOrO 06be.n.R­

HeHH.H cPYH,lJ,aMeHTaJIbHble napaMeTpbI CJleAYeT paCCMaTpHBaTb KaK rpaHHQHble 

YCJlOBH.H )J,JI5I CHCTeMbI ypaBHeHH1t peHopMrpynnbI, KOTOpaJI onHCbIBaeT 3BOJI1O­

Il,HIO 3THX KOHCTaHT BnJIOTb ,n;o 3JIeKTpOCJIa60it IlIKaJlbI HJIH IIlKaJIbI HapymeHH5I 

CYCltI. nOJIHylo cHcTeMy ypaBHeHH1t peHopMrpynnbI HeMHHHMaJIbIIOii cyrrepcRM­

MeTpwIHoti Mo.n.eJIR MO:>KHO HaiiTii B pa60Tax [26], [27]. llOCJle,D,uHe 3KcnepHMeH­

TaJIbHble ~aHHble HaKJIa,n;bIBaIOT p5I,ll, OrpaHHQeuMtt Ha rrpOCTpaHCTBO napaMCTpOB 

HMCCM, KOTopble aHaJIH3HpOBaJIHCb B pa60Tax [28]-[29]. 
BBe,n;eHHe B cynepnoTeH~lfa.rr HMCCM HettTpaJIbHOrO rrDnR Y nplfBO)];HT K no­

.HBJIeUHJO cooTBeTcTBYIO~ero eMy F-qJIeHa B nOTeHLJ;HaJIC B3aHMo~e1icTBH.H XHrr­

COBCKHX nOJICH. KaK CJIe,n;CTBMe, YBeJIH't.{HBaeTC~ BepxHee OrpaUMQeHlfe Ha Macey 

Jler~a:nIlIero XMrrCOBCKoro 6030Ha: 

. /,V , 
mh ::; V2 v2 sin2 2{3 + Mi cos

2 2(3 + ~l + ~2. (3) 

B ,lJ,peBeCHOM rrpI16mDKeHHH COOTHOIlleHHe (3) 6blJIO nOJIyQeHO B pa60Tax [16}. 0)1,­
HaKO neTJIeBble nonpaBKM K 3cP<peKTHBHoMy nOTeHlJ,HaJIy B3aHMo)J;e1tcTBH.H XHrr­

COBCKRX nOJIen OT t-KBapKa R ero cynepnapTHepoB RrpalOT BeCbMa 3aMeTHyIO 

pOJIb. TIo a6COJIIOTHott BeJIWmHe HX BKJIa,lJ, B BepxHee OrpaHHQeHHC Ha Maccy 60­

30Ha XMrrca OCTaeTC51 npHMepHO TaKRM iKC KaK H B CJIy'tiae MRHHMaJIbHOii CYCI1 

MO)l.eJlH. TIpH BbI'tilfcneHHlf rrorrpaBOK ~l H ~2 Heo6xo,ll,MMO rrapaMeTp J.L 3aMeHHTb 

Ha )..yI y'2. M3YQeHHIO XHrrCOBCKoro ceKTopa B HeMHHMMaJIhHOH CYCI1 MO)];eJIH 

11 O)J,HorreTJleBbIX IIonpanOK K HeMy 6bIJIM rrOCB5I:rn;eHbI pa60TbI [l9J, [26]'[291-[32J. 
B pa60Te [6} BepXHee orpaHWleHHe Ha Maccy JIerQaHllierO XHTrCOBCKoro 6030­

Ha B HMCCM COIIOCTaBJI.HJIOCb C cooTBeTcTByIOIlI,MMH OrpaHHl.JeHH.HMH Ha mh 

B MRHHMaJIbHbIX CTaH)J,apTlIOn H cynepcHMMeTpHQHbIX MO)J,eJI.Hx. B03MO)f(HOCTb 
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crrOHTaHHOrO CP-HapymeHH.H B XHrrCOBCKOM ceKTope HMCCM HCCJIe~OBaJIaCh 

B pa60TaX [32]-[33]. 
MiS COOTHOmeHH.H (3) CJteAYeT, qTO BepXHee orpaHIPleHHe Ha mh B03paCTaeT 

C YBeJIH'leHHeM .\. I1pH 3TOM ORO cym;ecTBeHHO OTJIJfqaeTC.H OT COOTBeTcTByIO­

~ero OrpaHlft-leHHH B MCCM TOJIbKO B 06JIaCTH MaJIbIX tan,8. IIpH 60JIbililiX 

3Ha~eHHHX tan,8 » 1 BCJIHqJiHa sin 2,8 3aHyJI.HeTC.H Ii BepxHHe OrpaHlftleHIi.H Ha
 

Maccy JIer-qaAiliero 6030Ha XJfrrca B MCCM H HMCCM rrpaKTwIecKH COBna­


~aJOT. Cu;eHapl1A LKe MaJIOro tan,8 peaJIl13yeTC.H TOJIbKO B CJIyqae AOCTaTOqHO
 

60JIhlU11X 3Haqem'l:ii IOKaBCKoA KOHCTaHTbI t-KBapKa ht Ha 3JIeKTpOCJIa6o"tt lllKaJIC
 

(h,;(to) ~ 1, r~e to = In(Ml/m~)). TIpMqeM, tan,8 YMeHbmaeTC.H C YBeJIM~Ie­

HHeM ht(to). C ,zwyroj;i CTOpOHbI aHaJIR3 ypaBHeHI1ji' peHopMrpyrrnbI B HMCCM
 

nOKa.3hIBaeT, 'lTO pOCT IOKaBCKMX KOHCTaHT Ha 3JIeKTpOCJIa6oft mKaJIe conpOBO­

. )K~aeTC.H yBeJIWleHHeM ht(O) Ii .\(0) Ha lllKaJIe BeJIHKOrO 06beAHHCHH.H. Ta~JiM
 

06pa30M, CTaHOBHTC.H OqeBH~HblM, 'lTO BepXHee OrpaHRqeHl1e Ha Maccy JIerqaii ­


IlIero XMrrcOBCKoro 6030Ha B HeMI1HHMaJIbHO:n CYCR MO~eJIIi AOCTHraeT CBO€­


ro MaKCHMaJIbHOrO 3HaQeHH.H B npe~eJIC CRJIhHOj;i IOKaBCKOD: CB5I3H, Kor,n;a Bce 

peilieHIDI ypaBHeliHD: peHopMrpynnbI KOHIJ,eHTpMpyIOTC.H B6JIH3H HH<ppaKpacHoft 

KBa3H<pJfKCMPOBaIiHoft TOqKH. 

C TO'lKH 3peHH5I TeopenrqeCKOrO aHaJIH3a Hali60JIbllIHtt HHTepec npeACTaBJI5I­

eT RCCJle,u.OBaHHe T.H)KeJIOro crreKTpa CYCM qaCTHIJ" Kor,u.a illKaJIa HapYIlIeHlf.H 

cynepCI1MMeTpMH M~ ~ M}. I1pe)K,u.e Bcero 3TO 06'bHCHHeTC5I TeM, 'lTO B paCCMa­

TpHBaeMOM rrpe,u.eJIe BKJIa.,rJ. HOBhIX QaCTHIJ, B 3JIeKTpoCJIa6ble Ha6JIIO~aeMble npe­

He6pe)KHMO Man: (CM. HanpHMep [34]). KaK y)Ke OTMe'laJIOCb BbIllle, CTaH,lJ,apTHa51 

MO~eJIh C BblCOKOD TOqHOCTblO orrHCbmaeT Bce JiMeIO~ReCH 3KcnepHMeHTaJIbHbIC 

,u.aHHble. ,lI,orrOJIHMTeJIbHble Xl1rrCOBCKHe nOJI5I H cyrreprrapTHepbI Ha6JIIO~aeMbIX 

'lacTHll" B3aJiMo,u.eitcTByH C BeKTopHbIMH W± H Z - 6030HaMH, ,u.aIOT lIeHyJIe­

BOft BKJIa,u. B 3JIeKTpOCJla6ble Ha6JI1o~aeMhle. G,u.HaKO rrpH M~ ~ M~ HX BKJIaA 

OK83hIBaeTCj:i no,u.aBJIeHHbIM CTeneHHbIM 06Pa30M no (Mz /Ms)2. I1pHQeM yBeJIH­

qeHMe lllKaJIbI Hapymemrn CYCH npHBo,u.HT K C6JIli)KeIIHIO TeOpeTHqeCKHX rrpe.n,­

CKa3aHHj;i .n,JISI KOHCTaHTbI CHJIbHOrO B3aHMO,1l,e~CTBIU{ Q s (Mz), KOTopble MO)KHO 

ITOJIyqHTb, npe,u.nOJIaraSI 06'be,lI,HHeHHe KaJIJi6POBOQHbIX KOHCTaHT [35], C pe3yJlh­

'raTa-MH, ITOJIY'leHHbIMH npH 06pa6oTKe 3KCnepJiMeHTaJIbHhIX ,n;aHHbIX [36]. KpoMe 

Toro He06xo,lJ,HMO OTMeTHTb, qTO Macca JIerQaihnero 603011a XHrrca, KOTOpa}l HB­

JUIeTCj:i O,u.HHM H3 ~eHTpa.nbHbIX06beKToB HCCJIe.n,OBaHH5I B mo60ti cynepcHMMeT­

PHQHOft Mo,neJIH, .n,OCTHraeT cBoeti HaH60JIbllIeti BeJIH'lHHbI rrpH Ms tv 1- 3 T3B. 

MCCJIe,noBaHHH crreKTpa qaCTH:I.~ B HeMHH~Ma.n:bHoit CYCI1 MO,1l,eJIH [37] rrOKa­

3aJIH, 'lTO cYlIJ,eCTByeT )KeCTCKaH KoppemI~H.H Me:>K,D,y cPYH.naMeHT3JIbHbIMH na­

paMeTpaMH HMCCM. B qaCTHOCTH, ,lJ,JI.s: Toro qT06bl npOH3011IJIO crrOHTaHHoe 
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HapymeHRe SU(2) x U(l) CHMMeTp~UI R B03HHKJIO OTJIWU-IOe OT 0 BaKyyMHoe 

cpe~Hee rrOJI5I Y Heo6xo.n;lfMO, 'ITo6bI IAx/myl 2:: 3. C ,n.pyrott CTOpOHbI ,n.omKHbI 

BbIIIOJIH5ITbC5I CJIe,n.yIOll.J,Ue HepaBeHcTBa: 

A; < 3 (mI + m~L + mkR ) ,
 

A~ < 3 (mi + mbL + mbR ) , (4)
 
A~ < 3 (m~ + m~L + m&J .
 

