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OBIQA5I XAPAKTEPMCTMKA PABOTbl 

,1],ncceprnu;Irn II0CBmu;ena HCCJIC,D;0BaHl-110 OCH0BHbIX a,n;pDHHbIX pacnap;0B 

Bc-M030Ha B paMKax pe.rr.aTHBIICTCK0fi KBapK0B0il M0,D;eJIH II B M0,n;eJIII )K0CTKoro 

o,n;nor;noonnoro o6Mena. TaK)Ke paccMOTpeHa npo6JieMa BhI~rnCJienlUI nenTOn-

111,IX KOHCTaIIT B IIOTeHIJ;HaJibH0M no,n;xo,n;e aepe.ruiTHBHCTCKOil KBaHTOB0fi xpoMO

,D;HHaMHKH. 

B 0CHOBe ,LJ;IICCepTaIJ;IIH JI0)KaT pesyJihTaThI pa6oT, BhllIOJIHeHHbIX aBT0pOM 

B nep1:10,n; c 1999 no 2003 ro)l;hI B CaMapct<oM rocy,n;apCTBeHHOM ya1:1Bepc1:1TeTe, 

a TaK)Ke BO BpeM.H CTa)Kl:lp0B0K B OT,n;eJie TeopeTH'I0CK0it q>Il3HKH MHCTHTJTa 

q>H3IIKH BbICOKHX anepmtt.(r.IlpoTBmio), B J1a6oparop1rn TeopeT1:1qecKOH q>H3Il

KH Ofo,e,n;nue1111oro HHCTIITJTa .a,n;epHhIX HCCJie,n;oBauufi (r.,lzy611a) 1:1 B rpynne 

THEP Mucrll'l'y'ra cpH3nKH i1pu rJTTea6eprcKOM ymrnepcnrere (r.Mafittu;). 

A-x:myM'b'ftocm'b me.M'bt. Bc--:Me30H .HBJIHeTC.H T.H)KeJihIM KBapKou1:1eM (be) 
c OTKpbITbIMH oqa:ponauueM II npe.rreCTh~. 9To _ e,n;uucTBeHuaH ,n;oJirmK~Byrn;asi 

CHCTeMa, COCT0.Hin;aH ll3 ,D;BYX T.H)K0JibIX KBapKOB pa3JIUqaoro apoMaTa ( Bee co

CTOHHHH, co,n;ep)Karn;He t-KBapK, BCJie,D,CTBHC ero 60JibIIIOfi MaCChI He .HBJIHIOTC.H 
. ~ ' ' " 

CTa6HJibHhIMH). CeMeitCTBO Bc-Me30110B 3aHHMaeT upoM0JKJT0'IH0e I!OJI0)KOHH0 

B cneKTpe Mace T.H)KMhIX KBapK0HHeB Me:>K,n;y qapMoHHeM ( cc) n 6oTTOMouneM 

(bb). 
CncTeMbl co CKpblThIM apOMaT0M ,D,OCTaTO'IH0 xoporuo H3yqeHbl 9KCnep1:1-. . . 

MeHTaJibHO, B .TO npeMH KaK CTaTHCTIIKa no Bc-M030HaM, BCJie,D,CTBHe 60JihIDOro 

cpoua H Tpy,n;HOCTeit B BhI,D,eJieHHH cnr11ana, IIOKa ern;e u'~ BMHKa. TeopeTnqe

CKHe Me'ro,D;bl, upHMCH.HCMhie ,D;JI.H nsy'leUH}I 'IapM0HH.H H 6oTroMOHH.H, MO)KHO 

pacupocrpaHHTh ,zµm mrncaHH.H CBOil:CTB KBapK0HHH C OTKpblThlM apoMaTOM, a 

aKcnepnMeHTaJibHoe aa6mo,n;enne CHCTeMhl (be) MO)KeT IIOCJIJ)KHTb TeCTOM ,n;JI.H 

TeopeTU'J0CK0ro HCCJie,D;OBaHH.H Il ,D,eTaJibHOro Il3Y'I0HilH ceKTOpa T.H)KeJiblX KBap

KOB. 

CeMefiCTBO Bc-Me30HOB co,n;ep)KHT 16 Y3KHX COCTO.HHilfi, IlX cneKTp MO)K0T 

6hITh ,ll;OCTll.TO'IHO Ha,D;C)KHO paccqnran, KaK B paMKaX KX,1],-MOTilBHPOBaHHblX 

nepemITHBIICTCKilX IIOTeuu;ttaJihHhIX MO,U.Mefi, T8.K H B upaBHJiax CJMM KX,l],. 
·, 

CJie,n;onaTeJihHO, aKcnepnMeHTaJibHoe mmcaune cnofiCTB cncTeMbI (be) MOJKCT 

CJiyJKilTb TCCTOM CaMOCOrJiaCOBattHOCTH ,n;JIH IIOT0HIJ;HaJibHblX MO,D;eJiefi H rrpaBHJI 

CYMM KX,1],, rrapaMe-rphl KOT0pbIX (MaCChl KBapK0B, HanpHMep) q>HKCHpoBaJIHCb n ______ , ----
~ . , , .... " . . ,_ 
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upn qmTnpoBamm cneKTpOCKOirnqeCKHX µaHHbIX qapMOlllrn: ll 60TTOMOHIUJ. 

lfayqeHHe ceMeilcTBa Be MO)Ke'r cyru;ecTBenHo yJiyqJllHTh KOJIHqecTBen

Hbre xapmcrepHCTliKH KBapKOBbIX MOµeJiett H npaBllJI CYMM qro, B CBOIO oqe

peµb, yroqruieT napaMeTphI 9JieKTpoCJJa6oi1 Teop1m, cnoco6CTayeT ncCJieµoBa• 

nmo acpcpeKTOB HapymemuLCP-HHBapHaHTHOCTH, uoJie3HO npH H3BJretteHHH 3Im

qemttt 3JieMeHTOB MaTpH~I CMerrmBaHmI CJia6bIX 3apH)KeHHbIX TOKOB TH)KeJiblX 

KBapKOB. B µaHHOtt . pa60Te paccMaTpnBaeTCH BO3MO)KHOCTb H3BJie<Jemrn yrJia 

Ka6u66o-Ko6rumm-MacKaaa 'Y H3 9THODJeHHil aMDJIHTYA HeJieDTOHHhIX pacna

.o;on Bc-Me30HOB. KpoMe Toro, It3y<Ieane pacn3Aon Be-Me30HOB MO)KeT o6ecne

'IHTh 1rncpopMao;Hett O Maccax b-. H 0--KBapKoa, a TaK)Ke O JieIITOHHhIX KOHCTaII