B rrpOTHBHOM CJIy'Iae cynepnapTHepbl JIeIITOHOB If KBapKoB rrplio6peTaIOT HeHy­

JIeBhle BaKyyMHhIe cpe,n,Hlfe [38]. Bce 3TI1 Tpe6oBaHI1a npUBO)J,51T K TOMy, 'ITO 

OTHomeHHe lA/mol BaphlipyeTc5I B rrpe,n,eJIax OT 3 /1.0 4. KpoMe Toro rrpH 

I < Y > I S; 10 TaB caMOCOrJIaCOBaHHoe pemeHHe CHCTeMbI HemmeftHblx aJI­

re6pa:wrecKMx ypaBHeHHf.1: 

BV 
-=0 BV =0, (5)
BV2 ' By 

onpe/1.eJI5IIOIll,ee nOJIO)KeHHe MHHHMyMa nOTeHli,Ha.JIa B3aHMO/1.efkTBR5I CKaJI5IPHbIX 

I1OJle:A:, CYll\eCTByeT TOJIbKO rrpH A2 (to) rv x2(to) ::; 0.1. I1pH 60JIbilUIX 3HaQemUIX 

A2(to) H x 2(to) B paMKax HMCCM C MHHliMaJIbHbIM Ha6opoM <pYH,n,aMeHTaJIh­

HhIX rrapaMeTpOB TaKOe pemeHRe nOJIy"':lHTb He y/1.aeTC5I. TaK HarrpliMCp B pe)fUI­

Me CIUlhHOH lOKaBCKoii CB5I3H li3-3a 3HaQRTeJIhHOrO CY)KeHM5I napaMeTpHQeCKOrO 

npOCTpaHCTBa T~DKeJIbltt crreKTp CYCI1l:.JaCTIm, peaJIH3yeTc5I TOJIbKO rrpR YCJIOBIUI 

A/x » 1. O.n;HaKo B paccMaTpHBaeMoH 06JIaCTH rrapaMeTpWleCKoro m~ CTa-HG­

BliTCH OTpHI.I.aTeJIbHhIM Ii <p1l3IiQeCKRii BaKyyM OKa3hIBaCTCjl necTa6HJIhHbIM. B 
paOOTax [39] H [40] OT~eJIbHO aHaJH13HpyeTcH crreKTp CYCI1 'IaCT1'lIJ, B HMCCM 

rrpn tan,8 i=::: mt(mt)/mb(Tnt) H IIpH HeymmepCaJIhHbIX rpaHI1'IHbIX YCJIOBlf5lX. 

,II:mI Toro 'ITo6hI nOJIy'IHTb caMOCOrJIaCOBaHHoe pemeUl1e B pe)KIiMe CMJIhHOii 

IOKaBCKOH CB5I3H, Heo6xo,lJ,HMO MO/1.H<pHI.I.apoBaTb HeMI1HHMaJIhHYIO CYCI1 M0-­

.n;eJIh. HaH60JIee npOCThIM 06pa30M HMCCM MO)KeT 6bITh MO~Hq)Hu,HpoBaHa3a 

C'IeT BBe,n.eHH51 ):(onOJIH11TeJIhHbIX 'IJIeHOB B cyrrepnOTeHll,HaJI XHrrcoBCKoro ceK­

Topa: JIH1H 2 H JI'y2 , KOTopble He 3anperu,eHbI KaJuI6pOBOQHOH SU(2) X U(I) 
If R CRMMe'J'pHHMH. BBe,ll,eHI''!:e rrapaMeTpa J.t o6ecne~mBaeT B03MO)KHOCTb nOJIY­

~IeHH5I. T5I.)KenOro cneKTpa CYCI1 "!aCTIn], B MO,ll,H<pHI.I.RpoBaHHol1 MO,ll,eJI"H, a rrpH 

orrpe/1.eJIeHHOM BbI60pe J./ Macca JIerl:Jaiimcro 6030Ha XHrrca ~ocTHraeT cnoero 

nepxHero OrpaHMQeHl151. I1pM 9TOM Macca JIertIaMIllerO XMrrCOBCKoro 6030Ha I1pH­

HHMaeT HaR60JIhIlIee 3HaqeHlle rrpR x = 0, TaK KaK C pOCTOM x(to) BepXHee 

orpaHWleHMe Ha ero Maccy CHIDKaeTC5J H3-3a YMeHbIlIeHH5I A(to). IloHBJIeHHe ):(0­

rrOJIHHTeJIbHbIX QJIeHOB B cyneprrOTeHI.I.11aJ1e HMCCM pa3pyrnaeT 23 cMMMeTpmo 

11 II03BOJUIeT HCKJIJO'IRTb 113 paCCMOTpeHlUI JOKaBCKyIO KOHcTaHTy caMo~eficTBH5I 
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HeRTpa.n:hHoro rrOJI~ Y (x = 0). Hap5l,ZI,y C rrapaMeTpaMH IJ- H IJ-' B HCCJIeJOT­

eMo:R MO,n;eJIH rr05lBJI5IJOTC5I COOTBeTcTByJOIIJ;He HM 6HJIHHeitHhIe KOHCTaHTbI B3a­

HMO,lJ;e"ticTBH5l CKaJI5IPHblX nOJIeit B H B', KOTOpbIe rrpH MHHHMaJIbHOM BbI60pe 

<PYH,n;aMeHTaJIbHbIX napaMeTpOB CJle~eT nOJIO)KHTb paBHbIMH Ha illKaJIe BeJIHK0­

ro 06be,n;HHeHHH. TaKHM 06Pa30M MO,n;n<pHIJ,HpOBaHHa.H HeMHHHMaJIbHa5l CYCH 
MO,n,eJIb BKJIIOG:aeT B Ce651, Hap5lJOT C KOHCTaHTaMH CM, CeMb <PYH,n;aMeHTaJIbHbIX 

napaMeTpOB: 

A, IJ-, IJ-', A, B, mo, M1/ 2 · 

3.	 OrpaHHQeHIUI Ha rrapaMeTpHQeCKOe rrpocTpaHcTBo MO­

,1J;H<pH:U;HpoBaHHoii HMCCM 

HeCMOTp5l Ha cyw,eC'rBeHHoe paCIlIHpemle rrapaMeTpHt.IeCKOrO rrpOCTpaHCTBa HC­

CJIe,n;yeMoit Mo,n;eJIR, TeopIUI He TCP5leT cBoeit npe,n;CKa3aTeJIbHo:t1 CHJIbI. Ha rrep-­

BOM 9Tarre aHaJIH3a MhI 3a<pHKCIIpOBaml HaqaJIbHhIe 3HaqeHII5I IOKaBCKHX KOH­

CTaHT A2 (O) = h;(O) = 10, cooTBeTcTBYIOrn;I1e pe)KIIMy KB83Hq,I1KCHpOBaHHoit 

TOqKH ypaBHeHIItt peHopMrpyrrrrhI HMCCM, a'l'aK)f(e llIKaJIy HapyrneHHH cyrrep­

CIIMMeTpHH M 3 (1000 r9B) = 1000 r9B, KOTOpa51 OIlpe,u.eJI5leT MaCillT"d6 MacC 

Bcex CYCH qaCTHIJ,. )J;OIlOJIHHTeJIhHoe YCJIOBIIe, <PHKcHpYJO~ee M 3 , rr03BOJI.H:eT 

onpe,u.emlTh O,lJ;HH H3 rrapaMeTpOB HapymeHHH CYCI1 - M1/ 2. fIO.H:BHBUmeC.H B 

rrOCJIe,n;HHe rO,lJ;hI 9KcrrepIlMeHTaJIbHbIe ,lJ;aHHbIe FNAL no H3MepeHHIO MacChI t­
KBapKa n03BOJIHJIH o,u.H03Ha~lHbIM06pa30M CB5I3aTh tan f3 C 3HaqemieM IOKaBCKOit 

KOHCTaHThI t-KBapKa ht . BerYllJ,851 Macca t-KBapKa, KOTOpa51 rCHepHpyeTc5I IlpH 

uapyilleHHH 8U(2) X U(l) CHMMeTpRH, np.H:MO nporroptWOHaJIbHa ht(to): 

(MPQlc) ht(Mfole) . f3 
mt	 t = V2 VSID. (6) 

C ,lI,pyroD CTOpOHbI, 3HaqeHHe mt(Mile), BbIqHCJIeHHOe B MS cxeMe [41], OKa3hI­

BaeTCH paBHhIM mt(MrC
) = 165 ± 5 r9B. HeTOl.JHOCTh B onpe,n;eJIeHHH 6ery~eA: 

MaCChI t-KBapKa B rrepBylO Oqepe,lJ;L 06yCJIOBJIeHa 9KcrrepHMeUTanbHo:a OillH6KOH, 

C KOTOpOit H3MepeHa ero nOJIIOCHaR Macca (Mile = 174 ± 5.4 raB [42]). )J;ml 

Ka)K,ll;Oro cPHKcHpoBaIiHoro Ha60pa rpaHIIl.JHbIX yCJIOBHtl ht(O) II A(O), HCIIOJIb3Y51 

ypaBHeHIDI peHopMrpyrrllbI, MO)KHO BbIqMCJIHTL 3HaQemW lOKaBCKOH KOHCTaHTbI 

t~KBapKa Ha 9JIeKTpOCJIa60H llIKaJIe, a 3aTeM, rrO,ll.CTaBlfB Hatl,n;eHHoe 3HaQeHHC 

ht(to) B cPOpMyJIy (6), onpe,n;eJIIITh BeJIII'uIHy tanf3. B pe:iKHMe HHcPpaKpacHoti 

KBa3HcPHKcHpoBaHHoii TOl.JKII tanf3 ~ 1.88 npIl mt(Mrlc 
) = 165 r9B (cM.Ta6JI.1 

H 2). 
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llpR aHaJIH3e MO)J,HqmII.lIpOBaHHO:A HMCCM He06xo)J,HMo RMeTb B BHAY, tITO 

<pYH,n;aMeHTaJIbHble rrapaMeTpbI )J,OJDKHbI 6blTb rro,ll,06paHbl TaK, tIT06bI Ha 3JIeK­

TpOCJIa60tl: UlKBJIe rrpOH30mJIO crrOHTaHHoe HapymeHHe 5U(2) ® U(1) KaJIR6po­

BOqHO~ CHMMeTPHH. TIOJI02KeHHe <pR3HtIeCKOrO MHHRMyMa rrOTeHD;RaJIa B3aHMO-­

)J,eitcTBH5I XHrrCOBCKHX rrOJIei1: onpe,lI,eJIHeTCH COOTHOlIIeH1HIMH (5). TaK KaK BaKy­

yMHoe cpe,lI,Hee v H tan;3 H3BeCTHbI, CI1CTeMY ypaBlIeHHH (5) M02KHO HCrrOJIh30­

BaTh ,lJ.JIH Hax02K)J,eHIUI J.L H Bo. IIpH 9TOM BMeCTO J.L y,lJ,06HO BBeCTB J.LelI = Il+~' 
DOCJIe HeKOTopbIX l1pe06pa30BaHHil 110JIy"tJaeM: 

2 _ mi - m~ tan
2 f3 + !:lZ(lleU) _ 1M2 

J.Leff - tan2 ;3 - 1 2 Z 

( m; + m~ + 2"'~ff + ~v2 + b.P(l-'eff)) sin 2/3 = - 2 ( B,., + :t.1~) (7) 
( 

y (m~ + 11'2 + B'Il') = ~v2Xl - !:ly(J.Lelf) , 

r,n;e !:li COOTBeTcTBylOT BKJIaAY O,lJ,HorreTJIeBbIX rronpaBOK, a 

. 1
 
X 2 = Vi (11' + A,\) cos 2;3.
 

n pH BbPiHCJIeHHH OlV-lOneTJIeBbIX 110rrpaBOK MhI YtIHTbIBaJIH TOJIbKO BKJIa)J, OT 

IIeTeJIb, cO)J,ep)J<arn.HX t-KBapK 11 ero cyl1epl1apTHepbI, rrOCKOJIhKY ax I3KJIa)J, 5lB­

JI5leTC5l ,ll,OMHHHpyIOllJ;HM. TIo 9TO:A rrpwume Lli 5IBJI5IIOTC5I <PYHKD;H5lMI1 TOJIhKO OT 

J.Leff H He 3aBlfC5IT OT Bo H y. 11s rrepBoro ypaBHeHHfI CHCTeMhI (7) M02KHO HaitTli 

J.LelI· 3HaK J.Lelf rrpH 3TOM He <pHKcHpyeTC5I Hero Hco6xo)J,HMO paCCMaTpHBaTh B 

KaqeCTBe cB06o,lJ,HorO napaMeTpa TeopHH. llO)J,CTaBJI5I5I Hait,n;eHHO€ 3Ha'9:eHBe J.Lel I 
B ,lJ,Ba OCTaBIIIHXC}l ypaBHemffl CHCTeMbI (7), M02KHO HCKJIIOqHTb liS ~mCJIa lIe3a­

BHCHMbIX <PYH,n;aM€HTaJIbHbIX rrapaMeTpOB Bo H Bbl"tJHCJIHTb cpe)J,Hee IIO BaKyyMy 

110JI.SI Y: < Y >= ~. npH"'IeM ,lJ.JI5I Toro tIT06hI HaihH Bo, ny)KHO rrpHHflTb 

BO BHHMaHHe COOTHOlIIeHH5I, CB5I3bIBaIOJ.TJ,He 6HJIHHeitHbIe KOHCTaHTbI D3aHMo,rr,eit ­

CTBH5I B H B' Ha 9JIeKTpoCJIa60n IlIKaJIe C Bo, KOTopble B03HHKalOT IIpB pernemm: 

ypaBueHlIlt peHopMrpyl1IIhI B MO)J,H<pHD;HpoBaHHoH HMCCM (CM. TIpHJIO)KeHHe): 

B(t) = ((t)Bo + u(t)A + w(t)M1/ 21 

B'(t) = Bo+ ul(t)AH¥ + wl(t)Ml/2~' (8)
J.Lo 110 

r)J,e ((t),U(t),UI(t),W(t) H Wl(t) HeKOTopble <PYHKlJ,HH OT t,ht(O) H A(O), 
He 3aBIiC5IUl;Be OT BhI60pa <pYH)J,aMeHTaJIbHbIX napaMeTpOB M5IrKOrO HapYlliemUI 

GYCI1 Ha illKaJIe BeJIHKOrO 06'he,lI.llHeHlI5I, a'raK2Ke OT 110 H Il~. I1Plf Ka)K,n;OM <pHK­

CHpOBaHHOM 3HaKe Ilel I cyIll,eCTByIOT TpH P83JIH'-IHbIX pemeHH5l ClICTeMbI ypaB­

HeHHH (7). O,lJ.HaKO TOJIhKO O,n;HO ll:3 HHX rrpe)J,CTaBJIfieT HHTepec C <pll:3H"'IeCKoti 



10 

TOqKH 3peHIUI. Jib nOCJIe,n;Hero ypaBHeHH"H B (7) CJIe.nyeT, qTO BaKyyMHoe cpe,n:­

Hee rrOJI.H Y OKa3hIBaeTCX ITOpX,Il;Ka y '" Av2 j Ms H" B CJIyqae TX)KeJ!oro CITeKTpa 

CYCM qaCTl-[U; Y ~ v. ~Ba .lWyrHx perneHH.H rrpHBO)J;.HT K CJIIImKOM JIerKoMy 

CP-qeTHoMY XHrrcoBcKoMy 6030Hy, qTO COOTBeTcTByeT TOHKOA: HacTpo"ttKe Me)f(­

11J' <pYH,n:aMeHTaJIhHhIMH rrapaMeTpaMH Bo II /1-'. 
Hatt,n,eHHhIe TaKHM 06p83oM rrapaMeTphI /1-eff H Bo, R TaKJKe cpe,n;Hee ITO BR­

KyyMy Y 3aBHC5iT OT BhI60pa A, mo H /1-'. ITO~TOMY nR CJIe,n;YIO~eM 3mITe aHa­

JIH3a MOAH<pH~HpoBaHHo:A:HMCCM MhI IICCJIe,n:OBaJIH 3aBHCHMOCTb crreKTpa qa­

CTHIJ; OT 3THX <pYH,lI,aMeHTaJIbHhIX rrapaMeTpOB. ECJUi 3BOJIIO~H.H KaJIH6pOBOqHhIX 

H IOKaBCKKX KOHCTaHT H3BeCTHa, TO 3TO n03BomieT pRCCMRTpHBaTb oCTRBrnylOCH 

qacTh ypaBHeHH"tt peHopMrpyrrITbI HeMHHHMaJIbHOH CYCM Mo,n.eJUI KRK cHcTeMy 

mmeHHblX ,n.H<p<pepeH~HaJIbHhIXypaBHeHH"f.t OTHOCHTeJIhHO rrapaMeTpOB M.HfKOro 

HapymeHHH cyrrepcHMMeTpHH. IlpH pemeHHH ,lI,aHHo1t CHCTeMhI ypaBHemrA He06­

XO,lI,HMO B rrepBYIO Oqepe,lI,h npOHHTerpHpOBRTb ypaBHemUI ,lI,JISI MacC KaJIH6pHHO 

H TpHJIHHe.AHbIX KOHCTaHT B3RHMO)J;e"ttCTBH5i CKaJmpHhlX nOJIeH Ai(t), R 3a'reM no­

JIyqeHHhle pe3YJIbTaTbI HCIIOJIh30BaTh IIpH BhIqHCJ1emm m;(t). llOCKOJIhKy pac­

CMaTpHBaeMa5l CHCTeMa AH<p<pepeH~HaJIhHbIXypaBHeHH:A: HBJI5ieTCH JIHHe:A:Hoi%, 

ee 06m;ee pemeHHe rrpH MHHHMaJIhHOM BhI60pe <pYH,n:aMeHTaJIhHbIX rrapaMeTpOB 

Mo~eT 6hITh npe,n:CTaBJIeHO B CJIellJ'lOrn;eM BH,n:e (CM. fI8]): 

~(t) = ei(t)A + fi(t) M1/ 2 , (9) 

m;(t) = ai(t)m~ + bi (t)Mf/2 + c;(t)AM1/ 2 + di (t)A2. 

<I>YHK~HH ei(t), fi(t), ai(t) , bi(t), e;(t) H di(t) OCTaIOTCH HeH3BeCTHhIMH, TaK KaK 

aHaJIHTHqeCKOro pemeHIDI rrOJIHoA: CHCTeMhI ypaBHeHHA: peuopMrpyIIIlhI HMCCM 

He cym;eCTByeT. B pa60Te [18] 6hIJIO rrOKa3aHO, qTO no Mepe npH6JIH)f{eHH5I pe-­

meHHfi K KBa3H<pHKcHpoBaHHo:A: TOqKe 3HaqeHlHi <PYHKU;liit ei(to), Ci(tO) H di(to) 
CTpeM.HTCH K Hymo, a KOM6HHR~HH Macc CKaJI.HpHhIX qaCTHI.J;: 

VJ!¥(t) m~(t) + m~(t) + mfJ(t) , (10)
9Jt1(t) = mj(t) + m~(t) + m~(t), 

rrpaKTHqeCKH He 3aBHC.HT OT mfi. IIpH aTOM BblpIDKeHH5i ,n:JUI napaMeTpOB MHrKoro 

HapYIlIelimI CYCM (9) cym;ecTBeHHO ynpo~aIOTC5I H OKa3bIBaeTC5I B03MO)f(HhIM 

npe.n.CKa3aTb 3HaqeHH.H ai(tO) B6JIH3H KB33HcPHKcliponaHHhlx TOqeK. Ha 3JIeK­

TpoCJIa6o:A: IlIKaJIe npH t = to COOTHomeHHH (9) onpe,n:emllOT 3aBi1CHMOCTh napa­

MeTpOB M.HrKOrO HapyrneHH5i CYCI1 Ai(t) H m[(t) OT HX HaYlaJIhHbIX 3HaqeHH~ 

Ha IllKaJIe BeJIHKOrO 06'be,ll;HHeHHfl (t = 0). IIOJIyIJeHHble pe3YJIhTaTbI IT03BOJIH­

lOT HCCJ1e,lI,oBaTh 3aBliCHMOCTh cneKTpa XHrrCOBCKHX 6030HOB H cyrreprrapTHepOB 
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Ha6JIlO,II,aeMbIX qaCTHlJ, OT A M rn5. Ha 3aKJIIOq:aTeJIhHOM 3Tarre aHaJUI3a MO,Il.Hqm­

IJ;:apoBaHHoH HMCCM MhI BapblipOBa.1Uf 3HaqeHlI}! IOKaBCKax KOHCTaHT Ha illKaJIe 

BeJIHKOrO 06'be,n;HHeHHH ht(O) H ~(O), a 'ffiK)Ke illKaJIy HapYIlleHHSI CYCI1. 

XOTSI rrpH tan fJ ::; 2 B pe)KHMe CHJlbHOH: IOKaBCKOH: CBSI3H ht H ~ MO)KHO 

rrOlJ,06paTb TaK, t.ITo6bI IOKaBCKRe KOHCTaHTbI b-KBapKa H T-JIenTOHa 6hIJIH 6hI 

paBHhI Ha IIIKaJ1e BeJIHKOrO 06'he)l.HHeHHH [18], [43], npH HCCJle,LJ,OBamm crreKTpa 

t.IaCTHIJ; B MO,LJ,ll<pllIJ;HpOBaUHofi HMCCM MbI He CTaJIl1 orpaHWlImaTbC5I CJlyqaeM 

RbT(O) = 1, r,LJ,e Rbr = hb(t)/hr(t). )J,aHHoe YCJIOBHe B03HHKaer B MHHHMaJIb­

HbIX cxeMax 06'be,lvmeHHSI KaJIH6pOBOqHbIX B3aRMO)l.etlcTB.I1H [17] H HaKJIa,n;bIBaeT 

neCbMa )KeCTKHe OrpaHHt.IeHH5I Ha rrapaMeTpHt.IeCKOe npocTpaHcTBo HCCJIe,n;yeMoti 

Mo,n,eJIH. O,Il.HaKO, rrOCKOJIhKY hb H hr rrpM tan fJ '"'-I 1 MaJIhI no a6COJlIOTIIotl BeJIH­

'HiRe, OHH MorYT reHepnpOBaTbC7I 3a Ct.IeT HenepeHopMHpyeMblx onepa1'opOB rrpH 

cnOHTaHHOM HapyllIeHHH CIIMMe'.rplUf Ha IlIKaJIe M x , II B 3TOM CJIyqac IOKaBCKHe 

KOHCTaHTbI b-KBapKa H T-JIenTOHa MoryT He COBl1a.n;aTb. 