Tax, TO'IKe HOpMHpOBKH. HeJieIITOHHOI'O CJia6oro Jiarpam1rnana, 'ITO npnaeµeT K 

yMeHbillemuo TeOpeTH'iecKHX neonpeµeJieHHOCTett, CBH3aHHbIX rJiaBHbIM o6p830M 

C. MacCaMH KBapKOB H HOpMHpOBKOH CJia6oro JiarpaH)l(UaHa. 

BoJiblliHM IlJIIOCOM rrpn H3J'leHlm Me3OHOB c TIDKMhIMit KBapKa.MH .HBJI.H

eTCH MBJlOCTh napaMeTpa A/mq (Macca TIDKeJioro KBapKa mq ropa3'AO 6oJihllre 

MacJllTa6a KOHcpattnMeHTa A), oupeµeJI.HlOID;ero HellepTyp6aTHBHble acpcpeKTbl B 

:3-APonax. B qaCTHoCTn, MMM BeJIH'IHHa KOHCTaHT~ KX)]; Os ~ ln(m~/ A) oupeµe

JIHeT H8,lJ,e:lKHOCTb Bbl'IHCJiemdt JKeCTKHX npou;eccciB C TH)KeJibIMH KBapKaMH uo 

TeOpHH BO3MJID;eHHfi Kx,n;. 

9ueprmJ CBH3H T.HJKeJIOI'O KBapKa B aµpone MMa, CJie,ll,OBaTeJibHO, MaJia 
, 

BllPTJMbHOCTb H ,ll,BIOKeHHe T.HJKeJIOI'O KBapKa B 3-APOHe MO)KHO C'IIITaTb nepe.rrn-

THBIICTCKHM B Beµyru;eM npll6JIH)KeHIIH. BJiaro.n.apH TaKOMY upn6Jill)Kemuo, xa

paKTepHCTHKH 3APOHOB1 coµep)KaID;llX T.H)KeJlhie KBapKH, 'c ':xopomefi TO'lHOCTblO 

OlIHChIBaIOTC.H B paMKaX HepeJIHTHBH~KIIX IIOTeHIJ,llMbHblX MO,D;eJiett. 

KaK It µpyrne Me3OHbl C OTKpbITblM apoMaToM, OCHOBHOe COCTO.HHlle ce

MeHCTBa Bt(o-) HBJI.HeTC.H ,ll,OJlI'Q)KltByID;~tt '18.CTIIIJ,efi, pacrr3AarouieilC.H 3a C'leT 

CJia6oro B38.HMO,D,eilCTBH.H n HMeJOIU,ell BpeMH )KH3Hll c cpaBHltMOe c BpeMeHaMH 

)KII3HH B- n: D- Me3OHOB, 'ITO cyIU,eCTBeHHO OTJIII'laeT Be OT T.H)KeJibIX KBapKo

HHeB 'T/c H i. IlooTOMY ll3J'leHIIe pacn3AOB Be Me30Ha .HBJIHeTC.H TOR o6JiaCTbIO 

q:>H3HKH TH)KeJihrx KBapKOB,·~ KOTopoii MO)KHO H3BJieKaTh 3~~qIITeJihHYIO irncpop

Mau,IIIO KaK O ,ll,HHaMliKe Kx,n;, TaK u · () c.rra6~ B3~IIMO,D;eiicTBirnX. 

CJia6ble pacnaµbl Bc-Me30HOB · B ocHOBHOM HAYT no .D;BYM KalillJiaM: b

KBapKOBhifi pacna,n, C ·c-KBapKOM cneKTaTOpOM H c-KBapKOBbifi pacn3A C b-KBap-

/ 
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KOM ClleKTaTOpOM. ,ll;oMHHHpyIOlll,lifi BKJI3A BO BpeMa )KH3HH Be-Me30Ha )1.aIOT 

C--KBapKOBbie pacnaµbI (oKOJIO 70%) Bro BpeM.H KaK 0-KBapKOBhifi ,n,aeT ~KJI3A 

npHMepno 20%. HllJIH'lHe TIDKeJIOI'O BaJieHTHoro KBapKa-cneKTaTOpa ,ll,OJI)KHO 

npHBO,ll,HTb K 6oJihlllOi1 BepoHTHOCTH .MO,!\ pacrra,n;a Be C TIDKeJibIMH Me3OH8.Mll 

B KOHe'JHOM COCTO.HHHH (J/1/J(TJc), B;) .• BOJibillOi1 BbIXO,D, J/1/J '13.CTIID; mrrepe-
. . . 

CeH TeM, qTQ ,l\alIHa.H 'laCTHIJ,a B JielITOHHOtt MO,l\e pacII3Aa o6JI8,AaeT npe_l_{pac~o~. 

3KCnepHMeHTaJihHOii CHI'HaTyµofi, a H3Mepettn:e pacn3Aa B B036J)KµeHHhle COCTD

.HHH.H 'IapMOHIUI MO:>IceT ,n,aTb OTBeT Ha Bonpoc O ,l\OCTOBepHOCTH_ npeµCKa3aHHfi 

Kx,n; AJIH pacn3AOB B Bo36J)K.AeHHbie.coCTO.HHmI. TeopeTH'leCKHe npeµCKa3a.IUUI 

,D,JI.H TaKHX pacn3AOB 6bIJIH C,D,eJiaHbl B AaHHOii pa6ore. 