4. BhIQnCJIeHHe Mace XlIrrCOBCKHX 6030HOB II HeBTpaJIHHO 

ITpe)K,LJ,C Bccro paCCMOTpl1M xHrrcoBcKlifi CCKTOp B Mo.n;HqmlJ,HpOBaHHoH 

HMCCM, KOTOpbIH: BKJIIO'IaeT B ce65I TpH CP-~IeTHbiX COCTOHHI15I, ,lJ;Ba CP­

He-qeTHhIX H O)I.RH 3ap}OKeHHblti xHrrcoBcKH:R 6030H. Orrpe,lJ;eJUiTemt: MaCCOBbIX 

MaTpHl.l, CP-HeqeTHbIX H 3apH)KeHHbIX xarrCOBCKHX 6030HOB 06pall.l,aIOTC5I B 

HOJIb, '-ITO OTBeqaeT nOHBJICHH:IO .n;BYX rDJIlJ,CTOyHOBCKHX 6030HOB, KOTopble npH 

CIIOHTaHHOM HapyrneHHn 5U(2) x U(l) CMMMeTpHI1 nOrJI0m.aIOTCH MaCCHBHbIMH 

BCKTopHbI~mW± H Z - 6030HaMIi. MaCCOBaJi MaTpHu,a 3 x 3 CP-He11eTHoro ceK­

Topa o6p83yeTcSI npH CMeIllHBaHHI1 MHIiMblX llaC'rett He1tTpaJIhHbIX KOMIIOHCHT 

XlfrrCOBCKax ,n;y6JIeTOB C MHRMOH ~IaCTbIO rrOJI>I Y. O,1l,HaKO, 6J1aro,n;ap5I TOMy, 

'ITO onpe.n;eJlHTeJIh TaKOH MaTpalJ,bI O.Ka3bIBaeTC5I paBHbIM HyJIlO, sa,1l,a'lfa 0 HaxO­

)K,lJ,eHHH C06CTB€HHhIX 3HaqeHHH: CBO,Il.HTC5I K pemeHHIO 06hI"Y:Horo KBa,lIJ)aTHoro 

ypaBHeHU5I. BbI'lfllCJleHHble IIpH 3TOM MaCCbI CP-HeqeTHbIX COCTORHHt1: B MO,l,I,H­

<pMIJ;HpOBaHHo:fi HMCCM paBHhI 

(m~ - m1)' +4 (~(!" +A,) +~)' ) , (11) 

2 2 

2 2 + 2 + 2 2 + 2>. V 2 + A ffiB2 = rn2 
y + ','2 _ B' /I' + >'2 v 2 + 1\3,rnA = ffil rn2 IJeff U.A, r- r- 0­

r,n.e Ll i - o.n;HoneTJIeBbie norrpaBKll (cM.{26J,{29j, [31]). 
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BOJIee CJIO>KHaH cHTyaIW:H CKJIaAhIBaeTCH B CeKTOpe CP-qeTHbIX XHrrCOBCKHX 

fIOJIeA:, KOTOphIii IIOSIBJIHeTCSI B pe3YJIhTaTe CMemHBaHHH ,n;eitcTBHTeJIhHhIX 'IaCTe~ 

HeiiTp3JIbHbIX KOMIIOHeHT XHffCOBCKHX ~JIeTOBH IIOJIH Y. ,L(eTepMHHaHT MaCCO­

BO:A: MaTpHu.bI CP-qeTHOrO ceKTopa He paneH HyJIIO H II03TOMY ,lI.JIff BhlqUCJIeHHH 

ee co6CTBeHHhIX 3Ha-qeHHH. He06xo,lI.HMO peIIIHTb Ky6wlecKoe ypaBHeHHe. O,n;HaKo 

B CJIyqae T5DKeJIOrO cneKTpa CYCI1 qaCTHIJ; (Ms » Mz) B 6a3HCe XHrrCOBCKHX 

nOJIe:A" 

Xl = ....L cos (3ReHo + l sin (3 RelioV2 1 V2 2 

X2 = - ~sin(3ReHP + ~cos(3ReH~ (12) 

X3 = Vi
-.LReY

paCCMaTpHBaeMa5i MaTplUl,a HMeeT HepapXHtIecKyIO CTpyKTypy: 

(13) 

r,!!,e 

E 2 - 0 E2 - 2 + 2 + 2 21''''- , 2 - m 1 m2 J.Lef f ' E~ = m~ + J.L'2 + B'J.L' , 

Vll = Mi cos 
2 2(3 +. !A2V 

2 sin2 2(3 + Llll , Vi3 = \131 = AvXI + Ll13 , 
2Vi2 = V21 = (!A2

V - ~Mi) sin 4(3 + Ll12 , V23 = V32 = AVX2 + Ll23 , 

2
\122 = Mj sin2 2(3 + i.A2

V cos2 2(3 + ~A + Ll22, \133 = !.A2
V 

2 + ~33 • 

3,n;eCh ~A H ~ii - IIonpaBKH 0'1' neTeJIh, CO,LI.ep)K3,W;HX t-KBapK Hero cynep­

napTI-Iephl. MepapXH-qeCKaJI CTpYKTypa MaccoBoA: MaTpHlJ,hI n03BOJUle'!' HCrrOJIb3~ 

BaTh ,lI.JUI ee ,LI.HarOHaJIH3aIl,HH TeopHlO B03MYlIJ,CHHH KBaHToBoi}. MexaHHKH. POJIb 

rrapaMeTpOB MaJIOCTH B TeopHH B03Mym;eHH:A: HrpalOT OTHOllleHH5:I (M}IEi) H 

(Mjl E~). ,lJ;aHHhIA: MeTO,!!, BhltIHCJIeHHH Macc 6030HOB XHrrca B cynepcHMMeT­

pHtIHhIX TeOpIU:lX 6hIJI pa3BHT B pa60Te [19]. TaM JKe 06cy)K,lI.aeTCH Hmr60JIee 

IIpOCTOit cIIoco6 no.nyqeHHH HepapXHqeCKOii MaccoBofi MaTpHIJ;bI B 6a31lce xurr­

COBCKHX IIoJIeii (12). 'tJHCJIeHHblit aHaJIH3, npoBe,!!,eHHbIA: B ,n;aHHoit pa60Te, IIOKa­

3M, "ITO MeTO,!!, TeopHU B03Myw;eHHR: n03BOJI.5leT BbltIHCJUITb MaCChI XHrrCOBCKWC 

6030HOB B MO,!!,H<pHIl,HpOBaHHOH. HMCCM C TO'UIOCThlO,lI.O 1 r3B("", 1%). 
YnOM.51HYTbI:A: BblIIIe MeTO,ll, MO)KeT 6bITb HCrrOJIb30BaH ,lI.JIH ,LJ;HarOHaJIH3au.HH 

MaCCOBOH: MaTpHu.hI He:A:Tpam1HO, KOTOpa5i B03HHKaeT B pe3YJIbTaTe CMeIIIHBaHH5:I 

cynepnapTHepoB KBJ.IH6pOBO"lJHbIX W3 H B (HJIH Z II 1') 6030HOB C cyrrepnapT­

HepaMH He"A:Tp3JlbHhIX XHrrCOBCKHX rrOJIelt. B 6a3l1ce (EO, W3, fip, fi~, Y) 3Ta 
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M 1 0 -A' B' 
0 M 2 0' -D' 

Mij = 
-A' 

B' 

C' 

-D' 

o 

/-leff 

/-leff 

0 

0 0 ~v sin,B ~v cos ,B 

o 
o

.l2V sin,B 

~vcos,B 

/-l' 

(14)
 

<PparMeHT MaTpMU;bI 4 x 4, KOTOpbI:lt BKJIlOqaeT B COOH nepBble T.JeTblpe cToJI6u,a 

11 qeTblpe CTpOKH, COBnaAaeT C MaccoBoit MaTpMn;ett He:ltTpaTIMHO B MCCM C 

A', B', C' II D' paBIIbIMM: 

A' = Mzcos,BsinBw, B' = Mzsin,BsinBwl
 

C' = Mzcos,BcosBwl D' = Mzsin,BcosBw .
 

TIPM nOMOIIJ,M YHHTapHoro npeo6prooBaHI1.H U: 

1 0 0 0 0 
0 1 0 0 0 

1 10 0 0U= vf '?0 0 0-\1'2 J2 
0 0 0 0 1 

MaTpHI.\a (14) MO)KeT 6bITb npHBe,n.eHa K BH,1JJ' (13) M' = UMU+. IloCJIe 'lero, 

HCnOJIb3y.H B Ka'leCTBe MaJIbIX napaMeTpOB OTHomeHHH (Mz / /-le!!)2 11 (Mz / /-l'?, 

~ rrepBOM nopH)l;Ke TeopHH B03MYlIJ,eHHit ,IJ,JlH cneKTpa CYCR T.JaCTHU; nonyqaeM: 

= tA' - B'l (A' + B'? 
m;b M1 + 2 M1 - /-leff) + 2(M1 + /-lejf) ,
 

C'-D,2 tc' +D'f
 (15)M2 + 2 M2 - /-lefj + 2 M2 + /-lejJ) , 

(A' - B') fe' - IJ)'i ,x2v 2 sin2(,'3 + rr/4) 
/-leff + 2(P,eff - M1) + 2 /-Le!! - M 2 ) + 2(J1.eff - J1.') , 

= _ _ (A' + B')2 _ (C' + D')2 _ :>'?v2 
sin

2 (,B - Jrj4) 
m X4 J.£e!! 2(M1 + J1.ef!) 2(M2 + J.£eff) 2(PejJ + J1.') , 

A2 2 
, ,x2v 2 sin2 (,B + 11"/4) V sin

2(,8 - 1[/4) 
m X5 fl + 2(J.£' - fleJj) + 2(J1.! + flejJ ) 

To '-IHOCTb, C KOTOpOH BbI'lnCJUlIOTCH m Xi ' HeCKOJlbKO HHJKe, qeM B CJlyT.Jae CP­
qeTHOrO xnrrCOBCKOf'O ceKTopa. B nepBylO Oqepe,l.l,b :::lTO 061>5ICH.HeTC5I TeM, "ITO 
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rrapaMeTpbl, no KOTOphIM npOHcxo,n;IIT pa3JIO)f(eHHe npH ,lwarOH8JU:l3alJ,HH Mac­

COBOH MaTpHIJ.hI He~TpaJIHHO no TeopHH B03Myru;eHHH, 6oJIbwe. Mhl He 6y,n;eM 

3,n;eCh nO,[q)06HO OCTaHannHBaTbc.H Ha 06cy)K,n;eH:liH cneKTpa cKBapKoB, CJIenTD­

HOB II qap,LVKHHO, TaK KaK aHaJIHTHqeCKHe Bhlp~eHH~ AJIH Macc 3THX qaCTHIJ; 

OCTalOTCH TeMH )Ke, 'lTO H B MCCM. IIpH 3TOM BO Bcex <popMynax /-l He06xo,LJ,lI­

MO 3aMeHHTb Ha /-leiI. OTMeTlIM TOJIbKO, qTO B rJIaBHOM npH6JIH)KeHIIH MaCCbI 

,n;BYX ,n;HpaKOBCKHX qap,LVKIIHO II HeATpaJIHHO X2, X3 cOBna,n;aIOT: mit ~ /-lell H 

mx~ ~ M2. 

5. Pe3YJIbTaTbI "llHCJIeHHOrO aHaJIH3a 

Pe3YJlhTaThI qHCJIeHHOrO aHaJIH3a ClIeKTpa XHrrCOBCKHX 6030HOB H cyneprrapT­

HepOB Ha6JIlO,n;aeMhlX qaCTIIIJ. B Mo,u;lIqmlWPoBaHHoA HMCCM npe,n.CTaBJICHhI Ha 

pHc.1-3 H Ta6n.1-3. IIpe)f(,n;e ncero Heo6xo,u;HMO OTMeTHTh, 'ITO rrpH Ka)f(1I;OM <pHK­

CHpOBaHHOM 3HaKe {telf cyru;eCTByloT ,u;Be pa3perneHHhIe 06JIacTII rrapaMeTpHl:fe­

CKOrO rrpOCTpaHCTBa. B O,u;HOH 1'13 HHX MaCCa JIcrqaAmero 6030Ha Xllrrca 60JIhme, 

'{eM B MCCM (CM. pllc.1aR pHc.2a), a B 4Pyroft - MeUhIIle (CM. pRc.16H pHc.26). 