Ha6n10,n;eHHe uepBbIX 20 co6bITIIft Bc-Me30HOB, ~eJiam1oe B 1998 roµy 

KOJIJia6opa~Hefi CDF (FNAL), no.n.TBep,n;HJIO cyIU,eCTBOBaHne Be-Me30Ha H OT

KpbIJIO HOBbie nepcneKTHBbl ,ll,Jl.H ero 3KCrrepnMeHTa.nbHOI'O H3y'leHH.H Ha KOJI-
. . 

natt,n.epax LHC, Tevatron. Ha KOJIJiail,D,epe LHC, CBeTHMOCTb Koroporo cocTar 

BHT npuMepno L = 1034cM-2c-1 H saepnm Ji = 14 TaB, o)Kll,n;aeTca OKOJIO 

4, 5 . 1010 co6bITHfi po)K,D,eHH.H Bc-~'le30~0B 3a ~A- Ilo TeoperHtteCKHM ou,eHKaM, 

BepoHTHOCTh po)K,D,eHII.H S-noJiuoaoro coCTO.HHHH B pp CTOJIKHoBeHirnX upn auep

rHHX LHC AOCTaTOYJHo BeJIHKa H cocTaBHT OKOJIO 0.1 MK6H. IloJIHoe ce11eHHe 

po)K,D,eHHa Be-Me30HOB, C J'leTOM KacKa,D;HbIX pacna,n,on Y3KHX Boo6y)l(AeHHbIX 

cocTo.HHHfi, :rrpe,n,cKa3bIBaeTC.H µo 1 MK6u. Ilpn: aneprHH KOJIJiatt,n.epa Tevatron 

O)KH,D,aeMblfi BbIXOA ,ll;OJI:>KeH 6b1Tb MeHbme na rrop.H,!1,OK BeJilt'IHHbI. TaKHM o6pa-

3OM, npe,n,noJiaraeMa.H CT8TIICTHKa .HBJI.HeTC.H y,n,oBJieTBOpHTeJibHOil AJI» H3y'leHII.H 

cneKTpOCKOIIHH, HCCJie,ll,OBaHHH xapaKTepIICTllK pa3JIII'1HblX KaHMOB pacuap,OB, 

a TaK JKe $HKCHpoBaHH.SI BpeMeHH :lKH3HH OCHO~Horo COCTO.HHHH. 

PeilleHHe npo6JieMbl aKcnepHMeHTaJibHoro OTKphITIDI H H3y~eHIDI Be-M&: 
3OHOB onpe,D;eJI.HeTC.H, BO-nepBbIX, OIIHCaHIIeM TeOpeTH'leCKHX xapaKTepIICTIIK ce

MefiCTBa Bc-Me30HOB (cneKTPOCKODHH, MexaHH3MOB o6pa30BaHmIH pacna,n;oB). B 

,ll,HCCepTaU,HH 6bIJIH upe):\CKa3aHbl IIIHpHHbI HeKOTOpbIX pac1ia,n;0B TaKHX KBapKO

HHeB C upnMeneimeM Pa3JIH'1Hbix MO,D,eJiett H paccMOTpena BOOMO)KHOCTb ,ll;eTeK

THponaHH.SI KaK nceB,D,OCKaJJ.HpHbIX, TaK ll BeKTOpllblX COCTOHimti: IIO IIOJUipll3aIJ,HH 

J/1/J. 
BO-BTOpbIX, BOOMO:>KHOCTb OTKpbITH.H Be-Me30HOB onpe,n;eJIHeTC.H 9KcrrepH

MeHTllJihHOi1 MeTO,ll,HKOii ua µefiCTBYIOIU,HX Ae"reKTOpax, KOTOpa.H D03BOJIHJia 61,1 
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BbJAMIITb upe,u.cK83aHHhle Teopuefi co6bITIUI c po>K,u.CHIICM u pacua,n.0M Be. K 

HaCTOHIIJ.CMY BpeMeHH ,U.0CTHI'HYT nporpecc, CB~;aHHbiit c HCIIOJib30B8JUieM aJieK~ 

Tp0HHhIX BepIDHHHhIX ,u.ereKTOpoB, o6Jia,u.arom.HX onepaTHBHbIM 6hlcrpo,u.ettcTBH

eM ll Il03B0MJOIIJ.HX HC T0JibK0 0T)];eJIHTb npou;eccbI C pacna,u.aMH )];0JirO:>KIIBYIIJ.HX 

'!aCTuu; (B, Be, D) OT upou;eccoB po>K,u.CHHH (TeXHHKa pa3,U.CJICHH5I uepBI1'-IHhIX H 

BTOpH'IHbIX Bep1mm), HO u·1ipoCTpaHCTBCHHo TO'IH0 B0CcTaHaBJIHBaTb BepmHHbI 

pacua,u.a 9THX qaCTHn;. 

Ilporpecc B 9KCnepHMCHTaJibHOM H3yqe1iHH pacna,u.oB ,U.OJl>KCH.YJIY'lllIHTb 

Te0pCTH'ICCKoe IlOHUMaHHe Toro; .'ITO )KC ,u.ettCTBHTeJibH0 npoHCX0,il.HT BO B3aHMO

,n;eilCTBHIDC TH)KeJibIX KBapK0B. 

Hay11,1tM noeuana u npa:1,mu11,ec100.H, 'l.le1t1tocmt> pa6om?Jt. B cxeMy BbI'IIIC-
. . . 

JICHHH JICIITOHHhIX K0HCTaHT TH>KeJibIX KBapK0HHCB B HepeMTHBIICTCKOil: Kx,ri: 

BBe,u.eH ¢aKTOp H0PMHP0BKH T0Ka nepeMTIIBHCTCKHX TIDKeJlbIX KBapK0B, Il03-

BOMIOIIJ.u8 ll0JiyqHTb K0ppeKTHble 3HaqeHH5I JICUT0HHbIX .· K0H~T npll yqeTe 

aH0MaJibHOfi pa3MCpHOCTH K09¢¢llll;HCHTa BHJibCOHa B ,U.B~ ne'l'JIHX. B M0,U.CJIH 

)KCCTKoro o,u.normooHH0ro o6Mena HCCJIC,U.0BRHbl paCIIa,Il.bl Be-Me30HOB B op6u

TaJibH0 B036y)K,Il.CHHbIC C0CTOHHIUI qapM0HHH, a Taf?Ke B ?Cit0BHOC COCT0HHHC C 

Y'ICT0M Il0Jll!PH3au;HH, c,u.e.n:aHbl ou;eHKH ,u.JI5I K09q>q>llll;HCHTa aCIIMMCTpllH. Pac

CM0TpeHbI HeJieIIT0HHbie pacna,u.bI Be -t DsD0(D0) B peJI&THBHCTCKOit KBapKo

Bott M0,U.CJIH: McCJie,n;oBaHne MexaHH3M0B pacna,u.oB Be-Me3oHa II Il3MepeHIIe ux 
xapaKTepHCTIIK IJ03B0JIHCT BCCTII ero IJ;eJICHanpaBJICHHbifi SKcuepHMC~TaJlbHbltl: 

IIOHCK, K0TOpbifi ,u.aCT B03M0)KH0CTb CYIIJ.CCTBCHH0 pa3BHTb MeTO,U.bI OIIIICaHIIH 

pacna,u.oB, a TaK)Ke HCII0Jib30BaTb II0JIYqeHHbie PC3YJibTaTbl ,u.JI5I upen;II3HOHHbIX 

llCCJIC,U.OBaHIIit CTaH,u.ap~HOfi Mo,u.e:irn H B03M0)KIJblX OTKJIO~~:EIHit OT ~enpe,n.CKa-

3aHIIii. 

,lfocmoeep1tocmt> no11,y11,e1t1t'btX peay11,t>mamoe, IlpH pac'IeTaX HCII0Jib3oBa

JIHCb ,n;onyCTllMbie ,il.JIH paccMaTpn:BaC~bIX pacna,u.oB upn:6JIH)KCHH.H, B 'IaCTH0CTll, 

l~peHe6pe)KCH.lle 9Hepr.n:eii CBH3ll TH)KeJIOro KBapKOHllH, o6M,eH )KCCTKllM rJIIOOHOM 

npn: 6oJibIDHX _HMnyJibCax. OT,ll;a'IH, q>8.KTOpll3aD;UH MaTpll'IHOro 9JICMCilTa JICrKO

ro KBapK0Boro T0Ka. KoHC'IHbie Bbipa>KCilllH ,u.JI5I mn:pIIH pacna,u.on Bc-MC30HOB 

H K09q>q>lln;HeHTa_ acHMMCTpHll np1me,U.CHbl K AiaKCllMaJibH0 li03M0)KH0fi np0CT0i!: 

cpopMe n Moryr 6bITb np0BepeHbI Henocpe,u.cTBCHH0. Ilp_ll pacqere na6mo,n;aeMbIX 

BeJIH'IHH B rJiaBe 2 .n:cnoJib30BaJica MeTo,u. HHTerpupoBaHHa MoHTe-KapJio. Pe-
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3YJihTaThl, II0JiyqeHHbIC B rJiaBe 3 xopomo corJiacyJOTca C 9KcuepHMCHTaJlhHhIMH 

,ll,aHHhlMH. 

Ha aatJ.!umy B'bl1tOCJ1,mCJ1,. Ilpe,n;cKa3amrn ,u.JI5I xapaKTepHCTHK HeJienroa

HhIX pacna,u.0B Be-MC30Ha, q>lf3H'ICCKaH HHTepnpeTan;Irn II0JIJ'ICHHhlX pe3yJib

TaTOB. CxeMa BbPIHCJieHH.H JICIITOHlibIX KOHCTaHT B HepeMTHBHCTCKott KX,LJ; c 

yqCTOM BBe,n;eHnoro cpaKTOpa U0pMHpoBKll T0Ka ncpe.TJ.HTlfBHCTCKllX T.H)KeJihIX 

KBapKOB. 

AnpolxL'l.l'U.11 peay.n.t>mamoB. ProyJihTaTbI, noJiy'IeHHbie B ,2i;nccepmn;nn:, 06-

cy>K,u.aJIHCb Ha CCMHHapax Kaq>e,D,pbI O6m.etl: lf TCOpCTH'ICCK0tl: ¢ll3HKH CaMap

CK0ro rocy,u.apcTBenHoro yttnBepcnTCTii, Ha Me)K,zzynapo,n,Hofi KoucpepeHii;niI HM-

115! 11> MrY "IPH3lfKa BblC0KllX :mepr.n:tl: H KBaHTOBaH TeOpll.H IIOJrn" (2001,2003), 

iia CCMHliape OT,n,eJia Te0peTuqecKotl: ¢H3HKH llHCTHTyra q>H3HKH Bb!C0KHX 9Hep

rntl: (2001), Ha III BcepoccnttcKoii KOH<pepmin;n:u "YIIHnepc:rireThl Poccun __:_ cpyn

.n;aMeHTaJibHbie HCCJIC,!J;OBaHH5I" (2002). 
, ~ • .¼ 

Jly6.n.u-x;av,uu. ,LJ;ncceprnn;HH nanncaHa_ Ha ocH0Be 7 pa6oT, 5 H3. K0TOphIX 

ony6mr1<0BaHhI B n;enTpaJibHOtl: IIe'laTn,· 2 pa60ThI ony6JinKonanhl ~ Tpy,n,ax MC)K

,n,ynapo,n,nhlX KOH<pepean;.n:fi. CnHCOK pa6oT nplfBe,n.eu B KOHI.l;e aBTOpecpepaTa. 

Cmpy-x;mypa u 061Je.M iJuccepma'l.!UU. ,l],nccepTau;H5I C0CT0HT H3 BBC,ll;CHH.a, 

Tpex rJiaB, 3aKJIIO'ICHHH, IIpHJI0)KCHH.H, 6n6mmrpacpnn: H3 129 HaDMCH0BaH.n:fi. 

Ona co,u.ep)KHT 10 Ta6Jiun;, 10 pHCYHK0B. O6m..n:it o6'heM ,u.nccepTau;Hn coCTaBJI.H

CT 97 crpattnn;, HaIIe'laTaHIIbIX c. ncnoJih30BaHneM pe,n,aKTopa MEX 2.s-; 

CO,LJ;EP)KAHME PABOTbI 

Bo Beeaenuu paccMaTpnBaeTca cpH3n:qecKaa npo6JieMaTnKa n o6ocHoBhl

BaCTca ueo6xo,n.HMOCTb HCCJIC,U.0BaHH.H Bc-MC30HOB, ccpopMyJIHpoBaHhI I\e.Jlll pa-

60TbI, II0Ka3aHbI nay'!HaH H0Blf3Ha upoB0,U.HMbIX lfCCJICP,OBannii H lfX upaKTH'le

CKaH u;enHOCTb. KpaTKO upe,u.CTaBJICHbl co,n;ep)KaHHC pa60Tbl ll ee aupo6an;HH Ha 

KOH¢epeHI~H5IX. 

Pacnail'bl Bc~eaonoe BS-, P- u-D-Bo.n.1toe1,1e cocmoattUJ1 "-tapMO'HUJl. 

B i:ITOit rJiaBe HCCJIC,il.YIOTCa BepoaTH0CTH pacna,u.oB Bc-MC30Ha B pa3JIH'!Hble co-
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CTOHHIIH qapM0HHH II CIIHH0Bhie F>q>q>eKTbl B pacua,n;ax BeKTOpttoro H IICefl,D,0CKa

AApHoro COCTOHHH51 Bc-Me30Ha B OCH0BHOe C0CT051HIIe qapM0HIDI. 