Macca JIerqat\mero XHrrCOBCKoro 6030Ha, BbIqHCJIeHHaSJ B rrepBoM nOpg,u;Ke no 

TeopHH B03Myrn;emfii, IIMeeT CJIe,n;yIOrn;H"A: BIi,n;: 

2 1V1312 
2·2 1 2 2 • 2 (AVX1 + ~13)2 ( )

mh ~ VlI-- = M z cos 2.B+-A v 8m 2.B+All- 2 '2 B'" 16E23 2 my + {t + p 

TaK KaK MaTpMqHbIH 9JIeMeHT Vi2 rv Mi, MbI npeHe6perJIH ero BKJIa,n;OM B mho 

CBoero HaH6oJIbillerO 3Hal:feHH.H Macca JIerqafirnero CP-qeTHOrO 6030na XHrrca 

,n;OCTHraeT rrpH pi = - ~/-le2Jf3J - A,\ - )\V2~~j3' Kor,n;a V13 = 0 (CM.pHc.la H 2a).SIn vsm 
TaKHM 06pasoM mh 6o.rrhrne B ToD 06JIaCTH napaMeTpHqeCKOrO rrpOCTpaHCTBa, 

r,u;e 3HaKH p' II {teff npOTHBOIIOJIO)KHbl. B IIpe,u;e.n:e {t' -t ±oo MaCCbI CP-qeTHoro 

H CP-HeqeTHOrO XHrrCOBCKIIX 6030HOB, COOTBeTcTBylOI.IJ;HX rrOJIIO Y, CTaHOB.HT­

C5I MHOI'O 60JIhille lllKaTIbI HapymeHII~ cyrrepclIMMeTPHH. IlplI 3TOM B 06JIaCTH 

HH3KHX 3HeprHtt HX BKJIa,u; B 3<P<PeKTIiBHblt\ rrOTeHIJ,HaJI B3aMMo,u;eHCTBHH XHrr­

COBCKHX nOJIett HI R H2 3aHYJl.HeTC~, H Macca JIerqattwero 6030Ha XHrrca OKa­

3hIBaeTCH T01t me, qTO H B MCCM. ITo 9Toti rrpHqHHe, KaK BH,n;HO H3 rpa¢liKoB, 

IIpHBe,u;eHHbIx Ha pHc.1a,6 II 2a,6, mh BhIXO,u;HT Ha rrocToHHHoe 3HaqeHHe rrpH 

,i -t ±oo. TIpe,u;cTaBJTeHHble Ha 9TIIX pllCyHKax pe3YJIbTaThI qHCJIeHHbIX pacqe­

TOB cBII,n;eTeJlbcTBYIOT 0 TOM, 'ITO rrpll BblqllCJIeHIIH MaCChI Jlerqattmero 6030Ha 

XHrrca ,ll,ByxneTJIeBhIe nOIIpaBKH [11] HrpaIOT 3aMeTHyIO pOJIh. B paCCMaTpliBa­

eMOM CJIyqae OHR YMeHbmalOT ero Maccy npH6J1H311TeJIbHO Ha 10 raB. XOT5J C 
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YBeJU19.eHHeM llIKaJJbl uapymeHRSI CYCI1 O)l,HOneTJIeBbJe rronpaBKH pacTyT JIo­

rapHCpMHqeCKH, RX POCT npI1 Ms :» Mz nOJIHOCTblO KOMrreHcRpyeTC.H 3a C~IeT 

f};B8.)l(,1J;bl JIOrapl1<pMHQeCKOM: aCMMnTOTHKH ,n,ByxneTJIeBblX norrpaBOK H mh OCTa­

eTCH npaKTHQeCKH HeH3MeHHOM:. Y"'leT neTJIeBbIX rrorrpaBOK rrpHBO)J,HT K TOMy, 

"'ITO rrpH /-leII < 0 MaCCa JIerl.iaHruero 6030Ha Xl1rrca 60JIbllIe, "'leM B c.rryl.iae 

/-lell > O. 9TO 06bHCHaeTCSI TeM, ~ITO mh paCTeT C YBeJlHlJeHHeM CMeIIlHBamm 

B CeKTOpe cynepnapTHepOB t-KBapKa (tR H· h), KOTopoe onpe,n,eJI5IeTCH BeJIWIH­

HOM X t = At + /-leff/ tan (3. fIOCKOJIbKy At < 0, CMeUHmaHHe Me:>K,lI,y tR H h 110 

a6COJIIOTHoil: BeJIH"'lHHe 60JIbme npH /-left < O. CJIe,IIyeT OTMeTHTb, "'lTO MaCCa JIer­

i:£a~Illero 6030Ha XHrrCa npaKTHl.ieCKH He 3aBMCliT OT A 11 mo, qTO 06YCJIOBJJeHO 

cJIa60~ 3aBliCHMOCTblO Macc CKBapKOB 0'1' COOTBeTcTByIOlll,HX cPYH,n,aMeHTaJIbHbIX 

rrapaMeTpOB (cM.m6JI.I-2). 

TaK KaK Ta ~-IaCTb napaMeTpH'"IeCKOrO rrpOCTpaHCTBa, B KOTOpOH /-lei i If /-l' 
HMeIOT O,ll,MH H TOT JKe 3HaK, npaKTli9.eCKIf IiCKJIroqeHa Cyrn.eCTBYIOIIJ;HMH 3KCne­

pHMeHTaJIbHbIMIf )l,aHHhIMH, HaH60JlblllMM: HHTepeC rrpe,ll,CTaBJUleT liCCJIe,n;OBaHHe 

CneKTpa XMrrCOBCKIiX 6030HOB B 06JIaCTI-I, r,n,e MaCCa Jler9.atilllero 6030Ha XHrr­

ca 60JIbllIe, ~leM B MliHHMaJIbHOil: CYCl1 MO,ll,eJIH. B paCCMaTptlBaeMoit 06JIaCTH 

napaMeTpW:reCKOrO npOCTpaHCTBa 6HJIMHe'ttHble KOHCTaHThI M5ITKOrO HapYllIeHH5I 

CYCM Ii /-leff I1MeIOT rrpOTImOnOJIO)KHble 3HaKH, a n6JIH3M MaKcRMyMa mh rra­

paMeTp /-l' rv -.2/-l2efj (1f.L/1 > If.Lel!l rv M s). fIo 3TOH IIpH"'lHHe CaMOM: T5DKeJlOa sm 
9.acTHu.ea B cneKTpe MO,ll,McPHIJ,HpoBaHHoH HMCCM 5IBJIReTC.H CP-qeTHhIR XHrr-

COBCKHit 6030H, cooTBeTcTByIOIIJ;Hit HeRTpaJIbHoMy nOJIro Y, TaK KaK ero Macca 

B rJIaBfIOM npliI6JlHJKeHHH 110 TeopHH B03Myrn.eHMil: paBHa m~ ~ E§ > f.L f2 
U 

cyrn.eCTBeHHO 60Jlbme mKaJIbl HapymemnI CYCR. KaK BHAHO H3 pl1c.16 H 26 
Macca ,a;pyroro T5I)KeJIOro CP-"'leTHOrO 6030Ha XMrrca (mH) rrpaKTHqeCKM He 

3aBHCliT OT f.L', TaK KaK m~ » mk' C ,a;pyroii CTOpOHbI cneKTp CP-HeqeTHoro 

XHrrCOBCKoro ceKTopa B 3Ha9.UTeJIbHOM: CTeneHH onpe,ll,eJIHeTC£ BbI60pOM <pYH,ll,a­

MeHTaJIbHbIX napaMeTpOB. C pOCTOM f.L' Macca CP-Hel.ieTHOrO Y yBeJII1"'IHBaeTC5I 

H IIOC.7Ie,2J,HR~ OKa3bIBaeTC5I B qRCJIe HaR60JIee T5DKeJIbIX QaCTIiIIJ,. ilpH 3Ha"'leHll5IX 

f.L' B ' , Macca JIer'laH:IIIerO CP-He'leTHOrO 6030Ha XHrrca m~2 ~ m13aHyJI.HeT­f'.J 

CH (CM. Puc.It! H 26), "ITO rrpUBO,ll,RT K 1I05IBJIeHHIO OrpaHH'IeHI15I Ha f.L'. TeM He Me­

Hee rrpH TaKOM BbI60pe cPYH,n,aMeHT'aJIbHbIX napaMeTpOB 3TOT XHrrCOBCKI[~6030H 

rrpaKTJ-IlJeCKH He y"'IaCTByeT B 3JIeKTpOMarHHTHbIX H CJIa6bIX B3aMMO,ll,e:A:cTBH5IX, 

TaK KaK OCHOBHOH: BKJIa,n, B ero DOJIHOByIO cPYHKIJ,HIO BHOCHT CP-ne'"IeTHaSI Co­

CTaBJI5Horu;aH nOJI5I Y. il03TOMy ,IJ,IDKe B CJIy"'lae, KOr,IJ,a ero Macca OTHOCIITeJlbHO 

UeBeJIHKa, saperHCTpHpOBaTb ,n,aHHyIO 9.aCTHJJy na 3KcrrepHMeHTe IIpe)l,CTaBJIH­

eTC51 BeCbMa np06JIeMaTH'lHbIM. CaMbIM THIKeJIblM q,epMHOHOM B HCCJIe,IIyeMOH 
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Mo,n;eml 5IBJUleTC5I cynepnapTHep rrOJI5I Y. Ero Macca m X5 rrponop~OHarrbHa JL' 
(cM.(15)). CrreKTp OCTaJIbHhIX HefiTpaJumo, qap,n;*MHO, CKBapKOB Ii: CJIenTOHOB 

He3aBHCHT 0'1' BbI60pa JL'. 

fIoCKOJIbKy B pe:>KHMe CHJIbHOli IOKaBCKOti CBRSH Ha 3JIeKTpOCJIa60~lllKaJIe HC­

lIe3aeT saBHCRMOCTb rrapaMeTpOB M5IrKOI'O HapylllemuI CYCR OT A, crreKTp cy­

rrepnapTHepOB Ha6JIlO,IJ,aeMhIX llaCTRU;, a TalOKe JLeff R B) llHCJleHHble 3HaqeHR5I 

KOTOpbIX onpe)l,eJIHIOTC5I rrpH pernemfH CHCTeMhI ypaBHemdt (7), CJIa60 MemIIOTC5I­

npH H3MeHeHHH TpHJIHHetiHott KOHCTaHTbI B3aHMo~eaCTBHHCKaJI5IPHbIX nOJIefi OT 

- M1/ 2 ,n;o M 1/ 2. HeCMOTp5I Ha 3TO 3aBHCHMOCTb crreKTpa XliTrCOBCKHX 6030HOB 0'1' 

A COXpaH51eTC5I. rJIaBHbIM 06pasOM OHa 06yCJIOBJIeHa TeM, qTO 6IiJIHHe11:Ha5I KOH­

CTaHTa B3aHMo,n;eHCTBH5I HeRTpa.nbHbIX CKaJI5IPHbIX nOJIeM B' rrpOrrOplJ,HOlIaJIhHa 

A. ¥ICrrOJIb3Y5I COOTHOmeHH5I (8), rrOJlyqaeM 

B'(to} = ((~o) B(to} + [(u,(to): - ~g:l) x + (w,(.to): - ~g:j) ]M'/2, 

r)l,e x = A/M1/ 2• C YBeJIHqeHReM x rrpR JLeff < O(j1.eff > 0) 6RJIHHefiHa5I KOH­