Oco6eHHOCTblO He.nenTOHHhIX ,D,ByxqaCTH'IHbIX pacna,n;oB, paCCMaTpHBae

MbDC B .n;ruruott rJIB.Be 

Be - cc[2•+1LJ]11"(p), 

51BJIHeTCH ,D;OB0JlbH0 60JibmOtt HMIJYJibC OT,D;a'JII qapM0HHH cc[2•+1LJ], r,n;e s o6o-

3Ha'IaeT CJMMapHbdi CIIHH KBapKa Il aHTHKBRpKa, L - op6IIT8JibHOe KBaHTOBOe 

'IHCJJO, MeillIIOIIl,eec51 OT O ,n;o 2, a J - IIOJIHblfi cmm qapMOHIDI. B paMKax II0TeH

[(IlaJibHblX M0,n;e.nett npn6nmKemre nepeRpbITIDI BOJIHOBbIX <PYHK[(IIH Ha'JaJibHOro 

H K0He'JHOro TII.>KeJibIX KBapK0HIIeB ,1l;JI51 BbI'IHCJieHH51 a,n;pOHHblX q>opM-<paKTOpOB 

M0)KeT aa,n;e.>KH0 npnMeHHTbC51 B o6JiaC'I'Il, r,n;e 9TH B0JIH0Bbie <PYHK[(IIH He MaJibl 

9KCII0HeH[(IlaJibH0, T.e eCJIH paccMaTpIIBaeMaH aMJIJIIITy,n;a 51BJl51eTC.H ,n;oCTaT0'IH0 

M5IrKott H ,n;onycTHM0 HenepTyp6aTHBHOe Mo,n;e.nnpoBauue KBapK-Me30HHOii Bep

mHHhl B BH,n;e BOJIH0B0:li <PYHK[(HH. B TO ;Bpe,¥51 · KaK npH 6oJibIIIHX HMIIYJibCax 

OT,D;a'JH noBe,n;eHHe Me30HHblX BepIIIHH ,n;;rn KBapKOB, BXO,lVJ~ B CB513aHHbie co

CTOHHHH, 3Ha9:IITMbHO MOiH<PH[(HpyerCH H3-3a .>KeCTKIIX rJIIO0HHbIX noupaB0K. 

Tor,n;a 9KCII0HeH[(IlaJlbHOe na,n;emi:e KBapK-Me30HHbIX q>opM-q>aKTOpoB npn 6om,.. 

IIIIIX HMIJYJihCax. OT,11,R'IH 3aMeillleTCH ~IIeHHbIM. B 9TOM c.nyqae ~eo6xo,n,HMO 

P83,D;eJIHTb .>KeCTKHe Il MHrKHe BK./Ia,n;hl B aMilJIHTy,D;bI, . 

B ,ll;aHHOii pa6ow pa3BHTa 0ilHCaHHaH · Bhime TexHIIKa BbI'JHCJieHIIH ,n;JIH 

aHaJIH3a, BKJIIO'IaIOIIJ,ero S-, P- H D-BonuoBble cocTOHHIDI cc. Ilo,n;xo,n; ocuo

Bau Ha TOM, 'ITO B TH)KeJIOM KBapK0HHH Mbl M0)KeM i1peue6peqb 9Heprneii CBH3II 

E no cpaBHemrro c Maccoii TH.>Kenoro KBapKa, T.K. no nopa,n;Ky BeJIIl'IHHhl oua 

onpe,n,emieTCH KIIHeTH'IeCKOit 9Heprnett TH.>Ke;11oro KBapKa H aHTIIKBapKa B Me-

30He E ~ mQ • v2
, r,n;e v - omocnTMbHM cKopocT~ KBapKoB, v << I, TaK 'ITO 

€ ~ ffiQ- KpoMe TOro, o6JiaCTb M5IrKofi qacTH B0JIH0B0:li cpyHKil,IIH KBapK0HH.H 

OIIpe~eJmeTCH pa3Mep0M Me30Ha r ~ 1/PQ C HMilJJibCOM KBapKa PQ ~ ffiQ · V . 

Heo6xo,n;HMO 3aMeTIITh, 'ITO na,n;e.>KHOe HCII0Jib30BaHIIe uepenHTHBIICTCK0ii BOJI

HOBOfi <PYH~H B aMIJJillTJ,11,RX B03MO.>KH0 B · CJiyqae, Kor,n;a BIIPTyaJibH0CTH µ 2 

Mettbme, qeM (mQ · v)2, B ro BpeMH KaK npH 6oJihlIIIIX nepe,n;aqax HMlIYJihCa 

.>KeCTKHe BKJI8.,11;bl B aMilJIHTJ,ll;bl C BIIPTYaJibH0CT.HMH, 60JibllIHMH. qeM (mQ. v)2, 

,ll;OJI.>KHbI 6bITh 0IIHCaHbl c yqeT0M o6MeHa x-ceCTKHM rJIIO0H0M Me)K,ll;y K0HCTIITY

eHTaMH TH)KeJI0r0 KBapK0HHH. 
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KpoMe Toro, q>aKTOpH3yeTc.a MaTpH'IHhlfi 9JieMeHT JierKoro KBapKOB0r0 

T0Ka B IIpI!6JtH.>K€IIHII BaeyyMHOrO HaCbIIIJ,eHHH. IlpoBO,n;HTCH Bbl'IHCJifilIIDJ B paM

Kax npII6JIII.>KeUIDI .>KeCTKoro 0,n;HOr.JIIO0HHOr0 o6Mena ,n;JIH ~0CTaBH0I'0 onepaTO

pa 'leTb1pex T.H)KeJiblX KBapKOB, OHyCKAA B03MO)KHb!e acpcpeKThl nepeuopMHpOB

KH. Y'IIIThIBaIOTC.H nepzyp6aTHBHhie nonpaBKH K sq>q>eKTHBHOMY HMeIITOHH0MY 

cna6oMy narpau.>KttaHy. 