CTaHTa BsaHMo,n;eitcTBH5I B' YMeHhlIIaeTCH (YBeJIHqI1BaeTC51) no a6COJIIOTHOt:\: BeJIH­

qHHe H Ha060poT. fIpH YMeHbIIJeHH11 IB'I MaCChI CP-qeTHOrO 11 CP-HeqeTHOrO 

COCTOJIH11.A., COOTBeTCTBYIO~HX He:nTpaJIbHOMy rrOJIIO Y, C6JIH)KaIOTC5I. B TO )f{e 

BpeM5I POCT B' rro a6cOJJIOTHo.A. BeJIHqHHe rrpHBO,lI,RT K YMeHbIlleH11IO m~2' KOTG­

pa5I 3aHYJl5IeTCR rrpa B' '" JL'. 3aBRcRMoCTh crreKTpa XRrrCOBCKRX 60S0HOB OT 

rrapaMeTpa A rrpH mo = 0 HCCJJeAy-eTCR na pRc.It! H 22. IIapaMeTp J.L' B pac­

CMaTpHBaeMoM CJIyqae BbI6HpaeTC5I TaKHM 06pasOM, qT06bI Macca JIerQa1tmero 

XHrrCOBCKoro 6030na cOBrra,n;aJIa c BepxHHM OrpaHHQeHHeM Ha mh rrpM A = O. 
XOT5I B p51)l,e CJIyqaeB npH aHamme MO,ZJ;H<pHIJ;HpoBaHHoit HMCCM MhI rrOJIara­

JIH mo = 0, 9TOT rrpe.n,eJI HerrpHeMJIeM C <pHSR'tIeCKo1t TOQKH 3peHH5I, rrOCKOJIbKY B 

,n;aHHOM CJIyqae JIerqaRIlIeit (1I, KaK CJIe)l,CTBHe, cTa6HJIbHoit) CYCR qaCTHI~eit 5IB­

mleTCR cyneprrapTHep rrpaBOI'O T-JIenTOHa, tITO rrpOTRBOpeQHT cy~eCTBYIOIIJ;HM 

aCTpo<pH3I'PIeCKHM Ha6JIIO)l,eH115IM. O,lJ,HaKo C YBeJIHgemteM mo Macca cyrreprrapT­

Hepa rrpaBoro T-JIerrTOHa B03paCTaeT, H y)Ke rrpH cpaBHHTeJIhHO ne60J1blllHX 3Ha­

QeHH5IX mo/M1/ 2 caMoi{ JIerKoA 'tIacTH~eR B cneKTpe cyrreprrapTHepOB Ha6mo­

,.1J.aeMbIX qaCTH~ CTaHOBHTC5I: He:RTpaJIIiHO. Hcxo1',}l HS pe3YJIbTaTOB TIHCJIeHHbIX 

pac~eTOB, rrpHBe,n;eHHbIX B Ta6JI.l H 2, MOJKHO Cy,n;HTb 0 BJIll5IHlU1 <pYH.n;aMcH­

TaJIbHhIX KOHCTaHT A, mo 11 M1/ 2 Ha crreKTp cyrreprrapTHepOB t-KBapKa, rJ1IOIiHO, 

HeHTpaJIHHO, tIap,.1J.JKHHO II 6030HOB XHrrca. ,LJ;JI5I Ka)K,.1J.oro Ha60pa rrepeQHCJleH­

HbIX BhIllie napaMeTpOB rrpHBO,lVITC5I 3HaqeHH5I: BepXHeI'O orpaHWleHM5I: Ha Macey 

JIeI'qafillierO XHTrCOBcKoro 60soHa, BbIqHCJIeHHbIe B o,n;HorreTJIeBOM Ii .n;ByxrreTJI€­

BOM rrpH6JUI)KeHH5IX, a TalOKe COOTBeTCTBYIOIIJ;Re 11M JLeff' Bo, y 11 JL', llpH KG­
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TOphIX V13 = O. KaK BH,n;HO H3 ,n;aHHbIX, rrpHBC,n;CHHhIX B Ta6JI.1, Ka~CCTBCHHa51 

KapTHHa crrCKTpa OCTaeTC5I HCH3MCUHO:R:, eCJIH rrapaMcTphI A H rno BaphHpylOTCH B 

pa3YMHhIX rrpe,n;eJIax. IlpH aTOM HC06xO,D;HMO OTMeTHTh, ~TO C POC'l'OM m5 yBeJIH­

~HBalOTCH MaCChI CKBapKOB, CJ1CrrTOHOB, XHrrCOBCKI1X 6030HOB, a TaK)KC TH)KCJIhIX 

"tlap,n;)KHHO H HciiTpaJIHHO, B TO BpCM5I KaK crreKTp JIer~a:R:IIIHx lIaCTHIJ, OCTaCT­

C5I HeH3MeHeHHhIM. LITO KaCaCTC.H MaCChI 3ap5l)KCHHOrO XI1rrCOBCKoro 6030Ha, 0 

KOTOpOit ,n;o CHX rrop He yrroMHHaJIOCh, TO OHa rrpaKTH~CCKI1 He 3aBHCHT 0'1' A 11 

J.l'. rrpH:~eM ,ll,JI5I MaCChI CP-~eTHoro COCT05IHH5I mH H ,n;JI.H MaCChI 3ap.H)KCHHOrO 

XHrrCOBCKoro 6030Ha mH± rrOJIy~aIOTc5I "tJHCJIeHHO 6JIH:3KHC pe3YJIbTaThI. 

B ,n;aHHo:A pa60Te MhI ,ll,CTaJIhHO HCCJIC,n;OBaJIH crreKTp cyrrepnapTHe­

pOB Ii 6030HOB XHrrca rrpH Ha~aJ1hHhIX 3Ha~CHH5IX lOKaBCKI1X KOHCTaHT 

h;(O) = A2 (0) = 10, OTBc~aIOIIJ,HX CIJ,eHapmo I1H<ppaKpacHoii KBa3H<pI1KCHPo­

BaHHoit TO~KI1 B HMCCM. IlpI1 3TOM pe3YJIhTaThI ~HCJ1CHHbIX paCY.C'I'OB, rrpHBe­

,n;CHHhIC B Ta6J1.l H 2, CBH,n;CTCJlhCTByIOT 0 TOM, 'ITO rrpH mt(Mrle 
) = 165 raB H 

M 3 ~ 2 TaB Macca Jler~aiiIIIcro XI1rrCOBCKoro 6030Ha HC rrpeBocxo,n;I1T 127 r3B. 

,I!;pyrHe ,n;aHHhIC, rrpe,n;cTaBJIeHHhIC B Ta6JI.3, YKa3b1BaIOT Ha TO, ~TO OTJIH"tlliTCJIh­

HbIe OC06CHHOCTH crrCKTpa GYCH ~acTHIJ, COXpaH.HIOTC5I rrpH h; (0) » A2 (0) 11 

h;(O) « A2(O), ll.0 Tex rrop rrOIffi IOKaBCKHC KOHCTaHThI Ha IIIKaJIC BeJIHKOro 061>­

c,n;liHeHH5I cy~ecTBeHHO 60JIhIIIe KaJIH6pOBOl.lHbIX. TCM He MCHec BCpXHCC oI'pa­

HI1~CHI1C na Maccy JIeI'"tla:R:IIIeI'o XI1:rI'COBCKOI'O 6030Ha, BemI~HHa tan (3 H MaCChI 

I 2J-leth A J2~13 v 0Y.aCTHIJ" BhI"tlHCJICHHhIe rrpH J-l = - . 2 - >. - )\ . 2/3' KorAa v 13 = ,
SID V SIn 

I13MCH.HIOTC5I B 3aBHCHMOCTlf 0'1' BhI60pa h;(O) H A2(0). TaK C YMCHhIIIeHHeM ,\2(0) 
0'1' 10 ,n;o 2 BCpXHCC OI'paHH~CHlie Ha rnh rrpH M 3 = 1 T3B y6hIBaeT 0'1' 128 raB 

ll.0 113 raB (CM.Ta6JI.3). IIoaToMY Ha 3aBcpIlIaIO~eM3Tarre aHaJIH3a MO,n;H<pHIJ,H­

pOBaHHo:R: HMCCM ll.JI5I Ka)K,n;oI'o <pHKcHpoBaHHoro tan (3 MhI rro,ll,06paJIH IOKaB­

CKylO KOHcTaHTy A(tO) TaK, ~T06bI mh ,n;OCTHrana CBoeI'O HaH6oJIhI1leI'O 3Ha~eHHH 

rrpI1 yCJIOBHlf, ~TO TeopHH B03MY~CHlffiOCTaCTC5I npHMeHHMoii BI1JIOTb ,n;o WKaJIhI 

BeJIlfKOrO 061>ell.HHeHlf.H. IloJIy~eHHa5I TaKHM 06pasOM 3aBHCHMOCTh mh(tan(3) 

rrpe,n;CTaBJlCHa Ha pHc.3. Ha TOM )KC plfcyHKe MbI rrOCTpUllJIH BepXHee OrpaHI1Y.e­

fmc Ha mh B M CCM, KaK <PYHKIJ,HIO 0'1' tan (3. KaK H O)KH,n;aJIOCb, ,n;Ba orpaHHlle­

HH5I Ha Maccy Jler~afiIlICI'O6030Ha XHI'rca rrpaKTH~eCKHCOBrra,n;aIOT rrpH 60JIbIIIHX 

2
tan (3, KOI',n;a ~JIeH ~v2 sin 2/3 B <pOpMyJIC (3) 3aHyJI.sreTC.sr. CBocI'o MaKcHMyMa 

f	 KpHBaH mh(tan(3) B HMCCM ,n;OCTHI'aCT rrpH tan(3 f"'V 2.5, 11'1'0 COOTBeTcTBy­

CT pC)KHMy CHJ1hHOii IOKaBCKoii CB5I3H. 06a orpaHH~CHM5I Ha Maccy .nCI'~anIIIero 

6030Ha XHI'I'ca 6bIJIH rrOJIYQCHbI rrpH M 3 ::; 2 TaB. BaphHpy5I IIIKMy HapyIIIc­

HH5I GYCI1, MO)KHO nOKa3aTb, ~TO Macca JICI'y.atlwcro XHI'I'COBCKoro 6030Ha B 

HMCCM HC rrpeBocxo,n;HT 130.5 ± 3.5 .raB. HCOI1pc,n;CJIeHHOCTb, B03HHKaIO~a.H 
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rrpH: BbPIH:CJIeHH:H: BepXHero OrpaHlPlemU[ Ha mh, rJIaBHhIM 06pa3oM 06yc.rrOBJIeHa 

aKCrrepH:MeHTaJIhHoa: onm6Ko:A, C KOTOpOlt H:3MepeHa Macca t-KBapKa. 

6. -3aKJIIOQeHue. 

B I-IeMHHH:MaJIbHo:A cyrrepCH:MMeTplPIHoH Mo,a:eJIH Macca JIer1.Ja:Arnero CP--qeTIIOrO 

XHrrCOBCKoro 6030Ha ,a:OCTH:raeT CBoero HaH6oJIhrnerO 3Ha1.JeHHH B pe)KH:Me CHJIh­

HOlt IOKaBcKolt CBH3H, Kor,a:a Bce perneHH:H ypaBHeHHH peHopMrpyrrrrbI rpyrrmi­

PYIOTCH B OKpeCTHOCTI1 H:H<ppaKpacHolt KBa3H<pHKCHpoBaHHolt TOY.IKI1. O,a:HaKO 

B 3TOif 06JIaCTH napaMeTpHY-IeCKOrO rrpOCTpaHCTBa B paMKax HMCCM C MHHH­

MaJIhHbiM Ha6opOM <pYH,a:aMeHTaJIhHhIX rrapaMeTpOB He y,a:aeTCH nOJIY'lUfTh caMO­

COrJIaCOBaHHoe perneHHe, KOTopoe C O,IJ;HOtt CTOpOHbI npI1Bo,a:HJIO 6hl K TH)KeJIOMY 

crreKTpy CYCM qacTH~, a C ,a:pyrolt n03BOJI5IJIO 6bI nOJIY1.JHTh MacCy JIerqaHllIe­

ro 6030Ha XHrrca 6oJIbrnylO, 'leM B MCCM. ,lLJI5I Toro 'lTo6bI rrOJIy'lHTh TaKoe 

perneHHe, Heo6xo/I,RMO MO,a:H:<pI1~HpOBaThHeMRHJfMaJIhHYIO CYCM Mo,a:eJIh. B Ha­

CT~5IIIJ.elt pa60Te R3yqaeTC5I crreKTp cyneprrapTHepOB 11 6030HOB XRrrca B paMKax 

rrpocTe'Rrnero paCIIIHpeHH5I HMCCM, rr03BOJI5I1OIIJ.erO rrOJryY-IHTh caMOCOrJIaCOBaH­

Hoe perneHHe B pe)KHMe CI1JIhHO'R IOKaBcKo:lt CB5I3H:. HeCMOTpH Ha TO, Y-ITO rrapa­

MeTpHY-IeCKOe npOCTpaHCTBO l1CCJIe,a:yeMOH Mo,a:eJIH CYIIJ.eCTBeHHO paCllIHpHeTCH, 

TeOpH5I He yTpaY-IHBaeT CBoett npe,a:CKa3aTeJIbHoit CHJIhI. 

MaCCOBaH MaTpHIJ;a CP-1.JeTHOrO XHrTCOBCKoro ceKTopa B MO,a:H<pHIJ;HpOBaH­

HOtt HMCCM HMeeT HepapXI1'lecKylO CTpyKTypy, TITO rr03BOJI5IeT HCnOJIh30BaTh 

rrpH ee ,lJ;HarOHaJIH3au.HH paHee rrpe,a:JJO)KeHHhIH MeTO,a: BhI'lHCJIeHH5I crreKTpa xl1rr­

COBCKHX 6030HOB, B OCHOBe KOToporo JIe)KHT 06hIQHa5I TeOpl1H B03MYIlJ;eHHtl KBaH­

TOBOn MexaHHKH. )J,aHHbIH: MeTO,IJ; n03BOJIHeT BhI1.JHCJI5ITh MaCChI 6030HOB XHrr­

ca C T01.JHOCThlO ,a:o 1 f3B (f"V 1%). TIPH aTOM Macca JIerQaMrnerO XHTrCOB­

CKoro 6030Ha B OKpecTHocTH HH<ppaKpaCHOH: KBa3H<pHKCH:pOBaHHoa: T01IKH rrp" 

mt(Mre 
) = 165 raB Ii M3 ~ 2 TaB He rrpeBocxo,a:HT 127 raB. BaphHpyH OTHO­

WeHH:e IOKaBCKHX KOHCTaHT Ha IIIKaJIe BeJIHKOrO o6be,a:HHeHH5I, MO)KHO rrOKa3aTh, 

1.JTO mh ~ 130.5 ± 3.5 r3B, r,a:e Heonpe,a:eJIeHHOCTh, B03HHKaIOIIJ;a5I npJf BhIQMC­

neHliH BepXHero OrpaHH1.JeHHH Ha mh, rJIaBHhIM 06pa30M o6yCJIOBJIeHa 3KCrrepH:­

MeHTaJIhHoa: OrnH:6Koit, C KOTOpO.it H3MepeHa Macca t-KBapKa. CaMott nDKeJIoit 

y.IaCTH~eH B HHTepeCYI<)I~eH Hac 06JIaCTH rrapaMeTpHQCCKOrO npoCTpaHCTBa 5IB­

JI5IeTC5I CP-1.JeTHhIH XHrrcoBcKHit 6030H, COOTBeTCTBylOlIJ,Hit HeHTpanbHoMy rrOJIIO 

Y. 
B HaCT05IIIJ.eit pa60Te Mhi liCrrOJIh30BaJIH TOT )Ke caMbIA: MeTOp, ,lJ;HarOHaJIH­

3au.ll,H MaCCOBhIX MaTpHu. ,a:JI5I BhI1.JHCJIeHH5I H HCCJIe,lJ;oBaHH5I Macc HettTpaJIHHO. 

B pe3YJIbTaTe 6hIJIO rrOKa3aHO, 1.JTO HaH60JIee T5I)KeJIbiM <pepMHOHOM B ,a:OMHHH­
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pylOll.I,e:A 06JIaCTH rrapaMeTpHqeCKOrO npOCTpaHCTBa 51BJI5IeTC5I Y, cyrreprrapTHep 

HeHTpaJIhHOrO CKaJUlpHOro rrOJI5I Y. ~JI5I 3HaQCHHit ma ~ M;/2 rJIIOHHO, CKBapKH, 

TJDKeJIhle CP-qeTHhle H CP-Hel.leTHbJe XHrrCOBCKHe 6030HhI OKa3bIBafOTC5I cYIlI,e­

CTBeHHO T5I)KeJIee CJ1errTOHOB, JIerqathIIHX qap,rpKHHO H HeitTpaJIHHO. I1cKJIIOQeIiHe 

COCTaBJI5IeT TOJIhKO O.n;HH H3 CP-HeQeTHbIX XHrrCOBCKHX 6030HoB, Macca KOTOpo­

ro CHJJhHO BaphHpyeTc5I B 3aBHCHMOCTH OT BbI60pa rrapaMeTpOB HCCJIe,roreMoit 

Mo.n;eJIH. O.n;HaKO .n;3,)Ke eCJIH OHa OTHOCHTeJIhHO HeBCJJHKa - uarrpHMep nop.H.n;Ka 

Mz, cyrn;eCTBYIOT orrpe.n;CJJeHHble rrp06JIeMhI, CB5I3aHHhle C ero perHCTpaIJ;HeH Ha 

3KcrrcpHMeHTe, rrOCKOJIbKY OCHOBHOti BKJIa,ll. B ero BOJIHOByfO <PYHKIJ;HIO BHOCHT 

CP-HeqeTHa5I COCTaBJI.moru;a51 rrOJI5I Y. 
BepXHee OrpaHHqeHHe Ha Maccy JIerlla:AllIero XHrrCOBCKoro 6030Ha B HeMHHH­

MaJIhHOit CYCI1 Mo.n;emf TaIOKe HCCJIe.n;OBaJIOCb B rr05lBHBllIHXC5I He.n;amio pa60TaX 

[20] II [441. nOJIYQeHHhle B 3THX pa60Tax rrpe.n;CKasaHH5I Ha 5-6 r3B 60JIhIIIe Toro 

OrpaHH'leHH5I, KOTopoe 6hIJIO npHBe.n;eHo BhIllIe: OTJIHqHe B rrpe.n;CKa3aHHSIX 06'1>­

SICH5IeTC5I TeM, 'ITO rrpH BhI'lHCJIeHHH BepXHero OrpaHHQeHH5I Ha mh, aBTopbl rry­

6JIHKaIJ;Hit [20} H [44] HCXO.n;HJIH H33HaqeHII5I IXt/Msl = V6, r.n;e Ms = -.jmtlmt2' 
TaK KaK HMeHHO rrpH 3TOM 3HaqeHHH X t Macca JIerl.Iaitllicro 603011a XHrrca .n;OCTH­

raeT CBoero uaH60JIhIIIerO 3Ha'leIII1.H. O.n;HaKo B pe)KHMe CHJJbHOH IOKaBCKOH CBSI3H 

B MO.n;Hq>HIJ,lIpOBaHHo:tl HMCCM OTHOllIeUHe IXt/Msl COCTaBJISIeT 1.4+ 1.5. no­

CKOJIbKY Macca JIerQaHllierO 6030Ha XHrrca B03paCTaeT C YBeJlHl.JeHHeM CMeIIIHBa­

HHSI MelKAY cyrreprrapTHepaMH t-KBapKa rrpH 0 ~ IXt/Msl ~ V6, a OTHOllIeHHe 

IXt/M s I 3HaQHTeJIhHO MeHhllle V6, BepXHee OrpaHHQeHHe Ha mh B peaJIHCTH­

l.IeCKOM paCIlIHpemm HMCCM OKa3hIBaeTC5I 60JIee )KeCTKHM, IIeM a6COJIIOTHoe 

OrpaHHl.JeHHe B HeMHHHMaJIhHOH CYCI1 Mo.n;eJIH. 

Au'ropbI 6JIaro.n;apHbI M.M.BhICOIJ;KOMY, ~.I1.Ka.3aKoBY 11 K.A.Tep-

MapTHpocSIHy 3a CTHMyJIHpylOI.IJ,He DonpOCbI, rrOJIe3Hhle 06cy)K)J;emf51 iii 3aMe­

l.IaHH5I. O.n;HH 113 aBTopOB (P.B.H.) BbIpa)KaCT 6J1aro.n;apHOCTb HaIJ,HOHaJIbHOMy 

HHCTHTyTy 51.n;epHO:H <pH3HKH I1TaJIHH (OT.n;eJJeHHe r.<Peppapa) 330 rOCTerrPH­

I1MCTBO. HaCTOSII.IJ,a5I pa60Ta llbIJIOJlHeHa rrpM rrOMep)KKe P<I><I>11 (rpaHThI 

,N"!!98-02-17372, 98-02-17453, 96-15-96578, 96-15-96740), INTAS (rpaHT 

N~93-3316-Ext), a TaK>Ke COBMeCTHoro rpaHTa P<I><I>I1-INTAS-95-0567. 
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IIpUJlO)KeHlle. YpaBHeHIISI peHopMrpynnbl )l;J1SI rrapaMeTpoB 
J.l, J.l', B II B' MO)l;H<I)lH~HpOBaHHOHHMCCM II IDe pemeHHe 

HapHAY C TpI1JUmeHHbIMM KOHCTaHTaMH B3aliMo,n;eaCTBHH M MaccaMIi CKaJIHpHbIX 

~IaCTI1II, MO,1l;H<pHII,I1pOBaHHaJI HMCCM, B paMKax KOTOpO'ti lIICCJIe,u,yeTCH cneKTp 

"lJaCTliII" BKJIIO"lJaeT B ce65I J-L, J-L', B Ii B'. 9BOmOII,HH 3TI1X KOHCTaHT orrHCbIBaeTC5I 

~IeThIpbMH ypaBHeHlUIMH peHopMrpyrrnhI: 

-~(2Y,\ + 3yt - 3&2 - gat) , 

= -2J1.'(Y,\ + Yx ) , , 
= -(2Y,\B + JY,\YxB'ifI + 3ytAt + 2Y,\A,\- (IT.l) 

-352M2 - ~alMl) , 

= -(2YxB' + 4JY,\YxB J.L, + 4Y,\A.xl;- + 4YxAx).
J.L J.L 

IlpH X 0 I1 MHHHMaJIbHOM Ha60pe ¢YH,n,aMeHTaJIbHbIX rrapaMeTpOB 

B(O) = B'(O) = Bo, ~(O) = A, Mi(O) = M 1/ 2, J.L'(O) = J.Lo Ii J.L(O) = J.Lo, MO>KHO 

nOKa3aTb, HCrrOJIb3yH 06r:u;ee pemeHHe CHCTeMhI JIHHe:A:Hblx ,n,H<p<pepeHu.HaJIbHbIX 

ypaBHeHHH, 'ITO B(t), B'(t), J-L(t) H J1.'(t) paBHhI 

J.L(t) = ~(t)J.LO,
 

J.L' (t) 6(t)J-L~ ,
 
(fI.2)B(t) = «(t)Bo+ a(t)A +w(t)M1/ 2 ,
 

B'(t) Bo+ al(t)A~ + wl(t)Ml/2~'

J.Lo J.Lo 

r,n,e <PYHKII,HH ~(t), 6(t), ((t), aCt), al(t),w(t) Ii Wl(t), onpe,n;emnOl.I..l,He 3BOJIIOlI,HlO 

<pYH,n;aMeHTaJIbHbIX napaMeTpOB, rJIaBHhIM 06pa30M 3aBHCHT OT BbI60pa IOKaB­

CKHX KOHCTIUIT Ha mKaJIe BeJIHKOrO 06'be,n;HHeHH5I I1 He 3aBI1C5IT 0'1' HaQ3JIhllbIX 

3HaqeHHH rrapaMeTpoB M51TKoro HapYIlleHH5i CYC11, lJ.o H J.L~. 