B ,n;annofi pa6oTe upoBepIDOTc.a 0IIHCaHHbie BbIIIIe JCJIOBHH pa3,n;eJieHH.H 

.>KeCTKHX H M5IrKHX BKJia,n;oB H ou.ennBaIOTC.H neonpe,n;ruiennoCTH 'IHCJieHHbIX pe-

3YJihTaTOB, B03HHKaIOIIJ,He BCJie,D;CTBHe Bapna[(HH MaCCbl oqapoBauuoro KBapKa B 

upe,n.eJiax, 3a,n;aBaeMhIX sneprneii B036y)K,D,eum1 P- H D-ypoBneii no OTH0illeunro 

K S-ypOBHIO. 

B paMKax aroro .>Ke uo,n;xo,n;a nnepBbre paccMOTpeHhI pac11a,n;h1 B; -,--Me30H0B, 

a TaK .>Ke po)K,11,enrre J / 1/J-Me3ona B coCTOIDIH.HX c pa3JIH'1HOti UOMpII3a[(Heti. 

I1oJI.HpH3a[(IDJ J/'lj;-Me30HOBB paCC.fylaTpIIBaeMbIX pacua,n;ax M0)KeT 6bITb 

onpe,n;eJieHa qepro yrnoBoe pacnpe,n;enen11e JieIITOH0B n pacna,n;ax J / 'lj; --► [+ z-, 
K0T0poe B CHCTeMe II0K0R J /'lj; HMeeT BH,n; 

dI' 
-d 0 (J/'lf;--► z+z-) ~ 1+acos20, 

cos 

rr-2rL 

r,n.e a=rr+2rL' 

rr H rL - mnpHHbl pacna,n;OB Bc(B;)-Mroona ua nonepequo- II IlJ>O,IJ;OJibHO

II0JIHpll30BaHHhlii J/'lp-Me:30II, 0 - yrOJI Me)K,ll;y BeKTOpOM IlOJI.HpH3~~H~ J/'lj; H 
. . 

i3eKTopoM HMUJJihca JienToHa. . 

Onpe,n;eJiena npou.e,n,ypa'pacqem KBa,n;paT0B MaTpH'IHhIX aJieMeHT~B: Ilpn-
.. ,, :·· 

Be,n;eHhl 3Ha'IeHHH napaMeTp0B MO,D,eJIII II Iipe,IJ;CTaBJieHbl 'IHCJieHHbie pe3yJihTaTbl. 

Ilp0Be,n,e1rn ou.enKa cyMMapnoro BhIXo,n,a J/'lj; ii pacna,n;ax Bc-Me3oua. c _y'leTOM 

pa,n;na[(II0IIHhIX 9JieKTp0MarIIHTHbIX pacna,n;oB P-yp~Bueii. O6cyJKAaIOTCH no~y

'ICHHbie proyJihTaTbl H HX ueonpe,n.eJieHH0CTH. rpoM03,D;KHe aHaJIHTH'ICCKHe Bbl

pa.>KeHHR ,Il;JI.H pacna,n;oB C p Me30H0M B K0He'iH0M COCT0HHHH npnne,n;eHbl B Ilpn

JI0.>KCHHH. 

Pacnaau Bt -+ DD 6 pe.tU!mueucmC1'0U 1'6ap1'060U Moae.riu. ,lJ;a~maH 

rJiaBa II0CB.HIIJ,ena n3yqeumo HeJieUTOHHhIX pacna,n;oB. Bc-~e30Ha B Pa.MK~ pe

JIRTHBJICTCK0:li KBapKOBOH M0,IJ;eJIH H B03MO.>Kl!OCTH HX 'HCII0Jib30BaHH.H AJIR H3-

BJieqenHH yrJia Ka6n66o-Ko6aHmn-MacKana 1 . 
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IlpHBe,D,ena CXeMa paC'IeTa umpHH pacua,n;oB B pe.11SITHBIICTCKOfi ,_KBapKO

BO.lt MO)\Mlf, OCHOBaHHoli: na 3q>cpeKTHBHOM .llarpaIDKHaHe B3aHMO)\C1l:CTBIDI Me)K

/JJ' a,lq)OHaMH H COCTaBJUIIOID;HMH HX KBapKaMH. IloJiy'ICHHbie PC3YJibTaTbl )J;JI.SI 

.BepO.SITHOCTCfi pacna;:i;oB Be- H B- MC30HOB CBe)J;CHbl B Ta6JIHU.y, npoBe,D,eH HX 

cpaBHHTMbHblfi auaJIH3 C 3KCUepHMeHTaJibHbIMH ,D,aHHbIMII II Te0peTH'ICCKHMH 

upe;:i;CK83aHH.SI ;:i;pyrHX IIO)J;XO,ll,0B. Ilo,D,TBep)K,l\eHO, 'ITO BCJIC)J;CTBHe nrnpnH O,ll,

HOro . nop.SI)J;Ka, Hatt6oJiee y,D,o6HblMH ,l),JI.SI H3BJIC'ICHH.SI yma CMemHBaHH.SI 'Y H3 

ynnTapuoro TpeyroJibHHKa Ka6H660-Ko6ru:r1IJH-MacKaBa .HBJUIIOTC.SI KaHaJibI pac

na,n;a Bc - D8 D0
• 

Jlenmottttue 1.ottcmattmu 'mJl,[)ICe.n,ux 1.Bap1.ottueB a nomett'l{Ua.t!'b'ltOM noa

xoae ttepe.t1.R,muaucmc7,;01J, KXJ(. B aroll: r.llaBe paccMaTpHBaeTCH cxeMa BbI'IHC

JieHH.SI JielITOHHbIX K0HCTaHT T.SI)KeJlbIX KBapKOHHeB. 

B npH6JIIDKeHHH aepeJI.SITHBHCTCKOit KX,II. Bbl'IHCJICHHC JieaTOHHbIX K0H

CTaHT· ,ll,JI.H TIDKMhIX KBapK0HHeB c )J;ByxnCTJICBOfi T0'IH0CTbIO Tpe6yer CIIJHBKH 

KBapKOBbIX .TOKOB B HepM.SITHBHCTCKOfi KX,II. C TOKaMH B IlO.llHOfi KX,1J,. 