21 

Ta6JIHn;a 1. CneKTp Macc cynepnapTHepoB Ha6JI1o~aeMhlx 'iaCTlflJ, If 6030HoB
 

Xllrrea IIP" ;\2(0) = h;(O) = 10 If J.Leff > 0 B 3aBlfCHMOCTH OT BhI60pa
 

<PYH~aMeHTarlbHhIXnapaMeTpOB A, mo II M 1/ 2
 

(Bee napaMCTphI " MaCCbI B raB).
 

m5 0 Mi/2 0 0 0 0 
A 0 0 -M1/ 2 O.5M1/ 2 0 0 

M 1/ 2 -392.8 -392.8 -392.8 -392.8 -785.5 -196.4 
mt(to) 165 165 165 165 165 165 
tan,B 1.883 1.883 1.883 1.883 1.883 1.883 

J.Lej j 728.6 841.7 726.8 730.1 1361.2 380.4 
Bo -1629.1 -1935.4 -1260.0· -1813.2 -3064.4 -861.8 

y -0.00037 -0.00021 -0.00043 -0.00035 -0.00006 -0.00233 

J.L' (to) -1899.8 -2176.7 -1905.9 -1898.3 -3544.6 -993.1 

IDh(tO) 
(I-loop) 

125.0 125.1 125.0 125.0 134.9 114.8 

IDh(tO) 
(2-loop) 

118.4 118.5 118.4 118.4 123.2 111.9 

M3 (1 TaB) 1000 1000 1000 1000 2000 500 
ml (1 TaB) 840.6 889.7 841.1 840.3 1652.0 447.4 
ml

2 
(1 TaB) 695.1 713.6 696.6 694.3 1366.2 371.6 

mH(l TaB) 898.5 1080.5 895.4 900.3 1691.0 468.8 

ms(l TaB) 2623.4 3034.3 2452.2 2706.0 4901.7 1378.0 

mAI(l TaB) 953.9 1113.8 1245.7 925.2 1722.6 538.2 

mA2 (1 TaB) 704.3 762.7 872.0 318.2 1366.2 302.2 

m Xl (to) 164.6 164.4 164.6 164.6 326.9 84.3 
m X2 (to) 327.8 327.6 327.8 327.8 649.4 170.1 

m x3 (1 TaB) 755.1 870.8 753.3 756.7 1404.2 400.9 

l'mx4 (1 TaB)1 755.9 872.6 755.1 758.4 1405.0 404.3 

Imh(l TaB)1 1931.8 2212.3 1938 1930.3 3599.0 1015.4 

mxt(to) 327.8 327.6 327.8 327.8 649.4 169.9 

mx$(l TaB) 757.0 872.6 755.2 758.5 1405.2 404.5 
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Ta6JIluJ;a 2. To )Ke, "ITO B Ta6JIM~e 1, no npM J.£eff < O.
 

m5 0 M;/2 0 0 0 0 

A 0 0 -M1/ 2 M1/ 2 0 0 

M 1/ 2 -392.8 -392.8 -392.8 -392.8 -785.5 -196.4 
mt(to) 165 165 165 165 165 165 
tanjJ 1.883 1.883 1.883 1.883 1.883 1.883 

J.£eff -727.8 -840.9 -726.0 -731.2 -1360.7 -378.9 
Bo 1008 1320.3 1366.7 647.9 2050.4 495.8 
y -0.00149 -0.001 -0.00128 -0.00177 -0.00020 -0.0112 

J.£' (to) 1671.5 1950.6 1656.8 1690.3 3172.7 857.8 
mh(tO) 

(I-loop) 
134.1 134.9 134.0 134.2 143.1 124.1 

ffih(tO) 
(2-loop). 

124.4 124.8 124.3 124.5 127.2 119.6 

M3 (1 TaB) 1000 1000 1000 1000 2000 500 
mil (1 TaB) 890.2 935.6 890.5 889.8 1682.8 507.9 
mi2(1 TaB) 630.3 652.2 632.2 628.0 1328.1 283.5 
mH(1 TaB) 896.2 1078.5 893.5 899.3 1689.9 464.4 
ms(1 TaB) 2147.4 2565.9 2309.2 1972.3 4126.5 1097.7 
mAl (1 TaB) 1123.2 1219.3 931.0 1437.9 1984.8 623.1 
mA2 (1 TaB) 857.6 1017.8 545.0 886.9 1657.5 412.8 

m Xl (to) 160.0 160.5 160.0 160.0 324.4 74.9 
mX2 (to) 311.1 313.7 311.0 311.2 639.9 141.4 

Imx:i (1 TaB)1 753.7 896.6 751.9 757.2 1403.4 398.5 
m x4 (1 TaB) 764.7 878.1 763.0 768.1 1410.0 416.7 
mis(1 TaB) 1700.7 1983.2 1685.8 1719.6 3221.8 879.1 
my~(to) 310.7 313.4 310.7 310.8 639.8 139.4 

m x;=(l TaB) 763.3 877.0 761.6 766.7 1409.1 414.5 
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Ta6JIHn;a 3. To )1m, "tlTO B m6JUilJ,ax 1-2, HO ~JUI pa3JIH"tJHbIX Hal:.JaJIbHbIX 

3Ha"tJeHMM ht(O) H ,X2(O) rrpH A = rna = 0 H rnt(174 f3B)=165 f3B. 

<0 JJ-ejj > 0JJ-eJ- Xl(O) 2 10 210 0 10 100 
10 1010 2 10 

-­
10 210h;(O) 

-392.8 -392.8 -392.8 -392.8 -392.8 
tan,B 

-392.8 -392.8 -392.8M 1/ 2 

1.6141.614 1.736 1.883 2.439 1.736 1.883 2.439 
-641.8 822.7 772.4 642.3-821.5 -771.4 -727.8 728.6JJ-eff 

622_5 1008.0 886.2 -743.1 -988.1 -1629.1 -1583.3471.7Bo 
-- -0.0014 -0.0015 -0.0012 -0.0003 -0.0004 -0.0005y 
-- -1943.1 

mh(tO) 
1693.9 1749.8 -1941.4 -1899.81671.5JJ-'(to) 

88.1103.5 123.6 134.1 137.6 112.4 125.0 131.2 
(I-loop)
 
IDh(tO)
 90.3 113.0 124.4 127.8 79.7 105.5 118.4 123.6 

(2-loop)
 
Ma(1 T3B)
 1000 10001000 1000 1000 1000 1000 1000r---'--, 

~1(1 T3B) 890.2894.0 837.0891.6 890.5 834.6 840.6 853.5 
622.2613.5 630.3 693.8648.5 692.2 695.1mi,(l T3B) 696.4 

mH(1 T3B) 896.21033.4 961.0 963.3758.5 1035.7 898.5 761.1 
ms(1 T3B) - -2147.41999.8 2405.32187.2 2623.4 2663.8 
mAl (1 T3B) 1123.21029.7 1374.8 1294.0 1031.3 1390.6 953.9 965.1 
mA2(1 T3B) - -857.6949.8 735.6 951.6 704.3 674.3 

m;h (to) 160.1 160.0 164.6 164.6159.9 164.6 164.4160.3 
312.7 311.9 311.1 328.2 328.1309.4 327.8 326.4 

!rnh(1 TsB) I 
mX2 (to) 

842.8 795.8 753.7 844.4665.8 797.2 755.1 668.1 
Imxi(l TaB)l 850.6807.8 764.7 677.1856.4 800.9 755.9 666.7 
Imxs (1 T3B) I - -1711.2 1700.7 1790.0 1960.7 1931.8 1986.5 

. 328.2312.4 311.6 310.7 309.0 328.1 327.8 326.4 
mx;(1 T9B) 

mx±(to) 
806.0 849.5854.2 763.3 676.7 800.4 757.0 669.0 
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PlIc.l(a,6). Macca JIer'iai%mero XHrrCOBCKoro 6030Ha B MO,ll.H$HJJ;HpOBaHHOii HMCCM, BhPiHCJIeHHas:I B o,ll.HOneTJIeBOM (JKHpHaH
 

JIHHHH) H fl;ByxrreTJIeBOM (CUJIOUIHasI JIHHHH) np1I6JIH>KeHHH B 3aBHCMOCTH OT Z = Jill TaB H x = AIM1/ 2 UpH h:(O) = ),2(0) = 10,
 
m~ = 0, M 3 = 1 TaB H Pelf S O.
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PHc.l(B,r). CneKTp Mace B MO.rr.l'I<pH~POBaHHOfi HMCCM B 38BHCHMOCTH OT Z = f..l'/1 TaB H x == AIM1/ 2 IIP" hHO) = -X 2(O) = 10, 
m~ = 0, Ma = 1 TaB I{ f.Lejf :::; O. )KHpHaH H CIIJIOIDHaSl: .IIHHHH OTBe"tfaIOT MaCCaM TSl:>KeJIbIX CP-qeTHbIX xHrrcoBcKHX 6030HOB, nyHK­

THpHas H II1TpHXOBajj - Macca.M CP-HeqeTHbIX xarrCOBCKHX 6030HOB, II1TpHX-nyHKTHpH8jj - Macce caMoro TR>KeJIOrO HeitTPaJlHHO. 
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Pu:c.2. Macca JIerqaHlllerO XHrrcoBcKoro 6030Ha B MO,D,H<l)H~HpOBaHHOA HMCCM B 3aBHCHMOCTH OT OT Z H x npH h;(O) = >.2(0) = 101 

rn5 = 0, M3 :::: 1 T9B H f.J.efl ~ 0, 0603Ha'leHHH Te )Ke, 'ITO If Ha pIfc.l(a,6). 
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PHc.2. CrreKTp Macc B MO,ll,acpHI.J;HpOBaHHo:A HMCCM B 3aBHCHMOCTli OT Z H x np" ht(O) = >.2(0) = 10, m5 :::: 0, M3 :::: 1 T3B H 

f.Leff 2: O. 0603HaQeHHH Te )f(e, 'ITO H Ha pHc.l(a,2). 
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Pu:c.3. BepXHee OI'patIH~IeHHe Ha Maccy JIeI''-Iafimero XHI'I'COBCKOro 6030Ha B MCCM (CTIJIOUma$l JIHHHZ) If B MO,lJ;HQ>HIl,HpOBaHHoit 

HMCCM (}KHpHa~ JUlHMH) B 3aBHCHMOCTH OT tan (3 rrpH M3 = 2 TaB. 
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