J'JCD = K(µhru:di µfa.ct)· :r:RQCD(µfa.ct) 

r;:i;e K,(µhardi µfact) - 3aBHC.SIID;Hfi OT MacmTa6a BbI'IHC.lICHHfi B HepM.SITHBHCT

CKOfi KX,1J, K03<pQ)HO,HCHT BHJibCOHa, KOTOpbifi CB.SI3bIBaeT TOK Hepe.ll.SITHBIICJ'

CKHX KBapKOB B BC/JJ'ID;CM uopH,D,Ke no o6paTHOfi Macce T.SI:>KC.lloro KBapKa C 3.llCK

TpoMarHHTHbIM T0KOM T.SI)KeJibIX KBapKOB B uommfi KX,11;. AnoMaJibHM p83Mep

HOCTb 9TOro K09<p<pHO,HeHTa JC H3BCCTHa C TO'IHOCTbIO )J;O')J;Byx UCTC.llb. B HTOre, 

onepaTOpHoe paBCHCTBO TOKOB B IlOJIHOfi KX,II. H B HepeJISITHBHCTCKOfi KX,1.1, O)J;H0-

3Ha'IHO onpe;:i;CJieno C ,}J;ByxnCTJieBOfi TO'IHOCTbIO. Mac1I1Ta6 µha,:d 3a,D.ae-r TO'IKY 

HOpMHpOBKH ,l),JlH CillHBKH HCpC.lI.SITHBHCTCKOil KX,1J, C IIO.llH0fi KX,1J,, TO BpeM.SI 

KaK µ{act o6ooHa'!aeT TO'IKY HOpMHpOBKH )J;JI.SI pac'!CTOB no Teop1m B03MyID;CHHfi 

B n:epBO.li. 

JienTOHHM K0HCTaHTa T.Sl)KeJIOro BeKTOpHoro KBapKOHHH onpe,D,M.SICTCH 

COOTHOllieHHCM: 

-rOCD - A {OIJJ IQQ, ,\) = €vf (JQMQQ, 

r;:i;e A o6o3Ha'IaeT IIO.lI.SipH3aO,HIO BeKTopaoro COCT0HHH.SI €v, 

B no.nHofi KX,II. 3.lIC~TpoMarHHTHbifi TOK KBapKOB coxpaHHe-rCH, B TO Bpe

MH KaK B HCpMSITHBHCTCKO.tl: KX,11, TOK :rfRQCD B CHJIY peHOpMHHBapHaHTHOCTH 
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qJH3H'IeCKHX BC.llH'IHH HMeeT HCHy.lICBYIO aHOMMhHyIO p83MCpHOCTb, TaK 'ITO 

(Ol:T.;"RQCD(µ)IQQ, -\)=A(µ) t~JQ;QcDMQQ, 

<I>aKTOp A, o6ecne'!Irnarom;n1l: peHOpMHHBapHaHTHOCTb PC3YJibTaTOB, BKJIIO'ICH B 

paCCMOTpeHHe BIIepBb!C. Ilpn 3TOM npHXO)J;HTC.SI BBO,l),HTb MacmTa6 nopMHpoBKH 

A, o6JiaCTb p83yMHOI'O H3MCHCHH.H KOTOporo orpanH'!eHa cpH3WICCKHMH xapaK

TCPIICTIIKaMH paccMaTpIIBaeMotl: CllCTeMbI KBapKOB. B proy.llbTaTC, C,l],MaHHble 

oo,eHKII .lICIITOHHbIX KOHCTaHT KBapKOIIIICB .SIBJIHIOTCSI CTa6HJibHbIMII B HeKOTG

poM IIHTepBaJie H3MeHeHIIH MacmTa6a CIDHBKII KX,II. II nepeJIHTIIBHCTCKOfi KX,11, 
µha,:d H T0'IKH nepTyp6aTHBHbIX paC'!eTOB B uepeJI.SITIIBHCTCK0fi KX,11; µfact• 

JienTOHHaH KOHCTatITa T5DKCJIOro KBapKOHlffi MH T.H)KeJiblX uepemITH

BIICTCKHX KBapKOB 3a,D.aCTC.SI -qepro BO.llHOBYIO cp~HIO 13 Hy.lie. 3Ha'!CHHe BOJIHO

B0fi cpyHKO,HH B BC/JJ'ID;eM npII6JIH:.?KCHHII oupe,D,eJI.SICTC.SI II3 ·. pemeHHSI ypaBHeHlrn 

illpe,n;mrrepa co CTaTII'ICCKIIM IIOTeHO,IIMOM. 

KoacTaHTbl f QQ II t;;QCD CBH3aHbl CJielJJ'IOIIl,HM o6p83oM: 

f QQ = 1g~cv A(µract) · K(µliard; µr~t), 

H ,ll,JISI CIIIHBKH aHOMaJibHa.SI p83MCpHOCTb cpaKTOpa A(µfa.ct) ~0.]I)KHa KO,MUCHCH

poBaTb atIOMaJibHYlO p83MCpHOCTb cpaKTOpa K(µhardj µfa.ct) 
<DaKTop A(µ) 3a,n;aeT aopMHPOBKY MaTpH'IHoro a.1reMeHTa ,ll,JI.H TOKa aepe

JI.SITIIBHCTCKHX KBapKOB, Bblpax<:eHHOro 'ICPC3 BOJIHOBYIO cpyHKO,HIO )J;Byx'IacTII'I

HOro KBapKOBOro COCT0.SIHII.SI (B BC/JJ'Ill,CM npn6JIH)KeHIIH aepCJI.SITHBHCTCKOi1 KX,11,). 
O'!eBII,ll,HO,· 'ITO TOK HepCJI.SITIIBHCTCKHX KBapKOB B TaKOM no;:i;xo,n;e OT<paKTOpH-

30BaH OT KBapK-r.llIOOHHOro MOP.SI, KOTopoe .SIB.11.SICTC.SI HCOThCMJieMblM aTpn6yroM 

a.n.poHHOro C0CT0HHH.SI, H 9TO cpH3HqecKOe COCTO.SIHHe, Boo6m;e roBop.SI, Jllilllb npII-

6.llH:>KeHHO MO)KCT 6b!Tb upe,D,CTaBJICHO KaK ,L\ByxKBapKOBoe CBH3aHHOe COCTOHHHe. 

B cnyqae- paCCMOTpemrn JlCIITOHHOfi KOHCTaHTbI TH)KC.lloro KBapKOHH.SI npII6JIH

)I{CHHe HepCJI.SITHBHCTCKOA KX,11; Tpe6yeT BBe,LleHH.SI HOpMHpOBO'IHOro <paKTOpa 

A(µ), 3aBHCHID,ero OT MacmTa6a. 

YpaBHCH.IIe peuopMrpynnbl JICrKO IIHTerpnpyeTCSI, TaK 'ITO 

'Y[2J 

A(µ)= A(µo) 
[

/3o + 131~] 

2
/3

1 

/3o + /31 u~:~) 
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r,n;e /Jo= ¥CA - iTpn1, a /31 = ¥01 - 4CpTpnf - fCATFnf. 

HeH3BeCTHaH KOHCTaIITa HHTerpHpoBaIIIIH MO)KeT 6b1Th onpe,n;eJieHa TaK, 

qT06b1 npH neKoM JLo MhI HMeJIH 6h1 A(JLo) = 1. TaKIIM o6p83oM, MbI noJiy<meM 

11apaMe-rpHqecey10 saBUCIIMOCTh Bbl'IHCJieunfi JieIITOHHOfi KOHCTaH'l'bl TH)KeJIOrO 

KBapKoHIDI B NRQCD or MacmTa6a JLo, KOTOphlfi HMeeT npOCTyro HHTepnpe

TaJ:Vf.IO: HOpMHpoBI<a MaTpH'IHOro SJieMeHTa TOKa nepeJJHTHBHCTCKUX TH:>KeJibIX 

KBapKOB B TO'IKe J1,o 3~aeTCH BOJJHOBOfi <pyn~nefi ,D,ByxKBapKOBOro CBH3aIIHOrO 

COCTOHHHH. B .n,pyrnx TO'IKax J1, =I- JLo neo6xo,n;11Mo BBO,lJ,HTh <paKTOp A(µ) t= I, 

T8.K ~ annpoKCHMaJ:Vf.H ~poHnoro coCTOHHHH ABJXKBapKOBhIM nepecTaer 6hITh 

TQqHoii. 

,ll;aJihHefimaH 3~aqa COCTOHT B Bhl'IUCJieHHH JiellTOHHbIX KOHCTaHT ,D,JJH 

6oTTOMOHIDI, qapMOHIDI H aII8JIH3e IlOJJY'leHHhIX pesyJihTaTOB, B qacTHOCTH, HC

CJJe,zzyeTCH 3aBHCHMOCTh OT illKaJlhl HOPMHpOBKU U o6cY:>K,D,aIOTCH B03HHKaIOIIl,Ue 

neonpe,n;eneHHOCTH. 

3a1'.ll,10"1,C'H.Ue. B 3aKJIIO'leHIIH 110,lJ,blTO)KeHbl OCHOBHbie pesyJihTaTbI, upe,n;

CTaBJieHHble B ,n;HCCepTau;nH. 

Ilpu.11,oa1eenue. IlpHBe,n;eHhr HTOrDBble Q>OPMYJihI ,D,JJH mnpHH pacn~oB Bc
MC30HOB B op6HTaJihHO-B036pI<AeHHbie COCTOHHHH qapMOHHH C p-Me30HOM B KO

neqHOM COCTOHHHH. 
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OCHOBHbIE PE3YJibTAThl PABOTbI 

- B Mo,n;eJIII )KeCTKOI'O o,n;uornroonaoro o6MeHa nonyqeubl nrnpHHhI pacn~oB Be 

Me30HOB B op6IITaJihHO-Bos6y)K,lJ,enuhle cocTOHHHH qapMO~IDI (S-, P-, D
BOJIHhr) C ?r(p)-MC30HaMII B KOHC'lHOM COCTOHHHH. IJOK833.HO, 'ITO BhIXO,Il; P

H D-BOJJHOBhix J/1/J-Mesouoa B pacn~ax Be - cc[2•+1£Jj?r(p) cyII1,eCTBenno 

6onhrne, 'lCM S-BOJIHOBhIX. 

- B MO,lJ,CJIII )KCCTKOI'O O,IJ;HOrJIIOOHHOI'O o6Mena lICCJIC,D,OBana IIOJrnpH3aQIIH oc

HOBHOI'O COCTOHHIIH qapMOHIIH, po:>K,n.aIOII1,erOCH B HeJICIITOHHbIX pacna,n;ax 

Bc(Bi) - Jf',j;?r(p)~~esouoB. IloK83ano, 'ITO B pacna,n.ax nceB,n.ocKaJIHP

noro COCTOHHIIH Bc-MC30Ha po)K,lJ,aIOTCH npo,n.OJibHO IIOJIHpII30BaHHbIC J /1/J

MC30Hhl, B TO Bpm.rn. KaK B pacrr~ax BCKTOpHoro COCTOHHHH - po)K,lJ,aIOTCH 

rrorrepe'lHO IIOJIHpH30BaHHhIC. 

- B cxeMy BhI'lllCJJCHHH JJCIITOHHbIX KOHCTaHT TH)KCJibIX KBapKOHHeB B ,uepemITH

BHCTCKOti KX)], BBe,n;eu <paKTOp HOpMHpOBKII TOKa nepeJIHTHBHCTCKHX TII)KC-
', . "" 

JlbIX KBapKOB, II03B0JJHIOIIl,Hfi IIOJIY'lHTb' KOppeKTHhie 3Ha'leHHH JJeilTOHHbIX 

KOHCTaHT IIpH yqeTe anOMaJibHOH p83MepHOCTH K03<pqmu;HeHTa BllJibCOHa 

B ,D,BJX IICTJIHX. 

- C,n.enaHbI TeopeTH'lecKI1e ou;euKu ,ll.JIH fr u hN B paMKax rroTeHu;HMbHoro 

110,n.xo,n.a nepeJJHTHBHCTCKofi KX)],. IlpoBe,n;euo uccJie,n.oBanue cTa6IIJihHOCTH 

lIOJIY''leHHbIX pesyJihTaTOB H cpaanemi:e C 3KCIICpHMCHT8JibHbIMH ,n;attHbIMH. 

- B paMKax peJIHTHBHCTCKOH KBapKOBOti MO,l).CJIH, IIOJiyqenbI mnpHIIbl ,D,JJH HeJICIT

TOHHbIX pacna,n.oB Bt -Mesona. IlOK83ano, 'lTO OTHOCHTeJJbHbie BepOHTHOCTH 

pacna,n.oB Bt - Dt D0 
11 Bt - Dt D0 HBJIHIOTCH BeJIH'lHHaMII o,n.noro 

nopH',n.Ka, 'lTO 1103BOJIHCT lICUOJib30BaTb ,n.aHHhIC pacna,n;hr ,l).JIH 3KCIIepHMCH

TaJibHOro HSBJieqenHH yrna Ka6II66o-Ko6rurnrn-MacKaBa 'Y· 
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